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B xnure ocsemaerca npofJema 3alluThl MOA3EMHBIX BOJ OT 3a-
rpA3HEHHS, OMACHOCTh KOTOPOTO BO3HHKAET B CBAI3H C BOSMOXKHOI
¢uabTpanHel B BOJOHOCHbHIE TOPH3OHTH HEOUHIIEHHBIX CTOKOB H
JKHIKHX OTXOJAOB NPOMEIILIEHHBIX NPeJNpHATHH, CTOKOB C CeJIbCKOXO-
351HiCTBEHHBIX TeppHTOpHil H T. . OXapakTepHaoBaHm obmue TpeGopa-
HHA K KauecTBY NOJ3EMHBIX BOJ KaK HCTOYHHKA XO3SHCTBEHHO-NHThE-
BOTO BOJOCHAOIKGHHS HACEJEHHA H TPOIeECCHl <«B3aUMOAEHCTBHS»
YHCTHIX IPHPOLHBEIX TOA3EMHLIX BOJ H 3arps3HEHHBIX CTOYHBIX KHA-
KOCTell ToJ BJAHSAHHEM THAPOJAHHAMHYECKHX H (PHSHKO-XHMHUYECKHX
dakTopos. ManokKeHH OCHOBH TEOPHH MHTDAMH 3arpsiSsHEHHH B BOXO-
HOCHHIX IJIacTaX M IpaKTHYecKas MeTOJHKa MNpPOrHo3a KauecTsa moid-
3eMHBIX BOJ B YCHOBHAX WX SKCIJIyaTalHH PAasjHYHBIMH THOAMH
B0OA03a60POB H HAJHUHA HCTOUHHKOB 3arpsisHenusi. Pacemortpenti
MEpONpHATHA MO 3alINTe MOA3EMHEIX BOJ OT 3arpd3HeHHs H caHH-
TapHOH OxpaHe B0/03260poB. OCBelleHsl METO/ALI THAPOre0IOTHYECKHX
H3LICKAHHN W MccJelOBAHHI NI Tefell onpefeJeHns (QHIHKO-XHMHAYeE-
CKHX TIapaMeTpoB M OGOCHOBAHHS YKa3aHHBIX MepONpHATHI.

Kunra paccuMTana Ha THAPOTEOJOTOB H HMHKEHEPOB, 3aHHMAIo-
LExcs MOHCKAMH, pasBelKOol H 3KcmiyaTalueil noisemusix Bofa. Ona
MOMKeT GHITh HCIOJb30BAaHA TAKIKE HAYYHBIMH PaGOTHHKAMHE NaHHOrO
HAnpaBJeHHs.

Ta6a, 21., ua. 84, cnucok JuT. — 154 Hass.
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NPEOUCJIOBHUE

TIpo6Gaema 3alIMTH MOJ3EMHBIX BOX OT 3arpA3HeHHs fABJSETCA B
gacTosimee BpeMsl BaKHOH COCTABHOM uacThio oOmwell K NpobJaeMbl
oXpaHBl OKpyxaiouleif cpemnl oGuranus. IIpecuble (cnaGomuHepa-
JIM30BaHHBE) NOA3EMHbIE BOJAbLI, IIHPOKO HCHOJb3yeMble IR
HYXKJ BOJAOCHAGXKEHHs, HAXOAATCS B TECHOM B3aHMOJCHCTBHH C
aTMoc(epoil H MOBEPXHOCTHBIMH BOJHLIMH HMCTOUYHHKAMH M BCJEI-
CTBHE 3TOrO INOJBEpKEeHbl HeOJaronpHATHOMY B/IHAHHIO TaK Hasbl-
BaeMbiX TexHoreHdmix (akropoB. HauGosee cyuiecTBeHHBIMH SB-
asoTes  (akropsl, 06yCJAOBIHBAIONHE 3arpsA3HeHHE TOJA3eMHBIX
BOJ. :
OnacHocTh 3arpsA3HeHHs MOJ3EMHBIX BOJ BO3HHKaeT B CBA3H C
¢uabTpalueil B BOJOHOCHLIE MJIACTBHI CTOUHBIX BOJA H KHIKHX OTXO-
JI0B TIPOMBINIIEHHBIX [POH3BOJCTB, X035HCTBEHHO-OBITOBLIX CTOKOB
rOPOJIOB M HACENEHHBIX MYHKTOB, CTOKOB C CeJIbCKOXO3AHCTBEHHBIX
TEPPUTOPHH H AP.

OcHosHble ycuaus B 60opbOe NMPOTHB 3arps3HEHHsT MOA3EMHBIX
BOJA JOJZKHEI HOCHTb NMPOGHIAKTHUECKHH XapakTep: CJEAyeT 3a-
paHee BLIBJSATH BO3MOXHBIe HCTOUHHKH 3arpsA3HeHdst H npeay-
C¢MaTpUBaTh HEOOXOAHMBIE MEpbl 110 NPEAOTBPANIEHHIO TOCTYILIE-
HHs 3arps3HeHHil B MOJA3eMHbIe BOJBL

HMMeercs, 0HaKo, HeMaJ0o TPHMEPOB YiKe TNPOHCUIEAIIEro 3a-
TpA3HeHHs TNOA3EMHBIX BOJ TIPOH3BOACTBEHHBIMH CTOYHBIMH BOJA-
MH, B UAaCTHOCTH, B pafiOHaX KOHIEHTpAlUHH XHMHUecKoi, He]Te-
XHMHUYECKOI, MeTajIypruyeckof H JApYrux «BOAOEMKHX>» oTpaciiei
npoMbiiigHHOCTH. TlocTynenne CToUHbIX . BOA B NbJA3eMHble BOABL
37ech NMPOHCXOAMT IVIaBHBIM 00pasoM B pesy/abraTe (QUIBTPAIUH
W3 NpOMBILLIEHHBIX GaccefiHOB — XBOCTO- H LLIAMOXDAHHJMIL, Ha-
KonuTeael, Hernapureseil W T. m. Boapmyio 0OMacHOCTbL B 3TOM OT-
HOUIGHHH TPEACTABASIOT TaKikKe TepPHTODHH CaMHUX NPOMBILIJIEH-
HBIX TpeANPHATHI H3-32 MMEIONIHX MecTO aBapuiimbix cOpocoB
CTOYHBIX BOJ H YTeUeK MOCJAeIHHX H3 [EeXOB M KOMMYHHKallHi.

Hepenko nopseMHble BOALI 3arpA3HAKOTCA  BPEIHBIMH KOMIIO-
HEHTAMH, COJAEpIKAIIMMHCS B ra3ofBIMOBEIX BeiOpocax NpOMBILI-
JIEHHEIX TpelnpHATHH.

Beaeacreue storo oGpasyiores Gosiee HMJH  MeHee KpYNHBIE
apeaJbl 3arps3HeHHil B BOJLOHOCHBIX IIJIACTAX, CO BpPEMEHeM yBe-
JHYMBaMOIINeCs B pasMepax M 3aXBaThIBAIOIIHME I€HHbIE YYACTKH
pacnpocTpaHEeHHst YHCTBIX NPHPOAHBIX NOA3eMHbIx BOA. Cnocol-
CTBYET 3TOMY HajJuuue JeHCTBYIOUHX . BOA03a00pOB MOA3EMHBIX
BOJ, B 30HE BJAWSHHST KOTOPBIX (PUJALTpPALHS IPOHCXOAUT C NOBBHI-
HIEHHBIMH  cKopocTsiMM. [losHass JaHKBHAanusg oOpa3oBas-
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IIHXCS apeajioB 3arpA3HeHHH M BOCCTAHOBJIEHHe KauecTBa IOJ-
SeMHBIX BOX IpeacTaBasgior co0ofi 'BecbMa TPYAHYIO, B OOJBLIHH-
CTBE CJyyaeB NpaKTHUeCKH BooOlle Hepaspemnmyio 3amauy. Ilo-
3TOMY 4YacTO NPHXOAHTCS OrpaHHYHBATLCS MEPONPHATHAMH, Ha-
IIpaBJIeHHBIMH JHIIL HA JOKAaJH3al N0 3arpsA3HeHHil U co3fa-
HHE YCIOBHH, HCK/IIOYAIOMHX HX AaJbHeHllee pacnpoCTpaHeHHe B
BOJIOHOCHBIX TactaXx. HecmMoTpss Ha TO uTO 5TH MepONPHATHS
Helb3s CYMTATh PAAMKa/JIbHBIMH, TeM He MeHee, YYHTHIBAs IIOCTO-
SHHO PacCTylllyl0 NOTPeOHOCTh B NOA3EMHBIX BOJaX Kak HCTOUHHKA
BOJMOCHAOMKEHHS, HX CJeJyeT CUHTATh HeOOXOAHMBIMH H BaiKHBIMH.

s ycnemHero pelleHHsi 3ajad 1o NPeAYNpeXAEHHIO 3arpas-
HEHHS TOJ3eMHBIX BOJA HJH JIOKAJH3ALHH TAaKOBOro THAPOTe0JOrH-
UEeCKHe HM3BICKAHMS H HCCJeJ0BAHMS, BBINOJHSEMble ¢ IeJbl0 BHI-
SIBJIEHHS] H OLIEHKH DecypcoB NOA3eMHLIX BoJ H 00OCHOBaHHS  NpO-
€KTOB BOJ03aGOPHHIX €OOPYIKEHHH, MOKHE OBHITH AOTONHEHH M
PAacIIHPEHHl 0 CPABHEHHIO CO CTABUIHM YiKe TpPaAHIMOHHBIM HX CO-
craBoM H 00beMoM. CoOTBeTCTBYIOLIEe Pa3BHTHe NOJIKHBEI IIOJY-
YHTh TaKXke HayuyHO-MeTOAHUYecKHe pa3spaloTKH Mo paccmMaTpHBae-
MoH npobJeme.

