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BBEAEHME

IIporpamma noabeMa MaTepHaJLHOTO U KYJLTYPHOTO YDPOBHSA
KH3HH COBETCKOro Haposa, HauepTanxaa XX VI cwespom KIICC,
npejaycMaTpuBaeT NoBblliesne 3(HGEeKTHBHOCTH, MHTEHCH(UKALHIO
CEeJILCKOXO3AHCTBEHHOTO IIPOU3BOACTBA NYTE€M Da3BHTHA MEJHO-
pamyu, Kak COCTAaBHOH 4YaCcTH KOMILVIEKCA arpPOTexHHYECKHX
MeponpuATHH.  YBeauuuBaplupeca nOTpeGHOCTH — HaceJeHHs
B NPOAYKTax NHTAHHA, a NOPOMBIIIEHHOCTH B Chipbe MOIYT
ObiTh yAOBAETBOPEHLI KAk 3a CYeT BOJHBIX METMOpalyi IIOAOo-
POAHLIX 3eMEJb, PACHOJOKEHHLIX B 30HaX HEIOCTaTOYHOTO M U3-
OLITOYHOTO YBJAXKHEHMSA, TaK M B pe3ysbTaTe BBENEHHS B CEBO-
060pOT H OKyNLTYPHBAHHS GPOCOBLIX M HEYNOOHBIX, B TOM UHCJIE
M MeCYaHLIX 3€MeJb, [JIOMAAL KOTOPBIX COCTaBjsfeT OKOJIO
240 min. ra.

B pemieHun 3THX 3ajau OrpoOMHasi pOTb NPHHANIEKHT Hayke,
0CO6EHHO TaKHM ee 06JIacTsAM, KAK CEeMEHOBOACTBO, IOUBOBECHHE,
MeJHOpAaTUBHOE MOYBOBEJEHHE, XHMHS NOYB, alpOXUMHUS, METHO-
paruBHas ruaporeosorusi. Cpemy 3THX IUCHMIVIXH OnpefesieHHOe
MECTO NpPHHAAIEKHT H MEJHOPATHBHOH THAPOXHMHH — HayuHOH
JUCLHUNHHE, 3aHUMAIOINEACS H3YYEeHHEeM XHMHYECKOTO CcOCTaBa
NPUPOAHLIX BOJ, €r0 W3MEHEHHH BO BPEMEHH M IMPOCTPaHCTBe
B YCJAOBHSAX HCKYCCTBEHHOTO BOJHO-COJIEBOTO PEKHMa, a TaKxke
paspaGGTKOH CHOCOGOB MO YJAYYIIEHHIO THAPOXHMHYECKHUX YCJIO-
BHH MeJHOPHPYEMBIX TE€PPUTOPHH.

K ofbekTaM H3YYEHHA MEJHCPATHBHOH TI'HIPOXHMHM OTHO-
CATCA BOAL TOJLIM AKTHBHOTO BOJAOCOTEOOMEHa (MppHUralHOHHO-
TPYHTOBLIE, [OPOBLIE, MOYBEHHLIE), HPPUTALMOHHbE (OpPOCUTE-
Hble, [OJUBHBLIE) H APEHAXKHLIE BOIEL.

[maBHON mpakKTHYECKOH LENBIO ABJASETC CO3[aHHe B aKTHB-
HOM C10€ MeTHOPHUPYEMBIX MOYB ONTHMAJILHOFO A MPOMU3PacTa-
HHf CEMbCKOXO3AHCTBEHHBLIX KYJBTYD THAPOXUMHUECKOTO pe-
KUMa ¢ MHHHMAJbHBIMH OTPHUIATENLHHIMH [OCJACACTBHAMY ISl
npupoaHon cpeanl. OCHOBHBIMH METONAMH PETYJIUPOBAHMA THI-
POXHMHUUECKOI'O pEXHMA OpU 3TOM HBJAIOTCHA: BO3NEHCTBHE Ha
YpOBeHb TPYHTOBLIX BOA pAa3IHUYHLIMH MEIHOPATHBHLIMH Mepo-
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npuATHAMH (OpolieHWe, OOBOAHEHHMe, OCYIIeHHe), H3MEHeHNe
CTeNeHH MMHEpaJH32IHH M HOHHO-COJIEBOTO COCTaBa IIOJMBHBLIX
BOJ IIyTeM CMelueHHsl pasjHuHLIX BHJOB HpPpHFAIlMOHHBIX BOI,
XMMHYECKHE MEJHOPALHH IIOUB.

MeTOIMKa HCCJIEA0BAHHA OGBEKTOB MEJHOPaTHBHOH THApO-
XHUMHH NPEnyCMAaTPUBAeT KOJUYECTBEHHYIO OlEHKY BOLHO-(QH3H-
YeCKHX CBOHCTB MOYBOTPYHTOB U IMPKYIHPYIIMX B HHMX NpHPOJ-
HHIX PacTBOPOB, 2 TaKkKe€ TaKUX DPEKUMOOOPA3YIOIMX mpolec-
COB, KaK BOJAHO-(OM3HUECKHE U (PH3UKO-XUMHUUECKHE B CHCTEME Mo-
poaa — pacTBOp, OCAKAEHUA M paCTBOPEHUSA CoJell B paBHOBeC-
HEIX THAPOXUMHYECKHX cucTeMax, ¢GuabTpalud BOL, W POJH Bcex
3THX NPOUECCOB B (OPMHPOBAHWM HOHHO-COJIEBOTO COCT2B2 BOJ
TOJIIIM aKTHBHOTO BoJoCONeo0MeHa 1 TBepnof ¢asul cosell B mo-
popax. B Hacroflmiee BpeMmsl NpHKI2NHBE 33/1a4H MeJHOPATHB-
HO#l THAPOXHUMHH YCIEIHO PEIIAIOTCH PAJIOM COBETCKHX YUEHbIX —
[0YBOBEJIOB, aTPOXMUMHKOB, THIPOXHUMHKOB, THIPOTEOJOTOB.

Oco6oe 3HaueHWe B Hacrosmee Bpems npuobpertaer BOIPOC
NOBBIIIEHHA 3(QPEKTHBHOCTH CeJIbCKOXO3AHCTBEHHBIX MEJHopa-
OMH B yCA0BHAX H2WUMEHBILErO OTPHLATENBHONO BIMAHHA Ha
OKpY’KaIoIlyl0 OPOIIaeMple H OCYIl2eMbIe MaCCHBbI BOAHYIO Cpe-
1y. Meroauka MareMaTHuecKOro MOIENHPOBAHHSI COOTBETCTBYIO-
IMX NIPOIECCOB, HanboJee NOMHO NpeCTaBieHHas B paboTax ore-
YECTBEHHBIX HCCHIe/oBaTesefl, [O3BOJIIET YCHENIHO pelaTh 3TH
aKTyajpHBle 321a4.

B yue6HoM noCo6uM NpPENTOXKEHA MaTeMaTHyeckas MOAeJb
ONTHMaNbLHOH — MEJHOpPaTHBHO-FUAPOXHUMHUECKOH  O6CT2HOBKH,
VUHTHIBAOIIAA BJIHAHUHE OpPOIUEHMA HAa THAPOXHUMHUECKHH pEXNUM
peuyHLIX 06acceiiHOB, B Npenenax KOTOPLIX  PACNOJIOXKEHBl WJIH
NPOEKTHPYIOTCA OPOCHTE/JBHLIE CHCTEMBI, NPHUBEAEHA METOAMKA
ABTOMATHU3aIIHH MOJAENHPOBAHHA H NpueMsl eTo peanuzanuu. Pop-
MaJiM3a1Usa [POIECCOB, NPOHCXOAAIMX B TOJINE aKTHBHOFO BOAO-
cosieo6MeHa NpH OPOIIeHHH, MO3BOJIAET perarth CA0MKHBIE MHOTO-
¢axtopHele 3amaud Ha OBM B ycsioBusx GhicTpoMeHsomeics
TUAPOANHAMHYECKOH, THAPOXHMMUECKOH M 3KCHJIyaTalHOHHOH
00CTaHOBKH.

B ocHOBy yue6HOro nocobus MOJIOXKEH KypC JIEKIHi 0 METHO-
pPaTHBHOH TI'MIPOXMMHM, UHTaeMbli Ha reorpaduueckoM (axkysb-
Tere KueBckoro rocyHuBepcurera ¢ 1974 r., cocTaBaeHHbIH B pe-
3ysnbTare 000OMIEHHA ONBITA OTEYECTBEHHBIX W 3apyOeKHBIX yue-
HLIX, JIMUHBIX HCCJI€IOBAHUH 2BTOPOB, BBINOJHEHHHIX Ha Kadeape
THAPOJIOTHH H THUAPOXMMHUH H B NPOOJEMHOH PHAPOXHMHYECKOH
snabopatopu KueBCKOro roCyHHBEpCHTETA,

Ipu Hanucasum yyeGHOro nocoOHA aBTOPHL pacrpeneIHIyi Ma-
Tepuas Tak: riaaesl 3,4 (§ 2, 4,5), 5§ 3), 6, 7, 8, 9, 10 Hanucauu!
por. JI. H. TopeBsim, ryiaBer 1,2; § 1,3 raaBel 4 u § 1, 2 ryiaBu
5 — npod. B. H. [lenewenko.



YACTb NEPBASY

TEOPETUMECKUE NOJIOKEHWUS MEJIMOPATUBHOH
MMAPOXMMUK

IIpu MCKYCCTBEHHOM BOCHOJHEHHH ne(bnum‘a BJIaTH B [I0YBE
1yTeM OpoleHus ¥ oOBOLHEHHA TeppuTopuil Ha (opMHpoBaHUe
HOHHO-COJIEBOTO PEXKHM2 TOJIIH [OPOL C aKTHBHBIM BOLOCOIEO0-
MEHOM Hapsily C (usuko-reorpaduieckuMu (bakTopamu OKasbl-
BaloT CYHIECTBEHHOE BJHAHNHE BOAHO-(pu3HUeCKHE U (H3HKO-XHUMH-
YecKue NpOLEcCH. IT0 0GYCAOBIEHO TéM, YTO B PE3yJbTaTe Opo-
[IEHHS, OCOOEHHO NpPH NPHMEHEHHHM MCKYCCTBEHHOTO ApeHaXa,
PE3KO U3MEHsITCA YCI0BHA (POPMHPOBaHHS MPHUXOAHBIX M pac-
XOJHBIX 3JIEMEHTOB BOAHO-COIEBOr0 Oajanca: CKOPOCTH HMHMHIIBLT-
pamuy, uCHapeHus, OTTOKA TPYHTOBLIX BOXL U Jip., UYTO NPUBOIMT
K CMEHE OHOrO THN2 WJIH BHIAa BOTHO-COJEBOTO PEKHMA JPYTHM,
HanpuMmep 3acojenus Ha paccosenue. Crabunusaliiss BOAHO-CO-
JIEBOTO PEKHMa [IPHU 3TOM MPOUCXOAHT B HECOM3MEPUMO GoJiee Ko-
POTKHE CPOKH, YEM B €CTECTBEHHBIX yC10BuAX. [IpH opomenun Kak
MHOT'OJIETHHH, TaK M CE30HHBLIH HOHHO-COJIEBBIE PEXKUMBI B LETOM
CKJIaILIBAIOTCS [Ofl BJAHAHHEM KOMILIEKCZ NPHPONHBIX M HCKYC-
CTBEHHBIX (haKTOPOB (CTENEHL YBJ2XSCHEHHOCTH TEPPHUTOPHH, 3aC0-
JIEHHOCTb NOYBOTPYHTOB, VCJIOBHS 3ajeTaHusi U JIPEHHPOBAHUSA
HPPUTAUMOHHO-TPYHTOBBIX BOJ|, BOAHO-(QM3HYECKHE CBoMCTBA MO-
pol), OLHAKO NPOABAAIOTCA 3TH (PAKTOpPLl 4Yepes OIpe feseHHble
NpOIECCH], HEMNOCPE[NCTBEHHO H3MEHAIOUHE KOJMYECTBO M COCTaB
COojiefl ¥ HOHOB B 1MOYBaX, MOPOAaX, MOPOBEIX H I'PYHTOBLIX BOJAX.
Hns pasauunbiX BHAOB HOHHO-COJEBOIO PEXKMMa B OTHEJIbHLIE
[epHOIL HEKOTOpBhIE M3 3THX [IPOLECCOB CTAHOBATCS IJIZBHBIMH,
pexxumoobp asyomuMi. K OCHOBHBIM peHMOOGDa3yioIWuM Npo-
IeCCaM OTHOCATCH: PacTBOpEHHE CoJieH, BhImeTaiuBaHue Mopo,
KPHCTaJI/IH321Hs, HCI2PHTEbPHOE KOHLEHTPHPOBaHKHEe, HOHHBIH
obmen, copbuusa (necopbumsi), MoJeKyJaspHas AMDQy3Hs, KOH-
BeKkTuBHas (QuabTpanuonHasn) Luddysus, nepenoc conell ¢ pumnLT-
PallMOHHBIM [OTOKOM, CMEII€HHE pacTBOPOB, KOarynauus, HOHHO-
COJIEBLIE paBHOBECHA B CHCTEME pacTsop — Teepaas ¢asa, Be-
TECHEHHE MOPOBLIX PACTBOPOB M AP.



fnasa 1
BOAHO-®U3UNHECKUE CBOWCTBA NOYBOrPYHTOB
¥ CBOMCTBA PACTBOPOB HAMBOAEE PACNPOCTPAHEHHbBIX
B NPMPOAHLIX BOGAX CONEH

§ 1. BoaHo-(huanueckue CBONCTBA NOYBOrPYHTOB

K Bomso-bu3yueCKuM CBOHCTBAM MOYR U MOPOJ, Yamie BCETO
HCNOMb3YEMEIX B MEIHOPaTUBHON THAPOXHUMHUU NPU MPOTHO3HBIX,
6anaHCOBLIX, PU3HKO-XUMUYECKUX M JPYTHUX pacdeTax, OTHOCATCSH
BJaroeMKOCTb, BJIaXKHOCTb, [OPUCTOCTD.

Baaroemkocts, Onpenenserca cnocoGHOCTbIO MOPOALI [OTJO-
marh ¥ yaIepKuBaTh ONpefeJeHHOe KOMUUeCTBO BOoJAe. Pasauyaior
abCoMIOTHYIO0, BECOBYIO U OOBEMHYIO BJIAaroeMKocTh. AbGcoarwmAas,
WIH NOAHQA, 6AQR0EMKOCHIb — 3TO MaKCHMaabHOE KOJHUYECTBO
BOJI, YIEPKHUBAEMOE NOPOJOH MpH MOTHOM €€ HaChILIEHHH BOJIOH.
Becosasa saazoemkocmy XapakTepu3yeTCsl OTHOLIEHUEM MaCChi BOABI
B NOpOjJIe K Macce CyXOH NOPOAbI, a2 006emMHAA 8AQ20EMKOCHb
OTHOHIEHUWeM o06beMa Boanl K o6bemy mnopoaul. CooTHoueHUe
Mexy 0O6BeMHOH M BECOBOH BJAarOEMKOCTAMH BHIpaxaercs dop-
MyJioitt

Woo = Weid 1078, (1.1)

rae Wo, — o6beMHan BaaroeMkocThb; W sy — BecoBasi BAaroeMKocTh;
0 — VIOTHOCTL CYXOH HOpOAbI.

B 32BMCHMOCTH OT yC/IOBHi HaXOXIEHHS BOALI B NOPOJE pas-
JUYBIOT  TUTPOCKONHYECKYIO, MOJEKYJAAPHYIO, KamuJIAPHYIO
U TPaBUTALUOHHYIO BJIAroeMKOCTH. [ uepocKkonudeckas eaaeoem-
KOoCmb — 3TO KOJHUYECTBO BOMBI, KOTOPOE MOKET COpOUPOBAThCA
nopofo#l U3 BO3jyxa. B ciyuae moJHOro HaCLILEHHS BO3JyXa BO-
JAHEIMH HapaMH (OTHOCHTEJIbHas BJ2XKHOCTh pasHa 100 %) ru-
IPOCKONUYECKass BJaroeMKOCThL €CTh BeJHYMH2 MOCTOSHHAs jIs
A2HHOH NOpOJLl ¥ HAa3bIBACTCH MAKCUMOABHOL 2UZPOCKONUYECKOL
8AQ20EMKOCHILIO.

Monexkyraprasn 6aa2oe MKoCHb XaPaKTEPUIYETCH KOJHUECTBOM
GbusHUECKH CBA3aHHON (mie HoYyHOH) BOJLI B nopoje. B ciayuae Mak-
CUMaTbHO BO3MOXKHOIO COJEP KaHUA B nopoje husuyecku CBszaH-
HOH BOJIBl BJAroeMKOCTh 6V JeT HashiBATLCH MAKCUMAAGHOL mOAe-
KYyaaproi.

Kanuansaprasn 61a20emrxoCmp COOTBETCTBYET 32MOHEHHIO Ka-
NUJUIAPHBIX OYCTOT BOAOH; OpY I[OJHOM 32M0JTHEHUM Kalu/Jis-
pOB BONOH BJAArOeMKOCThL GYAET Ha3bIBATLCA MOAHOL KANUAAAD-
Hod.

1 Pa3MepHOCTH AMHHN, BXOAALAX BO BCe POPMYJB, BLIPaXKeHH B CH-

cteme CH; nmpoussoxHble Pa3MepHOCTH NPUBENEHH B NoSICHEHUAX K dop-
MyJaM.
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[pasumayuonnas 640206 mKOCMb OLEHHBAETCH  KOMHUYECTBOM
rpaBHTalHOHHON (CBOGOMIO CTeKaowe!l) BOIBl B MOPONIE; N0AHAA
2paBUMAYUORRAS 620206 MKOCb (HOPMHPYETCS B YCIOBHAX MOJTHO-
ro HaChIICHHA BOJOH mopojsl. BCe BHIB BJIaroeMKOCTH Bbipa-
JKAIOTCA OTHOIIEHHEM Macchl BOJABl K Macce CYXOH NOpome! HaM
of6peMa BoAbl K o6bemy mopoznl. Hanpumep, nonnas ofnemuas
BJIaTOEMKOCTL paBHa

VﬂB
Woe =2, (1.2)

~ne Vigs — 00BEM BOABI B MOpOjiE€ B YCJOBHAX NOJHOH BiaroeM-
KocTH; ¥V — 06beM mopolsl. BJIaroeMKoCTh BLIpaxKaercs B npo-
IEHTaX.

B rnousoBejeHHH HCIONB3YETCH HaumeHbllaa (noaesas) éia-
20eMKOCMY, KOTOp2sh ONDENEeJAeTC KOJHYeCTBOM BJIATH, yiep-
JKHMBaeMol B MOYBE WM NMOPOLE NOCJe CBOGOAHOTO CTEKaHHA rpa-
3UTAIlHOHHON BOJIB! B YCAOBHSX OTCYTCTBHS HCIapeHHS.

Baaxuocts, Pasmuuator aGcomoTHylo, BeCcoByio, 06LEMHYIO,
€CTECTBEHHYIO, OTHOCHTEJIbHYIO, INOJHYIO H NpHBEIEHHYIO BJIAX-
HOCTH, KOTOpbIE€ BhipaxkaloT B NpOLEHTaX. Becosas saamHocno —
9TO OTHOLIEHHE MacChl BOJbI K Macce alCo/iTHO CyXoro obpasua,
B KOTOpOM OHa cojepxanace. O0BeMHAA 6AQNCHOCMb — OTHOIIE-
Hue o6beMa BOMbl, CopeprKauielics B nopoje, K o6reMy BceH mo-
poapl. Omuocumeavbras 8AGNHOCHb — OTHCILEHHE ofbeMa BOJIb,
maxojseiica B nopoxe, K o6veMy nop 3tofl nopoast. [loanas
8AQJCHOCMb — OTHOILEHHE MacChl BOALI, Haxojswefica B obbe-
M€ BCEX NOp MNOpoABl, K Macce ckenaera nopoasl. Abcoarom-
Hasl BAQXCHOCMb — Macca BOpl B €JHHHIE OOLEMA MOPOIbI.
Ecmecmeennan 8aascHocmb — KOMAYECTBO BOJBI, HaxopAuleHcs
B NOpPOZa%X B YCJOBHAX HX €CTECTBEHHOro sajeranusi. [lpueeden-
HAA 8AQNCHOCMb — OTHOMmIeHHe o0BeMa BOjwl K OOBEMY CKeseTa
noposl. CooTHoIIEHHEe MeXay OOLEMHOH H BeCOBOH BJIAXKHOCTSAMH
BeIpa)kaeTcs opMysol

W, = Wi 103 (1.3

rie W, — o6beMHas BJA2XKHOCTb; W, — BECOBas BJIAXKHOCTD;
8 — mrorHOCTE CYyxOH mOpOAH.

OtnocuTesbH2A  BJA2XKHOCTb OlleHUBaeTcs KoadguuuenTom
HaChIIEHHA

Ky = -°, (1.4)

rie W, — ofbeMHas BJAaXKHOCTL TOPOA; # — KO3QQHIIHEHT 06
mefl TOpPHUCTOCTH.

PasHocTh Mek1y MOJHOH H €CTECTBEHHOH BJIAXKHOCTSAMH Ha-
ShIBaeTcs depuyumom 8000Hacbiuenuss nopodsl. B NMOYBOBELEHHH
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HOJL3YIOTC NOHATHAMH: BJQKHOCTL 3aBfJaHHsi, NPORYKTHBHASA
BJA2XHOCTb, BJAXHOCTh, P2BHast HaWMeHbuiel (moJjesoj) BJAaro-
€MKOCTH, KPHUTHUECKaA BAAKHOCThL, ONTUMAaJNbLHAS BJAAXKHOCTD.

Baascrnocmy  3a6s0arus ONpeNeNsieTcsl TaKuM  KOJHUECTBOM
BOJibI B [TOYBE, IPH KOTOPOM PACTEHUE He o6ecneyuBaeT CBOW MOT-
pe6HOCTL B BOJE, YTO NPHBOAHT K €0 3aBsijaHuio. [1podykmus-
Has 8AQICHOCHD — 3TO KOJMYECTBO BOALI B IOYBE B mpejenax OT
BIXXHOCTH 3aBAJAHHA A0 BJAXKHOCTH, DaBHOH HauMmenbined (Mo-
JIEBOH) B/IarOEMKOCTH, KOTOPOE MOXKET YCBaHBAaThCSi PAaCTEHHSMH.
BenuuHHa IPOILYKTHBHON BJ2XKHOCTH MOXET OniTh BLIYHCJAEHA MO
gopmyae

B3
118 = (1 — B2 100, (1.5)

rae [IB — npoiyKTHBHAs BaaxHOCTL, % oT HB; B3 — Bnaxk-
HOCTL 3aBAnaHusA; HB — BJ2XKHOCTL, paBHas HauMeEHblieH (Io-
JICBOII) BJAroeMKoCTH. Kpumuueckas 640 HOCMb XapakTepH-
8yeTcs KOJIHYECTBOM BOJIb B I[I04YBE, IIPH KOTOPOM YMEHbLLIaeTcs
CTENeHbL YCBOGHHS BJIaT'H PaCTEHHSIMH, YTO NPHBOILHT K 3aMejJe-
HUIO HX poCTa. KpurWueckas BJaxKHOCTh HAXOILHUTCS B CleLyio-
IIeH OPHEHTHPOBOYHOH 3aBHCHMOCTH OT BEJHYHHLI NPOAYKTHB-
HOH BJIaXKHOCTH:

IMponyxTHBHA A BAaXKHOCTh, % or HB 60—65 556—60 50—56 45—50 40—45
K putuueckas BaaxHocth, % or HB 55—60 60—65 66—70 70—75 75—80

Onmumasbras 64a#HOCHG -—— TO KOJAHYECTBO BOJLI B IIOYBE
B Ipefenax OT KPHUTHYECKOH BJIAKHOCTH JI0 BJIaKHOCTH, DaBHOH
HauMeHbIe# (NoJNEBOH) BI2arOEMKOCTH, IIPH KOTODOM YCTaHaBJH-
BaeTCA G/1aroNpHUATHOE COOTHOIIEHHE MEXAY COAEPIKAHHEM BOIbI
¥ BO3/yXa B NOPOBOM [POCTPAHCTBE.

B wmennopaTHBHOHA THIPOXMMHH HCIOJbL3YIOTCA TaKHe MOHA-
THS, KaK BJ2)KHOCTL COJNEHACKHIIEHHA H BJAAXKHOCTL TOKCHYHOCTH.

Baaoscrocmp cosenacobuyenus XapakTepHU3YeTCsl TaKuM  Ko-
JIMUEeCTBOM BJIaTH B MOYBOTPYHTaX, IPH KOTOPOM JaHHAsA COJIL HJIH
HOH HaYHHAeT BhNajaTh B ocafok. Onpelensercs 1o METOIHKE,
npuBeneHHofl B raase 10. OpueHTHPOBOUHO MOXKET ObITh ONpeje-
JIeHa 1o dopMyae

CH

WCH - C ) + Wr, (1.6)

C

rae Wy — BiaxHocTh coneHachlnieHus; C — oTHOCHTEMbHAs BeCo-
Basi KOHLEHTpauua HoHa B BOLHOH BHITSMKe; C.;— BeCOBas KOH-
[eHTpanusl HOH2 B [OPOBLIX BOJ2X, NPH KOTOPOH OH HayHHael
BBIM2[laTh B OCANO0K; & — MUIOTHOCTh CYXOro mnowsorpyHra; Wr—
TUrpOCKONUYeCKas BJIaKHOCTh NOYBOrPYHTA.
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Baaxcnocms  mokcudHocmy  XapaKkTEPU3YeTCsl  KOJIHYECTBOM
BJard B [OYBOTPYHTAX, NpPH KOTOPOM KOHUEHTPAUMH XHMHue-
CKHX MHIPEJMEHTOB B [IOPOBLIX BOAAX pABHBLI NOPOTaM TOKCHY-
mocti. Ompepensierca no METojHKe, NPHBENEHHOH B Tyase 10.
OpHEHTHPOBOYHO MOXKeT OLITh onpefieieHa 1o dopmy.Jie

CH
WT=C_;+ Wl‘y (17)

rae Wr—BraxHOCTh TOKCHYHOCTH; Cr-—BECOBas KOHUEHTpaLys
XMMHUECKOTO HHIPEJHEHTa, paBHAs [OPOTY TOKCHYHOCTH.

Mopucroctb, [lon MOPHCTOCTLIO MOHUMACTCS 00BEM BCEX MyC-
rot (mop, KaBepH, TPEWMH H Jp.) B TOPHLIX mNopojax. Pasnu-
yaloT OOLIYIO, 3aKPHITYIO, OTKPHLITYIO M AHHAMHYECKYO MOPHCTO-
cru. Obujas nopucmocms — 3T0 CyMMapHbIii 0GBEM BCEX MyCTOT
B MOPOJie HE3aBHCHMO OT HX (HOPMBI, BETHUHHBL M B3AHUMHOIO pac-
MOJIOXKEHHA. 3aKpbumas nopucmocnis — 3T0 00beM 3aMKHYTHIX,
HE HMEIOWHX MEX1y Co60# COOCmIEHHSI [OP; paBHAa pa3HOCTH
Mexay oOmell H OTKPBITOH MOPHCTOCTAMH. OmKkpuimas nopu-
crmocmb — 370 00beM COOOWAWHMXCA MEXIY co60i mop u myc-
T0T. JuHnamudeckas nopucmocmo — o6BeM [Op H NyCTOT, CO-
obualonuxcs Mexay coOoff, B Hpefienax KOTOPHLIX BO3MOXKHO
JIBIPKEHHE KHAKOCTH U raza. KoJH4eCTBEHHO IOPHCTOCThL ONEHHBA-
erca yepes Ko2(PHLUUEHT NOPUCTOCTH. Kodppuyuenm obuwers nopu-
cmocmuy n paBeH OTHOWIEHWIO 06beMa nop Vi, K o6neMy nopomsl
B CYXOM COCTOSIHHH V:

Va 8
n= -, W n=1——-5—c-, (1.8)

rre 8 —mIoTHOCTL MOpOAH; 8 — MJIOTHOCTL cKeJeTa MOPOJML.

Koagpuyuenm npueedennoll nopucmocmu Ny, paBeH OTHOIIe-
o o6sema nop Vy, k o6nemy ckestera noposnl Ve. O6a kosdpdunnen-
Ta cBsizaphkl MeXny cobofi:

flnp:—‘%lﬂll:& (19)

CoOTBETCTBEHHO Kodghchutjuenmor 3akpuimold u omKpuimoil no-
pucmocmeti paBHB OTHOILIEHNSAM O0OBLEMOB OTKPHITBIX WJH 3aKpbI-
THIX NI0P K oObEMY MOPOILI:

V3 l/0
Ny = 37— H flo= . (1.10)

Koagppuyuernm Ounamuneckod nopucmocmuy nHpeiCTaBasAeT Co-
Goit oTHolneHHe o6beMa JBHKYHIEHCA KHIKOCTH WJH rasa B 1o«
pole K o6BbeMy MopOojbi:

4
nnz_vﬂ‘- (1.11)



B rugporeosoru [puUMEHSIETCS [(IOHATUE aKMUBHOE NOpU-
cmocmu, KOTOpas PaBHA DA3HOCTH MeXAY ofluefi mopUCTOCTbIO,
3aKPHITOA MOPHUCTOCTBIO M 00BEMOM CBA3aHHOM BoAnl. [TopHCTOCTb
BbIpaxaercs B J0JAR8X €AHMHHLBI HJAH NPOLEHTaXx.

§ 2. ®u3uuecKkme CBOHCTBA PacTBOPOB
Hanbonee pacnpocTpaHeHHbiX B NPHPOAHLIX BOAax conel

Haubonee uacto B npakTHKe MeNTHOPATHBHOM THAPOXHUMHH
HCIIONbL3YIOTCA Takue (Pu3uYecKne CBOHCTBA pacTBOPOB, Kak MaoT-
HOCTb, BSI3KOCTb H MOBEPXHOCTHOE HATSIXKEHHE, HX 3aBHCHMOCTb
OT KOHLEHTpAUUd H Temiepartyp.

MaotHocTs pacTBOopoB., OmpenensieTcss Maccoi pacTeopa B efu-
Hune obwpeMa. ITnoTHOCTH PacTBOPOB cosiell 3aBHCHUT OT TeMMepa-
TYPEI H KOHNEeHTpauuu pacTteopa (rabs. 1). s onpenesenus
MJIOTHOCTH PACTBOPA, COCTORIIErO U3 HECKOJNbKHX COJEH, HCTOJb-
8YIOTCS CJeAYIOLHE YpPaBHEHHS!:

Y
6= C1/81 + Cy/8s - C3/85 + + -+ - C;/6; ? (112)

rae 2C; — cyMMa OTHOCHTENbHBIX BECOBBIX KOHUEHTpauuil cones,
npucyTCTByIouuX B pactsope; Cy, Cy, Cs, ..., C; — OTHOCHTE/b
HbI€ BECOBLIE KOHNIEHTPAUMH OTAENbHLIX coel; 8y, 8,, 85, ..., 8,—
TJIOTHOCTH PacTBOPOB OTAEGAbHBLIX COJIEH MPH KOHUEHTPALUH KaxK-
IoH, paBHOH XC;

8§ = C16, + Cybs Csds Czﬁz 201313

Yo Yoo Xa Yo ¥

rje o6osHaueHusi T€ ke, 4T0 B ypaBHeHuH (1.12), HO KonueHrtpa-
MK COJIEH BHIpAMKEHBI B BECOBOH hopme.

B cayuae Hanuuua cnabopaCTBOPUMBIX cOMeH, MR KOTOPBIX
OTCYTCTBYIOT JaHHele 06 M3MEHEHHM IVIOTHOCTH HX pacTBOpPOB
C U3MEHeHHeM KOHLUEHTpauMH, Aas onpeneseHus CyMMapHo# IIoT-
HOCTH pacTBopa cjeiyeT HCMOMb30BaTh ypaBHEHHE

-+

+ - , (1.13)

,  C—C/8, M4 18,016n
8= 8 o - MO (1.14)

rze 8 — mnornocTb pacTBopa, paccuuTanHas Ge3 yuera cnao-
pacTBopumbIx conefl; C — BecoBas KoHueHtpauus caabopact-
BOPHMOTQ 3/eKTponuta; M — monekynsipHas Macca cnabopacTso-
PUMOr0 3JEKTPONUTa; & — MIOTHOCThL KPUCTAMNOTHApaTa ciabo-
pPacTBOPHMOrO 3JEKTPOJHTA; /1 — YHCJAO0 MOJEH KPHCTaNTIHYECKOH
BOJIHI HA | Moab 3jeKkTposnuTa (HanpuMmep, A KpHCTaJJOTHI-
para NaCl - 2H,0 Bennuuna n paBHa 2).
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TourOCTs pacueTa MJIOTHOCTH IO CPABHEHHIO C SKCIEPHMEH-
TaNbHLIMH JauHbIMH cocTaBasieT |—2 kr/md.

Baskocth, s nepemenieHus ABYX NapanjebHLIX CJI0€B
KUJIKOCTH TJIOMIANbio S Ha paccTosiHue dx C PasHOCTLIO CKOPO-
crefl dv HeoOXOAMMO NPHJIOKHTL CHJIY

d ‘ .
F=nsdg, {1.15)

rie v — pHHaMHyecKkas BA3KOCTb.
Bennuuna, OﬁpaTﬂaﬂ BA3KOCTH, HA3BIBACTCSA MeKy4ecmbvro:

(1.16)

o = 'I— .
M

B Tabn. 2,3 npuBefeHbl BEJHYHHLI BA3KOCTH YHCTOH BOJIBI
M pacTBOPOB HaHGoJee paCHpPOCTPAHeHHbIX B NPHPOAHLIX BOJAX
coneft.

Ipu uccnenoBaHMM NPHPOAHBIX BOA HCNOJNbL3YeTCS HOHSATHE
OMHOCUMEAbHOL 8A3KOCmU:

n

°=22, (1.17)

riae M, — AMHAMHYecKas BS3KOCTb PacTBOpa; 1), — AHHAMHYECKaR
BSI3KOCTB YHCTOH BOJHI.

IMosepxtHocTHoe HaTskeHHe, Bo3HHKAeT B pe3ysbTaTe YMeHb-
HMICHUS TJIOMIANH TOBEPXHOCTH MKHIKOCTH, MOJIEKYJbl KOTODPOH
o6/1ajaloT NOBbInIeHHOH SHepruefl. Yaenpnas cBoOOxHAs no-
BePXHOCTHAs 3HEPrHsl ¢ paBHa pabore, HeoOXOxMMOH IIst yBe-
JHYEeHUs TJIOHaAH noBepxuoctd S Ha 1 m™:

dF
=% (1.18)

Takum 06pasom, noBepXHOCTHOE HATSKEHHE, YHCJEHHO paB-
HOe BeJIHUHHE O, 3TO CHJId, C KOTOPOH CTPEMHTCH K CXKAaTHI pac-
NOJIOXKEHHAS HA MNOBEPXHOCTH MOJNOCKA MNKHAKOCTH LIHPHHOH
B .l M

o — e (1.19)

rle r— pajuyc Kanuaaapa; 8 — mmoTHOCTb MKHAKOCTH; h —
BBICOTA NMOMHATHS KHAKOCTH B Kanuinape; g — yCKOPEHHE CHIILL
TSIKECTH.

B Tabn. 4,5 npuBeneHb BENUYuHBl NOBEPXHOCTHOIO HATSKe-
Husl 4UCTOM BOABI M PaCTBOPOB HanGoJee PpacnpoCTPaHEHHBIX
B NPHUPOAHBIX BOAAX COJeH.

11



4

1. NnorHocrs pacrsopoB coneli, HanGolee pacupocTpaHeRHWX B NPHPOIHMX BOAX, Kr/m3

Temmnepa - OTHOCHTe/ILHAA BECOBaY KOHUEHTPalus DacTBopa, %
Coup TYPA, "

72573 1}213’4]5}s$7$8}9}10115}20}25;30140}50

CaCl, 20 1007 | 1015} — |1032} — |1049] — | — | — | 1083|1135 1177|1228 1282|1396 —
Ca (NOg), 18 — |04} — |1099] — |1045] — | — | — |1077]1125] 1164|1211 | 12591366 —
MgS0, 15 1009 {1019} — {1039] — 1059 — | — | — j1102fitesj1221| — | — | — | —
20 — (1019 — |1039| — [1060| — | — | — |1103]1166]1220) — | — | — | —

MgCly 20 —_— s — | -~ - = = - =] = fn7e] — | -1 -1 =
30 — w012 — | - =] = = -] - - =jun| - =1 -1 =

Mg (NOy), 18 1006 | 1014 — |1030| — |1046| — [i062| — lio79] — |1172] — [1278] — | 1538
25C0; 14 — = = =] =] =] =] =] = =1 = ]1209] — li3e7] — | —
20 - 11020] — | — | — | — ] — | — 1 —~ jroafuiee] — | — | — 1 — | —

NaHCO, 18 1006 | 1613 {1021} 1028|1035 104311050} 1058} — | — | — | — | — | — | — | —
Na,S0, 10 1009 | 10181 — 110371 — 11056 — {1075) — | — | — | — | — | — | — ] —
20 1008 [ 1016 — (1035 — {1053 — liwg72} — {109t} — | — | — | — | = | —

95 1006 | 1015] — |1033] — |1051] — |1070] — 11089} — |1189] — | — | — | —

NaCl 15 1007 [ 1014] — [1029} — |1044} — {1059 — |1074| — l1152| — | — | — | —
20 1005 | 1012} — {1097 — |1041] — [1056] — J1071| — |1148| — | — | — | —

K,COy 0 1009 (1019 — | — | — ] —~ | — | — | ~— |1096] — |1198] — | — |1424] 1552
10 1009|1018y — | — | — 1 — | — | — | — j1094] — |1194| —- | — ]1419| 1546

25 1006 (1015 — | — | — | — | — | — | — |1089] — |1188] — | — [1411] 1537

KCl 0 1007 {1013 — | — | =0 | — ] — | — |88} — {nao} — | | —1 —
10 1006 f1018] — | — | — | — { — | — | — |66 — [1137] — | — | — | —

25 100341010 — § —§ — — | — | —1 —J1o62{ — {1131 — { — | — { —

K350, 20 1006 | 1014 {1022 { 1031} 1039] 104711056 { 10641073/ 1081 — { — | — | — | — { —

[Tpumevanne: npu cocrasiaenun tabaunm 1—5, 8—12, 19, 20 ucnoabsoBanmcs AanHbie CnpaBOuHHKA XuMuka (1965),
Kparkoro cnpapourHka (U3HKO-XWMHueCKHX seqdusH (1974), CHpaBouHHKA SKCHEPHMEHTAJbHBX JAHHBIX NO PACTBOPHMOCTH
MHOPOKOMIOHEHTHBIX BOAHO-cONeBLX cHeTem (1975), CnpaBouHaKa 1o CBOACTBAaM, METOJAM aHA/JW3Aa M OYHCTKH BONLI {1980).
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2. Bsasxocrs 4mcrofi somm, 1073 m . ¢/M2

TeTMrEpzafaypa 0 10 20 l 30 l 40 50 ' 60 70 80 90 160

1 1,792} 1,308 1,005 I 0,801 l 0,656 0,549 ‘ 0,469 0,406 0,356 0,316 0,284

3. Beanvunnt BA3KOCTH PAcTBOPOB HaHGOJee pacHPOCTPAHEHHHX B HPHPORHHX BogaX cotefl, 10~% B . ¢/m?

Temneparypa, T ~ 273
0 | 10 | 20 | a0 40
Conp OrHocHTesNbHAs BecOBas KOHUGHTPAlMs pacTeopa, %

5 0 | 20 5 | w0 2w | s J ] w5 | w] o |s 10 | 20
NaCi 1,862 | 2,030 | 2,676 1,388 | 1,524 ] 1,966| 1,085| 1,190| 1,535 0,878 0,962 1,238| - - —
KCl 1,70 1,63 — 1,27 1,25 11,28 10,99 {09 | 1,02 | 0,80 | 0,81 |0,85 — — —
CaCl, 1,92 2,17 3,14 1,41 1,58 | 232 | 1,10 | 1,27 | 1,89 — —_ — —_ — —
MgCl, 2,19 | 2,84 518 1,68 {200 }373 | 1,18 | 1,60 | 2,74 — —_ — — — e
Nay,SO, - — — — —_ -— 1 L19 11,40 {225 {094 | 1,11 } 1,72 | 0,77 1 0,91 ] 1,38
MgSQ, — — — —_ — — | L33 | 1,86 | 4,10 | 1,05 | 1,45 | 3,1 0,84 | 1,16 | 2,40
NayCOg —_ -— — — — — 11,29 1 1,74 14,02 11,03 | 1,38 1291 | 0,821 1,10 | 226




4. NMoBepXHOCTHOE HATAKEHHE 4YHCTOA BoOAM, 1073 #/M

Temneparypa,
T—273

0 10 20 | 30 10 50 60 70 80 90 100

c ’ 75,62 174,20

72,75‘7 1, 15,69,55 67,90166,17 64,41,62,60 60,74158,84

5. TMoBepXHOCTHOE HATSIKEHHE PACTBOPOB HamGoJdee PACHPOCTPAHEHHBIX
B OPHPOAHMX BOAAX coded, 1073 u/m

Temnepa- OTHOCHTEJILHAR BECcOBay KOHLEHTpauus pacTeopa, Y%
Coab Typa, T

o3 | 0 | s | o | 5 | 20 | 50 |omax
CaCl, 30 71,12 (72,80 | 74,80 | 77,00 | 79,20 — 186,40
Ca (NOy), 20 |72,53 (73,35 (7432|7532 | — | — | =~
K,COq 20 72,75 |74,90 | 75,10 | — |78,60 [1038 | —
KCl1 18 72,41 (73,60 | 74,75 | — (77,25 | — —
K80, 18 72,72 (73,70 | 74,80 | 75,75 —_ — —
MgCl, 30 71,12 173,00 174,05 177,10 179,30 — 180,15
MgSO, 18 |7251 | — |74.40|7590 [7750 | — |7861
Mg (NOg), 20 72,53 [ 73,50 {7460 | — | — 7520
NaCl 18 72,41 | 73,95 | 75,65 — — — 176,93
NaNQg 30 71,12 [ 71,90 | 72,80 | 73,70 | 74,70 | 82,60 —_—
NayS0, 18 72,47 1 73,80 | 75,15 - — — -—

Cnucok Nnuvtepartrypm

Teosoruueckuit cioBaps. M.: Heapa, 1978. T. 1, 486 c.; T. 2, 456¢.
Kyabcxnii JI. A u pp. CnpaBouHMK N0 cBOACTBAaM, METOJAaM ana-
au3a ¥ oyHCTKH Boasl. K.: Haykosa aymka, 1980, T. 1, 680 <.
Cnpasouynoe PYKOBOACTBO ruiAporeociora.Jl.: Hexpa, 1967. T. 1,592 c.
Xumus. CnpasoyHoe pykoBoacteo. [lep. ¢ meM. JI.: Xumusn, 1975.574 c. !
CnpaBounuk xuMuka. M.; JI.: Xumusa, 1965. T. 3, 1006 c.

FT'nasa 2
BOAHO-OU3UUECKUE NPOLLECCH B NOYBOIPYHTAX

B ¢opMHpOBaHHH HOHHO-COMEBOrO COCTaBa HPPHIALHOBHO-
TPYHTOBBIX M OPOBHIX BOf, a TaKke TBepAOH daswl coJiell B nosBo-
TpyHTaX, HapsAy ¢ OH3UKO-XHMHYECKHMH [MpPOUECCaMu, CYIIECT-
BEHHYIO POJIb UIPalOT TAKHE BOAHO-QU3HYECKHE MPOUECCH, Kak
HCTIapeHne, TPaHCMHPAaUus, KanuISPHOE H KOHBEKTHBHOE mnepe-
MenleHHe pacTBOPOB.

§ 1. Ucnapenne

Hcnaperue — 370 npouecc nepexoja BeIECTBA U3 KUILKOTO
MM TBEPJIOTO COCTOSIHUS B rasoobpasnoe (map). Mcnapenue ¢ no-
BEPXHOCTH CYMIN 3aBUCHT OT TEMMEPATYPHl H BJAAXWHOCTH BO3LYXa
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g HCOapsolllell NOBePXHOCTH, AaBJEHHS, CKOPOCTH BeTpa Haj uC-
napsiolied NOBEPXHOCTbIO, CTPOEHMS [MOPOX 30HB  a3panHH
H MNO4YB, XapakTepa DACTHUTENBLHOCTH, SKCMNO3HIHMH HCMAap Srolled
NOBEPXHOCTH, IyOHHEI 3a/leraHHsi TPYHTOBLIX BOZ H APYyrux ¢ak-
TopoB. OOLIYHO BeNMHUHMHA HCMAPEHHs OMNPEREJIAETCS BECOBLIM Me-
TOAOM C MOMOIbIO MOYBEHHBIX H THAPABJAMYECKHX HCHApUTENeH
(n1u3uMeTpOB), a Takke no gopmyJiam, SMIHPHYECKHM rpadukam,
METO[aMH TeIVIOBOr0 H BoAHOro Gananca u zp. Hax Bogmo# mno-
BEPXHOCTLIO HCNApeHHe ONPeNeIserTcs C MOMOLUBIO 3MIHpHYE-
cKUX (OpMyJI, MONYyYEHHBLIX MpH MCMONL30BaHHU 3aKoHa [anb-

TOHA:
7,63 (T—273)

dy=E,—e; E,=61-10 73
e=Ey—A(T—T"HP, 2.0

Kd,S
== P N

rae Q — KOJHY4ECTBO HCMapHBLIEHCS BOABI ¢ KaKOH-JHOO MOBepX-
HOCTH B eIMHHDY BpeMeHH; K — KO3(GIHIHEHT HpOonopLHOHaNbHO-
cTH; dp — feuuHUT BIAXKHOCTH BO3AyXa; P — at™MoctepHoe naBie-
Hee, S — MJomaAb Henapsiomesd NoBepxHocTH; £, — ynpyrocTb
HACHIAMOWEr0 Napa HpH JaHHOH TeMmepaType; e — YnpyrocThb
BOJSHOI0 Napa mpu Toil XKe TeMnepatype; T — TeMmnepaTypa Haj
MOBEpXHOCTLIO ucmapeHusi; A — KospdunueHr, yuuThBaomui
ckopoctb BeTpa; T’ — moOKasaHHe TeMmepaTyphi CMOUEHHOIQ Tep-
MoMeTpa; £y — ynpyroctb HachUIAOUIero napa Npu TeMmneparype
CMOYEHHOTO 1epMoMeTpa.

[TorenuuanbHo BO3MOMKHOE HCIApeHHe ¢ BOAHOH MOBEPXHOCTH
B JAHHBIX YCJIOBHSX HAasblBAeTCH ucrapsesmocmero. PacuerHast
BEJIHYHHA HCMApPAEMOCTH HAal [OBEPXHOCTbIO CyLid HeoGXoZHMa
Jsi BbIBOJA SMITHPHYeCKHUX (OPMYN H IOCTPOEHHS TPacHKOB,
C MOMOUIBIO KOTOPBLIX MOXKHO BHYHUCAUTL BeAHYHHLl HCMApeHHs
C MOBEPXHOCTH 3eMJU 3a cdeT MOYBEHHOH BJarH, TPYHTOBBLIX BOX
H T.1, BenuduHbl HCMapsieMOCTH 4MCNEHHO Bcerfa Gonblue HCna-
peHus.

[Tpn OTCYTCTBHH y4acCTKOB CO CBOGOAHOH MOBEPXHOCThLIO BOAHL
BeIHYMHBl uCMapeHus (GOPMHUPYIOTCS 33 cyeT HCMAPEeHHs [10Y-
BEHHOH BJIarW Y TPYHTOBLIX BoA. Mcmapenue rpyHTOBBIX BOX OCy-
lecTBasiercs MpH UX OMM3KOM 3aleraHuu, Koraa rayGHHbl ypOB:
HS KanuuispHO# KaiiMbl (VKK) unu ypoBHsS TPYHTOBLIX BOJ
(¥I'B) paBHbl uiM MeHblie TJYOUHBI, NPU KOTOPHIX BO3HHKAIOT
Npoueccsl BHYTPUrPYHTOBOTO HCrapeHusi H TpaHcnupauuu. Mak-
CHMaNbHbIX BeJHYUH HCNAPEHHE TPYHTOBLIX BOJ JOCTHI'@eT B TeX
clyuasX, Koraa sHadeHus Y1 B npubamxkaiorcs x Hymawo. Hcena-
peHHe TPYHTOBBLIX BOJ OMNpejetseTcsi H3 caeaywinero 6ananco-
BOrQ0 ypaBHEHHUS:

Urp = Unen = Uarm + Ve, (2.2)
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800,
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Puc. 1. 3aBHCHMOCTb MHTEHCHBHOCTH HCHapeHHS TpYHTOBBIX BOA OT FJy-

GHMHBI 3ajeraHHs WX YpOBHA:

a — no_ AanHeiM Muabdopackofl ombiTuofi  Cramuun (Kaandopuun), 6 — no JAaHHBIM

M. M. KpbisoBa, 1959; ¢ — no aauneiM B. A. Kosasi, 1946 u Talsma, 1963 (7 ~ Hugep-

nangw, 2 — Bapa6unckan crenb (CCCP); 3 — Kanudopuna (CILIA), 4 - Byxapa (CCCP),
5 — I'osopnan crenb (CCCP).

TAe Urp — CKOPOCTb HMCNAPEHHS TPYHTOBBIX BOJ; Uucn — CKOPOCTH
HCMAPEHUA ¢ MOBEPXHOCTH CYIIH; Uy —— CKOPOCTB MOCTYNJEHHS
BOJBE C OCAJKaMH; Ucr— CKOPOCTh PACXOA0BaHHA BOABLI C MOBEpX-
HOCTHBIM H TOJ3EMHBIM CTOKOM.

BennuuHB pacxojOBaHHA IPYHTOBBIX BOL Ha HCIapeHHE pac-
CYUTHIBAIOTCS € MOMOLLLIO SMIUPUIECKHX GOPMYJI, OMHCHBAOUIMX
3aBHCHMOCTH MEXIy HCMapAeMOCTbio, HCHapeHueM H riyGHHOM
3a/J€raHus PYHTOBBIX BOA HJIH HX KanHAAPHOH KalMBL:

¢ n g h
' h - ~%h
v='ao(\l—};); v=ue %; u=uyge x (2.3)
rfle U — CKOpPOCTb HCMApeHHsl; Uy — CKOPOCTh HCHApsieMOCTH;
4 — rayOnHA 3aMeraHds TPYHTOBHIX POX; K, — KpHTHUeCKas
ray6HHa HCRapeHHst FPYHTOBHX BOJ; 71, @ —— SMIHPHYECKHE KO-
3dbunueHT; Ay — MOIIHOCTE KANMHJISPHON KafiMBl T'DYHTOBBHIX
BOJ. 3aBHCHMOCTDb MexJly HHTEHCHBHOCTBIO HCIAPEHHSI PYHTOBBIX
BOA M I'TyGHHOH 3a/leraHHst HX yPOBHS OLEHHBAETCS C MOMOIILIO
rpagukoB (puc. 1) u tabaun. B ciydae, ecnu rpyHTOBHE BOAHI
3a7eraioT IryBOKO OT NOBEDXHOCTH 3€MJH, BeNHYHHA HCMApeHH:
(OpMHpPYeTCst B OCHOBHOM 3a CYET MOYBEHHOH BJarH:

Un = Uarm — Uer. (24)
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Vcnapenue BOApI H3 MOYBbI B OCHOBHOM OCYIIECTBJIS€TCS C €€
MOBEPXHOCTH, ONHAKO B CJyyae, €CH BJIAXKHOCTh [OYBHI MEHbIIIE
MaKCHMaJbHOH THTPOCKONHYHOH, NPOHCXOMHT BHYTPHNOYBEHHOE
WCrapeHue, CKOpoCTb KOTOpOrO 3HAaUHTEJIbHO MEHbLLE.

§ 2. Tpancnupauus

Tpaucnupayus — 310 NPOLECC UCTAPEHHS BOAbI XKHBbIMH pac-
TeHHAMH. MIHTeHCHBHOCTE TpaHCHHpanHu 3aBHCHT OT BHAA pacTe-
HHUS, JEPHUIUTA BMAKHOCTH BO31yXa, €ro TeMnepaTyphl, CKOpOCTH
BETpa, BJIAXHOCTH H TeMNepaTypbl MOYBLI, 3KCMO3HIHH, TJ1yGHHBI
3ajleTaHHsl TPYHTOBBIX BOA W Jp. Bennunna TpaHchHpanuu ole-
HUBACTCR  MPAHCRUPAYUOHHBIM KOSPHUYUEH TOM — KOJHYECTBOM
KHJIOTPAMMOB BOJbl, HeoOXOAHMbIM AJISI CHHTe3a | Kr Cyxoro opra-
HUYECKOTO BelleCTBa TKaHel pacTeHuil. 3Ta BeJu4KHA KoMeGJaeTcs
or 200 no 500 u Gonee (ans mroUepHb!, Hanpumep, Besnunna Kz
cocraBasier 1000—1600). Cropocme mpancnupayuu MOXHO Ofpe-
JieIMTb 10 yPaBHEHHIO

VK,

U = 5 »

(2.5)
rae Ky — TpancnupauuoHHbIH Kosdduuuent; V — ob6vem obpa-
30BaBIIEACS Ha KaKoH-JMGO IUOMmAid Cyxolt TKaHH pacreHuil;
{ — BpeMsl BereTanuuoOHHOTO NepHOAd; S — IUIOHIAAL TPAHCHH-
pauuu.

BenuuuHa cKopocTH TpaHcnupanuu kosebmaercs ot (2,7 —
4,1) - 10~y xBoiiHbix pacTeHnét no (6,3 — 6,8) - 10~* m/cyr
y TPaB M KyJBbTYPHBIX pacTeHHH. MOIHOCTE 30HBI TPAHCHH PALlHH,
TO €cTb TJIyGHHA, C KOTOPO# pacTeHHs MOTYT HCTOJBL30BaTh I'PYH-
TOBHE H MNOPOBLIE BOALI HA TPAHCHHMPANHIO, H3MEHSETCH OT 2—3
(cBeksia, xJonuaTHUK, JonepHa) 10 20—30 M (xBoiiHble epeBhs);
B CpelHeM B NpefesaX JIECOCTEMH M JIECHOH 30HBI 3Ta BEJHYHHA
cocrapisier 10—12 M. B eCTeCTBEHHBIX YCJOBHSIX TPaHCHHPALHS
coueraeTCsi ¢ npameim (pusudecKum) ucnaperues BOIB U3
nouBwl. CYymMmaproe ucnaperue, WIH 36anompaHcnupayus, 3aBHCHT
KaK OT KJIHMATHYECKHX YCJOBHH, TaK M OT COCTaBa NOYBEHHOrO
MOKPOBA U PACTUTENbHOCTH. OGLIYHO B yMEPEHHBIX NIMPOTax (u-
3uyeckoe ucnapeHue cocrabiaser 40—60 %, ymenbluasch ¢ ce-
Bepa Ha of.

Onenka posin TpaHCMHpPAUWH B CyMMapHOM HCHApeHuH, a cJe-
JIOBaTesIbHO, W B NEpeMellleHUH BJIaTH KanuiJspHolt KaiiMbl 1Js
Hekoropbix pafionoB CCCP naua B taba. 6.

BesnduHa (hu3uuecKoro uchiapeHus AJs NOYBOTPYHTOB B yCJO-
BUSIX BLICOKOMOJHOTHLIX HacaxaeHuin (2 Kr/M® W Gosiee BO3ZymI-
HO-CyxoH Han3eMHOf OpraHHyecKoH MacChl H JJIst CJIOSt HOACTHJ-
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6. Coorsomwenne QH3IHYCCKOTO HCHADeHHd M TPaHCAMPAUUH
3a BererauMonunii nepuon (3. A. CoxonaeHko u ap., 1976)

MecTonoso ke nue KyabTypa chxl:;z(;)zg?gu;?ﬁa?e:;ﬂ
PocroBekast o6, Puc 47—54
loaoxunas crens Pruc 53—56
IlpnazoBoe (Huxuemonckas u | [Twenuna 54—57
JIOHCKasl OPOCHTEJAbHBIE CHCTEMBI)

Ykpanua, ©OF Kykypyaa 4455
CaparoBckas 06.1. Caxapuast cBeKaa 64

Tauigent, cepepHee ropopa Xaonok 48—65
Y 36ekucraH Kaprodeas 46—66

Ku 0,02—0,03 M) MoxeT GuITh Onpefenena No CAEXYIOIHM SMITH-
PHYECKHM 3aBHCHMOCTSM!
a) B ampeJse H OKTsGpe

Hy = Occio -+ 5n10 + 0,1 (Bs.0c. — 3n510); (2.6)
6) B Mae — ceHTsbpe
ch = OC<10 —}— 10n>10 + 0,1 (nfﬁ.oc. - 27’l>10), (27)

rne My — dusuueckoe Hcnapenue, MM; OC.jp— OCafKH, PaBHblE
H MeHee 10 MM, .10 — KOJHUYECTBO jHe#d ¢ ocalkamu GoJee
10 MM; #16.0c. — KONHYECTBO fHElN 6€3 0CagKoB.

§ 3. KanunnspxHoe nogHatne pacTtsopos

Kanuanraproe noonamue pacmeopos 00yCHOBAEHO HAMHYHEM B
TOJILE AOPOJ MENKHX HOp, NYCTOT, TpeujyH, 06Jajlaomnx Kanmi-
AapHbiMH cBoficTBamy. Kamunnsipuble iBJ€HHS CJAyXaT OpHYU-
HOH (OPMUDPOBAHHSI MOPOBLIX BOX B MOpPOJAax 30HLI a3paluH,
B TOM YHCJIE€ KanuasipHOH KaiiMbl UJIH 30HBI TPYHTOBbIX BOX.

Beicoma kanuarapro2o no0ramus, CBS3aHEOTO € CHAAMH MO-
BEPXHOCTHOTO HATSKEHHS BOJbI, 3@BHCHT OT pa3Mepa nop-KamuJ-
JISPOB, MEXaH{Y€CKOro COCTaBa mOpPOJ, OJHOPOAHOCTH H (JOpMEL
0p, yAeAbHOrO Beca, TEMHEpaTyphl, MHHEPANH3aUHH H HOHHO-
coneBoro coctaBa Boa. C yMeHblI€HHeM MHHepalH3allH H TeMMe-
paTy psl I0BEP X HOCTHOE HaTSKEHHE BO3pacTaet, 4To Cioco6CTBy eT
Gosiee BLICOKOMY KamuSpHOMY HOZHSTHIO BOJK, MOBbIIIEHHE
IUVIOTHOCTYW BOAH! AeHCTBYeT B 00paTHOM HanpaBsieHHH. [loBbline-
H¥e TemiiepaTypbl BOjbI CYIIECTBEHHO CHHKAEeT BeTHYHHY HOBEPX-
HOCTHOI'O HaTfiKEeHHS B CBA3H C PE3KHM yMEHbIleHHEM e€ BA3KO-
ctH (cM. Ta6a. 2). Bbicota KanuAnspHOroO NOZHATHS B METpax
paccduThiBaercsa no ¢opmyae

2010~

he=—r5g> (2.8)
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7. llpenenbHbie BHICOTHI KanuaspHore nopa- £10
HATHA NPECHBIX BOK B HEKOTOPHIX MNOPORax . 7
(CnpaBouHoe  PYKOBOJCTBO — THIAPOreoJora, g r
67 S} 2
3 R
K 4} //"' 3
[Topoab 3HayeHHs, M r e
2”// — i
] /-. xM ,
IMecok  KpymHO3EpHH- 0,02—0,035 Yacer 4nu Mecsubi  [odsr
cTeld
Puec, 2. Ob6uas cxeMa Bhl-
ITleC,OK CPEAHESEPANE: 0,12—0,35 COTH M CKOpOCTH KalHJi-
i . JSPHOTO NOJHSTHS BOXEI
[C];srclglcibMenxosepHHcrbm 0’133_:13% B nousax (B. A. KoBza,
CyYraHHOK 3,5—6.5 1973):
I'1uHa 6,5—12,0 ! — cnups;, 2 — fecet, §-—

CYrauHKy; 4 — NECKH B Cynech.

rae Ay — BLICOTA KaNUAAAPHOrO MOXHATHS;, G — IOBEPXHOCT-

Hoe HaTsKeHue, r — 3p¢peKTUBHHA paxuyC Kanuanisapos; 8§ —
TVIOTHOCTh BOJbl; & — YCKODEeHHe CHJBl TAMXKECTH.

IMpu g =981 u 0 =174. 10 u/m dopmyna (2.8) ynpo-

CTHTCS1 CJAeAYIOIUM 06pa3oMm:

0,15 . 10—

=" 2.9

hx rd ( )

B necuaHo-MIMHUCTEIX MOpOAax BHICOTA KaNMJMSAPHOTO MOJ-
HATHS NPHONHKEHHO ompejesieTcss 1o GopMyae

l—n 1072
n D

he = 0,446 (2.10)

Tlle n — KOXPMUIHMEHT MOPUCTOCTH, NOJH eluMHUub;; D — addek-
TUBHBIA NIeACTBYIOUMH fuameTp KamuJJsipoB.

Ilna npakTuyecKux Uelefl BHICOTY KaNMJIAPHOTO MOAHATUS
BOJLI B TIOPOJE 30HLI aspauuy OOHMYHO ONpPEAeNsioT B MOJEBBIX
YCIOBUAX NpH HAOMIOLEHHSAX Haj paclpeieleHHEM BJATH B MO4-
BEHHO-TPYHTOBOM npoduie Bbillie YPOBHA TPYHTOBBIX BOj. BbI-
coTa Kanu/JIAPHOTO MOAHATHA BO3PACTaeT C yBeJHYEHHEM JHC-
nepcHocTy mopoX (rabn. 7, puc. 2).

§ 4. KousextuBHOE NepemeuieHmne

B03M0XKHOCTL NepeMellleHusi pacTBOPEHHLIX BElECTB C JBM-
Kyllefics rPaBHTAUMOHHON BOJOH OCHOBaHA Ha TOM, 4TO IPH ABH-
HKeHHH DAaCTBopa C Ja000H CKOPOCTbIO YaCTHUH PACTBOPEHHOTO
BeIecTBa He TepfOT CBOMX CBf3eH C OKPYKAOUUMH HX MOJEKY-
Jlavu BOJBl. B yClOBHAX MOKOS WM JBMKEHHMs paCTBopa mepe-
Merf{eHne 4acCTHl] PACTBOPEHHOrO BellleCTBa OTHOCHTENbLHO MoOJje-
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KyJ BOABl H CKOPOCTb 3TOrO MepemelieHuss GYAYT onpeiensithca
JIMIIL TeMIepaTypod H AaBAEHHEM Cpejbl.

[Ipu ¢unbTpanuu pacTBOpa B YCJOBHAX YCTAHOBHBIIETOCH
BOJIHO-COJIEBOTO DEXKHM2 B XMMHUECKH HeATpanbHOl oXHOpOAHOH
MOPHCTO# Cpelie NPH JaHHBIX (PH3HUECKHX H (PH3HKO-XUMHUECKUX
ycaoBuax OyaeT CHpaBelsIMBO CAENYIOUIee ypaBHEHHE:

CtsSn = CuySk, @.11)

rae C — KOHUEHTpanus PacTBOPEHHBIX BEIIECTB B PAacTBOpPe B Has
yasie W KOHLE NYyTH (QUIBTPANMH; Uy, Ux — HaualbHas H KOHeu-
Hast ckopocTH (uABTpanuH pacTeopa; Sy, Sk — HaualbHOE W KO-
HEUHO® CeYeHHs (PUBTPANHOHHOIO MNOTOKA.

M3 ypasuenun (2.11) caeayer, uro mMacca BeIeCTBa, HpoILes-
12 B eUHUIly BPEMEHH 4epe3 HauallbHoe ceueHHe (QUAbTPaALHOH-
HOTC NOTOKA, paBHA Macce BELIECTBa, MPOILEAILIEro 3a To ke BpeMs
qepe3 KOHEUHOe ceueHHe. B ectecTBEHHBIX YCJOBHAX (UALTPANKHU
noJ3eMHBIX BoA ypaBHeHue (2.11) He Bcerma crnpaBefauBo BCJel-
CTBHE n3MeHeHHs BeludnHu! C npH (UALTPANHH HOJ BJAHSHHEM
npoueccoB cop6uun (necop6uuu), HOHHOro O6MeHa, PaCTBOPEHHT
(ocapko06pa3oBanns), MoMeKyAsAPHOH muddysuH, ocMoca, NHC-
flePCHH CKOpPOCTeH, MOTepH pacTBopa 3a cuer GWILTPAHKHH B Ha-
NpaBieHUNAX, HOPMANbHBIX MNOTOKY, H T. I

Ha 6o/bIlinHCTBE JeHCTBYIOUIMX OPOCHTENbHBIX MACCHBOB MH-
Hepaln3anus PacTBOPOB B (PUABTPAHOHHOM I[OTOKE 32BHCHT OT
CKOpoCTH (UABTPALLHH, NMPUYEM 3aBHCUMOCTL 3Ta HMEET IunepOo-
JAuueckuil Xxapakrep. 310 CBA3aHO C NMporeccaMd B3auMoefCTBus
BOJ| C MOPONaMH, B KOTOPHIX OHM HUpKyaupywor. [TlosroMy B npak-
THKEe IKCIIyaTaluy OPOCUTENBHBIX CHCTEM B YCAOBHAX HeycCTa-
HOBHBILEToCsi BOAHO-COIEBOrO pexkuMa ypaBHeHue (2.11) Oyrer
crOpaBefIMBO B ClERYOUlEM BHie:

CutsSy = CkSk, (2.12)

rae Cy, Cx—HadaJpHas W KOHEUHas KOHLEHTPanMu pacTBopa.

B pesyapratre macca BemiectBa, NPOXOAAIUEro 4epes KoHed-
HOe ceueHHe (MHNABTPAHHOHHOTO MOTOKAa, GoJlplle WIH MeHbIie HC-
xonno#i. KoHBekTHBHOE nepememieHne codell (QuALTPAHOHHBIM
ITOTOKOM OCYIIECTBASIETCH 3a CYeT BHYTPEHHHX M BHEWIHHX CHIL.
CBoGosiHasi KOHBEKIHs MPOHCXOAHT 3a CUeT TaKHX BHYTPEHHHX
OPHYHH, KaK PasHOCTH TeMnepaTyp M IWIOTHOCTeH pacCTBOpa;
NpHMHYIUTE/AbHAS KOHBEKUHMs HPOHUCXONHUT 3a cueT pasHOcTell Ha-
MOPHBEIX TPa/MENTOB WJH NNACTOBLIX AABJIEHHH.

Ilepemeniensie conefl GuabLTPANHOHHBIM ITOTOKOM NMPOHCXOAHT'
IpH JIBHKEHHH HX BOJHOTO PacTBOpa, KOTOPOE NOAUMHSETCH 3a-
ROHaM THIPOIZMHAMUKH B HX HPHJOCKEHHH K MOpUCTOH cpene.
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B cooTBETCTBHH C OCHOBHHIM 3aKoHoM GuabTpanuu (3akon Japcu)
JBHXEHHE MOJ3EMHBIX BOJ ONHCHIBACTCS CAEAVIOWUM YpaBHEHHEM:

a; AP

Q=—SF'—A—Z, (2.13)
rae Q — duALTPaANHOHHBIA PacXoid Boakl B ennHHLAaX obbeMa 3a
eaHHHUY BpemeHH; S — ceuenue duAbTPanuOHHOrO notoka; Al —
aauna nyTe ¢uabtpannn; AP = SAH — npuBeneHHoe jaBne-
npe (AH — u3aMmenenue Hanopa Ha paccrosinue Al B JuHEHHBIX
efMHHEaX; O — MJAOTHOCTL BOJABL); 1 — BA3KOCTL BOJBL, Qy —

a
KO3pULHEHT NpOHULAeMOCTH. Besnunna ;” Ha3blBaercsa Koagh-

puyuenmon guabmpayuy 1 UMeeT PasMepHOCTb CKOPOCTH.

B tom cnyuae, eciim nepemerenue conefl onpejensercs riae-
HBIM 00pa3oM NponeccoM duibTPanuH pacTBopa, YpaBHEHHE HX
KOHBEKTHBHOIO JBHeHHA B IuddepeHunanbHofl (opMe BBI-
rasauT caexyompM obpasoM:

dc dc dc ac - ..
TRl —i—vyd—y—]-vzgz:vdlvc, (2.14)

raie C — KoHmeHTpanus pacTeopa; !-—BpeMs GuibTpanuy; U,
Uy, U, — MCTHHHAsi CKOPOCTH (PHABTPALHOHHOrO MOTOKa B HalpaB-
JeHusiX X, Yy, 2.

B cayuae ogHoMepHoro aBurkeHusi (mAbTPAHOHHOrO NMOTOKA

dC dC

[IpakTuueckn Beayuiass poJib nepeMemeHnsi codefl (uabTpa-
HUOHHBIM MOTOKOM OTMeuaercs B cleaylowpx caydasx: 1) mpu
,buAbTpaliMK HPPHTalHOHHLIX BOJ B CNaG03aco/ieHHBIX MOPoAax
30HbI a’paumny; 2) NpH HOxbeME YPOBHA HPPHIAMOHHO-TPYHTO-
BLIX BOJ B C/1aG03aCOJIEHHBIX NOPOAax; 3) NpH NepeMeliesny Hppu-
FagHOHHO-TPYHTOBEIX BOA BAOAb NMOTOKAa B YCJIOBHAX XOpOILEro
apenaxa; 4) npu IBHXKEHHH BBICOKOMHHEPa/IH30BaHHBIX HH(HADT-
PAILHOHHBIX ¥ 'PYHTOBBIX BOA; D) NPH ABMKEHHH BOA M0G0l MuHe-
pasu3anBM B XHMHYECKH YHCTBIX KPYITHOAHCHEPCHBIX HOpoAax
(mecku, raneuHHKH, weGeHb, MOHOMHTHBIE TPEIIHHOBATHIE MO-
POABI ® T.1.).
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fnasa 3
OUIUKO-XUMMHUUECKME NPOLLECCHI M UX POJIb
B ®OPMMHUPOBAHMM MOHHO-CONEBOIrO COCTABA
HUPPUI ALLMOHHO-FPYHTOBbIX M I'IOPQBHX BOA

B ycnoBusix oporueHus, 0COGEHHO B NMEPBhbie TOAbi, BeIyLIHME
tdakropamu GOpPMHPOBAHHSI THIAPOXUMHUECKOrO pPEXHMa MOrYT
cTath PU3MKO-XHMHYecKne (akTopsl, a Ha HekoTopuiX (hasax pe-
XKuMa rmpeobajaollluMH CTaHOBRATCS TAKHE OTAENLHBIE NP OHECCH,
KaK pacCTBOpeHue, BHIIEJauHBaHue, KPHCTAMIH3aLHA, HOHHBIH
o0MeH, alcop6uHsi, MOJEKYAsipHasi H KoHBeKTHBHast aubdbysun,
CMellIeHHe H Jp-

§ 1. Pacteopetue

Ion pacmeopenuem noHEMAOT NPOUECC mepexofa MoJexyJl
U HOHOB TBEPABIX, XKHAKHX HJH Ia3o00pa3HbIX BEIECTB B CMEX-
Hylo ¢asy B pe3yabrare TelJIOBOTO ABHKEHHS YaCTHIl pacTBOPAIO-
Herocs BellecTBa u pactBopurensi. BeiecTBo, pacrtBopsitoieecs
B DacTBOpHTeNEe, MOXKeT XHMHUECKH C HHM B3aHMOJIEHCTBOBATb
C BblAEJN€HHEM wuJu norjouienneM sHepruu. [Ipy pacTBOpennu
OJIHOTO BELIeCTB2 B IPYroM §e3 3HAUHTEJBHOrO XHMHUECKOTO
B3auMofieficTBHst TepMuueckHl sdobekt orcyrcTyer. [lpomecc
pacTBopenHss conpoBoXaaercs Anddy3ued, B pesynbrare KOTO-
poil MoneKyanl, nepexosilne u3 onHoil Gaskl B ApyTyo, PaBHO-
MEPHO pacrpenensioTcs: 1o Bcemy o0beMy PacTROPHTENS.

Mepoir pacteopuMOCTH BeiEecTBa B TOM HJH HHOM pacTBoOpH-
TeJe NpH JaHHBIX YCJAOBHAX SIBASIETCs KOHIEHTPanHs ero xacoi-
wienno2o pacrmsopa. PacTBOP CUHTAETCsi HACHUIEHHLIM, €C/H MpH
JaHHBIX YCAOBHSIX OH HaXOAHTCSl B AMHAMHYECKOM pPaBHOBECHH
C PacTBOPSAIOIMMHCA BEIIECTBAMH, TO €CTb M3 TAKOro pacTBopa
B eJMHHNY BPEMEHH BBIAEMSIETCH CTONBKO K€ BeIleCTBa, CKOJbKO
nocrynaer. PacTBOpUMOCTh BhIpaXKaeTcs B OTHOCHTENbHBIX Be-
coBoi- (% ) u o6veMHol (10au eauHnnbl) Gopmax, BeCOBOH (Kr/M®),
MoaapHOR (kMoan/m®), MonsabHoB (kMoab/1000 kr) dopmax,
B KI' HJH MOASIX Ha | KT YHCTOH BOAHI.

Bennunna pacTBOPHMOCTH 3aBHCHT OT MPHPOXBl PacTBoOps-
€MOTO BeluecTBa H PacTBOPUTENA, TeMreparypbl 1 naBienus. Uem
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cnabee CBS3U MeXLY HOHAMH PACTBOPSIONIETOCs BEIIECTBA H CHIb-
Hee B3aWMOJEHACTBHE ero YacCTHL C YaCTHUAMH PaCTBOPHUTENS, TeM
fosblue BelHuHHa pacTBopuMocTH. C MOBBHIIEHHEM TeMOEPATyphl
paCTBOPHMOCTb YBENHUMBAETCA (€CM DPACTBOPEHHE CONpPOBOXK-
faercs IOMJIOUIEHHEM Telna) MAM yMeHbluaercs (ecam  pac-
TBOPEHHUE COHPOBOXKJAETCS BblIeAeHueM Temna). B pesysanTare
pacTBOPHMOCTb TBEP/BIX BEIUECTB C [OBGLILIEHHEM TeMmepaTy-
pbl OOBLIUHO BO3pACTaeT, 4 Tra3oB — CHpKaercs  (raba. 8).
BesquunHbl mepmu4eckozo 3pgexma pacTBOPEHHS HEKOTOPLIX CO-
qeit mpusefen B Tadn. 9. Ecnu pacrBopenne He compoBox-
Jaerca TepMHYeCKHM 3(GheKTOM, pacTBOPHMOCTb BEIIECTB MOBHI-
[IaeTcesi BO BCEX CY4asxX NPH YBEJAMUEHHH TEMOEPATyphl BCIE-
CTBHE YCHJIEHHS TEIVIOBOTO IBHXKEHMS 4aCTHH B BEUIECTBE H Pac-
TBOPHTEJIE.

3aBHCHMOCTb PacCTBOPUMOCTH Ta30B OT [aBJCHHS omnpee-
JAsietcs 3akoHoM ['eHpH, cornacHo KOTOpoMY PacTBOPHMOCTL rasa
OpsMO MPONOPLHOHANLHA €ro JaBJEHWIO HAjJ PAacTBOPOM IpH
NOCTOSIHHOH TeMmIepaType:

C = KP, 3.1)

rae C — KOJIHUECTBO PAacTBOPEHHOro B KUJAKOCTH rasza; P —
AaBjenue rasa Hajg pactBopoM; K — xosbdunuent mponop-
LUHOHAJBHOCTH, PaBHBIA PACTBOPUMOCTH Ta3a [pu JaBJe€HHH
1013 . 10% [1a (3aBucHT OT TeMOepaTypnl, HOpHPOABI ra3a W pac-
tROpuTeas). Cornacuo 3axony [enpu-anproHa, pacTBOpHMOCTh
KaXJI0ro U3 KOMIOHEHTOB CMECH Ta30B B KHAKOCTH MHPOMNOPUHO-
HajlbHa OapuHaJbHOMY [ABJIEHHIO KaXJoro rasa.

PacTBopuMoCTs TBEpPABIX BEUIECTB HPH HOCTOSIHHBIX TeMile-
parype W [aBJeHMH eCTh BEJHUYHHA [OCTOSIHHAs B JAaHHOM pac-
TBOPHTEJIE W ONpeie]sAeTc npoussedenueM  pAcmeopuUMOCiL,
ApeCTaBASIONEM CO0OH NPOU3BEJCHHE MOJMSPHBIX KOHUEHTPanHi
HOROB JIAHHOTO BEIeCTBA B HACHIIEHHOM pacTeope. B cooreer-
CTBHH C 33KOHOM [JeHcTBHS MaccC, pacTBopeHue BemecrBa (AB=
=A 4 B) peryaupyerca KOHCTaHTOH PaBHOBECHS:

[A] [B]
K="55 - (3.2)

[TockonbKy B HacCHIEHHOM PAacTBOPE B HPUCYTCTBHH TBep/oi
¢a3bl koHnenTpanus moaekya AB ecTs BennuMna mocTosiHHAsN, TO

[A] [B] = const = L. (3.3)

[Mocrosinnas L seasiercs GyHxkuuell TeMnepaTyphl U AaBJiEHHS.
Uem menblie Beqinuuna L, TeM MeHee PacTBOPHMO JAaHHOe Belle-
cTBO. IlpaBmio npousselends PacTBOPUMOCTH CHOPABE/JIHEO JHIIb
AJ1s MaJIOpacTROPHUMBIX Belll€CTB; OHO O3BOJISIET PACCUHTaTh KOH-
HEHTPALHIO OHOTO U3 HOHOB MAJIOPACTBOPHUMOH COJH 1O H3BECT-
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8. Ornocurembuan ofbeMHan pacTBOPHMOCTh BO3AYXa H HEKOTOPHX TA30B B BOAE, A0JM eAHHHUM

Temneparypa, T—273
Tas
1] 1{1] 20 25 30 40 50 60 80 100
Boaxyx 0,0288 | 0,0226 0,0187 — 0,0161 0,0142 0,0130 0,0122 — —
CO, 1,713 1,194 0,878 0,759 0,655 0,530 0,436 0,359 e —
04 0,0489 | 0,038 0,031 0,0301 0,0276 0,0237 0,0213 0,0195 0,0177 0,017

HpaMevauue, naplHajpHOe RapjeHde razos pasdo 1013 « 102 ITa.

8. Tensora pacrsopesns cosnedi e sone (U) npu temmeparype 298 K, 108 JXx/kmonb.

Kouneurpauus pacrsopa, Modb Ha 1 kr H,O
Com 0,01 0,1 0,3 0.5 1.0 3 5 10 15 e
CaCl, —82,74 80,93 |-—80,31 [—79,81 | —79,09 — — — — —
NaCl 4,061 4,250 4,250 4,103 3,789 2,659 1,989 e - 1,951
KaS0, 24,49 24,80 24,28 23,59 — — — —_ — 22,80
KCl 17,41 17,56 17,56 17,44 17,29 16,18 —_ — — 15,46
KNG, 35,05 34,79 — e — _— — — —_ -




poll xoHueHTpanmu JApyroro mona. [Ipoussesenust pactBopuMo-
CTH PaCnpoCTPaHEHHHX B NPHPOAHBIX BOAaX Co/MeH NpHUBEleHH
g tab6a. 10.

10, Npou3aseneHHe pacTBOPHMOCTH TPYARHOPACTBOPHMBIX coJef,

KMOJIb /M3

Coums Tewnegr e L —lgL

CaCOy 15 9,9 . 10-¢ 8,01
20 1,2 - 10-8 7,92

CaSQO, 10 6,1 - 10-% 4,21
25 2,4 - 1075 4,62

CaS0Q, - 2H,0 25 L3.10~¢ 3,89
Mg(OH), 20 [,2.10°1 10,92
25 5,5 10-12 11,26

MgCO, 20 2 .10 3,68
MgCO;, - 3H,0 12 2,6 - 1075 4,59
AgCl 25 [,8 . 10-10 9,74
Fe(OH), 25 1,4 - 10-12 11,85
18 4.8 . [0-16 15,32

FeS 25 5. 1018 17,30
BaS0, 25 1,5 . 10~® 8,82
CwOH), 25 2,2 . 1020 19,66
ALOH)g 26 4. 1033 32,40
18 1,9.10-3%8 32,72

Fe(OH), 18 3,8.10-%% 37,42
CuS 25 6. 10-3¢8 37,22
HgS 25 5. 10752 51,30

B cooreerctBru ¢ AndbysuonHO-KHHETHUECKOR Teopumedl pac-
TBOPEHHS, 3TOT IIPOLECC MOKHO BbIPa3UTh CAECAYIOLUHUM YPaBHEHHEM

B e 0 (C—0)S, (3.4)

TAe i — MacCca BeleCTBa, nepelleaulero B pactBop; { — BpeMs
pactBopenusi; a — kodpunuent ckopoctn pacreopenus; Cy —
BeCoBasi KOHUEHTPauHus BELIECTBA B HaChilleHHoM pactBope, C —
BecoBasi KOHIEHTPAUHUA BEILECTBA B pacTBope; S — mioliafb Ho-
BEPXHOCTH PaCTBOpPEHHUA.

Benuunna o, u3mensiomwascs B npupoiHeXx Bogax or 10-°
po 10~*m/c, ompenensiercs u3 BolpaxeHus

1 i 1

Tle agp — Ko3pQHuueHT CKopocTH MexdazoBoro pacTBOpEHHS,
onmpenessieMblii peaknHed B3aMMOJEHCTBHS  pACTBOPSIOLIErOCs
BEMIECTBA C pacTBOpHTENEM; & — Kodpduuuent ckopocta Aud-
bysdoHHOrO pacTROpents, onpeneasieMbiil CKOpocTbio mubby3HH.
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B pesysibrare npouecc PaCTBOPEHHsl JHMHTHPYETCs BeHYHHAMHA
oy H Qp.

Pactsopenne umeer Ouggysuonnbill Xapakrep B ToM Cayyae,
€CAH €ro CKOPOCTh JUMUTHPYETCs] BEIHUHHOH an, TO €CTh Ogp >
> ay. [Ipu 3ToM CKOpOCTb paCcTBOPEHH TBEP Ot a3kl TeM BoMbILe,
ueM BBIIIE epaduenmsl KOHUeHmpayy B pacTBope, 410 ofecrnedH-
BA€TCsi JIOCTATOUHBIM OTTOKOM PAacTBOPA H MOCTYIJIEHHEM HOBBIX
OOpUHI paCTBOPHTENS K MOBEPXHOCTH PaCTBOPAIOLIEracs pellie-
CTBA. 3aBHCHMOCTb BEJHUHHBI 0. OT CKOPOCTH OOMe€Ha PacTBOpH-
TeNIs onpeneasercs mno gopmyne

a == Kun, 3.6)

rae o — Kodp(pUIHeHT CKOpPOCTH pacTBOPeHHs; U — CKOPOCTh
JBHKEHHS PaCTBOPUTENS OTHOCHTENbHO TBeppoil dasel; K , n —
sMOupuyecKue xohpUuuKeHThl, 3aBUCALIME OT NPHPOAbl TBEpJIOH
tdaset ¥ pacTBOpHTENs, TEMNeparyphi, AaBA€HHA H APYTHX ycio-
Buil BHemwHell cpegnl. Ckopocth audpy3HOHHOTO PaCTBOPEHHUSA
33aBUCUT OT BA3KOCTU pacTBOpUTENs U Ko3pduuueHTa MoJjeky-
AApHOH jAudpysuu:

3&:"‘3

eD
il

|

= , (3.7)
rae Dm — KoadduuueHt MonexynapHoH auddy3uH; € — ro-
CTOSIHHAs ANs BceX AU(QDY3HOHHO PacTBOPSAIOUHMXCH CoJell; 1 —
KO3(XpULINEHT KHHEMAaTH4YeCKOH BA3KOCTH.

bonbmuHCTBO Xopowo pacTBOPHMBIX  coJsiell, oGaparoiux
BBICOKOH BeNHYHHOH CKOPOCTH MeX(pasHOro pacTBopeHus (ranaur,
cona, MHUPaOHJIHUT ¥ AP.), XapakKTepusylTCa Nuddy3HOHHBIM TH-
TIOM PaCTBOPEHHS H XOPOLUIO PaCTBOPAIOTCH IIpU MepeMelliHBaHUH
pacTBopa, HE3aBHCHMO o1 ero Temmepatyphl. Ilpu masoM o6weme
pacTBOpUTEAR PAcTBOP OBICTPO HOCTHIdeT CTeHeHH HaChIEHHS,
IpaAMeHT KOHHEHTPALHH OPHOAMKAETCA K HYJNIO H PacTBOpeHHe
TP eKpauaeTcs.

PactBOopenue umeer xuuemuueckuli xapakrtep, Korna ero CKo-
POCTb JTUMHTHPYETCH BEJHUHHOH O, TO €CTh gy & 0. 1lpu 3TOM
CKOPOCTb ABHKEHHS PacTBOPUTENA (CKOPOCTb 06MEHA) CYILECTREH-
HO He BIHsieT Ha CKOPOCTb PaCTBOPEHHSN, TaK Kak Aaxe Opd Ma-
JbIX o0beMax M OonblIuX BennunHax kospdunueHta anpdysnn
pacTBOp HOCTHIdeT CTENEHH HACHLIIEHHS OUEHb MENJIEHHO, BCJE[:-
CTBHE MaJIOi CKOPOCTH Mex(asoBoro pacrsopenusi. [lopbiienue
TEMOeparypbl CHOCOGCTBYET BO3PACTAHHIO BEJHUHHBI Qg, H CKO-
pPOCTh PACTBOPEHHS B 3TOM C/lyuae CYLIECTBEHHO YBeJHYUBaETCH.
KunernueckuM THIOM paCTBOpeHUS XapaKTepuayercs GOJbLIHH-
CTBO Cs1alopacTBOpUMBIX cojefl, Takux Kak CaCOz;, CaSOy,
MgCOq, SiCOq4, Fe (OH), u np.
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B 3aBHCHMOCTH OT THAPOAMHAMHUECKHX YCAOBHE, pacTBo-
peHHe COosiedl, HaXOUAUMXCS B BOAOBMEWAIOWUX NOPOKAX, MOXKET
HOCHTL UYHCTO JUGPY3HOHHBIA, YHCTO KHHETHUECKHH W auddy-
3HOHHO-KHHETHUECKKHH XapaxTep.

Jubby3HoHHLIll XapakTep pacTBOPeHuT NPHCYLUL NOA3EMHBIM
BOJaM 30HBI 3aMeJJIEHHOrO BOAOOOMEHa, Korja nocTynJjieHue pac-
TBOpHTEJS K TBeplod (ha3e 3arpyNHEHQ BCJEJCTBHE HHUTOXHBIX
ckopocTell nBuKeHus Bojbl. IlonoGHHE aBJeHHs HaGAOAAOTCH
¥ B BOJIaX 30HB aKTUBHOIO BOnOCOOMEHA, BMEIAIONHXCH B CJIabo-
MPOHHIIAEMBIX [OPOJax B YCJAOBHAX claboro apeHaxa. B atux
clyuasiX CKOPOCTL PacTBOpeHust HyneT B OCHOBHOM 3aBHCETh OT
ko3(pduunenra nudpy3un PacTBOPEHHBIX YACTHH, CKOPOCTH JBU-
JKEHHS! MOA3EMHBIX BOJ M BS3KOCTH PacTeopa.

KunetHuecku#t u KHHeTHUECKH-IH(PY3HOHHBIH XapaKTep pac-
TBOpEHHS HalJI0/aeTca NPU 3HAYWUTENbLHBIX CKOPOCTAX (puabrpa-
HuH NOA3eMHLIX BOA M NOYBEHHBLIX pPacTBOPOB, KOrAa B nopojax
npeobaasaT cnabopacTBOpUMEE COJM, NPH 3TOM CKOPOCTh pac-
TBOPEHHA NPAKTHUECKH HE 3aBHCHT OT CKOPOCTH ABHXKEHHS BOJbL.

B uenoM ckopocTh pacTBopeHRA CoJel TBeploit (a3l 3aBHCHT
OT COCTaBa MOJ3EMHBIX BOJ, CKODOCTH HX ABUXKEHHHA, CBOHCTB
pacTBOpSIIOIIErQCH T&Ja ¥ Pa3MePOB pacTBOPSIOIIEHCS NoBepX-
HOCTH, JIMTENIbHOCTH KOHTaKTa BOJ C TBepnoH (asoi, (QopMbl
pacTBOpSIOIIUXCH YacTHl TBepiaoi (asel, TeMmepaTypel U BA3-
KOCTH BOJ, HanpabB/leHHsi ABWKEHHSA BOjBl, KHCJIOTHO-IHENQUHOH
M OKHC/IHTENIbHO-BOCCTAHOBHTEALHOH OGCTaHOBKH.

PactBopenne B 3HauuTeNbHOU CTeneHH BJAHSAET Ha HOHHO-CO-
JleBOH COCTaB MOA3EMHBIX BOI B TOM Clydae, €CJM NOUBbI, HOPObl
30HBl a3paid H BOJOBMEUIAIOIKHE [OPOJLl COAEpXKaT 3HAYUTEsb-
HOoe KOJHYeCTBO JIEFKOPACTBOPHUMbBIX COJIEH HAH 1axe coJieBble
nosica # NPOCAOHKH.

PacteBopumocTh cojiefl B NPUPOAHBIX BOAAX CYIUIECTBEHHO 3a-
BUCHT OT TeMnepaTyphl, AaBJeHHs, OPUCYTCTBHS APYTHX coJefi
B pacteope. Hanpumep, pacrsopumocTh cylibtara KaJjbiuus
(runca) B uuctofi Bome B uHTepBane 0—40 °C nosuiraercs or
1,759 kr/m® no 2,110 kr/M®, npu nanbHeillieM NOBBIIIEHHH TeM-
neparypel pacTBOPHMOCTb 3TOH COJTH CHWXKAETCH, COCTaBAAA NpH
100 °C auwb 0,66 kr/m®. PacTBopuMOCThL runca B pacTBopax €o-
Jefl pesKo MNOBLIUAETCA C BO3PaCTaHHEM HX KOHHEHTpauHH, Ha-
npumep, B Boje, coxepxauieii okono 140 kr/M® NaCl, pacrBopu-
MocTb cyabdaTa kadbius cocTaBaseT 7,3 Kr/M®, a B pacTsBope
Mg (NO;), pactBopuMocTb runca pocruraer 15 kr/m®. B pacrso-
pax, nacoiennslx CaCly, pacrBopumocts NaCl cmmxaercs no
4 kr/m®, a CaSO,; — 0 0,4 kr/M®. B uesioM pacTBOPHMOCTbL COMK
NOBHIIAETCA NPH YBEJHUYEHHH B PacTBOpe KOHHEHTPALHUH HOHOB,
Pa3sHOMMEHHBIX C MOHAaMM AaHHOH COMH, ¥ CHHXKAeTCH HPH YBeJIH-
YEHHH B PaCTBOpE KOHNEHTpanui HOHOB, ONHOMMEHHBIX C HOHAMH
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11, BeposTHpe 3HAYEHH® OTHOCHTENbHOM BECOBOH pacTBopHMOCTH (%)
HauGoJee PACTPOCTPAHEHHOA B NOPOBBLIX BOAAX YeTHIPEXKOMAOHEHTHOM
co/eBOH CHCTembl npH Temneparype 298 K

NaCl {Na,50,] MgCl, MgSo, CocTaB TBEpHOI dassl

22,9 6,9 - — NaCl -+ Na,S0,

19,4 3% %4 - »

14,0 | 10, ,9 — NaCl+4-Na,SO, -+ Na,S0O, - MgS0, - 4H,O
74 | 1375] 10,15 — | NaCl + N2,50, e
— | 154 14,65 1,45 | NaCl 4 Na,SO, 4 MgSO, - 7H,0

10,35{ 9,15 9,7 — NaCl - Na,SO, - MgSO, - 4H,0
5,15| 8,6 14,9 — »

— 79 20,5 09 »
— 6,75 20,9 2,0 NaCl + Na,SO, - MgSO, - 4H,0 4+

-+ MgS0, - 7TH,0
- | 11,8 17,55 1,15 NaCl 4+ MgSQ, - TH,0
— 4,2 23,2 2,8 »
— 2,3 25,95 3,3 NaCl 4 MgS0, - 7H,0 + MgS0,-6H,0
— 0.8 29,8 3,3 NaCl + MgS0, - 6H,0 - MgS0,-5H,0
e 0,6 31,1 3,0 NaCl + MgSO, - 5H,0 4+ MgS0,.4H,0
— 0,4 344 1,9 NaCl 4+ MgSO, - 4H,0 - MgCl, - 6H,0

0,3 — 35,5 — NaCl + MgCl, - 6H,0

14,2 | 15,0 —_ — Na,SO, -+ Na,S0, - 10H,0
4,55¢ 223 4,7 — »

— | 25,06 6,2 1,35 Na,SO, + Na,S0y4 - 10H,0 -
+ N32504 v MgSO4 . 4H20

10,3 14,2 5,9 i N32504 + N32804 . MgSO4 - 4H.O
3,751 21,2 6,4 — »

— %?,0 2,8 12”8] NayS0, - 10H,0 +- N2, S04 - MgSO4 - 4H, 0

—_ 9,1 —_ y »

— | 17,1 10,65 5,7 Na,S0, + MgS0, - 7TH,0

— | 18,1 5,4 11,95 »

— | 15,0 - 15,0 »

- | 12,9 — 21,5 Na,SO, - MgSOy - 4H,0 4 MgSO, X
X 7H,0

— | 11,65 49 14,95 To xe

— 10,7 97 9,3 »

— 9,45 15,0 4,55 »

e —_— 26,3 4,8 MgSO,4 - TH,O -+ MgSO, - 6H,0

— —_ 29,8 3,95 MgSQ, - 6H,0 - MgSO, - 5H,O

—_— — 31,6 3,25 MgS0, - 5H,0 -+ MgS0, - 44,0

-— 4,55 34,3 2,25 MgS0, - 4H,0 4 MgCl, - 6H,0

naHyoi conu. B rtaba.
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11 mpuBeaens BeposTHbIE 3HAYEHHUS pac-
TBOPUMOCTH HauGoNee THITMUHOH A5 HPUPOAHBIX HOPOBHIX pac-
TBOPOB UETHIPEXKOMIOHEHTHOH CUCTeMBl.

HauGonee sipko BAHAHKE TeMmepaTypsl CKasbIBaeTca Ha pac-
TBOpEHHU CYJIbaTa HATPUS, KOTOPHIA HpeobiapaeT B Noponax
30Hbl 49pAUMH M [OUYBAX B YCJAOBHSX €CTECTBEHHOTO M BTOpHU-
Horo zacosenusi. Ilpu Temneparype pactBopa menee 283 K — sTo
cpepnepacTBopuMasi CoJib, pacTBOPEHHE KOTOPOH umeeT Ruddy-
3HOHHO-KMHETHUECKUH XapakTep; mnpu Temmeparype pacTsopa 6o-



nee 283 K npouiecc pactBopenus npuxuMaer AuddysHoHHBIA Xa-
pakTep, PACTBOPHMOCTb De3Ko Bo3pacTraeT, NOCTHTas HeCsAThIX
nonefi Kr Ha 1 Kr pacTBopa (tabn. 12).

Hacouuennote pacmeops: npu HaIAYHK TBEPIOH (asbl NpeACTaB-
JASIOT COBOH reTeporeHHple PaBHOBECHBIE CHCTEMBbI € Pa3fIHUHOM
cTereHblo  ycToHumBocTH. [lepecouyenrvie ( memacmabuavroie)
pacmeopot 061analoT HeGOMbIIOH CTeNEeHbIO YCTOHUMBOCTH U Mepe-
XOAT B CTabWJIbHOE COCTOSIHHE B pe3yJ/ibTaTe BecbMa clathiX BO3-
JNEHCTBHH; HaNpuMep, NPH BHECEHHH B TAKOH pacTBop KpHCTania
pacTBOPHUMOTro BEIIECTBA HauuHAaeTCs OypHOe BHINAAEeHHe H3 pac-
TBOpaA TBepAOH daswl. B npuponHeIX BolaX CTeNeHb NpechleHus
OTHENbHLIX COJEH 3RAUHTeNbHO BblIE WX METAacTabHALHOTO Mpe-
ChbUIEHUS B YHCTOH BOJAE, HHBIMH CJOBaMH, PacTBOPHMOCTD H CKO-
pOCTb PACTBOPEHHA CcoNledl B BOAE, COLEPKAIIEH ApyTHE XHMH4YE-
CKHE COeAHHEHHs, Bbllle, YeM B YHCTOH BOAE. DTO CBA3AHO C TEM,
YTO B HOPHPOAHBIX BOAAX HMEIOTCS aHHOHBI K KaTHOHBI, 0Gpa3ylo-
IHEe C KOMIOHEHTaMH PACTBOPSIOMIErOCs BEIIECTBA YCTOMUHBBIE
KOMIUIEKCHbIE CoeAuHenuA. B pesyabrarte, HanmpuMmep, KOHIEHT-
pauus KalbuKs B NPHPOAHOH Boje npu pactBopenun B Hell CaCOs
onpenesisieTCsi HE HaJWuMeM Juilb cBoGoaHnix HoHoe Ca®™,
a CyMMOH MOJIAPHLIX KOHIEHTparHHd HOHOB Ka/JbIH H KalbLus,
3aKOMONEKCOBAHHOTO C aHHOHAMK coJleH, HMEmUXCH B BOLIE:

Yica=[Ca**]+ [CaHCOF] + [CaCOY] --[CaSOY] + [CaCly]. (3.8)

PactsopumocTb cofiell npu 3TOM OpsSiMO  MPOMNOPIIHOHANbHA
KOHCTaHTe YCTOHUHMBOCTH KOMIJIEKCHBIX COeAuHeHuH, obpasye-
MbIX KOMIOHEHTAMH DACTBOPAIOIMXCA B BOLHOM pacTBope Be-
1ecTB. 3anucaB B oOlIEM BHAE PEAKLHIO KOMILIEKCOOGD a30BaHUS

—mk + -
MeA, ™2 Me"" - m A¥", nonyuuM B COOTBETCTBHH C 3aKOHOM
Je#cTBUA Macce:

[Me™ '] [AF g

eag—~ — comst= K, 7=

. (3.9)
rie {Me*"]— Monspuas koHmeHTpamEs LEHTPAIBHOTO WOHA C 3a-
panoM n*; [A¥ ] — MoJIsipHas KOHNEHTPAnus ajieHa ¢ 3apsuoM k-
M — 4HCJI0 aJAEHOB, KOOPAHHUPOBAHHBIX BOKPYT MOHA-KOMILIEKCO-
obpasosatens; |MeAn ™) — Mo/ispHan KOHNEHTpauus KOMILIEKC-
HOTO COEJHHEHHS C CYMMAapHBIM 3apsiioM n — mk; K — KOHCTaHTa

YCTOHUHBOCTH KOMILIEKCHOrO coeAnHenus;, K’ — cooTBeTCTBEHHO
KOHCT4HTA HEeCTOUKOCTH.

Ecnu B pacTBope OnHOBpeMEHHO MPOTEKAIOT peakius o6paso-
BaHusl TBeplod (askl MasopacTBOPHMOrO CO€AMHEHHA Men"
—  MeCP—P
+COT =

u peaxpus o6pa3oBaHUs PACTBOPHMOrO KOMII-

29



0g

12. PacTBopumocTh HauGojee pacnpocTpaHEeHHBIX B NPUPOAHBIX Bojax comeii (b), 103 kr/kr H,0

TeMmneparypa pacTsopenus, T-273

Com 0 10 20 30 40 50 60 80 100
CaCO, 0,081 0,070 o0065| 0052| 0044| 0038 ~— — —
CaS0, - 2H,0 1,76 1,93 2,06 2,12 2,11 1,8 — - 0,66
CaSO, - 0,5H,0 — 9,9 7.9 6,6 5,5 4,7 — 2,6 -
Ca(HCOg), 139 — 143 — 146 — 150 152 155
CaCl, 595 650 745 1000 1155 1320 — 1470 | 1584
Ca(NOy), 1020 1146 1288 1494 1890 2800 - — | 3630
CaHPO, — — 0,2 - 0,38 — 0,18 - 0,25
Ca(OH), 1,76 1,70 1,60 1,48 1,37 1,27 1,14 0,92 0,72
MgSO, 955 304 351 397 447 504 548 548 502
MgCl, 529 538 548 560 580 - 613 658 730
Mg(NO ), 640 701 733 773 812 859 919 101 -
Na,CO, 70 122 218 397 488 473 464 451 447
NaHCO, 69 82 96 1ni 127 — 164 202 243
Na;SO; 45 96 192 408 484 466 453 433 423




NaCl 357 357 359 361 364 368 372 381 304
NaNO, 714 — 829 — 957 — 1123 1355 1600
NaNO, 727 759 876 961 1049 1141 1247 1490 1760
NazPO, 54 — — - 233 — 543 680 946
Na,HPO4 16 39 77 242 551 802 829 924 1041
NaH,PO,4 577 699 852 1064 1382 1586 1793 2073 2484
KyCO; 1070 1092 1100 1137 1169 - 1257 1392 1558
KHCO, 227 279 333 391 456 527 600 — -
K,S0, 72 93 111 130 148 165 182 214 241
KCl 280 312 344 374 403 431 458 — 560
KNO, 2795 —_ 3067 - 3348 — 3494 3760 4090
KNO, 131 212 316 460 639 855 1101 1688 2436
K3PO, 794 881 985 1131 1353 — 1785 — -
K,HPO, 856 1200 1598 1788 2106 — - — —
KH,PO, 148 183 226 280 335 408 501 704 -
KOH 972 1024 1124 1315 1353 - 1475 1625 1793

nlg ﬂﬁb MedgaHue HNepecueT pacTBOPAMOCTH & B DPacTBOPHMOCTb P; BBIDEIKEHHYIO B KT Ha | KT pacrtsOPa, APOH3BOAWTCSH Nic Qopmyne

[#5] S e
= PTiwEe



neKcHOro coepnenns Me™™ 4+ A7T = MeA"—m, 10 coenuHeHUe
MeCr—» B cBOW0O oyepelb, PacTBOPSETCA, BCTYyHas BO B3auMoJel-
CTBHE C ajleHaMH, HAXOASUIHMHCH B pacTBope:

“i‘%l” 4+ A" = MeAn—m 4 G, (3.10)
B cootsercTBHi ¢ 3aKOHOM NeHCTBHS Macc:
K — [MeA™™) (CP} _ _[MeA™™™) (CP7] [Mer'] _
[AmT] fAmT] [Men*]
L pec™P
L yop™—" [MeAn—m], 3.11)

N3 ypasuenus (3.11) ciaeayer, 4ro npousseeHHe pacTBOPHMO-
CTH ManopactBopumMoro coepuHennss MeCr—? B npupoaHBIX BOAAX
ABASIeTCS He TOJBKO (PyHKuMeH TeMnepaTypsl M JABJIEHHS, HO
3aBHCHT OT YCTOAYMBOCTH KOMIWIEKCOB, OOpa3yeMBIX KOMIOOHEH-
TaMH 3TOT0 COSJHHEHHs, B JAHHOM cJydae OT YCTOHYUHBOCTH
KoMIulekca MeAn—m,

CreneHb NpecHILIEHHSA PacTBOPA KOMHUECTBEHHO OLEHHBaeTCs
KOIPHUYUEHIMOM NPECOULCH Ust:

c
Yap = T, (3.12)

rae C — KOHIEHTpalus BellecTBa B NpechinieHHoM pacTBope; Cy—
KOHUEHTPAKsA TOTO K€ BENlecTBa B HAaCHIIEHHOM DacTBOpe.

Jaa KoJaMyecTBEHHOH OLEHKH IPONUECCOB PACTBOPEHHA MIpH
JBIDKEHHH TOA3EMHBIX BOA B 3aCOJIEHHBbIX MOPOAAX HJH NOPOBBIX
pacTBOpPOB B NMOPOAAX 30HBI adpallHH HCHOAb3yeTCs KOAppuyuerm
CKOpocmu. pacmeoperus, KOTOPBIH XapaKTepH3yeT CKOpOCTh pac-
TBopeHus coaelt. KoabhuuueHT CKOPOCTH pacTBOPEHHS 3aBHCHT
OT HPHPOZBI COJMH, COCTAaBa PACTBOPHTENA, TemilepaTyphl, JaBie-,
HUS, CKOPOCTH QUAbTpAuuu pacTBOpa M T.A. Ilpu mpakTudecKuX
pacueTax mepexoi cosnefi u3 TBepioH (asbl B XKUIAKYIO H Haobo-
pOT Hapsixy ¢ ypaBHenneM (3.4) OpHEHTHPOBOYHO BBIYHCISET-
cs U N0 caeAyiouled gopmye:

dN.
—d-tf= a (C—Cy), (3.13)
rie N, — colepxanue cosiell B TBepfoH (ase (KoHIEHTpauus rH-
noreTuyeckoro pacteopa); C, — KOHIEHTpauus couell B Hachl-
ImEHHOM pacTBope; C — KOHUEHTpamus pacTBopa; I — Bpemsa
pacTBOpEHHS; QA —— KOI(DMUILHEHT CKOPOCTH PacTBOPEHHS (IpH
a > 0 conu pacrBopsiorcs, a npH o < 0 BBIIANAIOT B OCANOK
H3 TEepeHACHILIEHHOTO pacTBopa).
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B MpUPOAHBIX YCJOBUSX BEMHUHHA ¢ 3aBHCUT OT KOJHUECTBA
conefl B nOpoJe, NpuyeM B C/IydYae 3HAYUTEJBHOTO HX KOJMYECTBA
CKODOCTb PaCTBOPEHHSI MOXET CTaThb MPONOPIMOHANBHOH KOMH-
yecTBY pacTBopsiolleiics conu:

a=a,V N, (3.14)

[l€ 0t, — KOHCTAaHTA, 3aBUCAIIAS] OT CKOPOCTH (PuaALTpanuH.
BeaunuuHa o ONPENeNsieTcsl JKCHePUMEHTANbHO AN KaXaoh
COIH B 3aBHCHMOCTH OT 3aJAHHBIX BHEIIHUX yCJOBHH (remnepa-
TYpBI, BA3KOCTH BOJBl, COCTaBa BOXHOTO PacTBOPA U T.A.). [ anHbIE-
pEeKUMHBIX HaOMONEHHH 3a MOHHO-COJEBBIM COCTAaBOM TIOPOJ
U IBMKYUIUXCS B HUX BOAHBIX PACTBOPOB TaKKe€ NO3BOJISIOT pac-
CUMTATh BEIMUUHY . B yCIOBUSX, KOTZAZ NPOLECCH pPacTBOPEHHS
HMEIOT CYLIeCTBEHHOE 3HAYEHHe B (pOPMHUPOBAHMM MUHEPANH3a-
IHH pacTBOPOB, KO3D(HIHEHT CKOPOCTH pACTBOpEHHS omnpese-
aAsieTcs cneAyiolwmnM obpasom:
vh
a="t=2r (3.15)

X 4

rle v — CKopocTb (puabTpanuy; X — raybuHa pacueTHOTO CJof
OT NOBEPXHOCTH 3eMJH; [ — Bpemsl pacTBOpEHusi; A — 3MNupH-
yeCKu# Kosdpumuenr.

Besnuuna M onpenensieTcss U3 BEIPAXKEHUA

C,—C

—A
e e —
C,—Cy °

(3.16)

rae C, — UCXOAHAH KOHIEHTPALHUA coMedl B PACUETHOM CJI0€;
C — koHeunasi {pacyeTHas) KoHuenTpamusi codell; C, — KOH-
HEHTpauus conell B BOJAX, NOCTYNAIOUMX H3 COCEAHUX CJIOEB.

B ycnoBuAX BHICOKOH 3aCOMEHHOCTH [IOPOA ¥ MHHEpAIH3ALUH
PacTBOPOB NPH HUYTOXKHO MAJOH CKOpOCTH (uAbTPALMH BOJ, Be-
JAMIYHA U NPAKTUYECKH HE YYUTHIBAETCS, & pacyeTh Kodpduiuen-
Ta PacTBOPEHMS BEAyTCA 1o (opmyse

__ Dgh

a _—
x2

, (3.17)

rae De — koshduiinent kousekTuBHo# auddysun B mopopax.

[Mpumep i. [Ipy npoMLIBKE 3aCOJIEHHHIX JErKOpacTBOPUMBIMH CO-
JSIMH [IOYBOPPYHTOB B TeueHHe 1,5 cyT NMpPH CKOPOCTH QUABTPAaLUUH, paB-
HOH 3 M/cyr, M MHHepaiiM3auUH¥ NpPoMHBOYHOH Boaw C, = 0,3 xr/m3 Ha
IViy6uHEe 2 M OT MOBEPXHOCTH 3¢MJIH KOHIEHTPAIHA cojieli B MOPOJAX H3Me-
HHIach ot 45 Kr/m® o 3 kr/M3. HaiiTH BeauuuHy Ko3bGhHUKEHTa pacTBO-
penus coJsei.
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t. Haftu Benuuuny A no ypaBHeHmo (3.16):
- 45 —

45-03“006

2. Haftn BeqHuHHy o no ypaBHenHio (3.15):

_3.006

5— = 0,09 l/cyt

§ 2. BuiyenauuBaHue

Tlon ebuyesrauusaruer nNOHAMAKXOT [EPEXOA B KUAKYH (asy
OJIHOT'O MJIH HECKOJAbKHX KOMIIOHEHTOB TBEpPJIOrO BELlECTBA IOK
BO3EHCTBUEM BOAHOTO PACTBOPA Ta30B, KHCJOT, INEJOYeH ¥ Apy-
THX BEIIECTB.

B orauyde OT pacTBOpEHHS BHINENAUHBaHHE — 31O Oonee
CJIOXKHBH ¥ 4alle BCcero HeoOpaTHMHIH Ipouecc, OObIYHBIH B MpH-
POAHBIX YCIOBUSX (HampuMep, pas/iOKeHHE HOPOXBI IOA3EMHBIMH
Bonamn). Haubosee pacnpocTpaHennbIMH B NPHUPOAHBIX BOAAX
BHAAMY BbIIUIEJSAYHBAHNS HABISIOTCH YTJIEKHCIOTHOE BHIIIEJAYH-
BaHHE, THAPONHU3, OKuCneHpe. Bce BHIAB BHIENAYHBAHHS CO-
NPOBOXKAAIOTCH XUMHUECKHM B3aRMOREHCTBHEM KOMHOHEHTOB TBEp-
JIOTO BewecTBa € BOJAOH M PAacTBOPEHHLIMHM B Hell paHee Befle-
crBaMyl (TasaMH, KHCJAOTAMH, INEJIOYaMH H Ap.).

Tlpn yesexucaomuom eviyesauuaruy KOMIOHEHTH!, NOCTYHAlo-
Iye H3 TBEPAOrO BEUIECTBA, B3aUMOJEHCTBYIOT ¢ BOROH H pacT-
BOpPEHHBIM B Helt CBOGOZHBIM YIJIEKHCJBIM TasoM. Hanpuwmep,
NpH BHIILEJAYHBAHUH KapOOHATHRIX HOPOA HanbGoJee pacnpocha-
HEeHHl PeaklHH THIIA

CaCO, + CO, + H,0=Ca?* 4 2HCO;3. (3.18)

Tlpu 2udposuse npouCXORUT CBA3BIBAHKE OAHOTO K3 HOHOB BOAB!
HJH 000MX ¢ KOMIOHEHTAaM# TBeproH (asu ¢ ofpasoBanneM Tpya-
HOPACTBOPHUMBIX BewlecTB. Hanpumep, ruaponus cuIKKaToB Ha-

TpUs, cyah(paToB AMIOMHHHS H KeJieaa COIPOBOXKIAAETCS CICAYIO-
HEMH peaKINSME:

9Na,Si0; + H,0->Na,Si,05 + 2NaOH;
)

Al, (SO,), + 6H,0->2A1 (OH), -+ 3H,S0,; (3.19)
¥

Fe, (SO,); + 6H,0->2Fe (OH), -+ 3H,SO,;

!
FeSO, + 2H;0-Fe (OH), + H,S0,.
¥



[Tpy rHApOJHM3E B CHCTEME NPHPOAHBIE BOALI — MOPOABI PO~
HCXONAT 3aMeIIeHHe KaTHOHOB NOPOJBI HA BOZODOAHBIE M HAPOK-
cHJbHBIE HOHBI, O06pasyiomuecss B GOJbIUNX KOJHYECTBAX MPH JAHC
COLIHAINH BOAB! B NMPHCYTCTBUH KHCJIOT:

NaAlSi,0, -+ H,0 + CO,—~HAISi 0, + NaHCOj
4NaAlSi,04 + 6H,0 -+ 4CO,—
~ (OH);Al, Si,0,, + 4NaHCO, + 8SiO,. (3.20)

B cootBetcTBHH ¢ peakuneit (3.19), ckopocmo eudporusa onpe-
JENsieTCs CIeNYIOUHM YpaBHEHHEM:

v = K, [AI*+] [H,00, @21

rje v — CKOpoCTh ruaponusa; 1A*) — monspHas KoHHenTpa-
i aJIOMHHUS B pactBope; Ky — KOHCTAHTA.

