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Ycnexu  3HaHuMit  onpese-
JAIOTCA He TOJbKO TNOPLIBAMH
NBITJIHBOA MBICJIH, HO M MHOTHMH
TpyAaMH HacTOHYHBBIX HCKaTe-
Jeil neficTBHTENbHOR NpaBAR H
MpPHPOAHOH HCTHHBI

H. U. Menneaeen

BBENEHHE

\

CoBpeMeHHass XMMHS Kak TOYHas Hayka Hauazaa ohopMJsaTbCA
okoso 200 Jer ToMy Haszax. KpaeyrolbHbIMH KaMHSMH, Ha KOTOPBIX
IIOCTPOEHA COBpPEMEHHasi XMMHs, SBJSIOTCS AaTOMHCTHYECKas TeOpHs
H 3aKOH COXpaHeHHs Maccel H 3Hepru. OueHHBast poJib aTOMHCTHYe-
CKoii TeopuH B pa3BUTHM xuMuH, P. DHrespc («[luasekTHKa npH-
poner») mucan: «HoBasi amoxa HauHHaeTCs: B XHMHH C aTOMHCTHKH».

ATOMHCTHYECKasi TeopHsi CTDOeHHsl BelllecTBa Obla BIepBhble
HayyHo OOGOCHOBaHa H HCIOJMb30BaHAa KaK pabouas rumoresa s
HayYYHbIX HCCJeIOBaHHil B CepPeIHHe BOCEMHAALATOro CTOJETHs BeJsH-
KHM pycckum ydeHbiMm M. B. JlomoHocoBeiM. K 3TOMY Ke BpeMeHH
OTHOCHTCSI OTKPbITHE 3aKOHA COXDAHEHHs MacChl U dHEePruH. 3aKoH
6bl1 Brepeole chopmynupoean M. B. JloMOHOCOBLIM B mHCbMe K aKa-
aeMuky Jiepy B 1748 T.

OIHOBpPEeMEHHO ¢ H3J0XKeHHEM OCHOB COBPeMEHHOH XHMHH Ha-
YaJloch HayyHoe H3yuyeHHe BOABI M BOJHBIX pacTBopoB. COCTaB BOMbI
nyTeM ee CHHTe3a H3 BOLOpoxa M Kucyopoaa ycraHeBua I'. Kasen-
o B 1781 r. B ToM e roxy cocraB Boabl BhIsICHHI Takxe A. Jla-
Byasbe nyTeM ee pasJioxeHHs. OH JoKasaJ, YTo B pe3yJbTaTe B3aH-
MOJIEHCTBUSI BOABI C METaJ/UIMUECKHM JKeJle30M IIPH BHICOKOH TeMIle-
patype npoucxogut obpaszoBanue H. u Fe Os.

C Tex mop ‘GecripepblBHO NPOAOJIKAETCS] H3ydeHHe CBOHCTB, Co-
CTaBa M CTPYKTYPHl BOABI M BOJHBIX PacTBOPOB. 3a 3TO BpeMs CHe-
JIaHO OYeHb MHOPO M HAKOIIEH OTPOMHBbIH (paKTHUeCKHH Marepual,
HO BCe XK€ MHOTrHe BONpOCH!, HMEIOIIHe Ype3BbYafiHO BaXKHOe 3Haye-
HHe, OCTAJHCh elle HeBbISCHEHHbIMH. V3yueHue BOABI M PacTBOpPOB
3aTPYAHSETCS TeM, YTO J0 CHX MOP HeT BooOlle YAOBJETBOPHTEJbHOI

TEOPHUH XKHIKOro COCTOSIHHSI BELLECTBA. Kpome TOro, Boga obJjajmaer
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‘MHOTHMH OCOGEHHOCTSIMH 110 CPaBHEHHI0 C APYTHMH XKHAKOCTSIMH:
HMeeT BBICOKYIO TEIUIOTY IJIaBJeHHs U NapooGpa3oBaHHs, HaHOGOMIb-
INyI0 TUIOTHOCTb NPH TeMIlepaType 4°, yBeqHYMBAaeTCsti B 06beMe NpH
3amep3anuH. IIpu yBelMueHHH [aBJeHHs TeMNepaTtypa IJaBJIeHHS
BOABl CHauaJia NMOHUXKAETCHA, HO HauHHasa c AaBjeHus 2000 arm Tem-
nepaTypa IJaBJjeHHs HAaYUHAeT IOBBILIATHCA, NPH 3TOM YyIeNbHHIH
Bec Jibga CTaHOBUTCA GoJblle enuHuusl. IIpu nasnenuu 20760 arm
TeMIepaTypa IJIaBJeHHst cocTaBaser —-76°.

Boia MrpaerT HCK/IIOYHTEJbHYIO POJIb BO MHOTHMX PeaKUHMsX, OKa-
3biBasi KaTaJHTHYeCKoe JeHcTBHe. B oTcyTcTBHe BoABI XJIOp He Hefi-
CTByeT Ha MeTaJlibl, Jaxe Ha IleJIOYHble, (DTOPUCTHI BOXOPOA He
pasbejaer crekna, HaTpuili u ¢ochop He OKHCIASIOTCA.

Peakuus Mexay BOLOPOAOM H KHCJIODOAOM He HIET HaxKe INpH
TeMmnepatype 1000°, ecim OTCYTCTBYIOT mnapnl BOAb. HuuToXKHBIE
KOJIMYeCTBa BOABl PE€3KO HM3MEHSIIOT CBOWCTBAa BeWIeCTB; TaK, Ha-
npHMep, STHJOBLIA CNUPT noc/e AJaHTeJabHOro (8—9 Jer) BhICYLIH-
BaHUsl Haj NMATHOKHCbIO ¢ocopa uMeeT TeMmmepatypy Kunenus 138°
Bmecro 78,5°, U T. A. HuwroxHbele kosMuecTBa BOAbl BO3BPAlIAIOT
BhICYIIEHHBIM BelLIeCTBAM HX IepPBOHayadbHHe cBoiictBa. M3 ckasawu-
HOro SICHO, KaK BeJiHKa poJib BOAB B XHMHUYECKHX I[polleccax, Mpo-
TeKallluX Ha Hallell InJaHdere.

Io OTKpbITHS H30TONMOB KHCJIOPOAA M BOAOPOAA BOJA MNpEACTaB-
JfJ1ach COCTOsIed M3 OJHHAKOBbIX MoJeKysa cocraBa H,O. Ilociae
CTKPHITHS H30TONOB KHCJopoma O'7 u O'® (1927—1930 rr.) u u3o-
tona Bogopona H? — (mefitepust 1932 r.) npeacraBieHHe O XHMHYe-
CKOM COCTaBe BOIBl 3HAYHTENBHO YCJIOXKHHIOCH, TAK KaK BCE 3TH H30-
TOTBI GbLJIH B BOe OGHApYKeHEl. TakuM 06pa3oM, BMeCTO OJHOTO BHAA
mosekysn Boasl HoO ux okasanoch 9 pasiuyHbix BHIOB (ecau He
YUHTBIBaTb CVILECTBOBaHHe H3oTona Bojopoma HS3, comepxkaHue Ko-
TOPOro OYeHb MaJjo), NPeACTaBJAIILAX CO60/l pa3inyHble KOMOHHA-
UMK M3 yKasaHHbIXx u3otonos: H'O'7; H2O' u T. .

COOTHOIIIEHHE MeX1Y CONEpPXKAaHHSAMH B BOJAE H30TOIOB KHCJIO-
pomra O'"%:0'7:0"8~560:0,2:1, a Bogopoga H!':H2==5000: 1.
B cBsA3u ¢ TeM 4TOo Macca artoma AeiiTepus D B aBa pasa Gosblie
Maccel atoma Bogopoma H!, 3TW H30TONBl CHJIBHO OTJIHYAIOTCH [0
cBofictBaM. B uactHoctd, Habuiogaercss 6oJiblioe pa3/iHyHe B CBOH-
CTBAaX MX KHCJODOJHBIX COeNHHEHHH, HaXOAAIIMXCS B BOAE B PaBHO-
BeCHH :II0 CXeMe

D,0 + H,0 == 2HDO.



Kucnopoatoe coeauneHHe nefiTepusi, Tak Ha3biBaeMylo «TsiKe-
ayio Boay» D,O, B Hacrosimiee BpeMsi MOJIy4aiOT B NPOMBILIIEHHBIX
macuirabax. 3amep3aer D,O npu Temnepartype —+3,8°, KHOUT npH
remneparype +101,4°, umeer niotHocts mpu 20° Ha 0,1074 e/cm3
d BA3KocTh Ha 209, Oosabure, ueM H,O; o6iamaer no cpaBHeHHIO
¢ H:O 3naunrenbio MeHbluell pacTBOpsioLLell CIOCOGHOCTHIO.

Bronornueckoe neiicTBhe TsiKesoM BOABI M3YUYeHO ellle HeNOCTa-
TOYHO. B MaJbIX KOHUEHTPAIHAX OHa, MOBHAUMOMY, CTHMYJIHpYET
JKH3HelesATeNIbHOCT, @ B OGOJIBLIMX INapajid3yer ee.

ITo Mepe H3yueHHsi BOABI YCJOXKHHJOCH NPeICTaBIeHHE HE TOJbKO
0 ee COCTaBe, HO TaxXe M O CTPYKType. PeHrtreHorpatudeckne Hc-
cJeOBaHHs BOABI M0OKa3ajH, YTO BOJA HMeeT ICeBIOKPHCTAJIHYe-
CKoe cTpoeHHe. Mosekynbl BOabl 06/aalOT MOABHXKHOCTbIO, HO
B KaXIbli MOMEHT BpeMeHM HMEIOT ONpefeseHHYI0 OPHEHTHPOBKY,
BPEMEHHO TpYNNHPYSCh HAa OTAEJIbHBIX y4acTKax B NPABHJbHYIO KDH-
¢rannuyecKyro pewletky. IIponcxomut HenpepbiBHBIA TNpouecc o6pa-
30BaHHA KDHCTAJJIHYECKON pellleTKd B OJHHUX Y4acTKax H paspyllle-
Husi ee B Apyrux. Ilpy KOMHaTHOi TeMmeparype CTpyKTypa o6pa-
3yollleficsl pellleTKH HanoMHHaeT CTPYKTYPY KBapla, No Mepe oXJa-
XIEeHHsT OHa IepexXONUT B CTPYKTYpy TPHAHMHTA, KoTopai obna-
JaeT Jen.

Takum o6pa3oMm, «uucras» BOjJa NpeACTaBJseT COGOH CIOXHYIO
¢bH3uKo-XHMHYecKyl0 cHcTeMy. Emie Goslee CIOXKHBIMH CHCTEMaMH
SIBJIIOTCS TIPHPOJHbIE BOABI, TAK KaK OHH BCerga Comepxar pasiHy-
Hble pPacTBOPEHHBIE BEIECTBA.

B npollecce H3yYeHHst HCKYCCTBEHHBIX DACTBOPOB M NPHPOAHBIX
BOJ, BO MHEHHSX HCCJefoBaTesell HaMeyaJMCh JBa TeueHHs: «(DH3H-
qgecKkoe» H «XHMHueckoe». OIHHU CUHTAJH pacTBOp (PH3HYECKOH CMEChIO
H paccMaTpUBaJH PacTBOPHTENb TOJbKO B KauecTBe HHAH(epeHTHOH
Cpelpl, B KOTOPOI pacrpeje/ieHbl YacCTHIBI PACTBOPEHHOTO BElIeCTBA;
Ipyrie paccMaTpHBaJIH PacTBOPbl Kak XUMHYeCKHe COeIHHeHHs pac-
TBODHTEJISI C PacCTBOPEHHBIM BeLIECTBOM.

«®Pu3nyeckasi» TOUKA 3peHHs] Ha pPacTBOPbl OCHOBLIBAJIACH HA
TOM, 4TO lIeJbli psii CBOHCTB pa3baBJieHHRIX PacTBOPOB: OCMOTHYe-
CKOe JaBJleHHe, YNPYrocTb MapoB U Ap., 3aBHCHT OT COOTHOILEHHS
'KOJIHUECTBa MOJIEKYJ COCTABHBIX UacTell W MaJo 3aBHCHT OT MX NpH-
poael. Drta TOoyKa 3peHHs1 OJHO BpeMsi TOCNOACTBOBaJja G6iaroaaps
paGoram AppeHuyca, ofbscHuBuiero (1887 r.) OTKJIOHEHHS CBOKCTB
PacTBOPOB 3JIEKTPOJHTOB OT CBOMCTB PAacCTBOPOB HE3JEKTPOIMTOB
¢u3HyeCcKOl NPUUIHHOH — yBesHUYeHHeM YHC/Ja YaCTHL HaXOMSLIMXCS
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B pacTBope BELIECTB 3a CYET JHCCOLUMALHH MOJIEKYJ 3JIEKTPONUTOB
Ha HOHBI.

Hau6osiee sipkdM IpenCTaBHTENEM «XHMHYECKO#» TOUKH 3peHHf
Ha pacTBOpBl Obl1 reHnaspHuifi pycckuit xumuk . V. Mennenees.
Ha ocHoBaHWM pPe3y/bTaTOB LEJIOrO psifa COGCTBEHHBIX HCCJ/e]0Ba-
HHUH, TNPOBeJEHHBIX C UYPe3BBIYAHHO BBICOKOH TOYHOCTBIO, H 0600LIE-.
HUs OorpoMHOro (haKTHYECKOTO MaTepHaJsa, IOJyYeHHOTO paHee ApY-
ruMu yuyenbiMu, JI. V1. MeHpeneeB co3zan THAPATHYIO TEOPHIO pac-
tBopoB. CorslacHo 3TOH TeOpHH pacTBOPH MOXHO pacCMaTpHBaThb
KaK JXHIKHe HENpPOYHble ONpejesleHHBlE XHMHYECKHe COEeNHHEHHSI B
COCTOSIHHH JMCCOUHMAIHH.

PaccmarpuBasi pacTBOpH C TOYKH 3peHHS KHHETHYECKOH TeOpHH,
I. U. Mennenees roBoput («OcHOBB XuMHH»): «B omHOpomHoif
XupkocTd, Hanpumep B Boje HyO, Monekynnl ee HaXOXATCH
B HEKOTOpPOM, XOTs TNOJXABHXHOM, HO TNPOYHOM
paBHoBecHH. [Ipn pacTBopeHHu B Heil Teqa A, ero MoJeKkyJhl
06pa3yloT ¢ HECKOJIbKMMH MoJjiekyJnaMu Boabl cucteMbl A «nH0,
CTOJIb HENMpOYHble, YTO OHU B Cpefe MOJIEKVJ BOABl pasjaralorcsi H
BHOBb IIPOHCXOIST, TaK 4TO A IepexogHT OT OXHHX Macc MOJeKy.J
BOALI K JPYTHM H MOJIEKy/Ja BOJABI, ObIBIIAS B 3TOT MOMEHT B CO-
raacHom JABHXeHuH ¢ A B Buae cucteMul A - nH,0, B cienyionmii Mo-
MeHT, GLITb MOXET, yKe ycneBaeT oTAequTbcs. [Ipn6aBka BOXBl HJIH
MOJIEKYJT A MOXET HJIH TOJIbKO U3MEeHATb KOJHYEeCTBO CBOGOAHEIX H
Bxoasimux B cucteMbl A-nHoO Mosexkys, WaM MoXeT BBOAUTH 3a
co6oit YCJMOBHsI AJIi BO3MOXHOCTH CJIOXKEHHS HOBBIX CHCTEM
A ml-lgO».

Takum 06pa3oM, COrIaCHO T'MAPATHOH TEOPUH BOAHBIE PACTBOPH,
a cJIeOBaTeJbHO ¥ NPHPOJNHBIE BOJKI, SIBJASIIOTCS CJIOXKHBIMH (DH3HKO-
XHMHYeCKHMH CHCTeMaMH, NpHYeM 3TO INpeJCTaBjleHHe O pacTBopax
TeCHO CBSI3aHO C NPeACTaBJEeHHEM O CJIOXHOM MOJEKYJSPHOM CTpoe-
.HAH CaMOil BOXHI.

YeM ray6Ke H3y4yaroTCs NPHUPOAHBIE BOAK H HCKYCCTBEHHHIE pac-
TBOPHI, yeM OoJbllle HaKaIlpBaercsl (PAaKTHYECKOro MaTepHasa, TeM
OTYeT/IHBee BhIsABJIseTcs Iy6una uueidl, BeLABHHYTBIX 1. M. Menpe-
JIEEBBIM, .

B Hacrosimee BpeMs 3KCNepHMEHTA/IbHO JOKa3aHO, KaK yXKe OT-
MeuaJloCh Bhillle, C/I0KHOe MOJIEKYJ/ISIPHOe CTPOeHHe BOJBI, JOKa3aHO
TaKXe, YTO B BOJAHBIX PACTBOPAX 3JEKTPOJHTOB CYILECTBYIOT He «CBO-
GofHble» HOHBI, a TMAPAThl HOHOB, T. €. COEAHHEHHS MOHOB C MoOJe-
Kya1amu Boxel. MoH Bomopona, HanpuMep, BCeria CBSI3aH B BOJHOM.
6



pacTBope C MOJIEKyJIOil BoAbl, 00pa3ysi rHmpoKconuesbifi noH HiO'.
TaxkuM o6pasoMm, o Mepe HaxoIlIeHHs (PaKToB Bce GOJIbILE CrJIAXKH-
BalOTCl Ka3aBliUuMecsl paHblle Hepa3pelIMMbIMH IPOTHBOPCUHS MEXIY
«(H3HTECKOli» TOUKOH 3DEHHsi Ha PacTBOpPHl U THIPATHOH TeopHe
. Y. Meupeneesna.

Bonpocam u3yueHHst IPUPOAHBIX BOX H, B YaCTHOCTH, XHMHH BOX
(THAPOXHMHH) C KaXIbIM T'OJOM YHeJsieTcst BCe GoJbiie H 6oJibLuie
BHHMaHus. B popeBosounonHoit Poccun ruppoxuMuyeckue Hucciaeno-
BaHHs IPOM3BOAMJIHCH B OYeHb CKPOMHOM MaciutaGe, B OCHOB-
HOM /I CAHMTapHOH M GaJbHEONOTHYeCKOH OUEHKH BOJ, HO
yXe B To BpeMsi paboOThl PYCCKHX YYEHHX HIPaJH OYeHb BHIHYIO
poJb B METOAHKE aHalH30B M H3yYeHHH XHMHH NPHPOL-
HEIX BOJ.

Yxe B 1820 r. pycokuit akamemuk A. H. 'udep cmor patb 06-
Iyl0 KapTHHY XHMHH MHHepa/bHBIX BOA PoccHH, Haxoasuiyiocd,
KOHEYHO, B COOTBETCTBHH C XHMHYeCKHMH IpeACTaBJEHHAMH TOrO
BpeMeHH. Bonee nosmHHe CBOJKH Nmo MHHepa/JbHHIM BogaM Poccuu
cocraBuiu K. I'pyn (1855 r.), JI. Beprencon (1901 r.), JI. E. Toay-
6un (1912 r.). PassuTHiO M pacnpocTpaHeHHIO 3HaHHIA B 06JaCTH
XHMHYECKOro aHa/M3a H CAHHTApHOH OLEHKH BOJ MHOIO CIoco6CTBO-
sBasu pabote I'. B. XsronuHa, H B YacCTHOCTH €ro pyKOBOACTBO «XH-
MHUeCKHe MeTOJAbl HCC/eJOBAHHS INHTbEBBIX H CTOYHBIX BOA», Hale-
yaTtaHHoe B 1913 r. n mepeH3gaHHOe NocJje 3HAYHTEJNbHBIX JONOJIHE-
Huit B 1918 T.

ITocnie OKTAGPBCKOM COLMAJHCTHIECKOH PEBOJIOUMH THAPOXHMH-
YecKHe MCCJIEOBAaHHs CTaJH NPOBOAMTBCS B LIHPOKOM MaclutaGe,
fipuyeM M3 roja B rog o6beM 3THX HCCaefoBaHMil Bo3pactaer. Ha-
yuHo#l paGoroif B 06JIaCTH THAPOXHMHH, NIOMHMO HHCTHTYTOB AKane-
mun Hayk CCCP u akajgeMuil COIO3HBIX pecnmyGJHK, IIAaHOMEPHO 3a-
HUMaeTcsi TaKXe MUeJblH psi WHCTHTYTOB M IIPOH3BOACTBEHHBIX
opranuzauuit: CaHutapHblit HHCTHTYT M. ®. dpucmana, BOATEO,
Llentpasbuniit unctutyT Kypoprosorud, BCETHMHTEO, na6opaTtopuu
reoJIoTHYeCKHX ympaBieHuit MHHHUCTEDCTBA TeOJOTHH H OXpaHbI
HeIp u Ap.

B HccieroBaHMsIX NpPHHHMAaeT yuacTHe BecbMa 6oJbLIOH KoJlieK-
THB, B KOTODHIHl BXOJSIT HE TOJbKO XHMHKH, HO W LeJbli psiji APYrux
CrelLHaJHCTOB: IeOJIOTH, THAPOreoJsIOTH, THAPOJOrH H Ap. B pesyus-
TaTe NpoBeJeHHBIX paboT Halla CTpaHa 3aHfAJa NepBoe MeCcTO B MHpe
Kak B OTHOIUEHHW IIPAKTHYECKOrO0 H3yuYeHHs1 NPHPOAHBIX BOA, TakK
H B 0GJIaCTH TEOPETHYECKHX HCC/eNOBaHHI.



B pa3spaGoTke MeToJ0B M3yueHHss XHMHUYECKOro COCTaBa, CBOHCTB,
KNacCH(UKALMH H OLEHKH IPHPOAHbIX BOA GoJsbluas PoJib MPHHAA-
aexut pa6oram H. H. Cuassinosa, C. A. llykapesa, H. Y. Toxctu-
xuHa, I1. H. Iaxnes, I1. A. Kamunckoro, B. A. Cynuna, A. M. By-
HeeBa M JAPYTHX COBETCKHX yUeHbIX. B 06/1aCTH M3yYeHHs] BBICOKO-
MHHepaJ/IM30BaHHBIX BOJ H paccosioB oueHb MHoro caeaaHo H. C. Kyp-
HaKoBuIM H ero mkosoil (C. )KeMuyXHblii U Ip.), pa3paboTaBUINMH
HOBble 3(¢ekTHBHbIE (PH3HKO-XMMHUECKHEe METOAhl HCCJIeNOBaHHM.

Bospmas paGora mo usyueHuio npouecco popMHPOBaHHS XHMH-
YeCKOIo COCTaBa MOA3EMHBIX BOJ NpOJesaHa COBETCKHMH T'HAPOTeo-
goramu I'. H. KamenckuMm, H. K. Urnarosuuem, A. M. OBUHHHHKO-
BEIM. B uactHoct, A. M. OBYUHHHHKOBRIM BIlepBhle COCTaBJieH yueG-
HUK 1O THADOTEOJIOTHH MHHepa/bHbIX BOA. 3HauyeHue THAPOXHMHH
B HHXXEHEPHOH reoJIOTMH M IPYHTOBENEHHH BLISIBUJIH B CBOHX paboTax
H. B. ITonoB u B. A. IlpukioHckuii. HckimounTeabHo 6oJibLIyIO POJb
B Pa3BHTHH THAPOXMMHH CHITPaJH MJIOJOTBODHblE HIeH aKaJeMHKOB
B. Y. Bepnaackoro u A. E. ®epcmana.

B CoserckoM Colo3e THOPOXMMHSI B MOCTeAHHEe TOAB o¢opMH-
Jach' KaK CaMOCTOsiTeJbHasi HayyHas AucuuniuHa. B 1948 r. Bmep-
Bble BhlILeJ KpaTkuit Kypc «O6mias ruapoxumus» O. A. AnekuHa.



OBLIIASI YACTbH

I. LEJIb H 3AJIAYH AHAJIH3A BOJ bl

§ 1. PesyabraThl XUMHYECKHX aHAJIH30B NPHPOAHHIX BOJ HCIIOJb-
3YIOTCsl [IpM pelleHHH BeCbMa MHOTHX KaK IPaKTHYeCKHX, TaK H Ha-
yuHbIX BonpocoB. Bosbiioe pasHooGpasHe BONPOCOB, AJs PeLIEHHs
KOTOPbIX HYXKHbl NAHHBIE O XMMHYECKOM COCTaBe MNPHUPOAHBIX BOJ,
BbITEKaeT M3 TOH Ype3BHIYAHHO BaXKHOH pPOJH, KaKyi Boja Hrpaer
B JKH3HH JIOJell, H TOro HCK/IIOYHTEJbHOIO 3Ha4eHHs, KOTOpoe OHa
HMeeT BOOOLLEe B XXH3HH 3eMHOM Kopel. Kpyr BOnpocos, AJisi pelieHds
KOTOpbIX TpeOyeTcsi 3HaTh XHMHUYECKHH COCTaB TeX HJIH HHBIX NMPHPOA-
HBIX BOJ, HENPEpPHIBHO H OYeHb ObICTPO pacumupsiercsi. 10 0O6CTOA-
TeJIbCTBO OOYCJ/IOBJIEHO, C OJHOHl CTOPOHBI, GEICTPbIM Pa3BHTHEM psla
€CTeCTBEHHbIX HayK H B IIepPBYI0 ouepellb M€OXMMHH, C ApYroi — 3a-
npocaMHu NPaKTHKH.

[eoxuMuyeckoe 3HaueHHe BOABI B KH3HH 3€MHOH KODHI fIPKO
ob6pucosan akana. B. U. Bepuanckuii B MoHorpaduu «Hcropusi npu-
POIHBIX BOA» !, sBIsIOLIeNics KpyNHeiilie#i pa6oToii MO THAPOXHMHHU.
B. W. Bepnanckuii co6pas oOumIMpHBIH 3KCIePUMeHTaJIbHBIH MaTe-
pHaJ Mo XMMHH NPHPOIHBIX BOJ H, ONMHPasich Ha COBPeMeHHbIEe Mpe-
CTaBJIEHUS] O Te0JIOTHYECKOM CTPOEHHH 3eMHOH KOpHI, B 3TOH MOHO-
rpabud npuBes UeNbll psin 00OOIIEHHH, HMeoUMX O6oJbllIoe 3HA-
YeHHe.

OnHako, Kak yKasblBaeT CaM aBTOp, «...3a1auH, KOTOpble CTaBATCS
THAPOXUMHH, NaNeKO He YKAaALIBAIOTCA B PAMKH H3y4YeHHss NPHPOI-
HBIX BOJi KaK eCTeCTBEHHHIX TeJs [JIaHeThl — MHHepaJoB H IOPOA.
Yactb ee 3amay CTaBUTCS MOTPEGHOCTAMH JKH3HM U NPUXOAUTCS
H3yyaTb TaKue CBONCTBA M TaKOH COCTAaB NMPHPOAHBIX BOJ, KOTOpHIE
MMeIOT 3HaueHHe TOJIbKO B CBSI3H C KH3HBIO Ye/OBeKa U ero TeXHH-
KoH. It npo6JieMbl BLICTYNAIOT HAa TaKoe MeCTO B THAPOXHMHH, Ka-
KOro OHM HHMKOTAA B Helf He uMeju Onl, ecid Obl BOJA H3ydasnach
BHe MNDHKJAJIHOIO ee XapaKrepar.

! Bepuaackufi B. H. Hcropus Munepanos semnoii kopu. Tom II, Hcro-
pus npHpoaHnx BoA, 4. I, Bmm. I—III, 1932—1936.
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OJ.'[HOBpeMeHHO C DacHiHpeHHeM Kpyra BOIIPpOCOB, pelueltie Ko-
TOpPBIX CBfA3aHO C H906XOD.HMOCTBIO H3y4YeHHsI COCTaBa BOJ, BO3MOX-
HOCTH HCIIOJIb30BAHHA XHMHUYECKHX aHaJIH30B TOXe BCe BpeMs BO3-
pacraior 6.1arogaps Ipaapa6ome HOBBIX METOJ0B aHaJH3a BOAbBl H
yTouHeHHIO CTapbix. MccllefoBauns NPHPOXHEIX BOA Kak TTOUCKOBBIH
MeTox NpH TNOWUCKAaX M DPa3BelKaX MeCTOPOXKIEHHH II0JIe3HBIX HCKO-
naemblx BulABUHHYJ eule M. B. Jlomonocos. Ho B To BpeMsa aHanuTH-
YecKoii XHMHH He CYILIeCTBOBAJO, H OH MOr IIPelIOKHTb TOJbKO
-onpo60BaHHe BOABI Ha BKYC U OlpeJelleHHe ee KOPPOXHpYIOLleH
CIOCOGHOCTH.

B pa6Gote «IlepBble OCHOBaHHSI MeTaNJyprud HJAH PYRHBIX IEN»,
HaneyaTtaHHoil B 1763 r., roBops 0 NMOUCKOBBIX mpH3Hakax, M. B. Jlo-
MOHOcoB nuiuer: «§ 54. 3a o6lHe NPH3HAKU NOYHUTAIOTCS CJefLylo-
aue: 1) Exxesnn pyubd W DPORHHKH, H3 TOp NpOTeKaloiiue, KakKoH-
HUOYIb DacHyllleHHbIH MHHepaa B cebe HMMEIT, YTO MOXHO CKOpO
o BKYCy IPH3HaTb; a OCOGJHBO €XeJd B UX BOAY IOJIOXKEHHOe Xe-
JIe30 CKOpO pXaBeeT».

ITo mepe Pa3BHTHA MeTOJIOB aHaJIH3a HCCIeIoBaHHE NPUPOIHBIX
BOJ KaK IOHCKOBBIH MeTOJA NosydaeT Bce GoJblliee 3HaueHHe, 3a IO-
‘CJleflHee BpeMsi XHMHUYeCKHe aHaJH3bl BOJ IIHPOKO HCIOJb3YIOTCH
ITpH NOMCKaxX M pasBeAke HedTsHbIX MectopoxpmeHuil. Ilpu 3sToM
LleHHble YKa3aHHs JJIA [OMCKOB JAIOT KaK OOLlMH XapaKrep MHHepa-
JIM3alUH BOM, TaK M CBeJleHHUsl O CONepXKaHHH OTHeJbHbIX creludH-
‘YeCKHX COCTaBHbIX 4acTell (Mold, G6pcM, HadTeHOBble KHCJOTHI),
OObIYHO He BCTpeualoUIUXCs B 3HAYHTENbHBIX KOJHYECTBaX B IpH-
POIHBIX BOZax, He CBSI3aHHBIX ¢ He(DTAHEIMH MeCTOPOXIEHHSMH.

Jas paiiloHOB MOMCKOB H pa3BeloK He(TSHBIX MECTOPOXAEHHH
COCTaBJAIOTCS CHelHalbHble THAPOXHMHMUECKHe KapThl, OKasblBalo-
AllHe CYIIECTBEHHYI0 INOMOLIb INPH IPOSKTHPOBAHHH IIOUCKOBHIX H
pa3BeRoUHBIX paboT.

Jlo HenaBHero BpeMeHH OrpaHHUYeHHOe NpUMeHeHHe HMeJO HC-
T0JIb30BaHHe aHAJM30B BOJ NPH NOHCKAX H Pa3BejKe MeCTOPOXKe-
HHH DYR TSXKeNblX MeTaJJIOB, B CBfI3H C OYeHb MaJIoil pacTBOPH-
MOCTbIO GOJBLIMHCTBA NPHUPOAHBIX <COEIMHEHHH 3THX MeTaJlIoB.
B Hacrosiiiee BpeMs NoJIoXeHHe COBepLIEHHO HHOe, TaK Kak paspa-
6oTaHbl METOAbl, MO3BO.SIOLUIHE ONpPENeNATh TsKeJble MeTaJJbl IPH
HHYTOXHOM MX COJNepXaHHH B Bofe. B yacTHOCTH, yCOBepIIEHCTBO-
BaHBl U IOJYYalOT LIMPOKOE paclpocTpaHeHHe MeTOAbl CIIeKTPaJb-
HOTO aHaJsu3a.

[TosnyueHHble K HacTOsIIEMY BpeMEHH JaHHble 06 H30TONMHYECKOM
.COCTaBe Pa3JIMYHbIX IPHPO/AHBEIX BOJ NAlOT OCHOBAaHHe IPeANoJiararb,
4TO HM3ydYeHHE H30TONHYECKOrO COCTaBa MOXeET 0Kas3aTb 60JblUYI0
LOMOLIb NPH pellleHHH pana BonpocoB. B HexaslekoM GyayuieMm omnpe-
IeJleHHe H30TONUHYECKOro cocraBa OyHeT, BePOSTHO, IIPOH3BOJAHTHCH
He MeHee 4YacTo, YeM OIlpeJesieHHe, HaNpHUMeD, COnepXKaHHA pac-
CesTHHBIX 3JIEMEHTOB.

§ 2. Bona sBJasieTcd OMHHUM H3 CaMbIX 3HEPrHYHBIX areHTOB XH-
MHYECKHX NpOIECCOB, MPOTeKaloUux B 3eMHOH Kope. [lpu compukoc-
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HOBEHHH BOJbl C FOPHBIMH NOPOAAMH TIPOMCXOAHMT llesblH pAd XUMH-
4YeCKHX H (PH3HKO-XHMHYECKHX peaKuHil, o6yCJOBJIHBAIOUIHX H3MeHe-
HHMe Kak COCTaBa BOJbl, TAK M COCTaBa FOpHbIX NMOPOA. XapakTep H
HHTEHCHBHOCTb 3THX PeakIMH 3aBHCAT OT COCTaBa BOMAbI, MOPOABI H
OT BHeIUHHX YCJIOBHI — TeMIlepaTypbl H AaBJEHHS.

B uacTHocTH, Boma o6JiagdeT HCKJOYHTEJNbHO BBICOKOH DacTBO-
psolleil cnoco6HOCTbIO, H AelicTBHe aTMocthepHOil Boibl, BbllaBLIell
Ha TOBEPXHOCTb 3eMJIH, NPOSAIBJAsSeTCS NpeXje BCero B PACTBOPEHHH
OTAEJNbHBIX COCTaBHBIX YacTeil ropHbix mopoA. Ilpu 3atom HauGoJee
OBbICTPO PaCTBOPSIOTCS, KOHEYHO, XOPOIIO PaCTBOPHMBIE COJIH — XJIO-
PHCTBII HATpHil, CEePHOKHCJBIH KaJblHil U ApYyrHe, HO, KaK YKa3bl-
Baetr J. Y. MeHnenees, «..BO MHOXeCTBe CJy4yaeB Boja, He pacTBO-
pAs BellecTB, AeHCTByeT Ha HHX XHMHYECKH H HaeT PacTBOPHMble
BelllecTBa». '

Ilpu 3THX peakuusix, NPOTeKaOUIHX B 3eMHOH Kope B IDaHIHO3-
HBIX MacmTabax, aKkTHBHYIO pOJib HrpaeT He TOJbKO cama Boja, HO
H pacTBopeHHble B Hefl BelllecTBa. OyeHb 60JIblIIOEe 3HAaYeHHe HMEIOT
YyIJIEKHCJIOTa H KHCJODOJA, pacTBOpeHHble B Boje. BakHeHIIMMH M3
TaKUX peakUuil SIBJSAIOTCS NPOLECCHl XHMHYEeCKOro pasJfoxKeHHs IIPH-
POAHBIX CHJIMKATOB H a/JIOMOCHJIHKATOB NMPH AEHCTBHH Ha HHX BOXHI,
conepiallleif cBo6omHylo yraekuciory. Ilpomecc pasioxeHus, Ha-
TpuMep, OPTOKJa3a MoXeT OblTb H306pa)keH CJeAyloweil CXeMoii:

K,ALSi40;+ CO, + H,0=K,CO, + H,A1,S1,04+ 4510,

ITopo6Hble mpolecchl B codyeTaHHH ¢ (pusuyeckHMH (haKTOpaMH
TNPUBOAST K pa3pylLIeHHIO OrPOMHBIX MAacCHBOB KPHCTaJJIHYeCKHX
CKaJIbHBIX TOPOX.

K unciy oueHb BaXKHbIX H UIHPOKO pacnpocTpaHeHHbIX B IIpH-
polle peakuuil OTHOCHTCH HOeilCTBHe BOXBI, cojepxalleili cBOGORHYIO
YIVIEKHCJIOTY, Ha KapOOHAaT KaJjbLHUs:

CaCO4—+ CO,+ Hy,O === Ca(HCOy),-

ITpu 3Toil peakuuu YIVIeKHC/blH KaJbLHil, OTJIHYAIOLHHACT MaJsoH
DPacTBOPHMOCTbIO, IpeBpalllaeTcsi B THAPOKApOOHAT H IEepeXOAHT
B pacTBOp.

Hapsizy ¢ peakuusimu pacTBopeHHsi GecnpepblBHO MPOTEKAIOT
TaK¥e peaklHd, CBsI3aHHble C BbiMafeHHEM B OCaJ0OK BelleCTB, pac-
TBOpeHHbIX B Boje. Hanpumep, ykasaHHas Bblllle peaklHsi PacTBO-
peHuss kapGoHaTa KaJjbuusi obpatuma. Ecaum Bopma, comepxaiuas
ruApokap6GoHaT KaJsbLMsi, NPUAET B CONPHKOCHOBeHHe ¢ aTMochep-
HbIM BO3ZYyXOM, TO BCJIEACTBHE IIOTepH BOROH CBOOOJNHOH YTJIEeKHC-
JIOTbl paBHOBeCcHe CHABHHETCSl BJIeBO M H3 BOAbI OYyAeT BbIIafaTb B
ocafok KapOoHaT KaJbluS.

ITpoueccamu, cBsi3aHHBIMH € BHIIaJeHHEM B OCaJOK BeILECTB,
HaXo#slIMXcsl B IPHPOAHHIX BOAAX B pacTBOPDEHHOM BHAe HJH B
KOJIIOWAHOM COCTOSIHHH, OOYCJ/IOBJIeHa LieMeHTalHus! OGJIOMOYHBIX rop-
Hblx NOPOX M IMecKcB. Yalle Bcero IeMeHTHPYIOIMMH BellleCTBaMH
SIBJISIIOTCA KPeMHe3eM, OKHCJIbl JKeje3a M KapOoHAT KaJblHs.
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Ouetib GoJbllIOe 3HauyeHHe AJisi TMAPOreoJIOTHH H TPYHTOBeJeHHS,
a 0CcOoGeHHO OJisi NIOYBOBeNeHHs1 HMEIOT peaKIHH oOMeHa KaTHOHAMH
Mexay cCOJIAMH, coaepKallUMMHUCA B BOAE, W KaTHOHAMH TaK Ha3bl-
BaeMOro norJiollamllero KoMmIlJieKCca IpyHTa HJH NOYBHI.

H3BecTHO MHOro BellleCTB, HepacTBOPHMBIX B BOJe, HO CIOCOG-
HbIX K O6GMeHYy ConepXKalllUXCsi B HHX KaTHOHOB. K TakuM peakuusm
crnocoGHbl, HanpHMep, MHHepaJbl Ipynmel lLeosauToB. Eciau nogeii-
CTBOBaTb Ha aHaJJbUMM pPaCTBOPOM XJIOPHCTOro KaJibLIHfl, TO HOHbI
KaJiblIMsl BBITECHAT H3 aHaJbLHMA 3KBHBaJIECHTHOE KOJIHYECTBO HOHOB
HaTpUsl U 3aHMYT HX MeCTO:

Na,AL,Si,0,, - nH,0 + CaCl, ==CaAlSi,0,, - nH,0 + 2NaCl.

AHasorHyHBle peakuuu OYAYT NPOUCXOAMTb NPH AeHCTBHH pac-
TBOpa XJIOpHCT-OI‘O KaJbIIHA Ha HepMyTHTbI, HMelolllue 061LL)’]0
¢opmyy

A1,0,(Si0,),(Na,0),(H,0)..

O6o3snauasi coctaB nepmyrtura (opmyJoit Naoll, rme T — aJio-
MOKPEeMHeBHII BOJIHBIH OCTATOK, IOJYyYHM

Na,[T+ CaCl, <= Call+ 2NaC'.

AHalorHYHO HAeT peakumusi C COJIAMH Mardus. Peakuueil c nep-
MYTHTOM MNOJIb3YIOTCSi B NPaKTHKe AJsl CMSIrYeHHsi BOA. Bciexcrsue
yKasaHHOH peakuuu B Boie OyneT yMeHblIATbC KOHIEHTPALHS
HOHOB KaJIbLIH U MarHMs W COOTBETCTBEHHO YBEJHYHBATbCHA KOHILEH-
Tpauusi HOHOB HaTpHsa. OmHaKO yKasaHHBle peaKUHH OGPAaTHMH, H
ecJM NOJeHCTBOBaTb, HalmpHMep, PaCTBOPOM XJIOPHCTOrO HaTpPHA Ha
MepMYyTHT, B KOTOPOM HAaTpHi 3aMellleH KaJbllHeM, TO GYyAeT NPOHC-
XOIHTb OOpaTHas peaKLHss — HOHBl HATPHA BBHITECHSIT M3 NepMYyTHTa
HOHbI KaJsbuusi. B 3ToM cjyyae pactBop 6yaeT oborallaTbCsi HOHaMh
KaJblLHsl NpPH OJIHOBPEMEHHOM YyMeHbIIeHHH KOHLEHTpalHH HOHOB
HaTpHs:

Call+ 2NaCl <= Na,I1+ CaC,.

AHanornyHble peakuuu o6MeHa KaTHOHaAMH NPOTeKaloT NpH aei-
CTBHHM BOJ Ha NOYBHI H I'pyHTHl. IlepBOHaYasabHO moJaraJjiv, YTo CHO-
COGHOCTb IOUB K OGMeHY KaTHOHOB OOYCJIOBJeHa NPHCYTCTBHEM B HHX
MHHepaJIOB IPYMNNHl 1e0JHTOB. B masbHefinieM BHISICHHJIOCH, YTO MHO-
THe [pyrHe MHHepaJibHble H OpraHHYeCKHe BellleCTBa TaKXkKe CIIOCOGHBI
K TaKUM peaKUHsM H YTO NPHCYTCTBHE 1I€OJIHTOB BOBCe He SIBJISeTCS
HeOOXOAMMBIM YCJOBHEM CHOCOGHOCTH IOYBBI HJIH TPYHTAa K OOMeHY
KaTHOHOB. DmlTo TakXKe YCTaHOBJEHO, YTO NPaKTHYeCKH 3Tofi cIo-
COOHOCTBIO 06J/1afaeT TOJbKO BBICOKOAMCIEPCHAsh YacTb I[OYBBI HJIHK
[PyHTa, cocTofllas M3 yactHl pasmepoMm Menee 0,001 ma.

ITo npenoxeHHIO OCHOBOMOJIOKHHKA YYEHH O MOIVIOUIEHHBIX
OCHOBaHHsX pycckoro yuyeHoro akazemuka K. K. Tegpoitna, wactb
[IOYBHI, CIIOCOGHYIO K peaKUHsM O6MeHa KaTHOHOB, Ha3blBalOT OOLIYHO
nornoumammUmM KoMnJaexcoM. [lorgomaomuil KoMIJIeke
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MOXeT ObITb KaK MHHepa/JbHOTO COCTaBa, TaK H OpraHHYecKoro.
B cocras norviomarouiero KOMmJeKkca MOTYT BXOAHTb pas/HyHble Ka-
THOHBI, B TOM YHCJle HOHBbI BOJOpOJA.

Hpu B3aUMOJENCTBHH BOABI C 'PYHTOM XapaKTep O6MeHHBIX peak-
UMl MeXAy KaTHOHaMH TOIVIOLIAMIIEro KOMIIeKca H KaTHOHaMH
collepXkalluxcssi B Bole coJsieil OGyleT 3aBHCeTb OT COOTHOILEHHS
MeXJy pasJHYHBIMH KaTHOHaMH, BXOJSILHMH B COCTaB MOIMIOLIAI0-
LIero KOMIUIEKCA, H OT KOHIEHTDalM#i KaTHOHOB B BoZe. [Tpu 3THX
peakIMsiX H3MeHsIeTC KaK XMMHYeCKHH cocTaB BOJ, TaK H CBOWCTBA
YUY&CTBYIOUMX B peaKUHAX TPYHTOB. IDTHM OOMEHHBIM peaKIHsiM
06513aHbl CBOHM INPOMUCXOXKAEHHEM HEKOTOpble THIbI BOA.

§ 3. Crenyet 0co60 NONYEPKHYTb, YTO B PeaKLHAX, NPOTEKAIOLHX
C yyacTHeM BOJbl, 4YacCTO Ype3BbIYaiiHO GOJIbIIYI0 POJIb HIPAIOT KHUBbIE
opranusmsbl. Ilo mHenuio B. WM. BepHajckoro, B 3eMHOil KOpe OIHHM
M3 HauboJsiee aKTHBHBIX BelIECTB SIBJISETCSl XKHBOe BellleCTBO — COBO-
KYITHOCTb JXHBbIX opraHu3moB. OH yRasbiBaeT, uTo 60.bllIoe 3HaueHHe
XKHBOTO BellleCTB2a B TFEOXHMHYECKOH HCTOPHH 3JIEMEHTOB HOKa3aHo
Ansi 48 3J1eMeHTOB.

IToBepxHOCTHBIE W MOA3eMHBle BOABI, a TaKyKe INOPOIAb B BepXHeH
yaCTH 3eMHOH KOpbl, HacelleHbl XHBBIMH opraHusMmamu. IIpu stom
B paifioHax He(dTSHbIX MECTOPOXKAeHHI OakTepHH OOHapyXKHBAKOTCA
Ha ray6uHax 6osee 2000 # OT MOBEpXHOCTH 3eMJIH.

JKu3HeeATeJIbHOCTh OPraHHU3MOB SBJSETCS aKTHBHBIM q)aKTopOM
B Ipolueccax (HOpMHPOBAHHS XHMHYECKOTO COCTaBa IIPHPOAHBIX BOM.
K uncny peakuuit, 06yCJIOBJIEHHBIX XXH3HEAeATeJbHOCTbIO OPraHH3-
MOB, OTHOCSATCS, HallpUMep, NMPOLECChl BOCCTAHOBJCHHA aHadpOOHBIMH
GaKTepHUsIMH COJepKalIMXCsl B BOJAX OKHCJEHHBIX BellleCTB, BOCCTa-
HOBJIeHHe CyJb(daToB A0 CepoBOAOpOAa, BOCCTAHOBJIEHHE a30THOKHC-
JbIX coJieit H ap. )KuBble OopraHH3Mbl HrpaloOT odeHb 6OJBIIYIO POJb
B npoleccax KOHIEHTPHPOBAHHA pacCesHHbIX 3JeMeHToB. PopMHpoO-
BaHHe ra30BOr0 COCTaBa NPHPOAHBIX BOJ HEKOTOPLIX THIOB TOXE He-
paspbIBHO CBSI3aHO C JKH3HeJeATeJbHOCTbIO OPraHH3MOB.

§ 4. Bo Bcex NMOBepXHOCTHBIX M MOA3eMHBIX BOAax OeclpepbIBHO
MPOHCXOASAT XHMHYECKHe DeakKLHH, H3MeHSIoUe COCTaB BOA M OKa-
3bIBalOLllHe TO HJH HHOe BJIHSIHHe Ha COCTaB M CBOHCTBa IMOpPOJ,
CONpPHKACAIOIMXCA C 3THMH BoaaMH. [Ipu peleHHH BOMPOCOB THI-
pOreosIOrHH WJH HHXXEHepHO#l reoJOrHH HeoGXOAMMO HHOTAAa 3HATb
Xapakrep peakuui, NPOTEKAIOWHX [PH Y4YaCTHH NPHPOIHBIX BOJ,
a 171 3TOro0 HYXHO, B YaCTHOCTH, HMeTb CBeleHHSl O XHMHUYECKOM
cocTaBe 3THX BO[.

Bonpocsl, BcTpeuaiollidecsi B NpakTHYecKoil paGoTe THApOreosora
HJIH HHXXeHepa-reosiora, IJ/s pelLIeHHss KOTOPHIX HeOoOXONMMBl pe-
3y/IbTaThl XHMHYECKHX aHaJH30B BOJ, MOXHO pa3fleJuTb Ha HBe
rpynmsl.

1. OueHka INpPHPOAHBIX BOA € TOYKH 3pEHHS MX NPAKTHUECKOro
HCIO/Mb30BaHUA 1151 Pas3JMYHBIX LeJe:

a) AN NHTbEBBIX H XO3fICTBEHHBIX;

6) A5 NMPOMBIUVIEHHHIX MpPEANpUATHH H Ha TPaHCHOpTE;
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B) AJI OPOLIEHHS,;

r) B KayecTBe XHMHYECKOro Chipbsi — A/l NOJYYeHHs HOAA,
6poMa, MoBapeHHOH COMH H T. X.;

1) mas JedeOHBIX leJed.

2. Pelenue creluaJbHbIX BONPOCOB, TaKhX, Kak obllHe Teope-
THYecKHe MPOGJEeMB FHAPO- U NEOXHMHH H OTHAebHble YHCTO NpPaKTH-
yeckHe BOINPOCH, B YacCTHOCTH BOMNPOCH, CBSI3aHHble € IIOHCKaMH
H pa3BellKOi INOJIe3HBIX HCKONAaeMblX, a TaKXe C NPOeKTHPOBaHHEM
WM BO3BeleHHEM TeX HJIM HMHbIX HHXeHepHBIX COOpYKeHHH.

M3 uucna 3THX mocjieIHHX MOXCHO OTMETHUTh Kak Haubosee 4acto
BCTpeyalolllHecs cJelyollHe:

a) OleHKa arpecCHBHOCTH BOJ IO OTHOIUEHHIO K GETOHY;

6) KoqMyecTBeHHass OlEHKa NpPOLECCOB pacTBOPeHHs MNOpoA H
BEILIEJAYHBAHHSI H3 NOPOJ, PacCTBOPHUMBIX COvIel;

B) H3MeHEeHHe COCTaBa BOJ B CBfI3H C H3MeHEHHEM HX DeXHMa;

r) H3MeHeHHe CBOHCTB IVIMHHCTBIX MOPOX B CBSI3H C H3MEHEHHeM
cocTaBa BOZ;

I) yCTaHOBJIeHHe CBSI3H BOJOHOCHBIX TODH30HTOB MeXIy CcoGoi
HJIH C NOBEPXHOCTHHIMH BOJAMH.

IlpuBeneHHuIl KpaTKUii NepeuyeHb .BONPOCOB, AJisl pellleHHs KO-
TOPBIX HeOOXONMMBI CBeleHHsI O XHMHYECKOM COCTaBe NPHPOIHBIX
BOJ, NMOKa3blBaeT, Kakoe 3HayeHHe HMeeT XMMHYECKHil aHAJIH3 BOABI.
H3yyeHHe XHMHUYECKOTO COCTaBa INpPHPOAHBIX BOJ 0co000Oe 3HaueHHe
HMeeT B Hallell CTpaHe B CBSI3U C THTAaHTCKUM 06beMoM paboT Mo
npeo6pa3oBaHui0 NPUPOAH (JIeCO3alMTHEIE IIOJIOCH, OpOlUEeHHe Or-
POMHBIX TEpPHTOPHH B 3aCyIIMBBIX 06/1acTX M T. A.) M OBICTPHIM
pa3BHTHeM Bcex OTpacJell HapomHoro xossiicTBa. Haie nuanoBoe
COLIHANUCTHUECKOe XO03SIHCTBO TpebyeT 3HAHHA BOJHBIX pecypcoB
CTpaHK KakK B OTHOIIEHHH KOJHYecTBa NPHPOINHBIX BOJ, TakK H HX
KayecTBa.

1I. COCTAB NMMPHPOJIHBIX BOJ

1. OBIIASS XAPAKTEPHCTHKA BELIECTB,
COAEP)XAILUXCA B NMPHPOAHBIX BOIOAX

§ 5. Bce BemlectBa, BeTpevarouyecst B IPHPOAHBIX BOAAX, MOXHO
Pa3buTb Ha 3 rPyNNH:

a) BellleCTBa, HaXOAsIHeCss B pPacTBOPEHHOM COCTOSIHHH, —
COJIM, KHMCJIOTBI, OCHOBAaHHMf, OpraHHYecKHe BellleCTBA H TrasHl;

6) BelllecTBa, HaXOASINHeCs B KOJJOHIHOM COCTOSIHHH;

B) TBepAble BellleCTBa, HaXONsLIMecss BO B3BelIeHHOM COCTOSIHHH
(MyTB).

§ 6. C ToukH 3peHHs BJMsSHMSA BellleCTB Ha XMMHYeCKHe CBOIicTBa
BOZbI, HaHMeHblllee 3HaueHHe HMelOT BellleCTBa, HaxoAsdlluecs BO
B3BelIEHHOM COCTOSIHHH. JTH BellleCTBa NPaKTHYECKH OKAa3blBAlOT
BJHSHHEe TOJIbKO Ha (H3MYeCKHe CBOHCTBA BOAbI, OGYCJOBIHBAs TY
HJIH HHYIO cTelleHb MYTHOCTH. IIpH XMMHYeCKOM Hcc/ieOBaHMH BOAKI
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OHH OT(HIBLTPOBLIBAIOTCA H aaJjee OGBIYHO He aHaJju3upyorcs. Ox-
HaKo IpH pelleHHH HEKOTOPhIX BONMPOCOB B3BelleHHble BeleCTBE
MOTYT HpPEACTaBJATb OYeHb 60JbILUOH HHTepec.

IToBepxHOCTHBIE BOIBI €XerogHO NepeHOCAT B BHIe B3Beceil Or-
POMHBbIe KOJIHYeCTBA FOpHHIX MopoA. dra pabora MOBepPXHOCTHBIX BOA
SIBJISIETCS OJHMM H3 BaXKHeHIUMx reoJiorHyeckux ¢axropos. Upessbl-
yaiiHo GOJIbIYI0 POJIb B3BellleHHble NPHMECH HIpaloT B Mpoleccax
3aWJIeHHs1 BOJOeMOB, KaHaloB u T. A. Camo co6oii pasymeercs, 4To
NpH pellleHHH NOJOOHBIX BONPOCOB H3yueHHe B3BelEeHHBIX BelecTB
MOXKeT INpeACTaBJATh Aaxke OOJblIHI HHTepeC, HeXeJH H3ydeHHe
oCTaJIbHbIX BellleCTB, COAEpXKalllMxCs B BoJe.

§ 7. Conepxkanne B NPHPOAHBIX BOAAX BelECTB, HAXOMALIHXCS
3 KOJIIOUJHOM COCTOSIHHM, OOBIYHO He3HayHTeJbHO, H OHH He€ OKas3hl-
BAalOT 3aMeTHOrO BJIMSIHHS Ha XHMHUYecKu#t xapakrep Boabl. OmHako
M 31ecb Heo6XOAMMO CHesaTb OTOBODKY, YTO B OTHEJbHBIX Clydasx
BEILleCTBA,. HaXOASILHeCss B KOJJIOMTHOM COCTOSIHHH, TOXe€ MOTYT
npeacTaBJsiTh GOJbLIMI HHTepec, HanpHMep C TOUKH 3PeHMs MHrpa-
LUK TIIPaKTHYeCKH HepacTBOPHMBIX B BOJe BeILEeCTB — KpeMHe3eMa,
OKHCJIOB KeJle3a M aloMHHHA. [Ipouecc nmepeHoca npHpOAHBIMH BO-
JaMH 3THX BellleCTB, HECMOTPS Ha MaJjble HX KOHLEHTPAlHH, MOXeT
B TeOJIOTHYECKHE OTpPe3KH BpeMeHH OGYCJOBHTb SIBJIeHHS O0JBIIOTO
maciiraba. Henb3si, HanpuMep, HTHOPHPOBaTb 3TH CO€NHHeHHsd, H3y-
yasi BOMNPOCH, CBf3aHHEE C TPOLECCAMH IL€MEHTaUWH TOpPHBIX
nopoz.

§ 8. C xumuueckoil TOUKH 3peHHsi HauboJibliee 3HaYeHHEe HMEIOT
BEILeCTBa, HaxXOAslMecs B NPHPOAHBIX BOAAX B PAaCTBOPEHHOM <CO-
crosiud. OHH ¥ ompelessiioT B OCHOBHOM XHMHYeCKHe CBOil-
CTBa BO[.

H3 rasos, comepxkaliyxcs B NPHPOAHBIX BoJax, NpH aHaJaH3ax
yalle BCEero OMNPeNesIOT COAep:KaHHE KHCJAOPOAA H YIVIEKHCJIOTHI,
a Takxe CepOBOJOPOAA, €CJH NOCJeJHHH HNPHCYTCTBYeT B 3aMETHOM
KosinyecTBe. B 3HauHTe/IbHBIX KOJIMYECTBax BCTpevyaeTcst OOLIYHO elle
a30T, HO ero cofepXkKaHHe ONpeleNsioT Penxo.

Hurorna B npupoaHbix Bojax coJepxarcs 3HAYUTENbHblEe KOJIHYe-
CTBa yIJIeBOAOPOJOB, Yallle Bcero MeTaHa. BoJjee Tsxesble yrite-
BOJOPOAK BCTPeyaloTcss OOBIYHO B BOAAX, CBS3aHHBIX ¢ He(TAHBIMH
MecropoxaeHHsMH. UTo Kacaercsi ApPYyrux rasos, BCTpeyaloLIHXcs B
NPHUPOAHBIX Bogax (BOAOPOA, HHepTHble rasbl W Ap.), TO OHH PEAKO
NPUCYTCTBYIOT B 3HAUUTEJbHBIX KOJHYECTBAxX W INPEACTABJSIOT HHTe-
pec JHIIb TNpH pelleHHH <CHelUHaJbHBIX BompocoB. HccienoBaHue
rasoBoro cocraBa HMeer OoJbllloe 3HaueHHe NPH H3YYeHHH MHHe-
pajbHbIX (JeueGHBbIX) BOX KaK C TOYKH 3peHHs BBIICHeHHS HX TeHe-
3HcCa, TaK ¥ AJsS OUEHKH JeyeGHbIX CBONCTB 3THX BOA.

IIpupoanbie Boabl OTIHYAIOTCA BecbMa GOJbIIMM pasHoOGpasueM
coseBoro cocraBa. Ilo o6lieMy KoJHYeCTBY PpacCTBOPEHHHIX Be-
lecrs (o6lleii MHHepasH3alMH) BOAb MOAPA3AENAITCA Ha TPH
Tpynnm:

1) mpecHnle BoAR — ¢ MHHepanu3alueii MeHee | 2/a;
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2) MHHepaJsM3oBaHHble Boabl — oT 1 nmo 50 e/a;

3) paccosiel — GoJiee 50 e/a.

OcoGeHHBIM pa3Hoo6pa3yueM COJIEBOTO COCTaBa OTJHYAKOTCA MOXA-
3eMHBle BOAbI, NOAHMMalowuecss ¢ GOJBIIHX TIYO6HH. DTO 06DBAC-
HfleTCs, TIOBUAUMOMY, ABYMS NPHYHHAMH:

1) TakMe BoAb vYacTo oboraulaloTcs ras3oo6pasHBIMH INIPORYK-
‘TaMH, BBIIEJSIOIUMHCA H3 MarMbl HJIH OGpasyloLUHMHCS MpH Ipo-
Heccax Metamopdusa;

2) uMetoTcs1 6/1aronpUsiTHHIE YCJIOBHS AJsi O6GorallleHHsl 3THX BOJ
Pa3/IMYHBIMH BellleCTBAMH 3a CYeT B3aHMOJEHCTBHSI HX C TOPHBIMH
nopogaMH H MeHee IMIyOOKO 3aJieraloOllUMH IOA3eMHBIMH BOJaMH.
K uncny takux 6/1aronpUATHBIX YCJIOBHH OTHOCSITCS: BEICOKAS TeM-
Hepatypa, OGosbllioe [AaBJeHHE, YaCTO 3HAUHTEJNbHOE COJLepXKaHHe
pacTBOpeHHBIX ra3oB M 6GoJblioe pasHooGpa3de NOPOA H BOH, C KO-
TOPBIMH NPHXOAAT B CONPHKOCHOBEHHe BOJH, [NOXHHMAlOLIHeECs
C 6oJbLIMX TVIyGHH.

B npupoiHbix Bomax Owlja HalifeHa 60.bllasi 4acTb 3JeMEHTOB
Tabadusl MeHmeneeBa. OQHakKo HEKOTOpble 3JeMeHTbl OblJIH OOHa-
PYXeHbl TOJIbKO B HHYTOXHBIX KOJIHYECTBaX H IIPUCYTCTBHe HX yAa-
BaJioCb KOHCTaTHPOBATb CIeLHaJbHBIMH BBICOKOYYBCTBHTEJBLHBIMH
MetogaMu. Eciin e roBopuTh 06 OCHOBHOH Macce COJIEBOIO COCTaBa
O6BbIYHBIX MPUPOAHBIX BOJ, HMEIOIIHX HauGoJbllee pPaCHpPOCTPaHEHHe,
TO OHa CKJajniBaeTcsi Bcero u3 cemu uonos: Cl, SO, HCOj, K,

Na‘’, Ca"", Mg"", npuuem cpeau katHoHoB Ca’" u Na' oO6bIYHO 3Ha-
qyTeJbHO mpeobaanaior Hag Mg ™ u K’

J0oBOJIbHO 4aCTO, HO OGBIYHO YKe B 3HAYHTEJNbHO MeHbUIHX (OTHO-
CHTe/IbHO) KOHIEHTpauusx, BcTpeuatorcst HoHsl: HS’, NO;, NO,
HSi0;, J’, Br’, CO}, HoPOj, NH4', Fe' ", Fe’"" AlI"", Mn"".

AMmMoOMHHHIl, TpeXBaJIeHTHOe »XeJie30 H KpeMHe3eM cCojlepiKaTcs
06bLIYHO, KaK YKa3blBaJoChb BhIllle, B BHIE BOIXHBIX OKHCel, Haxons-
LIMXCH B KOJIJIOMAHOM COCTOsiHMH. M3peska BCTpedaloTCsi B 3aMeTHBIX
konuyectBax Houbl: Li", Rb", Sr"", Ba™", F’, $;0;, AsO;", BO;.
OcraJibHble HOHBl BCTPEYAlOTCsi PEAKO H OGBIYHO B HHYTOXKHBIX KO-
JIHYECTBaX.

§ 9. IpuponHsle Bobl, OCOGEHHO NMOBEPXHOCTHbIE, KPOMe MHHe-
paJibHBIX BELLEeCTB, COJAEPKAT HHOTAA 3HAYHMTe/IbHble KOJHYeCTBA Op-
raHHYecKMX BelllecTB (BOJHI ‘GoJiOT, TopdsHHKOB). M3yueHHe cocraBa
OpraHHYecKMX BelUeCTB, COJepXKallluXcs B NPHPOAHBIX BOJAaX, NPOH3-
BOJHTCS TOJIbKO B PeNKHX <CJyyasix, HalpHMep INpPH HCC/Ied0BaHHH
BOJ He(TAHBIX MECTOPOXKAEHHH.

§ 10. Oaun u TOT XKe 3JEMEHT MOXeT HaXOAHTbCA B BoJAax B
pasJuuHbIX (opMax (HHOTAA OLHOBPeMeHHO). AJIIOMHHHH M OKHCHOE
JKeJles0 B KHCJBIX BOJax BCTPEYAIOTCSl B BHIe HOHOB, a B BOAax
LIeJIOYHBIX — B KOJIJIOMAAJbHOM COCTOSIHHH B BHIE BOAHBIX OKHCeH.
Kpemuekuciora, Hao6opoT, B LIEJOYHBIX BOAAX MOXET HaXOXHTbCS
B BHae HoHoB (HSiO3’), a B KHMC/BIX BOAaX OHa HaXOLHUTCH B KOJJIO-
HIaJbHOM cocTosiHHH. ‘COOTHOIIEHHE MeXIy paslHYHBIMH (GOopMaMH
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c1a0blX KHCIOT 3aBHCHT OT aKTHBHOH KOHUEHTPAUHWH HOHOB BOMO-
pola B naHHoil Bofe. dtor Bonpoc GoJsee noapo6Ho GymeT pa3obpaH
Huxe (cM. ra. VI).

2. IOBEPXHOCTHBIE BOJbI

. § I1. IlpupogHeiMH BORaMH, CofepXKalllMMH HaHMeHbLIHE KOJIH-
YyecTBa PacCTBOPEHHBbIX BelLEeCTB, SBJSIOTCS BOAbI, BhIMaJaiolllHe Ha
3eMJII0 B BHJIe OCaJKOB, HO H 3TH BOJbI COJepPXKaT 3aMeTHble KOJIH-
yecTBa pa3sIHuHbIX BeliecTB. JloxkneBas Boga Bo BpeMsi KOHJEeHCAalHH
BOASIHBIX NIapOB H BO BpeMsi NafeHHs KaleJb BOABI Ha 3eMJIIO yBJle-
KaeT M3 BO3[yXxa pasjiMyHHle BelllecTBa. B moxaeBoi Boxe, KpoMe
pPacTBOPEHHBIX ra3oB — a30Ta, KHCJIOPOAA, YIVIEKHCJIOTHI, OGHApYXKH-
BaloTcsl B 3aMeTHRIX KosauuectBax Houe:: NH;, NOj, NO;, SOy,

Na’, Ca’* u Mg"". Kpome Toro, noxneBasi BOAa COZEPKHT MHKpO-
OpraHM3Mbl H MblJb B BHIE MeXaHHYECKOH NPHUMeECH.

OO6uiee KOJHYECTBO BEIUECTB, PACTBOPEHHBIX H B3BellEHHBIX B
JOoXfeBo#t Boje, HMHorga pocturaer 50 me/a, HO OObIYHO GbIBaeT
3HayHuTesJbHO MeHblle. KosnyecTBO mpuMeceii oYeHb CHJIBHO KOJIeG-
JieTcsl U MHOr[a HM3MeHsIeTCs] B 3HAYMTEJbHBIX TIpefieslax Jaxe B Te-
yeHHe OJHOrO H TOro Xe HOXAs. BHavaJse npumeceii OGuiBaeT 60Jbllle,
a 3aTeM BO3[yX IOCTENEHHO OYHILIAETCSs H KOJHYEeCTBO HpuMeceii
YyMeHblIIaeTcs.

B6.u3u 6osbLIMX NPOMBILILIEHHEIX FOPOJOB COAEpXKaHHe NpHMe-
ceii B M0XIeBbiX Bojgax ObiBaeT OObIUHO GoJibllle, HeXKeJH BHAJH OT
HHX, TaK Kak B ropojiax aTMoc¢epHbi BO3AYyX, NOMHMO INpHMeced,
0o06pa3yolUXCcsi ecTeCTBEHHbIM NyTeM (IblJIb, OKHC/IH a30Ta, MOJY-
yawlHecss B pe3y/bTaTe 3JEeKTPHUeCKHX paspsigioB B aTtmocdepe,
amMuak, o6pasyioluiicss NpH pas/ioXKeHHH OpPraHHYeCKHX BeELIECTB,
H T. 1.), COREPKHT TaKXKe NMPHUMECH, NOSBJSIOLHECS B CBSI3H C pabo-
TOii NPOMBILLIEHHBIX NpeANpUsITHH, B BHAE AbIMa H TrasoB.

§ 12. Boawl pek H 03ep OOBLIYHO COAepIKAT 3HAYHTEJbHO OOJIblie
pacTBOpPEHHBIX BELIECTB, HEXeJU JNoXaeBas Boja. Bona Jlagoxckoro
o3epa, MO KOJHYECTBY NpHMeceil sABJsIOIascs ORHOA W3 HauboJjee
YHCTHIX MOBEPXHOCTHBIX BOJ, CONEPXKHT B cpelHeM okoso 50 m2 npH-
Meceil Ha 1 ., H3 HUX npuMepHO 30 Me NPHXOAUTCA Ha MHHepaJlbHbIe
BellleCTBa, OCTaJbHble — Ha opraHuyeckHe. Taxkoe e NIpHMepHO Ko-
JINYECTBO PACTBOPEHHBIX BEIECTB COJAEPKHT Boaa pekH Heswl,
OGbIYHO Ke peuHhle BOJK COAEPXKAT HX 3HAUHMTEJNIbHO GoJibllie.

MuHepannsauua Boj MNomaBJsoOlero GOJBUIHHCTBA PeK H 03ep
Jexxut B npefenax or 100 go 500 me/s, HO HHOrAA HNajleKO NPeBOC-
"xomuT 3TH npenessl. Boma o3epa Backynuak, Hanpumep, siBisieTcs
HacblLIeHHBIM PacTBOPOM XJIOPHCTOTO HATPHs, PaCTBOPHMOCTb KOTO-
poro coctapasier okoso 320 e NaCl B 1 4 pacrsopa. [loBepxHocTHbIE
BOAL OOLIYHO MHHEpa/NH30BaHH IJ1aBHbIM 00pPa30oM 3a CHeT XJOpH-
CTbIX, CEPHOKHCJIBIX W MABYYTVIEKHCJIBIX COJIeH KaJlblHs, HaTPUS H
MarHus. JIas GOJbIUMHCTBA PeK H 03ep RB8HGOJBLIYI0 OO0 CoJeil
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B ofuleli MHHepa/M3allHH COCTaBJseT THAPOKapOOHAT KaJblLHs, KO-
JIHYecTBO Kotoporo uacto gocruraer 50—80%.

§ 13. Ciienyer OTMETHTb, UYTO XHMHYECKHH <COCTaB peyHbIX H
03epHBIX BOJ OTJHYaercsl GoOJIbIIOH H3MEHYHBOCTBIO BO BpeMeHH,
TaK KaK 3aBHCHT OT LIeJIOro psina 6ecrnpepblBHO H3MeHSIOIHXCS (ak-
TopoB. XHMHYeCKH{l COCTaB pe4yHOH BOJH OINpefdesseTcs npexie
BCEr0 COCTaBOM TeX BOJ, KOTOpble NHTAIOT AaHHYIO peKy. Bechoi
peka mnoJyuaeT G6GOJIbIIOE KOJHYECTBO BOA NOBEDXHOCTHOrO CTOKa,
JIETOM e TaKHe BOAH INIOCTYNAIOT B PeKy TOJIbKO NepHOAHYECKH, BO
BpeMsl [JOX[eil, B OCTaJbHOe BpeMs peKa IHTaeTCsi TPYHTOBBLIMH
BOJaMH.

B 3uMHHM{ NepHox NHTaHHEe PeKH HAET HCK/IIOUHTEeJNbHO 3a CYeT
rpyHTOBbIX Boa. COBepllleHHO OYeBHAHO, YTO BCe 3TH H3MEHEHHS
OyAyT OTpa)KaTbCsi Ha XHMHYECKOM COCTaBe BOABI pekH. M3MeHeHHs
cocraBa 6yayr TeM OoOJiblile, YeM GoJibllle pasHHUa B COCTaBe OT-
JesIbHbIX BOJ, NHTAIOLIUX peKy, H YeM GoJibllle H3MeHSeTCs COOTHO-
lIeHHe MeXAy KONHYeCTBAMH ISTHX BOJ, MNOCTYNAKIHMH B peKy
B eIMHHIy BpPeMeHH.

Boubilyto posib B XMMH3Me PeYHHEIX H O3epHBRIX BOJ HFpalOT INpo-
IEeCCH, CBsi3aHHble C JKU3HEAEATEJbHOCTbIO OPraHH3MOB; OCOGEHHO
OTYeTJHBO OHa CKa3blBaeTCs HA H3MeHEHHH KOHLUEHTpalUMH yrieKHc-
JIOTHI H KHCJIOpoAa. B JleTHee BpeMsi aKTHBH3HPYeTCS AeATEJbHOCTb
PacTHTeJbHbBIX OPraHH3MOB M OHH 3HEPrHYHO acCCHMHJIHPYIOT yrile-
KHCJIOTY, OCcBOGOKIas KucIopox (mpouecc ¢dorocuuresa). Kuciaopon
noTpe6ysieTcss XXUBOTHBIMH OpTraHH3MaMH, BBIASJISIOLMMH YrJeKHC-
JoTy. OZHOBpeMeHHO HIET INONOJIHeHHe KHCJIOpPOAa C NOBEPXHOCTH
Boab 3a cyer atMochepn. K KoHLy JieTa Boja CTOSYHX BOJOEMOB
HaCTOJIbKO 00eqHsieTCs CBOOOQHOI YrJIeKHUCJO0TOMH, YTO YacTo npuobpe-
TaeT OTYETJIHUBO BbIPAXKEHHYIO LIEJOYHYIO DeakIHIo.

3uMoil mpouecchl (OTOCHHTe3a 3aMHpalT U DaBHOBeCHe CHIBH-
raercsi B CTOPOHy o6orallleHHsl BOAB YIJISKUCJOTOH W pe3Koro oben-
HeHHs1 ee Kucjopojom. Ilpu aToM peakiuus BoAbl craHOBHUTCs GoJee
kucyoil. IlocsenHee oOCTOATENLCTBO B CBOIO OYepeAb BJiedeT 3a CO-
6oil Uesblif psix H3MeHEHHH B DaBHOBECHBIX CHCTeMax, CYILeCTBYIO-
IIMX MeXNAy OTAEJbHBIMH COCTaBHBIMH YacCTSMH, COJepXKallUMHCSH
B BOJE.

JKu3HenenTeIbHOCTD OPraHH3MOB CBSi3aHa He TOJIBKO € rasaM,
HO TaKXe M CO BCEMH APYTHMH BellleCTBAMH, HAXOAALIMMHUCA B BOJE.
ITosToMy B/IHsIHHE OpPraHH3MOB pPacIpOCTPaHseTCsi Ha BeCb XHMH-
YeCKH{ COCTaB BOJHI.

§ 14. Boasl OKeaHOB OTJIMYAIOTCA GOJIbLIMM MOCTOSTHCTBOM XHMH-
YeCKOTO COCTaBa IO CPaBHEHHIO C NOBEPXHOCTHBIMH BOJAMH CYILH.
Oco6eHHOe NMOCTOSIHCTBO OTMeyaeTCsl B COOTHOLUEHHH MeXAY OTHeJb-
HBIMH COCTaBHRIMH YaCTSIMH COJIEBOTO <COCTaBa BOJAB, KOTOpoOe
OCTaeTcsl MPAaKTHYeCKH OJHHM H TeM Xe Jaxe NpPH AOBOJbHO 3HaYH-
TeJbHBIX KoJie6aHHsX OOLlell MHHepaJH3alMH Boabl. Comep:KaHue
coJleif B OK€aHHUECKOH BOJle COCTaB/sieT B CPeAHeM OKoJIo 35 2 Ha
1 k2 BomH, T. €. okoJO 35,7 2 Ha 1 4 (yHOe/bHHI BeC OKeaHHueCKO
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poasl d = 1,02). CpeaHsiai MHHepaJu3alMs BOAbl Pa3JIHYHBIX OKea-
HOB, KaK BHJIHO M3 MPHBeJeHHBIX HHXKe LH(}p, MOYTH ONHHAKOBA:

ArtnantHueckuit okean . . . 35,4 e/ke
Tuxuit okean . . . . . . 349 »
Uupuiickuit okean . . . . 348 »

OnHako yKa3aHHOe NMOCTOSIHCTBO XHMHYECKOTO COCTaBa OTHOCHTCS
TOJMBKO K oOLlell Macce okeaHHYecKod BoAH. B oraesabHbIX Mecrax
y Oeperos Boja OKeaHa YacTO OYeHb 3HAYHTEJbHO OTJHYaeTcs OT
cpelHero cocraBa Kak ofLleli MHHepaJH3alHel, TaK U COOTHOILEHHEM
MeXIy OTHeJbHBIMH YaCTMH COJIEBOIO 0OCTaBa. JTO OOBACHAETCS
rJaBHbIM 06Gpa3oM BJIMSIHHEM MaTEPHKOBBIX BOJ, MOCTYNAOUIHX B
OKeaH.