C ToukM 3peHHS NpOrHO3a KayecTBa MOA3EMHBIX BOJ M HX 3a-
HIHTBl OT 3arpsi3HEHHs CYyleCTBeHHBIH HHTepec npuHobperaer H3Y-
UeHHe KHHEMATHUECKOH CTPYKTYPHl (H/JAbTPAIMOHHBIX NOTOKOB C
OIIEHKOH MEeHCTBHTEJNbHBIX CKODPOCTeH IBHIKEHHS YacTHIL TOA3eM-
HBIX BOJ H COAEpIKAllHXCA B HHX PACTBOPEHHLIX H 3IMYJbrHPOBAH-
HBIX 3arpfA3HAIINX KOMIOHEHTOB (NpHMecel, «MeTOK»).

Baxxnoe snHauenne mpH 3TOM HMeIOT (PH3HKO-XHMHYECKHe TpO-
IlecChl, BO3HHKAONHe MpH MOCTYNJEHHH B BOJAOHOCHble NJACTHI 3a-
TpA3HEHHHIX CTOYHBIX KHJKocTel. K Takum mpoleccam oTHOCATCH,
B YaCTHOCTH, AHCIIEPCHsi H B3aHMOpPACTBOpeHHe (MepeMelIHBaHHe)
UHCTBHIX MOJ3EMHEIX BOJ| H CTOYHBIX JKHUIKOCTEH B 30He HX KOHTAKTA,
pasuooGpasHble IO CBOeil NpHpOAe COPOIHOHHbLIE SIBJEHHS, XHMIl-
UecKHe peaklHH, cnocoOHble BEI3BaTh yJAaJeHHE pPaCTBOPEHHBIX
BEIeCTB M3 MOA3EMHBIX BOJ HJIH, HANpOTHB, oborauleHue HX TeMH
HWJIH MHBIMH KOMIIOHEHTAMH B pesyJbTaTe HOHHOro oOMeHa, pacrt-
BOPEHHS (PHABTPYIOLIHX MOPOX H T. M.

Kunernka ¥ MeXaHH3M 3THX IIpOIECCOB elle cjaafo H3YUYeHHI,
N03TOMY NPH HMX ONHCAHWH TPHUXOAHTCS ONEpPHPOBATH HEKOTOPHIMH
0G0OIeHHEIME MOJEJNSMH C HCIOJb30BaHHEM H3BECTHHIX IOAX0JOB,
NpHMeHsieMblX B (PH3MKO-XMMHYECKOH THADOJHHAMHKe M TEOpPHH
Macco- B TeljonepeHoca.

B npepnaraemoii BHHMaHHIO uUHTaTeleli KHHIe OCBEllaloTcs 3a-
TPOHYTHIE BHILIle BONPOCH B aclieKTe OIEHKH pPecypcoB H THIPOTeo-
JIOTHYeCKOro 000CHOBAHHS 3alHTHI NOJ3€MHBIX BOJ OT 3arpssHe-
HHS.

Hpﬂ HANMHCAHHKX OTHEJbLHBIX I'JlaB KHHTH B OCHOBY 6I:IJIH oJa0-
JKeHBl MaTepHaJbl cOOCTBEHHBIX HCCJENOBaHHi aBTOPOB, a TaKkKe
JIUTEpPATypHBIE JaHHble — pe3yJbTaTH HCCAEJ0BaHHH JPYrHX cle-
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nuaanctoB. CHHCOK HCNOJAb30BAHHOH JINTEPATYphl INpPHBOJAHUTCA B
KoHIle paboThI.

Beenenue u raasa 3 manucansl @®. M. Bouesepom, raiasa 4 —
H. H. JlanmuabiM, raasu 1, 2, 5, 8 1 9 — A. E. OpajoBckoii, raa-
Bbi 6 U 7 — BceMH aBTOpaMu cosMecTHo. tlayumas penakuus pa-
60Tl ocymecTBagaack npogp. ©. M. Bouesepom.

ABTophl Bhipaxalor Gaarogapuocts B. M. l'osbabepry 3a no-
Jie3HBIe 3aMeuaHHs, BHICKAa3aHHbIe TPH PELeH3HPOBAHHH PYKOMHCH,
a takxe A. B. Edpemonoii u B. H. JIbBOBofi 3a noMollb TpH MOA-:
FOTOBKE PYKOIHCH K IT€YaTH.



TJTABA 1.

OBIIAS XAPAKTEPUCTUKA KAYECTBA
MOJA3EMHbIX BOJ

~

XMMHYECKHH COCTAB MOJA3EMHBIX BOJ,
B MPUPOJAHBIX YCJIOBHSAX

XHMHUECKHI COCTAB MOA3EMHBIX BOA (OpMHpYeTCs TOJ BAHIHHEM
MHOTHX MPHPOAHEIX (AaKTOPOB M B CBf3H C 3TUM OTJHUACTCA 00J1b-
umM pasuooOpasuem. Tem me Menee B pacnpocTpaHEHHH OT/eJb-
HBLIX XHMHUYECKHX THIIOB TMOJA3EMHBIX BOJ BbISIBJEHBI HEKOTOpPble 3a-
KOHOMepHOCTH, HauGo/aee OOLIHMH H3 KOTOPBIX sBJIAIOTCA BEpTH-
KaJgbHas W TOpPH30HTAJbHAS (mmpoTHas) THAPOXHMHUYECKHE 30-
HagapHocTH [92]. '

BeprHka/abHash 30HAJAbHOCTE XHMHYECKOro cocraBa NMOJA3eMHBIX
BOJ, XapaKTepHas /s apTe3HaHCKHX facceiiHOB, 3aKJIOYaeTcs B
TOM, 4TO 1o Mepe yrayOJeHHs B HeJapa 3eMJyn NPOHCXOJHT IIOCIeE-
NOBaTeJbHAS CMEHA OCHOBHBIX THINOB MOJA3EMHEIX BOJ, CONPOBOK-
N2I0lAsACcs CYNeCTBEeHHBIMH H3MEHEeHHsMH OOlled MHHEpaTH3ALHN
§ XMMIUecKoro cocraBa Boasl [59].

Jlast BopocHaG:KeHHs OOBIYHO HCNOJB3YIOTCA TNpecHbIC (cnabo-
MH]-{QpaJIHBOBaHHble) Noj3eMHble BOJALI CAMOH BepXHeil 30HBI, B
KOTOpOil XHMHUECKHIi COCTaB BOJBI TECHO CBfi3aH C COCTABOM no-
BEPXHOCTHbIX H aTMOC(EpHBIX BOJ H B 1€JOM HCIBITHIBACT BJIHS-
HHe KJHMATHYeCKHX (DAaKTopoB, peibeda H Xapakrepa rujporpadu-
yeckoil cetH. 3HAUHTEJbHOE BJHSIHHE HA XMMHUYECKHH cocraB IOA-
aeMHBIX BOJ OKA3BIBAIOT COCTAB H CTPOEHHE MOPOA BOAOHOCHOrO IJa-
¢ra, a Takxe Oosiee Ti1y0oKHe MOA3eMHble BOABI, KOTOphie TIpH-
HAMAIOT yyacTHe B NHTAHHH BOAOHOCHBIX TOPH3OHTOB BepXHel
30HH, TepeMeliasich MO TEKTOHHYECKHM pasjioMaM HAM NyTeM
Me1/TeHHOl (uabTpalun uepes caabonpoHHIaeMble MOPOADI. Poab
M 3HAYCHHE OTIEeJbHBIX HCTOUHHKOB THTAHHS BOMOHOCHBIX IJIACTOB
B (OpPMHPOBAHHH XHMHYECKOro COCTaBA BOJLI PA3JHUHLL H 3aBH-
€AT OT KOHKPETHBIX T'H/JPOreoJIOrHuecKiX yC/a0BHH.

MaMenenne XHMHUECKOro cOCTaBa IOA3EMHBIX Boj Habamoxa-
eTcsl IpH MX ABHIKEHHH 10 BOJOHOCHOMY TJIaCTy H3 obnacteit IH-
TaHHsl, OJM3KHX K JHEBHOH IOBEPXHOCTH, B HANpaBJ/EHHH TNOrpy-
JKenus miaacra. [Ipu aToM NPOMCXOJAHT YBeJHYEHHE MHHEepaTH3alHH
BCJIE[ICTBHE BBIHOCA BEILIECTB H3 BMeENAIOIINX MOPOA, a TaKXKe H3-
3a cMelleHHsi ¢ 0ojee MHHepaJH30BAHHBIMH TJYOOKHMH TOJ3eM-
HBIMH BOJAMH, BOCXOZSIIHe NMOTOKH KOTOPHIX MOJX AEHCTBHEM TIHI-
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POJMHAMHUYECKOTO JaBjeHHs HAa Goaplinx rayGHHAaX neperekaior
B BHILIEJEKAHe MJIacTbl.

TopusonTajibhasi (WMPOTHAS) THAPOXHMHYECKAs 30HAMBHOCTDL
NpHCYIa TOMBKO TPYHTOBBHIM BOJAAM, HCIBITHIBAIOIHM HanGoJblIee
BJAHSIHME KJIHMaTHUECKHX YCJOBMI, NMOUYBEHHOrO MOKPOBa H pacTH-
TeJbHOCTH. M3MeHeHHe XHMHYECKOro €OCTaBa H MHHEpaJH3AlHH
TPYHTOBLIX BOJ NPOHCXOAHT BMECTE CO CMEHOH WIHPOTHHIX Teorpa-
¢uyeckux JapamadTOB M TAaKKe 3aBHCHT OT pacuJIeHEHHOCTH
peabeda, TycTOTH H BPE3aHHOCTH THAPOTPapHUECKON CeTH.

B npenenax TEPPHTOPHH ¢ T'YMHAHBIM K/JAHMAaTOM, TIJle OCaJKH
npeo6analorT Haj HCMAapeHHeM (SOHEI' TYHAPDI, XBOMHBIX M JIHCT-
BEHHBIX JIECOB, JIECOCTENH), XHMHUECKHH cOCTaB M MHHepaH3alHA
IPYHTOBBLIX BOJ 3aKOHOMEDHO H3MEHSIOTCS 10 HanpaBleHHIO ¢ ce-
Bepa Ha Ior.