IockoapKy KOHLEHTpAIHS MOJEKYJ BOJb BCErJa HAXOAMTCH
B H3OLITKE, €€ MOXHO CUHMTaTh nocTosHHoH. Torna v = K, [AP*],
TO €CTh CKOPOCTh THLPOJH3a NPONOPUHOHANBHA KOHIEHTPaLN#
nopoAoo6pPa3yIoUX KATHOHOB.

[Iput oxucaenun semectBa TBepnoil $aszel B3auMOAEHCTBYIOT
C KHCJIOPOZOM, PacTBOPEHHBIM B BOJe; O0pasyioyecs BellecTsa
HepexofAT B pacTBOP H B 3aBUCHMOCTH OT paCTBOPHMOCTH YIep-
HKHBAIOTCA B HEM HJH BBUIAAAOT B OCAfOK:

4Fe (OH), + O, -+ 2H,0->4Fe (OH)y;

: ¥
9FeS, -+ 70, -+ 2H,0 = 2FeSO, + 2H,S0;;
4FeSO4 + 2H2804 + 02 = 2Fe (804)3 + QHZO;
PbS + 20,=PbSO0,. (3.22)

C yBenuueHuem OOUWIEH KOHUEHTpaUMH Pa3AHYHBIX CcoJsel
B BOJHOM pactTBOpe BO3PACTAET HHTEHCHBHOCTEL MEpPEXOfa B pac-
TBOP HEKOTOPHIX CIabOPaCTBOPHUMEIX COGAMHEHuH (Kaabiud, ao-
JOMHT, THIC H Ap.). CocTaB 10GaBOK B BOJE TaKXKe BIHSET Ha
pacTBOPHMOCTh 3THX BEIIECTB. YCHJECHHE BbIIETAYHBAHUS Bbl-
COKOMHHEpaJU30BAHHEIMH pPAacTBOpaMi OOGYCJIOBJIEHO UX [OBBI-
LIEHHOR HOHHOH CHJIOH.

PactBopuMocThb ctabopacTBOpHMBIX costell, Takux Kak CaCO,,
CaSQO,, MgCO, u ap., yCuIuBaeTCs B OUEHb 3HAYUTENBLHOH CTe-
NEHH, €C/IM B NOA3EMHBEIX BOJAX COAEPIKATCS ONpENESEeHHHE raskl,
KHCJIOTBI, HIETOYH H APYTHE BEuiecTsa, TO €CTh OHA CBSI3aHA C BHI-
wenayusanvem. Ocobasi posib NIPH 3TOM MPHHANJIEKUT YIJIEKHC-
JIOTHOMY BBII@NIAYUBAHHIO, [PH KOTOPOM pacreopeHue KapGo-
HATHBIX TIOPOXA NIPOHCXOAHT B COOTBETCTBHH C ypasHenuem (3.23).
3asucumocts pacrsopumoctd CaCQO, or conepxanus B Boge CO,
npuBeneHa B Tabs. 13. TIockobKY pacTBOPHMOCTB I'a3oB B BOjie
NPONOPIHOHAJbHA HX NApUUAJbHEIM JAaBJACHHSM, KOHIEHTpA-
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18. BecoBas pacrBopumoctb CaCOg B 3aBHCHMOCTH OT cCoXepXaHus
B BORE cBOGOJMOTO JHOKCHia yrJjepoia npu Temnepatype 289 K

PacteopuMocTb CaCOy; Kr/m? 0,0131 | 0,063 0,13 0,21 0,48 1,1
Conepxanne CO, B Boje,
10=3 xr/m® 0,00 } 0,57 57 | 190 } 190,0( 1904

nusi CO, B BOme OyAeT MpsMO 3aBHCETh OT COAEP:KAHUS ITOTQ
rasa B BO3[yXe MOPOBOI'0 MPOCTPAHCTBA.

3aBHCHMOCTb BHIIIEJAYyBaHUsT NOPOA OT COAEPXKAHUS B BOAE
KucnoT npusenena B Taba. 14. CymecTBeHHOe 3HayeHue IS Bobl-
HIeJaYUBAHUS HMEeT BpeMsi B3auMOACHACTBHA NPHPOAHEIX BOX
C BMeLIAMUME HX nopoxamu (rabma. 15).

14. KoHuentpauns KaTHoMOB B BOJE H KHCJLIX pacTBopax
npe B3anMomeiicTeun ux c nopopami, 10=3 kr-axs/m3

PacTBOpuTEb pH [ Tpauur SE;,;T %::- A;Iﬁ- gg;g:x
H,0 6es CO, 6,2 | 0,12 | 0,21 0,13 | 0,21 0,64
H;O npu pasHoBecHH c
BO3AVXOM 6,0 | 0,19 0,32 0,32 0,24 0,80
H,0 ¢ CO, 40 | 0,81 | 0,68 0,53 | 0,86 2,37
0,0011 H,S0, 30 1090 | 1,10 0,87 | 0,86 1,40
0,0012u ¢yaedokHcI0Ta 34 | 0,971 1,54 1,46 1,55 2,40

15. 3aBucuMocTh MHHepain3auun Bouul (Kr/mM? . 1073) or Bpemeun
B3aHMopeilicTeHs ¢ mnopojgaMu

BpeMs1 BHIIE/IagABaHAS Fpaunur Basaapr | Annesnr | Juabas ﬁg;gﬁﬁ;‘
5 mun 11,0 13,3 — — 40,1
Iy 11,6 15,7 155 12,1 43,7
I cyr 12,56 20,2 22,1 14,8 52,6
2 cyr 15.4 234 95,9 17,1 61,0
3 eyt 18,7 26,8 29,5 -21,6 68,7
1 mec 25,8 32,2 38,9 29,7 96,2
3 Mec 36,6 38,1 48,3 33,0 109,9
2r 73,0 57,8 — 45,5 165,7

[Mponecchl BHIIEMTAYHBAHHA M PAcTBOPEHHS cojedl B BOZOBMe-
HWAIUX NOPOAAX H MOPOAAX 30HB! a3palHH HTPAIOT BEAYIYIO
poab npu GOpPMHPOBAHHH HOHHO-COJIEBOTO COCTaBa HPPHTALHOH-
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HO-TPYHTOBBIX H TIOPOBBIX BOA B CHEAVIOUWMX cnydasx: 1) mpw
HEGHIBTPALHH NPECHBIX OPOCHTEJbHBIX BOJA B 3aCOJIEHHBIX [10PO-
RAX 3OHBI a3paiHH; 2) NpH 3HAYHTENBLHOH aMIVIUTYIE KoJeGaHui
3epKaja TPYHTOBBIX BOA B 30HE 3aCOJIEHHLIX NOPOX; 3) NpH ABH-
JKEHUH HPPHUTAIHOHHO-TPYHTOBLIX BOJA B HaNpaBJeHUH obJjacTeil
pasTPYSKH B YCNOBHSX Cnaboro BonooOMeHa; 4) npH HagHuuu
B BOJaX 3HAYHTENbHOTO KOJHUYECTBA XUMHUYECKH AKTHBHHIX Be-
mecTB (KHCJIOT, Ta30B, HIejouel).

[Tpu dopmuposanuu B Bofe uonos HCOy, Ca®*, Mg?* 3a cuer
BBIILEIAYHBAHUSA NOPOJ OCHOBHOE 3HaueHHe HMeeT peaklus THIA

CaCO; - MgCO;, + 2H,0 + 2CO, = Ca (HCO,), + Mg (HCO,),,
~—goaowi, (3.23

1LOJIOMHT,
KaJIbLIHT,
MarHesHT

a npu GOpPMHPOBAHHH HOHOB SO;™ — peakunn THia
2F652 —'I'- CaCO;; ° MgC03 "I" 702 + 2H2O =
NHPHT AOJOMHT

= 2FeSO, 4 CaSO, + MgS0, 4 2H,0 4 2CO, 4;
CaCO, - MgCO, + CaSO, = 2CaCO,4 4 MgSO,;

AOJIOMHT KaJIbIl BT
CaSO, - 2H,0 + Mg (HCO,), = CaCO, +
THIIC KaJdblUHUT

+ MgSO, + 3H,0 + CO, ¢;
CaSO, - 2H,0 + Na,CO4 = CaCO, + Na,SO, -+ 2H,0;

I'HIIC KaJIbHT
CaSO, - 2H,0 + MgCO;, = CaCO, + MgSO, - 2H,0. (3.24)
THIIC KaJbLHUT

OCHOBHBEIMH [10POJIaMH, KOTOPBIE NPH 3TOM BHLIIENAUMBAIOTCH,
SIBJISIOTCA JIOJIOMHTBI, KAaJbIHT, MAarHesur, THIC, MupHT. FoHbl
HaTpHS W Kajluf NOCTYNAoT B PACTBOPBI IIDH BbIINENAYHBAHHH
MarMaTH4ecKuX H MeTaMop(uuecKHX NOpOL B COOTBETCTBHH C pe-
aKIUAMH TUNA

NaAlSi;O, + CO, 4+ H,0 = HAISi;O, + NaHCO,. (3.25)

anbOUuT aJlloM O CHIIHKAThI

fpu gopmuposannu B pacTsopax GONBHIHHCTBA AHHOHOB M Ka-
THOHOB 33 CYET PACTBOPEHMS COJEHl XapaKTEDHE! PEAaKINH AHCCO-
UHAHH THOA

CaSO,=Ca?* 4 SO}™; CaCOy=Ca®*4CO; ;
NaCl=Na* 4 Cl-;  Na,SO=2Na* + SO".  (3.26)
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§ 3. Kpucrannusayus

Kpucmaassusayus — 3TO Npouecc BuNajeHus TBEPROH a3kl
M3 HACHIIIEHHOTO PacTBOpa B CBSI3W C H3MEHEHHEM TeX YCJOBHH
OKpyxaiomeH cpeipl (Temmeparypa, jpaBieHHe), OpH KOTODPBIX
paHee MeXAY XUAKOR u TBepAOH (hasamMH CywIECTBOBAIO RHHAMH-
YecKoe paBHOBECHE.

B cucreme Boga — conb KOHHEHTpanusi, NpH KOTOPOH B JaH-
HBIX YCJIOBHSX HaYHHAeTCs BhNlageHue TBEpAOH hashkl, Ha3bl-
Bae€Tcsi KOHyenmpayuel Kpucmasiusayuu, a TeMIneparypa, NpH
KOTOpOH HAayHHAeTCs BbIaf€HHe TBEpAOH (hashl NPH [OCTOSHHBIX
KOHIEHTPAUHH H JABJISHHH, HA3HIBACTCS meMnepamypoil Kpu—
cmaasuzayuy. TIpH DOCTOSHHON TeMneparype pacTBOp He OTBep-
IE€BaeT 1eTHKOM, HE3aBHCHMO OT €ro KOHIEHTPAIlHH.

B pesyabrare HanuuMs NMHAMHYECKOTO DaBHOBECHS Me)Klly
TBEpAOH U Kuako# ¢azaMi HO Mepe NOHMKEHHs TeMIepaTyphl
BECh pacTBOp MOXKET nepeHTH B TBepAoe cocrosHue. CnenoBatenb-
HO, OTBEpjeBatHe PacTBOPa MPOHCXOMUT HA NPOTSIKEHHH HEKO-
TOPOTO HHTEpBaja TeMnepaTyp, NPHYEeM UHTEepBa] TeMIepaTypH
OTBEpJeBaHHs PacTBOpa MPONOPLHOHANEH KOHIEHTpPAaLUMK pac-
BOPEHHOT'0 BelilecTBa:

AT = KC. (3.27)

Beauuuna K siBAsieTCsi NMOCTOSHHON A/si JAHHOTO PacTBOpH-
TeIsi ¥ HashIBaeTCsi KpuocKonuveckoll nocmosntol. Temneparypa,
IPH KOTOPOH NMPOHCXOIMT NOMHOE OTBEpAEBaHHE pacTBOpA, HA3H-
BaeTCs semekmu4eckod, UeM BEIIE pacTBOPUMOCTL TBeploH (askl,
TeM HHXKe 3IBTEKTHYECKas TeMmmeparypa pactsopa. [Ipu ysennue-
HHH KOHHEHTPAalHH MHOTOKOMIIOHEHTHOTO pacTBopa IMyTeM BHI-
HapHBaHUsl WIH NPH HOHHXKEHMH TEMNEpaTyphl COMH BHIIAJAIOT
B OCaji0K B IOPsAKE HX PAacTBOPHMOCTH: CHayasla BEINAJAIOT Majo-
pacTBopuMbie cosu, 3areM OGonee pactBopuMbie. OcalloK BbIje-
JSIETCSI B BHJAE YHCTOH COJMH, KPHCTAMJIOTHApATa MJH HX CMECH.
B xpucmasrsczudparmax B COCTaB HOHHBIX KDPHCTANJIOB BXOIAT
HeHTpajbHbEle MOJEKyJbl BOXB. C TOBBIIEHHEM TeMIEPATyphl
KPHCTAJJOTHIPAT CTAHOBHICH HEYCTOHYHBBIM M pasjaraercs
¢ ofipasopaHueM MeHee THAPATHPOBAHHOTO BEmEecrsa; OpH JOCTH-
KEHHM ONpejeNeHHON TeMIIepaTyphl NPOUCXOIHT NOJHOE 00e3Bo-
JKHBaHHE OCajKa.

B 3aBuCMMOCTH OT [PHPOZBl KPHCTAJNIHYECKOTO BEIECTBA
H ero KOHUEHTPAIHH KOMHYECTBO 0OPasyIOmMXCH KPHCTAIIOB
NpY KpHCTANIM3aIHH MOXKHO ONPEAEaUTs no (hopmyne

Ml C{)V _‘Gmp

M= M, 100—C MMy —1) °* (3.28)
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rae m — macca ofpasyrommxcs KpucrannoB; M; — MoJlekyasp-
Has MacCca BBINABILErO W3 pacTeopa Kpucramioruapara; M, —
MOJIeKyIsipHasi Macca GeapoaHol comn; C, — HayanbHas BecoBas
KOHIEHTpPamusi GE3BOAHON COAM B pacTBope; V — HavanbHLI
ofpeMm pactBopa; C — OTHOCHUTeNTbHAst BECOBAasi KOHUEHTpAUMs
COMM TioCJIe KpPHCTAAAM3AIMH; /M, — MAacca pacTBopa nocne
KpHCTALMU3aLHUH,

s toro uToOpr paccmarpuBaeMbiéi akTop Hauad OKas3LIBAThL
3HAYUTENbHOE BIHsSHHE HA MHHEpANH3ALUNI0 H HOHHO-COMEBOH Co-
CTaB [PYHTOBBLIX BOJ B MEPHOJ UCHAPEHHS, KOKHBI OLIThL BLITON-
weHpl CJAelylolHe ycrHoBHsi: 1) ypoBeHL TPYHTOBLIX BOJ JOMIKEH
pasMemnaToCss Ha rnyOuHe, Npu KOTOPOH BO3MOXKHO HenoCpej-
CTBEHHOE HCTapeHue C 3epKajia BOJbI; 2) CKOPOCTH MPHTOKA H OT-
TOKa TPYHTOBLIX BOJ He NO/KHBI NPEBLIIATL ONPENEICHHLIX 3Ha-
yeHuH.

B cayuyae pchapeHust BOA KaNmWIJISIpHOH KaHMel, CBs3aHHOH
¢ TPYHTOBBIMU BOJIaMH, BOJA, MCNApPsisich, MOBBILAET MUHEpAIu-
3a0UI0 MOPOBLIX PacTBOPOB, oforaiiaer MouYBy H HOPOLY COMSIMH,
OJIHAKO MMHepaTU3alus TPYHTOBBIX BOJ NpH 3TOM He YBeluuH-
BaeTcs. YBeluueHpe HX MHHePaJu3amMy NPOUCXONUT  TOTAA,
KOrJa 3TH COJMH BMBbIBAIOTCS OOpaTHO B TPYHTOBBLE BOABI MOJ
pefcTBueM HHQUALTPAIMM OCAJKOB WM HDPPUTANHOHHLIX BOJ.
B uenoM B pe3yanTare UCHAPEHHUS BON KAOWIASPHON KaHMmbl
¢ MOCJAeAYIOUMM BMEBAHHEM B FDYHTOBbIE BOABl NPOAYKTOB MCHa-
peHHUs 332 MHOFOJIETHHHA MEPHOA MHHEPAJH3aUMs IPYHTOBLIX BOJ
NOBLIIIAETCS OZHOBPEMEHHO C H3MEHEHHeM KOHUEHTpauH#l or-
HeJNLHBIX HoHOB. Takum o6pasom, HemocpeiCTBEHHOe (BHYTpH-
TPYHTOBOE) HCIapeHue BAHseT HA MHHePATU3anMI0 H HOHHO-
COJIeBOHA COCTaB TPYHTOBLIX BOA B NEPHOAB NpecOaalaHus ucha-
peHus Hah uHOUAbTpauMell, a WcnapeHHe BOL KanuIAspHOH
KaliMbl — B Nepuojpl BMblBaHMS Cosel, o6pasoBaBIIMXCH INpH
3TOM.

[lpu ucnapumesoHOM KOHUEHMPUPOSBAHUL 10 Mepe YBeJu-
uUeHHs] KOHUEHTPAapMM KaXJAOro M3 aHHOHOB H KAaTHOHOB B BOjE
00pasyioTCs HEJNMCCOHMHpPOBAHHBIE MOJIEKYJB PAasHLIX CoJel,
U MpH OnpeleNeHHBIX HX KOHIEHTPALUSX 3TH COJMIH HAUWHAIOT BLI-
najarb B OCAZOK, TO €CTh HAYMHAETCH KpHCTalIu3apus. ITOT
nponecc YCHIMBAETCH € MNOHIKEHHEM TeMIepaTypel, IO3TOMY
B CJlyqae HACBHUNCHHS HEKOTOPLIMH COJfMH TDYHTOBBIX BOA NpH
TeMNEPAType HCHAPeHUs OHH BBHINAJAIOT B OCAJOK JHILDL Hepes
HEKOTOpoe Bpemsi, Korjga TeMmepaTypa BOAR HOHW3MTCs. Ha-
npumep, B YCAOBUSX HENOCTATOYHOTO YBJAXKHEHHS (eToM) HOA
BAMSIHUEM DasIHYHBLIX (PAKTOPOB, B TOM WHCJAE W HCOAPEHHS,
B TPYHTOBBIX BOJAX HAKAIUIUBAIOTCS CynbdaThl HATpusi; 3uMOH
B pe3yJbTaTe NOHMKEHUs] TeMIepaTypni 60/bllias yacTh Cyabpara
HaTpus, HaXOJHBINEroCs B PaCTBOpE, BLINANAET B OCafOK B BHIE
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NpO3PAYHLEIX CBETJBIX KPYNHBIX KPHUCTAAJOFHAPATOB Mupabu-
auta — Na,SO, - 10H,0, koropeifi npnm nporpesannu nopoz
00€3BOKNBAETCA U KPHUCTAAMU3YETCS B BUAE MYYHHCTOFO GENOro
nopomka TeHapauTa Na,SO;. 3aBuCHMOCTL (OpMH BHINAZEHHS
TBepAoH daswl, HAXOAAIEHCH B PABHOBECHH C HACHINIEHHBIMH pac-
TBOpAMH CcoJiell, HaHOoJee pacnpoCTPAHEHHBIX B NPHPOAHBIX BO-
Jax, OT TeMIepaTyps pacTBoOpa NPUBEJEHA B CNPABOYHUKAX.

§ 4. MoHHbIH obmen

Honnel obmen, uau obmeHHas alcopbyuis, — 3TO npoHece
1IOTVIOLEHHS] MOBEPXHOCTHHIM CJIOeM afCcop6eHTa UOHOB M3 pacCTBO-
pOB 3JEKTPOJIUTOB, COMPOBOKAAIOIIMICH MEpexojioM B paCTBOp
IKBVBAJICHTHRIX KOJIMYCCTB WOHOB, TOTJIONIEHHBIX aLCOPGEHTOM
paHee. B COOTBETCTBHU CO 3HAKOM OOMEHHUBAOILIMXCA HOHOB afcop-
GenThl (MOHUTHI) JEJSTCS Ha KATHOHHMTHI M aHMOHHTH. B ypaBHe-
uunx (3.29) mpuBeieHnl NPUMEPH! COOTBETCTBEHHO KATHOHO-aHW-
OHOOOMEHHBIX peakluii:

2Na [Kam] + CaCO,=Ca [Kaml, + Na,COy,;
9[An] Cl + Na,CO,=lAul, CO, 4 2NaCl, (3.29)

rre {Kaml u [Au]l — yacTunpl, U3 KOTOpBIX COCTOMT anCOpGEHT.
Konuuectsenno OGMEH HOHOB OLEHUBACTCST eMKOCMbIO 0DMEHQ
uoHuma, TO eCTb KOHIEHTpauueil CrnocobHuiX K OGMEHY WOHOB
B NOTJIOMEHHOM KOMIIJIEKCE noHnTa (B Kr/3kB na 1 M® moHuTa win
kr-3kB/Kr). EMKOCTL OOMeHA B JAHHLIX YCJAOBHAX SABASETCS AR
JAHHOTO HOHHTA BEJWUYHHOH INOCTOSIHHOH. YCJIOBHSI HOHHOTO 06-
MEHAa B 3HAUUTENbUON Mepe BJAUSAIOT HA BeJAHYHUHY EMKOCTH OGMEHA.
BaxupMu $akTopaMi, BIHSHOWUMH HAa €MKOCTL o6MeHa, sBas-
torcd pH pacTBopoB, KoHuenTpaluus HOHOB B pacTBope, AuCHepc:
HOCTH HJIH BEJHYHHA BHYTPEHHEH MOBEPXHOCTU HOHMTOB, THUIb
0OGMEHHUBAIOUXCA HOHOB.

Benununna pH cpendl CymecTBeHHO BJus€T Ha OOMEHHYIO eM-
KOCTb CJAGOKMCHOTHHX H CJAa000CHOBHBIX HMOHHTOB; €MKOCTh
CHJIILHOKUCIBIX H CHABHOOCHOBHBEIX HOHMTOB NPAKTHYECKH He
3aBUCHT OT Bequuuuol pH. B npupopseix ycjoBusax ¢ yBeauye-
nuem pH pactBopa eMkocth oOMeHa eCTeCTBEHHBIX afCOPGEHTOB
noBHIIAETCH. ITO CBS3AHO C TeM, YTO BOJOPOJHBEIE HOHBI, ofja-
JAOIHE MAaKCHMaJAbHOH 3HEprueil o6MeHa, NOpenaTCTBYiOT IIo-
CTYIJVIEHHIO JPYTHX KATHOHOB B NOBEPXHOCTHHIA CI0H ajcopGeH-
ra. UeM Buille NMCIOEPCHOCTL HAM BHYTPEHHSAS TOBEPXHOCTDH
HOHHTA, TeM Goabluie eMKocTh o6mena. C yBeqHyeHueM KOHUEHT-
palHH HOHOB B pacTBOpe eMKOCTh o6MeHa Takie Bo3pacTaer. 3a-
BHCHMOCTL €MKOCTH ofMeHa OT THma OGMEHMBAIOUIHXCSl HOHOB
OnpesiensieTcs ux Hepaueti 00MeHa U cpodcmeom 0O MeHUEAIOULUXCA
uoH08. Uem Buillle sHeprusi oOMEHA MNpPH JAPYTHX pPaBHBIX yCAO-
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BHSIX, TEM MeHbille CIOCOGHOCTDL HOHOB K 00MEHY H OOMEHHAasi eM-
KOCTh HOHHTA. DHeprus o6MeHa B 3HAYHTENBHOU CTeneHH 3aBHCHT
OT BaJEHTHOCTH H aTOMHOIO Beca HOHOB, BO3pacTasi C HX YBeJH-
yenneMm. VIckmoueHue cocraBasior HOHH Bomoposna # OH -, xoro-
phie, HECMOTPS Ha OJHOBAJIEHTHOCTb, 0GJAjal0T HaHGOM biLie
sHepruefl obmMeHa H CnoCo6HOCTHIO K ancop6uun. [lo cnocoGHoCTH
K OOMeHY KATHOHBl H AHHOHHI MOXKHO pACNIOJIOXKUTH COOTBET-
CTBEHHO B caepywomme psagbi: H* < Fe?* < AR+ < Ba** <
< Ca?* < Mn?* <« Mg?* <« K* < Na* < Li* w OH- <«

< PO}” < SO?” < NOj; = Cl~. Emkocth ofveHa HOHHTa TeM
BHllle, YeM GoJblle CPOACTBO OGMEHWBAIOWNXCS HOHOB, TO €CTb
CXOACTBO TO BaJIEHTHOCTH H BeJHYHHE HOHHOrO pajuyca (Ha-
npumep, Ca2* n Mg**, Na* u Li*).

Kak Bunmo u3 peakuuil (3.29), woHHBIH 0o6MEH -— 5TO CaMo-
NpoM3BOJbHbIE 00paTUMuil Npouecc, MPOTEKAoINHH A0 yCTaHOB-
JIeHHS PABHOBECHA H MONYHHSIOIUHACHA 3aKOHY JefiCTBYIOIHX
Macc. CJenoBaresibHO, KOHCMOHMGA PAGHOBECUS UOHHO020 00meHa,
ABJAOINAACA NMOCTOSHHON NPH AAHHBIX TeMNEpaType W NaBJeHHH
BeJHUHHOH, mas peakuuu (3.29) onpenensiercsi mo ypaBHEHHIO

[xNa*)? [, .. [Ca2+]
[£Ca®] [} 4 [Na*]2 K, (3:30)

rae K — KoHcraHTa paBHOBecHs HoHHOro obmena: [Ca®*], [Nat]—
MOJIpHBIe KOHIEHTpANHH KarHoHOB B pacteope; [xNat], [xCa?*]—
MOMATIbHEIE KOHIIEHTPALHH KATHOHOB B MOBEPXHOCTHOM CllOe Ka-
THOHUTA, [caz+ U fNa+ — KO3(D(QUIHEHTH AKTHBHOCTH KAaTHOHOB
B DacTBOpe.

Cropocmb  uonH020 00Mera onpenensercs pe3yabTHpYouied
CKopocTefl npsMoH u 06paTHOH HOHHOOOMEHHHEIX peakuuH.

Jlns KONMnueCTBEHHOH OIEHKH COCTOSIHHSI DABHOBECUS! HOH-
HOro 06MEHA MOXKHO BBECTH CJaefyromul KoadgpunneHnt:

Ko= 2=, : (3.31)
rge K, Y,-— sKcnepumeHTalbHHE KO3DPHUHEHTH, HAafjeHHLIe
npu noncranoBke B ypasHewus (3.30, 3.32) ananmuTHuecKnx 3Ha-
YyeHui KOHUEHTpauui; K, ¥ — TeoperHueckass KOHCTAHTA DAaBHO-
BeCHs HOHHOro OOMeHa NpH JaHHO# Temmnepatype H [aBJEHHH
¥ paBHOBeCHoe 3HaueHHe Y, Hafilennoe no rpaduky (a) Ha
puc. 3. Uewm Gosblue enuHHIB! BejHYMHA K, T€M BBILIE CKOPOCTh
NpaMol peakluuud HOHHOTO OOMEHa, H 4em K, MEHblle eJHHHIHI,
TeM BHILE CKOpOCTh o6paTHoH peakuus. [Ipu K,= 1 uonuoo6-
MEHHAsl CHCTEMA HAaXOAUTCA B PABHOBECHH, pe3yJbTHPYIOMAs
CKOPOCTh WOHHOTO o6MeHa paBHa (. KonuuecTBeHHO mnpouecc
HOHHOro Oo6MeHa MOKHO OUEHHUTEH C NOMOLIBIO IPadHKOB H30TEpM
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y 14 Puec. 3. Uounnii obmen Na*t—Ca2#
1 1 B I[OYBe, OMHCAHHBIH € IOMOLLBIO
ypaBHenHii u3otepm (3.32, 3.33)

08¢ a8y B. A. Kosmo#i u M. Co6oubu, 1980:
h — rayCuHa OT MOBEPXHOCTH 3eMJIH; 4 —

06+ g6¢ paBHOBECHble YCJIOBHS; 6 — paclipegeses
HHe J40JH HOrJIOU{€HHOro HATPHA MO NPO =

¢uao NouBH.
04t G4r
09 0% 098z 0 004 08 hM
a ¢

o6meHa (puc. 3), NOCTPOEHHBIX HA OCHOBE ONBITHHIX AAHHHIX. Be-
aupuuHbl Y # Z Ha TpadHKax paBHBL

Y [xNa*]3 )
T [xNatp 4 [xCa2+]

_ sza_‘_[Na*]’ .
FrarINa* B+ foaer[Ca??]

PapnoBecHbie KOHIEHTPAUHH HOHOB B TMOPOBBIX pPacTBOpax
HaxojfTcs N0 YPAaBHEHUIO

[M] = [H], —

(3.32)

(3.33)

([xH1] —[£H],) 8 334

WwW=w1 ° (3.34)
rze [M] — monsiprass paBHOBecHasi KOHUEHTpaLHs HOHA B pac-
TBOpe; [M],-MOJIfAPHAS SKCNEPHMEHTAJNbHAS KOHIEHTPAllMsl HOHA
B pactsope; [xU]1, [xM], —monanbHbe pasnopecnas u skcnepu-
MEHTaJbHAs - KOHUEHTPAUUH HOHA B OOMEHHOM KOMIJIEKCe I0-
ponbl; 0 — mAOTHOCTE nopoAw;; W — nabaiogaemasl npu pacye-
Tax BAAKHOCTE NopoJ; W, — IHTPOCKOTMYECKAS] BJAXKHOCTD.

fIpumep 2. [Ina NOYBOTPYHTOB H NOPOBHIX PAaCTBOPOB BTOPHYHOTQ
conoHuaka pado: [Na*], = 6,5 xmonn/m3; [Ca2t], = 0,2 KMOJb/ M3;

p= 2,65; [x Na*], = 0,25 KMo/ 1000 kr mouBsr; [¥ Ca2*],= 0,10 kmoJb
/1000 kr mousnl; W == 27 9%; W.= 9 %; 6 = 1300 kr/m3. Ouenutp Ha-

mpaB/leHHOCTh KaTHOHOOGMEHHBIX MPOIMECCOB B NOYBOTPYHTax H ompeje-
JHTh DaBHOBEeCHble KOHIEHTPAalHH HOHOB HATPHUSA W KaJbLHs B pacTBOpe
H Oo6MeHHOM KoMmJekKce.

1. Hafité BenuudHbl KO3hPHIHEHTOB aKTHBHOCTH HOHOB KaJbIHH
H HaTpudA 0O rpaduKam, NpHBelJeHHLIM Ha puc. 10:

fNa-I- = 0,85; fCa2+ = 0,35

2. Haijitn Beansuny Z no ypaBHeHHIO (3.33), HOACTABHB B HETO KCITe-
pHMeHTaJIbHBIe 3HaUeHHS KOHIEHTpalui:
- 0,852 - 6,62

0,852 - 6,52 40,35 - 0,2

3. Haiirn Beanunny Y no rpaduky (a) Ha puc. 3i
Y = 0,9505

Z =0,997.
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4. Haiire Beauuuny V, no ypaswennio (3.32), moacraBus B Hero
BMeCTO DaBHOBECHLIX 3HaYeHHIl KOHUIEHTPaUHil HOHOB IKCIMePHMEHTAJbe
HbIe:

Yy — 0,252
70,252 +0,10

5. OnpegeruTts HanpaBAeHHOCTb PEAKUHH KATHOHHOTO O6GMeHa 110

dopMyne (3.31);

= 0,984.

0,984
KU = 0'950 > 11

cleoBaTellbHO, peaknud (3.29) wampaBiieHa BnpaBo, B pacTBope HaGoio-
AaeTcd HeJOCTaTOK HOHOB HATPHS K H3GHITOK HOHOB KalbUHA MO cpaBHe-
HHIO C PaBHOBECHbIMH HX KOHIEHTPauMAMH.

6. Haiitn pasHoBecHnle KoHlUeHTpaunn [xNa*] u [xCa?*], ymenpmasn
sHauyeHus KoHuentpausil [xNa¥], u KBHBaJeHTHO yBelHUHBas 3HaUeHUS
[xCa?*],, moka npaBas uacTb ypaBuenns (3.32) He cTaHeT paBHoH BeJlHuHHe
Y = 0,95:

0,172
—_ e == (0,05,
0,172 + 0,14
caegoBaTeabto, [xNa*] = 0,17 kmoab/1000 kr mousn; [xCa2?] =
= 0,14 KMo/n/1000 KT MOUBHI.

7. Halitu paBHOBecHHE KOHNEHTPAllHH HOHOB HaTpHA H KaJblUHA

B MOPOBOM pacTBOpe mO ypaBHeHHIO (3.34):

(0,25— 0,17) - 1300

[Na*] = 6,5+ = 7,1 RMOJb/M3;

27 =9 . 10
[Ca?*] = 0,2 — 0,14 — (1).81(?) - 1300 =0.2—0,29 =~ 0.

CllegoBaTeIbHO, KOH[EHTPaNHA KaJlblHA B pacTBOpe NPH JaHHOR BAaXKHO-
CTH MOpOX AOCTHT'HET paBHOBECHBIX 3HaueHHH B ToM Clyuae, KOTAa NPaKTH-
4eCcKH BeChb KaJbilHH H3 pacTBopa nepefijeT B 0OMeHHLIH KOMILIeKC.

CymecTBeHHYI0 DOJb MNPOLECCH HOHHOTO of6MeHa B GOpMHPO-
BaHHH HOHHO-COJIEBOTQ COCTaBa HPPHTAlHOHHO-TPYHTOBHIX BOJ
¥ [OPOBBIX PACTBOPOB B NOPOJAAX 30HHI A3palluy HFPAOT B CJEAYIO-
mux cayyasax: 1) B ycJaoBUSIX HeYCTaHOBHBIIETOCSl HOHHO-COJIe-
BOTO peXKHMa, KOIJa H3MEHEHHe KOHUEHTpAUHH OTNEJbHHX KOM-
NOHEHTOB B pacCTBOpe HAPyIIaeT HOHHO-OOMEHHOe paBHOBECHE
MeXIy XHIKOH KOJJIOHIHOH u TBepnofl dasamu; 2) npH nocTyn-
JIEHHY OPOCHTEBLHBIX BOJ HeGONBUIOH MHHEpATH3aUHH B NOPOJIBI
30HH a%pauud H TPYHTOBHIE BOZbI; 3) mpu MOCTYIWIEHHH BOA nO-
BBILIGHHOH MHHEpANH3aUHH B He3acoNeHHbe Tnopoiw; 4) npH
CMEeINeHHH TOJ3EMHEIX BOJI Pa3NHYHOTO XHMMYECKOTO COCTABa;
5) npH nocTynseHuy BOX B BOIOBMEINAIOLHE HOPOAL HJH NOYBHI,
OTVIHYAIONIHECH MO COCTaBYy OT TeX, IJie 3TH BOAb CQOPMHPOBA-
Juchk; 6) npu H3MEHEeHHH KHMCJIOTHO-IIEeJNOYHONl OGCTAHOBKY B BO-
Iax; 7) mOpu noCTynJeHMH B [OYBRI U NOPOJBI BON, KATHOHHHIH
COCTaB KOTOPBIX OTJNHYAETCH OT KATHOHHOTO COCTaBa OGMeHHOTO
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KOMILIEKCa TBeploH (baspl; 8) Mpu 3HAYUTENBLHOH aMOJHTYIE KO-
aeGaHufl AUCIepCHOCTH BOAOBMeamomes cpejmn.

Benymee 3HaueHue B HOHHOM oOMeHE MNPUHANJNEKHT KATHO-
HaM, B CBA3YU C TeM UYTO NPHPOAHBE COPOEHTE (KOMOMAHBI KOMII-
JIeKC MOPOJ H TMOYB) COCTOSIT B OCHOBHOM H3 OKCHIOB KpeMHHS,
MONYTOPHHIX OKCHJAOB XK€Je3a, aMOMHMHHA H JApYTWX METasjioB,
TO €CTh H3 OTPULATENBHO 3aPSIKEHHBIX YaCTHI, HOTJIOMIAIMIHX
KaTHOHH. B pesyibTaTe oOMEHHBI KOMIUIEKC HOPOA M MOYB CO-
CTOHT INpPEUMYIECTBEHHO H3 KaTHOHOB, CHOCOGHBIX K OOMeHy
C JpYTHMH KaTHOHamH. Pojb aHHOHOB B OOMEHHHIX peakIHsX,
IPOTEKAOMX B NIPUPOIHBIX YCAOBUAX, HeBeuka. Houumii ofmen
KOMIIJIEKCHO ONpefensiercsl BeJHUYuHOA emxocmu obmena noeao-
ternoeo xomnaekca (Kr/M®), KOHCTAHTON PABHOBECHS! HOHHOOOMEH-
HOfl peakuud H CKOPOCTbIO HOHHOTO oOMeHa, XapakTepuayoreil-
€ KO(p(HIUEHTOM CKODOCTH HOHHOTO oOMeHa. Kopgpuyuenm
CKopoCmu UOHH020 00MeHa MEXAY TMopomofH U pacTBOpOM ONpese-
asiercss H3 pupdepeHNHATLHOTO JHHEHHOTO ypaBHeHus ofpa-
TUMOH KHHETHKH oOMeHa:

d}‘\i/t* =5 * (C—V*N *)’ (3,35)

rge N* — obMeHHaa €MKOCTb IOTJIOIEHHOTQ KOMILIEKCA IOopo-
Iei; C — BecoBasl KOHIEHTpAandsl pacTBoOpa, OOYCHoBJeHHAst
HOHHBIM OOmeHoM; ¢ — BpeMsi; Y* — KOHCTAaHTA paBHOBECHS
ofmeHa B JaHHLIX ycaoBusix; P* — xosdduuuent ckopoctu uou-
HOTo obMeHa.

Koappunuentn y* u P* onpenensiorca No AaHHBIM peXRUM-
HEIX HaGmofgenul. [ToCKONBLKY HOHHO-OOMEHHOE paBHOBECHE yCTa-
HABJUBAETCH JOBOJNBHO OBICTPO, KHHETHKOH oOMEHAa MOXKHO IIpe-
HeGpeub; Torjga BHpaxenue (3.35) ympocTurCs:

C = y*N*. (3.36)

B ofmeHHOM KOMILJIEKCEe 3acoJieHHBIX Mopoj nNpeobragaior
KAaTHOHBI C MHHHMAJbHBIMH 3HeprusMu obmena (Na*, K*), a
B OOGMEHHOM KOMIIEKCE HE3aCOJNEHHBIX MHOPOJ — € MaKCHMaJb-
HeMu oHeprusvi ofmena (Ca®*, Mg?*, Fe®** u np.). Besencreue
3TOr0 NpPU NOCTYMJEHUH NPECHHX OpPOCHTENBHHIX BOA B 3aCOJEH-
Hble NOPOJBI KATHOHH ¢ OoJbluell 3Heprueii obMena (KoTophie
npeobaajaot B cjaGoMuHEpanu30BaHHHX BOAAX) JerKo BHITEC-
HSIOT U3 OOMEHHOTO KOMILIEKCa HOHBbI HATpHA ¥ Kanus. K naoto-
poT, NpU NOCTYNJEHUH BOJ MOBHIIIEHHOA MUHepaau3anud, oObiy-
HO TpYHTOBHIX, B He3aCOJIeHHbIE, NPOMBITHIE OPOCHTENBHBIMH BO-
JaMH TIOPOABI 30HH a3palii, HOHBl KaJbIlHfA W MaCHHs 3amela-
IOTCSl HA HMOHBl HATPHA M KaJgusl, B H3OBITKE MNPUCYTCTBYIOIIHE
B Boge. Bo BropoM CJayuae Mano SHEpTWYHBIE HOHBI 33MEAOT
6osiee 3HepTUYHBIE BCJAENCTBHE DPE3KOTO CMEmeHHs] HOHHO-OGMeH-
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HOTO DAaBHOBeCHsI, KOTOPoe BelleT K INPeoGJajaHHI0 CKOPOCTH
peakI{HH, BOCCTAHABJIHBAIOILE(l 5TO PAaBHOBECHe, TO €CTh K 3aMe-
LEHHIO B MOIVIOWIEHHOM KOMIJIEKCE JBYXBa/JeHTHLIX KaTHOHOB Ha
oHOBAJEHTHBIE. B cayuae, eciu B nopofpl, HachlLeHHbie OOMeH-
HEIM HATpHeM, NOCTYyMAlOT C/1aGOMHHepaaH30BAaHHbBIE BOJBI CYyJb-
¢aTHO-THIPOKAPBOHATHOTO KAJbLHUEBOTO WJI¥ MAarHueBoro Co-
craBa, Oe3pepiHble IS KYJAbTYDHBIX pacTeHuil, B pe3yJanTaTe
OOMEHHEIX peakUnil MOryT o0pasoBarbcsl BOABI, B KOTODBIX KOH-
menTpauuu conpl u cyanparoe natpua (Na,CO;, Na,SO,) npe-
BHILIAIOT JONYCTHMBIE [JIsT HOPMAJbLHOTO Pa3BUTHS PACTEHUI npe-
neabl. MHBIMH C10BaMu, NPOIECC KaTHOHHOTO O6MeHa B 3TOM Cay-
yae MPUBOIUT K HAKOMJEHHIO B BOJe TOKCHUHBIX JJIfl PacTeHMH
coJiel.

Conopsle Bopbl 0ObIYHO 006pasyioTcss B Openenax MIOCKHX
peuHBIX Teppac, CJIOXKEHHBIX CYIJIMHUCTHIMM TNOPOAAMH, € H3BbIT-
KOM HATpPH#A B MNOTJIOUEHHOM KOMIVIEKCE, BO3HHKIIEM NpH HCHa-
peHHH TOpPOBBIX BoA. TeppHTOPHH 3TH Yalle BCEro pacmpocrtpa-
HeHBl B Mpejesax CPeNHHX Y4YaCTKOB JECOCTEHHON 30HBI, IJe
TPYHTOBBLIE BOIBI, MMEIOI[HE THIPOKAPOOHATHBIA KalblHeBBIH Co-
CTaB, 3aJIETaloT HeNIyGoKo oT nmoBepxuoctn 3emyu. CopoBble Bo-
JIbl 06pasyloTest B 30He NOIbeMa YPOBHS TPYHTOBLIX BOJL B Pe3YJib-
TaTe OOMEHHBIX peakuuil THNA

Ca (HCOy,), -+ 2Na* (noesouy. xomn.)e==
=2NaHCO, + Ca®* (noziow. komn.). (3.37)

CymecTpeHHOe 3HaueHHe WOHHBIA OoOMeH uMmeeT mpu (GOPMH-
POBaHHUHM HPPHUTANHOHHO-TPYHTOBBIX BOA 34 cYeT MHGHJIBTpa-

16. CoctaB MOrJoL(EHHBIX KATHOHOB H €MKOCTHb MOTJOL{EHHS
Hexoropmx noys B caoe 0—0,2 m (H. U. [op6yuos, 1957)

EMKOCTB noraoitedus, 10—2 kr-sks Ha 1000 kI nousnt
Housa Ca?t | Mgt [ K+ | Nat+ |[HH4A12+| 3,
Jepuopo-nojsosucras 50 | 2,0 — — 7,0 14,0
0 Xe, Ha Cyr/dHKe 0,31 0,3 — — 18,4 19,0
Yepuosem Momublit 435 | 7,1 — — — 50,6
To xe, 1wxublil MasOMOLI-
Hbil _ 95,14) 501 — | 1,45 - 33,6
CaerJ0-kalITaHOBAS 24,78 480 | — 1,44 — 31,0
Cosonen,  ruy6oxocront-
YaThi 11,69( 2,65 1,75 — 15,9
Takulp conoHuaKOBHI 5951 1,56 | 1,53 | 1,47 — 10,51
Xenrosemuo-nogsoaucras | 7,17} 4,75 | — — 0,18 12,1
Kpacuosem 2,40} 1,75 | — — 7,22 11,38
Bypaa ropno-secuas 80 | 48 — — 4,0 26,8
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17. EmMKoCTh TIOT/IOIEHHS Oprannveckofi W MHHepasbLHOA YacTH nous
(H. H. Topbyuos, 1978)

EMKocrs moraomients, {0—% Kresks
Ha 1000 kP nouBHl

Mowsa | CoMepmame
oprauHveckKkas MHHepaabHasa
qacTs 9acTh CyMma
CanbHonogsonuctas | 2,82—0,66 2,8—0,9 7,2—5,2 10—6,1
Caa6onopzonucras 5,26—2,10 { 11,9—0,5 14,6—18,5 | 26,5—19,0
YepHo3eM 7,20~5,96 | 31,2—27,9 | 25,6—25,0 | 56,8—529
Kamrranonas 2,07—1,60 7.4—6,0 8,6—11,3 | 16,0—17,3

OMOHHBIX TPH MaJBIX CKOpOCTAX (HAsTpauuu. Muduaprpanuon-
Hble BOJBI TIO Mepe ABHKeHusl B NOoPAX NOPOJX 30HB! a9paluu H3Me-
HSIIOT CBOIO MHHepasIM3allHi0 U HOHHO-COJIEBOH COCTaB 3a CUeT Ka-
THOHHOTO OOMeHa; TIOCTYIAasi Ha YPOBEHL TPYHTOBHX BOJ B NEPBLIE
TOIBl OPOWIEHHS, ITH BOJH PE3KO MOBHIUAIOT MHHEPaJSH3alHUIO
BepXHEro CJosl HPPUTAIHOHHO-TPYHTOBBIX Box. Tarue ke mpo-
Ilecchl NPOHCXOAAT B 30HE MOABeMa YPOBHSA TPYHTOBHIX BOA B pe-
3y/AbTaTe 3HAUHTENLHBIX (PUILTPANHOHHBIX OOTEPh B YCJAOBUSAX
HeJI0CTATOUHOro jpeHaxa. Oco6eHHO MHTEHCHBHO KaTHOHHBIN 06-
MeH IIPOMCXONHT B CHCTeMe MOUBEHHBII PacTBOp — TBepiasa ¢a-
3a — KoJuIonaHasa ¢asa. B saBucumoctn oT THma NOUBHI H HaJu-
ydsa B Helf ryMyca COCTaB MOIVIONIEHHOTO KOMIIJIEKCA U eMKOCTb
HorJyomenuss GynyT pasauddbl (1aba. 16, 17), COOTBEeTCTBEHHO
3TOMY H OYHET OmpenessiThCs COCTAB HOHOB B XKHIKO#H dase.

§ 5. Apcopbuus

Adcop6yuell HASHIBAIOT H3MEHEHHe CONepPIKAHHSA NAHHOTO KOM-
TIoHeHTa B MOBePXHOCTHOM CJloe BelllecTBA IO CPaBHEHHIO C Co-
HepxaHHeM ero BO BHYTPeHHHX CJosax. Apncopbumus — mpouece
CaMONpPOHW3BOJBHEIH, BO3HUKAIOIMA Ha MNOBEPXHOCTH pasjena
IBYX (a3, Tie BCErna uMeeTcsl H3OHITOUHAS NOBEPXHOCTHAS dHEp-
rusi, ofycnoB/ieHHas OCOGBIM MOJOXKeHHeM MOJIEeKYJ BellecTBa
B NOBEPXHOCTHOM CJIoe. B COOTBETCTBUH CO BTOPLIM 3aKOHOM Tep-
MOJMHAMUKH, CBOGOIHASl NOBePXHOCTHAfA 3Heprud (u3obapHbIl
NOoTEeHIHAN) CTPEMHTCH K MHHUMYMY, UTO OCYILECTBISIeTCA JHBGO
3a cueT yMmeHblleHHs CyMMapHOH NOBEpXHOCTH pa3fiena (B ciyyae
TBepPJOrO BeIleCTBA — YKPYMHEHHMs! 4acTHm), JHO6o 3a CyeT npH-
TSDKeHHs K NOBEPXHOCTH pasjena Ooslee MENKHX YacTHIL H3 jMC-
NepCHOHHOH CpeJpl.

BemjecTBo, Ha MOBEPXHOCTH KOTOPOrO HPOMCXOIMT aiacopb-
nMsi, HaspiBaercsi adcopGexmom, a TNOTJVIONMAeMOe BelecTBO ~—
adcopbamom. PactBopenne apcopbara B ancopbenTe, To €CTh
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fepexofl ero C IMOBEPXHOCTH BHYTPb MOC/TEJHEro, Ha3hBaeTCs
abcopbyued. COBOKYITHOCTb mpoteccoB azcopbuuu u abcopbuud
gasbiBaercsi copbyued. Tloryowamoiiee 1 MoONVIOUIAEMOE BELIeCTBA
[IpH TOM HOCHT COOTBETCTBeHHO Ha3BaHUS copbenma u copbmusa.
B ciayuae, ecin COPOTHB XUMHUYECKH B3aUMOJEHCTBYeT ¢ copbe-
TOM, TIpOIlecC HasblBaeTcsi xemocopbyuer. CopbGeHTOM H COpOTH-
BOM MOTYT GbIThb ra30006pa3Hble, XUJAKHE M TBEpAble BeulecTsa,
ofpasymouue rereporensole ¢asoBbe COPOUUOHHBIE CHCTEMBE
(ra3 — KHAKOCTb, XXHJAKOCTb — TBEPJOE€ BEUleCTBO, TBEpPIOE Be-
[IECTBO — Ta3). PasiuyaioT nosoxcumersnyio U ompuyarmessHyo
adcopbyuu. B mepBoM cayuae copepxaHHE NAHHOTO KOMIOHEH-
Ta B NOBEPXHOCTHOM CJI0€ YBeJUYUBACTCH MO CPABHEHHIO C COHEp-
JKaHHeM ero BO BHYTPeHHHUX CJIOSIX, BO BTOPOM — HaoGOpOT.
BrifesleHHe ¢ NOBEPXHOCTH ajcopbeHTa paHee ajcopOHPOBAHHBIX
BELIEeCTB BCIEACTBHE H3MEHEHHUS] COCTOAHHSI OKPYXKAIUIeHd Cpeibl
Ha3blBaeTcsi Oecopbuyueli. KoMuuecTBEHHO afcopOuHio MOKHO Olle-
HHTh BeJIUYHHOH yleavrol alcopbyuu, TOJ KOTOPOi#i IOHHMAETCs
KOJIUYECTBO BeUleCTBa, aACOPOUPOBAHHOTO eIuHHIEHd noBepXHO-
CTH HJIM MacCchl afcopbeHTa B YCAOBHAX, KOTJa CKOPOCTH afcops-
UHU H AecOpOUHH paBHHEL. ¥YjelbHas auacopGUHA B jaHHOH copb-
IHOHHON CHCTEME 3aBUCHUT OT TeMIlepaTYypPHl, AABJAeHUsS U KOHIIEHT-
palliu BeIecTBa B cpejie, CONPHKACAIOUIEHCA ¢ agcop6eHToM.

B otsnnune oT xemOCOpGUHH, B OPHPOAHKIX YCJAOBHAX mpeob-
Janaer ¢ususeckan adcopbyus, obycoB/IeHHAs AUCITEPCHOHHEIM,
OPUEHTALMOHHBIM H MHAYKIMOHHBIM B3aUMOJEHCTBUAMH ajcop-
6atoB ¢ agcopbentamu. OO6biuHO (u3HuUeckas anpcopbuusa Compo-
BOXKJaercsl 3K3orepMmHueckuM 3(hdekToM 1151 rasoB M 3HIOTEPMU-
YeCKUM — JiIl PacTBOPOB.

Cop6unoHHO-1ecOpOUHOHHEE TPOUECCH SBJISIOTCS PaBHOBEC-
HBIMH; DaBHOBECHE CHCTEMbI afCOPGeHT —— paCcTBOp Onpejessiercs
Ko3hpuyienmom pacnpedeserus, ABISIOLUAMCH NPH JAHHON TeM-
fnepaType BeJIHYHHOH IOCTOSIHHOM:

__ IxA]
K = TA] (3.38)
rae [xA] — monssibHasfA KoHUeHTpalus uoHa A B ancopGente;
[A]l — mosapHas KoHmeHTpanmus MoHa A B pacTsope.

Cnoco6HOCTb HOHOB K KOMINVIEKCOOGDA3OBaHHIO yMeHbIIaeT
COpOIHOHHYIO CHOCOBGHOCTL BENIECTB:

A
K =g B 3.39
Yo (3.39)

rre K' — xosipunuent pacmpepellenns HOHa Me B ycoBusX
KOMIIeKcoo6pasoBanus; K —To ke, 6e3 KOMIIEKCoo6pa3opa-
Husl; [Men*] — KoHuenTpanus CBOGOAHHIX HOHOB Me B pacTBope,
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cnocobHBIX K copbupoBanmio; [ZMel — cymmapuas KoHmenrpa-
1sT HOHOB Me B cBOGOZHOM COCTOSIHHH H CBSI3AHHBIX B KOMIIJIEKCBI.
Tlponecchl copBiun (necopbuin) OKa3LIBAOT BJIUSHHE HA
HOHHO-COJIEBOH COCTAB TPYHTOBBIX BOJ H [IOPOBEIX PacTBOPOB
B TOM Cay4ae, eclH OHH CJabOMUHEpAJU30BAHHBIE H ABHXKYTCSA
¢ HeboJblIOH CKOPOCTRIO B MOPOAAx, MNOIVIOMIAIOMIHE KOMILIEKC
KOTOPBIX HMeeT CBOOOAHYIO COPOIHOHHYIO eMKOCTb HJIM H30bI-
TOYHOE KOJHYECTBO KATHOHOB M0 CPaBHEHHIO C pPaBHOBECHBIMH
3HaYeHUAMH TuxX Bequuud (Kr Ha 1 mM® ancopGenra). [locae ycra-
HOBJIEHUS] COPOILIHOHHOTO PABHOBECHSI MEXIY PacTBOPOM H Hopo-
nofi, B pesyJbrate KOTOPOrO MHHEpPAJH3alHs NPeCHHX BOJ BO3-
pacTaeT HJIH YMeHbIIAeTCs 3a CYeT AecopOuuu Wiy copbuuu Ka-
THOHOB, NpOLleccH copbuuu (necopbuuu) B NanabHeiiiem He 6ynyT
Upy JaHHHX YCAOBUAX OKas3biBaTh BJUSHME HA HOHHO-COJEBOH
coctaB BOAbl. Ilpu n3MeHeHuu YCHOBHIH BHEUIHeH Cpelbl — TeM-
nepatyphl, NAaBJeHHs, MHHePaNH3alx1 BOILl — DaBHOBECHE MEXK-
1y copbuunedi u JecopGuueli HAPYWHTCA ¥ KOHUEHTPALHS KaTHO-
HOB B BOJEe COOTBETCTBEHHO H3MEHHTCH [0 HACTYIMJIEHHS HOBOTO
paBHOBecHA. KoMuecTBeHHO 3TH NPOIECCH MOXKHO OLEHHTDH K03gh-
Guyuenmon cropocmu copbyuu, KOTOPHI XapakTepH3yeT CKO-
pocTe copbunu (necopbuux) MOpon M ONpenensiercs H3 ypaBHe-
HUA JHHeHAHOH H30TepMbl COPOUUH B YACTHBIX IIPOH3BOAHBIX:

v,
i = B (C—Vy), (3.40)

rie N, —copOuxoHHasA eMKOCTb MOPOABl B JaHHBIX YCJOBHSAX
C
C —BecoBasi KOHUEHTPalusi pacTBopa; [ — Bpems; v, = —AT"—
1)
N — npeneabnas Beawuuna N, npu C = C,; C,— HauaapHas
BEeCOBas KOHUeHTpauus pacteopa (po copbuun); P — Kosbduny-
eHT ckopoctd copbuun (necopbuuu). CopGUHOHHOE paBHOBECHE
YCTAHABNHBAETCS NPAKTHYECKH MTHOBEHHO, NO3TOMY B YCJOBHAX
OpOLLIeHUS
C =y, (3.41)

§ 6. OTpuuarensHas agcopbuus

Ompuyamenbraa adcopbyus — 310 npouecc, oOYCIOBJIEHHBIH
OTTAJIKHBAHUEM AHUOHOB PACTBOPA OTPHIATENLHO 3apAKEHHHIMH
NOBEPXHOCTAMM uacTuy, ancopbenra. B pesysanrare KOHuEHTpa-
OHA aHHOHOB (0COOEHHO HOHOB XJIOpa) B PacTBOPax, BMeLIAlo-
HIXCA BHYTPU HOPOBOTO MPOCTPAHCTBA [OYBHI, YBEJHUHBAETCS
€ paccrosiMeM OT MOBePXHOCTH NMOYBeHHBIX uacTuu. O6beM pac-
TBOpPa, B KOTOPOM HAGIONAIOTCS TOHUKEHHBIE KOHIIEHTPAIUH
aHHOHOB B pe3yJbTare OTpHIATENbHOH ancopbuui, HA3BBAETCH
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a § > iad

puc. 4. 3aBHCHMOCTE TOJMLIHHH
[IeHKH ¢ HOHMXeHHbLIMH KOHIIEeHT-
alHAMH aHHOHOB OT BeJIHYHHH
gr~1 (K. Schofild, 1947):

4
ab= Froni paccTOsIHHE OT 3apsiXKeH-
HOH NOBEePXHOCTH 4WaCTHL, B0 TOYKH,
FEe KOHIEHTPAlHs aHHOHA NpHOaHIKa-
ercs K HYJlo; 3 — ynesbHasi IOBEpX-
HOCTb 9aCTHI NOYBLL

Vios 107 M2

12|
8/ ¢ )

8
U ————
0 — T T 3| 2
or 62 03 04 05
g -6
07M

Vgl ’

Puc. 5. Orpunareqbnas ajicop6-
[ HOHA XJopa B IOUBax, pacCyH-
raunaa C. M. [Nakmunoi (1980) mo
zauupiM A. B. Tpodumosa (1925),
C. A. Bower, 1. O. Goertzen (1955):
1 — zapaTOBCKuli 4epHO3eM  (PacTBODEl
CaCl,); 2 — cyrmaHoK {(pacTsopm CaCl,);
8 — MOJ30JHCTHIH TOPH3OHT (PacTBODhL
CaCl,); 4 — cyrauHOK (pacTBopm NaCl)
5 — TOHKOTBLEBATEIH CYIrJHHOK ( pacTBO-

pot CaCl,); 6 — TOHKOMBUIEBATHHR CYTJH-

ok (pacTeopei NaCl); 7 — ramHel (pa-

crsopul CaCl,); 8 — rauun!  (pacTBODH
NaCl

nepacmeopsoujum 06semom. Beauauna HepacTsopsiollero oGremMa
onpenensieTcss no dopMmyaam:

Vo = _‘/(_C%;__E"_). (3.42)
Vio = %:- Sury (3.43)

rae Vo — HepacTBopsiomuil of6beM, MP/Kr; V — dakTHYecKHH
o6beM MopoBHX Box, ME/Kr; C, — Haya/lbHAs MOJADHAA KOHIEH-
_ Tpauusl xJopa B pactsope; C; — MojiApHas KOHUEHTPAlHA XJ0pa
B pacTBOpe MHoc/e CMelraHud ¢ MoYBod; 4~ — OTpHIATe/NhHass ajt-
copbuus; On — ynenbHas NOBEPXHOCTb MOUBHY, Vio= Wus - 1075
W s — HEPACTBOPSIONIAA BJAXKHOCTL [TOYBOTPYHTA.

ToAmMHA NVIEHKM PAcTBOPa C I[IOHWXKEHHON KOHIEHTpauHed

AHHOHA (-Z—I) B ypasHeuuH (3.43) omnpemensercss cllelYOLIHM
o6pasoM:
4

a” -
H:a-:g%l—-w’

(3.44)
rige g — KospuuueHT, 3aBHCALLHA OT COOTHOLIEHHS BaJeHTHO-
CTM KAaTHOHA H AHHOHA B DACTBOPe COJH; O — [OBEPXHOCTHASI
IVIOTHOCTb 3apfi0B Ha YaCTHIAX [I0YBH; Z — BaJEHTHOCTH Ka-
THOHA B pacTsope coau; ¢ = 8nF*/DRT (pasno 1,06 - 10™ m/mous
npu 298 K); F — uncio Papapes; R — yuusepcajpHas raso-
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(BnNZe{uY)'s
Bas nocrosnHasn; T — abcomoTHag TeMIiepaTypa; % = 060DRT!
€ — 2JIeMeHTapHblll 3apsj; Na —uHciao ABOrajpo; W -— doHHas
cuaa pacTeopa; D — auanekTpuueckas NOCTOAHHAA BOAbL.

Besnuunbl @ B 3aBHCHMOCTH OT COOTHOIIEHHS BaJIEeHTHOCTEH
aHHOHA M KaTHOHA B pacTBOpe Co/Mu NpHBeleHs B Taba. 18. Ko-
JIMYECTBEHHAs OLEHKa ypaBHenu# (3.43, 3.44) rpaduueckum me-
TOZOM npHBedeHa Ha puc. 4. BeanunHn! HepacTBopsmouiero ofbe-
Ma J/1f1 Pa3/IHYHBIX THIOB MOYB H MOPOJ B 3aBHCHMOCTH OT KOH-
UEHTPALMH [OPOBOr0 PAcTBOpa, PACCYHTAHHBIE II0 YPABHEHHAM
(3.43, 3.44), npHuBefeHHl HAa puc. 5.

18. 3asHcHMoOcTh 3Havennil xo3pduumenta (g) oT CoOOTHOIIEHHS
BAJIEHTHOCTEH KAaTHOHA M anuowa (n) B pacTeope COMH

n 0 /7 | 1/6 1/5‘1/4 1/3 1/2‘ 1372 2

1,18

g ‘3,14 2,91 | 2,88 2,83‘2,76 2,651 2,45

2,00} 1,69 ‘ 1,46

[MTpuwmep 3. HavuanbHad KOHUEHTPalHs HOHOB XJopa B pPacTBOpe
CaCl, cocrapiser 0,042 kmoap/mM3. HafTH KOHLEHTPALHMIO HOHOB XJODA
8 pacTBope NOCJE CMeIIeHHS ero ¢ TOHKOMBLIEBATHIM CYIVIHHKOM ipu W =
= 25 9;, T = 298 K.

1. Hafitn Benuynny g u3 taba. 18: g = 1,46.
2. HafiTy Beauuuny £ _ s i¥HMH 5 Ha pHC. 5t
0
£ 1,40 =0,07- 1076 u

VG, V106, 1006 . 0,042

3. Mo rpaguky 5 #a puc. 5 HaifiTa Beauunny V. 3Ta Beanuusa paBHa
2 .« 107 M3/Kr, uT0 COOTBETCTByeT Beauunte W, ., paBHoil 2 9.

4. [lo dopmyde (3.42) HaflTH KOHUEHTPALHIO HOHOB XJAopa nocjie cMe-
flleHAd PacCTBOPa C MOUBOH, 3aMEHHB BedWIHHH V Ha W:
_0,042.25

Cr 23

= 0,046 kMoub/M3.

§ 7. MonekrynsapHas, Tepmo- M 6apoanddysua

[on Ougpgpysuedi B pacTBopax MOHUMAIOT PAaBHOMEPHOE pacipe-
Je/ieHHe YaCTHH DaCTBOPEHHHIX BELIeCTB B pacTBOpUTENsX, obyc-
JIOBJIEHHOE BJIHSAHHEM TENJIOBOFO ABHKEHHS aTOMOB, HOHOB, MO-

1 3roT H BCe fanbHedIune pacueTsl B AAHHOM HOCOGHY BHIIOJHEHB NpH
MaTeMaTHYeCKOM MOJeJHPOBAHHA MeJHOPaTHBHO-THAPOXHMUYeCKOH 06-
CTaHOBKH QA yd4acCTKa, pacliojoxeHHoro B cTenHolt soHe YCCP B Bepxo-
BoAX pex Kouka, Iafiuya, Moxpsle Slust.
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AEKYJ WIH HX KOMIVIeKCoB. PacTBopeHHEIE BeumlecTsa MOryT Ka-
XOJMTECH B DPaCTBOPE B HOHHO-MOJNEKYJNSIPHOM H KOJIOHJIHOM
COCTOSIHHAX, MPHYEM CKOPOCTL Au(pdY3HH B KOMIOHAHBIX PacTBO-
pax BO MHOTO pa3s MeHbllle, YeM B NCTHHHBIX. Pesynbrarom andoy-
3UH AIBJSETCA BbIPABHHBAHME KOHILEHTPauH# BCEX pPaCTBOPEH-
HEIX BELIECTB [0 BCeMy 00beMy pacTBopa.

Mosrekyaapruasn Ougpgysus — 370 H3MeHeHWe KoHIeHTpauui
paCTBOPEHHOIO BELIECTBA B Pe3ysibTate HAJH4HS B PacTBOPE rpa-
JQHEHTa KOHLEHTpaUHi; mepmodupdysus u 6apoduggysus —
aHaJOrH4HbIe [POLECCH, OGYC/OBJICHHBIE HAJIHUMEM B pacTBope
rpajHeHToB TeMneparyp H JasjeHHH. VIHTeHCHBHOCTH Moneky-
JsipHOH IH(MY3HH KONHYECTBEHHO OLEHHBAETCH CKOpOCMbr Ough-
(py3uu, Kotopas paBHa KOJWUECTBY BEIIECTBA dmM, MPOXOISIIETO
3a MPOMEXYTOK BpeMeHH df depes nonepeuHoe ceyeHue S B yCJIO-
BUWSX, KOrjla PasHOCThL KOHUEHTpauMil BemecTBa Ha PacCTOSTHWM
dx paBua dC (nepBblfi 3aKOH CDnKa)'

dm = —DuS 4 41, (3.45)

rie Dy — Ko3(p(UUHEHT MPONOPUHOHAABHOCTH, HasbIBAeMHIH KO-
ApPuLueHmon  MOAeKYASPHOE  Ougbgpysuu v HHCIEHHO PaBHLIN
KOJIMYeCTBY BelllecTBa, AHDQYHAVPYIOLEro B €QUHHIY BpeMeHH

yepes €JHHHNY CeYeHWsl NpH rpajHeHTe KOHIICHTDauun 3z’ pas-

HOM  eJlHHHIIE.

BesnnyuBa CKOPOCTH MOJEKYAAPHOH AHGPYSHH NpAMO Tpo-
NopIHOHA/MbHA TeMIlepaType pacTeopa H 00paTHO mnpomopuuo-
HaJlbHa [aBJEHHIO, DasMepy MMpQYHAMPYIOUHX 4YacTHI ¥ BSA3-
KOCTH pacTBOpHTE/IS: )

RT 102
D = emm—
M= (3.46)

rgpe R — ynuBepcanbHas rasoBasi nocrosiHHas; 71 — aGCosor-
uast temneparypa; Ns — aucio Asoranpo; 1 — KosdpuuHeHT
BA3KOCTH AHUCIIEPCHOHHON Cpelbl; 7 ~— pajuyc AHPPYHNRDYIOUIHX
YacTHU. BeJHuHHAa 7 ONpeleIsieTcss aTOMHBIMH H HOHHBIMYM pa-
fhycamH AUGOYHIMPYIOIHX BEIlecTB, 3HAYEHHS KOTOPHIX /s
HauGogee PacnpoCTPaHEHHBIX B NPHPOJHBLIX BOAAX HOHOB JaHHI B
Taba. 19.

CooTBeTCTBEHHO CKODOCTH TepMo- M Gapopuddysun oueHu-
BalOTCHl ypaBHEHHSMH:

dm = —DTS—"l dt, (3.47)
dm = DS 2. d (3.48)

rie Dt u Dp— KospdunuenTsl TepMo- B 6ap01mq)¢>y3nn; T —
abcosoTHast TeMmrneparypa pacrBopa; P — jaBiesuwe B pac-
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19, 3uadeuns BeNHYHH MOHMBIX PANMYCOB HanGoNee PACTPOCTPAHEHHBIX
B UPHPORHHX BoXax RoroB (mo loappuwMupry), 10710 M

Houbt OH-| N5+ | P&+ | Fe3+ | Al3+ | Ca%+ | Mg?* | Fe2*
Wounubtit
paguyc (r) 1,53 10,15 10,35 1083|057 | 1,06 {0,78 {067

Mpoaonxenune raba 19

Houn: Na+ | K+ | NHY | B+ |s0¥™| - | NOy | cwo

4

Honuniit
pazuyc (r) 098 | 1,33 | 1,43 | 1,54 ] 2,30 | 0,26 | 1,89 | 1,81

TBope. YHTeHcuBHOCTL notoka Auddysuum B pacreope (Ig) B Ie-
JIOM 3aBHCWT OT (PH3MKO-XMMHYECKHX CBOHCTB PacTBOPEHHLIX Be-
IIECTB ¥ PACTBOpHTEJell W MPOMOPIHOHAJNLHA FpajHeHTaM KoH-
uenrpauuu (grad C), tempeparypst (grad 7) w® AaBieHus
(grad P):

lg = — Dy gradC—DT gradT + Dg grad P, (3.49)

rge Dwm, Dy, Dg-—cootsercTrento KOIPOUNNEHTH MOJEKYAsAP-
uoit nubdysun, TepMoauddysuy u Gapoguddysun.

W3 ypasuenus (3.49) BHAHO, uTO HanmpaBjeHHe NMOTOKA Iud-
(ysH¥ 3aBUCHT OT abGCOMIOTHBIX BEJIWUHH €ro COCTAB/ISAIONIMX.
O6bludo BeJMYNHA NMEPBEIX JBYX COCTaBJSIONMX npeolbiajaer Haj
nocjaelHell, MOSTOMY B NPUPOAHBIX YCA0BUAX AUGDYSHOHHLIHA
MOTOK HarpaBjdeH B CTOPOHY YMeHbLIIeHHSI KOHIEHTpauuil H TeM-
neparyp. Ilpouecc oanoMepHoro AB¥IKeHWS coJiell B De3yJb-
Tate MOJIEKYasapHOH Anddysuu Belpaxkaercs ypaBHeHHeM (3.50)
B COOTBETCTBHHW CO BTOPHIM 3aKoHoM DuKa:

dc d2C
S =—Dutr. (3.50)

Ipouecc MHoroMepHoro aBuxkKeHus coJedl B NpOCTpaHCTBE
H BpeEMenM 3a cueT SBJEHHA MoJeKy/aapHo#d nupyswn npu olxHo-
POTHOCTH WAV HEOAHOPOAHOCTH BeaHupy Dy B Hanpab/JeHHUSX
OCell KOOpIOHHAT OIHCHIBAETCH YpPaBHEHHAMM:

dC dc ~
S =—DuAC, = = —DuAC, (3.51)

. d? dz d?
rie A — oneparop Jlannaca, pasHbIit Tttt s Y
2 — paccTosiHge B HallpaBJEHWH Ocell KOOpAuHAT.

52



Jenxenvie coneil B pesynbTare TepMo- u Gapoauddysun
B OJHOMEPHOM 1 MHOTOMEPHOM IIPOCTPAHCTBE NPOUCXONUT B COOT-
BETCTBHH C YDaBHEHHSMH:

dc a2r | dC 4ac

% = —Dr—o5 i 5~ = —DAT; o~ = — DrAT (3.52)
H

dC 4P dC . dC A

7 = DBW N 7 = DBAP; _dZ' = DBAP (3'53)

Maremarndeckoe onucanue MoToka AHQpY3HH B [EJIOM B OJIHO-
MEpHOM H MHOFOMEPHOM HOPOCTPAaHCTBaX BBIIONHAETCA C MOMOILBIO
clelyIOUIHX ypaBHEHHHA:

iC dzC d7r d2pP
T =—Dngr —Drgz+Dsgr (359
H
45 = —DuAC—D1AT + DsAP; £2 = — DyAC—
— D1AT + DgAP. (3.55)

[TockoneKy B ToJIE TMOPOJ, 30HB @KTHBHOrO BOZoCO/Ieo6MeHa
(grad T + grad P) « grad C cxopoctb notoxa auddysuy npaxT-
YeCKH DPaBHA CKOPOCTH MOJIEKYJspHOH auddysuu.

[Ipy HOCTOSTHHOM AaBJIEHHH BS3KOCTb BOJAHBIX PacTBOPOB, H3-
MEHSIOIAsACH B 6OJbLINX Npelestax, HMeeT BecbMa CYIIeCTBeHHOe
3HaueHHe B GOpMHUPOBAHHH BEJMUYWHB MOJMEKYaapHON Auddy3uyu
[MOCTYTIAOIEr0 B AUCIEPCHOHHYIO cpeny Ax(GdyHAUD yIOLIero Be-
mecrBa. [IOCKONBKY BfISKOCTb DacTBOpPa IMPONMOPLHHUOHAMLHA €r0
KOHIIEHTPAIHH NPAKTHUECKN KaK B CIVIONIHOH, TaK H B IMOPHCTOM
cpelle, B JOCTAaTOYHO pas3faBJeHHBIX PACTBOPAX BeJaHUMHBL Dy 06-
paTHO NMPONOPUYOHANBHE! COAEPHKAHHIO coJiell B AHCTIEPCHOHHOH
Cpefe; B paCTBOpax C BLICOKOH KOHUEHTpalHeH cosell Kosbhdu-
LHHEHT MOJIEKYJIApHOH Au(y3HH C yBeMvueHHEM KOHIEHTDAHY
BospacraeT (Tabn. 20). B ceasu ¢ stuM Bennunnsl Dy, paccuuran-
Hete o opMyiam (3.46) u (3.56), comocraBuMbl C CYILECTBYIO-
MUMH BETUUHHAMH, MOJYYEHHBIMH SKCIlep HMEHTANbHO JIHLIb JJIS
cnabo- n CpelHeMHMHepa/Nu3OBaHHBIX pacTBopoB (1o  0,6—
1 kmoan/m®).

[Tpu onpeienenun CKOpPOCTH MoJeKyJaspHOH A¥uddysuwn B ro-
pucroii cpene Benuunaa Dy, B oTyinude oT 1ubdy3uu B csobon-
HOH XKHUIKOCTH, OyleT NpeacTaBasite Coboll 3(pdeKTHBHBIR KOD-
Gbunpent auddysnH ¥ oNpeleNATHCH N0 YPABHEHHIO

NnD2y10-4 = DnQy = RTND?X10-2

Dn = Dm—— M = g e

(3.56)
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20, 3asuchHMocTh Ko3(hduuvenra modexyasphod nnddysuu
pacTBopoB HauGojee pacnpoCTPaHEHHBX B NPUPONHBIX BONAX COMeH
oT HX KoHueurpausit 8 Boje (cnaol¥as Cpena) MPH TEMNepaType

298 K, 10~* m2/cyr

KOHU@HTpauHs] pacTBOPOB, KMO.Jb/M?

0,000 0,001 } 0,003 0,005 0,01 0,05 0,1 0,5 1,0 3,0

CaCl, 1,335] 1,249 1,201 { 1,179
MgCl, | 1.249] 1,187{ 1,158

1,121 11,110 11,140 {1,203 | 1,265
Na,SO, 1,2301 (,175] 1,147] 1,123

NaCl 1,610} 1,585| 1,570 | 1,560 | 1,545 [1,507 |1,483 {1,474 {1,484 | 1,565
NaNO, | 1568] — | — | 15161503 — | — |'— | — | —
KCl 1.093] 1,964] 1,945| 1,934] 1,917 {1,864 1,844 1,850 }1,892 | 2,112
KNO;, 1.928] 1.899| 1,879 1,866|1.846 [ — | — | — | — | —

rae Dn — sdderrupnntit Kospuunest auddysun; D — cpemudit
guamerp nop; N —uncio nop Ha 1 Mm% y-—kosdduivent wus-
BHJIMCTOCTH; @ ~— IWIOans CBOGOJHOrO CeueHHA NOp Ha €IHHULY
IJIOMAH TIOJIHOTO CEYeHHs!; OCTaJbHBle 0003HAYCHHA Te JKe, YTO
B ypaBHeHHu (3.46). [as NpaKTHYECKHX pacyeToB MOXKHO HC-
N0J1b30BaTh (POPMYJIHL:

RTyn102 2
Dn = DMXﬂ = W M Dn = DM 'é—_'_’—l-n—; (357)
2
1—(1 —n)d
p=Ltml=n (3.58)

rge n — HOpHCTOCTb MOpox, y =< 0,5—0,7 — ans peIXJBIX nO-
poA u 0,25 — nyiA IWIOTHBIX NOPOA.

Mpumep 4. [Ipu duAbTpauHH B TAHHHCTHX HOPOAAX BOA XNOpHJ-
HOTO HATPHEBOr0 COCTaBa JaHO: MHHEPaAH3alHWs MHOPOBOTO pacTsopa —
5 %: cpegunii gmamerp mop — 0,67 - 107% m; uncio mop wa 1 M2—1 X
X 108, mopmcrocTs mopoasl — 0,3; TemmepaTypa pacrBopa — 293 K.
Hajityn BennuHHy Ko3hpHUHEHTa MOAeKYAAPHOH JuddY3AH HOHOB HATPHH
u xJaopa B cafolmHofl (D) u nopncrofi (Dp) cpepax.

1. Hafirn BsisgocTh mnopoBoro pacrsopa NaCl no raban. 3 (n =
= 1,085 - 10731 . c/m?).

2. Halith Ko>hhHuHeHT RIBHIHCTOCTH NOpPoAt 1o Gopmyne (3.58):

2

1= (1—03)3

x == 0‘3 = 0,7.

8. Hafitn Benmuuud Homubix paiumyco Na* u Cl~ no rabm. 19:
Prge =098+ 10730 m; 70 ==0,26 - 10710 m



4. Haftu xosdbuumenr Mojeryiaapuofi nubdysnn HOHOB Harpud
g CIIOWHO cpele No ypaBHeHHIO (3.46):

8,31 10%. 293 . 102
Dy= 02 - 10%- 6 - 3,14 - 1,085 - 105 - 0,98 - 10-10
5. Haiite KosdppuunenT Monexyaspuoli nubdysuH HOHOB HaTpud
s mopucToll cpege no ypasHeunio (3.56):
8,31 .10%.293. 1. 10% (0,67 - 1076)20,7 . 102
m= "54.602-10% . [,085 . [0~® . 0,98 . 10710
6. Haiity Benwununl Dy, v D and MOHOB Xnopa:
Dy =7,58 - 107¢ m?/cyr; D= 188. 107% m¥/cyr.
7. Hafita Benwunun D Ans HOHOB HATPUs H XA0Opa 1O YNPOIIEHHBIM
ypaemenuam (3.57):
Dp = (0,42 — 0,45) 10™* (ana wonos HaTpus),
Dp = (1,59 —1,68) 10~% (ana noHOB Xu0pa).

= 2,02 . 10~% m?/cyrT.

=05 . 10~% m2/cyT,

[Tponeccsl MosexynapHO# AUQQy3uy NPOSABIROTCH B PaAsIHY-
HOMl CTeneHH, B 3aBHCUMOCTH OT FUAPOJUHAMHYECKHX YCIOBUM
BOJOHOCHBIX FOPH3OHTOB, [VIaBHBIM 06pPa3oM OT CKOPOCTH (PUALTPa-
nHy pacTBopos. Mosekynsipras Auddysus npeobiagaer B pac-
TBOpaX, ABHXKYIUIUXCH B NOPOBOM MPOCTPAHCTBE € MABIMH CKO-
poctami. Iogobuble yca0BUS TUMHYHBI A5 MOA3EMHBIX BOJX, 38-
Jieralomux Ha OoablIuX FAyOUHAX B 30HAX 3aMeVIEHHOrO BOMO-
obMeHa, /Mubo A/ist BOJ 30HBl aKTHBHOTO BOLOOOMeHa, (QHALTPYIO-
IHUXCA B C1aGONPOHUIAEMBIX MOPOAAX, WMEIOMUX Masble KO-
buLUedTsl QUIbTpaIUH.

3xauenue Besuuud Dp uw DM nHaubosee pacrnpoCTpaHEHHBIX
B NPHUPOAHLIX BOJAAX Cojefdl B CIIONIHON W MOPUCTOH Cpeaax Mpu-
Befensl B Taba1. 20 u 21.

21. KoapduunenT monexyaspuos auddysnd s sogabx pacrsopax
(nopucran cpepa) (3. A. Coxroneuko # gp., 1976)

Konuen~ Kospdu=
(o] - -
[MopucTasn cpefa r!rolc)gi, Coab P :cp.‘iléﬂpz Te;;r;zga uu%ﬂ;sg::b'
AoaH en. KMOJIB/MS T-273  ho—é m/cyr
CreknsHHElE  WAPHRH
Auvamerpom 0,2 - 10-3 m| 0,385 NaCl 1 22 0,810
To xe, 0,4 . 1073 i 0,390 » 0,002 24 0,540
KaonuuutoBas ranga 0,590 » HACBIIL. 22 0,885
YepHosem gerpazmpo-
BaHHBIA — » » 25 0,567
Maiikonckas rauxa 0,487 » » 22 0,484
Xpanuiuckas ramua 0,534 » N 22 0,780
Kanbuuesuill 6eHTOHHT — CaCly 0,075 22 0,110
Mopennas ravua - » 0,75 22 0,152
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§ 8. HonBekruBHan [(punbTpanmonHas) antdysns

B ychosusix KOHBEKTHBHOIO NEPEMENIEHHsi PAaCTBOPOB C ME-
Hepanusauueli C; B MOPOBEIX BOAAX, C MuHepaausauwed C,
B CBA3M C JMcrepcHedl CKOPOCTH DMALTPALMM M MOJEKYJspHO
audysueli o6pasyercs nepexonHas 30Ha /, B mpejenax KOTOPOH
KOHIEHTpalus cymmapHoro pacrsopa C wusmensercs or C, 1o
Cr (puc. 6). I[Ipu 5ToM B TOYKaX, HAXOSIMUXCS B CepeUHe Mepe-
X0aHOH 30HHI [, BedWUWHa KOHIEHTPAHH CyMMapHOIO pacTBopa
6yzer paBHa
Co+C,

Cop = =5

(3-59)

lupuna nepexomHOM 30HB, YBeNHUMBAIOMASCH MNPOIOPIH-

oHaJbHO BpeMenu $muibtpannu (I = fV'1), onpenensiercs Besu-
yuHamy Ko3(pbhHinenToB MOJeKyJaspHO# aAnddysun H aucnepeuu
CKOpOCTed (PUABTPAHOHHOTO MOTOKA!

D¢ = Dy - D, (360)

rae Dy — kosbduunedT MosneryaspHoil mudoysun; De — Koap-
(UIMEHT AUCTIepCHU CKOpOCTel (PUIbTpandOHHOrO notoka; Do —
KO3(HIHEHT KOHBEKTHBHON ((DHAbTpanuOHHOH) aubysuu.
Taxum obpasom, Mol Koagguyuenmom KoHeeKmueHot (puasms-
PAYUOHHOU) Ougphy3uu TOHHMAETCS KOJUYECTBO BEUIECTBA, MPO-
XOAfIEro B Mopax Mopoj yepes ceyenue Mmiomansio 1 m® B reue-
HHE OZHHUX CYTOK [0 BAUAHHEM NPOIIECCOB MOJMEKYAsipHO# auddy-
34M Y AHCIIEPCHY CKOPOCTEH (PUAbTpaIdy pacTsopa B Iopax, MpH
TpajyenTe KOHNEHTpaluud H CKOPOCTH (DMABTpAluH, PaBHBIX enu-
HHnaM. Koadduiment KoHBeKTHBHOHA (duibrpannonuon) auddy-
3UM XapakTepusyer AEHCTBHTENLHYIO (MCTUHHYIO) CKOPOCTb yac-
THI PaCTBOPEHHOTO BEIECTBA B MEPEeXONHOH 30HE, 0DyCJ/OoBJIeH-

by

/// \\\ 7
R
B

{

N
—]

Puc. 6. Cxema pacnpeleseHusi cojiei B MOpPOBOM pacTBope OpH ABUIKEHHH
OZIHOTO pacTBopa B JAPYroM B NpelenaX BOJOBMEULAIOUIHX HOPOA:

1 =~ pacTBOp ¢ MuHepaiusauped C,, ABUKYILHACS CO CKOPOCTHIO v 2 = HENOABHKHLR
HopoBmll PacTBOp ¢ MuHepasHzanmefi Cp; 3 — pacTBOp TePEXOAHO! 30HH C MHUHEpanH-

sanueft C; nsMersomuics or Cy A0 Gy
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Hyl0 npoueccaMu monexyaspnofi 1uddysuu v aucnepcun cKopo-
creit B (uabTpanuoHHoM noroke. CROPOCTb 3Ta ornpeaensiercs
caeyloMUM ypaBHeHUeM:

Uxone = Unuen + Vnad, (361)

rg€ Uxoms — CKOPOCTb uYacTull, 0GYc/OBJeHHAas MOJIEKYAApHOH
auddysueldl ¥ mucnepcHed CKOPOCTeH; Upycn — CKOPOCTh YaCTHif,
06yc/IOBAEHHAs JuCTIepCHed CKOpOcTed B (PUIBTPALHOHHOM [OTO-
Ke; Uxup — CKOPOCTb 4aCTUil, OOYCJOB/ICHHAST MOEKYISAPHOR UG-

o d
(ysuel, Uzup >0, ecau BEKTOp TpajlMeHTa KOHUEHTPALHH —-—

COBIAJAET ¢ HallpaBieHHeM (QHIbTPALUOHHOTO NOTOKA; Ugup<< 0 —

dcC .
B OOpAaTHOM CaAyuae; Uge = 0 1npm T = 0. [leficTBHTe/bHAA

CKOPOCTb PACTBOPEHHBIX UYACTHIL U; B NEPEXOJHOH 30HE C YUeTOM
REACTBUTENBHON CKOPOCTH (PUJIbTPALlHOHHOrO IOTOKA U paBHA

Vg = U -+ Ugons- (3.62)

[lpy 3TOM B YCAOBHAX, KOI'AA Ugpcn > Unag, Vxons > 0 — B TOU-
Kax MepexofHoil 30HbI, HaXOABIUXCS BIPABO OT ceueHus (QPHJbT-
PALOHHOrO MOTOKAa, COOTBETCTBYMOWlEro Ha puc. 6 auuuu I,
He3aBUCHMO OT cooTrHowerust Cy # C; Ukops < 0 — B TOUKax, Ha-
XONSIIUXCSE BJAEBO OT CEUEHHS; Uyoup = 0 — B TOUYKAX, DACHOJO-
JKEHHBIX B 1pefieiax ceueHusl. B ycjgoBusiX, KOrla Upugp > Uguen,
Uxons > 0 — B TOUKaX npasoi wacTtu nepexoaHofi 308wt npu Cy>C;
Uyons << 0 B TOUKax JepoH dacTd mepexopHol soHm npu C > C,.
CaenyeT oTMeTUTb, 4TO B IPUPOAHBIX YCJAOBHAX Ha CKOPOCTB
JBUXEHUS] paCTBOPEHHOIO BEHIECTBA B MEPeXONHOH 30HE BJUSIOT,
KpOMe TOrO, Takie NpOIEcCH, KaK paCTBOpeHHe M BbillafeHHe
cojedl B ocajok, copbuus (mecopOuus), HOHHBHI 0oOMeH, TepMoO-
auPy3us, OCMOTHYECKOE NABACHHE.

Jducnepcus ckopoctedl ¢m/bTpauuu NOPOBLIX pacTeBopos, Xa-
pakrepuayer paccesinue (pasMmelB) FPaHUNOBI Pa3fenoB  [BYX
KUIKOCTEH WM PacTBOPOB B fporecce QuUAbTPaiHy BCICACTBUE
Pas/inyys UCTHHHBIX CKOpOCTEeH (uabTpandy B Mopax Mopoabl.
Iucnepcusa ckopocTeli B (uIbTPALMOHHOM NOTOKE MOMYHHAETCH
TeM (K€ 3aKOHOMEPHOCTAM, 4TO U MOJeKyaspras AuUpPysud,
BCIEACTBUE MA/biX pasMepoB MOPOBBIX KaHAMOB U ONpefeIfercs
BeJIMUUHON

v
De=hv =2 —,—;’— , (3.63)
rie D¢ — xoaduiedt mucnepcuy cKopocted QUALTPALHOHHOTO
NOTOKA; © — HCTHHHAS CKOPOCTh Guabrpaiud; A — Kosddu-

LueHT, CBf3aHHBIA ¢ Aucnepcuel cKopocted (QUIbTpauMH, 3aBH-
CAmuA OT CTPYKTYpH NMOPOAB!, HalpaBJeHusd H CKOPOCTH PuIbT-
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paiuH, U, — CKOPOCTb (HAbTPALHUH; 1 — MOPHCTOCTb MOPOAHL.
B cnyuae paccesuns rpanuibl pasiena ABYyX pacTBOPOB C pasiny-
HbIMY KOHLEHTPauuiMH Kodgpuyuenm Oucnepcuu  ckopocméd
urbmpayuuy Xapakrepusyercsi KOJHYECTBOM BellecTsa, npoxo-
JAmero B nopax fopoj yepe3d ceyeHde miomanbio 1 m? B TeyeHue
OIHWX CYTOK BCJAEiCTBHE HEPaBHOMEDHOCTU CKOpocTe# JByXKe-
H¥sl pacTBopa B OTAeJBbHBIX TMOPOBbIX KaHajlaX, NMPH CKOPOCTH
bunbtpanuu, passoll envuuue. Kosbduuvent D¢ xapakrepusyer
CKOpOCTb pacTBopa, OOYCTOBIEHHYIO jHCIepCyeH CKOpOCTEk
B (PHILTPAIVOHHOM NOTOKE Uy, .. [loncrasus semnawuny Dc (3.63)

B ypasHenue (3.60), mosyyuM 3aBHCHMOCTb
Do = Du+ A<, (3.64)

B cnayuae pBu:KeHHss pacTBOPOB B MOpOiax TOJMH aKTHBHO-
ro BojocoseobMeHa mnpu OpolleHHH YypaBHeHHe (3.64) BBIFIAAUT
CJELYICIUM 06pasoM:

Do=Dy + 122 ) 20 (3.65)

TI€ Uy — CKOPOCTBb HCIIApEHUsl; Uy — CKOPOCTh BOJONOCTYIIEHWS,

Kosbguuuesr A yicieHHO paBeH KO>(Q(QHIHEHTY KOHBEKTHB-
HOH nu(GPy3HH, OTHECEHHOMY K EjHHMIE CKODOCTH BJIar B MOPH-
crofl cpene:

(Dgy— Dy n e Dg n

Ug vy — v

A= (3.66)

Pacrsop ¢ mwuHepanusauue#i C, B ToykaX, HaXOASIIWXCsa Ha
auunv I, (puc. 6), NBUKETCH CO CKOPOCTbIO, PABHOH JeHCTBUTENb-
HOl CcKopocTH uabrpanuoHHoro noroka v. CKopoctb pacrBopa
B TOYKaX, HaXONAWHUXCA BMNPABO OT JWHWH [y, Bhlllle CKOPOCTH Y,
a2 HaXOJAUIUXCH BJEBO — HIDKe BCJEJCTBHE AWCTIEPCHH CKOpPO-
crefl B nepexoaHoil 3oHe. Takum oOpasoM, NeficTBUTEILHAS (HC-
THHHAA) CKOPOCTb pacTBopa B JI0GOH TOYKe MepexoNHod SOHKI
fe3 yuera MoJekyJspHoii Indy3un onpenenserca CAeYHOLNM
ypaBHEHWEeM:

Up = U + Upucn, (367)

Fie Up— JeHCTBHTeNbHAs CKOPOCTh PacTBOPa B JAHHOW TOYKeE,
U — JEHCTBHTEIbHAN CKOPOCTb (UILTPANUOHHOIO MOTOKA;, Upucn—
CKOPOCTb pAacTBOpa B JaHHOH TOYKe, OBYC/IOBJEHHAs mucrepcHeit
ckopocTedl QUIbTPANMOHHOIO NMOTOKA, Uguen > 0 — B TOUKaX, Ha-
XONAIMKXCS BMNPABO OT CeYeHHH (UABTPAUMOHHOTO NOTOKA, COOT-
BeTrcTByiomero Ha puc. 6 Jaumun [y, Uguen < 0—B TOukax,
HaXONAMMUXCH BJAEBO OT ceyeHust [, Upuen = 0— B TOYKaxX, HaXo-
AAmHXca B npenenax ceueHnst /. Bennunna A B ypasHenun (3.63),
BHIPaXkalomasncs B €IUHWLAX JJIHHBI, OpPU MOCTOSHHOM BelMyuHe
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Do 8aBHCHT OT PeOMETDHH [10POBOrO [IPOCTPAHCTBA, HalpaBJeHus
j CKOpOCTH (UABTPalMy ¥ YBeJMUMBaeTCst ¢ BO3pacTaHUEM [HC-
pepCHOCTH 4acTHL nopuncToﬁ Cpeibl 1 yMEHbHIEHHEM CKopocreit
¢uabTpalny OT Josielf CaHTHMETPa B MECKaX 1O HECKOJIbKHX
MeTpoB B MiiMHax. PasmwyaioT Ko3(dpuuueHTH MPOAONBHON KOH-
pexTuBHOA muddysun (Dr), Korga onpenensercs CKopoctb aud-
(pySHOHHOTO npouecca Bioib PuIbTPaHOHHOTO I0TOKA, W [lof1e-
euHOll KOHBeKTMBHOH auddysun (D7), korpa onpefeJsieTcs
CKOPOCTb COOTBETCTBYIOWIErO [POLECCa, NPOUCXOISINEro nepres-
JUKYJISDHO HanpabieHwio (uasTpanun. C  yueToM reomeTpHu
[IOPUCTOM Cpeanl MpeUIONKeHbl 3MIMPUYECKHE YpaBHeHHS /s

* *
onpenenenns Beauung Dy, u Dr, sanpuMep:

. 2Dy 0,65Dv106
Dy, = . —_—, 3.68
L 3 I+ 67)D,,/Dv ( )

rpe D — uaMeTp CTekJsIHHBIX ILApHKOB, HMHTHPYIOWHX 3epHa
rpy#ta, u Di = Dm+ av?, DT = Dy + Bom, (3.69)
rge o, B, n, m—smilgpuyeckue Ko3dOHIMEHTHI, 3aBUCSIIHE OT
pasMepoB 4aCTHI MOPHCTOH Cpenl, npHyem n=xlunm=x1 Cue-
Ayer OTMEeTHTb, YTO Bejuuu#a Dt MeHbllle 3aBHCUT OT CKOPOCTH
¢$unbTpanHy, wem D, ¥ 00 abCOMIOTHEIM SHAYeHHAM YCTyNaeT

pesuange D; (tabn. 22).

22. 3uavenust K03GGHUHEHTOB NPOAGJbHOMH (DE) H nonepeunoi

(D?) KouBekTHBHOH Audihy3un A YycnoBHA nmecyaHol cpelm
(3. A. Coxonesko u ap., 1974)

Jigglﬁgp nopuoc/:ocwb, p%;:l:ﬂlg;n:%z Dlt’ 10— w2jcyr| Dys 10—8
10—3 um uny; 1074 M/c MEfcyr
—_ — 1 1,3
0,10—0,25 3 3,3
0,25—-0,83 33,9 1,22 0,73
7,1—16,3 32,2—44,8 —
- — 4,1—13,5 9,2—20,5 —
38,0 16,2-57,8 30,8—434 —
0,92 40,0 0,98—12,6 0,49—103 —
1,40 39,0 0,83—12,4 0,63—15,6 —
0,45 39,0 0,98—12,8 0,19—4,6 —
- — 0,032—2,7 0,03—2,5 —
— — 0.65 —_ 7,1
— — 0,16 —_ 2,4
0,00 — 0,051 — 2,1
0,20 — 0,033 — 1,6
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Onpeneneune Benuduubl KoohdnuiHenTa KOUBEXTHRHON AHG-
ysun (Dg). PaccuuTtniBaercs B pesysinTaTe HCNONL3OBAEUHS IKC-
NEePUMEHTANLHLIX JAHHLIX, TOJAYYEHHLIX AJ$ TEDPUTOPHH C YCTa-
HOBHBILHMCS) BOZHO-COJIEBbIM PEXKHMOM, 1O (opMmynam:

" Do = 2";;‘8 (a5 nopoBbx BOR) {3.70)
Dy = _v%%—é-;ﬁ_)_ (n1s rpysToBBIX BOR), (3.71)

rne D¢, D% — Ko3bHUMEeHTE KOHBeKTWBHON In(dY3uH CoOT-
BETCTBEHHO B NMOPOBHX ¥ TPYHTOBBIX BOAAX; U; — CPeRHErcjoBas
CKOPOCTD HCHapeHH$; ¥, — rAyOuHa 3a/eraHus ypPOBHS HppHUTa-
IHOHHO-TPYHTOBBIX Boj, T — rnyOuHa 3ajeraHus COOCTBEHHO
TPYHTOBRIX BOZI (MOIIHOCTb PaCyeTHOTC CJIOS); 71 — aKTHBHAf
MOPHCTOCTh BOJOBMEIIAIOMHX TOPOR, AONM exunuubs Pe, Pe* —
napameTp ITek/se cOOTBETCTBEHHO LfI51 NOPOBLIX M TPYHTOBHIX BOj,
GespasMepHasi BeUYuHa.

ITpu oTcyTcTBUHEM TpaHCOUPAUUHK IS NOPOBHIX M T'PYHTOBHX
Boz napamerp [lekise paccuuThiBaeTCs CAeRYIOIMM 0OpasoM:

Pe — v1 n Cﬂ (vy — v5) 4 Cyva .
2 (v — vg) Co(vy —va) +Cyvy °

— Uy Co (vy —vs) + Cuus
Per = 2 (vy ~— va) n Cy(vy —ug) + Gy ? (3'73)

(3.72)

A€ Uy — CKOPOCTh BOAOMOCTYIIEHHS; Cy — MHHEepanH3auus win
KOHIEHTPAHS OT/EIbHEIX HOHOB BEPXHErO CJIOS UPPUTAmHOHHO-
TPYHTOBLIX Box, C, — MMHEPAJH3aLHA COGCTBEHHO TPVHTOBBRIX
Boja; C, — MHHepalu3aius BOJ, NOCTYNAWIIHX Ha MOBEPXHOCTH
nouBel (aTMocdepHuie OCalKM, NOJHBHbIE Bogpl); O, — MuHepa-
JIH3al{H51 MOPOBOrO PACTBOPA Ha MOBEPXHOCTH [IOYBHI

B ycioBHsX TpaHCOHPALHH NPH NOJHBE NPECHLIMH BOJAMH
(Cy == 0) mapamerp Ilexkne paccuuThiBaeTCst mo dopmynam:

C,
Pe = —;1—_0_12—02 In Tg (374)
H
Prr=—__1n S (3.75)
o — 202 C'l * :

IIpH OpHEHTHPOBOUHBIX pacu€Tax BeAHUHHE D¢ MOXHO HCIO/DL-
30BaTb SMMHPHUYECKHe ypaBHenus Tuma (3.68, 3.69).

Mpumep 5 JAs 30HB HHOUIBTPANHH B YCIOBUAX OTCYTCTBHS
TPanCHEpPALHH IPH €CTECTBEHIOM BOJIHO-COJEBOM PeXHME NaH0: X, = 2 Mj
vy, = 1,45 . 1079 m/eym; o = 1,32 - 1078 m/cyT; Cp = 3,32 xr/md; Cy=
= 1,83 kr/m? C, = 0; n = 0,25. Haiiti Dy.
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1. o ypasueuuio (3.72) nafitu Beanyuny Pe:
1,32 - 102 1,83 - 0,13 108 _
6= 57015 107 "33 043 05 0%

P

9. Tlo ypasHenuio (3.70) HafiTn BenHunny Dg:

1,32.2. 1073 g
= oo a0 = 78 - 107 weym.

Jlas SOHHM TpPaHCHHPAUMH Hano: % = 1M; v, = 1,45 - 1073 m/cy?,
0, = 1,32 - 1078 M/cyT; Cp = 1,18 XI‘}MB; C, = 1,83 xr/m?®;, n = 0,25,

C, ~ 0. Ha#itn Dy, .
1. Haiitn BenuanHy Pe o ypasnenuio (3.74):
1,32 - 1078 1,18

= —-1—58_—-10:5 lnrg—s-— 0,367.

Dg

Pe

2. Hafitn sennundy Dg, mo ypasnenuio (3.70)

1,32 . 10—3

= — e — . 10-3 M2
@ 05 - 0.367 7,19 - 1073 m2/cyT.

D

Tl p uwme p6. PaccuuraTh BeRUHHY X03hdUNIHEHTa NPOROABLHON KOH-
BeXTHBHOR nudPy3uu B 30He HHOUADTPAUKU B YCIOBHAX NpHUMepa B, mpu
D= 0,5 1073 M.

1. Hajiry Beanunny v B ypaBHeHHH (3.68):

_u—u_ (146—132)-1078 g
V== 0.5 =0,510"% m/cyT.

2. Hafitu Beqnunny xo>hdHnHeHTa MoJekyaapuolt auddysnux (mpu-
Mep 4):
Dy = 0,5 107 m2/cyT.

3. Hafitu BenuunHy D; no ypasuenuio (3.68):
065-05-10-%.05- 1073. 108
14-67V05- 107405 102.05- 1073

=0,33.107% 41,7 . 107% = [,7 . 1073 m%/cyT.

.2
Df =505 109+

B cayuae paBHOMEPHOrO €CTECTBEHHOTC 3aCONIE€HMSt [OYBOTPYH-
TOB BesiHuHHA Do MOsKer OBITh ONMpejeNieHa no HOMOTpaMme, [pes-
craBjieHHOH Ha puc. 7. Homorpamma mocrpoena Ha OCHOBaHHM HC-
ClepoBauHil BOJHO-COJEBLIX NAPaMETPOB IPH ONBLITHBIX [IPOMBIB-
Kax fnopogz.

Besinunna Do onpeflensiercst no popmyse

Do ==, (3.76)

The v, ¢ — u3BecTHhIE BEAWUYHHBEI CKOPOCTEN H BPEMEHH NPOMBIB-
KH; @ —— SMIIHpHYECKHH KOS(POHIHEHT, CHUMAaeMHH C rpadukos
HOMOTpamMMbl OPH COOTBETCTBYIOIIHX 3HaueHusix C 0 H.
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4 \
/ 105

) R S S S
a5 47 4% 41 43 15 47 19 31 23 45 27 394

w0

Purec. 7. Homorpamva gnan onpegeneHnn Kosddunuenta KOHBeKTHBHOR
(bwroTpanuonnok) xuddysum (JI. M. Peke, 1972).
Besnuunnt C u H onpenensioress no dopmynam:

= C,—C & ut
C cZ—cn u H=I_i" (3.77)

rae C, — cozepxaHue cojeli B Touke / 1o npombiBkH; H — ray-
Ouna Touku; C — coaepxanue coneil B Touke A nocjie npoMLIBKH.
Cy — conepxanune coJiefi B noJuBHOH Bogme. PesysnraTsl onperne-
JeHust Do pas/IHuHbBIME HCCJICIOBAHHAMH B Pas3JIHYHBIX [HAPOreo-
JIOTHYECKHX YCIAOBHSAX npuBefeHsl B taba. 23. Ciieyer OTMETHTS,
YTO il PA3HLIX HOHOB BEJAHYHHB! D¢ MOTYT HECKOJNILKO OTJHuUa-
TbCH B 33BHCHMOCTH OT B&JIHUYHH HX MOJIEKYJASpHOA IHpPy3HH.

fMIpumep 7. Jan Tex Xe ycaoBHH, 4TO B mpuMepe l, paccuurars
BeJHYHHY D 4, HCHOAb3YA HOMOTPaMMY, MPHBeJEHHYIO Ha pHC. 7.

1. Paccunrath Bennuunn C ¥ H 1o dopmynam (3.77):
45— 3 3.15

B—03 = 0,94; H=———2 =2

C=

2. Hafitu Bennunny a Ha rpaduke B Touke A, coorBercTBywoues Hal-

fenHbM 3HavenunMm C u H: a = 1,9.
3. Hafith senmuunny Dg, mo dopmyne (3.76):
32.15
= i — 2
o=z 7ot 0,93 m2/cyr.

Ilponecc oxHOMEpPHOrO M MHOTOMEPHOTO NEpPEMEIleHHst COJel
B OJHOPOAEBIX MOPONAX NOJA BJIHSIHHEM KOHBEKTHBHOH ((pHJbTpa-
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23. Pesyiprath onpenenennn Dy B pasiHuBHX

THAPOTEOJOTHYECKHX YCJIOBHAX

cJeAyemas MecTonono- Dy, v, )
He :oggn:a enme 10—3 (,Ez/cy-,- 103 M/cyT A, 102 M
[lecok  MesaKo3ep- — 9,85 3,3 . 10% 1,25
HUCTHIH
Cmecb cymecn ¢ — 1,98 2,69 - 103 0,3
TECKOM
Xsaseiickue  cy- | Capnuuckas 2,3—60 49— 12X -
[VIMHKH C CYMeChi0 | HH3MEHHOCTDb X 103
CyrauHKH XBaJblH- To xe 0,1—-7,5 10—80 3,5—0,26
cKue
Cymecs Heabra 0,2—7 0,3—1,0 200—25 %
Mypra6a X 103
CyTJHHOK Tonoanas 3—5 10 100—170
cTemb
Cynecb, CYTIMHOK Qeprana, 5 0,5 2,62 .+ 10°
Byxapa
CyrauHOK Teppacu 6,9—10,2 2,8—4,8 }1145. 103 —
Cupnapbu — 2,64 - 103
TMecok nio6epenkuit — 80—433 1. 10% — 12—18
—4,5 - 10%
Cyraunkn nerkpe | MHry nenkui 0,6—37 0,2—08 —_
B 30HE adpaiuu OpOCHTEJIb~
HEIfl MacCHB
CyrnvHkY oT Jer- To xe 1,5 . 108 —7 — —
KHX JO THKEIbX
B BOJOHACHILIE HHOH
80HE
Cpennne n merkue | IOr Tpuuep- 2—3,8 — —_
CYrJHHKH H Cymecy|  HOMOpPbH
ConouneBatsie ta- | [Ipucusaiune 0,86 - —
sKeJble MOUBbl K privekoe

Mpumenanue HcHoab3oBaunl Jauubie B. A. Bapona, 0. I'. Tlnauuna (1974),
A. B Hosuxosoit (1977).

uxonHOH) nMpy3un onucwiBaeTcs caenyrouumu Kuddepennnans-
HBIMH YD aBHEHHSIMH:

B cnyuae nepememenns pacteopos

dc d2C
i = Do gz
dc
dT = D(I) AC.

(3.78)

(3.79)

B HEOJHOPOAHHX nopoaas

B nanpap/leHusix ocell KoOpAMHAT X, y, 2z ypasHeHue (3.79) yc-

JIOXKHACTCS:
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dC ar*c axc ac _
aT=D¢x m+D¢yd—yz +D¢ZE=D®AG’ (380)
rae Do,, Do, Do, — kosppuitnentst kousekTupnofl Aupdysnu

B HanpaB/ieHusiX X, Y, Z.

§ 9. CMmeuleHne pacTBoOpoB

Pasnuuaior mexanuqeckoe cmewerue pacmeopos (pasbasierue)
H CmeuwleHue xumuueckoe. B nepRoM ciyvyae H3MeHSIOTCS JIHIUb
KOHIIGHTPAUHH CMELIHBAOILUXCS KOMIOHEHTOB pacTBopa, KOMH-
4eCTBO H NpHPOJA2 HX OCTAIOTCH NOCTOsAHHbIMH. Bo BTOpOM Ciyuae
HOHbI, HaxOASUIHECd B CMELIMBAIOIIMXCH pAacTBOpaXx, BCTYNaloT
Mexny cofoll B XUMHYeCKoe B3aUMOJeHCTBHe, 00pasysl HOBbIE,
YaCTO TPY/AHOPACTBOPHMMbIC COMH, BbiMAjaronHe B 0CafoK. XH-
MHUYECKOE CMeEIeHHEe NPOUCXOIHT O CXeMe

CiVi+ GV =G (Vi+ Vo) + Gy (3.81)
v

tne Cy, Cy, C3, V4, V3 — COOTBETCTBEHHO KOHIIEHTPALlHH pearu-
PVIOLIHX KOMINOHEHTOB H OObeMbi BOKbI, B KOTODHIX OHH NpHCYT-
cteyior; Cy; — oGneM BbinaBUIero ocagka. MexanuueCckoe CMele-
HHE NONUMHSEICH YpaBHeHMI0 npsmoi Buaa y = ax 4+ b, rne
X W Y — KOHIIEHTpAIMH CMELIMBAIONIMXCS KOMIIOHEHTOB; ¢ U b —
NOCTOSIHHbBIE, ONpejesieMbie IMOHPHUECKH.

KonuuecTrenHas CBaA3b MEXKAY KOHIEHTpAHAMH H OGbeMaMu
pas0aB/IAOIUAXCS PacTBOPOB OnpefensieTcss mno (opmyJaaMm Ccme-
LIEeHHs THNa '

_ VGG
C= oV (3.82)

rne C — KOHIEHTpallUs NAaHHOTO KOMIIOHEHTa B CYMMapHOM pac-
TBOpe; (4, C, — KOHIEHTpAalUH JAHHOTO KOMOOHEHTa B CMELIH-
BalOIIMXCS1 pacTBopax; Vi, Vy — oObembl CMEIIHBAIOHINXCH pac-
TBOPOB.

CylLUeCTBEHHYIO POJIb MEXaHHUECKOe cMelleHHe B (PopMHpOBa-
HHH HOHHO-COJIEBOTO COCTaBa M MHHepPaJH3allMH HpPHUIaLHOHHO-
TPYHTOBBIX BOJ H NOPOBBIX PACTBOPOB HrpaerT B CIENYIOILUX
cayuasix: 1) npH CMelIeHHWH NpecHbIX HPPUTAIHOHHBIX BOL C MH-
HepPa/H30BAaHHBIMH TIPYHTOBBIMH; 2) OpH CMELIEHHH HPPHIalHOH-
HBIX MHHEDAJH30BaHHbIX BOJ C MeHee MHHEpaJH30BaHHbIMH [PYH-
TOBBIMH ; 3) NpPH CMEIIEHHH HPpPHTalHOHHO-TPYHTOBHIX BOJ M HO-
POBBIX pacTBOPOB B 30He NOABEMa YPOBHSI NPH OPOILEHUH.