OcoGenno Gosbliine KosebGaHHs B MHHepaJu3alWH BoAbl HabJio-
JalOTCS Y 3aKPBITHIX MOpel HJIH COeAHHSIOIIUXCS C OKeaHaMH Y3KHMH
nponuBamMu. Hanpumep, B ®uHCKOM 3ajHBe BOja NOYTH MpecHas,
B 3amafiHoil ke yYacTH DBasTuiickoro Mopss MHHepaJu3allisi BOAbL
coctaBaser 10—12 e/ke. B 3aMkHyTOM 3anuBe Kacnufickoro Mops —
Kapabyra3se — MuHepasnu3auus AocTHraeT uUudpel 164 e/ke.

§ 15. Hoka3aHo HaiuyHe B Mopckoii Bofe Gosiee 30 pasjHYHBIX
3/eMeHTOB, B YHMCJle KOTOPHIX HaxoAsitcs cepe6po, 30JI0TO, MbILIbSK
u aAp. OnHako KOHUeHTpauusi GOJbLUIMHCTBA 3JIEMEHTOB, OGHapYyXeH-
HBIX B MOpCKoil Bojle, HHUTOXHa. OCHOBHasi Macca COJIeBOTO COCTaBa
MOpPCKO# BOABI CKJagblBaeTcsi M3 TeX ke ceMH HoHoB — K', Na’,
Ca™™, Mg, ClI, SO;, HCO,, —xotopsle cOCTaBJSIOT OOBLITHO
OCHOBHYIO Maccy COJIEBOTO COCTaBa NOBEPXHOCTHBIX H FPYHTOBBIX BOJ
Cymd. B To Ke BpeMs HO COOTHOLIEHHIO MeXJY I3THMH HOHaMH
MopcKasi BoJa pe3Ko OTJIHYaeTcs OT NMpecHBIX BoJd MarepHka. Ecun
B NpecHbIX Bojax CYIIH Ha THIPOKapGOHATH NPHXOAHTCS B CPeAHEM
okoJsio 609 oO6L1Iero KoJaUYecTBa coJsiefl, a Ha XJOPHCTble COMH OGBIYHO
MeHee 10%, To B MOpCKOH BoJe Ha YTJeKHCJble COMH MPHXOAHTCSA
B cpeaHeM Bcero 0,3%, a Ha xJopHcTbie cosu okoJso 80Y%.

3. MOA3EMHBIE BOJbI

§ 16. HauGosbiium pa3HooGpa3neM 1O CTeleHH MHHepaJIH3alHH
H COOTHOUIEHHIO MEXAY OTAEJbHBIMH COCTaBHBIMH YaCTIMH OTJIH-
YaloTCsl, KaK OTMeyaJsioch BhIlIe, NMoja3eMHble BoAbl. O6Liasi MHHepa-
JM3alUs 3THX BoJ KoJeGJieTcsi B LIMPOKHX IpelesaXx, H Hapsily co
C1a60 MHHepa/JHM30BAaHHBIMH NpPECHBIMH BOJAaMH BCTpeyaloTCs MoJ-
3eMHBle BOJBl C KOHIEHTpallie# coJiefi ropasgo G6oJlee BHICOKOIA,
Hexelu B MOpPCKOH BOZe.

CnaGo MHUHepasnuH3oBaHHble BOAHI, 3ajleraloiide OOBIYHO Ha He-
GotbiIoN TJIyGHHE OT NOBEPXHOCTH, OYeHb YaCTO MaJOo OTJIMYAIOTCS
N0 XHMHYECKOMY COCTaBY OT CpefHero CoctaBa NOBEPXHOCTHBHIX BOL,.
HO Bce )Ke MHHepaJH3alMs UX, KaK NpaBuJo, 6ojee BHICOKas. B ua~
CTHOCTH, OHH COZepKaT OObIYHO OoJibllle CBOGOXHON YTIJIEKHCJIOTH W
THApoKapGOHATOB, YTO CBfI3aHO C oO6oraileHHeM BOJ CBOGQAHOM
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YIVIEKHCJIOTOR B IIOBEPXHOCTHBIX CJIOSIX TPYHTa NIpH HHOUIbTpauUHH
3THX BOA. B Bo3ayxe, HaxonsuieMcss B BEpPXHHX CJIOSIX TPYyHTa, OCO-
6eHHO B INOYBEHHOM CJIO€, KOHLEHTpPalHs CBOGOAHOH YIJIEKHCJIOTHI
(3a cuer KH3HelefITEJbHOCTH OPraHH3MOB H IPOLECCOB [Pa3JioXKeHHS
OpraHH4eCKHX BelLleCTB) B JeCATKH H COTHH pa3 Bhillle KOHLUEHTpalUH
YTJIeKHCJIOTH B aTMOC(depHOM BO3myXxe.

O6orartHBiIKCh CBOGOAHOH YrJIEeKHCJIOTON, BOfAA NPH CBOEM aaJb-
HelllleM ABHXXeHHH IO TPYHTY pacTBopsieT KapOoHaT KaJjblusa (Mar-
HHS) ¥ MHHepa/u3auHsl ee HOBBILIAETCSl. B 3aBHCHMMOCTH OT COCTaBa
H CBOWCTB MoOpoj ¥ APYIHX BOJ, C KOTOPbIMH JaHHas BOAA NMPHUXOAHT
B CONPHKOCHOBEHHe NPH CBOEM NBHXKEHHH, a TaKxe OT APYTrHX YcJo-
BUH XH3HH BOABI (TeMNepaTypa, JaBJjieHHe, KOJIHYECTBO H XapakTep
XHBbIX OpPraHu3MoB B TNOpOJAax, BCTpeua ra3oBbIX CTPYH, HAYLIHX
C TIyOHHBI, U T. O.), GOPMHPYETCS TOT HJIM HHOH XUMHUECKHII cocTaB
BOJBI.

CocraB Boabl GecrnpepblBHO HM3MeHSIETCSl BO BpPEMeHH, B OXHHX
caydasix 6bICTpO, B APYrHX MeJJIeHHO, TaK KaK COBepLIEHHO HeBO3-
MOXHO TNpeAcTaBUTb cebe YC/IOBHs, ObGecCleddBaIOLIHe NOJIHYIO H30-
JINPOBAHHOCTb BOJbl OT BCell OKpYXKalollleli 06CTaHOBKH H OT BJIMSIHHS
XHMHYECKHX H (DH3HKO-XHMHUeCKHX MNpolleccoB, GeclipepblBHO IpoTe-
KalolWHMX B 3eMHOil Kope.

§ 17. B cBA3u ¢ upe3BblYaliHBIM pasHooOpasueM ycJoBHil dop-
MHpOBAaHHS, COCTaB NOA3eMHBIX BOJ BecbMa pasHooOpa3seH. B oxHoM
cJydae BOfa MHHEpa/H30BaHA IPeHMYLIECTBEHHO 3a CUeT XJIOPHCTHIX
coJieil, B APYroM rJIaBHOH COCTaBHOH YacCTbi0 MHHepaJbHOro COCTaBa
SIBJISIIOTCSL CyJbdaTel; B OOHOH BOoje H3 KaTHOHOB mpeo0.sanaer
HaTpuii, B Apyroit MarHuif u T. A.

WHorpa B momseMHbIX BOAax BCTPeYalOTCSi B 3HAYUTEJbHBIX KOH-
LUEHTPaLHsX 3JeMeHThl, KOTOpble B NIOBEPXHOCTHIX BOAAX HJIH COBCEM
He BCTPEYaIOTCHA, UJH HAaXOASATCA B HHUTOXKHBEIX KOHUEHTpalHMsX.
B Bonmax, cBSi3aHHBIX, HanpuMep, < CyJbGHAHBIMH pyAaMH HJH € IIO-
polaMH, CONepKaLIMMH MbIIIbAKOBHCTbIE COEAHHEHHS, BCTpedalTcs
HHOrla B 3HAUHTEJNbHBIX KOHUEHTPALHAX MBbIIIbAK, Melb, MapraHel,
UMHK M APYTHe MeTaJllbl. DTH BOABl COAEpKaT HepedKO CBOGOLHYIO
CepHYI0 KHCJOTY M GosbliMe KosuyecTBa »XeJesa. C Mecropoxie-
HHSIMH HeTH YacCTO CBSI3aHBl BOAbL, COAepXKallle 3HAYHTEJbHble
KOJIMYecTBa Hoja H 6poMma.

Bojabl oueHb cBoeoOpa3HOro COCTaBa BCTPeYaloTCs B palioHax He-
laBHell BYJIKAHMYeCKOH JAesTeJbHOCTH. JTH BOJAbl HMHoraa obora-
LIAIOTCS 3HAuMTeJbHbIMH KosinuectBaMu raszoB — CO,, CH, wu np.
Hekotopble H3 3THX BOJ <COAepXKaT 3HayuTesIbHble KOJIHYECTBA
¢ropa, Gopa ¥ APYrHX SJeMeHTOB, He BCTPeYalOLIUXCS B GOJIbIIMX
KOJIH9eCcTBaX B OObIUHBIX BOJAX.

§ 18. Boapl, o6mnapmatoimige BBICOKOH MHHepasu3alHed HWJIH CoO-
JepiKalllie B 3aMeTHBIX KOJIHYeCTBax CrellHdHUecKHe 3JIeMeHTHl, OKa-
3bIBAIOT aKTHBHOe (U3HOJIOrHUeCKoe AeHCTBHe Ha 4YeJOBeYeCKHH op-
FaHH3M H MCHOJb3YIOTCA 9acTo ¢ JiedeOGHbIMM LeJsIMH. Takue BOAHI
Has3plBalOT MHHepaJbHBIMH. He cieflyer 3TOT TepMHH NyTaTbh C Tep-
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MHHOM MHHepaJM30BaHHbEe (HJIH COJIeHble) BOJbI, TaK KaK MOCJeIHHIl
yKa3blBaeT TOJbKO Ha MOBHIUIEHHYIO MHHepaJH3auHio Boibl. Mue-
paJIbHOI BOJOH MOXeT Ha3blBaTbCsl TaKXkKe M INpecHast BOJA, eC/H
OoHA CONEpPXKHT KaKue-JHOO COCTaBHble YaCTH, OKa3blBalOILHE aKTHB-
Hoe NeHCTBHe Ha 4YeJIOBeYeCKHH OpraHH3M.

Bony Hy»XHO CYHTaTb MHHE€PaJbHOH, eC/IH B HeH KOHLEHTpaUHUs
KaKoi-MH60o COCTaBHOH YAaCTH W3 NepeuyHcJeHHbIX B Ta6Gj. 1 GoJblie,
yeM yKa3aHo B 3Toli Tab./Hle.

Ta6anga 1

MuHHMaNbHble KOHUEHTPALHH PacTBOPEHHBbIX BellecTB,
NPH KOTOPLIX BOJA CYHTaeTcsl MHHepaibHOM

ConepxaHnue
HaumenoBanne coctaBHOH 4acTH dopmyna B2z Hal ke
BOJbI
O6uiee KOJAMYECTBO PACTBOPEHHBbIX TBEPAbIX
BEUIECTB . v v v v v v v v v e e e e e 1,0
CB06OAHAA YTAEKHCAOTA . . . . . « . . . . . CO, 0,25
BpoM-MOH . . . . . . . . . ... ..., Br/ 0,005
Hom-mon . . . . . . . ... ... J/ 0,001
PTOP-HOH . . . . . . . ... 134 0,002
THIPOAPCEHAT-HOH . . . . . . . . . . . . . . HAsO] 0,0016
MeTaapCeHHT-MOH . . . . . . . . . . . . . . AsO; 0,001
Cepa, oTBeuaiouiass CepHOBaTHCTOI  Kuciaore
(HyS,0;) n cepoBonopoay (H.S). . . . . . 0,001
Merabopras kucnota . . . . . oL .. .. .. HBO, 0,005
Jutwit-wow . L L L L L L Lo Li’ 0,001
CTPOHUMH-MOH . . . . . . . . « v . v . o . . Sr” 0,001
Bapuit-von . . . . . ... L. L. Ba” 0,005
Xexe3o okucHoe uau 3akucHoe . . . . . . .| Fe" um Fe” | 0,010
Pagmoaxtusnocts . . . . . . .. ... ... 3,5 ea. no Maxe

lIl. BBIBOP THITA AHAJIH3A BOJbl
H METOJ0B OTAEJIbHbIX ONMPEAEJEHHH

1. BbIBOP THNMA AHAJIH3A

§ 19. Tun ananusa Bomwl, T. e. mepeyeHb HEOOGXOXMMBIX ONpee-
JIeHHH, NOJ/DKeH YCTaHaBJMBATbCS B COOTBETCTBHH C Lie/IeBLIM Ha3Ha-
UeHMeM aHaJiM3a W B 3aBUCHMOCTH OT TeX 3aJay, pelieHHe KOTOPBIX
OyAeT 4YaCTHYHO HJIM TONHOCTBIO OCHOBBIBATBCS HA pe3yJbTaTax
dToro aHanusa. Ilpu oueHke, HanpuMep, BoAbl C TOYKH 3pPEHHs MPH-
FTOXHOCTH ee AMs1 MNHTbS MOIYT HMeTb OUYeHb O60JIblIOE 3HayeHHe
HHYTOXKHbIE CONEDIKAHHSI a30THCTOH KHCJOTHI MU aMMHaka (mecsiThle
H naxe COThle JOJH MHJJHrpaMMa Ha | 4); 3TH COCTaBHble YaCTH
ABJISIIOTCA M0Ka3aTeJIMH 3arpsi3HeHHs] BOJBL.

B ykazaHHoM ciyyae mepeyeHb HeOGXOAMMBIX OMpejeseHHI KO-
JKeH BKJIOYaTb aMMHAK H a30THCTYIl0O Kuciaory. Ecau e Bsoxa
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fipe/lHa3HayeHa AJs OXJaXKIeHHsl, TO Jdaxe ropas3no OGoJee BBHICOKHE
KOHLEHTPAlLlHH aMMHaKa H a30THCTOH KHCJIOTHI He HMMeEIOT HHKaKOro
SHayeHHs] M BKJIOYaTb B aHaJM3 OMNpeJesieHHsl 3THX COCTaBHBbIX Ya-
CTelf He CJeayer.

JInst OlleHKH arpeCCHBHOCTH BOJBI N0 OTHOUIEHHIO K GeTOHY pe-
lIalollee 3HaYeHHe HMeeT COJepXKaHHe B Hell CBOGOXHOH yrieKHC-
JIOTHl. ArpecCHBHOCTb Ke BOAbI N0 OTHOIUEHHIO K THICY COBepIUeHHO
He 3aBHCHT OT CO/JepXKaHHs CBOOOJHOH YIJIEKHCJOTHI B BOZE.

B HekoTOpBIX C/yyasx HyxXeH NOXPOGHBIH aHAMM3 BOJAbI, BKJIO-
YaloUlMi Onpefie/leHHe MHOTHX COCTABHBIX YacTeif, B JPYTHX MOXHO
OrpaHHYHTbCA HeGOJIbIINM YHCIOM onpefeseHuit. s npurorosJe-
HHsl, HanpuMep, pacTBopa NoJucybduia 6apus, NPHMeHseMOrO AJs
ONpBLICKHBAHHS PaCcTeHHH, HeNpUroaHa Boja, colepxkailas 6oJblioe
KOJIMYeCTBO T'HAPOKApOOHAT-HOHOB H CyJb(aT-HOHOB, TaK KaK 3TH
HOHBl OyAyT OCaXAaTb HOHBl 6apHsi B BHJAe CEPHOKHCJLIX H yrie-
KHC/IbIX covlefl. OcTasbHble COCTaBHbIe YaCTH CYLIECTBEHHOro 3Haye-
HHS He HMelOT. B JaHHoM cCJyyae HJIs1 CyXIeHHsI O IPHIOLHOCTH
BOAB JOCTAaTOYHO ONpelesHThb TOJBbKO COJepXKaHHe B Hefl cynabdar-
HOHOB M T'HAPOKapOGOHAT-HOHOB.

M3 ckasaHHOro fICHO, YTO BOMPOC O TOM, CKOJBKO COCTaBHBIX
yacTedl HYXHO oONpeleliaTb NPH AaHa/lH3e BOABI M KaKue HMEHHO,
JOJKeH DellaTbCs B 3aBHCHMOCTH OT LEeJNIeBOrO Ha3HAYeHHs] 3TOro
aHaJsu3a.

§ 20. B npakruueckoii paGoTe ruaporeojora HJIH HHXKeHepa-
reoJiora CpaBHHTeJIBHO PeJKO BCTpeyaloTCs CJydyaH, Korja NpH aHa-
JIH3e BOJBI MOXHO OIDAHHYHTLCSl ONpefesieHHeM KakoH-Ju60 OmHOH
WJIH JBYX COCTaBHbIX 4Yacrefl coJieBoro cocraBa. O6bIUHO AJIs1 jpellle-
HHSl TeX HJH HHBIX BONMpPOCOB TPe6GyeTcs 3HaThb COJepxkKaHHe BceX
COCTAaBHBIX YacTel, M3 KOTOPHIX CKJaJblBaeTcsi OCHOBHasi Macca Co-
Jieporo cocraBa BOAbl. IIpuOGIH3HTENBHO CYAMTH O COJIEBOM COCTaBe
BOJAB MOXHO Ha OCHOBAHHH CJeAYIOLIMX ONpejxeseHuii: obumieil xKe-

4

ctkoct, nosa HCOJ, uonos CO;, Cl, SO;, ecan ouu npucyrt-
CTBYIOT, a Takxe pH.

OG6wiasi XKeCTKOCTb XapaKTepH3yeT CyMMapHOe CojlepiKaHHe HOHOB
Kajbluss M MarHus B Bofe. CoOTHOLeHHe MeXIy colepKaHHeM
uoHos HCOj, Cl” u SO, ¢ oaHo# ‘CTOPOHHI, H 001Lell XKEeCTKOCTH —

C Apyroii, KaeT npeicraBj]eHHe O CYMMapHOM COAEPXXAHHH HOHOB
HaTpUs M Kajusa. V3 aHHOHOB HeKoTopble NpPHPOXHBIE BOABL CO-

JepxaT 3HauHTeJbHHe KomuuecTBa HoHOB NOj, HHOrja B 3aMeTHBIX

KOJIHYeCcTBaxX BCTpeyaeTcs kese3o. B BHAY 3TOro npuBefeHHHIH BHIIIE
flepeyeHb OMNpefeseHHil NOMOJHSIOT OOBIYHO KayecTBEHHBIM oOmpene-
JendeM NOj, Fe'" u Fe'"’ _
Insi 6onee moapoGHOM XapaKTePHCTHKH COJIEBOTO COCTaBa BOJIMH
cJefyeT, BMecTo oOLIeH XKeCTKOCTH, ONpeNeJHTb OTAEJbHO COAepIKa-
HHe HOHOB KaJIblMsl M MAarHHs, NONMOJHHTb aHAIH3 OnpelaeseHHeM
HOHOB HATpHs M KaJHs, a TaKXKe BKJIOUHTb OMNpefe/JeHHe CYXOro
OCTaTKa, CYMMBbl NOJyTOpHBIX OKHCIOB (R:03) M KpeMHEKHCJIOTHL.
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Mpu samerHnix comepxanusax NO;, Fe" (Fe''') u ceposomopona
c/leflyeT ONpefeNsiTh KOJHYEeCTBEHHOe COoNepPXKaHHe ITHX COCTaBHBIX
yacTeH.

JIJ1s1 OLIeHKH arpecCHBHOCTH BOJBI 10 OTHOILEHHIO K GETOHy B aHa-
JIN3 BKJIIOYAIOT onpeeseHHe CBOGOLHOMH yIVIEKHCIOTH H CrellHajbHoe
onpeJieleHHe TaK Ha3blBaeMOH arpeccHBHOl yruekuciorl. Ilpu aHa-
JM3e BOJ, NpeAHa3HAYeHHBIX IJIsi MHTbs, ONPENENSIOT TaKXke HOHBI
NO, u NH,, okucisieMocTb BoAb H ee (pH3HYeCKHe CBOMCTBA: IIBeT,

3anax, Npo3payHoCTk.

§ 21. B Hacrosiiee BpeMsi IpH THAPOreoJIOTMYeCKHX H HHXKeHep-
HO-Fe0JIOTHYECKHX H3BICKAHHSIX Yallle BCero NPOM3BOAATCA 4YeThipe
THMa aHAJH30B BOJ, yKasaHHble B TaGJ. 2. Jli1s nosyvyeHus oOuieit
XapaKTepHCTHKH XHMHYeCKOro cocTaBa BOJX H3yyaeMoro paioHa, BHI-
sIBJIEHHs] TPaHHLl PacNpoOCTPAHEHHs Pa3JHYHBHIX THIOB BOJ H BHISICHEe-
HHsl OGIIHX 3aKOHOMEPHOCTe H3MeHEeHHsl CocTaBa BOJ, B CBSI3H C THI-
pOreoJIOrHYeCKHMH OCOOEHHOCTSIMH paifoHa HYXKHO OObIYHO NpOH3BE-
cTH GOJIbIlIOe YHCJIO XHMHYECKHX aHaJHu30B BojJ. B ocHOBHOM 3TH 3a-
payd Moryt ObIThb pa3pellleHbl Ha OCHOBAHHH pe3yJbTaTOB aHaJH30B
I tuna u yactuyno II Tuna.

Has Gonee nompoGHOH XapaKTepHCTHKM THHOHYHHX BOJA palioHa
WK BOJ, MMEIOUIHX crelH(HYeCKHi cocTaB M NPENCTaBJSIOUIHMX Ka-
Koii-1H60 HHTepec, OTOHPAIOTCH OTAEJbHEIE NPOOH 3THX BOA AJISI aHa-
Jqusa no III tuny. IV Tun aHainu3a npuMeHsieTcss NPH pelIeHHH TeX
HWJIH HHBIX CHelHa/bHBIX BONPOCOB H NPOH3BOJHTCS MO OTAEJNBHOMY
3aaHHio. DTOT aHAJH3 MOXET ObITb KaK COKpallleHHbIM H BKJIIOYaTh
TOJIbKO OTfpeJe/ieHHe OTAENbHBIX COCTaBHBIX yacrelfl (HJHM OIHOH co-
CTaBHOM YacTH), TakK H, HAao0OpOT, MOJHBIM H BK/IIOYaTh AONOJIHH-
TesJbHble ONpelesNeHHsl, KOTopble He BXOJST B NepedyeHb ONpefeseHHH,
yKkasaHubix gjs 111 tuna.

§ 22. Kaxnauit u3 nepBoix Tpex THnoB anauusoB (I, IT u III),
yKa3aHHHIX B TabJ. 2, MOXeT NOMNOJHATLCS MO ClelHajJbHOMY 3aja-
HHIO OnpeliesleHHsIMH, He YKa3aHHbIMH B Ta6auue. Ilpu cweMke B
paiioHe pyAHOro MeCTOPOXAEHHsS] MOXHO, HanpuMep, aHaau3el | THna
HCMoJb30BaTh AJs1 oOulefi NpeaBapUTe]bHOH XapaKTepHUCTHKH BOJ
pafioHa H ONHOBPeMEHHO B KayecTBe IOMNOJHHTEJbHOrO MOMCKOBOIO
NpH3HaKa, eC/IH BKJIOYHTb B aHA/IH3 clleliHaJbHble ONpeJeseHHsT CO-
JlepXKaHHsl KaKoro-1HOO TsKesloro Merasjla B 3aBHCHMOCTH OT THINa
MecropoxaeHus. JIJsl OLEHKH arpeCCHBHOCTH BOJA IO OTHOLIEHHIO K
6eTOHY MOXKHO Npou3BOANTb aHaau3 Il Tuna, Ho OH HOJXKeH OuITh J0-
NOJIHEH CHeUHaNbHEIM ONpefe/ieHHeM arpeccHBHOl yriekucaotTsl. [Tpu
atom onpefenenne NO’, NH,, a TakKe OKHCJISIeMOCTH CTaHOBHTCS,
Hao60opOT, H3JHIUHHM.

Jlnsi XxapaKTepHCTHKH COCTaBa MHHepaJbHBIX BOJ HMeeT 60Jiblloe
3HayeHHe JaXe OTHOCHTEe/IbHO He3HAYHTEeJIbHOE COJepXKaHHe 3JIeMeH-
TOB, He BCTPeyalolIMXcsl B 3aMETHHIX KOJHYECTBaX B OGBIYHBIX MpPH-
poIHbIX Bogax,— Hofxa, 6poMa, JIUTHsS ¥ Ap. [losTomy npH aHasnu3e MH-
HepaJIbHBIX BOJ, HeJOCTaTOYHO MPOM3BECTH ONpeAesieHHs, YKa3aHHHIe

23



Ta6auya 2

Tunsl aHaAH30B

Tun o
Hb Huit apaKTepPHUCTHKA aH
auanM3a [lepeuens onpenene Xapakrep! anu3a
I Pusnyeckne CBOHCTBA, MHECT- Coxpamennoiit  anaaus. [lpume-
kocts, Cl, SOZ, HCO;, CO';, HeTca s npenaq‘pmen&ﬂoﬁ Xapak-
" | TepHCTHKH BOJ paitoHa. MoxeT npo-
pH. Kauecrsennoe QUPEASIC: | Y3ponuTbCA B NOAEBHIX  YCJOBHAX
uue Fe 4 Fe , NO; NO,*, ynpoueHHbiMH MeTogaMH. Cymmy
NH, * Na' -+ K Bbiuucasilor no pa3HOCTH.
Pe3yabTaThl He 1alOT BO3MOMHOCTH
[IPOH3BECTH KOHTPOJb aHaAH3a
1l ®usnveckne cpoiictBa, Cl, |  Awnaam3 naer o6uylo XapaKTepH-
” ’ 7 ’ . . -
SOy HCOy €05 NOg Ca | O ronapiix " man<1ainonapimx
Mg ,“Fe » Fe™, pH, C,O*Z (CBOQ’ ycaoBuax. Bo3moweH o6umit KoH-
cyxoit ocrarok, NO,* NH,™*, | Tposs anaausa no cyxomy ocratky.
OKHCJISeMOCTb Cymmy K" -+ Na’ Bbruncasior no pas-
HOCTH
111 dusnyeckne coiictea, Cl, IMoxpo6Hbiii aHaau3. [TpumeHnserca
7/ ’ /4 4 4 - -
SOy, HCO; CO;, NO; NO,, illiz J;ag);hT:g:;g;;hBI:IﬂTgﬂll::;Hb:; e?l?ﬁ
Ca . Mg. » Na, K" Fe”, Fe, ¢Hueckuit HMHTepec; NPOH3BOAMTCA
Mn”, NHj, R,0,, SiO,, pH, CO, | g craunonapubix saGopartophsx. Pe-
CBO6. M arpeccusHas, H,S, cy- | 3yabTaThl noO3BOASIOT NPOH3BECTH
XOH OCTaTOK, OKHCASEMOCTb o6uMit KOHTPOJb aHalH3a no cy-
XOMY OCTaTKy H MO CyMMaM M2-3K6
aHHOHOB H KaTHOHOB
v Onpenenenns mo cneiHadb- CrneuMaibHble aHaJH3bl C BK.ioye-
HOMY 3aJlaHHIO HHEM olpejelNeHHH, He MpexyCcMOT-
PEHHbIX B MPENBAYLIHX THMAaX, HJIH,
Hao60pOT, aHaMM3bl COKPALIEHHOTrO
THNa C onpeleleHHEM TOJbKO OT-
AeJbHBIX COCTaBHbIX yacreil. [lepe-
YyeHb ONpeje’leHNH YCTaHaBJAHBAETCA
B 3aBHCHMOCTH OT 1|eleBOr0 HasHa-
YeHHs aHaJu3a

* OnpenensiioTcs NMPH OLEHKE MPHTOAHOCTH BOAbI AAA MHTbA.

ana Il Ttuna ananusa, ¥ mnepedeHb HEOGXOAMMBLIX OMpeseseHHi
JNO/DKeH OBITh NOMmojHeH. B 4acTHOCTH, NJIsi XapaKTepUCTHKH MHHe-
pabHHIX BOJ HMEIOT 60JIbllOe 3HaUeHHE COCTaB COMIEPXKAIHXCS B HHX
rasos, CTelleHb PaJMOAaKTHBHOCTH, a TaKXe TeMIepaTypHLI# peXHM.

§ 23. Heob6xogumocts B crmeuuanpueix (tun IV) axamuzax Mo-
KeT BO3HHKHYTb, HAaNpHMep, NMPH H3YYEHHH BOJ C LEJbI0 HCHOJB30-
BaHHSl HX B KayecTBe MPOMBIIIEHHOrO CHIPbSl AJIs MOJYy4YEHHS HOAa,
6poma u T. A. [Ipu 3TOM [J1s1 peleHus: OTAebHBIX BOMPOCOB, HAMPH-
Mep BHISIBIEHHs] 3aKOHOMEDHOCTEH B pacrnpefleJleHHH BoJ C pas3iuy-
HOW KOHUEHTpallHeil JaHHOH COCTABHOM YacTH, MojcyeTa 3amacoB BOL
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g T. T., MOXeT OBITh 11e1eCO06pPa3HBIM MPOU3BOACTBO GOJIBILOrO YHC/IA
aHAJHM30B, COCTOSILIHX H3 OMNpeJeeHHsl BCero OJHOH-ABYX COCTaBHBIX
yacreil.

2. BLIBOP METOAOB OTAEJIbHbIX ONPEAEJEHHA

§ 24. Ilpu BbiGOpe MeTONOB OTAEJbHBIX ONpejeleHHH, TaK Xe
KaK M [IPH YCTaHOBJIEHHH 00beMa aHa/IM3a, HYXKHO YYHTHIBaThb B Iep-
Byl0 Ouepellb lleleBoe Ha3HaueHHe aHaju3a. ToyHOCTb ompejesneHHi
OTAE/IbHBIX COCTABHBIX YacTelf OGYCJIOBHT H TOYHOCTb OTBETa Ha BO-
npoc, KOTOpHIi GyAeT peliaTbcsi Ha OCHOBaHHH pe3ysIbTaTOB aHaJsH3a.
B cralHOHapHBIX J1aGOPATOPHAX aHATH3bl BOJABI MPOH3BOASATCS OOBIY-
HbBIMH METOJaMH KOJIMYeCTBEHHOI'O aHa/H3a. JTH MeTOAB obecrHeyH-
BaIOT BHICOKYIO TOYHOCTb, HO HEKOTOpble M3 HHX, HallpHMep BecOBHIE,
oueHb TPYLOeMKH H OGYCJOBJHBAIOT 6O0JIbILYI0 CTOHMOCTb aHaJH3a.

§ 25. B Tex caywasix, Koraa 6Gosibluasi TOYHOCTb He Tpebyercs, lie-
JlecoO6pa3sHO MOJb30BAaThCS MeHee TPYHLOEMKHMH, a CJef0BaTeJbHO
u Goslee JelleBbIMH, YNPOILEHHHIMH METOLAaMH aHaJH3a.

YIpolLeHHEIMH MeTOaMH aHaJH3a LIHPOKO MOJI3YIOTCS NpH pa-
6oTe B MOJyCTallHOHAPHBIX YCJOBHSX, T. €. IPH NPOH3BOACTBE aHa-
JiM3a He B XHMMHUYecKoil JaGopaTopuH, a B MOMellleHHH, He HMeiolleM
cnelyasbHOro oGOpYyNOBaHHs AJis aHaluTHY4ecKoH paborhl. OcobeH-
HOe 3HayeHHe YINPOILEHHble METOAb HMEIOT HJis [OJeBbIX aHAJIH30B
BOAB. TepMHHOM «IOJIeBO! aHAJH3 BOABI» OOBIYHO ONpelessioT aHa-
JI3, KOTOPHIH MPOH3BOAMTCS HEMOCPEACTBEHHO y HCTOYHHMKA. IIpous-
BOACTBO aHAJH3a Yy HCTOYHHKA fBJSeETCS B IleJOM psje clyyaeB
BecbMa HeslecooOpa3HBIM, a oOlpejie/ieHHe HEKOTOPhIX COCTaBHBIX Ya-
cTefl BOABI HENOCPEACTBEHHO y MCTOYHHKA — Ja)Ke HeoOXOAMMBIM.

[Tonyuuts mpaBU/IBbHOE NpeAcTaB/eHHe O COAEPXKAHHH B BOJe He-
KOTOPBIX «HEeYCTOHYHBBIX» COCTAaBHBIX 4YacTedl MOXHO TOJIbKO NpH
YCJIOBHH HX ONpefeJsIeHHsI TOTYaC XKe MO B3SATHH Mpo6H Boaw. K unciy
TaKHX COCTABHBIX YacTefl OTHOCSITCSI B IepBYIO Odepelb: a30THCTas
KHclloTa, aMMHak, cBoGoiHasi yriekucsora, pH, ceposomopon, cso-
GOMHBIH KHCJIOPOJ, 3aKHCHOE KeJeso.

[ToneBoit aHann3 MOXKeT OKa3aTbCs TaKkKe HEOOXONHMBIM B Y-
4Yae HeBO3MOXKHOCTH JOCTaBKH Mpo6 BOAB B CTallHOHapHYylo Jabopa-
TOPHIO, HanpUMep NPH MapLIPYTHHIX CbeMKax BJaJH OT NMyHKTOB, Ile
HMeloTCsl CTallMOHAapHble XHMHUYecKHe JaGopatopuH. CienyeT y4uTHI-
Barb, YTO TPAaHCIIOPTHPOBKA NMPO6 BOABI BOOOLIe CBS3aHa C LEJHIM ps-
IOM OCJIOXKHSAIOUIMX OOCTOSITEJILCTB: CTEKJSHHOH Tapoi, GOJBIIMMR
o0beMaMH MpOG, BO3MOMXKHOCTBIO 3aMep3aHHs Npo6 B 3MMHee BpeMsi
H T. 1. Henb3st TakKe ynyckaTb M3 BHAA, YTO B LIeJIOM psifie Cayyaes
MOXHO BOOOILle OrpaHHYHTBCS COKPALleHHBIM INOJEeBBIM aHAJH30M,
ropasno Gosiee nelleBbIM, YeM JIaGOpaTOPHBIM, H He MOCHLIATh NMPOGHI
BOJLI B JlaBopaToOpHIO, ec/lH Ja)ke TaKas BO3MOXHOCTb HMeeTCs.

IIpn npowusBoacTse MosieBHIX aHAJIM30B IPHMEHSIIOTCS pasJiHyHble
MeTonkl, NpHYeM ONpeje/ieHHe HEKOTOPhIX COCTaBHBIX yacTeil MOXHO
BRIMOMIHATE MO TOH XKe MEeTOLHKe, KaKasi OGBIYHO NPHMEHsSIETCSI B CTa-
UHOHapHBIX J1aGopaTopHsiX, CJeNOBAaTebHO, MPAKTHYECKH C TOH XKe
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crenenbio ToyHoctH. OAHAKO NMPH MPOM3BOACTBE OMpENEJeHHA 3THMH
MeTofaMH Tpe6GyeTcs rpPOMO3/JKasl anmmaparypa, TPaHCIIOPTHPOBKA KO-
Topoil 3aTpyAHHTeNbHA. [lo3TOMY NpH noseBBIX aHa/NH3ax ompeaese-
HHsl BCEX COCTABHBIX YacTei COJIEBOrO COCTaBa BOABI OGBLIYHO MPOM3-
BOASIT YMPOLIEHHBIMH MeTOJAaMH, XOTfl H JAAIOIHMMH MeHbIIyl0 TOY-
HOCTb, HO He TPeGyIOIUHMH TPOMO3AKOH ammapaTyphl.

[TosieBble aHAJM3H BOAB OGBLIYHO MPOHM3BOASAT MPH IOMOUIH MOP-
TaTHBHBIX MOJIEBBIX J1a60OpaTOpHH, ClHelHaNTbHO CKOHCTPYHPOBaHHBIX
ans atoii nen. [ToseBnle 1a6opaTopHu MOTyT OKa3aTh BecbMa 00Jb-
LYo TMOMOIUb NpH moJeBoil pabore. [IpH u3yyeHHH MaJsIOHCC/IeNOBaH-
HbIX paHOHOB HeleJecooOpa3Ho OTGHpaTh MOYTH HAyraj OrpoMHOe
KOJIHYecTBO NMpo6 BOABI M OTCHIIATH HX B J1a6OpaTOpPHIO ISl MPOU3-
BOJACTBA TOYHBIX U NOAPOGHBIX aHAJNH30B, KaK 3TO HHOTIA JeJaercs.
Hepenko 3HauuTenbHasi 4acTb TaKHX aHAJIH30B OKa3bIBaeTcsl COBep-
weHHo Oecrone3noi. 'opasmo menecoo6pa3Hee B JaHHOM CJlydae
OLICTPO MOJYYHTh XapaKTEPUCTHKY TeX HJIM MHHIX BOA padoHa MyTeM
NpOM3BOACTBA JellleBbIX MOJIEBRIX aHAJNH30B, a 3aTeM Yxe oTto6paTh
HeoO6XOAMMOe KOJHYeCTBO NMpol AJs NPOHU3BOACTBA TOYHHIX aHAJIH30B
B J1a6opaToOpHH.

OueHb GosblLyI0 MOMOLIb MOJIEBble AHAJH3Bl MOTYT OKa3aTb B
CMBIC/IE KODPEKTHPOBAHHSA MOJIEBHIX HcCJeloBaHuil. B 3ToM oTHolue-
HUM OHH HMMEIOT OTpPOMHOe IPEeHMYILecTBO Hepel JabopaTOPHHEIMH
aHa/M3aMH, pe3yJbTaThl KOTOPBIX OYEHb 4YacTo yJAaercsl MOJYYHTb
TOJIBKO MOCJe OKOHYAaHUS TMOoJIeBhIX paborT.

§ 26. VnpoulenHnle MeTOAB aHaJu3a, JalollHe BO3MOXHOCTb
OBICTPO M JellleBO MOJIyYaTh XHMHYECKYI0O XapaKTepPHCTHKY BOJIbI, MO-
r'yT OKa3aTb THAPOTeoJIOTYy H HHXXeHepy-reoJory GoJbliyio MOMOILb
B NpaKTHYecKoil paGoTe, ¥ HUX CJelyeT NMPUMeHATb BeCbMa ILUHPOKO.
Ho Henb3s nosnb3oBaThbCsi YNPOLIEHHBIMH METOJaMH aHasJu3a BOXB
NIPH pelieHHH TaKHX BOMPOCOB, BhISICHEHHE KOTOPBIX TpebyeT 3HauH-
TeslbHO GoJiblliefi TOYHOCTH aHa/ M3a, HeXeJH MOryT AaThb YNpOLIeH-
Hele MeToAwl. Ilo pe3yibTaTaM YMNpOLIEHHBIX MeTONOB aHaJH3a He-
BO3MOXHO CyIUTb, HanpuMep, 06 U3MeHSIEMOCTH BO BpeMEHH XHMHYe-
CKOro COCTaBa BOAKWl TOTO MM HHOrO BOJOHCTOYHHKA B CJydYasiX,
Koraa KoJieGaHHSl B COJepXKaHHH OTAEbHBIX COCTAaBHBIX dacrei 3Toit
BOABI 6yIyT TAKOro e MOPSNKA, YTO H BO3MOXHbIe OIUMOKH NMpHMe-
HeMBIX MeTOJ0OB aHaJM3a.

Bcerma ciepyer coBeplileHHO OTYETJIHBO MpeACTaBJAsATL cebe cre-
fleHb TOYHOCTH TOrO HJIH MHOrO MeToJa H YYHTHIBATb BEJIHYHHY BO3-
MOXHOH OIIHGKH aHai¥3a MpPH pellleHHH TOro HJH HHOro BONpoca.
B 3aBucuMoctH OT HeOOXONMMOH TOYHOCTH aHaJH3a AOJNKHH OHITh
B8bI6paHEl H MeTOAh OTAE/bHBIX ONpefeseHHH.

IV. OCHOBHbBIE NMOJIO)KEHHSI TEOPHH AKTHBHOCTH

§ 27. Peuenne HeKOTOpHIX M3 pacCMaTpPHBaeMbIX HHKe BOIpPO-
COB, HalpHMep BONpOCAa O COOTHOLUEHHSIX MeXAy pas3HYHEIMH “¢op-
MaMH cJ1abbiX KHCJIOT, HaXOASIIIMXCS B NPHPOAHBIX BOAAX, OCHOBHI-
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paeTcsi Ha TEOPHH 3JIeKTPOJHTHUeCKOH JHccouHauuHd. IIpupoanbie
BOZAH MPeJICTaBJSAIOT CO60H PacTBOPH CHJBHBIX 3JIEKTPOJIHTOB, H MpH-
MeHeHHe K HHM TeOpHH 3JIEKTPOJHTHYecKoil AHccouHauuu AppeHuyca
g ee KJ1acCcHuecKoil (opMe 4acTo NPUBOJAHT K 3HAYHUTEJNBHBIM OIIHG-
kaM. DoJslee mpaBH/IbHBIE DPe3yJbTaThl MOXHO MOJYYHTb, MOJB3YSCh
TeopHeH aKTHBHOCTH. BBHy 3TOro HanmoMHHM BKpaTlle OCHOBHbIE BBI-
BOJIbl 3TOH TEOPHH.

CorylacHO KJ1acCH4eCKOH TEOPHH 3JIeKTPOJHTHUECKOH NHUCCOLHALNH
CHJIbHBIE 3JIEKTPOJMTHl OTJIHYAIOTCS OT CJ1a6blX GoJiee BBHICOKOH cre-
neHbio HoHH3alKuH. OHaKOo MO Mepe HAKOMJIEHHsT SKCNePHMEHTANbHBIX
JNaHHBIX CTAaHOBHJIOCH Bce 6oJjlee SICHBHIM, YTO Pa3JjiHyHe CBOHCTB pac-
TBOPOB CHJ/IBHBIX H CJ1aObIX 3JIEKTPOJIHTOB He MOXeT ObiTb CBeleHO
TOJBKO K Pa3jIH4YHON CTeneHW HOHH3AIlUH HAXOMSLIHXCS B pacTBope
3JIEKTPOJIUTOB — OHO ropasio ray6xe.

H3yyeHue, Hanpumep, 3/eKTPONPOBOJHOCTH PacTBOPOB CHJIBHBIX
3JIeKTPOJIUTOB [I0KAa3aJ/10, YTO H3MeHeHHe WX 3KBHBAJEHTHOH 3JIeKTpO-
NpOBOJHOCTH NMpPH H3MEHEHHH KOHLEHTPAaLMH COBEpLIeHHO He COorJa-
cyeTcsl C KJacCHYeCKOH TeopHell 3JIeKTPOJIHTHUECKOH IHCCOLMALHH.
CorJ1acHO 3TOil TEODHH MeXAY 3KBHUBAJIEHTHOH 3JIeKTPONpPOBOLHOCTHIO
4+, TpH KOHUEHTpauuH 3jekrposuta C, 3KBUBaJEHTHOH 3JeKTPONpO-
BOAHOCTbIO NPH GeCKOHeYHOM pa36GaBJIeHHH Ao H CTeNeHbi0 HOHH3a-
LMK o JOJXKHO CYIIeCTBOBATh CJelylolilee COOTHOLIEeHHe:

Bblpa)xaeM Jlajiee KOHCTAHTY HOHU3AUHH yepe3 CTeNneHb HOHH3alLHH:
al
K ={—= C.

Hacko/sbKo BeJMKO HECOOTBETCTBHE 3TOr0 BHIBOJAA C IKCMePHMeEH-
TaJbHBIMH JaHHBIMH, MOKa3biBaer TabJ. 3, B KOTOPOH MpHBeAeHH 3Ha-
YeHHs! o, BHIYHCJIEHHBIE MO 3JekTponposogHocTH pacrBopoB KCI pas-
JIAYHON KOHLEHTPaLHH, H 3HaueHuss K, BbIUHC/IEHHBle MO YKa3aHHOH
Boille opMyJsie. [Ipy H3MeHeHUH KOHLEHTpaUMH pactBopa oT 1073-H.
Ao 1,0-4. 3Hauenne K Bce BpeMst H3MeHsieTCsi, NpHYeM MNOCJeaHee
3HayeHue OTJIMUaeTcst oT nepBoro Gosee uem B 50 pas.

Ta6auuwa 3
Houusauus KCl npu temneparype 18°

Kounuenrpauus pacrsopa KCl

107 1-n. (5. 107 %u| 1,0-n

10734 I 10~ %u.

0,979 0,942 0,862 0,788 0,756
0,046 0,152 0,536 1,46 2,34

3HaveHue a ., .
3uavenne K. . . . .

.
.
.
.

.
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CroJb ke GoJibLiIHE HECOrJIacHsl C BHIBOJAAMH KJacCHYecKo# Teo-
pPHUH OGHAapyKHMBAlOTC TNPH KPHOCKOMHUYECKHX ! M 36yJHOCKOMHYE-
CKHX 2 HCC/JEJOBAHHSIX PACTBOPOB CHJIBHBIX 3JIEKTPOJIHTOB. Pasnnune
B NOBeJeHHH CHJIbHBIX U CJAGBhIX 3JeKTPOJHTOB BHICTYNaeT OYeHb OT-
4eTJIMBO TaKXe TNpPH H3YUeHHH 3JIeKTPONPOBOJHOCTH pacTBOpPOB B
CHJIbHBIX 3JIEKTPHYECKHX MOJISAX.

HecMmoTpst Ha orpomublil (paKTHYecKHil MaTepHaJl, HET HH OXHOTO
¢akra, 1OKa3bBAIOLEro HaJHYHe HEHOHH3HPOBAHHBIX MOJIEKYJ B pa3-
GaBJIeHHBIX pacTBOpax CHJbHBIX 3jeKrpoautoB. Hao6opor, HMelo-
IIHecs] 9KCMepHMeHTaJlbHble JaHHble YKa3blBalOT Ha MNOJIHYI0 HOHH3a-
LHIO 3/IEKTPOJIHTOB B 3THX pactBopax. HabuoneHHe, Hanpumep, ONTH-
YeCKHX CBOHCTB paACTBOPOB CHJIBHBIX  3JIEKTPOJIHTOB, HMEIOLIHX

~ OKpacKy, NMOKasblBaeT, YTO 3TH CBOHCTBA 3aBHCAT
q OT aHAJIUTHYEeCKOH KOHIEHTPAUHH OKpalLleHHOro
HOHA, T. e. OT KOHLEHTPAalHH, coomercrayromeﬁ
MOJIHOH HOHM3ALMH 3JIeKTPOJIHTA.

K rakomy e BBIBOAY NMpPHBOAAT H Teopemqe-
cKkHe coo6GpaxeHusi. PeHTreHocKonHyecKHe Hccle-
JOBaHHS KPHCTaJ/JIOB TBEPABIX COJieH IOKashi-
BAIOT, YTO PeLIeTKH KPHCTA/JIOB MOCTPOEHBl He H3

o - uony Zr0p2 MOJIEKYJ, a U3 OTHeJIbHBIX HOHOB. TaK, HanmpHMep,
O-uoHb HAMPUR B KpHCTa/LliaX XJIODUCTOrO HATpHs, HMEKLHX
Puc. 1. Crpoenne ¢opMy Ky6Ga, HOHBI HATPHSI H HOHBI XJopa pac-

kpuctaana NaCl MOJIOXKEHBbl TaK, KaK nokasaHo Ha puc. 1. MoHn

HaTPUsl M HOHBl XJOpa pacnoJararmTrcsi B y3jax
KPHCTAJ/IHYECKOil pellleTKH H dYepelyloTcs Mexnay coboit. Kakiawii
HOH HAaTPHsl OKPYKeH IUecTbl0 HOHAMH XJOpa, a KaXKIblfi HOH XJopa
OKPYXXeH COOTBETCTBEHHO IlecTbio HOHaMH HaTpus. [Ipu pacrBope-
HHH KpHCTa/1a XJOPHCTOrO HATPHSl B BOJE CHJBbl NMPHTSXEHHS Me-
KAy HOHAMH ocJjabeBaloT.

[To 3akony KysoHa cuia npurskenuss F Mexny AByMs 3aps-
JKeHHBIMH YacTHLAMH NPSIMO TNPONOPLUHOHAJbHA NPOH3BENEHHIO HX
3apsifioB €, -e; M 06paTHO NpONOPLHOHAIbHA NPOH3BEJEHHIO KBai-
para paccTOSIHHSI MeXJy YacTHIAMH Ha JHJIEKTPHYECKYlO MOCTOSIH-
Hyl0o cpeanl r’e. TakuM o6Gpasom

F=%12
erl

JuanekrpHyeckasi MocTOsiHHAs BOAb paBHa 81, T. e. cuJa NpUTH-
JKeHHs MeXIy IBYMsl 3apsiXKeHHBIMH 4acTHUaMH B BoJe B 81 pas
MeHbllle, yeM B nmycrote. Eciin paccrosiHHe MeXAy NPOTHBOMOJOXHO
3apsKEHHBIMH HOHAMH B BOfe OGYyIeT TaKoe Ke, KAK H B KpHCTaJsle
COJIH, TO CHJA NPHTSXKEHHS] MeXIy STHMH HOHaMH B BOJe HOJIXKHA
ObiTh B 81 pa3 MeHblue, yeM B KpucraJuie. EciH B KpHcTa/iaX HOHBE

! Kprockonus — MeTog oOnpegesieHHsi MOJEKYJSPHOTO Beca pPacTBOPEHHOro
BEIeCTBA NO NOHWXKEHHIO TeMnepaTyphl 3aMep3aHHsi pacTBOpa.

2 D0yJ/IMOCKONHS — METOA OnpejeleHusi MOJEKyJsiploro Beca pPacTBOPEHHOro
BElIeCTBA NO MOBLIIEHHIO TeMIepaTypel KHNEHUS pAcTBOpA.

28



ge CBSI3aHBl B MOJIEKYyJ/Bl, a CYILECTBYIOT pa3fesbHO, To TeM G6oJiee
geT OCHOBAHHH Mpeamo/iaraTe, YTO B BOAe OHH GYAyT CBsi3aHbl B
BHE MOJIEKYJ.

Vka3aHHBle Bbillle (DaKThl H TeOpeTHYeCKHe COOGpaXKeHHs 3acTa-
BWJIH TPENNo/IONKHTb, YTO NPHYHHBI, OOGYCJOBJIHBAIOlIME CBOJCTBA H
foBeJleHHe CHJbHBIX M CJa0biX 3JIeKTPOJIHTOB, NMPHHIMIHAMBHO pas-
JIHYHBL.

§ 28. B ocHOBe cOBpeMeHHOH TEOPHH AKTHBHOCTH JeXaT cJe-
JAyIOLIHe TOJIOXKEHHs: CHJIbHBIE 3JIeKTPOJHTH B pa3baB/eHHBIX pac-
TBOpaX HOHH3HPOBAHBI MOJHOCTbIO. MeHblasi XKe, HampHMep, SKBH-
paJjleHTHasl 3JIeKTPONPOBOJHOCTb PACTBOPOB CHJIBHHIX 3JIEKTPOJIUTOB
npH Kakod-1u60 KoHueHTpauud C 1O CpaBHeHHIO C SKBHBAJEHTHOH
2JIeKTPONIPOBOAHOCTbIO NPH OGecKoHeYHOM pasbaBiieHHH OGbSCHsSETCS
He HaJHYHeM HEHOHH3UPOBAHHBIX MOJIEKYJ, a 3JeKTDOCTaTHYECKHM
B3aUMOJeiiCTBHEM HOHOB MexAay coboil W ¢ AuUmossiMH Boabl. Bcesen-
CTBHE 3TOr0 B3aHMOJEHCTBHSI yMeHbllaeTcs NOABHXKHOCTb HOHOB B
pactBope, a CJIeloBaTeJbHO M 3KBHBA/NEHTHAas 3JIeKTPONMPOBOXHOCTh.

OTUM 3/1eKTPOCTAaTHUECKUM B3aHMOJeiicTBHEM HOHOB MeXay co0oii
H C DUIOJSIMH BOJbl OOBSICHSIIOTCS U ApPYyrHe 0COOEHHOCTH MOBEIeHHSsI
pac1BOPOB CHJBHBIX 3/MeKTPOJHTOB. UeM Bhlllle KOHLEHTPALHsI HOHOB
B pacTBope, TeM O6OJiblile BJHSIHHE 3JeKTPHYECKHX MoJiel, co3jgaBae-
MBIX 3THMH HOHAMH B PacTBOpe, U TeEM MeHblIle MOJBHXKHOCTb HOHOB.
Ilpy H3ydeHHH CBOHACTB PacTBOPOB 3JEKTPOJIHMTOB HYXKHO yYHTHIBATb,
COrVIaCHO TEOPHH AaKTHBHOCTH, He aHaJHTHYeCKHe (MOJHBE)
KOHLIEHTPALlMH HOHOB, @ HX aKTHBHB € KOHIEHTP allUH, UIH
TaK HasblBaeMble a KTHBHOCT H.

[Tpu GeckoHeuHOM pa30aBjeHHH pacTBOpa 3JeKTPOCTaTHYECKOe
BJIMSIHHE MOHOB NpPaKTHYECKH OTCYTCTBYET, IO3TOMY aKTHBHOCTb HOHA
PaBHA ero aHaJMTHYeCKOH KOHUeHTpauUuH. Bo Bcex ocTa/lbHBIX CJay-
4asix aKTHBHOCTb HOHA paBHA ero KOHLEHTPaLHH, YMHOXEHHOH Ha
Ko3((HLUHeHT, Ha3biBaeMbli KO3 PHUHEHTOM aKTHBHDO-
cTH. KospPHuHeHT aKTHBHOCTH MOKa3blBaeT CTe-
NeHp OTKJOHEHHS 3JEeKTPOJHTA OT HAeaJbHOTO MO-
BeleHHUSN 3TOTO 3JeKTpPoJaHUTa B OecCKOHeYHO pas-
6aBleHHOM pacTBODeE.

§ 29. Ilyctb B pacTBOpe MMeeTcsi paBHOBecHe

M+ A" ==MA.

[Tpunaras kK atomy o6paTHMOMy Mpolleccy 3aKOH AEHCTBHs Macc,
HYXHO YYMTBIBaThb He MOJEeKyJsspHBEe KOHLEHTPaLUHH
YYacTByIOIMX B peakUHH HOHOB M MOJIeKyJ, a KX aKTHBHOCTH:
(M'lfy» [A)fy, u [MA]fyy, tRe fy» fo ¥ fyy —KO3DdHIHEHTD
AKTHBHOCTH COOTBETCTBYIOILIUX HOHOB H MOJIEKYJI.

KoHcranta paBHOBecusi AAs1 AaHHOH peakuuH OyaeT HMeTb BHI

o MV NS fefue | (M (A]
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DJleKTpocTaTHUECKOe BJHSIHHE HOHOB Ha HEHOHH3HPOBAHHEIE MO-
JIeKyJIbl HeBeJHKO, Mo3ToMYy KO3(HUHEHTE aKTHBHOCTH HEHOHH3HPO-
BaHHBIX MOJIEKYyJl OGHIYHO NMPHHHMAIOT PAaBHHIMH enuHHiue. [lonaras
B paccMaTpHBaeMoM caydae fy, = 1, mosydum

— [M] [A7]
K—fM' 'fA' . TVU\]_"
Takue KOHCTAaHTH HOHM3allHH, BKIOYaloumiHe Kod)(PHIHEHThl akTHB-
Hocrell, Ha3bIBAlOT HMHOrJa TEPDMOJHMHaAaMHUYECKHMH KOH-
CTaHTaMH HOHH3AaLUHH B OTVIHUHE OT KOHIUEHTP all HOH-
HbBIX KOHCTaHT, He collepXKalliX 3THX KO3(ppHLUHEHTOB.

IIpn GeckoHeyHoM pa36aB/JeHHH pacTBOpPa 3JEKTPOCTaTHYECKOE
B3aHUMoOJleficTBHe MeXJy HOHaMH 3HauyHTeJNbHO oc/abeBaeT H Koaddu-
LUHEHTHl AKTHBHOCTeH MNpPHOJHXKAIOTCA K eluHHIe. TOYHO Tak XKe
MOXKHO CYHTaTb KO3(P(HUHEHTH aKTHBHOCTeH NPHUOJH3HBLIMMHCH K
efMHHLE H B pacTBopax CJaGbIX 3JIEKTPOJHTOB HeGOJIbLIOH KOHLEH-
TPalHH, TaK KaK 3JIeKTPOCTaTHYECKOe B3aHMOJieHCTBHE MeXKAy HOHaMK
B TaKHX pacTBopaXx He3HauyHTeJbHO. B 3THX ciyyasix npousBelenHe
Su- - fa, PABHO elMHHIle M KOHCTAaHTAa HOHH3AaLMH NPHHHMAET TOT Xe
BHJ, B KOTODOM MBI ee MoJydaeM, NMPHMeHSsl KJIaCCHYECKYIO TEOpHIO
3JIEKTPOJIHTHYECKOH JHCCOLHALHH:

_ [M][AY]
K="y

Bo Bcex ocraslbHbIX Caydasix JOMKeH YUYHTHIBATBC MHOXHTEIb
fy-" fy, - Ecu, HanpuMep, K pa36aBleHHOMY pacTBOpYy CJa6oro sJjek-
TPOJIHTa NMPHOABHTb CHJIBHHIH 3JEKTPOJHT, TO, HE3aBHCHMO OT TOTO,
HMeeT JIH OH OGILHI HOH C 5THM CJ1a6GhIM 3JIEKTPOJIMTOM HJIH HE HMeeT,
KO3 bHLHeHTH aKTHBHOCTell fy. U f,,6YAyT OTVIMYHEI OT EQUHHUH M
NpH pacyeTax IO KOHCTAHTE HOHH3ALMH yXKe HeoGXOIHMO YYHTHIBATH
MHOXHTENb fy. - fy, .

§ 30. C TOYKH 3peHHs] TEODHH AKTHBHOCTH NMpOH3BeJLeHHE
PacTBODPHMOCTH TaKkXe NpeAcTaB]serT co60il He NpPoH3BeleHHE
KOHLIEHTPAUMA HOHOB JaHHOrO BelllecTBAa B HACHIIEHHOM pacTBope,
amnpou3BeleHHe aKTHBHOCTeN 3THX HOHOB. Jas Be-
mwectBa MA mnpou3BeleHHe pPacTBOPUMOCTH

1P = fu [M'] fx [A'].

B stom npoussenenuH MHOXHTeNb fy.-f,, MOXKHO NpPHHATb paB-
HLIM e[lMHHIe TOJbKO B TOM CJyyae, eC/IH PacTBOPHMOCTb BelllecTBa
MA oueHb MaJa M, KDOMe TOrO, PacTBOp HE CONEPIKHT 3aMETHBIX KO-
JINYECTB MOCTOPOHHHX 3JIEKTPONHTOB. EC/IH Ke pacTBOpHMOCTb JaH-
HOro BelleCcTBa JOBOJBHO 3HauyHTeIbHa, TO JOMYyIUEHHe, YTO
fyu far =1, MOXeT noBecTH NpH pacueTax K 3HAYHTENLHEIM OLIHGKaM

Jaxe B Clyyae, eC/IH pacTBOP H He COMEPXHT MOCTOPOHHHX 3JIEKTpO-
autoB. Uem GoJblle (10 M3BECTHOro nmpepesa) obuiast KOHLUEHTPaALHs
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JOHOB B PacTBOpe, BKJIOYasl TaKXKe HOHHI, KOTOphle /1aeT paccMaTpH-
paeMoe BELIECTBO, TeM Gosiblle NMPH MPOYHX PABHHIX YCJOBUAX OTJIH-
4aloTCsl OT €IHHHUBI KO3((QHUHUEHTEl aKTHBHOCTEH HOHOB.

§ 31. BeanunHa kosad¢uuxeHTa aKTHBHOCTH JI0GOr0 HOHA 3aBH-
CHT, C ONHOH CTOPOHBI, OT BaJEHTHOCTH AAHHOTO HOHA, C APYroi —
OT BAJEHTHOCTH M KOHILEHTPAllHM BCEX HOHOB, HAXOASIHXCS B JaH-
HoM pacTsope. UeM BHIlle BaJEHTHOCTb HOHA, TeM OoJibluee BJIHSHHE
OKa3biBalOT Ha €ro aKTHBHOCTb JpYrdHe HOHH, HaXoAsliHecs B pac-
tBOpe, H TeM OoJibliee BJIHSHHE OKa3blBAET OH CaM Ha JpYrHe HOHBI.

CyMmMapHbliit 3¢ deKT BJIMSHHS BCEX HOHOB, HAXOASIIHXCSH B pac-
TBOPE, HA AKTHBHOCTb KaKOro-1M60 HOHA MOXHO NPHOJIHKEHHO
oXapaKTepH30BaThb TaK Ha3blBaeMO# HOHHOHW CHJOH pac-
rBopa M Jlaa BbIYHCIEHHS HOHHON CHJIBI PAcTBOPa HYXKHO YMHO-
JKHTb MOJISIDHYIO KOHUEHTPALMIO KaXAOro HOHA, CofepiKallerocsi B
JAHHOM pacTBOpe, Ha KBaJIpaT BAJIEHTHOCTH 3TOrO HOHA, BCe 3TH
NPOH3BEIEHHS] CJIOKHUTb H Pa3[e/HTh MOMOJIaM:

. G ZiHCZ ... +Co 70

2 ’
rae Cy, Cs ..., C,— MOJISIDHHE KOHIEHTPALHH HOHOB;
Zy Zy ..., Z,— COOTBETCTBYIOLIHE BaJEHTHOCTH 3THX HOHOB.

MoXHO NpHHATb, YTO pa3JiHyHble PacTBOPH C ONHOH H ToH Xe
HOHHOHM CHJIOH OKa3blBalOT OJHHAKOBOE BJIHSIHHE Ha aKTHBHOCTb BCeX
HOHOB, HMEIOLIHX OJAHHAKOBYIO BaJIeHTHOCTb, T. €. KO3((HUIHEHTHI
aKTHBHOCTell Da3JIHYHLIX HOHOB C OJHHAKOBOH BaJIEHTHOCTbIO GYAYyT
B TaKHX PacTBOpax pPaBHHI.

Ha ocHoBaHHH CJOXHBIX MaTeMaTHYECKHX pacyeToB BbIBEIEHH
(opMysbl 15t BBIYHC/IEHHsT KO3((HIHMEHTOB aKTHBHOCTH HOHOB B 3a-
BHCHMOCTH OT HOHHOH CHJIbI pactBopa. ITH (OpPMYJEl OYeHb TIpo-
MO3[KH, OHH YYHTHIBAIOT Pa3Mephl HOHA, ero BaJEeHTHOCTb H BBICAJIH-
Baiclllee JeHCTBHE 3JEKTPOJMTOB, cCOJepkalluxcs B pacrsope. B To
e BpeMsi pacyeThl 1o 3THM ¢opMyJaM, KaK NOKa3plBaer NPakTHKa,
He NaloT YIOBJETBOPHTEJbHBIX Pe3yJbTarToB !.

Boo61e cieayer oTMeTHTb, YTO pacyeThl, OCHOBAHHLIE HA TEOPHH
AKTHBHOCTH, B OGOJIbIUMHCTBE CJyyaeB NalOT BO3MOXHOCTb MOJYYHTb
TOJIbKO MpHG/IHKeHHble pe3y/bTaThl. DTO, B YaCTHOCTH, HabJlonaeTcs
MO OTHOLUEHHIO K TAKHM CJOXHBIM pPacTBOpaM, Kak NPHPOJHLIE BOAHI,
OT/IMyaloHrecs: 60JbIIMM pa3Hoo6pasHeM Kak M0 BeJHYHHE, TaK H MO
XapakTepy MHHEpaJH3alHH.

TO OOCTOSITENILCTBO, KOHEYHO, He §BJseTCs OCHOBAHHEM JUIs
TOro, yTo6Ghl OTKa3aThbCsl OT PacyeToB, OCHOBAHHBIX HA TEODHH aKTHB-
Hoctu. CoBepiieHHO HECOMHEHHO, YTO pacyeThl, OCHOBAaHHHIE Ha 3TOH
TEOPHH, XOTS U He OyAyT OTJIHYATbCS GOJBIION TOYHOCTBIO, HO BCE XKe
Aanyt ropasmo GoJsiee mpaBHJbHBIE OTBETH HAa T€ HJIH HHble BONMPOCHI,
YeM pacyernl, OCHOBAHHbIE Ha KJIAaCCHYECKOH TEOPHH 3JEKTPOJIHTH-

—_—

!B cBa3an c 3TMM @OpH pacuerax NOJb3YIOTCA OGHUHO KO3DHIHeHTaMH
2KTUBHOCTH, HafiJCHHEIMH SKCIEDPHMEHTA/bHO.
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yeckoit AHccouHauud. HyXHO TONMBKO KPHTHYECKH OTHOCHTBhCA K
pe3y/ibTaTaM BHIYHCJIEHHH H He OCHOBBIBATb Ha HHX BbIBOJOB, Tpe-
Gyltiux GoJbIIOR TOYHOCTH pacyeToB, KaK 3TO HHOTIa, K coxaJe-
Hulo, ngenaercd. JlJIs OpPHEHTHPOBOYHBIX pacyeToB NPHMEHHTENbHO
K pactBopaM c HOHHOH cHuaiofi ot 0,001 mo 0,1 MOXHO pekoMeHMO-
BaTh MOJIb30BaTbCA CPeAHHUMH K03((HIHEHTaMH aKTHBHOCTH, yKa3aH-
HEIMH B TabJ. 4.

Ta6baunna 4

CpenHHe 3HayeHHS] KO3I(PPHUHEHTOB aKTHBHOCTH f

HMonHaa cuaa
pPacTBOPOB |«

0 0,001 | 0,005 | 0,01 0,05 0,1

XapakTepu-

CTHKa HOHOB

OnQHOBANEHTHbIE HOHBI . . . 1 0,96 0,92 0,89 0,81 0,78
JlByxBaNeHTHbIE HOHBI . . . 1 0,86 0,72 0,63 0,44 0,33
TpexBaNeHTHbIE HOHbI 1 0,73 0,51 0,39 0,15 0,08

§ 32. PaccukraeM mnpHMepHYl0 MHHepaJHM3alHI0O NPHPOJHOH
BOJbI, OTBeyaloulyto HOHHOH custe @ = 0,1. CoraacHo § 8, MuHepasu-
3alMsi OGBIYHBIX MPHPOAHKIX BOJ Yallle BCEro CKJIaAblBaeTcsi B OCHOB-
oM u3 cemu HoHoB: K, Na’, Ca’ ", Mg'", Cl', SO; u HCOj. Kowm-
GUHUPYSl 3TH HOHBI B COJIH, MOXXHO TMOJYYHTb 12 pa3/iHYHBIX coJeil:
K.SO,, NaCl, Ca(HCOs)s u 1. &.

Haiinem koHueHtpanuio, Hanpumep K,SO, oTBevarouryio HoHHOM
cune p=20,1. IIyctb HckoMas koHueHntpauus K,SO, paBHa X me/a.
Bripaxas 3Ty KOHUEHTpalHIi0 B rpaMM-MoJIX Ha | JIHTp, MOJYyYyuM

X
[KoSOul = 1000~ 17225 -

[IpuHuMasi i cepHOKHcIoro Kaausg « =1 (cornacio § 28 cyu-
TaeM, 4TO COJIM HOHU3HPYIOT B pactBope Ha 100%), umeem
. 2X i "o X
[K'T= 1000 174,25 ° [SOs] = 1555 174,25 °
Ecau uoHHas cuna artoro pacrBopa o =0,1, To cornacio § 31
uMeeM
2x.1? x-2

1000. 17425 © 1000 174.25
p=01= 9 ’

otkyaa X = 5808 me/a.

Haiinem ananornyno koHueHtpauuio NaCl, oTBeuaioulyo HOHHOM
cuse pacrtopa = 0,1. Tlycrb uckomasa koHuenrpauuss NaCl pasHa
Y me/a.

Bripaxasi 3Ty KOHUEHTPALHIO B 2-M/4, MOJYYHM

Y
[NaCl] = 15555835 »
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oTKyZAa cjenyer

. Y
[Na ] = [CI,] :m .
CJ1e10BaTeNbHO,
y.12 n y.12
1000 - 58,45 ' 1000 - 58,45
p=0,1= -

2 ’
otkyaa Y = 5845 me/a.

Ananoruyto pas Ca(HCOs), nonyunm
z.2 2712

_ 0.1 1000- 162,12 + 1600- 165,12
P’ - ? - 2 ’

oTkyna Z = 5404 me/a.

Ecan mas Bcex cosieff, KOTOpble MOXHO MNOJYYHTb, KOMOHHHDPYS
MeXay co60ff yKa3aHHble Bblllle ceMb HOHOB, BBHIYHC/JHTb KOHIEHTpa-
MM, OTBeyalollie MOHHON cuie pactBopa = 0,1, u B3sATh cpenHee
3HayeHHe, TO OHO moJjyyaercsi paBHHIM 5700 me/4. HMoHHoi cuie pac-
tBopa & = 0,001 orBeuaer, cienoBaTesbHO, CpPelHsiss KOHLEHTpaLHs
57 m2/a. Takum o6pa3oM, HHTepBaJ HOHHOH cuJbl pactBopa ot 0,001
no 0,1, nas kotoporo B TabJ. 4 maHH KO3((HIUHUEHTH AaKTHBHOCTH
HOHOB, OXBaThiBaeT BOJBl C MHHepaju3alldel B cpelHeM JO
5700 me/a (Bomel ¢ MHHepaau3auueii MeHee 50 me/a BcTpeuarorcs
oueHb pelko). K BogaM c oyeHb BBICOKOH MHHepaJu3auuell oOGbIYHbIE
OpHeMBl PacyeToOB C HCNOJB30BaHUEM CpedHHX KO3(GhHIHEHTOB ak-
THBHOCTH He NPHMEHHMBI.

V. HOHHOE NPOHU3BEJAEHHE H PEAKLIHUSA BOIbI

§ 33. Boma HOHH3HpYyeT cOrJIacHO YypaBHeHHIO
H,0 <<= H 4 OH".
Ha ocHoBaHun 3akoHa jeficTBHs Macc HMeeM

[H][OH[ __
o =K @

Crenenp HOHHM3aUWH BoAbl oYeHb Masa. Ilpu Temnepatype 22°
CTeneHb HOHM3alHH BOAH coctasjser Bcero 0,00000018Y%. Takum

1
o6pasoM, u3 06luero KoJHYecTBa 780(:;106=55,51 2-MOA, colepXKa-

55,51-0,00000018
Wuxcsa B 1 4 BoAB, TOJBKO 0 = 0,0000001 = 1077 2-mox
HaxoauTcsl B BHJIE HOHOB, BCS Xe OCTajbHast BoAa GYIeT HaXOMHUThCs
B BH]le HeHOHH3HPOBAHHBIX MOJIEKyJl. B coOTBeTCTBHH C 3TUMH LHD-

Pamu ypaBHeHue (1) mpumer BHZ
10-7.10"7 ,
55,51 =K @)
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IIpu u3MeHeHHH KOHUeHTpauuWH HoHOB H' wuau unonos OH’ cre-
neHb HOHH3aLUMH BOABI 6yNEeT COOTBETCTBEHHO H3MEHSTbCS, HO KOH-
LeHTpallHus HEHOHH3HPOBAaHHHIX MOJIEKyJ GyHeT MPH 3TOM OCTaBaTbCs
NpaKTHYECKH MOCTOSIHHOM.

YMmeHbluasi, HanpuMmep, creneHb HoHuzauuu Boxkl B 100000 pas
3a cueT NMpHGaBJIEHHsT KUCJOTH (HeficTBHE ofHOMMeHHOro HoHa H'),
MBI MOJy4HM JonosHuTesbHO ~ 0,0000001 2-m04 HeHOHH3HPOBAHHEIX
MOJIeKy/1 BoAbl. [IpH 3TOM KOHUEHTpauHsi HEHOHH3HPOBAHHBIX MoJe-
Ky1 6yzmer paBHa 55,5100001 2-moa BMecto 55,5100000, T. e. mpak-
THYECKH OHa He H3MeHHTCs. CTeneHb HOHM3alMH BOABI MOXET TaKXe
3HaYHTeIbHO BO3pAacTH, HANpHMep, 3a CYeT CBA3biBaHHA HoHOB H
(v OH’) B mpouecce ruapoausa coseil. OHAKO OYEBHOHO, UTO H
B 3TOM CJlyyae KOHLEHTpauHs HEHOHHU3HPOBAHHBIX MOJIEKYJ He OGyaer
NPaKTHYECKH VMEHbILATbhCsl AaXe NPH yBeJHYEHUH CTeNeHH HOHH3a-
LMK BOIBI B COTHH THICHY pas.

Ha ocHOBaHHMM H3/I0XXEHHOrO MOXHO CYHTaTh, YTO B ypPaBHEHHH
(1) 3HameHarenp apo6wu, 1. e. [H:O], siBAsieTca MOCTOSIHHON BeJIHYH-
Hoii, paBHo#t 55,51. B cBA3H ¢ 3THM ypaBHeHHe MPHUMET BH[

[HT[OH] =K. @)

DTo MOCTOsIHHOe MNpOW3BeJeHHe Ha3bIBAIOT HOHHBIM NP O H 3-
BefneHueM Boabl. [lpn temneparype 22° 3HaueHne K, = 10714,

§ 34. Uncio nonoB H', o6pasylouuxcss NpH HOHH3AUHH BOAHI,
paBHo uncay HoHoB OH’, moatoMy a/1s 4HCTO! BOARI, He coaepKalueit
pPacTBOPEHHBIX BEILECTB,

[H]=[OH[=V10"" =107".

BcnenctBie paBeHcTBa koHueHTpauuu HoHoB H' u OH’ uncras
BOfA MMeeT HeHTpa/bHyl0 peakiuio. M3 ckasaHHoro Bblle siCHO, YTO
JJsi J11060# NpUpOLHON BOARL, Kak H BooOlle nJs J11060ro pacTBopa,
HOHHOE NpoH3BeJeHHe BOILB NMPH AaHHOH Temme-
paType ssBJAsieTCss NOCTOAHHOK BeadHYuHOH OgHako
koHueHTpauud H® u OH’ Bcerma paBHH MeXny coGoii TOJbKO /s
4iCTOH BOABl, @ B BOJe, colepXKalled pacTBOpPeHHble BeLlecTBa, Ta-
KOoro paBeHCTBa OOLIYHO He HaOJIIOJaeTcsi H peaKklHs BOJHl yXe He
SIBJII€TCA CTPOro HeHTpaJsibHOH.

OuesuaHo, yto ecau [H'] >[OH’], To peakuuss Boanl 6yaer KHC-
aoit, mpu [H']<[OH’] peakuus wenoyHas. B wuensix ympoueHHs
KOHLEHTPAlUHH HOHOB BOAOPOJAa MPHHATO BHIpaXaTb (MO MpeaJo-
XeHHI0O 3epeHceHa) He B BHJe YHCeJ C OTPHIATe/NbHBIM MOKa3aTeJseM,
a B BHAe HX JorapH(®MoB, B3ATHIX C OO6paTHLIM 3HAKOM. ITH Jora-
pudpMbl 06o3HayatoT 3HakoM pH mia KoHueHTpauuu H' u 3HaukoM
pOH nns konuenrpaunn OH’. Takum o6pasom

pH=—Ig[H'] u pOH =-—1g[OH’].
Ecan, Hanpumep, [H']= 1075, to pH =25 u 1. 1. OueBuasno, 4ro
yeM GoJblle OyneT KOHIUeHTpauus HoHoB H', TeM MeHblue 3HaueHue
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H, u HaoGopor. B cooTBeTcTBHH C yKa3aHHBIMH OGO3HAaYEHHSIMH,
BMECTO HOHHOTO IpPOH3BENEHHSI BOAR MOXHO HANHCATh:

pH+pOH = —Ig [H'] —Ig [OH'] = —1g K. “4

Jas temnepaTtypnl 22°, HampuMep, OyaeM HMeTb

pH+4pOH=—1g 107" =14.