Ha cesepe, B 30He TyHIp # 60JIOT, MHHEPAJH3AIHS TPYHTOBBIX
BOJ HM3MepsieTcss JeCATKAMH M NEPBBIMH COTHAMH MHJJIHIpaMma
Ha JHTP, BMECTE C TeM B HHX YacCTO COAEpIKATcA MOBLILIEHHBIE KO-
JHYecTBAa OPraHHYECKOro BellecTBa, XKe/je3a M KPEeMHEKHCJ/IOTEHL

IO>kHee, B JIECHOH W JIECOCTENMHOH 30HaX, BO3pacraer MHHEpa-
ausamus Boasl (xo 500—700 Mr/a) u OAHOBpeMeHHO TOBBIIIAETCA
06112 ee JKECTKOCTh; B 3ACOJEHHBIX OTJIOMKEHUAX MHHEpaaH3alus
rPYHTOBLIX BOJ JocTHraeT 2—3 r/il.

B apuanwix.o6aactax (Ilpukacmuii, Ilpenkaskaswe, Cpenne-
asuatckue pecryGJHKH M Apyrue pafombl), rae Hcnapenue mpeoo-
Aajaer Haj OCAaJKaMH, TIpecHble MOJA3eMHBIE BOAB (OPMHPYIOTCHA
raaBibiM 06pa3oM B KPYNHBIX peyYHBIX MAOJHHAX M B NPOJIOBHAJD-
HO-JeJIOBHAJBHEIX OTJOMKEHHsiX npearopuii. Ha paBHHHHBIX Yy4a-
CTKaX, 3aHSITLIX CTENsMHM U TOJYNYCTHIHAMH, BCJACACTBHE HHTEHA
CHBHOTO HCNApEHHs TPYHTOBLIE BOJAbI YacTO 3aCOJEHbl XJOpHIAMH
B cyJab(aTaMH, a TpecHble BOJBL CYIIECTBYIOT TOJAbKO B BHIe OT-
JeJIbHBIX JIHH3.

OnucanHas THIOBAag TUAPOXHMHYECKas 30HAJNbHOCTh TOA-
3eMHbIX BOJ apTeanaHckux OacceHHOB H IPYHTOBBIX BOJ yacTo Ha-
pyliaeTcsi B BOJAOHOCHBIX TIJIacTax, CJAOYKEHHBIX JIEerKkopacTBOPH-
MBIMH MHHEpaJaMH, Ha YYaCTKaX TEKTOHHUECKHX HApYIIeHHH, Bbl-
BOASILINX H3 ryOHH MHHEpaJH30BaHHbIe BOALI H PACCOJIBL

Bece 310 0OycaaBianBaeT H3MEHUHMBOCThH XHMHUECKOTO COCTABa
MOA3EMHBIX BOJA MO IJollafAx M no rayOuHe Hae s OZHOro H
TOrO K€ BOJOHOCHOTO NJacTa U Onpejeser HeoOXOAHMOCTL AeTalb-
HOFO M3YYEHHS THAPOTeOXHMHYECKHX YCJOBHH NpH H3bICKAHHAX H
pasBeike MOA3EMHBIX BOJ s BojocHabxkenns. Takume Hceaeno-
BaHHS HEOOXOAHMBI TAKiKe NPH H3LICKAHHSAX, BHINOJHSEMBIX C Ie-
JbI0 OXpaHBl NMOJA3EMHLIX BOJ OT 3arpsA3HEHHsl, TAK Kak MOsBJeHHE
B BOJIe 3arpsi3HAIONINX BellecTB oOHapyKuBaercs OOBLIUHO B COTO-
CTaBJEHHH C eCTeCTBEHHBIM COCTABOM MOA3EMHBIX BOJA TOTO HJH
HHOTO paloHa.

B XHMHYECKOM cOCTaBe NpPECHBIX NOA3EMHBIX BOJ  BBHIAEJAAIOT
MaKPOKOMINOHEHTBH, COIepiKaliHecs B KOJHYECTBE €AHHHIL,
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JeCATKOB M Jlayke HECKOJIbKHX COTeH MT/J, H MHKPOKOMIMOHEH-
THl, BCTpEUAlOLLHeCs B OYeHb MaJbIX KOJHYECTBAX H PEIKO JOCTH-
ramomue coaepxanust 1—5 mr/i.

K MakpoKOMMOHEHTaM OTHOCATCH XJOpPHABI, cyabdarsl, OHKap-
GonaThl, HATPHHA, MarHui, KaJbUHil H KaJuii; HX OTHOCHTE/]bHOEe
cojiepKanue oOnpefesfer NPHHAMIEKHOCTh BOAB K TOMY HIH
HHOMY rujpoxumuueckomy tuny Box [88, 92]. K mukpoxommnonen-
raM oTHocsiTest GpoM, itox, grop, GoOp, JauTHI, CTPOHIMH, MeAb, pa-
JLHi, YpaH H MHOTHE JIPYTHe 3J1eMEeHThl H HX COeJHHEeHHUS.

[TpoMerxkyTOYHOE TOJOKEHHE MeXAy MaKpp- H MHKpPOKOMIO-
mentaMn 3ammumaior moue H+, HF, Noj, Noy, HsSiOf, FeX n
Fed+, opraHuueckHe BeleCTBA H CYJb(ubl, 'KOJHIECTBO KOTOPHIX
B MOA3EMHBIX BOjJax MoxkerT ObITh 3aMeTHbLIM. KpoMe Toro, B moa-
3eMHBIX BOJAX MOIYT HAXOAHTbCS ra3bl H MHKPOOPra HH3MbI.

Ha nepBoM MecTe B COCTaBe' MAKPOAaHMOHOB TPECHBIX TMOA-
3eMHBIX BOJX CTOST 00biupo ruapokapGonatnbie mousl — HCOZ, .

NPOHCXOKAEHHe KOTOPHIX CBA3aHO ¢ PACTBOPCHHEM kapOoHaTOB
Ka/blliiss § MArHusi, BXOASIINX B COCTAB H3BECTHSKOB, MepreJief,
JOJIOMHTOB M KapOOHATHOrO leMEHTa JAPYTHX OCaJ0YHBIX TNOPOJ;
HeMaJjoe 3HaueHHe HMeloT TaKxe OHOreHHbie IpOIECCHl, BelLyllHe
K HAKOILJICHHIO B BOJe YIJeKHeaoTh. Kosmuyectso ruapokapboHaT-
HOHOB CBSi3aHO C-KOJHYECTBOM HAXOJAsAIHMXCA B BOAe JApPYrHX IpoO-
M3BOLHBIX (DOPM YTrOJBHOH KHCJIOTHI: H,COs3, CO%‘T, CO,. B neii-
TpaJbHBIX M CJIa0OUIEJOUHBIX BOAAX Mpeobaajaor HOHBI HCEO; ,
B kucabx Bogax (pH<5): mpeobaagaior HyCOs, a HOHBI HCO7

npakTHYeCKH OTcyTcTBYloT; mnpH pH>8 nosBasiOTCH  HOHBI
COoz-.

B npecusix Bogax HCOj;  mnakamimsaercs B KoJamuecrBax He
Gonee 200—250 mr/a B cBs3u ¢ TeM, uto ¢ kKanasuumem HCO; 006-

pasyer caabopacTBOPHMYIO COJIb.

Cyabdarnble HOHB 3aHHMAIOT B COCTaBe NPECHBIX MNMOJASEMHDBIX
Bog Bropoe Mecto. [losiBjienne STHX HOHOB B BOJE CBs3aHO C Bbl-
fenayHBaHHeM OCaAO04YHBIX TIOPOM, cojepmamux J'[EI‘KOpE!CTBOpH-
MBIe COJH — THIIC, AHTHJIPHT, MHp&ﬁHJ’IHT, a TakKmKe ¢ OKHCJEHHEM
cyapdua0B (rajeHuT, HPHT, xanpkonuputr). Cyabdatsl caabo
Copﬁﬂpyl()TCﬁ, HO HX KOJIHUECTBO B IOJA3eMHBIX BOJax orpann4H-
BaeTcsi IPHCYTCTBHEM B BOJE€ KaJ/blHfd, C KOTOPHIM cyabhatsl 00-
pasyloT HepacTBOpDHMBIE COEJHHEHHS. Vaanenne cynbdatos H3
BOJbI POMCXOAHT TAK¥KE B peaybrare GHOrEHHBIX MPOLECCOB.

B anaspoOHLIX YCAOBHAX, T. €. Ge3 KHCAOPOAA H TOA JIeHCTBH-
eM cyabaTpeAynHpylomux OakTepHil B TPHCYTCTBHH OpraHHdes
CKHX BeUIeCTB, Cy/ab(aThl BOCCTAHABJIMBAIOTCS 10 CEpPOBOJODPOAZ;
IpH 3TOM B BOJE TOSIBJSIOTCH NasCOs, COs.

XJIOpHAHEIE MOHBL SIBJASIOTCS HENPEMEHHBIM 3JEMEHTOM ~XHMH-
YecKOro COCTABa IOJ3EMHBIX BOJ, NOCKOJbLKY B TOpHBIX TOPOAAX
HMEIOTCSI MHOTOUHC/EHHBIE MCTOUHHKH 3TOr0 37eMeHTa (FajuT M
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Ip.) H BMeCTe C TeM XJOpHAbl He 00pasylOT TPYyAHOPACTBOPHMBLIX
COeIMHEHN, He YAaJsoTcsi M3 BOJALI OHOTEHHBIM NyTeM H MJI0XO
ajncopOUpyIOTCs KOJMJIOMZHBLIMH cHcTeMaMH. B mpecHHIX Bogax
XJIOPUABI IO KOJIHUECTBY 3aHHMAIOT TPeThe MECTO.