[Ipu cMellleHHH HPPUTAIlMOHHBIX, NOPOBBIX H TFPYHTOBBIX BOJ,
COMepKAILHX COMH-aHTATOHHCTHI, COJTH 3TH BCTYNAIOT MeXKY COOOH
B XHMHUECKHE€ peaKIHH, B pe3yJbTaTe KOTOPbIX BOLA H3MeHseT
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cBOIl XMMUUeCKH} COCTaB H YMEHDLIIZeTCH ee MHHEepaaH3allusi 3a
cueT BbiNajeHusa B 0CafoK oOpasymomuxca ¢1a60pacTBOPHMBIX
coJjedi. TIpolecc XHMHUECKOro CMEIUEHHS MOXKET OK&3aTbCsl Bely-
MMM B H3MEHEHHH COCTaBa HPPHFALHOHHO-TPYHTOBBIX BOA W MO-
pOBBIX PaCTBOPOB NpPH CMeMIHHY BOJ MAPOKAPOOHATHBIX Kafb-
LHEBBIX ¥ CyJb(aTHHX HATPHEBLIX, THAPOKapOOHATHBIX HaTpHe-
BHIX H Cy/Ab(aTHblX KaJbIIHeBO-MarHHeBbIX, [HAPOKapOOHATHBIX
KadbIHEBO-MaraHeBbiX ¥ CY/aAb(QaTHBIX KaablHeBHIX, THIPOKap-
GoHATHBIX KaJblHEBBIX ¥ CYyJ/JbQAaTHBIX Ka/JbllHEBO-MarHHEBLIX
p T.4. Ilpu 3ToM u3MeHeHHE MHHEDalH3allUH H XHMHUECKOIO CO-
cTaBa BOJ NPCHCXOAUT B COOTBETCTBHH CO C/JACAYIOIIUMHU peaxiiy-
MU

Ca(HCO,), + Na,SO,+ 2H,0 = CaS0,-2H,0 + 2NaHCO,;
i

B pe3yJbTarTe BhiNajgaeT B 0Ca0K TMOC H BOJ NpHOOpeTaioT Cofo-
BHY XapakTep;
2NaHCO;+ MgSO, = MgCOs+ Na,SO,+ H,0 + CO, 1,
{

B OCaJIOK BLINZHAeT Marue3HT, B BOJAX NOBLIIAETCH OTHOCHTENbLHOE
colep:KanHe HOHOB HaTpus M cy/abdaTos;
Mg (HCO,),+ CaSO,= MgSO,+ CaCO;+ H,0 + CO, ¢,
1
¥

B OCaJIOK BhillajiaeT KalblHT, B BOjJE YBEJIHYHBAKOTCH OTHOCHTEJID-
HLIE KOHIIEHTpALUH MarHus H CyandaTos;

9Ca (HCO,), 4 MgSO, = CaCO,-MgCO,+ CaSO, - 2H,0 -+ 2C0, 1
V v

B OC&J0K BHNAjaeT [WNC, AOJNOMWT, YTO BENET K YMEHbUICHWIO
B BOJle HOHOB KaJblusi, MargHs, Cyan(aroB, THApoKapGOHATOB
H YBEIWYEHHIO OTHOCHTENbHBIX KOHIEHTPauWH OCTA/JbHBIX HOHOB.
YBenuuenHe B BOAE XJODHIOB HATPHS M MAaruHs MOXKET NPOUC-
XOAUTL B pe3yabTaTe TaKHX DeaKUHi:

N2,50,4 CaCl,+ 2H,0 = 2NaCl + CaSO,.2H,0;

Y
9NaHCO,+ CaCl, = 2NaCl -+ CaCOy-+ H,0 + CO, 4 ;

¥
MgSO, + CaCly+ 2H,0 = MgCl,+ CaSO,- 2H,0.
{



§ 10. Koarynsuus konnouaos

KoaroudHoi cucmemod Ha3blBaeTcst JUCNEpPCHas CHCTeMa € pas-
mepom yactun ot 1+ 107 10 2 - 107 M. B ominune oT HCTHHHBIX
pacTBOpoB, KOTOpHE SIBASIOTCH ONHOGMA3HBIMH (TOMOTEHHBIMH)
CHCTEMaMH, KOJJIOHAHBIE pACTBOPHl SABASIOTCH MHOTo(pasHbIM -
(TeTeporeHHBIMH) CHCTEMaMH, COCTOSIIHMH M3 AucnepcHoil ¢as:
v AucnepcuonHoll cpeast. Jucnepcuas $asa Ko/onios obaanac
Gonbluoli BeJIHYHHON NOBEPXHOCTH, YyeM OOBACHSETCH XapaKTe]
HO€ 111 KOJIIOH/HBIX CHCTEM HHTEHCHBHOE PasBHTHE aACOPOLHOH:
HbIX mnpolleccoB. [lo arperarHoMy COCTOSIHMIO KOJJIOHIHBIE CH-
CTEMB MOTYT GbITb XHUJAKHMH, TBEpABIMH, Fa3co0pas3HbIMH H CTY-
AeHucToiMH. JKudkue KoarouOee (30au) SIBASIOTCS CBOOOIHOAHC
NEepCHBIMK CHCTEMaMH, B KOTOPHX uacTHIB AHCHIEpCHOH (asi
MOTYT NepeMelnaTbcs B AHCOEDPCHOHHOH cpele moi BO3JEHCTBHE:
TeNJIOBOTO JBHXKEHHS HJIM CWIb TsecTH. Crydenucmow KOAAOU
Obt (2eau) —— 3TC CBS3HOAHCHEPCHBIE CHCTEMBl, B KOTOPBIX Hac
THIBI CBSI33HBI JPYT C APYTOM MOJIEKVJSIDHHMH CHJAaMmHd, obpa-
3YIOT NpPOCTPAHCTBEHHbIE CTPYKTYDLI, HE CNoCOOHBI K B3aHMHOMY
NepeMEIeHHI0 W COBEPLWIAIOT JIHUIL KoseOaTe/bHbie ABHXKEHHH.

Ilo crenenn B3aumogeficTBHS pucnepcHoll Gasel ¢ AHCOEPCHOH-
HOH cpefofl KOJIIOMJHBIE CHCTEMHl Pa3flefIioTCs Ha AUOPUAbHbIE
U Auopobuse unn  eudpodureroie u 2udpodobueie (B Claydae
€c/TH JUCTIepCHOHHAS Cpela Npe/cTasiieHa BofoH). B jJnoduanHb

"KO/LJIOWJIHBIX CHCTEMAX YaCTHUH KOJ/ICHAA SHEPTHYHO U B GOJb
IOM KOJHYecTBE B3aHMOAEHICTBYIOT C MOJIEKYJaMH [HCIOEepCHOH-
HOll cpexpl, 06pa3yst yCTOMUHBLHIE KOMIUIEKCH B YCAOBHAX o6pa-
_THMocTH nponecca. Heo6partumeie, wiu JuodoOHbIE, KOJIIOHI-
Hbi€ CHCTEMbl XapaKTepH3yloTCs Tem, YTO YacTHubl AUCHEPCHON
(¢as3H W AucnepcHoHHol cpelbl He B3aHMONEHCTBYIOT ApYr C JApy-
FOM HJIH B3aumojeHctByoT ciabo. CyXofi oCTATOK JIHOPHIBLHEIX
KO/JIOHAOB NpPH CONPUKOCHOBEHHH C JUCHEPCHOHHOH Cpelod
BHOBb CaMONPOH3BOJILHO 00pa3yeT KOMJIOHAHYIO CHUCTEMY, a Cy-
XoH ocTaToK JHO(OGHBLIX KOJMJIOUIOB He crnocobeH CaMOlpoH3BOJb-
HO JHCNepripoBaTLCH B AHCHEPCHOHHOH cpefe.

Paspynienne KOJNJOHAHBIX CHCTEM NPOHCXOAMT B pe3yJbraTe
cedumenmayuu (ocancdenue) u koazyarsyuu (ceepmearnue). Ilpo-
LIECCHl CEeHMEHTAnHH 38K/M0YAI0TC B OCAXKAEHHH HJH BCIUIbl-
BaHHH YACTHI AucnepcHOH (asel B pe3y/pTaTe HX B3aHMHOIO
CIMAHNHA W oDpa3oBanus arperatoB. Koaryasimusi sak/aouyaercs
B YKPYIHEHHH 4acTHI AUCOepcHOH (asbl B pe3y/ibTaTe B3AHMHOI'O
ciunaHua u oOpa3oBanMsi arperaToB. Ha onpenesnennoMm 3rane
YKPYNHEHHS YACTHU KOAaryJsiisl MOXKeT CONpOBOXKAATbCH Cely:
mentanned. Kosnougnee dactuisl o6A3JAI0T 3apAaoM, KOTOPHIf
NOAIBJIAETCS BC/Ie[ACTBHE aAcopOUHH M3 THCNEPCHOHHOH Cpelst Ha
NOBEpXHOCTH YACTHI, HOHOB.

66



Koaryasiius KOJIOHAHLIX CHCTEM NPOHCXOAHT NOA BJAHSIHHEM
paa (aKTOpOB: TeMNepaTyphl, KOHLUEHTPauHH AHcnepcHol ¢asnl,
KHCJIOTHO-IIEJIOUHBIX CBOACTB H Ap. BamHeiimel npudunoit Koary-
JLHH, ONHAKO, IBJISIETCS MOCTYIJIEHHE B CHCTEMY VIEKTPOJHTOB,
B UYAaCTHOCTH PacTBOPOB pPa3JIHUHBIX COJIefl C KOHLEHTPalHeH,
(peBbILAIOIIEH ONpEeesIeHHYI0 MHHHMAJbHYIO BeJIHUHHY, Ha-
3LIBAEMYIO nopozom xoaeyaayuu. Yipn 3TOM KOAryJHpYIOAM
HOHOM B pacTBope SIBJASIETCH TOT, KOTOpLIH HMeeT 3apsil, OpOTH-
BOTIOJIOKHBIA 3apAlly KOIOHAHKIX 4acTHu. KoHeuHHM pe3yJb-
TAaTOM KOAryJsifHH $BJSETCH OCaXKAEHHE YacTHL, B pe3yJbTaTe
KOTOPOT'C KOHLEHTPamHsl KOJVIOHIHOTO pacTBopa CHHIKEETCH.
CKOpOCTh ocaxeHust Bupaxaercs ¢opmyJofi Crokca:

D2
V= 15505 (61 — 82, (3.83)

rEe U — CKOpPOCTb OCaKAEHHA 4dacTHL; D — 3hpeKTUBHBIN AHa-
METP YaCTHI; 1 — BHA3KOCTb cpefdl; §; u 8, — MmIOTHOCTH wac-
THI H JAHCOEPCHOHHOH Cpelbl; g — YCKOPEHHE CHJIbI TSKECTH.

B npupoAHBEIX YCJIOBHSIX 4aCTO NPOMCXOAHT B3aHMHas Koary-
JAUAA OpH CcMmelleHHH JHO(QOOHBIX KOJIJIOWACB, HanpHMep, NpH
B3aUMHOM Koaryasuuu rupposonefi Al,Os; m SiO, B ocajaok BH-
najaeT KaoJHHUT.

§ 11. Ocmoc

Ocmocom Wa3biBaeTCsi IBJIEHHE CaMONPOH3BOJNLHOIO MNEPexofa
pacTBOpHTe/ss B PacTBOp, OTHE/EHHbIN OT HEro NOJAYNpPOHHae-
MOH nNepercpoikoii, CBOGONHC NPONYCKAloUIell MOJEKYJB pac-
TBOPHTE/IS M 3aJepXKHBAIOLLEH MO/IeKYJbl PacTBOPEHHOIO Belle-
ctBa. B pa3baBjieHHbIXx pacTBOpaxX OCMOC He 3aBHCHT OT BHJR
pacTBOPHUTENsT W PAcTBOPEHHBIX BemiecTB. KoJIHUECTBEHHO sBJe-
HHE OCMOCa OLEHHBAETCH NMYTEM ONPEeleNeHHsI OCMOMULECK020 0as-
AeH 1S, TIOA KOTOPHIM NOHUMAETCsl BHEIUHee [aBJeHHe, KoTopoe
HeoOXOMHMO NpPHJICKHTH K PacTBOPY, 4TOOBI uepes NOJYNPOHH-
LAeMYI0 [eperopofiky MOJIeKyJbl pacTBOpHTelsi B 060OHX Hanpas-
JIeHHSIX NPOXCAWJAM B PaBHBIX KoJIHuecTBaxX. B jmoctraToyno pas-
GaBJIEHHBIX pPAacTBOPaX OCMOTHYECKOe JaBJeHHe NPSMO Npo-
NOPUHOHAJABHO KOHIEHTPALHH pPaCTBOPEHHOIC BeIIeCTBa, abco-
JIOTHOW Temmeparype M He 3aBUCHT OT CBOHCTB pacTBOpHTENA
H pacTBOPEHHOTO BellleCcTBa:

Po = KCT, (3.84)

The Po. — ocmotHueckoe Aasaenne; C — MoJsipHas KOHUEHTpPa-
LHA pacTBOpEHHOro BellecTBa; T — alCo/OTHas TeMNepaTypa;
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K — koa¢duiuestT nponopuyoHa/IbHOCTH, YUC/ACHHO PABHLIY YHU-
BepcanbHO# rasoBolt MocrosiHHON R.

B ycrnoBuax opomedus pasHOCTb OCMOTHUECKOrO [&BJIEHMHS
#anbosee 3pPeKTUBHA NpU NepeMelleHUH PacTBOPOB cojieli B TOH-
KOJRHCIIEDCHBIX MNOpOAaX (IVIMHbBL, KaOJHH, Tsikelble CYIVIHHKH)
NP UX BJAXKHOCTH, HE IMpeBLINAONE{l BeJHUHHb HauMeHbIUeH
BJIaTOEMKOCTH, KOT'la KOHBEKTHBHOE NepeMellleHHe cosefi OTCyT-
creyer. [IpH 3TOM CKOpOCTH COJIEBOTO MOTOKZ, BBI3BAHHOI'O OC-
MOTHYECKMMH $IBJeHHAMH, OyneT BHIVIALETb CAefyIouMM 00pa-
3oM:

dm = vK Poc dt, (3.85)

rie dm — KOJIW4eCTBO DAacTBOPEHHOI'O BelIeCTBa, [epeHOCHMOro
yepes efMHMLY IUIOUIAJAH 38 POMEXKYTOK BpeMeHH df; v — ocmo-
Tuueckuil  kosdduuuent sdpdekrusrocty (0 < v <), dPoc —
H3MEHEHHE BeJUYMHBI OCMOTHYECKOTO JaBJEHMS HA pacCTOfHHE
dx (rpaauenTt ocmoTHuecKoro naBienusi); K — Koabguuuent rua-
paB/JIHYeCKOl NpOBOAHMOCTH.

[poitecc onHOMEPHOIO ¥ MHOTOMEPHOIO NEpeMelleHust CoJel,
O0YC/IOBJIEHHBIH fIBJIEHHEM OCMOCA, B OJHODOAHBIX H/Au HEOLHO-
POIHBIX [OPOAAX MOMKeT OHIThb BbIpAXKEH CJAELYIOIUMH ypaBHe-
HUSAMMU:

dC d?Pg.
vK o (3.86)
U
90 = VKAPo; 55 = SR APu, (3.87)

rae C — KOHIEHTpaIHUs PacTBopa.
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Fhnasa 4

OCOBEHHOCTU OCAXXBEHUS U PACTBOPEHMUSA COIJIEH
B PABHOBECHbLIX T'MAPOXUMMUUYECKUX CUCTEMAX

B wMenunopatuBHOH THAPOXHMHH COCTOSIHHE HOHHO-COJIEBBIX
P @8BHOBECHBIX CHCTeM ONpeAensieT COOTHOLIEHHE MEeXAY TBepHAOH
1 XKUJAKoH (a3amu conell B MOUBAX M MOPOJAX 30HBI a3pallHd NpH
H3MEHEHHH B HHX 3aNacOB BJard, & Takxke B MNOpOAax, BMeELIalo-
MHUX HPpHIaHOHHO-TPYHTOBLIE BOJAbI, NPH PacXOAOBAHHH 3THX
BOJ| HA HchnapenHe W TpaHcnupauuio. [losoxkenus o paBHOBecHH
HOHHO-COJIEBBIX CHCTEM HCMOJIB3YICTCH MNpH NPOH3BOJCTBE psna
pacueroB, CBSI3@HHBIX C NPOTHO3HPOBAHHEM NEPERBHXKEHHA COJel
B TOJIIE aKTHBHOIO BOAOCOJI€OOMEHd NpH OpOIIeHHH; HpH pac-
yeTax HOHHO-COMIEeBOTO COCTABa MNOPOBBLIX PAacTBOPOB W TBEpHOH
(aspl coselt B nOYBOrpYHTAX, MO J3HHBIM aHaJH3a BOAHBIX BHITH-
KEK; NpH KOJHUECTBEHHOH OleHKe CTeneHH H (OpMbl 33COJIEHUS
nopof, ocoOeHHOCTeHdl TIHAPOXHUMHYECKOTO pEXHMa MNOYBEHHBIX
pactBopoB H T.A. Ocofoe 3HaUEHHE B YCJIOBHAX OpOLIEHUS HMEeT
COCTOSIHHE KapOOHATHO-Ka/lbiHeBOH M CyabGbaTHO-Ka bilHeBOH
BOJIHBIX CHCTEM. DTO CBSI38HO C TEM, YTO MPOLECCHl PacTBOpEHHS
H OCaXK[EHHSl KapOGOHATOB KaJbLHA H THNCa NPOTEKaloT KaK pas
B npenenax MHHepaausauuii, Hab/MoLaeMBIX B NOPOBHIX BOJAAX
NpH €CTECTBEHHBIX KOJ1e0aHHAX BJAAaXKHOCTH NOYB H HOPOZL 30HBI
as’paiiH, H B HPPHTalMOHHO-TPYHTOBbIX BOJaX NpPH H3MEHEHHH
WX 3amacoB B pE3YJLTAT€ HHQHJIbTDALHH OPOCHTEJNBHBIX BOJ,
HCnapeHHsl ¥ TpAHCMHpAIHH.
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§ 1. TeopeTuueckue NOAOIKEHUS O PABHOBECHM
IMAPOXMMHMUECKHMX CHCTEM

Pasrosechoim  cocmoaruem HABIBAETCS TAKOE TEPMOAUHAMM-
YeCKOe COCTOSIHHE CHCTEeMBI, KOTOpPOe HE W3MeHsSercs BO BpeMeHH
NpH HOCTOAHHLIX BHEWIHUX YCIOBUSAX CYIECTBOBAHHS CHCTEMEL,
[pHYEM 3Ta HEHSMEHSIEMOCTH He 00YCHOBJeHa NPOTeKaHueM KaKo-
ro-nu6o BHeluHero npouecca. CoryiacHO BTOPOMY Hadaly TepMO-
JUHAMHKH, K DaBHOBECHOMY COCTOSIHWIO CTPEMMTCS BCAKas Tep-
MOJYHAMHUECKAs CHCTEMA KaK K [Ipejesy, IIpHYeM 3T0 COCTOsiHHE
fiBNgeTCs HaHOOJee BePOATHRIM MO CpPABHEHUIO ¢ JOOBIM CMex-
HBIM € HUM COCTOSIHHEM B JAHHKIX YCJIOBHSX.

Pasnosecue xumuueckux cucreM, XHMHUECKUE DEaKIU#, KO-
TOpHiE NPH OXHUX H TeX 2Ke YCJIOBHUAX WAYT B NPOTHUBONOJONKHBIX
HallpaBJeHHAX, HasbiBATCS obpamumeimy. Hanpumep Hot- J o =
=2HJ. Ucxonnbie BeniecTBa MOMHOCTRIO HE NIPEBPAIIAIOTES B 1PO-
JYKTHl peakiHH, TaK KakK [0 Mepe HAKOIJIeHUs TNOCJHEIHHX CO3-
HAOTCA VCIAOBHA ANA IPOTEKAHUS peakuuu B oGpaTHOM HARpas-
aenun. {IpsMoli HaswiBalOT peakUHIO, NPOTEKAIOIYIO «CJieBa Ha-
npaBo», 00paTHOH — «crpaRa HajeBor». B Hauane obpaTHMOro
npoliecca CKOPOCTb NPsIMON peakiMH MaKcHMajbia, a ofpar-
HOH — MHHUMaJbHA;, [0 Mepe yMeHblIeHHs KOHUEeHTpauuit Huc-
XOIHLIX BEIMECTB W YBeAWYCHHS KOHNEHTpauufi KOHEYHbIX Be-
IEeCTB CKOPOCTH peakuufl BeIDABHHBAIOTCA. A npH DaBEHCTRE
npsMOro ¥ oGpaTHOIO NPOUECCOB HACTYHAeT XMMAYECKoe PaBHO-
BecHe, KOTODOE COXpaHsercsi 0e3 W3MEeHEeHUss BO BpEMEHH MpH
OOCTOSHCTBE BHeWHHX ycaoBuil. CocTosune paBHOBECHS Xapak-
Tepu3yercsi KOHCTAHTOH paBHopecus. [{ns ycnonoH oOpaTumMoR
peakuuu bA -+ aB==2dC +- ¢D, cornacuo 3akouy xnefictBusi Macc,
CKOpOCTy OpsAMOR W oOpaTHOM peakuuil paBub: v, = &4 [A]? {B]?,
v, = K,[C}¢[DJs; npu v, =v, Gygem umers K;[A)¢[B)e =
= K, [C]*|D}, oTkyna .

d
K == [Sisior @.1)
3 {6 (B]e

rie K, Ki v K, —BeJHuMHB HOCTOSIHHBIE, 3aBHCAIHE JIMIb
OT Temiiepatypsl H JaBJCHUS.

OcofeHHOCTH PABHOBECHS XVMHYECKHX CHCTEM B APHPOAHBIX
BOAAaX. B npHpoaHBIX BOAAX, B OTJAHYHE OT HJAeaJbHHX PACTBOPOB,
KpoMe BelliecTB, BXOASIIHX B DABHOBECHYIO CHCTEMY, HMEIOTCS
H APYTHE BElecTBAa, YYacTBYIOIIHE B pEaKHUAX, NPOUCXOASIHHX
BHE cucreMbl. B atux cayuasx npu pacuerax COCTOAHUS CHCTEMbE
neobXONHMO ONEPHPOBATh HE (AKTUUECKUMH KOHRIIEHTPANUSAMH
5/1eMEHTOB CHCTEMBI, a4 NX AKTHBHOCTAMH.

AKMUBHOCMbs  LOHO08. AKTHBHOCTb —— BETHYWHE, Xapakrepu-
ayiolllas HesBHYIO, «KaXVIMYIOCS» KOHUEHTPALHI0 WOWOB B pac-
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TBOpE, TO €CTh KOHUEHTPALMO, KOTopas peasbHO MpOosiBAfercs
B Pa3JMYHBIX XAMHHECKMX B3aHMOJEHCTBHAX, H SIBAAETCH (PYHK-
uuell aHaJHTHYECKOH KOHUEeHTpauuu: ay = f (C). AKTHBHOCTD
(@) BeeTa MeHblUe aHaJuTHueckKof KoHuentpauuu (C). OcoberHo
3HAUMTENLHO 3TO pasiiyuue B KOHUEHTPHPOBAHHKIX PAacTBOpax;
B OECKOHEe4YHO pa30aB/eHHHIX PACTBOpax ay = C.

B peanbHux pa3GasieBHBIX PaCTBOPaX, KakKHUMH SABIAIOTCH
NpUPOIHBIE BOALL 30HB aKTHBHOTO BOJOOOMEH], BeJNHUKHA ay =~ C,
¥ B NPAKTHYECKHX PacueTax BMECTO an C W3BECTHHIM npubJuKe-
HHeM MOXHO Hcnosnb3oBath C. Onpenensith akKTHBHOCTL HOHOB
B PAaCTBOPAX AOBOJBLHO CJONKHO, MO3TOMY NPH PACueTaXx WCHOMNb-
3YyIOT aHaJUTHYeCKHe KOHLEHTPALHY BellecTB, BBOAR Kosddu-
HEHTH AKTUBHOCTH.

Kosppuyuenm axmusnocrmu (f) nokasoiaer, Kakas 4YacTb
MMEIOIIUXCS B PACTBOPE WOHOB HABNACTCH AKTHBHOM, H MOMKeT
BCTYNATh B peakuyu:

f=2t, (4.2)

rre C — aHajHTHUECKas KOHIEHTpauHs HOHa; C,— aKTUBHas
KOHLIERTpPAIHSA UOHA.

TIoCcKOALKY B peaKmHI0 BCTYNAOT JIHIIL AKTHBHBIE HOHH, IPH
BHIYMCTIEHYY pPABHOBECHS XMUMHUYECKHX CHCTEM aHaluTHYecKHe
KOHIIGHTPALUH KOPPEKTHPVIOTCA KO3(QHuHEeHTaMH aKTHBHOCTH.
B srom caywae ypaBuenuwe (4.1) Oynet BRITISAETh CJ/eytOlIKM
obpaszom:

K, Te1Q%p IDF

K Ko = 0 (AT (B (4.3)

Hna Gecxoneuwo pasbaBiaeHBbIXx pacTBopoB [ = 1, npu no-
BHIIEHWY KOHLEHTpaluu [ CHauaja YMEHbIUAeTCH, 3aTeM BO3-
pacraer, OCTaBasiChb MeHblie eiuHuimi. Kosppunnenr axtusHoctn
H aKTHBHOCTb MOT'YT OBIThL ONpEJENeHbl IKCIEPUMEHTANLHO, Ny-
TEM H3MEpEHNst Pa3/MYHbIX CBOHCTB pacTBOpa — TEMNeparyp 3a-
Mep3aHus M KHIeHHS, [aBJeHHs HaCBUUEHHOTO Mapa, OCMOTH-
YECKOro JABJEeHUs!, 3AEKTPONPOBOAHOCTH H T.0I.

Iins pacteopoB ¢ koHueHtpamueil g0 0,05 kr-3kB/mM® Ko3%-
(HIHEHT aKTHBHOCTH C AOCTATOUHOH TOUHOCTHIO MOXKHO BBIYHC-
nuTh no dopmyae Hebaa — Xrokkeas:

—Az2Y 1
lgf = ——;V—'u_ , (4.4)
1-+aBY n
Ile (1 — WOHHAf CHJa PacTBopa; Zz — 3apsiA MoHa; A, B— Kou-

CTAHTHl PACTBOPHTENs; @ — BeJHUMHA, 3aBHCAMAS OT 3(pheKTHB-
HOTO juaMerpa youa.
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Benuuutel A u B 3aBHCAT OT TeMneparyphl pacTBOpa M onpe
JengoTcs no dopMyiam:

N 2e3)/ n/125DRT

A= SHRT W B = Nael/ n/125DRT, (4.5)

rae Np—uHcno ABorazpo; e-—- 3apsz 3J1eKTpoHa; D — auaiexT-
puuecKasi HOCTOsIHHAs BOJAbL, R — yHHBepcalhbHas rasoBasg Ho-
crosuHag, T — Temnepatypa nmo KeJbBuHY.

3HaueHuss KOHCTAHT U3 ypaBHeHus (4.4) ¥ BeNWUWH o AJig pas-
JIMUHBIX WOHOB NpuBeieHHl B Ta6n. 24, 25. B cnyuae, ecnu ywoHHas
cusa pacTBopa npeBslmaer BesuuuHy 0,1, KospduuueHTH aKTHB-

24, 3naueHHs KOHCTAHT M3 ypaBHenus JeGan—Xiokkensn
B BOAHOM pacTBope npu pasjeHun 1013 . 102 [la
(P. M. T'appeasc, Y. JI. Kpaficr, 1967)

T-273 A B, 108 T-273 A B, 108
0 0,4883 0,3241 35 0,5175 0,3297
5 0,4921 0,3249 40 0,5221 0,3305
10 0,4960 0,3258 45 0,5271 0,3314
15 0,5000 0,3262 50 0,5319 0,3321
20 0,5042 0,3273 55 0,5371 0,3329
9% 0,5085 0,3281 60 0,5425 0,3338
30 0,5130 0,3290 — _ —

25, 3Ha4eHMs BeJHYHH a 11 HEKOTOPBIX HHAMBHIYaJbHEIX HOHOB B BOJHBIX
pactsopax (P. M. Tappeasc, U. JI. Kpaiicr, 1967)

°

a, 10—¢ HoHnn
2,5 Rb*, Cz*, NHY, Tet, Ag*
3,0 K*, Cl-, Br-, 1=, NOy
35 OH-, F-, HS-, BrO;, 10, , MnOy

40—45 | Na*, HCO3, HSO;, H,PO;, Hg'", SO}, Se0; ,
Cr0?~, HPO. , PO~

45 Phzt, COY, SOX~, MoO%~

5,0 Sr2t, Ba2+, Ra?t, Cd2+, Hgt, S*-, WO~

6,0 Li%*+, Ca?*, Cu?*, Zn2+, Sn2+, Mn2?*, Fe?+, Niz+, Co?
8,0 Mg?*+, Bezt

9,0 H+, Al3*, Cr3+, TpexBajeHTHule PeJKHe 3eMJH

11,0 The+, Zn*+, Snt, Sett
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Puc. 8. Tpaduk saBucumoctn Puc. 9. 3aBucHMOCTb CpeiHux Ko3®-
Ko3pduHeHTa Ku oT pacyeTHOH  (MHIMEHTOB AKTHBHOCTH HEKOTOPbIX TH-
BEJHUMHBl MOHHONA CHMaB QU ans  [HYHBIX costelf OT HOHHOH CHIIBl pacTBOpa

nBoitHOrO pactBopa CaSO;—NaCl.  (P- M. Tappesnc, H. JI. Kpaiict, 1968).

HOCTH, pacCuHTaHHBE N0 ypaBHeHutoo (4.4), OVAYT CYIECTBEHHO
OTJIHYATBCS OT HCTHHHBIX BCJIEACTBHE YMEHbILUEHHSt CTENeHH [HC-
couManuu cosefi B pacTBOpax C BO3pacTaHHeMm BeJHyuHb! p. [o-
3TOMY JAnsi Gojiee KOHUEHTPHPOBAHHHIX DAcTBOPOB B (opMyay
(4.4) MOXHO BBECTH 3KCHEDPHUMEHTAJbHYIO NOnpaBKy Kp:

lgf = — A2V Kun_ (4.6)
I+ 2 BY #Ku
rae K, = ::—3; —paccuuthiBaercg no ypasuenusM (4.9, 4.16);
g/,

2

Hs = (—————o) ; [s—D3KcnepuMeHTaNbHAsE BeJHuHHa Ko3(dH-
Az® —Igf Ba

IHEHTA AKTHBHOCTH JAHHOTO HOHA B PacTBOpax pasHOH KOHLEHT-

pamuH.

Benmuunant Ky B ypaBHenun (4.6) cHuMawrcs ¢ rpaduka
sapucumoctu Ky, o1 1 (puc. 8). B xOHumeHTpHPOBAHHBIX pacTBOpax
BEJHUHHBE KO3(QOhHIHEHTOB aKTHBHOCTH HOHOB MOXKHO TaKXkKe Ol-
penensTh CpeIHECONEBRIM METOAOM, OCHOBAHHOM Ha [ONYIEHHH
0 paBeHCTBE KO3POHIHEHTOB aKTHBHOCTH HOHOB KaJlHs, XJopa
u moseryabt KCI(fy+ = fai— = fxer). [Ipn s1oM KospbuumenTH
AKTHBHOCTH OJHO- H JBYXBaJEHTHHIX KATHOHOB OIIPEAENAOTCsS Ho

dopmysaM:
2
KamCl

fa}‘(amCl
. amT = ————— H m2+=—_3, 4_7
fx - fxa oo 4.7

a KO3(phu HHEeHThl aKTHBHOCTH OJHO- H ABYXBAMeHTHHIX KaTHOHOB
COOTBET CTBEHHO

Fia oA
— = H U pr—= = — R AR 4'8
fa Tt fa Py ” 4.8)
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Puec. 10. 3aBucumocTs k03ddHUNEHTOB aKTHBHOCTH HHAMUBUAYAJbHBIX UOHOB
or WoHHOH cHabl pactsopa (P. M. lappeasc, Y. JI. Kpaiict, 1968). Cniomur-
HBIMH JIMHWSIMM TIOKA3aHbi 3HAYEHHS, PAacCUHTAaHUbIE CPEJUECcOIeBLIM METOZOM.

riae BeJHUYHMHBL fxcl, framcl» fK,an H fxas B 3aBHCHMOCTH OT
HOHHOH CHJIbl pacTROpa ONpefeNsioTcs 3KCHepHMeHTAJbHO H CHH-
Mmaiorcs ¢ rpadukos (puc. 9). 3aBucHMOCTH KOIP(PHUHEHTOB ax-
THBHOCTH HHAMBHAYAJhHBIX HOHOB OT HMOHHOH CHJIBI pacTBOpa,
paccunTanHbix no dopmyse lebas-XIOKKeJas H cpegHecoJieBbiM
MeTOAOM, NIpHBeAeHa Ha puc. 10.

Honnas cuaa pacmgopa (1) XapaxkTepHayeT HHTEHCHBHOCTD
ofuiero CHJI0BOTO NMOJig B PACTBOPE H Oonpenessercs Kak noJycyM-
Ma IpOH3BEIEHHH MOJISIDHBIX KOHUEHTpauHi BCeX HOHOB B pac-
TBOpE Ha KBajpaT HX 3apsia:

w=0,5%C,z, (4.9)

rie C — MoJisipHasi KOHUEHTpauHusi HOHa; Z-— 3apsa HoHa (Ba-
JeHTHOCTR). 71 oueHb pa3baBJsieHHBIX pacTBOPOB CHpPAaBeATHBO
npaguso UOHHOU cuv: KOIPPHIHEHT AKTHBHOCTH OTAEJbHBIX
HOHOB 32BHCHT TOJILKO OT MOHHOH CHJIBl pacTBOpa, COXpaHss Mo-
CTOSHHOE 3HAYEHHE NpH JAHHOM [, HE3aBHCHMO OT BHJA APYIHX
HOHOB, NPHCYTCTBYIONMX B pactBope. [IpaBnjio npuMeHHMO npH
p < 0,02

[Tpoussedertue pacmeopumocmu. Eclum B pacTBope uMeercs
TBepAas $aza, TO Ha paBHOBECHe CHCTeMbl GOJIbIIoe BJIHSHHE OKa-
3bIBAET PACTBOPHMOCTE OCafKa. PacTBOpHMOCTL TPYAHOPACTRO-
pUMBIX CoJlell B UHCTOH BOjAE NpH TOCTOAHHLIX TeMieparypax
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W OaBJIeHHY eCTh BeJyUyHa TOCTOSHHAS H ompefessiercs Npous-
BeJleHWeM pacTBOPUMOCTH, HpeACTABAMioIUM coboif  mpous-
BeJleHHe MOJISIpHBIX KOHUEHTPANKH HOHOB RAHHOTO BEilleCTBA B MO-
JISX Ha JIUTp B HACHIEHHOM pacrsope (3.3).

§ 2. Kap6oHatHO-KanbuueBas cucTema

Jins npecHBIX NPUPOIHBIX BOA KapGOHATHO-KAJbLMEBAsi CHU-
cTeMa siBasiercst HauGosee BaxKHBIM (akropoM, (OpMEPYIOLIEM
XUMHUYECKUH COCTaB BOJBI, @ OT COCTOSTHKS PABHOBECHS MEXKAY
3JeMeHTAaMy 3TOHM CHCTeMBl 3aBUCAT HPOUECCH PACTBODEHUS WJIH
HaAKOIVIeHHs) KapOOHATHBIX [OPOA B BOAOBMENIAONIKX TOJIIAX.
Cocrapasomue KapSonarno-Kanbuuesot cucremnl —H*, HCO;™,
CO3™, Ca?*, CO,, HyCO; — Haxoparcs mexpy coGoii B onpene-
JIEHHBIX KOJIHYECTBEHHLIX COOTHOINEHHsSIX, 3aBHCSAIIKX OT TeMIie-
paTypbl BoApl, Ko3(QPUUHEHTOB aKTHBHOCTH WOHOB W JaBJeEHUS.
Ycaorusi Boguo# cpenpt (T, f, P) BO3AEACTBYIOT HA KOJKUYECTREH-
HOE COOTHOIIeHWEe MeKAY OTAEJbHBHIMH 3JeMEeHTaMK KapGo-
HaTHO-KaJbUKEeBOH CHCTEMBbl YEPe3 ee KOHCTAHThl PABHOBECHS —
Ku,co,, Kucoy Lcaco, ¥ Keo?—-

Cxema pacueTa COCTOAHHS KapGOHATHO-Ka/bHHEBOH CHCTEMBI,
Ecan B npuponnoii Boge maxoxuress CO,, uonn Ca®* n HCOj
a B tBepaoit pase CaCO,, TO MexKAY HUMHU YCTAHABIUBAETCSH paB-
HOBECHe, ONUCHIBAEMOE YpaBHEHUEeM

CaCO,+ H,0 + CO, = Ca (HCO,),= Ca®*+ 2HCO; =
=2H + 4 2CO2™. (4.10)

IlpeoSnananue npsMofi peakuHH CBHAETENLCTBYET O DPACTBO-
PEHUH W3BECTHSKOB B BOROBMEIIAOIIMX MOPOAAX NOJ BO3AERCT-
BueM CO,, ofpatHoii — 0 HaKoNJEeHHH KapOOHAaTHHIX HOPOX 32
CUeT pas3sioKeHHs ruapokapOoHara Kasneuus. Pacrsopenue TBep-
ot dasel CaCO, B BOZe NPOUCXOAHT B IpefesiaX NPOH3BENEHHS
ero pacTBOPUMOCTH:

[Ca?*+][COs™} = Lcaco, = L. (4.11)

Ilpy uanuuuud B Boje u3bpiTka CO, nocrefHsAs NepeBOAKT
cnabopacTBODHMBIEL KapGoHaT Kanblusg B Gojce pacTBOpUMBLH
rugpokapboHar Karbpus no ypaBHewuio (4.10), noka He HacTy-
NKT paBHOBecwe. [IpaKrTuuecKyd KOJHYECTBEHHAS 3aBHCHMOCTh
B DABHOBECHH ONPeJeJsieTcs pPACTBOPHMOCTLIO TRepAoH  (hashl
CaCO, (4.11) 4 nuccouyauHell yroabHOH KHCJIOTHI MEpBOfl ¥ BTO-
poit crymeneit: Hy,COg=H * -}- HCO;", orkyna

H,CO
[H+] == Kl {Hco—sl (4 12)
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u HCOs= H++COs, OTKYZAa

[H*] [CO57]
K2= —-FI'C_O—QT— s (4.13)
2— L
rae [CO; 7 1= Ca] -
[TopcraBnas {H*| n [CO}™] B ypaBuenue (4.13), nosyuns:
(HCOz]® [Ca?*] KlL K. (4.14)

[H,COy]

Beens kosdduuueHTs! aKTHBHOCTH MOHOBR M YUHTHIBas, 4TO B
NpHPOAHKIX Bojax ¢ Mmasoit mubepanusauueii [H,COg] = [CO,l
H fu,co, =1, ycToHUHBOCTL KapOOHATHO-KAJbUHMEBOA CHCTeMBI
B NPHPOIHBIX BOJaX OmpelesseM [0 CJAeNYIOIeMy OCHOBHOMY
YPaRHEHHIO;

cho, [HC03 12fca 7+ [C32+]

Kl
€O L K, 4.15)

rae [HCOs ), [Ca?"] u [CO,] — paBHOBecHbIe MOJISIpHBIE KOHI[EH-
TPALHU COOTBETCTBYIOHIHX HOHOB H CBOGOIHOH ABYOKHCH yIJiepo-
na B Bone; Ky = Ku,co, H Ky = Kuco, — lleppasi H BTOpas
KOHCTAHThl JUCCOUHAUNH YTOApHOA KUCAOThL; L == Lcaco, — Npous-
segenue pacrBopuMoctH CaCOy; fueo; H fea®t — KO3GOHIHEHTH
AKTHRHOCTH HOHOB KalbUMf H THAPOKApGOHATOB.

YpasreHue (4.15) no3poJeT OUEHHTH COCTOAHHE KapOOHATHO-
KaJbllneBofi cHcreMbl. Ec/M NpH MOACTAHOBKE B ypaBHeHHe aHa-
JIMTHUECKHX KOHUEHTpauufi HOHOB KajlbliMsl, THApOKapOGOHATOB

1 CBOBORHOR YTJIeKHCJIOTHE k— > 1, To pacTROp COAEPKHT H3OHI-

ok Ca (HCOy); (K5-— 3KcHepuMeHTaNbHHH KO3(pQHUHCHT, Hal-
IeHHbIi npH NOACTAHOBKe; K — reoperHueckuit xosdduuuerr,
SIBJSHOLLMACST M3BECTHOH NMOCTOSHHON BEJHUMHOHN AN AAHHOH paB-

. K '
HOBECHOH CHCTEMBbI); eciH [?3 = 1, TO KapOOHATHO-KaJbuHeBas cy-

K
cTeMa HaXOJUTCH B PABHOBECHHM; €CJH Kj < 1, To BOa uMeeT HU3-

ouirox CO,.

Ilpu pacderax coctofiHusi KapOOHATHO-KaJbUHEeBOH CHCTEMBbI
HauOoJIee TPYAHO YYeCTh BJIHSHHE NPOLECCOB KOMMJNEKCoobpa3so-
BaHHS M PaACTBOPEHHS OpPraHHUYeCKHX BEIeCTB B BoJAe, TaK Kak
OHH He MNOAUYMHSIOTCH CTEXHOMETPHYECKHM COOTHOUICHHAM 3Je-
MEHTAPHBEIX peakuHHd M IpPOTEKaloT, KakK MnpaBuJo, KaTajuTdue-
CKH H aBTOKaTaJHTH4ecKH. [103TOMy npencTasisiercss BO3MOXKHBIM
pAacCUHTHIBATH PABHOBECHE KapOOHATHO-KAJbLHeBO#  CHUCTEMb
TOJILKO € Y4eTOM BJIHMSIHHSI TeMnepaTyphbl, AaBJIEHHS, HOHHO-CONe-
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gOro COCTABA BOMLI, OTKJIOHEHHE Ke OT HCTHHHOTO PaBHOBECHS —
OTHOCHTb 34 CUYET OKHCJIHTEeJbHO-BOCCTAHOBHUTEJBbHBIX [1POUECCOB
B oprafnyecKHxX BeuiecTBax. ClefyeT OTMETHTb, YTO OKHCJIH-
TeJbHO-BOCCTAHOBUTEALHABIE TPOLECChl KATAJAH3HPVIOTCA COeH-
HeHHSMH JABYX- W TpeXBaJIeHTHOTO XeJje3a, MeiH, MapraHua, uro
MOXKeT NPHBECTH K CYIIECTBEHHKIM H3MEHEeHHAM B COCTOSIHHH Kap-
6oHaTHO-KANbIHeBOH cHeremel. Tem He Medee, pacuer KapGo-
HAaTHO-KaJbUHEBOH CHCTeMbl no  yparHeHHo (4.15) nossoaser
onpejeNiiTh, B KAKOM HANPABJIEHHH H3MEHSeTCA CHCTeMa, TO
ecth nporexaer peakuus (4.10), paccudrath KOHUEHTpAUHH arpec-
CHBHON YrJAEKHCJHOTHl - BOJE HJAH ee AedHHHUT N0 OTHOIUEHHIO
K BO3MOXKHOH PaBHOBECHOH, OLEHHTb CHOCOOHOCTE PACTBOPA K OT-
JOXEeHHIO KapOoHaTa KajabuHs B NOPOAAX.

Meroanka onpejeseHHs  (GHU3NKO-XMMHYECKHX HapaMeTpoB
OpUPONHBIX pacTeopos, K (pu3HKo-XxHMHYECKHM MapaMerpaM pac-
TBOPA, BAUSIOMHM HA COCTOSIHHE DaBHOBECHHIX CHCTEM, OTHOCAT-
csi: TeMIeparypa, JaBleHHe, HOHHAst cula, KodppHuHeHTH! ax-
THBHOCTH HOHOB, [pOH3BejeHHEe pPACTRBOPUMOCTH, KOHCTAHTHI
JHccouHauui.

Memoduka onpedesenus uonnol cuas pacmsopa (n). Pac-
CYHTHIBAETCA NO ypaBHeHHio (4.9), ofHAKO B Cjayuae, eCid KOH-
UEHTPAUHH BHIPAXKEHb B KI/M?, MOMKeT ObiTh BhluMCJieHA 10 (op-
MyJe

b= 05 (KC + KiCy + KCs + oo + K,.C), (4.16)

rae C,, C,, Cs, ..., C, —BecoBble KOHUCGHTPAHH HOHOB; K.,
2y -, K — KosbpHuneHTBl nepecueTa, BeNHUHHB KOTOPHIX
npuBeneHsl B Taba. 26.

28. Koapdmuuentst nepecuera IJ8 BbIMHCJEHHN [
no ypasrenHio (4.18)

Yomm | Cat+ | Mg+ | Nat | K+ | SO. | a— | wco, | Noy

K 0,10

0,17 0,043| 0,026, 0,042 | 0,028 | 0,016 0,016

Ins Bop ¢ MumepanusapHe#t jo 1 Kr/M® HOHHYIO CHAY pacTBO-
pa H Ko3PPHUHEHTE AKTHBHOCTH OAHOBANEHTHBIX HOHOB MOXKHO
PacCUHTLIBATL TPAGHUYECKHM NYTeM, CUHTAA, YTO 3TH BeAHUUHLI
NpAMO NPONOPUMOHANBHEI MHHepanusaudH (puc. 11). ITpu stom
BeTUUHHY [ MOXKHO onpefedHTh ¢ TouHocTwio A0 0,01, uto mnoaue
AOCTAaTOYHO /ISl pacyeTa COCTORHHA KapOOHATHO-KAlblHeBOk
cHcremnt. Onmako npu copepxamud SO; Gosee 30 %-3KB, HOH-
HYIO Cully Jydiie BbIYHCHAATH N0 GopMyie, TaK KaK B 3TOM ciyuyae
NOrpelHocTh KoapbHuueHTa aktHBHOCTH focturaer 0,015, Has

77



BBIYHC/IEHHS HOHHON CHJIB YA0OHO TakkKe MOML30BAThCS TAKON
(opmynoir:

w=0,5(Zu, + 2Ln, + 3Lu,), {4.17)
rae By, Tu, H Iy, — CYMMBI Kr-5KB/M® COOTBETCTBEHHO OBHO-,
ABYX- M TPEXBaJleHTHHIX HOHOB, COJepPIKALIHXCS B BOJE.

Puc. 1. padux ans pacyera HOR-
HOH KpemocTH pacTBopa (i) H KO3(-

f pn? 77 17 (UUEEHTA AKTHBHOCTH OXHOBAJIERT-

4&5130 \ [\ HOTO MOHA (f) NO BeJMYHHE CYMME

v = HouoB B Mr/a (O. A. AJekHs H Ap.,
Qwé"’ - 1973):

50 % I — pns Box o cCOAmepKanmnem SOZ— no

49 0 - 15%-5k8; I/ — nns BOJ & COAEpKanMEM

200 400 600 800 1000 SO%_ ot 15 po 30%-sks; J/I — nas Bop
Sy ¢ gomepmanmem Cl— ceome 40%-5KB
u HCO3 camme 45%-9KR

Memodura onpedesenus Koaphuyuerma aKmusHocmy LoKos
(f). B cayuae, ecnu woHHAs cHMa pacTBopa He npeebimaer 0,1,
KO9DPHIHEHTEI aKTHBHOCTH HOHOB BhIUHCAsOTCA N0 (opmyne
(4.4), sareM cocraBJsioTcAd TAOMUIBL 3ABHCHMOCTH [ OT | OpHO-
JIBYX-, TPEXBAJEHTHBIX HOHOB. [10 naHHBIM Tabmuy crposArcs rpa-
(¢uky. B panbHeiinieM BeHUHHY [ B 3aBHCHMOCTH OT 3HAUYEeHHA Y
cnenver Oparh gubo u3 tabna. 27, 28, nmubo cHuMark ¢ rpapHkKa

27. Cpennee 3HaueHHe Ko3pdHIHEHTA AKTHBHOCTH
(0. A. Anekun u Ap., 1973)

Hounas cuna pacrsopa,
BanenTHOCTH
HouoR 0 0,001 0,005 0.0! 0,05 0,1
OzxoBaneHTHEE 1 0,96 0,92 0,89 0,8! 0,78
JIByxBajeHrTHoe 1 0,86 0,72 0,63 0,44 0,33
TpexBasenTHbIE 1 0,73 0,51 0,39 0,15 0,08
28, KoathpHuHeHTH AKTHBHOCTH OAHOBAJEHTHRIX HOHOB
(O. A. Anexnn u gp., 1973)

B f B f B f
0,001 0,96 0,008 0,91 0,035 0,83
0,002 0,95 0,009 0,90 0,04 0,83
0,003 0,95 0,01 0,89 0,045 0,82
0,004 0,93 0,015 0,88 0,06 0,81
0,005 0,92 0,02 0,87 0,055 0,80
0,006 0,92 0,025 0,8 0,06 0,80
0,007 0,92 0,03 0,84 — —
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(puc. 12). Ecau nounas Cuna pactsopa MpeBblinaer 0,1, rosddu-
[HeHTHl AKTHBHOCTH HOHOB KaJibuus H BOZOPOAA CJHeAYeT ompeje-
ASTh M0 TpaduKy, NpeicTaBieHHoMy Ha pHC. 10, a koaddHuHeH-
Thl AKTHBHOCTH THAPOKApGOHATHRIX H KapOoHATHBIX HOHOB—
no ypasuenuto (4.6) unu no xpusey B u E na puc. 13.
Memoduxa onpedenet Us KoH-
cmanm  Ouccoyuayuy YeoabHoll
KLCAOMbL 1L Rpousseder us paci-
sopusmocmu CaCos. B saBucHMO-
CTH OT CTeNeHn AUCCOLHAnUY
yroJjbHasi KHCIOTA [IPHCYTCTRY-

%
o1

K
NA
T
SR
IS’ b N

puc. 12, Fpaduxkuy saBucumoctu

k03 urueHToB aKTHBHOCTH  OfHO-

pateutnuix (I), Asyxmazewrwmix (II) 0L 1 L

u Tpexsajenthoix (II1) wuomos oT 08t 087 093f 0 1
HOHHOM CHJH pacTsopa (M). I

eT B NPUPOIHKIX Bojax B yerslpex dopmax: HyCO; — cobeTrenno
yronbuas kucjora, CO, — guokenn yraepopa, HCO; — ruapo-
KapGoHaThl H COﬁ_ — KapGonartsl. B pacrBope cymecTByer pasio-
BeCHe MEXJY yrolwHOH KHCJIOTOH M AMOKCHZOM YIJIepoja, NPH
KoTopoM B Bofe coepxkurcs npumepHo 99 % CO, u oxono
1% H,CO,; ofburo H,CO; otoxpectastor ¢ CO,, TO ecTb
H,CO, =~ CO,.

ar

[} 1 1 I o i 1 1 i 1
goor gooz s gu Q02 805 gf 42 43 83471 Z 3 6
HM

Puc. 13. Kosxdbdunuentsl aKTMBHOCTH THAPOKAPGOHATHHIX M KapGOHATHBIX

nohos (P. M. Tappemse, Y. JI. Kpafier, 1968). Kpusse A, C, D, F ua-

HeCeysl 10 3KCMEpHMEHTAJbHBIM JaHHBIM, Kpusble B, E paccuuransl 1o
ypasuenuio eGas — XIoKKeJs.
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Kak BuaHO M3 ypaBHeHus (4.15), KonHU€CTBEHHOE COOTHOMUle-
Hue QopM YTONLHOH KHCIOTH KOHTPOJNIMPYETCs KOHCTaH1aMH ee
muccoumanuuun (K; u K,), a np¥d HX MOCTOSiHCTBe — KOHLEHTpa-
LIMSIMH BOXOPOAHBIX HoHoB (Taba. 29). llpu pacuerax suavenuf,
npuBefeHHbIX B Taba. 29, TemnepaTypa Boabl NPUHMMAACh PaB-
Hofi 293 K, KOTOpo#i COOTBETCTBYIOT CJELYIOHIME KOHCTaHTHL
aucconuannn: Kuycop, = 4,0 - 1077 ¢ Kuco- = 4,2 . 1071 flo-
CKOJILKY BeTHUMHA [aBJEHHS B NPHPOAHBIX BOAAX 30HbLI aKTHBHOIO
BoJOOOMEHA NPAKTHYECKH U3MEHSIeTCs He3HAYNTeJIbHO, BEJHUMHBI
KOHCT4HT KapOGOHATHO-KaJbIHeBOTO paBHoBecus OYAYT 3aBHCETL
JIMUIL OT TeMepaTypbl BOAB M A8 pacyera COCTOSIHHSI CHCTEMB
MoryT ObiTh B3uThl u3 Taba. 30.

29, CoorvHoweHHe MOJSAPHBIX KOHIleHTpauHi pasmadbix dopm
yroapHofi KHCJAOTH B 3aBUCHMOCTH OT KOHUEHTPANHH BOXOPONHBIX
HOHOB B BOAE, B NPOLEHTAX OT obulero ee comepxauus
(O. A. Anekun w zp., 1973)

pH
Popua 4 5 6 7 8 9 i0
[H,COg + CO4] 997 | 962 | 715 | 200 1 24| 0,2] —
{HCO5] 0,3 387285 | 80,0 | 97,2 | 95,7 | 70,4
[CO,] — - — — 04 | 41126

30. Beanunybl HEKOTOPBHIX KOHCTaHT KapGoHaTHO-KaJbLHEBOro
paBHOBECHN B 3aBHCHMOCTH OT TEMNEpPaTypbl BOXBI
(O. A. Anexun wu ap., 1973)

L L 1 I
Temnepa- - { I Temmepa- S [ .
7757 8183 | ¢ 72573 & 87| ¢
X
g | F2] 9 g | g2 |
0 0,26 | 0,23 | 5,50 16 0,38 | 0,38 | 4,44
2 0,28 | 025 | 5,37 18 0,39 | 0,40 | 4,31
4 029 | 027 | 524 20 0,40 | 0,42 | 417
5 0,30 0,28 5,18 22 0,42 0,44 | 4,04
6 0,31 | 029 | 5,11 24 0,43 | 0,46 | 3,90
8 0,32 ] 0,30 | 4,98 25 0,43 | 047 | 3,34
10 034 | 032 | 484 26 0,44 | 048 | 377
12 0,35 | 0,34 | 4,71 28 0,44 | 050 | 364
14 0,37 | 0,36 | 4,57 30 0,45 { 051 | 351
15 0,37 0,37 4,51 —_ —_— — —_
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IMpuwmep 8. I'mnorernyeckuii DOPOBEIA PACTBOP NPH TeMNeparype

298 K B ropu3oHTe MaKCUMalblOro COJAeHAKONNAEHUN 30HH TPaHCOUPaA-
¥ UMeeT cleiyiouufi coctaB (B uMcauTelle — Kr/M3, B 3HaMeHaTelle —
gr-3KkB/M3):

HCco— Sg?— Cl- Ca?* Mg** Na*

) 4
2,25 704 2,18 194 067 250 16,6
0,037 0,147 0,062 0,097 0,056 0,109 0,508

Onpegenutt GU3NKO-XHMUUECKHEe NApaMeTPH pacTBopa LIS pacyeTa
KapGOHATHO-KaJbUUEeBOH CHCTEMbE.
1. Hafitu uonrylo cuay pacTBopa mo dopMmyae (4.17):

p = 0,5 (0,037 + 0,147-2 4- 0,062 -+ 0,097 -2} 0,056-2 - 0,109)= 0,4,
2. PaccyuTaTh BEJHUHHBE KO3OPHUIHEHTOB AaKTHBHOCTA HOHOB KaAbUNs

¥ THAPOXApGOHATOB Mo ypaBHenuio (4.6), natina Bemwunamt A, B u g
B Tabi. 24, 25, a Bemuuny K, — mo rpaguky (puc. 8):

lefeuer = —0,5085 -4/ 09 0,4 - —0,59:
1--6-10"%.0,3281 - 108 /' 0,4-0,9
feaz = 107059 = 0,25;

—0,5085.1109-04

lef = e = —0,17];
& HCO;  14-4-10"%-0,3281 -10% V0,4 09
oo =10"%1" =67
HCOs
Benuuunut feq. 2 fﬂco" paccuuTaHHBe NO ypaBuenmio HeSaa— Xiokkeas
3

{4.4), cootBercTBenyo pasuum 0,26 u 0,67, a Haiinenuble no rpadukam, npex-
cTaBJeHHsIM Ha puc, 10, 13, — 0,25 u 0,65.

3. Hality BeJHYAHBI KOHCTAHT KapGOHATHO-KaJblMeBOr0 paBHOBeCHT
no ta6a. 30: KHC03_ = 0,47 - 10710; Ky,co, = 0,43 . 10-6; LCaCo, =
= 3,84 - 1070,

Oyenra feduyuma CO, u criocobrocmu 6006t K OMAOHCEH 1O
Kapbonama Kasvyus. Ecan CKOPOCTb oOpaTHOH peaklv, OMHCHI-
Baemol ypasHesinem (4.10), BHIIE CKOPOCTH NPSMO#, TO B BOJE
numeercs AepHINT YIIEKUCAOTH, TO eCTh To KosuuecTBo (CO,, Ko-
TOpoe oQpa3yercst Npu pasnomenun ruapoxap6ounatos (2HCO: =
=CO, + CO3™ + H,0) npexse, yem HacTymuT pasHoBecHe. [1pyu
3TOM KOHHEHTPAIHH BCEX PearHpyIOIIHX BELIECTB COOTBETCTEEHHO
usMeHsoTCs, a KoauuecrBo CaCOj, Bospacraer. Korza konuentpa-

— L
s CO™ B BOAE NPEBLICHT BETHUHHY e , Bonia O6YAeT CKJIOH-
p y [Ca2+] y

na K owtoxenuto CaCO;. YHewm Goabiie Bennunna pedmuura CO,,
TeM 6Geable cnocofHocTs BogH K ora0kenuio CaCOy; [CO,lep —

3TO mepa yHoMsHYyToH ctiocoGHoCTH Bousl. [Ipumewm, uto [HCOs |,
[Ca™]o u [CO,l, — daxTHYecKHE MOASPHBIE KOHUSHTPAUMH JaHHBIX
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VMIOHOB M MOJIEKYJ/ B npupoaHoil Boje. [Tocae BCTpsixuaHHst mpoOLt
soAd ¢ nopowkoMm CaCQO; u HacTymuBIIEro PaBHOBECHs! KCHIIEHT-
panuu 3TuX BemecTB ob6osnauum kak [HCOs ], [Ca*] u {CO,].

Pasnocrs ([CO,) — [CO,),) npencraBaser co6oii KoHUEHTpa-
umio jebuuutHOl yraekucaorsl. Cornacko ypasuenuio (4.10),
npu Berymenuu B peakuuio 1 moasi CO, moayuaercs 2 Moast

HCO; , nosToMy MOXKHO 3amucaTh, 4TO
[CO,1 — [CO,J, = F=0ale— [FCOH] (4.18)
Wi

(COuT + —2L — (10,1, + 5 (4.19)

[HCO ] [Hcos—]o) _o.

B cootBetcTBUM ¢ ypaBHeHHem (4.15):
[CO,l =K'[HCOs J?[Ca?], e K' = ,f—fo%{co; featt= Kcpfeps (4.20)

noicrasuB Besuuuny [CO,] B ypasHenue (4.19), mosmyuum:

— . [HCO7] ([HCO3],
Kefep [C2¥ [HCO T2 +! 5 ]—([ 3 ] +[C0210)=0. (4.21}

B cooreercTBuM ¢ ypaBHenuem (4.10), na kaxauii Moap Ca?*
nepexoAsT B pactBop 2 moas HCOs , nostoMy B yc/IoBHSX paBHO-

. [HCO; }, — [HCO;
Becus [Ca?] = [Ca?*), — 2 02 s . Tlonctasue 3TO

BhlpaxmeHue B ypaBHeHue (4.21), GyjleM uMeTh:
[HCOs 1B 4 (2[Ca?®*], — [HCOs },) [HCOs 12 4-

2 [COs]y + [HCO,
— b _o. (4.22)
KCPfCD

1
chfcp

[HCOs ] —

[Toayuaetcss kyOudeckoe ypasHeHue Tuna x° - ax®t bx —c =0,

rae ¥ =[HCOs'|, a ocra/bHble BEJIMUMHBI M3BECTHBI HJIM MOTYT
ObiTh paccyuTanbl. Benuuuna [CO,lzep BHIMHC/ISIETCS H3 YpaBHe

aus (4.18) nocae nHaxoxaenns [HCO:s I
[CO4lzep = 0,5 ((HCO3 ], — [HCO3 }). (4.23)

KOJIH'{ECTBO ocaauBIIerocs [pH HacTyn/IeHHH paBHOBECHSI TBeEPIO-
ro CaCQj pagHo:

[CaCO4] = 0,5 ([HCOs |, — (HCOs ]). (4.24)
82



KonxuecTBO HOHOB KanbOus B Kr/M®, OCTapliMXCs B PacTBope,
paBHo:

(Ca**] = ([Ca*"], — 0,5 ([HCOs ], —[HCOs ])] - 40.  (4.25)

MMpumep 9. Hnsa ycaosuit npumepa 8 uaHo'fcaz_,_ =0,27; ch —
O3
=069 K _ =047-107% Ky co, =043 1074 Leyeo, = 3,84 X

3

X 1079; [Ca?*], = 48,5 - 10™% kmoan/M3; [HCO3 ), = 37 - 1073 Kmomn/M;

[CO,)y = 2,94 - 10~ kMomb/M¥; T= 298 K. Onenuts cocrosnne KapSonaTHo-

KaJIbLMEeBOA CHCTeMbl H HAHTH KOWIEHTPALlWH HOHOB Kaibuus, THRPOKap6o-

HATOB M QHOKCHAA yIJIepofa B pacTBOpe B YCJOBUAX PABHOBECHSN CHCTEMBI.
1. PaccyutaTh Beduyuny K B ypaBHeHMH (4.15) 00 aHaqHTHyecKuM

JAAHHbIM, NPHBENEHHBIM B YCJIOBHHM 3apayH:

0,692 (37 - 1073)20,37 - 485 - 10~

K= 2941077

=29.10"3

2. Hailtu teopetHueckyio Bequuuny K B ypaBuenus (4.15):

_ Ku,co,lcaco, _ 0,43 - 1076 - 3,84 . 10~

- A7 —10
KHcog‘ 0 10

=35-10"%,

3. OuenuTb cOCTOSTHHE KapGOHATHO-KANBLIMEBOH cuCTeMbl MO BeJHUHME
oTHoulenus K, u K;
K, _ 29107 83; To ecTh K, > 1, caesoBarelIbHO, PaCTBOP COREPKUT
K - 3,5 3 10_5 - ) K ’ ’ p p
H36bITOK HOHOB KadbllUsd H THApoKapOGOHATOB, YTO CBHAETENLCTBYET O €ro
ckaounoctd K ocaxkpentio CaCOg.

4. B cooTBercTBUH ¢ ypasuenueMm (4.20) Haiitu ch B fop:
047 . 10710
Kep=ta5 10+ 388 100 = 29 104 [ =06%-027=0,128.
5. MNopcraBuTh RaHHbIE H NOJyYeHHBE BeJMYUHBl B ypaBHenHe (4.22):
[HCOTJ® -+ (2 - 48,5 — 37) 10~3 [HCO ————[HC03 —
3]+( -7) 3]+785 0,128

_(2-294+437)1078

2,85 107 - 0,128 0.

6. INyrem nopcrasaenus Halfitu Benuunny [HCO;]:
[HCO3] = 11+ 108 gmons/m® = 0,67 wr/m3.
7. IlpoBepuTh COpaBepuBOCTh YypaBHenHa (4.22) npu moacCraHoBKe
[HCO3"} = 11 - 1072 xmouab/m3: )
(11 - 1033 4-60 . 1073 (11 . 10‘3)2+—¢19-_3— —
2,85 10% - 0,128
_%_ (1331 - 7260 - 3015 — 11750) 1078 =

=—144.10"% =0,
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8. Hajirw xomuyectBo ocamusmerocs CaCO, no ypaBdenuio (4.24):
CaCO3 = 0,5 (37—11) 1072 = 13103 kmoan/M® = 1,3 xr/m3.

9. Hafitu KoHlleHTpaumio HoHOB Kanbums [Ca?*] B paBnoBecnoMm pac-
TBOpe MO ypaBHenwnio (4.25):
[Ca2*]=48,5-10"3— 0,5 (37—11) 103=35,5. 108 kmoan/m3= 1,42 xr/m3
10. Hafmn xouuenrpauunio [CO,] B paBHoBecHOM pacTBope mo ypas-
HenHio (4.18):

{CO,l = 0,5 (37—11) 1672 + 2,94 . 1073 =
= 15,94 . 1072 gkmoan/M3 = 0,7 kr/m3.

§ 3. Kap6oHaTHO-MarHMeBas cucTema

B npupoansix Bojax mexpy Teeppo# (asoit kapboHnara Mar-
uua (MgCQ,), yromsuoit kucnoroit (H,O + CO,) u rugpoxapbo-
HaTHBIMY MOHAaMM, HaXOASUIMMMCS B BOLE, NPOHCXOIHT XUMHYe-
CKOE B3aMMOJEHCTBAE, ONHCHIBAEMOE YpaBHEHHEM

MgCO,+ H,0 + CO,=Mg (HCO;),=
= Mg?*-+ 2HCO; =2H *+ 2CO; . (4.26)

B GonbiivHCTBE CyuyaeB B YCAOBHSX aKTHBHOTO BOjJooOMeHa
CKOpPOCTh TIPSMOH peakuuH, onuchlBaeMofi ypasnenveM (4.26),
HAMHOTI'0 BHILIE CKOPOCTH 00paTHON, paBHOBECHE COBMHYTO BJIEBO,
BCJIEACTBYE 4Ero NPOUCXOAHT pacTBopenue Teepaol dassl MgCO,,
KOHIICHTpAIAS HOHOB MarHusi B BOJE HMXKE paBHOBECHBIX, Habuo-
Aaercsa aepuunt conu MgCQO, B pacTBOpEHHOM COCTOSIHHH.

Onuako B clydae, Korla BOAB MMEIOT $IDKO BBIpAXKeHHhI
rHApoKapOoHaTHHE Maruuesnli cocraB — [Mg?+] > [Ca?*] <
< HCQ;1, KoHueHTpanuy HOHOB MarHHWsl B BOAE MOTYT HOCTHYD
PABHOBECHHIX 3HAYEHWH M Jaxe NPesbICHTh MX. B 3TuxX yonosusx
CKOpOCTh 06paTHOi peakuun B ypaBHeuMu (4.26) MoeT npesbl-
CHTh CKOPOCTh mnpsumoli, u u3beitok MgCO; B Boje Gyaer Bhina-
JaTh B ocafok. Pacuer kapGonaTHOMarHvMeBOoH¥ CHCTEMBI BBHITIOMN-
HsieTcs 1o cXeMe, aHajJoruyHoil npusefeHHo#i B § 2; ciaepyer
JHIUb OTMETHTL, 4TO BenuunHa Lmgco, 0P 3TOM NpeBbliiaeT
BeJIMUNHY Lcaco, B n - 10° pa3. Mmenno nosromy koHuenrpauyu
comt MgCQ; B npuUpOAHHIX Boax OOHYHO falleKH OT papHOBeC-
HBIX.

§ 4. CynbdatHo-KanbuMeBas CHCTEMA

QueHka CoCTOsiHHS CYJ/Ib()AaTHO-KAMbIINeBoH CHCTeMBI BKJIHOYAeT
B celbs pacyeT (U3MKO-XMMHUYECKHX [1apaMeTPOB TPHPOJHBIX pacT-
BOpOB (I, fcaso, feca?t, fsoi » Lcaso,), bacuer Jfeduunta win
usfpitka CaSQ, B pacTBope, pacyeT pPaBHOBECHBIX KOHIEHTpauui
HOHOB KaJbuus ¥ CyJabgaTHHIX MOHOB B pacTsope.
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OueHKa paBHOBecHs mexay pacTeopom CaSO, ero TBepuoii
dasoii, PaBHoBecue mexny tBepoii ¢asoit CaSO, n ero BoAHBIM
pacTBOPOM ONPEJeJISieTCs! POH3BENCHNEM DAaCTBOPHMOCTH CYJIb-
gara kanbunst (Lcaso,). B pasuopecnoil cucreme CaSO, = Ca®**-
4 SOZ_ npx 3aflaHHofl Temueparype, HABJACHHH W HOHHO-COJIEBOM
cocrase BOIb! BelnuuHa Leaso, SIBISieTCSt NOCTOSHHOM:

fCa2+ [Caz+]p fSOE— [SOZ_]p = LCaSOu (427)

24 2=
rne [(Ca**], n (SO ], — paBHOBecHble MOJsIPHBIE KOHUEHTPAIHH
COOTBETCTBYIOIHX HOHOB; fca®+ H fso2™ — KO3(PHUMEHTD! AKTHB-

HOCTH HOHOB.
Ecau npu noAcrapienun 8 ypasvenne (4.27) win (4.28) dak-

THUECK W HaflleHHbIX KOHUEHTPAIHH KalbuHst 1 CyIbdaros o— >

CaSO,

> 1, TO BOJA MEpechill€Ha 3THMH HOHaMH H PDaBHOBECHE CABHHYTO

3KCI

Leaso,
Boja arpeccusna k rumcy. [Ipum paBencrBe 3KcCrepHMEHTANIBLHOTO

H TeopeTnyeckoro kos(pdhuunentoB cucrema CaSO,— H,O uaxo-
JIITCSt B DABHOBECHOM COCTOSIHHH.
MeToxuka onpeaejenus ko3dppuuueHToB akTuBHocTH Cat

P
u SO: , KosthdunneHTbt aKTHBHOCTH OTIE/JIbHEIX HOHOB Vst Y H06-
CTBA 3aMEHSIIOTCS CPeHHMM KO3(HLIHEHTOM aKTUBHOCTH CyJbdara
Kalbiust, KOTOPHIH BBIUMUC/SIETCS HO GopMmyJie

feaso, = (fCa2+fso§_)°'5- KoapduuneHTsr fca2+ u fsoi— ofipe 1e-
JIIOTCS SKCIEPHMEHTANBHO B 3aBUCHMOCTH OT HOHHO-COJIEBOTO CO-
craBa pactBopa. IlojcraBus BMECTO fca2t fso— B ypasHerne

(4.27) Bennunny fcaso,, HOMYUHM

Lcaso, = fcaso, [Ca?lp [SO: Iy (4.28)

BJIEBO; €CJIH < 1, To paBHOBeCHe cHCTEeMB! CHBHHYTO BIDPABO,

Cpennue koddpunuenrst aktusHocru CaSO, B 3aBHCHMOCTH
OT BeJIHYHHBl HOHHOM CHWJBLI BOIB! (1) ¥ ee TemmepaTyphl MOXKHO
BLIUMCANTL 0O ypaBHeHHsM (4.4) u (4.6), npuHsip 22 = 2%z~
u onpenenns Ky no rpaduky (puc. 8), a rakXe onpeneJurh 0o
HOMOrpammaMm, [pHBENEHHBIM Ha pHc. 14.

Onpepnenenue npouspegeHns pactsopumoctn CaSO,. B cBsizn
C teM yro AIs cyiabdara Kanabiuusi M3MEHEHHE DPAaCTBOPHMOCTH
€ TeMmneparypofi NPOMCXOMMT MO KPHUBOJHMHEHHOH 3aBHCHMOCTH,
npon3BefelHe PacTBOPHMOCTH B YCJIOBHSIX DaBHOBECHSI olipele-
JsieTCs Ha OCHOBE 3KCIePUMEHTAIbHBIX AaHHLX. B 1aba. 31 npn.
BejeHbl npousBefenust pacrBopuMocru CaSO, npu pasanuHoil
TeMneparype, BblYMC/AeHHBIE [0 JaHHBIM PAacTBOPHMOCTH CY/b-
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Puc. 14. HoMorpammbt fas ompepeleHHs CpeJHHX Ko3pdHuHeHTOB aKTHB-
HOCTH CyJbdaToB Kajbuus B BOAHHIX PACTBOPAX B 3aBUCHMOCTH OT BEJIMYHHE
HouHOH c¢HJH M TeMnepatypw (0—40°) pacrsopa (B. TI. 3pepes, 1967).

31, Npoussenennst pacTBOPUMOCTH CyabhaTa Kanpuus
B AMCTH/TMPOBaNHOH BOJe IpH pa3JHuHOH TeMmiepaType
u nopmaavHoM aasaeuun (B. I1. 3sepes, 1967)

Temne- [CaSO,] [Ca:i],

parypa, wrmd {504 ¥ w fcaso, Lcaso,

T-273 KMOJIE /MO
0 1,759 12,9 . 10-3 0,0516 0,441 3,22 . 105
5 1,855 13,6 - 102 0,0544 0,430 3,42 . 1078
10 1,925 14,1 . 10~3 0,0564 0,423 3,56 . 10-°
18 2,016 14,8 . 10~3 0,0592 0,409 3,66 .- 108
25 2,080 15,4 - 10-3 0,0615 0,398 3,72 - 10—
40 2,122 15,6 - 103 0,0624 0,392 3,74 + 1073

¢daTta Kaapuus B IQUCTHIHPOBAHHOH Boje M cpeinuM Koaddu-
[IMeHTAaM AKTHBHOCTH, TOJYYEeHHBIM ¢ HoMorpammml (puc. 14).

CpaBuuBas BeNHYHHY Lcaso,, NOMYYEHHYIO 110 aHATUTHYECKHM
JIAHHBIM, C BRIHYHHOH TEOpETHYECKOHR, B3ATOR M3 TAGAHUL, Onpe-
JeJsieM, HaXONMTCH JIM BOJHHBIN pacTBOp Iunca B DaBHOBECHH
¢ Teepro#t ¢azoft, a ecu Her, TO B KaKYl0 CTOPOHY CABUHYTO paB-
HOBeEcCHe,

KoanuectsenHan ouenka peduuuta uJIK u30GbiTka CaSO,
B pacteopax, Hebunur Wiu u3bbltok cyAbdaroB Kaipuus B OpH-

86



pORHBIX BOJaX B MOJISPHOH dopme MOXKHO HAUTH, HCOOJIL3YS
ypaBHeHI/lﬂZ

CaS0, ;= 0,5([Ca%] 4 {SO | —

—V/ (Ca® — (SO 1)+ 4(Ca*1,(S0% 1) (4.29)
CaSOyze4 = 0,5 [ 1/ (ICa®*] —[SO&™ 1)? + 4[Ca**], (SOi 1, —
— (ICa] + [SO:™ ], (4.30)

roe [Ca*], [SOs | — uaGmogaembie MOJIIDHBIE  KOHUEHTpauHH
HOHOB B pactBopax; [Ca®'], [SOi‘]p——paBHOBechre MOJIIPHBIE
KOHUEHTPAl MM HOHOB B JIaHHOM pacTsope; npoussegenne [Ca’'],
[SO:” |, uaxogutcs us ypasuenus (4.28).

KosnuyecTBo MOHOB Kambuusi n CyJbpaTHHIX HOHOB, OCTaB-

ymMxcsl B pacrsope nocne ocaxAenus usbnitka CaSO,, onpene-
Jasiercsl 1o gopMyaam:

(Ca*'], = [Ca*] — CaSOy,,q (4.31)
[SO: Ip = [SOL ] —CaSO,,. (4.32)

IMpumep 10. [ns TunOTeTHYECKOTO pacTBopa, PacCMOTPEHHOTO

B npuMepax 8,9, nocne ocaxnenus usbuirka CaCOg jgano: [Ca?*] =
2— P

= 35,5 - 1073 kmoun/m3; {SO, 1= 75 107 xmoas/mM?; p = 0,362; T=
= 208 K. Onenutb coCTosiHHE CyJb)aTHO-KATbNHEBOA CHCTEMH B pact-
BOpe W HafiTy paBvOBecHBe KOHUCHTPAUMHM HOHOB KaAbuus H CyanpaTon.

I. Haiitn kodpduuuent axk TuBHocTH fCaso, 0O HOMOTpaMMe, NpUBEJEH-
HOM Ha puc. 14:

fCaSO, = 0,21.

2. Paccyurars Beauyuny LCaso., B ypaBuennd (4.28) nmo amaJuTHUECKUM
HAAHHBIM, TpPHBEAEHHbIM B YCJIOBHH 3ajJau:

L350, = 0212355 - 1075 . 75. 103 = 11,7 - 10~%

3. HafiTu TeopeTHHeCKYyl0 BeJHYHHY Lcysp, B ypasuennn (4.28) mo
Taba. 31:

Legso, = 3.72 - 1075,

4. OueHuTh CcOCTONHHE Cy/AbDATHO-KANLIUEBOH CHCTEMH N0 COOTHO-
HIeHUI0 9KCIePHMeHTANLHOTO H TeopeTHiecKoro npomspefenufi pacrBopu-
MocTH cyabdaTa Kaldbius:

L?’aSO4__ 11,7 - 10"5__3 15
Leyso, 372-107% ™77

C/CLOBATENBHO, PACTBOP COAEPKHT H3ICHITOK HOHOB KalAbUHA H CyAsdaton
NpOTHB DPaBHOBECHOIO M cKJoweH K ocaxpgenmio CaSQ,,
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5. Haittn sennunny [Ca2] (503—]1, no ypaeuenuio (4.28):

. ~8
[C32+]p [SOE—]p = 3—7%&129—- =845 - 106 (xmoab/M%)2.

6. Haiitu us6urok CaSO, B pactsope mno ypasuenmio (4.29):

CaSOyy5 == 0,5 (35,5 - 75 — V/ (—39.5)2 + 4 « 845) 103 =
= 20,1 - 1073 kmonn/M3 = 2,73 kr/m3.

7. Halitu KowUeHTpanuu cyindaTHblX HOHOB H HOHOB KAJbIHSA, OCTAB.
WwHXcs B pacTsope, Mo dopmydam (4.31, 4.32):
[Ca”]‘, = (35,56 — 20,1) 1073 = 15,4-10~3 xmonn/M3 = 0,62 xr/m3;
[SO; }, = (75 -- 20,1) 107 = 54,9 - 107® xMoTb/u? = 5,27 Kr/w?.

8. TlpoBepuTh NpaBHIbLHOCTL pacuera Ho ypaBhenuio (4.28):
LCaSO, = 0,212 . 15,4 - 54,9 + 1076 = 3,72 . 1075,

70 CONTBeTCTBYeT TeopeTHUYeCKol BeququHe B Taba. 31.

§ 5. Cucrema «pacreop — TBeppAan a3a
NerkopacTBOPMMbBIX COnen»

PapHoBecuble cucTeMul, BKJouamliue B celsi JIerKOpacTBOp U-
mere conn (NaCl, Na,SO,, MgCl,, MgSO,, Na,CO, u ap.), urpawr
TNOAYHHEHHYIO POJib B (GOPMHPOBAHHH HOHHO-COJIEBOTO peXuMa
BOJ, 1 NOPOJ, BCJEACTBHE TOTO, YTO OCAXKACHHE 3THX CoJiedl HACTY-
naer NMpH OYEHb BHICOKHX MHHepaJH3alusX NOPOBBIX H HppHra-
LHOHHO-TPYHTOBLIX BoL. OIHAKO B YCJAOBUSIX apULHOTO KJIHMAaTa
Ha TEPPUTOPHHX, TAE NPOUCXOLHT WHTEHCHBHOE BTODHYHOE 3aCO-
JIEHHE, COCTOSIHHE JIETKOPACTBOPMMbIX MHOTOKOMIOHEHTHLIX CO-
JIEBBIX CHCTEM HUTPaeT BaXKHYIO PoJb B Npoleccax coJeHakome-
HHUS W PACTBOPEHHS.

OueHKa COCTOAAHHA BOJHO-COJIEBBIX CHCTEM JIerKOPacTBOPH-
mMbix coJjeil, B npupoanbix pactBopax comeputcs LebI psin
JIETKOPACTBOPUMBIX COJiell, MO3TOMY CTabWILHOCTL 3THX CoJield
B TIOPOBBLIX H HPPHTALHOHHO-TPYHTOBBIX BOJAX OUEHHBAETCH my-
TeM pacyeTa COCTOSSHHA MHOTOKOMIIOHEHTHBIX BOAHO-COJNEBLIX
CHCTEM.

B cBsi3u ¢ TeM, 4TO cofep:Kanue B NMPUPOLHBIX BOAAX TOJIILA
aKTHBHOTO BojocoJieofMeHa TaKuX JIETKOPAacTBOPUMBIX coJed,
kak CaCl,, Na,CO,, oTHOCHTENLHO HEBEJIMKO, a4 KOHUCHTPAUHH
TPpyaHO- M cpennepacrBopumbix cosedt (CaCO;, MgCO,, CaSO,)
JIUMHUTHP VIOTCS COCTOSIHHEM COOTBETCTBYIOMIMX PABHOBECHBIX CH-
CTeM, OCHOBHOH PaBHOBECHOH MHOTOKOMIIOHEHTHO! BOJAHO-COJIEBOH
cucTeMofi B TNPHPOAHBIX pacTBOPaX BHICOKOH MuHepalInsauuu
ABASIETCS  XJOPHAHO-CYIb(ATHO-HATPHEBO-MarHHeBas. Haaunune
npuMeceil Apyrux cosefi B BoMax, HacelmenHerx couamu NaCl,
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Na,S0,, MgCl, u MgSQ,, neckonbKo H3MeHRET pacyeTHHE paBHO-
BECHBIE KOHIIEHTpAalUd¥ HOHOB HATPHA, MaTHHs, XJopa H CYJib-
¢aTHBIX HOHOB B CHCTEME, O/HAKO 3TO BJHSHHE [PAKTHYECKH
HHUTOXKHO. MakcuManpuulli yrennubli Bec apyrux coseii (%)
B E€CTECTBEHHHIX [aBHOBECHBIX XJODHAHO-CYNb(aTHO-HATPHEBO-
MarHHeBEIX cHCTeMaX, HauboJiee PacOpPOCTPaHEHHHIX B BEICOKO-
MHHEPAJU30BAaHHKIX I[OPOBHIX DacTBOPaX, Omnpenelsiercsi Io
dopmy se

a=712, (4.33)

min

rae b — cymma konnenrpauuii conet CaCl,, Nay,CO,;, CaCQ,,
MgCQ,, CaSO, B BHCOKOMHHEpaNN30BAaHHBIX HAaCHINEHHBIX pac-
tBopax; Cmin — KOHIEHTPALUs HAUMEHEE PAcTBOPHMOH u3 coJeil
npu Aauuob remneparype (NaCl, Na,SO,. MgCl,, MgSQ,), uaxo-
asilefics B pasHosecun ¢ TBepiol (asoir. llpm Temmeparype
298 K BesuuuHa o He npesnimaeT 2 %; npakTHYecku 9Ta Beju-
YMHA €l(e MEHbIIe, I[IOCKONBKY KOHLEHTDAUHsT CYMMBI coJied,
UMEIOLIMXCsi B CHCTEME, 3HAYHTENbHO BbIIe KOHIEHTPAUHH OLHOF
M3 HaHUMEHEE DaCTBOPHUMEIX cojielf, BXOAAIUX B CHCTEMY.

Ckazanuoe BbIIIIE [103BOJISIET CYUTATh, YTO OIEHKY KOHUEHTpa-
LM MOHOB HATPHs, MarHHs, XJOPa M CYyJAbPaTHEIX HOHOB B I'MHO-
TETHYECKHUX BBICOKOMHHEPATH30BaHHHIX MOPOBBIX pacTBopax Mo
OTHOILEHHIO K HX PaBHOBECHBIM KOHIEHTPAIlUsiM MOXHO BbINOJ-
HHUTL NMyTE€M pAacyeTOB B DPABHOBECHBLIX BOAHO-CONEBBLIX CHCTEMaX,
chopMHpPOBAHHBIX [PH pasHBIX Temneparypax cojsmu NaCl,
Na,S0,, MgCl,, MgSQ,.

Jssi OHeHKH COCTOstHHSI MHOTOKOMIIOHEHTHBIX BOAHO-CONE-
BHIX CHCTEM CJEIYeT HCHOJb30BATb /[AHATPAMMbl PACTBOPUMOCTH
cosefi B Boje, HaXOASILUHXCS B PaBHOBECHH C TBEpAoH da3oil, Ko-
TOpELe CTPOATCst AJIsi Pa3HbIX TeMmlepaTyp 110 BEPOSITHOCTHBIM 3HA-
YEeHHsM PACTBOPHUMOCTH ABOHHBLIX M TPOHHBIX COJlel:

NaCl — MgCl,, MgCl, — MgSO,, MgSO, — Na,S0,,

Na,S0, — NaCl; NaCl — Na,S0, — MgCl,,

NaCl — Na,S0, — MgSQ,, NaCl — MgSQ, — MgCl,;
Na,SO, — MgS0O, — MgCl,.

Ha puc. 15, 16 npencraBienbl mMarpamMvel AJIsi CHCTEMBI
Na,SO, — NaCl — MgSO, — MgCl, npu rtemneparype 298 K
{pacTBopuMOCTH cosiefl Ha AmMarpaMMax AaHbl B KI-9kB Ha M*
# 1000 kr pacteopa). I1pn mocrpoenuu Auarpamm OHIIH HCHOJb-
30BaHbl JKCNEPUMEHTANbHbIE JaHHble, BKAIOYas MPHBENEHHBIE B
yaba. 11. B cnyuae nHanuuusi npu ApyTrux TeMrneparypax JHmb
OJIHOH AMarpamMMsl [1€DeBOJX KOHIIEHTpPAHHH 43 OAHOH (opMH B
APYTYIO IPOH3BOJAMTCs 1o opmyste

C = C*d, (4.34)
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Puc. 15. JlnarpaMma pacTBOPHMOCTH BOLHO-COJIEBOH PaBHOBECHOH CHCTEM
c1-—so§ — Na*— Mg?* B xr-skp na 1000 KT pactBOpa TIpH Temmepa-
Type 298 K:

I — nomepa nojeil ¢ @HOPOAHLIM COCTAROM TBephoH da3m coJielt, HAXORAMIUXCS B PAB-
HOBecHH ¢ pacTBopoM (/ — Na,SOQ, « 10H,0, 2 — Na,SO,, 3 — NaCl, 4 — Mg530,.7H,0,
§ — MgSO, « 6H,0O, 6 — MgSO, . 5H,0, 7 — MgSO, - 4H,0, 8 — MgCl, . 6H,0, 9 —
Na,SO, « MgSO, « 4H,0); 2 — rpanuus Mexpay NHoJdsMu /—8; 3 — rpaudisl MeXAY 110-
JeM 9 B LAPYrHMH NOJIAMH; 4 — H30JHHHE KOHUEHTpayf#t pacTBOpa, HaxXopsmlerocs
B PaBHOBeOHH ¢ TBeppol ¢asolt nogedt /—8; 5 — H3IOIHHHYW KOHUEHTpanHH pacTBopa;
Haxopsmerocss B paBHOBeCHH G TBephoH ¢asod noas 9; 6 — TpOKHBIE TOYKH, B Npe-
JeJlax KOTOpbIX pAacTBOp HAXOAHTEA B DPAaBHOBECHE OAHOBpeMEHHO < TBepRo# daaoRt
TpeX MmoJel; 7 — ABOHHBE TOUKH, PACMOJIOXKEHHbIe Ha TIpaHHUAX, Ifie PacCTBOp HAXO=
BUTCHA B PABHOBECHH OLHOBDEMEHHO C TBepAol dazoft aByx none#; 8§ — ToukH, B npe-
JeJlaX KOTOphIX pacTBOp HAaXOALWTCS B paBHOBecHS ¢ TBeppol ¢aszoli opgHoro noJs
(9KC NepUMEHTAJIbHEIE BepPOATHHIE 3HAYEHHS PACTBOPHMOCTH B TOUKAX, NOKAa3aHHWX HA
pPHCYHKE, HCIIOJIb30BaHB AJISI MOCTPOEHHS HIOJHHHHA).

rie C — KOHLEHTpALHUs pacTBopa B Kr-3kB / 1000 xr; C* — xoH-
LeHTPauusi pacTBopa B Kr-3ke/M®, d — mJIoTHOCTb pacTBOpa,
10 -3 kr/v® (HaXopurcsi Mo AMarpammam, HOLOGHBIM NpUBEIEHHOR
Ha puc. 17).

B COOTBETCTBMH C TNPOUEHT-3KBHBAJEHTHHIM  COIEp:KaHHEM
nwoHoB Mg®* u SO2™ B rumoreTHuecKoM DacTBOpe Ha Auarpamme
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Puc. 16. Jduarpavma pacTBOpHMOCTH BOJHOCOJIEBOH pPABHOBECHON CHCTEMbI
Cl~— SO~ —Na+t— Mg®t B kr-3ke na M® pacTBOpa mp: Temneparype
298 K (ycaoBHble o0O3HayeHusi Te Xe, YTO K puc. 15).

HAaxOAMTCSl TOYKA, KOTOPOH COOTBETCTBYET ONpefeleHHOe paBHO-
BeCHOE 3HaYeHWe CYMMbl KOHIEHTpAauuH pacTBOPEHHHIX Cojeil.
910 3Hauenue nas moiel ¢ ONpERETEHHBIM COCTABOM TBEpAOH
(asbl paccuMTLIBAeTCsT MyTeM WHTEPHOJASNUM BeJdHYHH, 3aduKCH-
POBaHHLIX H3OMWHHUSIMH CYMM DaBHOBECHBIX KOHueHTpamuii. Co-
CTOSIHME CHCTEMbl OLEHHBaeTcsi o QopmyJe

Yuz= Y2, (4.35)

rie Y.fj —cyMMa KOHUEHIpamuii VOHOB, HafACHHaA 1O AuarpaM-

MaM pacTBOPHMOCTH, Xm—cyMMa KOHIEHTpanHi# HOHOB B THIO-
TeTHYeCKOM DacTBOpE. '

ul al
Mpu Y u<< VB xoHuenTpanyuu cooTBETCTBYIOUMX HOHOB B ['H-
NOTETHYECKOM DAacTBOPE BOSMOKHBLL, INpH 3, > D\, PacTBop
CKJIOHeH K BBLINAJEHHIO TBepoll (asbl JerKopacTBOPHMBIX codefl.
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Puc. 17. [Inarpamma mioTHocTell pacTBOpPOB B BOJHO-COJIEBOI paBHOBEC-
noit cucreme Cl~ — SO~ —Nat — Mg®" npu rtemmeparype 298 K (ycaoB-

Heie o6o3HayeHusl Te Ke, 4To K puc. 15, sa uck/ouenwem usosuuuil, Quk-
CHPYIOUIHMX MAOTHOCTH pactBopa B 1073 kr/md).

Mpuwmep ll. Onpelennutb paBHOBecHbie KOHIIEHTPAIIHU cOMlell B By-
COKOMUHEpaNy30HAHHOM PAacTBOPe MpH CHelYIOWEM COOTHOMEHHH HOHOB:
1) Mg>* = 84 9-5kB; SO, = 42 %-3kB; 2) Mg?* = 58 9;-3ks; SO7 =
= 29 0-3xB,

1. Hafitn na anarpamme (puc. 16) Toukn A u C ¢ DaHHBIMH KOHIEHT-
pallHfM¥{ HOHOB MarHuf H CYJAbGaTHBIX HOHOB.

2. B rouke A KOHIEHTPAuMA pacTBOpa, HAXOASUIETOCS B PaBHOBECHH
¢ tBeproii dasoit MgSO, - 7H,0, cocrasaser 12,9 xr-sxs/m3. Boamoxk-
HOCTb CYIeCTBOBAaHUS MOPOBOTO PACTBOPA ¢ NAHHHIM COOTHOWIEHHEM WOHOB
JUMHUTHPYeTCsl 3TOoH BelHYHHOMH.

3. B roure C RoHumeHTpamusl pacTBOpa, HAXOAAmMETOCs B PABHOBECHM
¢ tBepRofl dasoli NaCl, cocrasnser 13,75 kr-sks/mM®, a c Teepnoll pasoi
Na,SO; - MgSO, - 4H,0 — 13,25 kr-38B/M%; 3TH BeAHYHHH ABJISIOTCA
BepXHHUM INpefeliOM CYUIECTBOBAHMS THIOTETHYECKOro pacrBopa NaHHOTO
cocTaBa.

KonmnuecTBeHHAA OLEHKA H30BITKA JErKkOpacTBOPUMBIX coJeil
8 pactsope (NaCl, Na,SO,, MgCl,, MgS0,). B cayuae, ecuu
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B BHipaxkenuu (4.35) Zn > Zﬁ, HeoOXOMMO YMEHBIIHTEL B Pac-
TBOPE B DABHBIX COOTHOWIEHHAX KOHIIEHTPAIIHH WMOHOB, ONpejeJsi-
IOIIHX 'TBepAyio (asy, A0 Tex Mmop, NOKa CyMMa 3KBHBAJEHTHBIX
KORIIEHTpAIHH BCEX HOHOB He nPHOMH3HTCH K PaBHOBECHOH B CO-
OTBETCTBHH C jHarpaMmoii pacteopuMocTH. Kosauuectso Jerkopac-
TBOPHMBIX cOJel, BHIIABIIHX B OCAAOK, ONPEENIAETCS MO YPABHEHHIO

[TB. dasa) = 0,5(Xu— X h). (4.36)

Mpumep 12. B touxe A ymeercs clelyiOmHi HOHHO-coseBod cO*
cTaB NOYBEHHOTO pacTBopa, B Kr-3kB/m3:

2+ - + -
Mg SO? Na Cl -
7,08 3,54 1,30 4,84 16,76

PaBHoBecHasi cyMMa HOHOB B COOTBETCTBHH ¢ jHarpamMmoit (pHc.
16) cocramaser 12,9 xr-sxe/M3, pactBop CONepXHT H3OGHTOK COJMY

MgSOy4 - 7TH,0. Haiirtn Zﬁ mocjle BrImajeHHa u3OHTKa tBepaofl dashl.
1. YMeHbmiaa B pacrBope B paBHHX COOTHOWIEHHAX XOHIEHTpalHIo
HOHOB MaTHHs U cyJAbhaTHEIX HOHOB, KOTODHE ONpelesfioT COCTaB TBep-
Joft dhasel mosis 4, nOJAYYHTh CedYIQIUHH cOCTaB NOYBEHHOTO pacTBopa
(Cx):
2+ b~ + - x
Mg SO; Na Cl ZH .
5,83 2,29 1,30 4,84 14,26
2. MojpcunTtaB COOTHOUIEHHS] HOHOB, MOJYSHTD:
Mg?* = 82 %-3kB; SO~ = 32 %-3xs.

3. Cymva uoHOB B Toyke B Ha [uarpaMve ¢ TBKHM COOTHOWIEHHEM
wonoB cocraBasier 14,10 kr-ske/M?; clexoBatenbHo, ,’f, = EB] W HOHHO-

co/teBoR cocTaB nouseHHOro pacTBopa C, HaXOAWTCS B PaBHOBECHM C TBeEp-
[0 $a30fl JerKopacTBOPHMEIX CoJel.
4. B cooTBeTcTBuY4 ¢ ypaBHenuem (4.36), B ocajox BHAAAIOCH

1,25 Kr-ake/M® cy/indata Maruusa, uiau 75 kr/md.
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YACTbL BTOPAA

MPUKNALHBIE BONMPOCHI MENNIMOPATUBHOMH
TMAPOXUMHUM

K rsaBHLIM npakTHYeCKHM 3ajayaM B 06JacTH MeJHODATHB-
HOfl TMAPOXMMHU CJIELYyeT OTHECTH KOJHYECTBEHHYIO OLEHKY Hpo-
ueccoB GOpMHPOBaHUS H PEXKHUMa HOHHO-COJIEBOTO COCTaBa HPPH-
FalHOHHBIX, NOPOBLIX M HPPHTAnHOHHO-TPYHTOBLIX BOJ; MPOTHO-
3UPOBaHNE HOHHO-COJIEBOTO COCTABAa BOZ TOJLIM AKTHBHOI'O BOJO-
cosleo6MeHa; KOJNHYECTBEHHYIO OLEHKY 3aCOJE€HHS MOYBOIPYH-
TOB; 9KCMEPHMEHTAJLHYIO W MATEMaTHYeCKYI0 OI€HKY MOPOTOB '
TOKCHYHOCTH XMMHYECKHX WHIDEJHEHTOB AMS KYJILTYPHBLIX pac-
TeHu#l, TAy6UH 3aleraHus Npele/bHO-IONYCTHUMBIX M KDHTHYE-
CKUX YPOBHeH FPYHTOBLIX BOJA B 3aBHCHMOCTH OT MHHEpaJH3auHH
H HOHHO-COJIEBOTO COCTaBa BOJ H MOYBOIPYHTOB, NpEJeLHO J0-
NMYCTHMBIX KOHUEHTpaunHi HOHOB B NOJHBHBLIX BOZAx u ap. Pe-
3y/AbLTATOM peLIEHHS YacTHBIX NPUKJAAAHLIX 337ay B mpejenax
KOHKDETHBLIX TeppPUTOPHI ABJAETCH CO3JaHHE MaTeMaTHyeCcKo#H Mo-
JeJTH MeJIHOPaTHBHO-THAPOXHMHYECKOH 06CTAaHOBKH DU OPOLUEHHH,
KoTopasi No3Bosiujia Obl HOJY4aTb BEIWYHHBl SJAEMEHTOB BOJHO-
COJIEBOTO PEXHMMAa N0 Mepe H3MEHEHHS! NPHDPOJHO-METHOPAaTHB-
HbIX YCJOBHI B NPOIECCE SKCITYaTAllMH ODOCHTE/IBLHLIX CHCTEM.

Fnasa 5
OUEHKA OBBEKTOB MEJIMOPATUBHOW TMAPOXMMMM

OcHOBHbIMH OGBEKTaMH, THADOXUMHYECKHH DEXHM KOTOPBIX
fipAMO BJUSET HA THIAPOXHMHUECKYIO OOCTAHOBKY B KOpHeoOu-
TaeMOM CJIO€ TIOYBHI, fABJISIOTCA HPPHTAHOHHO-TPYHTOBbLIE BOADL,
[OpOBble BOJLI TOPOJL 30HBI a3panHHu, NOYBEHHLIE BOJBI H HPPU-
Ca[HOHHbIE BOJBI.

§ 1. MppMrauMOHHO-TPYHTOBLIE BOABI

dopMHPOBAHHE HPPHTALMOHHO-IPYHTOBbIX BoJ. ['pyHTOBLIE
BOALI, BO3HHUKIINE TMOA BO3ACHCTBHEM HPPHUTAIHOHHO-X037HCT-
BEHHBIX (PAKTOPOB, HA3LIBAIOTCS HPPHTalHOHHO-TPYHTOBLIMH. JTH
BOAbl 06DasyloTCs B pe3y/bTare (pHALTPALHOHHLIX NOTEPL BOABI
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Puc. 18. Cxema opmuposanus Puc. 19, Cxema dopMmupopanus
HpDHT2IHMOHHO-TPYHTOBbX BOA G6€3  MPPHTAIMOHHO-TPYHTOBHIX BOA  HA

y4acTHsa cOGCTBEHHO-TpyHTOBBIX: COGCTBEHHO-TPYHTOBHIX!
] — HanpaBjenue ABHXKeHus BOJ; 2 —  H — MOIIHOCTb CJIOS HPPHIALHOHHO-TPYH-
YpOBHH HPPHTaLHOHHO -TPYHTOBBIX (V HI'B) TOBbIX BOJA: My ~— MOULHOCTH 30HbI TTOIB«
# COOCTREHRO-TPYHTOBHX (YIB) BOK; 83—  oma ypoBHs 3a cuel QuALTPAUHOHHBIX

JIErKHe CYIVIMHKH M CYMecH; 4 — THKEJHE  norepn; Ao — MOI[HOCTh SOHBI CMEILIEHHS

BOZOYNIODHbIE CYTJIHHKH; 5 — laJjleuHHK
ROY pc necxoyM: 6 — rJIRHBL. HPPHCallHOHHO -TPYHTOBBIX 1 COBCTBEHHO-
IPYHTOBBIX BOA.

Ha MNOJASX OpOIIEHHs, B KaHalaX DPeryJHpPOBOYHOM CETH, BJOJb
TpacC MarucTPa/IbHLIX H PACHpEeleIHTENbHBIX KaHA/IOB, B PE3YJlh-
Tare NOANOpa I'PYHTOBLIX BOJ B 30HE BJIMSHHS HCKYCCTBEHHBLIX BO-
J0EMOB, TOJi BJHSTHUEM OCyUIHTeIbHbIX Mennopauuii. Hame Beero
¥pPUTCAIMOHHO-TPYHTOBLIE BOAbl (POPMUPYIOTCS MPH YyacTHH C€OO-
CTBEHHO TDPYHTOBLIX BOJ B 30HE NOALEMA YPOBHA BCJEACTBHE
¢HUILTPAHOHHLIX [OTEPh H B pesyJnTare TpaHcpopmanuu Xu-
MHYECKOrO COCTaBa COOCTBEHHO FPYHTOBLIX BOJA MPH HCKyCCTBEH-
HOM CHMXKEHHH WX YPOBHSI OCYIUUTENLHLIME MEPONPHATHSIMH.
MHuoraa HppHranmHOHHO-TPYHTOBLIE BOAbLI BOSHHKAOT M CYyIUECT-
BYIOT CaMOCTOSITEIbHO, 0€3 yyaCTHsl COGCTBEHHO TPYHTOBBIX BO,
33 CYET SHAYUTE/LHLIX (UJILTPANHOHHLIX TOTeph. JTO MPOHCXO-
JHT B Te€X CIYuasAX, KOTKA B TOMILE NMOPOR 30HLI adpanuy Cylle-
CTBYIOT OTHOCHTEJILHO BOJOHENDOHHIIAeMbE CJIOH, Ha KOTOPBLIX
HAKAIUIMBAIOTCS MPPHTAUHOHHLIE BOJBI; COGCTBEHHO TIpDYHTOBLIE
BOJBI IPM TOM 3a/1ETai0T Ha sHAyHTeJLHOA ryGuHe (puc. 18).

B yCI0BHAX OpOIIEHUS HPPHTALHOHHO-TPYHTOBbIE BOIBI pac-
[OJaraloTess Ha COGCTBEHHO TPYHTOBBIX, MOBLINAA HX yPOBEHD.
YpOBEHHDbI M HOHHO-COJIEBOH DPEXHMBLI BOJ B 30HE NOAbEMA
M B 30He CMeIleHHs! MPPUTAUMOHHBIX M TPYHTOBBIX BOA (pHC. 19)
3aBUCAT OT psifia (akTOPOB, OCHOBHBIMH M3 KOTODBIX SIBJIAIOTCS:
00BeM (HJABTPALMOHHLIX NOTEpb, JINTOJIOTHYECKHE U COJIeBOR
coCTaB MoYyB, NOPOJ 30HBI a3PAnHH M BOJOBMEUIAIOMMX [OPOX,
MHHEpaJH3anHs H HOHHO-COIEBOH COCTAB MPPHTALHOHHLIX H TDYH-
TOBLIX BOJ, IV1yOHHA 3ajierauus COOCTBEHHO FPYHTOBLIX BOJ, BbI-
€OTa 30HLI KAMH/JISIPHOTO MOJHSTHS HDPPHTAuHOHHO-TPYHTOBLIX
BOJ, HHTEHCHBHOCTL NPOIECCOB HCHAPEHHA.

U3 puc. 19 BuAHO, YTO MOLIHOCTL HPPHUTANHOHHO-TPYHTOBLIX
BOJI paBHA CyMMe BBLICOTH NMOABEMA YPOBHA 3a cYeT HHPUILTDA-
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Puc. 20, Cxemnl ruipaB/Hu4ecKofi B3aHMOCBA3H TPYHTOBRHIX H MJIACTOBLIX
BOJ:
I—YIB< Y 2— YrB> 1y, 3 —yIrB=ily

{HH W OOJOBHHBI MOWHOCTH 30HB cMmewenus: H = h, -+ 0,5A..
Momuocrs 30HB CMelICHHS sIBASIETCS (QyHKnued BpeMeHMm H 3a-
BUCHT OT KO3(h(HUHEHTAa KOHBEKTHBHOH AHUDPY3HH M CKOPOCTH
JABHKEHHS (HALTPAHOHHOTO MOTOKa. Munepanausanus BOABI
B 3one cMeinenus {C,) ABAsieTCS NPOMEXKYTOUHOH MEXKIY MHHEpPa-
ausanueil ¢uabrpauHonusix Box (C;) u COOGCTBEHHO I'DYHTOBBLIX
BoA {Cy).

Ha c¢opmupoBaHHe peUMa MPPHTallHOHHO-TDYHTOBLIX BOJ
ocofoe BIMSIHHE OKasblBAIOT YCAOBHSI B3aHMOCBA3M COGCTBEHHO
TPYHTOBLIX BOJA € HHMNKeJEKallUMH [1aCTOBBIMH BOAaMH. Boie-
JSIOTCA TPH OCHOBHLIX THMa TaKOH B3aHMOCBSISH:

I. IlbesomeTpHyeCKH A YpPOBEHb HaMOPHLIX BOXA CYHIECTBEHHO
NpeBbIIlIaeT YPOBEHb TPYHTOBLIX BOX; B 3TOM CJyyae HAmNOpHLIE
BOJbl NUTAIOT I'PYHTOBBIE, QUALTPYACH uepe3 OTHOCHTEIbHO BOJO-
yIopHble TOMMIM WM NOCTYMasl yepe3 OKHA B BOAOYNOpaX B pe-
3yJbTaTe MJIacTOBOro Hamnopa (puc. 20). B cayuwae guabrpamuon-
HBIX MOTEPL YPOBEHb HPPHTAMOHHO-TPYHTOBHIX BOX Oyner ObicT-
PO NOAHHMATBLCA B HMHTepBajde Ah, paBHOM MPEBLILIEHHIO THICO-
METPUYECKOTO YPOBHSI Hal 3epKajoM TIpyHTOBLIX BOA. [Jocie
TOT0 KaK ypOBEHb IDYHTOBBIX BOA (VI B) cpaBHsieTcs ¢ Nbe3oMer-
puueckum (1Y), CKOpoCTb mnoxbeMa YDOBHS 3a cyeT GHIbLTpa-
LHOHHBLIX [10TEPL CHU3HTCA, U NPH ONDPENEJEHHOM IIPEBLIIIEHUH
3epKajla MPPUTAIHOHHO-TPYHTOBBIX BOJ HaJ yPOBHEM HaMOpHBIX
fI01’bEM YDOBHS MOXKET NPEKPaTHTLCS.

2. Ibe3omerpuuecKuii ypoBeHb IJIACTOBLIX BOJ CYHIECTBEHHO
HHKE YPOBHS IPYHTOBLIX BOA; TPYHTOBLIE BOABLI MHTAIOT MNJ/ACTO-
Bble, QUALTPYSICL Yepes pasie/sioULyI0 UX TOJILY B pe3yJbTare
pasuuusl HanopoB. B ciyyae taxkoit B3aMMOCBASH npH (QHILTPa-
UHOHHBIX [OTEPSAX YDOBEHb HPPHUTAIHOHHO-TPYHTOBBIX BOj HE
6yner noBHILATLCA A0 T€X MOp, MOKa B pesyJbTaTe nepepacmpe-
aefqenusi TPYHTOBHIX M (QHALTPALMOHHLIX BOX, MNOCTYNAMOMHX
B [MJIaCTOBHIE, MNbE3OMETPHUYECKHH YpOBEHb HE NOJHHMETCS 10
YPOBHSI I'DYHTOBBLIX BOX; NPH ZAMbHEHIIeM NOCTYNJIEHHH QUALTDa-
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L{HOHHBLIX BOJ CYMMapHLIH ypOBeHb 6yAeT MEeIJIEHHO NOAHUMAThCA

3. Ilbe3oMerpuuecknfi ypOBEHbL [IACTOBBIX BOJA COBNAAaeT
¢ ypOBHEM TDYHTOBBIX W/ip CYHIECTBEHHO OT HETO HE OT.IHYaercs,
npH 3TOM BEPTHKaNbHLIA OOMeH MeXAy mIacTOBLIMH H TPYHTO-
BLIMH BojaMu OyJeT NpPOHCXOJMTL B SKBHBAJEHTHLIX KOMHue-
cTBaxX, U B YCJIOBHAX OUILTPALHOHHBIX MOTEPL CKOPOCThL MOABE-
Ma YpOBHSl HPPHTaUHOHHO-TPYHTOBBIX BoJ 6yJneT B OCHOBHOM 3a-
BHCETD OT 00beMa 3THX NOTEPL H CKOPOCTH OTTOKA BOJ 3a Hpeaesnl
opoLIaeMOH TeppHTOPHH.

I'1aBHBIM OT/IMYHEM HPPHTALHOHHO-TPYHTOBHIX BOJ OT COO-
CTBEHHO TPYHTOBLIX SIBJIAIETCA TO, YTO B JMIOOLIX yCAOBHAX dop-
MHUDOBAHHA DEXHM 3THX BOJ PEryJHpPYETCS NYTEM YMeHbUIeHHSA
(UALTPAHOHHBIX TOTEPh MM YBEMWYEHUS CKOPOCTH ¥ 00BEMOB
OTTOKAa C MOMOHIbI0 HCKYCCTBEHHOIO JApeHaxa.

OcoOeHHOCTH (GOPMHPOBAHMA KPUTHUYECKMX YpOBHEeH rpyHTO-
BbiX BOA. [HeoOXomMMOCTs H3YueHHA pexuMa TPYHTOBHIX BOZ
B YC/IOBUSIX OPOLIEHHS CBfI3aHa NpeX[e BCero ¢ TeM, yTo OT MOoJOo-
JKEHHA YDOBHA 3THX BOJ OTHOCHTE/NILHO NOBEpXHOCTH 3eMJH 3a-
BUCHT BO3MOXKHOCTb BO3HMKHOBEHHS TAaKHX He(JaronpHUsiTHbIX
ABJECHUH, KaK 3aco/ieHHe noyB, 3a60JauHBaHHE H MNOATOIVIEHHE
trepputopufi. B uvacrHoctH, K BauGonee pacrnpoCcTpaHEHHLIM
H ONACHHM SBJIEHHAM OTHOCHTCSI BTOpHYHOE 3aCOJEeHHEe I0YBhLI
B pe3yJbraTe NOABEMA YPOBHA HDPPHCAIHOHHO-TPYHTOBHIX BOJ
3a cyeT QUALTPAIHOHHLIX MOTEPbh NPH OPOLIEHHH B YCIOBHAX He-
JOCTATOYHOTO eCTeCTBEHHOTO JpeHaxa. J[las KoJauuecTBeHHOH
OLEHKH BO3MOXKHOCTH BO3HMKHOBEHHS 3TOTO SBAEHHS NpUMEHs-
ercq HOHATHE NPeReTbHO JONYCTHMOrO M KPHTHYECKOro ypOBHEN.

Ton npedeavro donycmumoim yposrem 2pyrmosvix 6od (I11Y)
cnegyerT NOHHMATh MHHHMMAaAbHYIO TAYOHHY 3epKaia BOZABI OT IIO-
BEeDXHOCTH 3€MJIM B YCJAOBHSIX OTCYTCTBHS €CTECTBEHHMIX KoJieba-
HU#l BOZHO-COJIEBOrO PEXHMa, NDH KOTOPOH KOHLEHTPALHH XHMH-
YeCKHX HHIPEAHEHTOB B NOPOBOM pacTBOPE FOPH30HTA MAaKCH-
MalLHOTO COJIEHAKOIUIEHHA aKTHBHOTO CJI051 NOYBLI IpU €e BJIaX-
HOCTH, PaBHOH HauMeHblUeidl (IOMEBOH) BJArOEMKOCTH, COOTBeT-
CTBYIOT HX TOpOTaMm TOKCHYHOCTH. I[lpu /MIOOGLIX YCIOBHSX BEMH-
Y{HA OpejenbHO A0MyCTUMOro ypoBus (Hyy;) paBHa CyMMe MOLIHO-
cTell mouBeHHOro c/oft (Ay) M KamwIAsIpHOH Ka#Mbl, WAH 30HbLI
KanuJasipHOrO NMOABEMa, TPYHTOBHX BOA (). MomHocth noy-
BEHHOTO CROS OGLIYHO He rpeBblinaeT 1 M, a BHICOTA Kanmuajsip-
HOTO NOAHATHS, ONpeleNsiomas MOIHOCTL KanuaMapHOH KaHMBb,
3aBHCHT OT MEXaHHYECKOTO COCTaBa MNOPOA W MHHepasH3alHH
TPYHTOBBIX BOA.

Ton kpumuueckum yposnem epyrnmossix 60od (KY) cnepyer no-
HuMarb yGHHY 3epKaJia BOALI OT MNOBEPXHOCTH 3€MJIH, NPH KO-
TOpofi KOHUEHTpPALHH XHUMHYECKHX HHIDELHUEHTOB B IIOPDOBOM pac-
TBOpE TOPHU30HTA MAKCHMaJLHOTO COJICHAKOIVIEHHS AaKTHBHOTO
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CJIOR MOYBBI DU €€ BJAXKHOCTH, PAaBHOA HauMeHblIed (noJeBoi)
BJIATOEMKOCTW, HE NPEBLILAIOT HX [OPOrOB TOKCHYHOCTH, He3a-
BHCHMO OT MHOTOJIETHETO eCTeCTBEHHOIO BOJHO-COJIEBOTO DEXKHMa,
Hyp = Hyp -+ 0,5AH, (5.1)
riae Hygp— ryOMHA KPHTHYECKOTO YPOBHSt, f,; — rayOHHA mpe-
HNEJBHO JONYCTHMOTO YpoBHA; AH — aMmiutyla MHOroJIeTHHX
KoJleOaHHil YPOBHSt T'DYHTOBHIX BOJ.
TakuM o6pasom, moka 3epkajo BOIbI HaXORHTCSI B 30HE KOJle-
GaHMil YDOBHSI HJIH HHXKe ee, NOYBEHHBIH CJIOH rapaHTHPOBAH OT
3aCOJIeHHS .