Ipu paBeHcrse kouuentpauuft H' u OH’ (HefiTpanbHas peak-
nuna) nonrysum pH =7 u pOH =7. Takum obpasom, ansa t=22°
GyneM HMeTb:

pH <7 < pOH — peakuus kucaas,
pH =7 = pOH — peakuus HefirpaibHas,
pH > 7 > pOH — peakuus menoqnas.

OGHIYHO [J11 XapaKTEPHCTHKH COOTHOLIEHHS KOHIEHTpauuil B
Boge uoHoB H' u OH’ yka3muiBaloT ToJbKO 3HaueHHe pH, uMes B BHAY,
yro 3HaueHHe pPOH MOXHO cpa3y BHUYHCIHTE [0 Pa3HOCTH
pOH = 14 — pH. OxHako 3To crnpaBemnHBO, CTPOro roBopsi, TOJBKO
g t=22° TaKk Kak CT€NeHb HOHH3 aI HH, a CIeJOBaTEJIbHO
M HOHHOe NpOHW3BeJeHHe BOAH H3MEHSIOTCS C TeMOeparTy-
p o f.

B Ttabsn. 5 ykasaHnl 3HauyeHHs Ks [/ pa3NHuYHBIX TEMIepaTyp.
B sToft XKe TabsnHue maHB cooTBeTCTBYIOLIHe 3HaueHus pH ans ciy-
yas, korna pH = pOH, 1. e. Korza Boga MMeeT HeATpa/bHYI0 peak-
uuio. M3 ta6bauusl BHAHO, 4TO 3HauyeHHs pH, oTBeuarowve HefiTpab-
HOH peaKUHH BOJAH B MNpefesnax TeMmmepartypnl ot 5 mo 30°, 3Hauu-
TeNbHO u3MeHsiorcs. Ilpu ¢ =5° umeem K, =0,21-107!%, orkyna
pH+ pOH = —1g (0,21-107'%) = 14,68, T. e. HeATpa/IbHAsA peak-
uus 6ymer npu pH=1—2'—8 =7,34. Ilpu t=230° kaKk BHAHO H3
TabJHUB, HeATpa/lbHOM peakuuu GyHeT yXKe OTBeYaTb 3HayeHHe
PH = 6,87. 3a cranpapTHyio TemnepaTypy NpH 3KClepHMEHTaJbHBIX

onpenenenusx pH uame Bcero mpuaumaior 18°. Ilpu srtofi Temnepa-
Type ycaoBueM HefitpanbHocTH 6ymer pH = 7,07.

Ta6auyga 5
"OHHOC npou3BeaeHHe BOAbI an Pa3jHYHBIX TemnepaTypax
Temne- : pH npn || Temmne- pH npu
Parypa Ky pH = pOH || parypa Ky pH = pOH
5° 0,21.10" 7,34 20° 0,86.10"1 7,04
10° 0,36.10"1 7,23 22° 1,00-1074 7,00
15° 058.10"1 7,12 25° 1,27.10~ 1 6,95
18° 0,74.1074 7,07 30° 1,89.1074 6,87
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§ 35. s pas/iHuHBIX MOJCYETOB, CBA3aHHEIX C HOHHBIMH PaBHO-
‘BECHSIMH, TPHXOJMUTCA TMOJb30BAThC He KOHLeHTpauueir noHos H',
a ux akruBHocTeio ([H']fy.). Ilpu cyulectBylomux MeTonax aHaJusa
BOJ TaKXe OTpejesieTcst He KOHLeHTpalHs MoHoB H', a ux akrus-
HocTb H cMMBoOJ pH daKTHUecKH O3HayaeT OTPHI a-
TeJbHBH JMOorapuem akKTHBHOCTH HOoHOoB H', 1. e

pH = — Ig ([H'] fir) = — Ig [H'] —Ig fir-

HOas cna6o MuHepalH30BaHHOM BOJBI MOXHO, KaK Mbl Jesaju
BHIIIE, He YYHTHIBaTh KO3((HUUHEHTH aKTHBHOCTH, TaK KaK OHH
6/IM3KH K e[HHHIle, H NPHPABHUBATb AKTHBHOCTH HOHOB K HX KOH-
uentpauuaM. [us Box, MMeIOIIHX 3HAUYHTEJbHYIO MHHEpaJH3alHio,
OTOXJECTBJIEHHE AKTHBHOCTEH C KOHUEHTPalHSAMH MOXET IIOBECTH
K 3aMeTHBIM OIIKOKaM, TaK KakK Ko3(pQHUHEHTH aKTHBHOCTH 31ech
6yLyT 3HAUHTENBbHO OTJIHYAThCs OT efHHUUM (cM. § 31). B arux ciay-
yasix MPHXOQUTCS UMeTh B BHAY, UTO HOHHOE TPOH3BeJEHHE BOJKI SIB-
JsieTcsi He poW3BefeHHeM KoHueHTpauuit voHos H' u OH’, a npowus-
-BeleHHEM aKTHBHOCTEHl 3THX HOHOB:

Ks = [H'] fu: [OH’] foxr'.

§ 36. Buiuncaum ans npuMmepa KoHueHTpaumio noHos H' u pH
i8¢ 105,001-1-1. pacrsopa NaOH, conepxaiuero NaCl 0,1 e-uox/a npu
t=15°

[TpuHuMasi, corsiacHo H3JoXeHHOMY paHee, uto NaOH uonu3u-
pyer B maHHoM pactBope Ha 100%, umeem [OH’] = 1073 2-moa/a.
Ecan He yuutbiBaTh kK03()(pULMEHTOB aKTHBHOCTEH, HATpUMep B CJIY-
yae orcyrctBHs NaCl, To corsmacHo Ta6s1. 5 (§ 34) monyunm

—14
[H] = ‘&m‘_‘%— —0,58- 107"

pH=—1g (0,58 - 10~ ") = 11,24.

Bruunciium teneps [H'] u pH c yuerom ko3¢p¢HuHEHTOB aKTHB-
HOCTH HOHOB. MoOHHasi cuJa JaHHOrO pacTBOpa XJIOPHCTOTO HATPHs
(cm. § 31) 6ymer paBHa

0,140,
b= =

Konnenrpanusst NaOH npu BeUHC/IeHHH ¢ He YYTeHa, Tak Kak OHa
OoueHb Masia o cpaBHeHHI0 ¢ KoHueHTtpauueir NaCl. U3 raba. 4
(§ 31) caenyer, uto NpH 3TOi HOHHOH CHJe KO3(HUHEHT AKTHBHO-
CTH OnHOBaJieHTHoro HoHa (Hanpumep, H" wumu OH’) f, =0,78.
CaenoBatensHo,

[H]-0,78 . [OH’] - 0,78 =[H"] - 107 . 0,61 = 0,58 - 107",
OTKyZa

0,1.

__058.-1071 -1
[H]= 10=7 061 — 0,95-107".



CoOTBETCTBEHHO
pH=—1g(0,95-10"".0,78) = 11,13.

Takum o6pa3om, 3a cuer npubasieHuss NaCl aHanuTHYecKasi KOH-
peHtpauus HoHoB [H'] yBennuunace Ha 64% (0,95 107! BMecTO
0,58 - 107!), aKTHBHasi e KOHIEHTpauHs (aKTHBHOCTb) — Ha 28%.
(0,95-107'*- 0,78 Bmecro 0,58 - 10! . 1,00).

V1. COOTHOIUEHHA MEXLY PA3JIMYHBIMH ®OPMAMH
CJIABBIX KHCJIOT B NMPUPOAHBIX BOJAX

1. YIJIEKHCJIOTA

§ 37. Yriekncaora cogepKHTCS B NMPHPOLHBIX BOAaX Kak B CBO-
60HOM COCTOSIHHH (B BHIOEe ra3a, pacTBOPEHHOro B Boje), TaK H B
BHJle HOHOB. Bhillle yXe yKasblBajlloch, YTO YIVIEKHCJIbIE COJIH COCTa-
BJAIOT Yacto Gojsiee 50% o6Iiero kojudecTBa coJiell, comepKalluxcs
B MpHpoaHbIX Bojax. O6orallleHHe NPHPOAHBIX BOA CBOGOIHOHN yrie-
KHCJIOTOH NPOHCXOOHT B OCHOBHOM 3a cyeT OGHOXHMHYECKHX mpolec-
COB, IPOTEKAIOWIHX B BOJE H B IPYHTAaX, C KOTOPLIMH 3Ta BOAA MNpH-
XOQHUT B CONpHKocHOBeHHe. K 3THM mpomeccaM OTHOCATCS B IepBYIO
oyepeldb AbIXaHHe BOXHBIX OPraHH3MOB H IPOLECCH Pa3JloXKeHHS
OpPraHHYeCKHX OCTAaTKOB, HaxXOOsALIHXCA B BOJe H B TPYHTaXx.

CBo6onHasi yriekucjora o6pasyercs B GOJIbLIHX KOJHYECTBaX
npH MeraMop(pHYeCKHX Mpoleccax, CBS3aHHLIX C BO3AeHCTBHEM Ha
ropHele MOpPOIbl BBICOKOH TeMmepaTyphbl, HO 3TH MpPOIECCH NPHYpo-
YeHH HJM K pafloHaM HeJaBHeH BYJKaHHYeCKOH [esiTeJIbHOCTH, HJIH
XKe K GoabwnM ray6uHaMm. CBoGoaHast YIJIeKHCJIOTa, COAepKallascCs
B GOJIbILIOM KOJIHYECTBE B BOJAX HEKOTOPhIX MHHepaJbHbIX HCTOYHH-
KOB, 00si3aHa CBOHM NPOHMCXOXIEHHEM HMEHHO YKa3aHHBIM Mpolec-
cam Meramopduama. B Hekoroprix pafioHax, HanpuMep Ha KaBkase
H B 3abafikasbe, BOAb, Oo6GOralleHHblE YIJIEKHCJIOTOH MeTaMopgHue-
CKOTO MPOHCXOXIEHHsi, HMelOT LIHPOKOe paclnpocTpaHeHHe.

Huorna cBoGoaHasi yriIeKHCJIOTa MOXET BBIAEATbCS B IPHPOI-
HHIX - yCJIOBHSIX 32 CYET YHCTO XHMHYECKHX IPOLECCOB, MPOTEeKaloIIHX
B TOpPHBIX NOpoJax NpPH HOPMaJbHOM TeMmeparype, HanpHMep MNpH
OKHCJIEHHH CEPHHCTHIX COeJMHEHHH JO CepHOH KHCJOTHI M Mocjenyio-
lIeM B3aHMOIeACTBHH ee ¢ KapGoHaTaMHu:

H,SO, + CaCOg = CaSO, -+ H,0 + CO,.

OnHaKo 3TH Mpolecchl TOMBKO B OTAEIBHBIX CIY4asX MOTYT HMeTh
3HayeHHe Kak (akrtop, oOyc/I0BAHBaIOLIHi o6orauieHHe MPHPOLHBIX
BOX cBoGopHO# yraekucaorod. Uro kacaercsi CBOGOIHOM yriieKHc-
JIOTHI, Haxojsllelcd B aTMocdepe, TO TOJBKO B MOBEPXHOCTHBIX BO-
Aax coaepxaHHe CBOGOJHON YIJIEKHCJIOTH HHOra COOTBETCTBYET paB-
HoBecHio c artMocgepoif, B GOJBIUMHCTBE XKe CJIyuiaeB OHO 3HaYH-
TeqpHo Boiie. CofepaHHe CBOGONHOH YIJIEKHCJIOTHI B MOA3EMHBIX
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BOJax OGBIYHO BO MHOro pa3 Gousiblile KOJIHYECTBA, OTBeyaiollero pas-
HOBECHIO ¢ aTMoctepoil.

PacTBOPUMOCTb YIJIEKHUCJIOTH B BOZE NpPH HABJEHHH B OfHY aTMO-
ctepy cocrasasier 415 Temnepartyphl 0° okosio 3350 me/a. Tlapuuadb-
HOe [aBJjieHHe YIJIEKHCJIOTHl B aTtMocdepe cocraBisier B cpelHeM
3.10™* arm. CorsnacHo 3akoHy [IeHpu — JlanbTOHa, conep:KaHHe
YIJIEKHCJIOTHI B BOZle, HaXoJslieAcs B paBHOBECHH C aTMocdepoii, npH
YKa3aHHBIX YCJIOBHAX AO/MKHO Obitb C =3350-3-10~* = 1,0 me/a.
C noBplllleHHEM TeMIepaTyphl PacTBOPUMOCTb YIVIEKHCJIOTH, Kak H
BooOlIe ra3os, MOHHxKaercs; mpu 10° oHa pasHa 2320 me/a, a npH
20° — 1720 mez/a. TloacunThiBas cOAepKaHHe YIJIEKHCJIOTHl B BOIE
IJIsl 3THX TeMmeparyp, moJjyuyum coorsercrBenHo 0,7 u 0,5 me/a. Pak-
THYeCKOe JKe CofiepKaHHe CBOOOMHON YIJIEKHCJOTHI B MOA3EMHBIX BO-
Jlax BhIpa)kaeTcsi OObIYHO HECSITKAMH, a HHOTAA U COTHSAMH MHJLIH-
rpaMMoB Ha 1 a.

§ 38. ITpuxoass B cCOMpUKOCHOBEHHE C MOYBAMH H TOPHBIMH IO-
pOZaMH, BOJbl PACTBOPSIIOT HAaXOAALIHECS B HHUX YIVIEKHCJHE COJH,
B NepPBYIO oyepelb OYeHb IIHPOKO PacnpoCTPaHeHHbIl KapOoHaT KaJb-
must. Hanuuue B Boge cBOGOAHOM YrJIEeKHCJIOTHI COCOGCTBYeT pacTBoO-
peHHI0 KapGoHaTa KaJblHs, TaK KaK YrJeKHCJIOTa MepeBOIHUT MJIOXO
pacTBOpHMEIl KapGoHAT KaJblUsl B THAPOKApOOHAT KaJibliHs, o6Ja-
JaloLUni 3HAUHTEJIbHO GOJiblleH pacTBOPHMOCTBIO:

CaC03 + Hgo + COQ == Ca(HC03)2-

BceaencTBHe mpoueccoB pacTBOPEHHs YIVIEKHCJBIX coJiell  BOIBL
o6oramaiorcst Honamu COj u HCOj .

TakuM o6pa3oM, B NpHPOAHHX BOAAX YTJIEKHCJIOTA CONEPKHTCHA B
clenyomux gopMax:

a) B cBo6ogHOM cocrostHiH, B BHae rasa CO;, pacTBOpeHHOro B
Bojle, — «CBOOOAHAs YIJIEKHCJOTa»,

6) B Buae HoHoB HCO; — ruapokapGoHaT-HOHI,

B) B BHle HOHOB COj — KapGOHAT-HOHHI.

Mexny BceMH 3THMH (JOpMaMH yCTaHABJIHBAeTCs B BOJe IMOABHXK-
Hoe XHMHUYecKoe paBHOBECHE.

§ 39. MouseKyssipHO pacTBOPEHHBIH B BOJ€ YIJIEKHCILIHA ras, B3au-
MojJeficTBYst C BOLOH, oOpasyeT YroJibHYI0 KHCJOTY:

CO,-+H,0 == H,CO,.

3710 paBHOBeCHe CHJIBHO CMeLIleHO BJIeBO, H TOJbKO MeHee 1%
YrJIeKHCJIOro ra3a HaXOAHTCS B Bole B BHAE YrOJbHOH KHUCJIOTHIL

CyuecTBytoue MeTOAbl aHaJjM3a BOABl He [AIOT BO3MOXHOCTH
onpelesiTh OTAEJbHO KOJHYECTBO MOJIEKY/ISIPHO PACTBOPEHHOrO yrJe-
Kucyoro rasa v KonuvectBo HyCOj;, a TonbKO HX cyMMapHoe copep-
XKaHHe. DTO CyMMapHOe COfepXkKaHHe YIVIEKHCJIOro rasa XapaKTepH-
3YIOT TepMHHOM «cBoOofHas yrJekucaora». OO6uee comepKaHHe
«CBOOOJHOH YrJIEKHCJOTHI» H colepXKaHHe HeIHCCOIHHPOBAHHBLIX
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modekyJl yroabHoit kuciotel [HyCO;] cazannl Mexny coGoft npsiMoft
[1pOTIOPLIHOHAJIBHOA 3aBHCHMOCTBIO.

[TycTb COfep:KaHHe MOJEKYJISPHO PacTBOPEHHOTO YIJIEKHCJIOro
rasa paBHO [CO,], comepXaHue HeIHCCOLHHPOBAHHBIX MOJIEKYJ YTroJib-
poit kucaotel paBHo [Hy,CO;). Torma cymmapHoe colepXaHue «CBO-
GoMHOM YTJIEKHCIOThI»

Cco, = [CO,] + [H,COg]).
U3 ypaBHeHus
COq—+ HaO == HyCOq
cjaenyer
[CO,] [HO] _
ol — K
[puHHMas KOHUEHTPAUHIO MOJIEKYJ BOIbI 33 BEJNHYHHY MOCTOSIH-
uyio — [H20] = const, noayuaem
[CO,] = K" [H,COs)-

TMoncraasis 310 3HaueHHe [CO.] B mnpeaniayliee ypaBHEHHe,
AMeeM
K’ [H,COg] + [H,CO4] = Cooy
oTKylIa

C
[H9C03] = k,c__;z,l = K”Cco.-

Cymmy C, OOGHYHO Ha3HBAIOT MPOCTO CBOGOAHON YIJIEKHCIOTOM
u oGosHayaior yepe3d Cg, , X0oT (DaKTHYECKH

Cco,= [CO,] + [HaCOg)-

CorlacHO H3JI0XKEHHOMY, NpPH pacyeTaXx BMeCTO KOHILEHTpaIHH
[H:CO3] 6epyr obuiee comepxanne cBOGOXHOR YIVIEKHCIOTH, 0003Ha-
yas ero [COq).

Conepxalasics B Bofie yroabHasi Kiciora HoCO3 B cBolo ouepenpb
Haxoxutcs B paBHoBecun ¢ monamu HCO; u CO,. Dro pasHoBecHe
orBedaer 1-# M 2-ii cTyNeHsM QHCCOLMALMH HBYXOCHOBHOH YroJIbHOM
KHCJIOTHI:

H,CO, == H' 4 HCO; 1 HCO; == CO;+H".
CoorHowenns Mexay CO, . ., HCO; u CO;

§ 40. Y3 npuBemenHnx Bhiue (§ 29) ypaBHeHHH BHIHO, 4TO CO-
CTOSiHHe paBHOBECHS MeXIYy pas3/HYHBIMH (DOpMaMH VIJEKHCJIOTH
onpenensercs aKTHBHOH KOHIEHTpaunHed (aKTHBHOCTbIO) HOHOB BO-
Jopona B [paHHOl Bojge. 3Hasi AKTHBHOCTb HOHOB BOJOpPOAa
H')fg. = ay u obluee conepxaHue YrIeKHCJOTE], MOXHO BBIYHCJIHTD

ComepkaHue KaxXmoil OTHeabHOH (HOpMHL.
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Jsst mepBoil CTynmeHH HOHM3ALHH YrOJNbHON KHCJIOTH HMEEM

[HCOH] fiyy __
ay: - _[CO—zl- = Kp (1)

rae fi) — Ko3QdHUHEHT aKTHBHOCTH OJHOBAJEHTHOTO HOHA.
s BTOpO# CTynmeHH HOHH3AaLHH YroJbHOH KHCJIOTH HMeeM
4
[CO5] fia)
ce——2273)
[HCOg] /)

rae fi;) — Ko3ppHUHEHT aKTUBHOCTH ABYXBaJIEHTHOrO HOHa.
ITycte o6luee: cosepxaHue YraeKMCJIOTH B JaHHOH Boje

[CO,] + [HCO3] 4 [COs] = Zco,: ®3)

Peliass cOBMECTHO 3TH TpPH ypaBHeHHs, MOJYYHM

- th (2)

ag-f o
CO,J = — fw/fmZco, : 4)
[CO] ag-fifi2y + Ki8u-fio) + KyyKiofn) (
’ “fi2) 2
[HCO3] = Sy fn Poo )

af-faf + KiawFoy + KiKofy)
KK, 1) Zoo,
@y fy oy + Kiay fiay+ KiKa Sy

Brlpaxkasi coiepKaHHe KaxKAoH OTAeJbHOR (OpPMBI B NpOIEHTaXx
OT of1iero CofepKaHus yraeKHIoTH (¥, ), NpHHuMas Ky = 3. 107

H K;=5-10""", B COOTBETCTBHH C BHIBEJ€HHHIMH BHILE (HopMy-
Jamu (4), (5) # (6), OKOHYATEJbHO MOJYYHM !

100 - af;. ffo .

[CO5] =

(6)

CO,) = ; 8]
[CO. a3 fiay+ 3+ 10 "2y fio + 1,5 1077
' 100-3- 10" “ay. £y
HCO;] = ; Il
[HCOs] B frfy+ 310 ag fig) + 15710715 (b
. 100-1,5-10~17
[COs]= T (111

i fip oy + 3+ 10 oy + 151071y,

B ta6.. 6 npuBeneHH pe3yJbTaThl MoacueroB mo ¢opmysaam I, 11
u Il ana pasnuunbix 3HaueHuit pH u uoHHOA cuan p =0,00 u
# =0,10. Ilpn nomcuerax 3HaueHust fi) H f» B3ATH N0 Taba. 4.

! Pasynle aBTOpH [alOT Pa3JIHYHBE 3HAYEHHA KOHCTAHT YTieKucaot: Ki or
3,0-107 10 45°107 u Kz or 4,0-10"! no 6,0-10711, YKasaHHOoe BHlle 3Hade-
Hue K;=3:1077 npumeHnssioch NpH 06pa6oTKe aHaAH30B BOAW B JaGOPaTOPHAX
Canutaproro uHcTHTyta HM. @®. 3pHcMaHa M 4-TO TEONOTHYECKOTO YNPaBJIEHHS
MunncTepcTBa TeosiorHH M OXpaHHW Hellp. Pesy/ibTaTHl NOACYETOB NOKas3ald YAO-
BJIETBOPHTE/NBHYI0O CXOAMMOCTb C 3KCNEPHMEHTAJbHHIMH AanHuMH. Hnsa Kz B3sro
cpelHee 3HaueHHe 5°10-11,
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Ta6auua 6

COOTHOMEHHSI MeWJy PpasiHYHLIMH (opMaMH yriaexnciorsl NPH pasHbIX
3HavyeHHsax pH

ConepxaHud pPas3iHYHLIX HOPM YTJIEKHCAOTH

B npoueH-rax OT €e 06u1ero conepmanml

pH P
[CO,] [HCOy) [COj]
5 0,00 97,09 2,91 0,00
0,10 96,26 3,74 0,00
6 0,00 76,92 23,08 0,00
0,10 72,02 27,98 0,00
7 0,00 25,00 75,00 0,00
0,10 20,45 79,46 0,09
8 0,00 3,21 96,31 0,48
0,10 2,48 96,39 1,13
9 0,00 0,32 94,94 4,74
0,10 0,23 89,32 10,45
10 0,00 0,02 66,66 33,32
0,10 0,01 46,08 53,91

§ 41. U3 naHHHX, npuBefeHHHX B TabJa. 6, BHAHO, YTO MO COOT
HOLIGHHIO MEXIy Pa3JHYHHIMH (OpPMaMH YIrJIEKHCIOTH MOXET Cy-
IeCTBOBaTh TPH THMA BOJ.

1. Tlpu 3nauennnu pH Huke 8 Bcs yrileKHCJIOTa HAXOAMTCS B BHIE
cBoGoaHOR yraekucaorsl ¥ HoHoB HCOj; moun CO’; npaKTHYecKH
OTCYTCTBYIOT.

2. Ilpn 3navenun pH Mexnay 8 u 9 nouru Bcs yrJjekucjora Ha-
xoxutcst B Buge HowoB HCOy ; conepxanne nonos CO; u cBoGomHO#
YIJIEKHCJIOTH HEe3HAYHTeJNbHO.

3. Tlpu 3Havennn pH Gosbuie 9 cBoGoAgHAsi YrJEKHCJIOTa TIpaK<
THYECKH OTCYTCTBYET M cofepxarcsi Tosbko Honn HCO; n CO'.

B npupone HanGosee pacnpocTpaHeHH BOIH NMEPBOro THIMA.

CsizanHas H NnoJaycBsi3aHHas YriaeKucjaora

§ 42. Yraekucioty, HaxoAsulylocss B BoJe B BHAe HOHOB HCO;
u COj, nompasge/sioT HHOr4a Ha CBS3aHHYIO M TOJYCBS3aHHYIO.
Takoe neneHne BO3HHKJIO, KOrAa aHAJM3H BOJ BHIpaXKajlH He B BHJE
HOHOB, a B BHJIE OKHCJIOB. JTO JeJleHHe YCJOBHO, H TEPMHHHl «CBfl-
3aHHasi» M «IOJYCBSI3aHHAsI» YIJIEKHCI0Ta COBEPLIEHHO HE OTpaXaioT
"IefcTBUTENIBHRIX (popM ee cyuiecTBoBaHHst B Boje. OnHako Takoe
YCJI0BHOe pesieHHe YLOGHO /s HEKOTOPHIX NMOACYETOB, HampuMmep st
BhIYHCJIEHHs] KOJIHYECTBA arpecCHBHOH YrJeKHCJIOTH (cM. § 44), u
COXpaHMJOCh IO CHX TOp.

JleneHne yrieKUCJIOTH Ha CBI3aHHYIO H MOJYCBSI3aHHYIO OCHO-
BaHO Ha TOM, YTO THAPOKapGOHAT-HOHH TNPH KHIAYEHHH BOJAbE
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TIpeBpallaloTCcd B KapGOHAT-HOHH M TNPH 3TOM MOJIOBHHA YIJIEKHC-
JIOTH OCBOGOXIaeTcsi:

2HCOs — CO3 -+ H,0 + CO,.

BBuy 3TOro TOJNBKO NMOJIOBHHY YIJIEKHCJOTH rMApokapGoHaToB ',
Haxoisimytocsi B Buae HoHoB HCOj;, cuHTaloT CBSI3aHHOM, APYrylo XKe
TIOJIOBHHY Ha3BIBAIOT IMOJMYCBA3aHHOIM.

Kap6oHaT-HOHBI NPH KHNSYEHHH BOALI HEe Pa3JaraioTcs, MOITOMY
BCIO YIJIEKHCJIOTY KapOOHATOB, T. €. HAaXONAIlylocs B BHAe HOHOB
‘CO;, cuutator cBsa3aHHoi. TakuM o6GpasoM, obuiee KOJHYECTBO CBS-

3aHHOH YIVIEKHCJIOTH PaBHO YIVIEKHCJIOTe, colepXaulefics B BHAe
KapOOHATOB, ILIIOC MOJIOBHHA YIJIEKHCJIOTHl, COAepXKaulefics B BHIE
ruapokap6oHAaTOB. .

M3 ckasanHoro sicHo, uTo B HaHGoJsiee 4acTO BCTpeYaroLIHXCS BO-
Jax, NpaKkTHYecKH He coiepxamux HoHoB CO,, KoaHyecTBa CBSI3aH-

HO# M TOJTyCBA3aHHOH YIJIEKHCJOTH MeX1y coGoii paBHel. B caydae,-
‘eC/IH BOJa COMepKHT Takxke H HOHH COj;, KOJHYeCTBO CBA3aHHOH

yrJIeKuCJIoTH Oyjer GoJibllie, 4eM KOJHYECTBO IMOJYCBSI3aHHOM.
Ins BHIYHC/IEHHS CBA3aHHOM YIVIEKHCJIOTH MO KOJHYECTBY HOHA
'HCO; crnenyert, oueBnaHo, BecoBoe KosmuyectBo HoHoB HCOj;  ymHO-

Mgy, 4401
XHTb Ha KOIQQUIHEHT 3 Moy — 12204 — 0,3606.
3

Tlpu BLIYHCJIEHHH CB3aHHOM YIVIEKHCJIOTHI, Haxoisilefics B BHIE
wonoB CO,,, HyxHo BecoBoe KosimyectBo CO;-HOHa YMHOXHTb Ha

Moo, _ #191 _ 0,7334
Xo3(pduuuent m—g—_ go01 — 0> .

ArpeccHBHasi yrileKHCJIO0TA

§ 43. TepMuH «arpeccuBHasi YIJIEKHCIOTa» SIBJISETCS YCJIOBHHIM,
TIOA, HUM ITOHHMAIOT YIJIEKHCJIOTY, CIOCOGHYIO NMepeBOAHTh B PacTBOP
Kap6oHaT KaJablus. Bhille ykasmBajoch, YTO pacTBOpeHHe Kap6o-
HaTa KaJblius B Boje, copepKaliell CBOGOJHYIO YIVIEKHCIOTY, BHIpa-
JaeTcsl ypaBHEHHeM

CaCOy+ H,CO; == Ca" -+ 2HCO:.

SToT npollecc o6paTHM H IO KOHIA He JOXOMMT, T. €. YacTb HMEeB-
1Ieficsi B paCcTBOpe YroJIbHOH KHCJIOTH OCTaeTcsi Mocje peakiHu B CBO-
6OHOM COCTOSIHMH.

Kaxpnomy onpenenensomy comepxanuto HCO; B Boxe, Haxoms-
wedcs B paBHoBecuu ¢ TBepaniM CaCOQOj, Gyzer oTBeyaTh CTpPOro
onpeJleseHHoe cojep:KaHHe CBOGOTHOH YIJIEKHCJOTH. 3TO KOJHYe-
CTBO CBOGOIHON YIJIEKHCJIOTH, OTBevaiollee PaBHOBECHIO, HA3HIBAIOT
YyrJI1eKHCAOTOH paBHOBecCHSH.

! Muorna BMecro TepMHHa THAPOKAapGOHATH NPHMEHAIOT TepMuH GHKapG6o-
HaTH (ABYYIVIEKHCIHE COJIH).
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Ecan comepkaHHe CBOGOJHOH YIJIEKHCJIOTHL B BOJE OKAaXETCH
MeHbILIe, YeM HYXKHO 1/l paBHOBECHS, TO U3 BOIH GyIeT BHIAEIATHCS
tBepAbll YIVIEKHC/IHIH KaJblMH, T. €. yKa3aHHas Bhlle peakuus Gy-
JeT HTTH CpaBa HajeBo N0 TeX MOp, NMOKa He HACTYNHT paBHOBECHE.
EcaH Xe colepxaHHe CBOGOAHOH YrJeKHCIOTH B Boje Gyner, Ha-
060poT, GoJiblile, YeM HYXXHO IJIsi PaBHOBECHS, TO MPH CONPHKOCHO-
peHUH Tako# Boan ¢ TBepAnIM CaCOj; Gyner NMpOHCXOAUTH pacrBope-
Hye MOCNeJHero — yKasaHHas BHIle peakuusi GyaeT HITH cleBa Ha-
npaBo. Ilpomecc pacrBopennss Gymer mnpogo/kaThcss 10 TeX IIOp,
noKa He HacTYMUT paBHOBecHe. Ty dacTb CBOGOAHON YIJIEKHC/IOTHI,
KOTOpasi MPH 3TOM H3pacXoJyeTcsl Ha peaKLUHIO C YIJIeKHCJBIM KaJlb-
pHeM, Ha3HIBAIOT ATPEeCCHBHOH YTJEeKHCJOTOM.

Takum o6pasoM, Boga 6yaer cColep:KaThb arpecCHBHYIO YIJIEeKHC-
JOTY B TOM CJlyyae, €c/H CONepXKaHHe CBOGONHOH YIJIEKHCJOTH B
stoil Bofe Oyler GoJiblile, HeXKeJH HYXKHO IJIl PaBHOBECHS C TBep-
apiM CaCO;. Conmepkanue CBOGOIHOH YIVIEKHCJIOTH B 3TOM cClydae
okaxercsl GoJibllle KOJHYECTBA YIVIEKHCJIOTH paBHOBecHsl. [as Mo-
MeHTa paBHOBECHs, COMJIACHO YPaBHEHHIO IMpPHBEJEHHOMY BHILIE,
uMeeM

. 79
[Ca”] foa- [HCO4] f;m; ,
[Caco; (Rco,T — — K

3amensis, kak u paHee (cM. § 39), [HoCO;) uepes [CO;] u cuuras
koHueHTpauuio TBepgoro CaCO; NoCTOSIHHON BEJHYHHOM, MOJYYHM
[Ca"] [HCOJ® .
—coforf Heo, = K",

HJIH
. 742 2 "
[CO,] = [Ca™"] [HCOs]) fCa“fEHCOQK .

B a3rom ypaBuennu 3nauenne K’ ~21760. Iloab3ysce 3TuM
YPaBHEHHEM, MOXHO BHLIYHCJIHUTH NPUOIH3HUTENBHYIO BEJHYHHY KOH-
LUEHTPAlHH YIJIeKHCJIOTHl DPAaBHOBECHSl, €CJIH H3BECTHH CONepXKaHHs
Ca®" u HCO; B naHHO#l BoZ&e, a TaKXe HOHHas CHIa §&. ITO ypas-
HeHHe MOXHO TaKXe HCIOJb30BaTh /s MPHOGIH3HTEIBHOrO BRIYHCIE-
HHS coepKaHHsl arpecCHMBHON yrjekucaoThl B Boge. OnHaKo Takoe
BhIYHCJIEHHE OYeHb TPOMO3JIKO.

§ 44. Ins Box cnaGo MHHepaJHM30BAHHHIX ‘B CJ1ydYasx, Koraa co-

/

Jepxkanne Ca’  ‘mpuMepHo 3KBHBajeHTHO coxepxanuio HCOj, co-
AepXKaHue arpecCHBHON YIVIEKHCJIOTH OYeHb MPOCTO BHIYHUCIHTB, MOJb-
3ysce Tta6a. 7, Koropas cocTaBjeHa THJIbMaHCOM [0 3KCHEepHMeH-
TaJIbHBIM JaHHBIM.

Briunciienne npoussoaurca caeaywoomnm o6pasom. Ilycres B on-
HOM JuTpe BoOAM comepxutcs 249,4 me HoHOB HCO,’ u 36 me cBoO-
GonHOM yreKHCTOTH. DBHIUMCASAS KOJHYECTBO CBSA3AHHOM YIJIEKHC-
Jlothl o cogepxanmo HCO;, naxomum (cm. § 42), uro conepxanue
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Ta6aunua 7
Ta6GanHua AN BHIYHCIAEHHS ArpecCHBHONA yriaeKHCAOTHI

< e © bt < bt
=5 SF =5 e g = o e =
Z o S 3 - S 3 = o S 9
=S Sas © ExS | Ses © EXS | Saos «©
S¥v | 38| = [SEg|eev| = | 3iw|d8w =
EEY |28% | X lgES|ZE% ) E JEE¥ | CsX ) 2
O > m > &m o O>=m | »am o O>m | »am o
5,06 0,0 5,06 75,0 9,25 84,25 | 137,5 72,3 | 209,8
15,0 0,25 15,25 77,5 10,4 87,9 140,0 76,4 | 216,4
17,5 0,4 17,9 80,0 11,5 91,5 142,5 80,5 | 223,0
20,0 0,5 20,5 82,5 12,8 95,3 145,0 85,0 | 230,0
22,5 0,6 23,1 85,0 14,1 99,1 147,5 89,1 | 236,6
25,0 0,75 | 25,75 87,5 15,6 103,1 150, 93,5 | 243,55
27,5 0,9 28,4 90,0 17,2 107,2 152,5 98,0 | 250,5
30,0 1,0 31,0 92,5 19,0 111,5 155,0 103,0 | 258,0
32,5 1,2 33,7 950 | 20,75 | 11575 || 157,5 107,5 | 265,0
35,0 1,4 36,4 97,5 | 22,75 | 120,25 | 160,0 112,5 | 272,5
37,5 1,6 39,1 100,0 | 250 125,0 162,5 117,5 | 280,0
40,0 1,75 | 41,75 1025 | 27,3 129,8 165,0 122,5 | 287,5
42,5 2,1 44,6 1050 | 29,5 134,5 167,5 127,6 | 295,1
45,0 2,4 47,4 1075 | 32,3 139,8 170,0 1329 | 3029
475 2,7 50,2 110,0 | 35,0 145,0 172,5 138,0 | 310,5
50,0 3,0 53,0 1125 | 37,8 150,3 175,0 143,8 | 318,8
52,5 3,6 56,0 1150 | 40,75 | 155,75 | 177,5 149,1 | 326,6
55,0 3,9 58,9 117,5 | 43,8 161,3 180,0 154,5 | 334,5
57,5 4,25 | 61,75 120,0 | 47,0 167,0 182,5 160,0 | 3425
60,0 4,8 64,8 122,5 50,2 172,7 185,0 165,5 | 350,5
62,5 525 | 67,75 1250 | 54,0 179,0 187,5 171,0 | 358,5
65,0 6,0 71,0 1275 | 57,4 | 1849 1900 | 176,6 | 366,3
67,5 6,75 | 74,25 130,0 | 61,0 191,0 192,5 1823 | 374,8
70,0 7,5 77,5 132,5 | 64,7 197,5 195,0 188,0 | 383,0
72,5 8,3 80,8 1350 | 68,5 | 203,5 200,0 1995 | 399,5

CBSI3aHHOM YIVIEKHCJIOTH B JaHHO# Boje cocramaser 249,4 - 0,3606 =
=90 m2/s. CornacHo Ta6s. 7 TakoMy COAEPIKAaHHIO CBA3aHHOM yrie-
KHCJIOTH COOTBeTCTBYeT 17,2 m2/4 yrieKHUCJOTH paBHOBECHs, @ B daH-
Hofl Boje cojepXurcs 36 me/a CBOGONHOH Yr/IEKHCIOTH; CleqoBa-
TeJbHO, BOJA CONEPXKHUT arpecCHBHYIO yriekuciory. Ilpu compukoc-
HOBEHHH 3TOH BOJIBI C TBepAHIM KapGOHATOM KaJbIIMfl YacThb CBOGOJ-
HOH YrJIEKHCJIOTH H3pacXolyeTcsl Ha peakLHio

CaCOy+ Hy0 + CO, = Ca’* + 2HCO:.

ITpu Takoll peakuuH B3aMeH KaXAOH H3PAcXONOBAHHOH MoJe-
KyJbl CBOOGOAHOH YIVIGKHCJOTHL B PacTBOpPe IOSBATCS JBa HOHa
HCO;, KoTophie COOTBETCTBYIOT OJHOM MoJeKysae CBS3aHHOM yrie-
KuCJ0TH. Takum o6pa3oM, CymMMa CBSI3aHHOR M CBOGOZHON yriekuc-
JIOTH B BOME Mocje PEaKUHH C TBEPALIM KapGoHATOM KalblHs He
H3MeHsieTcsl.
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B Hamem ciyyae cyMMa CBA3aHHOH W CBOGOJHON YIJIEKHCJOTH
coctaBasieT 90 + 36 = 126 me/a. Drta cymMma ocraHercs Takoii Xke
focjie TOro, KakK 4acTb CBOOOAHON YIJIEKHCJIOTHI, T. €. arpeccHBHas

raekucyora, npopearupyer ¢ CaCOjz, HO COOTHOLIEHHE MEXAy KO-
JM4eCcTBAMH CBOGOJHOM YI/IEKHC/IOTHI H CBSA3aHHOM GyleT y»Ke HHBIM.
B MOMEHT PaBHOBECHS 3TO COOTHOLIEHHE IOJIXKHO COOTBETCTBOBATb
ykasaHHomy B Ta6a. 7. Haxomum mno_rabiuue cymmy, GJH3KYIO
k 126. banxaitias cymma Gynmer 125. Tlpu 3toit cyMMe Ha cBsi3aH-
HYIO YTVIEKHCJIOTY HOJKHO Tpuxoauthess 100 m2 ¥ Ha yraekucaory
paBHOBecusi 25 m2. B Haweil Boje comepkaHHe CBOGOAHOM yriieKuc-
JoThl cocTasiasier 36 BMecTo 25, c/e0BaTeJNbHO, pa3HOCTh 36—25 =
=11 TOKasblBaeT, KakKoe KOJHYECTBO CBOGOXHOH Yr/IEKHCJIOTH
JIOJKHO BCTynHTh B peakuuio ¢ CaCOj, T. e. KOJMYECTBO arpeccHs-
HOH yriekuciorhl. Ilpu B3auMomefcTBHHM MAHHOH BOAK C TBEPILIM
CaCOj; comepxaHue CBOGOJHOH YrJIEKHCJOTHI yMeHbIIMTCS C 36 10
25 m2/a, a comepxkaHHe cBsidaHHOH yBeauuutcs ¢ 90 mo 90 + 11 =
= 101 me/a. CyMma cBs3aHHOH M CBOGOMHOI YIVIEKHCJOTHI JO peaK-
e 6ei1a 90 4 36 = 126 me/a; mocsie peakluH OHA OCTaHETCsS TAKOH
xe: 101 4-25 =126 me/s. ArpeccuBHas yraekuciora (11 me/a)
NpeBPaTHTCH B CBSI3aHHYIO.

§ 45. Bompoc o conmepKaHHH arpecCHBHOH YIVIEKHCJOTH B IIpH-
POAHHIX BOAAX OYEHb BaXKEH C TOYKH 3PEHHSI OLEHKH arpecCHBHOCTH
BOJ MO OTHOWIeHHIO K GeroHy. I[lo coBpeMeHHHIM INpeaCcTaBJIEHHSM,
comepKaHue B BOJE arpecCHBHOH YIVIEKHUCJOTHI fIBJSIETCS OAHHM H3
OCHOBHHIX MoOKasaTeJseil arpeccMBHOCTH Boabl. OcobGeHHo GoJibloe
3HaueHHe 3TOT BONMpoOC NpHoOperaeT B Hallle BPeMs — BpeMs rpaH-
JHO3HOrO CTPOMTEJbCTBA. DBynyT yJOXeHH AecATKH MHJJIHOHOB Ky-
6uveckux MerpoB GeroHa. [lns mpaBHsbHOro Bel6opa copra leMeHTa
H pelleHHs] BOMPOCOB O 3aIUHUTHHIX MEepONMpPHUSTHSX, 00ecrneyHBalomHX
yCTORYHBOCTL GETOHA B Pa3MUHKEIX MPUPOAHHIX YCJIOBHSX, HE06X0-
OUMO, B YacTHOCTH, MPaBHJIBHO OLEHHTb arpecCHBHOCTb pa3HooOpa3-
HbIX TIPHPOAHHIX BOJ, C KOTOPHIMH OyIyT CONpHKacaTbCs OETOHHHIE
COOpYKEeHHSI.

ComepaHHe arpecCHBHOH YIVIEKHCJOTH B BOAe MOXeT ObITb Bbl-
YHCTIEHO Ha OCHOBAHMH pe3yJbTaTOB XHMHUYECKOro aHajlui3a BOXBL.
OcHoBaHHeM /151 TAKOro BHIYHC/IEHHs SIBJSIOTCS CJeAyloline IMoJo-
XeHus. B MoMeHT paBHOBecHsl BOAH (comepxaieil cBOGOAHYIO yriie-
Kucyory, nousl Ca’ " u noHst HCOj) ¢ TBepabiM KapGoHAaTOM KaJb-
IHS KOJMHYECTBEHHHE COOTHOLUEHHs OMNpeleNsioTcsl TPeMsl KOHCTaH-
TaMH — OBYMsI KOHCTAHTaMHM JQMCCOLHALMH  YroJbHOM  KHCJOTH
{cM. § 38): .

[H] fi [HCO3] £,

co;.
K=o
H] fy- [CO31f.
K—[ 1 1CO5 £y
2— ’
[Hcoalfnco;



M TNpoU3BeJieHHeM aKTHBHOCTell HOHOB Kap6oHaTa Kauablus (cMm. § 28)
P=|[Ca"]f,,. [COs] Foor-

CoBMeCTHOEe pelleHHe 3THX TpeX ypPaBHEHHHA NPHBOJHT K BHIpa-
XKEeHHIO

lcozlpnlon == K fHCO fCa [HCOs] [Ca ]

rae [COglpannos—KOHIEHTPALUSA CBOGOAHOH YIJEKHCAOTHI B MOMEHT
paBHOBeCHsI BOJAHI C TBEPAbIM KapOOHATOM KaJjblus.
Ha ocHOBaHHM pe3yJbTaTOB 3KCIEPHMEHTAJbHOTrO OmpeleseHus
3JIeKTPONpPOBOJHOCTH PacTBOPOB Kap6GoHATa Ka/blHS BENHYHHY MpPO-
n3penenuss [TP MoXHO NpHHATh paBHOH B cpeaHem 0,9 1078 3Ha-
venuss K; u K2 Moryr 6uiTe npuHaTH (cM. § 38) paBHHIMH COOTBeT-
creeHHo 3:107 u 5.107". TakuMm o6GpasoM, MHOXHTeNb OyHeT
paBeH
K, 5.10"1 1
= =1,85- 104
KJdIP ~ 3.1077.09.108

OnHako cOmocTaB/eHHe pe3yJbTaTOB TEOPETHUECKHX pacueToB
C 3KClepUMEHTaJbHHMH [JaHHBEIMH [OKa3hBaeT, 4YTo G6osiee Ipa-
BHJIBHO CUHTaTh BeJIMYHHY 3TOro MHOXHTeasi paBHoi 2,07 - 10% Tlox-
CTaBJsisl 3Ty BeJHYHHY MHOXHTeJs B BhILIENPHUBENEHHYIO (OpPMYJy

H TIpHHAB
2
, fnco;°fcr°=fop'
MIOJIYYHUM
[CO:],apmon = 2,07 - 104+ fop [Ca™] [HCOs]*.

Brlpaxkass KOHIIeHTpalHIO PaBHOBECHOM YIJIEKHCJOTH B MPIJIJ'IH-
rpaMmax Ha JHTp (CCO’ pasnos )» @ KOHUEHTPAlHH HOHOB Ca*’
HCO; B wMunaurpamm-skeuBajieHtax Ha Jutp (rCa’’, rHCO;),
OKOHYaTeJIbHO MOJYYHM

CCO, passos = 0 455fcprCa" (f’HCO;)z. (7)

[IpuMeyanune penaktopa Kosdpouuuenr 0445 B ¢opmyae (7) noay-
4aeTcA CAeAYIOlHMM 06GPa3oM:

[COslyamop = 2,07 - 104 £, [Ca”] [HCO,J2,

rae [COq); [Ca™]; [HCO;] BHIPaXalOT KOHLEHTPAaLHH pearupyiolux BeLlecTs
B PaMMOJIeKyaax Ha JAHTP.

Ilepecuer yraexucaorsl u3 MoaspHoi koHueHTpauuu [CO4] Ha comepxanue
B MHIAHMIDaMMax Ha JHTD Cco npou3BoauTCA No dopmyae

CCO’ = [COQ] . 44 . 1000,

OTKyZ&a
[COul = s

2 2171000°
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M . ’
A nepecyeTa MoJeKyaspHmx KoHueHTpauuit [Ca”] u [HCOg4] Ha mMuaaH-
3
rpaMM-9KBHBANEHTH B JHTPE MOAb3yeMCA COOTHOLICHHAMH:

rCa” =[Ca"]-2. 1000 n rHCOj; = [HCOj] - 1000,

rxe rCa” u rHCOé—xonueurpauuu Ca" n HCO{,, BHpaXXeHHbe B MHJJHI DAMM~

9KBHBAJNEHTax Ha JHTP.
Orciona caenyer

rHCO;
[Ca"] =

1000 °

rCa”
2.1000

IMoacTaBass 9TH BeAMUHHH B GopMyay
[CO43 ) apmon = 207+ 104 £, - [Ca"] [HCO, |2,

n [HCO3] =

noaydaem
' CCO, PABHOB rCa” T 2 HCO;
22-1000 — 207 1% fo* 5000 * “Too0z

2,07-104- 44 - 1000 .
Coo, passos = ~5—1o00—qoo /e - 7Ca”" - r*HCOs =

= 0,455 - fop - 7Ca" - r2HCOs.

Muoxuteap 1000 BBefeH Aas mnepeBojAa rpaMMOBHIX KOHLEHTpauui (2-moa)
B MHJIHTDaMMOBHE,

3HaueHusi Bxogsimero B Gopmyay (7) cpenHero kKosdduuuenra.
aKTMBHOCTH THApoKapGoHara Kaabuus (fop) INpPH PAa3NMUHBIX HOH-
HHIX CHJIaX pacTBopa npuBefeHH B Ta6j. 8. Tlpu cocraBjeHun 3toit
TaGMUILl 32 OCHOBY B3fTH 3HauyeHUs K03((PHUIMEHTOB aKTHBHOCTH:
ONHOBAJIEHTHHIX H IBYXBaJIEHTHHX HOHOB M3 Taba. 4 (§ 29).

Ta6auyga 8
3HayeHHs fcp

Honnas | 3uauenne| Mouunas | 3Hauenne| MouHas | 3uauenne| MoHHaa [3HaueHne-
cHaa Sop CHJIa op cuaa Sep cuna fop
0,0025 0,73 0,0100 0,50 0,0500 0,29 0,1300 0,17
0,0030 0,69 0,0125 0,48 0,0600 0,27 0,1400 0,16
0,0040 0,65 0,0150 0,46 0,0700 0,26 0,1500 0,15
0,0050 0,61 0,0175 0,46 0,0800 0,23 0,1600 0,15
0,0060 0,59 0,0200 0,43 0,0900 0,22 0,1700 0,14
0,0070 0,56 0,0250 0,41 0,1000 0,20 0,1800 0,13
0,0080 0,54 0,0300 0,38 0,1100 0,19 0,1900 0,13
0,0090 0,53 0,0400 0,34 0,1200 0,18 0,2000 0,12

ITpu nomown ¢opMyan (7) MoXKHO BHUMCJIHTH KOJNHYECTBO CBO-
GomHOM YIJIEKHCJIOTH, OTBedaiolleii PaBHOBECHIO BOJIbI, COpepKaliedr
onpepenenHsle Komuuectsa HoHo Ca®  u HCO, c TBepamM KapG6o-
HaToM KaJblus, T. €. KOJHUYECTBO DPaBHOBECHOM YrJEKHCIOTH. ITa
Xe (¢opmysa Moxer OHTb HCNONIb30BaHA JJI  BBHIYHCJICHHSD
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/KOJIMYECTBA arpeccHBHON YrJIeKHCJOTH B Boje. BHuncieHne npous-
BOJHUTCS CJefyloluM o6pa3oMm.

[Tycth ofuiee comepxaHue CBOGOAHOH YrJIEKHCJIOTH B BOJE paBHO
-Cco,06m Me/a, conepxanus noHoB Ca" " u HCO, — coorBercTBeHHo
pasunl rCa’ " me-axke/a u rHCO, me-3K6/4, KONUYECTBO arpeccHMBHOM

X
YIJIEKHCIOTH PABHO X M2/, T. €. —55~ Me-3k6/a. Koraa ycraHosutcs
paBHOBecHe TpH B3aHMOMEHCTBHH pacCMaTpHBaeMOH BOJbI C TBEp-
IbIM KapOoOHATOM KaJblHsl, COJAepKaHHe CBOGOAHOH YIJIEKHCJOTH
_YMEHbLIMTCS Ha X M2, T. €. B MOMEHT paBHOBECHs OHO OyIeT paBHO
(Cco, o6s — X) me/a. KoHuenrpauuu uonos Ca’* u HCO;, Hao6o-
poT, yBeJHYaTCs 3a CYET PACTBOPEHHs TBEPAOro KapGoHaTa KasblHus
X

Ha —5 me-3ke/a. Cornacio Qopmyse (7) B MOMEHT pPaBHOBeCHS
BOJHl C TBEpABIM KapGOHATOM KaJblHsl JOXKHO MMEThb MECTO paBeH-
CTBO

Coo, nim— X = 0,455y (rCa” + %) (rHCO3+ ;—;)2

Onpenenus 3HaueHue fo, M0 TaGa1. 8, MOXKHO BHYHCJIHTBL X, T. €.
ColepXKaHHe arpeccHBHOH YrJeKHCJIOTH B JaHHOH Bome. OaHako
-TaKoH MeToj pacuera, CB3aHHHIH C pellleHHeM ypaBHEHHsl TpeTbeil
CTelleHH, o4eHb rpoMo3fok. OCOGeHHO IPOMO3JKHM BBIYHCJIEHHE CTa-
HOBHTCS, €CJIH BOJA COJAEPXKHT 3HAUHTEJbHOE KOJHYECTBO arpecCHB-
HOH yIJIeKHCIOTH. B 3TOM ciyyae MoXKeT 3HAUUTEJNbHO H3MEHHTBCS
HOHHAs CHJA BOJbl BCJIEJCTBHE YBeJIHYEHHsS KOHIEHTpPalHi HOHOB
Ca'" u HCO, 3a cyer pacTBopeHHs TBepAoro KapGoHAaTa KasblHsl.

IT0 U3MeHeHHe HOHHOI CHJIB HeOOGXOQMMO YyYecTb, TaK KakK Ko3(h¢H-
IHEeHT fop JOJKEH COOTBETCTBOBATb MOHHOH CHJIE BOAW B MOMEHT
paBHOBecHs. B 3TOM cilyyae BHIYHC/IEHHE HYXHO IIOBTODHTb, B3fB
HOBHIA KO3((HIHEHT aKTHBHOCTH C y4€TOM H3MEHEHHs HOHHOH CHJIBbI
BOJHI.

§ 46. Topasgo mpome nNpousBOAHTL BHYMCJIEHHE KOJUYECTBA
arpeccHBHOH YrJIEKHCJIOTH Mo rpadukaM, NMpPHBEIEHHHIM Ha pHC. 2
¥ 3. Otu rpaduku cocTaB/eHH 1Mo dopmyse (7) Aas caydyaes, Koraa

.7Ca’* =rHCOg. Onu jaior Xxopowmo cxosmuecs ¢ 3Toi (opMyJoi
. rCa”

pe3yJbTaTH B HHTEpBaje 3HAueHHH —-—-7, OT 0,2 no 10. Tosbko
3

w rCa”
NIpH KpauHHUX 3HAYEeHUusXx W 3TOro MHTEpBaJa H INPH coaepxkKa-
r 3

_Hun HCO; 6Gosee 500 m2/a niun TpuU KeCTKOCTH Boinl Gojee
17,8 me-3k68 pacxoxkIeHHs HauHHAIOT 3aMETHO MNpeBhIIIATh JOMYCTH-
Mble OHMGKH 3KCIEPHMEHTAJBbHOrO ONpeJeJIeHHsl COAepXKaHHsl CBO-
GOIHOH YIJIEKHCJIOTHL B BOJE.

Jlns BHUMC/IEHHS KOJHYECTBA arpecCHBHOH YIJIEKHCJOTH B BOJe

_TIpH TOMOIUM rpaduKoB cJepyer:
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1. Tlo pesysbTaTtaM aHalH3a BOAbI, BHIPAXKEHHLIM B 3KBHBAJIEHT-
Hoil ¢opme (B Me-3x68 Ha | 4), BLIYHCJAHTH HOHHYIO CHAY BOABI (M)

no ¢opmyJse

_ By T 3y
B= T

riae E,.(z) —-CYMMa M2-3K8 BCEX JIBYXBAJCHTHHX HOHOB, COJepKa-

LIUXCA B JIAHHOH BOJe;
Zrm—cymma M2-3K8 BCEX OAHOBAJEHTHBLIX HOHOB.

2. Tlo BbIYHC/IEHHOMY 3HAYEHHIO ¢ HAaUTH f.,, MOAB3ysich TaGa1. 7.
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Puc. 2. Tpaduk ans BblyucaeHns zr))eccuaﬂoii YT I@KHCIOThI
. npH fcp rCa” (rHCO,)2 L 125

3. BruucauTh TpOH3BeneHHE fop rCa"* (rHCO3)?, rme rCa™" u
4 .o
rHCO; — cooTseTcTByIOmHUe comepKaHus B Boje HOHOB Ca H HCO;

B m2/3ke Ha 1 a.

4 3ax. 299. ®. . Jlanten
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4. Haiitn Ha rpaduKke TOUKY, OTBEYAIOLLYI0O 3TOMY IpPOU3BENEHHUIO
M cofiepXaHHI0 CBOOOJLHON YIJIEKHCJOTHl B JaHHON Boje (B me/4).

[To moJoXKeHHI0 TOYKH MexJy KPHBBIMH, NMOKa3aHHHIMH Ha rpa-
¢ukax Ha pHC. 2 MJH, COOTBETCTBEHHO, Ha DHC. 3, MOXHO Ompefe-
JUTh KOJIHUECTBO arpecCHBHON YIJIEKHCJIOTBI B BOJE C TOYHOCTBIO JO
1 me/a.

PactBopuMocTh KapGoHaTa KasbllUsi He BCErga MOKET OhiTb BHI-
yucJIeHa Mo COLepXKaHHI0 CBOOONHOH yraekKucaoThl B Bome. HauGo-
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Puc. 3. I'padux nns BHIYMCIEHHS arpecCHBHOIl YriexHUCTOTHE
" npu f,,rCa” (rHCOg)2 > 125

Jiee HafleXHbIM M -TIPUMEHHMBIM BO BCeX CJyyasix MO CyLIEeCTBY
SIBNSIeTCS] METOJA 3KCIIEPMMEHTAJBLHOro OMNpeleseHHs] CIOCOGHOCTH
BOABI PaCTBOPATh YrJEKHC/BIH Kaablui. (DakTHYECKH 3THUM METONOM
omnpejensiercs pacTBOPHMOCTb YIJIEKHUCJOro KaJblUsl B JIaHHOH Boje
HEe3aBUCHMO OT TOro, 4eM OHa oOycJsioBsieHa. lMeHHO 3Ta BesIMYHHA
H HYXHa JJIsl OLUEHKH arpeCCHMBHOCTH BOJB MO OTHOIIEHHIO K GeTOHy
HJIH K KapOGOHaTHHIM MOpOAaM.
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2, CEPOBOAOPO/,

§ 47. CepoBomopon BCTpeyaercss B MPHPOAHBIX BOAAX B 3aMeT-
HBIX KOJIHYECTBax AOBOJIBHO PeIKO, HO B OTHEbHHEIX CJAydYasX COmep-
)KaHHe ero OhiBaeT OueHb BRICOKHM. CepoBOIOpOJ MOXKeT GbITb Kak
OpraHHYecKoro, TaK H HEOPraHHYeCKOTO IMPOHCXOXKMIEHHS, SBASSCH.
ONHHM H3 MpPOAYKTOB pacnafa GeJKOBHIX BelleCTB B aHadpOOHHEIX
YCJIOBHSIX; OH BBIIEJISIETCsl NIPH THHEHHH OpraHuYeckux seutects. [1pu-
CYTCTBHE CEPeBOJOpPOAa 4YacTo 0oOyCJIOBJEHO MpoleccaMH BOCCTAaHO-
pJeHHs cy/1b(aToB Aecynb(aTHPYIOLUMH GaKTePHSIMH; 3TH aHa3po6-
Hble GakTepHH B Ipollecce CBOeH JKH3HeIEeATeNbHOCTH BOCCTaHaBJH-
BAIOT cyJab(daThl IO CepoBOLOPOAa.

3a cuyer 3TOro mpolecca B BOAAX HEKOTOPHIX He(TAHKIX MeCTOpo-
xaennit (KpacHokamck, Byrypycian, AHaHXKaH W Ip.) KOHLEHTpa-
s cepoBomopoia ObIBaeT OueHb BLICOKOH, gocrurasi 2000 mz/z2 w
6osiee. DTOMY Ke mpoleccy JecyJbpaTHpoBaHHsI 06s3aH CBOHM IIpO-
HCXOXJEHHEM CepOBOAOPOJ, colep¥Kallluiics B Bofax Mopei Ha 60/b-
wHx T1y6HHax. DBoJbline KosnyecTBa CepoBOAOPOAA COAEPIKATCS
HHOTZA B BYJKaHHYECKHX rasax, rfie OH, HeCOMHEHHO, HeopraHHye-
CKOT'O TPOHCXOXAEHHS.

CepoBofiopoJ, HEYCTOHUHB H JIETKO OKHCJISETCS ‘KHCJIOPOJOM BO3-
Aoyxa IO CBOOGOJHOH CepHI:

QHQS + 02 = 2H20 + 28-

Cepa, B CBOIO Ooyepellb, MOXKET OKHCJIATbCA HO Cy/ab(daroB, HO 3TO
JlanbHelllllee OKHUCJEHHe HIET yKe TpyAHee.

§ 48. B Boze cepoBOmOpOX MOXKeT HaxoAHThCA B Tpex (opmax:
a) B BHJAe ra3a, PacTBOPEHHOTO B BOJE, — «CBOOOJHHIN CEpPOBOAO-
poxs», 6) B BHae MoHOB HS’ — ruapocynbduael, B) B BHIE HOHOB
S” — cyabduas. Bce 3t ¢opMul 6yayT HaxoLUThCH MeXAy coGoik
B paBHOBECHH:

H,S =H +HS"; HS' &= H' 4-5".

CocrosiHHe 3THX paBHOBECHil, OYEBHJHO, ONpeaessieTcsl aKTHBHOI
KOHIleHTpallield HOHOB BOoJOpoia B JaHHOH Boje. B obuem 3gxech
HabmofaeTca MoJIHAsi aHAJNOTHsl C PacCMOTpeHHhIMH Bhime (§ 39 u
40) paBHOBecHSIMH MeXIy Ppas3/JHYHLIMH (OPMaMH YIJIEKHCJIOTH
pasHuna 6yneT TOMBKO B BeJIHYHHAX KOHCTAHT JHCCOLHALHH.

ITyctp o6uiee comepkaHue ceposomopoia (Bcex ¢(opM) paBHO
Ly .Ml BBIMMC/IEHHS TPOLEHTHOTO COAEPXKAHHA OTHEJbHEIX popm
HMeeM TPH ypaBHeHud !:

Tu,s = [HyS] + [HS']+ [S"]; (1)
ay [HY] -8,
—[l_W 'f(l) - 5,7 . 10 ) (2)
ag [S"1fis) _ 1 5 14-15
T, =12 107" 3)

——

! 3HaueHns Bennuuu Baathl M3 cnpasounuka lO. 10. JIypee «Pacuerutie u cipa-
BoyHne Ta6auubl mas xuMukos», Focxumusnar, 1947, M3 51X Ta6aHi B3sTh 3Haye-
HHS KOHCTAHT AHMCCOUMAUHMH APYFHX CAaGbIX KHMCJOT, KOTOpble YNOMHHAIOTCH Hajee.
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B pe3ysibTaTe COBMECTHOrO pellleHHsl 3THX TpeX ypaBHEHHH MOXHO
MoAyyHTb GOPMYyNBl [7151 BBIUHC/IEHHS COOEpXKaHHs KaXKIOil OTHeJb-
HOit (opMbl B NpoueNnTax OT OOIIero COAepXKaHHsi CepoOBOAOPOAA.
Ati GopMysNEl aHAJOrHYHKE MOJyYyeHHEIM Bbiime (§ 40) Ans BBIYHC-
JIEHHS] COMNEPXKaHHH OTNEJbHBIX (OPM YIJIEKHCJIOTHI:

100 - ”f{' f(1) S

HOS — " 5 1\Y
(3] aig Sy fp +57- 107" ay f5) +68-107% £, )
, 100-5,7-10 % ay. £,
[HS]=—— T P (V)
S f(.z) +357-1 ay: f(.3) +68-10 f(l)
100-6,8-10~*
[S”] — f(I) (VI)

8 fi Fey 57107 ey £y + 681075 f )

B srux dopmynax, Kak u pauee, f,, 03HauaeT KodpQHUHEHT aK-
TUBHOCTH OJHOBA/IEHTHOTO HOHa, f, — KO3(Q@UIHEHT aKTHBHOCTH
JBYXBaJIEHTHOT'O HOHa.

B Ta6n. 9 mpuBeleHHBl CONepXKaHHSI pas3JHYHBIX (GopMm ceposomo-
pona B MpOLEHTaX OT OoO6Lero ero colepXaHus, BhHIYUCJIEHHBIE IO
npuseneHHuM Bhile Gopmynam (IV, V u VI) nas pacrBopos ¢ HoH-
HeiME cuinaMu p=0,00 1 »=0,10 ¥ ¢ pa3jHYHHIMH 3HAUYEHHSAMH
pH. Koadoduuuenrn akTuBHOCTell B3aTH M3 Tabma. 4 (§ 31).

Ta6auya 9

CoOTHOmMEHHS MeXIy pasiH4YHBIMH GopMaMH cepoBoAOpoOla
NPH pasHbIX 3HayeHusix pH

Conepxanne pa3anyHHXx ¢opm B Y/,
pH 2
H,S HS’ S”
5 0,00 99,4 0,6
0,10 99,3 0,7
6 0,00 94,6 5,4
0,10 93,2 68
7 0,00 63,7 36,3
0,10 57,8 422 Menee
8 0,00 149 851 |{ 001
0,10 12,0 88,0
9 0,00 1,7 98,3
0,10 1,4 98,6
10 0,00 0,2 99,8
0,10 0,1 99,9
!

§ 49. Vs pauHuX, NMpHBeNeHHHIX B Taba. 9, BHAHO, 4TO npH
pH < 7 npeo6aagnatoueit dopmoii 11s ceposoaopona siaserca H,S,
npuuem npu pH<C6 npakruyecku Becb CEDOBOIOPOJ HAXOAHUTCS B BHUME
H,S u Ha nomo HS’ npuxoautcs MeHee 1% ot o6liero cogepXaHus.
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[Ipu pH > 7, HaoGopor, npeobaanaiowedi (GOPMOH sBJISETCH HON
HS’. Tlpu pH >9 npakruyeckH Becb CEpOBOJOPOJ HAXOAHUTCA B
puge HoHOB HS/ u Ha mosmo H,S mpuxoaurcs MeHeee 1% or obuiero
CONlEPIKaHHUS.

HoHnl S” B OGBIYHBHIX MPHPOAHHIX BOJax NPAKTHYECKH OTCYT-
crytor. Taxe npu pH =10 u uonnoit cune » =0, comepxanue
npoHoB S” cocrasasier MeHee 0,019% ot ofuiero coiepkaHusi cepo-
popopona. Boaw ¢ pH > 10 BcrpeyaroTcs B NPHPOAE OYEHb PelKO.

3. COOTHOWIEHHE MEXAY PA3JIHYHBIMH HOPMAMH
CEPOBOJAOPOJA H YIJEKHCJHOTHI NMPH HX COBMECTHOM
NMPHCYTCTBHH

§ 50. Ilpn cOBMeCTHOM MPHCYTCTBHH B BOJe YIJIEKHCJIOTHI H Cepo-
BOJOPOAa OHH OOBIYHO HaxofsATcsi B caedyromux ¢opmax: COqgy, .,

H,S ,,,s» HCO; u HS!. Horm COj; MoryT mpHCyTCTBOBAaTh B 3aMeT-

HBIX KOJIHYecTBAaX TOJNbKO B Bojgax, HMewomux pH > 8,4 (cm. § 41),
a uoHnl S” — tosmbko mpu pH > 10 (cm. § 49).

CyuecTByouiye MeTOAb aHalH3a He AAIOT BO3MOXHOCTH Hero-
CPEeACTBEHHO ONpeleJuTb COAEpXKaHHe KaXKIoi M3 3THX (opM B oT-
JEeMbHOCTH. JKCIEepUMEHTAJIbHO MOXHO OIpefesnTh: ofliee coiep-
XaHUe YTJIEKHCIOTHI, ofliee comepXKaHHe CepoBOJOPOAa, CyMMapHoe
copepxanne HCO; u HS’ m cymmapHoe comepxanne HoS . H
COg gpos- Taxum 06pa3oM, IKCIEPHMEHTATbHO MOryT OBTb HalIeHH
clleyiolie BeJHYHHBL:

o6iee coepXKaHHe YIJIEKHCJIOThI

[CO,]+ [HCO3] = ¥; €8]

ofbliee coJepXXaHue cepoBoaOpoaa

[HyS]+[HS'] =C; ©2)
[HS] 4+ [HCO3] = L (men04HOCTb THTPHDHAs); 3)
[CO,] 4 [HsS] = K (xucaOTHOCTH THTPHDHasA). (C))]

OueBuIHO, YTO AJISI COBMECTHOTO PelleHHs] MOryT GbITb HCIOJIb30-
BaHBl TOJILKO TPH H3 3THX ypaBHeHHH, TaK Kak Jo0oe H3 HHX deTBep-
‘TO€ MOXeT GblTh MOJy4eHO H3 TPeXx OCTa/JbHHIX. B CBf3H c 3THM I
BBIYHC/IEHAS] COJepXKaHUsl OTAeIbHBIX (OPM CcepOBOJOPOAA H Yrie-
KHCJIOTHl GecrnoJie3HO onpenenaTh Bce 4eThipe BeHYHHH ¥, C,

H K, Tak Kak c 3TOH LEJbI0 MOTYT GHITb HCNOJb3OBAHBI TONBKO TPH
U3 Hux. OpHako onpejesieHHe BceX YeThipex BEJHYHH MpeacTaBJseT
HHTepec C TOYKH 3pEHHS] KOHTPOJIsS aHaJH30B.
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KpoMe ykasaHHBIX BhIllle YeThIpeX ypaBHEHHi, HMeeM elle JBa
ypaBHeHHs1 (cM. § 40 u 48) c OQHHMM . JONMOJHHTEIHHHIM HEH3BECTHLIM

[Hlfy=ay:

ay[HCO] . ]
ooy o1 ®)
ay[HS'1f(yy s

Ecnn usBectHo 3HaueHne pH ucciegyemoit Boawl, To ans perue-
HHs paccMaTpuBaeMoll 3amaud, KpoMe ypasHeHuit (5) u (6), mocra-
TOYHO HMeTb ellle OBa JIOOKIX ypaBHEHHsI M3 YeTblpeX YKa3aHHBIX
Bhlile. Ecnu e 3HaveHne pH Boxw HeuseecTHO, TO, KpoMe ypaB-
HeHuit (5) u (6), Heo6XOZHMO HMeThb ellle TPU ypaBHeHus. PasGe-
peM IBa npuMmepa.

§ 51. Ilycts SKCHepHMeHTaJIbHO HalJeHn ofliee cojepxKaHHe
cepoBomopona C, oGuee cofiepXKaHHe YIJIEKHCIIOTH ¥, cymmaphoe
conepxanne [HS’] u [HCO3], 7. e. Il (THTpPHpHAs wieTOYHOCTb BOXB
710 MeTHJIOBOMY opaHXeBomMy —cM. § 151). Pemas coBmecTHO
ypasHerust (1), (2), (3), (5) u (6) u Bmpaxas Beauuuny Il B
MHJITHTPaMM-3KBHBAJIeHTaX Ha JIUTP, a OCTaJibHble BeJHYHHBI B MHJI-
JIUMOJISIX, I/ BBIYHCJIEHHs COJepXKaHHs, HamnpuMmep, CBOGOJHOTO
CepoBOIOpOia MOTYYHM (GOpMYJTy

Cgs=11C+406Y—0,51 =V (1,IC 4 0,6Y + 0,5L)2— 1,2C(C + ¥ —LLI),

rae Cu,s— comepxaHue cBOGOJHOTO CEPOBOJOPOAA B M2-MOA/A.

§ 52. DkcnepuMeHTaNbHO HafJeHO o6lllee comepKaHHe CepoBOJIO-
pona C, cymmapHoe comepxanne [HS’]+ [HCO,]= I u cymmap-
Hoe comepxanne [HpS]+ [CO,] = K. Pelmasi cOBMECTHO ypaBHeHHs
(2), (3), (4), (5) u (6), moayunM asis BHIYHCJIEHHS obLIero conep-
JKaHuA CBOGOJHOTO CEpOBONOPOAA CJIEAYIOLIYI0 (hopMysTy:

Cy,s = 0,50C + 0,62K + 0,121 = V (0,5C + 0 62K + 0,121I)* — 1,24KC.

4. POCPOPHAS KHCIJIOTA

§ 53. Comepxanne ¢ocopHOil KHCIOTH B NPHPOAHHIX BOAAX
OOLIYHO HE3HAaYHTEJbHO M yalle BCEro BhIpa)KaeTcsl JOJSMH MHJLTH-
rpamMa Ha Jutp. OmHaKO B OTHENBbHBIX CIydasiX B BOJAaX HEKOTO-
PEIX MHHepaJbHBIX HCTOYHHKOB cojepiXaHHe (OCHOPHOH KHUCIOTH
BhIpaxkaeTcs eIHHHIIAMH, a MHOTJA Jaxe JecsTKaMH MHJITUIPaMMOB
Ha JIHTp.

HecMoTpss Ha He3HauuTesbHOe coiepKaHHe coenuHeHHlt docdopa
B OOBIYHBIX MPHUPOOHBIX BOJAX, 3TH COeIHHEHHS HMEIOT O4eHb 60JIb-
1I0e 3HaueHHe, TaK Kak ¢ocdop siBaseTcss HEOOGXOMHMOH COCTaBHON
4acTbi0 BCEeX XKHBHIX opranuaMoB. C HanmuuHeM coequHeHHH ¢octopa
CBfI3aHa KH3HENEsTEJbHOCTb BOAHBIX opraHuamos. OrmnpeneleHue
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cofepXaHus GocopHOM KHCJIOTHI B BOJE MNpPeNCTaBJseT HHTepec
raKXe C TOYKH 3PEeHHs OLEeHKH NMHTbeBbIX BOJ. [IoBEIIIEHHOe coxep-
sxaHHe $ochOopHON KHCJIOTH MOXKET HHOTZA YKa3blBaTb Ha 3arpssHe-
HHe BOMH, TaK KakK cCoelHHeHHs (ochopa OTHOCATCSH K YHCIY MPOLYK-
TOB PAa3JIOXKEHHsl CJIOXHBIX OPraHHYeCKHX COeIHHEeHHH.