Cpeain MaKpOKaTHOHOB, BXOASIIHX B COCTAB MPECHBIX
NOA3E€MHBIX BOJ, HA NepBOM MecTe — KaJbLuii 1 Maruuif. Ouu mo-
CTYNaioT B MOJ3eMHBIE BOJbLI IPH PACTBOPEHHH M3BECTHSKOB, MAO-
JIOMHTOB, THIICa, NpH BEIBETPHBAHHH H PAa3J/OXKEeHHH HEKOTOPHIX
CHJIHKATOB. B NpecHBIX NoA3eMHBIX BOAAX COAEpMNAHHE KaJblHs H-
MarHusi uaMepsiercss gecitkamu wmr/a. C pocToM MHHepaJH3alHm
BOJbl KOJTHUECTBO KAaJbI[H§l YMEHLIIAETCS BCJAELCTBHE CBS3LIBA-
HHS €ro B MaJjlopacTBOpPHMBIE cy/abdhaTel U KapOOHATH, KpOMe TOTO,
KaJblMii M MAarHHii MOryT MEpexXOAHThb B MNOIJIOUIAKMHE  KOM-
IJIeKe JHCIEPCHOH YacTH MOPO.

B BOMOHOCHBIX rOpPH30HTaX, COAEpIKAIIMXCS B OCAJZ0YHBIX IO+
polax, KOJH4YecTBO Kajblua oObluHo B 2—4 pasa Bbllle, ueM Mar-
HHSl; B BOJAX H3BEDIKEHHBLIX NMOPOJ 3TO COOTHOLIEHHE MOXKET H3Me-
HATHCS.

Honel Hatpus nocjie Kaabliis H Marius 3aHAMaloT TPeTbe Me-
CTO B 4HCJe MaKpOKaTHOHOB TpecHBIX noaseMmubix BoA. [lockoabky
BCE COJIH HATPHsS XOPOIIO PACTBOPHMEI, yJajeHHe HATPHS H3 BOIbLE
BO3MOYKHO TJIaBHBIM 00pasom BejenctBHe OOMEHHBIX peakiuil C
NONVIOMIAIOMHM KoMIyieKcoM nopod. Ilocrymaer matpuil B mojseM-
Hble BOJLI M3 COJEHOCHLIX TOpPOJ, H3 TPOJAYKTOB BblBETPHBAHHST
H3BEPIKEHHBIX TOPOJ, a TaKiKe NPH BBHITECHEHHH HATPHUsl H3 IOLJO-
UEHHOr0 KOMIIeKca MopojJ HOHAMH KaJblisg W MarHus.

KosnuecTBo Ka/juss B NPHPOAHBIX BOAaxX OOBIUHO HEBEJHKO, He-
CMOTpSl Ha TO, YTO HCTOYHHKH KaJHd B NOPOJAAax 3HAUHTEJILHB H
KaJui, mogoOHo naTpuio, o6pa3yer JerkopacTBOPHMLIE COeAHHEHHS.
SIBasisick OHOJIOrHUECKH AKTHBHBIM 3J€MEHTOM, KaJHil HHTeHCHBHO
H3BJIEKaeTCsl H3 MOJ3EMHBIX H NOBEPXHOCTHBIX BOJ JKHBOTHBIMH H
pacTHTeIbHBIMH OpPraHH3MAaMH. . >~ -

Konnentpanus BOZOPOZHOrO HOHA, HAXOASIUIErocs B NPECHOM
Bojie B Buze ruppokconnss H3;Ot, xonebaerca or 6,5 xo 8,5 pH u
3aBHCHT OT COJAEpIKaHHs OTAENbHBIX (OPM YroJbHOH KHCJIOTHI,
HPHCYTCTBHS OPraHHYeCKHX KHCJOT, Ta30B H JAPYrHX (haKTOpOB.

Coenunenna asora NH;, NO;, NOj, npoucxoxuenne KOTO-
pHIX OOBIMHO CBSI3aHO ¢ OaKTepHaJbHBIM pAa3JOMKEHHEM OpraHH-
YeCKOro BELIeCTBA, BCTPeHaAlOTCd B CAMBIX BEpPXHHX  BOJIOHOCHBLIX
ropusontax. Moust NH} B npucyrcrsum cBoGoaHoro Kucaopona

NMoj BAHSHHEM HHTpH(HUHpYOWNX Gakrepuii mepexoasar 8 NOy m
sarem B NOj. B Hesarpsisnennbix mopsemubix Bogax NHf u NOy
coaepxKarcs B COTBHIX, JMeCATHIX AOJAAX MT/Jd, a KOJHYECTBO NH3-
HHOTAA JOCTHIAeT HECKOJIbKHX MI/JI.

Konnentpannss KpeMHEBOH KHCJOTH OOBIYHO He TPEBHIAET
AoJIelt MT/J1 HJIH HECKOJIbKHX MT/J, HO B CBEPXIIPECHBEIX BOJAAX — BO-
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nax c obmrefi MHHepaJu3alHei 10 100 Mr/nm— ee OTHOCHTEJbHOE
cojlepiKaHHe yBeJIHIHBAETCH. '

Cyabbhuanbe COEHHEHHS H,S u HS— npucytcrByloT 06BIYHO
raKme B HE3HAUNTENbHBHIX KOJHYECTBAX; HX NOBBIIEHHOC coaep-
sKaHHe MOMET OBITh CBS3aHO C Pa3joxeHHeM OpraHHyYeCKuX Be-
\leCTB, ¢ BOCCTAHOBJEHHeM Cyab(haToB B aHa’poOHBIX  YC/IOBHSAX
‘| Ip.

YKesqeso B IoA3eMHbie BOABI IOCTyNaer Kak MPOAYKT BLIBET-
pHBAHHA TOPHBIX MOPOA. B BOCCTAHOBHTEJNBHOH cpefe eaes3o
MOKeT HAXOAHTHCH B JBYXBaJeHTHOM BHIE Fe2t+ u copepikanie ero
ynorna jpocruraer ~ 10—30 mr/a. B Boie B NpHCYTCTBHH CBO-
GOAHOrO KHCJAOPOAA JABYXBAJEHTHOE JKEJE30 mepexojur B Tpex-
BaJeHTHOE; 3TOMY Ipoleccy TaKmKe cnocobeTBYIOT  JKeje3o00aKTe-
pun. TpexBajeHTHOE XKeJe30 B BOAE HAXOAMTCH MpeHMylleCTBEHHO
B KOJIJIOMZHOM COCTOSHMH — B BHIE Fe(OH)s.

Maprauel B NOJA3€MHBIX BOAAX BeTpeyaercs dalle BCero, Kak
n sxeneso, B Buje GukapOoHaTa Mn(HCO3),. B rpyHTOBhIX BOAAX,
TeCHO CBA3AHHBIX C MOBEPXHOCTHBIMHM, Maprasei MOMET BXOIHTb B
COCTAB KOMILUIEKCHBIX COEJHMHEHHil ¢ ryMHHOBBIMH KHCJIOTaMI.

OpraHuyeckoe BemMeCTBO focTynaer B TPyHTOBbE H
[0J3eMHblE BOJB BEPXHHX BOJOHOCHBIX TOPH3OHTOB BMecTe C HH-
GUABTPYIOMHUMHCS NOBEPXHOCTHHIMH BOJaMH B pe3yJbTaTe BbIHOCA
W3 [IOYB FYMYyCOBbIX BEIIECTB H JPYIHX IMPOAYKTIOB JKH3HEIeATeNb-
HOCTH H pacliaja JKMBOTHBIX M PaCTHTC/IBLHBIX opraHu3Mon (Kaer-
yaTKH, YrJaeBojoB, O€JKOB, xupos). Ilox BAHAHHEM MuKpod.Io-
pbl MOA3EMHBIX BOJ MPOHCXOAUT nagbHeiiniee npeo6pasopanue T0-
CTYNWBLIHX OpPraHHYECKHX OCTATKOB, cONpoBOXiaiouieecs — pasHO-
06pa3HbIMH OHOXMMHUYECKHMH H (u3UKO-XHMUUECKHMH PeaKIHAMH.
B pesyabTaTe 3TOr0 B MOA3EMHBIX BOAAX NOsIBJAAIOTCS - pA3JIHUHBIE
opraHHyeckHe KHCJIOTHI, yraeBoJ0OpOEl, ~aMMHAK, cepOBOJIOPOL,
JIBYOKHCB YTJIEKHCJOTH H AP-

Takoii Nepexoj OpraHHYeCKHX MPOAYKTOB cyllH B NOA3EMHBIE
BOJBl XapakTepeH IS HHHALTPALHOHHBIX 3TATOB (hopMHPOBAHHS
[IOJ3€MHBIX BOJ — COBPEMEHHLIX H JADEBHHX. Ha ceauMeHTalHOH-
uex sTanax oboraieHde MOA3EMHBIX BOX opraHHyecKkuM Bere-
CTBOM TPOHCXOAHIO 3a CUET TNPOAYKTOB MOpPCKOTO IPOHCXOMKJE-
pusi. Bmecte ¢ TeM B IO3EMHBIE BOARI TOrO H JApYroro reHesmuca
MOTYT TEepeXOAHTh OpraHHuecKHe BELIECTBA 13 BMEIAIOIUX BOLY
rOpPHEIX TIOPOJi, B KOTOPBIX OHH: cojepKaTcsi B paccesHHoM BHAE
(6uTyMBI, TYMHHOBbIE KHCJIOTBI H Ip.)-

BbICOKOe COflepiKaHHe OPraHHuYeCKHX BEUIECTB B NoA3EMHBEIX BO-
nax (yryeBoaopoaibl, nedth, HAQTEHOBbIE KHCJIOTHI, (enonsl U Ip.)
oTMeyaeTcs B paiioHax HedTerasoBbIX MECTOPOIKACHHH. g

JlanHble perHoHaJbHbIX HcceNOBaHHi Ha TEPPHTOPHH CCCP
0 COJlepIKaHHH OPraHHueCKHX BEUICCTB B MoA3EeMHBIX BOJAX COAEp-
sxatcsi B pabore [121].