§ 2. Noposbie u nouBeHHbIC BOADI

ITonatHe o noposbiX BOAAX, NOPOBLIX H MOYBEHHBIX PACTBO-
pax. Bogpl, npuCyTCTByIOIME B [OPOBOM INPOCTPAHCTBE IMTOPOLI
30HH a’paly B MNOABUKHOK, TBEPAOH MW aACOPOUHMOHHOH
(dopMax, HaA3LIBAIOTCH 10posbimy. B COCTAB NOPOBLIX BOA BXOAST
BCe BH/bI IPHPORHON BOIHL (32 MCKMIOYEHUEM XHMUUYECKH CBA3AH-
HOH): Jlel, map, THIPOCKOMHYecKasi BOAA, MepexXofsulas B napo-
00pasHYIO NPH H3MEHEHHH TeMiepaTypbl U BAaKHOCTH MHOYBEH-
HOrO BO3ZYXa, IVIEHOYHAsA BOJA, KanWIJsAPHAsA W [PaBHTAaLHOH-
Hasg. [lepBole Tpu cocTaBHbBE YacTH TOPOBHIX BOJ He 06JazaioT
€nOCOGHOCTBIO K PACTBOPEHHIO BEIECTB, OJHOBPEMEHHO SBJAACH
HeJOCTYNMHLIMM AJIS1 PacCTeHHil; octasibHble BuAbl BOA OOG/anaioT
pacTBOPAIOINEH CIOCOGHOCTLIO M B PA3HOH CTENEHH yCBaHBAKOTCH
pactenusivi. [lopoBrie BoAI, obiajaiouye pacTBOPSAIOWIEH CrIoO-
COOHOCTBIO M COZiepIKalllHe TBEpALe, JKHJAKHE H rasoobpasHble
MHHEpAJIbHLIE H OpPraHHyecKHe COefHHeHHs] B PAacTBOPEHHOM CO-
CTOAHHH, HAasLIBAIOTCA noposumu  pacmeopamy; NOPOBLIE pac-
TBOpKLI, NPHYPOUEHHbIE K aKTHBHOMY CJIOIO NOYBLI, HasblBaKOTCS
NOYBEHHBIMIL.

Mexny noBepXHOCTbIO M OOMEHHBIM KOMIWIEKCOM TBepRok
(ha3pl OYB H NOPOA, COJNAMH B TBEpPAOH opMe, MOPOBBIMH KOJIJIOH-
JaMH H CONSAIMH B PacTBOPEHHOH (opMe CyIecTBYIOT OnpejeseH-
Hble DABHOBECHLIE COOTHOINEHHS, pPery/JupyeMbie pPacTBOPHMO-
CTLIO cOJieH, HOHHO-OOMEHHBIMH, COPGLHOHHO-1ecOpOLIHOHHDLIMH,
JHPODY3HOHHELIME H ADYTHME (PH3HKO-XMMHYECKHMH TIPOLECCAMH.
Hapsay ¢ 5TuM, KOHUEHTPAalH¥ HOHOB B OPOBOM PacTBOPE 3aBH-
CAT OT TeMneparTypsl M BJAXKHOCTH NOYBOTPYHTOB, HHTEHCHBHO-
CTH HChapeHHs W pasbaBJeHHs NOPOBLIX BOJA, 0COGEHHOCTEH Me-
XaHH3MA MEepeMellCHHs] BOA M cosefl B MOpoJax, [JYOHHHL 3afe-
rapus TPYHTOBBLIX BOA H APYTHX (AaKTOPOB.

Ilpn npounx paBHLIX YCAOBHSX COCTaB MOPOBHIX PacTBOPOB
u TBepnaof Qasbl colell mpexine Bcero cBf3aH ¢ BJAAXKHOCTLIO MO~
pos ¥ NOuB, X TeMNepaTypoi; ¢ YMeHbIIeHHeM BJIAXKHOCTH B pe-
3yJanbTarTe HCNapuTeJLHOTO KOHIEHTPHPOBAHHSA H3 MOPOBOIO pac-
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rBopa HaYMHAIOT BblnalaTh COMHM B TBEPIOH (aze B COOTBETCTBHH
cO CTEMEHBLIO CBOEH pacTBOPHUMOCTH B JaHHOM pacTsope npu AaH-
goil TeMnepatype. Ilpu BAIaKHOCTH TOUBOTPYHIOB, PaBHOH Mak-
cuMaNLHON THTPOCKOMUUECKOM, Bce COMIH, HaXOAsIHecs B [OPO-
BOM PACTBOpE, MEpPeXOfsiT B TBePAYIO ¢a3y; OpPH NOJHOM Hacblmle-
HUH [OYBOTPYHTOB BJIAro#, a A5 GONLIUKMHCTBA HOYB U MOPOJ
30HL a’pallud — NPH BJAXKHOCTH, PaBHOH BeMuuHEe HauMeHbIIeH
HJTH TONEBOH BJIaTOEMKOCTH, BC€ JIETKOPAaCTBODHMBIC COMH MpaK-
THYECKH HaXOJASITCt B pacrBOpPeHHOM cocrostHuH. OnHako paxe
B YCIOBHAX MaKCUMaALHOH BIAXKHOCTH MOYBOT PYHTOB TaKue COJH,
kak CaCO,;, MgCO,;, CaSOy, a B yed0oBHAX HH3KHX TEMIEpaTyp
n Na,S0,, Moryr Haxozuthcs B TBepjoi dase. Jlerkopacrsopu-
mole coau, Takue kKak NaCl, Na,SO,, Na,CO,, MgCl,, MgSO,,
CaCl, u gpyrue, MOTYT HaxOIUTLCS B TBeploi (pase B ycaoBusix
€CTeCTBEHHOH BAAXHOCTH MOYBOTPYHTOB JHIIL B TOM CJyuyae,
KOTa TOYBEL W HOPOAH! 30HLI adpauMM HAXOAATCH B COCTOSTHHH
CHABHOTO eCTECTBEHHOTO MM BTOPHUHOTO 3aCOJICHHS.

3yueHuio xuMHUECKOrO COCTaBa NOPOBLIX PacTBOPOB Yie-
Jsietcs 6oMbiias po/db, TaK Kak OT 3Toro (akTopa B 3HAYHTENLHOH
Mepe 3aBHCHT WAOKOPONEE MO4B. DTO CBA3aHO € TEM, YTO pacTe-
HUA MOTYT HOTpPebnsATh MEHHeDalbHole BellecTBa Jullb B HOH-
HOH (opMe, B KoTopoll 311 BemecTBa GblBAIOT TOMLKO B MHAKOMH
tase nousnl. Hegocrartounsle Konnewtpanuyu HeoOGXONHUMBIX HOHOB
B PacTBOpE Be/lYT K YLHETEHHIO pacTeHuit or peduuura nurarenb-
HLIX BeIIeCTB; KOHIEHTPAUHH TOKCUUHBIX HOHOB, MPEBLINIAIOILHE
MOPOTH TOKCHYHOCTH, TPHBOAAT K 3aBAAAHHIO U THOETH.

HauGonee pacnpocrpaHeHHLIMH MeTOZAMH H3YUYCHHSI HOHHO-
COJIEBOTO COCTABA [OPOBBLIX PAaCTBOPOB  SIBASIIOTCA XMMHUECKHH
aHaJIY3 MMOPOBLIX BOA, BLUIENEHHBIX HENOCPEACTBEHHO M3 ofpas-
LOB [IOPOJ, ¥ aHA/IW3 BOAHLIX BBITSIKEK H3 NPOG IOYBOTPYHTOB.
[TepBrii Meroz paer Haufosee ToYHOE mpeacrasieHHe 06 HOHHO-
COJIEBOM COCTaBe MOPOBLIX pactBopoB. OpHako OH HauMeHee pac-
OpocTpased NpH MPaKTHYeCKHX HCCJASIOBAHHSAX B CBA3H C TEM,
YTO BLIIe/IEHHE MOPOBLIX BOA U3 00pa3iioB, MonyueHue, KOHcep-
BaiHA H TPAHCNOPTHPOBKA MOHOJIUTOB — TIPOLECC OUYCHL CIOXK-
HBI1, JOCTYOHBIA JHIIB OTACNLHBIM nabopaTopusM. Kpome Toro,
JAaHHLIE aHaldu3a B 3TOM Clydae [AIOT MPEACTaB/IEHHE O COCTaBe
NOPOBBLIX PaCTBOPOB JUillb B MOMEHT OTGOpa MOHOJAMHTA NPH JaH-
HLIX BAAXHOCTH M TeMIepaType RouBorpyHroB. [Ipu uameHeHuu
BJIQKHOCTH H TEMMepaTypbl HOHHO-COJIEBOf COCTaB MOPOBBIX BOJ
B €CTeCTBEHHBIX YCA0BUAX OYAET CYIECTBEHHBLIM 00pa3oM OTIH-
YaThCH OT LOMAYUYEHHOrO paHee B naGoparopHeIX YCaoBHSAX. Meron
BOJHBIX BBITAMEK OueHp NPOCT M AocryneH. OIHAKO ROJydeHHbIE
IpY 3TOM JaHHLIE XapaKTEPH3YIOT COIEBOH KOMIUIEKC NOYBOTPYH-
TOB B 11eJIOM (TBEpABIC COMH -+ PacTBOpEHHbIE COMH), a HE COCTaB
NopoBLIX pacTBopoB. Kpome TOro, B BOAHYIO BHITSKKY Tepexo-
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JUT 4acTh MOHOB, HAXOAAIMXCH B €CTECTBEHHLIX YCNOBHUAX B 06-
MEHHOM KOMILJIEKCE TBEpDJOH M KOMJIOMIAHOH (has IOYB W 1OPoi.
BeneactBue TOTo 4TO B BOJHYIO BBEITSDKKY NEPeXOHsiT BCe COJH,
HaxoJflMecss B 1104B€ KaK B TBEpJIOM, TAK U B PACTBOPEHHOM CO-
CTOSIHHM, BJAAXKHOCTb H TeMIEpaTypa IOYBOIPYHTOB INPH B3SITHH
npoGbl HE OKAa3bIBAIOT BAHSIHUA HA PE3YyJbTATbl aHANH3a BOJHOMH
BBITAXKKH.

§ 3. UppuraunoHHbie BOARbLI

Hox uppueayuonreimu BoJaMH NOHMMAIOT NPHPOAHHIE BOALY
Pa3qHYHBIX THIOB, LUPKYJHDPYIOUIHE B HPPUTALHOHHOH Ceru
M [pUMEHSeMbie 47151 CeJbCKOXO03SIICTBEHHbIX MeaHopauui.

Buanl wppuraynoHHuiX Bop. s opoleHHst CeabCKOXO03il-
CTBEHHBIX 3€MeJb HCIOAb3YIOTCSI INOBEPXHOCTHbIE, MOA3EMHBIE,
CTOYHBIE M BO3BpaTHBIE Boabl. KayecTBO MPPUTALMOHHBIX BOJ,
OLICHHBAETCH 110 KOJIHYECTBY TBEPAHIX B3Becell B Boje (MYTHOCTH),
MHHEDPAIU3AIUH, XHMHYECKOMY COCTaBY, TemmepaTtype. TBepibix
yacTui BesuuuHOM Gosee 1. 1074 M B Bofie HE LO/IKHO ObITh, TaK
KAaK OHM, 0Cejast, 3auMBAIOT HPPHTALHOHHYIO CeTb. [Ipu Hanu-
YHH KPYNHBIX B3BEIUEHHHIX 9YaCTHI, BOABI OTCTAMBAIOT B cre-
[MaNbHEIX OTCTOMHUKAX Mepej Nofayell B MATUCTPalbHbIe KaHAJbL.
OntuManbHoll TeMnepatypoit UppHTalMOHHEIX BOJ JIS OPOIICHHUS
siBasiercst 18—20°% noiseMHble WIH JIEIHHKOBBIE BOJBI lepe]l No-
Jaueli B PeryJMpPOBOYHYIO CeThb C/€AyeT MOJOrPeBaTh.

lHosepxrocmnoe uppusayuonroe 60061 MOTYT ObITb MOJYYeHbl
U3 pex, 03ep, BOJOXPAHU/IMNIL, NIPYIOB; NPH JUMAaHHOM OpOIICHHH
HCIOMB3YIOTC BOABI MECTHOrO CTOKa. [IpenMyliliecTBOM MNOBepX-
HOCTHBEIX MPPHTAUMOHHBIX BOJ Nepej APYTHMH BHIAMH SIBJSIETCSH
Ma/las MUHEpanu3alHusl, BLICOKAsl TeMmNeparypa, 3HAYHTEJIbHbLIE
pecypchl, Gaaronpusithbie ycaosus 3afopa eonbl. K oTpunarens-
HBIM CBOHCTBAM NOBEPXHOCTHBIX HPPUTAHHOHHBEIX BOJ OTHOCHATCS:
NOBBILIEHHAasT MYTHOCTb, HENOCTOSIHCTBO YpOBHed M pacxojos, He-
[IOCTOSIHCTBO MHHEpaNH3alid ¥ XHUMHYECKOTO COCTABA, HAAWYHE
KPYIHBIX MeXaHHYeCKHX NpuMecel, 3arpsi3HeHHOCTb BOJ XHUMHU-
YECKHMH HHIPEIHEHTAMH AHTPONOreHHOro MPOHCXOXKIACHHS. 3a-
60op MOBEPXHOCTHHX HPPHUTALHOHHLIX BOA IIPOM3EBOJHTCH CaMo-
TEYHbIM UM MAIIHHHBIM CIOCOGOM, B 3aBUCHMOCTH OT aGCOMIOTHBIX
OTMETOK HCTOYHHKOB M OGBLEKTOB OPOLIEHHS.

llo0semneie uppucayuonunsle 6006l NMONYYAOT W3 TPYHTOBBIX
K/ HaNOPHBIX IIJIACTOBHIX BOJOHOCHBIX FOPH30HTOB C HOMOLIBIO
KOJIOALLEB, CKBaXKHH, BOJO3a0ODHLIX rajepeil, LUITOMEH, NY4eBHIX
B0J03a60pOB, PONHHKOB. K NpenMyliectBaMm MOJ3eMHBIX HPPH-
FalyoOHHBIX BOJ C/€NyeT OTHECTH: MOAY4YeHHe BOAH B Hemnocpen-
CTBEHHOH GM30CTH OT OOBLEKTOB OPOLIEHHS, YMeHblUeHHe (UIbT-
PAUHOHHBIX MOTEPb 3a CYET COKPALIEHHS XOJNOCTOR 4YacTH Ma-
THCTPANbHBIX KaHa/OB, OTCYTCTBHE B3BELIEHHBLIX BEINECTB, CTa-
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GUNBHOCTL BOJAHOTO M XHMHYECKOTO PEXMMOB, COBMEILEHHE OpO-
IIEHHS] C BePTHKANbHLIM JIpeHamem. HepoctaTkamu sIBISIIOTCS:
6oJee BLICOKAast MO0 CPABHEHHIO C MOBEPXHOCTHBIM BOAAMH MHHE-
pajqu3alns, HU3Kas TeMIepatypa, OrpaHHuYeHHble 3amacH, G6o-
Jiee BBICOKAsl CTOMMOCTL BOAB B C/IY4ae, €Iy II0J3EMHLIE BOJLI
HeHAMOpHLIE.

Cmounste uppuzatyuonrole 6006t MOCTYNAIOT HA [0S OPOIEHUA
noc/e 6HONOrMIECKOH OUHCTKH U BBIIOMHSIIOT OJHOBPEMEHHO QYHK-
UM TEPMUYECKOH, YNOODUTEILHOH M YBJAAXKHUTEALHOH MeaHO-
pPanHH NOYBOTPYHTOB.

Bosspamupie uppuzayuornsle 6006 NOCTYNAIOT B OCHOBHOM U3
PHUCOBLIX OPOCHTENILHBIX CHCTEM M HCIOAL3YIOTCH JJIsl OpOLICHHA
MEHee BJIAro/o6uBblX KyabTyp. HeoGXomuMmbiM ycsoBHEM [pH
5TOM SIBJSIETCS1 CaMOTeYHas! 10Aa4a BOABl H €€ YOBAETBOPUTENb-
HOE KadecTEo.

OuecHKa HOHHO-CONEBOrO COCTaBa MpPHrayHoHHbIX Boj, Onen-
Ka HOHHO-COJIEBOTO COCTaBa HPPHUTAIMOHHBIX BOA JIs Lesell opo-
IIEHHUs BBIUIOAHSETCH 110 CACAYIOMMM II0Ka3aTeasM: MHHEpasu-
3alHH, KOHIUEHTPAlMH OTACNbHHIX HOHOB WIH COJEPXKAHHMIO OT-
JIeJALHBIX CoJiell, XMMHYECKOMY COCTaBy B L&JIOM, COOTHOLIEHMO
OTJEJbHBIX HOHOB WM HX KOMOMHALHH.

[lepeuynasn oueHka NPUIOZHOCTH BOABI /ISl OPOIIEHMSI MpoO-
M3BOAMTCS [yTeM ONpefeseHUs] MHHEpaNu3auud BOAb, TO
€CTb CYMMBI KOHIEHTPAuUH [IJIaBHBIX KATHOHOB M AaHHOHOB:
Ca?*, Mg?*, Na*, K*, CO>~, HCO;, SO2~, CI-.

A. H. KocrsakoB Xapakrepusyer uppUralHOHHBIE CBOHCTBA
BOJ B COOTBETCTBUM C HX MHHEpATM3aUMedl CreRyioliuM o0pa3oM:

1. Boga, conepxamasi ne Gosee 400 mr/s1 pacTBOPeHHBIX CO-
Jiell,— Xopolllasi OPOCHTeNIbHAs BOJA.

2. Boma, comepxamuass or 400 go 1000 Mr/n pacTBOpeHHHIX
coJtefi, TpeOyeT OCTOPOXKHOIO MOAXONa, € Y4eTOM BCEro KOMII-
JIeKCA YC/IOBHI ee HCNOAb30BaHUS.

3. Boga, comepwamasn or 1000 go 3000 mr/i pacTBOpEHHEBIX
coJieli, 3acoJser Mo4BY.

Ilpu yenosuu, aro npouece 0CoMOHIEBAHNS [I0YB 110 BAUSTHHEM
OpOCHT&JILHBIX BOA He mpoucxoaut, H. I'. Munawuna (1970) npen-
JIaraeT oNpefensiTb NpeAelbHO JONYCTHMYIO MHHEPATH3aLHUIo
NOAMBHON BOAB! IYTEM DeLICHUs! YPaBHEHHUst cojeBoro GanaHca
30HBI a3palyu OTHOCHTENLHO Cop, CUHTAS, YTO KOHEUHAS KOHLEHT-
pauus IIOPOBOTO pAacTBOpPa paBHA NpPefeabHO AOMYCTUMOH (f0-
pOry TOKCHYHOCTH).

Pesynbratel nmogo6HBIX PacyeToB CBHUACTENLCTBYIOT O TOM,
9TO BEJUYMHA [OPEJeILHO JAONYCTHMON MHHEDAIU3allld OpOCH-
TEeJbLHBIX BOA BO3PACTaeT C YBENHYCHUEM CKOPOCTH HHPUILTPa-
UHM, TO €CThb BEJNHMYHHBl OPOCHTEAbLHOA HopMmbl. Ha puc. 21 mpu-
Be/leHa 3aBHCHMOCTL IUIOTHOIO OCTATKAa OPOCUTENbHHX BOA OF
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Puc., 2!, 3aBHCHMOCTb OpPOCHTENB-

HOR HOPMBl OT MHHEPa/H3ALUMH IpH

OpOILIeHHH 3eMe/Ib MHHepa/TH30BaHHO

BoAo# B ycuoBHAX Togsomnoit cremm

(X. U. sIxy6os, P. B. CaBenseBa,
1976):

I — 3aBHCHMOCTb ODOCHTEJIbHO! HODMB
(Nop) OT MMHEDAJH3AUUH (Cqp); 2 — 3a-
BHCHMOCTL HATDY3KH HA fpenax (an) oT
MHHEDAJIH3AUHH  OPOCHUTEALHONA BOJIbI
(Cop); 3 — pacueT B YCJOBHAX HEYCTAHO-
BYBWIEroCH BOLHO-COJIEBOrO pexuma; 4 —
pacueT B YCJOBHAX YCTAHOBHBLIETOCH
BOJHO- COJIEBOTO peKHMa,

MpuMedaHHE HCXOAHAT MHHEDAJH-
sauus CPYHTOBWX BOJ paBHa 12 kr/m®

(11, 1) u 16 xr/m? (21,2).

BE/IMUUMBL OPOCHTENLHON HOPDMHLI MP¥ OPOLIEHMY 3eMedbL MUHEepa-
nusoBannoffl Bomof B yoaoBuax lomonmo#t crenu. Ha pucynka
BHAHO, YTO B YC/IOBHSIX KAaK YCTAaHOBHBINEToCf, TAK H HeyCTaHO-
BHBLIEr0OCA COJIEBOTO PEXKHUMOB, C YBeJIHYEHWEM HCXOLHOH MMuHe-
pajv3alu IPYHTOBLIX BOJ BEJTHYMHA [OJHBHOH HOPMBI IIPH OPO-
MeHU! BOZOH ONHOM M TOHl e MMHEPaRH3aLHH YMEHbLIIAeTCS;
NpH YCTAHOBHMBILEMCSH COJEBOM peXuMe NPH DABHBIX NOJHBHHIX
HOPMaX MUHEpaTH3alusl OPOCHTEILHBIX BOJ JOMKHA ObITh CylIe-
CTBEHHO CHHXKEHA II0 CPaBHEHHIO € YCJIOBHAMH HEYCTaHOBHBIIe-
rocsi pexuma.

HaunGonee BpeliHLIMM A5 DAaCTEHHH COAAMU B IOJHMBHBIX BO-
Aax SBJAMIOTCA COJAM HATPHA; NPH STOM JONYCTHMAasn KOHUEHTpa-
HUA OTHEMLHBIX cosell B Boje caenyiomas: Na,CO, — 1o 1,
NaCl — g0 2, Na,SO, — 10 5 r/a1. B 3apyGexHO#l npakTHKe npe-
AELHO JONYCTHMblE KOHIEHTPAIMU COJBI B BOZe emle Gosee HU3-
kue. Tak, cymmapuoe cogzepkanne NaHCO; u Na,CO,; Gosee
2,5 Mr/-3KB//1 fenaer ee HeNpUTORHON IS OPOLIEHHs caaboKap-
GouaTthbiX nouB. [IpenensHO AONYCTHMOH KOHUEHTpauuell Hop-
mannHo# cofbt NaHCO, npu 3toM cuutaercs 64 mr/1, a orpanngu-
Baomelt — 32— 64 mr/n. TlogoOubie OrpaHHUYEHHS CBASAHH He
C TOKCHYHOCTLIO TAKMX KOHUEHTPAUMi COABl 1JIsl pacTeHuli, a ¢
BO3MOXKHOCTBIO OCOJIOHIEBAHHA MO4B, GEXHBIX THICOM WJH ApY-
FHMH COJIIMH KaJblHsl, NOJ BO3JEHCTBHEM OPOCHTENILHBIX BOX.
Bessaunbl OPOrOB TOKCHYHOCTY COJTEH B MOYBAX € Pas/IHuHbIM
TUNOM 3acOJieHHs NpHBeJeHb! B raase 10.

CrefyeT OTMETHTb, 4TO B pasHbIX KAaccHUKANHAX OLEHKA
IPUTOAHOCTH BOA PAa3/HYHOH MUHEPATH3ALHH LI OPOLIEHUA He
BCerja COBNAJaeT, 9YTO CBA3AHO C DA3JIUYUAMH B NPHPOIHBIX
ycJaOBHAX OOBEKTOB, JA/IS1 KOTOPHIX NPOHM3BOJUTCH OlLEHKA, a
TAKIKE C KPATKOCPOYHOCTbIO 3KCHEPUMEHTAILHBIX HCC/AEA0BAHHUM,
YcraHoB/eHO, YTO NPH OTPAHUYEHHBIX IOJUBAX U NPUMEHEHUH
XUMHUYECKUX J06aBOK BeJHUHHBI NPELENbHO JONYCTUMHX KOHIIEHT-
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pauuii coneit Moryt GbiTh MOBHIIEHEl. BO MHOrMX cayuyasix npeg-
CTABJSIETCA BO3MOXKHEIM MOBBICUTbL MUHEPANU3ANUIO OPOCUTEND-
HBIX BOA A0 2—3 /&, a npu XopoweM apeHaxe-— 0 5—8 r/n.
B Amxupe u TyHuce yaOBNETBOPUTENbHLIE DPe3yJAbTATHI AAeT
UCNONb30BaHUE [Jif OpOWIEHUS] BOA C MuHepaaudauvesn 10—
12 r/n. ViMeercst psig ycrnelHbIX 3KCMEPUMEHTOB M0 OPOLIEHHIO
HEKOTOPHIX KYJBTYP MOPCKUMH BogaMu (34—36 r/n) uau rpys-
TOBBIMU C TAKOH XKe MUHepajau3anued. 3TO CBULETENLCTBYET
0 TOM, YTO B YC/JOBHSIX HENOCTAaTKa OPOCHTENBHEIX BOX mpu Oaa-
TONPUSATHOH MPUPOAHO-MEIUOPATUBHON OGCTAHOBKE AJIsl BO3AELI-
BAHUS MHOTHX KYJNbTYD MONKHO ANUTENLHOE BPEMs HCHONL30BATD
BOJbl NOBHILEGHHON MUHEpanu3auu.

Ilpp opoweHuy BOZAMH HEBLICOKOH MUHEpasu3auuu 0cobylo
OMAacCHOCTb MNPeACTaB/AsieT OCOJOHIEBAHUE NOYB, 3aK/Moyarouieecs
B 3aMeéHe B OOMEHHOM KOMIIEKCe NOYBHl JBYXBaJIEHTHLIX HOHOB
Ha oaHoBaneHTHhle. OCOMOHIEBaHME CHUXKAET BOAONPOHUIAE-
MOCTb MOYBHI, YBeJUYUBAET €€ AUCIEePCHOCTb, MIACTHYHOCTh, Ha-
6yxaeMocTh, YTO MPUBOJHT K 0OECCTPYKTHPOBAHUIO MNOYBHI U I10-
tepe €0 naogopoaust. OCONOHNEBAHYE 3aKJ/IOYAETCS B OCHOBHOM
B NOCTYN/€HUH B TOYBY U3 BOJABI MOHOB HATpUsl B 0OMEH HA UOHM
KaJblUsl U MarH{usi, KOTOpPble BRIHOCATCH U3 KOMIOMAHOH (pasbl
nOYyBbl B IMOYBEHHBIA PAacTBOP; NPH 3TOM HOHBl HArpHsi MOIJo-
. Na 4 rre xon-
[Ca®*] + [Mg*]= ™
LEHTPANUs KATHOHOB [3eTCsl B 3kBHBaNeHTHOH ¢opMe.

W . H. Autunos-Kaparaes u I’ M. Kagop BeIsiBUnu crenpyto-
IYI0 3aKOHOMEPHOCTh MeXAY MOIrJIOLIeHYeM NOYBOH HATPUS U CO-
Jep:KaHueM cOfil B BoJe:

y= 12 +92log C, 6.2)

MAIOTCS MOYBOH NPH  COOTHOLIEHUU

i€ ¥ — conepXKaHue B NMoYBe OOMEHHOTO Hatpusi, wmr-3ks/100r
noysbl; C — cofepikaHue COAbl B OPOCUTENLHOH BOAE, MI-3KB/J.
B panbHeitizeM yxa3zaHpbleé aBTOPH NPEMJIOKUIU JJISl UPpUra-
HUOHHOM OLIEHKY BOAL B OTHOMICHWUH €€ CIOCOGHOCTH K OCOJIOHIIE-
BAaHMIO MOYB caenywlomyilo Gopmyay:

_ [Ca®] + [Mg?]
K= "Teomc ©-3)

rae K — kos(puuueHT UOHHOTO oOMeHa MeXAY BOAOH U IOYBOH;
[Ca2*], [Mg?*]l, [Na*l — KOHueHTpauuu KaTMOHOB, MI-3KB/J;
C — munepanusauvsi Bojel, /. Boga mpurossa Adsi opoLIeHHS
npu K > 1 v ne npurogna npu K < 1.

Kanaccudukauuio opocuTe/IbHEIX BOJ B OTHOWIEHHH UX CIOCOO-
HOCTM K OCO/MIOHLEBAHHIO TMOYBEl J3€T JeNapTaMEHT CeJbCKOro
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xoasiicrea CIIIA B pesynsrare onpenenenus kosdduunenra oco-
JIOHLICBAHUA:
[Na*]

V [Ca¥ Lt MgrT] * (5.4)

rze SAR — xos(pduunent ocononuenanns; [Caz*], [ Mg?*], [Na*]—
KOHUEHTPAHHH KATHOHOB B BOJAE, MI-3KB/JI.

B cootBercTBuu ¢ BesquuuHoll SAR Boijensiercst 4 THIOA BoOZX:
C/1aGoIeNIouHEe ¢ Maliofl OMacHOCTHIO oconoHueBanus (0—10),
cpelHelleNouHbie CO CPeJHeH ONMAacHOCTbIO ocosoHueBanusa (10—
18), cuipHOWENOYHbIE C BBLICOKOH ONACHOCTBIO OCOJNIOHUEBAHHUSA
(18—26) u ouenb mieNOYHBIE C OYEHb BLICOKOH OIIACHOCTHIO OCOJIOH-
ueBanusa (6onee 26).

[lo conepxannio B Bojge XJopuaos U cynbdaroB narpus Cre6-
Niep NPEJIOKHI PACCYHTHIBATH IIEJNOYHYIO XAPAKTEPHCTHKY, Bbl-
PaXeHHYI0 B BUAE UPPULAUUCHHLLX Kodpduyuenmos, npencras-
J0mUX cobolt cofl BOABI B HIOHMAX, KOTOPbIH COREPIKHUT LIEJNO-
yell CTOJMBbKO, CKOJMLKO HEoBXOAMMO AJsl TOoro, uToOBl [OYBA Ccraja
BpefHOi Ao rayGuuet 1,2 M s GOJNBIIMHCTBA KYABTYPHBHIX pa-
crenust (rabn. 32).

32. Henounas XapakTepHCTHKA OPOCHTENbHBIX BOJX

Tun CoOTHOW eHH @ KOHIEeHTpalHil, II{enounan XapaxTepHCTHKA
BOA MT ~3KB/J1 (MpPHTal HOHHBIY KOpdhunnent)

1 [Nat] —[C1] <0 K 268
' T5[CiT]
2 0 < [Na*] — [CI7] < |SO; ] K 288
" [Nat] + 4[C17]
3 [Na*] — [CI7] —[SO] 1> 0 | g — 288
10 [Na*]—5 [C1-]—9 [SO} ]

B 3aBucumocrtu or BeanyuHbl K pasiuyaloTcs BOABL XOpoilero
KayectBa (K > 18), ynosaersoputensunie (18—6), meymosnerso-
puresbnbie (6—1,2) u mnoxue (K < 1,2).

I'. B. Edumenko onpefenus 3aBHCHMOCTb HPPHLALHOHHOTO
kodppuuuenra no CreSnepy oT BeIMYHHBI IWIOTHOTO OCTATKA
B FPYHTOBBIX H KOJJIGKTOPHO-APEHAXKHBIX Bofax. HukHAA nynk-
TUPHAst KpuBas, HAa KOTOPYIO CJEAYET ODHUEHTHPOBATLCH IIPH
YCTaHOBJICHUY CTENeHH NPUIOLHOCTH BOA JNS opoulenus (puc. 22),
IOAYUHSAETCS CJAeAYIOUlel 3aBHCHMOCTH!

K=K, —pIn CE-TCO

0

(5.5)



Prec. 22. 3aBHCHMOCTD  BEJHYHHH
HDPHTallHOHHOIO KO3(duinyenTa (K)
OT IJIOTHOTO OCTaTKa OPOCHTENBHOMH
BoAn (C) Ans ycaoBui 3anagHoil
depranst (I'. B. Epemenko, A. Ye-
maHoB, P. A. Teiinn, 1968):

1 —ycpenhHeHHasg KpHBAasl  3aBHCHMOCTH
K=1{(C); 2 — rpausus 06;acTH, B Ipe-
AeJaX KOTOPOA HAXOAATCST pacyeTHbe

touku, onpenensicllike  3aBHCHMOCTb
K= ().
0
X4y
¥ 11
Puc. 23. 3aBHCHMOCTL 3aCOJEHMs 3 8f }
II0YB OT MHHEpaJSH3alHH I[OJHBHOH ‘g ‘ ,/
BOJAbI: 2k V7
1 — nonHBH NpecHO# BOAROH; 2 — NOAUBHI |
BOAOH H3 KOJNEKTODHO-ApeHamHON ceTH 6
M CKBAXMH BePTHK aJbHOr0 ppenaxa; 3 — 6}
naoTHER 0CTATOK; 4 — XJOp. i l\
20 1 i\ i 1
o 05 1 15 2
Nigommsrd ocmamon,
L7 OmMaccsl noybpy ,
rie K — HUppUramHoHHBIA KO- 0 005 0f 0f5 02
apbunuent; K, — MUHUMANL- Xnop, % om maces noubsl

- .__3 — ——

HBll 111 NAHHOM TEppPHTOPHU ’

HPPHrauHoHHbIl Kospdunuent; C — Becoan MHHEpaNU3anus uc-
cnexyemoit Bombl; Cp — MMHHManbHAs BECOBas MHHEPATH3ALNS
BOAbI A JaHHOH Tepputopuu; C; — MakCUMajabHasi BeCOBas
MHHEpANN3a1Hsi BOAB! [VIsl JaAHHOH TEPPUTOPUH;  — NONpaBOYHBIH
SMnupuueckuii Koapuunent; f = n,C + ny, n, u n, — gpobHbIE
YHCTA MEHBIITE €AMHUIIBL.

YpaBuenne (5.5) wru rpaduk I03BOASIOT AIsi KOHKPETHOH
TEPPUTOPHH ONPENSNINTD BETHYHHY UPPHTALNOHHOFO Koz(du-
LMEHTA, MMesi JIMIIb JaHHBIE O IVIOTHOM OCTATKE HCCIenyeMoi
Bogkl. Hanpumep, ansa ycnosuit 3anana ®epraner BeHunHa K03¢-
¢uuuenta K onpesensiercs no 3aBucumocty P = 0,132 4 0,013;
Cp=03r/n; C,=283r/n; K,=1,2. Pelienue ypaBHeHus
(6.5) u naunble rpaduka (puc. 22) NO3BOASOT CAGAATb BHBOL
0 TOM, YTO Ha JAHHOH TEPPUTOPHH TPYHTOBBlE H KOJNJIEKTOPHO-
APEHaXKHBIe BOAH MOTYT OBITb HCIONB30BAHBI JUIsi OPOLICHUS NpH
BEJINYHHE IUIOTHOIO OCTAaTKa, He mnpeBuwawoiiesi 2,5 r/n. Boja
C MuHepanusanuet or 2,5 10 8 r/n MoxeT 6hITh HCNIONB30BAHA NPH
€XerofHbIX NPOMBIBKAX Ha (JOHE TOCTATOYHOro APeHaXa.

A. M. Moxeiixo u I'. X. BopoTuuk npemnaraior kauectBo BOA
IJisl uesiefl OPOLUEHHS OlLEHUBATH 110 OTHOLIEHHIO CONEPXKAHHSA
Na+* - K* Kk cymme copepanuit BceX KaTHOHOB, Mr/-3KB/i; IpH
[Nat] + [K¥]

E[Kam]

= (0,75 BoApl BecbMa OMNACHBE B OTHOIIEHHMH OCO-
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Jqouuesannss nous; 0,66 — 0,75 — BoAn! OMACHE B OTHOILEHHM
ocoJsionuesanus; 0,65 u MeHee — He ONACHEL

M. @, BynanoB Beiesnna A5 lora YKpauubl BoCeMb WppHUra-
[IMOHHBLIX THIIOB BOJ B 3aBUCHMOCTH OT HX MUHEPAIU3AINH, KeCT-
KOCTH, COOTHOLIEHHH KOHIEHTPAUUN HATPUS H KAJAbLMs, 4 TaKkKe
HATPHS M CYMMEI Kadbuus ¢ mMaruuem. Bce Bombl ¢ muHepasiusa-
udedr 1—3 v/ MoryT GRITb MCNOAB30BAKBI AT OPOUICHHS, €CaH
4aCTHOE OT JHEJEeHHsI CYMMBI KOHIIEHTPAauH# BCeX KAaTHOHOB B
MP-3KB/JT HA CYMMY KOHUEHTPAuMil KajdbLHUS U Maruus He GyJer
ApeBHIIATH 4 AJs1 CPeAHe- W THAKeJOCYIVIHHHCTBIX MOYB, 5 — A/
CYTVIMHUCTBIX M 6 — JJI51 CyIeCyaHBIX M NeCYaHbX moys. B oTHO-
IIEHUH CIIOCOGHOCTH NK OCOJIOHLIEBAHHUIO Hong Boa ne IPUroZHa

at a
K OPOLICHHIO, €Cau [[Gﬁ'% >1 wm [Ca2+; +[]Mg2+] >0,7.
3aBHCUMOCTb 3aCOJIEHUS! MOYB OT MHUHEpPATH3AIMH MOMUBHOI
BOIBI NPUBEJEHA HA pHC. 23.

B umenom B npejenax KOHKPETHBIX OPOCHTeBHHIX CHCTEM TNpH
OLIEHKe KaueCTBa BOJX B HeAsX HCIOJMb30BAHUS HX LISl OpOLIEHMS
Heo0XO0IUMO YYMTHIBATL BECh KOMILIEKC HPHPORHO-MEIHOPAaTHB-
HBIX, [HIPOre0J/Oro-MeTUOPATHBHBIX M  MEJHOP ATHBHO-THIPOXH-
MHYECKHX YCJAOBHH, a4 Takxke OCOOEHHOCTH KOHCTPVKIHH, 3KC-
IJIyaTaluu ¥ pexuMa paboThi JAHHOH CHCTEMBI (HajHyue | MO~
HOCTb HCKYCCTBEHHOITO [pE€HAXa, PeXHUM I0IHBOB, NPOMEIBOK,
ceBooGOpPOTOR U T.4.).

Bo3MoKHOCTH onpejeneHus NpefesibHO JONYCTHMbIX KOHIIEHT-
paunil paziNyYHbIX XHMHYECKUX WHTPEHMEHTOB B HOIMBHBIX BOLAX
C NOMOLIBI0 MATEMAaTHYECKOH MOJeaH METHOPATHBHO-THAPOXHMH-
yecKko# o6CTAaHOBKY npusepeHef B ria. 10.

IMpuwme p 13. B Gacceiinax pek Bonubsi, KoHKa u NeBbiX OPHTOKOB
CaMmapbl HaGMOAAIOTCA CAEAYIOUM[HE CTATHCTHYECKH ONEHEHHHIe CPeiuue
KOHIEHTPALMM HMOHOB (MI/J1 — YMCAMTENb, MI-3KB/J — 3HaMeHaTesb):

HCO; SO ™ Cl- Ca?* Mgzt Nat Yu

288 640 409 212 111 278  i938.
5 7S T R R PR

OlLeHHTL MPHTOAHOCTb BOABI A5l OPOUIEHHS MO Pa3JHYHBIM HpPHTANHOH-
HEIM NOKa3aTelaM.

1. ITo A. H. Kocrakosy:

Ty = 1938 mr/n (Boja omacHa ANA OpOMIEHHS).

2. o Crebnepy:
[Na*}] — [Cl7] = 12 — 12 = ( (Boja nepBoro THIA).

= 26%8 = 4,8 (BOZa HeyAOBJETBOPHTEIbHAA).
3. o U. H. Antnnosy-Kaparaesy u I'. M. Kagepy:
104-9 .
K= 7023 198 = 3,6 (Bopa mpuropHa AN OpOIUEHMA).
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4. SAR = ]—/—_i?)?g = 8,9 (Bona c/abotleslouHas ¢ Maloft OIaCHOCTHIO

——
OCOJIOHILEBAHHSA) .
5. Mo A. M. Moxeiiko u I'. X. BoporHuxk:
12
eSS v 0,39 (soma He omacHa A OpoilleHHs).
6. [lo M. ®. BynanoBy:
12
TE 0,63 (Bopa mpurogHa Aast OpOUIeHHs).

OueHKa HPPUTANMOHHLIX BOJA I03BOJAET CJe/aTh BLIBOR, YTO BOJA He
OllacHA ¢ TOYKH 3peHHs OCOMOHLEBAHHA IMOYBOTPYHTOR, OJHAKO OIlacHa
¢ TOUYKH 3peHHUs 3aCOJeHHUs.
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Fmasa 6

HOPMHUPOBAHME U PEXXMM
MENMOPATMBHO-ITMIPOXMMMYECKOH OBCTAHOBKM

Ouenka ocobennocTell GOPMHUPOBAHUS H PEXKHMA MENHOPATHB-
HO-THAPOXMMMYECKOH OOCTAaHOBKH, MpEAIOKeHHas B TOCODHH,
BEINOJIHEHA € MCTIONL3OBAHHEM JAHHBIX MaTeMaTH4eCKOro Moje-
JIHPOBAHHS, METOHKA KOTOpOro mpuBejena B raase 10, B pe-
3yJbraTe HCC/eNOBaHUSA HOHHO-COJIEBOTO COCTABA TPYHTOBBIX BOX
NOPOBBIX PACTBOPOB 30HH as3palHi U TBepioi ¢aser cosell B ro-
polax B npenenax pasjHyHBIX (U3HKO-reorpaduiecKux 30H H 06-
nacreit Ykpaunckoit CCP. McenenoBanusm npesiiectBoBalo paito-
HHPOBaHHE TEPPHTOPHH PecnyOaHKHU 110 YCAOBHAM (POPMHUPOBARUS
MeJHOPaTHBHO-THAPOXHMUYECKO! obcTanoBKH. [lpu Knaccupu-
KAalHK HOHHO-COJIEBHIX PEKHUMOB ObIIH YUYTEHBl OCHOBHBIE PabOTH!
NIOCBSIIEHHBIE HCCE/IOBAHHIO BOIHO-CONEBOH OOCTAHOBKH B 30HE
AKTHBHOrO BOjioOOMEHA Ha HENOCTATOMHO YBJAKHEHHBIX TeppH-
topusix CCCP u, B yacTHOCTH, B npefiesax Cpennefi A3uy u cren-
HOH 4aCTH YKpauHH.

§ 1. MousiTMe O MENMOPATHEHO-THAPOXMMHUECKON OBCTaHOBKE

ITon meauopamuero-eudpoxumuneckoli 06cMan0sKOL  CIERY-
eT MOHHMMAaThb HOHHO-CONEBOH peXHM IOYB, MOpPOJ, MOPOBHIX,
HPPHTAaLIHOHHO-TPYHTOBHX H TDYHTOBBIX BOA TOJIIH AKTHBHOI'O
BOJlOCONeO0MeHA TIPH OPOIIEHHH H/IH OCYLUEHHHM H KOMIUIEKC NpH-
POIHHX U OOYCJOBJEHHEIX METHOPATHBHBIMU MEPONPHUATHUAMH
tdaktopoB, ero omnpenenstoninx. IyGHHA moAuju QKmMuUsHo20
8000cone06MeHO TIDU STOM OfpeReNseTCsl MePBbIM BOAOYNOPOM
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punu YCI0BHOH TpaHMied, HuKe KOTOPOH He nposiBisiercs
BJUSIHME HA BOLHOCOMEBON PEKHUM MEIMODATHBHBIX MepONpHS-
THH.

K oCHOBHBIM NpHpOAHBIM rpynnaMm (GakTopoB (GOpMHPOBAHHUS
BOJHO-COJIEBOTO DEXKHUMA OTHOCATCS HOYBEHHO-K/JIMMaTHYECKHE,
reo0J10ro-THAPOreoJ0THYeCKHEe, reoMop(dONOTHIeCKHe; a K IJaB-
HbIM, BeAylinM (PaKTOpPaM, mpHHAMLIEKAIHM K 3THM Tpynnam,—
€CTeCTBEHHOE YBJAXKHEHHE, 3aCOJNEHHOCTh MOpOf, CTeneHb Ape-
HUDOBAHHOCTH M IMIYOMHA 3a/jeranusi TPYHTOBBIX BOA.

®axtopamu, OOYCJAOBNEHHLIMH MEMHOPATUBHLIMU MEpOINpPHUS-
THSIMH, SIBJISIOTCSI: HMCKYCCTBEHHO® YBJAAXKHEHHE NyTeM opolle-
HUSI U OOEOJHEHHS TEPPUTOPHH, HCKYCCTBEHHHIH ApeHax (ocy-
IIeHHe), arpoXMMHYECKHE, arpoTeXHHYECKHe H XUMHYECKHE Mepo-
MpUATHS.

Baxueiiimm ¢dakTopoMm, onpesensiomyuM MeJIHOpaTHBHO-THJ-
POXHMHYECKYIO, MEIHOPATHBHO-THAPOTEOJOTHYECKYI0 U MPHPOA-
HO-M@MHOPATHBHYIO OOCTAHOBKY B LIEJIOM, SIBJISIEICSI €CHeCIeeH-
HQAA YBAAHCHEHHOCTb, CTENEHb KOTOPO# ONIPEJeNAeTCs NyTeM OLleH-
KH BeJHYHUHB KO3(BQHIMEHTOB YBJIAKHEHHS, PABHOH OTHOLISHHIO
CYMMBI TOJOBBHIX OCAJKOB (33 BHIYETOM CTOKA) K HCHAPEHHIO.

B 3one u3OLITOYHOrO yBIAMKHEHHs! HHCXOJsIHe IOTOKH B MO-
poZax npeo61ajaioT N0 BOCXOASIIHMH, B Pe3yAbTaTe 4ero B TOJILIE
aKTHBHOTO BOJOCO/IEOOMEHa (OpMUDPYETCst IIPOMBIBHOH DEXHM Bbi-
Iea41BAHUS M PACCOJIEHHS.

B 30He HenoCTATOYHOTO YBJIAKHEHHS B MOPOAaxX Mpeobsajsaior
BOCXOAsimMe IIOTOKH — B CJlyyae HCIApeHUs! BJAArH KalWAIsipHOH
KaliMbl FPYHTOBLIX BOJ M MOTOKH OTCYTCTBYIOT — IpH rJayGo-
KOM 3a/leTaHUH TPYHTOBHIX BOA. B Takux YCJaoBHSIX B TOJIIE
AKTHUBHOrO BOjoCco/Neo6MeHa GopMupyeTcsi HenpoOMBbIBHOH (BBHINOT-
HBIH) peXUM 3aCOJIeHHsl, HAKOIIEHHs COJed.

B 30ne HeycTOHUMBOTrO yBJIAMHEHHS, B 3aBUCHMOCTH OT CTe-
M€HN yBJAAKHEHHOCTH B Pa3JuYHbIE NIePHOMH!, B TOJMLLE AKTHBHOIO
BojiocosieobMeHa GopMupyercst Jau60 DEXHM 3aCOMEHHUs, JHOO
PE&XHUM BBHIETAYHBAHUS U PACCOJIEHHUS.

Tenpenuun (GOPMHPOBAHMS HOHHO-COJIEBONO PEXKHMA HMEIOT
KaK MHOTOJIETHHH, TAK M CE30HHBIH XapaKrep, 4To CBSI3aHO C CO-
OTBETCTBYIOLIUMH TEHICHIMAMH B PEXKHME YBJAAKHEHHOCTH. 3a-
COJICHHOCTb [OPOJ, HIPAeT CYLIECTBEHHYIO POJab B (POPMHDPOBAHUH
HOHHO-COJIEBOTO PEXMMA B NpenesNax 30H C PasqHYHON CTENeHbIO
YBJAAKHEHUSI.

Pasyuualor nopossl 3acoaeHHbIe U HE3ACONEHHbIE, 3 TAKXKEe NPO-
MEXYTOYHLIE, B COOTBETCTBHU C PA3NMUYHOMN CTENEHBIO 3aCOMEHHS.
EcrecrBennas (nepBHYHAs)) 3aCO/EHHOCTb [OPOJ, BO3HUKLIAS
B ApeBHHE FeOJOTHIECKHEe 3M0XH, XapaKTepH3yeTcst KOHTHHEH-
TaJbHEIMH M MOPCKUMH YycaoBuaMu popMupoBanusi. [Topogsl, co-
Aepxaiiye onpegesieHHble MOBHILUEHHEIE KOJHYECTBA JErKopac:

109



TBOPUMHIX COJIeH MODPCKOro ¥ JIPEeBHEKOHTHHEHTAJLHOTO INpPOHC-
XOXKJ€HUS, Ha3blBAlOTCS1 JPEBHE3aCOJIEHHBIMH.

Hesacosenspie nopoibl MOryT GHITL NepBHYHOHE3aCOJEHHBIMK
H paccofieHHbIMH. [lepBHUYHO- HJIH JpDEBHEHE3aCOJIeHHBIMH SBJIS-
IoTc nopoas, o6pasoBaBliHecs B KOHTHHEHTANBHBIX YC/IOBHAX
npH H3OLITOYHOM HJIH JHOCTATOYHO YBJaKHEHHOM KjauMare. Pac-
COJIEHHBIMHU fBJIRIOTCSH APeBHE3acOJIeHHBIE MOPO/bl, KOTOpHE pac-
COJIMJIHCE B pesyJbrare AJIHTEABHOIO BO3JeHACTBHS HA HHX aTMo-
cepHEIX 0CaqKOB B YCIOBHSX H3OBITOYHOTO HJIH JOCTaTOYHO
yBJIaXXHEHHOTO KJHMara.

CnenyomuMu BaXHbBIMH (akTopaMu (OPMHPOBaHHS HOHHO-
COJIEBOrO peXuMa BOJ H MOPOJ SBJASOTCH 2aybuHa 3ase2anus
36pKAAQ 2PYHMOBLIX 800 U XAPAKIMED UX 63AUMOCEA3U C NAGLMOBHMU
8o0amu. IMEHHO B 3aBHCHMOCTH OT IJIyOMHBI 3aJieraHus 3epkaJa
FPYHTOBHIX BOJ NPOSBJIAETCA BJHSHHE TaKHX BaXKHBIX NPAMBIX
¢dakTopoB (GOpMHPOBAHHS HOHHO-COJIEBOTO COCTaBa BOJ, H MOPOA,
KaK HCNapHTeIbHOE KOHLEHTPHPOBaHHE M KpHCTaNIH3aLHUA.

Or xapaKTepa B3aHMOCBSI3H [DYHTOBBIX H HHXE3aJeralomiux
IVIaCTOBHIX BOJI, OCHOBHbIE THIE KOTOPO# NpHBejeHH Ha puc. 20,
3aBHCHT B 3HaUHTEJNLHOH CTeNeHH CKOPOCTh nojkeMa YPOBHS HPpU-
FaIHOHHO-TPYHTOBHIX BOJl, NPOHCXOAfIEro B pe3yJbTaTe (QHILT-
PalHOHHBIX TOTEepb HPPHUTalHOHHBIX BOA.

B coorBercTBHH C TVIyGHHON 3a/eraHus BHINEJSIOTCS TEPPH-
TOPHH C IVIYGOKHM H HErNyOOKHM 3ajleraHHeM TIPYHTOBBIX BOZ.
I'pannueil, oTHOCHTENLHO KoTopofi onpepensiercs riybuHa sage-
raHus, sIBAseTCs YPOBeHb HCNAPEeHHS W TPaHCOHpalHH Kanuj-
AsipHOH KaiiMbl TpYHTOBEIX BoZ (¥ HKK), noi KOTOpEIM TIOHHMaert-
csi ray6uHa 3ajeraHuss YpoBHS KanuwispHod kKaiimel (YKK),
npH KOTOpoH HaunHaercsi (U3HYECKOe HClapeHHe IOPOBOTo pac-
TBOpa WJIH ero rpascnHpauust. [yy6oko 3aseratomuMy CYHTAaiOT-
csi rpyHTOBHIE BOAbl, y KoTopeix ¥KK > YHKK, a uerny6oko
sajerailomyMeu cyutatorcs Bopel npu YKK < YHKK. Ilpaxkru-
YecKH YPOBeHbL IyGOKO 3aJleraloluXx IPYHTOBBIX BOJ TpEBBIAET
5—6 M, Kose6/isich B 3aBUCHMOCTH OT YCJIOBHI 3aJeraHus ot 5 1o
30 M. I'ny6uHa ypoBHS BHYTPHIDYHTOBOrO HCNApEHHSI KallHJ-
JIApHON KafiMBI 3aBHCHT OT (PU3HKO-MeXaHHUYECKHX CBOHCTB W ecre-
CTBEHHOH BJIQXKHOCTH TOPOJ, 30HB! aspalHH, H3MEHASCb OT He-
CKOJIbKHX CaHTHMETPOB B IVIMHHCTHIX OOpoJax jpo 2—2,5m —
B raneyHHKoBbIX. [1y6uHa ¥ HKK B pesynntaTe TpaHCHHpPAUUH
paBHA MOINHOCTH 30HBI TPAHCIHPAIHH.

B cOOTBeTCTBHH € XapaKTepOM H CTENeHblo BJHAHHS STHX (ak-
TOPOB ONpejesieTcsl TaKXKe U cmenenv OpeHupoBanHOCML Meppu-
mopuu, oT KoTopo# B HauboJibllefi Mepe 3aBHCST HanpasJ/ieHHE
H CKOPOCTb BOJHO-COJIEBHIX NOTOKOB. Ilo jaHHOMY TpH3HAKy pas-
JHYaloT ApeHHpOBaHHHE, CNa6oJPEHHPOBaHHHE H HeJPEeHHDPOBaH-
Hble TeppuTOopHH. JlpeHnpoBannble 0OBIYHO CBA3aHBI C INIyGOKHM
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33, PaifionupoBanHHe TeppHTOPHA N0 YCAOBHAM ¢GOPMHPOBAHHA
MEJHOPATHBHO-THAD OXHMHUYECKOR OOCTaHOBKH

OcHoBHbIE TpYyT-
Hamnmenosa- | i daxTopos dop- | BeAyline mnokasa-
Un- HHE TaKCOHO- MHDOBaHHA Me- TesH GOpMHPOBaHHR JOTIOJIHKT eTbubie
fekc MHYECKOR JIRODATHBHO -TR - | MEHOPATHBNO-THAPO - TnoKasaTesn
eNHHRIIL POXHMEHTECKOH xumudeckoll obcTa-
06cTanosky HOBKH
A | 3ona Kanmarnueckne | EcrectBennan yB- | Tun Honno-co-
YCJIOBHH JlaXKHEHHOCTb JIEBOTC  PeXH-
Ma TOJUIH 4aK-
THBHOTO BOJO-
coJjeobmera
1 IMpoeunnus | [eonoro-auro- 3aconennoctbh no- | Xapakrep 3aco-
JIoTHYECKHe poxn JIEHHOCTH (MOp-
YCNOBHS cKas, KOHTH-
HeHTaJbHaA)
1 O6nactb T'uaporeosoru- { YcaoBus 3anera- | Tun B3aHMO-
yecKyue YCJOBHSA| HHS  TPYHTOBBIX | CBSI3H TPYHTO-
BOA (rnybuna sa- | BoX BOA
JIeTaHus)
a Paiion Oporeomopdo- Yenoeus  Apenn- | OcobenroctH
JIOTHYECKHe Yyc- | POBAHHOCTH MHK pop esbeda
JIOBHS
a’ VuacTtok Xapakrep Bon- | VKK, YHKK, | Bua uouno-co-
HO-CojleBo# 06- | ¥I'B, K¥, C_ ., | #esoro pexnma
CTaHOBKH Co Co Crpr Cas TONIM  aKTHB-
HOFC  BOJOCO-
H Jeobmena

sajleraHHeM, a cnafo- U HelpeHHPOBaHHBIE — C HErMyOGOKHM 3a-
JleraHHeM YpDOBHA TDYHTOBHIX BoA. B To ke BpeMms B mpHpOAHBIX
YC/IOBHAX BCTpeYaercsl U o6paTHoe COOTHOMIEHHE 3TUX (PaKTOpOoB.
I'ny6oko saneramoiiue cnaboipeHHpPOBaHHBIE MJIH HEAPEHHPOBaH-
Hble FPYHTOBBIE BOAR (DOPMHDYIOTCA Ha BOJOYMOPHBIX TOJIIIEX
B XOpOLIO NPOHHUIAEMBIX TIOpoJaxXx B YCJIOBHAX OrpaHHYEHHOTO
HHQHABTPALHOHHOIO H TOA3emHoro nuranus. HernyGoko 3ane-
rajpoiige ApeHHPOBaHHBIE BOJBL NPHYPOYEHHl K XOpOIIO MPOHH-
IaeMBIM TIOpPOJaM CO BTOPHIM THIIOM B3aHMOCBSI3H T'PYHTOBHEIX
H T1aCTOBHIX BOL B YCJAOBHSIX OGHALHOTO HHQHALTPAIHOHHOFO
THTEHHA H PaBHHHHOIO c1abopacu/eHeHHOro penneda.
Kongper#eie MeIHOPaTHBHO-THAPOXHMHYECKHE YCJAOBHA OT-
‘HeNbHBEIX yYacTKOB, TIOMHMO TIEPEUHCAEHHHIX (DAaKTOpOB H HX
rpyni, 3aBHCAT OT COOTHOIUEHHS 3/1€MEHTOB, OTpelefiomnX Xa-
pakrep 800H0-cOre80l 06cmarosku. K OCHOBHBIM 3/eMeHTaM 3TOH
ofcraHOBKH OTHocatcs: rybunn ¥ KK, YHKK, ¥I'B, rny6una
KPHTHYECKOro YpOBHA TrpyHTOBRIX Boja (K¥), mHHepanusaunus
H HOHHO-CONeBOM cocras nopoBuX (Cyr), rpyHroBeix (C)) H HppH-
ranHoHHO-TpYHTOBBIX (Crp) BOJA, 3aCONEHHOCTL H COJIEBOH COCTaB
nopoA 3oHH aspauud (C.) u BopoBMmeaoitix nopol (Cy), MuHe-
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pandsanya H HOHHO-COJIEBOH COCTAB BOJ, MOCTYHAICHIHX B 30HY
aspanuu, U FPYHTOBBIE BOJBl C MOBEPXHOCTH 3eMJIH — OCAlKH,
NOBEPXHOCTHBIE BOABI, BOapl MecTHOro croka (Cros). Ilo npocTeit-
IIHM COOTHOLIEHHSM MeXAy cob0ii COOTBeTCTBYIOmIHE HapHl 3ie-
MEHTOB BOJHOCOJIEBOH OOCTAaHOBKH MOXHO BRIIETHTEL B CJIEAYIOULHe
rpynne: ¥KK = YHKK, ¥YI'B = KY, Cy, = Crpunu Gy, Ca =
= Cu, Cuos = Crp wiu C,. KoMOunipys naphl ¢ pasHeiMu COOT-
HOILIEHHAMH 3JIEMEHTOB, MOXHO NOJYYHTL HECKOALKO AECATKOB
BapHaHTOB BOJHOCOJIEBOH OOGCTAHOBKW B TOJIllE aKTHBHOTO BOJO-
coseobMeHa. B npupojHHX ycJOBHAX B NMpHHLHIE MOTYT HMETDL
MECTO Bce BapuaHThl 0OCTAHOBKH, HO BepOATHOCTL HX BeTpedae-
MOCTH pa3jIiiHa — OT MAaJOBEPOATHHX [0 THNOBHX, HauboJee
BCTpeuaemblX. Xapakrep BOIHO-coJIeBofi 0OCTaHOBKH B 3HauH-
TeJdLHOH CTeNeHH onpejeiseT BHJ HOHHO-COJNEBOTO peXHMa IMo-
pPOBBIX BOj ¥ TOPOJ 30HBl a9paudH, TPYHTOBHIX BOJ H TOJLIH
aKTHBHOTO BojocoJeobMeHa B peloM. B tabn. 33 npuBesena
cxeMa pafioHHpOBAaHHS TePPUTOPHI N0 ycaoBHSM (POPMHpOBaHHA
MeJIHOP ATHBHO-THAPOXHMHUECKOH OOCTAHOBKH.

§ 2. OcobeHHOCTH thopMupPOBaAHMS
©CTECTBEHHOTO MOHHO-CONEBOro PeXXMMa TONIM
aKTMBHOTO BOfgocCOoneobmeHa

Cienyer pasiHYaTbh MHOLOACMHULL U CE30HHLIL UOHHO-COAC6bIE
pexcums. MOpOA, MOPOBHX ¥ TPYHTOBHX Bol. MHorojernuit pe-
KUM onpejesercs H3MEeHeHHeM 3anacoB W CocTaBa cojiedl  mo
npoduaio TOJMIIH aKTHBHOTO BOJOCOJIe0OMEHA B TEUEHHE JJIHTEJb -
Horo neproja BpemeHH. Ce3OHHHH peXHM OuEHHBaercd IuHa-
MHKOH H3MEHEHHS 3amacoB § cocraBa cojieHl Bo BpeMEHH U npo-
CTpPaHCTBE B TEYEHHE roja; TOT peXkuM GopMUpYeETcsi B OCHOBHOM
B pe3ysbrare Ce30HHHX H3MEHEHHH YBJaKHEHHOCTH TeppUTOpHH
Ha (oHe OCHOBHBEIX TEHIEHUHMH MHOFOJIETHErO HOHHO-COJIEBOrO
pexnMa.

Tun MHOrOJETHEr0 HOHHO-COJIEBOTO pEXHMa Onpeiesfercs
Npexje BCero XapaKTepoM €ro HanpaBJeHHOCTH H COOTHOLICHHEM
NPOUECCOB PacTBOPEHHSA, KPUCTANIU3ANMHN, HCIAp HTEIBLHOTO KOH-
HEHTpUpOBaHist W pasbasieHHs B cucreme Boaa — nopofa. [lo
3TUM [pU3HAKaM Bblienferca ycmoduusoul 1 nodsuscroul munet
LOHHO-C0Ne8020 pescuma. YCTOHYHBOMY THNY CBOHCTBEHHA IMOCTO-
SHHOCTh HANpPaBJEHHOCTH pPeXHMOOOpa3yioluX [pOHECCOB, XOTH
KOJIHYECTBEHHRIE COOTHOLLIEHHS MEXKIY CTeNeHb0 HX BJAHSAHHA Ha
dopMupoBaHHe [AHHOFO HOHHO-COJIEBOTO pe€XHMa BO BpEMEHH
MOTYT H3MeHAThCA. IIpH NOJBHKHOM THIIe HOHHO-COJIEBOTO pe-
KHAMa BO BpeMeHH H3MEHSIOTCA HE TOJbKO KOJIMYECTBEHHBE COOT-
HOLIEHHS MeXNY pexuMoDopMHPYIOIIHMHA NpoOUeccaMH, HO H Ha-
[paBJeHHOCTL TIOGOro 13 3THX MPOUECCOB H PE3YJIbTHPYIOMEro
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34. Cxema KNacCHIMKALMH eCTECTBEHHBIX HOHHO-COJNEBHIX PEXHMOB TOJUM AKTHBHOIO BOROCOTEOGMena

MBorosieTHHII HOHHO - cOIEBOK

Ce30HHB HOHHO - COJIEBOM

=
'fr pexnm pexum [IpumMep TeppHTOPHYU ¢ AAHHHIM
E O6.acTb Pafion * peXKHMOM B TpejeJax
« a B mepHOX B nepuox YKpauHut
S g Tun Bun MaKCHMAJIbHOTO| MHHH Ma JIbHOTO
el = YBIaXKHeHHS | yBnaKHeHHs
A Fay6okoro 3a- [ JpeHnpo- Yeroftun- Paccosne- Hurencus- | Paccose- Bopopasgex pp. Bosubsi—
JieraHus TpyH- | BaHHBIH Bt HHA Hoe pac- HHE Kazennnlit Topeny, B mpe-
TOBBIX BOJ cosieH e nenax [Hou6acca
b Hurencus- IOxuas nosoBHua BojO-
Horo pac- pasgena  pp. Cynma—
COJIEHHS Icen
A 2 Chrato- Mennennoro| Paccone- Craboe CeBepHas noJoBHHA BOJO-
% IpEHHpO- paccoJe- Hue paccosienne | pasjgena pp. Jlmenp—Mo-
& BaHHBIH HHA Jounast B npegenax [lpu-
g 4epPHOMOPCKO # BNIAXHHEL
3
5 E Herny6okoro | Ilpenspo- ITonBux- Heycroftun- Caaboe Bopopasfiex pp. Yaaih—
2 | saneranns BaHHBIA HEIH BOoro pac- 3acoslenne | uemp
@ | rpyHTOBHIX CoJIeHHS
- = | sox
B Yeroitug- Paccosne- Hurtencus- | Paccode- JlepoGepexnse p. Hecuum
BBIH HHSA Hoe pacco- | umue B mpeaesax Ilosechbs
JIeHHe
A Cnabo- Hurencus- | 3aconenne | Murtencus- | IOxHasm mnowoBuma Bojxo-
ApeHH- HOTO 3aco- HOe 3aco- | pa3gena pp. [Henp—
‘ poBaHHHEIH JIEHHS | Jenue Mojiounast )
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B Toasux - Heyerofi- Cnaboe 3a- | 3aconenne | HOxuasfi uwacrs Bolopase
HBI} YHBOFO 3a- | coJienue aena [een—Bopckaa
COTeHHS
B Yerofiun- Pasno- Cna6oe Cna6oe Teppacu pp. Ceiim, Kne-
BRI} BECHBI} paccoae- 3acosieHHe | BeHb
HHE
A I'ay6oxoro 3a- | pennpo- Cepepras monoB4Ea Bo-
NeraHna rpyu- | BaHHGHIH Aopaspena pp. Manmit
w | TOBHX BOJ KysapBak —Tuaurya—
S IOxumit Byr B npexenax
= IpuyepHoMopckoil  Bna-
" AR HBL
——— =]
51
B a8 Bonopasgen Bepxopbes
= pp. IOxumfi Byr—Tere-
5 pes—Hpunens—Pocs
! 8
A ;ﬂ:": Cna6onpe- Jrnuamuye- Boaopasaen pp. Konsr-
5 HHpPOBaH- CKOTro pas- Ma—lOxupifi  Byr—Cu-
o HbIH HOBeCHS Hioxa—sepxoBbe Huryna
3
3
B Z | HerayGoxoro | Hdpennpo- | IlogBHxk- Bonopasaen  BepxoBbes
a | saneranna BaHHBIA HEIH pp. IOxuumit Byr—Tere-
& | TPYHTOBHIX BOJA pe—Cayup
il=
B Verofiyn- | PasHo- PagHoBecne Bonopasnen pp. Celim—
puli BECHBIN Hecna—Y6egp



611

TlpoZonxenwne TaGy 34

Muorosie Tyt MOHHO - CONEBOI]

Ce30HRB HOHHO -CONIeBOH

pexum pexuM

= [pumep TeppuropHu
E Ofaacts Pation B nepwon B nepuon Bcrllxaguum xp;}KHMOMu
= MaKCHMaJb - MHRHMAJIb - penenax YKpaus

8 ) Tun Bun HOTO yBJIaXK- | HOTO YBJaX-

8 & HenHs HERHs

A « | Herayto- Cna6o- VYerofiun- | 3aconenns | Cna6oe 3aconenne | CeBepHas nOJMOBHHA BO-
« | xoro zaxe- ApeHHpo- BhIl 3acoJIeHHe Iopasfiena pp. IOxuwbi
E | rauna BaHHbI Byr—Hurys—Hurysen—
& | rpyaToBhix HAuenp B npelenax
S | mox IpuuepHomopekoii  Bua-
g JAHHBL
a

—— =

=]
=
S

1} g IMoasux- Heycrofi- | Pago- Cratoe Boropasgen  BepxoBbes
% HbIH YHBOTO paB-| BecHe 3acosneHne | pp. 3anagumii  Byr—
3 HOBECHS Crripp
g
[se]
-]
-]

——] 8
o]
£
a

B = Yero#- Pasuo- Pasuosecne Bozopaazen pp.

uHBHI BECHBHIH Y6oprb—T @puHp



nporecca B 1ejioM. Budosu HOHHO-CONEBOTO PeXHMa Kay eCTBEHHO
H KOJIMYECTBEHHO OlleHUBaeTcsl peayjbTar BO3NEHCTBUA BCex
pexnMoobpasytomnx Gaki10pos u npolleccoB. MOKHO BBLACTHTD
cjenyiolllie OCHOBHBI€ BHB HOHHO-COJIEBOFO pexHMa Bol H I10-
pOl: HHTEHCHBHOE paccojieHue, paccoJieHye, MelJIeHHOe paccoJe-
HHe, HeyCcTOHYHBOE pacCosieHHe, HHTEHCHBHOE 3acojIeHHe, 3aco-
JIeHHE, HEYCTOHYHBOE 3acojieHue, WOHHO-COJIeBOE PpaBHOBECHE,
JMHAMHYECKOe HOHHO-COJeBOe paBHOBECHE, HeyCTOHUHBOE UOHHO-
cojleBoe paBHOBECHE.

CxeMa KjacCH(pHKALHKH €CTECTBEHHBEIX HOHHO-COJIEBBIX PEXH-
MOB TOJIIHE aKTHBHOTO BojocojieoOMeHa npuBeneHa B taba. 34,

§ 3. Oco6eHHocTH hopMMPOBaHMSA
MOHHO-CONIEBOro PeX<uMa NOPOBLIX BOA NPH OPOLICHMM

Tlpu HenocTaTouHOM YBJ@XKHEHHH TEPPUTOPHH AePUIHT BJa-
rd B IIOYyBe MOKPHIBAETCS 3a CYeT HCKYCCTBEHHOI'O VBeJHueHHs
CTEneHH YBJAAXHEHHOCTH C [IOMOINBIO OPOLICHHS Wi OOBOJHEHHS .
Bonubie Menuopanun BenyT K H3MEHEHHIO €CTEeCTBEHHOro BOJHO-
COJIeBOTO peXuMa, I[pHYEeM HallpaBJEeHHOCTh ITHX H3MEHEHHH
33BHCHT OT THIPOTe0JOro-MeJIHOPAaTHBHON W MEJIHOPAaTHBHO-
THAPOXHAMHYECKOH 0GCTaHOBOK Teppuropun. B ciyuyae HeGjaro-
IpUATHON nNpHPONHO-MEIROPATHBHOH O6CTAaHOBKH BOJHBIE MeJHO-
pamun MOTYT CONpPOBOXKIATLCS TaKUMU SBJEHHSIMH, KaK 3acoJie-
HH€ aKTHBHOTO CJIOSl [IOYBHI, [OJTONJIEHHE H 3a60jayiBaHie MeCT-
Hoctd. C  LeJplo npefynpexjieHHss STHX HeOJaronphsTHbIX
ABJeHHH, a TakKe /IS CO3LAHHA ONTHMaJbHOH AJIs pasBH-
THS KYJBTYPHBIX pacTeHH#i BOLHO-COJeBOH OGCTAHOBKH NpOU3-
BOAST HCKYCCTBEHHOE peryJipoBaHie BOJHO-COJEBOIO peXHMA
nyTeM yMeHbIeHHS GHJIBTPANHOHHHIX NOTepb NpPH OpoOLle-
HAH, a B c¢jyyae HeOOXOJHMOCTH — ¥ HCKYCCTBEHHOTro JApe-
HaXa.

®opMupoBaKiie HOHHO-COJEBOrO PeXKHMa NOPOBLHIX BOA B yCJIO-
BHSIX OPOLICHHS Mpeje Bcero o0yCsoBAeHO OCOOEHHOCTSIMH ecTe-
CTBEHHOr0 HOHHO-COJIEBOTO peXHMa TOJILH aKTHBHOTO BOJAOCOJE-
ofMeHa, 3aBHCAIIEr0 OT NPHPOJHO-MEJHOPAaTHBHONH OGCTaHOBKH
B [EJOM U, B YaCTHOCTH, OT JIEMEHTOB MeJHOpPaTHBHO-THAPOXH-
MHYECKOH OOGCTaHOBKH, a TaKKe OCOGEHHOCTHMH OpPOCHTeNbHBIX
MeponpusTHH H HaJhyhHeM HCKYCCTBEHHOTo apeHaXa. [las no-
POBHIX BOJ CBOHCTBEHEH CE30HHBIA W MHOTOJIETHHH HOHHO-COJIEBbIE
pexxuMel, MHOrofleTHHH HOHHO-COJNEBOH PEXHM NOPOBHIX BOJ 3a-
BHCHT OT HAalPaBJEHHOCTH OCHOBHEIX peXHMOOGpa3yIOHX I[po-
HECCOB ¥ HX CTa0WILHOCTH; B COOTBETCTBHH C 3THM Bbinesisiercs
JBa THIA pexhMa — YCTOHuYHBHIH n HeycToHuynBHIA. B 3aBuch-
MOCTH OT H3MEHeHHS MHHepaJli3aniy H HOHHOTO COCTaBa MOPOBBIX
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35. KraccugmMxaunsi HOHHO-COJIEBOrO PeXHMA MOPOBEIX BOX BOHbI aspauuH B YCIOBHAX OPOleHHn

Honno-conesoll pexHM NOPOBHX BOJ 30HH a3PaLHH

EcTecTBeHHHIl HORHO- B YCJOBHAX OPOILEHRA Hipumep opo-
COJIeBOH PeXKHM TOJHIH maeMoro mac-
aKTHBHOT'O BOJAQCOJIE- cHBa C JaH-
N oMeHa 6es MpuMeBeHHs HeKyC- ¢ TPHMEHEHHEM HCKYC- HbIM HOHHO -
z O€aacTe Paiion CTBEHHOIrO ApeHaXKa CTBEHHOI'O JApeHaXka COJIeBBIM pe~
= JKHMOM (Ha-
E 3BaHHE OpOCH-
@ m TeJIbHOoM CH=
H g Tun Bua Tun Bua Trn Bua CTeMbi)
3] =
A Tay6o- | Hpennpo- Yeroit- | Paccode- Yeroii- | Onpecue- B uckyccrsennom fape- | [enepaJios-
KOro 3a-| BanubIi UHBLIH HAS quBbIf HHS Haxe HeT HeolxoAH- { ckas (Boa-
JIeTraHAs MOCTH rorpafckas
rpyHTO- 06.1.)
—_— BLIX BOJ
b Hurencus- Hnrtencus-
) HOTO pac- HOTO Ollpec-
z COJIEHASA HEHHS
———— L2
3
A 3 Cna6o- Mennenno- | Heye- Kounenrpu-| Yerofiun- Onpecre-
3 ApPEHHpO- ro pacco- | Tofiun- pOBaHHS BHII HHS
= BannbI JIEHHS BLIff HJH pas-
3 6aBaeHNSA
a,
L
: I o
b Herny- | Hpenn- IToa- Heycrofi- Yerofi- | Onmpecne- B HckycerBeHHOM Jpe-
6oxoro | popaHHbI BHXHBIA | 4yABOro pac-| unBuli HHSA HaXe HeT HeoOGXOXHMOCTH
3aJjera- COJIEBHSI
—_— HAS
TPYHTO-
B BWIX BOJ Yerofi- | Pacconenus B opoutenun ner HeoGXOAHMOCTH
YHBLIH
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Cna6o-
ApeHHDO-
5 BaHHUbIH
=
o
L
=]
Q
@
]
m
Q
o
fa
=
a
a
[
=
w | [ay6o- | Lpennpo-
B KoTo 3a-| BaHHHIH
= nerauus
5 | rpynro-
£ | Bux BOX
[}
s
Q
(5]
3]
gz
T o
=5
; [
5 a8 Cuna6o-
a3 AperHpo-
=& BAHHHH

Yerofi- Unrencus- | Yeroh- | Hurencus- | Heycrofi- Mennen- A3oBcKasn,
ansei HOTO 3aco- | 4MBHIA HOTO KOH- | 4YHBHIZ HoTo ompec-| Kapanro#i-
JEeHKS HeHTPHpO- HeHHs ckasi (Ces.
BaHUA K aBkas)
IonBrx-1 HeyeTtofi- Heyec- Konnenr- Yeroitup- Oupec-
Huit ypBOro 3a- | ToHUH- pHpOBaHHA | Buifl HeHHA
COJIEHHS BBIH
Yeroii- aBH B opomennn Het Heo6XORHMOCTH
Y o-
YHBBIH BeCHBHIf
Ycro#i- | Hurencus- | B nckyccrsenHom ApeHa-
YHBHEIH HOTO onpec- | XXe HeT HeoGXOHHMOCTH
HEHMS
Tay6okoro
OlPECHEHHS
Juuamu- Heyc- | Meanenno#t | ¥Yeroktun- Hurencus- | Huryaen-
4eckoro rofiuu- | MHBeDaAH- | Buit Horo onpec- | kas (YCCP)
paBHoBecHs | BbIH 3alMH HIK HEHHS

OllpecHEHHS
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INporoaxenne Tabn 235

EcTecTBERHAA UOHHO -
coneBoft peXKHM TOJIHLH

HoHno -CONEROR PEUM NOPOBBX BOJ 30HH ARPALRH

B yCHAOBUAX OPOIIEHUS

Tlprmep opo-
WA eMOTD MaC+
cHBa C B&H~

aKTHBHOTO BOXOCONE-
o6meHa 6e3 MpuMEHeHHs O TPHEMEHERMeM HCKYCE T HbIM HOHHO -
§ | Obaacte Pafion HCKYCCTBEHHOTO ApenaXa BEHHOTO JPeHaXa €oJlesbim Pe-
E KUMOM (Ha -
£ 3BAHHE OPO~
« F CHTEJILHOR
= g Tun Bua TEN Bag Tan Bax ~HCTE Mbi)
& | =
5 Heray- IlpeaHPo- [Tog - . ycroy- Pagﬂoseo B ucxyccrBenHom Apena-
BaHHHIH BH K HbLH SHpHIf HBIA xe HeoOXONHMOCTH Her
w | OGOKOrO
e | 2| 3asETA-
= | HHA .
B = rpyHTO- Yeroii- | Pasto- B opoierHd Her Heo6XOAHMOCTH
5 N p o
$ | Bx Box Caabo YHBBIH BECHHIf
8 ApEHHp O-
—t BaHHBIH
g 3aconeuus | Ycrofi- | HMureucus- | Heycroii- Onpecnue- Kpacuo-
A = 4HBRIR HOH MHHe- | 4HBbIH HHS 3HaMeHcKas
§ paJiH3anHg (YCCP)
PUS—
§ o Heycroii- Heye- Papnosec- Yeroii- Hureucus-
5 3 BAXKHMA | anBoro pas-| Tohum- HBIH YHBBIH Horo onpec-
2 HOBeCHs BBIY HeHHA
Q
]
-
=
-]
by
B [l Ycro#i- | PaBHoBec- B opomeHnn Her HeoGXOZHMOCTH

YHBLIH HBI




BOA B npejenax 3THX ABYX THIIOB PeXHUMA BBIACAAIOTCA CAEAyIo-
IHe BUABI HOHHO-CONEBOTro pexuma. JlAs 30HB HeROCTATOUHOTO
yBJaxueHus: 1) orpecHeHUs; HHTEHCHBHOTO KOHUEHTPUPOBAHHS,
nepexofAWHi MpH HCKYCCTBEHHOM JpeHaXke B PexKHUM MeA1eHHOro
oripecHeHus; 3) MHTeHCHBHOTO ONpecHeHus; 4) MennieHHON MuHe-
panu3aluH HJAW ONIPeCHEeHWsl, MHepexXoAAllUil [IPH HCKYCCTBEHHOM
JpeHa¥e B PeXHM HHTEHCHBHOTO OfIpecHeHHs; 5) HHTEHCHBHOI
MUHepaJi3alud, MepexXOiAiluil B pexxuM onpecHeHus. B npege-
JiaX 30HEl HEYCTOHUHBOTO YBJIAXKHEHWUs BLIAGAAIOTCS CAELYIOIINE
BUAB HOHHO-COJIEBOTO peXHMa [OPOBHIX BOJA [pPU OpPOLIEHHH:
[) vHTeHCHBHOrO onpecHeHus; 2) onpecHeHHs; 3) KOHIEHTPHPO-
BaHWUfA, NepeXOAflUA MpH HCKYCCTBEHHOM JpeHaxe B PEXKHM
onpecHeuns; 4) rayGoKOTO OnpecHenus; 5) ycTOHUHBOrO pasHO-
Becud; 6) HeycTOHUHBOrO paBHOBECHA, MEPeXONAIUE npu Ipe-
HaXe B PeXHM IJ1yOGOKOrO OllpeCHeHHS.

CxeMa KjaccUOHKAIMH WOHHO-COJIEBHIX DPEXUMOB [OPOBEIX
BOJ TIpuBeieHa B TaGn. 35.

§ 4. OcobenHOCTH hOPMUPOBAHKA HOHHO-CONEGBOrO PEXKHMa
HPPHFaUMOHHO-TPYHTOBLIX BOA

B 3aBHCUMOCTH OT HaNpaBJAEHHOCTH PEXUMOOGPA3YIOIHX PO~
11eCCOB BHIAEAAIOTCA YCTOHUMBBIA W HEYCTOHUMBHIA THNBL MHOrO-
JIETHET0 WOHHO-COJIEBOTO peXXUMa HPPHTAUOHHO-ID YHTOBLIX BOA.
B coorsercTBHM € HANpaBIEHHOCTHIO H3MEHEHHH MHHepaHu3aLHH
1 HOHHOTO COCTaBa NPH OPOLIEHHH MOXKHO BHIAETUTL TaKHe BHALL
HOHHO-COJIEBOrO PEeXUMa HPPHIallHOHHO-TPYHTOBLIX BOA: HHTEH-
CHBHOe OlIpecHeHHe, ONpPeCHeHHe, MeAJleHHOe ollpeCHeHUe, HH-
TEHCHBHAsA MHHepaJu3anus, MHHeDaJu3auus, MejjeHHas MuHe-
panusanus.

[Ipu wuccrenoBaHHH HOHHO-COMEBOTO peXHMA WPPHUTANHOH-
HO-TPYHTOBBIX BOJ, C/JeAyeT YUNTHIBaTh OCOGEHHOCTH ero g¢op-
MHPOBaHHS B YCNOBUAX OTCYTCTBUSL HCKYCCTBEHHOTO JpeHaxkKa,
ero HaJlHuuA B HayaJe 3KCIyaTalii OPOCHTeIbHOIO MacCHBa WIN
ero BBOjA B JeHCTBHE NpPH 3KCINIyaTaluud cucreMbl. [Ipu 3Tom
HeoOXOAUMO OLEHHTb THIl H BUA MHOTOJETHero pexuma, CTaiHH
ero (opMHpPOBaHHS, HaNpaBieHHOCTL U3MEHEHUs HOHHOro co-
CTaBa H KOHEUHYI0 BOJHO-COJIeBYIO 00CTaHOBKY. BoaHo-cofieBast
o6CTaHOBKA OIpeJe/asieTCs TEMH Ke dJIeMeHTaMH, uTo U NpH ecre-
CTBEHHOM HOHHO-COJIEBOM pexuMme, ¢ Toll pasHuleH, yTo NoJoXKe-
Hye YPOBHS HPPUTAUHOHHO-TPYHTOBHIX BOj (PUKCHPYeTCs OTHO-
CUTENLHO TIYGHHBI KPHTHYeCKOro ypoBHsA. Ce30HHBIH MOHHO-CO-
JIeBOH pexXUM OTpaxkaeT nepepacripefienieHye cojefl MeXAy mopo-
AaMW 30HBl aspallid WU HMPPUTalHOHHO-TPYHTOBLIMH  BOAAMH,
HMeeT cBOH 0cO6 eHHOCTH Ha KaJAOH cTafiuu (opMHPOBaHHS MHOIO-
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JIETHET'0 HOHHO-COJIEBOTO DEXHMA H 3aBHCHT OT (PHILTPALHOHHBIX
noTeph HPPHTANHOHHBIX BOJ, 06heMOB NOJHBHBIX H [IPOMBIBOY-
HBIX HOPM, MEPHOAHYHOCTH H YAacCTOTHl MPHMEHEHHSI YBJI&XKHH-
TeJIbHBIX MePONpPHATHH.

Ouenka ocoGeuHocTell (POPMHPOBAHHA HOHHO-COJMEBOIO pe-
JKHMA& HPPUTAIIHOHHO-TPYHTOBLIX BOA AAeTCsl JJIs1 30H HeAoCTaTou-
HOrO H HEYCTONUYHBOTO YBJIAXKHEHHA B rpefenax TeppHTOpHI
¢ ollpefeNleHHbLIMH BHAAMH eCTECTBEHHOTQ HOHHO-COZeBOTO pe-
xuMa. CxeMa KmacCH(pHKALHH HOHHO-COMEBBIX DEeXHMOB HpPpH-
TallHOHHO-TPYHTOBHLIX BOJ NpHBeleHa B Taba. 36.

dopmupoBaHHE HOHHO-COJIEBOTO PeXXHMA MPPUTALUOHHO-TPYH-
TOBLIX BOJi B YCJAOBHAX HEJOCTATOYHOTO yBAAXHeHusd, B saBuch-
MOCTH OT €CTeCTBEHHOTO HOHHO-COJIEBOTO peMHMa TOJILIH aKTHB-
HOro BojnocoJeo6MeHa, ONpefe/nsgeMOro OCOGEHHOCTAAMH MeHopa-
THBHO-THIPOXHMHUYECKOH OOGCTAHOBKH, B 30He HeJOCTaTOYHOrO
yBJaXKHEHHI MOXHO BbIIEIHTh YCTOHUHBLIA H HEYCTOHUHBHIN
THIBI HOHHO-COJIEBOTO DeXHMA HPPHIaUHOHHO-TPYHTOBBIX BOJ
 LIECTh HX BHIOB: 1) HHTEHCHBHOTrO ONpecHeHH#; 2) ONPeCHeHHS;
3) MenjeHHOro ofpecHeHus;; 4) HHTEHCHBHOH MHHEpaTU3aLHH;
5) MuHepanusanuy; 6) MenTeHHO# MHHepaTH3AIHH.

Yemouiausonl  UOHHO-COMEBOL peCUmM MEOACHHO20 ONPECHERUR
epynmosolx 6o0. Popmupyercss Ha (oHe ecTeCTBEHHOI'O DeXuMma
paccoseHusl B NePBHYHO3aCOJMEHHBIX [OPOAAX NpH IMyGOKOM 3a-
JIeTaHHH XOPOLIO APEHHPYIOIHXCS TPYHTOBBIX BoA. JlaHuuifl
BHA HOHHO-COJIEBOTO pexuMa sABafeTca Hanbonee GRalONPHAT-
HBIM, HCK/IOUaeT TaKHe fIBJeHHs, KAK BTOPHUHOe 3aco/IeHde H 3a-
Go/1auHBaHHe; HPPHTALHOHHO-TP YHTOBbIE BOAH He TpeOyIoT HCKYC-
CTBEHHOTO JPeHaXd NpPH JOGOM DeKHME YBJIaXHHTeAbHBIX Mepo-
NPUATHH; TAyOHHA 3epKaia BoAbl B pe3yJbTare (HILTPALHOHHBIX
noTeph {IPAKTHUECKH He H3MmeHsercs. [ljs paccmaTpuBaeMoro
BHia MHOTO/IETHETO HOHHO-COJIEBOTO DerKHMa XapaKTepHhl clle-
AytollHe cragud (POpMHPOBAHHUA:

I — yBe/qHuenne MuHepanH3alH¥ HPPHTALHOHHO-TPYHTOBLIX
BOj 34 CueT Pacco/ieHHs NOPOJ 30HBL a3pPAalUHH H BLITECHEeHHUS BhI-
COKOMHHepa/lH30BaHHBIX MOPOBHIX BOX  HH(PHIBTPYIOILHMHESA
TNOJIHBHBIMH, TPOMBIBHBIMH H atMocepHbIMH BoaaMH. B pesyab-
TaTe nopoabl 30HBI a3palHH OCBOGOMAAIOTCA OT JIEIKOPACTBOPH-
MHX coJeH, MHHepaIH3alHs BePXHHX CJI0eB IPYHTOBLIX BOJ BoS-
pacTaer B HeCKOJILKO Pas, 4 HOHHAIN COCTaB M3MeHseTCa B CJ8LyIo-
ueM Hampasienuu: SOZ”—SO2™, Cl-; Ca?*, Na*— Na*, Ca®'.
Koneunast mna 3toft craguu BojHo-conepas o6eranoska: ¥ I'B >
> Ky, Cn ECI, Ca >CH1 C]_ > C01 C0p< C]_;

IT — onpecHenHe TpDYHTOBBIX BOX 32 CyeT [OCTYIVIEHHS
HHQHILTPAHOHHBIX CNTaGOMHHEePATH30BAHHEIX BOA B YCOJOBHAX
OTCYTCTBHS 3ailacoB JIeTKOPAaCTBOPHMBIX cojlefl B mopojax 30HHL
aspauun. Ilpu xopouem papenaxe onpecHeHHe MOPOHCXOAHT 32
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36. KnaccHdHKkauHs HOHHO-COJIEBHIX PEXHMOB HPPHTAUHOHHO-TPYHTOBLIX BOR

HoRHO-CONEBON pPeiKHM HPPHTALHOHHO - FPYHTOBHIX Ipumep
EcrecTBeHHLI! HOHHO= BOJ B YCJIOBHAX OpOLICHHS TEPPHTOPHY C
cOneBOH pPEeXHM TOJIH OPOCHTEJIBHO
Ilpo- aKTHBHOTO BOZOCOJIE- CHCTEMO,
3oHa BHH ~ Obnacth Pa flon o6MeHa 6e3 npumeHeyus C PIPUMEHEHHEM HCKYC- HMEIoImeH
LHsE UCKYCCTBEHHOTO JpeHaXa CTBEHHOr0 JIPeHAXa AaHHBLY
HOHHOCOJIeRO Y
2K HM
THII BHZA THII BHA THII BRR pe
A Cay6okoro Jlpenupo - Paccosienus MeanerHoro lerepanoBckas
3aJieraHHsa BaHHKH OfpecHeHHs
TPYHTOBHIX Yerofi- B HCKYCCTBEHHOM ApEHaXe .
BOA YHBHIA HeT HeOGXOAUMOCTH |
Yarof- u
HTEHCHBHOTO
5 4HBhIA pacconie HHs Ornpeene Rust
Crato- Mennennoro | Heycrow- [ MEATGRHOTO | woron. | Ompecrenus
A ApERHPO - PBCCOIEHHS 4HBBIA oupecHerus qHBHA
@ BaHHBIY HJIH MHHepa-
= JIH3AUAN
o
g
B 8 Herny6okoro | Ipenn- Ho,zuag)x- HeycrofiuuBo-| Veroli- | MeAnennoro | B HCKycCTBEHHOM Apeua-
@ saseramus POBAHHKE HHI ro pacconieHust| uuBHIfl OHPeCHEHHS K€ HeT HeoGXOAHMOCTH
] TPYHTOBBIX
Z =02
o
B a PaccosieHust B opomerun Het Heo6GX0ZHUMOCTH
= Yeroit-
4HBhIY
Cna6o UnTtencunHOro | Ycroft- | Hnrencusnoit | Heycrofi- A3oBckas n
A ApeHd - 38CONEHUA YHMBHY  |MHHEDAJH3LHM] uYHBHI KapaHroifickas
pOBaHHLIR MeannedHOTO
ONpeCHEeHHS
[oaBuxk= { Heyctoituuso- | Heycroli- { MuHepasusa- { Ycroltun-
B HHR ro 8aCOJIEHHS YHBHIA L HH B -
B B OpOmEHHH HET HEOGXOIHMOCTH
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Tny6okoro Jlpeun- Ycrofl- PaBHOBECHKIA Ycroii« OnpecHenust | B HCKycCTBEHHOM ApeHa-
3ajieraHds | PoBaHHRI YHBRIA YHBRI K€ HeT HeoOXOoJuMOCTH
TDYHTOBHIX
BOQ -
Hutencuasnoro
OnpecHeHHs
E Cna6o- Jlunamuuecko-| Heycrofl - O:eng‘;;’ég:H'
. 0 - Vertoli-
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Puc. 24. Cxema ¢opMupOBaHHA  YCTOHUHBOTO HOHHO-COJIEBOTO  peXHMA
MeJJIeHHOI'O ONpecHeHHA TPYHTOBLIX BOJ:

1 — ypoBeHp HpPHTALROHHO -FDYHTOBRX BOZ; 2 — ypOBeHb CoOCTBEHHO-IPYHTOBHX BOZ;
3 — ypopeHb KaHHJAJAApHOH KaHuMbl, 4 — KpHTHYECKRH YPOBEHb HPDHIALHOKHO -FPYHTOBBIX
BOZ; 5 — ypOBeHb HCHAPEHHS M TPAHCTIHPAUHM KaNHJAJASApHON KafMbl; 6 — ypoBepb HO-
BepXHOCTR SE€MJIH; 7 -—— FPAHHIa MEXAY CJHOSMH BOJ C PpasHYHOH MHHEpaJH3aunei;
8 — cjiod moj ¢ pasHoll MuHepasmnaauued; 9 — MHBEPaJH3ALMST HPPHTAUHOHHO-FPYRTO-
BbIX BOg; [0 — HOMep cTagHH GOPMHPOBAaHHA HOHHO-COJEBOrO pEXmMa; // — Hanpas-
JIeHMe ABHXKeHHS BJarH; 12 — 3aCOJIeHHOCTb NOPOJZ, BMEIAWUHX IPYHTOBHE BoAs; [J—
MEHEpPaJin3auns NHOPOBHX BOA; [4 — 38COJEHHOCTL TOPOA, 30N a3pauHn; I5 — Mube-
panHsauus OpPOCHTENbHBIX BoA; /6 — MHHEPAJH3auHd COOGCTBEHHO-TPYHTOBHWX BOA.

CueT 3aMelleHHs1 [IPEeCHBIMH HPPHIAIHOHHBIMH BOJZAMH BBICOKO-
MHHePa/Ii30BaHHBIX B pe3y/ibTaTe HHQHALTPALHUH, a TaKkKe Bhl-
paBHUBaHHS KOHLEHTPAIHHA o BCeH Macce rpyHTOBHIX BOA BCJeA-
cTBHe seficTBHA QuabTpanuouuo# auddyzuu. Msmeneune nonHoro
coCTaBa MPOMCXOZHT mo cxeMe: SOZ~, ClI-—HCO;; Na*,
Mg** . Ca®t, Kouewnas jadad JOaHHOH CTafiHH BOAHO-COJEBast
o6eranoBka: YI'B > KV, Cq > Cy, Ca > Cy, Co < Cy, Cop < Cy;

III — crabunuszanusg MuHepajiH3amHWH H HOHHO-COJIEBOTO CO-
craBa. BosHuKaeT npu HACTymJeHHH PpABHOBECHSl TPHXOZHBIX
U PacXoAHBIX yacTell BOAHOTO H COJIeBOTO 0a/laHCoB B TOJ0BOM
H MHOroJieTHeM [iauax. MuHnepajusanHsi H HOHHO-COJIEBOH CO-
CTaB MPPHTALHOHHO-TPYHTOBHIX BOA B 3HAYHTEILHOH CTelleHH
ofipefleifeTcsl HpPHranHOHHBIMH BoAamH. Koneunas BoaHo-coxe-
Bast 00CTAHOBKA B YCAOBHAX CTaOHJH3AIHH PeXHMA CcleAyoas:
YIB>KY, Ch=C, Co=Cy Cop < C;. Cxema GopmupoBanHs
CTaAHH HOHHO-COJIGBOTO peXHMa IPHBefeHA Ha pHC. 24.

[Mpuwmep 14. Cragun bopMHpoBaHHA YCTORYHBOTO HOHHO-CONEBOTO
peXXHMa MeJJeHHOTO ONpecHeHHsd TPYHTOBHIX BOJ XOPOIIO NPOCJEKHBA+
BalOTC Ha TeppuTOpHEH [eHepaloBCKOR OpoCHTENbHOH CHCTEMB, pacmno-
JOKEHHOR B 10T0-3aNnafuoh uacrn BoArorpaackoh oGractn. 3necy B mpe-
genax I u 111 nagnmofivenunix Teppac Joua u ero JeBoGepexXHOro NIpH-
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toxa p. Ecayiabckufi AKcafi Xopowo ApeHUpyouiHecs IPYHTOBbie BOIBI
3a/eraloT Ha raybune 5—20 u Gojlee MeTPOB; MOPOAL 30HBI a’3pallyl  nep-
BHYHO3ACOJIEHBl, MOYBH CONOHLOBLIE, MPYHTOBBIEe BOAH T'iApOKAapOOHATHBIE
cyinbatHbie, XJOpHAHBE, HaTpPHeBbie C MHHepajmdaunedt [—5 Kr/m3,
B nepsuie rofs opomernHa (¢ 1959 r.) mabamopalocs pe3koe yBeaHIeHHe
MHHepaau3auHu rpyHToBsx BoA (oT 30 9 mo 7 pa3s) 3a CueT pacTBOPeHHSH
coJiefl, BheTaYHBAHHSA NMOPOA 30HH a3pallih, ¥ KATHOHHOro obMeHa ¢
COIOHYAKOBHIMH MNOYBaMK; YyBelHYeHHe MHHEpaJH3alHH MOPOHIOILIO 33
cueT BO3pacTaHus B BojJe KOHUEHTPauuil HOHOB HATpHA, CY/IbhaToB H XJO-
pa (I cragus). Hauunas ¢ 1963 r., na6mogaerca onpecHeHne TPYHTOBHIX
BOJA 3a Cc4er NMOCTYMJAEHUS NPECHBX WHOHABTPAUHOHHHX BOJ ¢ MHHepaJH-
ganuzi 0,20—0,33 kr/m® (I1 crapus); B nanbHeflieM GOJbIIHX CKaYKOB B
W3MeHEHHH MuHepaiH3alliy He HalJMI0AanoCh, TO €CThb HACTymHja crabuH-
salusf HOHHO-coneBoro pexuma (II] ctaaug). B peayabTaTe chpopMHpoBa-
auck npeciue (1o 1 Kr/M3) HppUrallMOHHO-TPYHTOBEHE BOABI THAPOKapfo-
HaTHOTO HAaTPHEBO-KAJbUHEBOrO COCTaBa, ONH3KHE MO XHMHYECKOMY
coCTaBy K opocuteabiuM. [TouBs H NOPOAB 80HB &3PAUHH MOJHOCTBIO
0cB0oOOAKIHCH OT JIETKOPACTBOP HMbIX H YaCTHYHO CPeAHEPACTBOP HMBIX CoJIeft

Heycmotiuugeui uonHo-coaegoll pexcum MeIAEHH020 ONPECHER U
2pyHmogotx 800 uAu MedAeHHOU Munepasusayuu, nepexodauyutl
8 YCAOBUAX UCKYCCIMBEHKO020 QPERAdca 8 pexcum ycmolinusozo onpec-
nernus, Popmupyerca Ha QoHe eCTECTBEHHOTO PEXHMA MelJIeHHOTo
paccofiends TOJAmH AaKTHBHOTO BOJO0COJieOOMeHa B IMEePBHYHO-
3acoJIeHHBIX MOPOAaxX IpH CJaGoM ApeHHPOBaHHH TAyGOKO3ajie-
FAIOWIMX TPYHTOBHIX BoA. [Ipu Goublunx ofmeMax (uiILTpaiHoH-
HBIX MOTeph CO BpeMeHeM ypOBeHb TPYHTOBHIX BOA MOXKeT MOIHs-
ThbCsl BhILIE KPHTHYECKOTO, BO3HHKHET NOTPeGHOCTb B HCKYCCTBEH-
HOM jipeHaxke. B yCioBHAX npuMmeneHHs HCKYCCTBEHHOTO ApeHaXa
HEYCTOHUMBLIH THII pPeXHMa NePeXOAHT B YCTOMYHBBIA. Muoroser-
HHH HOHHO-COJIEBOH PEKHM HDPHTallHOHHO-TPYHTOBLIX BOX [IpH
BBOJle B JefiCTBHEe HCKYCCTBEHHOTO ApeHaxa rocie MojbeMa ypos-
Hfl BOJ| Bblllle KPHTHYECKOTO B JAHHBLIX MeJHOPAaTHBHO-THAPOXH-
MHYECKHX YCNOBHAX BKJIOYaeT B cefsl ClefywollHe CPaiHH:

I — poct MHHepasusanuyu BepXHHX CJ0eB TPYHTOBHIX BOA 33
CyeT BBITECHEHHSI BLICOKOMHHEpA/IH30BAaHHBIX MOPOBHIX PacTBO-
pOB H3 nopoj, 30HB! a3palHH HHPHABTPALHOHHLIMH BOJAMH, & TaK-
JKe 33 CyeT pAacTBOPEHHs H BBIHOCA JIETKOPAaCTBODHMBIX COJjieit
TBepAoH ¢asel. OCHOBHEIM PEeXXHMOOGPA3YIOUHM [IPOLECCOM Ha
3TOH CTafWu fABJAETCA PACTBOPEHHE; HOHHBIA COCTaB BOA H3Me-
userca mo cxeme: SO;~, ClI"—ClI-, SOI™; Na*, Mg?* — Na*;

IT — cHmKeHne MHHepajiH3aUHH BePXHHX CJ10€B TI'DYHTOBBIX
BOJ 3a CyeT pa3GaBieHHs OPOCHTENBLHLIMH BOAAaMH B YCJIOBHAX,
Koraa Hau6oJee DacTBOPHMBIE COJIH BbLIHECEHBI H3 MOPOA 30HEE
aspanun. OcHoBHBEle PeKNMOOGPA3yWOLUIHe [POLECCH: pacTBOpe-
HHe, KOHBeKTHBHOe MepeMellleHHe WOHOB, QUibTpamHOHHAs AUG-
dysua (Cl-, SOi'—»-SOf“, Cl; Na*— Na*, Mg?*);

ITI — otHocHTeNbHast cTaOHAH3AHA MHHEPANU3alHH BepX-
HHX CJl0eB TPYHTOBRIX BOR B YCJOBHAX HeGOMLIUOH MOIIHOCT#
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30HB MopkeMa 3epKana Boibl. OCHOBHEIM peXXHMOOGPasyiomuy
IIpoueccoM ABJAETCA KOHBEKTHBHOE [lepeMell(€HHe HOHOB (UMLT-
pauuonnsM notokoM (SO, Cl~—SO%~, HCO;; Na*, Mg*—»
-~ Na*, Ca?),

IV — mnosnilenne MuHepanu3auuy TPYHTOBEIX BOj 32 Cyer
pacTBOpeHHs coJiell, BHILENaIHBaHHA TBepnoH (assl Nopox u Ka-
THOHHOOOMEHHBIX peakKUUil B BOJOHACHIIEHHOH 30He NoxbeMa
YPOBHA HPPHTALHOHHO-TPYHTOBEIX BOA. JTa CTauHf BO3HHKaeT
B yCJAOBUAX OBICTPOro noxbeMa ypoBHA W GOpMupyeTcss B OCHOB-
HOM 34 c4eT PacTBODEHHA CpenHepacTBOPHMBIX CoJielt u ocTas-

WwHxXes B MOpPojax Jjerkopactsopumbx (SOZ~, HCO; — SO2~
Na*, Ca?*— Na');

V — yMmeHblieHHe MHHepaiH3aldH BepXHHX CJlOeB TPYHTO-
BHIX BOJI 33 CueT pa36aBjleHHs] OPOCHTENbHBIMH BOLAMH B ycJIO-
BHAX, KOTAa H3 [OpOXL 30HH adpalHH M 30HEl NOABEMAa YPOBHA
BbITECHEHBI BCe JIeTKO- H cpeiHepacTBopuMbie cosid. MoHHslil co-
CTaB uaMeHserca chenylomuM o6pasom: SO, HCO; —HCO;
SO%™; Na*—~Ca®, Na*. OCHOBHEIM DeXHMOOSDA3yIOUHM [IpO-
[eccoM fBJAETCA KOHBEKTUBHHIH I[lepeHOC HOHOB (UABTpaIlHOH-
HBIM [OTOKOM;

VI — yBejndeHHe MHHepaJdH3aUUH BepXHHX CJ0eB TpYHTO-
BbIX BOJ 3a CUeT pPaCTBOPEHUs W BHIHOCA HHDHILTPAINHOHHBIMH BO-
JaMu coJjiefl, HaKalJIHBAOWHXCA B NOPOAAX 30HBI a’palHH 34
CyeT ucnapeHus BJard KanuinsapHo# kalMbl. Cragds MoXer Ha-
CTYOMTh B TOM CJlydyae, Korja IVyGuHa 3ajeraHHsl KaluadsapHON
KaHMHl IpYHTOBBIX BOJ, MeHbiue IVIYGHHH, Ha KOTOPOH HayHHaeTcs
ucnapeHHe W TpaHcnHpauus moposuix Box (VHKK). Ecau npu
3TUX YCAOBHAX INyOMHA YPOBHS IDYHTOBHIX BOj OymeT MeHblie
TIyGHHBL KpUTHUECKOTo ypoBHa (VI'B < K¥), coiu Moryt B pe-
3yJbTaTe UCIAapHTeJLHOTO KOHUEHTPHPOBAHHS [OPOBHIX PacTBO-
POB HAKAMIUBATECS B TOJULE AKTHBHOTO C/IOA TOUBHI, T.6. BO3HHK-
HeT yrpo3a BTOPHYHOrO 3acoleHds mousbl. [Ipy yBeTuueHHH Mu-
HepalH3aldH HPPUralHOHHO-TPYHTOBHIX BOA Ha JaHHOft cTajuu
$opMHPOBAHHA HOHHO-COJIEBOTO peXXuMa HOHHBIH cocTaB ux Gyaer
HaMeHATbCA Mo cienyiomeii cxeme: HCO; , SO~ —S0;—, HCO, —
~SO¥" S0}, CI—; Ca**, Na*—»Na*, Ca**— Na*, Mg2*—>Na*.
OCHOBHBIMH PeXUMOOGPa3YIOUMH [IPOLECCAMU ABJAFIOTCA: KpHU-
CTaj/Nu3aunsa, pacTBOpPeHHe coJleit B Mopojax 30HBI adpauuu
KOHBEKTHBHOE [1epeMeilieHiHe HOHOB HH(PHIBLTPaUHOHHBIMH BOAAMH
#a ypoBeHL IPYHTOBBIX BoA. B Tom ciyuae, ecn ypoBenb rpyH-
TOBBIX BOJ, IIOIHHUMAETCS BblI€ YPOBHS HCHNAPEHHS KallHJAsapHOH
kaiivel (VB < YHKK), B npouecce HoBHIIEHHS MHHEpaiu3a-
IHH TPYHTOBBIX Boj GY/eT y4acTBoBaTh TaKxKe BHYTPHI'DPYHTOBoOE
WcrapenHe H TpaHCHUPauHus;

VII — yMmeHbllleHHe MHHepaliu3anidd BepXHHUX CJoeB TPYHTO-
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BLIX BOJ 3a cueT pa3baBieHns UX QUILTPAIHOHHHIMA B YCJAOBUSX
HCKYCCTBEHHOTO ApeHawa. McKyccTBEeHHBIA Apenax 0pu HACTY-
JIEHHH UIeCTOH CTajHH (PUMEHSETCS B TOM C/yuae, eCjH BO3HH-
KaeT yrposa BTOPHYHOTQ 3aCOJIEHHS AKTHBHOTO CJIOSl [IOYBH, TO
ecth Korna ¥I'B < K¥. B pesynbTare ppenaxa ypoBeHb TpYH-
TOBBIX BOJ CHHXKaeTcsl 10 TJIyGHHBI MEHbIIe KPHTHUeCKOH, YJyu-
IIAIOTCS YCIOBHA BOAOOOMEHA, MOPOJbl 30Hbl a3pPalHy HHTEHCHBHO
paccosisioTes, a COJIH, MOCTyMaioule B TPYHTOBRIE BOIBI, BBIHO-
cATCA 33 Tpeiesikl OPOCHTeNbHOTO MAacCHBA € APEHaXKHLIMHM BO-
NAMH B MECTa HX pa3rpy3kd. 3anachl cojiell B 30He AaKTHBHOTO
BOOCONIeO6MEeHa YMEeHbUIAOTCA, MpecHble HH(PHALTPAUHOHHbIE BO-
Abl, OCTYNas HA yPOBEHL TPYHTOBHIX BOJA, MOCTOSTHHO 3aMeliaioT
‘6oJiee MHHEPAJH30BaHHBEIE MacChl BOAB [IPH KOHBEKTHBHOM Mepe-
MEIUEHHH, MepeMeIlHBaHH # BbIPABHUBAHHH KOHLEHTPALHH my-
TeM GuabTpanuonnof nuddysuu. Hamenenue HOHHOrO cocTaBa BOR
npn sToM HaeT mo cxeMe: SO;”, Cl-— SO}~ — SO2~, HCO;;
Na*— Na*, Mg**— Nat*, Ca**— Ca®, Na'.

VIII —— craGunu3auusa HOHHO-COIEBOrO pexuma. Hacrynaer
[pd paBeHCTBe NPHXOAHHIX H DPAaCXOJHBIX 3JEMEHTOB COJIEBOTO
fananca B ToMUE AKTHBHOTO Bojocojieo6MeHa. Muuepanu3auus
H COCTaB TPYHTOBHIX BOL CTaHOBATCA ONHOPOAHBIMH [0 BCEMY
o6bemy. VIOHHBII cOCTaB HPPHTallHOHHO-TPYHTOBBIX BOJ B [O-
JUBHOH MepHOA MpHOJHKAETCA K COCTABY OPOCHTEJNLHBIX BOJ:
SO2~, HCO; — HCO;, SO~ —HCO;"; Ca**, Na*— Ca?*,

Cxema GOPMHPOBAHHA MHOTOJIETHETO HOHHO-COJIEBOTO PEXUMa
HEYCTOHYHBOTO ONpPECHEeHHA B YCJOBHAX E€CTECTBEHHOTO ApeHaxa
H YCTOHYHBOTO ONpeCHeHHs B YCJOBHAX HCKYCCTBEHHOTO JpeHa-
kKa npusenena Ha puc. 25. I'panuna Mexay CJI0AMH BOJ C PasJauy-
uoit Mauepanuzanuefi (Cx, Cy) Ha pHCYHKe HOCHT YCJOBHHI Xa-
paKkTep; B OPUPOLHBIX YCHOBHAX MEXAY STHMH cJoAMH GOPMH-
pyercs mepexolHas 30HA, B [pefesaX KOTOPOH KOHLEHTpauns
BoAn (C) uamenserca ot Cy 1o Cy. Co BpemeHeM LIMPHHA NePexoj-
HOH 30HBl YBeJWUHBAeTCH 3a CueT [POLECcCOB (GHABLTPALHOHHON
Audhysun. B coorBeTcTBHH €O cXeMofl, B KOHIe KaKAOH CTaldp
GdopMupyerca chepywoollad XapakTepHass HanGojiee BeposiTHas
BOJHO-cO/eBass OOCTaHOBKA.