§ 54. ®ochopHas KHCIOTa TPEXOCHOBHA, a CJefOBATENbHO, MO-
KeT HaXomuTbCs B Bole B cjenyiouux dersipex ¢opmax: HzPO,,
H,PO, HPO; u PO}. CooTHouleHHe Mexay 3THMH ¢opmamu Oy-
JleT, OYEBHIHO, ONpefeNsATbCs, KaK H AJIs IPYrHX cabbIX KHCJIOT,
AaKTHBHO!M KOHLEHTpauHeli HOHOB Bojopoma B Bome. Ecin ofiee
coflepxanne QocopHoii KuCIOTH B Bofte Oymer Lyp,, TO ¢op-
MYJBl /IS BBIYHC/IEHHS COJNEpXKaHHsS KaxIOoi OTAeJNbHOH (OpMBI
MOXHO TNOJIYYHTb, pelllasi COBMECTHO YeThbipe ypaBHEHHS:

"

[HgPO, ]+ [HyPO1] + [HPO:] 4 [PCs ] = Zxpo,; (1)

ay- [HyPO}] f, W _ -3,
-—'[—HSTDBT—K1—7,5’10 ’ @

ay:[HPOY] £,
[HPOL) £y

ag. [PO;'1f 4
[HPO,]f,

=K,=62-107% 3)

=K;=22-107". 4)

B pesy/nbTaTe COBMECTHOrO DellleHHst 3THX YpaBHeHHH IMOJyYHM
caenyomne (GOpMYJH [ BEIUHCTEHHsS CONEPXKAHHH OTAE/NbHEIX
¢opM ocdopHOi KHCJIOTH B MPOLEHTAX OT ee OBLIEro COAepKaHHs:

3
1002y £y iy Fis)
g 2 -3
ayy figy Foy Fig T gy oy " 757107+
3
100 £4) fia) fio
-10 —-23

T oy f oy Fogy 46510701 F ) fro 10210

[H3P04] =

__ 100 f(;% foly . i)
[H,PO)] = 100a3;. £ ) f;?, -7,5-1078 ; I
[HPO;] = 100ay- fy f (2 4681077 ; (IX)
P OZ'] _ 100-£ ;) f(,é\,K-l,02-1o-22 X)

uB Tabs. 10 npuBefeHnl comepKaHHus PasIHUYHBIX (popm ocdop-
HOH KHCJIOTHI, BHIYHCJAEHHBIE MO YKa3aHHBEIM (opMyJaaM M BOI

C¥=0,00 u p=0,10 npu pH ot 5 mo 11.
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Ta6auyga 10

COOTHOMWEHKHS MeWIy pasinyHbIMH GopmMaMH docdopHOl KHCAOTHI
NPH pa3HeIX 3HayeHusx pH

Conepxanne pa3anyHbIX ()OPM B MpOLEHTaX
OT O0UIero ColepiaHHs
pH u

H,PO, H,PO; HPO] PO,’

5 0,00 0,1 99,3 0,6 0,0
0,10 0,1 98,5 1,4 0,0

6 0,00 0,0 94,2 . 5,8 0,0
0,10 0.0 87,2 12,8 0,0

7 0,00 0,0 61,7 38,3 0,0
0,10 0,0 40,6 59,4 0,0

8 0,00 0,0 13,9 86,1 0,0
0,10 0,0 6,4 93,6 0,0

9 0,00 0,0 1,6 98,4 0,0
0,10 0,0 0,7 99,2 0,1

10 0,00 0,0 0,2 99,6 0,2
0,10 0,0 0,1 99,0 0,9

11 0,00 0,0 0,0 97,9 2,1
0,10 0,0 0,0 91,7 8,3

§ 55. U3 rta6a. 10 suaso, uro mpu pH =5 mnpakruuecku Bes
’
¢docopHas Kucsiora B Bome Haxogurcs B Buge HoHoB HoPOys; mpu

pH =9 u pH =10 B Boze coxepxKarcs TOJbKO HOHHI HPO;. B uH-
TepBase pH or 5 mo 10 nmpakTHYecKH OTCYTCTBYIOT KaK MOJEKYJIb

1
H3;PO,, Tak u noun POs , n Bcsa ¢ocopHast KHCIOTa HAXOLHUTCS B

nr

/7 4
Buze noHoB HyPO; m HPOs. 3amernble KoauyecTBa HOHOB POy
HAYHHAIOT TMOABJAAThC TOJMbKO mpu pH =11, HO U npu 3TOoM 3Haue-
U
Huu pH Ha momo HPO; npuxomutcs 95—98% B 3aBucHMOCTH OT
HOHHOH CHJIBI BOAHI.

5. KPEMHEKHCJIOTA

§ 56. Dosee 95% Bceit Macchl 3eMHOH KOph MNPHXONHTCS Ha
kpeMHe3eM (SiO;) u pasnHuHBle CHIHKATHL. B cB3H ¢ 3THM BO Bcex
NPHUPOAHBIX BOAAX COAEpKaTcs COeJHHEHHS] KDeMHHs, HO B GOJIbLIMH-
CTBE CJIyuaeB COAEpKaHHE HX HEe3HAUHTeJIbHO M Yallle BCero BbIpa-
x)aerca (B mepecuere Ha SiO,) eaMHHIIAMH MHJUIHTDAaMMOB Ha 1 x.
Crenyer, oqHako, OTMETHTb, UTO, BO-TIEPBbIX, 3TH HeOOoJbILHE cOAep-
JKaHHSI COeJHHEHHII KpeMHHa B ca60 MHHepaJH30BaHHBIX BOJaX
BIIOJIHE COH3MEPHUMBI C COJepXKaHHSAMH OCHOBHBIX COCTABHBIX uacTeif
MHHepaJH3alHH 3THX BOJ ¥, BO-BTOPBIX, B OTHAEJBbHBIX BOJAX COAEep-
JKaTCsl NECATKH, a B MCK/IIOUHTEJbHBIX CJydYasX Ja)Ke COTHH MHJLIH-
IPaMMOB COeJHHEHHH KpeMHus Ha | 4.

HesHauuTenbHOe, KaK npaBuio, copepxanue SiOp B NpPHPORHBIX
BoJlaX OGbsICHSIETCS TeM, YTO NMPUPOAHBIE CHIMKATHI, YHCTHIH KpeMHe-
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3eM M BCe ero ruapartHble ¢OpMEBI OYeHb MJIOXO PACTBODHMEI B BOJE.
M3 KpeMHeBBIX KHcJIOT obuied cdopmyas xSiO; - yH,O, comn Koto-
BpIX H3BECTHHI, Npocrelilllell sBJseTCS MeTakKpeMHeBasi KHCJIO0Ta, OT-
pevatouias ¢popmyne H,SiO3(SiO; - HoO). Dta Kucmora, Tak xe, Kak
J BCe TMOJHKpEMHeBble KHCJIOTHI, IPAKTHYECKH HepacTBOpUMAa B BOXE
§ He MOJiyueHa B YHCTOM BHJe, HO ee KaJiHeBhle U HaTpHeBhle COJH
pacTBOPHMBI.

MertakpeMHeBas KHCJIOTa OTHOCHTCSI K UHCJY OUYeHb CJaGhiX KHC-
JOT M Xapakrtepusyercs CJIeIYIOIIHMH MNPUOJH3HUTEIBHBIMH 3Haue-
HHAMH KOHCTaHT HOHu3auuu: K; ~ 1079, K, ~ 10‘13; TOYHEIE 3Haye-
HUsl KOHCTAHT HeH3BeCTHBL. I3 KOHCTaHTH MepBOi CTyNmeHH HOHH3a-
uuM ciaenyet, uro npu pH = 8 otHoweHne

HSiO; ]0 9

Takum o6pasoM, npu pH =28 okono 90% obmero KoJuyecTBa
MeTaKpeMHeBOH KHCJIOTHl JOJIXKHO HaXOAUTbCS B MOJIEKYJSPHOM
BHge. B To e BpeMsi MeTakpeMHeBasi KHCJOTA, KaK yxXe OTMeya-
JOCh BhILIE, B BOJE MPAaKTHUECKH He pacTBOpHMa. B cBfi3H ¢ 3THM
KajlieBble W HaTpHeBhIE COJIH 3TOH KHCJIOTHI MOTYT OBITbH YCTOHUHBH
B pacTBOpe TOJIbKO NpPH BBICOKHX 3HaueHHsXx pH, npu HHU3KHX Xe
3HaueHHssX pH OHH HOJHOCTBIO T'HAPOJH3YIOTCS.

B cooTBETCTBHH C H3JIOXKEHHHIM CYHTAlOT, YTO KPEMHEKHCJOTa
HaXOAHUTCST OOLIYHO B MPHPOAHKEIX BOJAAX B KOJIVIOHAAJIbHOM COCTOS-
HHH, B BHJe Pas3JHYHHIX (OPM THAPATHPOBAHHOTO KpeMHe3eMa, M
TOJIbKO B LIEJOYHBIX BOJaX OJHOBPEMEHHO C KOJJIOHAAJbHOH KpeMmHe-
KHCJI0TON copepkarcsi takke woHsl HSiO;. Hapsmy c rumparamun
KpemHe3eMa B BOMAX HHOrJa cofepiarcs, MOBHAMMOMY, TaKXKe U CH-
JHKAThl B KOJIOHAAJIBHOM COCTOstHHH. OJHAKO BOMPOC O COOTHOLIE-
HHH MeXIy pasJHYHHBIMH (popMaMH COeIHHEHHH KpeMHHsI B HPHPOI-
HBIX BOJax H3yueH OueHb cJabo.

ITpu cyuecTBymOIIMX MeTOZax aHajgu3a ompepessercss obliee co-
nepxanue SiO; B Bome. Bce HalieHHoe aHann3oM KosuuectBo SiOg
CUHTAIOT HAaXOASIUHMMCS B KOJUIOWZANBHOM COCTOSSHHH H He YYHTHI-
BalOT IIpH pacuyere HOHHOrO cocraBa. B GoJbLIMHCTBE cJyyaeB 3TO
He BelleT K 3HAUHTEJBHBIM OLIHOKAM, MOCKOJIbKY COAepXKaHHe KpeMHe-
KUCJIOTHI OOBIYHO OYeHb MaJsio IO CPaBHEHHIO ¢ oflielf MHHepaJsu3a-
LIHel BOAH, HO HHOTZAa omMOKa MoxKer OBITh GOJLIIOH, TAaK Kak B
HEKOTOpBIX BOXAX KPEMHEKHCJOTa COCTaBJsieT 3HAUHTEJbHYIO YacTb
o0lieli MuHepaau3alUHd. BeIcOKoe OTHOCHTENbHO OOLiel MHHepaJsH-
3alMK coleprKaHHe KPEMHEKHCJIOTHl uacro Habmaiomaercs B BOAax,
CBA33HHBIX C H3BEPXKEHHBIMH MOPOJaMH.

KpoMe nepeunciieHHBIx BhIlE C1a0bIX KHCJIOT, B MPHPOAHBIX BO-
Jax uHOrpa cojeparcs B 3aMETHHIX KOJIMUeCTBAX cJabnle opraHu-
YeCKHe KHCJIOTH, HampuMep B GOJIOTHHIX BOJAX H BOJax He(PTSHBIX
MecTopox eHHi.
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VII. AKTUBHAS PEAKLIHS MPUPOJHOM BOIbI pH

§ 57. Bennuuna pH — mokasarteas aKTHBHOH  KOHLEHTPAIHH
uoros Bomopoxa — Ig([H']fy), asnserca ommoit m3 BaxubIx xapak-
TEPUCTHK BOZABI. 3HAThb 3Ty BEJHUHHY HeoOXONHMO /IS pelleHHs lle-
JIOTO psifia TEOPETHYECKHX H IpaKTHYeCKUX BompocoB. Besnuuuna pH,
KaK Mbl BHAeJd Bheiue (cM. riaBy VI), mossoJsier pemuTh BONPOC
O COOTHOUICHHH MeXIy Ppa3JHYHbBIMH (OopMaMH COJepIKALIHXCS
B BoOfle CiabbIX KUCJHOT.

OT axkTHBHOH KOHIeHTpaluu HOHOB H' 3aBHCHT pacTBOpHMOCTb
THIPOOKHCH JKeJe3a B JaHHOH BOJe, BCJEJNCTBHE Yero NpH OlleHKe
arpecCHBHOCTH BOMBI 0 OTHOUIEHHIO K 2Kesle3y HeoOXOAHMMO YUHTHI-
BaThb 3HaueHne pH. Xapakrep U HHTEHCHBHOCTb NpPOLIECCOB B3aHMO-
JeHCTBUsI TMPHUPOMHON BONBI C NMOYBOH MJIM TOPHOH IOPONOH 3aBHCAT
B 3HAUUTEJbHONH Mepe OT AaKTHBHOH KOHIIEHTPAallMH HOHOB BOAOPOA.
HauGoJsiee akTHBHBIMH B 3TOM OTHOIUEHHH OOBLIYHO SIBJISIFOTCS BOJIBI,
Peakilysi KOTOPHIX 3HAYHUTEJNbHO OTVIHYaeTcs OT HelTpajbHOH. JKcIe-
pUMeHTalbHOe onpejeneHde PH npHPORHON BOXBI MOXET HMeTb
1eJbI0 TaKXKe YaCTHYHBIA KOHTDOJIb Pe3yJbTAaTOB XHMHYECKOTrO aHa-
Jii3a JNaHHOH BOAHl M T. 1.

§ 58. AKTHBHAs KOHIEHTpAlUs HOHOB BONOPOAA B BOJE 3aBHCHUT
‘OT XHMHUYECKOTO COCTaBa M KOHIIEHTPAIMH BellecTB, COXepXKalluXCs
B atoit Bome. Ilpm atom pH mpuponHoit Bogwl B noxasJsioumeM 60/b-
LIMHCTBE CJyyaeB 3aBHUCHUT IJIaBHBIM 00pasoM OT COOTHOILIEHHSI pas-
JIUYHBIX (GOPM YIVIEKHCIOTH, comepxaiefica B Bome. Ilo BenuunHe
pH, kak nokasano B § 40, MOXKHO BBIYHCJIHTb COOTHOILUEHHE MeXIy
PasIMYHBEIMH (OPMaMH YIJAEKHCJOTH,, eCJH H3BeCTHO ofIiee copep-
KaHHe YIJIEKHCJIOTHI B NaHHO# Bome. OueBHIHO, YTO, MNOJIb3YACh
KOHCTAaHTaMH HOHH3ALUHH YIJIEKHCJIOTHI, MOXHO peIIHTb TaKXKe H
o6paTHylO 3amauy, T. e. BbIYHCIUTh PH BOIBI, ec/id H3BeCTHH cOnep-
JKaHHUS OTJEJbHEIX ()OpM YIJIEKHCJIOTH B 3TOH BoJe.

CorsiacHo H3oXeHHOMY B § 41 npuponaHble BOABI MOXHO pas-
OMTb HA TPH TPYIIIH:

a) BOJH, coiepXamue CBOGoAHYIO yriekucaory ¥ HoHer HCOG;

6) Bonwl, comepxamue Honnl HCO, u COj;

B) BOAHI, COIepXKallue MpakTHYeckKH Toabko HoHel HCO; u me
conepamue B 3aMeTHHX KouudectBax HH HoHoB COj, Hu cBoGon-

HOI YIJIeKHCJIOTHI.

PaccMorpuM cHadajia TOCJAeAHHE caydad.

§ 59. B pacrBope GuxkapGoHaTta GYAyT HMeTb MeCTO clefylouue
paBHOBeCHS:

HCO3+H" == H,COy; (1)
HCO; = H' 4 COY; 2)
H,0 == H + OH". 3)
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JJas Kaxaoro H3 3THX OOpaTHMBIX MNPOLECCOB MOXKHO COOTBET-
CTBEHHO HAINHCaTb

[H][HCOZ) f(\y .
oo K ®
[H[CO31 f ) f 2y
7 =K, 3 11
[HCOJI 7, 2 @
[H'] [OH'] 2, = K. (1D

B ypaBuenun (I), xak u pamnee (cMm. § 39), uepes [CO,] o6o-
3gaueHo ofee comepxanue cBoGomHON YraeKHCHoThl (COgras—+
+ H,CO;). Hnst toro uro6bl B pacrBope oGpasdoBasock [CO,]e-moa
cBOGOIHO! YIJIEKHCIOTH, coryiacHo ypaBHeHuio (I), Takoe xe Koau-
uecTBO 2-HOHOB H' nomxHo cBsizaThesi ¢ monamu HCO,. 3a cuer

nonnsauun uonos HCO; mno ypaeHenmio (2) ofpasyercst, Ou4eBHIHO,
7

cTO/IbKO ke HoHoB [CO%), cKoJbKO obpasyercst e-uoHoB H, Tak Kak

npM MOHHM3alHMH, COIMIacHO ypaBHeHw (2), u3 oaHoro moHa HCO,

o6pasyercst oxue HoH H' u ogun mon COj. OueBumHO, 4TO OCTaJb-

HOoe KoinuecTBO HMOHOB H°, Heob6xomuMmuiXx ajs oGpasoBanus [CO,)
2-M0n cBOGOAHOMA yrileKHCIOTH, T. e. [COp] —[CO7 Je-nonor H', 6y-

JeT TMOJyYeHO 3a CYeT HOHM3ALHMH MOJEKYJ Boinl. MoJsekyna BOIbI
npu HoHM3auuu obpasyer oaun Mo H' u ommn umonm OH’. CaenoBa-
TeJIHO, KOrJa B pacTBope GHMKapGOHATa YCTAHOBHTCS DaBHOBECHE,
10 [CO2] — [CO %] 2-noroB OH’ okaxercs B u3GhITKE NpOTHB HOHOB H'.

Takum o6pasom, Mul 6ynem HMeThb
[OH'] = [H'|+[CO,] —[CO3]. )

IMoncrapass sto snauenne [OH’] B ypasuenue (III), mosyunm
[H']2 &+ [CO5] [H'] fin—[CO3] [H] iy = Ko )
U3 ypaBuenuit (I) u (II) nmeem

K3 [HCOg]
HTfg

Toacrasasia at# 3Havenuss [COp] u [CO3”] B ypaBuenne (V),
nosryyaemM

[H] [HCO3] £

[COp] =———7==;  [COi|=

e o IHEIHCOGFE,  [HI[HCO) Kaffy
[H ] f(l) + K1 - [H.]f(z) —_ KB)

OTKyza
(H]fo = [HCOj] KiKa f{yy + KiK £ (g)
W Kif g+ [HCO31f &) f@
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IMpuuuMast, xkak u pavee, K;=3:107;, Ky=5-10"" nu
K = 107" (maas ¢t = 22°), mosyuyum

7 17 42 =1
[H']fw —‘/[HC03]~1,5.10 Y fin+3-1070 f
— = — .
3-10 I7.7“(2) + [HCO3]f(1) f(2)
B 3trom YpaBHEHHH BTOpOe cJiaraeMoe B YHACJHUTEJIe MOAKOpEeH-
HOro BRIDAXXEHHA 3HAYUTEJIbHO MeHblle, yeM IIepBOe cJaraeMmoe

4 v
(kpome ciyuasi, korga BennunHa HCOsz upesBHuaiino Mmana), a B
3HaMeHaTese, Hao0OpOT, NepBOe cJlaraeMoe 3HAUHTEJIbHO MeHblle
BTOpPOrO; IO3TOMY MOXHO IDHHSThb

. 1,5.-10717 387-10"°
H ]f — ‘/ 2 — = —
[ (1) f(}) Vf(g) )
OTKyJZa

pH=—1Ig ([H'] fiy} = —lg 3,87 107)+1gV T

HJIH OKOHYaTeJIbHO

pH=8,41+1g /. (V)

IMonb3ysick Ko3hduuueHTamMu f ;) ,IpHBeleHHBIMH B Tabi. 4
(§ 31), mas pacrBopoB GukapGoHaTa ¢ pasJHYHON HOHHON CHJIOH,
nosyuuM 3HaueHusi pH, ykasanuble B Tabua. 11.

Ta6aunga 11
3Havenns pH B pacTtBopax Gukap6oHaTta
Wonnas
cuna p I 0,000 0,005 0,01 ! 0,05 ) 0,10
pH l 8,41 8,34 8,31 ~ 8,23 8,17

§ 60. Ecin Boma comepXHT CBOGONHYIO YIVIEKHCJIOTY M HOHBE
4 ©
HCO?, 1o 3nauenne pH anst 37Ol BOABI MOXKHO BHIYHCJIHTH IO KOH-

CTaHTe NepBOil CTyNeHH HOHH3ALMH YIJeKHCIOThI
[H]/,(HCO51 £y

cog  — K
ITpunumas, kak u pasee, K; = 3- 1077, nosyuum
. 3.1077[COy)
H = 1=
[ ]f(l) [HCO;] f(1)

Bripaxas konnenrpauun CO, u HCO, B Mmuanurpammax Ha
JIITD BMECTO I'DaMM-MOJIeH Ha JIUTP, MOJydYaem

. 3.1077.61,02-C g,
Hlfw="gore 7.
’ HCO, ~ (@)
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rae Cco,— KOHLEUTPANHUS csoéom-lou YrJAeKUCJIOTHl B M2/4;

c

HCO 3

o/ — KOHUEHTpaIHs HCOa B M2/A.

W3 sTOoro paBeHCTBa MOJy4aeM
pH=—1g{[H]fy} =6,37—1g Ceo,+Ig CHCO& —+1gfu- (VID)

[NpuHuMasi 3HaueHus KoaduiueHra fm no ta6a. 4 (§ 31), mo-
JlyuuM JJIs BOL C PAsUYHOH WOHHOH CHyIOf W sHaveHus Igf, , yKa
3aHHble B Tabu. 12.

Ta6baumga 12
3uauenus 1gf
Hounas ) . ’
cuna 0,000 ‘ 0,005 ’ 0,01 ‘ 0,05 ‘ 0,1
18/ 0,00 { —0,04 ‘ —0,05 ‘ —0,09 } —0,11

§ 61. B Tex cayuyasx, Korja BoOJa NPAKTHYECKU HE COJEPIKUT
CBOGOIHOM yriekucaoTsl, a cogepxur vonnl HCO; u COj, pas BH-
ynucaeHuss pH MOXKHO MO/Jb30BaTbCst KOHCTAHTOH BTOPOH CTymeHH
HMOHU3aUUH YIVIEKUCJIOTHL

[H] £, [CO5] £y
[HCO,] 7,y

=K,

IMpunnmas nonpexHeMy Kp =>5-1071!, nomyuum

5.1071[HCO;,] Fo

H]fw=

[COZ) £

miy, Bhpaxas Kouuedtpauun HCOj; u CO, B mM2/a, Gymem uMeTb

OTKyAQ

pH =—1g {[H] f»} = 10,31

B ra6a. 13 npuBeneHsl 3HaveHus lg

5.10"1.60,01C" _, fy
HCO3

Hlfw =
[ w 61,02- Ccog eLe)

AC)

fo
—1g Cy+18 oy +1E 72+ (VI

, BBIYUCJIEHHBIE 110 KO3(-

¢uupentaM fq) ¥ f, YKasaHHEIM B Tab. 4 (§ 31).
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Ta6auuna 13

3HayeHHs lg;—(z)—
: (§})

Hounas
cuna p 0,000 ‘ 0,005 l 0,01 ’ 0,05 , 0,1
S
g Fo 0,00 —0,11 —0,15 —0,26 —0,37
(1)

CoBeplIeHHO OYEBUIHO, YTO €CJIH BOJA He COJAEepPKHT HH HOHOB
HCO;, nu uonos COj, KaK, HanpuMep, HEKOTOPHIE KUCJbIE DYAHHY-
Hble BOJBl, TO BCe yKasaHHHIe Bhille (GOpMyJinl A BriuuceHuss pH
B 3TOM clydyae He npuMeHuMHl. [Ipu 3HauuTeNbBHOM colepXKaHHH B
BOJIe aHHOHOB M JAPYTHX CJ1a0bIX KHCJIOT MOMHMO YIJIEKHCJIOTHI BRIYHC-
ageure pH no npusenennnM Brime ¢opmynam (VI, VII u VIII) mo-
}KeT gaTh GOJIbIIYIO OLIHOKY.

VIII. )KECTKOCTb BOJbl OBLIASI, YCTPAHUMAMY,
NMOCTOSAHHAS U KAPBOHATHA{

§ 62. TepMuH «XKecTKOCTb» omnpefessieT co60fi CBOHCTBA, KOTO-
pble MPHUAAIOT BOJE pAacTBOpeHHHle B Hefl COJMM KaJsblMs M MarHus.
OmHUM M3 TaKHX CBOHACTB $IBJISIETCS CIIOCOGHOCTb BOJAHI CBSI3BIBATBH
Mb1o. Ecau pacTBopATh B XKeCTKOA BOJe MBLIO, TO B Hayaje IeHH
npH B36GaJNTHIBAHHH He MOJYYHTCS, a JHIIb BEIAEIUTCS XJOMbeBHAHBIR
ocamok. Uem Gouibllle KeCTKOCTb BOABI, TeM GoJjblie MbLIA HYXKHO
H3pacxoloBaTh, Ipexje 4eM INOSBUTCS IeHa.

Mgu10, KaK H3BECTHO, COCTOMT B OCHOBHOM M3 IUEJOYHHIX coJsielt
KHUPHEIX KHCJIOT (NaJbMHTHHOBOH, CTeapHHOBOM H Jp.), W IpH
B3aMMOJEHCTBHH MBLIA C JXKECTKOH BOJOH HMOHBI KaJbLMs H Mardus,
HaXoAsluecss B BOAe, 06pa3yloT HepacTBOPHMble B BOXE COJIH KHp-
HEIX KucaoT. Hampumep, npu HeficTBUM XKeCTKOH BOAHI Ha creapu-
HOBOKHCJIBIH HaTpuil OyAyT MNOJYy4aTbCsi HEPACTBOPHMEIE CTeaparhi
KaJbllUsi ¥ MarHus:

2C,;HyzCOQ’ + Ca’™* = Ca (CpyHgs:COO),;
2C,,Hg;COO'+-Mg"" = Mg (C,;HyCOO),.

JpyruM cCBOACTBOM JKECTKHMX BOJ, SIBJISIETCSl HX CIOCOGHOCTb o6pa-
30BHIBaTh OCAJKH HA CTEHKax MApOBHIX KOTJOB — «KOTEJbHBIN Ka-
MeHb». OGpasymouascs Ha CTeHKax KOT/Ia HaKHIb yMeHbllaeT Koad-
¢uuuedT noJe3Horo MHeiicTBUS KOTJIa, TaK Kak, obGJjiamas MaJsoi
TEIVIONPOBOAHOCTbIO, 3aMeJisieT TelIoOGMeH. ¥YCTaHOBJIEHO, YTO
KaX/hlii MHJUIMMETDP HAaKUIM Ha CTEHKaX KOTJia YBEeJHUMBAaeT PacXon
tomsiuBa Ha 1,5—2%. Kpome Toro, TOJICTHIl cJ/loifi HAaKHNH BeaeT
K CHJIbHOMY MleperpeBy CTEHOK KOT/1a, YTO BJjedyerT 3a Co6oil mporap
MeTaJiia, a HMHOrjJa Jae B3PHIB KOTJAa BCJIEJCTBHE PACTPECKHBAHUSA
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KOPKH HAKHIIH H CONPHKOCHOBEHHS! BOABI C PACKa/leHHBIMH CTEHKaMH.
Haxunb o6pasyerTcs Takxe Ha yaliHHKax, camoBapax 4 T. A. O6pa-
30BaHHE HAKUNU B IepPBYI0 O4yepefb OOYCJOBNEHO BHINMAJEHHEM H3
BOJBl YIVIEKHCJIBIX COJiell KasbLHUsi U MarHus, o6pasyioliuxcs 3a cyer
pasJIOXeHUs] THAPOKAPOOHATOB MPH KHIISTYEHHH BOABL:

Ca(HCO,), —> CaCO,+ H,0+ CO,.

B xecTKo#l BoJe MIOXO pasBapuBaloTcs oBOIIM. Boawl, oGmampaio-
mue GOJIbLION KeCTKOCTbIO, HENpPHUTOAHHI JJIsi LEeJIOr0 psifa MpOHU3-
poacTtB. CiieayeT OTMETHTb, YTO CBOHCTBA BOABI, KOTOPhHIE HA3HIBAIOT
JKeCTKOCTbIO, MOTYT 0OycJOBHTb TaKxe HOHBl Sr'°, Ba'’, Fe'™’,
Mn’’, HO colep)KaHUe 3THX HOHOB B TNPHPOAHEIX BOAAX HHUUTOXKHO,
[I09TOMYy HX, KakK MPaBWUJIO, He YUYHUTHIBAIOT U NPHHUMAIOT BO BHHMa-
HHe TONbKO HoHn Ca™" u Mg™'.

" KosuecTBEHHO KECTKOCTb BOJAHI NMPHHATO BHIPaXaTb B rpagycax.
Hemenxuit rpagyc »KeCTKOCTH COOTBETCTByeT cojiepxaHuio 10 me
CaO Ha 1 2 Boxel; ¢ppannysckuit — 10 me CaCO; Ha 1 2 BoAmI; aHr-
auiickuit — 14 me CaCO;3 Ha 1 2 Bogul (1 rpan Ha 1 ramioH BOAwI);
amepukaHckuit — 1 me CaCO; Ha 1 2 BoOAHL ,

§ 63. JKectkoctb, oTBedaromyo 06meMy komuuecTBy uoHoB Ca’’
n Mg"", comepxamuxcs B BOJe, HA3hBAOT oG6GL(efi XKeCTKO-
CThIO.

Ilpumevyanue pepakropa. B CCCP npuufiTa cHCTeMa BhIPaXKeHHS
JKECTKOCTH BOAH, NPHHUHMIHAJIBHO OTJHYAlOIasics OT HHOCTpaHHHX. Kanbnui u
Marwuifi TPHCYTCTBYIOT B BOJe B BHAE MOHOB, UTO H HAaXONMT CBOe OTpaXeHHue
B rocynapcrBeHHoM crangapre I'OCT 6055—51. CornacHo 3ToMy CTaHAapTy
JKECTKOCTb BOABl H3MepsieTci B MWIJIHIPaMM-3KBHBaJIeHTaX Ka/bUHA-HOHA H
MarHufi-HoHa Ha 1 2 BOAM; NPH STOM BBIYHC/IEHHS 3HAYHTEJNbHO YNPOLIAIOTCH.

fipumep. Boma comepxur 120,56 2 Ca*" u 37,5 me Mg'". dto cocrasssier
120,5: 20,08 =6 xe-ax8 Ca"* u 37,5:12,16 =3 me-axe Mg*°. Obmas xecTKOCTb
BOAN Gyner 6 -+ 3 =9 mz-3xs/a.

I'OCT 6055—51 npHBOAMT CJelylOllHe YCTaHOBJEHHHE MaHHHEe IJs Iepe-
YHCJEHHS MHOCTPAHHHIX T'DadycOB JKECTKOCTH HAa MHJJIHTPaMM-3KBHBAJICHTHI:

1 HeMeukuil rpaayc xectkocTH comepxur 0,35663 me-aks/x;

1 dpanuysckuii rpaayc KectkoctH comepxkut 0,19982 me-3ks/a;

1 aHrJMACKHA rpaiyc xecTkocTH cofiepkur 0,28483 me-axe/s;

1 aMepHkaHckuil rpagyc xKectkoctH cojepxur 0,01998 mz-axs/a.

B npunoxenuu I naHa tabmina AJs Nepecyera HeMelKHX TPafyCcoB JKeCTKO-
CTM Ha MHJIHPPaMM-3KBHBAJIEHTHI.

§ 64. B 3aBHCHMOCTH OT BEJHUYHHBEl XKECTKOCTH BOAY MOXHO IIPH-
GJIN3UTEJNbHO OLEHHBATH CJIEAYIOIHMH TEPMHHAMHU:

O6mwas KecTKOCTb XapaKTepHCTIKA BOABI
Menbiue 3 siz-3x8 Msrkas
3—5,4 . CpexHeit WeCTKOCTH
51—-107 XKectkasn
Boaee 10,7 Ouenb kecCTKas
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Cornacio 'OCT 2761 — 44 ofuiass XKecTKOCTb BOJbl HCTOYHHKA
LEHTPAJIM30BAHHOIO BOAOCHAGKeHHsT He JOJMKHA npesbllnaTbh 40 He-
MENKHX rpaxycoB uau 14,3 me-sks.

§ 65. JKectkocTh 00IIyIO, T. €. COOTBETCTBYIOILYIO BCEMY KOJIH-
4ecTBY KaJIbl[Mii-HOHa M MarHuii-HoHa B BOJe, NOAPA3JE/AT Ha
KEeCTKOCTh NMOCTOSHHYIO M XECTKOCTb YyCTpaHH-
Myto. Ecnu Bomy NpOKHOATHTb, TO OOBIYHO YacTb HOHOB KaJIbLHsI
M MarHus 3 Hee BhIAeJsieTcsi B BHAe ocaaxa. JKecTkocTb, cOOTBeT-
CTBYIOILYIO KOJMYeCTBY BBINAaJAIOIHX B OCafOK HOHOB KaJblHSl H
MarHusi, HasblBalOT YCTPaHHMOH XeCKOCTbIO, a OCTalb-
HYIO KECTKOCTb, T. €. Pa3HOCTb MeXAay oOlieil XeCcTKOCTbIO H ycTpa-
HHMOW, Ha3KHBAOT MOCTOSHHOH XE€CTKOCThIO.

YCTpaHUMYyIO 2KEeCTKOCTb OINpeflesIsoT 3KCNepHMeHTanbHo. JIjis
3TOro onpeneseHHbli 06beM BOAB KHISTAT NPOJOKHTEbHOE
BpeMsi C OGpaTHbIM XOJIOAMJIBHHKOM (uTOOBI BOJa He BBIKMMAJA),
a 3aTeM ONpeeJISIOT XKeCTKOCTb BOABI Nocje KunsuyeHus.. Halinennas
JKeCTKOCTb OyneT IOCTOSIHHOM, a Pa3sHOCTb MeXJy NepBOHaya/bHOM
(o6uieit) XeCTKOCTbIO BOJBI, T. €. XKECTKOCTBIO CBIPOH BOJIBI, H KECT-
KOCTBIO NPOKHISIYEHHOH BOJBI — XKEeCTKOCTBIO YCTPaHHMOH.

§ 66. Brnmanenue B ocamok uoHoB Ca’" u Mg"" mnpu KunsiueHHH
BOJNBI OODBSICHSETCSI TeM, 4YTO IIPH 3TOM YJeTyduBaercsi CBOOOAHAs
YIJIeKUCIOTa, Y4TO BJledeT 3a coOOH CIOBHUT DaBHOBECHH MeXAy pas-
JHUYHKIMH (opMaMu yriekucaoTs, voHamu H™ u OH’.

B Bozme, comepxkameit HCO;-uoH, ycraHaB/IHBAalOTCA CJENYIO-

IIlHe PaBHOBECHSI:
a) I'mppoans rugpoxkap6oHaT-vOHA:

HCOj3—+ H,0 == H,CO;+ OH’ (1)

Pacreopat NaHCO; u KHCO; nokashBaloT SCHYIO0 MLIEJOYHYIO
peaknuio Ha (peHoJbTaMeHH.
6) Huccoumanuss HCO; mo BTOpOfl CTymeHH:

HCO; == H' +COs. 2)

O6pasoBaBiuasicsi o ypaBHeHuio (1) yrosbHast KHCIOTa passa-
raerca (cm. § 39):
HQCO:} < H20+C02-

ITpn KUNsYeHHH BOAHI YIVIEKHCJIBI Ta3 BhIEJNsIETCS BMecTe € Ma-
pamu Boxul !. BenencrBue atoro paBHosecue (1) cMeliaercss BIpaeo.
O6pasytomuecss no peakuuu (1) ruppokcuibHble HOHE OH’ B3aumo-
JeficTByloT ¢ BONOpPOAHHIMH HOHamu H°, o6pasyomumucs mo ypas-
HeHHIO (2), BcJeACTBHe 4Yero peakiusi (2) Toxe cABHraercsi BIPaBo.
B pesynbrate HapyuweHHs paBHOBecHsi B cucreMax (1) u (2) runpo-

! Ecm Boga comepikut 5 Me-ske Ca'®, 1 me-3ke Mg** u 2 me-sxe HCOy
B JIMTPe, TO 06Iuas KeCTKOCTb BOAW Gyner 6 me-3xs. Ilocne KHMIsueHHs KeCTKOCThb
YMeHbWIHTCA NOo 4 Me-9k8, NoTomMy uro 2 Me-3k8 Ca’® ocALyT B BHAE Kap-
Gonatos. — ITpum. ped.
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gap6onaTHble Houbl HCO; mnpespamatorcst B KapGoHar-nousl COJ:
9HCO; = COj + H,0 + CO,.

O6pasosasiunecs nouel CO,  pator ¢ uonamu Ca’’ mioxo pac-
TBOpHMBI B Bofe yriekucaslil kampuuit CO% + Ca’" = CaCO;, Ko-
Topblil M BblAeNsieTcs B Bule ocafika. Maruuil ocaxkpaercst 0GbIYHO
B BHJ€ OCHOBHBIX YIVIEKHCJBIX COJIEH. .

W3 BBHIIEH3I0XKEHHOrO fICHO, UTO MO COAEPKAHHUIO HOHOB HCC;
B BOJE MOXHO pacCuMTaTh, Kakoe KoJH4yecTBO HOHOB Ca’" (uau
Mg"") HO/IKHO BhINAcTb B OCANOK MPH KHNSUEHHH BOJbI, a CJieJoBa-
TeJIbHO, MOXKHO BBIYHC/JIUTh H YCTPAHHMYIO XKECTKOCTh BOAH. OJIHAKO
5TO BbIUHCJIEHHE JACT TOJbKO MPHOJHM3UTEBbHYIO BE/IHUHHY YCTpaHH-
MOl KECTKOCTH, TAK KaK YIJIEKHCJbId KaJblHH, a 0COOEHHO OCHOB-
Hble COJIM MarTHHS 3aMeTHO PAacTBOPHMbI B BOJE, MpPHUEM HX PacTBO-
puMOCTb TeM OOJbllle, yeM Bhllle oflllee COJepXKaHHue MOCTOPOHHHX
collel (XJIODHCTBIX M CEpPHOKHCJBIX) B BOAe. BBuay 3rtoro xect-
KOCTb, BBIYHCJIEHHYIO YKa3aHHBIM crOcOGOM, T. €. XKeCTKOCTb, OTBe-
qaicuylo KoJuuecTBy Mme-3k6 Ca’" u Mg'’, paBHOMY KOJIHYECTBY
me-3k8 HCO ;-HOHOB, coflepKallluXcs B JIMTPe BOABI, B OTJIHUYHE OT
yCTPaHUMO#  XKeCTKOCTH, Ha3hiBAlOT KapOOHAaTHOH XecT-
KocThblo BoAbl. OcrasbHylo uacTb OOIIEHd »KECTKOCTH BOAHI (pas-
HOCTb MeXAy OOLIell KEeCTKOCTbI0 W KapOOHATHOH) Ha3bIBAIOT H e-
Kap6OHAaTHOH XECTKOCThIO BOMBL

§ 67. Takum oOpas3om, BeIMYHHA YCTPAHHMOH >KECTKOCTH BOIH
3aBUCHT OT BeJHYHHbI KapOOHATHOH »KEeCTKOCTH, HO OTOXJAECTBJATh
3TU JBa TEPMHHA, KaK 3TO HHOrJA JeaeTcs, Heab3s, TaK Kak Hai-
JleHHasi BBIYHCJIEHHEeM KapOOHAaTHAs KeCTKOCTb, Kak MpaBHJIO, He
paBHa 3KCIEPHMEHTAJNBHO OIpejessieMOll YCTPaHHMOH KEeCTKOCTH.

B HeKOTOPHIX ciyuasix unciio me-3k8 HCO, GbiBaer GoJiblue, ueM
yncyio me-3ke Ca™" u Mg'". Torma kap6oHaTHas KecTKOCTb Oyner
paeHa oOIIeil XKECTKOCTH BOMbI, a MOCTOSIHHOH XECTKOCTH He OyIerT.
Hanpumep: Boma comepxur 7 me-akg HCO,, 3 me-aks Ca’" u
1 me-ake Mg"*. OO6was XecTKOCTb BOAb Gyner 4 me-3k8, KapboHat-
Hasi }eCTKOCTb Toxe 4 me-3k8, a 3 me-ake HCO, ocraHyTcs B BOJE,

NpeBPATHBIIKCH MOC/e KulsiueHus B 3 me-ak8 CO;-uoHa.

Huorna B sutepatype eure BCTpeyaeTcs TePMHH OCTAaTOUYHa A
¥XeCTKOCTb. JTHM TeDMHHOM 0003HAYAIOT PasHOCTb MEXIY Kap-
GOHATHOM KECTKOCTbIO BOJBI U IKCMEPHMEHTAILHO HalIeHHOH ycTpa-
HWMOHN KeCTKOCTbIO.

IX. ®OPMbI BbIPA)KEHHSI AHAJIH30B BOJbI

§ 68. IlepBoHauasbHO pe3ysbTaThl aHAJIH30B BOJA BhIPAXKalH B
Buze cosefi NaCl, CaSO,, MgSO, u 1. A, HO B JaJjbHeiileM OTKa-
3auch OT Takoil (DOPMHI BBIpaXKeHHs] KaK OCHOBHOH, IOCKOJIbKY IPH
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aHajause BOABI ONpefNessiloT He COJIH, a Te HOHBEl, Ha KOTODhIE OHH
pacnapgarorcs.

Ecau pacrBoputs B 1 2 Bomsl 142,1 m2 Na,SO4 u 95,2 me MgCls,
TO MpPH aHaJH3e 3TOro pacreopa 6v11e1* HaiiieHo: Na’ —460 Me,
Mg — 24,3 me, CI' — 70,9 mz u SO, — 96,1 mz. Takne e KOH-

yecTBa 3THUX HOHOB GyayT HaiifleHel MPU aHaJHu3e PacTBOpa, B JHUTpE
koroporo cogepxurcs 120,4 me MgSO, u 116,9 me NaCl. Ananusu-
pys pacrteop, comepxaumuit 8 1 2 71,05 me NaQSO4, 58,45 me NaCl,
60,2 mz MgSO, u 47,6 me MgCl,, MBl onsTh HaiifieM, 4TO B HeM
colepxaTcsi Takhe xe KosnumuecTBa noHoB Na', Mg™*, CI’ n SO}, kak

H B NepBOM CJydae.

MoxHo mnomo6parb Jilo6oe YHUCIO0 KOMOHHALHH M3 CEPHOKHC.TBIX
W XJIOPHCTBIX COJIel HATPHsi M MarHHs, NPH KOTOPBIX OYAyT IHOJMy-
YaTbCsl PacTBOPHI, MMeolIHe YKa3aHHble KOHUeHTpaluuu HoHoB. He-
CMOTpPSI Ha TO YTO KOJIMUECTBO KaXAOH OTA&NbHOH coslu 6yHer B3fTO
KaxIhi pa3 pas/u4yHOe, pacTBOpel 6YAYyT OfAMHAKOBH. Bce nosayuae-
MEIE pacTBOpbl OYIyT COBEpIIEHHO OJHHAKOBBI HE TOJIbKO MO aHa-
Jiu3y, HO U MO BCeM IpyruM ceoiictsaM. CyuiecTBymouie MeTodbl He
[O3BOJISIOT ONpEeNeJNHTb N0 CBOHCTBAM HJIM 10 pe3ysbTaTaM aHa.di3a
pacTBopa, Kakue UMeHHO COiH OBblIH B HeM PacTBOPEHH; TAKHX MeTo-
JOB U He MOXeT GbiTh, TaK KaK IPU PACTBOPEHUH B BOJAE COJIM Mepe-
CTalOT CYILECTBOBAaTh, pacmnajasch Ha HOHbl. CpoiicTBa moJyyarolie-
rocsi pacteopa HU B Kakoil mepe He OyAyT 3aBHCeTb OT TOrO, H3
KaKdX HMMEHHO coJiefi MOJYYW/IHCh JaHHble HOHbl. I3 ckasaHHOro
OUeBHJHO, UTO BBIPaXaTh Pe3y/bTAaThl aHalH3a BOAH B BHIE CO.Iei
MOXHO TOJIBKO YCJOBHO, IPOM3BOJIbHO KOMOHHHDYSI B COJIHM KaTHOHBI
C aHHOHaMH. .

§ 69. o HemaBHero BpeMeHH GOJBIIHM pacnpocTpaHeHHEM MOJb-
30Ba/ach OKHMCJIO-AHTMAPHIHAsS (OpMA BHIPAKEHHsS AHATH3OB. ITpn
BRIpaXKeHHH Desy/bTaToOB aHa/juW3a B 3ToH (opMe KaTHOHBI 3alHChi-
BAalOT B BHJE OKHCJIOB COOTBeTcTBylomux Meramios: Na,O, CaO,
MgO u T. 1., aHHOHBEI KHUCJIOPOAHBIX KHUCJIOT — B BHJE COOTBETCTBYIO-
mux aHruapunos SO;, NoOs U T. 1., 2 aHHOHBI 6eCKHCIOPOAHBIX KMC-
JIOT — B BHJe cooTBercTBylomux Hemeramios Cl, Br u . 1.

Taxkas ¢opma BeIpaKeHHs1 HeyqoOHaA MpexJAe Bcero TeM, yTo 6e3
COOTEETCTBYIOLIUX NepecyeToB He NaeT NpPABHJIBHOTO NpeICTaBJeHHA
0 CyMMe BeLIeCTB, PACTBOPEHHBIX B BOJEe, TaK KaK BCe MeTalJbl
NAITCs B BHJAE OKHCJIOB, B TO BpeMsi KaK (paKTHUECKH 4acTb H3 HHX
BCerja ypaBHOBEIIHUBAETCS B pPacTBOpe KHCJIOTHBIMH oOCTaTKaMH 6ec-
KHCJIOPOJHBIX KHCJIOT, B mepByio oyepeln HoHoMm Cl’. Kpome Toro,
OKHCJIO-aHTHAPUAHAs (opMa BbIpaXKEHHsI He COOTBETCTBYeT, Haxe
NPHOIH3UTENBHO, (PaKTHUECKOMY COCTOSIHMIO PacTBOPEHHBIX B BOJE
BelleCTB.

§ 70. HauGonee uesecooGpasHa, W B Hacrosiiiee BpeMs obLie-
TNpHHATA, HOHHasi (JopMa BbIpaXKeHHsi pe3ysbTaroB aHanusa. Copep-
aHHe OTIeJbHBIX HOHOB BRHIPAXAIOT NPH 3TOM B MHJJIHTPaMMax
(uHorza B rpammax) Ha | 2 Bo&bl, /sl CHJIBHO MHUHEPAJH30BAHHBIX
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BOA C YIEJbHbIM BECOM, 3HAUHUTEJIbHO OTJIHMYAIOLIHUMCS OT €IHHHIHI,
coJepXKaHHe MOHOB 4acTO BhIpa)aercsl B rpaMMmax Ha | K2 BOXHL.

§ 71. Ecau pe3yabTaThl aHa/n3a BHIPAXeHBl B OKHCJIO-aHTHIPHU-
Hoit (hopMe, HX cjedyeT nepecyuTaTb /Js BLIPAXKEHHS B HOHHOH
¢opme. s 3TOrO Ccomepxanue KaXKAOTO OKHCJA HYXKHO, OYEBH[IHO,
YMHOXHTb Ha KO3(@HuHeHT, NpeACTaBJsiounii co6ol OTHOLIEHHEe
MOJIEKYJISIPHOTO Beca JaHHOTO HOHA K MOJIEKYJSIpHOMY Becy COOTBET-
CTBYIOLILEr0 OKHCJIA.

Hanpumep, kosdpduuuent mias nepecueta CaO na Ca’" Gyger
paBeH

Ca” _ 40,08
Ca0 — 56,08 — 0,7147,

§ 72. Cnenyer 0co60 OCTAaHOBHTbCSI Ha COJISIX YrOJIbHOA KwHC-
a0oThl. Ecau pesyjbTarhl aHaju3a BbIpaxeHbl B OKHCJIO-aHTHIAPHIHOM
¢opme, To MOryT OHITh ABa CJIydYas:

a) Bmecro HCO; moxer GblTb 1aHO COHEp}KaHHE «THAPOKAPGO-
HaTHO#t COj» u BMecto CO] — comepxauue «kap6onatoit COs»; B

5TOM cJydae IlepecyeT MPOH3BOAMTCS OOLIYHBIM IyTEM, COOTBET-
CTBYIOLINE MepecyeTHele KO3(PGHUHEHTH yKa3aHel B YIOMSIHYTOM
BHILIE TPUJIOXKEHHH.

6) B pesysnbrarax aHaau3a yKasaHO COJepIKaHHE «CBSI3aHHOHY»
YIVIEKHCJIOTH U «MOJIYCBSI3aHHOM» YIVIEKHCJIOTBI; 3TOT CJAyYail MOXKeT
6LITb CBeJeH K NpejblAyllieMy, TaKk Kak corjacHo § 42 ynsoenHoe
KoJanyectBo noaycssizanHoii CO, paBHO KOJMYECTBY THApOKapGOHaT-
Hoit CO,, a pasHocTe Mexnay cBsidanHOH CO, u mosycBsizanHoit COs
paBHa KosnuectBy kapGonartHoii COs.

Ilycts, HanpuMep, maHo, YTO codepkaHue csizaHHod CO, B Bome
90 me/a n nomycesidanHoit CO, — 70 me/a. ConepaHue THAPOKAp-
G6onatHoit CO. B MmaHHOH BOJE COCTaBJdsieT, OueBHAHO, 702 =
=140 m2/2, a comepxanue kKap6oHaTHO# CO, =90 — 70 =20 me/a.

[Tosp3ysice nepecyeTHuIMH KO3(D(HUHEHTAMH, HAXOAHUM, 4YTO CO-
JepxaHHe HOHOB HCO; B Bome paBuo 140-1,387 = 194,2 xe/a,
a comepaHue CO; =20- 1,364 = 27,3 mz/a.

Ecnu conepxanue cssidanHoii CO, paBHO comepaHHIO [OJy-
cesizaHHoit CO., TO corsiacHo § 42 Boma He comepuUT KapGoHaT-
Hoit CO,, T. e. He comepxuT HOoHoB CO; . B 3romM cilyuae cymma
cesizanHoit CO. u moaycBsizanHoit COp paBHa comepKaHHIO THIpO-
KapOOHATHOI YrJIEKHCJIOTH B BOJE.

§ 73. Kpome HOHOB, B ecTecTBEHHBHIX BOJAX CONEpXKarcsi, Kak
OTMeuYaJioch BHIIE, TaKXKe M HEHOHH3MPOBAHHBIE HJIH K€ HHUTOXHO
MaJl0 HOHH3HPOBAHHBIE COENHHEHHs, HAXOAsLIHecss YacTo B KOJIJIOH-
IaJbHOM cOCTOstHHH. M3 4ncia mocjiefHUX yaile BCero BCTpPeualoTCst
COeJIMHEHHsI TPEXBAJeHTHOTO Kese3a, allOMHHHs KW KpeMHusi. [lpu
HOHHOt (opMe BHIpaXKeHHsl aHa/u3a TaKHe COeJHHEHHS MPHHSATO
BbipaxaTb B BHJAE COOTBETCTBYIOIHX OKuUCJIOB Fe Oz, AlOs, SiOg.
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Pacrteopentbie B Bofie rasel o6o3Hayaior Ux ¢opmyaamu: CO,, H,S,
O;, N,.

§ 74. Cnabble KMCJIOTH, KaK YKa3blBaJioch paHee, MOTyT cylle-
CTBOBaTb B BOJe OJHOBpPeMeHHO B HecKOJbKHX ¢opmax. [Ipu aHa-
Jin3de OOBIYHO OMpENEeNsIOT TOJbKO oflllee colepKaHHe JaHHOH cha-
60i1 KMCJIOTH, HanpuMep ofiee conepxanue H,S. It10 obcrosresns-
CTBO HeoO6XOAMMO NpHHHUMAaTb BO BHHMaHWe NpH OQOpMJEHHH pe-
3yJIbTATOB aHAJH3a, YYHTbIBAs H3J0XKeHHOoe B rjaee VI.

§ 75. Tlpu B3aumoneilcTBHH JoGLle BELIECTBA BXOAST B PeakiHio
B CTPOro ornpeje/JieHHbIX BECOBBIX OTHOILEHHSX; 3TO MOJIOXEHHe .OT-
HOCHTCS, KOHEUHO, U K B3aHMOJeHCTBHIO HOHOB, HAXOJSILIMXCS B BOJE.
OHu B3aHMOZENCTBYIOT MeXJy Co60ii B 3KBUBAJIEHTHBIX OTHOLUE-
HUSX — SKBHBa/NIeHT Ha 3KBHBaJjeHt. OTcioma ciepyer, 4to s
BHISICHEHHS1 KOJIHYECTBEHHBIX COOTHOLUEHHH MeXIy HOHAMH HYXXHO
pe3y/ibraTel aHa/du3a NpeiCTaBHTh B 3KBHBaJieHTHoH ¢opme, T. e.
Cojllep}KaHHe OTAEJIbHRIX HOHOB BHIPA3UTh HE TOJIBKO B MHUJIIHIpaM-
Max, HoO H B MHJUIMrpaMM-3KBHUBasieHTax. [/ 3TOro 4Hc/ao MHJJIH-
TPaMMOB KaJOro HoHa HYXHO pa3fleJIiTb Ha 3KBHBANIEHTHLIH Bec
JaHHOTO HOHA, MPEeACTaBJAKIUHA Cco60if MoJeKyJasipHEII Bec HOHA,
pasjeneHHbli Ha ero BajaeHTHoctb. Hampumep, 80,16 me noHos Ca’’

«cocrapasior 80,16: —4(2'&;= 4 me-aks Ca"; 144,09 mz HoHOB SOZCO-

96,06
-craBasior 144,09: ——=23 me-9k6 SO u 1. 4.
Oqeammo, 4TO JeJIeHHe HA 3KBHBAJIEHTHHIH BeC MOXHO 3aMeHHTb
'YMHOXeHHeM Ha 4Hc/1o, o6paTHoe 3KBHBaJeHTHoMY Becy. [lis HOHa

o . 1
\HaTPHsi, HAMPHMED, COOTBETCTBYIOLUHKI MHOXKHTEIb GYNeT PaBeH 53 =

= 0,04348; ais nosa SO}, coOTBETCTBEHHO, ?9'6%2 = 0,02082 u T. A.

B mpunoxenun II maHel 3KBHBaJieHTHble Beca HOHOB, HanGoJee
4acTo BCTPeYaloUldecs: B NPHPOJHBIX BOAAX; B 3TOi e TalJiuIe MpH-
Be/leHbl TaKXe COOTBETCTBYIOILHE MHOXHTENH AJs IlepecueTa MHJNIH-
rpaMMOB HOHOB Ha MHJ/IHTPAMM-3KBUBAJIEHTH. OueBHAHO, uTO /st
o6paTHOro repecuera MHJ/IMIPAMM-3KBHBAJEHTOB Ha MHJUIHIDAMMBbI
HYXHO WHCJIO MHJUIHIPAMM-3KBHBAJIEHTOB YMHOXHTb H4 39KBUBA-
JIeHTHBIHl Bec naHHoro voHa. Hanpumep, 3 me-sxe uoHoB Ca’’ coor-
BercTByloT 320,04 =60,12 vz Ca™" u 1. I

§ 76. Ecau pesy/ibTaThl aHa/in3a BbIpaXKeHbl B OKHCJIO-AHTHIPHA-
HOil (hopMe, TO MepecyeT HX B IKBHUBAJIEHTHYIO (OPMY MOXKHO MPOH3-
BECTH, MOJb3ysiCb Tabuuuel, MpHBedeHHON B mpuioxeHuu IV, 6Ge3s
npenBapuTeNbHOrO nepecueTa B HoHHyIO (opmy. HauSosee mpocro
¥ GBbICTPO MepecueT Pe3yJbTaToB aHa/lM3a B 3KBHUBAJIEHTHYIO (opmy
H3 HOHHOH WM OKMCJIO-aHTHAPHIHON MOXHO TIDOM3BECTH 1O FOTOBHIM
TabaunaM. Takve TaGJuilbl B COKpAILlEHHOM BHAe IaHH B IPHJO-
xkeunusix 11 u IV.

§ 77. llpn nonycTaUHMOHAPHHIX H IMOJIEBBIX aHaMH3aX 4YacTo He
onpenessioT otedpHo cofepxanne Ca’" u Mg'™", a TosbKko 06ILyi0
JKeCTKOCTb BOAHI H BHIPAXKAlOT ee B MH/UIMrPaMM-3KBHBaJIeHTaX.
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§ 78. DkBuBaseHTHasi ¢opMa BHIpaXKEHHsS PE3yJbTATOB AaHAJIH3A
BOABI, TMOMHMO HarJIIHOCTH BBISIBIE€HHS] KOJHUYECTBEHHBIX COOTHO-
[IeHHH MeXJy OTJe/NbHBIMH HOHaMH, HMeeT euie psig yao6ers. Ecuw,
HanpuMep, NMPH aHaNH3e oNpefeseHbl KOJHUEeCTBA BCEX HOHOB, KpOME
OJIHOTO, TO COJepXaHHe 3TOr0 MOHAa MOXHO OMNpele]HTb MyTEM BbI-
yncaenns. Ilyctb mpu ananmse mpoGei Boasl Ne I Haiimeno, uto oHa
conepxut B 1 2: Cl' — 124,5 me, SO, — 83,0 me, HCO; — 276,3 sz,
Ca’" — 88,6 me, Mg'® — 24,4 me. Tlpn 3TOM .BBISICHEHO, YTO HHKa-
KHX JPYTHX aHHOHOB B 3aMeTHBIX KOJIHYEeCTBAX BOAA HE COAEPIKHT,
a H3 KaTHOHOB COmepXHT elle Tosbko Na” u K.

[lepeuncyisieM HaiifeHHble aHAJIH30M KOJHYECTBA MOHOB C MHJIJIH-
rpaMM Ha MH/UIMIPAMM-3KBHBAJIEHTBl MPH MOMOILLH TaGIHLbl (MpHJIO-
xkenue III). Tlonb3ysicek tabauue, HaxonuM, yro 120 me uonos Cl”
cocraraser 3,38 wme-3xk8 (no Tabaune 12 me Cl’ cocrasasior
0,338 me-axs); 4,5 me CI’ — 0,127 me-3x8 (no rtabauue 45 me co-
crasasitor 1,27 me-3ks), 1. e. 1245 m2 Cl’ cocrasasior 3,38 + 0,13 =
= 3,51 me-axs. Ias SO] Haxomum mo tabmuue cpasy, uto 83,0 me
cocraBasior 1,73 me-sxs. IlepecuntaB Bce yKasaHHble BhILIE COAEp-
>KaHHS HOHOB B MHJIJIHTPAMM-3KBHBAJIEHTBI, MOJYYHM UH(PH, MpHU-
BelleHHEle B Tabu. 14.

Ta6aunya 14

PesyabTaThl aHanH3a npc6bl Bobl Ne 1

ConepxaHue
Popmyna
Mzla M2-9K8[1
cr 124,5 3,51
SOy 83,0 1,73
HCOj 276,3 4,52
MTOro aHMoHoB . . . . — 9,76
Ca” 88,6 4,42
Mg” 24,4 2,01
M Toro karmoHoB . . . . — 6,43

PacrBop s106oro 3/eKTpo/iHTa, TaK Xe KaK M HE3IeKTPOJIHTa,
BCerna 3JEeKTPOHeHTpasieH, T. €. OTPHUATENIbHO 3apsKeHHble HOHBI
(auMOHBI) M MOJMOKHTEJNbHO 3apsiXKeHHBle (KaTHOHBI) COAepXaTcs
B CTpPOro 3KBHBAJEHTHHIX KosnuecTBaX. Kak BuaHO H3 Tabu. 14,
CymMMa aHHOHOB, cojepxaluxcs B mpo6Ge Boabl Ne 1, cocrassser
9,76 me-3ke Ha 1 4, cymMa Xe onpefeseHHHX aHAJH30M KaTHOHOB
(Ca"" u Mg"") cocrapnsier TonbKo 6,43 Me-3K8.

Takum 06pasoM, cyMMa KAaTHOHOB MeHbIlle€ CYyMMHl aHHOHOB Ha
9,76 — 6,43 = 3,33 M2-3K8. B cBfi3® C TEM 4TO CyMMBl MHJIIMUTpaMM-
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SKBHBAJIEHTOB AHHOHOB H KaTHOHOB MOJIKHbI OBbITb PaBHBI, a npo6a
Ne 1, Kak OTMeueHO BhIllle, COAEPXKHT H3 KaTHOHOB, Kpome Ca™’
Mg™*, toneko Na® u K', MOXHO yTBepxkaAaTth, U4TO cojepxaHHe Na’
u K’ B 3roit Bome paBHo 3,33 me-3ke. '

Ecan comepkaHne Kanus B mpoGe Boanl Ne | He3HauuTesNbHO MO
CpaBHEHHIO C colepKaHHeM HaTpHsi, 4YTO oOblYHO HabJoJaercs B NpH-
POIHBIX BOJAX, TO MOXHO BCIO CyMMy MH/THIDaMM-3KBHBAJICHTOB
1esioue NEPeUNCIHTL Ha OJHH HATPHM, T. €. CUHTATD, UTO COAEpXa-
HHe meJoueii B npobe Boasl Ne 1 cocrasnsier npumepHo 3,33 - 23 =
= 76,6 me/a. Onpenmenenne meJsoyell siBjasiercss Hanbojee TPyLOeM-
KHM M JOPOrHM aHaJM30M II0 CPaBHEHHIO C OMpeflesIeHHsIMH JpPYrux
HOHOB, COCTABJSIOIIHX B OCHOBHOM MHHEpaJsH3alHio OOBIYHBIX BOJ,
HO3TOMY CcOJepKaHHe Mesodeil OueHb 4acTO 3KCNepHMEeHTalbHO He
ONpeneJsiioT, a BLIYHCJASIOT MO Pa3HOCTH, KakK yKkasaHo Bbime. [lpu
3TOM B pe3yJbTaTax aHajusa ykasbiBaior Na' -+ K' (mo pasHoctH)
iy uHorga Na® (mo pasHocTH).

§ 79. Ecnn aHanus BbipaXkeH B 9KBHBaJIEHTHOH (OpMe, TO MOXKHO
OYeHb IMPOCTO BHYHCJAHTL OOWyI0 W KapOOHaTHYIO 2KeCTKOCTb
BOJHL

CymMa me-3xe Ca’™" 1 Mg’ naer o6Iiylo XecTKOCTb BOAbI B MHJI-
JaurpaMm-sksuBajentax. Eciu uuciao me-ske HCO, meHbure oGuieit
JKECTKOCTH, TO OHO AaeT KapOOHATHYI0 XecTKOCTb. Ec/iH ke uyHCIO
mz-ske HCO, Goabure uncia me-3ke Ca™* 4 Mg"’, To kapGoHaTHYI0
XecTKocTb paccuuthiBaioT mo Ca’’ —I—Mg"'.

MMpumepn: 1) Copmepxanne Ca'" —4 me-axks, Mg’ —
1 me-ak8, HCO, — 3 me-axe B autpe Boanl. O6uias KecTKOCTb BOABI
cocraBut 4 4+ 1 =5 Me-3K8, KapOOHATHasi MKECTKOCTb — 3 M2-3K8,
Hekap6oHaTHast 5 — 3 = 2 me-9Ke.

2) Copepxanne Ca"* — 3,5 me-3ke, Mg"* — 1 me-axs, HCO, —
6 me-oxe B suTpe BOABL OGLLast KeCTKOCTb BOABI COCTABHT 3,5 + 1
=45 me-3ke. 6 mz-ske HCO, Moryr ocaautb 0pH KUNISTYEHHH
6 me-ake Ca’" + Mg'". Ho B Bone uMeetcst ToJabKO 4,5 Mm2-3Kk8
Ca"" -+ Mg’ '; Ha ocaxnenue Ca'" u Mg'" uspacxonyercsi 4,5 me-3x8
HCO, 1 kap6oHaTHasi XeCTKOCTb BOAB cocTaBuT 4,5 me-aks. OcTasb-
Hole 1,5 me-ake HCO, -HoHa ocTaioTcsi B BOJe, NIPEBPATHBIUHCH IOCTe
kunsuenus B COj -nomnl. JKecrkux csoficte 3tH 1,5 me-ake CO’
BOJe He COOOLIAIOT.

Takum o6GpaszoM, B 3Toii Boje oOmiasi XKecTKOCTb OyAer paBHa
Kap6oHaTHOli, a HeKapGOHATHOIl KeCTKOCTH B Hell He OyjeT.

§ 80. BuluucsisitTb KOJHUYECTBO CBS3aHHOH YIVIEKHCJIOTH B BOAE
ToXe mpome mo me-3k8 HCO u CO,;, Hexenu N0 MHIIHTPaMMaM,
Kak yKaselBajocb B § 42. OnHa Mo.nexy.na CBSI3aHHOH YIrJIEKHCJIOTH
orseuaer asym nonam HCO; unu omHomy nony COJ ; cienoBaTesbHO,

1 me-axe nouos HCO,, Tak xe kak u 1 me-ake nouos CO,’, orse-

—2% =22 Mz CBA3aHHOH YIJIEKHCJOTHL. TakuM 00pasoM, aJs

aer o
a D)
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BHIUHC/IEHHST KOJIHYECTBA CBSI3aHHOH YIVIEKHCJIOTHl HYXXHO CJIOXKHTb
/)
quc1a me-3ke HCO; u CO; M cymMMy yMHOXHTb Ha 22.

§ 81. Iosb3ysice 3KBHBaJeHTHOH (pOpMOIl BHIpaX{€HHsS aHAIH3a,
OoueHb NPOCTO KOMOHMHHPOBATh HOHBI B COJH. UTOGHI BBIUMCIHTH KO-
JIHYECTBO KaKOH-IMGO COJHM, HYXKHO YHCIO MUJUIHTPaMM-3KBHBaJIEH-
TOB KaTHOHOB, BXOASIIMX B COCTaB COJH (YHCJIO MHJIHTPAMM-3KBH-
BaJIEHTOB AHHOHOB JOJIXKHO OBITb, KOHEYHO, TAaKUM XXe), YMHOXHTb
Ha 3KBHUBAJIEHTHBIH BeC IaHHOH COJIM, T. €. HA YacTHOE OT JeseHHs
MO.TEKYJISIPHOTO Beca JAHHOM COJM Ha CyMMY IOJIOXKHTE/IbHBIX 3apsi-
JI0B KaTHOHOB, BXOASILHX B COCTaB COJIH.

§ 82. Uto6el mosyuuth Gosiee sicHOe INpeACTaBJEeHHE O KOJHYe-
CTBEHHBIX COOTHOLUEHHSIX MeXIy HOHaMH OJHOH M TOH XkKe BOJHI,
a rJ1aBHOE, HMeTb BO3MOXHOCTh COINOCTaBHTb MEXKAY CO00il aHAJH3H
npod pas3;IHYHO MHUHEpaJTH30BAHHOH BOABI, KOJIHYECTBA 3KBHBAJEHTOB
HOHOB YacTO BBIPAXKAIOT TAKXKe B IPOLEHTaX OT CYMMBI MHJIJIUTPaMM-
3KBHMBAJIEHTOB BCEX HOHOB, cojlieprKaluxcs B AaHHOH Boje. [Ipum rta-
KOM BBIDaXXEHHH pe3yJIbTaTOB aHaJH3a MOXHO HarJIsHO CPaBHHBAaThb
Mexa1y co6oif cocTaBbl BOA CaMoOil pas3MYHON MHHepaJHu3alMH, TakK
Kak 3/IeCb MoJyyaercsi He abCOJIIOTHOE COAepXKaHHe TeX MM HHBIX
HOHOB, a OTHOCHTEJNbHOE, MHHepaiu3alus BCeX BOJX KaK Obl MpPHUBO-
JUTCS K OJHOI M To# ke BeanuuHe — 100 m2-3x8 B 1 4+

Ipn aHaiW3e cyMMa KaTHOHOB Xx M CyMMa aHHOHOB 2, MOJY-
4aloTcs, KaK NMPaBHJI0, HEPOBHBIMH BCJIEACTBHE HeH30eXHBIX Iorpeit-
Hoctell aHasnu3a. IlpH nmepeuncsieHMH pe3y/bTaTOB aHa/jH3a B MpoO-
UEHT-5KBHBAJEHTHl Pa3HOCTh Xx— Y, HHOTJA pPa3BEpPCTHIBAIOT Ha
BCE HMOHBI, OMpeJe/eHHble aHaJU30M, ypaBHuBasi 2x U Xa. Ecin,
HanpHMep, NOJNyYnaoch, 4To Yy < Yo, TO UMCJIA MHJUIHTPAMM-3KBH-
BaJIEHTOB aHHOHOB, HalJeHHEIE aHAJH30M, YMEHBIIAIOT, @ KATHOHOB—
yBesinuuBaioT. [Ipn HeGosMbIION pasHocTH ¢ H X, ee 4acTo LeJH-
KOM OTHOCAT 3a cueT luejoyell, Tak Kak HanOoJbluHe OLIMOKH INpH
aHa/M3e MoJy4yalTCs OGBIYHO HMEHHO IpH ONpejeseHHH LieJIoYer.

YpaBuuBaune X u X, Helesnecoo06pa3HO, TaK Kak OHO SBJSETCS
TIpOH3BOJIbHEIM H, KPOME TOTO, HEPABEHCTBO 3THX CYMM YaCTHYHO HJIH
TIOJTHOCTBIO MOXeT OBITh 00YCJ/IOBJEHO He olIMOKaMH aHa/lH3a, a ero
HenoJsHoTOH. TeM GoJsiee coBeplleHHO HEJONMYCTHMO NpPH ypaBHHBAHUH
UCTIPaBJSATL He TOJBKO LH(PL MHJIJIMIPAMM-9KBUBAJIEHTOB, a TaKXe
COOTBETCTBEHHO H UU(PHI CONMEepKaHUH HOHOB B MWIIMIpaMMax, Haii-
JeHHble aHa/H30M, XOTSl TaKue HCIPaBJeHHst HHOIAA NPaKTHKYIOTCH.

[Tpn nepecuere aHaiH3a B NpPOLEHT-IKBHBANEHTHYIO (opmy cie-
JyeT MocTynath cjenyiomuM obpasom. Cymmn X H Y. He ypas-
HHBaTb, a MPOCTO NpPHHATH KaXIyl0 M3 HUX B oTAelbHOCTH 3a 50%.
ITpi 3toM ycioBuu comepkaHue JIOG0ro KaTHOHA B IPOLEHT-3KBH-

o 50- A
BaJeHTaX MOXHO HallTh 1o ¢opMyle X = ——,. a CcOlepxaHHe

b
50- B
JiioGoro aHHoHa no ¢Gopmyne y= x— » THe A — cozmepxaHue B

MHJJTATPaMM-9KBHBAJIEHTaX NAHHOrO KaTHOHA, HaiJeHHOe aHaJIH30M,
a B — comepxaHHe aHHOHA.
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Ec/an 1enoun BeIYMC/IEHBI 1O 2s)aamocm TO BOMpoC 06 YyNnoMsHy-
TOM BbIllE yPaBHHUBAHHH CYyMM u X. BooOlle, KOHEYHO, OTNa-
naeT. B mocsienHee Bpems yacTo cranu npuHuMarh 3a 1009% kaxnayio
u3 cyMM Yi H Y. B OTHEJIbHOCTH, a He Yy —+ Z.. B 3tom cayuae

BMecTo (OpMyJI, yKa3aHHbBIX BBbillle, IS BBIYHCJIEHHS] NPOLEHT-IKBH-
100 A 100 -B
BaJIEHTOB HOHOB NoJyuuM (opMyin X =——— u V= ——.
-1 —a

[Tpunnmas 3a 100% xaxayio u3 cyMM Y 1 Xu B ynoMuHaeMo#

Beiie npo6e Bogel Ne 1 (taba. 14), 1. e. 9,76, HaiizeM, uTo coilep-

. 3,51 - 100
Kanune, Hanpumep, Cl B 3T0#f Boje Gymer paBHO X:—g 5=
= 35,98 npoleHT-3KBHBaJeHTa. BHIYUCIAHB TakUM NyTeM IpPOLEHT-
SKBHMBAJIEHTbl BCEX HOHOB, MOJYYHM LHUQPBI, NPHBEIEHHbIE B MOC/AEI-
Hell rpacde Tabs. 15, KoTopas XapaKTepH3yeT cocTaB NpoObl BOAHI
Ne 1 B MuaurpamMmax Ha JIMTP, B MHJIMTPaMM-3KBHBaJieHTaX Ha
JIUTP M B NPOLEHT-3KBHBaJIeHTaX. B BHae TaKHX TabJHIl B HacTosillee
BPeMsl M IPHHATO JaBaTh pe3yJbTaThl aHAJM30B BOJL IJs HX HaJb-
HeHIllero HCIoJb30BaHHUS.

§ 83. HaiineHHble aHanM30M cojepKaHHsi COCTABHBIX vacreil, He
HaxoJsLIUXCS B BHMIe HOHOB (cM. Bbille), B rpacdel Taba. 15 He
BKJ/IIOYAIOTCS, a BIUCHIBAIOTCA B TaGauly oTaenbHo. OTHeNbHO TaKXke
BIIMCHIBAIOT pasJIMyHble JAPYrHe AaHHbIE O BOJe, MOJyYyeHHble NIPH aHa-
JIM3e: OKHCJISIeMOCTb, CyX0il octaTtok u Ap. OTAeqbHO BBIMHCHIBAIOTCSA
TaKkXe JaHHble O (PU3HYECKHX CBOHACTBaxX BOJIBI — NPO3PAYHOCTH, 3a-
nax H np.

Ta6auuna 15
TepecueT pe3yabTaTOB aHalH3a NPo6bl BOAbI Ne 1
CoanepikaHue
dopmyna
M2[a M2-3K8[A /o 3kB
cr 124,5 3,51 35,98
SOy 83,0 1,73 17,72
HCO; 2763 4,52 46,30
MToro auumoHos . . . — 9,76 100,00
Ca” 88,6 4,42 45,28
Mg~ 24,4 2,01 20,60
Na" (no pasHOCTH) 46,6 3,33 34,12
MU Toro xatHoHoB . . . — 9,76 100,00

X. OTBOP NMPOB BOAbI NJi1 XHMHYECKOIO AHAJIU3A

§ 84. Ilpu or6ope npo6ul BOABI He CJenyeT 3a6blBaTh, UTO B MpH-
pore HET BOJOHCTOYHHKOB C HEH3MEHHBIM BO BPEMeHH COCTaBOM
BOAbl. Pasyyune B 3TOM OTHOLIEHHH MeXIy OTAENbHBIMH BOJOHMCTOU-
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HUKaMH 3aKJI0YaeTcst TOIbKO B TOM, YTO KoJeGaHUs COCTaBa B Ol-
HHX CJaydasix GoJjiblue, B Apyrux MeHblue. OTaesnbHas npo6a BOAbI MO-
’KeT XapaKTepH3oBaTh, CTPOTO TOBOPH, TOJBKO COCTAB BOJBl B MO-
MEHT OoT6Oopa JaHHOH NMpoObl. JTO OYEeBHIHOE OGCTOSITENIBCTBO YaCTO'
ynycKaeTcs U3 BHJA.

s moJiyyeHusi, HanpMMep, CPeJIHero rojloBOro COCTaBa BOJBl TOTO
HWJIH HHOrO BOJOHMCTOUHHMKA HEOOXOAHMMO cleslaThb aHaMH3bl HECKOJb-
KHX Npo6, B3ATBIX B pa3iHyHoe BpeMs rojaa. Bpemsi orGopa 3tuX
npo6 JOJXKHO yCTaHaBJIMBATBCS C YU€TOM THIPOreo/NIOTHYeCKHX U TH]-
pOJIOTHYECKHX OCOOEHHOCTell paiioHa, ¢ TeM UYTOGbl IOJYYHTb Xapak-
TepHble TOUKH KPHBOii, MOKa3blBaOlLlell H3MEeHEHHe COCTaBa BOAbl BO'
BpeMeHH. [IpyruM cyliecTBeHHbIM OGCTOSITEJbCTBOM SIBJSIETCS HEMO-
CTOSIHCTBO XHMMHUYECKOro COCTaBa BOJ B [POCTPAHCTBe; HaNpuMeD,
npo6a peuHoll BoAbl, B3sitrasi y Oepera, u npoba, B3ATas BAAJIH OT
Hero, MOryT BeCbMa CHJIBHO OTJIMYaThCsl MO COCTaBY, €C/H B JaHHOM
MECTe peKa JpPEHHpYyeT MoJ3eMHble BOJBI.