[TpucyreTBHE MHKPOKOMIOHEHTOB B NOASEMHBIX BOJAX
CBSI3aHO rMaBHBIM 00pasoM ¢ BHIHOCOM coJjieil U3 0CaJOYHBIX MOPOL
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H BBIIEJAUYHBAHHEM TNPOJAYKTOB BLIBETPHBAHHS H3BEpPKEHHBIX H
MeTaMop(dHYeCKHX TOPHBIX TOPOJL.

MHEKPOKOMIIOHEHTHl MOTYT HaXOAHTbCH B TOA3EMHBHIX BOjJax B
KOJIJIOHJIHOM BHIE, B (hopMe KOMIJIEKCOB C OpraHHYECKHMM Bele-
CTBaMH, B BHIe CBOOOJAHBIX HOHOB, HEJHCCOIHHPOBAHHBIX MOJIEKYJ
H ap. OueHp Majble KOHIEHTPAIHH MHKDPOKOMIIOHEHTOB B TIpec-
HBIX TOA3EMHBIX BOJaX CBSI3aHEI C TeM, YTO OHH 00pasyior Majo-
pacTBOpPHMEIe COeJHHEHHS H, KpOME TOTrO, XOpOWIo aAcopOHpYIOTCs
M H3BJEKAIOTCsI W3 BOJABI IJIMHHCTHIMH MHHepa/laMH ¥ MHKpPOOpra-
HH3MaMH.

[ToBbillIeHHBIE KOJHYECTBA MHKPOKOMIIOHEHTOB B TPECHBIX TNOJ-
3eMHBIX Bojax Habuiofaiorcs BOJH3H MECTOPOXKAEHHH IO/e3HBIX
HCKOIIAeMbIX, BBHIXOJOB TEPMAJbHBIX H MHHEDPAJIbHBIX HCTOUHHKOB, 2
TaKKe B paHOHAX PerHOHAJbHLIX TEKTOHHYECKHX HapylleHHi, MO
KOTOPBIM MOJHHMAIOTCH TMIyOHHHBIE PaCCOJBI.

MugpokoMnoneHTsl 06/1aal0T BBICOKOH GHOJOTHYECKOH aKTHB-
HOCTHIO M I0O3TOMY, HECMOTpS Ha HX Majloe COJepXKaHMe, CYIEecT-
BEHHO BJIHSIOT HAa KaUeCTBO MMOA3eMHBIX BOJ.

HebOnaronpusiTHbIM A4 XO3AHCTBEHHO-TIHTHEBOTO  HCHOJB30-
BAaHHsl IOA3EMHBIX BOJ SBJSIOTCS TaKiKe BbICOKas KOHILEHTpallHs
OTAEJIbHLIX MaKpPOKOMIIOHEHTOB — XJIOPHIOB, Cyab(daToB, Kalb-
IHsl, MATHHS — H B Il€JIOM TNOBBLILIEHHOE COJepIKaHHe coJiefl.

["asn, Berpeuatomuecss B nogszeMubix Bofax, — COp Ny, Og,
CHj4, HS — Moryr HaXoAHThCsi B PAacTBODEHHOM HJH CBOGOJHOM
BHJE.

B oraenpnblx paifioHax MNOBBILEHHOE COfepXKaHHE Tra3os Mo-
*eT ObITh CBSI3aHO C TPOSBJICHUSIMH MarMaTHYeCKHX M BYJKaHOrEH-
HbIX mpomeccoB. Bre Takux pailoHOB mHpHCYTCTBHE B MOJA3eMHBEIX
BOJAaX KHCJIOPOJAd, a30Ta, ABYOKHCH yrjepofia cBs3biBaeTcs OGHLIYHO
C NOCTyIIeHHEM HX H3 atmocepbl. JIByokuch yriepoma, Kpome
TOrO, NOCTYyNaeT M3 MOYBEHHOTO BO3/AyXa, o0OramieHnoro 3STHM ra-
30M B pesyJbTaTe MHKPOOHOJIOTHYECKHX MPOIECCOB.

CepoBoopos NosBJASIETCsT B NOA3EMHBIX BOAaX K4aK MPOAYKT
pacnajga GeakoBoro BemiectBa JHGO B pe3yJabrate . OGHOXHMHYE-
CKOro BOCCTaHOBJIEHHs CyJab(aToB B aHa’spoOHBIX ycJaoBHsX. B mo-
BBEIIICHHBIX KOJIHUECTBAX OH BCTpeyaeTcs B BOAAX HePTSIHBIX Me-
cropoxennii. MCTOYHHKOM NOSIBI€HHS B MOJA3E€MHBIX BOZAX Me-
TaHa CJYMKHT OpPraHHuYecKoe BeIeCTBO, pPAaCCESHHOE B OCTATOYHHIX
NOPOJAX HJIH CKOHIEHTPHPOBAHHOE B YIOJbHBIX CJAOSX.

Brorennoe npoucxoxjenne Moxer GHITH CBOHCTBEHHO W a30TYy,
KOTOPBEIH B 30He 3aTPYAHEHHOro BOAOOOMEHA BHILEJISETCS H3 HH-
TPHTOB H HHTPATOB NpH JAEHCTBHH OaKTepHi — AeHHTPH(pHKATO-
poOB. _ ,

Mukpodaopa (MHKpOOPraHH3Mbl) B MOJA3EMHBIX BOJAAX
Hanbosee 6OraTo mpeicTaBieHa B cAMbIX BEPXHHX BOJOHOCHBIX [O-
PH30HTaX, CBI3AHHBIX C MOYBAMH H aTMochepoil.

K Muxpoopranusmam oTHocsiTest GaKTepuu, TpocTeiiline, BO~
J0POCJIH, TPHOEI, BHPYCHI H aKTHHOMMILETHI.
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TEXHOTEHHBIE U3BMEHEHHS KAYECTBA NMOA3EMHBIX
BOJ

XoasiicTBeHHAs AesTeJbHOCTh UEJOBEKA HACTO NpUBOJUT K Ha-
pYIIEHHIO MPHPOLHOTO XHUMHUECKOTO COCTABA MOJA3EMHBIX BOA. Han-
Gosblllee TMo MaclutabaM BJHSHHE Ha XHMHUEecKHH CcOCTaB IO/A3eM-
HBIX BOJ OKa3hLIBAIOT HHTEHCHBHOE pa3BHTHE pPOMBIILIEHHOCTH,
ropo0B I XHMH3alHs CeIbCKOro X03siicTBA, COMPOBOXKAAIOIIHECS
[OSIBJIEHHEM OO0JbLIOT0 KOJHYeCTBa CTOYHBIX BOL H ra3oBbiX BBI-
Gpocos. Ilpu 3TOM B aTMocepy, TMO4YBbl H MOBEPXHOCTHbLIE BOABI
mepexoasT pasHoo0pa3nbie OpraHMuecKHue H HeopraHHueckKne Be-
1ecTBd, KOTOpBIE B NMPHPOLHOI oOcTaHOBKe COjep:kaTcs B Boje B
MHKPOKOJHYECTBAX 160 BoOOIIE HE BCTPEUAKOTCH. :

ToabKO 32 CUeT CKHFaHHs TOMIHBA (OKOJIO 2 MIpA. T B rox Ha
Beefl maanere) B arMochepy nepexoasT TrpoOMajHbIE KOJIHYecTBa
OKHCJIOB a30Ta, CepoBOJ0pOAa, JABYOKHCH YIVIEpOA3, cepHOro H
CepHHCTOr0 aHTHAPHAA H APYTHX peniecTs. Myorue H3 mepevHc-
JIGHHBLIX BElIecTB COeJHHAITCH C atMocepHOH BJaarofi u, oOpasysa
HoBble, GoJiee TszKeJble BellecTBa, BblMajfaloT Ha MOBEPXHOCTH
seman. Ecau B pafioHe TAKoro npeanpHATHA nofzeMHble BOABI HE
MMEIOT BOJIOYIOPHOM KPOBJH, TO BCE 3TH BELIECTBA BMecTe ¢ aTMOC-
depHBIMH OCaJKaMH MOCTYNAOT B BOJIOHOCHBIIl TJIACT H BLI3LIBAIOT
CcyllecTBEHHEIE H3MEHEHHS XHMIIYECKOro coCTaBa BOJBL

3HauHTe/bHbIE YUACTKH 3arps3HeHHbIX MOA3EMHBIX poj. obpa-
3yI0TCS Ha MPOMBIILJIEHHBIX MJIOUIAAKAX MPH yTeyKax TeXHOJIorude-
CKHX M CTOUYHBIX BOJ. BelnunHa yTe€YeK H MHTEHCHBHOCTb HH(QHIb-
TpauMi BOJAbl H3 CHCTEM BOJONPOBOAA H Kapasausamnuu 0coOeHHO
REJHKH B «BOJOEMKHX» NPOH3BOACTBAX (taba. 1, [95]).