EcrectBeHHHI  HOHHO-COMeBOH  pexuM — YKK > VHKK,
¥T'B>KY, Cu>Co Cy > Cy, Coc < Co; UepBast CTagusi HOHHO-
coJieBoro pexkuMma rpu opowenid — YKK > VHKK, ¥T'B > KY,
Co=Cy G >Cy Cy>Cy Cop<Cy, Cy; BTOpaa CTafus —
YKK >¥HKK, YIB>KY, Ci>C, Cia>Cuy Cy<Cy,
Cop < Cy, Cy, Cy; Tpetbs crapusa — VKK >VYHKK, ¥IB >
> Ky’ Cn > Cav Ca > CH! C8 < sz Cop < Co, Cp Cgv Ca;
yerBepTas cramuad —YKK >VHKK, VIB >KY, C.=C,
Ca > Cu, Cy > Cgy Cop < Ci—y; nsitas cragus — VKK > VYHKK,
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Puc. 25. Cxema ¢opMHpOoBanus HEYCTORYHBOrO HOHHO-COJIEBOTO peXHMa

MEJJIEHHOTO OIIpECHEHHS TIPyHTOBHIX BOJ HJIH MeJJe HHOR MHHEpasH3aluHH,

1epexOAAIEro B YCJAOBHAX HCKYCCTBEHHOrO JipeHaxa B PeXHM YyCTOHYHBOTO
ONpECHEHHH,

YIB > KY, Ca>Cs, Cya >Cq C;< Cp Cop < Cos; 1iecTas
crapus — YKK < YHKK, ¥IB < KY, Cy > Cy, Ca > Cy, Co >
> G5, Cop < C3¢; ceppMan crapua — YKK > YHKK, ¥YI'B >
>KY, Cy > C; Ci>Cy, C,<Cqy Cop< C5_7; BOCHMAA CTA-
s —YKK >YHKK, ¥I'B > Ky, Cn>Csv Ca>Cm Cop <C3

B ciyuae npuMeHeHHs MCKYCCTBEHHOTO ApeHarka OJHOBpEMEeH-
HO C BBOJOM B 3KCIJIYAaTaLHIO OPOCHTENbLHOH cucTeMbl (opMH-
pyercs YyCTOHUHBBIF DEXHM OlPECHEHHs] TPYHTOBHIX BOX; MOIBEM
YPOBHS HPPUTAIMOHHO-TPYHTOBBLIX BOJX OI'paHHYEH ollpefelieHHON
HeoOXOAUMOH TJIyOHHOH, a pacco/ieHHe OpPOCHTENLHOTO MAacCuBa
4 CTabU/IH3aLHsA HOHHO-COJIEBOTO DeXHMA MpOH30i1eT B Gonee
KopoTkHe cpoku. [lpu 3tom npouecc dopmHpoBaHHA MHOTOMIET-
HET0 HOHHO-COJIEBOTO PeXKHMA YIIPOCTHTCH, OTVIHUASICh BCETO JIHLIDb
TpeMsl YeTKO BLIPaMKEHHBIMH CTANHAMH:

I — poer MuHepanH3auHH TPYHTOBBIX BOJ 33 CUET BHITECHEHHs
COMEBBIX TOPOBHIX PAcTBOPOB H pacTBOpeHHe cojlefl B noponax
30HBl a3palHd HHOHIALTPAUMOHHBIMH BoZamH (SOZ~, Cl-—Cl
SOZ™; Na*, Mg®*— Na%);

IT — ompecHenne TpyHTOBBIX BoX 3a cueT pa3GaBieHUs Clla
GoMHHePaNH30BaAHHMMH BOAAMH QUILTPAIIHOHHBIX [IOTEph B yCJIo-
8uax cnabopacTBOpHMBIX cosiefl B mopoaax. 3amachl Jierkopac-
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TBOPHMBIX COJle, Tepefiis M3 nOpoA B BOAL B TeueHHe mepBofl
cTalHH, B YCJOBHSIX XOpoOIIero ApeHa)Ka BHIHOCATCA C ApeHaXk-
HBIMH BOAAMH B MeCTa pasrpy3Kd 3a npejesibl opoLIaeMoro Mac-
cnBa. B pedyibrate Macchl COMTeHBIX CDYHTOBBIX BOJ 3aMe-
maoTes npecHsIMH muduabTpannosubiMi (ClI7, SO~ — SOI~,
HCO73; Na*— Na*, Ca?%);

III — crabunnsanns HMOHHO-CONEBOro pexuMa. Hacrynaer
moc/ie MOJHOro BRIHOCE M30BITKa KakK JIerKo-, TaK U CpelHepacTBo-
PHMEIX COJlell 3a mpele/ibl OpOiLaeMOro MacCHBa, MPpH PaBEHCTBE
MPUXOAHBIX H DacXOfHLIX 3/eMeHTOB COJleBOro GajlaHca B 30He
aspallMi M TPYHTOBHIX BOJAxX (SOZ", HCO; —HCOj;; Na*,
Ca?*— Ca?*, Na*).

Yemoiiuusoui  uonHO-coaeB0Ll pedcum URMEHCUBHOL MUHEPAALl-
sayuu epyrmogoix 600, nepexoOauull 8 YCAOBUAX UCKYCCMBEHH 020
dperasica 6 neycmotuusoil pexcum medaerrnoeo onpecrerun. Pop-
MHUpYeTCsl Ha 34aCO/NEHHBIX TeppHTOPHAX NPH HelvIyGOoKOM 3alie-
raHHH CAaGOAPEHHD YIOLIUXCA HIH HeIPEHHPYIOIHXCA IPYHTOBBIX
BoJ HA (POHE eCTeCTBEHHOrO DeXXHMAa HHTEHCHBHOIO 3acOJieHHA.
B ciyvyae nmpHMeHEHHS HCKyCCTBEHHOTO JpeHa)ka MAaHHBIA TR
peXHMa MOXeT mepeiiTH B pexHM HeyCTOHYHBOIO MeLIeHHOIo
onpecHeHns. Ecan HCKyccTBeuHbIH ApeHaXX He 3ddekTHBeH, yTo
B IaHHBIX YCAOBHSAX ABJAAercs GoJee BePOATHLIM, THI H BH] HOHHO-
COMeBOr0 PEXHMA OCTATCA MOCTOSIHHBIMH. B yesoBusix orcyt-
CTBHA HCKYCCTBEHHOTO Jp€Hasa MHOTOJETHHH HOHHO-CO/EBON
peXXuM BKJIOUaeT B ceGfl ClIefYIOINe CTafAHH:

I — yBeJuueHHe MHHepanH3alHH TPYHTOBBLIX BOJ 3a CYET pac-
TBOpeHHA HHOWILTPAIHOHHBLIMH BOJAMH JIeTKOPACTBOPHMBIX CO-
Jiefl B 30HE a3paliMH M BRITeCHEHHS COJIeHHIX TOPOBHIX PacTBOPOB
Cl-, SO:“—-»CI‘; Na*, Mg?*— Na*);

IT — ymeHblieHHe MHHepafn3anuK BepXHHX CJIoeB [PYHTO-
BHX BOJ 3a cueT pasfaBieHHsl HH(PUILTPAIHOHHBIMH B yCJAOBHAX
YMeHbIIEHHS 3amacoB JIeTKOpacTBOPHMBIX coflefl B MOpOAax 30HL
aspainin (Cl=—>SO2=, Cl-; Na*—> Nat, Ca®);

I1] — pe3skoe yBe/qHueHHe 3acCOJ€HHA MOPOJ 30HB a3panyH
U MHHepa/Tu3al{U [PYHTOBHIX BOJA, [IPOHCXOfsiilee 3a Cyer MCra-
PHTEJILHOTO KOHLEHTPUPOBAHUS, KPHCTAAMH3AIUH MOPOBLIX pac-
TBOPOB M BHYTPDHIDYHTOBOI'O HCrapeHusl [DYHTOBHX BOA
(SOZ~, ClI-—CI~; Na*, Ca’*-» Na%).

Tperbs crazua dopMmupyercs B ycHoBHAX GbICTpOro moabeMa
TPYHTOBHIX BOJ, IMyOHHA YPOBHSA KOTODBIX MOXeT CTarb MeHblie
INlyGuHBL Hellapenust Kanuwasipuoi Kafimel (YI'B < ¥ HKK). Ilpn
Janbyedmnx (GUALTPANHOHHBIX [OTEPAX MPOHCXOAHT NOATOMN-
Jenne u 3a6ojauBaHHe OpOLIAEMOrO MacCHBA H CMEKHHIX C HAM
TeppuropHfi. 3aco/leHHe NPOHCXOAHT MO BCEMY MPOQHJIIO TOJIIIH
30HBI a3palliH, BKJKOuas MOBEPXHOCTHHIE CJIOH MOYBH, pas3BUBa-
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IOTCS COJIOHYAKH, 2 MHHEepaiH3auHf [PYHTOBBIX BOX AOCTUIAeT
HECKOJNIbLKHX AECATKOB KujorpammoB Ha KyGomerp. Koueunas
BOAHO-coMeafl  obcraHoBka: /B < K¥, VKK < VHKK,
Cﬂ > Co, Ca > Cl-n Cop < C()o

B ycnoBusx gocratouHod 3pPEeKTHBHOCTH HCKYCCTBEHHOO
IpeHa)ka BO3HUKAET peXuM HEYCTOHYWBOTO OMPECHEHHSA, TaKxkKe
Xapakrepusyiowniica Tpems craruamu ¢opmuposauua: [ — pocr
MUHEpaJU3aLUY IPYHTOBLIX BOJ 32 CYET PAcCoJieHus TOPOA 30HK
aspalid H BHITECHEHUS W3 HHX CONEHBIX MOPOBHIX DPaCTBODOB;
11 — ymeHbuleHUe MUHepajiu3allid FPYHTOBBIX BOJ 3a CUET pas-
GaBnenus uppuranuonnbiMu; I11 — poer Mudepannsauuu rpyH-
TOBHIX BOJA 3a CYET WCIApUTENIbHOIO KOHUEHTPUPOBaHHS (npu
nolbeMe YpoBHA B pe3yabrate OQUALTPANUOHHLIX TOTEPL) W
CHIKeHHEe MUHepalu3alid B MEXMOONUBHOH mepuoa (3a cyer
BRIHOCA COJleH /[peHaXHLIMM BOAaMM ¥ [MpeKpauleHus ucnape-
HUA TPYHTOBBIX BOA B YCJIOBUAX CHUXKEHUS YPOBHA 1O Mpe-
nenos, kKorna YKK > YHKK). Kouneunas BoaHo-coseBas o06-
cradoBka: YIBz= KY, YKK=VYHKK, Cy>Cy Ci>Cy
Cop < C,.

Ecnu  ucKyCCTBeHHHIT ApeHax  BbICOKO3(peKTHBHBIH, dTO
MMEeT MECTO fipu COPOCe FPYHTOBHIX BOX B MIACTOBhIE KOJMJIEKTOPH
WIH B M/IACTOBble HU3KOHANOPHbLIE MM HEHANOpHHEE BOJOHOCHBIE
FOPH30HTE C TMOMOWIbIO CETH BEPTHKAJBLHOTO jJpeHaxXa, To BO3-
MOKHO (OPMHpPOBaHUE HOHHO-CONEBOTO pPeXuMa YCTORYHBOTO
OTpecHenus.

PacemotpuM B2 BOSMOXHBIX BapuaHTa (GOPMHUPOBAHUS Ta-
KOTO HOHHO-COJIEBOTO PeXKHMa B 3aBHCHMOCTH OT COOTHOUIEHHS
riyGuH TPYHTOBBIX BOJ H KPHUTHUECKOTO YPOBHS.

1. Cxema GOpMHpOBaHUS HOHHO-COJIEBOTO peXHMa TIpH
¥I'B < K¥, npuBenensas Ha puc. 26, BkJAioyaeT CJaelyiolide
CTaJMU:

1 — noBellIeHUe MuHepajiU3allik [PYHTOBLIX BOJ 3a CYET BbI-
TecHeHusl WHQUIAbTPAUHOHHBIMU BOJAMH COJIEHBIX MOPOBBIX pac-
TBOPOB ¥ DPAaCTBOPEHUS Conedl, CofepkKaIUxcs B nopoldax 30HbI
a’paluM, ¢ NOCJASAYIOUIUM BBIHOCOM HX B BepXHHE CJIOH TpYyH-
toBelx Bol (VB < KY, YKK < YHKK, C,>=Cy, Cy > Cu
Cl > Cov Cop < Cot);

1T — cuibxkende munHepanu3alMud BePXHHX CJIOEB TPYHTOBBIX
BOJ 32 CueT pa3faBsieHHs] OPOCHTENbHBIMH BOZAMH B YCJOBUAX
YMEHDBIIEHHS 3allacOB JIeTKOPAaCTBOPHUMEIX conelf B MOPOAax
H CHUXKEHUS YPOBHS [PYHTOBHIX BOJ 32 cueT HppeKTUBHOIO HCKYC-
creeHnoro jpesawxa (YIB > KY, VHKK = VKK, C,>C,,
Ca > CH! Cz < Cu Cop< COe—Z);

111 — crauausauus MHOTOJETHErO HOHHO-COJIEBOTO PEXUMA,
n3MeHeHne KOTODOTO Ompeneisercss /UMb Ce30HHbIMHU Kojeba-
HUSIMY €CTECTBEHHBIX H MeJIHOpaTHBHBIX ycaosuil. [Topoabl 30HBH
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Puc. 26. Cxema QopMmHpOBaHH YCTORUHBOTO HOHHO-COJIEBOrO peXHMa
ONpEeCHeHHST TPYHTOBBIX BoJ Ha (one 3dGdeKTHBHOrO HCKYCCTBEHHOTO Jpe-
HaXa (B ecTecTBeHHbX ycJaoBusx YIB <L K¥).

aspalluv  HeoOpaTHMO pacCOJIeHBl, MHHEepaaH3alLHst H HOHHO-
CONEBOH COCTaB T'PYHTOBBIX BOX TOLBEPKEHhl CE30HHBIM KoJe(a-
HHUSIM; 3anmachl coqlell B TOMHE aKTHBHOTO BOJOCOJeoOMeHa npak-
THaeCKH He uamensiores (VI'B > KY, YKK > YVHKK.Co = C,,
Coz=Chy C3< Gy Cop << Cy).

2. ®opmupopanue HOHHO-COJIEBOTO DEXHMa MPH eCTeCTBeH-
HOH TNyOHHE PYHTOBBIX BOJA, paBHOH Kpurtuueckod (puc. 27),
BKJJOUaeT CTajHH:

I — noBblliepye MuHepaNnu3auMU BEPXHUX CJOEB TPYHTOBHIX
BOJL 32 CUeT paccosieHds NOPOJ H BBITECHEHHS COJIEHBIX TOPOBBIX
pacTBopos u3 3oy aspauuu (VIB<KKY, YKK >VHKK, Cu =
= C1y Ca > CH, Cl > Co’ COp < CO—I)§
~ I — moBbliiende MuHepalu3aldy BepXHUX CJOeB TPyHTO-
BbIX BOJ 3a CUeT HAKOMJIeHHs CoJled B NMOPOAax 30HBI aspallHH
B pe3ynbTaTe HCHApPUTENLHOTO KOHLEHTPHPOBAHUA C IOCIERYIO-
WUM WX fepepacupeliesieHdeM B 30HY HACBULEHUHA NOJHBHBIMH
BOZaMHu; CTajds BO3HUKaeT np# OLICTPOM MOBBINEHHU YDOBHSA
TPYHTOBBIX BOJ BbIL€ KPUTHYECKOTO 10 BCTYIVIeHHs B JedcTBHE
adderTHBHOTO HcKyccTseHHoro apenaxa (VI'B < K¥, ¥KK <
< eyl’/KK, Cn > ng Ca > CH’ Cg > Cp Cop < CO—Z); .

111 — cnuxenue MuHepaldu3alMUd BEPXHHUX CJOEB TPYHTO-
BRIX BOJ 3@ CyeT pa3GaBIEeHHS O[OTHTENbHBIMH BOJAMU B YCJIO-
BUsiX 3(PQEeKTHBHOTO HCKyCcCTBEeHHOro Jpenaxa (¥I'B > K¥,
yKK >yHKK, Cﬂ > CS’ Ca > CH? C3< ng Cop< 02—3);

IV — crabunu3anng HOHHO-COJIEBOTO PeXUMa MPYHTOBhHIX BO.
30Ha onpecHenHs pacmPOCTPaHsSeTCs Ha BCIO MacCy BOJX SOHBL
AKTUBHOTO BOmOcoJieofMEeHa; 3amackl co/lell B nopojax U BolaX
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Puc. 27. Cxema ¢opMHpoBaHHSl YCTOHYHBOrO HOHHO-COJIEBOIO peXuMma
onpecHeHUA TPYHTOBBIX BOX Ha ¢oHe 3PPeKTUBHOrO HCKYCCTBEHHOroO jpe-
Haxxa (B eCTeCTBEHHBIX ycjoBHsX ¥ B = KY).

CTaGUNH3UPYIOTCS, HOHHO-COJEBOH PEXKUM ONpPELENAETCH CEe30H-
HEIMH ero KojeGauusmu (VI'B > K¥Y, VKK >VYHKK, Cy; > Cy,
Ca>Cq Cug Gy Cop=Cy). :

[Ipuwmep 15 [IpaMepamu GopMHPOBAHHUA HOHHO-COJEBOrO DexHAM3
HHTEHCHBHON MHHEPAJM3aUHH TPYHTOBEIX BOX MOTYT CAyXHTb A30BcKad
opocuTeibHad cucTeMa # Kapaurofickas opocHTeJbHas CHCTeMa, pacno-
jgoxennas Ha CesepuoM KaBkase B mpegenax [IpukacmuficKol HH3MeH-
nocru. Kak mokasand ucC/IefoBaHHs, BHINOAHEHHbIE B mpejenax Maxmya-
Mekre6ckoro yuactka KapanroficKofi opocuTelbHOR CHCTeMH, TPYHTOBbIE
BOJABLI B €CTeCTBeHHBIX YCJIOBHAX 3ajerawT Ha raybuHe 2—7 M, cnabo ape-
HUDYIOTCA B HMeT Cy/Ib(aTHO-XJIOPHAHBIA HaTpPHeBHIt COCTaB NpH MHHe-
pannsanud 3—4 kr/M3. TlopoAm 8oHH aspanu  NePBHYHO3ACOJIEHE!
(C,= 2 9%), B cocraBe conefi mpeoGnajaior cyindatnl Hatpusa (50 9;).
B ycnoBuAX opomeHud 3a ceMb jet (1961—1968 r) ypoBeHb rpyHTOBBIX
Boa mopHAdcA o 1,5—2 M, a MHHepaJu3auMsa B mepBHEe TOXLI OPOIUEHHSA
gocturiaa 7—9 kr/m3 3a cueT pacconenus nopox 3oub aspanud (I crapgus);
K 1976 r. 3a cueT moCTyIVIeHUs OPOCHTeNbHHIX BOX B YCJIOBHAX OTCYTCTBHSA
JEerkKopacTBOPHMHEX cofdefi B NOPOAAX MHHePajiH3awHf CHH3HJAACh JO HC-
xoznoro yposus (11 cragua). B panbuefimem Ha njomajax ¢ Baarosapsaj-
HBIM DeXHMOM OpOLIeHHS MHHepAaJH3andsd BepXHEX CJI0eB TPyHTOBBIX
Box (1—2 M) yBeauuuBaeTcsa go 6—8 Kr/M®, HabmopnaeTcss BTOpHUHOe 3a-
cosnerue mousorpyntoB (111 cragus). Ha neopomaeMbiXx yuacTkaX, pac-
NONOKEeHHBbIX B 30HE BJHAHUA OpOlIeHHA, B pe3yJsabTaTe NoAbeMa ypPOBHA
TPYHTOBEIX BOJ MHHeDanH3auns Bo3pocaa Ao 5—12 kr/m3, BO3HUKIO BTO-
PHuHOe 3acoNeHHe AKTHBHOTO ¢JI0A NOYBH. DTH NPOUECCH NPOH3OMmIH
3a cuerT BHTECHEHHS OPOCHTeJLHBLIMH BOXaMH coJeHHX Bog I craguu Ha
RepHGbePUIO. MACCHBA W HCNApUTeTbHOTO KOHUEHTPHPOBAHHA B YCAOBHAX
c1aboro JpeHaxa M OTCYTCTBUA MH(HABTPAUHH HDPPHTAUHOHHBIX BOJ.
MomHoCTh TOdMmM akTHBHOTO BOZOCOJdeo6MeHa BO3pOCia NPH OPOIIeHHH
¢ 5—7 po 10—20 M. HoHHO-cO/MeBO!t peXHM FPYHTOBBIX BOX B TOXOBOM
nJaHe onpejeisieTcss peXHMOM NONHBOB H NPOMBIBOK, 33COJIEHHOCTBIO MO-
pon, arTmocepnmmu ocagxamu. Haubonbmas MHHepaNH3anHA IPyHTOBBIX
BOJA Ha6uiojaerTcs BecHOH (B pe3yJsbTaTe BHHOCA cosiefi H3 MOPOA 30HHI
a3paldy, HAKOMUBIUKXCA B MeXKNOJUBHON MepHO), HaHMeHbIuasi — K KOH-
1y MOJABHOrO NMepHoxa. 'ogoBas aMmiuTyjza KoleGaHUi MuHepanH3alHH
BEPXHHX ¢JOEB I'DVHTOBBIX BORX B TedenHe 1963—1966 rr. yseauuuaach
¢ 0,5 go 9 xr/m3
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A30BCKAas OPOCHTeJbHAs cHCTema pachodoxeda B npejerax I u Il
qaAMofAMEHHEIX Teppac p. Jona u p. 3anaguniii Manuy. Toama NOKPOBHLIX
oTJOKEHHH DEJNHKTOBO 3aCO/IeHa, THI 3aCOCHHA — cynbhaTHO-HATpHE-
puifl, A0 1,8 9. Huskne koapbnuneHTsl QHUALTPANMH H MAJdble yKAOHH
MeCTHOCTH 00y CJIOBH I C1A0kIH JPeHax U HelyGOKoe sajeraHne cofcTBeH-
4o TPYHTOBHX BOJ (3,1—8,1 M); Boan cyabdaTHbie HATPHEBHE C MHHEDa:
ansauneit 2,1—10,6 kr/m®. B nenom BoJHO-CONEBOH peXHM OTHOCHTCH
k HeMPOMBIBHOMY, pacXojuble cTaThy BOJHONO Oananca onpeiensiorcs
5 OCHOBHOM HCnapeHueMm u TpaHcnapanae#. B ycnoBuax opolleHHs ypo-
peHb TPYHTOBHIX BOJ NOJHAJMCA H 4epe3 3—5 JeT nocje Hadaja NOJAHBOB
cTabuau3upoBanca Ha riy6une 1,8—2,4 M. B janbHeiimeM, Hocie yco-
pepUICHCTBOBAaHUA CHCTeMH B yCIOBHEX HCKyCCTBEHHOTO jpeHaxa, ypo:
genb cuu3naca jgo 2,1—2,6 m. Ilepuon nmogvema yposus (1949—1963 rr.)
B MepBbie TOJBl HA y4acTKaX ¢ 3aCOJIEHHBLIMH MOYBAMH CON POBOXKJIAJICH MO~
sHIUeHHEM MHHepaaH3anudy rpyHToBeiXx Boj (I cragus), saTeM MHHepaJn-
galHs CHHU3HJACh 3a cYeT pa3baBieHHA OPOCHTedpHbIMH Boiamu (Il cra-
gus). Hanpumep, na nepsof Teppace p. 3anajubii MaHby muHepaansa-
uus TPYHTOBHX BoJ cHH3HAach ¢ 6,9—10,5 kr/m® go 3,3-—5,3 xr/M3.
TTocae 1963 r. 3a cuer HcnapeHHs NMOJHABIUHXCA TPYHTOBHIX BOJ HX MHHe-
paiH3alHA CHOBAa BO3pocja M NpubAH3UIACh K MHHepaldH3auHH BoOJ
B €CTeCTBEHHBIX YCJOBHAX H Jladke B HeKOTOPBIX CJAy4asX NpeBHCUIA ee
(I11 crazus). CrefcrBHem GOpMUPOBAHHA JaHHOTO BHAZ HOHHO-COJEBOTO
peKHMa ABHJIOCH IHPOKOE PAa3BHTHE BTOPHYHOIO 3aCOJIEHHS NMOUBHL CyJb-
¢aTaMH H XJIOpHJAMH HATPHA H MarHud. CreneHb BTOPHYHOTO 3aCOJICHH S
[Io4B [0, BJAHSAHUEM opoleHns 3a 15 seT Bo3pocia B 6 pas, NpeBLHICHB Hc-
XOJHHA ypoBeHb B 1,3 pasa.

Yemodidusotll  UOHHO-CONCBOL  PEXCUM ONPECHEHUS 2PYHMOBbLX
600. @opMupyercss Ha (OHe eCTECTBEHHOTO YCTOHUHBONO paBHO-
BECHOI'0 MHOTOJIETHEr0 HOHHO-COJEBOTO PEeXKHMa B He3aco/1e HHEIX
nopojgax OpH XOpoilleM JPeHHPOBAaHHH IMYOOKo3aneraonHx
TPYHTOBEIX BOi. B ycnoBusx opoilenud npu Jio0HX (uiabTpa-
IHOHHBIX MOTEPAX MPPHTalHOHHEIX BOJ HOHHO-COJEBOH peXHM
OCTaeTcsl YCTOHUHBO OJIAaTONpHATHEIM, He TPeGYIOUWHM [puUMe-
HEHHS HCKYCCTBEHHOTO jpeHaka. IIpm 3T0M npoc/IeXHBaloTCH
cllepylomiHe aBe CTaiuy (POPMHPOBAHHA MHOTOJETHETO HOHHO-CO-
JeBoro pexuma (puc. 28):

I — ompecuenue TPYHTOBEIX BOj 3a CueT pasfabjeHus Meyee
MHMHEpaiH30BaHHEIMH  OPOCHTeNbHBIMM  BojaMu (¥YIB > KY
YKK > YHKK, Ch= Cl, C, = CH- Cl < Cov Cop < C]);

Il — crabunnsapusi COMEBOTO PEXHM o , ONPECHeHHE BCeil TOJ-
I aKTHBHOTO Bouocoseobmena (YI'B > KY, YKK > VHKK,
Co= ng C.=C,, Cz < Cl, Cop < Cz)

CesOHHBII HOHHO-COEBOI PEXHM TPYHTOBBIX BOJ 3aBHCHT OT
pexnMa ¢UABTPAIHOHHBIX OOTEph HPpPHranuOHHEIX Boj. M3me-
HeHHe HOHHOIO COCTaBa IPYHTOBHIX BOJL B MHOTO/IETHEM INIaHe
l&pﬁgcxonm no cxeme: HCO7, SO;~ — HCO,; Ca®, Na*-—Ca?,

g°r.

Honro-conesoil pescum Heycmoiduugoeo onpecHerus pyrmosox
600 uau o4enb MEOAEHHOI MuHeparusayuu, nepexodauull é ycao-
SUAX UCKYCCMBEHHO020 OPERAXCa 8 peXcum Ycmotiuueoeo onpecHerus.
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Puc., 28, Cxema ¢opMupoBaHuA YCTOHYMBOTO HOHHO-COJIEBOIO DEXKHMa
ONPECHEHHSI I'PYHTOBHIX BOM.

Qopmupyercss Ha (oHe eCTeCTBEHHOTO YCTOHYHBOTO HOHHO-COJMe-
BOI'0 peXuMa /[HHAMHUECKOI'0 PaBHOBECHS B HE3aCOJNEHHBIX MO-
pofax B ycjoBuAX ¢Aaboro JpeHHpOBaHUA TVIYGOKO3aAerarouiux
TPYHTOBBIX BOA. B COOTBeTCTBHM C BOAHO-CONEBOH 06CTaHUBKOH
B €CTECTBEHHBIX YCJIOBUAX, OPH OPOLIEHHUH OCOGEHHOCTH (OpMH-
POBaHUSA MHOT'OJETHETO WOHHO-COJIEBOIO DEeXKHMa 3aBHCAT OT BO3-
MOZKHOTO COOTHOLLIEHU ST MUHEPATU3al ii NOPOBBIX U I'DYHTOBLIX BOL.

B cayuae, eciu C, > C,, MHOTOJeTHHH HOHHO-COJIEBOHA pe-
UM UPPUTALUOHHO-TPYHTOBBIX BOJ 6e3 IPUMEHEHHS HCKYCCTBEH-
HOTO JIpeHaXka 4 OpPu ero NpPpUMEeHeHWW [ocjie nojibeMa YpOBHA
BhIlIe KPHTHYECKOTO (opMHUpyeTcss NOyTeM CMeHbl CJeiyiouux
crajui:

1 — poct MuHepasu3anuy TPYHTOBRIX BOA B MeDPBBIA TOX 0pO-
HIeHUs 3@ CYeT BHITECHEHUS HHPUIbTPANHOHHBIMU BojaaMu GoJee
MuHEPaJU30BAaHHBIX MOPOBHIX pacTtBOpoB. M3meneHue wuOHHOTO
cocraa uper no cxeme: SO, HCO; — SO2™, CI-; Na*, Ca*,
Mg?* . Na*, ¥I'B> KY, YKK > VYHKK, C,=C,, Co,=C,,
C, >Cy Cop <Cy

11 — yMenblienye MHUHePaNU3anui BEPXHUX CJI0EB TPYHTOBBIX
BOJ 33 CYeT MOCTYMJIEHUS MPECHBIX OPOCHIeNBbHBIX BoX: SO,
CI-—HCO3, SO;"; Na*— Nat*, Ca’, VIB>KY, VKK >
> yHKK, Cn 202—»3, Ca-’\—’ CH, Ca < Cz < Cp Cop < 62—3;

[Tl — oTHOCUTENLHAS CTabU/U3anidA MUHEpPaJu3anuu TPYHTO-
suix Box: HCOZ, SO~ — HCO;; Ca*, Na*-—Ca?;, YIB >
>K<y1 'yKK>'yHKK, ancm Ca’;fcﬂ, C4<Ca, Cop%cﬁ
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Puc. 29. Cxema ¢OpMHpPOBaHHs HOHHO-COJIEBOrO pE€XHMA HEYCTOHYHBOTO

OTpecHeHHs TPYHTOBHIX BOA WH O4eHb MeJJCHHOM MHHepAJH3ALMH, Nepe-

XOLSUULLETO B YCJAOBUAX HCKYCCTBEHHOTO JipeHaka B DEXHM  YCTORYHBOrO
ONPeCHEHHA.

IV — yBenuuenue MuHepanu3auuu BepXHHX C/IO0eB TPYHTO-
BHX BOJ 32 CYeT HCHAPUTEABHOIO KOHLUEHTPHPOBAHHUA OPH OONb-
eMe YPOBH# IPYHTOBBIX BOJ BbILIe KPHTHYECKOro. BHyTpuronosoi
peXKHMM Ha NaHHOM CTaAMH MHOTOJIETHErO peXuMma XapaKTepH3y-
eTca HaKoM/IeHHeM coJiell B NopoAaXx 30Hbl a’pauHu B MaJonoJJuB-
HOH CYyXOM mepuojl U YBelUUEHHeM MHHePadH3auHU TDPYHTOBbIX
BOX B MepUOABl AOCTATOMHOrO YBJAXKHEHHS BECHOH U BO BpeMs
I0JIUBOB 32 CyYeT paCCOJleHMﬂ BHILIe3a/leraioux nopojx: SO;™,
HCO; = SO?™; Na*, Ca**=Na*; YI'B< K¥Y, YKK < YHKK,
C, >CO, C, >CH, C >C,, Cop<C5 B cayudae orcyrersus
HCKYCCTBEHHOTO JpeHaXa jaJipHefiiiee OpOLIGHHe TePPHTOPUH
MOXKeT [pUBeCTH K BTOPHUHOMY 3acOJIEHHIO AKTHBHOIO CJIOA
NOYBHL;

V - yMeHblieHHe MHUHePalU3ayldH BePXHUX CJioeB TPYHIO-
BHIX Boj B pe3yJ/ibTare NOCTYIJIEHHS MPECHBIX OPOCHTENbHHIX BOJ
1pu cumskenuu Y1 B Hirke KY 3a cdeT HCKYCCTBEHHOTO JpeHaxa:

8O;~-» HCOT, SO, Na*, Ca*-»Ca?, Na*; ¥I'B>KY,
.YKK > yl//KK Cn > Ce, Ca > Cy, Cg< G, COp< Cs;
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Puc, 30. Cxema (OpMHPOBAHHS HOHHO-CONEBOrO pekKHMA HEYCTOHYHBOrO

ONpECHEHHS WM OueHb Me/JEHHOH MHHEpa/JH3aUWH [PYHTOBBIX BOX, Nepe-

XOAAWETr0 B YCJOBHAX HCKYCCTBEHHOTO JApeHaXKa B PEXKHM YCTOHYHBOTO
ONpECHEHHS,

V1 — crabunuzanus HOHHO-COJIEBOTO PEXKHUMA TPYHTOBHIX BOJ
HCO35", SO;~ — HCO;; Ca?*, Na* - Ca*; ¥I'B > K¥, YKK >
>VYHKK, Ch=C,, C,=Cu C;<Cq, G, < C,.

BHyTpuronoBoi MOHHO-COJNEBOH PeXUM 3aBHCHT OT pexuma
(PUILTPAUMOHHBIX TIOTEPb; B MEXKIMOJHBHBE U CYXHe MepHOABl MH-
Hepa/Nn3auus Bo3pacraer, B HHOHIbTPANMOHHEIE OEPHOIN —
ymenplaercss, Cxema (GOPMUPOBAaHUST MHOTOJIETHETO HOHHO-COJIe-
BOTO PEXHMa B DPACCMOTPEHHBIX YCJIOBHAX NpHUBeleHa Ha puc. 29.

B cayuae, ecnu Cy =2 C,, MHOTORETHHH HOHHO-COJIEBOH pe-
XKHM TPYHTOBHIX BOJ OyAeT (opMHPOBATBCA B COOTBETCTBHH CO
cxemo#, npuseneHHol Ha puc. 30. B otimuune ot pexiMa, paccmor-
PEeHHOro BhIINE, CTaJAHs TOBLIIEHHA MuHEpalH3alH{ TPYHTOBBIX
BOJ 3a cueT NOCTYIVIeHHS MHHepalnu30BaHHEIX NOPOBBIX PacTBO-
pPOB OTCYTCTBYeT, OMpPecHeHHe MPOUCXONHUT 3HAUHTENLHO MejiJIeH-
Hee B CBfI3W C TeM, UTO B 3THX YCJOBHAX MHUHepaan3auus cob-
CTBEHHO TPYHTOBBIX BoJ GoJiee BHICOKAs, YeM B [IepBOM CJIyuae.
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[Ipu BBeleHun B JeficTBME HCKYCCTBEHHOTO JpeHaXa ORHO-
BpeMEHHO C BBOJOM OPOCHTENbHOH CHCTEMB B JKCIIYaTalHIO
yCTOHUHMBOE OnpecHeHHe TEPPUTOPHH HACTYnaeT B 3HAYHTENLHO
gosiee KOPOTKHE CPOKH, Ympomiaercs u (OPMHPOBAHHE HOHHO-
cONEBOrO  peXuMa, KOTOPOe B 3TOM C/1yyae MPOXOJAHT TPH CTa-
aun: I — pocT MuHepanu3auuu BEPXHHX CJI0eB [PYHTOBBIX
BOJ 32 CUeT BHITeCHeHHs Goslee MHHEPASH30BAHHHX MOPOBHIX
pactopoB. [Tpu € < C, 31a CTajus OTCYTCTBYeT; Il — onpec-
HeHUe BEpPXHHUX CJ0eB IPYHTOBBIX BOJ 3a CUeT 3aMelICHHs HX HH-
(uABTPAUMOHHNME  OpocuTenbHbivu; 111 — crabunusanus Hon-
HO-COJEBOTO peXHMa B MpejejaX BCed TOMmM BOAOCOJIeoOMeHa.

[Mpumep 16. Haubonee spko GpopMHpPOBAHHE HOHHO-COIEBOrO pe-
KHMa HeyCTOHYHBOTO ONpeCHeHHA NPOABHJAOCh BO BpeMsl SKCIJIyaTanHu
Uurysenkofi OpocHTeIbHOR CHCTeMBl, HaXOAfumeHcsa B ceBepHOH NoA3oHe
crenHofl 30HH YKpaHHB. 3Aech claboipeHHpyloOmHecs FPYHTOBBIE BOAM
B eCTeCTBEHHBIX YcJIOBHAX 3a/eraloT Ha ray6nue 9—15 M; Bogbl THApOKap-
60oHATHO-CYAb(aTHO-XJAOpHAHEE ¢ MHHepajusauuedl 0,4—1,5 xr/mM® u 6o-
fiee, MOPOALI 30HE! a3pallHH ¢/la60o 3aCo/IeHbl, 3aCOJIEHHOCTL BX H3MeHseTcd
oT 0,25 % no 1 %, cocraBasas B cpeanem 0,5 %. B pesayabTare opomenus
ypoBeHb TPYHTOBLIX BOJ NOAHAJCA NMOYTH X0 MOBEPXHOCTH 3eMyIH. B nep-
Boe 3—5 JeT opoluleHHs MHHepaan3alHd TPYHTOBHIX BOJ YBeJHYHJIAChH
npuMepHo B 1,5—2 pasa 3a cueT pacTBopeHHA coJieil TBepAoil da3nl B nopo-
JlaX 30HBI A3pallHH OPOCHTEAbHEIMA HHOHJIBTPAHOHHEIMH H HPPUTALHOHHO-
IpYHTOBLIMH BOJAaMH B 30He nojbeMa ypoBHA. CTeneHb yBeqHUEHHA MuHe-
pajiu3aliHd 3aBHCHT OT COCTABA H COJEPXKAHHA JIeTKOPacTBOPUMBIX coJeft
B Hopojax 30HHl aspaudH nepeg opomenueM (I cragua). B panbuefimenm
HayuHaeTcH YMeHblleHHe MHHEPaJH3alHH 3a c4eT pa3baBiieHUs TPYyHTOBbLIX
BOJ, NPeCHEIMH OpOCHTeabHEMH BoJaMu (II cragnd) u cTaGuan3anusA HOHHO-
conesoro pexnMa (I1I crapuda). Bricoxoe noJoXKeHHe ypPOBHA TPYHTOBBIX
BOJ, Pa3sBHTHE HCNApeHHH H KOHUEHTPHPOBaHUe coJleil B MOPOBLIX PACTBO-
paXx BHI3BaJNH BTOPHUHHIE POCT MHHepadH3alHH TPYHTOBHIX BoZ (IV cra-
Aus). B pesy/ibTate B 6e3npeHakHbIX YCJAOBHAX NOC/AE NOAbEMA YPOBHA
TPYHTOBHX BOX Bbille KPHTHYECKHX TMAYyOHH NPORCXOZHT HaKONJIEHHE CO-
Jeff B TOJIU{e AKTHBHOrO BOJOCOJeOOMeHa H AayKe BO3MOMKHO SABJEHHE BTO-
PHYHOTO 3aCOJeHHs aKTHBHOTO ¢JI0Sl MOYBH COMIOHYAKOBOTO THNA. B X034«
CTBax, IJie Opollenue BeJeTcAd AJAUTeNbHOE BDeMs BHICOKHMH HOPMAaMH MO-
JIHBa, BTOPDHYHOE 3acoJ/leHHe OTMeuyeHO MOYTH Mo BCeH NJIOmaAH OPOLIeHHUS.
3acofeHHble YYacTKH BO3HHKJIH B YMIaX HPPHPALHOHHBEIX CHCTeM, BJOJIb
NpHKaHaJbHLX 30H; NpH 3ToM GOpMHpPYOTCA ¢labo-, cpejHe- H CHAbHO3a-
CofleHHEble TOYBbI XJAOPHIHO-COXKOBOIO, CyJAb(aTHO-XAOPHJIHOTO H XJOPHA-
HO~Ccy/b(haTHOrO THMOB.

Yemoduusedl UOHHO-CONGB0LL  pexcum MUHEpaAusayul epyrmo-
8o1x 800, nepexo0auyuil 8 YCA0BUAX UCKYCCMBEHH 020 OpeHaxa 8 He-
ycrmodqueol pexmum onpecrernus. Popmupyercst Ha (QoHe ecte-
CTBEHHOTO HOHHO-COJIGBOTO peXHUMa YCTOHUMBOIO  3aCOMeHUs
B cy1a603aco/leHHBIX NOpOAax NPH HeryyGOKOM 3ajeraHdy ci1afo-
Apenupylomuxcs rpyHToBeix soi. Ilpu opowenunm ¢ nocnepyio-
UM HCKYCCTBEHHBIM JpeHaXeM JaHHBIA PexHM MOXKeT NepefTH
B peXuM HEYCTOHUYHBOrO onpecHeHusi. HOHHO-cOMeBOMY MHOro-
fleTHeMy peXuMy B J@aHHBIX YCJIOBASX CBOHCTBEHHW! B CCHOBHOM
T€ XXe cTajuy GOpMUPOBAHHS, YTO H PEXHUMY YCTOHUMBOH MHTEH-

137



CHBHOR MHHEpaNH3allHH [DYHTOBLIX BOJ, OJHAKO HAaKOIUIEHHE 3a.
1acoB coJieit H HOHOB B OPoJaXx v BOAaX NPOHUCXOAHT 3HAUHTEAbHo
MeJs1eHHee, a OTpecHeH e BOJ H paccoJieHHe MOPOJ 30HBI a3dpalun
IPH HCKYCCTBEHHOM ApeHaxXe, Hao6OpOT, M(POHCXOAHT B Oolee
KOPOTKHe cpoku. Kaxaas u3 craguil pexkuma OTIHYAETCH TaKxke
MEHDBIUIHM KOJHYECTBOM JIeTKOpPacTBOPHMBIX cojielf, mepepacnpe-
AeNSOUHXCA B TOJULE aKTHBHOTG BOAOCO/Ne0OMEHA, MEHbIIeH Mu-
HepanHu3auue# W MHbIM HOHHO-COJIEBHIM COCTABOM FDYHTOBBIX BO,
[Tpu OTCYTCTBUHM HCKYCCTBEHHOTO JpeHaKa OpOLIEHHE MOXKeT Co-
NpOBOXKAATLCA BTOPHYUHLIM 3acO/ieHHeM [OpoA 30HBI  a’pauuy
1 aKTHBHOTO COA [MOYBLI, MOATOINIEHHEM W 3a00/iadHBaHHEM Tep-
putopun. [Ipu 3rom dopmupyercs caeayiomias BOAHO-CONEBas
obcranopka: YIB< KY, YKK < YHKK, Co>= Crp, Ca> Cy,
Cop < Crp; HampaBlIeHHOCTh #3MeHeHWs HOHHOTO COCTaBa IPYH-
ToBRIX BoA: SO~ — SO.~, ClI; Na*, Mg¥, Ca?*— Na*.

B ycnoBuax 30h¢exTUBHOTO HCKYCCTBEHHOrO JpeHaxa ypo-
BeHb I'PYHTOBBIX BOJ YCTAaHABJHBAETCA HHXKE KPHTHYECKOro, no-
POZbI U BOALI pacCONAIOTCH, BOALI NpHOOPETAOT HAPOKapOOHaT-
HBIfl KaJiblMeBRlil XapaKtep. B ciyuae dopMHpOBaHHS peXHMa
HeYCTOAYHBOTO ONPECHEHHS NPH HCKYCCTBEHHOM ApeHake MHHe-
panu3alds rPYHTOBBIX BOJ MEpHOAHYECKH U3MEHAETCH B 3aBHCH-
MOCTH OT TOro, KaKok mpouecc npeoGliagaeT — HCIapEHHEe HIH
uHpuAbLTpauua. Ecnu npeoGlagaer Henapexue KanHANSAPHOH Kafi-
MBI, MHHepaliH3alHd TPYHTOBHIX BOJ OCTA€TCH NOCTOAHHOH —
COMIH HaKamIHBAOTCA B NOPOAAX 30HH a’pauHH; B [EpHOAL HH-
UAbTPAUUH ATMOC(EpPHBIX OCafKOB WIH NOJAHBHBIX BOA MHHe-
panH3allHsl TPYHTOBBIX BOJ NOBhLIIIAaeTCs 3a CYeT BhIHOCA cosed
HHCXOAAUIMMH TOKaMH BOJul. BTOpHUHOe 3acofieHHE aKTHBHOTO
CTI0A NP¥ STOM MOXET He MPOHCXOIHTh.

ITpumep 17. YcroliuuBbil HOHHO-COJEBOIl peXUM MHHepaJH3a-
uM TPYHTOBIX BOJ 4eTKO NPOABHJICA B peflesiaX KpacHo3HaMeHCKoro opo-
CHTEJBHOI'O MacCUBa, PaclO/ONKEHHOT0 B NIPAMOPCKOR 30He Iora YKpaHHHh,
B ecTecTBeHHHIX ycaOBHAX c1afoJpeHHpyIOMuUecs I'PyHTOBbie BOJL 3ale-
raioT Ha My6ude |—4 M, 3acoNeHHOCTh NOpoJ cocraBasaaa 0,5—1 o,
B pesyabTaTe s3KcmyaTanHH opocuTenbHolt cHcTeMul (1952—1971 r.) ypo-
BeHb I'PYHTOBHIX BOJ MOJHAJCA 10 Ii1y6usn 0,9—1,8 M npu raybune kpu-
TUYeCcKOro ypoBHA, paBHoil 2,2—2,5 M. B nepuoi nogbeMa ypoBHA IPyH-
TOBLIX BOJ A0 KPHTHYECKOIO NPOHCXOJHMO ONpeCHeHHe I'p yHTOBBIX BOJ 3a cyeT
pasbaByeHUsl UX OpPOCHTeJbHHIMH BOJaMH; HanpHMep, Ha ceBePe MacCHBA
¢ 1952 no 1962 r. muHepaiu3auusa BoJ yMeHbHIach, ¢ 1,7—2,9 kr/m®
10 0,9—1 kr/mM® (I cragus). Ilocse moibeMa ypoOBHHA TPYHTOBHX BOJ
BbIlle KPUTHYECKOTO BCAe[CTBHE HCNAPUTENbHOTO KOHUCHTPHPOBAHHSA
H pacTBopeHus coveil coJeBHX TNOfACOB COJOHYAKOB MHHEPaNH3auus
HPpHTaHOHHO-TPYHTOBHX BOJ Bo3pacTaer, [OCTHras MoJ COJIOHYaKa-
mu 9—I11 kr/m3 (11 cranus). B pesyabraTe ecTecTBeHHLI HENPOMBIBHOIL
TUN BOAHO-COJIEBOTO PeXUMa CMEHHJICH NPOMBIBHHM, KOTOPBIfi, B CBOIO OUe-
pelb, CMEHHJICS PeKHMOM 3acoJieHns. MameHneHue HoHHOrO cocTaBa BoX Xa-
paKTepuU3yeTcs yBeJHYEHHEM HOHOB XJIODa, HATPHA U CyJb(paTHLIX HOHOB;
BOAB CTaHOBATCHA XMOPHAHO-CYyAbGATHHIMH, CynbdaTHLIMH, HaTpHEBLIMH.
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[MpumeHeHne Ha OTHeJbHBIX YYacCTKaX TOPHU3OHTAABbHOTO HCKYCCTBEM-
goro ApeHa)a NpH NojjJepKaHHH YPOBHA TIPYHTOBBLIX BOJ HUXKe KPHTH-
gecKOT0 NDUBOJHT K DPAaccONieHHIO NMOPOX H ONpecHeHHIO FPYHTOBHIX BOJ
111 cragus). IIpn oTcyTcTBHM HCKYCCTBEHHOTO ApeHaxka NpPOMCXOAUT Ha-
goIVieNHe B aKTHBHOM CJo€ NOYBH CyJAbhaToB HAaTPHUA H KadbilHsd, B pe-
gynbTaTe 4ero MOYBH TepAOT NJA0KOpoAHe. B HacToslee BpeMs B pe3yib-
raTe NOAbeMa YPOBHS, NMOBbIleHHS MHHePaNH3alUMH TPYHTOBHIX BOXA H CO-
nyTCTBYIOLET0 3ToMY BTODHUHOTO 3aCOJeHHA OTHeJbHEIE TeppUTOPHH
KpacHO3HaMeHCKOH OpOCHTENbHOH CHCTEMbl HAaXOAATCH B Hebaaronpusr-
HEIX MEJHOPaTHBHO-THADOTEOIOTHYECKHX H THAPOXUMHUeCKHX YCAOBHAX-

®dopmMHpPOBAHUE HOHHO-COJIEBOT0 PEXUMA HPPHTaLM O HHO-FPYH-
TOBBIX BOJ B YC/IOBHSAX HEYCTOHYMBOro YyBJaxHeHus, B mpene-
JaX JPEHAPYEMRIX TepPUTOPUHA, HE3aBUCHMO OT 3aCO/MEHHOCTH
NOPOA H IMyGMHE 3a/jeraHusl YPOBHA PYHTOBRHIX BOJ, B YCJAOBUAX
opouleHHsl $OPMUPYeTCA MHOFONETHUH HOHHO-COJeBOH peXuM
yCTOHUMBOTO ONPECHEHHH TPYHTOBHIX BOJA M PacCOJIeHHS MOPOX
sount adpanin. OfHAKO CTeNeHL ONPecHeHHsi [OPY  OpPOIICHHH
H CKOPOCTb 3TOTO OpOUEecca HAXOAATCS B 3aBUCHUMOCTH OT €CTEeCT-
BEHHOI'O MOHHO-COMIEBOTO PeXMMa TOJIMM aKTUBHOTO BOAOCOIE00-
MeHa, ONpele/igeMoro OCOOGHHOCTAMH MeIHOPaTHBHO-THAPOXH-
MugecKol 06cTaHOBKM B uesoM. MppuragHoHEsle HOHHO-COJIEBbIE
POXKHMBI YCTOHUMBOTO ONPECHEHHS MPH JIOOBIX PUALTPAUMOHHBIX
HOTEPsSiX HE HYXKAAIOTCH B MCKYCCTBEHHOM APEHaXKe, XapaKTepi -
3YIOTCH 3HAUMTENbHO MEHbIIUMH CPOKaMu QOPMUDPOBaHUS CBOMX
CTaiuil ¥ MEHBUIUM HX YHCJIOM,

Pexcumot ycmoriuueoeo onpecHenus, opmupyrowiuecs 8 3aco-
ACHHBIX Nopodax 6 YCAoBUAX XOpowie20 OpeHaxca, BKIIOYAlOT B
cebs1 Caeayiomue CTaauu:

I — yBesnnuenue muHepain3auny BePXHUX CJOEB TI'DYHTOBRIX
BOA 32 CUeT PACTBOPEHHA COJMedl B mOpojAax 30HbBI a’pauud W BB
TECHEHHS] BLICOKOMHHEPANH30BAHHBIX MNOPOBHEIX pacTBOPOB HH-
OUIbTPYIONUMACH OPOCHTENbHBIMA BOAAMH. IDTa CTajus OPOSB-
JAfeTCs TeM 4Herye M JJIUTCH TeM JOJbLIe MPU NPOYUX PaBHBIX
YCA0BUAX, 4eM G0Jbie MOIHOCTb NOPOJ 30HE! a3pauiy U HX 3a-
CosleHHOCTh. V3aMenenne HOHHOTO COCTaBa TPYHTOBHIX BOJA MJET
N0 cxeMaM: nOpu TAYOOKOM 3aleraHHH TPYHTOBBIX BOJA —
HCO;', SOi~ - S0s~, HCOs; Ca®, Na*— Na*, Ca®; npu
HernyGokom saneranni—HCO3, SOi  — SO: , Ca?*; Na* —» Na*,
Paznuuus B HanparAeHHOCTH H3MEHEHMS MOHHOTO COCTaBa CBf-
3aHEI C TeM, 4TO B YCJIOBHAX HersyOOKOTO 3a/1eTaHus TPYHTOBLIX
BOl, Korna ¥YKK < YHKK, 3ac0O/IeHHOCTh NOPOJ, 30HKI aspainuu
Gojiee BBICOKas BC/IEJCTBHE HAKOMJEHHSi COMed 0OPH uchapeHHU
BOJI KaMHJIJISPHOH KalMBl B MePH OB HELOCTATOUHOTO YBIAXKHEHHUS;

11 — onpecnenne BepxHuX CJ/I0B TPYHTOBBIX BOJ 33 CyeT 3a-
MeLIEHHs] COJIEHBIX CJIOEB BOJ HPECHBIMM OPOCHTENBHLIMH BOJAMH
B ycnoBusix OTCYTCTBUS JIETKOPAaCTBODHMBIX cOJefi B mOpOAax
H Xopouero BoaooOMeHa. JTOT HPOLECC npOTeKaeT HHTEHCHUBHO
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Jaxe NpH HernyGoOKOM 3a/leraHHH TPpyHTOBBHIX Boa (¥1B < KV,
YKK < YHKK) BchenctBue npeoGiajauusi HUCXOISUIHX TOKOB
BJard B YCJOBHAX Xopoulero papeHaxa. cnapureabHoe KoHuen-
TPUPOBAHUE BOJ KaNHJUISIPHOW KaHMBI MPH 3TOM CYUIECTBEHHOro
BAUSHUS HA (OPMHPOBaHHE HOHHO-CONEBOTO PeXHUMa BOA M MO-
poA He OKasbiBaeT. MsmeHenne MOHHOrO COCTaBa TPYHTOBBIX BO[
B 3aBHCHMOCTH OT I'IyGHMHBI MX 3ajeraHusi MPOUCXOAMT MO cXeme:
SO:~, HCOs —~ HCOs, SO:™; Na*, Ca?*— Ca?*, Na*u SO~ —
— HCOs, SO{™; Na*-— Ca?*, Na*;

I1I — cTabunusanusi HOHHO-CONMEBOrO peXuUMa T'PYHTOBEIX
BOox ¥ nopoi. MuHepanusauus TPYHTOBHIX BOJ MAaKCHMAlbLHO
YMEHBHIAeTCsl, TOMIA AKTHBHONO BOJOCOJeoOMeHA 06JaJaeT cTa-
OunbLHBIMH MHOTOJIETHUMH 3anacaMu coslelf, abCOJIOTHBIE BeJH-
YHHbI KOTOPBIX TAKXKe MUHHMAbLHBI, BOALI MPUOGPETAOT THIPO-
KapGOHATHBIN KalbliHeBHA cocraB. THMHuHas KOHEYHas BOJAHO-
coseBasi OOCTAHOBKA XapaKTepH3YeTcsi CJEAYIOMHMH COOTHOLIe-
HUSMH ee sqnemeHToB: YKK > YHKK, ¥I'B > K¥ (upu ray-
GokoM 3aleraHuu rpyutosbix Bon); ¥ KK < YHKK, ¥I'B < KY
(npu HersyGOKOM 3ateraudu rpyHToBHX Box); Cp= Crp, CaxC,,
Crp < Cos Cop < Crp.

dopMHpoBaHUe pacCMAaTpPUBAEMOIG BHIAA peXuMa He COmpo-
BOXIAeTCSt TAKHMH HeGJArONPUSATHEIMH SIBJEHHAMH, KaK BTOpHY-
Hoe 3acojieHue H 3abonayuBanHe, Ce30HHBIN HOHHO-COJEBOH pe-
JKHM 3aBHCHUT OT pexuMma (HIBTPALHOHHBEIX IMOTEPb, ORHAKO B
MeHbIIEH CTENeHH, YeM COOTBETCTBYIONIHE PEKHMHI B 30HE He-
LOCTATOYHOTO YBJIAXKHEHHS.

Pexcum  ycmotiyusoeo onpecuenus, Komopeiul opmupyemcs
HQ HE3QCOACHHbIX nopodax, CONMPOBOKIAETCH ABYMS CTaRHAMH —
OTpeCHeHUs. TPYHTOBEIX BOXA U CTaOUNU3ALUK HOHBO-COMCROTO
pexxuma.

[Ipu rny60KOM 3alleranyiv IPYHTOBBIX BOJ M3MEHEHHE HOHHOTO
coctaBa Boj uAeT mo cxeme: HCOs, SO. —HCOs; Ca*,
Na*— Ca?', a koueynasi BOJHO-cOJleBasg OOCTAaHOBKA XapaKTepH-
3yercs CAeAYIOUWIHMH COOTHOIUEHHSIMH ee sjaeMmenToB: YKK >
> yHKK, yrB > Kyv CII = Cl‘ps Ca o= CH, Crp <C(’r CODQ/"' Crp-
[Ipn HernyGOKOM 3aleranud rpyHToBeix Box: HCOs , SOi —
- HCOs ; Ca?, Na'— Ca?; VKK =VHKK, ¥IB=KY,
Cn>crpv Ca> CH, Crp < CO» Cop < Crp-

[Ipn HersiyGoKOM 3a/eraHdH CJaGOAPEeHUPYIOWHUXCH TPYHTO-
BbIX BOJ Ha TEPPUTOPUSIX C 3aCONEHHBIMH MNOPOAAMH (OpMHU-
pyercsi MHOTOJIETHHH UOHHMO0-COAC60L pexcum Heycmotiuueéoeo sa-
COACHUS NOPOO 1 MUHEPAIU3AYUL 2PYHMOo6bIX 600, XapaKTepH3yo-
HHACA CAefyIOMHMH CTAZUAMH:

I — yBesnuyenne MuHepasH3anHU BEPXHUX CJA0EB TPYHTOBHIX
BOJ 33 CUeT pPacTBOpPeHHs HHHUALTPALHOHHLIMH BOAaMHU conel
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nopoll 30HBl a3pauM¥ M HCNApUTEILHOTO KOHUEHTPHPOBAHHA
rpYHTOBBIX BOA, Korda YTB<YHKK: SO:~, HCO; —-SO¢ ,
Cl—; Na*, Ca%*"— Na*,

11 — uekoTopoe CHHXEHHE MHHEpPANH3aUMH BEpXHHUX CJIOEB
IPYHTOBBIX BOJ 32 CYET MOCTYMJIEHHS OPOCHTEJbHBIX BOA B yCJO-
pUSIX YACTHYHOTO pACCOJEHHs TNOPoA 30HHI aspamun: SO: ,
Cl-—SO;™; Na*-» Na*, Ca*";

111 — noaronnenue u 3a6oNaunBaHHE TEPPUTOPHH, YBesHue-
HHE MHHepalH3allid TPYHTOBBIX BOA 3a CueT MX BHYTPHUIpYHTO-
BOrGC H MNOBEPXHOCTHoro wucnapenus. KoHeunass BoaHo-cojieBast
obcradoBka: YKK < YHKK, ¥IB< K¥, Cyi> Cip C, > Cy,
Crp > CO, Cop < Crpo

[locne BBefeHHSt B CTPOH MCKYCCTBEHHOTO ApeHaxa AaHHBI
THIT HOHHO-COJIEBOTO PEXHMa MNEPEeXORHT B pexcum YCmoLiuusoeo
MEOACHH020 OnpecHerus, KOTOPbIH COMPOBOMKAAETCA PAaCCONAEHHEM
MOPOJ 30HHL a3paliy, ONpeCHeHHEM U CTabuau3auuell HOHHO-CO-
JIEBOTC peXHMa TPYHTOBBIX BoA. Boasl nmpHobperawT THipoKap-
GOHATHBIA KaNblHEBbIH COCTaB; KOHEUHAas BOJHO-COJMeBas obcra-
HOBKa mpHobpeTaer chepytoluuii Bun: YKK=YHKK, YI'B > K¥,
Co>Crp, Ca=Cy, Cp<Cy, Cop< Crp. Tlpu HegocTaTOUHOM
3(peKTHBHOCTH HCKYCCTBEHHOTO APeHaXKa opolueHHe 6YHeT conpo-
BOKNATLCS HAKanJMBaHUEM coJiell B NMOPOAaXx 30Hbl aspauii.

B nepBHYHOHE3aCOJIEHHBIX MOPORAX NPH CNabOM NPEHHPOBA-
HHUH HerJyGOKO3aneralomiuX TPYHTOBBIX BOJ B YCJOBHSX oOpoilie-
HUSl QOPMHPYETCSt MHOTOMETHHH UOHHO-COACBOL pexcum Heycrmoti-
YUBO20 MEQALHHO20 ONPECHEH U 2PYHIMO8bX 600, nepexodauiull 8 pe-
HCUM YCMOUHUBOZO ONPECHEHUA NPU NPUMEHEHUL UCKYCCMBEHHO20
dperasca. PopMHpOBaHHE DPeXHMa CONPOBOKIAETCA CJERYIOUH-
MH CTagHSIMHU:

1 — yMenbilleHHe MuHepalu3alUH BepXHHX CJ0€B TPYHTO-
BBIX BOJ 3a CYeT TNOCTYMJIEHHS TNPEeCHBIX OPOCHTEJLHBIX:
HCO5, SO:i™ —HCOs; Ca?*, Mg* — Ca®";

Il — poct MuHepanu3auuu BEPXHHX CJOEB TPYHTOBBIX BOX
3a CyeT MX BHYTPHUTPYHTOBOrO Hcnapenus npu ¥I'B < YHKK:
HCOs — SOi™; Ca®*—> Na*, Ca*;

I - onmpecHeHHe TPYHTOBBIX BON, M CTAaGHAH3ALUA HOHHO-
COJIEBOTO peXHMa B YCJOBHSAX NPUMEHEHHSI HCKYCCTBEHHOro Ape-
Haxka. Boapt npHoGpeTaloT THAPOKApOOHATHHINA KalbiHeBHIH CO-
CTaB, a TOJIA aKTHBRHOTO BOLOCOIEOOMeHa XapaKTepH3yercs cle-
Aytowed BoaHO-coneBoil oOcranoBkol: YKK=VYHKK, YIB=
= K.Y, Cn> Crpa Ca <Cﬂa Crp < COs Cop = rp-

B cryuae HCKYCCTBEHHOrO ApeHaxa B Hauaje KCIUyaTamHH
OPOCHTENbHON CHCTEMBI HMEIOT MeCTO JHILIb CTaiHH OMNPECHEHHS
TPYHTOBBIX BOA M CT4GHAH3alMH HOHHO-COJeBoro pexuMa. Opo-
leHue Ge3 HCKYCCTBEHHOTO ApEHa)ka HJIM NMpH Malol ero agdex-
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THBHOCTH MOMKET CONMpPOBOMKIATHCH SIBACHHSAMH C/lMaboro BTOpHY-
HOTO 3aCO/IeHHst MOPOA M NOYB, NOATOM/IEHHEM H 3ab0/lauMBaHHEM
TEpPPUTOPHH.

§ 5. 3akoHOMepHOCTH pacnpeaenens HOHOB
B MPPMIaLMOHHO-TPYHTOBbIX BOAAX

Kaxnoli cranud (QOpMHPOBaHHSI HOHHO-COJIEBOTO  pPeXKHMA
B mpepesaX OpollaeMOoro MacCHBa COOTBETCTBYET OlpefeseHHoe
npocTpaHCTBEHHOE pacripefe/eHHe HOHOB B BOAAX TOJIH AKTHB-
HOTO Co/Teo6MeHa. 3aKOHOMEPHOCTH 3TOr0 pacnpeie/eHus npexje
BCEro 34BHUCAT OT THAPOAHHAMHYECKUX YCIOBHH TEPpPHTODHH,
€CTeCTBEHHOIO BOAHOTO DEXHUMA, PerHMa HPpPHTAIHOHHBIX Mepo-
NpusiTHil, €CTECTBEHHOIO HOHHO-COJIEBOrO PEXUMAa H BOAHO-CoTle-
BOl ofcTaHOBKH. Ilpy npounx paBHBIX YCJAOBHSAX NMPOCTPaHCTBEH-
HOe paclpesiefieHne HOHOB UMeeT CBoW OCOOEHHOCTH B 3aBHCHMO-
CTH OT PA3HOBHAHOCTEHl pexUMa HppHrallHOHHO-TPYHTOBBIX BOR,
CBA3@HHBIX C HX NPHYPOYEHHOCTLIO K TEPPHTOPHAM C passiHu-
HBIMH BHAAMH HPPHTALHOHHBIX MepOMNPHSITHHI HpPPHTAIHOHHO-
NpHKAHAALHOrO pexHMa, HPPHralHOHHO-MaKpOMONHBHOTG, HppH-
rallHOHHO-MHKPOIOJIHBHOTO H HppHraunoHHoro. B cayuae, ecau
TEPPUTOPHH C pa3THYHBIMU BUAAMH HpPUTAHOHHBIX MEPONMpPHATHH
pacnoNo’KeHbl psfoM, TO B YCIOBHAX AJUTENBLHOTO OPOUIEHHS
dopmMupyercn eqHHBI{l UPPUTALHOHHLEI peXHUM CO CBOHCTBEHHLIMU
€My 3aKOHOMEPHOCTSIMH pacnpefesieHHsl HOHOB B HpPHTalHOHHO-
TPYHTOBBIX Bojax. B naHHOM pa3sfielle B KaueCTBe npHMepa pac-
CMOTpeHbl OCOGEHHOCTH paclpefeseHyst HOHOB B HppHTalUOHHO-
TPYHTOBBIX Bonax, QOPMHpYIOUIHXCA B YCJOBHSX €CTECTBEHHOTO
HOHHO-COJIEBOTO peXHMMa YCTOHUMBOTO MERJIEHHOrO PacCoNeHus,
DTH YCAOBUS XapaKTEPH3YIOTCs] eCTECTBEHHBIM 3aCOIeHHeM TOpOJ
30HBI a’panuy, CNYOOKHM 3a’eraHHeM ClaboApeHHp YIoUUXCS
TpYHTOBLIX BoAd (D—6 M u Gosee) u smasiores HauGollee THIHY-
HBIMH B TNpefedaX 30HBI HEJOCTAaTOYHOrO yBJaHEeHHs. Xapak-
TEPHUCTHKA pacnpene/eHHsl HOHOB B BOJaX AaHa AJMs CTajli
OTHOCHTEJbHO CTAaGH/IH3aLHH HOHHO-COJIEBOTO pexuMa B Ipene-
J1aX TEepPHUTOpHH, Ha NMOBEPXHOCTL KOTOPHIX HOCTYHAIOT HppHra-
HHOHHBIE H TIONUBHBIE BOJEL.

Pacnpenenense HOHOB B HPPHTalHOHHO-TPYHTOBBIX BORAX
€ HPPHrauMOHHO-NPHKAHAJABHBIM pexuMoM, PexuM Xxapakre-
PH3YeTCs 3HAYMTENLHLIM MOBLILEHHEM YPOBHA B NpHKaHANbHOH
30HE K MeHee BLIDAXKEHHBIM MHOTONETHHM TNOAHATHEM YPOBHS
TPYHTOBLIX BOL B 30HE BJHSHHS (UALTPAHOHHBIX NOTEPh HA
pacCTOSAHHH HECKONLKHX COTEH MeTpoB oT KaHala. B pesyawstate
MHOTOJIETHHX (PUILTPAHOHHBIX NOTEPL MPECHBIX BOA B MoJoCe
BIMSIHUSI KaHajla BO3HHKaeT crnenuuueckas THAPOXHMHUYECKas
o06CTaHOBKa, XapaKTePH3YIOWasCs 30HANBHOCTLIO pacnpelelie-
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Puc. 31, Cxema pacnpefesienust HOHOB B HPDHFALHOHHO-TPYHTOBHIX BOJAAX
¢ HDPHTAUHOHHO-NPHKAHANBHEIM pexHMOM (2 — B padpese, 6 — B IJaHe):

1 — ypoBeHb WPDHIalMOHHO-TDYHTOBEIX BOX; ? —— YPOBEHb TPYHTORBIX BOK, & — PpaHHUs:
rHAPOXAMEYECKHX 30H; 4 -~ HaNpaBleHHe NBHXKCHAS BOX; § — JIMBHS Paspesa; 6 — Mu-
HEDAJHSENHS BOX B HpeReJsax 308, 7 — HoMeDa 30H.

HHSl HOHOB B HpPHIalMOHHO-TPYHTOBLIX BOAAX, paclosarai-
IHXCs BRoab KaHana. Ha pue. 31 nmpuBeneHo pacnpeneneuue
HOHOB B WPPHrauHOHHO-TPYHTOBBIX BOAAX MPUKAHAALHOH n0J0-
cbl B iaHe (rOpU3OHTAaAbHAs 30HATBHOCTH) M B paspese (BepTu-
KaJbHast 30HAJBbHOCTD).

1. Sona onpecrenus uppuzayuonno-epyumossix 600. Hns
nepBoH 30HBI, HENOCPENCTBEHHO MNpUMBLIKAOUICH K Kagaly, Xa-
PaKTepHO pacnpocTpaHeHHe HanbONee HHU3KOMHHEPATH30BAHHLIX
HPPHrauMOHHO-TPYHTOBLIX BOA C MHHepanusauueit Cs, npubmau-
XKalomencs K MUHepaau3auuH opocHTelsHbIX Boa {(Cop). C rny6u-
HOH MUHepaiusanus NOBLNNAETCH A0 BeaHuuHn C, ¥ Aanee [o
€CTeCTBEHHO! MHHepanu3aluu COOCTBEHHO-rpyHTOBBIX Box (Crp).
[Tepexopuuiit cnoit ¢ wmuHepanusauueli C, dopmupyerca 3a
cueT ¢uabTpanHoHHON AHGPY3UH HA rpaHHuE MeXIy NPECcHbIMHU
uppuranuonsbiMu BogaMu (Cy) u conennimu rpysToBeiME (Crp).
MagkcumanbHble TNyOHHB ONpecHeHus HaAOMIOJAOTCS B HEHTpe
30HHI, [10 Mepe yaJeHusl OT KaHajia MOUIHOCTL 30HB OIPeCHeHUst
cuikaercsi. OCHOBHLIM  (haKTOPOM (POPMHPOBaHHS HOHHO-COJME-
BOTO COCTABA B Tpeienax PaccMaTpHUBaeMod 30HLI AB/ASETCH KOH-
BEKTHBHOE nepeMelileHHe HOHOB (QUIBTPAIHOHHLEIM [OTOKOM.

B paccmarpuBaemofi cxeme YCJIOBHO NPHHSATO, 4TO (UABTPa-
UHS MO NJIACTy NPOMCXOAMT Mo 00€ CTOpPOHBI KaHanla B IIPOTHBO-
TIONIOMKHBIX HanpaBAeHusIX, NepUeHAUKYASPHO eMy U C PaBHLIMH
cKopocTamHu. s 30HBI XapakTepHa Clefyioliasi MHAPOXHMHUE-
cxas obcranueka: Cop <G < Cy < Crp.
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11. 3ora sotkAtHUBAH UA NPECHBLY UDP ULALYUOHHO-2DYHMOBbLX 800,
XapakTepHasi /s NEepPBOH 30HbI BePTHKAaAbHAs THAPOXHMHYe-
CKasi 30HAJbHOCTbL YCJOXKHSETCH HanuuueM Gosee COMeHbIX BOJ
¢ muHepanusanueli C;, BO3HHKAIOWMX B 30HE MOAbEMA YPOBHS
IPYHTOBBIX BOJ 3a CYeT PAcTBOPEHHS COoJeH, COAepKalUXCs B ro-
ponax. B nmpenenax paccmarpHBaeMofi 30HB! BBIKJIHHHBAIOTCH KAk
npecHble Bojpl ¢ MuHepanusanuell Cs, Tak U 6osee ColeHble Bepx-
uyue caou. OCHOBHBIMH (aKropamu (OpMHPOBAaHUS HOHHO-CONIE-
BOrC COCTAaBa SMBJSIOTCS KOHBEKTHBHbBI MEPEHOC, pacTBOpeHHe
tBepiaofi thaswi, dunpTpauuonHas auddysusi. B cayuae, ecnn
YIB < YHKK, Munepanusauus BepXHero CJOS MOMeT BO3-
pacTath TaKke 3a CueT MPOHECcCOB HCMApUTENLHOTO KOHUEHTPH-
posanus (Cy > C5 < Cy < Crp).

L. 3ona soikaunusanua 600, QopMupylouLuxcs Ha epanuye
mexcdy npectoimu unguavmpayuonnoinu (Cs) u coretoimu epyH-
mosoinu (Crp) 600amu. Bepxuue cou Box 5T 30HBI (OPMHPYIOT-
¢si 3a CdeT pacTBopeHHs cosieil B 30He MOgbeMa YPOBHS BOX C MH-
nepanusauneli C,, NOBbINIast CBOIO MHHEPAJ H3AIMIO N0 BENHYHHbI
C,. Hmxe pacrnosaratorcs Boipl ¢ MuHepanusamnueil C,, 3anerato-
uiMe Ha Bojax ¢ nepBuuHoH muuepanusauuel Cr,. OCHOBHbIE (haK-
TOpbl OPMUPOBAHHS HOHHO-COIEBOTO COCTaBa Te e, UTO H BO
sropoil 3oHe (Cg3 > C, < Cryp).

IV. 3ona éskaunusanus uppueayuonno-epyrnmosolx 600. Hou-
HO-COJIEBOH COCTaB BepXHUX CJOeB rpyHTOBHIX Box (C;) dopMu-
pyeTcst 3a CyeT DacTBOPeHHs coJell B MOPORax 30HBI MOABEMA
ypoBHA, a B TOM Cryuae, ecan ¥I'B < ¥HUI'B, takike 3a cuer
HCMAapUTENBHOr0 KOHUEeHTpuposanus. [HuxHue ciow XapaKrepu-
3YIOTCS €CTECTBEHHBIM HOHHO-COJIEBBIM pexHmoMm (Cy > Crp).

V. 3ona ecmecmeennozo UOHHO-COALE020 peXcumMa 3a Npederamnu
BAUAHUA PUALMPAYUOHHOIX Nomepb U3 Kanaaa. IoHHo-ConeBo# co-
CTaB M PEeXHM YPOBHS (DOPMHUPYIOTCS [OJ BO3AEHCTBHEM JHLIb
ecTeCTBeHHBIX (akTopoB. s paccMaTpuBaeMmblx ycJaoBHH Xa-
paKTepeH eCTeCTBEHHbIH MHOIOJIETHHH PEeXKHM YCTOHYUBOIO Mej-
JEHHOIO PACCOJNeHHS NOPOJ H ONpPEecHeHHWs TPYHTOBHIX BOA.

B mesioM HppHragHOHHO-TPYHTOBLIE BOABl XapaKTePU3YIOTCS
Clenyiomel THAPOXHUMHYECKOH O0O6CTaHOBKOM: Cop LCy < C)=
=C,< C3=C, < Cy. Tlo Mepe yBEeNHYEHHN MHUHEPAIHIALMH
BOJ YMEHBIIAIOTCS OTHOCHTe/bHBbIE KoHHeHTpamuH nonos HCOs
u Ca®" u sospacrator abCoJIIOTHEIE U OTHOCHTEIbHBIE KOHIIEHT-
paupu SOi, CI-, Mg?*, Na*, K*.

Pacnpejenense HOHOB B HPPUTallHOHHO-IPYHTOBBIX BOJaX
¢ HPpUranHOHHO-MaKPONOJHBHBLIM THNOM pexuma, [lauuelli pe-
XKiM  (QOpMHpYeTCsi B MNpelenax KpYMHbIX MHOroJeTHenelCT-
BYIOWHX OpolliaeMblX MAacCHBOB H XapaKTePH3YeTCs 3HauuTeNb-
HBHIM TOJHSITHEM YpOBHEH TPYHTOBLIX BOJ HAa MOJHBHOH 4YacTH
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Puc. 32. Cxema pacnpelefeHuss HOHOB B HPpHIalMOHHO-TPYHTOBBIX BOAAX
¢ HPPHTALMOHHO-MAKPOTIOJHBHBIM THIIOM pexKuMa (o — B NjjaHe, 6 — B pa3pese).

MaccuBa 3a Cuer (PUALTPALHOHHBIX NOTEPL OPOCHTENbLHBIX BOJ
B DACIOpeIeNHTENLHOH CeTH, a8 TaK:Ke MeHee 3HauHTeIbHbIM MOJ-
HATHEM YpPOBHA Ha nepudepHHHBIX YYacTKax, MPHJIErarmux
Kk Maccusy. Ha nepugepuiiHbIX yuacTKax ypoBeHb COOCTBEHHO-
TPYHTOBEIX BOJ MOBBHIIAETCS BCJAEACTBHE UX MONIOPA HppHTa-
LHOHHO-TPYHTOBBIMH BOZAMH, OOpasyOMUMHCH Ha INOJAAX Opo-
ureHusi. B pesyabrare MHOroJMeTHHX (QUALTPALHOHHBIX MOTEPD,
COMPOBOXKJAICIIHXCA H3MEHEHHEM THAPOJUTHAMHUECKHX YCIOBHH,
B YACTHOCTH CO3JaHHEM MECTHBHIX [OJfIOPOB, NPOUCXOLHUT repe-
pacrnpejeseHie 3aMacoB HOHOB B HPPHTAUHOHHO-TPYHTOBHIX BO-
JaX, MPOABJAIONICEC B BUAE TOPU3OHTANLHOH H BEPTHKAADL-
HOH 3CHAJBHOCTEH MHHEPANH3aUHH U UOHHO-CONEBOTOC CoCTaBa
(puc. 32).

I. 3ona onpecrenus uppueayuonno-epyrnmossix 600. Popmu-
PYeTCs HermoCPeJCTBEHHO HA OpOlIaeMOM MAacCHBE 33 CYeT [OoJ-
HOTO 3aMelleHHs B TOJIE aKTUBHOTO BOj0COIe00Mena COOCTBEHHO-
TPYHTOBBIX  CONEHBIX BOJ Cc/NaloMHHEPaNW30BAHHBIMH  BOJAMH
buabrpanuonnslx morepb (Cy > Cop). OcHOBHBIM HOHOQOPMHPYIO-
UM GaKTOPOM SIBAETC KOHBEKTHBHOE fiepeMeleH e HOHOB hHIbT-
PanHOHHLIM I[OTOKOM, OCYLIECTBJISIOINEECS B pe3yabTaTe ecTect-
BEHHOTO W HCKYCCTBEHHOTO JPEHHPOBAHUA TPYHTOBHIX BOM.

. 3ona uppueayuonno-epynmosoix 600, okaumasmowux opo-
taemoi maccus. 3anac MOHOB BEPXHHX CJIOEB 3TuX BoJ (opMu-
pyercst sa cuer coGcrBenHo-rpyHToBBIX BOA (Crp), HOHOB, BHITEC-
HsIeMbIX OPOCHTEIbLHBIMH BOXAMH K3 mepsofl 30HH (Cp), U HOHOB,
NOCTYNatwmHUX B BOAY NPH PacTBopeHWH TRepnol dasel B 30HE
nogbema yposus (Cp); ecnu ¥IT'B < YHI'B, yactb HOHOB MOCTY-
NdeT M3 HIKHUX CJI0EeB Npy HenapeHHn TpyHToBBIX BoA (Cu).
Cymmapnas munepanusanus ol pasna: Cy = Cpp 4 Cy + Cp +-Ch.

Munepanusanus HUXKHUEX cn0eB TpyHTOBBIX BoA (C3) Popmupy-
€TCA 33 CYUeT MHHePaNu3auHH COOCTBEHHO TPYHTOBHX BOJ (Crp) H
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HOHOB, MOCTYNAKCIIHX W3 MEepBOH 30HBI B Pe3yabTaTe HX BhITEC-
HEHHS1 OpeCHBIMH OpOCHTeNbHBIMH BofaMu (C; = Crp + Cy).

I11. 3oHa sekaunusar us up puzayuoHHo-2pyHmossix 800. Bepx-
HHE cJIoM F'PYHTOBHIX BOJ (OpMHPYIOT cBOHl HOHHO-CONEBOH co-
CTaB 3a cueT HOHOB COOCTBEHHO-TPYHTOBBIX BOJ, pacTBOpeHHS
TBepJAOoH a3l B 30HE MoJAbeMa YPOBHEH M HCMAPHUTENbHOTO KOH-
uenrpupoBanus (C; = Crp + Cp + Cu); HUXHHe CJOH Xapak-
TEPHU3YIOTCH eCTECTBEHHOH MHHepa/Iu3aiued.

IV. 3ona ecmecmeennoeo wonHo-conesoeo pexcuma. Dopmu-
pyercs sa npefesnaMi BAHSHHSI Ha BOJHO-COJNIEBOH PeXUM HppHra-
MHOHHBIX (AKTOPOB; MuHepanusanus BoAd (Crp) U3MEHSIETCS MOx
BaMsAHHEM JHIIbL NPHPORHBIX (PAKTOPOB.

UppurannosHo-T pyHTOBBIE BOABI OpOIIAeMOro MacCHBa H OpH-
JeralolliiX K HeMYy TEePPHTOPHI XapakTepH3yTCs Caelyioulei
ruppoxumuueckoll obcranoBkoiii Cop K €, < C3 > Co = C1>
> Crp; C yBeTHUEHHEM MHHEpaJH3aliiy B BOJe BO3PACTAOT KOH-
ODEHTPalUH HOHOB XJIOpa, HATpHS, MarHUsl, KaMHs U CyJbaTHbIX
HoHOB. ['panHHLiBl MeXIy CJOSMH BOJA C pa3HOH MHHepaju3auue
Ha CXeMe HaHeceHbl YCJOBHO, B OpUPORHOH OOCTaHOBKE OHM pas-
MBITHI B pe3yabTaTe unbrpannonnon qudpdysuu. Ilo mepe crape-
HHsl OPOCHTENILHOrO MaccHBa B YCJIOBUSIX HeMPephIBHON 3KCHaya-
TaiHH OpOCHTEIbHOH CHCTEeMbl 30HA OMNpecHeHHs! pacIuupsieTcs,
MHHepanu3auus TPYHTOBBIX BOX 3a IpefeslaMd MacCHBa BLIpaB-
HHBAeTcsl H 30HAJNbHOCTb TepsieT CBON UETKOCTb.

Pacnpenenende HOHOB B HpPPHTALHOHHO-FPYHTOBHIX BOJAAX
¢ HPPHTaLHOHHO-MHKPONOJHBHLIM THNOM pexuma, PexuM ¢op-
MHpPYETCS IMOA BJAHSAHMEM He[OJLIIMX OPOCHTEALHLIX MAacCCHBOB,
CONYTCTBYIOWIHX GOJNBIIMM OPOCHTENBHBIM CHCTeMaM,— CIyTHH-
KOB OpOIlleHHs, H XapakTepH3yercsi 3HAYHTENbHBIM [OBHIlIEHHEM
YPOBHsi TPYHTOBHIX BOJ B Npefieax NOMHMBHLIX Ioulafefl 3a cuer
(pUNLTPAIIHOHHBIX NOTEPh OPOCHTEJbHBIX BOA. B mpegenax Tep-
PHTOPHH, NPHMBIKAOMWHKX K COYTHHKAM, BCJEJCTBHE MAafbIX
MECTHHIX TNOJNOPOB, CO03/JaBaeMblX HPPHrayHOHHO-TPYHTOBBIMH
BO/IaMH, YPOBeHb TPYHTOBLIX BOJ MOAHMMAETCs 3HAUHTENBLHO MeJl»
JeHHee, 4eM B YCJOBHSIX HpPPHIallHOHHO-MaKPONOIHBHOTO pe-
xKuMa. 3oHa noabeMa YPOBHA 37eCh Ma/lOMOIUHA, H HPOLECCH,
npoHcXofsiiye B Hell, CyulecTBEHHOH poau B (OPMHPOBaHHH
THAPOXHMHUECKOTO peXxuma He urpaioT. B pesyabrare 3xcmiya-
TalHH COYTHUKOB OPOMIEHHS B TOMIIE COGCTBEHHO-TPYHTOBLIX BOJ
¢ muuepanusapueit Co; QOpMHPYIOTCA JHH3BI OPECHBIX BOX
¢ munepanusanueii C,, 06pa3yomuxcst 3a cuer QUALTPANHOHHBIX
oTeph OpPOCHTE/IbLHLIX BOJ. HoHbI, BhiTeCHEHHBIE HHOHALTPAIHOH-
HBIMH BOJAMHU U3 [OPOJ 30HLI aspaiHu, HAKaNAHBAOTCS B CIOSX
IPYHTOBHIX BOJ, OKaHMJISIOWIUX IPecHOBOAHKE JHH3b. Mumne-
panusauns oA 31ux caoeB (Cy) cocTouT U3 MHHepalHsauHu cob-
cTeHHO-TpyHTOBbIX Boj (Cp) M HOHOB, MOCTYMHBIIHX M3 MOPOJ
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Puc, 33, Cxema pacrnpefesieHHs HOHOB B HPpUrallHOHHO-TPYHTOBHX BOZAK
C HPPHIaUHOHHO-MHKDONONHBHBIM THUIOM peXuMa (a —B IJaHe, 6 —B
paspese).

30HBI a’paliiy B Pe3yanTare pacTBopeHHs TBepaol (asul U BhlTec-
HEHHs BBICOKOMHHEPA/IH30BaHHBIX NOPOBLIX pactBopoB (Cp). Bos-
HHKAWWas NpH 3TOM BePTHKAJAbHAA U TOPH3OHTAJbHAS THAPOXH-
MHYeCKasi 30HAILHOCTL, XapaKTepHas LIS PACCMOTPEHHHIX YCJIO-
BUH, npuBeseHa Ha puc. 33. VppurauuoHHO-TPYHTOBHIE BORbI
XapaKTepU3YIOTCA CIeAymeld THAPoXUMHYECKOH o6CTauoBKOM:
Cop <C, < Cy > Cy.

Pacnpejenedde HOMOB B HPPHTauHOHHO-TPYHTOBHIX BOJAX
¢ HPPHUIamHOHHLIM THNOM pexuma. Jlauublii Tun pexxuma popMu-
pyercs BCJEACTBHE CNUSHUA HPPUTALHOHHO-TPYHTOBBIX BoJ, BO3-
HUKINMX B pe3y/bTarTe Pas/iHuHbIX BHJOB MPPHraMOHHBIX MEPO-
NpHATHH—KaHaIOB, MAKPO- H MUKpomnouBoB. CllefytomuM sTanoM
SIBJISIOTCS CIMSIHME COOTBETCTBYIOIIHX 30H ONPECHEHHS H AaJiee
NOJIHO® 3aMEleHHe eCTECTBEHHO MHHEPANN30BAHHBIX TI'PYHTOBBIX
BOA B TOJIIE @KTHBHOTO BOAOCO/JIE€0OMEHA MPEeCHBIMH WHPUILTpa-
UHOHHBIMH BollaMH. Takoli THN pexnMa XapakTepeH MV CTapblX
HPPHIAHOHHBIX CHCTEM, B [pejesiaX KOTOPbIX CO BPEMEHeM ycTa-
HaB/HBAETCs ONpeAeNeHHoe PaBHOBECHE MEXAY NUTAHUEeM IpYH-
TOBBIX BOJ WHQHILTPANHOHHBIME H PAaCXOAOM TPYHTOBHIX BOJ Ha
CTOK 1 ucnapeunue (puc. 34). Monel, BelTecHeHHble M3 MOPOR 30HbI
a’paiiMd H 30HBl MOABEMA YPOBHA WPPUTALHOHHO-TPYHTOBBIX
Bol, a TaK¥XKe COHEPXKaBILUMECS B 3aMELICHHBIX MPECHbIMH CoOCT-
BEHHO-TPYHTOBBIX BONAX, MOCTYNAOT B NepHpEepHiHbIE YYaCTKH
UPPHTaMOHHOH CHCTEMbl M TaM JHGO PaCXoAYIOTCS C MOBEPXHO-
CTHBIM CTOKOM, APEHUPYACh B BOAOTOKH, JHGO HAKAIJIUBAIOTCH
B BojonpueMHHKaX (03epa, MCKYCCTBEHHbIE BONOEMbl) M TpYHTO-
BBIX Bojax. B nocrepnux cayuasx Ha TeppuUTOpHAX, OKpyXKato-
IIHX 0a3HCHI, HAOMONAETCA MOBbIIIEHHE MHHEPATH3AUHH TPYHTO-
BBIX BOJX H BOJ BOJOEMOB, MOSIBJEHHE 3aCOJEHHBIX MOUYB, B fafb-
HellreM NepeXoAfllHX B CILIOWHBIE COMOHYAKM C BBICOKOMHHE-
Panu3oBaHHLIMU I'PYHTOBBIMH BOAAMH.
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Puc. 34, Cxema pacfpefesienyss HOHOB B HDPPHIALHOHHO-IDYHTOBEX BOJAS
C HPPHUTaU¥OHHBIM THIOM peXnMa (qa —B mJjaHe, 6 — B paspese),

Ipu Hanuyuu HA mepHdepHH XOpPOIIEro eCTeCTBEHHOrO ApeHas
Ka 30HA pAaCCONEHHs1 pPACHPOCTPAHHUTCH HA BCIO TEPPHTOPHIO,
OTrpaHHYEHHYIO 3TUMH ApeHaMH, a BblTeCHEHHLIe H3 Hee HOHnl 0Yy-
AOyT pacxogoBaTbCst HA QopMHpOBaHHE HOHHOTO cToka. B atom
C/yyae 3acojieHHe 3€Me/lb HE IPOMCXOAMT, a TPYHTOBLIE BOABI, pac-
NONIOKEHHbIE 33 IIpefesaMy 30HLI ONPeCHeHHsi, COXpaHsAlT ecte-
CTBEHHBIH BOJLHO-COJIEBOH PEXHUM.
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Fnasa 7

NPOrHO3UPOBAHME MOHHO-COJIEBOIO COCTABA
UPPUIALLMOHHO-TPYHTOBLIX M NOPOBLIX BOA

IlpuMeHsitoT yeTblpe Trpynmbl METOAOB: (H3HKO-XMMHUECKOH
THAPOAMHAMHKH, COMBOro Gasnauca, (PH3HYECKOro MOAeHpO-
BaHMsl, CTaTHCTHYeCKHEe. Bce MeTonan! paccMOTpeHBI ¢ yYeTOM 0CO-
OeHHOCTEH MeXaHH3Ma CoJlenepeHoca B TOJLIE AKTHBHOTO BOJO-
coneo0MeHa.
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§ 1. OcobeHHOCTH MexaHH3Ma conenepeHoca
B NOPOAAaX TONWHM aKTHBHOro BoaoconeobmeHa

OcoGeHHOCTH nepeMelieHHs coJeil B mopojax, B mopoaax
30HBI a3palHH COJMIH MOTYT HAaXOAMTHCA B PacCTBOPEHHOM COCTOf-
HuH, B TBepAOoH ¢ase M B Bule HMOHOB OOMEHHOTO KOMILIEKca.
B pacTBopeHHOM BuA€ COMg MPUCYTCTBYIOT B KUIKOH (haze BOAMI,
B OOMEHHOM BHJle — Ha NOBEPXHOCTH YaCTHL, NOPOAb H KOJJIOWA-
HBIX YaCTHLl, B TBEPAOM — B NOPoAaxX B BHAE MHHEPAJOB.

[lepemelene coJiell TPOHCXOANT HCKJIIOUUTENBHO B pacTBo-
PEHHOM COCTOSIHWH, OCTa/JbHbIE BHABI COJEH NOCTYNAOT HJIN Bh-
XOAST U3 MHTPAllHOHHOTO [UKJA B pe3yJbTaTe [POLEeCcCOB, CONyT-
CTBYIOIIUX CoJleriepeHoCy,— PacTBOpeHHs, BbIleJa4uBaHNsA, Kpu-
CTa/IJIN3ailHd, MOHHOTO oOMeHa, copbuuu, lecopbunu. Cienyer
pasnuuath CJeAyIollHe THIIBl ABHXKEHNs Coseif B NOPOAAX 30HBI
aspallin: KOHBEKTUBHOe, AH(PPY3HOHHOE, OCMOTHYECKOE H Tpa-
BUTALHOHHO-CTPY fiuatoe.

Koneexmusroe nepemewenue coreli ¢ Quabmpayuontsim nomo-
xom Hab/lonaeTcss B TPaBHTAIL[HOHHBIX, 6MOTEHHbIX M KanWLIsp-
ubix Bogax. Ilpu 3TomM, ecin B nepBoM Bule BOJ AAHHBIA THO ABH-
JKEHHs CoJiell fBJsETCs npeolnanaioliuM, TO B APYTHX ABYX
B ONpejeqeHHbIX YCJIOBHSX MOTYT HMETb CYIIECTBEHHOE 3HaueHHe
g ApyrHe Tunbl aBuKeHHs. KosHuecTBEHHO nepeMeleHHe coJseit
¢ (PHILTPAllMOHHBIM TIOTOKOM OIIEHHMBA€TCsA NHPH pelleHHH Audie-
peHUHaNbHBIX ypaBHeHui (2.14, 2.15).

Huggpysuonnoe nepemewerue coaell ocymecTiasercsas OHnaro-
naps MoJekyJsipHo#, TepMo- u OappoAuddy3uu, a Takxke puc-
NepcHH CKOpOCTed; NpH HalH4Mu OBOHX [POLECCOB CyMMapHBIH
Ha3bIBAlOT KOHBEKTHBHOH, W/IN (uibTpaunoHHoH, audpysneit.
[lepemenienne coneil B KanH/UISPHO-TIOABEIIEHHBIX OTHOCHTE/NBLHO
HeNOABIKHBX BOAaX, a TakXKe B KalNWLIspHO-NOANEPTHIX Boaax
apu ¥YKK > ¥YHKK, korza OTCYTCTBYET UX MCIAPEHUE U TPaHC-
finpal s, NPONCXOAHT TJIaBHBIM 00pa3oM 3a CueT MOJIEKYJSpHOH
Jnddysuu. lepemeinenne conefl B KanuIISpHO-NOANIEPTHIX BOLaX
B YCJOBUAX MX HHTEHCHBHOTO HCHapeHHst WJH TPaHCIUDALHH,
a TaKXe B I'DaBUTALHOHHBIX BOJAX 30HBI NOABEMa YPOBHSA TPYH-
TOBBIX BOJ OCYHIECTB/ASIETCS B 3HAUMTENbHOH CTeleHu 3a Cuer
¢uabTpangorHof audbysun. KonuuecTBEHHO AaHHBIH THI mepe-
MelleHns coJieff onuceiBaercs AntdepeHuHaNbHBIMH  YPaBHEHH-
AMM MOJIEKYJSIDHO# H KOHBeKTHBHO#U Auddysun (3.51, 3.80), Tep-
smo ¥ Oappoxupdysun (3.52, 3.53).

Ocmomuneckoe nepemewerue coaeli nabiopaeTcss B Boje TKa-
Hell KOpHe# pacTeHuél BCJAEACTBHME pas/inyusi KOHLUEHTpauMi pac-
TBOPOB BHYTPHM H BHe KJeToK. Eciiy BHelnHue pacTtBophbl Gojee
KOHUIEHTPHPOBAHL!, TO B pe3yJ/bTaTe OCMOTHYECKHX SIBJICHHI OHW
pa3baBAgIOTCS NMOCTYNAMUMH B HUX OoJiee NPECHBIMA KJIETO4-
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HEIMH BoflavH u HaoGopot. [lepemeinenue pactBopor coxef B no-
pOAax TOA BJIHSHHEM OCMOTHYECKHX sBJieHHH onuckiBaercs Tugde-
peunHanbueMu ypasvenuaMu (3.86, 3.87).

[Tepemelnienue coiell Mol BAUSHHEM 2paduensmo8 NAOMHOCMU.
JBixeune coneil nop AefCTBHEM CHABI TAXKECTH B HalpaBieHHH
MeHbIIeHl IIOTHOCTH PacTBOpa Ha3BAHO 2aA02UOPABAUMECKUM 3¢
ekmonm, WIH epasUmMAUUORHO-CIpYlivamem OBUNCeHUeM, & Pa3-
HOCTD B IWIOTHOCTSX, NIPH KOTOPHIX TaKOE JBHXKEHHE BO3HHKAET,—
conresorm Hanopom. CBOGOAHAS KOHBEKIUS MOJ BJIMSHHEM COJIe-
BOTO Halopa BO3SHHKAaeT I[IPH OlpeAeSeHHOH BOJOMPOHHIAEMOCTH
NOPOA U [PAMO (IPONOPLHOHANbHE Koa(p(puuueHTaM bunbTpa

B menom nepememienne pacTBOpOB coJsieli B HGOLIHOPOﬂHbﬂj
nmopoax ¢ y4eroMm (PU3HKO-XUMHUECKHX MPOLECcCOB, COIY TCTBYIO
IIHX €My, ONHCHIBAETCS CJEAYIOWMM OOOOIIEHHBIM ypaBHEHNEN
coseniepenoca:

‘;TC = —DoAC +5divC + a(C — Cy) + B (C — v, N,) +

+ B* (C — y*N*) + vKAPo. — DrAT - DgAP, (7.1]
rje Bce of03HaueHHs Te e, UYTO B COOTBETCTBYIOIHX YPaBHE:
HHAX Taas 2,3.

B nmpupoaHbix yenoBUAX OTAE/bHbIE (PH3HKO-XUMHYECKHE [pO-
lecchl TNPAKTHYECKH He BJHSIOT Ha H3MeHeHHe KOHUeHTpauufl
HOHOB B pacTBopax, M03TOMYy B ypaBuenuu (7.1) unenamu, onu-
CHIBAIOMHMH 3TH NPOIeCCH, NPU pacyere Bejuunub C npenelpe-
raiot. B yacTHOCTH, npu pacyeTax coJsienepeHoca B HEORHOPONHBIX
3aCOJIEHHBIX MOPOAaxX TOJLIM aKTHBHOTO BojJOCOTeo6MeHa B yCno-
BHSIX opolienus ypaBaenue (7.1) BHITASIUT CefyomuM 06pasoM:

dc = - .

5 =—DgAC + 0divC + o (C—Cy), (7.2)
a B YCJOBHAX OJHAOMEPHOTO [ABHIKEHHSI PacTBOPOB, UYTO MPAKTH-
Yecku u HabJjogaercs B 30He aspauuy TPy OPOUICHHUH:

a _ 7% LaCc—C) (7.3)

@ = —Do dx"‘ + dx
B cayuae OTCYTCTBHS WJIH MaJloTO COJAEPXKaHWs JeTrKopacT-
BOPHUMBIX COJIEH B HEOAHOPOZHBIX ICDPOJAX MCHONB3YIOTC COOT-
BETCTBEHHO YPaBHEHHS — IIPH MHOTOMEDHOM ABHMKEHHH:
d A — 4
& = _DoAC +TdivC, (7.4)
a MpH OJHOMEPHOM JBHXKEHHH B OTHOCHTEJIbHO OJHOPOAHHIX IO-
pojaax mHpd mocTosiHHOH BesnynHe Do B NPCCTpaHCTBE:
dC dazc dc )
= Dogatvg. (7.5)
30HAALHOCTL BOXOCONETEPEHOCA B NOPOAAX 30HbLI A3pauum,
B cooTBercTBHH ¢ 0COGEHHOCTAMH JAHHAMHKH BJjiaTH H cojell B 110~
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Prc. 35, Cxema Mexauuama mnepememienust Baari (4) u coxeit (5) B no-
PORAxX 30HBI a’palluH:

! — paumenbwasi ryGuHa YPOBHA TPYHTOBBIX BOX; 2 = panbonbiuiasn rAyOHHA YPOBHS
CPYHTOBBIX BOA; 8 — YPOBEHb KalWJJIADHOH KaiMpl; 4 ~— ypOBeHb ¢usnIecKoro ucnape-
HUs KanwkIspHoll KaliMbl, 5 ~— TOROUIHA 30HBI TPAHC AP AU, 6 — ypoOBeHb NOBEPXHOCTH
seMap; 7 — nanpaBiaeHHe ABHMKeHHsS BJarH M CoJleHl; § — CHMBOJ Ipouecca nepeMelye -
HHs: 9 — 30HHI BOZOCOJNEoOMeHa;, [0 — woMepa 3ow; {f — BOAOYUOD; @ — QuabTpauHA
(uuduabtpauus); KI/T — gpHXEeHHe BJArd No KalHJJsfpaM; b — 6uohazopte I BHKEHHE;
A — armoa3oBoe ApHmMeuue Baary; K — KOHBEKTHBHOE NepeMmelmeHHe conelt; Dy —

nepeMelnesde codgef sa cdet MOJeKyasipaolt auddysun; D — nepemelllegue coqell 3a
cuer aucnepcHu ckopocTeli; D¢ — nepemeniedue coseft 3a c4eT GUALTPAUHOHHOR
nuddyand.

pozax 30HBI a9pallH MOKHO BBIAGIHTH CJIEAYIOIIHE 30HEL: KOpHE-
obutaeMblii CJofi (30Ha TpaHCOMpaluH), 30Ha HHOWILTPALHH,
KalunnsgpHast KafiMa TPYHTOBHIX BOJ, 30Ha TMOXbEMa ypOBHA
TPYHTOBBIX BOJ. B 3aBMCHMOCTH OT COOTHOLIEHHS aGCOMIOTHBIX
BeJIHUMH TAKUX eCTECTBEHHBIX H YC/OBHO BBIZEIAEMBIX TDaHHI,
KaK ypoBeHb IpYHTOBbIX Boa (¥/'B), ypoBeHb BHYTDHIDYHTOBOTO
(u3HUECKOTO HCIIapeHHs KalM/UISIPHOR KaiMbl (YOHKK), ypo-
BeHb KamwlasapHoi KabiMb (¥KK), ypoBeHb TpaHCIHpaluH BOA
(YTB), 30Hbl MOT'YT NepeKpbBaTh APYr ApYyTra  Jaxe Hak/albl-
BaTbC OfHA HA APYTYIO, BINIOTb JO MOJIHOTO HX COBMEIEHH:
B c/yyae MPUOJIHMKEHHS K MOBEPXHOCTH 3eM/IH COOTBETCTBYIOIHX
yposne#t. HauGoJlee 4eTKo 30Ha/ILHOCTS BOLOCOJIENEpeHoca mpo-
C/IEXKUBAeTCs IIPH YCJIOBHAX, KOI@ YPOBEHD NMOBEPXHOCTH 3€MJIH
Vi3 « YTB < YOHKK < YKK < ¥T'B (pnc. 35).
Kopreobumaemplii ca0l iy 30Ha MPAHCAUPAYUL. Bepxne#
rpanHiell soubl sBaserca Y113, nuxuelt — ¥TB. Iiay6una onpe-
fensietcsi SPPEKTHBHON MOIHOCTHIO KODHEBOH CHCTEMb npeob-
Jlajalollero Ha AaHHOH TEPPUTOpUH BHAA PaCTHTEJNLHOCTH; MakK-
cumasibHasi ray6una ¥YTB e npesbuaer 5—6 M. B npexenax
30HBl B PACCMATPUBAEMBIX YCJOBHSX DACIPOCTPAHEHBI BCE BHABE
BOJ, 32 HCKJIOUEHHEM KalH/UIPHO-TIOANEPTHX M FPYHTOBBIX.
HauGoabinyto ponb B AMHAMHKE Bjary MMEIOT IPaBHTalHOHHLIC
uHQUALTPAIHOHHbIE i OHOTEHHbIE BOABI, NIePe/BUTAOmHeC B KOP-
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HEBOW CHCTeMEe pacTeHHH, aTMOTeHHbBle BOJBI, MEePEelBUTaloUHECH
B BHAE Mapa, UMEIOT MOAYHHEHHOEe 3HadyeHHe.

BoaHblii GanaHc 30HBI ONpENENsieTcs B OCHOBHOM CQOQTHOLIe-
HHEeM [OCTYIVIEHHS HHQUILTPAIIHOHHEIX BOJ C MOBEPXHOCTH 3€MJIR
¥ pacXoaoBaHHA BOJABI Ha TPAHCIHPAUHIO:

AVi = (@ + Au)— (D1 + 41 + B), (7.6)
rie AV|— u3MeHeHue 3anmacoB BOJ 3a pacueTHbil nNepuox;, P
U ¢ — nocTynjieHue ¢ IOBEPXHOCTH 3eMJIH H PAacXOJ0BaHHE H3
[ 30HBl uHODUAbTpanuOHHEIX BoX; Ai, Ay — BeiHOC H3 | 30HH
# noctyljiende ua Il armoreHHeIx Box; 5 — BelHOC M3 | 30HH
6HOTEHHBIX BOJ.

B paccmarpuBaeMbIX yClI0BUSIX BOAHBIH OaslaHC OOBIYHO MMOJIO-
KHTeNbHBIA, To ecth AV > 0. [dunamuka coneli B KopueobuTae-
MOM CJIO€ OTIpENesiercs MPEeXJe BCEro KOHBEKTHBHBIM HHUCXOJsi-
MM JIBHXKEHHeM cosiefi ¢ HHQUIbTpapHoHHBIMH Bojamu (K); 3a
CYyeT MPOLECCOB MOJIEKYJIAPHOH Auddy3un NPOHCXOAMT mepepac-
npeneseHHe coslell B KalWISpHO-NO/ABEIeHHX BoJaX; ¢ OHo-
reHHBIMH BOJAMH COJIH MPAKTHUYECKH HE NepeMerialTcs.

ConeBoii GanaHc 30HH Gyner BHIVISAeTb claenykolmiuM obpd-

30M.
As = K1 —K, (7.7)

raie As; — U3MeHeHHEe 3amacoB CcoJiefi 3a pacyeTHBIH [EpHOZ;
K; — BoiHoc conell ¢ UupUALTpanHOHHBIMH Bojamu Bo Il 3omy;
K — moctyniieHHe collefl ¢ ocalKaMH H 3a CYeT IOBEpXHOCTHHIX
BoA. IIpakTHuecku B mpHpojHHIX ycioBuax K; > K Beaeacrsue
BJHSIHHUSA HAa HOHHO-COJIeBOH cOoCTaB HHOW/ILTPYIOMHXCH BOJ Ta-
KHX CONYTCTBYIOUIMX [MPONECCOB, Kak pacTBOPEHHE, BEHIIENayu-
BaHHe, HOHHHBIH OOMeH, NecopOuMs, KOTOphle IpeofiafaloT B 3TOMH
30He.

3ona ungurempayuy. Huxuellt rpaHupeili 30HB SBJIAETCSH
Y KK, BepxHeli — mosoliBa nepBoit 301bl. MOHIHOCTb 30HBI He-
MOCTOSIHHA, 4YTO CBSI3aHO C KoJeGauusiMH TIYOHHBI 3aJleTaHuA ee
KpoBau (¥TB) u nopouBsl (YKK). Caumxenue ¥KK obycios-
JIeHO AeHCTBHEM TaKHX IIPOLECCOB, Kak HcmapeHHe (mpu VKK <
< ¥YDPHKK) u tpancnupauus (npu ¥KK < ¥TB) Box xkanui-
JSIpHOH Ka#mbl, WJIH CHHKeHueM ¥/'B B pesynprate najeHus
Hanopa; nosuiieHHe ¥ KK cBs3ano ¢ nosbiienunem ¥ B Beaen-
crBue MHOWALTPApMH U Toanopa. Pe3ynpTHpylouiee wHamnpasie-
Hue usmeHeHus & KK 3aBHCUT OT COOTHOIIEHHS CTENEHH BIHSHHS.
IepeyncaeHHbIX mponeccoB. B Tom cnyuqae, korna YOHKK <
< ¥YKK < ¥TB, wucnapeHue KanwlIspHBIX BOj TPOUCXOLNT
UL NYTeM Tpaucnupanuu; eciy YDOHKK > YKK > ¥TB,
TPaHCIIMPANHS OTCYTCTBYET, HO BOABI NOJABEpPMKEHBI BHYTPUIPYH-
ToBOMY ucmapenuio; ecad ¥TB < YKK > YOHKK, orcyr-
CTBYIOT H Tpaclupauusl, W uclapenue. B mociennem ciyuae cHH-
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KeHne ¥I'B MOXKeT NPOUCXOIMTb JHULIL 3a CuUeT MNaJeHdus Ha-
fopa. B 30He npucyTcTBYIOT Bce BUABI BOAB, 3a HCKJIOUEHHEM
GUHOTEHHBIX .

B saBucumMocTH OT B3auMHoro nosoxenus ¥YKK u YOHKK
B ycnoBusix, Koraa Y KK > ¥ TB, Bo3MOXHbI IBa BapHaHTa JH-
HAMHKH COJIEd W BJary B 30He, OTJIMYAIOIIHECs M0 OCOGEHHOCTSIM
BozfoconeoGMeHa.

1. YKK < YOHKK. B 3tom ciyuae, KOTOpbIii BO3MOMEH
OpH CJIOXKEHHH TOPOA 30HBI a’pauuu rpyboJuCIIepCHbIMH PA3HO-
CTAMH, BOJOOOMEH NMPOHCXORHT NyTeM HHPUILTPAUHH TPaBHTALH-
OHHBIX Boj () M nepememeHHs BBepX at™MoreHHbix (4), mocty-
NawMUX B 30HY B pe3yjbTaTe BHYTPHIPYHTOBOTO HCIapEHHS
80 KanwJISpHOHA KaiiMH:

AV = (D1 + Ami)) — (P + An), (7.8)

rae AV —u3meHeHne samacoB Bog Bo Il 30He 3a pacyeTHLIH
nepuop; @i, @ — COOTBETCTBEHHO MOCTYIJIEHHE B 30HY W BHI-
HOC W3 HEE B HHIKE3aJeramwomyl 30HY WHQHUIbTPAUHOHHLIX BOJ;
An, Ay —Boeinoc u3 11 3oHBl M 1 crynaenne us 111 atMoreH-
HBIX BOJI.

ConenepeHoc onpeaesnsercs B OCHOBHOM KOHBEKTHBHBLIM mepe-
HOCOM ¢ HHOHIbTPALHOHHLIMH BOAaMH; COJIEBOH OaslaHC 3OHbI
paccyuThiBaercs no opmysne

Asyy = Ky — Ky, (7.9

rne K; — noctynsienue cosefi uz 1 30dpI; Kj — BblHOC COJIEH
8 III somy.

B kanunnspHo-nojBelIeHHBIX BojaaX MPOHCXOAHT Ilepepac-
gpefenenue cosell B pe3ysbTare MOJIEKYJAsipHOH Aupdysuu.

2. ¥KK > YV@OHKK. B panublx yc/aoBHSX HCNapeHHe BOJ
KanwJIsipHOH KalMbl HE MDOMUCXOZUT, II03TOMY aTMOTE€HHbIe
BOJLI H3 TPeTbedl 30HBl HE MOCTymawr, 10 ectb Ay = 0. Ypas-
HeHue BOAHOro GajiaHca VIS pacCMaTpuBaeMbIX ycloBuil Oyler
BbITJIAJETh CJAeAYIOMUM 0Opa3oM:

AV =&y — (P + An). (7.10)

YpaBuenue coneBoro Galanca He H3MeHsieTcsi. [lepeABHIKEHHIO
BOJ W collefl B 30He HHOUILTPALHH CONYTCTBYIOT T€ XKe Mpo-
IeCCHl, YTO H BoJocoJellepeHOCY B Mpefesiax KOpHEOOHTaemoro
cinos. B sone unpuabtpanuu, ocobenno mpu YKK > VHKK,
MOJIHOCTbIO Mpeo6/lafaloT HUCXOASIHE MOTOKH TPaBHTAHOHHLIX
BOJA W MIPOUCXOJSAIIEE B TOM K€ HalpaBJECHHH KOHBEKTHBHOE Ilepe-
MellleHHe coJiell (PU/IbTPALMOHHBIM NIOTOKOM; TaKOH XapaKTep Bo-
JocojieoOMeHa u oBYCJAOBHI Ha3BaHHE 3TOH 30HLI
Kanunnspras xaiima epyrnmosotx 600. Huxueft rpannueii 3oHbl
asngerca ¥1'B, KOTOpHIfl MOABEDXEeH CE30HHBIM KOJIeOaHHSM.
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Otn KoneGaHus CBsI3aHbl C WCIIApPEHHEM W TpaHCIMpailvel BOX
KanuaNgapHOH KaliMbl, HH(HJAbTpaiHed TIpaBHTAIHOHHHIX BOJ,
U3MEHEHHEeM THAPOAMHAMHYECKUX YCJIOBHH, OOYCTOBJIEHHEIX cCe-
30HHHIMH OCOGEHHOCTSIMH NHTaHuSt H PasrpysKH IPYHTOBBIX BOX.
B npefenax 30HB OCHOBHBIM BHAOM BOJ, Hapsily C TPaBHTALMOH-
HbIMH, CBS3aHHBIMM W TapooOpasHLIMHM, FABJSIOTCH KaMWJISPHO-
noaneptele Boabl. XapakTep BoROCONeoOMeHa OIpenensieTcst IMo-
JIOKEHUEM OTHOCUTENBHO ApPYT Apyra YpOBHA KaluispHOR
KalMBl H YDOBHSI ee HCNlapeHusi, TaK Kak OT B3aHMHOTO MOJIO¥XKe-
HHUfl 3THX YPOBHeH 3aBHCHT HANDPaBJEHHOCTb (PHABTPALHOHHBLIX
H (PU3HKO-XHMHYECKHX IPOLECCOB, MPOHCXOASMIHNX B 30HE.

l. VKK <« YOHKK. B 3rux ycnosusax, Hapany ¢ HHQUIbT-
palHeli, OCHOBHBIM (DaKTOPOM MepeMellleHHss BOA M coJlelt fB/IsA-
eTcsl BHYTPHUTPYHTOBOE€ HCIIapeHHE€ BJjard KalWAJApHOH KaiMbl
¢ ee II0BEPXHOCTH. B pesyJ/ibraTe 3TOTO mpouecca moja AeHCTBHEM
CHJ1 TIOBEPXHOCTHOTO HaTSKEHHS MPOMCXOLHT HelpephiBHOE Iepe-
MellleHHe BJard H cosell BBepX no Kanuaiaspam. depuuut Bnaru
B 30He, 0DYC/OBJIeHHBIH ee moTepell Ha HCIapeHHe, BOCHONHSETCS
MOCTYTIIEHHEM COOTBETCTBYIOINETO KOJMYECTBA FPYHTOBBIX M HMH-
(pUIbTpalL HOHHBIX BOJ. .

Bananc Bnaru B 30He KaluNNsipHOR KalMBl HMeeT CJenyiOUuiE
BUA:

AV = (Pu + D) — (P + H), (7.11y

rae AV — n3MeneHue 3anacoB BAArH B 30HE 33 pacyeTHBIN
nepuon;, @y — noctynieHne HHQUAbTPALHOHHBIX BOA H3 BTOPOH
30HHBI; Py — NOCTYIUIEHHE B 30HYy IPYHTOBHIX BOX; M — pacxo-
AOBaHHe BOABI HA MCTHapeHHe; Py — NOTeps HHPUIbTPAHO HHBIX
BOJ B 4eTBEPTYIO 30HY (Ha YpOBEHb IPYHTOBHIX BOJ).