KoHeuHo, naseko He Bcerja yka3aHHble OOCTOATENbCTBA MOTYT
uMeTb 6oJibllloe 3HAUYeHHe MJsi TOH HMJH HHOIl 1esieBoil XapakTepH-
CTHKHM COCTaBa BOJBI, HO, BO BCSAKOM CJ/ydae, OHH He JOJIXKHbI BbINa-
JaTh U3 IOJIs 3peHus NpH orbope mpo6 Boabl Ha aHaau3. B orHole-
HUH OOIIMX TEeXHHYeCKHX YyCaoBHH orTGopa mnpo6 BOAbBl HEOOXOIUMO
OTMETHTb CJENYIOLIMe MOMEHTH. YCJOBHsI OoTGOpa MOJIKHBI ofecre-
YUTb OTCYTCTBHE JIEMEHTOB CJY4aiHOCTH B OTHOLIEHHH OTOOPaHHOMN
npolbl: cjayyaifHoe 3arpsi3HeHHe, 3acTosiBllasicsi Boja B OypoBoi
CKBaXHMHEe H T. A.

§ 85. [Ipu orGope mpo6 BOAK M3 KOJOALEB HIM OYpOBBIX CKBa-
XKHH mepel OTGOPOM HeoGXOAMMO IPOM3BECTH OTKAuKy JJIS yaaJIeHHS
3acrosiBlueiicss BOABl (eC/HH, KOHEYHO, KOJIOAEl] HJIH CKBaXKMHA HH-
TEHCHBHO He 3KCIUIyaTHPYIOTCSi) C TaKHM pacueToM, 4ToOml BOJa,
HaXOAsLasACs HEMoCPeNCTBEHHO B CKBaXXHMHe WJM B KoJoxue, obme-
Hulach Ha cBeXylo 2—3 pasa. Ot6op npobbl Boabl 6e3 OTKAuKH
MOXeT MOBeCTH K OYeHb KPYIHHIM OLUMOKaM.

B Bozme 6ypoBbIX CKBaXXHH MpPH NPOJOJMKHUTEIBHOM OTCYTCTBHH OT-
Kauek MHOrJa o6Hapy»uBaeTcs 6OJIbIIOE KOJHYECTBO 3aKHCHOIO XKe-
Jie3a, HECMOTPS Ha TO YTO B CaMOM BOJOHOCHOM TOPH30HTE KeJie30
OTCYTCTBYeT. TOYHO Tak »Ke B HepaGoTalOWMX KoJojlax yacro 06-
Hapy»XMBalOTCs 3HAUYMTE/NbHBIE KOJMYECTBA Aa30THCTOH KHCJOTH, aM-
MHaKa M Jpyrux nokasareseil 3arps3HeHHs, B TO BpeMs KakK BoJa
TOPH30HTa, IUTAIOLIEr0 3TOT KOJojell, siBjsieTcst Ge3yrnpeyHoil B OT-
HolleHHu 3arpsisHeHuil. OqHaKo Hesb3si 3a6BIBaTh, YTO B HEKOTOPHIX
C/ydasix yCuJIeHHasi OTKauka MOXET IOBJeub 3a COOOH H3MEHEeHHE
cocTaBa BOABI 3a CHET MOJATOKA IOCTOPOHHHX BO/.

1. ATINAPATYPA J1Ji1 OTBOPA NPOB

§ 86. CkasiHKM, NpeaHa3HayeHHble MAJasi NpoG BOMBI, JOJKHH
OWTb TINATEJNbHO BBIMBITHI CHayajla XPOMOBOM CMeChIO HJIH TelbiM
MBIJIBHBIM PacTBOPOM, 3aTeM BOAOH H, HAaKOHell, CIIOJIOCHYTHI JeCTHJI-
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JIMDOBAHHOH BOJOH M BhICywIeHbl. Ecau mpeanosaraercss AJHTeNbHOE
XpaHeHHe MpOOH, nmpuyeM B MpoGe GYAYT ONpPERENATHCH LIEJIOYHBIE
METaslJIbl, TO CKJASIHKY, NMpelHa3HaYeHHYI0 Iasi npoObl, Caeayer Mo-
KpbITb H3HYTPH TOHKHM CJIOEM pacIUIaBJeHHOro napaduHua, uToGbI
H30eXaTh CONPHUKOCHOBEHHS BOABI CO CTEK/JIOM H BbILLEIAYHBAHUS
ctekaa. YKesmatesbHO, YTOOBI CKASIHKM ORUIH CO CTEKJISTHHBIMH npH-
LJHQOBAHHBIME NMPOGKAMH; B CJyyae OTCYTCTBHSI MPHILTH(POBAHHBIX
MpoGOK MOXKHO TPHMEHATh I 3aKYNOPKH KOPKOBBIE MPOGKH, Tpe-
BapHTEJbHO MNPOMBITHIE H TNponapaduuupoBaHHble. [Tocae ykynopku
NpPoOKH 3aJMBAIOTCA CYPry4OM HJIHM MeHJesieeBCKOoH 3aMasKkoil. Ilon
TNPOOKOH NPHXOAHTCS OCTaBJSATb HEMHOTO BO3/4yXa, TaK KaK HHaue
fpy HarpeBaHWH BOJa MOXeT BbIAaBHTb NpoOKy. I[lepex orGopom
NpoOHl CKJIsIHKAa ROJXKHA GBITH CIO-
JIocHyTa HabHpaeMoit BOZIOil.

§ 87. Ilpn otGope mpoGel cie-
JyeT TpONYyCTHTb 4Yepe3 CKJISAHKY
NpH MOMOLIK TPYOKH, OMyLIEHHOMH
JI0 JHA CKJSIHKH, HEKOTOpBIH 06beM
HabnpaeMoil BOABI C TeM, YTOOBI BO-
la B CKJIsiHKe oOMeHHsiach 2—3 pa-
3a. [locnennee ycioBue o0si3a-
TeslbHO, eCIM B mpoGe mpesmnoJsa-
raercss OnpeneJsiTb rasbl (HanpH-
Mep, YIJEKHCIOTY), TaK Kak HHage
npo6a HM3MEHHT rasoBhIil cOCTaB BO
BPEMsI COINPHKOCHOBEHHSI C BO3AY-
XOM B Mpollecce BHITECHEHHS €ro
a M3  CKJISHKM T[pH  HalNOJHEeHHH
CKJISIHKH BOJOH.

§ 88. Ilpu or6ope npo6 u3 ot-
KPHITHIX BOJOEMOB H BoOOIe B TeX
ciyyasiX, Korga ypoBeHb BOAH (B
KoJsonue, B OypoBOH CKBaXKMHe) HaXOAMTCS HeNaleKo OT IMoBepX-
"HOCTH, MOXKHO MOJIb30BAThCA TaK HAa3blBaeMbIM «MCEBAO6ATOMETPOMY,
npemnoxenusiM [, 0. BepemarnueiM. YcrpoifictBo «nceBpo6aro-
.MeTpa» MOKas3aHo Ha pHC. 4.

PesuHoBasi Tpy6ka A uMeer Mo AJHHE METKH, K KOHIy ee MpH-
‘KpenJeH HeGoJbluoi rpy3 a. [lns or6opa mpoObl KOHell 3TOi TpyOKH
-OMYCKAIOT B BOAY Ha TpebyeMylo IvyOHHY, 3aTeM NpH MOMOLIHM pyd-
HOro Hacoca BbICAcChIBAIOT BO3JAYX W3 CKJAsiHKH uyepe3 TpyOky b. Ilep-
BBIMH TOPLUHSIMH BOAbl NPOMBIBAIOT CKIASHKY, 3aTeM HAalOJIHAIOT €e
Bofoil. B cpenHee ropJILIIIKO CKJISIHKH BCTaBJeH TepMmoMerp. Ecun
npu or6ope Mpolbl CKASHKY MOXHO NOMECTHTb He BbIlle YeM Ha
0,5 » Hax ypoBHeM BOAHI (HampuMep, MpH oT6ope MpoGBI U3 OTKPHI-
TOro BOfoeMa), TO Mpo6y MOXHO B3ATh, He MPHMeEHss Hacoca, oTca-
chiBasi Bo3AyxXx mnpocto pToM. [locne Hanosanenwus nceBpo6aTomerpa
CHHUMAIOT Tpy6Ky A H BMeCTO Hee NPHCOEAMHSIOT CTEKJISHHYIO TPYOKY
NpH MOMOIUM KycKa pe3nHoBoit TpyOkH. Uepes mnosayueHHnlr cudoH
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fiepe/IMBalOT BOJY M3 NceBao6aToMeTpa B CKJSIHKY AJsi Mpo6bl, omy-
cKkasi KoHel cHdoHa OO HHAa CKISHKH (TpelBapHTeJbHO CHQOH
HY>XHO, pa3yMeeTcsl, IPOMBITb, C/JIHBasi BOAY NMOMHMO CKJISHKH).

Hns ycrpofictBa nceBgo6aToMeTpa BMECTO TPEXIOpJOH CKJSHKH
MOXHO, KOHEYHO, BOCHOJIb30BaTbCA H OJHOrOPJIOH CKJSIHKOH, Mpo-
MyCTHB ofe CTeKJAsiHHble TPYOKH, a ec/IH HYXKHO, TO M TepMOMeTp,
yepe3 ONHY H Ty XKe Pe3HHOBYIO NMPOOKY, 3aKPHIBAIOLLYIO TOPJIBILIKO
CKJISIHKH (puc. 4).

§ 89. Has nonyuyeHuss mpoGBl C HeHM3MEHHBIM Ta30BBIM COCTaBOM
BOAbl H3 OTKPHITOrO BOJOEMa MOJb3YIOTCS ABYMsi (MaH GoJblie)
CK/ISIHKaMH, CMOHTHPOBAHHBIMH B o0Oleil
ornpaBe. EMKOCTb OIHOI CK/ISIHKH HOJXKHA
ObITb B HECKOJIbKO pa3 GoJblue, 4eM Jpyroi
(opyrux). CKJISIHKH MOHTHPYIOTCSI 1O CXe-
Me, NoKaszaHHOH Ha puc. 5. IlpuGop omy-
CKAaIOT Ha HYXHYyI0 TJIyOHHY M 3aTeM IpH
TIOMOIIH  CIeLHaJbHOro  MpHCHOCOOEeHH S,
KpaHa, KJamaHa WJIH KOJamauka Cco ILIHY-
poOM, OTKpBHIBaIOT TPyGKy a. Bogma uepes sty
TpyOKy 3amno/HsieT -CHayala  MeHbLIYIO | I
ckIsiHKYy A, 3ateM no Tpy6Gke 6 mocTynaeT Ho i,
B Gosbllyio cKIsSHKY 5. Bosmyx H3 cK/siHOK
BBIXOAHT BCE BpeMsi MO pe3uHOBOH Tpy6Gke Puc.5. Ckasuku.aas or6o-
6, KOHell KOTOpOil BhIBeJeH Ha MOBEPXHOCTb. pa mpo6 Bz
IToka Hanonuurcss ckasiHka b, Boma B
ckasiHKe A OGMEeHHTCS HeCKOJNbKO pa3, M ras3oBhlil cocraB mpoGul B
3TOH CKJIsIHKe OyNeT OTBeyaTb ra3oBOMYy COCTaBY HCCJedyeMOH BOJBI.

§ 90. CknsiHKM, CMOHTHPOBaHHBIE IO OMHCAHHOH CXEME, MOryT
ObiTb HCMOJNB30BaHBl TaKkKe H B KauecTBe IMceBrobGatoMerpa (cM.
Bhile). [lasi 3TOoro pe3nHoByio TPyGKy 8 (CM. puC. 5) HyXHO MpH-
COe/IHHUTb K TPyOKe @ (BMeCTO 2) M KOHel| ee (C rpy3oM) ONYyCTHTb
B BOAY Ha HYXHyI0 IIyOHHY, H OTCacbiBaTb HacocoM (HJIM PTOM, eCTH
3TO BO3MOXKHO) BO3IyX uYepe3 TPyOKy e.

§ 91. B Hacrositee BpeMsi Npeanpusitiss MHHHCTepCTBA TeOJIOTHH
¥ OXpaHbl Help H3rOTOBJISIOT MPOGOOTOOPHHKH IJIsi BOABI KOHCTPYK-
uun E. B. CumonoBa. ITpo6ooTGopHHK MOKa3aH B paspe3e Ha pHc. 6.
OH coctouT u3: rpy3sa I/, uninHapa 3 ¢  Ko3bIPbKOM 2 BHH3Y H BOPOHKOMH
4 BBepxy. DTOT NPOGOOTGOPHHK MOXKET ObITh HCNOJB30BaH AJst OTGOpa
npo6 BoAbl M3 CKBAXKHH, KOJOJIEB U MNIyGOKHX OTKPBITHIX BOJOEMOB.

HOasa orbopa npo6 rpy3 I omyckaloT B CKBaXKHHY, KOJIOZELl HJIH
OTKPHITHIH BOJOEM Ha TOHKOM TpOCe Ha Ty MJyGHHY, C KOTOpPOH Tpe-
Oyercs1 B3sTh MpoGy BoAabl. Bo BpeMs omyckaHusi rpysa LHJIHHADP J
TpHIepKUBAIOT PYKOH HalX yCTbeM CKBaXKHHbBI, @ TPOC NMPOXOAHUT BHY-
TPH LWJIHHApA. 3aTeM UMJIHHAP OMYyCKAalOT B ckBaxkuHV. Ilpm morpy-
XeHHH UHJIHHAP CBOOOAHO ABHXKETCS MO TPOCY H IPOMBIBAETCS BO-
Iofi. JIocTHrHYB rpy3a, UUJIHHIApP MJIOTHO HacaXXHMBaeTcs Ha Hero, 3a-
XBaTblBasi MpPH 3TOM NMpo6Gy BOAH C TOH TJyOHHBI, HA KOTOPYyIO OblI
onyuied rpys. DBusarogapsi koHHdecko#t ¢opMe rpy3a H HaJH4YHIO
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PE3MHOBOTO YIJIOTHHTEJIBHOrO KOJIbLA, 3aNpecCOBAHHOTO B KO3BIpbKe
2, mosy4aercst IVIOTHOE COTIPSXKEHHe LHJIMHAPA C TPy3oM.

Hnst Toro 4TOOsl NMPH H3BJIEUEHHH NPHOOPA Ha NOBEPXHOCTb B
UMJTMHAD He Monajasy YacTHLbl MOPOIBI CO CTEHOK CKBAXHMH, Nepes
ero MoAbeMOM MO TPOCY CIYCKAIOT MOCKUIbHYIO MPoOKy 5. KoHcTpyk-

uus npoOKM obecneuuBaeTr BO3-

MOXHOCTb pa3ABHraTh AB€ I0JIO-

5 BHHKH, M3 KOTOPBIX OHa COCTOMT,

A — A H uepe3 o6pasoBaBIIYIOCS LIeJb

NpoINycKaTb TPOC B LEHTPasbHOE
OoTBepCTHE MPOOKH. ’

[Tocnie wu3Bneuenuss mnpuGopa
Ha MOBEPXHOCTb Ha NarTpyboK a
HalleBalOT pPe3HHOBYIO TpYyOKy.
Jas BblIMBaHHMS BOABl MpHGOP
HaKJIOHSIIOT, CMellasi TeM CaMbIM
LIapHK, 3aKpLIBAIOIIHN OTBEpCTHE
BHIBOJHOTO KaHasia B rpyse [.
[TepBBIMM MOPUMSIMH BOJBI, BHI-
nyckaemoi u3 npuGopa, NMpOMHI-
BalOT Pe3HHOBYIO TPYOKY U CKJSIH-
Ky, NpelHasHauyeHHYIO IJs Ipo-
6bl BOAbl. 3aTeM CBOGOIHBINA KO-
Hell pe3UHOBOi TPYOKH ONyCKaloT
A0 JHA CKJISIHKHM, HaMOJHSIOT
CKJSIHKY JO BepXa M HAIOT BOJe
HEKOTOpOe BpeMsi MepeHBaThCA
yepe3 Kpail CKIAHKH. B mpu-
Gope IOJKEH OCTarbCs HEKOTO-
pulii 06beM Boxael. EMKoCTh Ta-
koro mpubopa 1,2 a.

OnucaHHbll MeTox oT6Opa
obecrneyuBaeT BO3MOXHOCTb IO-
Jy4nTh Npo0y BOMABI, HE CONMpPHKa-
caBmyiocss ¢ Bo3gyxoM. Cuoit
BOJbI, CONpHKacaBIIHACA C BO3-
Puc. 6. [po6ooT6opunk nas Boam koxn- AYXOM B npuGope, B CKJISHKY HE

crpykunun E. B. CuMoHoBa BHIJIMBAIOT, OH OCTaeTcs B IMpH-

Gope; cJIOi 2Ke BOJbI, CONMpHKa-

CaBLIMIICS C BO3JYXOM B CKJSIHKE, BBIJIMBAeTCsl Yepe3 Bepx rnocJse Ha-

ToJIHeHHst CKAstHKH. HexoTopele Mpo600TGOPHHKH H3rOTOBJSIOTCS Ge3

IIapuKa B rpy3e, B HUX BBITYCK BOJB! IIPOW3BOMUTCS NPH MOMOILM KpaHa
B natpy6ke a (cM. puc. 4).

HIasi or6opa npo6 CHIbHO Ta3HPOBaHHHIX BOI TeM XK€ aBTOPOM
NpeioXeHsl NpuOOpbl GoJiee CJIOMKHON KOHCTPYKLHH, oGecreyuBato-
M€ COXPAHHOCTb Ta30BOTO COCTaBa MPOGHI BOABI, M3BJEUEHHOH Ha
NIOBEPXHOCTb Aa)Ke B TOM cJydae, eCJH BOAA HacHllleHa rasoM NOX
6OJIBLIMM J[aBJICHHEM.
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§ 92. O6bem npobbl, HeOGXOAUMBIH AJs1 NMPOM3BOACTBA aHAa/H3a,
3aBUCHT OT THNMa aHaau3a. B KauecTBe OpHEHTHPOBKH MOXHO IpH-
HATb, YTO IJIS THIIOBbIX aHAJH30B, yKa3aHHbIX B Taba. 2 (§ 21),
HyXHBI CJIeAyIOolHe MHHHMAaJbHbIE 060beMbl Npo6:

Tnnauanusa............I I ‘ 11 ‘ 11

Heo6xoaumblit 06'beM npo6bl 0,5 2 1 a2 2

Ecnin npeanosnaraercst NMPOH3BOAWTb MPH aHaJH3e ClelHa/bHbIE
oflpeeJieHuss COCTaBHBIX 4acTel, BCTpPeYalOWUXCsi OGBIYHO B IPHPOI-
HBIX BOJaX B HeGOJIbIIHX KoJiHuecTBax (6pOM, HOM, JUTHH, CTPOHLHI,
MBbIIIbSIK U T. 1.), OpUXOAUTCS GpaTbh JomoJHUTeNbHO 5—20 4 Hccie-
nyemoii Boabl. [l BOA, MMEIOINX 3HAYHTEJbHYIO MHHEpaJsH3alHIo,
06beM NMpo6 MOXHO YMEHbLIHTb.

2, KOHCEPBHPOBAHHE H OTBOP CIELLHAJIbHBIX MPOB

§ 93. Beiue (§ 25) ykasbiBasnoch, UTO NMpPH aHajHM3e BOJbI HEKO-
TOpBIE ONpeAe/eHHsi CIeAyeT NMPOM3BOAHTb HJIH HEMOCpeACTBEHHO Ha
MecTe B3sITHSI NMPOOHI, WJHM, BO BCSIKOM cJydyae, yepe3 HENpPOIOJIKH-
TeJbHOE BpeMsi mocsie oT6opa. B ciyuae HEBO3MOXXHOCTH 3TO BHINOJI-
HHTb HYXHO TNPHHATb Mepbl 10 KOHCEPBHPOBAHHIO HaHMeHee YCTOM-
YUBBIX COCTaBHbIX yacTteil Boabl. OJHAKO NPH MPOJOIKHTENBHOM Xpa-
HeHHH Tpo6 BOAH TOCJe OTOOpa MOXET M3MEHHTbCSI BeCb XHMHYe-
CKHMH cocTaB BOAbl, a He TOJBKO COAEPXKaHHE «HEeYCTOHUHMBBIX» CO-
craBHbIX vacreii. Hanpumep, B pesysbrare norepu cBoGOAHOH yrile-
KHCJIOTH H3 BOJIH MOXET BBHINACTb B OC3JOK YIJIEKHC/IblH KasbLHi
BCJIEICTBHE IpeBpalleHdss ruapokapGoHaTa KaJjblUsg B KapOOHAT
(cMm. § 66):

Ca(HCO,), — CaCO3+-CO,+ H,0.

B cBSI3H ¢ 3THM NPOLIECCOM H3MEHHTCSI COAEpXKaHHe B BOJIE MOHOB
Ca’’, HCO;, a Takxe M BeJHYHHA CyXOro OCTaTKa.

§ 94. Ing ofuieit crabuinsanuu XHMHYECKOrO COCTaBa BOIBI pe-
KOMEHIyeTcsi Hachlarth Mpo6y BOABI yrJeKHCAbIM rasoM. Ecau Boaa
MyTHasi, TO ee (HJIbTPYIOT, 3aTeM HAMNOJHSAIOT CKJASHKY IOYTH 10
Bepxa W IpOoNycKaloT Yepe3 BOAY TOK yr/ekucsoro rasa. Hacelmeunune
BOJbI YIJEKHCIOTOH NpefoTBpalllaeT yKas3aHHBIN BbIllE MPOLECC Mpe-
BpalleHHsi THAPOKapOOHATOB B KapOGoHATH M BhiNaJeHHE MOCTeJHHX
B 0CagOK. YIVIEKHC/bI ra3 siB/IsSeTcsi XOPOLIMM KOHCEPBHPYIOIHUM
CpeliCcTBOM M IpefoxpaHsieT mpoGy BOABl OT 3arHHBaHHs, BOCCTaHO-
BJleHus cy/bdaToB W passuTHs NJleceHH. [lJs GoJiee MOJHOro mnona-
BJIeHHs] GHOJIOTMYECKHX TIPOLeCCOB MpHGABJSIOT ellle XJaopodopm H3
pacuera 1 ma xmopocdopma Ha 1 2 Bomnl. Takum myTeM NpoGwl, nmpea-
HasHayeHHBle JJISi OMNpeleJeHHss OCHOBHBIX COCT@BHBIX —yacTei
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MHHEpPaJIbHOTO COCTaBa BOAbI, MOXHO KOHCEpBHPOBaThb Ha IJHUTENb-
HEIT cpok (mo 3 Mecsiues).

PasyMeeTcsi, YTO MO aHaNH3y KOHCEPBHPOBAHHON TaKMM CIIOCO-
6oM mpoGHI Hesb3sl ONpeae]UTh COfepXaHHe CBOGOLHON YrJeKHCIOTh
W IPYTHX ra3oB B uccaefyeMoil Bole, a TakXkKe aKTHBHYIO peakuio
stoit Boanl. Ecsin mccrepyemas Boga cogepxana umonnl CO,, To HX
collepxKaHue TOXe Helb3s GyAeT ONpefesisiTh, TaK KakK NpH Mpomy-
CKaHHMH YIJIEKHCJIOTO rasa oHu mpespatsitcss B nonsl HCOJ.

CO; +CO,-+H,0 — 2HCO;.

§ 95. las1 KOHCEpBHPOBAHHS OTHENIBbHBIX «HEYCTOHUMBBIX» COCTaB-
HBIX yacTell oTGUPAOT cleluanbHele Mpo6ul Boasl. CrocoOrl KoHcep-
BHDPOBaHHsi HEKOTOPbIX COCTaBHBIX yacTeidl yKasaHn Huxke. OOHaKO
ClleayeT OTMETHTb, YTO ILiejecooGpasHee «HeyCTOHYHBHIE» COCTABHbIE
YacTH OMNpefesisiTh B OCHOBHOM Ha MecTe, €CJH, KOHEYHo, MO yc.1o-
BHUsIM pabGoTBl 3TO BO3MOXKHO, TaK KaK KOHCepBHpOBaHME GOJIBILOTO
KOJIYecTBa NMpPo6 M UX TPAHCIOPTHPOBKA B JIaGOPATOPHIO CJIOXKHBL H
rpomo3aku. Kpome Toro, onpeznesneHue Toi MM HHOH COCTaBHOH 4acTh
nocsie ee KOHCEPBUPOBAHMS CTAHOBHTCS OOBIYHO GoJsiee CJOXKHBIM.

3. MPOBA JJis 'ONPEAEJIEHHSA OBLIEro
CONEP)XAHHA YIJIEKHCJIOThHI

§ 96. [lusa KoHCepBHPOBAHHS YIVIEKHCJAOTH K mpobe BoAbl o6a-
BJISIIOT THApaT OKHCH 6Gapusi, TMpH 3TOM BCsl YIVIEKHCJOTa, KaK CBO-
GoxHasi, Tak M Haxogsulasica B Bule HonoB HCO;, Beimanaer B oca-

IOK B BHAe KapGoOHaTOB:
H,CO,—+ Ba(OH), = BaCO4—+ 2H,0;
Ca(HCOy), + Ba(OH), = BaCOgz—+ CaCO4+- 2H,0.

[Tpo6ul AJisi KOHCEPBHPOBAHUS YIJIEKHC/JOTHI HYXKHO OT6MpaTh B
crnelyanbHele KoJbsl emkoctbio 300—500 ma, moaxonsiive K INpH-
6opy A5t ompemeNeHUss YIVIEKUCJOTH M CHaOXeHHBle XOpOoIo IpH-
THaHHBIMH pPE3HHOBBIMH MpoO6KaMHu. IDTH KOJObl 3apaHee MOArOTO-
BJISIOT CledylomluM obGpasoMm. IlpoayBaloT yepe3 HHX NpH TOMOLIH
TPyIIH BO3AYX, JIUIUEHHKIH YIJIEKHC/IOTH, B TeueHHe 3—5 MHH. 3aTeM
B Kaxaylo Koaby npuausaioT no 50 ma Npo3payHOro HachlIeHHOTO
pactBopa efikoro 6aputa, 3aKyNnopHBalOT KoJIObl MPOOKAMHU M B3BeLLH-
BAIOT.

B noarorosJieHHBle TaKUM CIOCO60M KOJIOH 6epyT MpoGHl BOXHI,
npefHa3HaueHHble IJIsl ONpefeseHHs OOLIero CoAepXkKaHHs YIVIEKHC-
JIOTHL. I'Ipensapme.nbno BOJy HaGHpAIOT B CKJSHKY C COGJIIOJeHHeM
ycioBuil, ykasanueix B § 87, sarem 200—400 ms Boxbl, B 3aBHCH-
MOCTH OT 06beMa KOJIOB, M3 CKIASHKH NepeJHBAlOT NpH MOMOLIH CH-
¢oHa B Koa6y C eqKHM 6apm-0M H 3aKpBIBAIOT KosI6y mpobkoit. [Ipn
nepeJHBaHHH KOHell CM(OHA MOMKEH BCe BpPeMs HAXORUThCS HUXKe
YpOBHsI BOAHl B KoJiGe. I3aMepaTh 06beM B3siTol Mpo6GH He Tpebyercs,
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TaK KaK KOJIMYEeCTBO B3fITOM BOABI YCTaHABJIMBaeTcsi B JabopaTOpHH
Mo Becy Kosibhl ¢ npo6oil (Bec KosiGbl Ge3 mpoGwl u3BecTeH). Peko-
MeHJlyeTCsl B KaXIoM c/ydae GpaTb ABe mapaJljesbHble MPOGHL

ITpu anaause npo6el B MaGopaTopuu KapGoOHATBI pasjaraloT KHC-
JIOTOH H ONpefessioT obliee KOJMHYECTBO BBIAESIOMIENCS MPHU 3TOM
yrJekucaotel. UTo6Bl OTAENBHO ONMpefesNuTh ColepXKaHie CBOGORHOM
yrJekucaoTel u ruapokap6onaTtHoii (HCOj;), HyxXHO, KpoMe mpoOBI

Ha ofllee coliepXKaHHe YIJIEKHCIOTH (3aKOHCEPBHPOBAHHOM, KaK OIu-
caHO BHILle), B3ATh OQHOBpeMeHHo Mpoly aJs onpexenenus HCO,.
B ciyuae, ecin Gepercst npo6a BoAbl Ha OOWMH aHanu3, 6GpaTb crie-
uuajbHyio npo6y nas onpenenenns HCO;, koneuno, He TpeGyercs.
Ecan B MoMeHT B3siTusi npoObl Ha ofllee coaepXaHHe YIVIEKUCIOThE
omnpefeseHo 3HauyeHHe pH Bomml, TO yCTAaHOBUTB OTIENIBHO COAepKa-
HHe B BOAe CBOOOJHOI YIJIEKMC/JIOTBI M THAPOKApOOHATHOH MOXKHO
TakXe nyreMm pacyera (cM. § 40).

4, MPOBA JJi1 ONPEAEJEHHA CEPOBOJOPOJA

§ 97. Urobbl cBA3aTh cepoBOAOPOA, K BOJe NMPHOABJISIOT pacTBOP
YKCYCHOKHC/JIOro KaJiMHsi, TIDH 3TOM Kak CBOOOIHBIH CepoBOHOPOL,
TaK M CyJb(pHIB OCa’KJalTCs B BHAE CyJbpHIa KagMHA:

H,S + Cd(CH,COO0), = CdS + 2CH,COOH;
NaHS + Cd(CH,COO0), = CdS + CH,COONa -+ CH,COOH.

KoHcepBupoBaHHe NPOU3BOAAT B CIELHAJbHBIX KOJ6aX eMKOCTbIO
oKoJ1o 500 M, MOAXOAALMX K npu6opy ans onpeneieHust HeS. B atn
KosIOBl 3apaHee HajuBaloT no 100 x.a pacTBopa yKCYCHOKHCJIOTO Kal-
MHUsl, 3aKPBIBAIOT UX PE3MHOBBLIMU NMPOOKAMH M B3BELIWBAIOT.

B moaroTosienHble TakuM 06pasoM Kos6bl oTOHMpaOT Npo6bl BOJILL
no Takoil ke MeToAuke, Kakas omucaHa Beime (§ 96) mas orBopa
npo6 Ha oflee cogepKaHue yraekucaoTsl. Ilpu anann3se npo6 B Ja-
6opaTopuy CEpHHUCTBHIH KaAMHH pas3faraloT KHCJIOTOH M ONpefesioT
KOJIMYECTBO BhIJEJIMBLIErOCsI MPHU 3TOM cepoBofopofa. s Beluucie-
HUsl OTHEJIbHO COJepXKaHusi CBOGOAHOro cepoBofopofa u uoHoB HS’,
KpoMe oOIero copepKaHus CepoBOLOPOAA, HEOOXOAMMO 3HATh ONHY
M3 TpeX BeJHYHH:

a) pH uccaenyemoit Bognl (pacuer cM. B § 48);

6) TUTPHPHYIO LIEJOYHOCTb BOAbI H ofliee colep’KaHHe YIJIEKHC-
JIOTHl B JaHHOW Boge (pacuer cM. B § 51);

B) THUTPHPHYIO IIEJOYHOCTb BOABI M CyMMapHOe COJlepkKaHue B
BOoJe CBOGOAHOM YIVIEKHCJIOTHI M CBOGOZHOro cepoBojopofa (pacuer
cy. B § 52).

5. MPOBA JJid OMNPEAEJEHHWA ATPECCHUBHOM YIJIEKHCJIOTbBI

§ 98. Ins onpenesieHHst arpecCUBHON YIJIEKUCJIOTHI HYXHO B3SIThb-
crenHabHylo Mpo6Gy BOAbl B CKIAsHKY eMKocTbio 250—300 ma c mo-
6aBKoil MeJIKO HCTEPTOr0 M XOpPOIUO HPOMBITOrO YHCTOTO Mpamopa..
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[MpennasHaueHHyo A5 npoObl CK/IASHKY HaMOJHAIOT HCCJAeAyeMOH BO-
Jo# ¢ o6s3aTesbHBIM COGJIIOJEeHHeM YCJIOBHH, yKa3aHHbIX B § 87, 3a-
TEM OTJIHBAIOT M3 CKJSHKH HECKOJbKO MHJJIHJIHTPOB BOJbI, BCbIMaOT
B CKJASIHKY 2—3 & MpaMopa, IJIOTHO 3aKYNMOPHUBAIOT CKJISHKY H 3aJIH-
BAlOT TODJIHILIKO CYPrydyoM HJH MeHIeJeeBCKOH 3amaskoil. Mexny
npo6Koi M ypOBHEM BOIH B CKJsIHKE JOJIXKEH OCTaBaThCs TOJBKO® He-
60/1b1I0H TYy3bIPEK BO3AyXa.

HyxHo MMeTb B BHAY, Y4TO AJsi BHUMCJEHHSI COAEPXKAHHs arpec-
CHBHOM VIVIEKHCJIOTBI Heo6XoauMo 3HaTh coaepxanne HCO; B nccae-

JAyeMoii Bole no no6aBKH MpaMopa. Ecau ofwmuii aHanu3 uccienye-
MOii BOIbI He NMPOH3BOAMTCH, TO OAHOBPEMEHHO ¢ Mpoboii Ha arpec-
CHBHYIO YIJIEKHCJIOTY HEOGXOAMMO B3siTb B CKJSIHKY eMKOCTbio 250—
300 ma crneunanbHyio npoGy (6e3 no6aBKH Mpamopa) AJs onpeae-
Jennsi cogepxanus HCO,

XI. AHAJIM3 BOA bl B MOJIEBbIX H MOJIYCTALLHOHAPHbBIX
YCJIOBHUAX. MOJIEBBIE JIABOPATOPUH

§ 99. Ins npou3BOACTBa aHaNH30B B IMOJYCTALHOHAPHHEIX YCJO-
BHSX, T. €. B NOMeLIEHHH, He MNPHCNOCOG/JIEHHOM CIeUHaNbHO s
aHaauTHYeCKOl paGoTel, HauGosee TPYAHO OPraHM30BaTb BeCOBbIe
MeTOAbl OnpefeseHHil, TaK KaK OHM TPeOYIOT HaJHuHs aHaJHTHYe-
CKHX BECOB H MPHOOPOB IUIsi CYLIKH H MPOKaJHBaHHUs ocalkoB. Kpome
TOrO, UCMO/Nb30BAHHE BECOBHIX METOJOB CBsI3aHO OGHLIYHO C MOBHIIIEH-
HBIM PacXofiOM IeCTH/UIMPOBaHHOH Bodbl. B cBsisam ¢ stum B moay-
CTallHOHAPHBIX YCJIOBHSIX BECOBble METOAbl OOBIYHO He IPHMEHSIOTCH.

OueBHAHO, YTO [JIs1 MOJIEBBHIX METOJOB aHaJ/IM3a, T. €. AJsi aHaIH-
30B, MPOM3BOAMMEIX HEMOCPEACTBEHHO Yy HCTOYHHKOB, BO3MOXHOCTb
JHCII0/1b30BaHHsi BECOBbLIX METOZOB COBepIUEHHO HcKatouaercs. [lpu
aHa/au3e BOJ B MOJYCTALMOHAPHHIX YCJOBHSIX HCIOJb3YIOT TJIaBHHIM
o6pa3oM o6beMHble M KoJopHMeTpHueckHe Meroasl. OnpeneneHHe H
npoBepKa HOPMaJIbHOCTH PabOYMX pacTBOPOB, HEOOXOAMMHIX AJIsi
.06BEMHBIX OMpefeseHtil, TPOU3BOASATCH N0 3apaHee MPHTOTOBJIGHHBIM
HaBeCcKaM OCHOBHBIX BEILECTB, IO CTaHAAPTHHIM PacTBOpaM, KOHIEH-
TPalUMH KOTOPHIX 3apaHee ONpeleJeHH, HIH MO (QHKCcaHaIaM.

[Tpu BHIGOpE METOAOB OTAEJNbHBIX OMpeleseHHH PYKOBOACTBYIOTCS
B MepBylo ouepelb HEOGXOAMMOH TOYHOCTbIO aHaJH3a, HO MPH 3TOM
MPUXOANTCS, KOHEYHO, YYUTHIBaTh M peasbHbie OpPraHH3alHOHHbIE
BO3MOXHOCTH. B uyactHoctH, cieqyer us6eraTb NpHMeHEHHs METOIOB,
Tpebyiolux GOJIBLIOr0 KOJHYECTBa XHMHUYECKOH MNOCYAbl HJH CIle-
uHaJbHOro OGOpYAOBaHUs, Hampumep MNPHOOPOB OJ/si OTCACHIBAHHS.
[Tpn npousBoaCTBE KOJOPHMETPHYECKHX OTNpeAes]eHHH uacTo 06Xo-
AsATcs G€3 crnelHabHRIX KOJODHMETPOB W Ge3 CTaHZapTHLIX PacTBO-
POB, HCNOJIb3ysi BMECTO HHX pacKpalleHHble CTaHdapTHhIE LIKaJbI.

s nosieBHIX aHaJH30B MPHUMEHSIIOT ClelHalibHbie MOJIeBble Ja-
-60paTOpHH, OTJHYAIOLIHecs MaJbIMH pasMepaMH M BecoM. B 3Tux
J1a6opaTopUsAX TOXe HCHOMb3YITCH TJIaBHHIM 06pa3oM oO0beMHble H
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KOJIOpUMETPHUECKHE MeTOAbl aHa/lH3a, HO B YMNPOLUCHIOM BHJIE.
BMecTo KoJ16, GIOPETOK H MHMETOK 3[eChb NPHMEHSIOT OObIYHO TPalyH-
poBaHHBIe MPOGHDKH, KanelbHHLbLI H MHKDOMMMETKH; XHIKHE DCaK-
THBBl 3aMeHSIIOT, MO BO3MOXHOCTH, CYXHMH; KOJIOpPHMeTPHUECKHC
onpe/esieHHs] IPOM3BOAATCSA MPH MOMOLIM PaCKpalleHHbIX IIKaJl.

§ 100. Kpome 0oGbeMHBIX H KOJODHMETPHYECKHX MeTOJOB, B MO-
JYCTALHOHAPHBIX M TOJIEBbIX YCJOBHAX PaGOTHl YacTo HCMOJb3YIOT
TakXKe He(esoMerpuueckue Meroinl. [TpuHUMD HedesoMeTpHueCKHX
onpeneseHHH 3aK/I0uaeTcs B TOM, UTO ONpene/sieMblii HOH JeHCTBHEM
H30bITKa COOTBETCTBYIOLIEIO peakTHBA MEpPeBONAT B HePacTBOPHMoOeE
coeIMHeHHE H N0 CTeNeHH MYTHOCTH MOJyyalollerocst pacTsopa olnpe-
JleJII0T collepKaHHe qaHHoro noHa. Onpe-
JeJeHHe CTeleHH MYTHOCTH MPOU3BOISAT
B CMelHaJbHbIX «MYTHOMEpPHRIX» Mpo6up-
Kax no cnocoby, pa3paGoTaHHOMY
[1. H. ByrelpudbeiM. MyTHOMepHBIE MpO-
6upkn nuaMetpoM 1,6 cm u BbICOTOH ! v
13,0—14,0 cm pasnesieHnl MO BHICOTe Ha /l '
muaaumerpel  (no 100 mm ot ngmma); | !
KpoMe TOro, OHH HMEIOT METKH, OTBeyalo- / e VA
wue obvemam 10 u 20 ma. Ha mwe |7 74 d
npoGUPOK uepHOl 3MaJieBoi  Kpackofi /a e >
HaHeCceH PHCYHOK. Y, 7

CreneHb MYTHOCTH TOTO WJH HHOrO
pacTBopa  XapaKTepuayeTrcsi  BhIiCOTOM
cro16a pacrBopa, Yepe3 KOTophlil caa6o
BHAEH 3TOT pHCYHOK, €C/IH CMOTpeTb .
CBepXy B MYTHOMepHYyI0 mpoGupky. Oue-

BH/JHO, UTO 4eM MeHblle CTOJG pacTBopa, Puc. 7. Komnaparop
NpH KOTOPOM pHCYHOK CTaHOBHTCH YKe

MJIOXO BHUAHM, TeM GoJibllle NMPH NPOYHUX PABHHIX YCJIOBHAX KOHIIEH-
Tpauus MYTH B JaHHOM pactsope. Ecsu, HanpuMep, B3fiTb PacTBOpH
C pas/IHYHBIMU cOfeprkaHUsAMH HOHOB SO’ M NMpPUGABHTbL K 3THM pac-
TBOpPaM H30BITOK XJOpHCTOro 6apus, To KoHueHtpauusa Mytd (BaSO,)
B TOM HJHM HHOM pactBope OyneT TeM Gosbliue, yeM Bbillle GbLIO CO-
ZepxaHue B HeM HoHoB SO,

[Tpn HanMBaHMM MYTHRIX PacTBOPOB B MYTHOMEpPHYIO MpPOGHPKY
KaxJIoMy M3 HHX OyJer oTBeyaTb BIIOJIHE OmNpefesleHHas BBICOTA
cros6a pacTBopa, MpH KOTOPO# CTAHOBHTCSI CJ1aGo BHAEH PHCYHOK Ha
IdHe mnpcOGupku. MMeHHO TakuM 3KcmepUMeHTalbHRIM NYTEM MOJY-
YaloT JaHHble A/ TabJul, MU MOMOLIM KOTOPHIX MO BBICOTE CTOJ0A
pacTBopa B MYTHOMepHOIi MpoGHpKe OnpejessieTcsi COAEPXKaHHe TOro
HJIM MHOTO HOHA B pacTtBope. Hedenomerpuueckue onpejeseHus npo-
H3BOAAT B KoMmnapartope (puc. 7).

MyTHOMepHBIE TMPOGHPKH NpH HaGMIONEeHHH JOJKHBI BHICTYNaTh B
OTKDBITYIO CrepeJH HHXKHIO 4acTb koMmnapatopa Ha 2—3 cu. Ilpo-
OMDKH yJepXKMBAlOTCS B THe3[aX KOMMapaTopa Ha HYXHOH BblcoTe
NpH MOMOIUM HafeThiXx Ha HHX Pe3HHOBHIX KoJlell, KaK MOKa3aHo Ha
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pucyske. TexHuka onpeiejeHHs CBOZHTCS B oOLEeM K cJaenylo-
memy.

B oaHy u3 MyTHOMEPHHIX NPOGHPOK HANHBAIOT HCCIEAYEMYIO
Bony B KosnuuectBe 10—20 ms B 3aBHCHMOCTH OT COAEpXKaHHs OInpe-
JessieMoro HoHa, MPHOABJAIOT K HEH COOTBETCTBYIOIIMA peakTHB H
B36GaathiBaloT. [Tomemalor nmpo6GupKy B KoMmaparop H HaGaiogalor,
BHIEH JM PHCYHOK Ha JAHe mpo6Gupku. Eciu oH He BHIEH, TO OTGH-
paioT H3 MPOOGHPKH MHNETKOH MYTHYIO KHAKOCTb B JAPYTYIO MYTHO-
MepHY0 NMpoGHPKY, TOXKe HaxoJdAllylocs B KoMmaparope, 1o Tex 1op,
noka NMpH HaGJIIOJIeHHH CBepXy, yepe3 CTOJN6 MYTHOH KHIKOCTH B NPO-
6upKe, He clejaercs C1a00 BHIEH PHCYHOK Ha QHe npo6upkH. Ilns
NPOBEPKH NPOGHPKY HECKOJBbKO NMPHINOAHHMAIOT TaK, YTOOH HUXKHAA
yacTh NPOGHPKH OKa3ajachb B 3aTeHeHHOH YyacTH KoMmaparopa, NpH
3TOM PHCYHOK JOJIKeH ObITb BHIEH OTYUETJIHBO.

[TpuGaBJyieHHe MyTHOrO pacTBopa M3 NepBOH NMPOOGHUPKH BO BTOPYIO
TaKXKe MpONOJMKAaIOT Mo TeX Nop, Moka He CHejaerca c1abo BHIEH
PHUCYHOK Ha JHe BTOpPOH mpoOupku. OTMeyaloT Mo AeJeHHAM Ha Mpo-
6UpKax MoJyyeHHble BHICOTHI PacTBOPOB B MepBOil M BTOPOH NpoOup-
Kax, B TOH, pa3yMeercs, NMOCJeNOBATeJbHOCTH, B Kakoil O6ymer no-
CTHTHYTa HYXHasi CTeleHb BHIMMOCTH PHCYHKa Ha [He MPOGHPOK.
U3 nByx orTcuetoB (BhICOTa B MepBoil MpoGHPKE W BHICOTAa BO BTOPOH
npobupke) GepyT cpeJHHH OTCYET M TNO HEMY HaXOAAT COAepKaHIe
onpeaessieMOro HOHa, MOJb3yACb COOTBETCTBYOLLEH TabJHLeH.

§ 101. PaznnyHbIMH  aBTOpaMH GbLIO MPEIJIONKEHO HEeCKOJBKO
THNOB TNOXOAHKIX JaGopaTopuil AJs aHaJH3a BoAb. bDoJbLIMHCTBO
3THX J1a6opaTopHii OTJHYaeTcs I'POMO3JAKOCTBIO, H OHHM (aKTHYecKH
NpPUroAHbl JJIs NMPOH3BOACTBA aHAJH30B B IOJYCTallHOHApHBIX YCJ0-
BHSIX, a He Yy HCTOYHHMKA, TaK KaK TPAHCIOPTHPOBKA HUX 3aTPYAHH-
teqbHa. Hepenko saGopatopun uMmeloT creundHuyecKoe Ha3HaueHHe
H He JAIOT BO3MOXHOCTH MNOJYydYaTh JOCTAaTOYHO MOAPOOHYio O6IIVIO
XapaKTepHCTHKY XHMHYECKOro cocrasa Boabl. HekoTopble THIEI J1a60-
paTCpHii NEPHOAHYECKH H3TOTOBJANHCH B TPOM3BOACTBEHHOM Mac-
mrabe.

B 1934—1935 rr. I'zoicHa6 Bbimyckaa /1a6opaTOpHH KOHCTPYK-
uun HHUT'PH, 3atem B 1936 r. cran BunyckaTb JaGopaTOPHH KOH-
crpykuun BUMC, KoTopble SBJSIOTCA yCOBepPILIEHCTBOBAaHHBIMH J1a6o-
paropuamu LITHUI'PU. B nocnennee spems mnepex OrteuecTBeHHOM
BOHHOIT BhIMyCcKaJauch JaGoparopun A. A. PesHukosa.

B naabheiimem A. A. Pe3HHKOB BHeC B J1aGOpPaTOpHIO HEKOTOpble
M3MEeHEHHs, 3HaUHTEJ]bHO YTOYHUB pSA METONOB OTHAEJBHBIX Ompene-
JieHHt — ompeJieleHHe arpecCHBHON M CBOGOMHON yrieKHca10THl, SO

pH, Fe'" u np. B Hacrosiiee Bpemss 3TH /1aGOPAaTOPHH TPHHSATH B
B CHCTeMe MHMHHCTEPCTBA TeOJIOTHH H OXPaHbl HeAp A/ TPOH3BOA-
CTBA aHAJIM30B BOA B MOJyCTaUHOHAPHLIX YCJIOBHAX U H3rOTOBJSIOTCS
Ha TPEATNpPHATHAX 3TOr0 MHHHCTEPCTBA.

§ 102. Jla6oparopust Pe3HHKOBa COCTOMT M3 ABYX SIUIMKOB C Ha-
60pOM anmapaTypel M DEeaKTHBOB, HEOGXOAMMHIX /151 NPOU3BOACTBA
aHanu3a Boabl. OCHGBHOH SILIMK BeCHT 8 Ke M COZEPXKUT peaKTHBhI
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B KOJIHYECTBE, AOCTAaTOYHOM AJisa mnpoussoactsa 40—50 aHasn3os.
Ko/iMuecTBO peakTHEOB B 3aMacHOM SII[HKe pacCYHTaHO Ha 140—
150 ananu3os. Bec 3amacHoro simuka 15 ke.

IIpu nomoww snaGopatopun PesHHKOBA MOXHO OMpEJETHTh KOJIH-
yecTBeHHO: obliylo Xectkoctb, Ca’’, Mg'", Fe'’, Fe'"*, NH,, CI,
SO}, HCO; CO%, NO,, NO,., pH, CBOGOILHle yr.nexucnmy, arpec-
CHBHYIO YIJIEKUCJIOTY; ONpPENEJUTh KaueCTBEHHO: MPO3payHOCTh, IBET,
3amax, BKYC M TPHUCYTCTBHE CepPOBOAOpOAA.

Ha ocHoBaHHM pe3y/bTaTOB NepeYHCJIEHHBIX ONpeneqeHHH MOXKHO
JOTOJIHUTEJIBHO BRIYHCJIUTD: JKECTKOCTh KapGOHATHYIO — MO coaepxa-
Humo HCO,; conepxkanune Ca™ " — no o6uieft XeCTKOCTH; COAEPKaHHE

Mg, cmey Na®" 4 K’ B MuIHrpaMM-3KBHBaJIeHTax — M0 pasHo-
CTH MeXAy CyMMaMH MWJIMrPaMM-3KBHBaJIEHTOB aHHOHOB H KaTHO-
HoB. CymMa Bcex HalIeHHBIX aHaJM30M H BBIYMCJIEHHBIX HOHOB JacT
npuGJIHU3NTEIBHO CYMMY MHHEpaJIbHBIX BeLIECTB, COAEPIKALINXCA B.
BOJIE.

XII. KOHTPOJIb PE3YJIbTATOB XUMHYECKOI'O
AHAJIU3A BOAbI

§ 103. OcHOBHBIM METOZOM TNPOBEPKH aHaJu3a BOJAbl SBJSETCSH
CONMOCTAaR/NEHHE CYMMbl MUJUIHTPAMM-3KBUBAJIEHTOB KAaTHOHOB Sy
C CyMMOH MW/IHTPaMM-3KBHBaJIEeHTOB aHHOHOB Y,. Kak yxe yka-
3BIBAJIOCh BBILE, 3TH CYMMBl TEOPETHYECKH NOJIKHBLI GbITh paBHBI,
MPaKTHYECKH e OHH MOTYT MOJYYHTbCS PaBHBLIMH JIUIIb OYEHb PEAKO,
KOI'Ja CYMMBl OTPHIATEJbHBIX OIIHOOK OTAEJIbHBIX onpenesieHU#t B
TMOJIOXKHUTENbHEIX OIIMGOK OKa3bBAIOTCH CJAYYaHHO paBHBIMH.

HopmanbHo i m Xi Mexay coGoil He paBHBI, HO PasHOCTb
MeXJ1y HHMH He ;Lo.nxma npeBbIIaTh  ONpPEeAEJEHHON BeJUYHHEL
O6buHO pa3HOCTh Xz — Xa Ha3HBaOT OWIHGKOH aHaJdu3a H
BbIPAXKAIOT B NMPOLEHTaX OT CYMMbl MHJJIMTPaMM-3KBHBAJIEHTOB BCEX
HOHOB (KaTHOHOB H aHHOHOB), T. €. oT Xz— Xa.. Takum o6pasom,
npoueHTHas owHOKa aHa/Hu3a

P (3, —3,) - 100

R a8

rae Xz —CyMMa MH/JIUrPAMM-3KBHBAJEHTOB KaTHOHOB;
Ya — CYMMa MHUJJIUTDAaMM-3KBHBAJEHTOB AaHUOHOB.

ITpu OOGHIYHBIX TeXHHYECKHX aHalHM3aX JOMyCTHMOH oOMHOKOR
cauraioT 2%. Ilpu mnpoM3BOACTBe aHA/NWU30B B MOJNYCTAUHOHAPHBIX
Yyca0BUSIX OGLIMHO NMPUHHMAIOT BEJNUYMHY AOMYCTHMON OIHGKH 5%.

Meton KOHTpPOJIA aHa/JM3a MO CyMMaM MHJJIMIPaMM-3KBHBaJIeH-
TOB aHHOHOB M KaTHOHOB NpPUMEHHM, KOHEYHO, TOJBbKO MJISi MOJHBIX
aHasau30B. OH He MPUMEHHM NPH COKpAIlleHHBIX aHaJ/H3aX, KOrAa, Ha-
npuMmep, ColepKaHHe INesouyed BHIYHCIEHO MO PasHOCTH, KaK yKas
snBasioch Bhite. Owmu6ka aHanu3a MOXeT MOJYYHTBCS Bblmle KO-
NyCTUMOH HJM B pe3ysbraTe O6OJbIIHX OIIHOOK, CAENAHHLIX NPH
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NpCH3BOACTBE OT/EJbHBIX ONpeaeseHuit (MHOrAa MpocTo B pacuerax),
WM e BCJeACTBHe HeMOJHOTHI aHaju3a. IIpu aHanu3ax BoJ 4acro
He OMpeJeJslOT KOJHYeCTBEHHO, HanmpuMep, colepxkanHe HoHos NO; ,
MeXIy TeM HHOrla, ocoGeHHO B Bojax MoxHBIX paiioHoB CCCP, co-
JIEpXKaHHe 3THX MOHOB GbiBaeT OueHb BbICOKOe. OueBHAHO, YTO B MO-
JOGHBIX CJyyasx CyMMa MHJJIMrpaMM-3KBHBAJEHTOB KaTHOHOB OKa-
JeTcsl COOTBETCTBEHHO BBIlle CYMMbl MHJIJIMIPaMM-3KBHBAJIEHTOB
@HHOHOB, ONpefle/leHHbIX aHa/lH30M.

§ 104. BropelM 1o Ba)XHOCTH MeTOJOM KOHTPOJS SABJSETCH
CpaBHeHHe CYMMapHCTO KOJIHYeCTBA BCeX HeJeTyYHX COCTaBHBIX ya-
creil, HallleHHbIX aHaJH30M, C BEJHYMHOH cyxoro ocratka. TouHoro
COBMajeHUsl 3[eCb, KOHEYHO, TOXKe OXHHaTb HE MPHXOAUTCA BCJel-
CTBHe HeH3GEeXKHBIX OLIMOOK NMPH OnpefesNeHHH OT/eJbHbIX COCTAaBHBIX
'yacTeil M NpH ompejeseHHH CyXoro ocraTka. BejauuuHa cyxorc ocraTka
MOXKeT He COOTBETCTBOBATh (PAKTHYECKOH CymMMe HeJIeTyYHX BeIleCTB,
HaXONAIUXCA B BOJe, He TOJMIBKO B pe3yJibTaTe NOrpeIlHOCTel, CBA-
3aHHBIX C TEXHHKOH MPOM3BOJCTBA OMNpejesieHHs] CyXOro octaTka, HO
‘Takxe BCJENCTBUE TeX H3MeHeHWH, KOTOpble MOryT MPOHMCXOAHTb C
BelLleCTBaMH, COAEpXKaIIUMUCA B BOJe, MPH ee BhIMAapHBAaHHH H IPH
BRICYIIHBaHHH ocTaTka. Clofa mpexjae BCEro OTHOCATCH NpPOLeCChl
'06pa30BaHHA KPHUCTAJ/VIOTHAPATOB, a TaKXkKe peaKUHH THAPOJH3a
"coJiet.

Panee mnoBceMecTHO OB TNPHHAT METOX, OMNpefeJeHHsl CyXOro
'OCT4TKa MYyTeM [POCTOro BHINApHBaHHA ONpeleeHHOro o6beMa BOJbI
M [oc/Jelylollero BhICYLIMBaHHUA MOJydaloLlerocsi OCTaTKa IpH
105—110°. dtoT MeTox MMeeT IIMPOKOEe pacHpPOCTPaHEHHe H JIO CHX
nop. B Bopax, comepxaiux 3HauuTesqbHble KoauyecTBa SOY, Takoit

METO[ fAaeT 3aBbllIeHHYI0 BeJIHYHHY CYXOro ocTaTtka 3a cuer ofpa-
30BaHHUA KPHCTAJ/IOTHAPATOB CEPHOKHCJLIX COJlefl KasblHsA M Mar-
Husl, KcTophle npu 110° mpomosKaioT yaepKUBaTh KPHCTAJJIH3AlH-
OHHYIO Boay. B ciyuae Bhicokoro cogepxkaHus B Boje HoHoB Cl' u
IIeJ0YHO3eMeNbHBIX METaJ/VIOB B CyXOM OCTaTKe MOXEeT CKa3arbCs
XJIODHCTBI MarHW# WJIM XJIODHCTHIH KasibUMH. XJIOPHUCTBbIH MarHui
JIErKO NOJABepraeTcs rHAPOJH3Y MO cxeme

2MgCl, + H,0 — MgOMgCl, +- 2HCI.

Ilpu o6GpasoBaHHM XJODHCTOrO KaJbLHs ONpeAeeHHe CyXoro
OCTaTKa CTAHOBUTCH 3aTPyAHHTEJbHBIM B CBf3H C TEM, YTO XJOpH-
CTHIf KaJbUMH BeCbMa aJHO MPUTATHBAeT BOAY M BeC CyXoro
OCTaTKa, COAEepPXKalero XJOPHCTHIH KaJblHMH, YPe3BblYaHHO Jerko
H3MEeHSIeTCsl 3a CYeT MOIVIOUIEHHs] MapoB BOAbl M3 BO3AyXa.

B cBA3M ¢ H3JIOXKEHHBIM SICHO, YTO BeJIHYHMHA CYXOro OCTaTKa,
OITPEIEIEHHOr0 YKa3aHHBIM MeTOJOM, MOXET CHJIBHO OTJIHMYaThCH OT
(hakTHUECKOl CyMMBl COMEPXKALIMXCA B BOAE HEJETYYHX BeLecTs.
Bouablueit yactbio Bec Cyxoro ocraTka MoJyYaercs Bblle BeCa CyMMBI
cosieil Ha 7—8Y%, HO yacTo pasHuia cocraBiaser 10—129%, a uHorna
¢ GoJibliue. BBuay 3TOr0 MeTOX KOHTPOJS pe3yJbTaTOB aHAJ/H3a BOLH
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MO CyXOMY OCTaTKy, Omnpeae/leHHOMY NPOCThIM BbilapUBAHHEM H EbI-
cyluuBaHHeM ocratka npu 110° sasaserca rpy6eiv. OpHako coBcem
OT Hero OTKa3bIBaThCHl, KOHEYHO, He CJe/yeT, HyXHO TOJbKO YYHUTHI-
BaTb BO3MOXHOCTb GOJIBLUIMX OTKJIOHEHHH, KOTOpble MOXHO OT4acTH
NpeABHIETh 3apaHee MO COXEPXaHHIO OTAETbHBIX COCTABHBIX YacTeil.
3a mnocsienHee BpeMs BXOAHT B IPaKTHKY MeTOJ oIlpeleseHHs
CyXOro oCTaTka C MNpeABapHUTesIbHbIM TnpHGaBJeHHeM K BOfe COHRB!
U C NOCJeAyMOIUMM BhicylluBaHueM octatka npu 180° (cm. § 176).
Ilpn 3tomM MeTonme ompese/ieHHsl CyXOro OCTaTKa NpeAOTBPaLIAIOTCH
yKa3aHHble Bhillle NPOLECCH THAPO/IH3a, a TaKxkKe HCKAodYaercs BO3-
MOXHOCTb YAepXKHBaHHA KPHCTANMH3aLUHOHHOH BOJHI cy/bdhaTaMH 1re-
JIOYHO3eMeJIbHHIX MeTaJsioB. [lpn no6aBneHHH coibl BMeCTO. CYJb-
¢aToB I1e10YHO3eMENBHEHX MeTa/JIoB o6pasyiloTcss KapOoHaThI:

CaSO, ~+ Na,CO, = CaCO,+ Na,SO,.

O6pasyomuecs npu 3TOM CyJabdaThl LIENOYHBIX METAMIOB JErko
OTNAIOT KpHUCTaJJIH3alHOHHY0 Boay u npu 180° nosyuaiorcs B Ges-
BOJHOM COCTOSIHHH. BeC cyxoro ocraTka, onpeieseHHbIH ¢ cofoil npu
180°, 06BIYHO XOpOLIO CXOAHUTCH C (aKTHYECKHM BECOM CYMMbl He-
JIETy4YHX BeLIEeCTB, COAEPKAIUUXCH B BOJE, U MOXET SIBJISATbCA XOPO-
IIMM KpHTepHeM IIpH KOHTpOJe aHaJH3a.

B na6oparopun ILITHHUI'PU ponyckanuch pacxoxIeHHs MeXIy
BECOM CYXOro OCTaTKa M BeCOM CYMMbI COCTaBHHIX 4YacreH, HafzeH-
HBIX aHaJuu3oM, o 3Y%. OmHako Takoe TpeGoBaHHE MOXKHO INperb-
SIBUTb TOJIBKO K pe3y/IbTaTaM OuYeHb MOAPOGHOTO aHaJu3a BOAH, He
coepKallell 3HAUUTENbHBIX KOJNHYECTB OpraHuyeckKux BewiectB. [as
Boa Masoit MHuHepaausauun (100—200 m2/a) Takoe Tpe6GoBaHue
BooOHIe sIBJISIETCS YPE3MEPHO BHICOKHM.

B unenrpajbHoft na6opaTopuu 4-r0 I'eOJOrHYECKOro YyNpaBJIeHHsA
6blI0 NPHHATO CJeAylollee MONOXKeHHe B OTHOIUEHHH CXOAHMOCTH
BEJHYHHB CYXOro ocraTka, omnpeneneHHoro npu 180° ¢ mob6aBkoit
COABl, C CYMMOH COCTaBHHIX yacTell, HaleHHBIX aHasau3oMm. Ecsiu npu
aHaJIu3e onpejessyach KPeMHEKHCIOTa (KOTOpas omnpejessercs He
BCerfa) H OKHCJSeMOCTb HCC/eNyeMOil BOAbl He TNpeBbILAET 2 M2
KHCJIOpPOAia Ha 1 4, TO CyXoft OCTaTOK He [O/IXKEH INpeBhLIUIATh CYMMY
COCTaBHHIX yacTel, omnpelesieHHHIX aHanu3oM, Gojee yem Ha 25 Me
npu obieit MuHepaausauuu Boabl x0 500 me/a. Ilpu Gonblielt Mu-
Hepa/M3auxu BOAbl Pa3HHUA He JOJ/IKHA NpeBbllaTh 5% OT CyMMH
BECOB COCTaBHbIX yYacre.

§ 105. KoHTposp aHa/in3a Mo CyXoMy OCTaTKy NPHMEHHM TaKxke
U B TOM cJyyae, eC/IH INPH aHa/u3e LIEJOYH He ONpeessiCh, a BhI-
YHCJEHBl MO PAa3HOCTH MeXAY CYMMOH MHJVIHTPaMM-3KBHUBAJIEHTOB
aHHOHOB H CYMMOI MHJUIHTDaMM-3KBHBAJIEHTOB KaTHOHOB. PasHocTb
MeXAy 3THMH CYMMaMu IepeCYHTHIBaeTCs Ha OIAMH HaTpHit (cM.
§ 78). Ilpu 3TOM, KOHeYHO, CyMMa COCTaBHBIX 4acTeH MoJlydyaercs
HEeCKOJIbKO MeHblle (DakTHYeCKOH, Tak KaK B NMPHUPOAHBIX BOmax Ha-
psilly C HaTPHeM COAEpIKHTCS OOLIYHO M KaJIMH, HO OLIMOKA NosyyaeTcs,
Kak npaBusio, He6osbluas, IMOCKOJbKY HOPMaJIbHO COAepXaHHe
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KaJlisi HEBEJIMKO 10 CPaBHEHHIO C colepxkaHHeM HaTpusa. Kpome Toro,
collepKaHHe Ilejouell yalle BCero HeBeJHKO MO CPaBHEHHIO C OGIIMM
copepxaHHeM APYrHX COCTaBHBIX dacrefl.

B OO6LIYHBIX MPUPOXHBIX BOJAAX COAEpXKaHHe MieJouel, KaK npa-
BuJo, MeHee 209% oT cyMMbl BCex COCTaBHHIX yacrel, a copgepxaHue
KaJsius B CBoo ouepeab MeHblie 209 or cymmer wenoueir (Na® + K').
Herpyano noacuutate, YTO NpU cojepkKaHuu wiesnoyel, pasHom 209%
OT CYMMBI BCeX COCTaBHBIX uacTeff, H npu colepxanHuu kaaus 209
OT CyMMbl Inejnoyeil omu6Ka, OOGYCJOBJEHHAs MEepecyeToM CYMMBI
MHJIJTArPaMM-3KBHBAJIEHTOB LejJ04Yell Ha OJMUH HaTpHil, 1aeT OMIHOKY,
pasHyo 1,69% mno OTHOIIEHHIO K CyMMe BCeX COCTaBHHIX yacrei !.

Takum o6pasoM, a/s OGEIYHBEIX BOJ KOHTPOJIb Pe3y/bTaTOB aHa-
Ju3a MO CYyXOMY OCTaTKy NPHMEHUM TaKXe H B TOM CJjydae, eCiu
LIeJI0YH BbIYUCJIEHB! MO Pa3HOCTH, BHIPaXKasiCb TOYHee — eC/IM pas-
HHLA B CyMMax MHJJIHTPaMM-3KBUBAJIEHTOB aHHOHOB H KaTHOHOB
TiepecyMTaHa Ha HaTpHi.

§ 106. He cienyer 3a6bIBaTh, YTO MpPH BHIYUCJIEHHH CYMMBI CO-
CTaBHBIX 4YaCTefl IO pesyJbTarTaM aHa/H3a HYXHO 6paTh TOJIbKO
TIOJIOBHHY HafileHHOro aHanu3oM copepxanns uoHos HCO,, Tounee
61—?% = 0,49 or comepxanus HCO,, TaK Kak npH BHIMapHBaHHH
BOABI H BBHICYIIHBAHHM OCTaTKa THAPOKapOOHAThl MpeBpauIAlOTCA B
KapGoHaThl (cM. § 66):

2HCO, — CO! + H,0 + CO,

§ 107. Kpome oOuiero KOHTpPOJIS aHa/luM3a MO CyMMaM MHJLIH-
TPAaMM-3KBHBAJIEHTOB aHHOHOB H KaTHOHOB H MO CYXOMY OCTaTKy,
MOXHO TaKXKe COMOCTaBHTb MeXJy COOOH pe3y/bTaThl HEKOTOPLIX
OTIeJIbHBIX OnpefeseHHH.

Cnenyer comocrasuth cofepxanue B Boge CO;, HCO; u cso-
6Gonuoit CO, c BeauuuHoii pH no ¢opmyne, npusenexHoit B § GO
(uau § 61). OTkIOHEeHHe BHYHCJIEHHOro 3HaueHus pH or HalizeHHoro
JKCrepUMeHTabio He INoJKHO mpeswblmate 0,2 (118 BOX He OueHb
CHJIbHO MHHEpa/M30BaHHBIX, COJEepXKaUIUX coJeil MeHee 5 2/a).
Ecnu B Bome ompepenifijlaCh 3KCIEPUMEHTAJbHO arpeccHBHasi yrie-
KHCJ10Ta, TO HYXHO NPOBEPUTb MOJYYeHHBIII Pe3yJbTaT BbIYMCJIEHHEM
(cm. § 43—46).

Ilpu GosblloOM OKHCJISIEMOCTH BOABI CjlelyeT o6paTHTh BHUMaHHe,
He BbI3BaH JIM MOBBILIEHHbIH PacXoj NepMaHraHaTa 3HAYHUTEJbHBIM

! [TycTh CyMMa BCeX COCTaBHbIX yacTedl paBHa @ #M2/4. Cozepianue uweno-

vel Gyner a-20 Mz/a, a COXEpKaHHE Kaaus 2:-20-20 a Mz,
100 ’ 100 100 25
2gpn NepecueTe Kaaua Ha sxamag.nenmoe KOJIMYECTBO HATPHA TOJAYYHM
a- a-23
?g 5559 1:;//1 Ownbka pasHa 25 35739 —35.39 M2[4, waM B TNpOLeEHTax
.a-
-a- 00 160
%.39.a —
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coliepKaHHEM B BOJE 3aKHCHOTO Kese3a WM HaJMYHeM B BOJeE Cepo-
BOJOpPOZA. .

Ecau npu aHa/au3e BOmbl, IOMHMO OTAEJBbHBIX ompexnejeHust Ca’’
H Mg'", onpeneasisachb 3KCHEPUMEHTAJbHO TakXKe H oO6Las KECT-
KOCTb, PEKOMEHAYeTCs CONOCTaBHTb OGIIYI0 JKECTKOCTb, BhIUHCJIEH-
Hy!o no cogepxanuio Ca’" u Mg'’, c 3KCnepUMeHTaJbHO HaHAEHHOMH
2KEeCTKOCTBIO.

B cnyyae onpenesieHuss yCTpaHHMOHR KECTKOCTH CJIeIyeT CPaBHHTb
noJiyyeHHyo LHQPy C KeCTKOCTblo KapOGoHATHOM; KeCTKOCTh ycTpa-
HUMas Bcerja MeHbllle kapGoHaTHOH, yamie Bcero Ha 1—2° OpHako
pa3HHua GhIBaeT MHOrAa ropasjo BhIIe B TeX CJAyyasx, Koraa co-
nJepxanne HCO, B MHJIIMrpaMM-3KBHBaJEeHTaX 3HAYHTEbHO IIpe-

BhlIIaeT cofiepxkanne Ca’" B MHJJIMrpaMM-3KBHBaJIeHTaxX HJIM BooGle
aHaJIM3MPYeTCs BOJAa BLICOKOH MHHepaJ/H3alluH.

§ 108. I'py6uie omu6KH NpU ONpeleseHHH COdepKaHUs OTHeJb-
HBIX COCTaBHBIX 4YacTefi MOryT OHITb HHOrJa OGHapyKeHH MPOCThIM
COnocTaBJieHHeM COJepXKaHUs, HaHJeHHOro aHaJu30oM, C OOBIYHLIM
«HOPMaJIbHBIM» COJEP2KAaHHeM 3TOH COCTaBHOH YaCTH B BOJAE NaHHOrO
BOJGHOCHOTO FOPH30HTa, PeKH, 03epa H T. A.

B cayyae nomo3penus Ha rpy6ylo omMOKYy OHa MOXeT GHITh yCTa-
HOBJIEHa OueHb OBICTPO MpPOBEPKOA NpY MOMOILIH TOrO HJH HHOrO
YOPOIIEHHOTO MeTojJa onpeleseHHss KAHHOH COCTAaBHOH 4acTH.

§ 109. TlpoBepka M KOHTPO/Nb pe3yJbTAaTOB aHAJH3a JOVIXKHBI
006513aTeJIbHO NPOU3BOAUTLCSH TOTYAC IO BHINOJIHEHHH aHaJu3a, Tak
KaK MpH 3TOM OOHIYHO OhIBA€T BO3MOXKHOCTb HCIIPABHTH IOJIOXKEHHE.

Ecin, Hanpumep, o6HApyXXHJIOCh HEIONYCTHMOE pPacXOXKIeHHE
MEXAY CYMMaMH MHJJIMTPaMM-3KBHBAJEHTOB aHHOHOB H KaTHOHOB,
TO CJeAyeT Npexje BCEro INpPOBepPUTb, HET JIH B BLIYUCJIEHHUAX CJY-
yaiiHO# apu¢meTrHueckoi OWIHOKH, 3aTeM BHIICHUTb, HE COMEPIKATCH
JH B BoJe B 3HAaUHTEJIbHOM KOJHYECTBE KaKue-Iu60 HOHHI, comep-
JKaHHe KOTOpDHIX He OIpeNesssocb. B ciayyae MmOJOXKHTEJNbHOTO OT-
BeTa ONpeeNsieTcss CONEPXKAaHHEe 3THX HOHOB.

Ecau He 06GHapyXHTCS HeNMOJHOTa aHaju3a HJIH KaKas-Ju6o
Apyras omu6Ka, T. e. NPHYHHA YKA3aHHOIO PaCXOXAEHHS MeXAy
CyMMaMH MHJIMTPaMM-3KBHBAJIEHTOB aHHOHOB W KaTHOHOB He 6yner
BLISICHEHa, TO aHaJH3 HeOOXOZHMO mepeaenarhb.

Yacto npoeepka pe3yJbTaTOB aHalH3a JeJaeTcs CIyCcTs MpPoaoJ-
JKHTeJbHOe BpeMs Moc/e ero MPOM3BOJACTBA, HAMpHUMep NPH OKOHYA-
TeNbHOH 06paGoTKe pe3yJbTaTOB MOJEBHIX HCCJIEJOBaHHH, B CBA3H
C KOTOpHIMH NPOHM3BOAMJICA aHaau3. Takas npoBepka He sBJseTCH,
KOHeuHO, BooGIe Gecriosie3Hoi, TaK Kak OHa Mo3BoJigeT OTOpakoBaTh
SIBHO HemoGpOKaueCTBeHHble aHa/u3bl, HO OHa OOBIYHO OGecCroJie3Ha
B CMBHICJIe BO3MOXHOCTH HCIPaBHTb MOJIOXKEHHE B OTHOIUEHHH 3THX
Heno6poKkaueCTBeHHbIX aHa/lu30B. Ecau paxke coxpaHuiIach 4acrTb
IpoOul JaHHOH BOMABI, TO NPOBEPUTb AHAJU3 BCE PABHO yXKe HeBO3-
MOXHO, TaK KaK COCTaB BOJBl INpPH [IJIHTEIbHOM XPaHEHUH MOKeT
CUJIbHO H3MeHHTbCS. B3siTh HOBywo npo6y jajseko He BCerpa mpen-
CTaBJ/IfAETCA BO3MOXKHHIM, OCOGEHHO eCJH AaHaJH3b I[POU3BOLH/IHCH
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(umum  or6upasuch npoObl) B MNOJEBHIX 3KCNEAHLHOHHBIX YCJO-
BHSIX.

§ 110. Oco6enHoe BHHMaHHE BONPOCY O KOHTpOJE HYXKHO yne-
JIATh B CJyyae NPOM3BOJACTBA aHAJH30B B MOJIYCTAIHOHAPHBIX YCJIO-
BHsIX. B cBfi3W c TeM YTO NpH 3TOM OOBIYHO He OonpeAessioTcs Ie-
JIOYH M YaCTO He OMpEeAe/SeTCs H CYXOH OCTaTOK, pe3yJbTaThl aHa-
JIU30B HE MOTYT ObITh MPOKOHTPOJHPOBAHBI HH MO CyMMaM MHJLIH-
rpaMM-3KBHBaJIEHTOB aHHOHOB M KaTHOHOB, HH MO CYXOMY OCTaTKy.
[ToaToMy B Takux cayyasx HeoOXOZHMO CHCTEMaTHYECKH BHOCHTDL
NpPOBEPKY NyTeM NpPOU3BOJACTBA KOHTPOJBHBIX NapaJjileJbHBIX aHaJH-
30B.

Ilpy 3ToM uesecoo6pa3HO MNEepHOAHMYECKH INPOM3BOAUTH MapaJ-
JieTbHble OTpefesieHHs] OTHAENbHBIX COCTaBHBIX uacTed pas/HYHBIMH
MeTOAAMH, €eCJH, KOHEeYHO, TaKas BO3MOXHOCTb uMmeercss. Camoe
ceppe3Hoe BHHMaHHe CJleJyeT TaKxke yAelsTb CHCTeMaTHYecKoi npo-
BepKe THTPOB DaGouux pactBopoB. Heo6xoauMe npuaepubBaTbcs
npaBusa, 4TOOBl NPCBEpPKa THUTPOB paGOYHX PacTBOPOB MPOH3BOMIH-
Jach IO HeCKONbKHM (He MeHee ABYX) CTaHIapTHHIM pacTBOpam
(¢pukcaHanam) wuaM 3apaHee 3aroTOBJEHHBHIM HaBeCcKaM OCHOBHBIX
BEIIeCTB.