Tab6auma 1
HMHTEeHCHBHOCTD MHGUALTPALIMH BOAbl HA NMPOMBIULICHHBIX Ao AAKAX
OpueHTHPOBOYHAS CPefi-
HerofoBas HHTEHCHB-
OTpaciH NPOMBILIEHHOCTH HOCTb MHOHABTPALHH
B IPYHTOBRIE BOJIbI,
M/cyT
DuepreTHYecKas, LeJII0I03Had (5+10).10—*
Meranaypriyeckasi, HeTeXHMHYECKas, XHMHYECKas (3+5)-10—2
TopHo-060raTHTe/bHAS, MAIIMHOCTPOUTENbHAS, —CTAHKOCTPOH- (1+3)-10—*
TeJIbHAA
TekcTwibHAs, JerKas, CTPOHMATEPHAJNOB, NHLIEBAS (<1)-10—4

_BoJipliiHe YUYaCTKH 3arps3HEHHBIX NOA3EMHBIX BOA coajared
B6AH3H (HABLTPYIOIIHX 3EMJSHBIX COOpYXKeHHH, HCMOAb3yeMbIX
pasi c6opa, XpaHeHHs HJH HCHAPEHHs MKHIAKHX H TBEPABIX OTXO-
JIOB MPOU3BOJACTBA (TaK HasblBaeMble IPOMBIILIEHHBIE HacceiHbl).
B 34BHCHMOCTH OT XapaKTepa NPOH3BOACTBA BMECTe CO CTOKaMH B
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fI0JI3eMHEIe BOAK MOTFYT IepeHTH TsKeJble MeTaJlJbl, apoMaTHue-
CKHe BelllecTBa, He(TeNpOAYKTH H MHOTHe Apyrue. Tak, nampumep,
B paiioHe nosedi GuAbLTpAUMH OJHOrO 3aBoja, BbpabaThIBAlOLLEro
CHHTETHUECKHH Kayuyk, B TNOJ3eMHBIX BOJAaX oOHapy¥keHbl IO-
BEPXHOCTHO-aKTHBHbIE BEIeCTBA, aJIbIErHIBI, KHpHbIE KHCJIOTHI,
apoMaTHYeCKHe YIJIeBOJOPOAbLI, Melb, aMMOHHHHBIH a30T H AP.
B paiione nedrenepepadaThiBalONUIEr0 3aBOJa HM3' CTOYHBIX BOL B
BOZOHOCHBIH IIJIACT NMOCTYMAJH HeQTenpoAYKTHI, (EHOJBI, XJOPHAEL,
cyandaTsl HATPHA M KaJHsd, a H3 OTXOJL0B METaJjiyprHueckoro 3a-
BOla — (PeHOJBI, NHAAHAB, pOAAHHAB, MHPHAHHOBLIE OCHOBA-
HHA.

B6au3n MamHHOCTPOHTEJNBHOIO  3aBOAa IMOA3EMHbBIE BOJMIE
0KazaaHch 00OralleHHbIMH JKeJle3oM, cy/abparaMi, XJIOpHAAMH,
IHHKOM, XpPOMOM H T. [.

M3 xo03siicTBeHHO-OBITOBLEIX CTOYHBIX BOJ B IOA3€MHbIe BOJBI
MOTYT TPOHHKHYTH OaKTepHaJbHbIe 3arpsA3HeHHsi, COeIHHEHHI
a430Ta, a Takxe MOBEPXHOCTHO-aKTHBHBIE BelEeCTBa, BXOISAIIHE B
COCTAB CHHTETHUECKHX MOIOLIHX CPEJCTB.

Ha cenbcKOXO3AHCTBEHHBIX TEPPHTOPHSX NPH HHTEHCHBHOM M
HE0CTATOUYHO KOHTPOJHPYEMOM HCIOJNbL30BAHHH SAOXMMHKATOB H
MHHepaJbHBIX yroOpeHuii IocaeIHHe BMECTe ¢ OPOCHTENbHLIMH BO-
JaMu M aTMoc(epHBIMH OCajJKaMu TMPOHHKAIOT B TPYHTOBBle BOLKI
H TaKKe 3anpsA3HdAIOT HX.

Wz ynobpenuit Jierko mepexofsT B BOAY a30T, aMMHak, CyJb-
daThl, XJIOPHAB, MApraHel u Ap.

B cocrap XHMHYECKHX CPEACTB 3allHTHl pacTeHHil (HHCEKTHIH-
J10B, hyHrHINI0B, repOUIHLOB, ne(OIHaHTOB, JeCHKaHTOB) BXOMAT"
BEIeCTBA, COJAepiKaliie MBIIbSK, ¢TOop, MeAb, NHHK M Apyrue, ua-
CTO TOKCHUYHBIE BELIECTBA.

B cBsisu ¢ stuM npu BHOOpe palioHa pasBedKH IOA3EMHBIX BOJ
JUIs BojocHAaGKeHHsT M ydyacTKa JJsi pasMelleHHsi BomosaGopa HC-
XOIAT, B YACTHOCTH, H3 YCJOBHil AOCTATOYHOH YA4J€HHOCTH BOJO-
3abopa TMOA3€MHBIX BOA OT BO3MOKHBIX HCTOYHHKOB 3arpssHe-
HHSI — rOPO/OB, MPOMBIIIEHHBIX TpeAnpHaTHH B T. m. Oxnako, mo-
CKOJIBKY 110 TeXHHKO-3KOHOMHYECKHM c00GpakeHHsiM BOJ03abopsl
MOA3EMHLIX BOJ JKeJaTeJbHO pacnojaraTb Ha HebojbLIOM Yyjaale-
HHH oT notpebureneil, 3TH TpeboBaHHST He BCerja OKa3bIBAIOTCA
COBMECTHMBIMH.

. B 3tomM cMmbicae B HauGoJiee CJOXKHOM TIOJOXKEHHH OKa3biBa-
iorcss OeperoBble (HH(pHIbTPAllHOHHBIE) BOJ03a0OpHl,  pasmeliae-
Mble HenocpeJcTBeHHO BOJM3H peK M BOJAOEMOB M HCIOJbL3YIOlIHE
NOBEPXHOCTHBEIE BOJAbI B KauecTBe OCHOBHOrO MCTOYHHKA MHTAHHA.
ITpousBopuTenbHOCTE GEperoBuiX BO03a00pPOB  yBeJHYHBAETCSH €
npuGIHKEeHHeM K peKe, HO BMeCTe€ C 3THM BO3PacTaeT ONAaCHOCTh
TOrO, YTO peyHble BOJALI HA KOPOTKHX NyTAX (HJbTPAIHH MOTyT He
OYHCTHTBCSI OT HEKOTOPHIX NMpHMeced, yXyALIAIOUIHX KayecTBo OT-
OupaeMoii BoJ03a60pOM BOJHL.

13



XuMHueckrii COCTAaB MOA3EMHBIX BOJ OeperoBbix BoA03aGopoB
O6LIYHO B TOI WJIM HHOH CTENEHH OTpax<aer CcOCTaB pEuHBIX BOA,
KOTOpHIil, B CBOIO OY€pPEAb, ONpPE/EJsEeTcss COCTABOM aTMOoCchepHbIX

- 0caJIKOB, @ TaK¥Ke COCTABOM ' CHEroBoro, JHBHEBOro H MOJA3EMHOTO
cTokoB. B atMocepe MOXKAEBHIEe BOALI H CHET oboramialoTcs B He-
GOJILIIOM KOJHUYECTBE KHCAOPOAOM, YIJIEKHCJABIM Ta3oM, OKHCBIO
a30Ta, COJNSIMH aMMOHHSI, a B 3arps3HeHHOM BO3Ayxe TNpOMbILI-
JEeHHBIX paliOHOB, KaK OTMEUajoch Bbllle, K HHM A0062aBas0TCA
nelib, GakTepHH, cepa, MPOAYKTHL CrOpaHus yris H nedt U ApYy-
rue BellecTBa. v

BMmecrte ¢ TOBEPXHOCTHBLIM CTOKOM B 'PEKH JIOTIOJNHHTENLHO 10
CTYMAIOT MPOAYKTHl PA3JIOKEHHs] PACTeHHH, MHKPOOPTaHH3MEL, MpO-
AYKTH BbIBETPHBAHHsI TOPHEIX MOPOJA, a ¢ NOA3EMHBIM CTOKOM —
pasiHyHble BOJOPACTBOPHMEIE COELHHEHHS — XJIOPHABI H cyabha-
TH KaJblWsi, MArHHs, HATpHA, MapraHen, GTop, paAHOAKTHBHLIE
3JIEMEHTH H JIp.

M3 HeouHNIeHHEIX OBITOBEIX H MPOMBIIIJIEHHBIX CTOUHBIX BOM B
NOBEPXHOCTHBIE BOALI MOTYT IlomacTb rpyOoAHCIepCHble NPHMECH,
KHCJIOTHI, TXKeable MeTajabl, Ccyab@HAB,  POAAHHMALI, IHAHHILEL,
GTOpHBE, MBIUILAK, (JIOTOpeareHTh, aMHHONPOAYKTLI, (heHoJH,
HHTPOCOeIHHEHHS], IOBEPXHOCTHO-AKTHBHBE BellecTsa H Ap. B wmc-
Jie CeJbCKOXO03SHCTBEHHBIX 3arpsi3HeHHi, BHIHOCHMBIX B pPeKH, MOTYT
6bITh COelUHEHHs a30Ta, docdarsl, AAOXUMHKATLL H IP.

INpuMecH, cojepiKaiiHecss B NOBEPXHOCTHBIX BOAAX, COCTOAT
u3: 1) Makpo- H MHKPOMIIOHEHTOB NPHPOAHBIX H CTOYHBIX BOA B
puae cBOGOJAHBIX HOHOB M KOMIUIEKCHBIX COEJMHeHHii; 2) B3BelleH-
HBIX BelleCTB — MPOAYKTOB BLIBETPHBAHHA MOPOJ, OCTATKOB pacTe-
HHI, 3) KOJUIOHAHLIX BeulectB (cosiefi KpeMHEBOH KHCJOTBI, THJ-
POOKHCJIOB JKeje3a, MPOAYKTOB pasJoKeHHs MHKPOOPTaHH3MOB) ;
4) pacTBOpEHHBIX ra30B (YIJIEKHCJBIH ras, KHCJIOpOI, asor, Cepo-
BOJOpOA); 5) GakTepuit H APYrHX MHKPOOPraHH3MOB (¢uto- m 300-
IIJIaHKTOH) .