[IpeoSnajaromumyu THDaMH ABHXKEHHSI BOJA B mpejenax 30HBD
ABNAIOTCS. HH(UIbTpPALMA TPaBUTALMOHHBIX BOJA H BOCXOAAIIEE
ABHXEHHE KanmuansApHbix Boj. Ilepemeinenne conedl mpu 3ToM
OCYyeCTBJsAeTCA € NMOTOKaM¥ HHPUILTPAUMOHHBIX M Kamwiasp-
HBIX BOJZ, a TaKxe 3acyeT QuibTpaiHoHHol audpy3un. [Ipu stom
MoJieKyaisipHass auddpysus CrnocoGCTBYeT MepeMelieHuio coleit
B Ty1yOb 30HbBI, BCJIeACTBHE HAMpPaBJAEHHOCTH TPagueHTa KOHIEHT-
pauntt or ¥KK x ¥I'B, a B pe3ynnTare Aucnepcn cKkopoctefi npo-
HCXONHT DaBHOMEPHOE paclipenefleHue cojiell B 06OHX BepTHKAIb-
HBIX HalpaBJeHHsX. YpaBHeHWe CONeBOro Oallanca BbITJIAINT
cnenyronuM obpasom:

ASm = Kn + KIV - Kub (7°l2)

rae Asp; — M3MEHEHHE 3aracoB coJleil B 3oue 3a pacueTHHH me-
puox; Ki — mocryniieHue cosiefit U3 BTOpOH 30HH ¢ nHQUIAbLTpA-
IHOHHBIMK BoaaMH; Kiy — IOCTYINTeHHe CcoNell ¢ IPYHTOBHIMY BO-
damy; Ky — noteps cosiefl B IpyHTOBbie BOABL.

155



OcHOBHBIMH TIpOLIECCaMH, CONYTCTBYIOIHMH BOJOCONEOOMEHY
d BAUSIOIUMHE Ha MHHEpaNTu3anfip W HOHHO-COMEBOH COCTaB BOJ
B 30He, ABJAIOTCA PaCTBOPEHHUE U BhILleayNBaHHE IOPOJ], BOAAMH,
HCIIapUTEeNbHOE KOHUEHTPUPOBAHHE H KPHCTANIH3aHs CoJek.
B cayuae npeobnanaHus ucnapeHuss Hay WHQWIbTDauHeH Besu-
yuHa A8y ABISETCA MOJOKHTENLHOH, YTO CBUAETENBCTBYET O Ha-
KOINTeHHH co/lei B BOAaX KalW/IAPHOH KalMbl H BMEILAIOUIUX
HX nopolaX; NP 3TOM paclipeje/ieHHe cojell B BOAaX H H0OpPojax
HMeeT CBOH 3aKOHOMEPHOCTH, KOTOpbie OYAyT pacCMOTPEHBI HHXKE.

2. ¥KK > YOHKK. B panHbIX yclI0BUAX (akTop ucmape-
HUSl OTCYTCTBYET, a OCHOBHBIM THIIOM JBHIKE€HHS BOJ fABJsIETCH
UX HHOQHIbTPALUUS [OA JAeHCTBHEM CHJIBI TsKecTd. JIBHKeHue
BJlald B KanwuiApax apu crabuibHoM ¥ ['B He apoucxoaur; mpu
usMeneHHH VI B nepenBmiKeHue KanWISPHBX BOA OCYIIECTB-
JISIeTCAl B Mpeje/iaXx 3TOro U3MEHEeHUs o] AeHCTBHEM CWIbI THAXKe-
CTH W/IH CHJI NOBEPXHOCTHOFO HATSDKEHHS OJHOBPEMEHHO C mepe-
MeLIeHHeM YPOBHA TPYHTOBBIX BOj. B pesy/bTare B 30He mpeob-
JMajaloT HAUCXOAAIME MOTOKH BJAarW, BOAHBIH 6anaHC pacCUHTHI-
Baercs mo Gopmyae

AV = &y — D, (7.13)

OCHOBHbIM THIIOM JABIXKEHHA COJEH $BJASETCS KOHBEKTHBHOE
rrepemellieHHe ¢ (QUALTPAUHOHHLIM TMOTOKOM IPaBHTaI[HOHHBIX
BOA; B Mpeneqax KanWINSApHBIX BOA MPOUCXONHUT mnepepacrpene-
JeHHe colelfl Mmox BO3neHCTBHEM MoOJeKyJspHOH nupdysuu; ei
COMyTCTBYeT pacTBOPEHHE W BbillleadHBaHHE TOPOR, KATHOHHBIH
obmer. ConeBoii 6ataHC COOTBETCTBYET BOJAHOMY:

Asip = Ku— K- (7.14)

Benuuuna Asy; — oObluHO OTpPHIATENbHA, YTO CBHAETE/b-
CTBYeT 0 npeoblajjaHUHM B 30He [IPOUECCOB paccoseHus, CBA3aH-
HBIX C paCTBODEHHEM H BhilleTayHBaHHEM [10POJ H BHITECHEHHEM
foJ1ee COJIEHbIX KanWIISPHBIX BOJ IIPECHBIMU HHOUIbTPAIlHOHHBIMH,

Sona nodsema yposus epyumossix 600. BepxHe#t rpanuned
30HBI fIBJISIE€TCSE HAHMEHBIIMH CEe30HHBIH yPOBEHD TPYHTOBBIX BOJ
(¥ Byin), HuXHe# — HauGoabuul (&1 Bpax). OCHOBHEIM THIIOM
JBHXXEHUsT BOJAH B 30HE aBAsAeTcs (UJIbTpauus TPYHTOBBIX BOJ,
npoHcXoasias Npu KoldeGaHHSAX 3epKada BOABI BCJIENCTBHE IO
CTYNIJIEHHST HHOQUJIbTPAIlHOHHBIX BOJ, HCIApPEHHUst H TPaHCmupa-
OHH BOJA KamWIJsApDHOH KalMbl, a TaKXe H3MeHEHHS THAPOCTATH-
yecKoro JaBJIeHHS.

M3smeHeHHe 3amacoB Bojbl B 30HE omnpenessieTcsi ypaBHEHHEM

AVyv = (@i + ©v) — (D1v + H), (7.15)

rae Py — NOCTyM/IeHHe HHPHIbTPAIHOHHLIX BoA; Py — mocTyn-
JieHHe TPYHTOBHIX BOJA 33 CY€T MOBBILIEHHST THIPOCTaTHYECKOTO
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paBlleHust; @Pry — pacxon Boapl 3a cueT MafeHHs] THAPOCTaTHYe-
cKoro pasnenus; H — pacxox Boabl 3a CyeT HCIapeHHs
H TPaHCIHPAaUHH BJard KamuaJasipHOH KaiMBbI.

[TepenBizkenue conelf MPOUCXOAUT ¢ KOHBEKTHBHBIM IOTOKOM,
a Takmxe B pesyabTaTe QUILTPAIHOHHOH AH(dy3uu:

Asiy = Ky +Kv — Kiv, (7.16)

rie Kiu, Kv, Kiyv —COOTBETCTBEHHO MOCTYIJIeHHEe W PacXoioBa-
uHe coJjefi ¢ cocrasasomumMu Py, Py u Py B ypaBHenud (7.15).

OCHOBHBIM NPOLIECCOM, CHOCOOCTBYIOIIMM HAKOMJIEHHIO coJef
B TPYHTOBBIX BonaX 30HBI, SIBISIETCA PacTBOPEHUE TBepABIX coJieit
B NopojaXx M noLJIolleHNe Gojiee MHHeDaJH30BAHHBIX [OPOBBIX
pacTBopoB. B onpesesieHHbIX YCAOBUAX CYIECTBEHHasi POJDL NpH
3TOM NPHHALIEKUT HOHHOMY OOMEHY, COPOUMH U AeCOPOUHU.

B 3aBHCHMOCTH OT COOTHOIIEHHMH COOTBETCTBYIOLIHX YPOBHEN
BOZ B IPHPOAHBIX YCJAOBHSIX 30HAJLHOCTb BOAOCOJeOOMEHa B IIO-
polaX 30HBI aspallHu MOMXKET YIpOIAaThCsd B pesy/abraTe COBMe-
II(EHHST OTAEJNBHBIX 30H, OAHAKO XapakTep Bojaocoseo6MeHa B Ta-
KHX CymmapHeix 30Hax Gyrer bosee cnoxubiv. Tak, ecnu VKK ==
= YTB, cosmectatcs III u II 30HBI, npu 3ToM XapakTep BOAO-
cojleobMeHa B CymmapHo# 30He 6YaeT Takoli xe, Kak B III 3oHe.

B ycnoBusx, koraa ¥I'B =< ¥TB, B oaHy 30HY COBMeCTATCH
HI, II u I; xapakTep Bojocoreo6MeHa CyMMapHOH 30HbI OyReT
GoJiee CJIOKHBIM, YeM KaK0H B OTAEIBHOCTH, ONpenesisisich Cle-
AYIOIMHUMH OCOGEHHOCTSIMH BOAHOCO/NEBOTO OaslaHca:

AVe=® + &y — D — H —T, (7.17)

rae AV, — u3meHenue 3amacos Boabl B CyMMapHbIH 30HE 32 pac-
yeTHBIH Tepuon; ¢ — NOCTYIUIEHHe BOJbl 32 CYET OCAAKOB U I10-
BEPXHOCTHBIX BOZ, Prp — NOCTYIJIEHHE TPYHTOBHIX BOX B Pe3yJb-
TaTe HCNAapeHHss W TPAHCOMPAMH BAarH KAmwIApPHOH KaHMEY,
&, — BBIHOC HHOH/IbTPALHOHHLIX BOj B TPYHTOBble; M — pacxon
Bojbl Ha ucnapenue; T — pacxoj BOAbl Ha TPaHCIHPALHIO.

ASc == K + Krp— Kc’ (718)

rae As.-— u3MeHeHHe 3anacoB coJiel B cymmapHoi 3oHe; K,
Krp — mocTynjieHue cosiefi ¢ NMOBEPXHOCTH H 3a CUeT TPYHTOBBIX
Box; K. — BHHOC COJIeli B TDYHTOBbiE BOZBI.

B tom cnyyae, korna Y T'B = V13, coBmemarTcs BCe 30HL,
BOAHBIH H coseBoll GasaHChl OYAyT BBIIIAAETh ClepyloluM obpa-
30M:

AVe= & + G+ Oy Py — H—T —D,,  (7.19)

rae AV, @, &y, D, H, T — 10 Xe, uTo B ypasHenuu (7.17);
&, — nocTyn/IeHHe TPYHTOBBIX BOA 3a CYeT MOBbILIEHHs THAPO-
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CTaTHYeCKOro aasnenus (nmoanopa);, Pp. — pacxoX BOAbL 3a cyer
NajeHHs THAPOCTATHYECKOTO AABJIEHHS,

As; = K- Krp - Ky— Ku— Ko, (720)

rl€ pacxXoAHble W MPHXOAHBEIE COCTaBJISIOUIHE COOTBETCTBYIOT IIO-
CTYIUIEHHIO H DaCXOJOBAHHIO coJlefi C TPaBHTAlHOHHBIMH BOojaMH,
BXOASIIHMH B ypaBHeHHE BOLHOro Oajanca (7.19).

B yc/n0BHAX OpOUIEHHS eCTeCTBeHHasd 30HalILHOCTb BOJoCOJe-
oOMeHa HapylllaeTcsi B pe3y/bTaTe H3MEHEHHs abCOJIIOTHBbIX Be-
JUYUH H B3aHUMHBIX COOTHOIIEHHH COOTBETCTBYIOIIHX YypoBue#
BCJEICTBHE MMOAREMAa YPOBHS IPYHTOBBIX BOJ HpH (PHIbTPALHUOH-
HBIX MOTepsAX HPPHUTAIHOHHBIX BOA. [Ipu 3ToM H3MeHSIETCs He
TOJMbKO 30HAJILHOCTL H XapaKTep BOAOCOJeOOMeHa B 30HaX, HO
H HalpaBJ/EHHOCTb JBHXKEHHSE BOLH U COJMelt B TOJIIE NIOPOJ, 30HbE
aspauuu B nejoM. Hanpumep, pexum pacconenns npu YTB <
< YOHKK < ¥KK B ecTecTBEHHbIX YCIOBHAX MOMET CMEHHTb-
Cfl PEXXHUMOM 3aCOJIeHHst [IOPOAbL 30HHL A3paliMH, €C/1H BO3HHKHYT
ycnoBust, koraa YTB =~ VKK < YOHKK, u pake pexumoM
BTOPHYHOTO 3aCOJIEHHsST aKTHBHOTO /101 MOYBH — MpH §KK <
< ¥TB.

§ 2. MeTtoabl DU3IUKO-XHMHUECKOH I'MAPOAUHAMMKY

[Tpumensorcs /st npOrHO3HPOBAHHSA HOHHO-COJIEBOTO CO-
CTaBa BOJ B YCJOBHfIX YCTaHOBHBIUETOCSI H HEYCTaHOBHBIIETOCS
BOJHO-COJIEBOTO peXHMa. B naHHOM pa3iesle pacCMOTPEHBHI Mpo-
THO3HbIE CXeMBl IIPH YCTaHOBHBLIEMCSE pEXHMe YPOBHA H MuHe-
panu3alul HPPHTALHNOHHO-TPYHTOBBIX H MOPOBBIX BOJX; MPOTHO3-
Hbie BeJUYHHBI ABJIAIOTCA THIOTETHYeCKHMH (cM. § 5 naHHO#
TVIaBbi).

NporHo3 mumHepaqM3auMM TMMOTETHYECKHX MOPOBHIX pACTBO-
poB B fopojax 30HBI aspauuu, ¥ CTAHOBHBINMICSH HOHHO-COJIEBOM
H BOAHBI peXuMbl (GOPMUDYIOTCS NPH AJIHTEIbHOM OpOIIEHHH
H HACTYMaloT IPH PaBHOBECHH GaKTOPOB, CIIOCOOCTBYIOMHX BBIHOCY
coneil H3 MOPOA 30HH a3palHH U TPYHTOBHIX BOJX H IMOCTYILJIEHHIO
coneft. Kak BuaHO u3 puc. 36, cpenHeronoBasi CKOPOCTb MOCTYII-
JEeHHs1 BOAbI C MUHepain3apuell C, COCTaBJISIET Uy, a CKOPOCTH
pacxoioBaHHA (HCIapeHHs) Boabi ¢ MuHepadusanued C = 0
cocTaB/afieT v;. MuHepa/H3auus BepXHHX CJI0€B TPYHTOBBIX BOJ
coxpaHsieTcsi MoCTosiHHOH M paBHa C,, TO e cieayeT cka3atb
1 00 ypoBHe rpYHTOBHX Boa (V1 B), paBHOM x;.

B cnyuae, eciu vy > vy, To ecTh HCIAPEHHE C MOBEPXHOCTH
npeodnanaeT Haj IOCTYNJEHHEM BoAbl Ha MOBEPXHOCTb, aeduiut
BOJABI IIOKPBIBAETCS] 38 CYyetT TPYHTOBHIX BOJ, KOTOpPHIE MOCTymaw?
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8 fI0pOJIbl 30HHI apanHK B BHJE NODP OBBIX pacTBOPOB, HeEMpephIB-
HO NepeMellasiCh f1of AeHCTBHEM CHJ IOBEPXHOCTHOTO HATSLKEHHS
OT YPOBHSI TPYHTOBHIX BOJ K fIOBEPXHOCTH 3eMJIH. Bmecre ¢ mo-
poBO¥ BJIarod ODOHCXOJHT KOHBEKTHBHOE MepeMelieHHe coJlef,
a TakXe uxX [epeMmelieHdHe B pesy/bTate (QUIAbTPAHOHHOH An(-
(QysuH B COOTBETCTBHH ¢ YypaBHeHnem (7.5). PaccmorpenHbiit
IpOLEeCcC BeJeT K 3acoJIeHHIO TOPOJ 30HBI a’pailHH, KOTOpoe ye-
pe3 onpeleleHHoe Bpems CTabHJIH3upyeTcss (NpH HACTYIJIEHHH
paBHOBECHSI MEKAYy CTefleHbIo BO3AeHCTBHS (PaKTOPOB, BBISBIBAIO-
HX 3aCOJEHHE W paccojieHde).

Eciun v; < v,, unduabTpaiins Boj npeobiafaer Haj ucmape-
HHEM, H3ObITOK BO/MI fIOIVIOIAeTCs TPYHTOBEIMH BOJAaMH H B 30HE
aspanHH BO3HHKAIOT HHUCXOAMAIHE (HILTPAnHOHHLIE [OTOKH MO-
poBbiXx BoA. BMecte ¢ mHHILT-

PAUMORHLIMK BOlaMH mepeMe- A v, (c=0)

IAIOTCSA COMH, TO €CTh MPOUC- .
XOAMT flepepacrpenenerne Co-
Jei U3 TIOPOA 30HBI adpailHH !
B TpyHTOBHE Boabl. IIpouecc 2, 5 | S
pacCO/IeHHsT yepe3 HEeKOTopoe ? 3 s?\ 3
Bpemst CTabuJu3upyercss, BO3- o 3
HHKaeT YCTOHUHBOE paBHOBECHE 8
{
/B :
. 36. Cxewma - i
(l))ﬁg’faHOBKPl SpfiM np:roffo}:zx;fgg::g: Co=const f a
MHHepaJIH3alHH TIOPOBEIX pacTBOPOB Tpyrmobsie { B0dss
B NODONAX SOHH aspPalHH. x

MEXIy [OCTYILIEHHeM CcoJiei B 30HY a’panHH H HX BBIHOCOM.
B ofoux cayyasx mocse crabuiu3aildd COJIEBOTO pexuma Oa-
JIaHC coJlefi COXpaHfieTCA B MpeAesax BCeX CJI0eB TOMHIH MOPOX
30Hb a’pauud. C TOMOHIbIO ypaBHeHHs (7.5) MOxHO pac-
CYMTaTh 3allacbl Ccojied B JIIOOOH MOMEHT BpeMEHH Ha JoGok
raybuHe (X) OT MOBEPXHOCTH 3eMJIH B Mpefenax 30HBI aspanuu
MOILHOCTBIO X;. B paccmaTpHBaemblX YCJOBHSX H3MEHEHHE BO
BpeMEHH KOHLEHTpauu# cosieft B J0OOH TOuke NMOPOJ HE Mpouc-
dc

XOLHT, TO €CTh - == 0.

Cxema npoeHo3uposanus 8 YCAOBUSX OMCYMCMEUS MPOHCHU-
payuu. ®axkTHyecKasi CKOPOCTb ABHXKEHMsI BoAn B Mopax IpH

Uy —U
OTCYTCTBHH TDaHCIIHpauuH paBHa —1;—“', rie n — akTHBHas Mo-

pHCTOCTh fIOPOABI. B 3Tom ciyyae ypasHenue (7.5) OpumeT cre-
AVIOMH BUA:

dC dc
nDq o (v — ) o= 0; (7.21)
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X

0 — > 7 npounTerpHpopas ypasHenue (7.21),
0zl 11/’4/‘5 £ NOJYYHM:
- dc c
0,4- l/,—5lf; dez} - (01_‘ 02) 'n_ +p =Or (722)
06 rie p — noCTOssHHAs BEJHYHHA.
08t Puc. 37. Cxema pacnpeleseHHs cOJefi
. LB B OPOBOM PacTBOpe NMOPOA 30HB a’pa-

s . IMH B YCJOBHAX DEXHMA 3aCOJeHHA Tipy
0 1 2 3 4 5 C y—up—u, Pe=1, x=I, CO_F;

y =
BeaeacTeHe Toro uro Gajauc coded COXpaHHETCH BO BCex
CJI0AX TOJIIH NOPOA 30HbL a3palyH O TNOBEPXHOCTH 3EMIH, p ==

C
= U, ;’ , TMO3TOMY:

Do % — (@ —v) < +0,% = 0. (7.23)

[lpunuss, yro x usmensercsa ot 0 1o x;, a C Bo BTOpOM uJlene
ypaBuenusa (7.23) paBHo C,, nocjie HHTErPHPOBAHHA 3TOTO YpaB-

HEHHA MOJYYHM MHHEPa/]H3allMio MOPOBOro pactBopa Ha TJy-
Oune x:

C = (C +- szz )exp = @—v) szz . (7.24)

nDg, vy —

Jas ypo6etBa ypaBHeHHe (7.24) MOXKHO TIPeACTaBUTb B ClIeRyio-
LieM BUJE:

CZ _ C2 2
(c T )exp"lA "—vl _fvz, (7.25)
D
roe A= U—%';— A —To xe, yT0 B ypapHenun (3.66).

Pemerme ypapHeuns (7.25) npH COOTBETCTBYIOMIMX 3HAUEHUSIX
peqmynn C, W A mosBosisieT MOCTpouTh rpadHkH 3aBHcHMocTH C

v
OT X TpH DAa3IHYHBEIX 3HAYEHHAX U—‘, KOTOpHle HA0T HAar/IgQHOE
2
npeAcTaBIeHHe O pacnpeie/eHHH coJiedl B MOPOBHIX PacTBOPax Mo-
pOj 30HBEL a3palld NPH YCTAHOBUBLUEMCSH COJIEBOM H BOJHOM pe-
xume. Ha puc. 37 usolpaxkeH rpadHk pacnpeieseHus cojeil B

nopojax B COOTBETCTBHH C ypaBHeHueM (7.25) npH

X101 X0 _ _ _ _L
A= sy M g = Pe=1 G=0 u=1nC=1
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Puc, 38. Cxema pacnpefe/eHH® ¢OJeH B NOPOBOM DACTBOPE NOPOX 30HE
a’pauyd B YCAOBHAX MPOMBIBHOTO BOAHO-COJIEBOTC DEXKHMA MPH U == Uy -~ Us,
a) Pe==1, =1, Cou=5, Ca=0; 6) Pe=1, m=1, (=5, C,=1

v
Hanpuwmep, npH ;}-—1—-:: 5 ua ucnapenue pacxoayercss 0,2 ocalkos
k3

d nosusHOH Boxst ¥ 0,8 TPYHTOBBIX BOX: NPH 3TOM Ha MOBEPX-
HOCTH nouBBl (X = () MHHEpaJH3alus NopoBOTO pacTsopa Oyaer
B nATh pa3 GOJIbINE, YeM B IPYHTOBBIX BOJAX.
Ilpu C, = 0 ypasenne (7.25) ynpocTuTcs:
C = Coexp=—. (7.26)
Cpenuasi MHHEpaJH3aIHsd NOPOBBIX PacTBOPOB B MOPojax 30-
Hbl aspallid HAXONHUTCHA NYTEM MHTETPUPOBAHHA  YpaBHEHHA
(7.25) npu %, uamensiomemca ot 0 1o X
A (1Cy — v2Cy -+ v2Cy) ( X1 ) Covs
exp=-— I}~ . .
xy (U1 — Ua) xP A Uy — Uy (7.27)
IMoxcraBuB B ypaBuenue (7.25) Beauunny X == 0, MOXHO [O-

JIVUHTE BeJIUUUHBI MHHEPAJAH3aUHH TNOPOBBIX pacrBopoB Ha Mno-
BEPXHOCTH IOYBLI:

“.«-_(cﬁ+ Cyy )expfs._..%za. (7.98)

Uy — Uy A Uy — Uy

Cop =

IIpu x = x;, B coorsercTBuu ¢ ypasrenHeM (7.25), C = C,.
CosmecTHoe pemnenne ypasueunit (7.27) u (7.28) nossonser
HalTH BeJIHYHHY A:

% = %1 [Cop (1 —02) + Cavy] amg A = x./ln Cy (01 — v2) -+ Cavy
(C, —Cp) (v, —12) ' WGy (v —v2) + Cavg”
(7.29)
Pacnipesiesierne collefl B OPOBOM PacTBOpe, PacCYMTAaHHOE 11O
ypaBrenuio (7.25) npH A = 2 — wmn AL — Pe = |, Cy=

2 (01 — Ug) 2’1D®
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Puc. 39. Cxema pacnpeleseHnsi coJei
B TNIOPOBOM pAECTBOpE MOPO] 30HBI a3pa-
UMM B YCJOBHAX PeXHMA 3aCOJEHHA Npy
v=0;—uv,, Pe= 1 xn=1 Cij=1,

2 = 1.

=0, x,=1u Cy=05, a Takxke
B Tex ke ycsaopusax npu Cy= 1 no-
kasago Ha puc. 38. C ypennye-
HHeM HHPUJIbTPAlHH CTENeHb BIMs-
HHS MHHEpaJH3alHy NOJMBHON BOAL:
Ha MHHEPa/JH3alMio TOPOBOrO PacTBOpa YMEHbINAETCs.

Bpemsi, cooTBeTCTBEHHO B CYTKax H rojax, 3a KOTOpOE Mocje
cTaGUIU3alNH PEXUMa YPOBHA TPYHTOBBIX BOJL MPOH3OHIET CTa-
GUIM3aLHs HOHHO-COJIEBOrO pPEXKHMa, MOMET ObiTh PacCyHTaHC
no gopmyJam:

06 1 2 3 4 5 ¢

AC,, n ; Dg,n21072
Cowi—op T ' T o — 365"

rae ACp, — usmenenue penuunHbl Cep B Pe3yJbTare OpPOLIEHHS MO
CPaBHEHHUIO G ITOH BEJMUMHOH N0 OPOLIEHHS..

B cayuae, ecnu C, = 1, munepanusanis nMOpPoOBOTO pactBopa
CYIIECTBEHHO BO3pacTaer, OJHAKO CTENeHb 3TOr0 BO3pacTaHus
yMenblnaercs no mepe ypemuueHusi ucnapemus (puc. 39). I'pa-
(bUKY H3MEHEHHs MUHepasJu3amiHu NOPOBOro pacTBOpa Ha MOBEPX-
Hocth mouBbi npH Cy = 0 u Cy = 1, B 3aBHCUMOCTH OT OTHOILE-
HUS U; K Uy AJIS PacCMOTPEHHBIX Boime cayuyaes (puc. 40), noka-

= (7.30)

v
3bIBAIOT, YTO IIPH v_1= { genmuuuna C, TnpH MHUHEPAJIH3ALHH [0-
2

o o v
JIMBHO/ BOJbI, paBHOM 1, BospacTaeT Ha 2, a mpH U—1= 5 - Bcero
2

JMlb Ha €aAHHHLY,; [pH LlaJIbHEﬁLUEM yBeJIMYEHHH HCnapeHHs BE-

C Puc. 40. 3a-

n BHECHMOCTb

5 MUHepaJaHn3a-
11MM NOPOBOTO
pacTBopa Ha

4 NOBE PXHOCTH
NOYBBEl OT HC-

3 napeHus InpH
Pe = ], X1 =

2 =1 Ci=1,
Cy=1uau0:

a - B yCJIOBHAX
pekuma 8aco-
JIeHus; 6 —
B YCJOBHAX pe-
JKHMa  pacco-
JIeHHA.
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auunHa Bo3pactanus Cp cTpeMuTCs K HY/MO. AHaJOTHYHBIE 3aBH-
cHMOCTH HabmojatoTesl B /MOGOH TOYKe npodHJIA 30HE a3pauui.

[Tpumep 18. B ycaosuax BBIHOTHOTO peXHMa MpH OTCYTCTBHH
gpaHCOHpaluy Jaxo: x; = 1,3 M; vy = 1,76 - 1073 m/cyr; v, = 1,73 X
% 1073 M/eyr; Cy = 3,32 kr/m3;,  C, = 0,314 kr/m3; Dg = 1,75 X
% 1073 m2/cyr; n= 0,25. HafiTH MHHepaNu3aNiO HOPOBOTO PACTBOPA HA
ray6une 1 M, Ha HOBepXHOCTH NIOYBBl, aTaKXe cpejlRIOI0 MHHEPAJH3aIHI0
pacTBOpa B MOPOJAX 30HBI a3pallHH H BpeMs CTaOHIN3aIHH BOAHO-COJIERBOTO
peXuMa,

1. Haittu Beanunny A mo ypaBHeuuio (3.66):

1,75- 10%. 0,25

M=o 10

=15 M

2. Haith muHepa/H3auuio MOPOBOrO pacTBOpa Ha IMyGuue 1 M mo ypas-
gennio (7.25):

0,314 - 1,73 - 103 13—1 0,314.173-103
¢= (3'32+ 0.03- 103 )ex 5~ 003-107
= 3,75 Kr/m?.

3. Haiitn MuHepa/H3allMI0 NOPOBOTO pacTBOpa Ha MOBEPXHOCTH MOYBHI
no ypasHenuio (7.28):

==

0,314 - 1,73 . 1073 1.3 0,314 . 1,73 . 1073
Co= (3'32+ 0.03- 1073 )e"pl_g" 0,03 - 1073
= 4,95 kr/m5.
4. Hafitu cpepHiolo MHHEpaJN3al{0 MOPOBOTO PacTBOPA B MOPOAAX 30HHL
a3pallun 1o ypassenuio (7.27):
C. — 15(1,76 . 1073 - 332 — 1,73 - 10—% . 332 41,73 - 1073 . 0,314) %
cp 1,3-0,03. 1073

. . -3
1,3_])_ 0314 1,73 - 107 o 0y

X (ex’) 15 0.03 - 102

5. HaiiTn Bpems cTabu/dsanyuu BOJHO-COJIEBOrO PEKAMA MO YPABHEHHSM
(7.30):

42.13.02 .
= 2 —_ ,
533700310 13705 amedt = 37,5 jet nim
__ 1,75. 1073 . 0,252 —333 1e (HecooTBeTcTBHE CBH3aHO C norpel-
T (0,03 107%)23650 7 T HocTAMH pacueros)

ITpuwme p 19. B yc10BHAX NPOMBIBHOTO peXXUMa HpH OTCYTCTBHH
Tpancnupalud AaHo: x; = 3 M; 0, = 1,75 - 1073 w/eyr; v, = 1,88 X
X 1078 m/cyt; Co = 3,32 kr/m% C, = 0,022 kr/m3; Dy = 1,75 X
X 1078 m3/cyr; n = 0,25. HallTu MHHepaaH3ayui0 MOPOBOrO pacTBOpa
Ha NOBepXHOCTH MOYBBI, Ha TJyOHHe 2 M H CPeIHIO IS 30HBI a3palHH.

1. Haiitu BejquunHy A no ypaBHeHuIo (3.66):

3 — 1,75 - 102 . 0,25

B ERNTE R
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2. Hafity Mynepanu3anluio NOPOBOTO PACcTBOPA HA TAyCHHe 2 M HO ypap-
HeHHI0 (7.25):

0,022 - 1,88 - 10-3 )ex 3—2  0022.188.10"3
0,13 - 103 P33t~ 013-10° =
= 2,56 kr/ms.

C= (3,22 —_

3. HafiTn Muuepa/IM3auHio NOPOBOTO pacTBOPAa HA NOBEPXHOCTH 3E€MIm
no ypasHenuio (7.28):

0,022 - 1,88 - 10-3 ) 3 0,022 . 1,88. 103

0,13 103 33t T 013, 10
= 1,66 Kr/ms.

C, = (3.32 -

; 271)1. Halitn cpegHiol0 MHHEPAJH3AHMIO NOPOBOr0 pacTBOpa N0 YPABHEHHIO
(7.27):

C. .34(,75.107% .33 — 1,88-1072 . 3,32 1 1,88 - 102 - 0,022)
p = —3-0,13-10°° %

3 0,022 - 1,88- 10— 3
X (exp_—3,4-—l) 4+ 0,13 - 107 = 2,3 Kr/m3.

Cxema npoenosuposarus 8 ycrosuax mparcnupayuu. Tlpuse-
A€HHLIE BRI PacyeTs CHpaBe/JIMBH B TOM CJyyae, €CJIH IOJHB-
Hbi€ BOJIBI, OCAJKH M TPYHTOBhLIE BOIH, HOCTYHAIOUIHE B MNOPOLH
30HLl apaliyH, pacXOAylOTCs JUIIb Ha ucnapedue, OnHaKo B Be-
FeTAHOHHLIH NepHoJ B mpesesnaX opolllaeMbiX MaCCHBOB 4acThb
BOJHI, MOCTyRalomell B 30HY aspalliu, pacXoAyercst Ha TPaHCHH-
pauuio ee pacreHusiMu. Ilpu TOM CcOpOCTL NepemelieHHst pac-
TBOpa B MOPOBOM HpOCTpaHCTBe OyJleT ¢ IYOUHOH H3MEHATHCSH
B COOTBETCTBHH € 3aBHCHMOCTBIO:

V=0~ (7.31)

[Jle Xy — MOIDHOCTb 30HLI TPaHCIHpAIHH,

Ha rpadukax 3aBHCHMOCTH U OT x B YCJOBMSIX TPaHCHHPALUU
u 6es nee (puc. 41) BuaHO, yTo OO6BEM BOAH I, mepeMellaBIIHIiCH
B [IOPOBOM HPOCTPAHCTBE NMOPOA H PacX0J0BaBLIMICS Ha HchHape-
HHe, B YCJIOBHAX TpaHCHHpallUd [OCTynaeT B atMmocdepy No xop-
Hepoli cucreme pacTenuii. B pesysbrate noTOK Biaru B IOpPOBOM
NpOCTPaHCTBe, paHee HanpaBJeHHHE Beepx (M -+AH), B ycio-
BUSIX TPaHCHHPAUHH Pa3fesquTCA: 10 MIYOUHH X = x; %?1 NOTOK
BJary OyAer HanpaBneH BHU3 (@), a B uHTEpBase INIYOHHE OT X
10 x; — BBepx (AH), To ecTb BHIIOTHHIH BOJHBIHl peXKHM B Bepx-
Hefl yacTH 30HB! TPAHCHIUPALMYU CMEHHTCS Ha HpOMBbIBHOH. C BO3-
pacTaHUEM BEJIUYHMHBI Uy MOIJHOCTb 30HEI C IPOMBIBHBIM PEKUMOM
yMeHbIIIaeTcs.
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Puc. 41. Ipaduku usmenenmuss ckopocru Puc. 42, Ipadux dynrnun
nepemelliesds BJalM B NOPOBCM MpOCTpaH- u
CTBE NOPOX B YCJAOBHAX TPaHCIHHPAIHH erf i — 2 j' et dr

Va

(0=vl—£—v2 u 6e3 nee (v = vy — v,). v
X1
Jna 3oHB Tpancmupanuu ypaBaenue (7.23) npumer cielyio-
MU BUJ:
nD "E—(v Z —0,)C+0,C, =0 (7.32)
(] dx 1 X1 2 22 T Ve .

Pemas ypaBrenne (7.32) mpu C =C, u x, U3MeHSOIEMCS
oT 0 10 x;, moayunm:

C_ (Co T C2F) exp [Pe (1 209y (% —x) Fvgx? )}, (733)

lei
rae
iy e B

2
Uix —0gX1 |, - X103 .
XEXP[Pe( o, ” Pe= st —y

u
2
= — 24,
erfu e Sexp d
[}

Benmnuuna erf s Haxofurcsi B COOTBETCTBYIOWMX Tab/IHLaX
WM no rpaduky, npUBeJeHHOMY Ha puc. 42.

B cnyyae opoienus npecHsiMu Bojaamu BeaHYHHOH F OGLIYHO
npenebperaloT, u pacyeThl BeAyT MO YPaBHERHUIO

C=C,exp [Pe (1 _ Zen =) el )] (7.34)

, 2
vy Xy

Ins soubl, HaXoasmelcs Huxe rAayOHHBI Xy, mPH pacyeTax
HCHOMb3yloT  ypaBHeHHe (7.25). MakcuMmaslbHas MuHepaJH3alUs
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Puc, 43, Cxema pacnpelesenus

coJell B MOPOBOM pAcTBOPe MOPOJ
30HBl @3palli¥ B YCJOBHAX peXuMa

X
3aCOJIEHHST MPH U = 0y Pt Pe=
1
=1 =1 Cy=35, C;=0,

e
=1513
0,2- U=l 2 3 4 5.
O4r 2
g=1z

06
08t

1 ] —_ 1 1 J

J 4 5 6 7 8 9
Puc, 44. Cxema paclipenegesus

coJell B MOPOBOM pacTBOpe MOPOJ
30HBl 23DallMd B YCJOBHAX PpEXHMa

X
3aCOJIEHHS TIPH U = 0, P} Pe=
1
=1l =1 Cy=5, Ca=1.

MOPOBOTO PacTBOpPA B 30HE TPAaHCMUpAUWM HAGMIOJaercd Ha Iay-
Gune

mﬂzﬁg; (7.35)

3Ta Be/IMYHHA HAXOJUTCA [yTeM pelieHUsa ypaBHeHus (7.34) mpu
X = Xmax,

2
Crmax = C, exp [Pe (Ul_‘_ﬂﬁ) ] (7.36)
Uy
WIu 10 ypaBHeHuwo (7.33), 3ameHuB X Ha X, 2—2
1
[pu x = 0 ypaeHenue (7.34) ynpocTHTCA:
2
C=Qw4%@—f” (7.37)
W3 ypapuenus (7.37), yuurtwBasg, uro Pe = -ﬁi—@— '
HalileM BEeJUUHHY A:
A = x1 (v1 — 20,) . (7.38)

2 1n 2t
Uy —70 n-—=
( 1 2) CO

Ha puc. 43 npuBenena cxema pacnpenese€Hdsl MUHEPaNH3alHH
MOPOBLIX PACTBOPOB B MOPOAAX 30HHI a3paluyM B yCJAOBHAX TPAHC-
nupaunn npu Pe =1, x; = 1, C, = 5, C, = 0. U3 cxemnl BugHo,
YTO TOYKA MAKCHMAaJbHOTO COJIEHAKOIJIEHWS ¢ BO3pacTaHueM Be-
JIHYHHH U; NePEeMeaeTCa OT NOAOLBLl 30HK TPAHCNHPAUUH K NO-
sepxHocTd 3emsd. CpaBuuBas puc. 37 ¢ puc. 43, MOXKHO BHIETD,

166



puc. 45. Tpaduku 3aBHCHMOCTH

AC, OT -= B YCJOBHAX TpaHCmH-

X

paLuH (v=vl;;——vz) U 6e3 Hee

(v=01—0y) Opu Pc=1, x =1
Cy=

0T 73 4 5 6 7y
7]

yTO CTENneHh BO3PACTAHHA 3aNacoB cojlefi B nopojax npu yBedu-
yeHHH ¥; B YCJOBUAX TPaHCHUpANMU 3HAYMTENLHO HUKe. Tak,
npu v; = 5v, B YCJOBHAX TPaHCTMpauUu MUHEpaIH3auusA MNopo-
BOIO pPacTBopa B TOYKE MAKCHMAJLHOTO COJIEHAKONJIEHHA 1O
cpaBHenuto ¢ BemuunHo# C, Bospocsa B 1,9 pasa, a mpu otcyTt-
CTBUM TpPAHCOMpALMU MHHEpAlIH3auus YBeqHyuIach B D pas.
Cpennas MuHepanu3auus NOPOBOFO pacTBopa B mpenenax
30HBI TPAHCIHPALUHU MOXKeT ObiTh OnpejeseHa NyTeM WHTEFpUPO-
panuna ypasHenua (7.33) npu x, uamensiomemca or 0 o x;:

o=z eme e (252 fert [y P25+

U

+ erf (V”" % )} (7.39)

B cayyae, ecimu Cy = 1, MuHepasusaunua NOPOBOTro pactTBopa
Bo3pacraer, ONHAKO CTeNeHb 3TOIO BO3PACTAHHA HAMHOTO HUKe,
yeM B YCJOBHAX OTCYTCTBUA TpaHCcnHpanuu (puc. 44).

Crenenb BAMAHUA MUHEpaJU3allHH NOJMBHEIX Boj C, Ha H3Me-
HEHHe MUWHEepaM3aliu NOPOBBIX pPACTBOPOB HA MOBEPXHOCTH
nousst ACy; B 3aBHCHUMOCTH OT BEeIUYHHLI U; NpHBEJieHa Ha puc. 45.
Tlpy 3TOM B YCJIOBHMAX TPaHCOUPAUMH BeJHYUHA nPHGABKH Mu-
Hepaqu3aliyu TMOPOBOTO pacTBopa, OOYCJOBJEHHas MyHepasy-
saunuefi MOMHBHOH BOJM, DaBHA:

ACy = C Fexp[Pe( 20”12)] (7.40)

rie F— 1o xe, uto B YpasueHuu (7.33).
[1pu orcyTcTBHU TpauchUpanyu:

AC, = 2 expte _ Cata (7.41)
17 Ve

A Uy —Uy

B ycnoBusx TpaHCnHMpauuu MUHepaausanusi TNOJAUBHBIX BOJ
B MeHpIUell CTemeHU BJAMSET HA MUHePaJH3alMIO MOPOBLIX pac-
TBOPOB, 4eM B YCJIOBHAX HCHApPEHHs, NpH 3TOM B OGOHX CJAydasx
Ipy Bo3pacTaHWH BeHYUHB! U; Bevuuda AC, CTPEMHTCH K HOJIO,
npu vy = 0 Besmuyuna AC, = 1, MakcHMa/lbHBIX 3Hauenuii ACy
LIOCTUTAeT MPU Uy =% Us.
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IMpuwmep 20. B ycaoBusiX BRIIOTHOTG PeXHMA NPH HaJHYHH TPaHC-
nupanuu pano: x=1M; 0v,= 1,73-107% m/cyr; v;= 1,85-1073 m/cyr;
Co = 8,8 kr/m3; C, = 0,314 kr/M3;, Dg = 7,2 - 1073 M2/cyr; n = 0,925.
Hajitu muueparusanuio moposoro pacTBopa Ha ray6une 0,5 M, Ha noBepx-
HOCTH 3eMJIH H B TOPH30HTE MAaKCHMaJlbHOTO COMEHaKOMIeHHA .

1. Haiitu BeauuuHy A no ypaBHeHHIO (3.66):

7,2-107%.0,25

h= 0,12 - 1073

=15 m.

2. Haiitu BequunHy napamerpa [lekie no ypaeHennio (3.70):

1-1,85.1073

Pe =555 75 103

= 0,5.

3. Hafitu MHHEpa/JM3auMio MOPOBOrO pacTBopa Ha raybuse 0,5 M mo
ypasHenuio (7.33):

173103 V314 0,5{ [ /——(1,85- 103 — 1,73 . 10-3
F= 7.85- 105 erf] V0.5 1,85 103 -
— (185-1073.05—1,73 . 103 . |
_erf[l/O,5( 55105 | )]}x
1,85-1073.05— 1,73 . 103 . 1\?
X exp [0'5( 18510 -1 ) ]z

= 1,17 [erf 0,046 — erf (—0,44)] 1,10 = 1,29 (erf 0,046 - erf 0,44) =
= 1,29 (0,05 + 0,47) = 0,67;

. .10-3.1. .10-3.0 .52
0’5(1_2 1,73-1073.1.0,54-1,85-10-3.0,5 ﬂz

C = (884 0,314.0,67) exp 185 105 12
= 8,2 Kr/mMs.

4. Hafitu MuHepa/JHM3auuio [ODOBOrQ pacTBOpPa Ha [MOBEPXHOCTH MOUBH
mo ypasHenuio (7.33):

. -3 . — . 103 — . 103
Fo L73-102Y314 0,5{&{[1/0,5(1,85 102 — 1,73 - 10 )]__

1.85- 109 1.85 - 103 |

~( 1,73-107%.1 } [ [ 1,73.10—3-1)’_ i

._erf[VO,S (— (B0 1)} exp| 0,5 \— BT | = 1,57;
. . -3

C, = (880314 . 1,57) exp[O,S(l _..2_1_%57_?7_0‘_0_3_)] — 6,0 Kr/M3

5. Haiitu mHHepaJiM3allMio MOPOBOr0 pacTBOpa B TOPH3OHTE MaKCHMAJb-
HOTO COJIeHaKOMIedusi, MOACTABAAA B ypaBHeHHe (7.33) BEMHUHHY X = X, ==
—x 2
= X o

F = 1,17 (erf 0,046 — erf 0) exp 0 = 1,17 - 0,05 - 1 = 0,06;

Crax = (8.8 40,314 - 0,06) exp (0,5 - 0,0042) = 8,9 rr/m?.

Ilpumep 21. Jano: 1o xe, uto B npuMepe 20, kpome C,, KoTopoe
npakTHYeCKH paBHo Hydaio. HaliTu cpexdioloc MHHepa/dH3alHI0 NOPOBOrO
pacTBopa B HOpPOAAX SOHBI aspauHH.
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0+ 2 3 4 5 ¢ 0 1 2 3 4 5 ¢

Puc, 46. CxeMul pacrnpeje/leHHsi coJledl B MOPOBBIX paCTBOPax MOPOJX 30HH
aspallii B YCJIOBHAX HPOMBIBHOrO BORHO-COJIEBOrO pPeXHMa MpH U == U1 X

x}"_—%: a) Pe=1, x,=1, Cy =5, C,=0; 6) Pe=1, 5, =1, C, =
1
=5, Cy=1.

B cooTsercTsun ¢ ypasienneM (7.39) nadtn C.p:

V314 [ ( 1,85 . 1073 — 1,73 . 10-8 )2J
Cop =288, Vos T 0.5 1.85- 103 X

—(1,85-103—173.10-% ) | V05173103 }
X {erf[‘/%( 185 103 ) | et (—‘T,ss- 10-3 ) =

= 11,1 (erf 0,046 4 er 0,66) = 11,1 (0,05 - 0,65) = 7,8 kr/me.

Pacnpenesiendsi MuHEpanqusalUMu MOPOBBIX PACTBOPOB B 10-
pojiax 30HBI a’pamyd B YCIOBHAX TPAHCHHPAUMH OpU Uy < Uy,
Pe=1,x=1 Cy=5, Co==0 umu C, =1, npusenens Ha
puc. 46.

IIpumep 22. B yc/OBEAX MIPOMBIBHOFO PEXUMa NPH HaJUYHH Tpasc-
nupamuu: x; = 2 M; vy == 1,56 . 1073 m/eyr; v, = 1,73 . 1073 m/cyr;
Co = 3,2 kr/m3; C, = 0,314 kr/M3 Dy = 7,2 - 1073 M¥/cyr; n = 0,25.
Hafitn munepanusanuio nopoBoro pacTsopa Ha rayGune 1 M, Ha moBepx-
HOCTH 3eMJIM U ee cpejnee 3Havenue npu C, =

1. Hafitu Beanuuny A 1o ypaBuenuio (3.66).

7210 - 025
7\.: —0—,]7—]—0—_—3—— ]0,6 M.

2. Hafitu seamuuny mapamerpa Ilekse no ypasuenmio (3.70):
Pe— 2- 1561073 —09
¢=270%5 - 72-10°

3. Hailtu Murepa/uzamuio MOpOBOTO pacTBOpa Ha rayGune 1 M mo ypas-
Henuio (7.33):

1,73 - 102 /3,14 - 0,9 —( 1,56+ 10~ — 1,73 -+ 103 . |
156103 {e’f[ Vo9 | 156107 .2 -

F =
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— [ 156-10-5 . [ — 1,73 - 10-3 - 2
—erf[VO,Q( 15610 )]} X

1,56 - 1073 — 1,73 . 1073 . 2 \? _ )
X exp [0,9( 156 105 3 ) }— 1,54;
- 21,73 - 1078.2.1 4 1,56-10-3- 1] _
C= (3240314 - 1,59 exp[O.Q(l - e )i_
= 92,7 Kr/M3.

4, Haifitu MHHEpaJM3aUMi0 (IOPOBOFO PACTBOpA Ha I1OBEPXHOCTH NOYBH
no ypasueuwo (7.33):

_173.103 131409 ~=( 1,56 -10"3—1,73. 10—3)
F= 1,56 - 103 {erf [1/0,9( 1,56 - 102 ]“

i (—1,73 - 1073 . 2 —1,73 . 10 . 2\* )
— erf [VO,Q (W)]} exp [0,9 (W) } = 3,65,

2. 1,73 . 1073 . 92 R
R )]_ 1,45 Kr/u.

C,= (320314 - 365 exp {0,9 (1 —

5. HafiTi cpeRHiow MuHepalu3aUuio MopoBOro pactsopa apu £, = 0
no ypaBHeHuwo (7.39):

A, Y314 [ ( 1,56 - 10 — 1,73 . 10~ )2]
Coo =325 P 1% 156 10-3 X
V03 (1,56 - 10-3 — 1,73 . 10-3) ( Y 09.173. 103 }
X{e”[ 156 10° +ert 5. 10 =
=20 Kr/m3.

IIporHo3 MHHepaJUM3alUMH FHAOTETHYECKHUX MAOPOBLIX PAcTBO-
POB H IPYHTOBBIX Boj, Pacuernas TOJIA COCTOWT U3 30HBI a’pa-
IHH ¥ TPYHTOBHIX BOA (30HBI Ha-

coienusa). B coorBercrBuu ¢ puc. iué(CZ) 1V;(C=0)
47, rpaHuna ABYX 30H HaXOIMTCH ‘a
Ha TIayOHHE X; OT NOBEPXHOCTH 3ona aspayuy
3eMsd, a M[NoJAOIIBAa pacueTHoOro B Dy
cnost — Ha raybune T. Cpeznero-
J10Basi CKOPOCTb MOCTYIUIeHHs BoAbl 78 N c
¢ Mupepanusauueii C, cocTaB/iser 0
2y

Puc. 47. Cxema BOAHO-CcOMeBOH 06cTa~ Ipynmotse bods!
HOBKU Hpﬂ HpOI‘HOSI/IpOBaHHH MP[HepaJIP['
3alMH N[OPOBHIX PACTBOPOB U I'PYHTOBHIX Cy=const x T U=ty

BOJA.

U,, a ucnapenus — vy. Munepanusanusi rpyroBulx Bog C;, HaXo-
Aawuxcsa #a ray6une T u Gosee, coxpaHsiercsl MOCTOSHHOM, paB-
HOH mepBOHauakbHOH. [Tyrem pacueToB, aHATOTMYHHLIX OPH BbI-
yuciienun ypaBHenus (7.25), nonyyaercs ypaBHesue, ¢ NOMOHIBIO
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KOTOPDOTO MOKHO OMpPEJAeNIHTh KOHUEHTPALUMIO TPYHTOBBIX BOR
B JIIOOOM CJIO€ 30HbI HACBIIIEHHA:

C* = (4 Jexp Lt — G, (7.42)

1— Uz Uy — Uy

rae C* — pacueTHas MHHepa/JH3alUa IPYHTOBBIX Box; T — Moil-
HOCTb DacyerHoil 30HH; A* — napamerp, cBsizanublii ¢ Kosddu-
ILUEHTOM JIHCNIEPCHH CKOPOCTEH TPYHTOBBIX BOA; onpelensierca Mo
ypaBuenuo (3.66).

B nosepxHocTHOM C/10€ MHHepa/NH3anHs TPYHTOBLIX BOJ paBHa:

Co= (1 522 ) exp Tt — o (7.43)

1 U p — U "

Cpenussi MHHepaju3allHsl TPYHTOBBIX BOJ W napameTp A* pac-
CUMTHIBAIOTCA B COOTBETCTBUHM C ypaBHewHsamH (7.27, 7.29), B ko-
TOpbIX X; 3ameHnserca Ha T —x,, C,p Ha C&, C, Ha C, u A
Ha A%

Munepanusanus MNOPOBHX pPacTBOPOB 30HBI a3palUHH oOmOpe-
Jenserca no ypasuenuo (7.25), rae Cy paccuuTaHO MO YPaBHEHHIO
(7.43).

MuHepanusanus NOpPoBBIX PacTBOPOB HA MOBEPXHOCTH MOUYBBI
paccuuthiBaercs 1o ypasueumo (7.28), B koropom C, paccuu-
taHo no ypaBuewHio (7.43). Ilpu HaNMHYHU TPaHCNHMPALHU MHHE-
panusanHsl MOPOBLIX PACTBOPOB ONpefensercss Mo YPaBHEHHAM
(7.33—7.39), B xorophix C, paccuMTaHO Mo YypasHeHHiO (7.43).

Mpumep 23. B ycroBusAX BHIOTHOTO PeXMMa MPH OTCYTCTBHE
TpaHcmUpalMd HAHO: x; = I M; T =3M; v, = 1,85 - 1073 m/cyr; v,=
= 1,73 - 1073 m/cyr; C; = 3,32 kr/m?; C, = 0,314 kr/m3; Dg= 1,75 X
X 1073 m*/cyr; Dg= 1,8 - 1073 M2 /cyT; n = 0,25. HaiiTu MuHepaausa-
MO BEPXHETO CI0S TPYHTOBLIX BOJ M [MOPOBBIX BOX HA MOBEPXHOCTH [MOYBLI.

1. Hailtu Benuuuunt A u A* o ypaBHeHulo (3.66):

1,75. 1073. 0,25 _ 1,8.1073.0,25

—_— . Foom M
A= "% o5 =36w 2 0,12 - 103

=38 m

9. HafiTu MHHepaqH3aIUI0 BepXHero CI0Si IPYHTOBBIX BOJ [0 ypaB-
Henuio (7.43):

. . 10-3 —_ L 173 . 107
Co=(3:32+_ 0,314 - 1,73 . 10 ) 3—1 0314.173

0,12- 103 38 0,12 - 1073
= 8,8 kr/m3.

3. Hafitu MuHepaNd3alHIO MOPOBLIX BOA HA MOBEPXHOCTH [I0YBHI 110
ypaBHenuio (7.28):

= 13 kr/m3.

0,314 . 1.73 - 10-3 1 0314.173. 10~
G = (8'8+ 019 10 ) P36~ 01210
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§ 3. Meropau! conesoro Gananca

Iousarae o coneBbix Ganancax, [lox cosesbiM GajgaHcoMm MHo-
HHMaeTCd COOTHOLIEHHE MEXAY NOCTYIUIEHHEM CoJedl M HX pac-
X0/0BaHHEM 3a onpeje]eHHbIH NPOMEXYTOK BpeMeHH B npefe-
Jdax onpefenqeHHON miomald. B meaHopaTHBHOH NpakTHKE MpH-
XOJHTCS pacCUMTHIBATL OOMIMA CoJieBOfl BasnaHc, coJieBofi GajtaHe
30HBI a’3pauMH H COJNEBOH OajlaHC TPYHTOBBIX BOA.

O6wuii coaesoii 6aranc. YpaBHeHHS OOIEro BOZHOTO H CoJle-
BOro 6ajlaHCOB B YCJAOBHAX OPOLUIGHHS BRIMVISAAT CAAYIOMHM 0G-
pasowm:

Vﬁ - Vﬁ =V + VOp - Vnp - Vncn — Vor —Vgp — Ve = p

(soaubtii Ganauc); (7.44)
Sz— sﬁ = Soc + Sop + Spp — Sucn — Sor — Sap — Sc6 +a+y
(coneno#i Hanauc), (7.45)

rae Vi, sy — COOTBeTCTBEHHO HAudJbHBI samac BojAbl H coJefi
B 30He aspamMu M TPYHTOBBIX Bojax 10 Bojoynopa; Vy, sp—
TO e, KOHeuHBIH 3anac (B KOHme pacyerHOro nepHona); Ve,
Soc — MOCTYMJIEHWE BOABI M cojell ¢ aTmoc(epHBIMH OCagKaMU
B TEYEHHE DACUETHOTO NepPHOAd; Vop, Sop — NOCTYNJEHHE BOIbI
H COJIell C OPOCHTEeNBHBIMH BOAAMH; Vp, Spp — NOCTYIUIGHHE BOABI
H collell ¢ NOA3EMHBIM NPHTOKOM; Vicn, Syen — BBIHOC BOABL H CO-
Jefi B armocepy 3a cuer ucmapeHHs; Vop, Sor — BHIHOC BOJBI
H coJiell C MOA3eMHBIM OTTOKOM; Vap, Sxp — BBIHOC BOABI H coJefi
C JAPEeHAXHBIM CTOKOM; Vs, Sce — BBIHOC BOjbl M cojlefl 33 cuer
cOpoca OpoCHTeNBHEIX BOX, p, Y — NOCTYIJIEHHE HJIH BBIHOC BOJBI
H CoJlefl 3a CyeT BePTHKAJbHOIO BOJ00OMEHAa MeXAY I'PYHTORLIMH
H MEXNJACTOBBIMH BOJAMM; & — MOCTYIJIEHHE Co/leH 3a cueT pac-
TBOPEHHST TBepAoH (aspl B 30HE HACHIIMEHHS WM BBINAJEHHE
colell 8 TBepayio dasy.

B Tom cayuae, Koraa sanacel cosiell B Bojgax W HOPOAax Mavbl,
onpeieJeHHYI0 poJb B OpHXOAHOH M pacxopHoH uyactax GajaHca
MOT'yT HMeTb MOCTYNJEHHE COJIeH ¢ YR0OpEeHHAMH H BHIHOC .COJeH
¢ ypoxaeM. OGBIUHO 3TUMH BeJHUHHAMH NpPeHe(Gperarwr.

Kaxpass u3 cocrapasiomux conesoro OanaHca, 3a HCKJOUYe-
HueM Sy, Sy H @, ONpelenserTcs Kak NPOH3BeleHUe BEJHYHH CO-
OTBETCTBYIOMIHX COCTABJMSIIOUIMX BojAHOro OajlaHca HAa MHHepa-
JIH3aNHI0 BOABI, U3 KOTOPOH OHH (YOPMHPYIOTCH:

s = VCl10-3, (7.46)
rie S — BeJIMUMHA COCTAaBASIIOmEH coqeBoro Hanadca, t/ra; V —
BeJJUUMHA COCTaBJASONIEll BoAHOrO Gajxadca, m®/ra; C — muHe-

panu3anus BOAbI, Haxoasueics B ofpeme V, kr/m®. Bce cocras-
JISIOUHE COMeBOr0 BanaHca ONpefeNsiioTCsl HEe3aBHCHMBIM [1yTeM
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Ha OCHOBE IKCNEepHMEHTAJbHBIX [NaHHBIX, MOJyd4aeMbIX B Mpele-
Jax creuHanbHo BhIOpaHHbIX OajlaHCOBLIX YyacTKoB. Paccmor-
pUM MeTONMKY ompejeienust seanyu C B ypapHennu (7.46).
Coc onpelefseTcs Kax Cpe/HEB3BElEHHAS 33 pPacyeTHBLIA Me-
pHOJ B pE3Y/IbTaTe aHANM3a CYMMapHBIX MeCAUHBIX MpobG ocal-
KOB!
CW=61V1+02V2+ +CnVn

Vit Vot +Va (7.47)
rae Cy, Cyy ... , C, — MHHepa/u3auHs BOABI B CYMMapHOH Mecsu-
Ho#l mpoGe ocamkos; V, V,, ... ., V,—o00beMbl cymmapHbIXx Me-

cAuHbIX Mpob ocalkos.

Cop, Crp, Ces ONpeleNIAOTCA Kak CpelHue, CTATHCTHUYECKH Ome-
HeHHble 3HaUeHHs, MONYUYECHHbIE MO AAHHBIM HEMOCPEACTBEHHEBIX
H3MEpeHHH MHHepaJiH3anHu OPOCHTEBHBIX, APEHAKHBIX H COPOCHBIX
BOJ B TeueHHe pacuetHoOro nepuosa. Cyen — MUHEpaH3anHs BOIbL,
foctynaoimel BBUE Napa B aTMOCcGepy: NOAyYaeTCsl NyTeM aHaJlH3a
BJard, KOHUEHTpHpYOUlelca Ha XOJOJHOM KOHYCE fpH HCMapeHHH
¢ nouseHHOro mokpoga. Cpp, Cop— ONpeJiessseTcs nyTeM Heno-
CPEACTBEHHOIO H3MepeHHsl MHHepajH3anud npob TPYHTOBBIX BOJ,
fioJiyyaeMblX H3 CeTH HabtonaTe/lbHBIX CKBaXKUH.,

B cayuae, eciu BenMuuHa y MOMOXKUTE/bHAS, OHA ONpeess-
ercsd no ¢opmyJe

¥ = pCron (7.48)

rie y — HoCTynJleHHe CoJlell 3a CYeT NMOAMHTHIBAHHSA T'PYH TOBBIX
BOJ MEXIJIACTOBBIMH HANOPHBIMH; p = AVyge, — 00beM MexmIac-
TOBBIX BOJ, TMOCTYMHUBIUMX B I'pyHTOBbIe; Cpop — MHHEpAAH3aHHSA
MEXIJIACTOBBIX BOA, OnpeaejseMas nyteM aHalu3a fpob BOABI,
HOJIyUeHHBIX ©3 Hab/IoAaTeIbHOH {1be30MEeTPHYECKOH CeTH.
Ecnau Besnnuuna y orpHmaresbHas, OHa Haxoaurcs Mo dgop-
MyJe
Y= pcrpr (749)

rie Yy — BBIHOC COJIEH U3 I'PYHTOBLIX BOJ B MEXIUIACTOBhBIE; p —
obbeM TpYHTOBBIX BOJA, HHQHIBTPYIOLIHXCS B MeX/IacTOBhIE 33
pacuerHm#l nepuon; Cr, — MHHepalu3auus TPYHTOBBIX BOJ.

BenuunHa o« 3aBUCHT OT COCTOSIHHSI PaBHOBECHS B CHCTEME
TBepjas ¢asa — PacTBOp H ONpelesIAETCa HA OCHOBE 3JKCllepHMeH-
TaJbHBbIX JaHHBIX MyTeM pacuera COOTBETCTBYIOIIHX pPaBHOBeC-
HBIX cucTeM-JIHO0 Ha OCHOBE PEXHMHBIX HaOMIOLEHHH C HCMOJb-
3opanneM ¢opmyant (3.13).

Cocrapnsiomue s U SO ONpeie/sioTCs MyTeM HEMoCpeACTBeH-

HOro 0ﬂp060BaHHH nopoJa 30HbI aspanHH H I'PYHTOBBIX BOJ:
J— . p— T
8y =83+ s s = 82 48, (7.50)
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Flle s W $ — HauajlbHble H KOHEUHple 3anacel cofefl B ToOMue,
BEePXHell rpaHunell KOTOPOH SIBJASETCH DOBEPXHOCTb 3EMJH, 4 HHXK-
Hell — nepBbld BOROYIOP WJIM YCJIO0BHAS CPAHUIA TOMMM aK THBHOrO
BozoconeobmeHa; s3, $2 — COOTBeTCTBEHHO HAYa/bHBIN H KOHEUHBIN
3anachl coJlei B [IOPOAX 30HKI A3PALHH, PACCUNTLIBAEMEIE MO
(opmyne (7.53); s, st —COOTBETCTBEHHO HAYANBHBIA H KOHEUHHbIf]
3amachl Co/1e¥ B IPYHTOBBIX BOJAX, KOTOPhIE PACCYUMTHIBAIOTCA MO
dopmyae (7.58).

Conesgoli Gararc 30n6t aspayuu. Bepxuell rpaunneit Gamasco-
BO# TOJMIUM SIBASETCS TOBEPXHOCTh 3EMIH, HHXKHEH — ypOBeHb
FPYHTOBBIX BoJ. YPaBHeHUs] BOJXHOLO M COJIEBOro 6ajaHcoB 30HH
aspanuu CleAyIOmMe:

Ve —Vi= Voe + Vop— Vien — Ve + ¢ (Bonusiii 6ananc); (7.51)
§2 — 80 = Soc + Sop — Sscn — Seo = P (comeBoit Gamauc), (7.52)

rne V&, Vi, si, Sk — HayaJbHble W KOHEUHBIE 3aMachl BOJBI
W cojmeil B NOpOjax SOHBI aspaumuy; ¢, P —mocTynsieHue wau
BBIHOC BOAB M COJMEd 3a Cuer BEPTHKAMbHOINO BOZOOOMEHA MeKAY
TPYHTOBBIMY H TIOPOBBIMH BOJAMH.

Bennuuubl HAyaJdbHHX (B HAYane PaCYETHOrO NEPHOAE) H KO-
HEYHHX (B KOHIE PACYETHOro MNepuojJia) 3alacoB cofeil omnpeje-
JasoTca no QopMye

s =10Y, Cadihy, (7.53)
=1

rjge $8 — HayadbHbIH (sf,) HJIM KOHeUHHH (sﬁ) 3amac coJed B no-
ponax 3oHnl aspauun; C,, — 3aCONEHHOCTh {-TO CJI0si 30HHI a3pa-
nug, %: 6 — MJIOTHOCTb i-ro cjos; A, — MOLIHOCTh i-r0 CJOA.

Bemuuunnl C,, § u A ocipefensioTes nyTeM HellocpeACTBEH-
HOro onpoBoBaHHa ¥ H3Y4YeHHs NOPOA B OpeAetax OpoCHTeJbHbIX
cucTem. Bemuuupa P B Clyuae, eCcJu ee 3HaueHUe NOJOKUTENBHO,
onpefieasiercst no (opmyJae

ﬁ = QCrp’ (754)

rae P --nocrynnedue coJefl 3a cyeT TPYHTOBBIX BOJ IHPU  HX
(U3UUECKOM HCTIApeHHW U  TpaHCOHpauuk: g = Vp yen — 00BEM
IPYHTOBLIX BOJ, NOCTYNHBIIMX B NOPOIBI 30HHI aspanuy; Cop—
MHUHepaJn3alid TPYHTOBBIX BOj. B c/lyuae oTpumare/npHOTO 3HA-
ueHUs BeMuuyuHa P onpesesserca no Qopmyne

B == gCrop» (7.55)

rle P — BBIHOC comefl M3 NOPoJ 30HBI a3pallid B IPYHTOBLIE BOJb!
¢ MHOHABTPAUHOHHBIMA BOJAMH; ¢ = Vyop— 06beM  HHOUABTPE-
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[MOHHBIX  TOPOBBIX BOJA, MOCTYMNAIOMMX Ha YPOBEHb [PYyHTO-
biX BOX,  Chop — MHHEpaMM3aUMsg HHOHJBTIPALHOHHBIX MOPO-
BhIX BOZL.

Coaesoli 6aranc epynmosoix 600. Bepxueit rpanunelit Gananco-
gOH TOJIIIH SIBASETCS YPOBeHb TPYHTOBLIX BOJ, HWKHeH — mep-
guifl Bogoynop. B cayuae, ecnu riyGuua sasteradHsi sogoymnopa
OT YPOBHS TPYHTOBHX BOZA npesbiiiaer 25—30 M, HIKHAS Tpa-
HHLla IPHHUMaeTCsl YCJIOBHO B Mpejesax MOIIHOCTH TOJIH AKTHB-
HOFO BOJAHOIrO M coJieBoro obmeHa. YpaBHeHusl BOJAHOIO M coJe-
goro 0ajaHCOB I'PYHTOBBIX BOJ BHINISAAT CAEAYIOLIMM 00pa3oM:

Ve—Vie=Vo —Vo—Vpp + g+ p (Boaueit Ganauc); (7.56)
St — Sk = Smp — Son — Szp + & + B + ¥ (conesoil Gamamc), (7.57)

rie Vi, sq, Vi, Sx — HauaJIbHbIe M KOHEUHBE 3arachl BOJI U COJIEH
B I'PYHTOBBIX BOJAX.
B cayuae nosoxuteabHOro 3HaveHus P = qCrop, re ¢ = Viop;
npH otpHuartenbHoM 3HaueHHH B = ¢Cr,, rae ¢ = Vip, uen.
Besmuntbl HavyaJbHBIX H KOHEUHBIX 3amacoB CoJlel B TPYHTO-
BBIX BOJA4X OmNpeflesIloTcs 1o (opmyJie

st =101 21 Ci(ni —W: ), (7.58)
[==

rjae $" — HauaJbHbIA (ST) HIM KOHEeuHBIH (ST) 3amachl coJiefi B rpy H-
TOBbIX Bojax; C; — MHHepaJu3amus (-ro TOPH30HTa; /1 — OTKPbHITas
MOPHCTOCTh £-T'O CJI0Si BOAOBMeIalomux nopo; %; h; — MoluHOCTS
[-r0 FOPH30HTa TPYHTOBHIX BOJ; W ., — rHrpockonHuecKkas (MoJie-
KYJASpHAsl) BJAXKHOCTH [-I'0 CJIOS.

B cayuae, ecsiu ToJia rpyHTOBBIX BOJ B npejieflaX 30HbI aKTHB-
HOTO BOLO- # coJieobMeHa pasjesieHa BOAOYNOPHBIMU NPOCJIOAMH
Ha pAJ BOJOHOCHHIX C/0€B, paCCuHThIBAIOTCA OOUHH coJsieBol Ga-
JAaHC JJId 30HBl a’paniH H BepxHero NOJArOpPH30HTa TPYHTOBHIX
BOA, A 30HBI a3pauHy U JJIS TPYHTOBBIX BOJ KaAXK/JOTO MNOArO-
pusonrta. Bonubiit H coseBoft Gasauchl KaXKJIOro H3 HOATOPH30H-
TOB, OFpaHHYEHHBIX CBepPXY H CHH3Y OTHOCHTe/JbHBIMH BOJOYNO-
paMH, pacCUHTLIBAIOTCA MO YDaBHEHHAM:

V;_ V; = Vnp e Vo'r i n+ P, (759)
S; ‘—syx; = snp—_sm‘ i &% i_ 7" i‘ Y! (7'60)

rje 71, A — COOTBETCTBeHHO NOCTYINJIeHHe WM PacXojoBaHHe BoJb!
H coJsiell 3a cuer BePTHKAJIbHOTO BOj000MeHa C BepXHHM NOATOPH-
B0HTOM TPYHTOBBIX BOJ; OCTa/bHble OOO3HAUYEHHS TE€ JKe, YTO
B ypaBHeuusx (7.56, 7.57) OTHOCHTeNbHO K pacCMaTpPHBaeMOMY
IOArOPU30HTY.
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Ecnu rpyHTOBHIE BOAB BEpXHET0 MNOATOPH30HTA NOCTYIAMOT
B Hkuul, A = nC,, rie n = AV, (o6beM nocTyNAOmHUX TPYH-
TOBBIX BOJ); Cs — MHMHEpanu3aLHsT BepXHEro NOATOPH30HTA IPYH-
TOBRIX BOJ; NPH NepeXxole 4ACTH TPYHTOBBIX BOJA H3 DAaCYETHOTO
NoATOPH30HTZ B  Bhimesaneraiomui A = nCrp, Tle n = AV
(o6beM uwacTH TPYHTOBBIX BOJ, NOCTYNAlOMIMX B BepXHHE NOJ-
ropusont); Crp — MuHepa/u3aUMs BOJ PacueTHOrO  MOATOpH-
30HTa.

[1pozro3 uamenenusn sanacos coreil ¢ pactemuou moawe. Has
TIPOrHO3HPOBAHHA 3aMacoB CoJied B TpelesnaX PacueTHOH TOJILLH
HA KOHel DACUYeTHOro NepHoja BhiLIeNpHBeJCHHBIE YpaBHEHHS pe-
LIAIOTCSA OTHOCHTEJbHO S, SZ, SI-

Mpumep 24. B ycioBHsiX OPOIIEHUS € OPOCHTEJIbUOH gopmoi N =
= 6300 M3/ra gaHo: Vnp =40 . 10° M3/ra; Vg, =30 1C® ™3/ra; VIJIJ =
=8,1 - 10® M*/ra; ¢ =0,3; Cp=3 xr/v®*; C =36 xr/v?; C = 4 xr/m¥;
C=3,3 kr/m*; Cp==10,06 %; 6= 1400 kr/m3; a”" =0,6; n=47%; W _=
=85%; h=75m Hy=1m H=2wm; p=0, y=0. Onperemurs 3a-
Uachl coJIeil B PYHTOBHIX BOJ4X Ha KOHEL[ PACUeTHOrO MEepHUOfa.

1. Ompepenurdb HauadbHbie 3anack coded mo ¢opmyae (7.58):

s; = 1071 . 3,3 (47 — 8,56) 7,5 =.95,3 T/ra.

2. Onpepesuth BeJIMUUHDI Spps Sor U Sgp MO tdopmyae (7.46):
Spp = 3-40- 10 . 1073 = 120 1/T3; 5,,=3,6-30. 10%. 1073= 108 1/ra;
Spp=14- 8,1.10%. 103 =32 1/ra.

3. Onpepeaurs Beauuusy ¢ no gopmyste ¢ =¢eV ,=¢el (n— W) - 102
rae € — o UHQUAbTPAUMOHHHX BOX B O6beme uPpUralluOHHO-TPYHTOBHIX
BOA:

g= 0,3.2(47 — 8,5) 102 = 2,3 - 10® m3/ra.
. 4. OnpeneruTs Beauuuny Cg NO BTOPOMY CJIaraeMOMy ypaBHEHUS
(7.683):
_1.005.1400- 05
o« 2 (47 — 8,5)

c = 0,45 Kr/m3.

5. OnpenenuTs BeMuuuny @ no ypasaeunuio o = Cy gl10-3:
a= 04523 10®. 1073 = | 1/ra.

6. OnpezeluTh KoHeuHbie 3aMachl CoJlell B IPYHTOBHIX BoAax 110 ypaB-
Henuto (7.57):

T =953+ 120 — 108 — 32 + 1 = 76 v/ra.

TporHo3 MHHEpPaAH3alMK KPPHTANHOH HO-TPYHTOBLIX BOJ, B 30-
HE MoAbEMa YpOBHA npu opoweHud, [loabeM ypoOBHSI TpPYHTOBBIX
BOJL Ha OpPOIIAEMBIX TEPPHTOPHAX NPOHUCXOAHT B YCJOBHSAX HelO-
CTaTOUHOTO JpeHaxa 3a cueT: 1) mocrymieHusi OCallKoB H OPOCH-
TEMLHBIX BOJ C MOJell, 2) NOCTYN/IEHHs IPYHTOBHIX BOJ B Pe3yJib-
tate X NOANOpa BoAaMH, QHALTPYIOLIMMHCS M3 KaHajaoB, 3) Bbl-
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TECHEHHS H3 TI0pOJ 30HBI a3palMy MOPOBbIX pacTBOpoB. Munepa-
Jqu3anua NoJHABIHHXC A prHFauHOHHO-prHTOBle BOX NpH 3TOM
hopMHpYeTCH 3a cyeT coged, TMOCTYNAIOIHUX € 0CAJAKaMH, Opo-
CUTENAbLHBIMH H TPYHTOBBIMH BOJAAaMH, IOpOBLIMH  pacTrBopamy,
a Takxe 3a CYeT pacTBopeHus cosel, colepsKaimMXCH B NopoAax
30HBI NNOABEMA YPOBHSA H 30HBI a3panHH:

C= C°V;+ Vet CaV + Cy, (7.61)

o + Vl" _]_ Vﬂ

rae C —cpeaHas MHHEpPaIM3anis WPPUTAnHOHHO-TPYHTOBBIX BOJA
B 30He noxbema yposHs; C,, V., — cpeanss MuHepaausanus u o6pem
BOJ, NMOCTYNMBIIHX C OCaJKaMH H OPOCHTEJIbHBIMH BOAAMH HA ypo-
BeHb TPYHTOBBIX BoA 3a pacuerdblft nepuon; Cp, V. —cpenuss
MHHepa/au3anusg U o6beM TPYHTOBRIX BOJ, HOCTYIHBUIMX B 30HY
noabema yposHs; Cp, Vy— cpepHas MuHepanzanus 1 06beM opo-
BBIX BOJ B 30He NoABbeMa YpoBHA, BeawunHa C, pPacCUNTHIBAETCH
nmo ypaBHeHHIO (7.27); Cg — MHHepa/iH3aUHs BOJ 30HB NOABEMA
YPOBHs1, QopMUpYtOmancs 3a CUET PACTBOpPeHHS CoJiell B nopojax
30HBI aspanuH. [1pu pacuere BeanuuHbl C /151 eMHHIGL] MOLAH

1% o
BesHuuHb V' 3aMeHsI0TCA Ha A = < Tae S naomans pacuerHolt
TEPPUTOPHH; A — CJI0H NMOCTYNHBLIEH BOAKL.

B cnyuae, ectu nopweM ypoBHSI TPYHTOBHIX Boa 006YyC/J0BJH-
BaeTcsd JHUIb [OANOPOM 32 cueT GUIbTPANHOHHBEIX NOTepb M3 Ka-
HanoB, Benuyuna C, B KI/M®, MoxkeT OblTh HailleHa no dopmyse

C.(n—W)-+C.a
3 -, (7.62)
n—W

r

C=

rae 7 — HOPHCTOCTh Nopod, %; W — BaaxHOCTE NMOpox B 30He
aspanuu; W, — rurpockonunyeckaq (MoJexkyJaspHas) BJIQKHOCTb
nopox; C, — cpelHee cojep:kaHHe coJell B NOPoAax 30HHI MOABE-
Mma ypoBHs, % Ha 100 kr mopoasl; a — coseornava NOPOAbL

37. 3aBHCHMOCTbL COJIEOTHAYH NOPOABLI B JOJAX eNHHHUH OT 0GbeMoB
npoduistposasueiics sow ([1. C. Ilanus, 1968)

OtHowen e o6beMa npoduabTpoBaBmelcs
BOALI K 06beMy TOpoab

Tunsl no9em

( 2 3 4 ] 6
CosoHuaku xs0puaHbie 055 0,74 0,831 0,861 0,89 | 0,90
IMouBwt  xnopugno-cyIndarHoro

3aCOJIeHU 51 032 052 067 0,76 | 0,821 0,88
IMouBw cogoBo-cyabdaTHOro 3a-

coJeHus 0,31} 0,421 0,54} 0,60 0,65] 0,69
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B 30HE NOABEMa YPOBH#A, NOJH €AUHHIB OT HCXONHOTO 3aCOJIEHHS
{onpefengercss 3KCOepHMEHTaNbHO, Tabs. 37); 8 — miaoTHOCTE
noposl.

Mpuwmep 25. Jaso: C. = 3,32 xr/m?; C,= 0,09 9;; 6 = 1430 kr/m3;
n= 47 o; W=14,3 %; W, = 8,5 %; a= 0,6. HaliTu musepanusauuio
AppPUTralHOHHO-TPYHTOBLIX BOA o ypaBHeHnuiwo (7.62):

332 (47 — 14,3) +0,09 . 1430 . 0,6

€= 47 —85

= 4,8 gr/m3.

B cayuae, ecan nmofbveMm ypoBHsl TPYHTOBBIX Boj OOYC/IOBJEH
JUlb MHQHAbLTPanHed OCAAKOB H MOJHBHBIX BOJ, MHHEPaaH3a-
LU HPPHTAHOHHO-TPYHTOBLIX BOJ B 30HE 0AbeMa YPOBHSA ompe-
JeJafercss 00 YpPaBHEHHIO:

Coln—W)4Coa H.Cyda’

C= n—Ww, Hin—W,°

(7.63)

rie H, — MommHOCT, 30HBI a3palHu 0CTe HoabeMa YposHsS; H —
BbICOTa MOALEMa YPOBHS TpyHTOBHIX Bof; C, — cpeanee coxep-
JKaHHe coslefl B QOpOAaX 30HH adpaumdH; @ — CoMeoTAaua MOopox
30HBl a3panHH.

IMMIpumep 26. B ycaoBusix OTCyTCTBUst GUALTPAUUXOHHBIX NOTEPD
M3 KaHaJ/0B U (OBBLILIEHHS] YPOBHSI T'PYHTOBLIX BOX 3a CYeT uutpx«mmpauuu
OCajiKOB H NMOMMBHLIX BOA Kako: C, = 0,3 xr/m?; Cp = 0,05 %; a’ = 0,5;
H,=1wm; H= 2 m, ocTaJbHbIE ,I[aHHbIe Te 3Ke, 4TO B mpumepe 25, Hamu
Muﬂepanusauum HPPUTALHOHHO-TPYHTOBLIX BOJ 110 ypaBHeuuio (7.63):

0,3 (47 — 14,3) 4- 0,09 . 1430- 0,6 _ 1-005. 1430 - 05
47 —85 T @ =85

C= = 2,7 kr/m?

B cnyuae, korja mogbeM ypoBHS 0GYC/JIOBJEH OAHOBPEMEHHO
uHQUAbTpanHed OCalKoB H NOJHBHEIX BOJA M (QHABTPALHOHHBIMH
HOTepﬂMH H3 KaHaJoB, BeJHUHHA C oapeaeadaerca C NOMOMLIbIO
C/le/(yIOWEro ypaBHeHHs:

C (eC, +C.—eC) (n—W) 4+ C,la H,Cyba’
- n—W, Hn—Wwy)’

vV

]

VotV o

(7.64)

rae g =

[Mpumep 27. [as Tex XKe ycnoBuf, uro B npumepax 25, 26, mpwu
e = 0,3 naliTH MHHEPAIM3ALUMIO HPPUTAUHOUHO-TPYHTOBLIX BOA 110 ypas-
#enmo (7.64):

03-03+332—03 - 3,32) (47 — 14,3) + 0,09 - 1430 - 06
C= +
17 —8.5
1-005-1430 - 05
+= =85

= 4,5 Kr/m®.
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§ 4. Metofpl (hu3nuecKoro moenupoBaHus

MeTonosoryueckie OCHOBbI MPOTHO3HPOBAHHS MHHEPAJH3a-
UMM TPYHTOBHIX BOJA B 30He noxbeMa ypoBHs, KoHuedrtpanus
pactBopa, mnpoUAbTPOBABILErOCs uyepes CJOH {I0poibl, onpele-
Jgsercss o0beMOM OT(UIbTPOBABILIErOCs pPAaCTBOpA, HCXOAHBIM CO-
JepAaHueM cosefl B NOYBOTPYHTaX U HayalbHOH KOHIlEHTPalHed
pacTBopa. JKcnepUMeHTajbHBE HCCACHOBAHHS MOKAa3blBAIOT, 4TO
¢ yBeauueHHeM oObeMa pacTsopa, B3aHMOZEHCTBYOLIErO C MOPO-
JoH, ero MuHepaausamus yMeHbIIaeTcs. YpaBHEHHe perpeccHH
JN@HHOIO Mpolecca AJas ONPedeNeHHOH TOMIY HOPOA BBHINISAMT
caenylomuM obpasoM:

C=a~—"bV, (7.65)

rie C — vunepanusanus pacrsopa; V — obnem pacTBopa; a4,
b — smnupuueckue Kodbdunuentsl. Has saemedrapuoro cJjaod
B psfe NOCAeNOBATEIbHO PaCHONOXKEHHBIX, ypaBueHue (7.65)
HMeeT CJAefyoUlHi BUA:

C; = C,— b,AV,, (7.66)

rae C; — KOHUeHTpauns pactBopa obweMoM V, mnocse B3auMo-
gedctsus ¢ moponoil; C; — KOHuUEHTpauus pacrsopa, B3auMoned-
mnh;

5
SIUHHLY MOLIHOCTH 3JIeMEH1aPHOTO C¢Jof; 7 - OTKpHITas [OOpPH-
GTOCTh; O — IIOTHOCTh TOPOABL; H; -— MOIIHOCTb 3/1eMeHTapHOro

mnkh;
cnos;, AV, =V] ——5—; b; — svnupuueckufi Kospduuuent, 3a-

CTBYIOILErO C mopofo# mpH V, == m -—mMacca mnoponbl Ha

BUCALUMA OT BEeJWUUHBI HCXOZHO!N KOHUEHTPAIMH pacTBopa, MOCTY-
Hamllero B CJA0H.

Munepanusanus pacTBopa, B3aUMOIEHCTBYIOLIErO ¢ MOPONOH,
BO3pacTaeT C YBEJIUUYEHHEM COJEepPIKAHUS PacTBOPEHHBbIX CcoJel
B MIOPOAAX U UCXOJHOH MHHEpAIU3alUU PacTBOpa B COOTBETCTBUH
C ypaBHEHUEM

C=k+dC,+ eC,, . (7.67)
rie C — KOHUEHTpauusl PacTeopa, HACHULAKIEr0 ToJmy HOPOR,
mn o
npu oGLeve, paBHOM —-; C, — conepxaHue coJell B MopoIax;

Cy, —ucxolHas KOHIEHTpPaUWs pacTsopa; k, d, e— sMmHpHue-
CKUe KO3(p(PUIIHEHTHI.

IIpn npoXokIeHuH pacTBOpa uepes MoC/aAelOBaTeAbHHIR PR
3JIEMEHTApHbIX CJI0eB KOHHEHTpauus ero B JinoBOM KoHeuHoM
c/loe paBHa:

C,= k4 dCs + eCi 1. (7.68)
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Pemas coBmectHo ypasuenus (7.66) u (7.68), noayuum ypas-
denne, BbIpAXKaKIIee 3aBUCHMOCTb KOHLEHTPAUMH pacTBopa, Ha-
XOANILErocs MOoC/Ae MOJHOTO HACHIEHHS TOMIH MOpold B JIHOGOM
[I0CJIeNIOBATEBHO DACMONOXKEHHOM 3JIEMEHTAPHOM  CJioe MOpof,
or obbeMa pacTBOpa, B3aUMOJEHCTBYIOUIErs ¢ nOpoRoil cJjos,
Haua/JbHOM KOHIEHTPALUH pAacTBOPA, 3aCOJMEHHOCTH MOPOJbL:

C; =hk+dC, +eCiot —bAV,. (7.69)

[lpu AV, =0, ypaBHesue (7.69) npuHHMaeT BUX YypaBHEHHUs
(7.68). Besmuuna b;, B 38BHCHUMOCTH OT BeJHUHHBI C,, HaXOIUTCH
¢3 TabJumbl, COCTAaBJEHHON HA OCHOBAaHMH 3KCMEPUMEHTAJIbHBIX
danupix. JIJas Kaxjaoro cjaos, HaukHad co Broporo, Cy = Ci.;.
Cpennsis KOHIIEHTPAIHA DPAacTBOPA, HACHILAOWEro BCHO TOJ-
41y MOpOX, COLEpKaulyl { 3JeMEHTapHLIX CJIOeB, paBHa:
Gl Cohs A - +Ciyhy_y +Clh,
= 7 .

Cep (7.70)
rae A — cyMmapHas MOWIHOCTL TOJMIH nopox; €' — KOHUEHT-
panust pacTBopa, HAXOMMLIETOCH B 3/IEMEHTAPHOM CJI0e MOLIHO-
CThiO fi.

IlporuosHas BeJHYHHA MUHEPAJH3AIMM TPYHTOBBIX BOJ MpH
[OCTyJIeHHd B HUX (U/IbTPATa U3 30HBI a’pauud MOXKeT GhITh
onpejesena no gopmyJe

Cop=0aCy+ (1 —a)C’, 7.7

rae Crp— MuHepalu3amus TPYHTOBBIX BOJA B 30HE CMELICHHS
¢ vHQUIBTpALHOHHBIME BojaMu: Cy — HayajbHAs MHHepaau3a-
IUA TPYHTOBRIX Boj; C'— KoHEYHAs MHHepaausauus uUHOHIBT-
PALMOHHBIX BOJ; O — JOJIA y4acTus ObITOBBIX TIPYHTOBBIX BOJ
B 30HEe NOJbEMa UX YDOBHS.

B cayyae momppema ypoBHA TPYHTOBBIX BOJ 3a CUET MOANOpA
CHM3Y, a HE 3a cyeT HH(QHJIbTPALLMH, MUHEpaJu3auHUsd BepXHUX
c0eB MoXKeT ObIThb olpele/ieHa Kak KOHeYHasi Mo YpaBHEHHHO
(7.69), a cpenuss MUHEpaJH3aMUA TPYHTOBBIX BOJA B 30HE MOLB-
ema ypoBHs — no ypasseHuto (7.70). Tlpu stom ofpeM Bojawl, Npo-
Xoxaulei yepes KaxkIblii 3JEMEHTapHbIH CJOH MOPOAbI, MOXKHO
paccyutar, no opmyJae

Vi=m2(H—Yn), (7.72)

rne V; — obveM Boibl, NPoXopsulell yepes >JeMeHTapHBIH CJOH;
m — macca CyXoH MOpoJbl HA eNUHMNY MOIIHOCTH CJIOA; n —
OTKpBITasi TOPHUCTOCTb; O — MJIOTHOCTL Toponst; /1 — BbicoTa
noabeMa YpOBHS; A; — MOUIHOCTb 3JEMEHTAapHOTO CJOf.
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Ec/ld MOLIHOCTb 3/1€MEHTAPHOrO CJIOSl eCTh BEAHYHHA MOCTO-
inHas, Gopmyay (7.72) MOXKHO NpeJCTABUTh B CAEAVIOWIEM BHIE:

Vi=m®t (f’- —it 1), (7.73)
h
fie [ — HOMED 3JIeMEHTapHOrO CJI0S B HANPaBJeHHH (UJAbT-

aluu.

b MeToaHKa NOMy4eHHS JAHHLIX At PACYETOR H MPOrHO3HPOBA-
HHe MHHepaJH3auHH TPYHTOBBIX BOJ B 30HE MOAbEMa YDOBHA,
3akmo4aeTcss B HCCIENOBaHHH 06pa3uos IOpol, OTOOpaHHBIX U3
30HBI a3palMH OPOLIAEMOro MAacCHBA, C LEAbI0 MOJYYeHUsT SMITH-
pUYECKHX  3aBHCHMOCTEfl MeXIy MHHepaju3anued pacTsopa,
GUIBTPYIOHIETOCH Yepe3 MOopoay, ero oOBEeMOM, COjepKAaHHeM
cosledl B MOpoJle U NePBHYHOH KOHIEHTpauUHed cosedl B pacTsope.
3aBUCHMOCTH TIOJYHaAlOT METOIOM KODPEJISIHOHHOIO aHaIH3a
8 BU/JE ypaBHEHUH perpeccu.

Ouenra sausanus o0vemos puaibmpyrouelics KudKocmu Ha
nepexod cored nopod 8 pacmeop. ObOpasell Mopoipl, NMOJYYeHHBIH
M3 TOJILIY 30HBI a3pallMd, CMEIIHBAETCS € DAas3jJUYHBIM 00beMOM
IPYHTOBOH BOJbI, CMeCh XOpollo B30a/NTHIBAETCH B TEUCHHE HE-
CKOJILKHX MHHYT, OTCTaHBAeTCs B TeUeHHe HECKONbKHUX CYTOK
u duabTpyerca. PuapTpar moasepraercss XMMHUECKOMY aHATH3Y.
[Tocsie MpoH3BOIACTBA KOPPENSILIMOHHOTO aHanu3a BbIOOPOK 3Ha-
yeuuit C u V npu yCJOBHM CYHIECTBEHHOCTH H JIMHEHHOCTH CBSI3H
COCTaBJAMOT ypasuenue perpeccuu Ttuna (7.65). Ilpu stom kosg-
¢uent b Gyner, B CBOO ouepeib, 3aBUCETh OT HCXOJAHOH MHHE-
panusauuy pacTsopa. C TOBBIIIEHHEM HCXONHOH MHHEPATH3AIHH
BesinuuHa Koadduuuenrta b yMenpiraetcsi. CocTaBUB CEpHIO ypas-
Henuil tina (7.65) mpu pasHbIX MUHEpaIH3ANUAX DPAcTBOPA, HC-
MOJIb3YeMOro IJIst BBITAXKH U3 MOPOJBI, MOMHO MOJNYYHTh Tab-
JIHIY 3aBHCUMOCTH Kodbduiuenta b ot C,.

Oyenra BAUAHUSL MUHEPAAUSAYUL UCXOOHO20 pACMBOpa U UC-
xo0Hol 3aconentnocmu nopo0 Ha MuHeparusayur scudxocmu,
urompyroweldca wepes nopody. W3 obpaslioB mopoj pa3sHO# 3a-
COIEHHOCTH, B3ATBIX U3 TOJIULM 30HBl a3PALMH, [e1aI0TCA BbI-
THXKH COJIelt pacTBOpaMu pasHofl MHHepalu3allud, HO OJHHA-
KoBoro o0beMa, 3aTeM BBINOJNHSAETCH XUMUYECKHH aHalu3 MoJjy-
ueHHbIX (uabTpatoB. [lpakTHueckKH npUMEHsETCS MeTon Tak
Ha3plBaeéMbIX TOCJENOBATENbHBIX BBITSKEK, KOr[a BHIEJNSIoT
BLITSDKKY T[PYHTOBOH BoJofi u3 oGpasia, B3ATOro B nepsoM {(Bepx-
HeM) ¢JIoe 30HB! a3paumuHd; MOJAy4YeHHHM ¢UIBTPATOM oGpabaThl-
BatoT obpasell BTOpPOTo CJOf,, U TaK N0 YPOBHSI IPYHTOBBIX BOJ.
Pesysbrartel, cBelenHble B TPU BBIGOPKH, NOABEPratoT MHOKECT-
BeHHOI KOppeJNslud, U IpPHU YCJIOBHH CYLIECTBEHHOCTH CBsizefl
COCTaBJSIIOT PETPECCHOHHbIE YDAaBHEHHUS CBA3H MeXJY KoHeu-
HOfi KOHLEHTpalluell pacTBOpa, UCXONHOH MUHepaqu3auued rpyu-
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{7.69) C, ~— Hauanbuag
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¥ G 4G

TOBBIX BOA M HAuaJbHON 3aCOJEHHOCTLIO MOPOJA 30HbLI adpantn
tina (7.68). Cxema uasTpaluu pacTBOPOB uepes TOJILY 00POA
npuBeneHa Ha puc. 48.

Humepnpemayus OaHHbIX, NOAYHEHHOIX AYMEM GQUILTECKOEZD
modeaupoearus. Munepanvzanus nocjeanefi M3 nocjeroBarellh-
HBIX BBITSKEK COJiefl TPYHTOBuIMM BojzaMi OyJeT paBHa MuHepa-
JM3alMA BEPXHEro CJ10si TPYHTOBBIX BOJA B 30HE MOABEMA HX
ypoeHs. DTa BesnupHa OyneT NpUMepHO PaBHON, PacCYHTAHHOH
no ypasuenuto (7.68). Ypapuenue no3soJsfeT PACCUHTATH BEJH-
uuny C, npH MmoGofi NpOMeKYTOUHOH BbICOTE MOABEMA BOJ B 30HE
nmolvemMa ypoBHs. Cpenrss MuHepaausauus#t T[PYHTOBBIX BOJ
B 30HE MOALEMA YDPOBHS MOXKET ObITh PacCYHTAHA NpH NOACTa-
HOBKe 3HaueHH{l COOTBETCTBYIONIMX BeAHuHH B ypasuenue (7.70).
Mpu srom 3uauenus C;, C,, ..., C; paBHBH MHHEPATH3ALHAM
(PHIBLTPATOB B MOC/TENOBATE/NbHEIX BBITAXKKAX, ecau pacyeT Cep
BEETCS MO CJAORM, 3 KOTOPbIX B3fTHl 06Gpasibl A/1s  BhITAXKEK,
U paccuHTLIBAIOTCS Mo ypasHennio (7.68). 3uauenus Cy, Cy, ..., Ci
HaXonuM u3 ypaeneuus (7.66), a Vi, V,, ..., Vi — us ypasne-
uua (7.72). Ilpn crabuausanuy ypoBHS IDYHTOBBIX BOZ MHHepa-
Au3anus BOIBI B NpefesiaX KarkIoro MEMEHTapHOTO CJIOSi MOXKET
fLITh ONpeAeseHa ¢ NoMollsio ypaBuenus (7.69).
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§ 5. DUIMKO-XUMHUECKME ACMEKTbI NPOFHO3UPOBAHMA

[TporHosHble HOHHO-COJIEBBIE COCTABBl MOPOBBIX PACTBOPOB,
jojlyyaevble B OpelesaX OpOINAEMBbIX MaCCHBOB B pe3yJbpTarte
MCMOJIL30BAHMUS YDABHEHHHA nepeHoca cojefl, pacyeta CoJIeBOTrO
Gananca, MetoJamu QU3HUECKOTO MOIENHPOBAHHUS, 2 TaKXKe [0
[AHHBIM AHA/JU32 BOLHBIX BBITSIZKEK, ¢ (PH3HKO-XHUMHYECKOH TOUKH
3DEHHSA ABJAOTCA YCIOBHBIMU (runoreTHueckKumHu), TpebyOWUMU
KOPPEKTUPOBKH B C/yyae HEBO3MOXKHOCTH HX CYIIECTBOBAHHSA
npy JaHHBIX KOHIEHTPA[HAX HOHOB, TEMNepaTypax M JasJje-
HHAX.

B rpuBeneHHBIX HHXKE pACYeTax NPUHATH caelylouiie o6o3Ha-
yenusi. Cy — MHHEPANU3ANUA WIH KOHIEHTPAUHH OTIe/bHBIX
HOHOB, MOJIy4YEeHHbIe B Pe3yJbTATE NPOTHO3UDOBAHHA OLHHM H3
MeTooB (TuroreTuyeckuii pactsop); €, — TO Ke, NOJYYEHHOE
B pe3yJbTaTe yuyeTa BAMAHHA ABJEHUH OTpHUATENLHON M noJo-
HKUTENBLHOH ajcopbuuu (nepBas KOpPEeKTHPOBKA HOHHO-COJIEBOTO
coctapa); C,—TO 2Ke, NOJY4YEHHOE B pe3yjbTaTe BLINAAEHUS U3
pactsopa usbeiTka CaCO,, (BTOpas KoppekTuposka); Cy — TO
e, MoJyueHHoe B pe3yJjbrare BeinajeHus usbbitka MgCO; (Tpe-
TbS KoppeKTuposka); C; — To Ke, MOJyyeHHOE B pesyJbTare
soinafenus u3bbiTka CaSO, (uerBepras Koppekrtuposka); C; —
TO e, B YCJIOBHAX KATHOHHO-OOMEHHOro paBHOBecHd (nmATas KOp-
pextuposka); Cg = Cyx — MHHEpaNIH3auHA HIH KOHIEHTPalHH
OTIEJNbHBIX HOHOB, NOJYYEHHBIX B pe3yJbTaTe BbIIANEHUSI U3 pac-
TBopa Jerkopactsopumblx coseit NaCl, Na,SO,, MgCl,, MgSO,
(ckoppeKkTupOBaHbIH pactBop). KoHueHTpaunu HOHOB u MoJe-
KyJ1 BblpaXkeHbl B KHJIOMOJNAX HA KyOOMeTp pacTsopa.

KoppeKTupoBaHHE THNOTETHYECKOTO pAacTBOpAa C YYeTOM oC-
HOBHBIX (JH3UKO-XHUMHYECKHX MDOIECCOB B CHCTeMe Boja — I0-
pona — tBepaas (asa cosefdl BINOMHAECTCA B C/IELYIONIEM [O-
palKe.

OueHKa BJHAHMS $IBJIEHHH OTPHUATENLHOH H TOJOXHTEIbHOM
ajfcopéuMH Ha HOHHO-COJEBOH COCTAB HIIOTETHYECKOro NMOPOBOro
pacTBopa, Yuer BJHAHUS OTPHLATENbHOH ancopOuuu HAa HOHHO-
COJIEBOH COCTAB NPOTHO3HOTO PACTBOPA BEINONHAETCA B COOTBET-
CTBHH ¢ ypaBHEHHEM

w—w,
L=y gy = (7.74)

rne W, W, — nabmojaeMasi 1 I'HIPOCKONUYECKas BJAXKHOCTH pac-
YETHOTO CJIOSl MOYBOTPYHTOB; Wy — HEPACTBOPAIOUIAS BJIAKHOCT
Wh (W — W
He r). _ _
oW, W, — nosmas  BJaroem

KOCTb MOYBOrpyHTOB;, WP — pacueTHas HepacTBOPAIOMW@AN BJIAXK-

pacuetHoro ciost; Wys =
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HOCTb MPH BJAXKHOCTH, pasHoH W, WP = V,,010% &— mior-
HOCTh PacTBOpa; V4o — HEpACTBOPSIOIMIUA 0O6BEM, PACCUHTHIBAETCH
B COOTBETCTBHM C METOJUKOH, mpuBelexHo#t B § 6 ruasel 3.

Honyckas, 4To BeNHYHHBI MOJNOXKUTEJILHOH M OTpHIATENb-
HOH ancopOpMH NpPUMEPHO PAaBHH, KOHUEHTPAUHS HOHOB KaJb-
UsA PEryJupyercs COCTOSTHHEM KapOoHATHO-Kabi{HEBOH CHCTe-
MBI, a cTerieHb alcopOLUuH HOHOB HATpuS, Kalud W MaCHUs [po-
MOpHHOHAJNbHA HMX HAYaJbHBEIM COJEpXKAHUAM B 3IKBUBAJEHT-
HOH (opue, BIUAHHE MOJOXKHTENLHOR ancopOUHH HA KOHIEHTpa-
IIUH 3THX HOHOB B THMOTETHYECKOM paCTBOPE MOXKHO ONEHHTb
C NOMOULBIO CIEAYIOIMX SMIHPHUECKHX (POpMY.T:

{Na*i,

INa*}, = [Na"}o + (IC1"L — [C1)o) g o e T 1R
(7.75)
[Mg®],=[Mg?*],+(IC1},—[CI],) e (7.76)
g 0 1 O [Na*], + 2 [Mg¥*], + [K*], *

H
[K+]1 = [K+]0 + ([Cl—ll - [Cl_lo) [Na+]0 + Q(lll(v;-g‘gﬂo + [K"']o M (7'77)

B cBs3y ¢ HalnmyueM B NMOYBOrpYHTAX SIBJEHHH OTPHUATEND-
HOH U TNOJIOKHTENILHOH aicopOIuU COCTaB DealbHOTO MOPOBOTO
pacteopa B Jo60H TOYKe MNOPOBOrO MPOCTPAHCTBA MOAUHHAETCSH
3aKOHOMEPHOCTH

K= A, (7.78)

rae K, A — COOTBETCTBEHHO CYMMBI KaTHOHOB M AQHHOHOB B pac-
TBOpE, KI-3KB/M>.

B6ausu yactun noysorpyura ¢ npuGIHKEHHEM K HHM JeBast
yacTh BeIpaxkeHust (7.78) BospacraeT, a npaBasi YMEHbIIAeTCH,
1 HaoboporT.

OueHka rHMOTETHYECKOrO MOPOBOTO PACTBOPa HA BO3MOK-

HOCTb €ro CymecTBORAHHS,
Oyenka cocmosnus Kapbonamro-Kaavyuesod cucmemot. Bel-

MMONTHAETCA B COOTBETCTBHUM C BhLIpaXKEHHEM

f:ico; [HCOS—]ichz,‘_ [Ca®*y __ Ky co,

aco, =K, (1.79
[CO,] = Kucos Lo =Ko (779)

riae [CO,] — cpenHssi KOHEHTpamHUs CBOGOLHOIO FHOKCHiA YTJle-
poza B BOjAX PACYETHOH TOJIUM MOYBOFPYHTOB; fHcog s fcasts
Ku,co, KHCO? — K03(¢pUHEHTHl aK THBHOCTH HOHOB B pacTteope Cy
¥ KOHCTaHTBHI JUCCOMHANUH YTOJBHOH KHCJOTBL Lcaco, — NMPOU3-
Besende pactsopuMoctt CaCO,;. CyuecTroBaHHe JAHHBIX KOHIEHT-
pauuil HOHOB KaNbLUHUSA U I'HAPOKapDOOHATOB B PACTBOPE BO3MOXKHEI,

184



ec/u Jepasi 4acTh Bhipaxkenus (7.79) MeHbIe MJM paBHA NMPaBoH;
B MPOTHBHOM CJyd4ae H3 pacTopa Oyger ocaxpatbcs CaCO;.

Oyenka cocmoanus KapboHamHo-MazHuesoli cucmemst. BHI-
[OJIHAETCA B COOTBETCTBHH C BbIPaXKE@HUEM

2 [HCO, P ot [Me2*fa
HCO 3 g K
d - = MO g o, =K, (7.80)

=
[CO:} KHCO;

re [ cor B [agr+ — KOS(PDHIUKEHTH AKTHBHOCTH HOHOB B pa-

creope C,; Lmgco, — NPOH3BeACHUE pacTBOPUMOCTH KapOoHaTa
MarHus. .

Konnenrpamuu [Mg?*l, u [HCO, 1, B pacteope peallbHbl B T€X
clyuasx, Korja JeBas uacth Boipaeuust (7.80) menpme wiu
paBHa NpaBoli, B MPOTHBHOM CJlyyaé M3 pacTBopa OygmeT ocax-
natecss MgCOj,.

Oyenka cocmosnus cyabpamro-Karvyuegol cucmemot. Bl
NOJHSAETCA B COOTBETCTBHH C BbIp aKEHUEM

fae+ [Ca?*], fsof_ [SO%7 13 = Lcaso, (7.81)

rie  fcas fsof_' Lcaso, — K03duIUenTsl  akKTHBHOCTH HOHOB

B pacTeope C,; u npousBeseHue pacTBopumoctd CaSQ,. B ciayuae,
eci nocle MOACTAHOBKHM B pblpaxkeHue (7.81) mesmuun [Ca?*),
u [SO?7|; nesag yacth Oygaer GoJbllle npapo#l, TO W3 THHOTETH-
YeCKOro pacteopa OyJeT oCaXAaThCsi [HOC; B HHBIX CJAY4Yasx
CYILECTROBAHHE B pacTBOpPe MAHHBIX KOJUYECTB HOHOB KallbllHsf
" cyJdndaTHLIX HOHOB BO3MGIKHO.

OuyenKka CcOCMOSHUA CUCMeEMb. HOPOBbIL pacmeop — OOMeHHbIL
gomnaexc. Hcronbayioress BeIpameHus:

[Na*]? fops [Ca2 s _ . [XK*J2 fpgpne [Mg®]a
(xCa2*] fRas [Na*13 T [xMg2) [y, [K*;

=K, (1.82)

rae fcarss [Ma+y [Natr [x+— KOIPDHUIMEHTH AKTHBHOCTH HOHOB
B pactBope Cy; [xCa?], [xMg?*], [xNa'], [xK*] — Konueurtpanuu
HOHOB B OOMEHHOM KOMILIEKCe mopok, Kmoaden/1000 xr; K —
KOHCTaH1a DABHOBECHS] KATHOHHOTO OOMeHa.

B cayuae, ecnu neBas yacth Buipamenus (7.82) Godbie mnpa-
BOH, PaCTBOP CKJIOHEH K oOMeHY HOHOB Ka/bllus HA HATpuH u Ha-
oBopor, ec/Iy JieBasi 4yaCTb MeHblleé NPaBOH.

Ouyenxa cocmosnus cucmemot noposvui pacmeop — meepdas
Pasa  aeexopacmeopumbix  coseti. BrlmosHsiercss  aHaJoOru4HO

OlleHKe, npuBeAeHHo! B §5 riiaBel 4, noc/ie MopCTaHOBKY 3y =2X.
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Pacuer pacnpepesieHHs coJiefl B THIOTETHYECKOM PacTBOpE HA
TBEPAYIO H KUAKYI0 ¢a3bl,

Koppexmuposatiue toHH0-c01€8020 cOCMasa pacmeopa ¢ y4emon
sotnalerus usboimra maro- u cpednepacmogopumsix coasell (CaCQOs,,
MgCO;, CaS0,). B cayuae, ecau pacTsop nocje NepBoH Koppek-
THUPOBKH HOHHO-COJIEBOrO COCTABA CKJOHEH K OTIOXKEHHSIM TBep-
no# ¢asbl KapOGoHATa KaJjbluf, pacueT PaBHOBECHOH KOHIEHT-
paunuu THAPOKAPBOHATHLIX HOHOB NPOW3BOAMTCH NYTEM pELIeHWs
otHocutesbho [HCOZ1, ypaBuenns (7.83):

[HCO7}; + (2[Ca™), — [HCO7 ],) [HCO3 ); + Effcf_f-:‘ N

__2][CO,] + [HCOF ]y _
Kot =0, (7.83)

Kycor

rae Keop = ; fep = fficos-fcaz+ — CPenHUE KOHCTAHTHI

KHECOSLCaCOS
Juccopnauuy U Ko3h@uiuueHThl AKTHBHOCTH HOHOB 8 pacTsope C;.
PaBHOBecHble KOHIEHTPAILlUY HOHOB KaJsblUsl OY 1yT paBHBL

[Cat*]; = [Ca®], — 0,5 ((HCO; I, — [HCO; 1) (7.84)

KosuuectBo KapOoHara Ka/biM#, BBIIABIIETO H3 PacTBOpa B
pesyJsbTaTe BTOPOH KOPPEKTHPOBKH, DPaBHO:

CaCO, = 0,5 ([HCO; ], — [HCO; 1,). (7.85)

Ecau nocnie BTOpOi KOPPEKTHPOBKH DACTBOP CKJIOHEH K NTJO-
KeHHio KapOoHata wmaruus, BesmupHBl KoHpeHTpamui [HCO, ],
u [Mg*], paccuutbiBatorcs o ypasueHusm (7.83) u (7.84), B koTo-
DBIX KOHUEHTPAaNMH MOHOB KasblMs 3aMEHbl Ha KOHUEHTPamuu
MOHOB MarHuf, a BeJUYHHB fop H K B pactBope C, DaBHH:

HCO-
3

fep = f ﬁco; fmgee; Kep = Kq KosnunuectBo KapGonatos

ZCO,,LMgCO,
MaruHs, BBIMABLIETO H3 PACTBOPA MOCJE TPeTbel KOpPeKTHPOBKH,
onpeaeasnoT mno ¢opmyse

MgCO, = 0,5([HCO; 1, — [HCO3 15)- (7.86)
Ecnu nmocsie Tpethe#l KOpPEKTHPOBKH PACTBOP COAEPMKMUT H3OHI-

TOK Cyabdara Kanbuus, paBHOBECHBIE KOHHUEHTPAUUH HOHOB
Kalbuusl M CY/abGAaTHBIX HOHOB ONPEAeNAIOT M0 YPABHEHHAM:

[Caz+]4 == [Caz+]3 -_ CaSO4 (7~87)

[SOZ™], = [SO%™], — CaSO,. (7.88)
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HabbiTok cydabdara Kambiius HaxoauTcs no ypasHeuuio (7.89)

CaSO, == 0,5 ([Ca?*]; + [SO2 7|, —

— V' ([Ca*],— [SOI"1,)* + 4[Ca®*5[SOF ),  (7.89)

rre [Ca?*{P [SOYT]% — npousBeeHHe DPABHOBECHBIX KOHIEHTPALHUI
p pacreope Cy HaxoauTcs w3 BblpaxeHus (7.81) npu paseHcTse
ero yacred.

Koppexmuposarie UORHO-CONEB020 COCMABA pPACMEOPA Npuse-
JeHuem 8 PABHOBECHOe COCMOAHUE CUCmembl PACMBOp — 0OMEeHHbI
KOMNAEKC nOo4802pYHMog. DBBINONHAETCS NyTeM BbIPaBHHBAHMA
JeBOH H npaBoll yactell selpaxkenuii (7.82) ¢ nomompto mpuGAH-
wenua 3naveHudt [Ca?*)y u [Na'], K pasHOBeCHHIM METOJOM OJ-
cranosku: [Ca?*], —[Ca?*]? = [Ca®*];; [Na*],— [Na']p = [Na*];
aHaJIOTMYyHAs onepalus BeinoJHseTcs mas [Mg?ty, u [K*,.

Koppexmuposanue UOHHO-COACB020 COCMABA PACMBOPA C Y4e-
mom ewinadenus usbuimxa aeekopacmeopumoix coaed (NaCl,
Na,SQ,, MgCl,, MgSQ,). Bunomdusercs nyTeM OcCaXKIeHHS H3
OLITKA JIErKOPACTBOPHMBIX COJIeH, MeTOJRHKA KOTOPOIo IpHBeNeHa
B § O raaeel 4; npu 3TOM MPHHHMAETCH, YTO ZI/I= ?4, Zfﬁl =

6 o
= Y. Houno-conesoit cocrap pacrsopa C, = Cq = C, mnocie
fIepeBoja KOHIEHTPaluil M3 Kr-oKe/M® B KMOMb/M® SBJISETC KO-
HEUHBIM CKOPPEKTHDOBAHHBIM, OMH3KUM K peajlbHOMY B NAHHBIX
YCIOBHAX.

PacyeT HOHHO-cOJEBOIO €OCTABA MOPOBOTO PACTROPA MO 1AH-
HbIM aHaJH3a BOJHOH BbITSKKH, MeToJHKAa KOPpPeKTHpPOBaHUA
VOHHO-COJIEBOrO  COCTaBa THIOTETHYECKHX MOPOBHX PacTBOPOB
MoxeT ObITb WCMNOJNL30BAHA NPH pacyérax COCTABA [OYBEHHBIX
PacTBOpPOB Npu HAJMYUK NAHHBIX 00 MOHHOM COCTaBe BOJHOH BBI-
TAXKKH, (H3udecKHX, (H3UKO-XHMHYECKHX H BOAHO-GH3MYECKUX
nokasarejgdaxX noysorpyutos. Ilpu 5TOM runoteTHyecKufl HOHHO-
COJeBOH COCTAB (IOYBEHHOIO pacTBopa NpH Jo00H BJIaXXHOCTH
MOYBOIPYHTOB ompeelsercs no Gopmynam:

Cyba

Co=yp—w Co

Cina Cy6Ma 7 90
=w—win: Co=w—wyz (P9
rae C,— MuHepamu3alus WM BecOBAf KOHUEHTPAIUS OTIENbHBIX
HOHOB B THIOTETHYECKOM MOuBeHHOM pacTsope; Cp, Ch, Cy — MuHe-
PaJu32Ms WY KOHIEHTPAIMS OTAEJbHEIX WOHOB B BOJHOH BbI-
TSKKE, cooTBeTCTBeHHO B %, Kr,M%, kr-sks/100 xr noussl; 0-—
IJIOTHOCTh noysorpyH1a; W —HaGmionaemas npu B3ATHH MPOGHI
NOYBOrpYHTA BJIaXKHOCTh; W, — MakcIiMallbHas FHIPOCKONHYECKas
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BJIaXKHOCTb MOYBOrpyHTa; M — HOHHAas Macca XHMHYECKOTO HHIpe-
AHeHTa; z — BAJIEHTHOCTh HOHA; n — COOTHOUIeHHE KU AKOH H TBep-
no#t ¢a3 B BOXHON BBITAXKKE, @— COJeOTJaya MOpOJd, NOJH elu-
HHIIBI.