ITPAKTHYECKASI YACThH

XIII. ONPEAEJNEHHE ®U3HYECKHX CBOHUCTB BOJ bl

§ 111. M3 ¢pusuyeckux cBOHCTB BOALI, NOMHMO €€ TeMIepaTyphl,
ompefe/IOT OObIYHO: MYTh, 3amax, BKYC H LBETHOCTb, @ TaKxke OT-
MeyaloT HaJHYHe U XapaKTep OcagKa U M3MEHEHHs NMPU OTCTAaHBAHHH.
Ilpu uccnenoBaHuM BOAbl B CTALHOHAPHBIX YCJOBHAX INepedyHCeHHble
CBOHCTBAa OMNpejessloT YacTO KOJMYECTBEHHO, HpH paboTe e B IO-
JIeBbIX YC/JIOBHAX OFPAHMYHUBAIOTCS TOJNBKO KaYeCTBEHHBIM ONHCaHHEM
(busnyecKHX CBOHCTB M O4YeHb IpyGoH KOJIHYECTBEHHOH XapakKTepu-
CTHKOH.

ITpu onpenenennn ¢Gu3HMYeCKHX CBOMCTB BOJH], NpefHa3HauyaeMoH
ISl XO3AHWCTBEHHBIX HYXI M IHTbS, HENOCPCACTBEHHO B HCTOUHHKE
BoIocHabKeHHs, ¥ MecT Bomopasbopa u B mpouecce ee 06pabOTKH H
nopaun pykosoxacrBytotcs 'OCT 3251—46.

§ 112. MyTHOCTb BOJ Bl XapaKTepHU3YIOT CJAEAYIOLHUMH Tep-
MHHaMH: cabasi omaJiecleHIHs], onaJlecueHuns, cnabas MyThb, 3aMeT-
Hasi MyTb, CHJbHasg MyTb. [l KO/JIHYECTBEHHOTO ONpeae/eHHs] MYT-
HOCTH TOTOBAT CTaHAApTHHE PacTBOPbl C OMNpeles]eHHbBIM COojlepKa-
HHeM B3BeLeHHbIX BEIECTB H CPABHHUBAIOT B CIeLHaJbHBIX MpHOOpax
MYTHOCTb HCCJIelyeMOfl BOIbI C MYTHOCTbIO 3THX CTaHJapTHHIX pac-
TBOPOB.

Ilpu GosbmioM comepXXaHHHM B3BelIeHHbIX BemecTB  (6GoJee
3,0 #2/a) BMeCTO MYTHOCTH ONpeNeJslOT OGpaTHylo eH BeJHYHHY —
Npo3payHoCcTb BOAbL. IIpo3payHOCTb BOABI XapaKTepH3YIOT MAaKCH-
MaJsIbHOM BHICOTOH CTO/16a BOABI, Yepe3 KOTOPBIH BHJEH CIHELHaIbHbIH
craugaptHbiii wpHdT (wpudt CHeNleHAa) HIH XKe YepHBIH KPecT Ha
doue Gesoro aucka. Onpenesnenue npo3paunoctd no CHesJleHy mpo-
H3BOAST B IPajyHpPOBaHHHIX IO BBLICOTE UMU/IMHAPAX C IIOCKHM, XO-
powo ormH(OBaHHBIM OTbeMHbBIM AHOM. OrmpenejeHHe MO KpecTy'
NMPOU3BOJUTCA B ClelHaJbHOM NpHOOpe MNPH HCKYCCTBEHHOM OCBe-
LleHHH.

§ 113. I HenmocpeACTBEHHOrO ompejesieHHsl KOJHYECTBa B 3 B e-
LWIeHHB X BEeLWeCTB ONpefeleHHbli 06beM BOAbl (mpH coxep-
JXaHHM B3BellleHHHIX BeuiecTB 10—50 me/2 — 1 2 Bombl) QuiabTpyloT
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yepe3 TureJab ['yua uau yepe3 Turesb ¢ GUABTPYIOLUM HHOM. Turesn
C 0CaJKOM BBICYLIMB2IOT JO MOCTOsHHOro Beca mpu 105° u B3BelH-
BaloT. MlHorna onpeznesisiloT TakKXe NOTEPIO NPH NMPOKaJHBaHHH B3Be-
LIeHHbIX BeuiecTB. JlJisi 3TOro THreslb C OCafKOM OCTOPOXKHO NpPOKa-
JIHBAIOT [0 MOCTOSHHOTO Beca U B3BELIMBAIOT.

§ 114. Ecnu Ha gHe CKJASHKH ¢ mpo6Oi BOAH HMeeTCs 0 C a A 0K,
TO HaeTcsl ero rpy6as KoJHYecTBeHHAss XapaKTepHCTHKA: He3HayH-
TesIbHBIA, 3aMmeTHHI, Gosbwoid. [Ipu Gonbuiom ocagke ykasblBaloT
(npu6nu3uTesIbHO) OTHOLIeHHe o6GbeMma -ocafika K obueMy o6beMy
npo6ul. OTMeuaeTcss TaKXKe XapaKTep OCaJKa: KPHCTAJJIHYECKHH,
amophHbli, xacnbeBUAHbIA. [IpH M3yueHHH BOA, NpeaHa3HaYeHHBIX
A/ BOAOCHAGXKEHUS M 06/1a7aI0MIHX 3HAYUTEJNbHOH MYTHOCTbIO, MPO-
H3BOJAT ClellHaJbHOe OTCTauBaHue Boabl. OTMeYaloT mpolecc OCBe-
TXEHHS BOAHW M JAalOT €ero KayecTBEHHOE OIHCAHHE: OCBETJEHHE
cn1aboe, CWiIbHOEe M T. X.; OMHCHIBAIOT M Xapakrep o6pasylollerocs
ocanka. [Ins BOx OTKPHITHIX BOJOEMOB MPUMEHSIIOT OTCTaHBaHHE B
TeyeHHe HEeCKOJIbKHX 4YacoB, AJ/S MOJA3eMHbIX BOA — B TE€UEHHE CYTOK.

§ 115. llBeTHOCTH pacrBOopa OMNPENEJNsOT KOJHYECTBEHHO.
Hanunuue oxpacku y NpHpOAHBIX BOX OhIBaeT OGHIYHO OGYCJIOBJIEHO
pacTBOpDeHHRIMH B HHX OPraHHYeCKMMH COeJUHeHHSIMH HJIH Bellle-
CTBaMH, Haxo#ALUUMHCS B BuAe B3BecH. EciM Bojaa He GecCuBeTHa,
TO Jaercs KauyecTBeHHOe ONMUCAaHHe OKPacKH M rpybas KOJHYECTBEH-
Hasi XapaKTePHCTHKAa ee HHTEHCHBHOCTH, HalpHMep: CBeTJOoXKeJTasd,
HHTEHCHBHO KeJTass H T. H.

Ina KonuuecTBEeHHON XapaKTEePHUCTHKH IBETHOCTH ee BHIPAXaloT
B Tpafycax Mo CTaHAAPTHOH MJATHHOBO-KOGaJbTOBOH IIKaJje. DTa
LIKaJa TOTOBHTCA pa3baBjeHueM CTaHIAPTHOTO pacTsBopa, Ccoaep-
JKAIIero XJOpOMNJaTHHAT KaJiHs, XJOPHCTHH KOOaJlbT H COJMAHYIO KHUC-
Joty. IIpu oTcyTCTBUH XJIOpONJIaTHHATA LIKAJMY FOTOBST Pa3baBieHHEM
.CTAHAAPTHOrO PacTBOpa ABYXPOMOBOKHCJOIO KalHs C CEPHOKHCJHM
K06aJbTOM H CEPHOH KHCJOTOH.

§ 116. 3 anax eoan coraacHo ynomsaHytomy Bhime 'OCT ompe-
Iea10T caenyiouiuM o6pasoM. HcneiTyemyio Bonoy, AOBeleHHYIO 10
Temneparypn 15—20°, HanuBaloT B KoJOy eMKocTbio 150—200 mz
C IIUPOKHM TropJoM, Ha 2/3 ob6beMa KoJGH, HaKpPHIBAalOT 4aCOBLIM
.CTEKJIOM, BCTPSIXHBAIOT BpaLlaTeJbHRIMH IBHXXEHUSMH B 3aKPLITOM
COCTOSIHUH, OTKPBIBAIOT, BTATHBAIOT HOCOM BO3AYyX M3 KOJIGH H OTMe-
YaloT 3amaX. XapakTep 3amaxa €CTeCTBEHHOro IPOHCXOXIEHHs KJjac-
cuunupytor corjacHo Ta6a. 16. I'py6as KoJiHuyeCTBeHHas OlEHKa
MHTEHCHBHOCTH 3amaxa MpPOU3BOJAHTCA B COOTBETCTBHM ¢ TabJ. 17.

§ 117. BKyc U mpuHBKYC Onpeme]sioT B Chpoii Bole, 3a
HCKJIIOYEHUeM BOABI OTKPHITHIX BOJZOEMOB H HCTOUHHKOB, COMHHTEJIb-
HHIX B CaHHTApHOM OTHOWIEHHWH. BKyC BOIR M3 MOCJeAHHX ompese-
JIIETCS MOocCJle KHMSYEHHST BOAR M OXJIAXAEHUS ee NO KOMHATHOH
TeMMepaTyphl, YTO JOJKHO OLITh OTMEUEHO B 3anucH aHaJju3a («Bkyc,
NIPUBKYC KHMsSIYEHOH BOIHI»).

Pasnnuaior uernlpe BHAA BKyca: COJIEHBI, FOPbKHH, CJajiKHH,
kucabifi. OcrajbHble BHAB BKYCOBHIX OLLYIIEHHH HAa3hIBAIOTCA MpH-
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Ta6bauuya 16
Xapaktep H pox 3anaxa BOAbI

CumBoxa | XapakTep 3amaxa [Mpumepnbiit pox 3amaxa
A ApomaTtuyeckuit OrypeuHblH, LBETOYHBIH
b BoaoTHbI#! WaucTtolil, THHHCTHIH
r HuaocTHBIH PexanbHbIA, CTOYHBIH
Pl IlpeBecHblit 3anax MOKpOil Iuemnbl, IPeBECHOH KOPH
3 3eMAHCTHIH IMpeaslii, cBexeBCNaXaHHOI 3eMJH, THIIHIICTHINA
I ITnecHeBbIi 3aTxablit, 3acTOHHBII
p Pri6Hbiit Pri6pero xupa, pbi6bl
C CepoBonopogublit | Tyxabix siuyg
T TpaBsiHHCTHIN CxollleHHOH TpaBhl, CeHa
H HeonpeneneHHblit | 3amaxu ecTECTBEHHOTO NPOMCXOXKAEHHS, HE MOJA-
XOAfLIMEe NMOJ NMpelblayllHe OnpeaeaeHHs
Ta6auya 17
HHTeHCHBHOCTb 3anaxa BOJXbI
bBana HHTeHCHBHOCTD OnucatenbHble OnpeneNeHHs
0 | Hukakoro OTcyTcTBHE OLIYTHMOrO 3amaxa .
1 Ouenb caalerit 3anax, He MOMAAIOLHIACA OOHAPYKEHHIO MOTPeGHTe-

NeM, HO OOHapyXHBaeMblii B J1a6OPaTOPHH OMBIT-
HBIM HCCJaefoBaTeJeM

2 Cna6niit 3anax, He TNpHBJEKAOIHH BHHMAaHHe NOTpe6GHTEJ,
HO TaKOM, KOTODHI MOXHO 3aMeTHTb, €CJIH YKa-
3aTb Ha Hero

3 3aMeTHBIi 3anax, aerko OGHApYyXKHBAaeMbIH M MOTYIHH 1aTh
MOBOJ OTHOCHTbCA K BOJAe C Heoxo6peHHeM

4 OTyeTAHBLII 3anax, obpawaoiuii Ha ce6s BHHMAaHHE H JeJalo-
WM BONY HENPHATHOH AJS NMUTHS

5 | Ouenb CHABHBIH 3anax HacTOABKO CHJAbHBIH, YTO 1eJaeT BOLY HEmnpH-

FOMHOM AJSl MHThA

BKycaMH. MHTEHCHBHOCTb BKyCa H IPHBKYCa ONpPEAENSIOT MO TNATH-
GaJbHON CHCTEMe TaK Xe, Kak u 3amax. [lyis ompefeneHust BKyca H
NPUBKyCa BOAY B KOJIHYECTBe OKosIo 15 s HaGupaioT B POT H Aep-
XKaT BO PTY HECKOJNBKO CEKYHI; MPOr/IaThiBaTh ee He Tpefyercs.

XIV. ONPEOEJIEHHE AKTUBHOHW PEAK|{HHU BOIbI pH

§ 118. OcHoBHEIM MeTOmOM onpefeneHuss pH sBJsieTcss 3JeKTpo-
MeTpHYeCcKHil, HO OGBIYHO OH NPHUMEHSIETCS TOJIBKO JJsi TOYHOH ycra-
HOBKH CTaHZapPTHHIX Gy¢epHbIX PaCTBOPOB, CJAYXKAalUX LIS KOJOpH-
Merpuueckoro onpenenenuss pH. Ha npakruke onpenenedne pH npu-
POAHLIX BCOA NPOU3BOAAT OGBIYHO KOJOPHMETPHYECKHMH METO-
Aamyu. HauGosee H3y4YeHHHIM SIBJSETCS KOJODHMETDHYECKHH MeTOXR
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¢ 6ydepHbIMH pacTBOpaMH. ITpHHLMNI 3TOro MeTOAA 3aKMIOYaeTCs B
CJIeRyloLeM.

Bepyr HeckonbKO NPOGHPOK C OAMHAKOBHIMH 06bemMaMu 6ydep-
HBIX PacTBOPOB, HMeIOLIUX pasauuHble pH, ¥ NMPOGHPKY ¢ TakuMm Xe
o6bemMoM Hccienyemoil eogel. Bo Bce mpo6upKH nmpH6ABJAIOT OJHHA-
KOBOE€ KOJIHYECTBO HHIAMKATOpPa U CPaBHUBAIOT IOCJE 3TOTO OKPacCKy
HCTIEITYeMOH BOJBl C OKPAaCKOH CTaHIApTHBIX pacTBopoB. Ecau okpa-
CKa HCMBITYyeMOH BOXBl OAMHAKOBA C OKPAaCKOH KaKoro-aubo CTaH-
JlapTHOro pacTBopa, TO NpHHHUMaloT, yro pH wucciexyemoit BOmBI M
JNAHHOrO CTaHJapTHOTO pacTBOpPa OAMHAKOBBL. ECaH OKpacka HCMHbI-
TyeMoli BOABI OKa3a/jlaCb NPOMEXYTOYHOH MexXJAy OKpacKaMH [ABYX
CTaHHapTHHIX pacTtBopoB, To pH Hccienyemoll BoAbl fBJAETCA TPO-
MeXYTOYHO# BeJIMYHHOH MeXJy 3HaueHHAMH pH 3THX craHAapTHBIX
pacTBOpOB.

§ 119. [ns npurotoBnenns GydepHHIX pacTBOPOB C PA3JHYHBIMH
3HaueHUsAMH pH npuMeHSIOTCA C/enyloliHe peaKTHBHI:

1) 0,1-H. pactBop 6ypu (NayB4O;7-10H,0);

2) 0,1-H. pacTBOp eakoro Hatpa;

3) 0,2-momsapubiil pactBop GopHoil kucjaoth (H3BOs);

4) 1/,5-MOMIpHBI pacTBOp ONHO3aMelieHHOro ¢(octhOpHOKHCIOrO
kamua (KHyPO,);

5) !/i1s-MoNIAipHBIH pacTBOp ABY3aMelLleHHOro ¢ochOpPHOKHCIIOrOo
Hatpus (Na,HPO, - 2H,0);

6) 0,2-mMonsipHEIi pacTBOp JABy3amelleHHOro (ocopHOKHCIOrO
Hatpus (Na.HPO,:2H,0);

7) 0,1-MonsipHEIA PacTBOp JHMMOHHOH KHCJICTHI.

BygepHble cMecu, uMelolHe pasauuHble 3HaueHus pH, rorossar
B Ipo6GHpKax AxHamMeTpoM 16 mm u pauHONA 7 ¢ ¢ Pe3MHOBHIMH NPOO-
kKamu. Ha mpo6upkax otmeuaior yepToit o6bem 10 44 BOAHI, COOTBET-
CTBYIOIIUA BBICOTE CTONGA XKHIKOCTH B 5 cM. B Takylo ke mpoGHpKY
npu onpeneneHud pH ormepHBaloT mpo6y wuCCJIefyeMOHl BOAHL.

Jast nonyyeHuss 6y¢epHbIX cMecell ¢ OnpefeNeHHEIMH 3HAYEHHAMH
pH cmemmuBaror yka3aHHHIe Bhle pacTBOPH |—7 B 06beMHEIX OTHO-
LIeHHsX, YKa3aHHbiX B Ta6a. 18, 19, 20 u 21.

Ta6aunya 18
BopaTHo-menoyHbie 6ydepHbie pacTBOpPHI
O6bem pacTBOpa B Ma O6bem pactBOpa B M
H
0,1-u. 0,1-n. p 0,1-H. 0,1-H. p
Na;B,O; - 10H,0| NaO mpi 18° o B,O,- 10H,0| NaOH | 1P 18°
(pactB. 1) (pacTs. 2) (pacts. 1) (pacts. 2)
4,30 5,70 12,00 5,95 4,05 10,00
4,67 5,33 11,50 6,70 3,30 9,75
5,05 4,95 11,0 8,00 2,00 9,50
5,40 4,60 10,50
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Ta6auya 19
BopHo-6opaTHblie GydepHble cMecH

O6beM pacTBopa B M4 O6bem pactBopa B M4
H H
0,1-H. 0,2-Moa9pH. P 0,1-H. 0,2-MoasIpH. p
Na;BOg- 10H,0|  HgBO; | "P* 18° INa,B,O, - 10H,0} ~ HyBO, | TPH 18°
(pacts. 1) (pactB. 3) (pactB. 1) (pacTtB. 3)
9,68 0,32 9,20 3,08 6,92 8,10
8,92 1,08 9,10 2,72 7,28 8,00
8,16 1,84 9,00 2,38 7,62 7,90
7,43 2,57 8,90 2,06 7,94 7,80
6,73 3,27 8,80 1,78 8,22 7,70
6,08 3,92 8,70 1,50 8,50 7,60
5,50 4,50 8,60 1,29 8,71 7,50
4,96 5,04 8,50 1,08 8,92 7,40
4,46 5,54 8,40 0,91 9,09 7,30
3,96 6,04 8,30 0,76 9,24 7,20
3,50 6,50 8,20 0,61 9,39 7,10
Ta6auyga 20
PochatHbie 6GydepHbie DacTBOPHI
O6beM pacTBOpa B MA O6bem pactBopa B MA
H
. 1/;3-MOJNAPH. 1/15-MOJSIPH. p 1/;5-MONAPH. | 1/(5-MOASAPH. P
Na,HPO, - 2H,;0 | ' KH,PO, | ™P* 18° INa HiPO, . 2H,0| ' KH,PO, | "PH 18°
(pactB. 5) (pacts. 4) (pactB. ) (pacTB. 4)
8,06 1,94 7,40 1,88 8,12 6,20
7,12 2,88 7,20 1,25 8,75 6,00
6,10 3,90 7,00 0,82 9,18 5,80
4,94 5,06 6,80 0,52 9,48 5,60
3,76 6,24 6,60 0,34 9,66 5,40
2,70 7,30 6,40
Ta6auyga 21
®ochaTHo-uHTpaTHBIe GydepHble pacTBOPHI
O6bem pacTBOopa B MA O61bem pacTBopa B M4
0,1-mMoasipH. 0,2-Moas1pH. pH 0,1-moasipH. 0,2-MoasipH. pH
auMoH, kucaota | NayHPOy - 2H,0 auMoH. kucaora|Na,HPO, - 2H,0
(pactB. 7) (pactB. 6) (pact. 7) (pacts. 6)
3,68 6,32 6,0 5,46 4,54 4,5
3,95 6,05 5,8 6,15 3,85 4,0
4,20 580 5,6 6,96 3,04 3,5
4,42 5,58 5,4 7,95 2,05 3,0
4,64 5,36 52 9,15 0,85 2,5
4,85 5,15 5,0

§ 120. Ilpu onpenenenun pH noutu Bcex MPHUPOAHBIX BOJ MOXKHO
NpHMEHATb BCEro TPH HHAUKATOpa: GPOMKPE3OJIOBBIH MypNypHHIH,
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¢eHOJMIOBBI KpPacHBI H THMOJIOBHIA cHHHUA. Bosiee TouHO ompenensTts
pH B untepBane 6,4—7,1 MOXHO ¢ MHAHKAaTOPOM OPOMTHMOJIOBBIM
cuHuM. B Ta6s. 22 maHa xapaKTepHCTHKAa BCeX 3THX MHIHMKATOPOB.

Tabaunya 22
XapaKTepHCTHKA HHIHKaTOPOB

Koanue-
CTBO
Hurepsaa pH Lser Ko | 0L,
LeH- | pacTBopa
Hassauue tpa- | NaOH
ONTH- uusa | B M2 Ha
nonmblii| Maab- | xucabli m:"?"' By 012
HBIH OH HHIHKA-
Topa
BpomkpesonoBhiit nypny-
POBBIH . . . . . . .. 5,2—7,0| 5,6—6,4| Xearwrit ¢n0:le: 0,04 1,85
TOBBIH
BpoMTumonoBoiit cunuii . | 6,0—7,6(6,3—7,2| Xearnit| Cuuuit 0,04 1,60
PeHonoBbiit KpacHbiil . . | 6,8—8,4|7,1—7,9| Xenatwit| Kpacumit| 0,02 2,82
TumonoBbiit cuuuit . . . |8,0—9,6|8,2—9,0| Xearbiit| Cuunit 0,04 2,15

§ 121. llkany HHOAHUKATOP OB NPHTOTOBJSIOT CJAEAYIOUIUM
o6pa3zoM. B TiiaTeJpHO BBIMBEITYIO W BBICYIUIEHHYIO NMPOOHDPKY BJ/IHTH
U3 KameJbHHIBl 5 Kanelb COOTBETCTBEHHOr0 MHAMKATOpa, MOJMHUTb 10O
uepThl, oTeevalomeii o6bemy 10 ma, HyKHEIM GydepHHIM pacTBOpOM
H 3aKpHITh NPOGHPKY PEe3HHOBOH NPOOKOH.

§ 122. Xon onpemenenus pH Boxme caepylowmHi.
Hcneityemylo Booy TOTYacC mocJe BbhleMKH NMPOGhl OCTOPOXHO HaJIHTb
0 4epThl B MPOGHUPKY, B KOTOPYIO MpeABapUTeJbHO Obl1 MpHOGaB/IeH
uHguKaTop. [IpoGHpPKY 3aKpbITh pe3HHOBOH mnpPCOKOA K CMellaTh
BOAY C MHIMKAaTOPOM, TMepeBepThHIBasi NpPOGHPKY. 3aTeM MOCTaBHTH
NMPOGHPKY B IUTAaTHB WJIH B KOMIApaTop MexAy AByMs OydepHbIMH
pacTBopaMHu, U3 KOTCDHIX OJHH HMeeT GoJjlee LIEJOYHYIO peaklHio, a
Ipyroii GoJsiee KUCJIYIO, HEXENH UCHbiTyemas Boxa. Eciu Bech HaGop
C NaHHBIM HHIHKAaTOPOM SfIBJASIeTCA MM GoJiee KUCJBIM, HJIH GoJee
IEJOYHRIM, YeM HCMbiTyeMasi BOZA, TO MOCAENHIO BBUIMBAIOT H3
npoGHPKH, CHOJaCKHBAIOT HCCJefyeMoll BOAOH M mpubaBJisioOT IpY-
roif, 6o/iee MOLXOASIIHH, CyAs MO pe3y/bTaTy NpelblAYIIEro OMhITa,
HHAHKATOD H BJHBAIOT HOBYIO MOPIHIO BOALL TaK MOCTeNeHHO OTHICKH-
B4IOT HYXKHbIH HHAMKaTOp. Ecsiv Hccienyemast Boga MMeeT XOTs Obr
cna6ylo OKpacKy, ompefie/ieHHe HYXHO MPOH3BOAHTb B KOMIIapaTope,
pacnosiarasg mpOGHPKH CJedylolM o6pa3oM:

Bydepumnit pactsop | Mcnbityemas Bona |Bydepuuit pactsop

Sanuuit pan C HHIMKATOpOM C HHIHKAaTOpPOM C HHIHKAaTOpOM

Mepenuuit pan | McnbiTyemas Bona | JlectuaanpoBannas | Mcnbityemas Boaa
BOJA
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B HaiinenHyio BenuuuHy pH HyxHo mo Ta6s. 23 BBecTH CoJeByio
nonpasKy, o6yCJIOBNEHHYI0 pa3HuLell B colepxKaHuu conell B Gydep-
HOM DacTBOPe W B HCILITYeMOH BoJe.

Ta6bauuya 23
Conesnvlie nonpaBxkH pH ans TuMonoBOro cuuero
Hopmans- Hopmauab- ’
HOCTb CYMMBI mgﬁ‘:‘fn IMonpaBku [HOCTb CYMMBI mg‘iﬁ‘:gb IMonpasku

3JIeKTPO- B M2-3K8 x pH 3JeKTpo- B M2-318 x pH
JHTOB JHTOB
0,001 1,0 + 0,23 0,008 8,0 +0,13
0,002 2,0 +0,21 0,01 10,0 + 0,12
0,003 3,0 -+ 0,19 0,02 20,0 -+ 0,09
0,004 4,0 + 0,17 0,03 30,0 -+ 0,06
0,006 6,0 + 0,16 0,06 60,0 40,00

CranpapTHass TeMmepaTtypa, MpH KOTOPOH ycraHaBauBaercs pH
6ycdepHEIX pacTBOpOB, MpHUHSITA paBHON 18°.

Ilpu onpenenenun pH Boxbl 3aMeTHOe B/HsIHHE Ha MOJydYaeMbli
pe3yJbTaT MOTYT OKas3aTb OTKJOHEHHS TeMIepaTypbl HcCJeLyeMoil
Boinl: 1) or 18° B MOMeHT usMepeHus, 2) OT TeMIepaTyphl BOABI B
eofoeMe U 3) or Temmnepartyphl OydepHoro pacreopa. Ilpu TOYHBIX
aHaJH3aX BHOCAT COOTBETCTBYIOLIHE TeMIepaTypHble MOMPaBKH.

[Tpu paGore B moJIeBHIX YCJAOBHSIX MOJB3YIOTCS BMECTO ILIKaJ H3
6ydepHbIX pPAcTBOPOB COOTBETCTBYIOIHMH OKpallleHHHIMH CBETO-
(uIbTpaMH, HO NPH 3TOM HOJIXKHBL GHITb OYeHb CTPOrO CTaHAAPTH30-
BaHHl BCce yCJOBHS paGoOTHL.

§ 123. Onpenenenue pH npu nomomu naGoparopuu Pes-
HUKOBAa TNPOHU3BOAAT CJeiyiolUM o6pasom. B npo6upky Ha/auBaloT
HcclenyeMOi BOIBI O METKH «5 ma», npubasasiior 0,10 ma yHuBep-
ca/IbHOr0 HHAMKATOpa, MepeMellHBalOT XKHIKOCTb H CPasy KOJIODH-
METHUPYIOT, paccMaTpuBasi HpoGUPKY cBepxy. Ecam pacTtsop B mpo-
6upke OKaxercs OoJsiee SDKHM, 4YeM KpaHHHH 3eJleHBIH 3TaJjlOH
11KaJsbl, 3aMUCHIBalOT pe3ysabrat: pH > 8,4. Ecin pacTBop OKaxerci
Oonee spKUM, 4YeM KpaHHUH KpacHBIH 3TaJIOH LIKaJbl, 3alHChIBAIOT
pesyabrat: pH < 4,0.

IIpuMevaHue pefakKTopa. YHHBepCaJbHBIA HHIAMKATOp NPHIOTOBJSIOT
C/Ie1YIOIHM 06pa3oM:

1) 0,0400 2 GpOMTHMOJIOBOTO CHHErO OTBELIHBAIOT HAa AHAJHTHYECKHX Becax,
NepeHOCAT B SILIMOBYIO CTYnKy, pacrupaior ¢ 6 ma 0,01-H. pacTBOpa edKOro Kamaus,
CMBIBAIOT B MEpHyI0 KOn6y eMkocTbio 100 M4 cHauana ABaAUATBiO MHIVIHTHTDAMH
cnupTa-peKTHdHKaTa, a 3aTeM BORXOM H JOBORAT 06beM pacTBopa BOROA N0
100 ma;

2) 0,0100 2 MeTHIOBOrO KPAacHOTrO OTBELIHMBAOT Ha aHANHTHYECKHX Becasx,
MepeHoCAT B SILIMOBYIO CTYNKY, pacmupalor ¢ 3,5 sa 0,01-H. pacTBOpa ‘eAKoro xa-
JIHs,, CMBIBAIOT B MEPHYIO KOOy eMKOCTbio 50 4 cHauajla AeCATbI0 MHIIHIMTDaMHU
cnupra-peKTudHKaTa, a 3aTeM BOJOM M NOBOAAT 06beM pacTBOPa BONOH A0 50 4.

TMepeufi 1 BTOPOA pacTBOphl cAHBAKWT BMecte. Ecau Her crporo 0,01-H.
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pacTBOpa eIKOro KaJjiHs, TO MNOJb3YIOTCA HMEIOWIHMCA paCTBOPOM €IKOro Kajus,

cnenaB cooTBeTcTByloumuii pacuer. Hanpumep, ecin umeercs 0,11-H. pacrsop,

TO ero Hajo B3ATb BO CTOJLKO pa3 MeHbiue, BO ckosabko 0,01 menbiie 0,11:
6.0.01

XGZO,I'O,II; X:W':-O,SE) M

XV. ONMPENEJIEHHE OBUIEN )XECTKOCTH BOJI bl

§ 124. O6mas XECTKOCTb BOALI MOXET OBITb BHIYHCJIEHA MO CO-
pepxkanuio Ca™" u Mg'’, kak ykasano B § 63, 79. OnHako BBHLY
TOrO, YTO METOABI TOYHOro oflpeneseHHsi comepxanuit Ca”" u Mg~
SIBJIAIOTCS TPYAOEMKHMH H JJMTEJIbHEIMH, YaCTO KaJbLUHH H MarHui
OTIE/NBHO He ONMpelensiioT, a HaXOAAT OOIIYyI0 XKecTKocTb GoJee Mmpo-
CTBIMH U OBICTPBIMH METOAAMH.

IIupokoe pacnpocTpaHeHHe MOJYYHT B NPAKTHKe METOX OIpefe-
JleHust oOurefl JKeCTKOCTH BOALI TUTPOBAaHHEM CHHPTOBO-IVIHLEPHHO-
BoiM  pactBopoM magabmurata (CisH; COOK) wmnu  creapara
(Ci7H3sCOOK) kasus. DTOT MeTOX OCHOBAH Ha MaJof pacTBOPH-
MOCTH MaJIbMUTHHOBOKHCJIBIX H CTEaPHHOBOKHC/BIX COJIeH KasblHs H
marHust. I[IpH THTpOBaHHM BOJBI PACTBOPOM MaJbMHTHHOBOKHCJIOIO
WJIH CTeapHHOBOKHCJIOrO KaJiHsi HOHBI KaJblLHSl H MarHHs OCaXAaloTcs
M3 BOIBI B BHIE COOTBETCTBYIOILHX COJefi:

Ca" + 2C15H31COO,:C3(C15H8ICO0)2;
Mg" + 2C;;Hg COO’=Mg(C;5H3,COO),.

I'Iepe;[ THTpOBaHHEeM BOAbI NIaJIbMHTAaTOM HJIH CT€apaTOM KaJHA

paspywaior cogepxamuecss B Hefi wonsl HCGC:; THTpOBaHHEM cousi-
HOM KHCJIOTOH H YAAJSIOT CBOGOJAHYIO YIJIEKHCJIOTY KHIITYEHHEM BOJBI
HJIM TIyTeM MpOAYBaHHUs BO3AyXa, TaK KAaK OHH MeILAIOT Ompejese-
Huo. B kauectBe MHAMKaTopa mpuMeHsiercs eHosdranenH. Koraa
Bce HoHbl Ca*" u Mg" "~ GyayT ocakieHbl, H3GHLITOK MaJbMHTATa HJH
cTeapaTa KaJsusi 0GyCJIOBHT BCJEACTBHE THAPOJH3a LIEJOYHYIO peak-
L[HI0 BOABI:
CysH,,COO’ +H,0 == C;;H3,COOH + OH".

Benencreue storo ¢eHosdranedH OKpacHT BOAY B PO30BHI LBET.
125. Onpenenenune oGmell XeCTKOCTH BOJIB (MO
I'OCT 4151—48) mpousBoasiT caeayowudM o6Gpasom.

B koHnueckyio Kon6y BMecTHMOCTbIO 250 M4 OTMEPHTb MHUIETKON
100 2 uccaenyemoit Boanl, NpHGABHTb 2—3 KaIId METHIOBOrO OpaH-
’kesoro u HefiTpanusoBatb 0,1-H. colsiHON KHCJIOTOH, 3ateM mpuGa-
BHTb eule 1 ma 3TOf KHCJIOTHL. [Tocsie 3TOro KMNSATHTH CMech B Teue-
HHe 3 MHH. (C MOMEHTa 3aKHMaHHs) A/ YAaJeHHs: CBOGOAHOH yr.e-
KHcaothl. 3atem npu6aButh 0,5 ma 19%-HOoro pacrBopa ¢eHosndTa-
JieHHa W Hefitpaiu3oBaTb 0,1-H. pacTBOpOM eIKOro HaTpa AO MOfB-
JIEHHS] YCTOHYHBOH pO30BOIl OKpAaCKM, YHHUYTOXKAeMOH 2 KamisiMd
0,1-H. consiHoft kHciOTH. HefiTpanH3oBaHHYIO KHAKOCTb TOTYAC TH-
TPOBAaTh MpH HenpepblBHOM mnoMemnBaHHH 0,05-H. CIHPTOBO-TJIHIEPH-
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HOEBIM PacCTBOPOM INAaJIbMHTAaTa HJIH CTeapaTta KaJjus [0 TNOsBJeHHS
YCTORYHBOTO PO30BOr0 OKPalLIHBAHHS. '
JKeCTKOCTb BOABI BHIMHCJAIOT NO (popMyite

Xo=a-10-H,

rae X,—o0mas XeCcTKOCTb HCCaeayeMOf BOIbl B M2-3K8;
a—pacxoj pacTBopa NajJbMHTaTa HJM CTeapata B MA Ha
tutpoBaHue 100 s uccaenyemoit BOjbI;
K — HODMaJbHOCTb NaJbMUTATa (CTEapara) KaJjus.

ITpuMeganus:

1. Ecin xecTKocth HCclelyeMofi BOXW OKaxercsi Gosblme 5,3 m2-aks, onpe-
JleJieHHe cJieflyeT NMOBTOPHTb C pa36aBieHHeM HCCIefyeMoil BOAB AeCTH//IMPOBaH-
HOR BOMOM, JHIUEHHOA YrJIeKHCIOTH, C TaKHM PpacyeToM, 4TOOH pasGasjeHHas
BOfla HMeJa XecTKOCTb He GoJjee 3,6 M2-9k8; KpaTHOCTb pa36GaBieHHS cCjefyer
YUHTHIBaTb NpPH BBHIYHCJIEHHH De3yJbTaTOB ONpejeseHHs.

2. YcTOAUHBOCTD © WHTERCMBHOCTb OKPAackM MPOGH BOINB NpPH TUTPOBAHHH
ee pacTBOpoM MNajJbMHTaTa HJIH CTeapara Kanausi HOMXKHBI GBITb TaKHMH e, Kak
NpH YCTAHOBJIEHHM THTPa pacTBOpa NaJjbMHTaTa (CTeapara) Kanwus.

§ 126. Jas ycTaHOBKH THTpAa pacTBOpa maJb-
MHTHHOBOKHCJAOro (CTEAapPHHOBOKHCJOI0) Kaaus B
KCHHUYeCKyl0 K06y orMepHTb 100 44 cTaHmapTHOrO pacrtBopa, UMelo-
mero xectkoctb 1,8 me-axks (13 koroprix 0,45 M2-3K8 TIPHUXOAMTCSH
Ha MarHui-uoH u 1,35 M2-3k6 Ha Kaabuul-HOH), ¥ MOAKHCIHTL €ro
1 M2 0,1-H. pactBopa coJisiHO# KHCJOTH. 3ateM B KojaGy cjaexyer
npu6asutb 0,5 Mz 1%-Horo pacrsopa ¢eHondTaneyHa U THTPOBAThb
0,1-H. pacTBOpOM eaKOro HaTpa 10 MNOSIBMEHHS PO30BOH OKpACKH,
nocjie vero cojaepxHMoe KoJOnl OCTOPOXKHO HeiitpanansoBathk 0,1-H.
COJISTHOR KHUCJIOTOH O HCYe3HOBEHHS OKPAacKH U ceiiyac JKe THTPOBATh
pacTBOpPOM NaJbMHTATa MJM CTeapara Kajus AO NOSBJEHHS PO30BOil
OKDACKH, yAepXKHBaiollle#icsi B TeYeHHe 2 MHH.

HopmanbHocTe maibmHTaTa (CTeapara) KaJiMfi BBRIYHCJHTB MO
dopmyJte

A
a-10’

rie A—cymma me-ax8 uoHoB Ca”™ u Mg”, comepxamuxcs B 14
CTaHJAapPTHOTO pacTBOPa, MO KOTOPOMY YCTaHABJHBAaJCA
THTP PacTBOPa NaJbMHTHHOBOKHCJIOTO KaJIHf;
a— pacxoi pacTBopa NaJbMHTHHOBOKHCJOI'O KaJHA.

§ 127. OnpeneneHue oGuei XKEeCTKOCTH NMPH MO-
Momu Jabopatopuu Pe3HHKOBaA NPOU3BOAUTCS MO OMNH-
CaHHOMY BHIIle METOAY, T. €. NyTeM THTPOBAaHHS BOAbI PacTBOPOM
najdbMHTaTa HJIH cTeapara KaJjus. Pa3HHna 3akJjiouyaercss B Clle-
JytoLeM:

a) YIJIEeKHCI0Ta yaajsiercss M3 THTPYeMOf MOpLUHH BOAM (mocie
nonkuciaeHuss ee HCl) He myreM KunsiueHusi, a NMPOAYBAHHEM 4Yepe3
pacTBop BO3JyXa B TeueHHe 3 MHH. IIPH NOMOLIH PE3HHOBOH TPYIIH;

6) pacrBop madbmurara (creaparta) smecro 0,05-H. npuMeHsieTcs
0,1-H.;
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B) YCTaHOBKAa THTpa pacTBOpa MNajbMHTaTa (C NMpOBEpKOH) INpo-
ussoautcss no 0,1-H. pactBopy xJopucroro 6Gapus. B ocrajbHOM
onpelejieHUe MOXHO BeCTH TaK, KaK OIHCaHO BHILIE.

Tpu/IOHOMETPHUECKHA MeTON ONpefeJeHHs OOLIed KeCTKOCTH
BOJLI ONMHMCaH B TpPHJIOXKeHHH V.

XVI. ONPEANEJIEHUE COOEP)XAHHUA HOHA KAJIbLLHSA

§ 128. HauGosiee pacnpoCTpaHeHHBIM METOAOM  oOnpejesieHus
KaJbLHs $IBJsieTCsl CKcaslaTHbi MeTof. MoHbl Kasmbuus ocaxmaior
I1aBeJ€BOKHC/IBIM aMMOHHEM!:

Ca" + C,0=CaC,0..

OcafoK 11aBeeBOKHCIOro Kasblisi OT(GHIBTPOBLIBAIOT H NMPOMBI-
Balor. Jlasee omnpepeseHHe BeIyT HJH BECOBbIM METOAOM, HJH 00b-
emHeiM. [lpuy BecoBoM Merofle OCAaJOK MLIABEJEBOKHCJOIO KaJbIHfA
NpeBpalIAOT NMPOKaJUBAaHHEM B OKHCb KaJbLHS;

92CaC,0, + 0,=2Ca0 +4CC,.

OGpa30BaBIIYIOCA OKHCb KaJblHs B3BEIHBAIOT HENOCPeJCTBEHHO
nocJje AOBeJAEHHs N0 TMOCTOSIHHOrO Beca, WJIM XKe CHayaJa MepeBONSIT
B CEDHOKHCJBIH KaJbluil JeACTBHEM CEePHOH KHCJIOTHI, a 3aTeM yxe
B3peluuBaoT. [IpH onpene/eHHH KasblUsl BECOBHIM METOAOM IpefiBa-
PUTENbHO JO/KHBI OHITb yJaJjieHbl XKeJie30 H aJIOMHHHH, eC/IH OHH
ColepXKaTcsi B BOJEe B 3aMeTHHIX KOJHYeCTBaX.

3HayuTeNbHO 4Yallle NOJb3YIOTCH O0beMHBIM METOAOM, HPH KOTO-
POM OCaJOK OKcajaTa KaJblHS pPacTBOPAIOT B CEPHOH KHCJIOTE H
TUTPYIOT 0Gpa3oBaBlIyioCcs LIABEJAEBYIO KHCJIOTY pacTBOPOM MapraH-
LEBOKHUCJIOrO KaJus:

CaC,0,~+ 2H =H,C,0,+Ca";
5HaC30s +2MnO;—+ 6H =2Mn’ + 10CO; + 8H,O.

OObeMHHI MeTOJ ropasfio Npoule BECOBOTO # B TO JKe BpeMs
llaeT NpeKpacHule pe3yJbTaThl.

IIpu GOJBIIOM COfep:KaHHMM HOHOB MAarHus B HCCJEIyeMOH Boje
BMeCTe C OKCaJaToOM KaJbLHsi B OCaflOK MOXET BhINaJATb 3aMeTHOe
KOJIMYeCTBO OKcaJaTa MarHusi. B 3ToM ciayyae npHMeHsIOT AByKpart-
Hoe OCaxKIEHHe.

§ 129. OnpeneneHde KaJdbll U OObEeMHHIM METOAOM MO
IF'OCT 3688—47 npoussoaurcs cJaenyouiuM o6pasoM. OrmepuTh
nunetkoii B crakaH 100 ma HcctenyeMmoin BoAbl, npuGaBuTh 2—3
Kamjid pacTBOpa METHJIOBOTO OpaHXKeBOro. 3aTteM mnpHGaBUTH MO
KamisM pacTBOp coJIsHOH Kucjorel (1 :9) npu HenpeprlRHOM mepe-
MeIUHBAaHHH 10 mepexola XKeJTOH OKpackH pacTBopa B PO30BYIO.
ITogkucineHHBI pacTBOp Harperb [0 KHNeHHs, npuGasuth 10 me
10% -Horo pacrBopa XJIOPHCTOrO aMMOHHS, 3aTeM IPH HENpePLIBHOM
nepeMelIHBaHUH BJUTb 15 M4 HaCHIIIEHHOro pacTsopa IaBeJeBO-
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gucaoro ammoHus. Yepes 15 MHH. npu6GaBUTb HECKOJBbKO Kanesb
259%-Horo pacTBopa aMMHaKa, O NepexoAa po30BOil OKPACKH pac-
tBopa B Xelrylo. CMmech ocTaBHTb Ha 2 yaca Ha BOAAHOH OaHe,
nocJie Yero 1aTh OTCTOATHCS B TeueHHe 2 4acoB NMPH KOMHATHOH TeM-
nepartype.

Ot¢duabTpoBath 0Cafiok, OOMHTb CTEHKH CTaKaHa HACHIIEHHBIM
pacTBOpOM LIABEJAEBOKHC/IOrO KaJjblHs (CMBIBaTh KPHCTAJLIbL, MpH-
CTaBIIHe K CTeHKaM CTaKaHa, HeoOsA3aTesbHO), MOCJe Yero ocajioK Ha
¢uabTpe NpoMbIBaTH TEM K€ pacTBOPOM JO TeX Mop, NMoKa B MNpo-
MEIBHOH BOJe He MepecTaHeT NOSBJAATBCS MYTb NpPH NpHOaBIEHHH B
npoGHPKY C NPOMEIBHOM BOMo# 3—5 KaneJb HefiTpaJlbHOro pacreopa
a30THOKHCJIOro cepe6pa. PuAbTpaT U NPOMBIBHEIE BOJBI COOHpaTh B
YHCTHIA CTaKaH: OHM OYAYT HYXXHBI AJIS OmNpefesleHHs MarHus.

OTMBITHII O0CafioK pacTBOpHTb Ha (u/bTpe pa3baBieHHOH cepHOR
KHCTOTOM, co6upasi pacTBOp B CTaKaH, B KOTOPOM MpPOM3BOAHMJIOCH 0Ca-
XKIEeHHEe KaJbLHs, U Harperb 1o Hayajaa KuneHus. TurpoBath ropsunit
pacreop 0,05-H. pacTBOpOM MapraHieBOKHCJIOro KaJjHs A0 MosiBje-
HHsl c1a6oil po30Boif OKPAacKH. 3aTeM OMyCTHTb (GUIBTP B PacTBop
H GBICTPO AOTHTPOBATh PAacTBOPOM MapraHueBokHcaoro Kauus. Co-
JAepKaHue KaJbLUHS B HCCJAeAyeMOH BOJAE BHIYHCJHTB MO ¢opmyJie

X=a-T-10,

rae X —HCKOMOe COjepiKaHue KaJbLus B M2 HA 1 4 BOXHI;
@ — pacxoj MapraHLeBOKHCJOTO KaJHd Ha THTPOBaHHE (B MA);
T—n-20,04 —TuTp pacTBOpa MapraHueBOKHCJOrO KaJHfl MO
KaJbIHIO;
H— HOPMaJbHOCTb PaCTBOPa MapraHLEBOKHCJIOrO KaJHs.

Ecniu nns onpenenenus B3aro He 100 ma BoAbl, TO BMECTO MHO-
xkureass 10 HyXHO B3STh COOTBETCTBEHHO [pPYroi.

IMMpuMeyanue [as BOX NOBbIUIEHHOR MHHepaNM3allid NepeX onpelene-
BHEM KalbLHs ONHCAHHBIM METONOM ClelyeT CHaya/la yCTaHOBHTb YNpPOWIEHHBIMH
(OpHEHTHPOBOUHBIMH) MeTORAMH NMpHMepHOe COdepXKaHHe KalblHA H MarHHs B wC-
creqyeMoit Boje. Ilpu KoHueHTpauwH MarHus B Boje Gosmee 1000 me/a npousBo-
IOHTCA ABYKpaTHOe OCaMcIeHHe Kanbuus, ITonyyeHHbId, Kak OMHCAaHO Bhille, H MPO-
MBITHIH OC3JlOK OKCajlaTa KaJbUHsl DacTBOPSIOT B pa3GaBleHHOA cepHOR KHCJIOTe,
no6asnsoT 0,5M4 HACHIUIEHHOTO pacTBOpA IIABENEBOKHCAOTO aMMOHHS, 2—3 Kamim
METHJIOBOTO OpPaHXKEBOrO M CHOBA OCAXAAlOT OKCalaT KaJblHf, HeATPanH3ys
pactBop 25%-HHIM aMMHaKOM JO mepexoja pO30BOH OKpacKM pacTBOpa B Kel-
Tyto. Ocanok OTQHALTPOBLIBAIOT, MPOMBIBAIOT M THTPYIOT PacTBOPOM MapraHUEeBO-
KHC/IOTO Kasiug, Kak ONHCaHO BhIlle.

. Ecau KoHUeHTpauHus KaJblLHsi B HCCaefyeMoll BOJAe MNOpsAKa
700 me/a wnu BhHILE, TO THepel ONpefeJeHHEM KaJbliUs BOAY COOT-
BETCTBEHHO pa36aBJAIOT AeCTHIIHpOBaHHOA BomoH. Pas6asieHue
CJleIyeT YYUTHIBATb NpH BHIYHCJIEHHH pe3y/bTaToB onpeneneHus. [Tpn
COIepXaHHH Kaubuus B Bofe MeHee 20 me/a onpeaeleHHe NpPOH3BO-
JST nocsie KOHLEHTPHPORAHUS BOAH yrmapusaHHeM B 4—b5 pas.

§ 130. B moseBB X yCJAO0OBHUSX HOH KaJblHUA ONpelensercs
npu nomowx Jga6Goparopuu Pesnuxosa.
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l.Onpenenenune nyrem pacueta. Ecid 0GbeMHHM
nyTeM GbIO OMpeleseHO cojepXaHHe HOHA MarHus, TO colepxaHHe
HOHa KaJIbIIUsT MOXKeT ObTh BhIYHCJeHO. Ecin B nuTpe BOAW OKa3sa-
Jnock C me-3k8 obuieit xectkoctd H C) me-3ke Mg® " | To B JiUTpPe BOAHI
copepxurci C—Cy = Cp me-3k8 Ca’" u Cp-20 me Ca’’.

2.Hedpenomerpuueckoe omnpenpeaenune. Hedero-
MeTpHUeCKOe Ompele/eHHe HOHA KaJsbLHS MPOM3BOAAT MPH COMEpIKa-
HUH ero B BONe B KosuuectBe MeHee 35 me/a. Miccnemyemyio Boay
HaJIMBAlOT B MYTHOMepHYyI0O mpcGupky no Mertku 100 mm, npudas-
JSI0T HeGOJIBIIOE KOJHYECTBO (MOMellalomieecss Ha CTeKJISHHON Jo-
flaTOYKe) CMeCH HCTEPThIX B MeJKHH MOPOLIOK LIaBeJ@BOKHCJIOTO H
xyopucroro aMMonus (1 :2 no Becy) H IHepeMelIHBAIOT C MOMOIILIO
1IapHKa-MellaJKIl J0 TeX Nop, MoKa aMMOHHHHBIE COJMH He pacTBoO-
pATca. MyTHOMEpHYIO MPOGHPKY MOMELIAIOT B KOMIIapaTop TakK, YTOGHI
JHO TMPOGHPKH HAaXOAWJIOCH HAa DPACCTOSIHHH 2 CM OT CTEKJSHHOrO
3KpaHa, BBDKHAAIOT 2—3 MHH. H HaOJIOJalOT MYTHBII pPacTBoOp.

Ilpu comepxaHuu HoHa Kanbnusi MeHee 10 me/a KpecT Ha QHe
npo6GUpKH GYyAeT BHUAEH; TOraa pesyJbTaT ONpeleseHHs] 3alHCHIBAIOT
Tak: Ca < 10 me/a.

IMpu comepxanuu Ca’’ Gosee 10 me/a KpecT Ha AHe MPOGHPKH He
6yner BuieH. B sToM cayyae, mepeMellaB MYTHYIO XHIKOCTb IUapH-
KOM-MellUaJIKOH, OTGHpAlOT XHAKOCTb MHMETKOH A0 Tex Mop, MOKa
KpPecT Ha JHe MPOOHPKH CTaHeT YyTb 3aMETHO NPOCBEYHBATh.

ConepxxaHHe HOHA KaJbUUS B JIUTPE BOAbI HAXONAT MO TabJ. 24.

Ta6auya 24
OnpexenenHe HOHAa KalblUHsi HedenOMeTPHUECKHM MeTOIOM

ConepxaHue HOHAa KalbLust
BbicoTa cTON6a KUIKOCTH
B MM

Mzl M2-3K8[A
100 10 0,50
85 12 0,60
72 15 0,75
66 17 0,85
60 20 1,00
49 25 1,25
40 30 1,50
35 35 1,75

Hedenomerpuueckuit Mmerox MoXeT GbITb HCHOJIBb30OBAH A
6LICTPOro, HO He OYeHb TOYHCIO OMpeleeHHSl CONEepXKAHHUSI HOHa
KaJblUsl TPH KOJHYECTBAX ero, mpesblualomux 35 me/a. B 3rom
ciyuae aHaNH3HpyeMyl Npo6y BOAH pa36aB/siOT NECTHIJIHPOBAH-
HOH BOJOM B MEDHOM WMJIHHApE, TMOCJEe Yero nepeauBalOT B MYTHO-
MEepHYI0O TpPOGHPKY, NMPHOABSAIOT CMeCh IIaBeJeBOKHCIOrO0 U XJIOpH-
CTOTO aMMOHHUS, MepeMellHBAIOT U ONPeAeAIOT, KaK ONHCAHO BHIIUE.
[TonyueHHHI pe3y/bTaT YMHOXAIOT Ha KO3 ¢HUHEHT pa36aBJeHHS.

100



Huxe npusenennl koadduuneHTH pa36aBJjeHHst AJAsA BOJ DPasJiHy-
HOH JKeCTKOCTH npu npu6/IHXKeHHOM onpeleieHuH HoHa Ca’’

NpH XECTKOCTH 10 2,5 M2-3k8/a . . . . . . BOAy He pa36aBaATb
> > o 54 » ... pas3baBasaTb B 2 pasa
> » no 10,7 > .. . > B 4 pasa
> » no 14,3 P e e > B 6 pa3
» > no 21,4 > oo » B 10 pa3

XVIl. ONPEAEJEHHE COOEP)XAHHUS HOHA MATHHS

§ 131. lo mnociienHero BpeMeHH HauGoJiee pacnpOCTpaHEHHBIM
METO/IOM Onpejie/leHHs MarHus B CTalHOHAPHBIX YCJIOBHAX pPaGOTH
ABJsjCa BecoBod. [Ipu onpenesieHHH no 3TOMy MeTOAy MarHHii oca-
XKJaloT (pochopHOKHUCABIM HaTpHeM (HIH ¢(OCHOPHOKHUCILIM HATPHEM-
aMMOHHeM) B NPHCYTCTBHH aMMHaKa:

HPO’; + Mg+ NH,OH + 6H,0=NH,MgPO; - 6H,0.

[TonyyeHnH#t ocajok OT¢HIBTPOBLIBAIOT, MPOMLIBAIOT PaCTBOPOM
aMMHaka (B BOJle OCafloOK 3aMeTHO PaCTBOPHM) H MNPOKaJHBAalOT 10
nocrosinHoro Beca. Ilpu 3ToM ocagok mnpespauiaercs B mupodocdar
MarHHs:

9(NH,MgPO, - 6H,0) — Mg,P,0, -+ 2NH,+ 13H,0.

ITo Becy noayuerHoro mupodocarta H BHIYHCASIOT KOJHYECTBO
MarHHs.

OnpenesieHue MarHusi NpoU3BOAAT B (GUJIBTPATe, NOJYYEHHOM NPH
onpefiesleHHH KaJbuus. [IpH TOYHBIX aHaJu3aX NPHMEHSIOT ABYKpaT-
HOe OCaXX[leHHe MarHus, Tak KaK NpPH OJHOKDAaTHOM OCaXXAeHHH He
nojyyaercs OcajKa, CTPOro OTBevalollero YKa3aHHOMY Bhlllle CO-
craBy. Ocagok ¢ochopHOAMMOHHIHOMArHHEBOH COJIH MOXeT OhITb
HCTOJIb30BaH TaKXke M NI oGbeMHOro onpenenenus Maruus. Ilpu
00beMHOM onpejieJeHHH OCaJOK THTPYIOT COJITHOR KHCJIOTOH:

NHMgPO, + 2H =Mg -+ NH, -+ H,PO:.

OnHako OGBIYHO NMPHMEHSIIOT He NpsiMoe THTPOBaHHe, a o6GpaTHoe.
K ocanky no6aBisiiorT onpeneseHHblil 06beM THTPOBAHHOTO pPacTBOpa
COJSAHOR KHCJIOTHL M H3OLITOK COJSIHOH KHCJOTHI OTTHTPOBBIBAIOT
pacTBOpOM eJKOro Harpa.

§ 132. B HacTosilllee BpeMsi LUHPOKOE PAcCNpOCTPAHEHHe MOJIyYHJI
OKCHXHHOJHHOBHH MeTON onpejeseHHSs MAarHHU4.
Coraacio 'OCT 3820—47 3toT MeTox NpHMeHsieTCs NP TOYHBIX H
apOUTPaXKHBIX aHAJM3aX BOJ HCTOYHHKOB BOJIOCHAGXKEHHSI H BOX XO-
31HCTBEHHO-NIUTbEBLIX H NPOMAILIIEHHKX BOJONPOBOLOB.

[Tpunuun merona 3akjioyaercs B OCaXKAeHHH MarHHs B BHAe
OKCHXHHOJIITA C NOCJeAyIoUUM GpOMHpOBaHHEM MOCJTefHero 6poMHa-
6pomaTHOf CMecblo H OnpefejieHHeM H36biTKa 6pOMa HOLOMeTpHYe-
ckum MetonoM. OKCHXHHOJHH co MHoruMu Mertaanamu (Al, Fe, Zn,
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Ni, Co, Ca, Mg, Mn) o6pa3yer coeputende Tuma (CoHsON),Me,
rlie n — BaJeHTHOCTb MeTaJla.
Peakuusi ocaxneHHs MOHOB MarHusi NPOTEKaeT MO ypPaBHEHMIO

Mg +2CgH;NO + 20H" —> Mg(CyHNO), + 2H,0.

O6pasoBaBiuniics 0CafOK OKCUXHHOJATA MArHHUs NpPOMBIBAIOT H
pPacTBOpSAIOT B COJISTHOM KHCJIOTE:

Mg(CgHGNO)Q + QH‘ - Mg“ + 2C9H7NO-

OGpasyromuiics npH pacTBOPEHUH OKCHXUHOJIMH GPOMHDYIOT 6po-
MHA-6POMAaTHOf CMechio:

5Bt + BrOs—+ 6H —» 3H,O + 3Bry;
CQH'[NO + 2Br3 o 2H- + QBI" + C9H5El'c_.NO.

Homomerpuyeckoe onpenesnense H3GbiTKa GpoMa OCHOBAHO Ha
peakuusx:

Br,+2J" — 2Br’ + J,;
J. 428,05 — 2]+ S,05.

N3 npuBeneHHBIX ypaBHEHHI BHAHO, YTO KaXAblii HOH MarHHs
oTeedaer 8 aromam ceo6omHoro Gpoma. OauH aTtoM cBOGOAHOrO
6poMa, B CBOIO ouepellb, NPH HOJXOMETPHYECKOM ONpefie/leHHH OTBe-
4aeT OAHOMY 3JeKTpOHy. TakuM 0o6pa3oM, SKBHBAJEHTHhIA BeC Mar-
HHA Oyner paBeH !/, ero aToMHOro Beca, T. e. 2—:’—32 = 3,04.

§ 133. Maruuit onpeaensior clefyioluM o6pasom. duabTpaT H
IpOMBIBHBIe BOZAW NoOCJe ocax{ieHHs Kaabuus (§ 129) ynaputbh no
o6bema 100 x4, mepeHeCTH B KOHHYECKYIO KOJGY H mpuHGaBHTL 2 2
xJopucroro aMMmoHusi, 10 ma 259%-Horo pacTBopa amMMHaka H 4 ma
pacTBopa OpTO-OKCHXHHOJIMHA. Ilocjequuii pacTBop NpHJIHBATH H3
MHIMETKH, TPHJIOXKHB KOHell ee K CTeHKe KOJIOh Tak, YToObl BbITE-
Kaiolas MXHAKOCTb o6pa3oBajia CJOH Hal NOBEPXHOCTbIO pPacCTBOpa
B Kosn6e. Uepes 5 MHH., a mpH OueHb MaJOM COJAepPXKAaHHH MAarHus
(4To BHIHO MO KOJHYeCTBY BhinaBluero ocagka) yeped 30 MHH., Ha-
IpeTb pacTBOp A0 KuneHusi. EciiM esntoe okpallMBaHHe pacTBopa
HCYe3HeT, NPHAUTh ellle pacTBOPa OKCHXHHOJIHHA NO NMOSIBJEHHSI SCHO
»eJaToro uBera. PacTBop ¢ BbINaBIIMM OCafkoM KHNSATHTb 2—3 MHH.,
oxnaauth Ao 15—22° ordunbtpoBaTh OCafoK H NPOMBITH TFOpPSYHM
2,5%-HBIM PACTBOPOM aMMHAaKa, NMOKA NPOMBLIBHbIE BOARI HE CTAHYT
coBepuIeHHO GeClBETHRIMH.

Ocaznok Ha ¢u/IbTPe PACTBOPUTHL B ropsiueM 2-H. pacTBope coJf-
HOIl KHCJIOTH ¥ NPOMBITh QUIBTP BOJOI, co6Upast paCTBOpP H NPOMbIB-
Hble BOJKl B KoJGy, rle NPOH3BOAHJIOCh ocaxKleHHe. [To oxnaxkaeHHH
pactBopa mnpu6aBHTh K HeMy 2—3 KalJH pacTBOpa MeTHJIOBOro
opanxesoro, TturpoBath 0,1-H. 6pOMHA-6POMATHHIM pacTBOPOM JO
HCUe3HOBEHHs] OKpacku M TNpuOGaBUTb H3OLITOK 3TOro pacTsopa B
1—2 ma. IlpuGaBaenue GpoMuA-GpoMaTHOM CMeCH NpPOM3BOAHTL H3
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mukpoGopeTkd. OGiIuil pacxo/ peakTHBa AOJXKeH GHITh TOYHO H3Me-
peH. :

K nosyyenHomy pacrBopy no6GaBuTb | e HOAMCTOro KaJjus, MpH-
KpbITb KOVIGY 4acOBbIM CTEKJIOM M uepe3 5 MHH. OTTUTPOBaTh BbIE-
quplikica uonx 0,01-H. pacrBopoM THOCyJbaTa HAaTpHs, MPHIHB
2—3 ma 0,5%-Horo pacrBopa Kpaxmana. B apyryio Kosi6y HaauTbh
2,00 ma2 Gpomun-GpomaTHOro pacrtBopa, pa36aBHTb BOAOH 10 25 M.1,
npuauth 10 ma 2-H. coasiHO Kuc/oTel, npu6aBuTh 1 2 HOAHCTOroO
KaJusg H yepe3 5 MHH. OTTHTPOBATb BbIAENHUBIUHIHCS HOA PacTBOPOM
THOCYyJb(aTa HaTpus nocje KOoGaB/IeHHs TAaKOrO XKe KOJHYecTBa pac-
TBOpPa KpaxmaJa, Kakoe 6bl10 MpHOaBJIeHO NPH aHaau3e MpPoGhl.

Ilpn BhMHCJIEHHH COIEepXKaHHS MAarHHs B HCCJIENyeMoil BojJe He-
06XOZIMMO BBeCTH MONpPaBKy Ha CONepXXaHHe MarHus B AeCTHU/IHpPO-
BaHHOA Boje W B peakruBax. [Js moJyyeHHs 3Tofl MonpaBKu CTa-
BHTCSi KOHTPOJIBHBIN OMNMIT C AECTH/VIHDOBAHHONH BOJNOH H NpHMeHse-
MBIMH peakTHBaMH.

CoaepxaHHe MarHusi B HCC/IeNyeMoi BOJe BHIYHCJIHTb MO ¢op-
MyJe

X:( _%).0,1 .&.10_L—_—(V_ 2"1).3,04—[.;

Va 8 Va
rie X — HCKOMoOe COlepxaHHe HOHOB MarHus B M2[A;

V —uucao ms 6poMHA-GpOMATHOrO pacTBopa, H3pacxonOBaH-

HOe Ha THTPOBaHHEe NPOOH;
V,—uHcao ma pactBopa THOCYJ b(aTa HaTpHA, H3PACXOIOBaH-
Hoe Ha o6paTHoe THTPOBAHHE NMPH aHaJaH3e NMPOOLI BOAbI;
Vo—uncno ma pacTBopa THOCyJAb(aTa HaTpHsl, H3PaCXOAOBaH-
HOoe Ha THTPoBaHHe 2 mA GpoMHI-GPOMAaTHOrO PacTBOpa;

3,04 — skBuBaJIeHTHHIE BEC Maruus;

0,1 — HOpManbHOCTL 6POMHI-6POMATHOTO PacTBOpa;

L —copepxarne MarHus, HafijeHHOe B KOHTPOJBHOM ONLITE
C JeCTHANHPOBAHHOH BOJOH, BbIPaXK€HHOE B M2[A.

§ 134. OnpeneneHne MarHusg NPOHU3BOJZHTCSHA H
npu nmoMowmu JaGbopatopuu Pesnukosa. B ormepen-
HOIf MOPLHH BOAbI, MOATOTOBJEHHON COOTBETCTBYIOIIUM 06pa3oM, oca-
XKIaoT Kaabuuil B Buge okcanarta (CaC,0O4) mpu momouu pacrsopa
mapesieBokucyaoro Hatpus (Na,C,0,). [Tocine aroro ocrasiuuiics B
pacTBOpe MAarHufl THTPYIOT NMaJbMHUTATOM (HJM CTeApaTOM) KaJjHs H
0 PacXoAy MOCJEe[HEro BHIYHC/AIOT COAEPXKaHHE MarHHs.

Xon onpenenenus caenytoum . OrMepuTh MUMETKOH
50 ma uccienyemoii BOIbI B KOHHYECKylo KonOy, NPHOAaBHTb TPH
Kamin Merunosoro opauxesoro H 0,1-H. pactsopa HCIl mo cnaGon
PO30BOJ OKPACKH, faJjee nMpu6aBuUTb 2,5 MA HACBILIEHHOrO pacrsopa
Na,C,04 u npoayBaTb uyepe3 >KHIKOCTb NpPH TOMOLIH PE3HHOBOH:
rpylud Bo3ayx B TeuenHe 3 MuH. [lociie mponyBaHHsI XKHAKOCTH NpH-
6aButb 5 Kamesib 1%-Horo pacrtsopa ¢euongranensa u 0,1-H. pac-
tBopa NaOH no nosiBieHust ycToiuMBoil c/1260H DO30BOH OKpackH
u cioBa 1 kammo 0,1-H. pacrBopa HCl no oGecuBeyHBaHHs XKHIKO-
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ct. Tloc/se aToro THTPOBATh XKHIKOCTb PacCTBOPOM NMaJbMHTaTa (HJH
CTeapaTa) JO HeHCYe3aloLlero siPKOPO30BOro OKpallHBaHHS.

ColepxkaHHe MarHus BBIYHCJAATBD No dopMmyJe ’
p pMy.
a-x-122.1000
X——_A—_"

rae X — HCKOMOe coAepXaHue MarHus B M2 Ha 1 4 uccaepyeMmoft
BOJIbI;
a— pacxoj pacTBOpa najbMHTara (CTeapaTa) Ha THTPOBaHHE;
H— HODMaJIbHOCTb pacTBOpa naJbMHTaTa (cTeapara);
12,2 — 3KkBHBaJeHTHLHIH BeC MarHus;
A —o6beM BOAbl, B3ATHIA 1A THUTPOBaHHA.

.

XVIIl. ONPENEJIEHHE COAEP)XAHHA
CBOBOJAHOR YIJIEKHCJ/IOTHI

§ 135. IIpo6a Boawl, M3 KOTOPOH NPOH3BOAHTCS OnpeleseHHe
CBOOGOAHON YIJIEKHCJIOTH, 06s3aTesqbHO JOJ/DKHAa ObiThb oTOOpaHa ¢
NPefOCTOPOXHOCTAMH, yKa3aHHbIMH B § 87. O6uenpuHsAThH 06beM-
HBIH MeToj onpejesieHHss CBOOOZHOH YIJIEKHCJIOTHI OCHOBAaH Ha pe-
aKUHMH

CO;—-+ OH'=HCC}-

K npo6Ge Bomn npu6aBJSIOT CTPOro onpejejeHHOe KOJHYECTBO
¢eHoA(pTaNeMHa M TUTPYIOT BOLY pacTBOpoM ejkoro Hatpa. Koraa
3aKOHYHTCA yKa3aHHas Beille peakuus, pH turpyemoro (cm. § 59)
pacrBopa Gyzxer 8,4. dTofl KOHUEHTPAUHH HOHOB BOAOPOJAA OTBeyaeT
BIIOJIHE oOnpele/ieHHas OKpacka, COOTBETCTBYIOLlassh NpHOGaBJeHHOMY
KOJIH4eCTBY ¢eHo/1dTaseHnHa.

Ilpy panbHeiiiieM npu6GaBJeHHH pacTBOpa €AKOro Harpa Inpo-
HCXOIHT peakius

HCO3+ OH'=CO’ + H,0.

[Tpu stom pH cranoBurcs Goable 8,4 u okpacka pacrBopa Cra-
HoBHTCA GoJiee sipkofl. OmHaKO pe3KOro H3MeHeHHs OKPacKH IpH
3TOM He MPOHCXOAHT, MO3TOMY MJSI TOYHOTO YCTAHOBJIEHHS KOHIA
peakUHH THTPOBaHHe NPOH3BOAAT [0 COBMNAJEHIS OKPAacKH THTpye-
MOro pacTBopa C OKpPacCKoi cneLHaJbHO NMPHTOTOBJIEHHOrO CTaHxapT-
HOro pacrsopa. B cesi3au ¢ Tem uTO BO BpeMsl THTPOBAHHA 4acCTb CBO-
GOIHOM VI/IEKHCJIOTHl MOXET YJeTYYHTbCS, THTPOBaHHE HeOoOXOXUMO
BECTH B 3aKphiTOfl KOJsGe.

Kon6a pas TuTpoBaHHsI eMKocTbio 250 M4 06s3aTeNbHO H3
6eCIBETHOTO CTeKJ a JOMKHA 3aKPhIBATbCA Pe3HHOBOI Npod-
Ko ¢ gByMs orBepcTHAMH. Yepes o0gHO H3 OTBEPCTHH NPOXOXHT
IJIOTHO TNPHXATHIA KOHYMK OIODeTKH, H3 KOTOpOH NpPOH3BOLHUTCS
TUTPOBaHHe, uepe3 Apyroe — Tpy6ka ¢ KpaHoM (puc. 8). Bo Bpems
TUTPOBAHHS KpaH, KakK Npasu/io, NOKeH Obith 3akphiT. Ha koaGe
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jgesaercd MeTka, orBevatouias o6bemy 200 ma. UrtobGel u3bexaTh
MOTEPH YIJEKHCIOTH BO BpeMs OTMepHBaHHs, BOJYy HAJHBAIOT B
Kos0y JO uepThl NpH moMolu CHU¢oHa, Habmonasi, 4ToGbl HHXKHHH
KoHell CH(oHa BCe BpeMsi OCTaBaJICs HHXXe YDOBHs Bojabl B Koube.
Ilpu TakoM MeTole TOYHOCTb OTMepPHBAHHA BOJLI MOJYYaeTcss He-
GoJblias, HO OOBIYHO MOJYYaIOLIAsiCs NMPH 3TOM OIIHOKA He HMeeT
[paKTHUeCKOro 3HaueHHs.

MoXHO oTMepHBaTh BOXY C OGLIMHOM TOYHOCTHIO NPH NOMOLIH
[HUOEeTKH, HO TOJbKO HE 3acachiBas BOAY B NHMNETKY, a HaNOJHASL
[HUNeTKy CHH3y, KaK mokasaHo Ha puc. 9. las aroro
OMYCKAIOT BepXHee KoJIeHO CU(OHA C 3arHYTHIM KOH-
LOM B GVTHUIb C NMPOoGO# BOALl H 3aMOJHSIOT CH(OH,
3acachiBasi BOAY 4epe3 {IHNETKY, COeAHHEHHYO
C HHXKHHM KoJleHoM CH(OHa INpH NOMOLIH KycKa
KayuyykoBoHl TpyGKH. 3aTeM IHIETKY OTHHMAaIOT H
JaloT creub mepBoift nopuHu Boxbl. IloTom Hamoda-
HAIOT (CHH3Y) NHIETKY N0 BepXHEro KOHIA U AAloT
HEKOTOpOMY 0GbeMYy BOIH BBIJIMTbCS Yepe3 BepXHHH
KOHell MHIeTKH, MOCJe 3TOro JOBOAAT ypOBeHb BO-
JIBl B TIHNETKe JO YepThl U BBUIMBAIOT BOLY B Kosby
LJs1 THTPOBaHHs, Habuionas, 4YTOGHl KOHYHMK IIH-
NMeTKH BECe BpeMs HaXOAWICH HHXKe YPOBHS BOJHI
B KoJiGe.

§ 136. [IpuroroBaeHHe CTaHpaprT-

HOrO pacCTBOpa IPOU3BOAAT B TaKOH Xe Ko-
HHuecKoit KoJsibe, B KaKoil Bel1eTcsi THTPOBaHHE CBO-
6oHOR yraekHCaOoTh. Bauth B KoaGy 200 ma ge-
CTHJJIMDOBaHHOM BoOAbl, NMPHGaBHTb 2,5 M4 1es0Y-
HOro pacrBopa cerHeroBoil cosH, 0,2 #a 0,01 % -Horo
pactBopa ¢eHondTaseHHa H 3aKpLITh KOJGYy pe3H-
HoBo@t npo6koit. 0,01%-Huii pacrBop (eHondTa- E::bnsénelfxg:g:
JIEHHA TOTOBHTCA nyreM pa36aBjieHHs CIHPTOM 1 MA caoGonr:ioi'l CO,
19%-Horo pacrBopa ¢enondTasersa go 100 ma B '
MepHo#t kKoaGe. Ecay ucciienyemass Boga okpallleHa, TO CTaHAapTHBIH
pacTBop TrOTOBHTCS CHelHAaJbHO [JIsi OnpeleeHHs YIJAeKHCJIOTH B
3TOH Bojle: FOTOBHTCSl OH TaK JKe, KaK ONHCAHO Bbillle, HC He Ha Je-
CTH/IHDOBAHHOR BOJe, a Ha HCCJeLyeMoi.

§ 137. Xon onpeneneHHs CBOGOAHON YrJIEKHCJIOTH CJle-
Ayoumuit. OTMepHTb B KOHHYeCKYIO KoJ6y, NmpelHa3HaueHHYIO AJs
THTPOBaHHUA CBOGCAHOM Yyriaekuciaorsl, 200 ma uccaegyemoit Bogbl,
npn6asuth MHKponunetkoit 0,2 ma 19%-Horo pacreopa cdeHondra-
JienHa ¥ TtHtpoBatb 0,05-H. eIKMM HATPOM 10 MOSIBJEHHS YCTOHYH-
BOr'0 DO30BOr0 OKPalHBAHHS, OJHHAKOBOro C OKPaCKOH CTaHmapT-
HOro pacTBOpa, NMPHUTOTOBJIEHHOro, KaK OMHCaHO Bhlle. THTpoBaHue:
CllefyeT BeCTH B 3aKpbIToM Kosbe, KaK yKa3aHo Ha pHc. 8.

Huorna KoHeu THTPOBaHHSI 3aTArHBAaeTcs BCJEACTBHE TOro, 4TO
npH nepeGaiTHIBAHUH pacTBOpa BO BpeMsl THTPOBAHHA YacTh CBO-
6GOmHOMN Yr/eKHCJIOTBl BbIAENSIeTCs B BO3AYX, HaXONSLIMICS B KoJaGe
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#ajJ pacTBOPOM, M TOCTENEeHHO OHA OMATb PacTBOPOM MOIJIOLIAETCH.
HyxHo no6uTbcs BMOJIHE YCTOHYHBOTO OKpalUHBaHHA (OJHHAKOBOTO
CC CTaH/apToM), He HCYe3alollero NpH CTOSTHHH M nepeGaJThIBAHHH
pacrsopa.