B Geperossie BOA03a6OpHl MOTyT NMONACTh MHOTHE H3 STHX MpH-

. Meceii, B TOM uHcJe Jaje IUIAHKTOH. Tak, mampumep, ObIO ycra-
HOBJIEHO, UTO B OJHOM H3 DAMOHOB B BOJO3A0OpPHBIE CKBAMKHHBI,
oKasaBuIHecss (rmocJe CO3JAaHHs Ha peke BogoxpaHuauma) B 50—
100 m oT ypesa BOABI, IPOHHKAIOT CIOPBI XJIOPOTJeH — MepexXoLHOH
dopMbl OT GakTepHit K BOZOPOCSIM, He 3aJepKHBaeMble MeCUaHOM
TOMIIefl HA CTOJNb 3HAUHTENBHBIX TOPH3OHTAJBHBIX NyTAX (HIb-
TpanuH. 31ech Ke Habmofaercss HHTEHCHBHOE pAasBHTHe Keseso-
GakTepuii, CBi3bIBaeMOe C MOBLIIIEHHEM TEeMIepaTypel MOA3EMHBIX
BoA. PasMpoikenHe H OTMHpaHHe 3THX MHKPOOPraHH3MOB B CKBa-
YKHHAX, BOLOCOOPHBIX €MKOCTAX H BOZOBOAAX YXYALIAIOT KauyecTBO
BOJL M BHI3BIBAIOT HEOOXOLUMOCTb ee OYHCTKH AJs1 XO3AHCTBEHHO-
NHTHEBOTO HCIOJb30BaHHS.
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TPEBOBAHHSA K KAYECTBY MOJA3EMHBIX BOJ
KAK HCTOYHHKY BOINOCHAB)XEHHS

M3 H3J0KEHHOro CJAEAyeT, UYTO B €CTECTBEHHBIX YC/JIOBHAX H TEM
6onee NpH BO3JAEHCTBHH TEXHOTeHHBIX (PAKTOPOB MpecHble TMOA-
3eMHbBIE BOJABI HMEIOT C/JIOXKHBIH, pPasHOo0Opa3HBIl cOcTaB, KOTOPHIM
OTJIHYAETCST H3MEHUMBOCTBIO HA OTAEJNBHBIX yJacTKaX BOJOHOCHOTO
nJaacta, UCMBITBIBaeT KoaeOaHHS BO BpeMEHH H MOXKET 0Kas3aThCs
1e01arONPHATHEIM Il HCNOJB30BAHHS BOJABI B T€X HJH HHBIX 1€~
Jasx. B 3aBHcHUMOCTH OT Xapakrtepa NpHMEHeHHs BOAbI (A1 X035H-
CTBEHHO-TIHTbEBLIX HYXKI, LIS TEXHOJOTHYeCKHX IpPOIEeccoB, B Mas
POCHJIOBOM XO3sHCTBe, NPH 3aBOJAHEHHH HEPTAHBIX MJaCTOB, B
CeJbCKOM XO3fHCTBe M Ap.) K KauecTBy ee IPEXbsBJASIOTCA onpe-
JiesieHHble TpeGoBaHus.

B coorsercrsun ¢ OcHoBaMu BOAHOro 3akonojatesnctBa Coiosa
CCP u cOW03HBIX pecnyOJHK, NPEAyCMAaTPHBAIOIIHMH  PalHOHAJb-
HOe HCIo/b30BaHHe M oxpany Boxaueix pecypco CCCP, mnpecnbie
NoA3EMHBIE BOABI B MEpBYI0 oOuepeAb JOJKHBI HCHOJAb30BATHCH
IAs YAOBJETBOPEHHs TNHTHEBBIX H OBITOBHIX HYXKJ HacesaeHus. Ka-
YeCTBO XO35HCTBEHHO-THTHEBBIX BOJ pErJaMEHTHPYeTcss CaHHTap-
HO-THrHEHHYECKHMH TPeOOBaHHSIMH, H3/0XKeHHBIMH B IOCyJ1apCTBeH-
nom crangapre (FOCT 2874—73 «Bona nutheBas»). B coorBerct-
BHH C 3THM cTaHgaptoM 0Ge30lacHOCTL BOAHI B 3MHJAEMHYECKOM OT-
HOILIEHHH YCTAHABJAMBAeTCss OOBYHO 1O KOCBEHHBIM  TIOKasaTe-
JAM — 10 KojiuuecTBy OakTepHii Ipynnbl KuileyHoil majouku (He
Gonee 3 B 1 ;1 BoAB) M Mo obumeMy KojuuecTBy Oakrtepuii (me Go-
aee 100 6axrepuit B 1 Ma Boast). Oanako mpu nopospeHnu O6akTe-
pPHAJNBHOTO 3apaykeHHsi BOJABI ONpeAeNAIoT, KpoMe TOrO, cOAepKa-
uyue O0Je3HEeTBOPHBIX OaKTepHi, KHIIEYHBIX BHPYCOB, SIHIL T€/b-
MHHTOB.

OpranosenTHyeckHe  CBOHCTBA BOABI OLEHHBAKOTCA IO 3ana-
Xy — He Gose 2 6amaoB npu Temnepatype 20° C u npu mojporpesa-
uu Bojabl o 60° C; mo mpuekycy — npu 20° C He Gosee 2 6ajios;
no uBeTHocTH — He Gosee 20° mo MyTHOCTH — He Goaee 1,5—
2 mr/a. :

BesBpefHOCTh BOAB MO XHMHUYECKOMY COCTaBy YyCTaHaBJ/HBA-
€TCsl [0 YeThIpeM TpynmaM Tnokasarteseli: 1) obmee cosecopepika-
HHe; BOJOPOJHBLIH NMOKa3aresb; 2) KOHIEHTPAUHH MAaKpOKOMIIOHEH-
TOB H MHKPOKOMIIOHEHTOB, BCTPEYAIOIIHXCHA B MPHPOAHBIX NOJA3EM-
HEIX BOXax; 3) KOHIEHTpAIHH BelecTB, SBJAIIAXCS NPOMbIIL-
JIEHHBIMH H CEJbCKOXO3SHCTBEHHBIMH  3arps3HeHHSMH; 4) KOH-
IIEHTpPAalMH BeIlecTB, KOTOPble MOTyT Nomactb B BOAY TIIpH e€e
00paboTKe Ha OYHCTHBIX COOPYZKEHHSX.

Honyctumoe = coaepxKaHHe B BOAe KamKAOro H3 BeIIECTB
ONpeJeNeH0 B pe3yJabTaTe CIENHaJbHBIX CaHHTAPHO-THrHEHHYe-
CKHX HCCJELOBaHHII IO CaHHTAPHO-TOKCHKOJIOFHYECKHM, OpraHo-
JIEITHYECKHM H 06IlecaHHTAPHBIM MOKa3aTe]siM BPEAHOCTH. :

Ob6mee cosecomepxanHe B IHTbEBHIX BOAAX, ompeje/seMoe
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BEJHYHHOH CYXOro OcraTtka, He AOJKHO npeBumats 1000 wr/a.
JIMlb B OTJAENBHBIX cJAyYasfix AONMYCKAeTcs yBelHYeHHe CyXOro
ocratka mo 1500 mr/a, obmas xecTKOCTh He® JOJIXKHA NPEBHIIATH
7—10 mr-3ks/a *,

Cpenu BeTpeualmmuxcss B NPHPOAHBIX BOAAX MAaKpPOKOMIOHEH-
TOB, MHKDOKOMIIOHEHTOB H KOMIIOHEHTOB, 3aHHMAIOIIHX INIPOMEXKY-
TOYHOE NNoJIoZKeHHue, MHOrHe HOpMprIOTCH, T. €. JAJd HHX YCTa-
HaBJHBAIOTCSl TAK Ha3plBaeMble IIpeJeJbHO JONyCTHMBle  KOH-

nenrpanun — I1IK (taba. 2).

Ta6auuna 2
Npeneasto ponycrumbie konuentpauun (MAK)

Hurpenuents i%ﬁa ConepzaHne
Beprmrnii Mr/a 0,0002
JKeneso » 0,3—1,0
Mapranuen; » 0,1
Meb » 1,0
Monn6ren » 0,5
Meunbax » 0,05
Hurparer (no asory) » 10,0
CaHHer, » 0,1
Cenen » 0,001
Crponunit (crabuibneii) » 2,0
Cyusdars » 500,0
@r1op » Or 0,7 po 1,56
Xaopuast » He 6osee 350,0
1unk » D)
Ypan npuposHeii 0 ypan 238 - » 1T
Panuit — 226 Ku/n 1,2.10—10
Crponunii — 90 » 4,0-10—10

Cojep:KaHHe BeIleCTB, OTHOCSIIHUXCA K IPOMBIIIEHHEIM H CeJib-
CKOXO3SHCTBEHHBIM 3arpsisHEHHSAM, NOMyCKaeTcs B BOXE B KOJHYe-
crBaX He COosee IIJK — mpenenbHo J0nycTHMBIX KOHILEHTpalui,
ycranoBaeHHBIX MunucrepcerBoM 3apasooxpanenus CCCP. Cnu-
COK BemlecTB, A5 KOTOpHIX Yycranosaensl [IJIK, B nacrosuiee
Bpems mpeseimiaer 500 HaHMeHOBaHHI.

[TpenenbHoe comep:kaHHe XHMHYECKHX BeIeCTB, KOTOpPble MO-
ryT NOMAacTh B XO3SHCTBEHHO-NMHTLEBYIO BOAy npu ee oOpaGorke
H4 OYHCTHBIX COOPYXKEHHSX, cocTaBisier (Mr/u): ocTarodHbld afio-
munni (Al%) — He Goaee 0,5; rekcamerodocpar (POy) — ne 6o-
jaee 3,5; tpunoancdochar (PO,) —uHe OGomaee 3,5; mnoaHaKpHIa-
Mug — He Boaee 2,0. !

_ * VYKasaHHHe TIOBHIIEHHA TNpPEJEJbHHX BEJNHYHH CYXOrOo OCTaTKa, obmel
HECTKOCTH H COAEPIXKaHHA 2KeJse3a OCTATOYHOro aIIOMHHHUSA B KaXJAOM cJaydae JoJ-
HHbI OBITb COMIACOBAHEL C CAHHTAPHO-31HLeMHOJOTHIECKOH CaryK G0
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Ecan BOJA COAEPIKHT KOMILIEKC BELIeCTB C OJAHHAKOBBLIMH JIH-
MHTHPYIOIIHMH TOKa3aTeJqssMH BPEAHOCTH (TOKCHUECKHMH HJIH
OpraHoJenTHYECKHMH), TO CyMMa KOHIEHTPAlHii 3THX  BEILECTB,
BhIpaKEHHAsS B J0JSX OT MaKCHMaJbHO JONMYCTHMbBIX KOHIEHTpa-
umii, He NOJuKHA npesbimaTh 1. Tlpm sToM (B BHAe HCKIIOUEHNH:)
He yuHTBIBalOTCSL (TOp, HHTPATHl M PajAHOAKTHBHBIE BEUIECTBA, JeH-
CTBHE KOTOPHIX OICHHBAETCS OTAENBHO MO  COOTBETCTBYIOUIEH
IAK.