OCHOBHO! MpPEANOCHIIKOH DAacyeToB fABJAETCA MOJMOXKEHHE
0 TOM, YTO BCE JIETKOPACTBOPHMBIE COJIM MPAKTHYECKH PAaCTBO-
PSIIOTCS MPH BJIAXKHOCTH MOYBBI, paBHOH MoJHOA noJesok (/1/1B)
WM HaHMeHbIIef BjaroeMKoctd (fB). Tlpu meHblell BAAXKHOCTH
yaCcTh JIETKOPACTBOPHMBIX coJiell HaXoUTCA B TBepiaoil (ase.
JKCnepuMeHTaNbHbIE J[AHHBIE MOATBEPXKAAIOT, YTO JaXe Mpu
OuYeHDL CHJIbHON 3acosensoctu nopox (1,975%) Bce serkopacTso-
PHMBIE COJH MepeXoAsT B MouseHHBIH pactsop (raGr. 38). Caabo

38. PacnpepnenesiHe colleil B KOJIOHKE NOPOAbI NOCJE HACHIHIEHHS
ee BOJOA N0 HaMMeRbilleil (NMoseBoH) BJAAroeMxocrH, %
(TaXKenwlil CYyrAHHOK, 3acOJEHHOCTL N0 cyMme couell 1,975 9,
no xaopy — 0,195 % (I1. C, Ilanun, 1968)

FnycéMHHa, CO§— HCOS— cl— Bﬂa)x‘;:oc-rb, o(c:¥:1?31«
0—5 0,002 0,069 0,009 53,8 0,188
5—10 » 0,080 0,013 43,0 0,250

10—15 » 0,105 0,011 43.4 0,200

15—20 0,009 0,123 0,009 41,6 0,220

20—30 0,012 0,120 » 41,1 0,260

30—40 0,003 0,057 » 40,2 0,716

40—50 0,002 0,053 » 39,0 1,350

50—60 0,003 0,066 0,013 32,7 1,334

60—70 0,014 0,093 0,042 28,0 1,436

70—80 0,033 0,098 0,103 28,6 2,296

80—90 0,038 0,050 0,376 28,7 5,116

90—100 0,036 0,063 0,768 25,6 6,820
0—100 0,015 0,074 0,195 35,5 1,975

W CpexHepacTBOpHUMBIE COMH (KapOOHATHI, THMCHI) B MOPOBHIH pac-
TBOp MEpPeXoiAT JIMIIbL YAaCTHYHO; ITO XKe KacaerCs HOHOB, HaXo-
KSIIUXCA B OOMEHHOM KOMIJIEKCe noys u nopox. [Ipu stom couu,
nepexoAsmiMe 8 MOUBEHHBIH PACTBOP MOC/E MOJMHOTO HACHIIIEHUA
MOYBHI BOJIOH, HA3BAHBI MEPBUYHBIMH, 4 COJIH, Mepexoisilye B nou-
BEHHBL PACTBOp M BBIHOCAIHECS C MPOMBIBHBIMH BOLAMHU CBEpX
MAKCHUMAJNbLHBIX KOJHYECTB, KaKHe COLepKaluCh B [OYBEHHOM
pacTBope Tpu HAHMeHbllel BNAroeMKOCTH MOYBbl,— BTOPHYHBIMH
(ra6n. 39). Bropuuuble colin ofpasytoTcst B pe3yJbTaTe nepexoja
B DacTBOp ¢J1a60- U CPEXHEepPaCTBOpPHMBIX CoJeH, HAXOASIIHXCH
B TBepHOH (ase, a TaKke npu o0pasOBaHHU B PAacTBOpe CPaBHH-
TEJNLHO HE3HAYHTENLHOTO KOJTHYECTBA JIETKOPACTBOPUMBIX COJEH
B pe3yJibTate HOHHO-O0OMEHHBIX D eaKiuH.
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39. Cocrap UepBHYHLIX H BTOPHYHNX coJjiell, BHMBNBAEMBX H3 No4e
(I1. C. IManuu, 1968)

Conn
Tun 3aconenns
NneprHYHLE BTOp HEHblE
Xﬂoppuu-xoe NaCl, CaClz, MgClg, MgClz, NaCl, A‘gs@,;,
CaSO,;, NaHCQ,, NaySQ,, l\aHCO3, CaSQ,,
Ca(HCOg)2 Ca(HCOQy),
CyabdatHo-xaopua- | MgCls, NaCl, CaSO,, | NaCl, MgSQ,;, Na;SQ,,
HOE N‘gSOA, Ca(HCO3)2, NaHCOg, CaSO4
NaHCO;,
Xaopupno-cyasgpar- | NaCl, CaSQ,, MgSQ,, | Na,SO,, MgSQ,,
HOE ¥ CYyJb(artHoe NapSOQy4, Ca(HCOs)s NaHCQ,;, NayCO,,
CaSO4, Ca(HCOs)z
Conoso-cymbdatnoe | NaCl, MgSO,, NaySOy,, { NaHCO;, Na,CO,,
CaSQ,, Ca(HCOy)s, Ca(HCQOy), ,CaCOy
NaHCO;, Nay,COg

Pacuer koHueHTpauuii XHMHUYECKHX HHIDEIHEHTOR B HOHHO-
MOJIEKY/ISIPHOM HJIH HOHHO-COJIEBOM NMopoBoM pacTeope, [Tockosb-
Ky B PaCTBOpaxX COJH MPUCYTCTBYIOT B BUJE MPOCTHIX HOHOB, KOM-
IVIEKCHBIX HOHOB U MOJIEKYJ, O YeM YKas3bplBaJIOCh B IvIase 3,
KOHHEHTpanHu XUMHUECKHX HHIDEJHEHTOB, MPEICTABIEHHBIX JHC-
COUUHPOBAHHBIMH M HEJHCCOIMHMPOBAHHBIMH YaCTHLAMH, B CKOp-
PEeKTHPOBAHHOM MOPOBOM PACTBOPE MOrYT ObiTh OMpeeseHsl my-
TEM pAacyeToB, OCHOBAHHHIX HA TEOPETHYECKUX MOJIOKEHHAX 06
HOHHBIX DaBHOBeCHAX. PacTBop, B KOTODOM H3BeCTHHI HCTHHHEIE
COCTOSIHHS PACTBOPEHHLIX B PAcTBOPHUTENIE BEIECTB, HA3bIBAETCH
HOHHO-MOJIEKYJ/ISIDHBIM WJIH HOHHO-COJIeBbIM. KoHuestpauun mo-
JIEKYJI, MPOCTBIX # KOMIWIEKCHBIX HOHOB B MOPOBBIX HOHHO-MOJIE-
KyJAPHEIX PaCcTBOpAaX PaCcCYUTHIBAIOTCA C MOMOIIBIO CJIEYIONIHX
ypasHeHui:

(Ca*] = Caz* - (1 + Co;— n HCOy SO~

( PK; K, Pk, >

pK,  CO3~ K SQ2-

CaHCO3"] = | Ca2t :[1 AR 4
[ 5 ] { ( +HCO_ T + oK. X

P, pK Mg?t pK

- HCO;~ 2 28 22 .
HCO;)] ™ { : (I + + pK; Ca“')]’

[CaCOY] = [Ca2+ :(1 s

+ [cog- : (1

pKZ, Hco;' p[ﬁ soi-‘ P, \ +

CO3™ ° pK, COj~  pKy CO2™)

pKy | Mg+ pK;  Na+t pK|
+Ca2++p,<4 "G T oK, | G
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0, , pKy , HCOy  pk,  COI™ K,
fCaSO.;} = [C32+ (1 + 8021 + DK2 ) 802:: + K, " 502— j)+

- K N Ky , Mg¥* pKk
+[so§ JUIEN LR -5 - ‘éa;)]
coz-" HCO; SO~
24+) 2+ . _— .
(Mg™] = Mg '(1 + pKs + pK; PKes)
2— o
+1 24 . pKy O3 pK, SO
{MgHCO"’}"[Mg ( +HCO“+ pKr "HCO; | PKa

sz — pK Ca2t K. .
X HCO“)J +[HCO3 ( g Yok A%@z)]

X

0 2+ . pKs CO:;," pK, SOg" pK §
(MgCOS) — [ Mg ( +too-t R o T ’Co;__ﬂ—l'

L

- K,  Ca K K
+[CO3 5(Iq&l\ﬁi_gzdz_hﬂ( fslg;*+ph 'fslg;*)]

- o+ pKs HCO3 . pKs COQ . pK
{MgSO = LMg '(l t o= T K, so- Ak 028—)]'*’

2, ng C__iz: pKQ Na+ pK
+[SO‘ ‘(““Mgz+ oK Vg ok Mg“)}

o3~ soi~
[Nat] = Na*: (l + —— K -+ >

pKs
{NaCO3} = {Na* ( 4 C‘;}‘Z‘f_ + S;);ES_ . Cfgé?_ )} +
S B S

20, pKs , Mg®* pK
- [S0I (14 Ble G phe | M pho)]

(50:71 =505 (1 + S 4 NEr N 7.9
| coim (14 G N Ny
[COs71 = CO5 '(1 Tk Tk +PK7)’
[HCO;] = HCOy .(1 +Cf;‘<+ 1‘;‘2)

(CI] = CI-,

roe [Ca?), [CaHCO;T, [CaCO;?} H T. A.— pacyeTHbie KOHIIeH-
TpalHK HOHOB H MOJIEKYJ B KMoJb/M3; Ca®t, Mg?*, SO~ U T go—
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guagutHyeckue (YC/JIOBHBIE) KOHUEHTPALHH HOHOB B KMOJB/MY;
pKy, PK,, pKs W 10 L.— OTpHIATENbHbIE JIOTADH(MBE! KOHCTAHT

JIMCCOLIHATMH MOJIEKYJ H KOMIJIEKCHEIX HOHOB (pK ca cog; pK Cal coj;
PKCasoE’f pKMgCOg; pKMcho;h pKMgsog; pKNaco;; pKNasor)'

Ananuruyeckue (yCIOBHHE) KOHLUEHTPAUHH HOHOB B PacTBOPE
npeiCTaBs0T cOO0H CyMMBI NMPOCTBIX HOHOB JAHHOTO THINA, KOM-
IIEKCHBIX HOHOB H MOJIEKYJ, Kyla BXOAMT NaHHHI HOH. Hampu-

Mep:
Ca?* = Ca?* + CaHCOjF + CaCOj + CaSO) wan
SO%- = 8O3~ + CaSO§ + MgSOj + NaSO;.

Jlns mepeBoja pacyeTHHIX KOHIEHTpauud npocThlX HOHOB H3
MOJIAPHOI (hopMBI B BECOBYIO HCNOJb3yeTca (opmysa

1] = 11 My, (7.92)

e My— MonekyaspHas wmacca uoHa, (W), [M] — coorser-
CTBEHHO BecOBast W MOJIApHAA KOHIEHTPAaiusl HOHOB.

JIns KOMIVIEKCHBIX HOHOB H MOJIEKYJl MNOJAOOHHIH nepeBon
ocyutecTrasierca 1o (opMyae

1N} = AM, 4 BMs;, (7.93)

rae A, b — BelpaxkeHus, B3sTHE B KBajpaTHHE CKOOKH B mpa-
BOH 4acTH pacueTHhX YypaBHeHuH; My, My — MoneKyJsipHhIe
Maccel A€JUMBIE B NpaBod 4aCTH ypaBHeHui.

pK3 HCO5 pKs
soi— = pKe  s0%-

COS™  pKy Ky . Nat pK, | Mg
, o (. pKs | Nat pKs Mg
KT sop-) | Mesr T[S0 (M e Ry G T R, X

pKs M
X Ca“)] soi™’

Otpunarensasle JorapudMBl KOHCTAHT [HCCOIHAUHKH MoJje-
KyJ ¥ KOMIWIEKCHBIX HOHOB DaCCYHTHIBAIOTCH MO (opMy.Je

Fals

fas’

rje pK{}};B—OTpHHaTEJIbeIE JIOrapupMEl  TEPMOJHHAMHYECKHX
KOHCTAHT JUCCOIMAaLHN HOHHOH napsl AB, naxopsarces no taba. 40;
fa, f5, fas — Ko3(ppHUHEHTH AKTHBHOCTH HOHOB M HOHHON Mapht
B JJAHHOM pacTBope.

[Mpumep 28, [CaSOE] = [Ca2+ : (1 -+ +

pKas = pKas (7.94)
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40. OrpuuarensHbie norapHgmbl JIJs NOpoBBIX PacTBOPOB ¢

TepMOAHHAMHYECKHX KOHCTAHT HOHHOﬁ CHﬂOﬁ HEe HPEBHma}O-
AHCCOLHALIMH Haubonee 5 0.8—0.9 ’ .
pacnpoCTPAHEHHBIX B NPHPOAHBIX wen U,6—U,9, OTPHUATEIDLHDIY
BOZAX MOMEKYJ H KOMMJEKCHBIX JorapuM KOHCTaHT JMCCOlHa-
Honos (P. M. Tappesc, HHH MOJIEKYJ H KOMILJIEKCHBIX
4. JI. Kpaticr, 1968) HOHOB MoKeT OBITH Ompejiesien
Anmorss 10 Yp aBHEHHIO
—_ KO
KarHOHbL — P - pK = pK
oH— | HCO;™{ cOZ | S0} Vi
—2%4 'l*_l:‘;l—Bv: -+ 0,2”,
H+ 140 | 64 | 10,33] 2 w
K+ 202 o (7.95)
Nat —0,7 | —0,25] 1,27 | 0,72
Caz+ | 1,50 | 196 | 32 | 231 1ne pKO — orpuaTeBHBI o
Mg2+ 258 ¢ 116 | 34 2,36 .
rapudM  TEpMOIHHAMHUYECKOH

KOHCTAHTBh! JHCCOUHAUHH; 2 —
aut  Anccounan L B MOJIEKYJIE; L — HOHHas CHJIA
forcst o Qopmyse K =10 X
pacTeBopa; SMIHPHYECKHE KOH-
. crantel A u B Haxonatcs B
Tabs. 24; a — >ppeKTHBHBLIA AMAMeTP UJIH CcDelHui AuaMeTp HOHOB
B MoJiekyJie (mpuBeneHb! B Tabu. 25).

I[Tpumep 29, Hafitn HCTHHHYIO KOHUEHTPALHIO CYNbPAaTHLIX HOHOB
B NOPOBOM PacTBOpEe NMOYBOTPYHTOB C CyJb(aTHEIM THIOM 3acojieHHs (CM.
Taba. 45).
1. Ha#iru noHmyo cuay pacTBopa no ¢dopmyne (4.17):
p = 0,5(0,027 + 2 - 0,14 4 0,022 + 2 - 0,022 +
+ 2. 0,076 + 0,092) = 0,31.

2. HaliThn orpunaTejbHEE JOTAPHOMBI KOHCTAHT JHCCOLMHALUMH CYJb-
¢aTocomepKamuX MOJEKYN H KOMIJEKCHHX HOHOB Mo ¢opmyiae (7.95)
¢ Hcnonb3oBaHuem Tabia. 40:

93l 4. 0,5085 1/ 0,31
caso§  ” 14-5-107® . 0,3281 - 108 )/ 0,31

77; = 0,56.
pK p[(NaSO; 0.56

pK =1,7%

=1,
Mgsog

3. HafiTH KOHLeHTpalmio CYAbpaTHHX HOHOB MO ypaBHeHHIO (7.91):

sy {001l 0038 0002
S0, ]_0’07'(1 +172 T 177 T 056

= 5,64 Kkr/m8.

) = 0,0587 kMOJIb/M3 =

4. Hafitu KoJNH4YecTBO CyMb(OATHBIX HOHOB, BXOJISAINHX B COCTaB MOJ&~
KyJI (CaSOE, MgSOf} H KomnjekcHoro uona NaSO, :

6,73 — 5,64 = 1,09 kr/m3.
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lnasa 8
3ACOJIEHUE MOUYBOTPYHTOB U METOLRL! BOPbEbl C HUM

§ 1. EctecTBeHHOE M BTOPHUHOE 3aCONIEHME MOUYBOTPYHTOB

[on ecmecmsennoim 3acoseruem no46OEpYHINOE NOHUMAIOT Ha-
KOMJIeHHe JIeTKOPaCTBOPHMEBIX coJIell B BepPXHEH [BYXMETPOBOM
TOJIIE MOPOR 3OHBEI adpauy¥, NPOHCXOJASAIIEe B yCJOBUAX HENO-
CTaroOYHOTO YBJAaXKHEHHS B pe3yJbTare HCIapeHus MOPOBHIX

193



§ 5 5 5 5 5 s 5 5 sto%

A D B B Y

3 { ] | % A I %

» {10

il l 2

g 2t 4 w8

- s

St g

> 4 -700§

S ¢ ]3 3' b2 A8

2. 3kl 2 2] I HELE]

T LN ETRR WL 41177 §

@ Il .l' l ' <

§ ! IQ‘ :“\t ‘NQ‘.’ IQ"’") §
1 & ) f 3

& g £ '§

= = &b [

Puc. 49, CpasunrejabHas OUeHKa 3aCONMEHHOCTH [IOYBOTPYHTOB MO CyMMaM
pacTBOPHMBIX M TOKCHUHMBIX COJeEH:

4/ — 3aCOJIEHHOCTh NMOYBOIpYyHTOB IO CyMME pac TBOPHMBIX COJIeH; 2 — 110 CyMMe TOKCHY-

HBIX COJiefi; 8 -— THN 8acoJieHnsl NOYBOI'pYHTOB; 4 — CTeneHb 3aCOJEHHOCTH MOYBOI'pyH-

TOB (I — HesacoJieHHbie, 2 — cJaGosacoseHHue, 3 ~— cpefiHe3acoJleHHble, 4 ~— CHJILHOBa-
coJieHHble, § — oueHb CHJILHO32COJEHHbIE).

pacTBOpOB KanWAJAPHOH KalMBI TPYHTOBHIX BoA. HeoOxomuMeiM
YCJIOBHEM 3aCOJICHHA [OYBOTPYHTOB  AIBJSETCH  NPEBHILCHHE
YPOBHA KaNnwlIAPHON KafMbl Hal YPOBHEM ee Hcrmapesus (cM.
puc. 35). K 3aconeHHBIM OTHOCATCS MOYBOTPYHTHI, KOTOpPHE CO-
Jep:xar XOTa Obl B OZHOM TOPH3OHTE JIETKOpaCTBOPHMBIE COJIH
B KOJNHYECTBE, MNPEBHIIAIONIEM HX [OPOTH TOKCHYHOCTH A
CeNbCKOXO03AACTBEHHBIX KYJBTYP, B mpefelax JBYXMErpoBoH
TOJIILH.

B coOTBeTCTBHH ¢ CYIIECTBYIOIHMH KJIaCCHQHKAUHAMH CyM-
MapHaf M CPaBHUTENLHAS OLIEHKH CTENeHH 3aCoJeHHA [O4YB MO
CYyMME pacTBOPHMBIX H TOKCHYHLIX coJiell (B % oT Beca MOUBH U
B KI/M® FHIIOTETHYECKOTO MOPOBOTO PacTeopa) mpH Wy — Wy =
= 18 % u 6 = 1300 kr/M® npusenens ua puc. 49.

Uon smopuuneim 3acoseruem TNOHMMaETCA OwICTpas mHoTeps
IVIOKOPOJHS NOYB BCAEACTBHE HAKOIIEHHUS COMEll B BEPXHEM JBYX-
METPOBOM CJ10€, YTO NPOHCXORHT B pesyjapTare NogheMa ypOBHS
TPYHTOBBIX BOJ Bhillle MPENEILHO JONYCTHMOTO (3a cuer (HIbLTpa-
IHOHHEIX NOTEPh HPPHTALHOHHHIX BOJ NpH opolueHuu). Bropuu-
HOE 33CO/IEHHE NPOHCXOAMT Ha POHE ECTECTBEHHO 3acO/SIOIHXCA
HIH pacconsiomuxca nousorpyHtoB. B. A. Kosgpa (1946) pac-
CMaTpHBaeT TPH CJyyas COYeTaHHA BTOPHUYHOTO H €CTECTBEHHOrO
3aCOMIEHHHA: a) HaJIOKEHHE BTOPHUHOIO 3aCOJEHHA Ha €CTECTBEH-
HO 3acoJslomuec NOYBOrPyHTH.. B 3TOM cayuae OpoHCXOAMT
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yCHJIEHHE eCTECTBEHHOTO 34CO/IeHHSA; 00pa3yloTCs HOYBbl H I'PYH-
TOBbIE BOJbl KpaHHHX CTEMEeHeH 3aCOJ€HHOCTH XJIOpHIHOTO H CYJb-
¢haTHO-XJJOpHIHOrO THNOB; §) HaJlOXKEeHHE BTOPHYHOIO 3aCOJICHHS
Ha MOYBOTDYHTHl, B TOH MJH HHOH CTEMEeHH OCTATOYHO 3aCOJIeH-
Hole. XHMH3M BTOPHYHOIO 3aCOJIEHHS ONpENeNsieTCs COCTABOM
OCTaTOYHHIX coell u Oyner HMeTh NpeHMYLIECTBEHHG CyJabdart-
Hbil XapakTep; B) HaJOXKeHHE BTOPHYHOIO 3aCOJIEHHS Ha IJy-
6OKO paccoeHHble MOYBOTPYHTHL. Xapakrep BTOPHYHOTG 3AaCO-
JIEHHS BCEUEJIO 3aBHCHT OT XHMHYECKOrO COCTaBa HppPHTalHOH-
HBIX BOA.

§ 2. MoHaTHe O© NOpoOrax TOKCMUHOCTH Cone

[Ton noporamu tokcwdHoctH ([IT) cnenyer nNoOHUMATb TaKHe
KOHUEHTPANHH ONpeNeNeHHbX Coslell H1H HOHOB B MOYBE MJIH [MOY-
BEHHOM pPA4CTBOpE, BBHILE KOTOPHIX HAYHHAETCH yTHETeHHe pacTe-
unit. Crlenyer pasnnyatb MOPOr TOKCHYHOCTH MO CYMME pPacTBO-
pUMBIX cojleH, CyMME€ TOKCHYHBIX CoJieH, OTHEJbHbIM COJIAM
u uoHaM. Benuyuna [IT 3aBucuT OT MHOTHX (DaKTOpPOB, OAHAKO
OCHOBHBIMH SIBJISIIOTCH THM 3aCOJICHHSA U BOLHBI DEXKHM [OUYBbL.
Mexny [IT, onpenensemMbiM no 3aCoJeHHOCTH mousw, u [IT,
ofpefieNifieMBM N0 KOHUEHTPAlHH MOPOBOrO pacTBOpa, CYILECT-
BYeT CIefyIoIas 3aBHCHMOCTb:

C: (WHB - Wr)

‘ *®
C1= s

+ G, 8.1

rie C§ — [IT no 3aconennoctn nopon, %; C;— IIT no xow-
LeHTPAlHH HOHOB B [MOPOBOM pactBope, Kr/m®; Cy — Kosuye-
CTBO coJiefl, HaXonAwwXxcs B noponax B Teepnoi dase, %; Wy—
HauMmeHbinas (rnojieas) BAaroeMKocTb nopon; Wy — MakKCHMasb-
Hasl THTPOCKONHYHOCTb; O — MJIOTHOCTH MOPOJHI.
Kosinyecreenno BenuuuHel CFf u C; OUEHHBAIOTCA MO HHX-
HEMY Mpefesy 3acoJeHHOCTH MOYBOTPYHTOB HJIH KOHUEHTPAIHH
HOHOB B MOPOBBHIX pacTBopax c/a003aCo/IeHHbIX NOPOI NMPH BJaXK-
HOCTH, PABHOH HauMeHbluel (mosieBofi) BiaroemikocTH. ITockosb-
Ky COJIH SIBJISIIOTCA TOKCHYHBIMH JUIfl PAacTeHHH JHIIb B pacTBo-
pPEeHHOM COCTOSIHHH, BeJHYHHBI C} ABNAIOTCS aOCONMIOTHBEIMH, 4 Be-
JuuHHbl Cf— OTHOCHTEJbHBIMH, 3aBHCAIIUMH B YCJOBHAX ONHOTO
THNA 3aCOJIEHHOCTH OT IJIOTHOCTH NOPOAb! H ee BnaxkHocTH. Han-
GOMLIIYIO LEHHOCTb HMEIOT JaHHble 00 MOHHO-COJIEBOM COCTaBe Mo-
POBEIX DPaCTBOPOB, KOTOpHIE MO3BOJISIOT HENOCPENCTBEHHO Ope-
HHBaTb TOKCHYHOCTb MOUBHI B NaHHBII MOMEHT BpemeHn. OpHako
Ha NPaKTHKE, B CBA3H CO CJOXKHOCTLIO ONpelesieHHs COCTaBa [o-
POBBLIX pPacTBOPOB, BeJHYHHBl KOHUEHTPANMH CoJiell B HHX, TaK Xe
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KaK H BEJIHYHHBI NOPOTOB TOKCHYHOCTH, HAXOAATCS M3 YPaBHEHHSA
8.2):

*
)

v——w —C» (8.2)

C; =

rae BeauunHa Cy; B KI/M® ONpeNesIfeTcsl C MOMOLIbIO PAacyeToR,
npuBeNeHHbIX B § 5 M1aBel 7, H nepeBoaurcs B %.

A6contorHeie BeAwuuHH C§ OMPeleNISIOTCH SKCHEPHMEHTAND-
HO JI/if Pa3jiHYHbIX BHIOB KYJLTYPHLIX pacTeHHil. B 3aBucumocru
OT CONEYCTOHUYMBOCTH pacreHuii Bejanuuda CF MOxeT Cymect-
BeHHO KoJeGaTbCl [PH NPOYHX paBHLIX YCJAOBHAX (COJEBOl
COCTAB MOPOJ, BONHHIA pexuM, remneparypa H 1p.). Hampu-
Mep, BennunHa C§ /s opouraeMblx TMOYB 1ora YKpawHb B 3a-
BHCHMOCTH OT COJIeBLIHOCJIHBOCTH CEJILCKOXO3SICTBEHHDLIX KYJb-
TYp OPH XJOPHAHOM H CyAL(ATHO-XJOPHIHOM THIAX 3aCONCHHS
nopoy, KoneGnercs or 3 mo 18 kr/m®.

Beawuuunm [IT no cymMme pacTBOpHUMBIX COJefi, B 3aBHCHMO-
CTH OT THIIA 3aCOJEHHOCTH MOYB, MO JaHHBIM Da3HBIX aBTOPOB,
mamenstoress ot 0,06 1o 0,3 %. DTH BEeJHYHHBI MOJMYUEHB! SKCIe-
PHMEHTANLHO JUISI TIOYBOTPYHTOB C BJAXKHOCTLIO, pPaBHOH  Ha-
uMmenpieit (noseBoi) BaarceMkocti. /1T no Cymme pacTBOPHMBIX
cosiell B THIIOTETHYECKOM (YCJIGBHOM) MopoBoM pacteope C¥ , kr/md,
onpeaeneHn! no opmysie
cyé

'W—HB—:W—F'. (83)

Cr =

Ilpu stom pas crenHolt soHnl YCCP npunsath crepylouide
ycpepHeHHole  xapakrepuctiki: § = 1300 xr/m®, Wy = 27 %,
W,=91%.

B nureparype uMetorcs qaHHble o BeinduHax Cf u CF nas pas-
JIMYHDLIX THIOB 3aCOJNEHHOCTH MouBorpyHToB. [lo cymme TOKCHu-
HBIX cojefi (6e3 yuera XapGomMaTOB Kajblluf, MarHHs U CyJabda-
toB Kaabuus) [IT HeckolbKo CHuKaercs, usMmeHssach oT 0,03 no
0,15 % — no saconennoctH nopox u ot 2,2 no 1l kr/m® — no
KOHUEHTpANHH CoJieH B VYCIOBHBIX THMIOTETHYECKHX [OPOBBIX
pacTBOpax B 3aBHCHMOCTH OT THIOB 3aCOJEHHOCTH [MOpO/.

[TpenenbHO momycTHMBE KOHHEHTPALMH TOKCHYHBIX HOHOB Ha
pasHBIX CTaJHAX Pa3BHTHA pAcTeHHIl MOTYT HMETh Pa3HbLIE 3Haye-
HUSA, OHAKO BeNHUHHLL [T IMMUTHPYIOTCA HAHMEHBIIHMH U3 HUX.

B cayuae Hamuuua B oOMeHHOM KOMIJIEKCE MOPOJ HOHOB Ha-
tpus1 [IT onpeaensieTcss He TOJLKO HaJHYHEM JerkopacTBopH-
MBIX cojleli, HO H KOJIHY€CTBOM HATpPHS B NpoOueHTax or oOMeHHOH

€MKOCTH MOPOZHL.
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§ 3. Cnocobbl npepynpexkpenus u 6opbbsl ¢ 3aconeunem

Hnis 6opbObl ¢ 3aCOJIEHHEM H €TI0 NMPEAY NPEXKAEHHS PHMEHSIIOT
TpH TPYMIbl METOAOB: arpPOTEXHHYECKHE, aTPOMENHOPATHBHLIE
p ruapovennoparueHoie. K nepBo#l rpynmne MeTOmOB OTHOCATCS:
BLICOKAsi arpOTeXHHMKA, NMPaBHJbHAA OPTaHH3alUA TEPPHUTOPHH,
paiHOHA/NbHAA CHCTEMA 3eMJIe/le/Hsl; KO BTOPOH — npaBH/IbHAA
OpraHH3aiHA MEeNHODATHBHOH CETH, XHMHYECKasi MeJHOpauHd,
npaBH/JIbHAA 3IKCIVIyaTalHss OPOCHTENIbHOH M JAPEHaXKHOH CeTH;
K TpeTbeH — MOojJiep:KaHHe YPOBHS TPYHTOBBIX BOA Ha IJy-
OuHe, HHXKe KPHTHYecKoH, npOMBIBKa MOYBOTPYHTOB C LEMbIO
OTBE/lEHH S CoJlell M3 MNOPOJ 30HBI a3PalMH H BEepXHHX CJIOEB
IpYHTOBBIX BOJ B JApEHB WM IVIyOOKHE CJIOH TPYHTOBLIX BOZ.
Pasnuualor mpOMBIBKH NpecHBIMH BONAMH H BOZAMH C XHMMH-
yecKHMH JR00aBxamu. [IpOMBIBKM 3aCO/IEHHBIX MOYB OpeCHBIMM
BOA4MH B YCJOBHSIX ApUIHOrO KJAHMATa SBJSIOTCH MJIAaHOBHMH
CHCTEMATHUECKHMH MEDONPHUSATHSMH, OHH NMPOH3BOASTCS OOBIUHO
B OCEHHe-3UMHHI MepHoj, KOrjia I'PYHTOBHE BOIH 3aJIeratoT HaH-
Gosiee Tay00OKO, a wcnapeHHe MMHMMajbHoe. B BererapHOHHBIH
NepHOL MNPAaKTHKYIOT MpHMEHeHHE ONpPECHHTENLHOTO MOJHBHOIO
peXHMa, TO €CTb MOJHB HOPMaM¥, MpeBHILAIONHMH BOAONOTpEG-
jenne pacreHHd. [IpomblBKa cquraercs 3aBeplleHHOH, Koraa H3
MOPOJL 30HBI a3panHH BbIHECEHB! BCE JIETKOPACTBOPHUMBIE COJH H
onpecHeH BepXHHH CJIOK TPYHTOBBIX Boj. [IpoMBIBKY 3aco/IeHHHIX
Mo4B BOAOH C XHMHMYECKHMH 00aBKaMH MpHMEHAOTCA AJif pacco-
JIEHHS] COJIOHIIEB H COJIOHIEBATHIX [MOUB C LeJbIO 3aMEeIIleHH st HOHOB
HaTpHs B OOMEHHOM KOMIJIEKCE MOpPOA HA HOHbl KalJblHS HJIH
maruust. B xayectBe xuMHYeCKOH NOGABKH OOBLIMHO NMPHMEHSETCH
runc. OGpasywowuecs B pe3yJabTate 0GMEHHOHR peaknuu Cyabdarsl
HaTpHst JErKopacTBOPHMBI H HHTEHCHBHO BbIHOCSITCH POMBIBHEIMH
H MHQHIBTPAUHOHHBIMH BOJaMH.
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Fnasa 9

OLIEHKA BNUAHUA OPOLLEHUA
HA UOHHO-CONEBOW COCTAB PEYHLIX BOLR

Onenxa BAAAHHS OPOIICHHS HA MHHEPAJH3aNMI0 U KOHLUEHT-
pamuy OTAeNLHEIX HOHOB B PEUHBIX BOAaX M Ha BeJIHYHHEL CyMMap-
HOT'O HOHHOTO CTOKA B NpeienaXx peuHsix 6aCcefiHOB, Ha TEpPPHTO-
PHH KOTOpBIX PAacHONOKEHb HJIH MPOEKTHPYIOTCS OPOCHTENBHbIE
MaCCHBhI, BHIMOJHSETCA NYTEM HPOTHO3HPOBAHHS BEJIHYHH H3ME-
HeHHs KOJHUecTBa CoJiel, NOCTYMAlMKX B BOAOTOKH C BOAO-
cO6opHOA TVIOIAH, 1O MEpe BBOAA B 3KCINWIYaTalHIO HOBHIX Opo-
maemMslx mJomaneli. MeToasl NPOrHO3HPOBAHHA HPHM 3TOM OCHO-
BaHHl HA MaTeMaTHYECKOM MOJENHPOBAHHH IPOUECCOB nepeMele-
HHS COJIeH B TOJIIE AaKTHBHOIO BojocodeoOMeHa, Ha CPaBHEHHU
BEJIMYHH CTOKa COJIeH B CTBOpAX, paclOJIOXKEHHBIX BbILE U HIDKE
OPOCHTENLHOH CHCTeME! (GacCefHOBRIA METOA), H Ha BepPOATHOCTHO-
CTaTHCTHYECKOM aHasH3e JaHHBIX O XMMHUYECKOM COCTaB€ peuHbIX
BOJ 3a MJHTENbHEIH NpPOMEXKYTOK BpeMeHH B CTBOpax, pachoso-
JKEHHBIX HMXKE OpOILaeMbIX 3eMeNb.
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§ 1. Mertoa maTtemaTHuecKoro mofenupoBaHust

MeTopoJiory4eckHe OCHOBB Moaeadposanus. [IpH  pacuerax
HCIONb3YIOTCA YPaBHEHHS H3HKO-XHMHYECKOH THADOIHHAMHKH,
npuBeeHHbIE B raaBe 7. OueHka BJHAHHUA OpoLIeHHS HAa (OpMH-
pOBaHHE HOHHO-COJICBOTO COCTaBa PEYHBIX BOJ BbillOVIHAETCH
B CJeNYILIEM MopsaKe.

1. Pacuer xospdununenros duibrpannontoit nuddysuu. po-
H3BOJHUTCA MO METOJHKE, MpPUBENEHHOH B IlaBe 3.

2. Pacyer ckopocTe#i BOLONOCTYIVIEHHS H HCNIAapEHust B ycJio-
BHSIX OpOIIeHHs TepPHTOPHH. BbinojHfercss No METoNHKE, NpH-
peneHHoH B raage 10.

3. Pacyer cpenmeii MuHEpanH3aUHH H KOHUEHTpanH# OTHeNb-
HBIX MOHOB B BofaXx TOJIIH aKTHBHOTO BojocoJjeoOMeHa NpH opo-
wenHH (Cyp). B yc/OBHSIX BBIMOTHOrO H NPOMBIBHOTO BOJHO-COJE-
BbIX PEXXHMOB BbBIIIOJHAETCS COOTBETCTBEHHO [J1S1 30HBI TPaHCHH-
pauuH no ypasHeHhio (7.39), a nas 30HBI, TI€ TPaHCIHPAUHA
OTCYTCTBYET, No ypasHeHuio (7.27).

4. Pacyer cpenHell MHHEpANTH3aIlHKW H KOHUEHTpPauHH OTHeb-
HbIX HOHOB B €CTeCTBEHHbIX YCJOBHAX ]ISl BOJ TOH K€ TOJILIH M0-
pon, /51 KOTOpOH BBITOJHANNCH COOTBETCTBYIOUIME pacueThl npu
opowennu (Ccp). Beimonnsercs no ypasuennsawm (7.27, 7.39).

5. Pacuer KosinuecTBa cosefi, NOCTYNHBUIMX B TOJIY AKTHB-
HOro BojooGMEHA HJIH BbIHECEHHBIX H3 Hee B pe3yJbraTe opolle-
Hufl. Beinonusiercs no gopmyde

s = (Cop — Cep) T Wy — W) 10, ©.1)

CJ€ S — H3MEHeHHe 3anacoB coJed, T/kM>; T — ruiybupa nojoi-
BBl TOJIIIH 8KTHBHOrO Bopocoseobmena; Wy — BiaXHOCTb MOpOI,
paBHast moJHOH BJaroeMKoctH; Wp — rurpocKomnuyeckas BJax-
HOCTD. '

6. Pacyer Bpemenu, B CyTKax, B T€YE€HHE KOTOPOTO MPOH3OULIO
H3MEHEHHe 3aMacoB B pe3yJbTaTe OpolleHHs. BrolmosHsieTcst no
dopmyane (7.30), rne n= W, —W,, C, = C;, ACq = C&, — Cep.

7. Pacyer exe[IHEBHOTO H3MEHEHHS NOKa3artelist CyMMapHOTo
CTOKa coJiefi ¢ PeUHbIMH BOJaMH NMPH yCJOBHY OPOIIEHUS BCEH HC-
crenyemoll tepputopHu. Beimonusercs no dopmyde

s(n—1)
S = E i1 05(—=1)]° ©-2)
Tle s, — H3MEHeHHe 1oKasaTeJiss HOHHOTo CTOKa, T/Km%, s—pac-
CYHThIBaeTcs no ypasHeHuio (9.1); ¢ -— Bpems H3MEHeHHs 3ana-
COB coJiefi, paccuutbiBaercs no dopmyae (7.30); n— neHb, Ha
KOTOpbIA BBINOJHAETCH pacyer.

padux u3meHenHs BeJIHYHHBI S, 38 Bpems ! [1Js TEPPHUTOPHH,

pacemorpenHoit 8 npumepe 30, npusener Ha puc. 50.
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Puc. 50. I'padux saBucnumoctn Be- Puc. 51. I'padnk 3aBuCHMOCTH Be-
JMYHHBI  T0KA3aTeJs  CYTOYHOTO  JIHYHHBl [I0Ka3aTens TrofA0OBOTC HoH-

HOHHOrO CTOKA 3a CYET OpOWIRHUA  goro CTOKA (P;';) OT mJOmajH Opo-
(Sn) OT BpeMeHH. e st

8. Pacuer u3MeHeHUs MOKasaTelsi CyMMapHOro CTOKa C ped-
HBIMH BOJAMH 32 CY€T OpOLICHHA 3a JI000H OTPE30K BPEMEHH
B YCIOBHAX ODOIIEHHS BCel HCCaenyeMoil Tepputopuu. Brimos-
HseTCs IO (opMmyae

Y 5o = (n—i)[s, + 0,5(s: — sl (9.3)
rae 3 S._,— U3MeHeHHe IOKasaTels HOHHOLO CTOK2 3a BpeMst
{—n;, {— JeHb Hauaja pacuUeTHOTO MEpHUOJa; 71— JeHb KOHIA
pacyeTHOro MepUoja; S;, S, — BEIHUHHBl H3MEHEHHs I[0KasaTess
HOHHOIO CTOKa COOTBETCTBEHHO B IHH [ M 7, PaCCYHUTHIBAIOTCH MO
tpopmyse (9.2) wam cuumalooTes ¢ rpauka, NPHUBEJEHHONO Ha
puc. 50.

9. Pacuer BennuyHBI NOKa3aTeJsi MOHHOTO CTOKa B 3aBHCH-
MOCTH OT IVIOIIaAH opollienus. Boinoauserca mo QopmyJie

P; = aSep + Py, (94)

rie P} — nokasateib HOHHOTO CTOKA PEK B YCJIOBHAX OPOLIEHHS,
T/KM?, Py —TO e, B €CTeCTBeHHBIX YCJOBHAX; Sop — mi10manb
z Sn_.{ .
=5

OpolIeHHusl, KM%, a= S —nuowank ucciaeRyemol TeppH-

TOPHH.

I'padmx saBucumoctu Pjj ot Sop B MEPBHI, BTOPOH M TpeTHi
TOJbl OPOLIEHUA AJIA TEPPHTOPHH, PACCMOTPEHHOH B mpumepe 3l,
npuBefeH Ha puc. 51, B ycjoBuAX NPOMBIBHOTO BOJHO-COJIEBOTO
pexuma 3HaueHue BelHuuHbl ¢ B dopmyde (9.4) nonoxuTenbHOe,
a B yCIOBHSIX DEXKHMa 3acOo/eHHs — OTPHLlaTe]bHOe. B nepsoM
Clyyae MUHepaJdH3alus PeYHoll BOAbI NMPH opolleHHH Oyaer Bo3-
pacraTh, a BO BTOPOM — YMEHBLIIATLCH COOTBETCTBEHHO 3aBHCH-
Moctu (9.2). B o6oux cayyasix nocje yCTaHOBJEHHS BOAHO-COJE-
BOFO peKHUMa MHUHeDaTH3anus BOAbl B peKe cTabuUau3Hpyercs Ha
YPOBHE, GIH3KOM K €CTeCTBEHHOMY.
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Prc. 52. Cxema ecTecTBEHHOH BOJAHO-CO- v

JeBoi 0GCTAHOBKH B TNpefesax y4acTka, ln f { L3
PACIIONOKEHHOTO HA  MeX]ypedbe v 0

! 2

JlHenp — Bosnubs.

Zr
D
-

Y78

[Mpuwmep 30. [aa yuacTka, pac-
MIOJIOAKEHHOTO B npejesiaX MexjyPedHblx
npoctpaiets  p. p. Jnenp u Bomubs
H X JeBoOepexHbIX NPHTOKOB, B €CTECT- | K-y
BEHHBIX YCJOBHSX paHo {(pHC. 52): xy =
=75 M x,=35 M x,=3 M x,=
=1 m; C; = 3,3 kr/m?; C,, = 3,1 xr/m3;
Co= 1.8 xr/m%; C = 1,3 rr/m® pan
80H TpaHCAMpPAlliH M HHPHILTPALMH U=
= 1,3- 1073 m/cyT; vy= 1,4 - 1073 m/cyT;
IVl 30HBI KaNH/MVIAPHOH Xafimbl vy = 0,
vf =0,1.1073 wm/eyr; W =31%; Y%
W,=83%; Py=37 m/kn% S= ! £
= 10600 xkm%. B ycuoBHAX opomenns
J3HO: Xy, Xy Xy, X Wy W, Cp— TO Xe, 4TO H B €CTECTBEHHLIX yCJO-
Buax; N =10,28 . 103 m/cyT; ¢uapTpallHOHHbIE NOTEPH C HOJEfl OpoMenus
@ = 0,35N; C; = 0,022 kr/m3 =~ 0. Haiiti 3asucumoctb (9.4) aas kaxuoro
rojia OpoIeHHs.

1. Paccuntats Kos(pduIMEnTH (QUIbTPALHOHHON IHOPY3HH O NAHHLIM
YCTAHOBUBIIErOCS €CTECTBEHHOFO BOJHO-COJIEBOTO peXHMa JJIsI 30H KamHJI-
asproit kafimul (DY), nuduastpaunn (D) # Tpancmupanmn (Dg) mo ypas-
HeHusM (3.70, 3.72, 3.73). Tonyuennse pesyibratui: DYy, = 25,7 - 10~3 M2/cyT;
Dg =24 1073 m¥/cyr; Dg = 10,2 - 10-3 wm?/cyr.

2. PaccuntaTh BeJHUHHH U; H Us B YCJOBHSIX OpOUIEHH::

Xy
%

X
:)
|

y SHH

X

Y78

Uy =0y -+ N -+ &= (1,4 0,28 - 0,1) 10-3 = 1,78 - 10-3 m/cyT;
o) =10y -+ N= (1,3 4+ 0,28) 10-3 = 1,58 - 10~3 m/cyr.

TMoayuennbie pesayJdpTaThl: /s 30H TPAHCIHPALMH ¥ HHPWILTPALHH —
vy = 1,58 - 10-% m/cyT; vy == 1,78 - 10~ M/cyT; I SOHM KamWJIJApPHOK
KaiiMe vy =2 0, vy = 0,2 - 10~3 m/cyT.

3. Paccunrarp Bemuunnnl Cy ¥ Gy B yCJIOBHSX OPOLIGHHS 10 YpaBHEHHIO
(7.25), rae C; =0 u x=0:

—35
29

. -3
Cr=33exp = 2,9 kr/M%;  Cy =2,9 exp 5= = 0,95 kr/m’.

4. PaccunTaTh CpeJHH€ KOHIIEHTpAIMH HOHOB B JIOPOBHIX pacTBOpax 3oH
KAMWIARpHOR kafiMBl ¥ MAGWILTpAIMH MO ypaBhenuto (7.27) M 308 Tpascny-
pamuu noe ypassesmo (7.39) B ycaopmax opomenns. [fpn sTom BmecTo Beau-
MHu C, B ypaBHERMSX cooTBeTcTBemo mofctaButh Cy, €, u C,. Iloaygen-

HHE peay/IpTATH: C:pK=3,07 Kr/M%; Cc':-= 1,75 xr/m3; C:::: 0,88 «xr/m3.
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5, Paccuutath BesMuMHy C;p ans scefi ToAuH B LeaOoM 10 dOpMyle
CMEILIeHAS !
K *u *p
C' - Ccpr —+ Ccpxu -+ Ccpx"
ep T X

= 2,25 gr/m3,

6. PaccuuTaTh BeJHUMHH CPEAHMX KOMUEHTpauHfi HOHOB B NMOPOBHIX pact-
BOpaX IPH €CTECTBEHHOM BOZHO-CONEBOM pexuMe. [lonyuemnpie pesyssTarTon
Cop = 3,20 &r/v%; Cop = 2,38 kr/u?; C§p= 1,64 kr/M; Cy, = 2,66 K /M?.

7. Pacounrats pequunay s no ypasuenmio (9.1):
§ = (2,25 — 2,66) 7,5 (3] -~ 8,3) 10 = — 698 1/kM3,
8. Paccumrath Besmuuny ! no ypasmenmio (7.30):

0,41 .75 -0,227
=733-02- 10
9. PaccuataTth BENUUMHBL S;, Spgs, Sesp H S1psy 00 dopmyse (9.2)t

—698 (1 — 1058)
B — 2.

T119364 — 1058 (1 J- 0,5 (1058 — 1] — 519 7/w™
385 = 0,863 T/KkM%; 5739 = 0,410 T/kM?; $395; = 0,001 T/ku2.

f = 1088 cyr =~ 29 r.

$1

Ilo nonyueHablM JaMHBIM MOCTPOMTb rpadHK 3aBHCHMOCTH S; OT A
{puc. 50).

10. Paccunrtate BeAuuHHs 2 S zJ19 UePBOLG, BTOPOro H TPeThEro rojoB
opowmennsd 10 dopmyae (9.3):

Y. 5505 = (365 — 1) {0,863 +- 0,5 (1,319 — 0,863)] = 397 1/kM?;
Y sra0-s65 =232 1/KkM% ¥ 5055159 = 67 T/KM2.

11. Paccunrats melmunHEl MOKasateneli MOMHOTO CTOKA pek Aas 1, 2 u

3-r0 TOfOB opoiltenus no ypaeHennio (9.4) npu MWIOMAjH OPOWMAEMBIX Teppu-
TopHii, pasHoli 500 xm?:
397 - 500

* TP ey = by 2.
Py To600 T+ 37 = B6 1/KM3;

Pj =48 1/km%; Pp =40 1/kM®,

12. TlocTpoHTh TpaduKH 3aBHCHMOCTH P;I or Sop A HeOBX ORHMBIX AEpH«

ofos Bpemeun. B namem npuMepe Takofl rpaduk noctpoed mig 1, 2 H 3-ro0
rogoB opomerds (puc. Bl).

Ilpu mocienoBarebHOM BBEJEHHH B 3KCIJYaTallHiO  Opo-
CHT/ILHBIX MACCHBOB CyMMapHBIH NOKasaTellb MOHHOTO CTOKa Ha
ONpefie/IEHHBIH  NEepHOJ BPEMEHH PaCCYHTHIBaerca 1o (opmyJe

P:Ima181+azsz+"'+ansn+PHv (95)

rie g, ., n-—pacyerHole Kod(ipuiHedTsl Ha xaHzeift nepuon
M9 OTAENBHBIX OPOCHTEJLHBIX MacCHBOB, T/KME; S, 2, ..., n — IJIO-
uLagyd COOTBETCTBYIOUIHX OPOCHTEJBHEIX MacCHBOB.
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Mpuwsmep 3. Jdag ycnoBuit npuMepa 30 B nepBuilt TOA B 3KCnAya-
TAUHIO BBEAeH OPOCHTeNbHBIH MaccHB muomafsio 50 kM2, BO BTOpo# —

60 xm?%, B Tpernfi — 80 kM2 PaccuntaTh Bennunny P B TpeTHit rox ope-
wenus. Beamuuny nokasaTeJst HOHHOTO CTOKa HafiTH no ypaBhenuwo (9.5):
67.50 232.60 397.-80

y = + = 2
Py = 15600 + o600 10600 T o = 41,6 1/mm%.

MousiTHe 0 npefiefbHbLIX BeJHUHHAX, HCNOJL3YeMBIX MPH MO-
aesuposannn. K BakneHWHMM npelejbHBIM BeJIHYHHAM, C IOMO-
IbIO KOTOPBIX MOXKHO OHEHHUTb BJHUSIHHE OPOIIEHHS Ha HOHHO-CO-
JIEBOH COCTAB peuHbIX BOJ, ClelYyeT OTHECTH NpeleJbHBId W mpe-
INeNbHBI KPHTHYECKHH YDOBHH HPPHUrAllHOHHO-TPYHTOBHIX BOJ,
npefenbHbie KOHUEHTPAlUHMH HOHOB B BOJAX, NOCTYNANIIMX Ha
NOBEPXHOCTb MOYBBI, HAH B OPOCHTENbHBIX BOJAaX M NPeleJbHYI0
IVIOLAAb ODOIIEHHS.

Ton npedesvroin Oan opowiaemoli meppumopuu YposHem uppu-
2ayionKo-2pymoebix 600 (1Y) ciaepyer mowumarb ryOHHY 3ep-
KaJ1a BOJBI OT MOBEDPXHOCTH 3€MJIH B YCJOBHUAX OTCYTCTBHS €CTECT-
BEHHBIX KOJeGaHHf BOJHO-COJIEBOTO PEXHMA, MPH KOTOPOH Besu-
UHHbl CPEJHECYTOUHBIX 32 PACUETHHIA NepHOJA TMokasare/eld CToKa
HOHOB DaBHbI TNOPOraM CcONEBOH HAarpy3KH Ha MOBEDXHOCTHbBIE
BOJABL HCCIeAYyeMOro pedHoro OaccefiHa.

Tloa npedenvroim Kpumuueckum yposHem LppusayuoORHo-2pyH-
moéuix 600 (ITKY) cnepyer moHuMarb riyOHHY 3epKaja BOABI OT
MOBEPXHOCTH 3€MJH, NPHU KOTOPOH BeJHYMHBL CPEJHECYTOUHBIX
3a pacuyerHHll MepHOJ NoKasaredeH CTOKa HOHOB He NPeBHIAIOT
MOPOFOB COJIEBO HATPY3KH Ha NOBEpXHOCTHblE BOABI HCCHenye-
Moro peuHoro Oaccefiga, HE3aBHCHMO OT MHOTOJIETHETO €CTeCT-
BEHHOTO BOJHO-COJIEBOrO pexkuMa. PacuuthiBaercss no ¢opm y.e
(6.1), rne IAY = 11Y, a KY = [IKY.

[ox nopozom coresoli Hazpy3ku Ha nosepxHocmubie 800bi pey-
Hozo Gaccetina ([TH) caenyer moHumarb BeJHUYHHY CPeiHECYTOU-
HOTO 32 pacyeTHBbIf [epHoj MNOKa3aressi CTOKa JaHHOIO HOHA,
NPH KOTOPOH €ro CpelHEecyToYHast KOHLUEHTPAlusl B BOJE paBHa
npejiesbHO AONMYCTHMOH B COOTBETCTBHH C IUIAHaMM BOJOIOIbL3O-
BaHHA B mpeienax HCCACAYEMON TEPPHUTOPHH:

ITH = 0,0864/T4K - M10? (9.6)

rie BenuunHa [1H Boipaxkena B T/km® - cyr; [1/]K — npenenbHoO
JonyctuMast Al AaHHOH TEPPUTOPUH BecoBash KOHLECHTPALHSA
HOHa B peuHBIX BojaXx; M — MOAYJb TOBEPXHOCTHOTO CTOKa,
M kM2 . c.

Tox npedesvbrbimu KoHyemmpayuamu uoHos 8 eodax, nocmy-
NAOULX HO NOBEPXHOCHLL HOY6bL, UAL OPOCUMEALHBIX 800aX Opo-
waenmotl meppumopuu (ITK) clenyer noHuMarb TakKue KOHIEH-
TPalUMH, NPH KOTOPHIX BeNHYHHBL CPEJHECYTOUYHBIX 33 PACUCTHbIH
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nepuoa Hokasarened CTOKA HOHOB paBHBl IOPOTaM COJEBOj
HATPY3KH HA TIOBEDXHOCTHBIE BOABI HCCJAENYEMOrO peuHOrg
Haccelina.

1100 npedeavrod naowadero opowenus (I1110) caenyer mno-
HHMAaTb UIOLLAA5 OPOLIAeMsIX 3eMeNb B HpPeJeNlaX HCCIeIyeMoro
peuHoro faccefina, Mpud KOTOPOH BeJHYMHBI CPEAHECYTOYHBIX Ha
pacueTHbli nepHOJA Mokasartenell CTOKa HOHOB DaBHBI IOporam
cosieBofi HArpy3KH Ha MOBEPXHOCTHBIC BOABI GacceliHa.

AJroputm matemartnueckoii mogeau, [Ipensaraeman cxema Mo-
JIeJIMPOBaHHSA, MPEACTABJAEHHAN B BUAE AJArOPHUTMA, HpeIycMar-
puBaeT cJaeayIOIHH Haubosee ONTHMAbHBIA NOPANOK BBINOMHE-
HUs MOJAENHPYIOMIHX omnepaudii: 1) pacuer cpeiHeronoBoi cKo-
POCTH HCMAPEHHsl C NMOBEPXHOCTH NOYUBBI; 2) pacyeT HOHHOrO Co-
CTaBa FUNOTETHYECKHX PACTBOPOB, HOCTYIAIOIIMX HA MOBEPXHOCTD
MOYBLI;, 3) OCaXKIeHHEe M3 T'HIOTETHYECKOr0 pacTBOpa H3GhITKa
Kapbonara Kansuusf; 4) ocaxkjeHHe M3 MOJYYEHHOro pacTsopa
u30bITKa CyJbdata Kajaplus; 5) pacueT HOHHOIO COCTABA THIO-
TeTHYECKUX NOPOBBIX PACTBOPOB B NOJOLIBE 30HH TPAHCHOHPALUH
npu opolleHuy; 6) pacuer cpepHero HOHHOrO COCTaBa IHIOTETH-
YeCKHX NOPOBHIX PACTBOPOB B FOPH30HTE MOPOJ, OrPAHHYEHHOM
NOJ0LIBAMH 30HBI TPAHCIHPAIMH H TOJLH aKTHBHOIO BOAOCOJIE00-
MEHa NpH OPOLICHHH (30HA HHPUABTPAIHH); 7) PACYUET CPERHETO
HOHHOTO COCTaBa THIOTETHYECKHX I[IOPOBBIX DAacTBOPOB B MOPO-
Aax 30HBH TPAHCMHPALHUM NpH opolleHuud; 8) pacuer cpegnero
HOHHOTO COCTaBa THMOTETHYECKHX MOPOBLIX DPacTBOPOB B HOPO-
Jax TOJHM aKTHBHOTO BOJOCO/Ie00MeHa NMpu opollenuu; 9) pacuer
cpefHero MOHHOTO COCTaBa MOPOBBIX PACTBOPOB B MOPOAAX 30HE
HHQUIBTPALHUH (X — X;,) NPH €CTECTBEHHBIX YCJAOBHAX (X0 Opo-
wenns); 10) pacuer cpeaHero MOHHOrO COCTaBa MOPOBHIX PACTBO-
POB B Nopojax 30Hbl TPAHCHHPALUHHU (¥rp) MPH €CTECTBEHHHBIX YCJIO-
BUAX; 11) pacuer cpeiHero HOHHOrO COCTABA MOPOBBIX PACTBOPOB
JJ1s1 TOH Ke TOJIUH, 4YTO NpPH omnepaudd 8, B €CTeCTBEHHBIX YCJIO-
BuaX; 12) pacyeT BeIHUMHEL, HA KOTOD VIO H3MEHHJIOCH KOJHYECTBO
cojiefl B TOJINE aKTHBHOrO BOJOCOJEOOMeHa B Pe3yJbTare opollie-
HUA; 13) pacuer BpemeHH, B TEUEHHE KOTOPOrO NMPOHU3QLINO H3ME-
HEHHE 3anacoB coJiefl B TOJLIE AKTHBHOrO BOA0COAE00MEHa B Pe3YJib-
tare opouteHus (nepHoa cTabHUIM3AaLHU BOJHO-COJNEBOrO PEXKUMA);
14) pacueT execyTOYHOro H3MEHEHHs MOKA3aTeJeH CTOKA HOHOB
B YCJOBHAX OPOUIEHHR BCeH TEPPUTOPHH HCCIACAYEMOro DPEYHOro
Gacceiina; 15) pacuer cpejHeCYTOYHOrO H3MEHEHHs! MOKaszaredeH
CTOKA HOHOB 32 JI000H OTPe30K BPEMEHH B NepHoj cralbuiu3a-
IIMH BOJHO-COIEBOTO DE€XHMA NPH OPOIIeHHH BCell TEPPHUTOPHH
HccelyeMoro pedsoro Gaccelina; 16) pacuer cpeJHECYTOUHKHX MO-
Ka3aTe/iefl CTOKa HOHOB 3a Jii000H OTPE30K BPEMEHH B NepHOJ CTa-
O6UM3aHE  BOAHO-COJIEBOTO DEXHMAa HpH JI0GOH MIomany opo-
LIEHHA B NpefenaX HCCJAelyeMoro peudoro OacceiHa.
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Onepanuu 1, 5—13 BHNONHSAIOTCA IS YCIOBUR  YCTAHOBHBLIE-
rocsi BOJHO-COJIEBOTO DEXHMA NPH OPOLIEHHUH; onepauuu [4—I6
AT 3HAYEHHS BEJHUHH IS NEePHOAA CTaOHIH3aUHH BOLHO-COJIE-
BOTO pexXuMa; onepanuu 2—4¢ He CBA3aHBI C BOAHO-COJIEBBIM pe-
JKUMOM TOJIIH AKTHBHOTO BOJOCOJIEOOMEHA; onepauus Ocaxie-
uusi MgCO, 0BbIMHO ONMYyCKaeTcs, KaK B HallleM MOJACJHPOBAHHH,
BCJICACTBHE NPAKTHUECKOrO OTCYTCTBHA €ro u3bbITKa B BOJaX, Mo-
CTYMAIHX Ha NOBEPXHOCTb MOUBH {aTMOC(EpHBIE, MOBEPXHOCT-
Hble, MOJ3eMHble BOABI 30HBI AKTHBHOIO BOJ0OOMEHA); oNlepallUu
1, 5—15 BBIOMHAIOTCA AMA YCAOBHH OpOILEHHsT BCeH wHCCiaenye-
MOH TEPPHUTOPHUH.

Huxe npuBefieHbl YHCJAEHHBIE aJrOPHUTMBI HIf KaXXOR M3 BBHI-
II€U3/TOKEHHbIX OllepalHi: KOHUEHTPAUUH HOHOB BO BCEX YpaB-
HEHHMAX BBHIpAXKEHBI B KHJIOMOJIAAX Ha KyOomerp pactsopa. Ome-
pauust [ B JaHHOM aJFOPUTME COOTBETCTBYET onepauuu [ afiro-
put™a, npusefesHoro B § 2 riasel 10; onepauuu 2, 3, 4 cooTser-
CTBYIOT onepauud 2, a onepauus 5 — onepauud 3.

Onepayus 6.

(5 — Xgp) (01 — 03) (02C; — 03C, 4 0sCY) I 1y Map (01— 0a) + Mooy ]—1
(01 — 02 (T — X)) M (v1 —0y) + M*0,

{ (T_' pr) (01 — 02) n M-rp (v —s) ‘f‘M*Uz} . 1}
€xp e — X)) (01— o) M_(v; —vg) + M*v, -

C‘Kv2 —u
e = = Lg¢p.
Uy — Vg
Onepayus 7.
Dy (10 My —In M) VPe@,—5) _ 7
Xpp (1 — 20,) v
2 7 V Pes 2 T
2 — Pdl = erf A ”zz*- ___f — Pdl =
1/ESexp dl =erf U, I, Vﬁo exp
0
— C, =7\ — - =
= erf /1, p V7 exp[Pe( Uz)](erfl/]—f—erf ) =Czh
2VPe o1
Onepayus 8.
op (T — 1) +Cop A
71;: cptrp Ccp-
Onepayus 9.

00— 0C |+ v, C* [1 MTp (v —vg) + M*vz]"—l
Uy — Uy M (o1 — vs) + M*vy
[M‘rp(vl— vz) - M*u, . ]_ C*Uz = C"
M (v —03) + M*u, P

U; — U,



Onepayus 10.

v (In My —In MT_p_)_ — Pe V Pe (v; —u,) - U
v U - L]

Uy — 202 1
H V._P_ 9 n
2 . €U __ 7.
ﬁgexp—-ﬁdl:erfﬂ, TJ_H, ﬁgexp—ﬁdls
0 b
. CTp VE [ (U —_ 02)2] TP
=erfll; -2——17.1):6 exp | Pe -IT~ (erf H +eriIT) = Cep.

Onepayusn 11.

Cr (T — x) + Cg,, (¥ — x0p) 4 Cohxyy C
T = eor

Onepayus 12.
10—2 (Z:cp - Ccp) (Wn _— Wr) T = S.
Onepayus 13.

L ,
Mr (;1 - 52) o
Onepayus 14.

s s s —1 _
BTN+ 05F—~D]  » BIIL05¢—=D] °F

Onepayus 15.

8y + 0,5(s; —8,) = Spy.
Onepayus 16.

Isn.iSop103 @
_—_S__—+ Pn—izpn—i; an—i=PMrz~i'

Ucxonsnie u 3apannbie BeawumHbl, MCNOJb3yeMble B MOJEJH.

1. Ilepeuenb HCXOZHBIX 3KCIEPUMEHTANBHBIX BEJIHYHUH, HMEIO-
IHX MECTO B €CTECTBEHHBIX YCJ0BUAX: a) BoJHO-PU3HUECKHE Be-
JHYHHBL § — II0mAlb HCCIEAyeMoro pednoro Gacceltna; n, i —
HOMepa CYTOK ¢ Haya/la QpOoLIeHHs, Ha KQTOpble BBIMOJHSETCH
onepanus 14; acra/bHBle BeJHUYMHBI TE€ K€, YTO B CQOTBETCTBYIO-
Wem moapasaene § 2 raasw 10; 6) ruapoXHMHYECKHE BEJMUMHBL
[HCO{ s, [SOZ7 1 (CITY, [Ca™'):, [Mg*]r, (Na*l, [(K'l. M*,
Mg, My, My.—T10 %e, yro 8 § 2 raass 10. [HCO, Jrp,
[SO2 7 Irp, [Cl7lep, [Ca**lrp, [Mg**lnpy [Na*lnp, [K*}zp — KOBIEHT-
palliH HOHOB B NOPOBBIX pacTBOpaX, NPHYPQUEHHHIX K IOJOUIBE
SOHBY TpaHCNHpALHK (KOHUEHTPAlHA KaXJorc HOHA COOTBETCTBYET

206



0

Oucoy” 0g OCl Cate OM 24
pesnunne Cyp B Mofieu), Pn’y’, P._i , Po—:, PiZl, P.2f
0 0

+
N, PRy, — BeluuHHH CPeHECY TOUHBIX 3a PACYETHBIA IEPHOA N10-

KasaTe/efl CTOKa HOHOB B €CTECTBEHHLIX YC/A0BHAX, T/KM? (BeJIMYH-
0

Ha MoKasaTeNell CTOKA KaXKJAOTO HOHA COOTBETCTBYET BeIHUHHE Pp—¢
3 mogean);, [HCOZ )%, [SOITJ*, [CIT)*, [Ca?']*, [Mg**T*, [Na'J%,
{K*]* — KoHIeHTpalluh HOHOB B NOCTYNAIMIHMX Ha [OBEPXHOCTD
3eMJIH BOJAX B €CTECTBEHHBIX YCJMOBHAX (KOHHEHTPAHHA KaXAOro
HOHA COOTBeTCTBYeT Bednunue C* B MOJENH).

2. Tlepeuenp BesIWYHH, 3aJAOWIUHXCH WA YCIOBHE NPOTHO3H-
poBaHHA: a) BOAHO-(PH3HUECKHE TOCTOSHHbIC BEJIHYHHBI (Te XKe,
410 B CcooTBercTByIOIeM moxpasiene § 2 raasel 10); 6) runpoxu-
MHYECKHE [OCTOfIHHbIE BeJIWUpHBI: | — HOHHBIA BeC K3kKaoro
U3 IVYIaBHBIX HOHOB (ICaz+ = 40, [Mgz+ = 24, lNa+ = 23, [Hc():- =
= 61, Ix+=239, [sof_ = 96, Ic1— = 3b); ocTaJbHBE BeIHYHHBI

T€ e, 4TO B COOTBETCTBYIOUleM mmojpasjese § 2 riaswl 10;

B) IepeMEH HbIE BEIMUHHEBL Sop— IJIOAAb OPOLIAEMBIX 3eMeJIb, KM2.
Peaausauus aaroputma. Peanusallif CHCTEMBl AJTOPHTMOB

BBINIQJIHAETCA B COOTBETCTBHH CO CJEAYIOWEH CXeMOM:

Xr = 11, ecim mocse MOACTAHOBKH 3TOTO 3HAYEHUSA B MOJE/b NPH

s0;
=, Cl— ¢ Na+ M
8=1; C* S, = const, Bequununt Pp_;, Pny, P2y Pn_;
paBHBI [oporam COJIeBO HArpys3ku; 0OpH 3ToM 3a [1¥ npuHm-
MaeTCsl HaMMeHbIIee U3 MONYUYEHHLIX 3HAYeHHH X,
ol
Cx = [IK, ecau moc/e NOJCTAHOBKH 3TOTO 3HAYEHHUS B MOJEJb
—
SO
_ Cl— & + M
npu X, Sop = const; seamununt P,_;, P,_; , PpZ;, Pn_; paBub
IoporaM CoJIeBoil Harpyskd; npu stom 3a [1K npuHUMAaloTCst Hau-
MeHbLlHe W3 NOJYdYeHHBIX 3HAYeHHI;
Sop = [1I10, ecau mocse NOACTAHOBKH 3TOTO 3HAYEHHS B MO-
phai
— —_— 50,
a— l +
Jenb apy 0 = 1, ¥, C* = const, BeJHUHHEI Pi_,, P., Pf'ta_i,
M o
P’ ; paBHEI Moporam co/eBol Harpysku; npu stom 3a /1170 npu-
HHMaeTC HAWMEHbBIIEE U3 MOJYUYCHHLIX 3HA4CHHH.
-_ all
Bemuununt X, Cg, Sop, paBHble NpefefbHBIM, HAXOLATCA Me-
TOAOM MOACTAHOBKHM Da3JHYHBIX HUX BHAYeHHH B Mojgelb, [OKA
He BBINO/HATCA BBILENPUBEACHHLIE YCJIOBHSA.

§ 2. BaccelHoBbIit MeTOZ

BaccefiHOBBII METOJL NPOrHO3MPOBAHUS H3MEHEHH s MHHEpa-
JIM3AUHH DEYHBIX BOJA TOA BJHAHHEM OpOLIEHHs ANpoGHPOBaH
- H. CrenanoseiM u 3. H. UemGapucoseim (1978). Pacuer Bu-
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7 Puc, 53. Hamenenne unTErpasbHOTO
o060 - JIaHAWAPTHO-FeOXHMHYECKOr0 TOKA3aTe-
Jfi @ B 3aBHCHMOCTH OT HAYasbHHIX pace
XOJOB BOAH B peke (M3/C) u npeoGia-
Rawiell cTemeny 3acojleHHs UOYB Opo-
maemoit Teppuropun (M. H, Crenanos

# 3. H. Yembapucos, 1978):

I — B GaccefiHax ¢ NpeuMYILEGTBEHHO HE3ACO-
JienpblMp nousaMy; 2 — B Gaccefimax ¢ npe -
HMYIIECTBEHHO CpeJHe3aCOJeHHpMH NOYBaMu.

Qo060

go0s0

40020

noJHACTCA N0 caepylowel pabo-
i H | .1 qeﬁ (pOpMyne.'
o 1w "0 0 70 Bya CaaM = Cuaq + aSSdh (98)

rae Cray, Csav — MHHEDpaJM3aLHS HIH BECOBble KOHIEHTPALHH
OTAENbHBIX HOHOB B PeYHOH BOJE B HAUaJbHOM H KOHEYHOM CTBO-

8§

o 0]
pax BbIlll€ ¥ HHXKe OpOlIaeMblX IJIOIIAJEH; @ = EE,SOD—-KOJII/I‘JE-
CTBO COJieH, BBIMBITBIX U3 TOJIIH opon nmoj BJAHAHHEM OPOLICHHUA

B €IMHHIY BPEMEHH C €JHHHUIIBI Opoliaemoil mioiiany, kr/1000c - m2;
Q@ — pacxox soxsl B peke, mM%/1000c; S, — npompiBaeMast OpoOCH-
TeJbHOR BoAOH (3¢dekTHBHAA) MJIOAAbL, THIC. la.

Bennunaa Cuay ONpeensieTcss KaK cpeaHerofobass MHOMOJET-
HAAf, B3BCLIEHHAsi 10 BOAHOMY CTOKY:

R
Cas = - 1073, (9.9)

rae Ry — BeJHYHMHA CPeJHErof0BOTO MHOTOJIETHETO HOHHOTO CTO-
Ka, T; V — 00BEM CPEIHEeroZ0BOr0 MHOTOJIETHET0 BOZHOTO CTOKa,
M. DbdexTuBHOR WIOWALbIO (Ssp) HA3LIBAIOTCH MACCHBBI C pery-
JSIpHBIM T[POMBIBHEIM DEXKHMOM ODOLIEHHS, KOTOphiE€ [OCTOSHHO
NOCTAaBJAT B BOAOHOCHBIE TFOPH3OHTBI HPPUTAUHOHHBIE BOJHL.
B nepByio ouepelb PeKTHBHBIMH CUHTAIOTCA Y4aCTKH, KOTOPHIE
IPOMBIBAIOTC H TNOJHBAIOTCS MOBBILEHHEBIMH 00BEMAMH BOXHI
(15—25 Thic. M%/ra). [IpH OPHEHTHPOBOUHBIX pacueTay IS XO-
POLIO ApEeHHPYEeMbIX OacceiiHOB BeNTHYMHA S.p NPHHHMAETCH pPaB-
Hot 60 %, a mia caaboapenupyeMeix OGacceitnos — 30 % orT
BceH ILIOWAAM OpolleHHA. BennuuHa S, AJa DTPOEKTHPyEMBIX
MacCHBOB OPOLICHHS YCTAaHABJAHBACTCH IO TeM K€ MNpHHIHIAM,
YTO M JJIfl CYLIECTBYIOIHX.

Benuunna ToKasartenst @ BEIUUCJAAETCH ONBITHBIM NyTeM Ha
CYLIECTBYIOIEH OPOCHTE/NILHOH CHCTEME, XapaKTepH3yiowehcs TH-
NHYHBIMH AJIf HCCACLYeMOH TePPHTOPHH NPHPOIHBIMH YCJIOBHS-
MH, To dopmyie

g = o= Cnen (9.10)
L J
rae Bce o6o3HAUEHHS Te ke, uTo B ypaBuenuu (9.8).
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B cayuae OTCYTCTBHA JAHHBIX JJIs pacdera no gopmyJae (9.10)
peqvu¥HA g A OPHEHTHPOBOYHBIX pacyeToB CHHMaeTcd C rpa-
¢uKa, TPUBEAEHHOTO Ha pHC. 53, KOTOPHIi COCTAaBJEH MO paHee
BHIYHCACHHBIM 3HAUEHHAM BeHYUH B XOPOILO HM3YyueHHBIX Oacceii-
gax. B Taba. 4] npuBeeHb! cBeleHHA O BeHYHHAX KO3(PUIIHEH-
Ta @, TNOJNYYEHHBle B pe3yJbTarte 0OPaGOTKH GOJBIIOro KOJHYE-
CTBAa JAHHBIX JJIS DeK M BojocGopHbIX Gacceiinos Cpenueit Asuu

n KaBkasa.

41. OpueHTHPOBOYHOE 3BaueHHe HHTErpasbHOrO JauRWAhTHO-TeOXHMHYECKOro
[oKa3aTesds & B 3aBHCHMOCTH OT PAacuYeTHHX BeJHYHH: HAYAJIbHLIX
pacxofioB BOAMI, CTeneud 3acosiews, 3bdexTHBHO opomiaemoi
TEPPHTOPHH (TIPEHMYUIECTBEHHO NJA 3eMeJb CyJabtaTsoro

XJopuRBO-cyibthatHoro sacogewusn; M. H. Crenanos,
3. U. Yembapucos, 1978)

Havanpynit
pacxox BOZH

3acosenne NOYB H NoOpoxg

K - -
an')rinan’;{, ?{Efn -| nesaconemnne | ™ 60:;2“ e cpJ?g :: ilae“. Egﬁé’;‘ g::é CONOHYAKH
JenTOpax, M?/c
1 0,161 0,6385 0,95 1,9 4,16
5 0,031 0,077 0,18 0,37 0,78
10 0,016 0,0038 0,095 0,20 0,42
15 0,011 0,026 0,065 0,13 0,26
20 0,0079 0,019 0,048 0,094 0,20
30 0,0053 0,013 0,032 0,064 0,13
40 0,0040 0,0095 0,025 0,048 0,10
50 0,0032 0,0076 0,019 0,038 0,08
60 0,0026 0,0064 0,016 0,032 0,067
70 0,0023 0,0054 0,014 0,027 0,057
80 0,0020 0,0048 0,012 0,024 0.049
100 0,0016 0,0038 0,0095 0,019 0,040
120 0,0013 0,0032 0.0080 0,016 0,033
150 0,0011 0,0025 0,0064 0,013 0,026
200 0,0008 0,0019 0,0048 0,0095 0,020
250 0,00063 0,0015 0,0038 0,0076 0,016
300 0,00053 0,0013 0,0032 0,0064 0,013
400 0,00040 0,00095 0,0025 0,0048 | 0,010
500 0,00032 0,00076 0,0019 0,0038 0,008
600 0,00026 0,00064 0,0016 0,0032 | 0,0067
700 0.00023 0,00055 0,0014 0,0027 0,0057
800 0,00020 0,00048 0,0012 0,0024 0,0049
900 0,00018 0,00042 0,0011 0,0021 0,0044
1000 0,00016 0,00038 0,00095 0,0019 0,0040
1100 0,00014 0,00035 0,00087 0,0017 0,0036
1200—1300 0,00013 0,00031 0,00077 0,0016 0,0031
1400—1500 0.00011 0,00026 0,00066 0,0014 0,0027
1600—1700 0,00010 0,00023 0,00058 0,0012 | 0,0024
1800—1900 0,000086 0,00021 0,00052 0,0011 0,0022
2000 0,000080 0,00019 0,00048 0,00095| 0,0020
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Jlna OTAeNbHBIX OpOLIAeMBIX MACCHBOB B&JHYHHA 4 MOXKeT
ObITh paccuuTaHa Mo (opMyJie
Coon —C

KOJ op , (9“)

a= S

Aap

rae Cyon — MHHEDAJH3ALHA BOABI B KosliekTope; Cop — MUHEPAJIH-
3auusl BOABI B OPOCHTENBHOM KaHane, S;,— IUouanb, APeHH-
pyemasi NaHHBIM KOJIIEKTOPOM, ra.

IIpamep 32. Jaa maccuso opomenus pauo: C... =034 kr/m3;
Q =407 M3/c; Ss(b = 220 Tnic, ra; cTeneHs 3acosieHud cpegHsu., Haftu se-
auwgry C .

1. Hafttu Besquuuny a no taba. 41: a = 0,0025.
2. Haifitu semuunny C,,, no dopmyne (9.8):

Coan = 0,34 40,0025 - 220 = 0,89 kr/m3.

dkcnepumentanbuas BehHuHna C,

say H@ PaccMaTpHBaeMofl TeppHTOPHH
cocrapusa 0,72 Kr/m3.

§ 3. BepOATHOCTHO-CTAaTUCTHUGCKMIH METOR

[TpumeHseTcss B Ciayuae, KOrja OpOLIEHHE SBJIseTCH OCHOB-
HbIM aHTPONIOTEHHBIM (PaKTOPOM, BJIHSIOU[HM HA U3MEHEHHe ecTe-
" CTBEHHOr0 THADOXHMHYECKOTO peXHMa peKH. MeToiuKa OLEHKH
BJIHSIHHA aHTPONOTeHHLIX (PAKTOpOB, B TOM YHC/IE H OPOLIEHHS,
Ha HOHHO-COJIEBOfi PEeXHM peK C TOMOLIBIO BEPOSTHOCTHO-CTA-
THCTHYECKOI'O  aHa/ii3a BPEMEHHBIX THAPOXMMHYECKHX pSL0B
npusefeHa B padore JI. H. I'opesa u B. Y. Ilenemenxo (1978).
PacyeTs! BHIOMHSAIOTCA [JIS OTAENBHBIX THAPOJOTHYECKHX TEpHO-
JOB B CBfA3H C TeM, yTo JAaHHbIE O MUHEPaJHM3alHH BOAEI M KOH-
EHTPaUUusX B Hell OTAENbHBIX HOHOB JOJIKHBI OTpaXKarb IEPHOX
BpeMEHH, B TEUEHHE KOTOPOro CTENEHb BJHSHHS NPHPOAHEIX (ak-
TOPOB Ha (HOPMHPOBAHHE THAPOXHMHYECKOTO DeXKHMa MPHMEpPHO
onuHAaKoBa. [LJg peyHbIX BOJA TAKHMH NEPHOAAMH SBJSHOTCS JeT-
HfisS W 3UMHSs MEXEHW H BeceHnee HoJoBoabe. [l Kaxzuoro
NepHOAA 3a MHOTOJETHE COCTaBJSIOTCS pPSABl JaHHBIX O cpel-
HUX KOHLEHTpaUHsAX UOHOB B BOAE H O COOTBETCTBYIOUIHX HM
CpenHHX pacXoiax; NyTeM BbIUHMCJIeHHA KodpuuueHToB Xoppe-
JISILIUH PaCCYHTHIBAETCS CYIIECTBEHHOCTb CBf3H MEXAY THAPOXH-
MHYECKHMH pPSAaMH H DSifaMU PACXONOB H NPH HCHOJNBL3CBaHHH
pasnnuHbix cratHcTHYecKHX KpurepueB (Crobiogenra, Quiepa
H JIp.) onpelensieTcss 3HAYHMOCTL NMOJYyeHHBIX KOb(HIHUEHTOB.
Tlpu cyleCcTBEHHOCTH CBsi3ell BeJIMUMHLI KOHIEHTPaLHii HOHOB
KOPPEKTHPYIOTCS OTHOCHTEABLHO DACXOIOB, B NPOTHBHOM CJyyae
THAPOXHMHYECKHE Psibl CYHTAIOTCS HE3aBUCHMBLIMHU.
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JlaHHble CKODpEKTHPOBAHHBIX HJIH [epBHYHO He3aBHCHMBIX
rUAPOXUMHYECKHX BPEMEHHBIX DSAJNOB HCHOJB3YIOTCA VISt MOCTPO-
enusl XPOHOJIOTHYECKHX TpatuKOB MHOTONETHHX KO/IeGaHHA KOH-
IIEHTPALHA XUMHUYECKHX HHIPeIHEHTOB B Bole, H300paXaroliux
TeHeHLHI0O U3MEHEHHA THIPOXHMHYECKOTO PEXHMa BO BPEMEHH
3a pacueTHble nepuonbl. ['paduku, upeiacrasjswouue cobo# Jo-
MaHble JIHHHM, CTVIaXKMBAIOTCA METOZOM CKOJb3sllefl cpensefl no
n-JeTHSAM. DTO MO3BOJIAET CHATL CAyuyaliHble Ko/leGapua M Bbl-
#BUTb OOINYIO TEHIEHUHIO B W3MEHEHUH KOHLEHTPayuu#i. IMIHUpPH-
yeckas JIOMaHasi JIHHHA annpoKCHMHpyerca OGiuskoll k Hell Teo-
pEeTHYECKOH NpsAMOH, ONMHCHIBAIOLLEHC (opMyNoH

C=C, + bt, ©.12)

rpe C — cpennme KOHLEHTPanMH HOHOB B roj 3a pacueTHbIH ne-
puont t; €y — cpenuue HaualbHbie KOHUEHTPAUWH HOHOB N0 CY-
[IECTBOBAHHA OpOLIaeMbIX Maomajel; b — sMnupuueckuil Koxd-
(HUHEHT.

Beryucienua BeJHuuH O upu GONbLIMX 00beMax PsiOB BHIMNOJ-
nsrorcs Ha OBM. 3asucumoctb (9.12) nmosBosisier HPOrHO3UPOBATh
pesnyunbl C Ha JMI0GOH roJi OpOLUIeHHA.

Cnucox nuTeparTypm

Fop er JI. H. Oueaxa pAHAHHA OPOIMWeHUSA HA COJeBOR COCTaB peu-
HHIX BOJA METOAOM MaTeMaTH4YecKoro MoAedHpoBaHud.— Bects. Kuesn.
yu-ta. «Ceorpadus», 1983, smn. 25, c. 45—53,

Topes Jl. H.,, Tenemen kKo B. H. Pacuer rugpoxumMuaueckoro
fafanca W [POTHOIHPOBAHHE COJEBOTO COCTaBa BoA pek. K.: Buma
mkona. Man-so npu Kues. yu-re, 1978. 74 c.

Crenanonl. H,Uem6b6apdcosd. W Bausuade opomenns
Ha MdHepaad3andio peunnx Box. M.: Hayka, 1978. 120 c.

TapacosM.H., Kopenosckaa . M. Uamenenue MiHBepaau-
3a0dA B HOHHOTO cocTaBa BoaH p. CHPAapPbs B peayabTaTe PaaBHTHA OPO-
medus B ee Gaccedue.— B Ku.: Tuapoxumudeckde wmarepuanm. 1974,
T. 60, ¢. 13—16.

Hepdbenuunont. 3., Kaxapos A. C. O ruaporeoxumiuue-
CKoM fipouecce opoimraemoro maccuna. Jloka. AH ¥YaCCP. Taumkeur, 1977,
Ne 11, ¢. 60—63.

Tnasa 10

MATEMATUYECKOE MORLENMPOBAHME
MENMOPATUBHO-TMAPOXMMMHECKONW OBCTAHOBKM

§ 1. OcHoBbl mopenuposanus

[lpeanaraeMass maremaryyeckas MOJAENb MO3BOJISIET MPOTHO-
3HpOBaTb TaKHEe 3JIEMEHTbI MEJHODATHBHO-FHAPOXHMHuECKOH of-
CTaHOBKH, KaK NpEJeJbHO AONYCTHMBIH H KDPHUTHueCKHH YpOBHH
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Puc. 54. TocnenosartenbHOCTh ONEpaumit NpR MaTeMaTHUeCKOM MOJeHpo-
BAHHH MEJIHOPATHBHO-THAPOXUMHYECKOH OOGCTAHOBKH:
1 — OCHOBHbIE OflepaliiH, 2 — NPOMEXKYTOUHbIE ONlEpaluH.

HPPUTALHOHHO-TPYHTOBBIX BOJA, NPeAEIbHO AONYCTHMBIE KOHUEHT-
pPaiHH HOHOB B ODOCHTENbHOH BOJE, a TaKXKe TaKHE OCHOBHbIE
BO/JHO-COJIEBBIE [10KA3aTesIH B IOYBOTPYHTAX, KAK BJIAXKHOCTH TOK-
CHYHOCTH M BJIAXKHOCTb COJICHACHILLIEHHS,

Cxema mMaTeMaTHYECKOH MOJENH Uit 1POTHOSHPOBAHHSA MENHO-
paTHBHO-THAPOXHUMHUECKOH 06CTaHOBKH Ge3 yuera BJHAHHSA OpO-
LIeHUS HAa THAPOXUMHUECKHH peXuM peuHoro 6accefiHa, Npeacras-
JenHasi Ha pHC. D4, BKAoYaeT B cebsl CAEAYWUHE OCHOBHLIE
U BCMNOMOraTeNbHble Onepayui.

1. Pacyer opocurenbHOH HOpMBI H CPEAHErON0BOH CKOPOCTH
BOJIONOCTY IVIEHUS C MOJIEH OPOLIEHHUS .

2. Pacyer riiyGHHBI YCTAHOBUBLIETOCSH yPOBHS HPPHTAIlHOHHO-
TPYHTOBEIX BOJ B YCJIOBHAX HCKYCCTBEHHOrO JpeHaka u 6e3
HEro.

3. Pacuer ckopocTd HCapeHHS M TPAHCIHPAUHMU NPH H3MEHe-
HHM TJIyGHHBI 3ajieTaHHs YPOBHSI HPPUrallMOHHO-TPYHTOBLIX BOI.

4. Pacyer BelHyHHBI napaMerpa A NpH H3MEHEeHHH IJIyOHHBI
3ajJieragisi YCTAHOBUBILIETOCS! YPOBHSI HPPHTAUHOHHO-TPYHTOBHIX
BOM.

5. IlporHo3upoBanue pacrnpeieteHHsi KOHUEHTPalHi HOHOB
B THMNOTETHYECKHX MOPOBLIX PACTBOPAX NPH H3MEHEHHU TJIyOHHEI
3aJleTaHHs YCTAHOBHBIIETOCA YDPOBHSI HPpPHUTALHOHHO-FPYHTOBBIX
BOJ.

5.1. B yc0BUSIX OpOLIEHHS NPECHLIMH BOJAMH.

5.2. B yCcnOBHAX OpOLIEHHS MHHEpAJH30BAHHBIMH BOJAMH.

6. Pacuyer pacnpeneseHMss KOHUeHTpPanui HOHOB B INPOTHO3-
HBIX THMOTETHUECKHX MOPOBHIX PACTBOPAX MEXKIY TBEPACH H XKHI-
KOH (pa3aMH W NOpOroB TOKCHYHOCTH CoOJeifi.

6.1. Pacuer komuuecTBa cosefl, BbINABUIMX H3 HPOTHO3HBIX
TUMOTETHYECKUX PAaCTBOPOB.

6.2. Pacuer koJsHuecTBa coJiefi B NPOrHO3HLIX CKOPPEKTHPO-
BaHHLIX pacTBOpax.

6.3. Pacuer KOHUEHTPAlHA XHMHYECKHX HHTPEIUEHTOB B HOH-
HO-MOJIEKYJISIDHHX MPOrHOSHBIX CKOPPEKTHPOBAHHEIX DAacTBOpax.

6.4. Pacuer noporoB TOKCHYHOCTH 1JIsI THHOTETHYECKHX, CKOP-
PEKTHPOBAHHHX H HOHHO-MOJIEKYJISIPHBIX MOPOBBIX PacTBOPOB.
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7. Pacuer Benuuud fpefefbHO JOMYCTUMBIX YPOBHEH wuppu-
FallMOHHO-TPYHTOBBIX BOI.

7.1. HaxoxaeHue 3aBHCHMOCTEH MEXAY COAEpKaHHEM COJIel
B MOYBOTPYHTaX H I'VIYGHHOH 3aJleraHus yCTaHOBHBILErocs YpOB-
HSt MPPUTralMOHHO-TPYHTOBHIX BOJ NPH JaHHOH MHHEepaau3auuu
H MOHHO-COJIEBOM COCTaB€ OPOCHUTEJbHHIX BOA.

7.2. HaxoxleHne 3aBUCHMOCTeH MeX1y KOHLEHTPauHIMH
HOHOB B [UDOTHO3HHLIX CKOPPEKTHPOBAHHLIX HOPOBBIX pacTBOpax
H ryGHHOl 3aJleraHus YCTaHOBHBILETOCS YPOBHS HPPHUTraHOHHO-
IPYHTOBBIX BOJ HPH AaHHOH BJIaXKHOCTH NOYBOTPYHTOB, MHHEpa-
JNH3aUMH M WOHHO-COJEBOM COCTAaB€ OPOCHUTENbHBIX BOJ.

7.3. Haxoxaenue 3aBUCHUMOCTell MEXIY KOHUEHTpPalHAMH
HOHOB B MOHHO-MOJIEKYJ/ISIDHBIX [IPOTHO3HBIX CKOPPEKTHPOBAHHBIX
DOPOBBIX pacTBOpPax M IIYOHHOH 3a/eraHusl yCTAaHOBHBIIEIOCS
YPOBHSA HPPHIAUHOHHO-TPYHTOBBIX BOA IIPH JAHHOH BJIAXXHOCTH
IO4BOrPYHTOB, MHHEPANH3aHH H HOHHO-COJIEBOM COCTaBE OpO-
CHTENbHBIX BOJ.

7.4. Oupesenetne BeIUYUH MpeleNbHO AOUYCTHMBIX YDOBHEH
MPPHUTALHOHHO-TPYHTOBBIX BOJ 10 BaJOBOMY CONEpPXXaHHIO XHMH-
4eCKUX HHIPENUEHTOB B FOUBOIPYHTAaxX UPH AAaHHOH MHHepaJu-
3alHH ¥ HOHHO-COJEBOM COCTaB€ OPOCHTENbHBIX BOA.

7.5, OnpeneneHue BeJHUUH NPENEIBHO NOMYCTUMBIX YPOBHEH
HPPHTAUMOHHO-TPYHTOBBIX BOJA HO COAEPXKAHUIO XHMHYECKHX
MHIPEHEHTOB B MPOTHO3HLIX CKOPPEKTHPOBAHHBIX MOPOBLHIX pac-
TBOPAX TPH JAaHHOH BJIAaXKHOCTH [OUBOTPYHTOB, MUHEDaJHU3auHH
¥ HOHHO-COJIEBOM COCTaBE OPOCHTENbHbIX BOX.

7.6. Onpenenenre BeMHYUHBl NPeNeAbHO JNOMYCTUMBIX YPOB-
HEeHd UpPHTralHMOHHO-TPYHTOBBIX BOA O COJAEPKAHHIO XHMHUECKHX
HHIPEJHEHTOB B HOHHO-MOJIEKYMAPHBIX IPOTHO3HBIX CKOPPEKTHPO-
BaHHbIX TIOPOBBIX PacTBOpax NPH AaHHOH BJIaXKHOCTH NOYBOIPYH-
TOB, MUHEPAJIM3allHH U HOHHO-COJIEBOM COCTaBe OPOCHTENbHBIX BOA.

7.7. Haxox/aenue 3aBHCHMOCTeH MexJy HpelelbHO AOMYCTH-
MbIMH YDOBHSIMH UPPHTal{HOHHO-TPYHTOBBIX BOJ IO COIEPKaHHIO
XUMHYECKUX HHIPENHEHTOB B TPOTHU3HBIX CKOPPEKTHPOBaHHbIX
# HOHHO-MOJIEK YJISIPHBIX MOPOBBIX PaCcTBOPAX H BJAaXKHOCTLIO [10YBO-
TPYHTOB MpH JaHHOH MHUHepaJH3aHHH H HOHHO-COJEBOM COCTaBe
OpOCHTEbHBIX BOX.

7.8. Haxoxaenue 3aBHCHMOCTEH MEXIY NpelefbHO AOUYCTH-
MBIMH YDOBHSIMH HPPHIaHOHHO-TPYHTOBBIX BOJA 110 BalOBOMY
COZlepKaHUI0O XUMHUECKHX HHTDEAUEHTOB B I0YBOTPYHTAX OT MHU-
Hepanu3alMd ¥ HOHHO-COJEBOTO COCTAaBa OPOCHUTEAbHBIX BOA.

7.9. HaxoxaeHue 3aBHCUMOCTEH MEXKIY NPEAENBHO AONYCTH-
MBbIMH YDOBHSIMH HDPHTaHOHHO-IPYHTOBGLIX BOJ, 10 COAEPKAHUIO
XHMU4ECKUX UHTPEIHEHTOB B MPOTHO3HBIX CKOPPEKTHPOBAHHBIX
H HOHHO-MOJIEKYJISIPHBIX NMOPOBBIX pacTBOPaX, BJIaXXHOCTBIO U KOH-
IEHTPALHUAMH XHMHYECKHX HHIDEIHEHTOB B OPOCHTEILHOH Boje.
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8. Pacyer KpHTHuUeCKHX YpPOBHEl HpPPHTalHOHHO-TDYHTOBBIX
BOA.

9. Pacuer BOAHO-COJIEBBIX IOKa3aresiefl B MOYBOTPYHTaX MpPH
OpOILEHHH.

9.1. Pacuer BeJHYHH BJIAXKHOCTH TOKCHYHOCTH,

9.2. PacyeT BeJNHYHH BJIAXKHOCTH COJIEHACHIIIIEHHS .

10. Pacuer npenesibHO JONYCTHMBIX KOHIEHTPAnMA HOHOB
B OPOCHTe/IBHOH BOJe B 3aBHCHMOCTH OT BOJHO-COJIEBOH o6cTa-
HOBKH.

Kak npumep, B JaHHOM ITOCOOMH pacCMOTpeHa MmaTeMarHue-
CKasi Mojenab npollecca GOpMHDOBAHUS MEJNOPATUBHO-THIPOXH-
MHYECKOH O6CTAHOBKH B C/IYUae OPOIIEHHS BOAOPa3AeJbHOIO Mpo-
crpaucTBa BepXoBbeB pek Kouka, Iaftyysr, Mokpere Siier B mpe-
nenax crendoft soupl YCCP. B cBA3H €O C/I0XKHOCTBIO pacueToB
W GOJIbLIMM HX KOJHYECTBOM MOJAETHPOBAHUE HEeTecO06Gpa3sHo BbI-
NOJIHATL ¢ MCNoJdb30Batuem DBM.

Onepayus 1. Bemuuta v, paccuutbiBaeTca mo Gopmyne

Voo + N
Uy = 365107 (10.1)
rae v, — CKOPOCTh BOJONOCTYIJIHHS, M/CYT; Voo — 06bEM ahdek-
THBHBIX Ocajkos, M3/ra; N — OPOCHTeJIbHAA HOpMA, me/ra.
OpocutesibHass HOpMa ONpejeNseTcss 10 YPaBHEHHIO

N=E—Ap—AV +gq, (10.2)

rae E — cymmaptoe BofionotpeliieHue, paBHOe CyMMe TpaHCIiupa-
UMM ¥ HCOADEHHs B TeyeHHe BEreTaNHOHHOrO nepuoxa, m°/ra;
A,p — 00beM PheKTHBHBIX OCAAKOB 32 BereTalUHOHHEIH Nepuoi,
m3/ra; AV — o6wvem Bobl, HOTpebIseMOi 3 3a1acoB BJAlH B 30HeE
TpancOoupauu, M*/ra; ¢ — o6seM BOABI, OOMEHHBAIOLIEHC MEX LY
30HOH TpaHCMHPAUMH, HHXKE3aJerawieil TOJlEeHd NOYBOTPYHTOB
W TPYHTOBHIMH Bojamu, M*/ra.

Benuyuya cyMMapHoro BORONOTpe6NeHUs Onpene/sieTcs OmbiT-
HBIM [yTEM Ha BOJHO-GAJAHCOBBIX y4acTKaX, PACCYHTHIBAETCS Ha
OCHOBE SMIUPHYECKHX KOXDODHIHUEHTOB BoJAONOTPEGNEHHS HJIH
C [OMOIIBIO YpaBHEHHH, YUHUTHIBAIOUIUX METEOPOJIOrHYECKHE 3Je-
MeHTHl. B 4acTHOCTH, N0 JIUTEpaTypHbIM JAaHHbIM, A4S CTENHOH
yactu YCCP Benuyuna E cocTaBiasieT: mis 03uMOH MIIeHHILI
3600—4000 m®/ra, KyKkypysn — 5600—6000, caxapnoii cBek-
Jabl — 6000—7000,  mouepusl — 7000—8000,  kaprodens —
3600—3900, nomuaopoB — 5000—6000 m®/ra.

O6veM 3bdeKTHBHBIX OCAAKOB onpelensieTcss mo (opmy.e

Ay =A—R,, (10.3)

rae A — ofbeM 0caikoB, BBINAZAOWMX 3a BereTallUOHHBIA Ie-
puon, M/ra; ompenenserca o HanHblM Onmxaiiueil mereocTan-
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uuM; R —00beM [OBEPXHOCTHOIO TOKAa, M®/ra; pacCUWThIBAETCA
[0 THAPOJOTHYECKHM JaHHBIM.

Beanuuna AV onpepessercd SMIMPHYECKHM MyTEM O pas-
HMIE 3a0acoB BJArd B I[OYBOTPYHTaX 3OHBI TpaHcrupallyd Ha
HAuaJO H KOHEell BereTalMOHHOro [epuojia; BEJHYHHA ¢ PacCcyH-
TBIBAETCS C MOMOIIBIO ONBITHBIX Hec/AeqoBaHuil Ha BOAHO-O6anaH-
COBBIX YyYacTKax.

[Tpuwmep 33. dna uccrexyeMoll TePPUTOPUH HA BereTauuOHHBIA
nepHOA H3BECTHH cjejylollde rHAPOMeTeOpOJOrHIecKHe panppe: A =
= 2920 m®/ra, R, = 120 m%ra, E = 4000 m3/ra, AV = 250 M%/ra, V, =
= 5300 m%/ra, ¢ = 50 M3/ra. Haiitu Beaduusm N d v,.

1. Hatire o6bem adeKTHBHBIX OCaAKOB, HCNOAL3YA ypaBueunude (10.3):

Aa(b = 2920 — 120 = 2800 m3/ra.
2. Hai#itu Benuuuny opocHTeNbHOA HOPMH 1[0 YypaBuenuwo (10.2):
N = 4000 — 2800 — 250 + 50 = 1000 m3/ra.

8. Hajitu ronoByio ckopoCTh BOAONOCTYIieHHS 110 dopMy e (10.1):

53004-1000
365 - 10°

= 1,73 - 103 M/cyT.

Onepayus 2. Pacuetnl B COOTBETCTBHH C onepanuell 2 paccmar-
pUBAIOTCS B 00J1aCTH MEIHOPAaTUBHOH TI'HAPOreOJIOTHH.

Onepayus 3. B ycioBHSIX OTCYTCTBUs TPaHCHHMPALHH CKOPO-
CTH HCNapeHHs ¢ H[OBEDXHOCTH MOYBOIPYHTOB, B 3aBHCHMOCTH
OT TJyOWHBI 3aJleratiisi YPOBHS TIPYHTOBHIX BOJ, OPHEHTHPO-
BOYHO MOTYT OBbITb OfpejeseHbl [0 CJIEAYIOUIUM SMIHPHYECKHM
¢dhopmynam.

B cayuae, ecnu rayOuHa YPOBHS HCHNAapeHHUs KaMd/UIsipHON
KafMbl (Auxx) MEHDILE MOMIHOCTH KaH/IAPHOH KaiMbl (Axk):
v, =1, exp-—ahx‘ ,  Unkx = Up€XP — & 1IPH Ayye = X, = 0;

HKK

vl=vwxexp—ﬁhx—'=voexp—-—<a+ﬁhx—‘), Ugk == Upe €XP —
—B =voexp— (a +f) mpu Age =3 Xy > huww; Uy = Ukg exp—

*—Ym: erXP—-(“ +§ + Y,‘lx—xj’flh—w;() opH Ay +
+ Bk = Xy 2= Ay, (10.4)

riie ¥, — CKOPOCTb HCMapeHHus, M/CYT, X; — ray6una 3ajeraHus
IPYHTOBBIX BOJ, M; U, — CKOPOCTh HCIapesHs NPH X; = 0; Uy,
Ungx — CKOPOCTH HCHaDeHHs] NPH X, = Ak WIH Augy; o, B, v —
sMOUpHYeckHe KO3(pHuIUeHTH.
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Eem Ay = hawi?

X
v =voexp—ah—;(, Uk = Uy €Xp — % TPH Py = x, =0,

U == Uk exp—ﬁQh ——voexp-—-(a—{—ﬁ ) Iipn 2hKK>

= Xy 2= (10.5)
Ecmt Augw > Bux:

X
vl-_—voexp—-aﬁ—l » Uk = Ug€Xp —a IPU Ay > %, > 0;
KX

Xy
U, = Uxx Xp — ﬁh
HKK

=1 exp'—(a + ﬁﬁ‘{l—) s Vugx = Up €Xp —

— (@ +B) mp¥ Auex = £, 2> huws vy —vHKKexp-—-yh_.Th_

= v, exp — (oc + P+ Ym) npu Ak + Aukw == X3 = Rugeee
(10.6)

B ycnoBuAX TpaHCIHpAUHHM 3MIHPHYECKHE 3aBHCHMOCTH U; OT
X, BBIMVIAJAT CJeAYIOLHM 06pa3oM.

Ecau rany6GuHa ypoBHs HenapeHus KanuLIapHOH Kaiimbl Gosbllle
MOIIHOCTH 30HHl TpaHCHHpaUHH (Auex > A1)

X
vl=voexp—ah~1, Ur=v,exp —a npu A, > x,>0;
T

Uy = Ur exp—ﬁh—x‘——_:voexp—- (a+ ﬁhxl )’ Vikg = U-reXP-—ﬁ=
= vyexp—(a + B) mpu Mk == %, > Ay 01=quxexp—-y,?xl=
KK
==voexp——(a+ﬁ+ Yﬁx—l); Uk == Uk €XP — 9 = Uy €Xp —
KK

—(x +8 + %) 0pu Ak = %, > Aowxy U = Ugk €XP *erjf——h=
KK T

"erXP—(a+5+'V+7vh —|—h)’ Ukt = Uxg€Xp — A =
=UoEXP—(OL+f5+Y+7~) npu Ay + Ao > %y = R

01 = Ui €XP — P—p— = vpexp — @+ B+ 7+ A+
P ) TP P e > 5 > By (107)

TAe Uy Ur, Upkks Uxxs Uxxpr — COOTBETCTBEHHO CKOPDOCTH uCMape-
HHA NpH x1=0, hT! hHKKa hKK) hKK +h'r‘ a, ﬁ, Y, 7\4, Qo — 3MIHu-
puueckue Kos(PUIHEHTHI.
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Ecau huxx < h'r:

X
U, == Uy eXp— & T Vuki = Uy €XP — & OPH Ay, == X, == 0;

U; = Unkx €Xp — 6h_r_voexp (a+ﬁ )’ UT::UHKKeXP‘—ﬁ=

= voexp — (@ + B) mpt h: > %, > huw; vl=vrexp—yﬁx__=

KK

=erXP—‘<OL +f5+?;lx—1), Uk == Ur €Xp— y = Uy exp — (o +
KK

. X1 —
P P haS K Z b 0= e exp— b =

= Uy €Xp — (a +B 4y + KT) y Ukgtukg == Ukx€Xp — A =
—UOEXP—((Z—|—6+'P—|—7») IPH Ay + Buge == X% 2> b
UIZUKK—f—HKKexp_p(W)=erxp_(a+ﬁ+?+7"+
T

+ p hKK)f{I— h,r) an hKK + hT > x‘_[ > hKK + hHKK- (10.8)

Ecimn Ay = hugw, uCnOMB3yIOTCH TE Ke (GOPMYJIBI, YTO H MPH
OTCYTCTBHH TpaHCHHpalMH. B mpakTuyecKux pacuerax, eci Axy ==
== X, 0 HEeT JAAHHBIX O BENMYMHAX HAuxx, Ar, Vuxx H Ur, MOXHO
ucnosb3opath GopMmyany

o :voexp——a}li“, (10.9)

KK
rie BeJIHUHHA v, onpenesercs no ypaeHemuio (2.1); BeJHuHHE O
BLIUHCASETCA Mo (opMyJie o = ~x11“ ln—Z—;’
HOH Teppuropuu Geperca M0 JaHHBIM METEOCTaHUMH WIH MO Kap-
TaMm HCHapeHHs.

; BeJUYHMHA U, 119 AaH-

[1pumep 34. [ns dccaelyeMOdt TeppUTOPHH H3BECTHH CJeAYIOMIue
RaHHbe: HCHapende paBuo 430 mm/T, dcnapsemocts — 300 mMm/r, mom-
HOCTH KanmUAAApHOH Ka#iMul rpyHTOBHX BoA — 3,5 M, riAy6una sajeraBus
TpyuToBmX BoA — 3 M. Hafitu Bennwuuny v; npu x; = 1,5 M; nocrpouts
rpaduK 3aBHCHMOCTH Uy OT X;.

1. Paccuurars BeNHYHHH Uy H U,

0,48

038
—— = -3 . — -3 .
v = =365 1,32 - 1073 m/cyr; vp= 365 2,19 - 1078 m/cyr

2. B coorserctBun ¢ ypasueguem (10.9) onpepenuth BeJuuHHy oo
_ 35, 219.10°3

o= -5-' In W3 = 0,59.
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Puc. 55, Tpabuk sasmcumoct Puc. 56. I‘paiiuxu 3aBHCUMOCTH

CKOPOCTH MCNapeHHs (vp) oT Iay6u- Kkospduumenros A, u A, or coor-

HEl 3ajeTaHHsl TPYHTOBBIX BOX (¥1).  yomeHus cKopocTel BOAOMOCTYIIE
HHA B HCnNapeHHS.

3. B coorBercraun ¢ ypasuensem (10.9) Hafitn BeMuuMmmy vy npH Xy ==
= 1,5 m:
v =219 . 1073 exp _(L§93~T1,§= 1,7 - 1073 m/cyr.

4. HafiTu BeIMuHHY U, NPH Pa3HHIX SHAUeHHAX x; H IOCTPOUTL TPadHE
5TO#l 3aBUCHMOCTH (puc. 55),

Onepayus 4. JIna pacuers napameTpa A 0pH U3MEHeHHH IoTy-
OMHBI 3a/IeraHusi ypOBHS IPYHTOBHIX BOA B PE3Y/IbTAaTe OPOLIEHHS
cnefyeT HCNOJb30BaTL (POPMYJTy

(Dg —Dy) (W, — W) 10-2

Uy — Ug

7\,:

: (10.10)

rie Do — KodpduuuenT ¢uiabTpauHoHHoH Aupdysun; Dm —
KOphuLHenT Monekyasaprod nuddysuu; W, W, — coorsert-
CTBEHHO MOJIHAS M THTPOCKOMHYECKasi BJAroeMKOCTH MOPOL; Uy,
Uy — CKODOCTH HCIIADeHHs! U BOAOGHOCTYIVIEHHS.

Benuunnoit D, B ypasrenun (10.10) B GosbliMHCTBE CyuaeB
MOXHO npeHeGpeyn, BeinuuHa Do B YCJIOBHSIX YCTaHOBUBLIErOCH
BOJIHO-COJIEBOTO DEXHMMA pAacCyuThIBaeTcs 0o ypaBHennsaM (3.70,
3.72, 3.74), Benuynua v, — no ypasmenuio (10.1), a v, — no
ypaBuenuaMm, NPHBEACHNLIM B npeivinyell onepanuu. B pesyin-
Tare ucnoin3oBanus ypasHenus (10.10) crpostcsa rpaduku 3aBu-
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CHMOCTH A OT U;—U,, KOTOPbIE MOTYT GbITh HCNOJbL3CBAHBI B NMPakK-

THueckux pacuerax (puc. 56). [Ipu 3170M BenHuHHa TAYOHHBL 3aje-
raHMs YPOBHS T'DYHTOBBIX BOJA X; B YCAOBHSIX YCTAHOBHBLIETOCA
BOJHO-COREBOrO PEXKHMA [IpH [OCTOSIHHOH BEJIHUHHE U, 3aBHCHT
OT MOLIHOCTH ApeHaxHoH cerH. Beanununl kK03QPHUHEHTOB KOH-
BeKTHBHON Andy3un B Openefax HCCIenyeMOdl TeppHTOpHH MUIA
son tpancnupaunn (Dg) u 30HE HuuAbTpanun (Dg) paccuntanss
0 JAHHBIM eCTECTBEHHOH MeNHOPATHBHO-THAPOXHMHUECKOH 0O6-
craHoBKH B raaBe 9 (mpumep 30).

Mpumep 35. Jlas uccieayeMol TEpPHTOPHH H3BECTHO: be B 30He
rpancnupanud pasen 7,18 . 1073 m?/cy; Dg, B 30He HHUALTpANUH paBed
1,74 - 1073 m3cyr; W, =3l %: W.=6 %; v;=1,32.10-3 M/cyT; Uy =
=1,73 - 1073 M/cyr. Hafitn Besuudny A npd x; = 3 H NOCTPOMTH 3aBHUCH-
MOCTH A OT COOTHOLICHHS! BEJHYHH Uy H Uy,

1. Jlna 30Hel TpaHCHHpAUHH HAATH BeAHudHY A, no ypasuemmio (10.10)

= 7,18 - 1073 .25 . 102

g T T

2. Jlaa sounl HHOUALTpauHu HAATH BeJHUHHY A, MO ypaszenuio (10.10)

= 1,74 - 10-3 . 25 . 10~3
" —0,41 - 1073

= —1,06 m.
3. Mocrpodts rpaduk 3aBucuMOCTH A, B A, OT v;— v, (puc. 56).