Ecau uMeercsi OCTaTOYHOE KOJIHYECTBO HCCJEAYeMOil BOABI, TO
TETPOBaHHe CJelyeT MOBTOPHTb C HOBOH mopuHeit Boanl. [IpH BTOpOM
THTPOBAHUM CJIefyeT B KOHHYECKYl0 KoJGy cpa3y BJHTb CTOJBKO
0,05-n. pacrBopa eznkoro Hatpa,
CKOJIbKO OBLJIO ero H3pacXofoBa-
HO NpPH NEepBOM THTPOBaHHH, 3a-
TeM OTMepuTb B Koaby 200 ma
BOJHI, npu6aButh 0,2 ma 19, -Horo
pacrtBopa (eHo.TaNeHHa H Jo-
turpoBatb  0,05-H. pacTtBOpOM
eKOro HaTpa MO COBMAafEHHs
OKDAaCKH THTPYEMOro pacTBoOpa C
OKpackofi . craHmaprHoro. s
BBIYHCJIEHHS]  CONEePXKaHHA CBO-
GONHOR YI/IEKHCJOThl HaJIJIeXHT
NoJIb30BaTbCS  PACXO/IOM, MOJY-
YeHHBIM NPH BTODOM THTPOBaHHH.
CopepxaHHe YIJIEKHCIOTH  BHI-
YHCJHTB 1o (opmye

X:T-a-5,

rae T =H -44-—TtuTp pacreopa
eKOro HaTpa mo CBoO-
601HOH YTJIEKHCJO0TE;
a — pacxoj pacTBopa eqKo-
ro HaTpa NpH THTPOBA-

Puc. 9. Or6op npo6ul Boxbl A4S Onpe- HHH;
nenenus csoboanoii CO, ¢ mnomoubio H-— HOPMAaJIbHOCTb pPacTBO-
O6LIYHOIT MUNEeTKH pa eiKOro Harpa.

IlpuMevanus:

1. Tlpu 3HaYHTEeNLHOM CONEPXKAaHHH CBOGOLHOM YIVIEKHCJIOTH B HCCaenyeMoH
BOlle Ans1 onpefleseHust MOXHO Gpathb 100 mz Bomel. B 3TOM ciiyuae HYXHO npu-
6asnath 0,1 ma 1%-Horo pactsopa ¢eHondrajsenHa; OTMEpHBAHHE BOAH MOXHO
NPOU3BECTH DNHMNETKOA Mo cnocoby, yKa3aHHOMY Bblile.

2. Ecin npu no6GaBneHuH K HCcledyeMoit Boxe (eHONdTaneHHa OHa OKpallH-
BaeTcsl B PO30BHIH 1lBeT, OQMHAKOBHI C LBETOM CTaHAapPTHOTO PacTsopa, TO 3TO
O3HayaeT, YTO YKa3aHHasi BCJAa He COJAEPXHT NpPaKTHYECKH CBOOGOILHOM YrJIEeKHc-
JIOTH, a COAEPXHUT YIIEKHIOTY ToIbKO B Buie HoHos HCOj3" (cm. § 59). Ecan xe
nocne npu6abienHs ¢eHondTaNeHHa ucclenyeMass Boia npuoOpena okpacky 6osee
‘MHTEHCHBHYIO, HeXeJu OKpacka CTaHJapTa, TO 3TO CBHAETeJbCTBYeT 06 OTCYT-
CTBMH 8 3TOi BOie CBOGOLHOH YIMEKMCJIOTH M O npucyTcTBud noHoB COs” Hapsany
c nouamu HCOy (onpenenenne HCOj’, a Takxke onpelenenne COz” u HCO3' npwm
HMX COBMeCTHOM npucyTcTBHM cM. § 139 w 142).

3. Eciu B uccienyeMofi BONle CONEPIKHTCS 3aMeTHOE KOJHUECTBO XKene3a, TO
NpH THTPOBAHHM CBOGOLHOH YTJIEKHCJIOTHI OHO OCAXI3eTCs B BHAE THIpaTa
noJlyuaeTcsi 3aBHILEHHHIT pacxol efKoro Hatpa. B 3ToM ciyuae K oTMepeHHO#M
MOpUMH HCCIefyeMell BOAK NPHOABASIOT Nepel THTPOBaHHEM 2 M4 WeATPaJbHOro
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PacTsopa CErHETOBOA COJMM AJs TepeBOfla JKese3a B KOMIUIEKC, a 3aTeM Ywe
THTPyloT eAKHM HAaTpOM, KaK YKa3aHO BhILIE.

4, Ilpn onpeneneHnd CBOGOAHOH YTJIEKMCIOTH B BOfe, O6Jaajawolleli OveHb
BLICOKOA eCTKOCTbio (cBeime 10,7 M2-3K8), Tak e Kak M B (Jydae aHa/IM3a
BOJH, cOmepXKalllefi Xese3o, mepeli THTPOBAHHEM eJKHM HAaTPOM HYXHO K OTMe-
PeHHOR nopuuu BOAW NMPHOGABUTH 2 MA HeATPaNbHOTO PacTBOpPa CErHeTOBOM COMH
(npurortoBienHof u3 pacdera 500 2 comu Ha 1 2 Boawl).

§ 138. Onpenenenne CBOGOMXHOH YTJEKHCJAOTH
nMpH nomMomu nabGopaTopuu PesHHMKoBa npousso-
IHTCS B TPHHUHNE TaK >Xe, KAK ONHCAHO Bhllle. Pasuuua 3akaio-
Yaercsd B KOHIEHTPALHUAX DacTBOPOB H B TeXHHKe pa6orhl. Omnpene-
JieHHe BelleTcsi B KoJiGe, 3aKphiBaiollelcsi pe3HHOBOH MNpoGKOil.

B koan6y oTMepuTb C mOMOWIbI0 MepHOH Koa6el 100 ma wuccie-
ZIyeMOMH BOJBl, MPHOABHTb Ha KOHYHKE CTEKJISIHHOH JIONATOYKH MEJKO-
ucrepToit cerHeroBoii cosu U 1 ma 0,19%-Horo pacrsopa cdenoadra-
JienHa u tutpoBath 0,1-H. pactBopoM NaOH no nossieHuss cna6oit
pPO30BOfl OKpAaCKH, He Hcue3alouieil B TeyeHHe 5 MHH. g yTouHeHHs
PC3yJIbTaTOB ONpefieleHHe CJeNyeT NOBTOPHTb, I/ 4ero B KOJAGy
otmeputh NaOH B KosHuecTBe, H3pacXoJOBaHHOM IPH TePBOM TH-
TPOBAHHH, CTOJBKO Xe cerHeroBoil coud, 100 s ucneiTyeMo#l BOALI
u 1 ma peHondTanenHa, 3aTeM 3aKPHITh KOJI6Y Pe3HHOBOR NpPOGKOM,
B36osTaTh pactBop H HoTHTpoBaTh ero 0,1-H. pacrBopoM NaOH no
TosiBIeHHs1 caa6Gofi pO30BOA OKPACKH, He HCye3aiollle B TedyeHHe
5 muH. Conepxanne CO, HaxomaT no ¢popMmyJe

X=a-n-44;
©0603HaueHHs1 B 3TOR ¢popMyJse Te ke, uto H paHee (§ 137).

IlpaMeuanne.
OrMepuBaTh BORy Jyulle no MeToly, ykasanHomy B § 135, Tak Kak npu OTMe-
pHBaHHM MepHOR KOJIGOR HeH3GeKHH MOTepPH YIJIEKHCIIOTHI.

XIX. ONMPEAEJEHHE CONLEP)XAHHA
THAPOKAPBOHAT-HOHA

§ 139. Conepxaune uonos HCO; onpenessioT 0GbeMHbIM MeTo-
oM, OcHOBaHHHIM Ha peakuun HCO ;-{— H' = H,0 + CO,. Turpo-
BaHHe BOALI MPOH3BOJHTCA COJITHOH KHCJOTOH B NPHCYTCTBHH pac-
TEOpa MetuJaoBoro opanxesoro. ITo I'OCT 3687—47 npumeHsieTcs
CMeIlaHHBI HHAMKATCp — pacTBop, comepxamwmit B 1 2 1 2 merH-
JIOBOTO OpaHXXeBoro M 2,5 2 KpackH HHIMIOKapMHH.

Ipn THTPOBaHHH BOJBI CO/ISHOM KHCJIOTOH HOH BOJOpOAA pacxo-
Zyercsi He TonbKo Ha peakuuio ¢ HoHamu HCO,, HO TakxXe H C Ho-
HaMH JpYrux caa6hIXx KHCJIOT. BBHIY 3TOro comepXxaHHe HOHOB
HCO;, BhuHcleHHOe mo pacxofy COJAHOM KHCJIOTHI, MOXeET OKa-
3aTbCsl TNpeyBesqHYeHHHIM. B nopmapasioileM GOJBIIHHCTBE Clyyaen
BCE aHHOHBI cyabuix kucaor, kpome HCO,, conmepxarcs B nmpHpon-
HBIX BOJaX B HE3HAUMTEJIbHBIX KOJIHYECTBAX M BBIYHCJIEHHE Cojep-
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xauug nowos HCO, no ofueMy pacxomy COJNSIHOH KHCJIOTHI
3HAYHTEJIbHOM OLIHOKH He Aaer. MHorna pacxon consitioil KHCJOTH Ha
THTPOBaHHEe BOALI C METHJIOBHIM OpDAHXKEBLIM BBLIPAXKAIOT TOJBKO B
MIJIUTDAMM-3KBHBaJIeHTaX, He BHIYHCIAS cofepxaHus HoHoB HCO,
B Bojle. UHCJIO MHJTUTPaMM-3KBHBAJIEHTOB KHCJIOTHI, 3aTpauiBaeMoi
Ha THUTpoBaHHe | 4 HcclenyeMoi BOALI, Ha3bIBalOT GHKapGOHATHON
(MM THAPOKApGOHATHOM) ILENOYHOCTbIO BOABI (MJIM THTDPHPHOH Lie-
JIOYHOCTBIO BOJbI).

§ 140. Onpenenenne copepxaHusgs THApoKapG6o-
HaT-HOHOB MPOH3BONAT CJEAYIOLIHM o6pazom. OTMepHTL nHMeT-
kot 100 ma uccaenyeMoil BOABI B KOHHUECKYIO KoJby, npuéaawrb
3 kannu Merun0BOro opaHxeporo M TutpoBaTh 0,05-H. COJISIHOM KHC-
JIOTOH 0 MOSABJMEHHs] pO30BaTOro OoTTeHKa. [Ipu 3HauMTENBHOM colep-
XaHHH B BOfe ruapokapGoHaros (Gosee 3—4 me-3K8) CiexgyeT 1O
OKOHYaHHH THTPOBAHHS YAAJHTb 0Opa3oBaBllylocsi CBOGOLHYIO yrJe-
KHCJIOTY NMPOAYBaHHEM uepe3 pacTBOD BO3AyXa B TeueHHe 2—3 MHH.
unu kunsyeHueM. EciiM okpacka BoAml chesnanack NPH 3TOM CHOBA
JKeJTOl, TO NMPOLO/IKHUTh THTPOBAHUE, NOKA ONATb He NOSABUTCA pO-
30BHII OTTEHOK.

Conepxanne HCO, BuuucIHTE MO (opMyne

X=a-T-10,

rae X — conepxanne HCOs B M2 Ha 1 4 nccaemyeMoit BOJIEL;

T=Hn-61,02—TuTp CcOAsTHOK KHCJIOTH no oy HCOs;
H— HODMaJIbHOCTb COJITHOH KHCJIOTHI;
a— pacxoj COJSHON KHCJOTH Ha THTpPoBaHHe 100 w2 uccae-
LyeMOH BOJXBI.
Onpenenenune copepxaHus TrHApoKapGoHaT-
nounon (HCO,) nmpu nmomomu na6opatopuu Pesnu-

KOBa NpPOH3BOAUTCS OOBEMHBIM METONOM COREPLIEHHO TaK e, KaK
OMHCAHO BBIlIE, TOJbKO AJsS THUTpoBaHUs Gepercs He 100 mA uccie-
nyeMoit Boubl, a 50 ma.

XX. ONMPENEJIEHHE COOEP)XAHHS
KAPBOHAT- H THAPOKAPBOHAT-HOHOB
NMPH UX COBMECTHOM NMPHCYTCTBHH

§ 141. Hount CO; u HCO; npu coBMECTHOM NPHCYTCTBHH Ofpe-
JensloT OOLIYHO NyTeM THTPOBAHHS BOXABl COJISHOH KHCJIOTOH. ITO
onpejeseHde OCHOBAHO Ha ‘peaKIMsX:

” . R ’

, .
2) HCO;+H <= H,O+CCQC..
IIpn npuGasieHuH cOJSIHOH KHCJAOTH GylneT YBEeJHUYHBATHCH KOH-
HeHTpaLUHs HOHOB BOAOPOAA B Bome (yMeHblaThcs 3HaueHHe pH).
ATo nosJleder 3a co6Oil HapyllleHHe yKa3aHHBIX Bhillle paBHOBECHH,
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o6e peakuHH noiayr caeBa HanmpaBo. OfHaKO Ha OCHOBAHHH H3JIO-
eHHoro B § 40 u 41 MoXHO yTBepKaaTh, YTO [OKa B BOJe OCTAaeTCs
3aMeTHOe KoaHdecTBo HoHoB COj, B Heli NMpaKTHueCKH GyleT OTCYT-
CTBOBaTb CBOGOAHAs YIVIEKHCJIOTA.

TakuMm o6pasoM, BHayajle NMpAaKTHYeCKH OymeT MPOTEKaTb TOJBKO
flepBast M3 YKa3aHHBIX peakuHil, Tak Kak HoHn CO; GyayT CBs3H-

BaThb HOHHI Bojopoia, nmpespamasch B HoHa HCO.. Cnsur paBHO-

BeCHsi BIPaBO AJsi BTOPOH peakUHWH He GyNeT MMeTb MPaKTHYECKOTO
3HaueHHus. [locse TOro Kak TOJBKO 3aKOHYHTCS NepBast peakuHs H
#onnt CO; mpespatsatcst B vonnt HCO,, pH Boawl Gyzxer pasen 8,4.
B 3TOT MOMeHT Boja He GyZmeT comepXaTb NPaKTHYECKH HH HOHOB
CO;, HU cBOGOAHOM YrJIeKHCIOTH, a TOMbKO HoHn HCO; .

ITpn nanbHefileM npuGaBJeHHH COJNSIHOA KHCJIOTHI (MOHHXKeHHe
3HaueHuss pH) Gynmer mporekaTh yxke BTopasi peakuns. Ilpu 3Haue-
HuH pH = 4,5 B Boje Oynmer ToJbKO CBOGOAHAS YIVIEKHCJIOTA, MOHKI
ke HCO, Gyayr orcyrctsoBath. Ilpu 3TOM Kak B 3KBHBaJEHTHOH

TOYKe, COOPBETCTBYIOLIEA KOHIy NepBOii peaklHH, TaK H B 3KBHBa-
JIeHTHOH TOYKe, OTBeyalolllefi KOHLY BTOPOH peaklHH, OydyT OTMe-
4YaTbCsl CKaYKH B THTPOBAHHH, XOTA H He OYeHb GOJIbILHE.

Yka3aHHHIe OGCTOSITENILCTBA MO3BOJSIOT OMNpeNEJHTb KOHel mep-
BOI peaKUHH H KOHell BTOPO# peaKUHH NPH MOMOIUM ABYX Pa3/JHYHBIX
vHaHKaTopoB. KoHel nepBofi peakuuu ycraHaBauBaercs mo eHo.-
(TaseHHy, KOHell BTOPOil — MO MeTHJIOBOMY opaHxeBomy. [las Tou-
#HOr0 YCTAaHOB/EHHst KOHLA MNepBOH peakuHH, T. e. MOMeHTa, KOrjia
pH-8,4, TutpoBanue no ¢eHondTaneHHy NPOH3BOAAT N0 LBETa, OJH-
HaKOBOro C L(BETOM CTaHAApPTHOro pacTBOpa.

§ 142. TIpurotoBIeHHe CTaHZapTa MPOU3BOLAT Cle-
AylouuM ob6pa3oM. B Takyio ke KoHHuecKylo Koiby, B KaKoil Be-
xerca onpenenenne HoHos CO,” u HCO,, Baute 100 m2 aectuniu-

pOBaHHO! BOARI, MPUGaBHTh 1,3 MA LIEJOYHOrO pacTBOpa CErHeTOBOR
cony, 0,1 ma 0,01%-Horo pacrBopa (eHonTaleHHa H 3aKPHITh
Kos6y pesuHoBoii npoGkoit. 0,019%-Hulit pacTBop (eHoNPTaIeHHA
FOTOBHTCS NMyTeM pasGasienus cnuptoM | ma 1% -Horo pactBopa ¢e-
HoadranenHa o 100 ma B MepHo# KoaGe. Ecau Hccienyemas Boaa
OKpallleHa, TO CTaHAapTHHIH pacTBOP TOTOBHTCS CITelHaJbHO s
aHa/nu3a 3TOH BOIBI, PH 3TOM OH TFOTOBHTCA TaK e, KaK OINHCaHO
Bhlllle, HO He Ha JECTH/JHPOBAaHHON Bole, a Ha HCCJaeLyeMOH.

§ 143. Xon onpeneseHHs MNpUHUMaeTcs CJAeNYIOUIHH.
Ormeputs nunetkoii 100 ma HccienyeMoil BoAarl B KOHHYECKYIO
Kosn6y, 3aKphiBaloLLyloCs pe3HHOBoH npo6koil, npu6asuth 0,1 M
19% -Horo pacrenpa ¢eHoadrasnenta H THTpoath 0,05-H. CONSTHOH KHC-
JIOTOH IO TeX Iop, MOKAa OKpacka THTPYeMOro pacTsopa He CleJaercs
OJIHHAKOBO# C OKpacKe# craHmapTHoro pacrsopa. IlycTe npu sTom
H3pacXONyeTCsi @ MA COJNSHOM KHUCJOTH. 3aTeM NpHOABHTb K pacTBopy
3 Kali MeTHJIOBOTO OPaHMKEeBOro H NpoAoJiKaTb THTPOBAHHe pac-
TBOpa COJNSTHOH KHCJOTOH 10 NOsiBJIeHHs pO30BaTOro oTreHKa. IlycTb
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o6uIHil PacXoA_coJisiHoi KHCJOTH (MM pacxoa Ha o6Ga THTPOBAHHSA)
6yner b ma. Copepxaunue Honos CO, BHUHCIAHTD MO ¢opmyae

X=2.a-T7,-10,

14
rae X —coaepxanuc uoHoB COj; B uccaemyeMoit BOLE B M2/4;
T=n-30,01 —Tutp coasinoit kucaorbl no uoHy COj.
Conepxanne HCO,” BHuHCIHTD N0 (opmy.ie

Y =(b—2a)- T, 10,

rae Y —comepxaHHe HOHOB HCO; B nccaenyemoit Boje B M2/4;

4
Ty=H-61,02— Tutp coasuo#t kucaorhl no uony HCCj;
H — HODMaJbHOCTb COJIAHOM KHCJOTHI.

IpumevaHnus.

1. TuvpoBaHHe BOAW ¢ (eHOJA(TATeHHOM HYXKHO NPOH3BOAMTb, NPHGaBnAs
CONSIHYI0 KUCJIOTY 10 KamisiM H TNepeMelllHBasi PacTBOpP NOGa/JTHIBAHHEM KOMGHI.

2. TutpoBaHHe BOAW C ¢eHoNpTaleHHOM 4acTO BelyT 6e3 CTaHAapra, THTPYs
BOAY 10 NOSIBJEHHs C1a6oro PO30BOro OKPAIIMBAHHS HIH laxe 10 oGecuBeuHBa-
nus, [Ipu 3TOM MONydaeTcsi HECKOJbKO MOBHIUEHHOEe KowmpuecTso #ioHoB CO3” n
COOTBeTCTBeHHO 3aHMKeHHoe Kosudectso #oHoB HCOs/, HO o6niuHO omuGka He
HMeeT NPaKTHYeCKOro 3HaueHHs.

§ 144. Onpenenenne nounoB CO;u HCO, npu ux
COBMECTHOM NPHCYTCTBHH NpPH moMoImu aabopa-
TopHH Pe3HHKOBa NPOH3BOAUTCA TaK e, KaK OINHCAHO BHILLe,
HOo ansa onpepeneHHs Gepyr He 100 ma Boan, a 50, npuGasasioT
K Bofe 5 kanesb 1%-Horo pactBopa ¢eHosirajenHa U THTPYIOT AO
ob6ecuBeynBanus. Jlajee mocTynamoT, KaKk ONHCAHO BHIILE.

XXI. ONPEAEJNIEHHE ATPECCHBHOR YIJIEKHCJIOTbI

§ 145. Insa onpenesieHHs] arpecCHBHOH YIVIEKHCJOTH MOJB3YIOTCS
crneuyalbHoi Mpo6oit BOAR, K KOTOPOH NpH B3SITHH GblI NMpHOaBJjeH
mpamop (cM. § 98). Iloce or6opa npo6ul Boxel ¢ A06aBKOH MeJKO
MCTEPTOro H XOpOLIO NPOMBITOTO MpaMopa ee BCTPSIXHBAIOT B TeYeHHe
6 yacoB Ha anmnapare JJd BCTPAXHBAHHS HJH XKe OCTaBJSIOT CTOATH
Ha 5—6 CyTOK, NpHYeM B INOCJeRHeM CcJyyae npoby exeaHEBHO
B36anthiBaloT 2—3 pasa. Ecau B Hccslenyemoit Boje eCTb arpeccHB-
Has yIJIEKHCJIOTa, TO OHAa pearHpyeT ¢ MpPaMopoOM:

H B BojAe MNOABJAETCA MOONOJHHTEJbHOE KOJIHYECTBO HOHOB HCO;’-

9KBHBaJIEHTHOE KOJIHYECTBY arpecCHBHOH YIJIEKHCJIOTHL.

Has onpepenenuss konuyecrBa HoHoB HCO,, oGpasosaBuiuxcs
B pe3yJbTaTe YKa3aHHOHl peaklHH, NOPLHIO BOAb, 06paGoTaHHOE
MPaMOpOM, THTPYIOT COJITHOH KHCJIOTOH C METHJIOBHIM OpaH>XeBLIM H
CPaBHHUBAIOT MOJYYEHHBIH MPH 3TOM PACXOX C PACXOAOM COJSTHOH KHC-
JIOTHI, TOJYYeHHBIM NPH THTPOBAHHH TAKOH XXe NMOPLUHH HCCJAEAyeMoik
110



BOJbI, He o6paGoranHoil MpaMopoM. [To pasHocTH 3TUX JABYX pacxo-
JIOB M BBIYHCJSIOT COAEpXKAaHHE arpecCHBHON YIVIEKHCJIOTHI.

§ 146. OnpeneseHne copepXaHUSA arpecCUBHON
yrJaeKH CJ OTH NPOH3BOAAT cjeayioliuM o6pasom. IIpo6y Boaml,
06paboTaHHYyI0O MpaMOpOM, KaK yKa3aHo Bhillle, NpOodUIbTPOBATh, OT-
MepuTh nunerkoil 100 x4 duiabTpaTa B KOHHYECKYIO KOJOGY H TUTPO-
BaTh 0,05-H. COJITHOM KHCJOTON B NPHCYTCTBHH METHJIOBOTO OpaHXe-
Boro, kak onucaHo B § 140. Ilycts mpu stom 6Gyaer u3pacxomOBaHO
b mMa consHoil KucsoThl. O HOBPEMEHHO CJle[lyeT OTTHTPOBaTh COBEp-
meHHo aHasoruuHo 0,05-H. counsiHOi Kucjoroit 100 ma BoAwl, He 06-
paboraHHoii MpaMopoM. IlycTb nmpu 3TOM pacxoX COJISIHOH KHCJIOTHI
O6yner a ma (ecin B McClelyeMOH BoJde ONpeessioch colepKaHue
HCO;, To pacxox a yXe u3BecTeH H HeOGXOZHMOCTb MOCJEIHEro

THTPOBaHHSA, KOHeuHo, ormagaer). CojepXKaHHe arpecCHBHOH yrie-
KHCJIOTBl BBIYHCJIHTb 1O (opMyJie

X=(b—a)-n-22-10,

rie X —coaepxaHue arpecCHBHOH YrJE€KHCJAOTH B M2/1;
H— HODMAaJIbHOCTh COJIAHOH KHCJOTHI.

NNpaMevanus.

I. ®dunpTpoBanua HcclefyeMoR BOAW Nocjae 06paGOTKH ee MPaMOpOM Jyvuie
u3beraTh, Tak Kak Npu (QHIBTPOBAHMM TepsieTcsl M3 BOAW CBOGONHAs YIJIEKHCIOTa
# MOXeT MPOMCXONMTb YaCTHYHHWA mnepexof GHkapGoHaTa KaJbiusi B KapOOHAT
H Bumnajenne nociensero: Ca(HCOj); = CaCO; + CO; - H,O. Bmecro dmiib-
TPOBaHMA NpPoGH BOAW mNocle O6paGoTKH ee MPaMOPOM MOXKHO JAaTh Bole OT-
croaTbess H otMepuTb 100 M4 coBepleHHO Npo3payHOM BOAW MO MeTOAy, OMHCaH-
HoMy B § 135 (cM. puc. 9).

2. Ecan pacxon b monyuaercss paBHHRIM PacXofdy @ HJIH MeHblle €r0, TO HCCJe-
AyeMass Bojla He CONEPXHT arpecOHBHOM YTJIEKHCJIOTHI.

3. daxkTHyeckH NO ONHCAHHOMY MeTOly OMpefe/sieTCss PacTBOPHMOCTb Kap-
GoHaTa KasiblUMfi B NaHHOA BOJle, BHpaXKeHHas B MHJLIHTpaMMax YTJIEKHCJIOTH,
HE3aBHCHMO OT TOro, 4eM OOGYCJOBJIeHa 3Ta PaCTBOPHMOCTB.

XXII. ONNIPEAEJIEHHE COILEP)XAHHUS XJIOP-HOHA

§ 147. B nosieBhIX H NOJyCTaLlHOHAPHLIX YCJIOBHSX, TaK XK€ KakK H
B CTALHOHAPHBIX YCJOBHAX, HOH XJOpa OMNpelessiioT OObIYHO MyTeM
TUTPOBAHHSl PAaCTBOPOM Aa30THOKHCJIOro cepebpa. ITOT METOMA OCHO-
BaH Ha MaJlol pacTBOPHMOCTH XJIOpHCTOro cepebpa:

Ag’ + Cl' = AgCl.

B KauecTBe MHIHKAaTOpa NpH THTPOBAaHUH MPHMEHSIETCS XPOMOBO-
kucabiil Kanuit Ko,CrO,, KoTOpHit ZaeT ¢ HoHamu cepeGpa TPYyAHO-
pacrBopumyio coib Ag.CrO4 kpacHoro usera. [Ipu THTpOBaHHH XJIOp-
HOHa a30THOKHCJBIM cepe6poM B mpucyTctsuu woHa CrO’| BHauase
BBINAa/1aeT XJOPHCTOe cepe6po H PacTBOP COXPaHseT XKEJITYI0 OKpacky,
o6ycJioBJieHHY10 HannuHeMm HoHoB CrO . Korzaa Bce XJIOp-HOHH Mpak-
THYecKH 6ynyT ocaxneHn B BHAe AgCl, mpu nasbHefmeMm npubasJe-
HHH a30THOKHCJIOro cepe6pa HOHH Ag’ HaYHYT COEJHHATBHCA C
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noHamu CrO;, o6pa3ys kpacHhiit ocanok Ag,CrOy; npu 3TOM y pac-
TBOpa NOSIBUTCS KPaCHOBAThIi OTTEHOK.

OGpasoBanne ocagka Ag,CrO, MoxeT, KOHEYHO, NpPOHCXOAUTH
-onHoBpeMeHHO ¢ ocaxnaeHneM AgCl, HO Moka eCcTb B pacTBOpe HOHKI
xJopa, obpasyioluniics BpeMeHHO ocamok Ag.CrOs mpespainaercs
B AgCl no peakuuu

Ag:CrO,+ 2C1'=2AgCl+ CrO}. .

TakuM o6pasoM, BHauaJse 0CaXKIaeTCsl TOJLKO XJIOpPHCTOEe cepe6po
M TOJIBKO MOCJIe NMPAKTHYECKH MOJIHOTO OCa)AeHHs HOHa XJopa Ha-
‘gHHaeT 00pa30BHIBaTbC XPOMOBOKHCJIOe cepebpo. M3 ckasanHoro
SICHO, YTO THTPOBaHHE HY>KHO BECTH 10 MOsIBJIEHHS] YCTOAYHBOro Kpac-
HOBATOr'0 OTTEHKA, He HCYe3aiollero Nnpu B36aJIThIBAHHH.

XpoMOBOKHCJIOe cepe6po PacTBOpSieTCSI B KHCJOTaX, MO3TOMY
HeJIb3sl BECTH ONpelesieHHe XJOp-HOHa mo Meroay Mopa B KHCJIOM
pactBope. Ecsiu pacTBop KHCJBIM, TO ero HeOGXOOHMO Nepen onpeje-
JIeHHeM XJIopa HeiTpa/H30BaTh GuKap6oHaTOM HaTpus. 3HaueHue pH
THTPYeMOro pacTsopa He HOJXKHO OniTb MeHee 6,3. Hemonmycrhnma
TaKXe H CJHIUKOM IuesoyHass peakuuss sogul. IIpw pH > 10 Boxa
JOJIKHA ObIThb HefiTpa/iH30oBaHa a30THOH MJIK CepHOM KHCJIOTOH, He
cozepKauMu xjaopuaos. [1pu wenounoit peakuuu Boau (pH > 10)
HeHTpaJM3aLHi0 BOJb MOXKHO MPOH3BOLHTb MO (eHosdTaleHHy KHC-
JIOTOR [0 06GeclBeUHBaHHs, NPH KHUCJI0H — OHKap6OHATOM HATpHS A0
NosiBJIeHHs1 c/1a6oil PO30BOH OKpacKH, KOTOpYIO Nepel onpeneseHHeM
XJI0pa JIerKO YCTPaHHTb B36aJIThIBAHHEM BOJHI.

CornacHo 'OCT 4245—48 (Ha onpeleJieHHe CoIepIKaHHs XJIOp-
#iOHa B BOJ€ MCTOYHHKOB BOJOCHa0XKEHHSI H B BOJEe XO3sHCTBEHHO-
MHTbEBRIX H NPOMBILIEHHBIX BOXONPOBOJAOB) Mpo6a BOAM, NpexHa-
3HaueHHast IJis OMNpeleJieHHsl XJOp-HOHAa, NOJIXKHa GhiThb TpelBapH-
TeJIbHO HEeHTpasH30BaHa MO KPe30JIOBOMY KpPacHOMY INpHGaBJeHHEM
0,1-H. pacTBOpa CepHOfi KHCJIOTHI HJIH COOTBETCTBEHHO pacTBOpa el-
KOro Hatpa.

Ecan Boma comepXXHT 3aMeTHhie KOJIHYECTBAa CEpPOBOJOPOAA, XKe-
Jie3a HJIH 3aMeTHO OKpallleHa, TO ee HyXHO IpPOKHISITHTb C Iepe-
KHCbio Bomopona B TeueHue 10 MHHYT (2 M. mepeKHCH Boaopona Ha
100 »2 BOZBI) M MpPOQHILTPOBATS.

§ 148. YcTaHOBKa THTpPa pacTBOpa a3O0OTHOKHC-
Jorocepe6pa NPOH3BOAHTCSA MO PacTBOPY, COAEPNKALIEMY TOYHO
1,6486 2 xuMHuecKu uucroro xsopucroro Hatpus B 1 4. Takoit pac-
TBOP colep>KHT 1 M2 XJsop-HoHOB B 1 ma (H = 0,0282).

Jns ycTaHOBKHM THTpa pacTBOpa a30THOKHCJIOrO cepe6pa OTMe-
PHTb IMNETKOM 25 M4 yKa3aHHOrO pacTBOpa XJIOPHCTOrO HaTpHsl B
KOHHYecKylo KoJi6y, npu6asuth | ma 10%-Horo pacrsopa XxpomoBo-
KHCJIOro KaJiusi, pa36aBHTb JeCTH/VIHpOBaHHOH Bomoit g0 100 ma H
THTPOBAaTh PAacTBOPOM a30THOKHCJOro cepe6pa A0 Mepexoia XKeJaToi
OKPacCKHM pacTBopa B c/1a60 OpaHKeBYIO, He HCYE3alolLyl0 MPH mepe-
MellHBaHHH pacTBopa. JI/isl YyTOYHEHHs MOJIyUEHHOro pesyJbraTa K
pPacTBOPYy, OTTHTPOBAHHOMY, KaK yKa3aHO Bhille, NPHOaBHTbL le-
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CKOJIbKO Kamne/b PacTBOpa XJOPHCTOrOo Hatpusi (MHPH 3TOM OpaHxKe-
Bas OKpacKa pacTBOpa CHOBa MEPEXOAHT B KeJTyl0) H THTPOBaThb
HOBYIO TOPLMIO PacTBOPa, NOJB3YsACh MEpPBEIM PAacTBOPOM B KauecTBe
LIBETHOTO CTaHAapTa. Bropyio nopuuio Hy»XHO TMTpOBaTh A0 CJabof,
HO He HcYe3aiolllefl PH BCTPAXHBAHMH Pa3sHHILI OKPacoK B THTpYye-
MOM pacTtBope (cJierka opaHxeBasi) M B CTaHZapTHOM (XeJsrasi).
HopMmanbHocTe pacTBOpa a30THOKMCJIOrO cepe6pa BBIYUC/AHUTH IO
¢opmy.e
1,6486 - 25 25
= sga6.a — 002827,
rie a—pacxojJ pacTBOpa a3oTHOKHCJOro cepebpa.

OnvH MHIMTHJAMTDP pacTBOpa a30THOKHCJIOro cepe6pa oOTBeyaeT

T =35,46- is Me Xjopa.

IMpaMevanue, TIpH nNpPUTOTOBJIEHMM PaCTBOpa a30THOKMCIOTO cepeGpa
HHOTJa HOGHBAlOTCA, 4TOGK 1 M2 3TOro pacTBopa OTBedaa TOYHO 1 M2 xJopa
(a = 25). Caenyer, oAHaKO, MOMHHTb, YTO KOHLEHTPAUHS PacTBOpa 230THOKHCJIOTO
cepe6pa MOXKeT 3aMETHO H3MEHATbCA CO BpeMeHeM u TpeGyeTcs ee CHCTeMaTuue-
cKas TpOBepKa.

§ 1499. Xonx ompeneneHus XJOPp-HOHA CIAYIOLHI.
OtMmepurs nunerkoit 100 Mz HccienyeMoft Bogbl B KOHHYECKYIO
Kos6y, npu6asuth (nunerkoit) 1 msa 10%-Horo pactsopa XpoMOBO-
KHCJIOTO KaJlusi M THTPOBAaTh pAacTBOPOM a30THOKHCJIOTO cepe6pa
TOYHO TaK e, KaK IPH YCTAaHOBKE THTpPa pacTBOpa a30THOKHCJIOrO
cepebpa. CopmepxkaHue XJopa B HCCIeIyeMOH BOJEe BHLIYHCJIHTL IO

¢dopmyae
X=T-.a-10,

rge X —conepxaHve XJopa B uccaenyeMoit Bome B M2 Ha 1 4;
a— pacxoi pacTBOpa a30THOKHCJOro cepe6pa TIpH THTPOBA-
HHH;
T=n-35,46—TuTp pacTBOpa a30THOKHCJOro cepebpa mo
XJIOP-HOHY, T. €. YHCJO M2 XJOPa, KOTOPOMY OTBEYaeT
1 ma pacTBOpa a3oTHOKHcJOro cepe6pa.

U3 naiineHnoro mo aroit popMyJie coaepxaHus XJ0pa HyXHO BHI-
gectb 0,5 Me, T. e. BBECTH NONPaBKy HAa M36BITOK pacTsopa a3oTHO-
KHCJIOro cepe6pa, HEOGXOAMMBIA ISl MOJyYeHHs] 3aMETHOro H3MeHe-
HHSl OKPacKH NpH THTPOBAHHH.

ITpuMeuanne Ilpu MaloM coflepanWu XJopa B HCCIedyeMofi Bone
(Menee 10 M2/a) nns onpelefieHHs HYXHO CKOHUeHTpHpoBath 250—300 s BoAm
Zo o6bema 100 sz, Ilpu comepkaHuH XJOP-HOHOB B HcciaelyeMoil Boae Gonee
400 M2/2 ee HYXHO nepel OMpeleleHHEM COOTBETCTBEHHO Pa3baBHTb.

§ 150. OnpeneneHue XJaopanpH noMomu Jabop a-
Topuu Pe3HHKOBa mpou3BoauTCS B NpHHIMIE TaK Xe, Kak
ONKMCAHO BHILE, PAa3sHHLA 3aK/I0YaeTcs TOJbKO B OTHAEJbHHIX JeTa-
JISIX — TeXHUKe pPaGOThl H KOHLEHTpaiuuu pactsopos. OpueHTHPOBOY-
HOe H TOYHOEe ONpefesieHHe CONePKaHHs XJIopa NMPOH3BOJAT Pa3JIHYHO.
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OpueHTHPOBOYHOe onpefedenune. K 5 m2 Bomm
npubapasior 1 kanmo 10%-HOro pacTeBopa XpOMOBOKHCJIOTO Kajlus H
tutpytor 0,1-H. pacTBOpoM a30THOKHCJOro cepe6pa KO MNOSBJIEHHS
KpacHO-6ypoil okpacku. ComepxaHue XJIOp-HOHa B 1 4 BOABI BBIYHC-
JsioT no gopmy.e

a-Hx-35,5-200=wm2/2 CI,

rje a— pacxoJ pacTBOpa a30THOKHCJOTO cepebpa;
H— HOPMAJIbHOCTb PAacTBOPa a30THOKHCJOro cepebpa;
200 — mHOXHTeJb AAsl NMepecyeTa Ha 1 4;
35,5 — 3KBHBAJIEHTHbIH BeC XJIOp-HOHa.

TouHoe onpeneneHHne. Ecin opHeHTHPOBOUHOE oOmpenele-
HHe NMOKa3aJjo, 4To Boja coaepkuT MeHbie 400 m2/a Xxja0p-HOHA, TO
Ans ToyHoro omnpejenenus 6epyr 50 ma Boan. Eciu comepxkanue
xsnop-uoHa B BoJe mnpeBuimaer 400 me/a, TO 6epyT BOAKI COOTBeT-
cTBeHHO MeHblle. K oTMepeHHOil nmopuuu Boanl npu6GaBiasioT 5 Kaneib
10%-Horo pacTBopa XpPOMOBOKHCJIOTO KaJlisi H OTTHTPOBBIBAIOT ee
0,1-H. pacrBopoM asoTHOKHcJOro cepebpa. CoaepxkaHHe XJIOpP-HOHA
B BOJE BBIYHCJISIOT 10 (opmyJe

a-n-3i5'1000___nz//l cl,

rae A—o6bem BOJAbl, B3ATHIH A aHANH3a;
a— pacxojx pacTBOPa a30THOKHCJOro cepebpa;
H — HOPMAaJLHOCTb PAacTBOPa a30THOKHCJAOro cepebpa.

§ 151. Hekotopoe mnpexacraBieHHe O COAEPKaHHH XJopa B HC-
clelyeMOii BOme JaeT XapakKrep ocajka, obpasyoluerocss NnpH MOpH-
6aBjleHHMH K BOJe PacTBOpa a3OTHOKHCJIOro cepebpa. PeakKTHBOM
Ans storo onpeneneHuss cayXHt 10%-HEE pacTBOp a30THOKHCJIOTO
cepebpa, NOAKHCJIEHHHWH a30THOH KHUCJIOTOH.

OpHeHTHPOBOYHOEe onpejeeHHe COLepXKaHUS
XJ0Dpa npou3sBOAAT ciaeayooluM obpasoM. K 5 ma ucciemyemois
BOJABl B Npo6upKe npu6aBuUThb 3 KalJH pacTBOpa a3OTHOKHUCJOrO Ce-
pebpa u 1o odpasoaaamemyca OCajIKy OLEHHTb COJepXKaHHe XJopa
B HCCJellyeMOl BoJe, MoJsb3ysick Tabu. 25.

Tab6aunga 25
OnpexeneHne cojepmaHHs XJopa MO XapakTepy ocaika

Coxaepxanue xaopa
XapakTep ocaaka pn M2|a
Onanecuenuus, cnabas Mytb . . . . . 1—10
CHIBHAs MYTb . . « « o « 4 o . 10—50
OGpa3syiotcs XxJOMbf, HO 0OCEAaT He
CPA3Y .« . . v e e e e e e e 50—100
Beawit o6beMucTHit Ocamok . . . . . Boaee 100
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XXIIl. ONPEXEJIEHHE COLEP)XAHHA CYJ/Ib®AT-HOHA

§ 152. ConepxaHue cyab(aT-HOHa ONpefesercs He-
CKOJIbKHMH METOIaMH.

BecoBoii MeTO ] OCHOBaH Ha HHYTOXKHO MaJOil pacTBOPHMO-
CTH cepHOKHcJoro Gapus B Bome. K ucciemyemoil Bome m06aBisiioT
XJIOpHCTHIt Gapuil, mpuueM HoH SO, ocaxmaercs B Buge BaSO,. Io

Becy o6pasoBaBiuerocss BaSO, BbluncisioT cogepxanne SG; B He-

caenyemoii Boge. HecMoTpsi Ha Bclo NPOCTOTY, 3TOT METOA OTHOCHTCSH
K YHCJy HaHMeHee TOUHBIX BECOBBRIX MeTofoB. [les0 B TOM, 4To Cy.Ib-
¢dar 6apHs HHKOrZa He NOJydyaeTcst YHCTHIM, a BCeraa COIEpKUT
NOCTOPOHHHE BellleCTBAa BCJEACTBHE sIBIeHHs coocaxcaeHus. Hayue-
HHIO Tpollecca OCaXKAeHHsi CepHOKHCJOro 6apusi MOCBALLEHO OrPOM-
HOe KOJIHYecTBO paboT, HO HECMOTPS Ha 3TO He HaiieHO O6LIUX YCJI0-
BHH OCaXK[IeHHs, NAIOLIHX BO3MOXHOCTb INOJYYaTb YHCTHIH OCaJOK
NpH Oca)KOeHUH CyJbdara 6apHs B MPHCYTCTBHH NMOCTOPOHHHX 3J€K-
TPOJIMTOB B PacTBOpe, H3 KOTOPOro NMPOHM3BOAMTCA ocaxpeHue. [IpH
3TOM BEC 0CaJKa MOXKeT O0Ka3aTbCsi KaK MeHbIle TeOpeTHYeCKoro 3a
CUeT COCCaXKIeHHs CYJb(aToB LIeJOUYHBIX METaJJOB H KaJsblHf, TaK
H GoJibllle — 3a CYeT COOCaX/eHHsl MOCTOPOHHHX INpuMecei.
Penentypu ocakaeHusi, pekoMeHIyeMble pa3/HYHEIMH aBTOPaMH
IOJsl TeX WM HHBIX YCJIOBHH, OCHOBaHBl MO CyLIeCTBYy Ha KOMIIeHca-
LIHH B3aHMHO IPOTHBOIOJIOXKHBIX OIIHOOK H CBeHeHHi aJsreGpaunye-
CKOH CyMMH oIHGOK 10 MHHHMyMa. CiieflyeT, OXHaKO, OTMETHTb, YTO
IpH aHa/lH3e OORIYHHIX, C1a60 MHHEPAJH30BAHHHIX BOJ OIUHGKH, 00-
yCJIOB/IEHHEIE HETOYHOCTBbIO BecoBoro ompeneteust SO'{, He BeJIHKH

H He HMelOT OGRIYHO NPAKTHYECKOTO 3HAUeHHs.

§ 153. Cornacio T'OCT 4389—48 ompenenenne comepKaHus
Cylb¢aT-HOHA BECOBHIM METOAOM IIPOH3BOLHTCS cClleqyloliuMm obpa-
30M.

100 uau 150 ma HccienyeMoit BoAbl, B 3aBHCHMOCTH OT KOJIHYe-
CTBa Cy/1b(aToB, MOJKHCIHTb COJISHON KHCJIOTOH (3 MA coJIstHOR KHC-
jgotel 1:1 Ha 100 M2 HccaenyeMoit Boabl) H yTapHTh B CTaKaHe IO
50 ma. [JaTb OTCTOATbCA B TeUyeHHe 3 YacoB H OT(GHJILTPOBATH BHINAB-
IIHe XJoMbsl TYMAaTOB M resisi KpeMHeKHCJaoTH. Ocalok Ha (uabTpe
IPOMBITh JECTHIJTHPOBAHHOH BONOH, MOJAKHCJEHHOH COJISTHOH KHCJIO-
TOM, MPHCOEMHsISI POMBIBHEIE BOAH K (HIbTpaTy. CMech (HJIbTpaTa
¥ NPOMBIBHHIX BOJX yNapHuTbh 00 50 M4 M B KUNSALIMH PacTBOP MPHJIHTD
no kanisim 5% -Helil pacTBOp XJIopHCTOro 6apHsi, MpeJBapHTENbHO Ha-
rpethiit o 70—80°. IlpunuBaHue xJopucroro OapHsi 3aKOHUHTb
nocjie Toro, Kak MPOH30HIET MOJNHOe oca)kJAeHHe cyJab(aToB, IIPH KO-
1OpOM B OTCTOEHHOM pacTBope He OOJKHA 06Gpa3oBbIBATBCH MYTh
npu npubasneHnn 1—2 kameab 5%-Horo pactBopa XJOpHCToro 6a-
pusi. [lpu 3TOM B pacTBope AOMKEH GHITh HEKOTOPHIH H3GHITOK XJIOpH-
croro 6apus (nmpu HOGaBJIEHHH K B3fATOM M3 CTaKaHa Kallle OTCTOEH-
Horo pacrBopa kKamiu 0,1-H. pacTBopa cepHOH KHCJIOTHI AOJIXKHa MO-
AIBJIATCH MYTB).
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Pacrop HarpeBaTh 3 yaca Ha KuMsileHd BOAsIHON GaHe W 3aTeM
OCTaBUTb JO CJEAyIOIlero AHs MPH KOMHaTHoH Temmepartype. ITotom
0CafloK OTQHJIBTPOBATL Yepe3 IJIOTHHIH (HJILTP, MPOMEITHL ropsiye
NeCTH/VIHPOBAHHON BOMOH /M0 OTpHLATENbHOH peaklHH Ha XJOp-HOH,
BBHICYIUNTb, MPOKAJHTb A0 MOCTOSIHHOTO Beca W B3BeCHTb. BHIUHC/IUTH
KOHLEHTpalHio cyJ/bdaT-HoHa X B HcCleqyeMolt Boje Mo ¢opMmyiie

X = 0,4115‘9 1000 ,

rae 0,4115 —koadbduunent gas nepecuera Beca BaSO, Ha cyab-
¢dar-uoH;
Q — HaiineHHblit Bec OcajKa CEpPHOKHCJOro Gapus;
V —o6bem Boabl, B3ATHI 1/l OnNpejneseHus, B MA.

§ 154, [IpuHuUHD HOZOMETPDUYECKOTO MeTOLa ONpe-
nledeHUuss CcyaAbdpaT-HOHA C XPOMOBOKHCJHBM G6a-
pueM 3akimouyaercs B clenyioomeM. K Hccrenyemoit Boge mnpuba-
BJISIIOT CYXOI'0 XPOMOBOKHCJIOTO 6apHsi H COJIsiHOH KUCJIOTHL. [Ipu atom
XpoMoBOKuC/IH Gapuit pactopsiercst. Mousr SO/, comepxaiuecs: B
BOJe, CBSI3LIBAlOT 3KBHBAaJIeHTHOEe KOJHUecTBO HOHOB Ba'® W oca-
JKIOAIOTC B BHAE CepHOKucJoro 6apHa. 3aTeM pacTBOp HeHTpasu-
3yIOT aMMHAKOM H OCTaBLIHecs B PacTBOpe HOHHI GapHs CHOBa BHI-
MajaioT B 0CaJ0K B BHJe XPOMOBOKHcJOro Gapus. B pesyJbTaTte 3TUX
peakuuil B pactBope ocraHyrcs HoHel CrO’] B Ko/HYecTBe, SKBHBa-
JIeHTHOM HMeBIUMMcH B Bome nonam SO . Hror atnx peakuuit

MOXHO BbIpa3uTb OJHHM ypaBHCHHEM
BaCrO, + SO = BaSO, + CrOj.

Jlanee ocamoK, COCTOSIIHA H3 CMeCH CEpHOKHCJOr0 W XPOMOBO-
Kucsaoro 6apusi, oTQUJIbTPOBLIBAIOT, K (PUJAbTPATY NpHOABAAIOT HOH-
CTHIl KaJiMii H BBIAEJNHBIUHHCH MPH 3TOM HOJ THTPYIOT THOOCYJb-
¢dutom:

2Cr0% 4 8H +6J'=2Cr  —+ 3Ja+ 4H:0;
Ja—+28,05=2J" +8,05%.
ITo pacxogy rumocyJbdura BHUHCISIOT cofepxanne SO’, B Hc-

clenyeMoii Bone.
CorylacHO TPHBENEHHEIM BhIIIE YPaBHEHHSM 3KBUBAJIEHTHHIA BecC
SO nomxeH ObiTb NMPUHAT MpPH BhHIYMC/JEHHH DABHBIM OJHOH TpeTH

96,066
HOHHOrO Beca, T. &. —7— = 32,022.

§ 155. ITo TOCT 4389—48 npenycmaTpHBaeTcsl CJIeAYIOWHA XOf,
onpejesieHHst CyJ/ib(aT-HOHA.

OtMepuTh B KOHHYECKYI0 K0J6y 200 ma Hccienyemoil BOAR H Ha-
rpeTh ee g0 KuneHusi. JJo6aButh 0,5 2 CyXoro XxpoMoBoOKHc/IOro 6apHs
H 1 ma 25-H. pacTBOpa CO/NSiHOH KHCJOTH. KHIATHTbL KHIKOCTH
3—4 MHuH., npuyeM JOJIXKHA NOSIBHTbcA Gypasi OKpacka.
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CHatb Kon6y C HarpeBaTeJbHOro InpHGOpa, HeHTpaJIH30BaTh
JKHAKOCTD 5% -HEIM pacTBOpOM aMMHaKa, NMpHGABJsAs €ro Mo Kamisam
IO JKeJTO-3eJIeHOTO0 OKpAalUMBAHHS CONEPXKHMOro KoJGH. Peakuuio
JIOBECTH 3aTeM MO HeHTpasIbHOM HJIHM OueHb C/1aGo miesouHolt (mpo6a
JIaKMycOBO# GyMaXKKOH); OCTYAHTb HO TeMnepaTyph 15° W cHoBa
NPOBEPHTb peaKLHio XKHAKOCTH. HefiTpasbHylo cMech mepeHeCcTH B
MepHYI0 KoJIGy BMecTHMOCTbIO 250 M4 M JOBeCTH 06beM CMeCH JO
METKH JecTH/UIMPOBAHHOA BOHOM, B360/TaTh M (PHUJILTPOBATHL Yepes
ckaapuateiii cyxoft ¢uabTp. [lepBylo mopuuio ¢uabTpara oT6pOCUTD,
3aTeM OTMEpHTb B JBe KOJI6H (c mpo6kamu) mo 100 mz ¢uabtpara
H 106aBHTh B KaXnaywo u3 HuX no 10 ma 10%-Horo pacrBopa Hoau-
CTOro Kajausag W 5 ma 2,5-H. pacTBopa cOJSAHOH KHCJIOTHL. OcTaBHTBb
KosI6el Ha 20 MHH. B Boje, uMelomnlell Temnepatypy 8—10°. Buaenus-
muicsa Hox tutpoBath 0,05-H. pacTBopoM rumnocyJib¢uTa HaTpHs, KO-
6aBJifisi NMOJ KOHel THTPOBAaHHS B KauecTBe HHIHMKAaTopa pacTBOP
KpaxmauJga.

Conepxanue cyabdar-voHa X B HcCIefyeMoll Boie B M2/4 BH-

9HCIHTL N0 (opMy.Jie
X=a-T-25-5,

rae a— pacxoj rumnocynbpura B #4 Ha TUTPOBAHME HOAA, Bbile-
auslierocst B 100 #4 ¢uabTpara;
2,5— MHOXHTeNb JJs MNepecyera pacxoia rUmocyabpura Ha
Bech duabTpat (250 #a);
5 — MHOXHTe/ b Aas mepecyeTa pe3yabTaToOB Ha 1 .4 BOAH (TaK
KaK Aasi onpenesaeHuss B3saTo 200 x4 uccaelyeMoit BOAH);
T'=n-32,022 — tutp runocyabpura no SO%;
K — HOPMAJILHOCTb THINOCYJ/bhHTA.
ITpuMevaHus.
1. Tlpn conepxanun B Bome Gosnee 250 me/a WOHa SO” mas onpefeneHus

HYXHO uam Gpath He 200 M2 wccielyeMoi BOAHW, a COOTBETCTBEHHO MeHbILHil
o6bem (50—100 m2) u nmepen onpelesieHHeM pa36aBAsATH AECTHIIHPOBAHHOM
BOOA MpuGiMsuTenbHO A0 200 M4, WM XKe NpeIBapHTENbHO DPa3baBiATbL Hccie-
AyeMyl0o BOLy HECTH/JIHPOBAHHOA BOJOA B MepHOH KO/NGe € TAaKHM pacCueToM,
uTo6 B 200 M4 pa3GasieHnofi BoLnl cofepxanoce He Gonmee 50 mz SO,”. Ilpu
OYeHb MaJniXx collepxkanusax SO,” B Bode, Hao6opoT, HyXHO 6paTb AN Onpele-
nenns 400—500 Mz MccnenyeMod BOAHW M NOC/]Ae NOAKHCIEHHS COJSAHOM KHCJIOTOR
CKOHLEHTPHUPOBaTh NPHOAH3HTENbHO R0 200 Ma. Bo Bcex 3TuX ciayyasix 0OpH Bbl-
9QUCIEHHH Pe3y/IbTAaTOB HYXKHO y4ecTb B3ATHIA Ui OnpeleseHHs 00beM BOMBI HJH
XKe KpaTHOCTb pa3bapienus. B npuseneHrmoft Beite ¢opMyse IS BHIUHC/IEHHS
conepxanuss SO,” BMeCTO MHOMMTeNst 5 GyleT COOTBETCTBEHHO NPYTO# MHOMH-
Teqb.

2. Tpu sHaunTebHON OKHMC/ASEMOCTH BONBI HWJIM NpH 3aMeTHOM COIepKaHNH
okuciutenelt Fe'®, NO’ B pe3y.bTaTel ONpelesieHusi HYXHO BHOCHTb TONpaBKY.
IMonpaBKy nojay4YaloT Ha OCHOBAHHHM CINEUHAJIbHOrO ONbITAa. JTOT ONBIT NpPOBO-
IHTCA COBEpPINEHHO TaK e, KaK H Onpele/eHHe COAepXaHHA CyabdaT-HOHa,
HO BMECTO XPOMOBOKHMCJIOro GapHs GepeTcsi THTPOBaHHBIA DPacTBOP ABYXPOMOBO-
KHcoro Kanus. [lompaBKa Moxer OHITb KaK €O 3HAKOM INIIOC, TaK H CO 3HAKOM
MHHYC.

3. Onpenenenne colepXaHHst CyJbGaToB ONMHCAHHEIM METONOM MOXeT Ipo-
H3BOAHTbCSE Ge3 aHAJHTHYECKHX BECOB, HO HOMMKHH OhITb 3apaHee 3arotoBJeHhl
HABEOKH IBYXPOMOBOKHCJIOrO Kajius (unu uUKcaHanpl) LS YCTAHOBKH M Npn-
BepKH THTpa pacTBoOpa TrHnocyiabpura.
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§ 156. OnpeneneHunecogepXaHuacyabdparT-HoHa
(SO') npunoMomusabopaTopHu PesHHKOB A 66beM-
1 p p

HbIM METONOM MpHMeHsieTCs NMPH coflepkaHun B Boge SO, Gosee

80—90 me/a. OnpepeneHue MPOH3BOAUTCH B TOi ke mpoGe, B KOTO-
pofi onpegensiiack obuasi xectkocTb (cM. § 127). B pacrsop mocie
onpejesieHHs1 oOllefi XKeCcTKOCTH npubaBuTh numetkod 5 ma 0,1-H.
pacTBopa xJjopucTtoro 6apusi u yepes 2—3 MHH., B TedeHHe KOTOPBIX
Kos0a fo/MXKHa ObITh 3aKphiTa NPOOKOH, THTPOBAThb PacTBOPOM MaJlb-
MuTata (CTeapaTa) KaJusl MO Kam/e NpPH MOCTOSIHHOM MOMeIIMBaHHH
Jo TosiBJIeHHs sipKofi po3oBoit okpackH. Ecsiu posoBasi okpacka no-
sAiBJsieTcs mocJje go6asJeHus Bcero Jjumb 0,1—0,3 Mz pacTBopa nmase-
MHTaTa (CreapaTa), THTpOBaHUe NMpepBaTh, NO6GAaBHTL K PacTBOpY elle
5 ma 0,1-H. pacTBOpa XJOpHCTOro 6apHsi H yepe3 2—3 MHH. POMOJ-
XaTb THTpoBaHue. Eci M B 3TOM cCJlydae po3oBasi oKpacka BO3HH-
KaeTr nocje 106aBJieHHs] TAKOro XKe MaJloro KOoJIHYecTBa MasJbMHTaTa
(creapara), To ompeeJieHHe CJeayeT NOBTOPHTb, PHYEM Mepes onpe-
IenleHuem coflepxanust SO, HccllenyeMyio Bomy CllellyeT NpeaBapH-
TeJIbHO pa36aBUTh B MepHOil Kos16e AeCTHNIHPOBaHHOA BofoA. B aToM
cayuae 100 s pa3baBieHHOR BOAK! HYXKHO NPeNBapUTENbHO OTTUTDPO-
BaTh MajlbMHTaTOM (CTeapaToM) KaJsHsi TaK e, KaK IpH onpenese-
HHH ofbued xectkoctd (cM. § 125 u § 127), a 3arem mocrynars,
KaK yKa3aHo BHIILE.

ConepxxaHue cynbpat-HoHa B Boge X B M2/4 BBIYHCIHTBL Mo ¢op-
My.Jie
(bry — an) - 48 - 1000

A ’

rae b—o6muil 06beM 106aBJIEHHOrO PacTBOPa XJOPHCTOro 6apuf;
M, — HOPMAaJIbLHOCTb PacTBOPA XJOPHCTOro 6apwus;
a—obmufi o6beM pacTBOpa NaJbMHTaTa (CTeapaTta) KaJaHd,
M3pPAcXOJOBAHHOIO HAa THTPOBAHHE;
K — HODMaJbHOCTb PACTBOpA MajbMHTaTa (CTeapara) KaJjHs;
A —B3ATHIH AAs onpejeJieHHs XECTKOCTH (a CJeXOBaTeJbHO H

IJs onpejeseHus SOY) o6beM HCCaeLyeMOl BOIHI.

X =

Ilpumevanue. Eum onpegenenne colepxanus SO,” NpoH3BOAHIOCH
C TIpeIBapUTEJbHHM (Pa3baBjiieHHeM WCCTelyeMoi BOAH, TO TNPH BHYHCAEHHH
Pe3y/bTaToB HEOGXOZHMO YdecTb KPaTHOCTb (Pa3baBJieHHS.

§ 157. HepenomMerpudecKuit MeTOJN NPHMEHsETCS MPH
colepKaHHH B HCCIeayeMoil Boie cyibdaT-noHa MeHee 80—90 me/a.
B MyTHOMepHYI NpOGHPKY HAaJHUTh HCCJELYEeMYI0 BOAY 4O OTMETKH
100 ma, npu6asutb 5 Kaneqap 10%-Horo pacTBopa XJOpHCTOro 6apus
U TepeMellaTb PacTBOp C IOMOIIbIO INapHKa-MemankH. Yepes 5—
6 MuH. HedesmomerpupoBath (cm. § 100).

a) Ecau conepxanue SO Meubuwe 25 M2/a, pUCYHOK Ha JHe
npo6HpKH Gyner BuAeH. B 3ToM ciydae cieqyer cpaBHHBAaTb HHTEH-
CHBHOCTb MOJIYYEHHOrO NOMYTHeHHs C HedesoMeTpHUeCKOR ILUKaJIof.
CpaBHeHHe NMPOU3BOAUTHL CJEAYIOLIUM 06pa3oM.

118



Bo BTOpyi0 MyTHOMepHYi0O NMpPOGHDKY (HaXOAALLYIOCH B APYroMm
rHe3Je KOMMapaTopa) HaJIuTh TOXE€ HCILITYeMyl0 BOLY AO BBICOTHI
100 mm. Ha 3ty BTOpYI0 MPOGHPKY HAJIOXKHTb ILIKaJNy-CBETOQHUIBTP
H moao6paTb Ha Hell 3TaJIOH, COOTBETCTBYIOLIHI 0O6pa3oBaBuIeiics
MYTH.

6) Ecan comepxanne SO’ Gosee 25 m2/a, TO pUCYHOK Ha jHe
NpPOGHPKH He mpocBeuHBaeT. B 3TOM cily4ae HeQesIOMeTPHPOBATh
o6ur9HbIM nyTeM. Conepxanne SO onpeaenuTs, moJb3ysich Tab. 26.

B) Ecau npu Hetpe.nomeTpupOBaHnH BHICOTA CTOJ6a XUJIKOCTH B
npoGHpKe MoJydaeTcss MeHee 32 MM, ONMpeneHTb coaepxanue SO

06BbEeMHBIM nyTeM, KakK OMHCaHO BHIIIE.

Ta6aunga 26
Ta6Ganua aas onpefeneHHs cyabdar-HOHa (SOZ) no MyTHOMepy
Bricorta croa6a ” Buicora croxba "
KHUAKOCTH MO Conepxanne SO, HHUAKOCTH TO Conepxanne SO
MyTHOMEpY B M2[a MyTHOMEpy B M2[a
B MM B MM
140 ’ 20 45 55
120 22,5 41 60
100 25 37 65
95 27,5 35 70
85 30 33 75
75 35 32 80
65 40 31 85
50 50

§ 158. OpHeH‘erOBO'-IHoe mpencraBleHHe O CO-
AepxaHuu SO/ B HCCleZyeMOH BOJe HaeT XapakTep

ocanka, o6pa3yxomerocx npu npubaBJeHHH K BOJe pPacTBOpa XJOpHU-
croro 6apus. K 5 ma nccienyemoil Boanl mpHGaBHTb B MpoGHpKE
3 kamiu cossiHoO# kucyoTl 1:1 u 10—15 kamens 2,5%-Horo pac-
TBOPA XJIOPHCTOrO 6apus. Ilo 06pa3oBaBlIeMycsi 0CaIKy OUEHHUTDb CO-
Iepxanne SO B HcclenyeMoil Bole, moJb3ysich Tabiu. 27.

Ta6auna 27
OnpeneneHne coaepxaHHsl cyabdaT-HoHa MO XapakTepy ocajka
Conepianne SO

Xapaktep ocanka B Azl

Cna6as MyTb, NOABAAOWIAACA Yepe3 HECKOJIbKO MHHYT . . 1—10
Cna6ast MyTb, MOABAAIOWIAACA CPA3Y . . . . . + + « . - 10—100
CHABHAA MYTD . + & v v v v e e e v e e e e e e o e 100—500
Ocanok, KOTOPHil GHCTPO OCa¥AaeTCA Ha AHO MPOGHPKH Bonee 500
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XXIV. ONPEAEJIEHHE COLEP)XAHHS )XEJIE3A

§ 159. He cymecrByer MeTOHOB IJs1 KOJHYECTBEHHOro onpeneJie-
HHMs BceX (OpM, B BHIE KOTODHIX MOXET NPHCYTCTBOBaTb XKeJie30 B
NPHPOAHKHIX Boxax. Kmerounecs MeTonH MO3BOJSIOT ONpenessTh
TOJILKO Ofllee coaepKaHHe 3aKHCHOro (IABYXBaJIEHTHOrO) xeJse3a H
ofliee colep:KaHHe OKHCHOro (TpexBasieHTHOro) xese3a. HamuGosee
pacnpoCTpaHeHHHIM METONOM OIpeleJieHHs SIBJISeTCS KOJOPHMETpH-
YecKHil MeToJ C pOAaHHCTHIM aMMOHHeM. OH OCHOBAH Ha TOM, 4TO
POLaHUCTHII aMMOHHI JaeT ¢ HOHaMH TPeXBaJIeHTHOrO KeJjle3a Kpac-
HOe OKpallliBaHHe B pe3yJbTaTe O6GPA30BAHHA PONAHOBOrO JXKeJe3a:

Fe™ + 3CNS'=Fe(CNS)g

HJIH KOMILVIEKCHRIX HOHOB, HalpHMep:
Fe™ - 6CNS’=[Fe(CNS)s]".

OnpenessitoT 06LIYHO OTHEJbHO OKHCHOe 2KeJsle30 H ofliee cojepKa-
Hue xene3a. [las onpeneneHnss o6luero COmepXaHHS IBYXBaJeHTHOe
KeJle30 NMpefBapHTEIbHO OKHCJIAIOT IO TPeXBaJjieHTHoro. [IByxBaJieHT-
HOe 2KeJle30 BHYHCJSIOT MO Pa3HOCTH MeXAy OOLIMM colepKaHHeM
JXejiea H COLep:KaHHeM TPeXBaJIEHTHOrO XeJesa.

§ 160. [Ipu onpeneneHuun ob6uUlero coxepXaHHUHA
XeJe3a NpeABapUTeIbHO MPOHM3BOIAHUTCH KaueCTBEHHOe ONpo6oBa-
HUe BOJAbl Ha CONEpIKaHHe KeJsle3a C NPHOJHKEHHOH KOJHYeCTBEHHOH
onenkoil. Ecin o6luee comepkaHHe xKesle3a He NpeBHllIaeT 2 M2/, TO
oJs onpexneneHusi ciaenyer B3sAth 100 M uccienyeMoit BOObl B Mep-
Hylo Kosn6y o6beMoM Ha 100 ma. B mpyryio Takyio ke Konby oTMme-
PHTb TaKoil 06beM CTaHZApTHOro pacrsopa xeseda (1 ma comepKHT
0,1 m2 Fe'""), B KOTOPOM COZEPXKHTCSI NPHMEPHO CTOJIbKO XKe Ke-
Jae3a, ckoabko B 100 M uccienyeMoil BOAH, H HOJHTB KOa6Gy HO
uyepTH JECTHIJIHPOBAaHHON BOJOH. B 06e KOJIGH NMpH6aBHTL MO 2 M4
KOHLUEHTPHPOBAHHO COJIIHOfl KHCJIOTHI, MO HECKOJBKO KPHCTaJJIOB
nepcysbgara aMMOHHA Wi no 10 Kameab 39%-HOHl NepeKHCH BOIO-
pola H COAEpXHMOe KOJGOYEeK XOpOIIO IepeMeliaTb. 3aTeM B o6e
KoJIGhI 0o6aBUTh MO 2 M4 509 -HOro pactsopa pOAAHHCTOrO aMMOHHSA H
CHOBa xopomo nepeMematb. OKpackH IOJy4eHHHIX pPacTBOPOB Cpas-
HuTh B KoJiopuMerpe. O6liee comep)KaHue »Ke/le3a BHYHCJAHTH IO
tdopmyte

__hy-a-01-10
X= T
rge X —obuiee colepxaHue xesnesa B HCCaeqyeMOH BOIe B M2/ A;
h,— BBICOTA CTAQHAAPTHOr'O PacTBOPaA;
h, — BHICOTA HCNIHITYEMOr0 PacTBOpa;
a— o6beM CTaHAAPTHOrO pacTBopa Xefesa B MA.

Ecnu o6uiee copepaHHe Kejne3a B HcclenyeMoit Boge 6ogee
2 me/a, To masa omnpeneseHHs HyxHO B3ATh He 100 Mz, a cooTseT-
CTBEHHO MeHbIIHiI 0GbeM HCclenyeMoii BOAbl H pa36aBHTb JECTHJJIH-
poBaHHO# Bogo#t xo 100 ma. Pas36apjeHue ydecTb NPH BBIYHCJEHHH
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COJlepXKaHusl XKeJle3a: BMeCTO MHOXHUTes1 10 B npHBeneHHOH Bhime
¢opmyse Oyner, COOTBETCTBEHHO, APYroil MHOXHTeEJb.

§ 161. Conepxanne B BOe OKHCHOT O X eJle3a OonpefessiTh
TaK Xe, Kak M ofuiee CofepKaHue, 32 MCKJIIOYEHHEM J0GaBKH mep-
cyibdaTa aMMOHHsI (HJH NepeKHCH BOXOPOJAa) K HCIHITYeMOil Boxe
M K cTaHZapTHOMY pacTBopy. CpaBHeHHe MOJyYeHHEIX OKPacoK mpo-
H3BOJMTb B 3TOM CJydae CJefyeT TOTYaC XKe Mo N0OABJEHHH peaKTH-
BOB, TaK KaK HMHTEHCHBHOCTb OKPAaCKH HCCJelyeMOi#l BOAB MoXeT
3leCb OBICTPO MEHSATHCSI.

§ 162. OnpeneneHue Xede3a Kak ABYX, TAaK K
TPeXBaJeHTHOro MOXHO NpPOM3BOILHTb MNPH moO-
Moumu nabopatopuu PesHukosa.

Jdnss onpenenenuns conepxaHus Fe'" Hamute B mpo-
6UpKYy HCCefyeMyi0 BOLY OO0 MeTKH 5 M4, MpUOABHUTb Ha KOHYHKe
CTEKJISIHHOH JIomaToukH Kucjoro cepHokHucioro Kanus (KHSO,) wu
CTOJILKO 2Ke KpacHo#t KpossiHo#t cosu Ki[Fe(CN)¢]. Pacrsop B3Goa-
TaTh M KOJOpPHMETPHPOBATh, pacCMaTpHBasi MpOOUPKY COOKY H cpas-
HHMBasi OKpDacKy C OKpacKol CBeTO(QHJbLTPOB COOTBETCTBYIOILEH
mkanel. Ecin comepxaHHe 3aKHUCHOro keje3a B BOJe MeHee 2 M2/
(kpaiiHHil 3TaJIOH 1IKaJhl), TO €ro CojepKaHHe OMNpeNesHTh CJeayio-
muM o6pasoM. K HoBoit npoGe NpHGaBHTh HECKOJNBKO KDYITHHOK mep-
cyabgara kKanmus K;S;0s (npu atom Fe'* okucaurcs go Fe''') u npo-
H3BOAHTb onpejesieHHe No cnoco6y, omucaHHoMy Huxe (§ 163) mas
omnpefieIeHHs] OKHCHOTO Kesie3a. Takum oGpa3oMm OyneT onpeneseHoO
o6lLee KoJn4ecTBO xeJse3a. Urobul HaliTH KosauyectBo HoHOB Fe™", u3
NONTy4eHHOro pe3yJsbTaTa Hy»KHO BbluecTb KosHdecTBo ‘Fe'™’, ompene-
JeHHoe mo § 163.

§163. Ias onpeneneHus cogepxaHnusa Fe' uccae-
IyeMylo BOLY HaJHUTb B NPOGUPKY 10 METKH 5 M4, NpuGaBUTb Ha KOH-
YHKe CTEKJSHHOH JIONAaTOYKH KHCJOro CepHOKHCJIOro Kajusi H CTOJIbKO:
ke ponanucroro Kaaus (KCNS). PactBop B3GoaTtaTb u yepe3 3 MHH.
KOJIODHMETPHPOBATh, paccMaTpHBasi ConepXKHMoe MNPOOHPKH CBepXy.
Ecan okpacka XXHAKOCTH OKaXeTCsl HHTEHCHBHee CaMOro sIpKoro 3ta-
JIOHA CTaHAAPTHOM WIKaJE, pacTBOP KOJOPHMETPHPYIOT, paccMaTpH-
Basi collepKUMoe NPOOGHPKH c60Ky. B 3THX cayuasix moJyyeHHBIH pe-
3yJbTaT HYXKHO YTPOHUTb.

§ 164. OpueHTHpPOBOYHOEe OoNnpenedeHHe ob6mero
cogepxXaHHUSI XKeJe3a MPOU3BOAAT CJAeIylOIMM 06pasoM.
K 10 M2 uccienyemoit Bogsl B npoGupKe npu6aBHTh 2—3 KalJk KOH-
LUEHTPHPOBAHHOI COJISTHOM KHCJOTH (M HECKOJIbKO KPHCTaJJIOB mep-
cynbbata Kanus uid mepcyibgara ammonus (NH,)S:0s nnn xe
1—2 kanuu 39%-Holt mepekHcH BOXOPOAA M CMech B3GOJITaTh. 3aTeM
‘no6asutb 0,2 ma 50% -Horo pactBopa poJaHHCTOrO aMMOHHSI H CHOBA
cmech B36ostaTh. Ilo UHTEHCHBHOCTH NOJYYEHHOro OKpalUMBaHHS
onpefeNuTh NPUMEPHOE COAepXKaHHe KeJe3a, MoJb3ysch Taba. 28.

[Mosb3ysice TaGJ. 28, MOXHO ONpenesUTb, KpoMe OOLLEro Copep-
JKaHUs )Keje3a, OTAeJbHO COIepKaHHe Xkese3a okucHoro. [Ipu omnpe-
JleJIeHMH COJepKaHMsl OKHCHOTO JKesle3a INOCTYNaTb TaK XKe, KaK M
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Ta6aunga 28

OnpeneneHHe colepkaHHsi ¥ene3a MO OKpamHBaHHIO BOAB
C PONAHHCTHIM aMMOHHeM

LiBer pactBopa (NpH pacCMaTpPHBAHHH CBEPXY BHH3) Conep)gai:z A)xeaeaa
OKpalMBaHug HeT . . . . . . . . . . . e e e Menbwe 0,05
EnBa 3ameTHBIH XeATOBaTO-po30BaThid . . . . . . . . . 0,05—0,1
-Cna6ulit enToBaToO-po30BaThiii . . . . . . . . . . . . 01—05
XearoBaTo-posoBaTthiit . . . . . . . . . . e e 0,5—1,0
XKeatoBato-KpacHbl . . . . . . ... ... L. 1,0—2,0
Kpacumit . . . . . . . . ..o, e e Boaee 2

Npu omnpeleseHHH oOlLero Colep:aHusi XKeje3a, HO TOJIbKO He INpH-
6aB/iITb OKHCJAHTENb (MepcysbdaT aMMOHHSI HJH IepeKHChb BOZO-
pona).

Ilpumevanue. Ilpu comepxkanun Kejnesa B wmccleayemofi Bole Goinee
2 M2/a BOMY HYXHO COOTBETCTBEHHO Pa36GaBMTh NeCTH/JMPOBAHHOMA BOMOA, a 3aTeM

TOCTYNHTb, KaK YKa3aHo Buile. IToJyueHHHA MPH OMpeflesieHHH Pe3yJbTaT HYKHO
B 3TOM Clyyae YMHOXHTb Ha Ko3dduuuent pas6GanieHus.

XXV. ONMPEAEJIEHHE COOEP)KAHHA AMMHAKA

§ 165. Merox onpenenenns amvnaka H noHoB NH, ocHoBaH Ha

toM, uro peakruB Hecciepa K [Hgl,] + KOH naer ¢ amMmmuakom, B
3aBUCHMOCTH OT KOHIEHTPalHH INOCJTeNHero, OKpacky OT CBeTJIOXeJ-
Tolt Ko Gypoil; npu GoJblIOM cOAePXKaHHH aMMHaKa BHINajaeT Kpac-
HO-OypHIiT OCcaToK:

NH; + 3KOH =+ 2K,[HgJ,] = NH,Hg,JO + 7KJ 4 2H,0.