Onepayusa 5. Tlpu opolienny OpecHLIMH BOAaMH (onepanus
8.1) B ycioBUMAX yCTAaHGBHBIUIETOCS BOAHO-COJIEBOTO PEXHUMA TIPH
pPa3AMUHBIX BeAHYHHAX X;, PETYAHPYIOLHXCSH APEHAXKHOH CEThIO,
MHHEpaJH3aiHsa THIOTETHYECKUX TOPOBBIX pPAacTBOPOB H TPYHTO-
BHIX BOJl PACCUHTBIBAETCS: JJist 30HBI TPAHCMHPALHH — ypaBHe-
nuem (7.33), ans 3soubl  uHduIAbTpaunuu — (7.25), ana uppura-
IIHOHHO-TPYHTOBBIX Bod — (7.42). [lpu 5TOM BeAMUHHBI A H U;
Npu pasHbIX 3HAYEHHAX YCTAaHOBHBINETrOCA YPOBHA TPYHTOBBLIX
BoA x; ompemensiorcss mo ypaeuennaMm (10.10, 10.9). Oruocu-
TeAbHblE KOHIEHTPAUHH OTAGNbHBIX HOHOB, %-3KB/M®, B NpPOrHO3-
HBIX THIOTETHYECKHX pacTBOpax B ychaosuax, korma C, == 0,
€CTh BEJIHYHHBI [IOCTOSIHHbIE, PABHBIE COOTBETCTBYIOUIHM KGHUEHT-
pauMaM B COGCTBEHHO IpYHTOBBIX Bogax. Ilpu opoluennu Muuepa-
JIH3GBAaHHBIMH BOAaMH (onepamust 5.2) ¢ cOCTaBOM, OTIAHYAIOULHM-
Csl OT HOHHO-COMEBOTO COCTABa T'PYHTOBBIX BOJ, PacyeT pacmpeje-
JIeHHS1 KOHNeHTpauul no npodHAw0 TOAIH aKTHBHOrO BOAOCOE00-
MEHA BBINOAHACTCHA 1A Ka)KIOr0 HOHA OTAENbLHO M0 YpaBHEHHAM:
(7.33) — naa  3cubl TpaHcnupanuH, (7.25) — pns SOHBI  MH-
duabrpaunn u (7.42) — aAA HpPpHUralHOHHO-TPYHTOBBIX Box. Be-
JUYHHDLL A H Uy NPH PasHbIX 3HAYEHHAX x; KOPPEKTHPYIOTCS TakK
JKe, KaK H NpH OPOUICHHH NPECHBIMH BOXAMH.
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Puc, 57. Pacnpejesenne coJjefi B nOPOBHIX PacTBOpPAaX U WPPUTALUOHHO-
IPYHTOBHIX BOAAX HPH USMeHeHHH BejHuuMHn t; OF 0,5 /0 2 M B YCaOBHAX
OPOIIEHHST MPECHHMH BOJAMH (Cop = 0,286 &r/m3),

IMMpuwmep 36. MomuocTb 30HH TpAHCIHPALHH Ha HCCIefyeMoi
TeppuTOpHU PaBHa | M, MHHEpa/U3alHst PYHTOBHX BOJ pPaBHA 3,32 kr/m8,
CKOpOCTh HH(QHIBTPALHH, paccuHTaMHas no ypasweHuio (10.1), pasna
1,73 - 1073 M/cyr, ray6uHa 3ajeranns co0CTBEHHO-IPYHTOBBIX BOA PaBHa
3 M, riy6vHa 3aJeraHHsi HPPUTALHUOHHO-TPYHTOBLIX BOJL IIPH OTCYTCTBHHU
HCKYCCTBEHHOTO ApeHaXa, PacCUuTaHHas rHAPOAHHAaMHYECKHMH METONAMH,
s JavHHX yciosui pasHa 0,25 M. Hafitu pacnpefesienne KOHUGHTPAaUUH
HOHOB B FHIOTETHIECKHX NMOPOBBIX PACTBOPaX H HPpPHIANHOHHO-TPYHTOBEIX
BOZAX MPH pa3JHu¥bix [JYyGHHAX YCTAHOBHBINETOCS YPOBHsi, Pery’aupye-
MBIX € MOMOIIbIO HCKYCCTBEHHOTO JpeHaxa.

[IpH OpolIeHUH NMPECHLIMH BOJAMH pacyeT BHIIOJHSETCH CAELYIOUHM
o6pasoM:

1. B coorsercTBHH c ypaBrerHeM (7.25), B KOTODOM BEeJIHUHHH A
U v; HaXoZATcs No rpaduKaM, NPHBEJAEHHBIM HA pHC 55, 56, naiTy pacnpe-
JeJeHHe N0 MPOGUIIO 30Hb! HADHIBTPALHY 3HAYCHHA MUHEPATUSANNH NDH
PA3JKURBIX 3HAUEHRAX [AYOHHBI 3aMEraHs yCTAHOBHBIIETOCH YPOBHs
MPPUTallHOHHO-TPYHTOBHX BOA. Peay/ibTaTH NpPHBEACHH HA pHC. 57 B un-
TepBaJje of 3 10 1 M.

9. B mpellesax 3oHHW TpaHcnupanu# (0—1 M) pacnpelesexye mune-
paansanud C no npodHaio HOPOA paccyuTaTh MO ypaBHEHHIO (7.33) npnu
PA3HHIX 3HAYeHHsX X, B KOTOPHIX BeJHUHHBI Uy H A 155 pasHHX rayOun
HpPUIaHOHHO-TP YHTOBBIX BOJ CHHMAIOTCs C rpaduka (puc. 55, 56). [Ipu
sToM BeapuHuH C, B ypaBHeHuw (7.33) paBHBI 3HAUCHHAM C, paccuuran-
HBIM 115 30HB MHGUIbTpalUu npH x = 1 M.

3. PacueTHule BeJHuMHBl C NpH pasHbIX X; 3aHeCTH B TaOauny u no-
CTPOHTb FpadHKH pachpejelNenus Bednuud C N0 NPOGHIIO 30HB TPaHCHH-
paluy IPH PASHHX 3HAYEHHSX ¥; (CM. PHC. 57).

4. B mo6oii Toyke npoduAs TOMIH aKTHBHOTG BojocofeobMeHa KoH-
HEHTPAlHI0 KaXJOTe H3 HOHOB B THMOTETHUECKHX pacTBOpaX HaliTH ng

tdopmyae
cr
= _C-ll , (10.11)
rie U — KoHUeHTpauus HOB& B THmoTeTHYeCKOM PacTBOpE.; C — mune-
paiH3afisi THIIOTETHUECKOTO pacTBOpa: H,, C; — COOTBETCTBEHHO KOH-
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Puc. 58. Pacnpefesiense cyabthaTHHIX HOHOR B MOPOBHIX PAacTBOPax H up-
PHTALHOHHO-FPYHTOBWX BOJAAX NpPH H3MEHEHHW BEJHUMHE ¥; oT 0,25 710 2 M
B YCJIOBUSIX OpOIICHHS MHHEDAJH30OBAHHBLIMH BOJAMH (Cop=l,938 Kr/m3),

HeHTPalHUs MoHA ¥ MHHEPAaJusaiusi PYHTOBHMX BOA. Beauuuusr C B Jio-
6ot Touke nPOQHIR TOMMK AKTHBHOTO BOJOCOTEOOMEHa NPH Das3HLIX x,

cHUMAIOTCSt ¢ rpaduKoB.
Ilpu opomeHHM MHHEPaNH30BaHHHIMH BOJZaMHM NMOPSAOK pacuera Iig

KaX 00 H3 HOHOB CJeJYIOUHi:

1. B sone uHbuibTpauuu (3—1 M) pacuer Besnunust M ans pasamu-
HBIX 3HAUeHHP x; BEUIOJMHTD 1O ypaBHeHHIo (7.25) npu v; > v, u v, < vy
KOPDPeKTHPOBKA A M U; AJI PA3HBIX FIYGHH FPYHTOBHIX BOJ NPOH3BOLHTCH
no rpagukaM (puc. 55, 56).

2. B sode tpaucnupauuu (0—1 M) paccuurars Beruyuus H no ypas-
Henuwo (7.33). Beawmuuunr C, npuHATb paBHbiMH C, pPacCUMTAHHLIMH

IAs 30HB HHGHABLTPALHMH NpH X = | M.
3. Hoctpoutb rpadHKH pacnpeieleHHs KOHIEHTPAUHH HOHOB H MH-
HePaTH3anHH B THIOTETHYECKHX pacTBopax Mo npoduaio nopod (puc. 58).

Pe3ysibTarhl NPOTHO3HPOBAHMA THIOTETHYECKHX MaKCHMab-
HHIX KOHLEHTPANHKH HOHOB B NMOPOBBEIX pPacTBOpaX 30HLI TPaHCOH-
pamuM, BbIUMCJAEHHBIE 00 ypaBHenuam  (7.33, 7.36), rae

(2 o
Xmax = xlv—"i, NPU pasHyHOM BIaXKHOCTH MOPOA, TIyOHHaX ypoB-

Hf HPPMTALMOHHO-TPYHTOBBIX BOJ ¥ MHHEPAIH3allHH OPOCHTEBHBIX
BOJ TIPHBOAATCA B BHje TaOauu. BeJHuuHBEIl KOHIEHTPauu# HOHOB
B NPOrHO3HBIX THIOTETHYECKHX [OPOBLIX PacTBOPax, B 3aBHCH-
MOCTH OT BJAXKHOCTH [IOYBOTPYHTOB, BBIIHCJAIOTCA HO (opMyJie

W W,
c = CoW—W) (10.12)

0 Wo—Wo, °

rae Cl) — MHHEpaJu3alusg i KOHLEHTpauus OTACJbHBIX HOHOB
B THNOTETHYECKHX MPOTHO3HLIX pacTBopaX NpH HablrofaeMoit
B HACTOSIIMA MOMEHT BIAXKHOCTH, pasiod Wy, H THTPOCKONHYE-
CKolt BJaxHocTH, paBHOH Wp.; Cpp — MHHepalusanus HJIH
KOHUEHTPAIUH OTIENbHBIX HOHOB B NPOTHO3HOM TMOOTETHUECKOM
I0OPOBOM pACTBOPE NPH BJIAKHOCTH mouBorpyHros (W) u rurpo-
CKONHYECKOH BJAaXHOCTH (W), HaGnolaeMblX B MOMEHT IPOTHO-
3HPOBaHHA.
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Puc. 59, HoMorpamMa 3aBHCHMOCTH CYMMbl paCTBOPHMBIX COJefl B npo-

THO3HOM THMOTETHYECKOM MOPOBOM pacTBOpe (@) # TBepAOH dasei aTHX COJell

(6) B ropH3OHTE MAaKCHMAJBbHOIO COJCHAKONJEHHA AKTHBHOIO CJ0f IOUBhL

OT BJIAXKHOCTH MOPOA IPH PASJHUHHIX TIyOHHAX YCTaHOBMBIIErocs YpOBHS
HPPHTAIHOHHO-TPYHTOBLIX BOJ, (Cop = 0,286 kr/m3).

Benuwunna M1 mMoker ObIThL HalileHa ¢ MOMOILLIO HOMOTDaMMbE
3aBHCHMOCTH KOHLEHTPalUH WOHOB B INPOTHO3HBIX THIOTeTHYE-
CKMX TMOPOBBIX pacTBOpaX OT BJAXKHOCTH MOYBOIFPYHTOB MpH
JO0RX Ty0HHaX YCTAaHOBHBIIETOCS YPOBHS — HPPUTalHOHHO-
TPYHTOBHIX BoA. Ilasi wucciepyemMoff TeppuTopud MpHMEp TaKOH
3aBHCUMOCTH TpHBefeH Ha puc. b9. Hampumep, npu 3uaueHun
%y = 1 M ¥ BJaXKHOCTU MOYBOrPYHTOB, paBHOH HaHMEHbIIEH BJa-
roemroctu (22,8 %), uro coorBercrByer Beawuune W — W, =
= 14,3 %, cyvMa pacTBOpHMEIX COJefi B FHIOTETHYECKOM IIOPO-
BOM pactBope cocrasaser 10 kr/m® (touxka A).

B ycloBHSIX  €CTECTBEHHOH  MeJHOPaTHUBHO-THAPOXHMHYE:
CKOH OOCTaHOBKHM Ha HCCHAEIYeMOHl TeppHTOPHU Xy = 3 M, U; =
= 1,32 - 103m/cyr, n= 0,25, v,=1,45. 102 wm/cyr, C, =
= 3,32 kr/v®, C, = 0,022 kr/™M® (pacnpefenenue BaJOBHIX CO-
IepXkaHuii colel B NMOYBOIPYHTAX 30HE a3pallHH MMOKa3aHo HA
puc. 60).

Onepayus 6. BrinosHsiercss B COOTBETCTBUH C METOAHKOH, NMpH-
BeleHHOH B riase 7.

Ornepanus 6.1. CooTreTcTByIOLIHE KOJHYECTBA Ccojel, BhI-
NaBMIHX M3 CHIOTETHYECKHX TOPOBBIX PACTBOPOB, MPUBOAATCA
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puc. 60. Pacnpeneneune codgeft

B TNpPOTHO3HOM THIOTETHYECKOM IO~

pOBOM DAacTBOpE ITODOL 30HH aspa-

LMK B YCJOBHSX €CTECTBEHHOH MeJH-

opaTHBHO-THAPOXHMHYeCKOH  06cTa-
HOBKH:

a — 30Ha Tpancnpanum; O — 30Ha HH-
bunLTpAaLHH.

B rtabnuuax. 3aBUCHUMOCTb CO-
JiepXKanust coflei B TBepAo#
¢a3e OT BAAKHOCTH MOYBOTPYH- }
TOB MpH AOOLIX 3HAYEHUSAX TAY- ! 2 F Crrmd
61HEl YCTAHOBUBILETOCS YPOBHS

HUpPHIaIlHOHHO-TPYHTOBEIX BOX INpelcTaB/]sieTcss B BHIE HOMO-
rpaMmal (puc. 59).

Onepanus 6.2. Pesyjavrartel pacueTa KOHIEGHTPAUHH HOHOB
H CYMMBI TOKCHYHBIX COJIeH B TPOCHOSHBIX CKOPDPEKTHPOBAHHBIX
pacTBOpax IAS HCCAeAYeMOH TeppHTOpHH NPH PasAHYHOR BRaxkK-
HOCTH TIOpoJi, rayOuHaX YCTAHOBHBIUETOCS yPOBHSI HPpPHIAIHOH-
HO-TPYHTOBBIX BOJ U MHHEpalu3anMH OpPOCHTeAbHBIX BOZL NMPHUBO-
IATCS B BHIe TabJIHI.

Ornepauust 6.3. Beinoansercs mo LaHHBIM KOHLEHTPALHH HOHOB
B TPOTHOZHBLIX CKOPPEKTHPOBAaHHHIX PacrtBopax B COOTBETCTBUU
€ METOAMKO#, npuBejenHofi B raase 7.

Onepanus 6.4. /Ins pacuera MoporoB TOKCHYHOCTH IO (pop-
Mmyae (8.3) ucronb3yrorcsl IaHHBIE O THIOBBIX YCPEAHEHHBIX PHIIO-
TeTHYECKHX MOPOBHIX PacTBopax B cnab03acofieHHbIX MOYBOTPYH-
TaX C Pas3qduYHbIM THIOM 3aCOJEHMs, TIPUBEACHHRIEe B Tabn. 42.
Haa pacuera 3THX YCAOBHHIX PacTBOPOB HCMOJAB30BaHBI JaHHbIE

42, Tunosofi ycpeanennnifi runorervuecknfi COCTaB NOPOBLIX PACTBOPOS,
paCCUYHTaHHBIA N0 HHIKHEMY TpeleNly cojnepXaHus cofefl B pa3aHuHbIX

THnax ciabosaconennnlx nousorpyuros (W, — W, = 18 9%, 6= 1300kr/»%)
KoHueHTpallH HOHOB, Kr/M?®
Tun sacojieHus: NOYBOrPyHTOB . 9
(n HCO3 [ SO4 | ¢1— | ca?+ | Mg2+ | Nat | Er

XaopuaHoe : 1,46 ) 034§ 060 0,26 ] 0,16 | 059 | 3,41

Cynpdatuo-xaopugroe 1,451 0,38 ] 060 027 | 0,16 | 0,60 | 3,46
201 | 058 060} 038 022! 0,66 ( 4,44

Cy.as patuo-xJ0piiHoE, 360 | 1,00] 060 0,70 f 037§ 077 | 7,04

XJIOPHJH O-Cyab(aTroe

XnopHano-cyashaTioe 500 168 060} 104 048 1,02} 9.82
7961 504 060] 210} 0,78} 1,79 | 17,5

Cyab patuoe 782 7421 0604 2731 0921} 202 215
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o COOTHOWIEHHIO AaHHOHOB H KaTHOHOB B

BOAHBIX BBITSK-

KaX, CBOACTBEHHbIE MOYBOTPYHTaM C PasjiHUHBIM THIOM 3acoJe-
auA (rabn. 43, 44). Beauunnsl KoHneHTpanuil MOHOB B THIOBHIX

43. XMMHYECKHI THR 3ACONEHAS TIOUBOTPYHTOB 10 AHMOHWOMY COCTABY

(A. B. Hogukora, 1976)

OrHoleHHe aHHOHOB B BOAHOMH
BOITSKKe, 1072 Kr-3KkB/M3
OTHoIIeHHe AHHOHOB Y
THT 3acONIeHHS KaTHOHOB B BOAHOA
Cl— Hecor | Hcoz™ BBITAKKE, 1072
5= CO3 Kr-3KB, M3
SO4 Cl— 50%"'
XnopujaHoe >2,5 — — —
Cy.ib haTHO-XJOPHANOE 2,5—1,0 — - —
X 10pHAHO-CYIbaTHOE 1,0—0,2 — — —
Cyabdarnoe <0,2 —_ — —
ConoBo-xa0pHAHOE >l <1 | >1 |HCO3>Ca2+{-Mga*
Cogoro-cyabdaraoe <1 >1 ] <t «
Xnopuano-cofosoe >1 >1 >1 <«
CyabdaTHo-co0BOR <l >1 >1 <

44. XuMuueckdi THN 3aCOJEHHS [OYBOIPYHTOB 1O
KaThonHoMy coctasy (A. B. Hosukosa, 1976)

OTHOLEHHe KaTHOHOB B
BOAHON BRITAXKKe, 103
KF-2KB/M?
Tun sacoJienss

Nat | Nat | Mg+
Harpuesuiii >1 >1 —
MaruneBo-HarpHeBbI i >l > >l
Kanbnueso-ratpHeBmil >1 > ) <t
HartpueBo-MareneBbiit <1 >E ] >t
Hatpuero-KaJbiiieBhli >1 <1 <1
KanpuieBo-MaraueBsii <1 <1 >1
MariieBo-KaJbI HEBLH <1 <1 <1
Maruunesuiit <1 — | >1
Kanbnuesbli — <t | <1

YCPEAHEHHBIX CKOPPEKTHPOBAHHBIX IOPOBEIX pacTBOpax, CBOM-
CTBEHHBIX C€/1a0603aCONEHHEIM OYBOTPYHTAM C Pa3JHYHBEIM THIOM
3aco/ieHHs, OMu3KH K NOpOoraM TOKCHYHOCTH, pacCYMTaHHBIM IO
dopmyne (8.2); 5TH BeNHYUHKI NpHBEAEHH B Ta0a. 45.
ITockosbKy pactenus NOTPeOASIOT COMH HCKIIOYHTEABHO B HOH-
HOM COCTOSIHHH, NIPH pacyerax NOPOTOB TOKCHUHOCTH CJIELYeT YuH-
TBIBaTh, YTO B NIOPOBBIX PacTBOpaXx yacTb Cojiedl HaxOLHTCS B BHIE
MOJIEKYJ, 4aCTh B BHIE KOMIJIEKCHBIX MOHOB (accommanui).
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45. Tunosofi ycpeaneHHBA CKOPpeKTHPOBAHHLIA COCTAB TIOPOBHIX
pACTBOPOB, PACCYATAMMEIT MO WHXKWEMY NpEpesy CcOoxepXanua coned
B PAsdHYHBIX THIIAX CAAG03aCONEHHHX TOYBOIPYUTOB
(W, — W .= 189, 8= 1300 xr/u®)

KoHneHTpalHH HOHOB, KT /M?

Tun 3aconeHHs o

NOYBOTPYHTOB (1) HCOT SO, cl— | Cazt | Mgz | Nat+ Bc By
XnopuaHoe 0,73 10,34 {0,727 0,12 10,07 } 0,64 | 262 | 1,70
Cyabgatno-xaopun-{ 0,74 10,38 | 0,721 0,13 | 0,07 [ 0,65 { 2,69 | 1,77
HOE 1,22 | 0,58 | 0,724 0,18 | 0,17 { 0,69 | 3,56 | 2,00
CyabdaTHo-Xa0- 1,83 { 1,00 {0,72{ 0,30 | 0,26 | 0,83 | 4,93 | 2,62

pHAMOE, XJAOPHLHO-
cy/ibdaTHoe (1)
XnopuAHO-CYAb- 2,20 { 1,68 {0,72] 0,44 10,28 | 1,08 | 6,40 | 3,00
¢parnoe (0,6; 0,2) 1,89 | 504 |0,721 050 | 0,65 | 1,80 [10,6 |[ 8,12
Cyasgarroe (0,13) | 1,65 | 6,73 | 0,72] 0,44 | 0,92 | 2,12 |12,6

B cBasSH ¢ 3TUM [aHHbe, IpHBeZeHHBIC B Taba. 45, ciefyer ckop-
PEKTHPOBATh C LEJDLI0 MONYYeHHs CBeleHHH 00 MCTHHHOM COCTOS-
HUH CcOJeft B HOHHO-MOJIEKYJAPHOM pacTBope. Meroanka pacuera
KOHIEHTpauu# XHMHYECKHX HHTPENHEHTOB B HOHHO-MOMEKYJasap-
HOM pacTBOpe npuBeleHa B rase 7. Peaynbtarsl pacyera cocrasa
HOHHO-MOJIEKYJISipHBIX HOPOBBIX PacTBOPOB /ISt HEKOTOPBIX [OU-
BOLPYHTOB mipuBeneHbl B Tabi. 46.

Ouenka coleporcanutl xumuueckux urepeOuenmos, onpedensio-
WX nOpoRLL MOKCULHOCML COAell 8 NOPOBbIX PACMBOPAX NOYEOSPYH-
mo8 ¢ PA3AUMHbIM MUNOM 30C0AeHUA. BpIIONHAeTCH 19 THIOTETH-
YeCKHX, CKOPPEKTHPOBAHHBIX U HOHHO-MOJIEKYNAPHAIX DPACIBOPOB,
PacCUMTaHHBIX JAS Cna003acoNeHHbIX NOYBOTPYHTOB C pasiny-
HHIM THIOM 3aCOJEHMS 1O HUKHEMY Mmpele]y COAepiKaHHs comef
wpu Wy — Wr = 18% u 8 = 1300 kr/M®, uro coorBercTByer
YCPe/HEHHBIM 3HAYeHHSIM HAaMMEHbINEH BIaroeMKOCTH MW IJIOTHO-
CTH NOYBOTPYHTOB lOTa Y KPauHbI.

X 71 o p. [lpenensho nomycTuMoe cojepiKaHue XJopa B CHIIO-
TeTHYeCKOM (YCJOBHOM) MOPOBOM pacTBope, Kr/m®, ajs mnouBo-
TPYHTOB ¢ JOOBIM THIIOM 3aCOJIEHHs] OLEHHBAEETCS] B COOTBET-
CTBUH C 3MIIHPHYECKOH 3aBHCHMOCTBIO

[Cl]p = 35[0,021 (2— —ls—ffv)] , (10.13)

rre Wuo — HepacTBOpsIOILLash BRarOEMKOCTb, METOIHKA pacueTa
KOTOpoH npuBeneHa B rJyase 7.

10 CBSI3aHO C BAMSHHEM Ha KOHIEGHTPALHH XJI0pa B CKOPPEKTH-
POBaHHOM pacTBope siBAcHUH oTpunarensro#d ancopbuuu. Ilopor
TOKCUYHOCTH CKOPPEKTHPOBaHHOIO MOPOBOTO pacTBopa- 0 XJAOpy
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46. TumoBof ycpelHEHHbIR CKOPPEKTHPOBAHHBI HOHHO-MOJEKYANPHLIK
COREpXaHHA COJEH B Pa3aMunbx

KOHUGHTDALMH HOHOB H MOJTeKyn
Tun saconenus +n +o
B P o e ® o S a
HO‘!BO(X;E))YHTO + 8 8 9) i‘ L:) % 8
% :5 ] ] o0 4 e
O o o O = = = =
Cyabparno-xao-| 0,28 § 004} 0 0031023 ! 004] 0 0,03
pHAsOe,  x;o- {70,004 {<C0,001] 0 1<0,001} 0,019/<0,001f ¢ |<0,00]
pHAHO-cyab daT-
Hoe (1)
Xnopuato-cyab-| 0,48 0,03 0 0,04 | 0,61 0,06 2 0,08
darnoe (0,2) 0,024 [<0,001] 0 [<0,001| 0,051 [<Z0,001{ & |<0,001
CynbdaTthoe 042 | 003 o0 0,061085 | 005| 0 0,16
0,13 70,021 [<<0,001f @ [<0,0011 0,071 |<0,001f © {0,003
Ilpumeganne: 3;-—cyuMmMa colefl B CKOPPEKTHDPOBAHHOM HOHHO-
HOHOB, Eg'n—cymma rJaBHBHIX TOKCHUHBIX HOHOB;
[Cl-lc nna moyBorpyHTOB ¢ JOOBIM THIIOM 3aCOJNEHHSI €CTb Be-
AuuuHA nocTosHHas, papHas 0,72 kr/m®, win 0,021 xmosn/m®.
Cynbdaret. Kouneurpauud mono [SO;~];, kr/mM%, B ru-
MOTETHYECKHUX TIOPOBBIX pacTBopax MpH KOHUEHTPamuH XJopa,
o 1
pasuoil 0,72 Kr/M®, He JO/DKHBEI NPEBLIUATbL BEJHYHHBL —, THe
Q-]
n= [—5?-_1- ; TpH OLIEHKe BeJIHuHHbl £ KOHIEHTPANUH cyIb(aToB
4 Ir

HOHOB XJIOpa BRIPAXKAIOTCA B MI-3KB/JI. B moyBOrpyHTax ¢ cyandar-
HEIM THIOM 3aCOJIeHHs NPH KOHIEHTPAlUAX MOHOB XJ0pa, paBHbIX
win Mexpmux 0,72 kr/m® KOHueHTpauudd CyJab(aTHHIX HOHOB He
Ro/nkHel npepbimath 7,4 kr/M®. Kounenrpanus [SO;~)., pasuas
7,4 xr/m®, asasercs abCOMIOTHBIM MOPOTOM TOKCHYHOCTH THIIOTE-
THUECKOTO pPacTBopa MO cyabdaraM B CAyyae, €cJH KOHIEHTpa-
UMH OCTalbHLIX HOHOB MEHbIllE HJIH PABHEI 1IOPOTaM TOKCHYHOCTH
pacTBopa 10 3THM HOHAaM.

[Mpenenbho gomyctuMble Konpentpaudn [SOI~Ig B ckoppekty-
poBaHHBIX TopoBbix pacreopax npu (Cl-lc = 0,72 kr/M® onpe-

AensoTcs o rpaduky sasucumoctd [SOJ I or n, npuseneHHOMY
Ha puc. 61. OgHako B ciayuae, eciu KOHUEHTPANHH OCTAIbHBIX
HOHOB MeHbIle MJIM PABHBI HX NOPOTAM TOKCHYHOCTH, TIPelebHO

ponmyctumas KoHuentpanus [SO? lc we po/mkHa npeBwIHATH
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OCTAB TOPOBBIX DPacCTBOPOB, PACCHHTAHHLIA TNO HHXHEMY Tpeleny
pnax caato3acoseHHpIX TOYBOTPYHTOB

CaHTeNb — B KI'/M%; 3HaMeHaTeNb — B KI -3kB/M?Y)

| w» | «

Q Q | | Lo
-+ o] (7] . L Q | = =
s |22 (8|8 |8 |C|~Q] &)| & |
D81 hO_ 0,07 10,91 _(l 1,77 10,72 14,931 0,06 {4,72 2,44
5,035 0 1<0,001} 0,019 0 0,028 10,021}0,138<0,001}0,136 | 0,80
1,36 0 0,72 4,38 2_ 1,83 {0,72 | 10,6 0_,1_2 9,7 7,4
9,072 0 | 0,006 0,091 0 0,029]0,021]0,296| 0,01 0,288 | 0,230
1,89 2 1,17 5,61 0 1,61 10,72 | 12,6 0_,_2_2 1,0 |9,
0,082 O 0,010 | 0,117 ) 0,026]0,021}0,352| 0,03 0,338 | 0,286

MOJIEKYASPHOM DacTBope: Iy — CyMMa MOJEKYs; Xpj ~— CYMM3 TAdBHBIX

. [an)r
e
[504 }r
n
JL ]
2_
I
b N N
7 \e\d
i
0 5 N N N 8 SOZkymd

2 Nahgym?

Puc. 61, T'padurH 3aBHCHMOCTH MNpEAENbHO-AOMYCTHMBIX  KOHIEHTpalii

cysngato (6) H CyMMbl pacTBODHMBIX COJell (6) B THNOTETHYECKOM MOpOBOM

pactBope, HOHOB HaTpus (@), CYMMbi PAacTBOPHMBIX (2) H TOKCHUHBIX (0)
Cl-

Coleli B CKOPPEKTHPOBAHHOM [IOPOBOM pacTBope OT n=[~_1r_ I —
(S0 1r

Xaopuanuli, [/ — cynbdarno-xaopunubtit, /1] — xaopupHo-cynabdatHbil,

IV — cysbdaTabil THIB 3aCONEHHS MOYBOIPYHTOE),
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1 z 3 4 i 5 7 L

. . P . 2 Mgy

i 6 7 8 L ’p ’., 12 3, 13

2 J 4 J 1] 7 8 9 D, drjn
Puc. 62. Ipadmke 3aBucuMOCTE TPENEALHO JONYCTHMHIX KOHILEHTpAuyil

Cl Ip
HEKOTOPHIX XHMHUECKHX WHHI PENHEHTOB orfz==-E§E§§§L- AN TOYBOTPYHTOB
s Ir

¢ cyabdatHo-xa0puiusiM  ({11) u cynbarieiM (V) Tumnamu 3acoieHus

[OYBOTPYHTOB.
# — cKOppex TupoBanHLE noposkull pacTBop; 2 —HOHHO- MOJERYAApHEE IOPOBLIL pacTsop

6,7 Kr/M® — 3TO aGCOIIOTHEIH MOPOT TOKCHIHOCTH CKODPEKTH PO~
BAHHOrO MOPOBOIO pacTBopa o CyabdaraM.

B HOHHO-MOJIeKY/SIPHBIX pPacTBOPaX MNPEAeNbHO AOMYCTHMbIE
koHuenTpauus [SO]~lym onpenensiiores no rpaguky (puc. 62), ox-
HaKO TOPOr TOKCHYHOCTH N0 CyJdbdaTam He AOJLKeH NpeBHImarh
5,6 kr/m3,

Ha rt p n #. B runoternueckux HOPoBBIX pacTBopax NPH KOH-
LeHTPaluAX HOHOB XJOpa, PaBHBIX MOPOTY TOKCHYHOCTH, MHpe-
AeAbHO AOMYCTHMBIC KOHIEHTPAIHH HOHOB HaTPHs OUPEAETSIOTcs
no dgopmyne

[Na+]p = [Na*lg — 0,657 (0,72 — [Cl-Ip) n, (10.14;

rae [Cl-Ir onpenenserca mo dopmyse (10.13), [Na*lc— nopo:
TOKCHYHOCTH HATpHsg B CKOPPEKTHPOBAauHbLIX pacTsopax; n -—
YASNbHBIE BeC MOHOB HATPHA B CyMM@ KI-3KB/M® HaTpus ¥ Mar-
HHSL B JaWHEX NOYBOrpYHTAX.

B cKoppexTHpOBaHHBIX NMOPOBBIX pacTBopax Beawuuna [Na*lg
onpenesierca no rpadguky (puc. 61) u He foMKHA [peBBHLATb
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1,5 xr/m’. BHOHHO-MONEKYARPHBIX PAacTBOpaX BenuuHua [Na *Jyy,
ompesensemas no rpaduxy (puc. 62), He JoNKHA npeBHUNATH
1,2 xr/vd.

Cymma pacTBopHMB X codaeii. Iloporn TokcHu-
HOCTH [10 CYMMe DAaCTBOPHUMBIX COJIell B THIIOTETHYECKHX, CKOPPEK-
THPOBAHHBIX H  HOHHO-MOJIEKYJADHHX  MOPOBHIX  PacTBOpax

Y, Yo Yum ompegensiotes no rpadukam, NPUBE/IEHHBIM Ha
puc. 61, 62. ST BeIMYHHBEE COOTBETCTBEHHO HE [OJUKHBI MPEBHI-
martb 21,7; 12,6 u 11,1 kr/m®.

CyMma nerkopaCTBODHMBIX TOKCHYHBEI X cogeil

B CKOpPEKTUPOBAHHOM H HOHHO-MOJIEKYJISPHOM pacTBOpax oporu

Tokcuunoct 31§, $F OnpenensioTcs mo rpadmkam (pHc. 61,

62). JluMuTHpyIOIHe 3HAUeHHs 31 H Y™ he omKHEL npeBbi-
wath 10,5 u 9,1 kr/M3. :

Crenenusi © BelMYHMHAX OTHOCHTEJbHBIX H aGCOJIOTHBIX MMOpPO-
roB TOKCHYHOCTH XHMHYECKMX HUTPEIHEHTOB B MOPOBBIX DacCTBO-
pax MOYBOIPYHTOB C DPa3lIHYHBIM THIOM 3aCOJEHHS MPHBEAEHBI
B Tabn. 47, 48.

Onepayus 7. Benwgunwl [1/1Y, onpeiel€HHE KOTODHIX MpH-
BEAEHO B TJaBe 5, pacCUuTHIBAIOTCA B 3aBHCHMOCTH OT 3HAYEHHH
IIOPOTOB TOKCHYHOCTH MO CyMME pacTBOpHMbIX colefi B npoues-
TaX OT MacChl MOPOJBI, MO CyMMam PacTBOPHMBIX COJeH B CHIOTE-
THYECKOM MOPOBOM pactBope (KI/M%), mo copep:kaHHIO B MOPOBOM
pacTBope jerkopacTBOpHMBbIX cosell (kr/M®) M Mo conepKaHHIO B
TMOPOBOM pPAaCTBOPE OTNeNbHbIX TOKCHyHHIX HonoB — COZ™, Cl-,

SO}, Na* (kr/»®. Benuuuna npeienbHo JOMyCTHMOTO yPOBHS
JUMUTHDYETCSi COJlep;KaHHeM coJiell B NOpojax H MOPOBBIX pac-
TBOPaxX B TOPH3OHTE MaKCHMAJLHOTO COJIEHAKOIIEHHS AKTHB-
HOTO C105 MoyBbl. [/TyOHHA 3TOTO TOPH30HTa B yCAOBUAX pEXKHMA
3aco/ienus paccyuThiBaeTcA mno Gopmyae (7.35) B caywae, ecau
Xy > ¥YKK, U paBpa MOIUHOCTH AKTHBHOTO CJI0OS [OYBH, €CIH
Xy << YKK. B ciydae npoMBIBHOTO BOJHO-COJIEBOLO PeéxuMa Tay-
6uHa rOpH30HTa MaKCHMaJbHOTO COJEHaKOIICHHS BCerla PaBHA
MOLIHOCTH aKTHBHOIO CJIOS MOUBHL.

Onepanua 7.1, 3aBHCHMOCTH HaxoifTCA MYTEM TOCTPOEHHA
TpaPHKOB, rJie Ha OCH OpJAMHAT OTKJalblBaeTcs IAyOuHa ycTaHo-
BHBIIRTOCst yPOBHSI HpPHIALlMOHHO-TPYHTOBHX BOJA (X;), a Ha OCH
abCcuucC — MPOLEHTHOE COJEpKaHWe B TOYBOTPYHTaX CyMMbl
DaCTBOpHUMBIX COJIell B THIOTETHYECKOM H CKOPPEKTHPOBaHHOM
pacTBOpax, CyMMBI TOKCHYHBIX JE€rKOpacTBOPUMbBIX cojlefi H
OTAeNbHBIX TokcHupbix Hohos (COZ—, Cl-, SO;—, Na*) B ropu-
30HTE MAaKCHMalbHOTO COJIEHAKOIUIEHHSI aKTHBHOTO CJOf MOUBHE
IpH AaHHBIX MHHEpaiH3aluaX U COAEPKaHUAX OTACNbHBbIX HOHOB
B ODOCHTEBHBIX BOfaXx. B mpenenax HCCIeAyeMOd TePppUTOPHH
rpaduKH 3aBHCHMOCTH X; OT COAEPXKauuil XUMHIECKHX HHTpe-
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47, Oyenxa cogepRanNil XMMHYCCKHX MMIDCAHCHTOR, ONPejeANIOIUX NOPOTH TOKCHYHOCTH Coaell B MOpommx
PacTBOpax MOUBOIPYHTOB € PA3JHUHBIM THHOM 3acodesus (W, — W, = 18%, 8 = 1300 xr/u®)

- | 50, | Nat | . | Iy
Tun SACONCHHOCTH Tun IOpPOBOTO PACTBOPA
NOYBOIPYHTOB (#1)
I C r [ oM r C HM r C "M C HM
Xnoprpaoe 0,36 0,59 0,65 §,§§ 2,65 1,73
(>25) 5 0,005 0,008 0,009 0,05 0,04 0,02
=~}
W
Cyangarso-sacpuiuce é % 9.57 0564 0,70 4,60 3,56 2,00
51, o8 0,008 0,609 0,01 0,06 0,05 0,03
" ]
Xnopuauo-cyangarioe 2 o 00 1,67 1,50 { 1,05 [ 1,10 | 1,05 ] 7,21 | 640 | 6,10 | 3,00 | 2,75
{1,0-0,2) E} g 0,023 0,021} 0,074| 0,015 0,014} 0,1 | 0,085] 0,084 | 0,042 0,038
E
Cyandathoe = gs 6,06 | 588 49 190 | 115 | 10,5] 9,00 | 800
6,2-0,13) § 3 0,084 {0,081 0,068/ 146 | 150 1,40 0,26 | 0,16 | 0,15 | 0,12 | 0.11
& L0 1oY
Cyasatios 8|8 & 742 | 673 | 560 | %02 | 0021009 9171 196 ] 11,1 | 105 910
{(<0,13) Sis g 0,1 | 6,093 0,078 0.3 | 0,17 | 0,14.| 0,15] 0,12

Hpumeuanne: soiue IBOHHON 4ePTH ~ cpefHHE OTHOCHTENBHHE SHAUEHHS, HHXKE -— aGCOMOTHEE 3HAYEHHS NOPOTOB
TOKCHYHOCTH; B WHCANTEAE ~ KT/MY, B 3HAMEHATENE ~— 0, 71 5= m«—,p‘-:- F— rugoretHyeckud  moposml
1304 ]r H
pactBop; C — croppexruposanus pactsop; VM — UOHHO-MONEKYAZPBHE PacTBOP,
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48, 3HavenHs BEJHYHH APENENbNC NOMYCTHMbIX (a6GcoMoOTABIX

B DopoBbix pacreopax (W, —W = 189, 8= 1300 kr/m3)

) NOPOroB TOKCHYHOCTH XHMHYECKHX HHTrpeNHeHToB

k]
L] 24 2--
o e 7| M= Mo = Mo — 112 [Ca?+ic —| g5 [HCO " Ic — dCa+ic + Fale + e [rg e
'L 11’..1 2, =My | =M | —25 [HCD;‘]C =Mt + EMg2+]C) =Cod MCEN;( 1c
XuMuue- O I = = Koc
CKHE HH- I ) I
rpeHEHTH! ) -'—| %)
T s ¥ cymMuma coneft ‘WMHCZ?I';%HWX CO/lOBOE 3acoIeHHe OCOJIOHIEBAHHE
5] 2L Z
Besmun- | 21 - 10-8] 70 - 1073[65 . 10~3] 21,7 | 12,6 10,5 1-10-3 0,115
Ha no-
poros
TOKCHY-
HOCTH

NMpumevanne: 1) M=40{Ca?¥] | 24 [Mg>*] +- 23 [Na*] 4 33 [K*] 4- 61 [HCOF ] -+ 96 [SOZ_] + 35[CI71; 2) xon-
UeHTPAlHH HOHOB LPHBERCHH B kmoab/M3; 3) Bemunmst {C1-),, {SOY |, [Na*],, Mo, M, My, Codn
K. MCNOJB3YIOTCS B aiTOPHTMAX MAaTeMaTHUECKHX MOJeJeldl MelHOpaTHBHO-THADPOXHMHYECKOR 06CTa-

HOBKH, NpuBefleHHns B § 2,3.
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Puc. 63. Tpaduxu 3aBHCHMOCTEH
copepxkaunnii (% OT Beca MOYBH) XH-
;- MHYECKHMX MHI'DEJHEHTOB B TOPH3OHTE
| A 4 a, ‘50 ¥ MAKCHMAJBHOr0 COJNICHAKONMJICHUA aK-
2t THBHOT'Q CJIOS TOYBBl OT TrJayOHHE
YCTaHOBUBLIETOCS YPOBHS HPPHrauu-
OHHO-TPYHTOBHIX BOJ (g —1pH Mu-
Hepanu3alUHu  OPOCHTEJBHBIX  BOJ,

J . . : pasuoit 0,286 xr/m8, 6 — 1,108 xr/m3,
9 82 43 04 5w S0 6 — 1,938 kr/m3):

0 401 405 05 407 %0 Ngt 1 By 2— 3¢ 33y 4—504 s

Cl—; 6 — Nat; 7 — TOUKH; B KOTOpHIX

BBIIIO JIHSIJIHCh PaCHeThl; 8 — TpeAeNbuO

AOTYyCTHMbIe yPOBHH HPPHTAMHOHHO -TPyH -

TOBBIX BOJ 110 CyMME PACTBOPHMEX Cosielf, N0 KOHIUEHTPANHAM CYJAbHATOB, XJIODA H HO=

HOB HATPHA B CHIOTETHYECKOM MOPOBOM DACTBOpPE H MO CyMMaM PacTBODUMBIX M TOK«
CHYHHIX COJIEH B CKOPPEKTHPOBAHHOM NOPOBOM PacTBOpeE.

JIMEHTOB CTPOSITCS M0 JAAHHBIM COOTBETCTBYIOLIMX TaOJHIL, COCTaB-
JIEHHBIX B pe3yJ/ibTaTe pacueToB MPH MHHEPAJU3AUUSIX OPOCH-
TeJbHBIX BOJA, paBubix 0,286; 1,108 u 1,938 kr/M®. PesyabTatsl
MOCTPOEHHH LpUBeAeHH Ha puc. 63.

Onepauus 7.2. Ha ocu OpPAHHAT OTK/IAJABIBAIOTCA BeJHYHHBI
FayOHH YCTAHOBHBIIErOCS YPOBHS HPPHI'ALHOHHO-IPYHTOBBEIX
BOJ, 2 Ha OCH abCUHCC — KOHUEHTPAUHH HOHOB B CKOPPEKTHPO-
BAHHOM DaCTBOpe B FOPH30HTE MAaKCHMAaJIbHOTO COJIEHAKOILICHHS
aKTHBHOTO CJi0s NOYBBl MPH AaHHOH MMHepajH3alUH OPOCHTENb-
HBIX BOJ M BJaXHOCTH MO4BOrpyHTOB. Jls HccaenyeMoli TeppH-
TOPHH paccMarpuBaeMble rpaduky MOCTPOEHBI 1S CYMMBI coJiel
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B CKOPPEKTHDOBAHHOM PacTBOpE, CYMMBI TOKCHYHBIX coJieff, KOH-
LEHTPallMil HOHOB XJOpa, CyAb}arOB M HATPUS NPY BIAKHOCTH,
paBHOI MOJIHOM BJAaroeMKOCTH, HauMeHbled (mo/ieBod) BJaaroeM-
KOCTH ¥ BJZXHOCTH YBAjaHHS B YCJOBHAX ODOLIEHHS BOJAMH
¢ mMunepanusauueii 0; 1,108 u 1,938 kr/m® (puc. 64).

Onepauus 7.3. BumosiHsercs aHaJOTMYHO onepauuy 7.2, on-
HAaKO Ha ocH 86CHUCC OTKJAAABIBAIOTCS KOHIEHTPANMH HOHOB
B IPOTHO3HBIX HOHHO-MOJIEKY/SIPHBIX PacTBOpax.

Onepanna 7.4. Ha rpabukax, npuBeneHHBIX Ha puc. 63,
HAafTH BeMYMHBI X;, KOTOPHIM COOTBeTCTBYIOT BEJHMYMHH Y.r,
Y, Y1, SO2-, CI- u Na*, %, pasHble mOporaM TOKCHYHOCTH
(tabu. 47). HallneHuble 3HaueHUs riyOHH YCTAHOBUBLIETOCS YPOBHSA
UPPUranMOH HO-TPYHTOBBIX BOJA OYAYT DaBHBI NpeJesibHO gOMYCTH-
MBIM NIPH JABHBIX MUHEDAJM3alHSX OpOCHTENBHEX BO. Ilpu atoM
Be My Kbl [1/0Y He 3aBHCAT OT BJAXHOCTH NOYBOIPYHTOB (pHc. 66),
a W3MeHSIOTCS JIHWb ¢ H3MeHeHHeM BesM4uHbl Cop. PHc. 63 mo-
3BOJISIET BUAETH, YTO NPH NOJHUBAX MPECHBIMH BOJAMHM BeJUHHEE
npenenbHO JONYCTUMBIX YPOBHel, pacCudTaHHBIE [0 BaJOBOMY
COZEep’KaHHIO Pa3/MYHBIX XHMHYECKMX HHIDegMeHTOB, pacrpene-
JIMJIHCB cJenyomum obpasom: SO~ = Cl™ = Na* > Yr=Yc=
= ):,T‘, OpH moJiBax BOJAMM ¢ MuHepasusaumed 1,108 kr/md;
SO~ =ClI"> Y 1=Na"> Yr > Y anpu nommsax sonoit ¢
MaKCHMalbHOH  MuHepaiusauyel — Cl- = SO~ > Y > Y1 >
> ¢ = Na*. T'apantuposannsie 3uayenus /71/]Y cOOTBETCTBYIOT
MaKCHMaJbHbIM HX BeIMYHHAM, a ONTHMalbHbIEe MOTYT OHITH BbIOpa-
HBEl 110 XHMHYECKOMY HHrpepueHTy, KOTOPbIH aBisercd naubosee
TOKCHYHBIM K JQHHOMY BHIY KYJbTYDBI.

Opepauvs 7.5. B 3aBHCHMOCTH OT cozepXaHHH Y.c, M7,
SO , ClI” u Na* B mopOBBIX pacTBOpPax TOPH30HTA MAKCHMAJIb-
HOrO COJIeHAKOMNJIEHHS aKTHBHOIO CJIOA MOYBHE, DABHBIX MOpOTaM
TOKCHYHOCTH, Kr/m® (tabu. 47), no rpadukam, NpyBejeHHHIM HA
puc. 64, wHaifitu BeJuyHHB X,, paBHmie [IAY. Tlpu aTOM
3HAYEHHUS NPEJEJbHO JONYCTHMBIX YPOBHEH U3MEHSIOTCS HE TOJbKO
B 3aBHCHMOCTH OT MUHEPaJM3alMH OPOCHTEJbHBIX BOJ, KaK B Ipe-
JIbIAYINGM CJyyae, HO M OT BIAKHOCTH DOYBOTPYHTOB. Besuuunbr
II1Y npH opomieHHH npeCHBIMM BOJAMH MOBBLIIAIOTCS B CJIERY Ho-
meM nopsgke: CI- = Na* > SO}~ > }:c =Y a IpPY OPOILIEHHH
MHHEPaJIH30BAaHHEIMH BogaMi — SO~ = CI- > Y 1 > Na*= Y.
OnrumadbHbe 3Havenust [1 /Y soibupatores no Haubojiee TOKCHY-
HOMY I KYALTHBHPYEMOrO DACTEHHA XUMUUECKOMY MHTPEJIHEHTY.

Onepamus 7.6. Brmoanserca aHanornyHo onepamuu 7.5,
OIHAKO, B 3aBHCHUMOCTH OT CONEPKAHUA XUMHYECKUX HHTe-
RVYEHTOB, B HOHHO-MOJIEKYJ/APHBIX NPOTHO3HBIX MNOPOBLIX pacT-
Bopax.
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Puc. 64, Ipaduxu 3aBHCHMOCTH COZEPKAHUH XUMHUCCKHX HUIPeUCHTOB
B MPOTHOSHBLIX CKOPPEKTHPOBARHHBIX NOPOBEIX DACTBOPAX I'OPUIOHTA MakcH-
MATbHOTO CONCHAKONMCHHS AaKTHBHOTO CJIOS MOuBHl (Kr/M8) OT IJyGHHE yeTa-
HOBHBUIEroCS YPOBHS HPDUralHOHHO-TPYHTOBHIX BOJA B YCHOBHUSX OpOMIeHHS
Bofamu ¢ MuHepamusanmed 1,938 kr/m?® (@ —mpu W, — W, ==25,1 %; 6—

mpn W, — W, = 14,3 %;6 —mpu W,— W_ = 3,5 %).

Onepanusa 7.7. HeoGxonyuMble 3aBHCHMOCTH HAXOLATCA MyTeM
nocTpoeHud rpaduKoB, rae Ha OCH OPJAHHAT OTKJAABIBAIOTCH Be-
JIHYHHEl NPeJeTbHO JOMYCTHMBIX YpOBHEH upPPHIalHOHHO-TPYH-
TOBBIX BOJ HO COREPXAHUIO XHMHUECKHX MHTDEIHEHTOB B CKOppeK-
THPOBAHHBIX NOPOBBIX pacTBopaxX, 4 Mo OCH abcuycc 3HAYeHHSH
BjaxkHocTH mnouBorpyHtroB (W — W.). Huas wuccienyemoil tep-
PHTOPHH Takue Tpaduku NMOCTPOCHHI NPH MHHEpATH3AUHAX OPo-
CUTEAbHBIX BoA, pasHbix 0,286; 1,108 u 1,938 kr/m®, u Baaxuo-
CTH [GUBOTPYHTOB, H3MEHSIOIEHCS OT BJIAXHOCTH 3aBAAHHA
O BeJUUHHBI NOAHOH BJIArGEMKOCTH.

Ecau [1[1Y 1o BastoBoMy cozep:Kanuio coJeft npH JaHHOH MUHe-

234



W‘W,—,./a J N M 1
2 5 0 K 2 &

N4 m W-W-,7%
]
ot
——l —==2 03, 4,
43¢ N
L w5, 06,47, a8 DY
10

PHTALIHOHHO-TPYHTOBBIX BOJ OT BJIaXK-
HOCTH TOYBOrPYHTOB (@ — HpH
COp = (,286 xr/M3; 6 — upu 'Cop =

op

= 1,938 &kr/m3):

a
A,\ Puc, 65. Tpapuru  sapucuMocrtn
/5t o TNpPeNeJIbHO NOMYCTHMBIX YPOBHEH Hp-
A - )
20t
= 1,108 xr/M%;, e¢—mpn C

3 L ) s ! — nipefileIbHO JOTMYCTUMBIE  YPOBHH
d g 5 B 2 25 (IIAY) 1o copepXaumio XUMMYECKRX HH=
o, TPEJHEHTOB B NPOTHOSHHX CKOPPEKTHPO=

W-Wr-,7% mamumMx TOpOBBIX DacTBOPax B rOPHSOHTE

I MaKCHMAJbHOTO COJEH2KOUJEHHS AKTHR-
HOTO cJ0st Nousbl; 2 — JT/TY 1o BajnoBoMy

COEPIKAHHIO XHMHYECKHX HHTPefHEHTOB B TNOUYBOrpyHrax; 38 —/I17¥ (3p) 4—

0ny g & —NAY Sp; 6 —NAY (SO 7 —TAY (C17) 8 — 1Ay

(Na+); 9 — HHTEpBAJ OMTHMAJLEOH NPOZYKTHBHOX BJIaKHOCTA TIOYBOTPYHTOB.

panusauvy ¥ VOHHO-COJIEBOMY COCTaBY OPOCHTENbHBIX BOX €CTh
BeHUHHA MOCTOSHHAS, He 3aBUCALIasl OT BAAXKHOCTH HOYBOTPYH-
108, To JI/lY no conepikanuio cosei B IOPOBBIX PacTBoPax ¢ MOBkI-
HIEHHEM BIAXKHOCTH MOYBOTPYHTOB pe3Ko MoBblllaercsi. I'paduku,
IpUBEIEHHLE HA puc. 65, Mmo3BosasloT AN M0GOH BeJUUHHbE
BA&KHOCTH MNOYBOTPYHTOB HalTH Bemuuuuel [IAY (Ze, 2Zr,
SO: ™, Cl-, Na*). Ocoboe 3HaueHHe LU 5TOM HMEIOT Y4aCTKH €o-
OTBETCTBYIOINMX 3aBUCHMOCTEH B WHTEpBase ONTHMaRbHOH Mpo-
AYKTHBHOH BhaxHocTH. Besmuunst [1/]Y no BaioBoMy cojepia-
HHIO cofed Haumbonee OAUSKM K COOTBETCTBYIOUIHM BeJIHUMHAM TIO
COZepKaHUIO CONIEA B MOPOBBIX PACTBOPAX NPH BIaKHOCTH MOYBO-
TpyHTOB, paBHOH HauMmeHbiled Bjiaroemkoctd. Ha puc. 65 npu-
BeneHsl AaHHbIE O BeqnuuHax [I[Y npy pasHol MuHepanusaluy
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N4y, m Puc. 66. 3asucmmocts 1Y no
0 B3/JIOBOMY COJNEDIKAHUIO XAMHYECKHX
l HUTPEJUEHTOB B 04 BOIPYHTAX OT:

MuHepanus3allul M HOHHO-COJEBOTO

| '*\\-Q;
et — PA\& COCTaBa OPOCHTEALHBIX BOA.
i

OPOCHTe/IBHEX BOJ B YCJOBHSAX
£ BJIQKHOCTH 3aBANAHHUS U BJAaXK-
HOCTeH, paBHBIX NMOJAHOA H Ha-
uMeHblIed (TIONeBOH) BJIArOeM-
KOCTAM.

Onepauusa 7.8, CooTBeTCTBYIOLIME 3aBHCHMOCTH HAXOAATCA
nyTeM NOCTPOeHHs rpadHuKoB, Iae Ha OCH OPAHMHAT OTKAAALIBAIOTCS
BenMunHBl [I[]Y njia pasHBIX XHMHYECKHX HHTPEIHEHTOB, a Ha
OCH abCHUCC — BECOBOE COAEPIKAHHE MHTPEIUEHTOB B OPOCHTE/b-
HBIX BoAax, [ns uccaeayeMolt TeppuTOpUY Takue 3aBHCHMOCTH
CTPOATCA 1O JAHHBIM, B3SATHM ¢ rpadukoB, HpPHBEJEHHHIX HA
puc. 63; pesynbTarhl NOCTPOCHU HPHUBEREHBI HA PHC. 66.

Onepanug 7.9, 3aBHCHMOCTH HAXOUATCH M KaXKIOTO H3 XH-
MH4ECKHX HHTPEIHEHTOB MO HOMOTpamMmaM, NpHBEJCHHBIM Ha
puc. 67 ¥ NOCTPOEHHBIM 10 JaHHBIM Tabauiy M rpadukam, HpH-
BelieHHbIM Ha puc. 64. Homorpammsl nospoasior npu JMoGoi
BJIAKHOCTH IOYBOTPYHTOB H MHHEPANU3auMH OPOCHTeAbHBIX
Boz, uamensomedica or 0,286 no 1,938 kr/m®, HafiTh BeHYHHD!
nay no e, Yr, SO, CI-, Na'. ‘

Onepayus 8. BennunHsl KPUTHYECKWX YPOBHEH HpPPHUMaLHOH-
HO-TPYHTOBBIX BOJ HaXousrcs 1o dopmydae (5.1), B xotopoit Benu-
9uHbl Hpy AJI9 MOPOA C Pas3HLIM THIIOM 3aCOJIEHHS M BAXKHOCTBIO,
B COOTBETCTBHM C MHHEpaJu3alueldl H HOHHO-COJIEBHIM COCTABOM
TPYHTOBHIX H OPOCHTEIbHBIX BOJ, PACCUHTHIBAIOTCA 10 METOAMKE,
pacCMOTPeHHOH B onepauu# 7.

//”

HDpuwmep 37. Jano W=122,89%; W,= 8579, {Cl”}op =
= 0,3 kr/u®; Ah = 0,8 M. HafiTu BeJmiuRY KpHTHUECKOTO YPOBHH HppH-
rauMONHO-TPYHTOBHX BOJA MO XAODPY.

1. Haiire Beanuyuny /1Y 1o ComepXKaHHIO HOHOB XJIOPA B NOPOBOM
pacTBOpe BOAB, HCHOJb3Ys HoMorpammy {puc. 67), npr W—W,.= 14,3 ;.
3ra Beauunua pasua [,9m.

2. Haiitn Beanuuny KV No colepasuio HOHOB XJopa B OPOBOM
pacTsope B COOTBETCTBHHA ¢ GopMyaodt (5.1):

Hep=19-+05.08=23n

Onepayusn 9. OCHOBHLIME  BOIHO-COJEBHLIMY  [IOK23aTENSIMH
B INOYBOTPYHTAX, HUMEIOMHUMH O0JLLIOE [PAKTHUECKOE 3Ha4eHue
H TOAJAIOWUMHCA KOMWYECTBEHHON OUeHKe, SBJASIOTCA BRaXK-
HOCTH TOKCHYHOCTH H BJAXKHOCTDL COJEHACHIIEHHA.

Onepauusa 9.1. Beanunss! BAXHOCTH TOKCHUHOCTH (W) Mo-
ryr ObITb HaHJIEHBI MO HOMOTPAMMaM 3aBHCHMOCTH KOHUEHTPalHil
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Puc. 67. 3aspcumocts mpeges-
HO XONYCTHMHIX ypoBHeH Hppyra-
HHOHHO-TPYHTOBHX BOX IO Conep-
JKAHMIO XUMEYECKHX HETPENHEHTOB
B IPOTHOBHLIX CKOPPEXTHPOBAH-
HEIX TOpPOBBIX pAacTBOpPaX OT WX
KOMUEHTPAUNHd B OPOCHTEJBLHBIX
BORAX M BJAXHOCTH NOYBOIpYH-

/ ; T0B (@ —pas I 6—503—.
DA ¢—Nat*, 2 —CI~, 8 —Xy),



. 0mt Puc, 68. I'pabuku 3aBHCHMOCTH CYMME!
TOKCHYHBIX HOHOB B INPOrHO3HBLIX CKOp-~
75 PEKTHPOBAMHBIE NOPOBHIE pACTBOpax ro-
PH30HTA MAKCHMAJIBHOTO COJIEHAKOTLICHHST
AaKTUBHOTO CJOS NMOYBBl OT BJAAXKHOCTH
NOpOA OpH PA3JHYHBIE IIYOHHAX ycTa-
HOBHBILIEFQCS  YDPOBHS HPPUIALHOUHO-
FPYHTOBHIX BOJ (Cop=0,286 Kr/m8),

50

MOHOB B HOPOTHO3HBIX CKOpPpPEKTH-
POBRHHHIX MOPOBBIX PacTBOPAX OT
BA&XHOCTU ITIpH Das3AUuHBIX TJy-
OMHaX YCTaHOBUBIIEroCs YPOBHA
HPPUTAllHOHHO-TPYHTOBEIX BOX B
YCJAOBUSIX OPOUIEHHS BOJAMu XaH-
HOWl MHHepaiuszal¥y W HOHHO-CO-
JieBoro cocrasa. dna vcenefyemoit
TeppuTOopuH rpaduky 3aBUCHMOCTH
CYMMBI TOKCHYHBIX MOHOB OT BJIaK-
W-r, % HOCTH MNpH BeNUYUHAX Xy, H3ME-
Hstomuxcea or 0 go 3 M, ¥ Munepa-
JAu3ally OPOCHTENbHBEIX BOA, pasHo# 0,286 Kr/M®, mpuBenensl Ha
puc. 68.

25
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Npuwep 38 Hano: C,,=0,286 xr/m3, x=1 » W_=8,%;
CyMMa TOKCHYHBIX HOHOB, COOTBETCTBYIOU[a# MOPOrY TOKCHYHOCTH ( ET)
pasua 11 xr/m®. Haitu W,

1. Mo rpadury, coorsercTyiomeMy x; == 1 ¥ pa uomorpamme (puc. 68),
pH 2T= 11 xr/m® (rouxa A) waiitd Benmumiy W — W

VW, =W,—W_.=10%.
2. Hafity Besuunny W,

(Wy—W,) + W, =104 8,5= 18,5 %.

Bemyuynnsl W, npu Jao6oM 3HAYEHUH MUHEpAIH3alH¥ OpOCH-
TeJIbHBIX Boj MOrYT GBITb HaleHb! AMisl Pa3AHYHBIX XHMHYECKHX
UHTPEJHEHTOB [10 HOMOTPaMMaM, NpyBeAeHHBIM Ha puc. 67.

Mpumep 39. Hawo: NTAY no ClI- = 1,6m; W = 8.5 %; xou-
HenTPalHd HOHOB XJlopa B ODOCHTENLHHIX Bogax paBma 0,4 kr/m3,
Ha#ira W,.

1. Mo somorpamme (puc. 67) nafitu TOYKY, KOTOPO# COOTBETCTBYIOT
zauuwre anaverus ITAY no C1~ w [Cl7] (rouka A).

2. Hafiru semmumny W, — W no rpaduky, ma xoTopom Haxopurcs

Touka A: W, — W, =251 %.
8. Hafitu semuumy W W = (W,— W)+ W =25,1485=336%.
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une, 69. TI'papukn sasHCHMOCTH
WiMuectTBa ceaeft TBepRod  dassnl
fIOYBCFPYHTAX FOPHIOHTA MaKCH-
MaJbHOTC COJEHAKONJIERH AaKTHBHO-
FO CJ0Sl MOYBE OT IAYGuHM yCTaHo-
BUBILETOCS YPOBHA HPPHTallHOHHO-
I'DYHTOBHIX BOR:
I — CaCOy; 2 - CaS0O,; 38— mpu Cop =
= 0,286 kr/M% W =33,59%; 44— npa
Cop =z 1,938 kr/M3, W = 33,5 %; 5 — upH
N N . N Cop == 1,108 wr/ms, W =22,7 %: 6 — npn
g ! 2 3 4 Crav, » He/M? Cop = 1,938 wr/wd, W == 22,7 %.
&

07 4 8 Lrgsy, R/
—— =—=—Z, 03, 04 a5, a6

Onepauysa 9.2. Beanuuna BaaxsocTH coteachlieHus (Wey)
HaXOmuTCA [0 HOMOTDaMMaM 3aBHCHMOCTH BJAXKHOCTH COJIEHACH-
menHa ot TIaybudsl  3aferagus  YCTaHOBUBIIErOCs  YPOBHA
MPPHUraHOHHO-TPYHTOBBIX BOJX HPH Pa3/IHUHBIX MHUHEPaJu3anHax
OpPOCHTENBHBIX BOA. JlaHHble AIA NOCTPOEHHS! THX HOMOTpPaMM
GepyTcsi C rpapUKOB 3aBHCUMOCTH KOJIMYecTBa TBepAof (a3bl oT
BEJIMUHHBI Xy NPYU PasiauuHbX 3naueHuAX Cop H BJIAKHOCTEH.

Has uccnepyeMoli TeppuTopHH IpuUMep Takux rpaduxos mnpu-
Beded Ha puc. 69; ans Haxoxpeuns W, no CaCO; u CaSO, mc-
MOJIb3yIOTCS HOMOTPAMMBI, IpHBeJeHHbIe Ha puc. 70.

XM Z M
4
- 4
ot ok
it Cyp =G286x1/m* Ik Cop =0286KI/n* Ly <1108

4 g 0 5 20 o)
Wy =Wy % 5 WyH, %

Puc. 70, Tpaduxy 3aBuCHMOCTH BJAAXKHOCTH COJEHACLUNEHHA TNOPOBHIX

pacTBOPOB TOPH3OHTA MaKCHMAJbHOIO COJICHAKOMJICHHA B aKTHBHOM CJioe

NI0YBH OT TVIYOMHHL YCTZHOBHMBILEFOCS YDOBHSL MPPHTAHMOHHO-TPYHTOBLIX BOR

UpH palHoll MHMHEDAaNH3aUHH OPOCHTENbHBX BOR {a-—pgas CaCO; 6—
AJist CHSO4).
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Mpumep 40. Hano Co,=1,938 xr/m® x; =15 m; W _=85%.
HafiTh BJIaXKHOCTb, MPU KOTOPOR MopoBhe BOAB! HackimeHsl CaSO, u CaCO,,
1. Ha#itn seamunny W, — W, ai1a CaSO; B Touke A, coorsercTsyio-

weit BesnunHe xy = 1,5 M, norpapuxy 6 na puc. 70:
W —W,.=143%.

2. Haftu W, nas CaS0Qy:
WO = (Wey — W) + W, =143485=2289%

3. Hakru semuuuny W, — W pna CaCOz no rpaduky a na puc. 70:
W —W)> (W, — W), To ecTb BJ2XKHOCTb HACHUIEHHST MOPOBHIX BOJ
Kap6oHaTOM KaJbLUsl MpeBHIIAET BEJMYHHY NOJHON BJATOEMKOCTH MOYBO-
rpynTa (W%flco=*>33,5 %).

Onepayus 10. Tlox mpeaenbHO MONYCTUMBIMH KOHLEHTPALHS-
MH HOHOB B ODOCHTEILHOH BOJE CJelyeT INOHUMAaTh TaKHE KOH-
HEeHTpalUd TOKCHYHBIX HOHOB B MOJMBHOH BOJE, NPH KOTOPBIX
B YC/JIOBHSIX JAAHHOH BOJHO-CONICBOH OGCTAHOBKH, OmpejieaseMoi
npeaeabHO JONMYCTHMBIM YPOBHEM HDPHTAUOHHO-IPYHTOBEIX BOJ
H BIAXHOCTLIO MOYBOIPYHTOB, COJAEPKAHHA XHUMHYECKHX HHIpe-
AUEHTOB B TOPH30HTE MAKCUMAJALHOTO COJNEHAKOMNEHUS! AKTHBHOTO
C/I0s1 MOYBbE HE MPEBBHUAIT HUX IOPOroB TOKCHYHOCTH. [1/Kop
MOKHO olpejfenuTh mo rpaQukaM u HOMOTpaMMawm, HpHBEIEHHBIM
Ha puc. 66, 67.

[Tpumep 4. Hano: Beuurna 1Y no xjaopy paBHa | m; NosHas
BJIATOEMKOCT® NOYBOrpyHTOB paBHa 33,6 %; W, = 8,5 9. Haittu Bean-
YHHEBI IUIKC,p o BaJIOBOMY CORepXaHHI0 HOHOB XJopa B MOYBOTPYHTAX

M 10 COAepIKaHUIO HOHOB XJOPa B MOPOBOM pacTBOpPe HPH BJIaXKHOCTH MOPOA,
paBHO¥ MONHOR BJarOeMKOCTH.

1. Tlo rpabuky, npHBeJeHHOMY Ha pHC. 66, HaliTH TouKy A, HaxoAs-
mylocs Ha JHUHHU U3MeHeHHUS KOHMIEHTpanMi HOHOB XJjopa, KOTOpoH CooT-
perctByer [I[JY = 1 m.

2 Ha ocu afcnucc HafiTH MHHePaJN3a[HI0 OPOCHTEJIbHBIX BOJ, KOTO-
pas COOTBeTCTBYeT NoJoMeHHIO ToukH A. HajifieHnas BeiuuuHa, pasHas
0,9 kr/M3, cooTBeTCTBYET HﬂKop [0 BaJIOBOMY CONePIKaHUIO HOHOB XJopa
B MNOYBOrpyHTaX.

3. Ha rpacjuke, coorperctsyiomem W — W,.= 25,1 % (puc. 67),
Hafite Touky b npu [TAY = 1 m.

4. Ha ocu ab6cuucc HafiTH KOHUEHTPAaNMIO HOHOB XJOpa& B OPOCHTENb-
HBIX BOAAX, KOTOpasi COOTBeTCTBYeT Touke 5. 3ra BeJHUMHE, paBHAas
0,14 kr/M3, n sBJsieTcs MpeleNbHO ZONYCTHMON KOHHEHTpalHell ZaHHOTO.
HOHa Mo COoAePIKaHHIO HOHOB XJOpa B MOPOBOM pacTBope NpH BJaXKHOCTH
NOYBOrPYHTOB, paBHON MOJNHOR BJaroeMKOCTH.

§ 2. AnropuTM MaTemarMuyecKoH mopenu
MEenMOpPaTHBHO-THAPOXHMHUCCKONH 06CTaHOBKM

[TockoJbKYy XuMHUECKUIH COCTaB peajbHbIX NMOPOBHIX Boj ¢op-
MUPYeTCA [0 BARSHMEM MHOMKECTBAa Pa3JHUYHBIX BOAHO-(HU3HUE-
CKHX, (QU3MYECKHX, XUMHUECKHX, OHOXUMHUECKHX H (u3UKO-
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XAMHUECKHX TIPOLECCOB, B MaTEMaTHYECKOR MOJENH 5TH TIPOnecCH
ufleau3up ylorcs, TO €CTh YUHTHIBAIOTCA Haubosiee CylleCTBEHHbIE
U3 HHX, CBA3UM MEXAY HUMH € OTBJICYCHHEM OT HECYIECTBEHHBIX
mpoueccoB u cBsseit. [Ipeanaraem cxemy MojenupoBaHus
(B Bume aaroput™a) CO CJAGAYHIOWUM ONTHMANLHBIM TIOPAAKOM
BBIMONIHEHHA MOJAENUpPyIOUIHX onepauuii: 1) pacyer cpexumerogo-
BOll CKODOCTH HCHapeHus; 2) pacueT HOHHOIO COCTaBa TNOCTY-
Nallyx Ha TOBEPXHOCTb TOYBOIPYHTa Boj; 3) pacCyer HOH-
HOTO cocTaBa TUMOTETHYECKYX pAacTBOPOB B MOJOIIBE 30HKL
TpaHCmupanyy; 4) pacueT HOHHOTO COCTaBa THIOTETHYECKHX
PacTBOPOB B TOPU3OHTE MAKCHMaJbHOTO COJNEHAKOMIEHHS 3O0HBE
TpaHCUpauuy; D) ydeT sABJIEHHS OTPUNATENbHOH aAcopbuuu;
6) yyer fiBNEHHS MOJNOKHUTENLHON ancopbuuu; 7) ocaxieHwe u3
pactBopa u3bnitka CaCOs 8) ocaxnenue wusbbitka MgCOy;
9) ocaxxpenue usbbitka CaSQ,; 10) mpuBeneHwe B paBHOBECHOE

cocrosige KatuoHooOmeHHO#i cucrempt Nat= [Ca?'] = Ca?* =

= [Na*}; 11) npuseseHHe B PAaBHOBECHOP COCTOSIHHE KaTHOHOOO-
— —_—

menHoft cuctemMbl K'= [Mg?*] = Mg?>*=[K*]; 12) oneHka sBe-
et S

RUft COJOBOro 3acoJieHHUs], OCONIOHIEB2HHS H CYMMBbI PACTBOPHMBIX
H TOKCHYHBIX COJlefi B [IOPOBOM DAacTBODe.

Ilpu cocTaBieHHH MOZEMH YYUTHIBAIOCh, 4TO, NPEXCTABMAsAS
peanbHble MPOHECCH C JOCTATOUHOH TOYHOCTBIO, OHA JOJ/IKHA
ObiTh fOCTaTOuHO npocTodf. Kaxnas onepanusi npeacTaBisieT Co-
60o#f YHC/MEHHBIH ANTOPUTM, KOTOPBIH CBOAMT OMHCAHHE CJIONHOTO
npouecca K apudmerdvueckuM d aareOpandecKuM ACHCTBHAM Hajn
uyncaaMy. [locsiegoBatesibHOE BBINOJHEHHE BCeX omepauuil B npen-
JIOXKEHHOM MOpSAKE MPUBOAUT K TPeOyemMoMy pe3y/bTary; HpH
5TOM TOYHOCTb KOHEYHOTO pe3yJbTaTa 3aBUCHT JHIUb OT TOYHOCTH
NPOMEKYTOYHBIX Bbrauc/aeHHH. Huke mpuBeneHs! duc/ieHHble aj-
FOPUTMBL /151 KaXZOH omepaiid, KOHUEHTPAIH¥ HOHOB Bo BCEX
YPaBHEHHSAX BhIpaKeHB! B KHJIOMOAAX Ha KyGOMETp pacrsopa.

Onepayus 1. N

ax
h—‘——_"K>xr>0; z’OeXP_h—rzz’v
mar = 0,05 K
rje xr— NporHogupyemas TInyOWHA 3a/MeraHus YpOBHA HPPUTa-
LUHOHHO-TPYHTOBBIX BOJA, M; & — Haxogutca no ¢dopmyne (10.9).
Onepayus 2.

10>0>0, o7 _ A%, @ _ O
102050, 460 g5, G5 G mpn 0

npu O > 1 us pacteopa chaeayeT ocagurb u3bpitok CaCO; u
CaSO,: 0,4883 4 0,0008¢* = A*; 0,3241 + 0,00017¢* = B*;

y* < ([HCOz7]5 —0,001) npu [HCO;]g < 2[Ca*f]g,

241



y* < (2 [Ca*]§ —0,001) mpu [HCOFT; > 2 [Ca*]] 3
0,5 {([HCO5 15 — y*) + 4[SO;~1; + [CI7]§ + 4 ([Ca?*]; —
—0,54%) + 4 M5 4 Na'ly + K3 } = i 5

*
n
W exp— 5 =y
([HCOgz] 5 — y*)? ([Ca2*]§ — 0,55*
[COs]
N {—ZA*[ Vu’f-l—?Vﬂ’é‘ (1 47258+ V) “ _
1+ B+ (4.5 pf + 6V pi+ 25.584%

1,43 - 0,024¢* — 0,0005¢%2
0,23 - 0,0097*

— 3% gk __ —1%

o oy e | 1 9>
{Iga(;?]f:]* [CLE%O“]E} mpu y*<C0;  2*<C([Ca®f —0,001)
npu [Ca* [802—13‘, 2* < ([SO5 ¢ — 0,001)
npu [Ca®[*>>[SO3~T5; 0,5 {{HCO; )% + 4 ([SO:To —
— 29 + [CI"Fs + 1 ([Ca>*)F — 2*) + 4 [Mg>*Ts +

y + [Na*ly + [K*Ts} = n¥;
piexp — 5 = pn5  ([Ca¥f — 2% ([SOF 1§ — 2*) antilg X

2 4- 10,258+ V u*
)
I+ B* Vm*(lo 25 + 25,58} p%)
—(322+exp )105
[SO;~ 15 —2* =[SO Tk
[Ca;"]*o— 2¥ = [Cazf]*] } mpu z* >0,
[SO;—1¥ =[SOf ¥
[CaZ+]* — [Ca2+]*
[CIT: = [CITTE;  [Mg*]§ = [Mg®'l%; [Na'[§ = [Na'],
(K = [KHE,
rae C* — KOHUEHTPAUUH KAaXJOTO U3 TMIABHBIX HOHOB B peamz-

HBIX BOJAaX, MOCTYNAIOUWIHX HA MOBEPXHOCTL mnouswl; C,, Ci —
TO €, COOTBETCTBEHHO B TUIOTETHYECKHX W cxoppexmposaﬂ-
HBIX pacTBoOpax.

antilg x

1075,

} mpu z*¥ < 0;
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DM upHuecKue 3aBUCUMOCTH IIPH ONHCAHMU NPOLECCOB OCAK-
neuusi CaCOz; u CaSO, BbiBeneHbl Tak Ke, Kak IpH oOllepanusx
7,9; onepanus ocaxzenusn MgCO, omyckaercs BCIeACTBuE
NPAKTHYECKOro OTCYTCTBHUA ero u30bITKa B HH3KOMUHEDaIH30-
BaHHBIX pacTBopax (MOBEpXHOCTHBIE, aTMocepHble, HppHTa-
LIHOHHbIE, NPecHbe IMOj3EMHbIe BOJbI).

Onepayus 3.

(Cr +_E:5i )exp[ G5 =% | Mnp (vl—vz)+M*U2}_

U — Uy (xr - xrp) (1 — ) Mr (vy —vs) + M*u,
— g
—_ CKUi - (_:Tp,
Uy —Ug

rpe C, — dakTuyeckue KOHIEHTPAUMH KaXKIOrO U3 IVIABHBEIX HOHOB
B COOCTBEHHO-TPYHTOBHX Bojax; My, M., M*— dakTuyeckue
MHHEpa/IM3al{y TIOPOBBIX BOJ B TOJOLIBE 30HBI TPAHCIMPANUH IIPH
BJAAXKHOCTH, PABHOH [TONHOH BJAArOEMKOCTH, COGCTBEHHO-TPYHTOBBIX
¥ BOj, TNOCTYNAIOMWMX HA MOBEDXHOCTb NOYBbI B peasibHBIX YCJIo-
BUSIX; Uj, U, U U;, U — COOTBETCTBEHHO CKODOCTH HCIAPEHHs U
BOZOMNOCTYIIEHHS B pealbHbIX U TPOTHO3HBIX YCJIOBHAX; Xr, Xuep
1 T, Xgp— COOTBETCTBEHHO TJIYOHHBI 3ajeradust COBGCTBEHHO-
IPYHTOBLIX BOJA U TOAONIBH 30HEI TPARHCIHPAIUH B PEANbHBIX U
NPOTHO3HBIX YC0BUAX; Gy, — MPOrHOSHEIE KOHIEHTPALHU KaKA0TO
H3 TIJIaBHBIX HOHOB B THHOTETHYECKHX pacTBopax, IPHYPOYSHHBIX
K nogowse 30HH Tpaucuupanud. ([Ipy X 2= x 2> Xy, pacCUUThIBa-
I0TCS BeJIMUMHB! KOHIEHTpPanuil HOHOB /151 JTI00Or0 FOPU3OHTa 30HEL
HHQUIALTPAI ).

Onepayus 4.
Uity (I My —InMyy) Pe: V Pe(vy—vs) _ U
;Tp (1 — 203) ' vy ’

H
=
—= \ exp — 2dl = erf H;
Va )
Xypla

——— =}* HpH 51 > 52; }Tp =.TC* HpH 51 <52;
Uy

H
Boloie T o 9
VPelow —x) _ gy Vn—.g‘ exp — I*dl = erf H;
0

Uy Xgp

191 Uy x,‘.p

e = o =g
@-If—ﬂiie-(erflff——erf H)exp| Pe (vulp) ] = F}
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- = = - ~ =2
23Xy, (xrp —x*) 4 ux* —
V1%

(Cep + CEF) exp {Pe{l —
®

W, WeW, CW,—W,
; — = Cy;
W—Ww,

r

61 [HCO; ], + 96[SO;~1, + 35[Cl"], + 40 [Ca?*], +
+ 24 [Mg?*], + 23 [Na*], + 39 [K*], = M,,

mar = 1|

rie M, — dakTuyeckas MHHEpanM3alUs MOPOBOTO pPACTBOPA Ha
NOBEPXHOCTH TOYBOTPYHTA IPU BIaXKHOCTH, PaBHOH NoMHON Bia-
roemxoctH; C,— MPOTHO3HBIE KOHUEHTPAIHH KaXJOTO U3 IJaBe
HBIX HOHOB B THINOTETHYECKHX PaCTBOPAX TOPH30HTA MAaKCHMAJMb-
HOTO COJIeHaKONNeHHs B 30HE TPAHCIHPAIUH.
(Tlpy x = X* pacCYMTHBAIOTCA BEMUUMHHI KOHIEHTPaUKi HOHOB
JJIs o6Oro FOPH3OHTa 30HBI TPAHCIHPALHH).
Onepayus 5.

017l (W, — W) V B*[CIT], 10
0,3241 4 0,00017¢ = B; T W —ed) ) BT e =
= [Cl_]m

rae [Cl"|x — koHeunas KoHueHTpauus HoHa; [Cl7], — xoHueHTpa-
U5 HOHA B TMIOTETHYECKOM pacTBope; B — sMIiHpuyecKas 3aBH-
CHMOCTh, HafileHHas Mo AaHHbIM Ta6u. 24; { — TemnepaTypa pact-
BOpa, rpal; d— IUIOTHOCTb [acTBopa, KI/J; g — IPUBEAEHHI B
taba. 18; a — smnupuyeckas BENHYMHA, paBHAR 3HAUEHHIO Vo103
B Toukax IepeceyeHHs rpadykoB, NPHBEACHHBIX Ha pUC. B, ¢ OCHIO

(Vno - Vgo) Vw—d;

opauHat (Vio); b = o5 B moBoit Touke rpadHkos,
NpUBEICHHBIX HA DHC. D,
Onepayus 6.
Mg?*), — ([Cl'lk— [CI- (Mg*], — (Mot
[ g ]0 ([ ]K [ ]0) 2[Mgz+]o+[Na+]0+[K+]o ‘—'[ g ]1;
+ - ™y - Nat +
[Na*ly — (Ol s — [CI"lo) e, ey TRy = [N&'hs

[K'lo — (Ol — €10 gy oy e = (K

Ancopbuusi MOHOB KalbLidsi He YYHTHIBAETCH B CBSI3H C TeM,
4YTO WX KOHIEHTPALMS ONpeAensiercs IMIaBHHM o0pasoM COCTosi-
HUeM KapGOHATHO-KalblUeBOHl U KaTHOHOOOMEHHOH CHCTeM.
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Onepayus 7.
A = 0,4883 + 0,0008¢;

y <([HCO;7}, —0,001) mpu [HCO;}, << 2[Ca?t],,
y <(2[Ca**}, —0,001) mpn [HCO7}, > 2[Ca?*],,

0,5 {([HCO;7 ], — y) + 4 [SO; ]y + [Cl"Jx + 4([Ca*], —
— 0,5y) + 4[Mg**]; + [Na+]1 + [K*];} = py;

by €xXp — 3—2 = WUg; (10.15)
([HCO3 1o — )2 (ICa?*]y — 05y) .
[CO] antilg x

o {_QA{ Vin+2V i+ 7,958V ) }} _
14 B(4.25) 1y + 6V pa+ 25,5By,)
1,43 4+ 0,024¢ — 0,0005¢2 , . ..
= 0,23 1- 0,000 107% (10.16)

[HCO5}, — y = [HCOz 1,
[Ca?*], — 0,5y = [Ca®*],
[HCO; ], = [HCO; ),

[Ca%*], = [Ca®*]y

rie [CO,] — konuentpauusi cBOGOAHOrO JHOKCHAA YIViepoja
B pacTBope, BMEILAOMEMCS B MOYBOTpYyHTAaX; A — sMmupuue-
CKasl 3aBUCHMOCTb, HafiAieHHast 1Mo JaHHbIM Tabna. 24; 0 <C ¢ < 30.

3aBucumocth (10.15) HaliieHa B COOTBETCTBHH C IpaduKoM,
OpUBE/EHHOM Ha pHC. 8; aHTuJIorapupm COOTBETCTBYIOLIErO BhIpa-
wkenus B ypaBHenuu (10.16) B avmnupHueckofi dopme yuuThBaer
ko3bdunyents aktuBHoctu HoHoB HCO; u Ca®* B pactsope, Be-
JIUYHMHBL KOTOPBIX MOJYueHBl M0 ypaBHeHmo Hebas — XwokKeas
¢ yueroM norpaBki K, (puc. 8); npasas gactb ypasuenus (10.16)
B 3MIUPUYECKOH (hopMe YUHUTBIBAET KOHCTAHTHI JHUCCOLHANUH
Yro/bHO# KHCJIOTH MEepBOl W BTOPOH CTyNeHeH W Mpou3BeleHHe
pacTBOpUMOCTH KapOoHaTa KajbIHA B BOJAE B 3aBHCUMOCTH OT
temmeparypsl (taba. 30).

Onepayus 8. IMpu 2[Ca®], < [HCO;], uckmouaercs onepa-
qug 9 u pacuer . BRIMOJHSIETCA B COOTBETCTBHH CO CJEHYIONIHUMH

ypasHenuamu: [SO; ], = [SO; J; [Ca®*], = [Ca®*],;
r < ((HCO;}, — 0,001) npu [HCO;, < 2 [Mg*],,
r < (2 [Mg*], —0,001) apn [HCO;], =2 [Mg**];;
0,5 {({IHCOz ], — ) + 41SO;~ 1o + [CI I« + 4[Ca®*], +
+ 4 (IMg**], —0,5r) + [Na*], + [K*],} = pg;

} o y >0,

} opn y <0,
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bs . (HCOFT, —n? (Mg, —05r)
Hgexp — g:é = [y} iCO.l

xanmg{ﬂm{ V s+ 2V pa (148258 1V 1y) ]} _

14 B (425 V pg+ 8 V pa + 34Bus)
__0,524-0,015¢
= 0,23 10,009 °*
[HCOy ], —r = IHCO::JK}
{Mgz-i-]l _0,5'. — [Mg2+]2 HPI/I r > 0;

[Mg2*], = [Mg*], } nput 7 <0.

Bee aMmupuyeckHe 3aBHCHMOCTH B aJirOpUTME BOCBMON one-
pauuy HalAeHbl C€HOCO0OM, aHaJOTHUYHBIM JJIA  ApeAblyet,
C yYeroM TOTO, YTO KOHIEHTPallM{ HOHOB Ka/ibIusl B PacTBOpe 3a-
MeHEeHBl HOHaMH MarHusi, a npoussefeHue pacrsopumoctd CaCO,
Ha npousBenenue pactBopumoctn MgCOs; 18 < f < 25.

Onepayus 9. Tlpu 2{Ca®]; > [HCO;], nckimouaerca onepa-
uust 8 U pacyer BLIIOJIHAETCS B COOTBETCTBUH C YPaBHEHHSIMH:

[HCO;], = [HCO; 1« [Mg*']y = [Mg**],;
2 < (ICa], —0,001) mpu [Ca?], < [SO%,,
2<{([SO; 71, —0,001) mpu [Ca®], > [SOZ—],;
0,5 {[HCO; Ik + 4 ([SOf7lo — 2) + [C"I« + 4 ([Ca**]; —2) +
+ 4 (Mg, + INa']y + (K]} = s oy = exp — 55 = pig

(ICa?*ly — 2) (ISO3 1, — 2) antilg x

oy ——~{ 241095 Y/ ity }g
x{ Vg 1+ BV 1, (102542558 1 15,)

= (3,22 +-exp —19) 1075 (10.17)

[Sog_]o —z= [SO:’“]K}

(Ca, — 2= [Ca*], | P 2> 0
[SO3 1, = [SO;~ I«
{Caz+]1 = [Ca?*],

} npu 20,

Tpetufi MHOXKuTeNsL JIeBoi wactd ypaBHenust (10.17) yaure-
BaeT KO3(unMeHThl aKTHBHOCTH HOHOB KajdbLusi H CYAb(paToB
B pacTBoOpe, mpaBas 4acThb YPaBHEHHS — 3aBHCHMOCTbL [pOH3Be-
nenusi pactBopuMoct CaSOy B Boje OT TemmepaTypel pacTBopa
(rabn. 31); 18 < 1 < 25.
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Onepayus 10.

—([Na*], —0,001) < A << (2[Ca?*], —0,001) mpu 2 [Ca?], <
< Na's u [Na*], <2Ca®*3, ——(2 Cai*s —-0,001) <
<A< (NaTa — 0,001) mpa [Na*], =2 Ca?*§ u 2[Ca**], >
= Na*8; 0,5 ((HCO7 + 4 [SO2—} -+ [Cl} +
+ 4({Ca®*], —0,54) + 4[Mg**]; + (INa'h, + A) + (K} = piy;

(ICa%]y — 0,5A) (& - %)

K exp 2 p’Sr — A
(INa*], -+ A)? (ca2+ +05 Ts“)

. — 14-25BV 1, } .
X anmg{—QA Vi [1 T BV m, (10,25 + 2558 V;Ta)] =Ky
[Ca?*], —0,5A = [Ca®*] _
[Na+]12+ A = [Na+]K } pu A = 0,

— e
rae Ca%*, Na* —KOHUEHTpalMd HOHOB B OOMEHHOM KOMILJIeKCe
—

nopoﬂmonb/looo Kr, K;— KOHCTaHTa paBHOBeCHSI KaTHOHHOTO
oOMeHa.

Onepayus 11.
— ([K*1, —0,00) S 0 2 Mg}y —0,001) mpn 2[Mg™], <
<K' u (K7, <2 Mg, —@Mg#—0,00) o< (K75 —

—0,001) npu [K*], > 2Mg2+a u2[Mg¥, > K+a 0,5{[HCO; I+
+ 4[SO2 Ik + [Cl ]« + 4 [Ca2+1x +4 ([Mg2+]2 —0,5¢)-+[Na*jc+
4+ (K, + @)} = My, My exp —5 = My

([Mg?*], — 0.5¢) (}S 9 )2

- antilg {—2AV;T10 %
(K] + 9)® (Mg2+ + 9’61")

1 —28Vin .

X[ 1+BVE(11+24BV;TN]} Ko

[Mg®*], — 0,50 = [Mg®]« _
[K*], + @ = [K*] } mpr @ = 0.

Bce o6ossauennst aHaJOrWYHbl NMPUBEIEHHBIM B onepauud 10.
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Onepayus 12.

61 [HCO; ]« + 96 [SO; ™I« + 35 [Cl ]« -+ 40 [Ca?*], +24[ Mg?*] -
4 23 [Na*], + 39 [K*]x = My 0,5 [HCO; } — ([Ca®*]x +
+ [Mg*],) = Cog; —de &7 _ e

g K — g’ MKIN3+]K - QCy

M, — 112[Ca?*}, — 25 [HCO ] = M1,

rae My — cojep:KaHHE pacTBOP HMBIX coJlell B pactBope; Cog — u3-
OBITOK THIPOKAPOOHATHBIX HOHOB [0 CPABHEHMIO C KOHLEHTpa-
UAMH, KBHBAJEHTHBIMH KaJbU{I0 M MaruHio (cosoBoe 3acoJe-
uue); Koo — KO3POULIHEHT OCONOHIEBaHUs; My — cojepKaHue
TOKCHYHBIX COJIEl B PAacTBOpE; BCE OCTanbHBIE 06O3HAUECHHS,
BCTPEUAIoildecs BO BCeX YDABHEHHUSX, Te XKe, YTO W B Npebily-
X pasjenax.

HcxonHble H 3agaHHbie BeJTHUHHbI, HCMOJb3yeMble B MOLE/H,
JInf BLINOIHEHHS MATEMATHYECKOTO MOIEJHpP OBAHHS MeHopa-
THBHO-THAPOXUMHYECKOi OOCTAHOBKM B Mpefenax TeppuUTOpHil
C eCTeCTBEHHBIM BOJHO-COJIEBBIM DEKHUMOM TPOEKTHPYEMBIX HJH
SKCIIYATHPYEMBIX OPOCHTEJIbHBIX CHCTEM HJIH MACCHBOB CJIEyeT
NOJIyYHTh DPAA KCMNEPHMEHTAJbHBIX MOJNEBHIX W Ja00paropHHIX
JAAQHHBIX, 4 TAKKe PACCUUTATb DsAJ BETHYHH, 3HAYEHHS KOTOPHIX
6yayT UMeTb MeCTO B YCJIOBHAX NPOTHO3UPOBAHHA.

1. TlepeyeHb HCXOAHBIX 3KCNEPHMEHTANLHLIX BE&JUUHH! a) BOI-
Ho-(usuueckue: o, Ay, Xry Xrp, Uy, Uy, U, Wy, Wo, £* (Temue-
paTypa MoCTyNAalouiMX Ha NOBEPXHOCTb 3eMJ Bop), ¢, d; 6) rui-
poxumuyeckne: [HCOS T, [SO, 0 1e ICI7]e,  [Ca?],, [Mg™),
[Na*l,, [K*] (KOHueHTpaum KaXJ0TO HOHA COOTBETCTBYET Be-
Juuune Cr B Mojenu) u Ap.

2. Benuunubl, sajaiomyecst 08 YCAOBHH TNPOTHO3HPOBAHHS:
a) NOCTOSIHHBIE: ¥rp — HAXOJUTCH B 38BHCHMOCTH OT KYJBTYDHI,
Rotopas 6yger BO3AENBIBATHCH; U, — HAXOAUTCH 0[O MEeTOIHKe,
npuBeneHHoOH B pasfene I naHHOH rmaBel; 7 — paccUUTHIBAETCH
ANl DPOTHO3HBIX VCJOBHH MeTo/aMu MeJHOPATHBHOH THA-
poreosoruu; [HCO; %, [SO27T%, [CI7]*, [Ca%*]*, [Mg?*]*, [Na‘]*
[K*]* (KOHLEHTpauMst Ka¥jJ0ro HOHAa COOTBETCTBYeT BEHYHHE
C* B Mo sieMH); [CO, ]* 6) HEPEMeHHbIe Xr, X, W, 0 (Geapas-
Mepuas BenuyuHa), y*, y, r, 2, Z%, A, @ —KOpPHH COOTBETCT-
BYIOUIMX YpaBHEHH.

Peasnsaunua aaropurma, C INOMOLIBIO CHCTEMBl 8JTOPHTMOB,
ONUCHIBAIOIIAX MPOIECCH MEPEMEUieHHs CoJell H TPaHCPOopMUpo-
BAHHUS XMMHUUECKOIO COCTABA TMIIOTETHYECKUX pacTBOPOB B HOYBO-
rpyurax (onepamuu 1—12), MOXHO NPOTHO3UPOBATh TaKue 3Je:
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MEHTBl MeJHOPaTHBHO-THADOXHMHYECKON 0OCTaHOBKM, Kak IIpe-
JeTbHO JIOMYCTHUMBlE YDOBHH HPPHUTALHOHHO-TPYHTOBBIX  BOJ
(111¥), npenenbHO NOMYCTHMBIE KOHIEHTpPAUHH XUMHUECKHX MH-
TpelHeHTOB B WHOUIbTPaUHOHHLIX Bofax (/1/[K), B1axuocTs
toxcuuHoctd (Wr), nmopor conesacelmenust ([ICH) u BnaxuocTh
conenacoiuennst (Wes).

Xr = I1[1Y, ecnu Nocie MOACTAHOBKM 3TOTO 3HAYEHUT B MO-
gens mpu @=1, Cx, W = const senuuuum [Cl- | [SO4 [
[Na‘l, M, M,, MT, Co0d unu K, paBHbi TOpOraM TOKCHUHOCTH
{raba. 61); npu stom 3a [1/[Y npunumaercss wuaubonbiuee u3
HOJIleEHHbIX 3Hauenuff Xr.

Ci =[AK, ecnu nocie NOACTAHOBKH STHX 3HAYEHUH B Mo-
Jenb npH X, W = const Besmuuunsr [Cl7y, [SO4 I, [Na*]l,, M,,

M, Mr, Cod unu Ko PaBHBl IIOPOraM TOKCHYHOCTH; NPH 3TOM
3a [1/[K nNpuBUMAlOTCS HAUMEHBIIHE U3 NOJYYEHHBIX 3HAYeHHH.

W = W,, ecan nocie mNOACTAHOBKH TOTO 3HAYECHHS B MO-
Aenb  MpH 0=1, x, C* = const BemuuuHEL [Cl7 ), [SO4 s
[Na*),, My, M., Mr, Cod umt Ko paBHbl MoporaM TOKCHY-
HOCTH; NDH STOM 3a W, npuHumaercss HauGosbllee M3 MOTYYEH-
HBIX 3HaYeHHH,

C.=ICH, ecnu mocne NMoaCTaHOBKH _9TOTO_3HaueHUst B MO-
Jenb NPH U3MEHCHUH OAHOH U3 BeJHYHH xr, W umu C* senu-
Y{HB I, r UM 2 PaBHBl HOJMIO; IPH y = 0 HauyHaeTcs BblNajeHHe

CaCOy; nmpu r =0 nauuHaercss Boimagenue MgCO,, npu z=0
naunnaetcs BoimageHue CaSO,.

W = W, €C1H nocile MOACTAHOBKH 3TOr0 3HAYeHMS B MOJeNb

mpa 8 = 1, x;, C* = const Benuyunnr C, paBubl NoporaM cose-
naceenus CaCO; MgCO,; u CaSO,.

Benmuuunn X, CK, W, C., paBHLIE 3TeMEHTaM MEJHOPaTHB-
HO-THAPOXUMHUECKOH oGCTaHOBKH, HAXOAATCA METONOM HO/ICTa-
HOBKH pa3MHUYHBIX WX 3HAYEeHHA B MOJIe/Ib, HOKA HE BhIIOJHATCH
BBIIIENPUBEAEHHBIE YCJIOBHS,

Kpome Toro, Mojie/b MO3BOMSIET NPOTHO3HPOBATh pacipejelie-
HHe coseli mo mpodu/io TOMILM AaKTHBHOTO BojoconeobMeHa IpH
3ajauHbIX 3HaYeHUAX xp, W u C*.

[lporpamMma - MOAETHPOBaHHS  MEAYOPATHBHO-THAPOXHMHYE-
CKOil 06CTaHOBKH, CO3/IaHHAs B COOTBETCTBHH C BbIIENDUBEIEHHOH
CXeMOll NI YNPaBJAIOUIEro BoMHCIHTENbHOTO KoMmieKca CM3,
nospoauaa paccuyurare Benmuusel [1Y, IOK, W, [CH
¥ Wey A1 TUNOBBIX yuacTKOB fora ¥ CCP. Pesyaprathl ObLIY HC-
NO/NBL30BaHbL [PH OLEHKE 0COGEHHOCTEH (POPMUPOBaHHA U PEXKHUMA
MeJmopaTGHBHo-mﬂpoxnmnqecxoﬁ 0GCTaHOBKH,  INpUBEICHHOH
B riase 6.
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§ 3. Maremarnueckoe MOJeNHpoOBaHKe
ONTHMaNbHOX MENHOPATHBHO-THAPOXMMMHUECKOH 06CTaHOBKM

Llenni0 MOZEHPOBAHUS ONTHUMAJLHONH MEHOPATUBHO-THAPO-
XHMHYECKOH OGCTAHOBKH SIBASIETCSI NPOrHO3HPOBAHHE ONTHMAJh
HOFO JUisl TPOU3PACTaHUsl CeNILCKOXO3SHCTBEHHBIX KYJALTYD THJ
POXMMUUYECKOIO PeXUMa B aKTUBHOM CJIO€ MEJIHOPUPYEMBIX IOYB
B YCJOBHSIX MHHHMMA/JIBLHBIX OTPUHATENLHBIX IOCAENCTBHHA I -
HOHHO-COJIEBOr0 PEXUMa IOBepXHOCTHHIX BOj GaccefiHa, B mpe-
Leqax KOTOPOro PACHOJIOXKEHBl opollaeMble 3eMjid. 11pOrHosupo-
BaHHE BBINOJIHAETCS C MOMOIILIO MAaTEMAaTHYeCKOro MOJeaupoBa-
HHSl MeJHOPaTHBHO-THAPOXUMHUECKOH o6CcTaHOBKH (Mojgeab 1)
B COYETAHHM C MAaTEMAaTHYECKUM MOJC/JUPOBAHUEM BJHSIHHSI OPO-
CHTE/bHBIX MEJIHODAuHil Ha THAPOXUMHUECKHH DEKHM DPEYHOIo
Gacceiina (Monenb 2). MeToinka MOJENViPOBaHHS COOTBETCTBYHO-
HIMX IPOUECCOB IIPUBEIEHA B JaHHOH IVIaBe H B ryase 9.

Mpegesbtble BEeJHYHHBI, HCHOJb3YeMble B MojgeaH, K pBax-
HefllluM INpelefbHBIM BEJIHYMHAM, ONPENessIOUUM MeJHOpAaTHB-
HO-THJIPOXHUMHYECKYl0 00CTaHOBKY 6e3 yuera BIUSIHHS Ha T'uApo-
XUMHYECKHH pexxuM peyHoro 6accefiHa, THIPOXUMHUECKHU PEKUM
BOJOTOKOB B YCJOBUSIX OPOIUCHHS!, MENHOPAaTHBHO-THAPOXUMHU-
yecKylo OOCTAHOBKY C Y4YeTOM BJIHSHHS ODOCHTENLHEIX MeJHopa-
UMl Ha HOHHBIH PEXHM PedHbIX BoJ (ONTHMAaJbHAS MEJTHOPAaTHB-
HO-TMAPOXHUMHYECKasl OOGCTAHOBKa) M THAPOXUMHYECKHH pEXKHM
BOJOTOKOB B YCJAOBUSIX ONTHMAJBHOIO COCTOSIHHS MEIHOPATHBHO-
CHAPOXUMUYECKOH OOCTAHOBKM, OTHOCSITCSI! NpElehHO JOIMYCTH-
meit (I771¥), npenensunti (I1¥), kputnueckuil (KY), npeneabHEH
Kputuyeckufi ([/IK¥Y), onTHManbLHBIE NpPEAENbHO AOMYCTHMBIH
(I11¥0) ypoBHM HPPUralHOHHO-TPYHTOBBIX BOJX; HPeIeNLHO J0-
nyctumele (/TZK*), npeneastsie (/1K), ontuma/bhbie mpenenb-
Ho jonyctuMble ([1[JKO) KOHUEHTpauuu HOHOB B BOAAaX, MOCTY-
[aIHUX Ha NOBEPXHOCTL IMOYBBI, HJH B OPOCHTEJIbHBIX BoJaX;
BJIaXKHOCTh TOKCHYHOCTH (W) U ONTUMAIbHAS BJAAXKHOCTD TOKCHY-
HocTH (Wro); opor coeHachbimenust ([ICH) u ontuManbHbIHA HOpoT
coseHacuimenusn (OIICH); upeneabras (/1710) u onTumaibHas
(OI10) niowaiy OpPOLICHHUS; BJIAXKHOCTDL codeHachiuieHus (Wey,) H
ONTHMaJbHasl BJAAXKHOCTL cofieHACHEHHST {(Weno).

®opmyaupoku nousrudt [14Y, KY, IIK*, W,, [ICH, W,
[y, IKY, I[IK, 1110 npusefeHs B npeapiayuux pasfenax. Be-
auguns [171Y0, I1IIKO, Wy, OIICH u W40 COOTBETCTBYIOT BE-
auyunam [11Y, IJIK*, W, [ICH u W, B ycjoBusix, Korjia 3Ha-
YeHHsl CPelHeCYTOYHLIX 33 pacyeTHLIA MepHoj Mokasaresneil cTOKA
HOHOB (P,,_;) paBHbI OPOraM cO/ICBOI HArPY3KH HA [IOBEP X HOCTHDIE
BOJpI HcciaenyeMoro pedHoro Gaccefima (/1H). dopmysnpoBKa
noustua [IH upusenena B rsase 9. Beauuuna OI10 coorsercT-
pyer penuuyuse [1fI0 B yc/a0BHsX, KOTJA KOHIEHTPAUHH XHMH-
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9eCKHX HHIPEAHEHTOB B IOPOBOM pPAacTBOPE FOPHU30HTA MAKCHMAJIh-
HOCO COJIEHAKOTVIEHHs! aKTHBHOTO CJ10S [IOYBHI NIPH €€ BJAAXKHOCTH,
paBHOii HAauMeHbIleH BJIArOEMKOCTH, COOTBETCTBYIOT HX [OpOram
TOKCHUYHOCTH,

Asnroputv Monean, MaTemaTHyeckKoe MOAENHPOBAHHE OIITH-
ManpHOH MeTHOPaTHBHO-THAPOXUMHYECKOH OGCTAHOBKH OCHOBa-
HO HA OJHOBPEMCHHOM HCIOJIb30BAaHHE Mojesed 1, 2, mpuHUMIIL
COCTaBJIEHUs] KOTOPHIX IIpHBEAEHBI Bhille. AJIrOpuTM mpeaJara-
eMoii MoziesTH (MOzieIb 3) OCHOBAH Ha HCHOJIbL30BAHHH ANTOPHTMOB
mogenefl 1,2, B KOTOpBIX NepBBIE ONEpauny COBNAAAOT, a onepa-
qusM 2—3 B anroputMe | COOTBETCTBYIOT onepauuu 2—5 B airo-
put™Me 2.

Peammzauus aaropurma, C IOMOINEIO CHCTEM aJrOPHTMOB MO-
JeTd Ut YCJOBUH YCTAHOBHBIIErOCH BOJHO-COMEBOrO PeKHuMa
npH JMOOBIX 3HAYEHHAX BEJMYHH 72 U [ B Ipelesax NEepHOla CTa-
6uH3aiuy MOXKHO NMPOTHO3HPOBATh BCE HEOGXOAUMEBIE 3JEMEHTHI
OITUMATBHOH MeNHOPATUBHO-THAPOXHMHUECKOH OGCTAHOBKH.

Pacuem onmumarvHoix npedeasHo  Gonycmumblx iy posHeli
UppULAYUOHHO-2pYHMOBbix 800. xr = [I[1Y = 1Y = I1]1¥0,
ec/ly 1oc/ie NMOACTAHOBKH 3TOrO 3SHAaYeHust B Mojeanp npu 0 = 1
il * o —
C* W, Sop=const, semaunn [Cl7], [SO; l, [Na‘ls, M,,
MK, Mz, Cod, Ko paBHbI noporaM TOKCHYHOCTH, & BEJHUYHHEI

SO
Pn_,, Pr%, Pn_;, Pt paBHBI [IOpOraM CONEBOH HArpy3Ku Ha
peunoit Oaccefin; npu atoM 3a [1/]Y npunuMaertcss HanGOJbLLeE,
a 3a /1Y HaumeHblllee U3 IOJYUYEeHHBIX 3HayeHudl X,. B ciyuae,
€CIH 3TO YCJAOBHE HE MMEeT MeECTa, CICAYET H3MEHHThL B IIpe-
Jenax JONYyCTHMOro HEO6XOAUMbie 3HAueHHs OfHON H/IH HECKOJb
gkux pejuun u3 0, C¥ W, S,p, 10Ka ycaoBHEe HE BHITONHATCS.

Pacuern onmumanreroix npedeisto Jonycniumolx KOHYEHMpa-
LWL'Z UOHO8 8 000X, NOCMYNAOWUX HQ NOBEPXHOCIML NOHBHL.

Ch = INJIK* =K = [IIKO, ecau mnocie MNOACTAHOBKH 3STHX
sHAYCHHH B MOAETb NpH Xr, W, Sop = const Besuyunbt  [Cl7],
[SOZ 7], [Na*ly, My, My, M1, Cod, Ko paBHBI MOPOraM TOKCHY-

0 M .
HOCTH, 4 BeHauHb Pol,, PooY, pYe, P, paBHBI 10pOraM CoJIeBOH
Harpysku; npu stom 3a JIJK* n IIK npuHHMAOTCS HaUMEHb-
IUMe H3 TONYUYeHHDLIX 3HAUCHHH Ci. B cayuae, ecu 3TO yc/oBUe

HE HMEeT MecCTa, CJAeAyeT HU3MEHUTL B IIpepeaax ﬂOl’chTHMOI‘O
HEOOXOAMMbIE 3HAYEHHSI ONHOH WJIM HECKORBKHX BeJIHYMH H3 X,-,

W, Sop, NOKa YCJIOBHE He BLINOJHHTCS.

Pacuem onmumanrsuoix eaaxcrocmell moxcudnocmu. W o=
= W, = Wy, €CId 1Nocae M0JCTAHOBKM ITOTO 3HaYEHHS B MO-

nens mpu 6= 1; C* x. = const, Bemmuunsl [Cl7]x, [SO; " 1,
[Na*lx, M,, My, My, Co0d, Koc paBHBI moporaM TOKCHYHOCTH
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(32 W, npununMaercs HauGoibiee H3 nonyqemimx 3HaYeHuH),

SO
a opna us Bemuun Ppl,, Ppo%, P2, Pil; pasma mopory co-

JIeBOH Harpysku. B ciyuae, ecqu 3TO yc/oBUe BE WMeeT MeCTa,
cjelyeT U3MEHUTh B IpelesiaX HONYCTHMOIO HeOGXORuMble 3Ha-
YeHHs! ONHOH WJIH HECKOJIbKHX BesimuuH u3 0, C* x., S,p, noka
YCOBHE He BBINOJIHUTCS,

Pacdermn OnmumaibHolX NOpo2o8  COACHACHIUEHUS. Cy =
= [ICH = OIICH, eciu mnocie TNOACTAHOBKM 3TOr0 3HAUYCHHS
B MOJeJb NPU H3MEHEHHH OJHOH WUIM HeCKORLKHX BesMudH u3 0,

C’; X, W, S, on B yClOBHAX, KOrja omHa u3 Benuumn PSS,
O
P, Pn_[, Pn_.L paBHa MoPory CoJeBOH HArpysKH, BeJHYHHBI
Yy, r WIH 2z PABRBI HOJO; TpH y =0 HaAUHHAETCs BLIMALEHHE
CaCO,, npu r = 0 naunnaerca Bbmagenue MgCO,, mpu 2= 0
HayuHaeTcst Bolmanenue CaSQO,.

Pacuem onmumaisbrolx 8AQscHOCTEN COACHACOILUEHUA. W =
=W = Weno, €CAM MOCHE TMOACTAHOBKY 3TOrO 3HAYEHUs

B Mozenb npu =1, C*, x,, Sop = const B ycnopusx, xorga

S N
OZHA M3 BEJUUYUH Pn_,, Pn(_",, PR2;, PY_, pasua mopory cose-

BOll Harpysku, BeuuuHnl C, paBHH NOPOraM COJIEHACKHINEHHS
CaCO,, MgCO; umu CaSO,. B cayuae, eciu 31O yCJIOBHE HE
uMeeT MeCTa, CJAeAYeT H3MEHUTb B Npejenax AONYCTUMOro Heol-
XOJUMBble 3HAYEHUs ONHOH WM HECKOAbKHUX Benndun us 0, C¥
%r, Sop, NMOKA YCJOBHE HE BBLIIOJHUTCS.

Pacuem onmumairvroll niowady opowenusn. S = 1110 =
= 0II0, ec/H M0CJ/le MOACTAHOBKH 3TOTO 3HAYeHHs B Moaem) npu

0=1, C* x., W= const BesmuHubI P,,_,, Pnsg:, e, P,
paBHbI noporaM cosiepofl Harpysku (3a /1710 mnpunHuMaeTCs Hau-
MeHbllee U3 NOJNYUYEeHHHIX 3HaueHuii), a opma u3 Benuyur [Cl7l,
- okl L)

[SO, 1, [Na*lk, M, My, Cod, M1, Ko paBHA TOpOTY TOK-
cuyHCCTd, B ciywae, ecnu 4TO yC/IOBUE HE HMeeT MecTa, CJie-
AyeT u3MeHUTL B Ipejenax AOIMYCTHMOrO HeOGXOAMMbie 3HAUEHHS
OJHOH WJIM HeCKOAbKUX BeJU4YuH u3 0, C xr, W [0Ka ycCJo-
BHE He BDLIMOJHHUTCH.

Besmuunn xr, Cp, W, Cx, Sop, PDaBHHE 3JieMEHTam OITH-
ManbHOH MesuoPaTUBHO-THAPOXHUMHUECKOH 06CTAHOBKH, HAXOAATCH
METONOM TNOACTAHOBKM Pa3nHUHBIX HX 3HaueHHH B MOJIE&Jb, NOKA
He BLINOJIHATCH BLILENPHBEACHHDIE YCJIOBUS; IIpOLECC MOJeJH-
poBaHusl OcymecTsisercs Ha OBM,

B pesyJibTaTe ecTeCTBEHHBIX MHOrOJIETHHX KOJe0aHuil ypoBHs
rpyHTOBBIX BOx B mpenenax II1¥0 + 0,5 AH asneMentsl onTu-
MaJbHOH MEeNHOPATHBHO-THAPOXHMHUECKOH OOCTAHOBKM MOTYT
NepuHOAUYECKH NpeBbINaTh WM GHITL MeHbIle AOMYCTHMBIX BeJIH-
yuH, OAHAKO B CpelHeM 3a MHOroJieTHe OHH PaBHBI NpeleabHO
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AonycTumbiM. Besnyunbl GayKTyanufi COOTBETCTBYIOUIUX 3Je-
MEHTOB 3a IpeJe/bl JONyCTHMBEIX 3HAYeHHA PacCYHTHIBAIOTCS my-
TEM IIOCTAHOBKM B MoOjelb IVIyOHH 3a/eraHusl HppUIaHOHHO-
TPYHTOBHIX BOJ, paBHbIX Xr & 0,5AH, rae H—T0 xe, ut0 B Gop-
myJe (5.1), B ycI0BUSX ONTHMAAbHOA MENHOPATHBHO-THAPOX He
MU4eCKOl# 06CTaHOBKH.

CxeMa MarteMaTHYECKOH MOJENH, NMPUBEJEHHOH BHIILE, SIBJsETCS
yueGHofi, B pabGouefi Mogenu, IpepycMaTpPHBAIOIEH [POrHO3UPO-
BaHHE 3/JIEMEHTOB MEJIHOPATHRHO-THIPOXUMUUYECKOH OGCTAHOBKM HA
JifoGofi BHYTPHTOAOBOH MepHOA, YUUTHIBaeTCA OCTaToOYHas 3aco-
JIEHHOCTh [OYBOrPYHTOB, H3MEHeHHe 10 NMPOPU/IIO TOJIIH AKTHB-
HOTO BOJiocOsIe06MeHa KOHUEHTpanufi cBOGOXHOrO AHOKCHAA yIvie-
pojia B BOJaX, BJIAXKHOCTH, IVIOTHOCTH, TeMIEPaTyphl IOYBOIpyH-
TOB, KO3bhhHIHEHTOB pacipejeneHusl KaTHOHHOro ofmeHa. Kpowme
TOro, NpsiMBIE W OGpaTHBIE 3aJaU¥ MOTYT peluaThCsl OTHOCHTEBHO
BEJIMUUHKI T,.
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