HoHn aMMOHHS NpH defCTBUH IIEJOYH, colepxKaliedcsi B peak-
THBe, TaKXKe IepexoAsiT B aMMHaK:

NH;+ OH" — NH;+ H,0.

PesynbTaTH oONpelesieHHst BHIPaXaloT pas3aHyHO: B BHAe N, B
sune NHs u B Bune NH,.

§ 166 OnpeneneHue aMMuaKa MOXHO npouaso-
IuTb Npu noMomu Jabopatopuu Peanukosa. Uccre-
AyeMyl0 BOAYy Ha/uTb B NPOOHPKY O MeTKH 5 M4, npubaBuTh Ha
KOHYMKe CTeKJsIHHOM Jionatouku cerHetroBoit comu KNaC,H,Os - 4H0,
pacTBop B3Gositath M npubGaButh 2—3 Kamiam peakruBa Hecciepa.
PactBop cHoBa B36oaTarh H cnyctss 3 MUH. KOJOPHMETPHPOBATh, pac-
CMaTpHBasi COJepXKuMoe NpPOOHpPKH cBepXy H/IH cOOKY, CpaBHHBast
OKpacKy cO CBETO(HJILTPAMH COOTBETCTBYIOLIEH CTAaHXAPTHON IIKAJH.
B nocnegneM ciiyyae, mpH paccMaTpUBaHHM CONEPKHMOTO NPOGHPKH
c60Ky, moJydeHHHIN 10 LIKaJe pe3ysabTaT yTpauBaior. Eciiu okpacka
npu paccMaTpuBaHHM COOKY OKasasach sipye KpaiHero 3TaJoHa, 3a-
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nuceiBator pesysabratr NH; > 4,5 m2/a; pesynbraTth onpenesneHus: BH-
paxaiorcs B Bume NH.

§ 167. OpuenTupoBOUYHOEe oNpeneseHuHe cojep-
JKaHHS aMMHaKa Npou3BoAuTcs caenywoiuM o6pasom. K 10 mua
HccaenyeMoi Boael B Npo6upke mpubasuts 0,2—0,3 ma 50 % -Horo
pacTBopa CerHeToBoH coJiH (NpH GOJBILOH KECTKOCTH BOABI KoJude-
CTBO NPHOABJ/IAEMOr0 PacTBOPA CErHETOBOH COJM HYXKHO YBEJHUHTb)
H 3areM 0,2 ma peakruBa Heccnepa. Ilo MHTEHCHBHOCTH MOJIydeH-
HOro OKpalUMBaHHs ONpeAeJNHTh NPHMepHoe comepkanne NH,, moss-
3ysicb Taba. 29.

. Ta6auya 29
Onpenenenne conepianus NH, no oxpamuBaHHIO BOAH € pPeaKTHBOM
Heccnepa
Conepxanne NH,
LlseT pacTBopa (MpH pacCMaTpHBaHHM CBEPXY BHH3) 4
B M2[a
OKPAIIKBAHMA HET . . . + & « & v « o o o 0 o o o « & 0,01—0,05
CnabowentoBaThit . . . . . . . e e e e e e e 0,05—0,3
XKeatoBathiit . . . . . e e e e e e e e e e e 0,3—0,5
CBeTIONENTHH . . . . . e e e 0,5—1,0
Kearwit . . . . . ... e e e e e e e e e e e e e 1—2
BypoBaro-wenrwit . . . . .. .. ... .. e e 2—5
Bypo-xeatnit (pactBop MyTHRIH) . . . . . . e e e Boaee 5

XXVI. ONPEAEJIEHHE COOEP)XAHHA
HHTPHUT-HOHA (NO,)

§ 168. Haubonee moaxonsiiuM MeTONOM ONpefesieHHss ColeprKa-
uuss NO, B NPHPOAHHX BOAAX fIBJSETCS KOJOPHMETPUYECKHHA MeTOR

Ipucca, otnuuamoomuiics GOMbLION YYBCTBHTEIBHOCTBIO. DTOT METOL
OCHOBAaH Ha 00pa30BaHHH A30KPacCoOK NpPH B3aUMOAEHCTBHH B KHCJOH
cpele HHUTPHUT-HOHOB U apoMaruieckux amuHOB. [Ipu omnpejeneHuu
MOJIb3yIOTCSI  PacCTBOPOM, COJEpXKaIUMM CY/Ib()AHHIOBYIO KHCJOTY,
a-HaQTHIAMHH H YKCYCHYIO KHCJOTY (peakTHB Ha HHUTPHTHI). ITOT
pacTBOp HdaeT ¢ HUTPHUT-HOHAMH DPO30BYIO a30KPaCKy.

§ 169. CopmepxaHHe HHTDHT-HOHA ONPENEJSIOT CJeAyoLHM 06-
pasoM. OrMeputs B muauHap 100 ma uccienyemoil BoAwl M mpuba-
BUTb 5 M4 peaKTHBa'Ha HUTPHTH. B npyroft LHIHHADP OTMEpHTH orpe-
JeleHHBII o6beM pabodero CTaHAapTHOrO pacrBopa, COAEpKallero
0,01 me NO, B 1 ma, pa3b6aBuTb HECTHIJIHPOBAHHOH BOXOH 10O

-100 #2 u npubasuth 5 M4 peakTHBa Ha HHUTpHUTH. HyXHO GpaTb
Takoll o6beM pa6oyero pacTBopa, uyToOH Mocsie pa3baBJeHHs 10
100 x2 monyuyuTh pacTsop ¢ KoHuentpauueit NO’,, He OUeHb CHJIBHO

ornyaolleiics or KoHuentpauuu NO,, B HcciefyeMoll Boae; mpu-
MepHoe colepxaHHe NO;, B HccClefyeMoll BOJe HYXHO YCTaHOBHTb
npeaBapUTeNbHBIM ONPOGOBaHHEM DEaKTHBOM Ha HHUTDHTHI.
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Uepes 20 MHH. CPpaBHHTb B KOJIOpHUMETpe OKpacCKy HCCJIeIyeMoii
BOABl C OKpacKoi pacTBopa, NOJYYEHHOrO BO BTOPOM LMJIHHIpe.
’
Conepxanne NO', BblUHCIHTL MO opMyJe
hy-001-a2-10
X=2— 5 ,
1
> 14
rae X —conepxanue NO. B Hccaenyemolt Boje B M2/4;
hy,— BbICOT@ CTAaHAAPTHOTO PACTBOPA B LUHJHHJADE KOJOPHMETPA;
hy —BBICOTA HCCIELyeMOH BOXHI;
a—o6beM pa6Gouero craugaptHoro pactsopa NaNO, (B 1 xz

koroporo coxepxurtcs 0,01 a2 NO;',).

Mpumevanne. Kouuenrpammua NO.’ npu onpeleseHuH He NOMKHA OHTb
Bume 0,3 x2/2. Ecmu B uccienyeMofi Bofe npedmoJsiaraercs Gosee BHICOKast KOH-
nentpaums NOg/, To nepex onpenejeRueM HCCIeLyéMylo BOLY HYXHO COOTBET-
CTBEHHO Pa36aBHTL HECTHIHPOBAHHOA BONOA, He cOldepxalleR HHTPHTOB.

§ 170. Onpenenenne copepxanus NO, MOXHO

NPOH3BOAHUTL U NPH NOMOILH NabopaTopuHn Pes-
HHKoBa. Hccaenyemyio Boay HajquTb B NPOOHPKY IO MeTKH 5 Ma
H npubaBUTb Ha KOHYHKe CTEKJSHHOH JIOATOYKH CYXOH DeakTHB Ha
HUTPHT (cMecb a-HadTHIaMHHA, CYyIbGaHHIOBOA KHCJIOTH H BHHHO-
KaMeHHOA KHucioTel). PacTBop B360ATaTh M CITYCTS 5 MHH. KOJIODH-
MeTpHpPOBaTh, pPACCMATPHBAsi COAEPXKHUMOe INPOGHPKH CBepXy HJIH
c6oky. Ilpu paccmatpHBaHHH cOOKY pe3yJbTaT, NOJY4YeHHBIH NyTeM
CpaBHeHHsl OKPacKH PacTBOpa C 3TaJOHaMH LIKaJbl, HYXXHO YTPOHTb.
Ecsin okpacka npu paccMaTpuBaHHH cOOKY OKasaJjach sipye Kpa#Hero
sTaJoHa, 3anucarb peayisrar NO, > 1,5 mz/a.

§ 171. OpueHTHpPOBOUHOE oONpegeJeHHEe cOJnep-
xanusa NO, B HcclenyeMmofi BOJe MOXKHO NMPOH3BECTH MO Xapak-

Tepy OKpallMBaHHs BOJH INpH NpHGaBJeHHH DeakKTHBA Ha HHTDHTHI,
6e3 cpaBHeHHs] OKpacKM C OKpAacKaMH CTAHZAPTHHIX PACTBOPOB HJIH
¢ okpackaMu ceerodpunbrpos. st atoro k 10 ma uccrenyeMoit BOAH
npubasutb B npobupke 0,5 M2 peakrusa ['pucca u uyepes 20 MHH.
HabJoaTh CBEPXY BHH3 OKpacKy IoJydyeHHoro pacrsopa. IIpumep-
Hoe colepxanne NO, B HcclienyeMoft BoJe ONpenedsiioT, NMOJb3YsCh
Taba. 30.
Ta6anya 30
Onpenenenne cojlepmaHHs NOQ N0 OKPamHBAHHIO BOXBI
¢ peakTHBOM ['pHcca .

’
Liser pacTBopa , Conepanne NO,
B M2[a
Ensa 3aMeTHoe p0O30BOe OKpallHBaHHe . . . Mesnee 0,1
Cna6opo30BHit . . . . . .. ... ... 0,01—0,1
PosoBmit . . . . . . ... ... 0,1—0,2
Slpkopo3oBRIE . . . . ... L. L 0,2—0,5
Kpachumit . . . . . . .. ... ... .. Boxee 0,5
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XXVII. ONPENEJIEHHE COXEP)XAHHUSA
HUTPAT-HOHA (NOy')

§ 172. TOCT 4192—48 ycraHaBiuBaeT JBa MeTOAa OnpejeseHHs
conepxanuss NO; B BOle XO3fIHCTBEHHO-NIUTbEBOTO W IPOMBIIILICH-
HOro BOJOCHAaGXKeHHS.

l. KonopumeTpHuecKoe omnpenenesue ¢ gude-
HONMCcYynNbGOOKHCJAOTOH, OCHOBaHHOe Ha TOM, 4TO audeHo.-
CyJIbPOKHUCJIOTA TNepeBOAUTCS. HHTPAT-HOHAMH B HHTPOIPOU3BOMIHLIC
(¢eHosia, ofpasyoliye CO IUeJOYaMU COeIMHEeHHs], OKpallleHHhe B
JKeJTHH LBeT.

2. YcKkOpeHHBIH KOJOpDHMeTpHUYECKHH MeTOn
onpejfeJeHHMs C CAaJHUUJOBOH KHCaAOTOH IroT Me-
TOJ OCHOBaH Ha peakIMH MeXIy CaJHLHJIOBOH KHCJIOTOH H HHTpaT-
HOHaMH ¢ o6pa3oBaHHeM HUTPONPOM3BOJAHHIX (heHOsa, KOTophle o6pa-
3yIOT CO IleJoyaMu COeJHHeHHs, OKpalleHHble B XesaThlit user. Ile-
pel NMPOU3BOACTBOM OIpefesieHusl colepXKaHUsl HUTPAT-HOHOB HCCJle-
nyeMmasi BoJa HOMXKHA OHITb COOTBETCTBYIOIUHM 06pa3oM MOArOTOB-
aena. Ilogroroska 3akjoyaercss B cJelyIOLLEM:

a) ecJH BoJa OKpallleHa, TO K Heil 106aBJSIOT THIPOOKHCH aJio-
muHus u3 pacuera 0,1 e ruapookucu Ha 100 M2 BoxH, B36AJTHIBAIOT
H OTCTaHBAIOT OCAfOK B TeyeHHe 2 4acos;

6) npu XecTKocTH BOAbl Gosee 0,7 me-3ks/a, HO MeHee 3,56 Me-
3K8/a, a TaKXKe NpH colepkKaHUH Keje3a Gosee 0,5 M2/a uiH CBOGOI-
HO#l YIVIEKHCJIOTH Goslee 5 M2/4 B npoGy BOABI NIPH OTpeleseHHH J0-
6aBasiercss 8—10 Kameab 30-Horo pactBopa CEerHeTOBOH COJIH.

Ilpu xecTKocTH BoAH Gosee 3,56 m2-3K8/4 BOLY HYKHO YMSTUMTb,
npubaBisia pactsop, cojepxkawuii B 300 ma  [gecTHINHPOBAHHOM
Boasl 100 e kanbuuHHpoBaHHOH coabl M 50 2 exkoro HaTtpa. I3TOT
pactBop npubasisieTcssi W3 pacdera 2 ma Ha 100 ma uccaexyemol
BoAnl. OGpa3syiolieMycst ocafky NalOT OTCTaMBaThCH B TeyeHHe 2 ya-
coB. Ilpu HeGosbLIOf LBETHOCTH BOAH BMecTo ee OOecLiBEYHBAHHS
MOKHO BeCTH KOJIOpHMETDHpOBaHHEe C KOMIIeHCallHell LBETHOCTH.

§ 173. OnpeneseHHe BHNOJHSAETCS CJAeIyOUHM
o6pasoM OTMepurh CreuuaidbHOM NuMeTkolt | ma HccleayeMoH
BoJHl B (hap(opoByio HalllKy H BHIApHTb JOCyXa, He HOMycKas Ipo-
kaaupanusi (npu pH Huxke 7,0 Bomy HyXkHO nomuenouutb A0 pH
7,5 —8,4). Ilo oxJaxkIeHMH K CYXOMY OCTaTKy NpHOaBHTb 3 KallJId
10%-Horo cnupTOBOTrO pacTBOpa CaJHUWIOBOH Kucjaothl H 0,5 ma
KOHLEHTPHPOBAHHO!H cepHOM KHCIOTH. CyXolf OCTaTOK TILATEJNbHO
pacTepeTb ¢ NMpuUGaBIEHHEIMH DEaKTHBAMH IPH TOMOLUH CTEKJISTHHOH
NaJOYKH MO BCeH MOBEPXHOCTH BHIAPEHHOro0 OCTaTKa, KakK Mo RHY,
TaK ¥ 1O CTeHKaM 4YawkH. [locjie 5-MHHYTHOro CTOSIHHSI NPHGaBHTb
5 Ma mecTuaupoBaHHoH BOAH H 3 Ma 309%-Horo pacrsopa eaKoro
Hatpa. Cofep:KuMoe YallKi XOpOLUIO MepeMellaTb, 3aTeM IMePEIUTDb
B Npo6GHpKYy C MeTKoit Ha 10 ms, mocie yero JOJHTb O METKH Je-
CTUIJIHPOBAHHON BOJOM, BTOPDHYHO XOPOIUO MepeMellaTb, IoJyYeH-
HYIO OKpPacKy CpPaBHHTb C 3TaJOHaMH XHIKOH ILIKAJhL.
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§ 174. Onpenenenne NO;, npn nomMomu aa6opa-
TOopHH Pe3HuKOBa NpousBoauTcs: ToJAbKO npH orcyrcTBHH NO
B HccaenyeMoit Boge. [last otkpbitist NO K 5 M4 BOAH B mpoGHpKe
NpHGaBUTb Ha KOHYMKe cTek/IssHHOH Jjonarouku KHSO, (mns noa-
KHCJIEHHSI) H HECKOJIbKO KyCOYKOB MeTaJUIHYecKOro IHHKa; MpoGHPKY
ocraBjsitor Ha 10—15 MHuH. “Hpn 3TOM a30THasi KHCJIOTA, €I OHa
NpPHCYTCTBYeT B HCCJeAyeMOil Boje, BOCCTAaHaBJIMBaeTCsl N0 a30TH-
croii. Uepes 10—-15 MuH. npHGaBASIOT CYXOH peaKTHB Ha HHUTPUTHI
(cM. § 170). TlosiBneHve pO3OBOrO OKpAIIMBAHHSI CBHAETEJLCTBYET
o Hammuun NO, B McclefyeMoil Bofe. [TOMBITKH HCMONB30BaTh STOT
MeTON Il KoJMuecTBeHHoro onpeneneduss NO; He 1aji yIOBJeETBO-
PHTEJIbHBIX pe3yJIbTAaTOB, TAaK KaK KoJMuecTBeHHoro nepesoga NO; B
NO. He NpPOHCXOZMT: BOCCTAHOBJEHHEe CPasy HIST AaJjiblile, BIJIOTh
10 aMMHaKa.

Kosnyecrsennoe onpenenenne NOj-uOHA IPOM3BOAHMTCS MNyTeM
BoccraHoBslenus: NO;-HOHA B aMMHaK c NoMomwpio criasa JleBapna

B LieJoyHoH cpene. IlonyyeHEli aMMHaK INeperoHsiloT B MPHEMHHK
c 0,I-H. consHolt kucsoroit. Ilo OKOHYaHHM NEPEroHKH KOJNHYECTBO
TIOJIy4eHHOr0 aMMHaKa OMNpefeNsiioT ¢ NMoMolbio peakruBa Hecciepa
H nepecunthiBaloT Ha NO,-HOH, MOJIB3ysCh NepecuyeTHHIM Kodhdu-
uuertom 3,44. (ITogpoGuocrn cM. A. A. PesnuxkoB. Iloresas
THOpOXHMHYecKasi sa6oparopust tama 1950 r. HWuerpykuusa. M.,
1950.)

§ 175. OpueHTHpPOBOYHOE oNpeneJeHHE COIeEp-
xKaHusa NO; mpousBoasr ciexyiomuM o6pasoMm. B cdapdoposyio
qaueyky orMeputb 0,5 ma HccienyeMoll Boabl, NpHOaBHTb Ha KOH-
YHKe CTeKJSIHHOH JiomaToykd OpyIMHA H OCTOPOXHBIM BpalleHHeM
JIONaTKH PaBHOMepDHO pa3Mellath GpyHUHH B Boje. 3aTeM NpHOaBHTh
1 MA KOHIEHTPHPOBAHHOH cepHOH KHCJOTH M CHOBa MepeMmellaTh
pPacTBOp OCTODOXHHIM BpaiueHueM Jonatkd. UYepes 5 MHH. (He

GoJiblie) OnpefeJHTh MO OKpacke pacTBopa MPHMEPHOE cOAepXKaHHe
NOj;, noaesysce Taba. 31.

Ta6aunga 31

OnpepeleHHe NPHMEPHOro comxepr<aHus NOQ no okpacke
BOJABI € 6pynHHOM

/

Liset pactBOpa Conepxatiiie NOg
B M2[a
OKPacKH HET . .+ « « « « = « v v o o o+« 0,0—0,5
Cna6opo30BBIA . . . . . . . . . . . . . . 1—2
Po30Bo-opaHieBbli . . . . . . . . ... 2—10
OpaHKeBBIH . . . . . « « « « v« o o . . 10—20
Xearwtit . . . . . . o o o oL Boaee 20
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XXVIIL. ONPENEJNIEHHE CYXOIro OCTATKA

§ 176. Besauunna cyxoro ocratka Xapakrepusyer ofluee colep-
JKaHHe B BOJe HeJeTyuux BemlecTB. Omnpepesierue 3TOH BeJHUHHBI
HMeeT 6oJIbllIOe 3HaueHHe JJIs1 OOILero KOHTPOJsl pe3yJbTaTOB XHUMH-
yeckoro aHajiuza (cM. § 104).

Cyxo#l ocTaToK ONpenensioT cjenyioumuM obpasoM. B maaTHHO-
Bylo i ¢apdoposylo uamky emkoctbio 100—150 ma, noseneHHyio
[0 mocrtosiHHoro Beca mpH 180°, otMeputh numerkoit 25 ma 1% -Horo
pacrBopa coianl. B 3T0oi yalmike BeIMapHTh Ha BOASIHOH GaHe BMecTe
¢ pactsopoM coanl 100—250 ma ucciaenyeMoit Boxbl (B 3aBHCHMOCTH
OT MHHepaJju3auuu), n06aB/sisi MOCTENHIO MO Mepe BbIAPHUBAHHS.
Ocratox BHICYIUMTb OO MOCTOSIHHOro Beca B TepMocrare npu 180°
pasHHLa MeX1y ABYMs pe3y/JbTaTaM{ B3BELIHBAHHS He JOJKHA mpe-
Bolmath 1 me. TakuM ke MeToIOM CJeAyeT OTAENbHO ONpeneHTh
BeC CyXOro ocraTka, MOJIyyalollerocsi OT BHapHBaHHA 25 ma pac-
TBOpA COABl, H BHIYECTb STOT BeC NPH BHIYMCJIEHHH CyXOro OCTaTKa
HccJIeflyeMOH BOJHI.

lNpumevanus. .

1. Bec no6aBnsieMofi coAn HOJIKEH NpeBHINATh BeC CYXOr0 OCTaTKa BOIH
(B o6beme, B3ATOM IJs OnpeleieHusi) B 2—3 pa3a; IO3TOMY IIpH OIpefleJIeHHH
CyXOoro ocraTKa Ajisi BOA C BHICOKOM MHHepaju3aumeil Hajo 6paTb COOTBETCTBEHHO
6oablnii 06beM pacTBOpa COALI.

2. Bo u36exanue noTepb 3a CYeT PACTPeCKHBAHHS COJMefl NpH BHICYLIMBAHHH
CYXOro OCTaTKa B TepMOCTaTe, LeJecO00pa3sHO CTaBHTb YallKH C OCTaTKaMH nocje
BHIIADHBaHHsl B XOJOLHHA TepMOCTaT, a 3aTeM YiXe IOAHHMATb €r0 TeMIepaTypy
nocrenesso po 180°.

3. Ecau wcorepyeMasi Boja MYTHA, TO Nepel, onpelelleHHEM CYXOro OCTaTKa
ee HeoGXOAMMO INPOGHIbTPOBATD.

XXIX. ONPENEJEHHE OKHCJ/ISEMOCTH BOJbI

§ 177. OkucasieMocTb BOJB! LaeT HEKOTOPOe NpeicTaBJeHHe O KO-
JHUecTBe coJepKalluxcss B Hell opraHuyeckux Belnects. Ilpu 3a-
rpsI3HEHHH BOJbI OPraHUNECKHMH BelleCcTBAMH OKHCJISeMOCTb ee yBe-
JIMUMBAETCs, MO3TOMY BeJHUYMHA OKHCJISIeMOCTH SIBJISIETCS OIHHM M3
XapaKTepHhIX MOKa3aTesell 3arpsi3HeHHst BOAbL. B kauecTBe OKHC/IH-
TeJIsl IPHMEHSIIOT OOLIYHO MapraHueBOKHCAn Kaiui. [Ipunuun ompe-
JeJIeHHs] OKHCJISIEMOCTH 3aKJlouaeTrcs B CJeAyIoLieM.

Bepyr ompenesnenHblii 06beM BOAB H OKHC/SIIOT €ro MaprasieBo-
KHCJARIM KaJueM B CTPOro CTaHAAPTHRIX YcJoBHSIX. PesysbTaThi
HHOrZla BBIPAXKaloT NMpPSIMO B MWJMIMTpaMMaX MapraHlieBOKHCJIOro Ka-
Jusl, HeOOXOAMMOro IJisl OKHCJeHust 1 4 BOAH, HO yalle KOJHYeCTBO
MapraHieBOKHCJIOro Kajius INepedyHcsioT Ha 3KBHBAJEHTHOE KOJIH-
4ecTBO KHMCJIOPOZA, T. €. BHIPaXKalT OKHUCJIIeMOCTb B MHJUIMTpaMMax
KHCJIOpOJa, HeOOXOAHMOro AJsi OKHCJIeHHst | 4 BOMRL

Caenyer OTMeTHUTb, YTO B NPHPOIHBIX BOAAaX Hapsay C BellecT-
BaMH, KOTOpble OBICTPO OKHCJSIIOTCS MapraHieBOKHCJLEIM KajueM,
NPUCYTCTBYIOT OOHIYHO TaKXKe H BelleCTBA, KOTOPbI€ OKHCJSIOTCS UM
OuYeHb MeJJIeHHO, NpHYeM CKOPOCTb OKHCJIEHHSl CHJIbHO 3aBHCHT OT
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YCIOBHH peaklUHH — TeMNepaTyphl, KOHLUEHTPAUHH MapraHueBOKHC-
JIOrO KaJlHsl, KHCJOTHOCTH Cpelbl H AP. H CPaBHHMbIe pe3yJbTaThl
MOXHO TOJIyyaTb TOJBKO B CTPOrO CTaHIAPTHLIX YCJOBHSAX. B cBsizn
C 3THM NPH OMNpefesIeHHH OKHCJSEMOCTH HYXKHO CTPOro NMpHAEpXKH-
BaThCsS YKa3bhlBaeMblX B MeTOJe YCJOBHH.

Haunbonee pacnpocrpaHeHHbIM MeTONOM OIMNpeleseHHsl OKHcJsie-
MocrH siBasiercsi Meton Ky6edst.

§ 178. Xon onpeneseHHS OKHCIIEMOCTH BONBI TNpPHHH-
Maercs caelyoui. B KoHuyeckywo Kosn6y eMkocteio 250 ma orMe-
puth nunerkoit 100 ms HccnemyeMoit Bombl, 5 ma 25%-Ho#i cepHO#
KHCJIOTHI, GPOCHTb B BOJLY HECKOJBKO KYyCOYKOB MeM3bl HJIH CTeKJSsH-
HBIX Kanu/JIspoB H OTMEpPHTb NPH NMOMOILLH GIOPETKH, H3 KOTOpOH B
ZfancHefiem Oyner nmpoussoauTthest TUTpoBaHHe, 10 ma 0,01-H. pac-
TBOpa MapraHueBoKHcJIoro Kajaus. CMech Harperb cHayaja Ha CHJb-
HOM OrHe A0 HayvaJjla KHMEeHHs, a 3aTeM I1aMsl YMeHbIIHTb H MOAIep-
XHBaTh ciaGoe kKuneHue cMecH ToyHo 10 MuH. Uepes 10 MuH. mpH-
6aButh B KosGy numerkofi 10 ma 0,01-H. maBesieBOR KHCJIOTH H
K ofeclBeTHBIIEMYCsl pacTBOpY MpHGAaB/IATh MO KamasM U3 GIOPETKH
pacTBOp MapraHUEBOKHCJOro KajHsl O MOsiBJeHHs cJabo po30BOro
oTTeHKa cMecH. OKHCJISIEMOCTb BOABI BBIYHCJHTBL N0 ¢opmyse

X =[(104a)- x—0,1] 80,

tae X — OKHCJASIEMOCTb HCCJENyeMOH BOAbl B M2 KHCJAOpOJA HA
1 2 BOmH;
a— pacxoJ MapraHieBOKHCJIOrOo Kajausi Ha THTPOBaHHE H3-
GLITKA I[aBEJEeBOH KHCJOTHI;
H — HODMAJIbHOCTb PAaCTBOPA MApPraHuUEeBOKHCJAOrO Kagaus.

Ilpumevanus. .

1. Ecan okucisieMocTb HyXHO Bupasuth B M2 KMnOy, a He B M2 KHCIOPOAa,
TO B NpuBeleHHod ¢opmyne BMecro Muoxwutens 80 cremyer Baste 316,1.

2. Ilocne npuGasienns 10 M4 MapraHmEBOKHCJIOTO KajlHsl H KHNSIYEHHS CMECH
B TeveHue 10 MHMH. CMecb JOMKHA OCTaBaThCsl OKPAlIEHHOA B PO30BO-QHONETOBHA
OBET, YKasWBalOWKA Ba HajaMuMe H36HITKAa MapraHueBOKHCIOrO Kamus. B mpo-
THBHOM CJydae ONpeleJieHHe HYXHO NOBTOPHTb, HO C TNpefBapHTeNbHO pa3babied-
HOf BOJOM. .

3. Ipu conepxanuu B Hcclenyemofi Bofe Gonaee 300 mz HOHOB XJOpa Ha 14
BOAy nepej OmpeleleHHeM OKHCISEMOCTH TOXe HYXHO COOTBETCTBEHHO pa30aBUTb
JeCTHAHPOBaHHOA BOJOMA M Hajiee OMPelelHTb OKHC/ISEMOCTb, KaK ONMHCAaHO BHIIE
B ormenbHofi mpoGe HYXKHO oONpeje/MTb MO TOR K€ MeTONHKe OKHCISAEeMOCTb
JeCTH/IIHPOBAHHOA BOAH. BhIUMC/IEHHE OKHCISIEMOCTH HCCIeAyeMOH BOINLI B 3TOM
clydae NMpOM3BOAHTb Mo Qopmyne .

y=p, 10 . 10—a
a = a
TAe Y — OKHUISEMOCTh HCCAeAyeMofi BOXW B M2 KMCIOpPORa Ha 1 4 BoIw;
P, — okucansieMocts  pa3GaBieHHOA BOAM, BHIYHCIEHHass IO NpUBeNeHHOR
BHIUe ¢opMmyie;
Py — okucnsieMocTh AeCTH/IJIHPOBAHHOA BOXH;
a —oGbeM wccaenyeMofi Boan B 100 sz pa3GaBiieHHOR BOIHI.
4. Ilpy Hanuwn B HCCAeLyeMOA BONe 3HAYHTEJNbHHX KOJHYeCTB MHHEpaJb-
HLIX BeLIeCTB, OKHUCISIOMXCA NepMaHraHatoM (CoiM 3aKHCH Keje3a, CepoOBOAO-
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POl M IpP.), HYXHO B OTHENbHOA MOPUMH UCCIELYeMOR B0In OTTHTPOBAThH 3TH
BelllecTBa MapraHUeBOKHCIBIM KaJHeM Ha XOJOAY H #3pacXOJOBaHHHI OObLEM BhHI-
4yecTh H3 OOIIEro KOJMHYeCTBa MapraHileBOKHCIOIO KaJHs, M3PacXOAOBAaHHOTO Npi

OonpeneneHHH OKHCAAEMOCTH,

§ 179. YcranoBky tuTtpa 00l-H. MapraHumesoKHcC-
JOro KadJus NPOU3BOAAT CJeAylomuM ob6pasom. [lisi ycraHOBKH
THTPa MapraHIEBOKHCJIOIO KalHs HYXHO MNOJIb30BaTbCsl PaCTBOPOM,
TNOJyYeHHBIM TNIPH ONpeJiesleiud OKHCJIAeMOCTH. B kon6y, B KoTopoil
TNIPOUM3BOAM/IOCH ONpefie/leHHe OKHCJASEMOCTH, TOT4AC IMOC/Je OTTHTPO-
BaHHUsl M30RITKA LllaBeJIeBOil KHUC/IOTH cHOBA mpu6asuth 10 ma 0,01-H.
pacTBopa IuaBesieBOM KHCJOTH (MHNETKOH) H OTTHTPOBaTh ee Map-
raHUEBOKUCJIBIM KaJHeM. 0 TaKoH e OKPack#, KaK H IPH THTPOBA-
HUH H30HITKA I1aBeseBOil KHCJIOTH. HopMasbHOCTB pacTBopa MapraH-

LIeBOKHCJIOTO KaJusl BBHIYHC/ISIETCS N0 (opMyJe
10.0,01
B=—,

Tle K — HODMaJbHOCTh MApraHIeBOKHCJOr0 Kanus;
@ — pacxoj MapraHueBOKHCJIOro kaausi Ha 10 w2 ulaBeseBOd

KHCJOTHI.

9 3ax. 299. ®. ®. Jlantes
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TABJIMLIA NS MEPECYETA 3KECTKOCTH, BHIPAYXEHHOM!

TNPHJIO)KEHHE I

B HEMELIKHX TPANYCAX, HA MHJUIHTPAMM-3KBHUBAJIEHTHI

XKect- Xecr-
e | 00° | 01° [ 022 [ 03 | 04° | 05° | 06° | 07°| 08° | 09 |XOT™
rpan. rpan.
0° | 000 | 004| 007 | 011 | 0,14 | 0,18 | 021 | 0,25 | 0,20 | 032 | 0°
1° | 036| 041 | 043 | 046 | 0,50 | 0,53 | 0,57 | 0,61 [ 0,64 | 0,68 | 1°
2| 071|075| 078 | 082 0,86 | 089|093 | 096 | 1,00 | 1,03 | 2°
3 | 107 | 11| 1,14 | 1,18 1,21 | 1,25 | 1,28 | 1,32 | 1,36 | 1,39 | 3%
£ | 1,43 146 | 1,50 | 1,53 | 1,57 | 1,60 | 1,64 | 1,68 | 1,71 | 1,75 | 4
5 | 1,78 | 1,82 | 185 | 1,89 | 1,93 | 1,96 | 2,00 | 2,03 | 207 | 210 | 5>
6° | 214 | 2,18 | 221 | 225 | 228 | 232 | 2,35 | 2,30 [ 243 | 246 | 6°
7° | 250 | 253 | 2,57 | 260 | 264 | 267 | 271 | 2,74 | 278 | 282 | T°
8° | 285 | 289 | 292 | 296 | 3,00 | 303|307 | 310 (314|317 | 8
9° | 321 | 325| 328 | 332| 335|339 |342|346 349|355 &
10° | 3,57 | 360 | 364 | 367 | 371|374 (378|381 385|389 10°
11° | 392 | 396 | 399 | 403 | 407 | 4,10 | 4,14 | 417 | 421 | 424 | 11°
12° | 4,28 | 432 | 4,35 | 439 | 4,42 | 4,46 | 4,49 | 4,53 | 4,56 | 4,60 | 12°
13° | 4,64 | 467 | 471 | 474 | 478 | 481 | 485 | 4,89 | 492 | 496 | 13°
14° | 499 | 503 | 506 | 510 | 514|517 | 521 | 524 | 528 | 531 | 14°
15° | 535 | 509 | 542 | 546 | 549 | 5,53 | 556 | 560 | 563 | 567 | 15°
16> | 571 | 574 | 578 | 581 | 585|588 | 592 | 596 | 599 | 6,03 | 16>
17° | 6,06 | 6,10 | 6,13 | 6,17 | 6,21 | 624 | 628 | 6,31 | 6,35 | 6,38 | 17°
18° | 6,42 | 6,46 | 649 | 6,53 | 6,56 | 6,60 | 6,63 | 6,67 | 6,70 | 6,74 | 18°
19° | 6,78 | 6,81 | 685 6,88 | 692 695|699 7,03 706|710 19°
20° | 7,13 | 7,17 | 720 | 7,24 | 7,28 | 7,31 | 7,35 | 7,38 | 7,42 | 7,45 | 20°
21° | 7,49 | 7,52 | 7,56 | 7,60 | 7,63 | 7,67 | 7,70 | 7,74 | 7,77 | 7,81 | 21°
22° | 7,85 | 7,88 | 7,92 | 7,95 | 7,99 | 8,02 | 8,06 | 810|813 | 817 | 22
XKecr- XKecrt-
anew| 0.0° | 01°] 020 | 03 | 0.4 | 05° | 0,6° | 0,7°| 08° | 09° | KT
rpan. rpan. .
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Mponomienne npuiaoxwenus I

XKect- Kecr-
goctl 0,00 0,1°] 0,20 | 03° | 04° | 05°| 0,6° | 07°| 08 09° :0'3'{"
-rpan. rpaa.
230 | 820| 824] 827 831 835|'838| 842| 845| 849 852| 23°
24° | 856| 8,59 863 867| 870| 8,74| 8,77 | 881 | 884| 888 24°
25° | 892 895 899 9,02 906| 9,09] 9,13| 9,17| 920| 9,23| 25°
26° | 927| 931] 934| 9,38 942 945| 9,49| 9,52 9,56| 9,59| 26°
27° | 963( 966| 970| 974 977| 9,81| 984 988| 9,91| 9,95| 27°
28° | 9.99| 10,02| 10,06| 10,09| 10,13 10,16 [ 10,20| 10,24 | 10,27 [ 10,31 | 28°
29° | 10,34 10,38 | 10,41| 10,45| 10,48 [ 10,52 | 10,56 | 10,59 | 10,63 | 10,66 | 29°
30° | 10,70 10,73| 10,77 | 10,81 | 10,84 (10,88 | 10,91 | 10,95 | 10,98 | 11,02| 30°
731° | 11,06( 11,00] 11,13| 11,16 | 11,20] 11,23 | 11,27 | 11,31 | 11,34 | 11,38 | 31°
7390 | 11,41 11,45] 11,48] 11,52 | 11,55[11,59|11,63| 11,66 | 11,69 |11,73| 32°
233 { 11,77 11,80 11,84 11,88 11,91]11,95| 11,98 | 12,02| 12,05 12,09 33°
34° | 12,13 12,16| 12,20| 12,23| 12,27 12,30 (12,34 | 12,38 [ 12,41 | 12,45 | 34°
7350 | 12,48 12,52 12,55 12,59 | 12,62|12,66 12,70 [ 12,73| 12,77 [ 12,80| 35°
36° | 12,84| 12,87| 12,91 12,95| 12,98 (13,02 (13,05 13,09 | 13,12 13,16 36°
87 | 1320 13,23| 13,27 13,30 13,34|13,37| 13,41 | 13,44| 13,48 | 13,52 | 37°
38° | 13,55| 13,59 | 13,62 13,66| 13,69|13,73|13,77| 13,80 13,84 | 13,87 | 38°
39° | 1391 13,04 13,98 | 14,02| 14,05|14,09| 14,12| 14,16 | 14,19 | 14,23 | 39°
40° | 1427 ] 14,30 | 14,34| 14,37 | 14,41 14,44 | 14,48 | 14,51 14,55 | 14,59 | 40°
41° | 14,62| 14,66 | 14,69 14,73 | 14,76 | 14,80 | 14,84 | 14,87 | 14,91 | 14,94 | 41°
420 | 14,98 15,01 1505 1509| 15,12 15,16 | 15,19| 15,23 | 15,26 | 15,30 | 42°
43° | 15,34| 15,37 | 15,41 15,44| 15,48 15,51|15,55 | 15,58 [ 15,62 | 15,66 | 43°
44° | 15,69| 1573| 1576 15,80| 1583|1587 (15,91 1594|1598 16,01 | 44°
45° | 16,05| 16,08| 16,12| 16,16| 16,19|16,23|16,26 | 16,30 | 16,33 | 16,37 | 45°
46° | 16,40 16,44 | 16,48| 16,51| 16,55|16,58 | 16,62 | 16,65|16,69 | 16,73 | 46°
47° | 16,76 | 16,80| 16,83 | 16,87 | 16,90|16,94|16,98 [ 17,01 | 17,04 | 17,08 | 47°
48° | 17,12 17,15 17,19] 17,23| 17,26 17,30 [ 17,33 | 17,37 [ 17,40 | 17,44 | 48°
49° | 17,47 | 17,51 | 17,55| 17,58 | 17,62 17,65|17,69| 17,72 17,76 [ 17,80 | 49°
s0° | 17,83 17,87 17,90| 17,94] 17,98 | 18,01 | 18,05| 18,08 | 18,12 18,15| 50°
Kect- ) XKecr-
octh | 00° | 01° | 02° [ 03 | 04 | 05| 06| 07° | 08° | 09° [T
rpan. rpaa.
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. NTPHJIO)KEHHE 11

TABJIMIA 9KBHBAJIEHTHBIX BECOB HOHOB H MHOXHTEJEH
AJig NEPECYETA MHJIJIMTPAMM-HOHOB
HA MHJUJIMTPAMM-3KBHUBAJIEHTbHI

$opmyna .'%;BTP:{B:% mf:ll Hr?;xp'gceqnel;a Popmyana :?eﬁ'ﬁ% nx Hr?:;J"eTc?::ebta
BeC M2 Ha M2-3K8 BEeC M2 Ha M2-3K86
H 1,008 0,99206 cv 35,457 0,02820
K 39,100 0,02558 Br/ 79,916 0,01251
Na' 22,997 0,04348 ¥ 126,91 0,00788
NHy 18,040 0,05543 NO; 62,008 0,01613
Li 6,940 0,14409 NO, 46,008 0,02174
Ca” 20,040 0,04990 SOy 48,033 0,02082
Mg~ 12,160 0,08224 HCOq 61,018 0,01639
Fe" 27,925 0,03581 COj 30,005 0,03333
Fe™ 18,617 0,05371 PO}’ 31,658 0,03159
Al 8,993 0,11124 HPOY 47,994 0,02084
Mn" 27,465 0,03641 H,PO; | 96,996 0,01031
s” 16,033 0,06237
HY 33,074 0,03024
HSiO; 77,098 0,01298
Sioy 38,045 0,02630
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NNPHJIO)KEHHE IIT

TABJIMLUA 1J11 MEPECYETA MHJUIMHTPAMM-HOHOB
HA MUJJIMTPAMM-3KBHUBAJIEHTDI

-mz | K Na | Ca" | Mg” | CV | NOy | SO; | HCOj | xe

0,026 | 0,043 | 0,050 | 0,082 | 0,028 | 0,016 | 0,021 | 0,016
0,051 | 0,087 | 0,100 | 0,164 | 0,056 | 0,032 | 0,042 | 0,033
0,077 | 0,130 | 0,150 | 0,247 | 0,085 | 0,048 | 0,062 | 0,049
0,102 | 0,174 | 0,200 | 0,329 | 0,113 | 0,065 | 0,083 | 0,066
0,128 | 0,217 | 0,250 | 0,411 | 0,141 | 0,081 | 0,104 | 0,082
0,153 | 0,261 | 0,299 | 0,493 | 0,169 | 0,097 | 0,125 [ 0,098
0,179 | 0,304 | 0,349 | 0,576 | 0,197 | 0,113 | 0,146 0,115
0,205 | 0,348 | 0,399 | 0,658 | 0,226 | 0,129 | 0,167 | 0,131
0,230 | 0,391 | 0,449 | 0,740 | 0,254 | 0,145 | 0,187 | 0,148
10 | 0,256 | 0,435 | 0,499 | 0,822 | 0,282 | 0,161 | 0,208 | 0,164 | 10
11 | 0,281 | 0,478 | 0,549 | 0,905 | 0,310 | 0,177 | 0,229 | 0,180 | 11
12 | 0,307 | 0,522 | 0,599 | 0,987 | 0,338 | 0,194 | 0,250 | 0,197 | 12
13 | 0,333 | 0,565 | 0,649 | 1,069 | 0,367 | 0,210 | 0271 | 0,213 | 13
14 | 0,358 | 0,609 | 0,699 | 1,151 | 0,395 | 0,226 | 0,291 | 0229 | 14
15 | 0,384 | 0,652 | 0,749 | 1,234 | 0,423 | 0,242 | 0,312 | 0,245 | 15
16 | 0,409 | 0,696 | 0,798 | 1,316 | 0,451 | 0,258 | 0,333 | 0,262 | 16
17 | 0,435 | 0,739 | 0,848 | 1,398 | 0,480 | 0,274 | 0,354 | 0,279 | 17
18 | 0,460 | 0,783 | 0,898 | 1,480 | 0,508 | 0,290 | 0,375 | 0,295 | 18
19 | 0,486 | 0,826 | 0948 | 1,563 | 0,536 | 0,306 | 0,396 | 0,311 | 19
20 | 0,512 | 0,870 | 0,998 | 1,645 | 0,564 | 0,323 | 0,416 | 0,328 | 20
21 | 0,537 | 0913 | 1,048 | 1,727 | 0,592 | 0,339 | 0,437 | 0,344 | 21
22 | 0,563 | 0,957 | 1,098 | 1,809 | 0,621 { 0,355 | 0,458 | 0,361 | 22
23 | 0,588 | 1,000 | 1,148 | 1,892 | 0,649 | 0,371 | 0,479 | 0,377 | 23
24 | 0,614 | 1,044 | 1,198 | 1,974 | 0,677 | 0,387 | 0,500 | 0,393 | 24
25 | 0,639 | 1,087 | 1,248 | 2,056 | 0,705 | 0,403 | 0,521 | 0,410 | 25
26 | 0,665 | 1,131 | 1,297 | 2,138 | 0,733 | 0,419 | 0,541 | 0,426 | 26
27 | 0,691 | 1,174 | 1,347 | 2,220 | 0,762 | 0,435 | 0,562 | 0,443 | 27
28 | 0,716 | 1,218 | 1,397 | 2,303 | 0,790 | 0,452 | 0,583 | 0,459 | 28
29 | 0,742 | 1,261 | 1,447 | 2,385 | 0818 | 0,468 | 0,604 | 0,475 | 29
30 | 0,767 | 1,305 | 1,497 | 2,467 | 0,846 | 0,484 | 0,625 | 0,492 | 30
31 | 0,793 | 1,348 | 1,547 | 2,549 | 0,874 | 0,500 | 0,645 | 0,508 | 31
32 | 0818 | 1,392 | 1,597 | 2,632 | 0,903 | 0,516 | 0,666 | 0,524 | 32
33 | 0,844 | 1,435 | 1,647 | 2,714 | 0931 | 0,532 | 0,687 | 0,541 | 33
34 | 0,870 | 1,479 | 1,697 | 2,796 | 0,959 | 0,548 | 0,708 | 0,557 | 34

© 00N U a W -
© 00U bWl —

4

sz | K Na | Ca" | Mg | Cr | NO; | SO; | HCO; | xz
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IMponomxenne npunoxenns I1

4

Mz | K | Na | Ca~ | Mg' | CI | NOg [ SOf | HCOj | xz
35| 0895 | 1,522 | 1,747 | 2878 | 0987 | 0,564 | 0,729 | 0,574 | 35
36 | 0921 | 1,565 | 1,796 | 2,961 | 1,015 | 0,581 | 0,750 | 0,590 | 36
37 | 0946 | 1,609 | 1,846 | 3,043 | 1,044 | 0,597 | 0770 | 0,606 | 37
38 | 0972 | 1,652 | 1,896 | 3,125 | 1,072 | 0613 | 0,791 | 0,623 | 38
39 | 0998 | 1,696 | 1,946 | 3,207 | 1,100 | 0629 | 0812 | 0,639 | 39
40 | 1,023 | 1,739 | 1,996 | 3290 | 1,128 | 0,645 | 0,833 | 0656 | 40
41 | 1,049 | 1,783 | 2,046 | 3,372 | 1,156 | 0,661 | 0854 | 0672 | 41
42 | 1,074 | 1826 | 2096 | 3,454 | 1,185 | 0677 | 0874 | 0688 | 42
43 | 1,100 | 1,870 | 2,146 | 3,536 | 1213 | 0,693 | 0,895 | 0,705 | 43
44 | 1,125 | 1913 | 2,196 | 3618 | 1,241 | 0710 | 0916 | 0,721 | 44
45 | 1,151 | 1957 | 2,246 | 3,701 | 1,269 | 0,726 | 0,937 | 0,738 | 45
46 | 1,177 | 2,000 | 2,295 | 3,783 | 1,297 | 0,742 | 0,958 | 0,754 | 46
47 | 1,202 | 2044 | 2345 | 3865 | 1,326 | 0,758 | 0979 | 0,770 | 47
48 | 1,228 | 2,087 | 2,395 | 3947 | 1,354 | 0,774 | 0999 | 0,787 | 48
49 | 1,253 | 2,131 | 2,445 | 4,030 | 1,382 | 0,790 | 1,020 | 0,803 | 49
50 | 1,279 | 2174 | 2,495 | 4,112 | 1,410 | 0,806 | 1,041 | 0819 | 50
51 | 1,304 | 2218 | 2545 | 4,194 | 1438 | 0,822 | 1,062 | 0836 | 51
52 | 1,330 | 2,261 | 2,595 | 4276 | 1,467 | 0,839 | 1,083 | 0,852 | 52
53 | 1,356 | 2305 | 2,645 | 4,359 | 1,495 | 0,855 | 1,104 | 0,869 | 53
54 | 1,381 | 2,348 | 2,695 | 4,441 | 1,523 | 0871 | 1,124 | 0885 | 54
55 | 1,407 | 2,392 | 2745 | 4,523 | 1,551 | 0,887 | 1,145 | 0,901 | 55
56 | 1,432 | 2435 | 2,794 | 4,605 | 1,579 | 0,903 | 1,166 | 0,918 | 56
57 | 1,458 | 2479 | 2,844 | 4,688 | 1,608 | 0919 | 1,187 | 0934 | 57
58 | 1,484 | 2,522 | 2,894 | 4770 | 1636 | 0,935 | 1,208 | 0951 | 58
59 | 1,509 | 2,566 | 2944 | 4852 | 1664 | 0951 | 1,228 | 0967 | 59
60 | 1,535 | 2,609 | 2,994 | 4934 | 1,692 | 0,968 | 1,249 | 0,983 | 60
61 | 1,560 | 2653 | 3044 | 5017 | 1,720 | 0984 | 1,270 | 1,000 | 61
62 | 1,586 | 2,696 | 3,094 | 5099 | 1,749 | 1,000 | 1,201 | 1,016 | 62
63 | 1,611 | 2740 | 3,144 | 5181 | 1,777 | 1,016 | 1,312 | 1,033 | 63
64 | 1637 | 2783 | 3194 | 5263 | 1,805 | 1,032 | 1,333 | 1,049 | 64
65 | 1,663 | 2,826 | 3,244 | 5345 | 1,833 | 1,048 | 1,353 | 1,065 | 65
66 | 1,668 | 2,870 | 3293 | 5428 | 1,861 | 1,064 | 1,374 | 1,082 | 66
67 | 1,714 | 2,913 | 3,343 | 5510 | 1,890 | 1,081 | 1,395 | 1,098 | 67
Mz | K | Na | Ca” | Mg" | CV | NOg | SOy | HCO; | xe
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IMponoaxenne npunoxennsa 11

’

’

x| K Na- | Ca" | Mg" | CI | NOj | SOy | HCOq | w2
68 | 1,739 | 2957 | 3,393 | 5592 | 1918 | 1097 | 1,416 | 1,114 | 68
69 | 1,765 | 3,000 | 3,443 | 5674 | 1946 | 1,113 | 1,437 | 1,131 | 69
70 | 1,790 | 3,044 | 3,493 | 5757 | 1,974 | 1,129 | 1,457 | 1,147 | 70
71 | 1,816 | 3,087 | 3,543 | 5839 | 2,002 | 1,145 | 1,478 | 1,164 | 71
72 | 1,842 | 3,131 | 3,593 | 5921 | 2,031 | 1,161 | 1,499 | 1,180 | 72
73 | 1,867 | 3,174 | 3643 | 6,003 | 2,059 | 1,177 | 1,520 | 1,196 | 73
74 | 1,893 | 3218 | 3,693 | 6,086 | 2,087 | 1,193 | 1,541 | 1,213 | 74
75 | 1,918 | 3,261 | 3,743 | 6,168 | 2,115 | 1,210 | 1,562 | 1,229 | 75
76 | 1,944 | 3,305 | 3,792 | 6,250 | 2,143 | 1,226 | 1,582 | 1246 | 76
77 | 1970 | 3,348 | 3,842 | 6,332 | 2,172 | 1,242 | 1,603 | 1,262 | 77
78 | 1,995 | 3,392 | 3892 | 6,414 | 2200 | 1,258 | 1624 | 1278 | 78
79 | 2021 | 3,435 | 3942 | 6497 | 2,228 | 1,274 | 1645 | 1,295 | 79
80 | 2,046 | 3,479 | 3992 | 6,579 | 2,256 | 1,200 | 1,666 | 1311 | 80
81 | 2072 | 3,522 | 4,042 | 6,661 | 2,284 | 1,306 | 1,686 | 1328 | 81
82 | 2097 | 3,566 | 4,092 | 6743 | 2,313 | 1,322 | 1,707 | 1,344 | 82
83 | 2,123 | 3,609 | 4,142 | 6,826 | 2,341 | 1,339 | 1,728 | 1,360 | 83
84 | 2,149 | 3,653 | 4,192 | 6,908 | 2,369 | 1,355 | 1,749 | 1,377 | 84
85 | 2,174 | 3,696 | 4,242 | 6,990 | 2,397 | 1,371 | 1,770 | 1,393 | 85
86 | 2,200 | 3,740 | 4291 | 7,073 | 2,426 | 1,387 | 1,791 | 1,409 | 86
87 | 2,225 | 3,783 | 4,341 | 7,155 | 2,454 | 1,403 | 1811 | 1,425 | 87
88 | 2251 | 3,827 | 4,391 | 7,237 | 2,482 | 1,419 | 1,832 | 1,442 | 88
89 | 2276 | 3,870 | 4,441 | 7,319 | 2,510 | 1,435 | 1,853 | 1,459 | 89
- 90 | 2302 | 3914 | 4,491 | 7,401 | 2,538 | 1451 | 1,874 | 1,475 | 90
91 | 2,328 | 3957 | 4,541 | 7,484 | 2,566 | 1,468 | 1,895 | 1,491 | 91
92 | 2,353 | 4,001 | 4,591 | 7,566 | 2,595 | 1,484 | 1916 | 1,508 | 92
93 | 2,379 | 4,044 | 4,641 | 7,648 | 2,623 | 1,500 | 1,936 | 1,524 | 93
94 | 2404 | 4,088 | 4,691 | 7,730 | 2,651 | 1,516 | 1,957 | 1,541 | 94
95 | 2,430 | 4,131 | 4,741 | 7,813 | 2,679 | 1,532 | 1978 | 1,557 | 95
96 | 2,455 | 4,175 | 4,790 | 7,895 | 2,708 | 1,548 | 1999 | 1,573 | 96
97 | 2481 | 4,218 | 4,840 | 7,977 | 2,736 | 1,564 | 2,020 | 1,590 | 97
98 | 2,507 | 4,262 | 4,890 | 8,059 | 2764 | 1,580 | 2,040 | 1,606 | 98
99 | 2,532 | 4,305 | 4,940 | 8,142 | 2792 | 1,597 | 2061 | 1,623 | 99
100 | 2,558 | 4348 | 4,990 | 8224 | 2,820 | 1,613 | 2,082 | 1,639 |100
x| K Na | Ca” | Mg" | C¥ | NOy | SOj | HCOj | xz
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INTPHJ/IO)KEHHE IV~

TABJIMLIA A NEPECYETA MHJUIMTPAMM-OKHCJIOB
HA MHJJIMTPAMM-3KBHBAIJIEHTDI

#2 | KO | NaO | CaO | MgO | NyO; | SOp |, ;ggﬂ. mmg)?(gp& "
1| 0,021 | 0032 0,036 | 0050 | 0,019 | 0,025 | 0,045 | 0023 | 1
2 | 0042 | 0065 | 0,071 | 0,009 | 0,037 | 0,050 | 0,091 | 0045 | 2
3| 0064 | 0,097 | 0,107 | 0,149 | 0,056 | 0075 | 0,136 | 0068 | 3
4 | 0085 0,120 | 0,143 | 0,198 | 0074 | 0,100 | 0,182 | 0091 | 4
5| 0106 | 0,161 | 0,178 | 0248 | 0,093 | 0,125 | 0227 | o114 | 5
6 | 0127 | 0,194 | 0214 | 0208 | 0,111 | 0150 | 0273 | 0,136 | 6
7 | 0149 | 0226 | 0250 | 0,347 | 0,130 | 0,175 | 0318 | 0,159 | 7
8 | 0170 | 0258 | 0285 | 0,397 | 0,148 | 0,200 | 0,364 | 0182 | 8
9 | 0191 | 0200 | 0,321 | 0446 | 0,167 | 0225 | 0,409 | 0204 | 9
10 | 0212 | 0323 | 0357 | 0,49 | 0,185 | 0,250 | 0454 | 0227 | 10
11 | 0234 | 0355 | 0392 | 0,546 | 0204 | 0,275 | 0,500 | 0250 | 11
12 | 0255 | 0,387 | 0428 | 0,595 | 0222 | 0,300 | 0545 | 0273 | 12.
13 | 0276 | 0,419 | 0,464 | 0,645 | 0241 | 0,325 | 0591 | 0205 | 13
14 | 0207 | 0452 | 0499 | 0,694 | 0259 | 0,350 | 0,636 | 0318 | 14
15 | 0318 | 0484 | 0535 | 0744 | 0278 | 0,375 | 0682 | 0341 | 15
16 | 0,340 | 0516 | 0571 | 0794 | 0296 | 0400 | 0727 | 0364 | 16
17 | 0361 | 0548 | 0,606 | 0843 | 0315 | 0,425 | 0773 | 0386 | 17
18 | 0,382 | 0581 | 0,642 | 0,893 | 0.333 | 0,450 | 0818 | 0409 | 18
19 | 0,403 | 0613 | 0678 | 0942 | 0352 | 0,475 | 0863 | 0432 | 19°
20 | 0,425 | 0,645 | 0713 | 0992 | 0,370 | 0,500 | 0,909 | 0454 | 20
91 | 0,446 | 0677 | 0749 | 1,042 | 0,389 | 0525 | 0954 | 0477 | 21
22 | 0467 | 0710 | 0785 | 1,091 | 0.407 | 0,550 | 1,000 | 0500 | 2.
23 | 0488 | 0742 | 0,820 | 1,141 | 0426 | 0575 | 1,045 | 0523 | 23
24 | 0510 | 0774 | 0856 | 1,191 | 0,444 | 0,600 | 1,091 | 0545 | 24
25 | 0531 | 0807 | 0,892 | 1,240 | 0,463 | 0625 | 1,136 | 0568 | 25
26 | 0,552 | 0839 | 0,927 | 1290 | 0481 | 0,650 | 1,182 | 0591 | 26
27 | 0573 | 0871 | 0963 | 1,339 | 0,500 | 0,675 | 1,227 | 0613 | 27
28 | 0,595 | 0,903 | 0999 | 1,389 | 0,518 | 0,699 | 1,272 | 0636 | 28
29 | 0,616 | 0936 | 1,034 | 1,439 | 0537 | 0724 | 1,318 | 0659 | 29
30 | 0637 | 0968 | 1,070 | 1,488 | 0,555 | 0749 | 1,363 | 0,682 | 30
31 | 0,658 | 1,000 | 1,106 | 1,538 | 0,574 | 0774 | 1,409 | 0704 | 31
.32 | 0679 | 1,032 | 1,141 | 1,587 | 0593 | 0799 | 1454 | o727 | 32
33 | 0701 | 1,065 | 1,177 | 1,637 | 0,611 | 0824 | 1,500 | 0750 | 33
34 | 0722 | 1,007 | 1213 | 1,687 | 0630 | 0849 | 1,545 | 0773 | 34
#z | K0 | NaO | CaO | MgO | N;Os | SOy K:;;ggm r"nfo?(gp& Mz
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[Mponomxenue mpuaoxenusa IV

CO, CO,

Kap6oH.|ruapokap6. Me

M2 K,O Na,O CaO MgO | NyO; SOg

35 | 0743 | 1,129 | 1,248 | 1,736 | 0,648 | 0,874 | 1,591 0,795 35
36 | 0,764 | 1,161 | 1,284 | 1,786 | 0,667 | 0,899 | 1,636 0,818 36
37 | 0,786 | 1,194 | 1,320 | 1,835 | 0,685 | 0924 | 1,681 0,841 37
.38 | 0807 | 1,226 | 1,355 | 1,885 | 0,704 | 0,949 | 1,727 0,863 38
'39 | 0,828 | 1,258 | 1,391 | 1,935 | 0,722 | 0,974 | 1,772 0,886 39
40 | 0,849 [ 1,290 | 1,427 | 1,984 | 0,741 | 0,999 | 1,818 0,909 40
41 | 0,871 | 1,323 | 1,462 | 2,034 | 0,759 | 1,024 | 1,863 0,932 41
42 | 0,892 [ 1,355 | 1,498 | 2,083 | 0,778 | 1,049 | 1,909 9,954 42
43 | 0913 | 1,387 | 1,534 | 2,133 | 0,796 | 1,074 | 1,954 0,977 43
44 | 0,934 | 1,419 | 1,569 | 2,183 | 0,814 | 1,099 | 2,000 1,000 44
-45 | 0955 | 1,452 | 1,605 | 2,232 | 0,833 | 1,124 | 2,045 1,022 45
46 | 0977 | 1,484 | 1,640 | 2,282 | 0,852 | 1,149 | 2,090 1,045 46
47 | 0,998 [ 1,516 | 1,676 | 2,331 | 0870 | 1,174 | 2,136 1,068 47
48 | 1,019 | 1,549 | 1,712 | 2,381 | 0,889 | 1,199 | 2,181 1,091 48
49 | 1,040 | 1,581 [ 1,747 | 2,431 | 0,907 | 1,224 | 2,227 1,113 49
50 | 1,062 | 1,613 [ 1,783 | 2,480 [ 0,926 | 1,249 | 2,272 1,136 50
51 | 1,083 | 1,645 | 1,819 | 2,530 | 0,944 | 1,274 | 2,318 1,159 51
52 | 1,104 | 1,678 | 1,854 | 2,579 | 0,963 | 1,299 | 2,363 1,182 52
53 | 1,125 L,710 | 1,890 | 2,629 | 0,981 | 1,324 | 2,409 1,204 53
54 | 1,147 | 1,742 | 1,926 | 2,679 | 1,000 | 1,349 | 2,454 1,227 54
55 | 1,168 | 1,774 | 1,961 | 2,728 | 1,018 | 1,374 | 2,499 1,250 55
56 | 1,189 | 1,807 | 1,997 | 2,778 | 1,037 | 1,399 | 2,545 1,272 56
57 | 1,210 | 1,839 | 2,033 | 2,827 | 1,055 | 1,424 | 2,590 1,295 57
58 | 1,232 | 1,871 | 2,068 | 2,877 | 1,074 | 1,449 | 2,636 1,318 58
59 | 1,253 | 1,903 | 2,104 | 2,927 | 1,092 | 1,474 | 2,681 1,341 59
60 | 1,274 | 1,936 | 2,140 | 2,976 | 1,111 | 1,499 | 2,727 1,363 60
61 | 1,295 | 1,968 [ 2,175 [ 3,026 | 1,129 | 1,524 | 2,772 1,386 61
62 | 1,316 | 2,000 | 2,211 { 3,075 | 1,147 | 1,549 | 2818 1,409 62
63 | 1,338 | 2,032 | 2,247 | 3,125 | 1,167 | 1,574 | 2,863 1,431 63
64 | 1,359 | 2,065 | 2,282 | 3,175 | 1,185 | 1,599 | 2,908 1,454 64
65 | 1,380 | 2,097 | 2,318 | 3,224 | 1,204 | 1,624 | 2,954 1,477 65
66 | 1,401 | 2,129 | 2,354 | 3,274 | 1,222 | 1,649 | 2,999 1,500 66
67 | 1,423 | 2,161 | 2,389 | 3,323 | 1,241 | 1,674 | 3,045 1,522 67

co, | co,

#z | KO | NagO | CaO | MgO | N3Os | SOs |, 20684 |rupoxaps.

M2
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ITponomkenue npunoxenus 1V

co, | co. |
#z | KO | NagO | CaO | MgO | NyO; ?Os xapdgn. mn;():o%;pq M2
68 | 1444 | 2,104 | 2425 | 3373 | 1,250 | 1699 | 3,09 | 1545 | 68
69 | 1,465 | 2,206 | 2461 | 3,423 | 1278 | 1,724 | 3136 | 1568 | g0
70 | 1,486 | 2,258 | 2496 | 3472 | 1296 | 1,749 | 3181 | 1501 | 70
71 | 1,508 | 2,201 | 2532 | 3522 | 1315 | 1774 | 3227 | 1613 | 71
72 | 1,529 | 2,323 | 2,568 | 3571 | 1,333 | 1,799 | 3272 | 1636 | 72
73 | 1,550 | 2,355 | 2,603 | 3,621 | 1,352 | 1824 | 3317 | 1650 | 73
74 | 1,571 | 2,387 | 2639 | 3,671 | 1,370 | 1,849 | 3363 | 1681 | 74
75 | 1,592 | 2420 | 2675 | 3720 | 1,389 | 1874 | 3408 | 1704 | 75
76 | 1,614 | 2452 | 2710 | 3,770 | 1407 | 1,899 | 3454 | 1727 | 76
77 | 1,635 | 2484 | 2746 | 3819 | 1,426 | 1924 | 3499 | 1750 | 77
78 | 1,656 | 2,516 | 2782 | 3,869 | 1,444 | 1949 | 3545 | 1772 | 78
79 | 1677 | 2549 | 2817 | 3919 | 1,463 | 1,974 | 35% | 1,795 | 79
80 | 1,699 | 2,581 | 2853 | 3968 | 1,481 | 1998 | 3636 | 1818 | 80
81 | 1,720 | 2613 | 2,889 | 4,018 | 1,500 | 2,023 | 3681 | 1840 | 81
82 | 1,741 | 2,645 | 2,924 | 4,068 | 1,518 | 2048 | 3726 | 1,863 | 82
83 | 1,762 | 2,678 | 2960 | 4,117 | 1,537 | 2,073 | 3772 | 1885 | 83
84 | 1,784 | 2710 | 2996 | 4,167 | 1,555 | 2,008 | 3817 | 1908 | 84
85 | 1,805 | 2742 | 3031 | 4216 | 1,574 | 2,123 | 3863 | 1931 | 85
86 | 1,826 | 2774 | 3,067 | 4,266 | 1592 | 2,148 | 3908 | 1954 | 86
87 | 1,847 | 2807 | 3,108 | 4316 [ 1,611 ) 2,173 | 3954 | 1977 | 87
88 | 1,869 | 2,839 | 3,138 | 4,365 | 1,629 | 2,198 | 3999 | 2000 | 88
89 | 1,890 | 2871 | 3174 | 4,415 | 1,648 | 2,223 | 4045 | 2002 | 89
90 | 1,911 | 2,903 | 3210 | 4,464 | 1666 | 2248 | 4,090 | - 2,045 | 90
91 | 1,932 | 2,936 | 3,245 | 4514 | 1685 | 2273 | 4,135 | 2,068 | 91
92 | 1,953 | 2968 | 3,281 | 4564 | 1,703 | 2,298 | 4,181 | 2090 | 92
93 | 1,975 | 3000 | 3317 | 4613 | 1,722 | 2,323 | 4226 | 2,113 | 93
94 | 1,996 | 3,033 | 3,352 | 4663 | 1,741 | 2,348 | 4272 | 2,136 | 94
95 | 2,017 | 3,065 | 3388 | 4712 | 1759 | 2373 | 4317 | 2159 | 95
96 | 2,038 | 3,007 | 3,424 | 4762 | 1,778 | 2,398 | 4363 | 2181 | 9
97 | 2059 | 3120 | 3459 | 4812 | 1,796 | 2,423 | 4408 | 2204 | 97
98 | 2,081 | 3,162 | 3,495 | 4,861 | 1815 | 2,448 | 4,454 | 2227 | 98
99 | 2,102 | 3,194 | 3531 | 4911 | 1833 | 2,473 | 4,499 | 2249 | 99
100 | 2,123 | 3226 | 3,566 | 4960 | 1,852 | 2,498 | 4544 | 2272 |100
4 | KO | NaO | CaO | MgO | N;O; | SO5 | CO8 | CDa | we
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ITPHJIO)KEHHE V

TPHJIIOHOMETPHYECKHA METOI
ONPEAEJIEHHUA OBLUEA )XECTKOCTH BOJIbI

B ocHoBe 3TOro Merofa JIEXHT CHNOCOGHOCTb TpUJoHa-B npaBaTh
MaJIOAHCCOLIMHPOBAHHBIE KOMILJIEKCHI C HOHAMH Marsusi ¥ KaJblus.

TpunonoM-B HaseIBaloT OBy3aMelLIEHHYIO HAaTpPHEBYIO COJb 3ITH-
JIeHAMaMHHTETPAYKCYCHOH KHCJIOTHI

CH,—N(CH,COOH),
|
CH,—N(CH,COOH),
JBysamelueHHON HaTpHeBOH coJM — TpHJIOHY-B — nalor  cie-
Ayiolliee CTpPOeHHeE:

CHy,COOH Cl,HZCOOH

|
N N Na, - 2H,0

¢H,CO00 CHy—CH,  CH,CO0

Tpuaon-b o6pa3yer ¢ KaTHOHaMH MHOTMX METaJJIOB BHYTPHKOM-
IUVIeKCHBIE HOHBI; CTPOEHHE TaKHX KOMIUIEKCOB MOXeT ObiThb mped-
CTaBJIEHO B CJIEAyIOLIEM BHJe:

éH,c00 “CHy—EH, CHaCOO

KoncraHra HeyCTOAYHBOCTH KOMIIJIEKCHOTO HOHA 3THJIEHAHAMHH-
TETPAYKCYCHOM KHCJIOTHI C MOHOM KaJbUus paBHa 2,6 - 107!, ¢ noHOM
Maruusg — 2,0 1079,

B kauecTBe HHIHKaTOpa NMpUMEHSETCS KPaCHTeJNb 3PHOXPOM uep-
Hufi T. B menoyHoM pacTBope B OTCYTCTBHE HOHOB KaJbLUs H
MarHusi OH HMeeT roJy6oii 1BeT; B NPHUCYTCTBHM HOHOB KaJbLHA H
MarHus rojy6asi OKpacKka NepexoJUT B BHHHO-KPaCHYIO.

Tpunon-b o6pasyer ¢ HOHaMH KaJblUHSi ¥ MarHUsi MeHee HOHH-
3UPOBAaHHBIE COEJIHHEHHS, YeM COeJHHEHHS HX C 3PHOXPOMOM uYep-
HeIM T. TpusoH-D u3BneKaeT MOHB KalblMsl U MarHus M3 HX COEAH-
HeHHWA C MHAUKAaTOpOM. B 3KBHBaJIeHTHOR TOUKe MEePeXOX OKPACKH
M3 KpacHoii B roayOyio pe3ue HaGmiofaeTcsi Ha MarHHEBOM KOM-
niaekce. IlostoMy, ecnn Bofa He CONEPIKHUT HOHOB MarHHsi, BBOZSAT
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He6OJIbIIOe KOJIHYECTBO MAarHHeBOH COJIM, YYHTBIBast 3TO IIpH BHI-
YHCJEHHH De3yJbTaToB, .

SpuoxpoM depHblit T MeHsieT OKpacKy Takxe H oT H3MeHeHus pH
BOJIBI, NO3TOMY K THTPyeMOH NOpUHH BOAH NpuOaBJfAloT GydepHbIH
pacrsop, nopaepxusakoouuii pH okono 10.

Huaukarop B3anMoleHCTBYeT cO MHOTHMH MeTas/1aMH. MeraJbl
MellaloT ONpeAeJeHHIO NPH CONePXKAaHHH HX (B M2/Aa):

Fe". .. ... -] Ar-. ..o o020
Fe"......... 20 Cu™. . . ... ... 0,3

Oco6eHHO BpeaHO NpPHCYTCTBHE HOHOB MeJH, COBEpLIEHHO HCKa-
JXKaioueil pe3yabTatl THTPoBaHHA. [t yCTPaHEHHS BJHSHHS MeIH
B TpoGy BoIbl, OTMEpEeHHYyI0 IJf THTPOBaHHs, npubGaBasior 1 ma
2% -Horo pacrBopa Na.S; B npucyrcrsuu Mn'~ — 5 kanesb 19%-Horo
pacrtBopa coJisiHoKucsoro ruapokcuiaamuia NH,OH - HCIL

TpunoHoMeTpHYecKH MeTOH, OMNpefesieHHs OOLIeHd KEeCTKOCTH
BOJbl NMPHMEHHM JIJIsl BOL DAa3JIHYHOH IKECTKOCTH, HO B THTpyeMoH
npo6be conepxkanue Ca’" u Mg'" He mo/mxHo mpesbiath 0,5 me-3K6.

XoQ onpedeserus. B KoHHyecKywo Koy eMKocTbio 250 M2 oTMe-
PHBAIOT NMHNETKOH COOTBETCTBYIOLHHA 06BbeM BOJH!, B 3aBHCHMOCTH OT
, €€ JKeCTKOCTH:

HecTkocTb BOAK O61bem npobu
B M2-3K8 B MA
05— 5 100
5 —10 50
10 —20 25

20 —50 10

ITpo6y pa36aBisOT, eClH HYXKHO, AECTH/IHPOBAHHOH BOMOH 1O
100 ma, npubaBasitoT 5 ma GydepHoro pacTBopa, 5—7 KameJb HHAH-
KaTopa M THTPYIOT pacTBOpoM TpHJIOHa-B 10 nepexoma xpacHoi
OKpacku B roay6yio.

JKecTkocTb BOAN X BHIYHCJIAIOT No ¢opmyJe
P.n-1000

A ’
rae P — pacxon pacrsopa TpHOHA-B;

H — HOPMaJIbHOCTb pacTBOpa TpHJOHA-B;
A — o6bem BoIBl, B3ATHI I/ aHaJaH3a.

Onpedenenue HopmarbHOCTU pacreéopa Tpuaona-b. B koHuue-
CKylo koaby orMmepuTb mnunetkoii 10 mz craHmapTHOro pacrsopa
0,05-1. Ca"* u Mg"", npu6aBUTb MeH3YpKOil 35 M4 HECTHIIHPOBAHHOM
BOJHI, 5 Ma 6ydepHOro pactsopa, 5—7 Kanesb HHAHKATOPAa H THTPO-
BaThb TPHJIOHOM-B, Kak TpH onpelneseHHH >KeCTKOCTH BOJHL.

HopmanbHocts pacrsopa TpusioHa-B BhuHCAHTL 1O dopmysie
H1‘A

A
rIe H; — HOpMalbHOCTb cTaHaaptHoro pacrsopa Ca™" wm Mg';
A — obbeM CTaHZApTHOTO pacTBOpA, B3ATHIA AJIS ONpeleseHHs;
A, — pacxon pacTBopa TpHJoHa-b.

X=

H=
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ITpuzorosaenue peaxrusos

1. 0,05-u. pactrBop TpuJaoHa-b. 9307 ¢ kpucraminye-
ckoro TpuJoHa-b pacrBopuTh B Bome u pa3baBuTh 10 1 4.

2.bydpepumit pactBop. 20 e NH(Cl x. 4. pacrBopuTH
B Bofe, npuGaButb 100 ma 25%-Horo pactBopa amMMHaka H pasba-
BUTb BoJo# mo 1 a.

3. PactBop uaaukatopa. 0,5 2 spuoxpoma ueproro T
(xpoMoreH uepHniii cnenuasnbHuiii ET-00) pactBoputs B 10 mMa Gy-
¢eproro pactBopa H goBecTH A0 100 M4 3THIOBBEIM CIHPTOM.

4. CrangaptHu# pactBop Ca'’ -+ Mg'" roroBar cme-
muBanueM 0,1-H. pactBopa Ca'" u Mg'" B orHomeHuu 3:1. Has
npurotoBJjenus 0,05-H. pacTBopa CMeIUHBAalOT B MEpHOH Kojbe eM-
koctbio 200 ma 75 ma 0,1-n. pactBopa Ca’” ¢ 25 ma 0,1-H. pac-
TBopa Mg'' u pa36aB/slOT BOXOA A0 MeTKH.
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ONEYATKH

Crpa-

m?ua Crpoka Haneyarauno Cnenyer untath
16 16 cuuay BO; BO;

[H'] [HCO,]f, [H'] [HCO;] £2
59 3 ceepxy Sl S 8
[CO,] ! [CO,] !
63 28 u 29 ceepxy 37,5 mz Mg” 36,5 sz Mg~
2 2

68 20 cHu3y 96,02 96,06
76 6 . (cM. puc. 4) (cM. puc. 6)
111 3 . uonos CrO noHos CrO,
123 7 . 0,01 mz NOj 001 xz NO;

3ak. 299. ®. ®. Jlantes