[IpH M3BICKAHHAX H Da3BeAKe MOJA3EMHBIX BOJ IS X03sHCT-
BEHHO-NIHTHEBOTO BOJOCHAOMKEHHS KauecTBO BOJbI B MEpPBYIO oOUe-
penb xapaktepuayercs no 0GaKTepHOJOTHYECKOMY COCTaBy, OpraHo-
JeNTHUYeCKHM CBOHCTBAM M IIOKasaTe/sM XHMHYECKOro ' COCTaBa,
OTHOCAIIHMCS K He3arpsi3HeHHBIM [PHPOAHBIM BOJaM (CM. BBIle
nokasatean 1-if ¥ 2-# rpymnm). Oxnako, eciid THAPOre0JOrHYecKas
H Xo3siiicTBeHHas O0O0cCTaHOBKa padoHa He HCKJIKUAeT BO3MOIKHO-
CTH MOCTYILIEHHS B BOJOHOCHBIH TOPH3OHT MPOMBIIIIEHHBIX — HJIH
CeIbCKOXO035IHCTBEHHBIX 34aTPSA3HEHHH, ONpefeasioTes TaKKe MOKa-
3aTesqd M3 3-H TPYNIEL

KosnuecTBo H mepeueHp NOKasaTeslell, KoTopele Tpebyercs B
STOM cJyyae ONpeAensiTbh, 3aBHCAT OT BHAA TNPOM3BOACTBA, CO-
cTaBa INPHMEHSEMBIX  CeJbCKOXO3AHCTBEHHBIX  SA0XHMHKATOB,
yA00penHii ¥ JOMKHBI ObITh YCTAHOBJEHH NPH H3BICKaHHAX. Jlas
B0J03a60poB GeperoBOro THNAa ClAEAyeT H3YUHTh COCTAB MOBEPX-
HOCTHBIX BOJ C y4eTOM BO3MOXKHOTO HX 3arps3HeHHs Ha y4acTKax,
PACNIOJIOIKEHHBIX ~BBHIIE N0 TeueHHI0 OT Oeperosoro BoOAO3a-
6opa.

ONPEJEJEHUE OPTAHHYECKHX BELLECTB
B MOA3EMHBIX BOJAX

Onpeaenenne B BOJe MyTHOCTH, GaKTepHalbHOrO  COCTaBd, CO-
Jep;KaHHsi OCHOBHBIX MAaKpO- H MHKDOKOMIOHEHTOB -t 1 2-#
TPynn He BHI3BIBAET TPYJAHOCTEH H MOXKeT GBITH TNPOBEACHQ IO
coorsercrpyiomuM ['OCTam u pexkOMeHAANHAM, H3JIOKEHHBIM B
paborax [105, 107]. :

Hanbosee cJOXKHBIM $BJSETCS aHajlu3 COAepIKallUXcs B BOAE
OpPraHHyYecknX BelleCTB, OT COCTaBa M KOJMUECTBA KOTOPLIX BO
MHOPHX CJy4yasX 3aBHCAT CAHHTAPHO-THTHEHHUYECKHe KauecTBa
BOJIHL. :

Ilo mopmam «MexAyHAapOAHOro CTaHAapTa KayecTpa MHTBE-
poii Boabl» (BceMupHas opramhsauus 3ApaBooxpaHenus, 1964 r.)
npejlebHO T pHEMJeMas KOHIEHTpalHs OpPraHHuecKHx Be-
HIecTB B NMHTHEBOH Boje cocrapiger 0,2 wMr/1, a NpefeabHO
ponycrtumas—0,5 Mr/n (npu 3KCTpakKluu 3aAE€pIKAHHBIX HS
BOJABI AKTHBHBIM YIVIEM OPTaHHUECKHX BELIECTB - XJI0POpOpMOM).

Brinoaugiompecss B HaCTOsiLlee BpeMs MacCoBBle aHaJH3bl MpPH-
POJAHBIX BOA, B OCOGEHHOCTH MOBEPXHOCTHBIX, YACTO HEYAOBIETBO-
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PUTEJbHBl B OTHOLIEHHHM OLEHKH COJAepMKaHHs OpraHHUYECKHX Be-
111eCTB. '

Opranuveckne BellecTBa, BXOAAIIHE B COCTaB [OBEPXHOCTHBIX
BOJ B KOJ/UIOHAHOM H PacTBOPEHHOM BHJE, 0ObIYHO CBA3aHBI ¢ pas-
JIOKE€HHEM pAacTHTEJbHBIX H JKHBOTHEIX OpPraHH3MOB, IONAaaalo-
IIHX B DEKH eCTeCTBEHHBIM NyTeM (BHIMBIBAHHE M3 1OYB, TOpP(A-
HHKOB, 00/10T) AHGO ¢ OBITOBHIMH CTOUHBLIMH BOLAMH M OTXOJaMH
MHILEBBIX HPOH3BOJCTB.

PacruresbHble W JKHBOTHBlE OPraHM3MBl 00pa3oBaHBl  CJAOKHbI-
MH XHMHYECKHMH coeauHeHusiMH. Tak, OakrepuajbHas KJeTKa
‘COAEPIKHT BHICOKOMOJIEKYJIADHBIE  BEIIEeCTBA, B COCTAB KOTOPBIX
BXOAAT TAAaBHBIM 00pasoM yriaepoj, BOAOPOJ, a30T, KHCAOPOA H
docdop.

BMecre ¢ TeM B MOBepXHOCTHbIE BOABI IIOCTYNAIOT OpraHHYECKHEe
BelllecTBa, coleprKallfecs B NPOMBIJIEHHBIX CTOUHBIX BOJAAX.

CocraB OpraHHYeCKHX BelIeCTB B NPOMBILLJIEHHBIX CTOUHBIX
BOJax COBPEMEHHOro NpOH3BOJCTBA KpaillHe pa3HooOpaseH — 3TO
apomMaTHuYecKHe  YIVIeBOJOPOJALI, He(TenpomayKTHl, (heHOJbl, ‘Mac-
J1a, CMOJIBI, AaMHHONDOAYKTHI, MHPHAHHOBbLIE OCHOBAHHS, IKHDHpIE
KHCJOTbI, MOBEPXHOCTHO-aKTHBHBIE COEAHHEHHs CHHTETHYECKHX MO-
IOIHX CPEICTB H MHOrme Apyrde. HecMoTpsi Ha TO 4TO OCHOBHBI-
MH COCTaBJSIIOUIMMH Pa3JHYHbIX OPTaHHYECKHX 3arpsi3HeHHH $iB-
JAIOTCS OJHH M Te XKe 3JIEMeHTH (rJaBHBIM o00pa3oM yrjepoj,
BOAOPOJ, KHCJIOPOJ H a30T), CTeNeHb BPEIHOCTH TOTO HJAH HHOTO
OpPraHHYeCKOro COEAHHEHHs 3aBHCHT OT (hOPMBI HAXOXKIEHHS, T. €.
KOMOHHAUMH, 5THX 3JEMeHTOB B Boje. [lostoMy misi HOJNyYeHHs
MOJNHOH CAHHTAPHO-THTHEHHUECKOH  XapaKTepHCTHKH  KauyecTBa
BOJLI HYJKHO 3HATb COJAEPIKAHHE B BOJe OIpeJe/]eHHBIX OpraHHye-
ckux BemiecTB. C NOMOIIBLIO COBPEMEHHBIX METONOB XHMHUYECKOTO
aHanu3a, B TOM YHCJe CIEeKTPOrpadHuYecKHx, TeOpeTHUECKH MOZK-
HO OnpeJenuTh J100yI0 KOMOHHAIHIO 3JE€MEHTOB OPraHHYECKHX Be-
IecTB B BOJe, HO HA NPaKTHKe IIPH aHa/H3e NMPHPOAHBIX H CTOY~
HBIX BOJ 3TO He [e/]aercs H3-3a MHOroo6pasusi OpraHHYECKHX COE-
JAHHEHHH B 3THX BOJAaX, a TaKXKe BCJEJCTBHE CJOXKHOCTH H Ipo-
MO3JIKOCTH MHOTHX aHauu30B. Cojep:KaHHe OTJEJbHBIX OpraHH-
YeCKHX BEIIeCTB — 3arpsA3HHUTeNeH — YCTAHABIHBACTCS  aHAJH30M,
KaK OTMeYa/Ioch BhIIIE, TOJLKO B TeX CAyYasix, KOrAd HMEHTCH
TIPENO/IOKEHHs] O HAJHYHH HMEHHO STHX BEIIECTB B BOJE.

OG6biuHO Ke MPOBOASTCA KOCBeHHHIe, GoJee NMPOCTEE aHAJH3HI,
BBIAE/IAIONHE TPYNNBl  OPraHHYECKHX BEIIeCTB C XapaKTepHBIMH
cpoiicTBaMu. Tak, ycTanaBamBaeTcst colepiKaHue B BOAE IPHPOA-
HBIX OPraHHYECKHX T'yMYCOBBHIX BEIIECTB, HAXOMANIHXCS B KOJJIOH-
AaJLHOM COCTOSIHHH H B PACTBOPEHHOM BHAe. PasnemenHe ATHX
BHJI0B CYMIECTBEHHO, TaK KaK KOJJIOHAHBIE COETHHEHHS] T'YMHHOBBIX
KHCJIOT M HX COJIeH, a TakkKe KOJJIOHAHBbIe (hYJbBOKHCJAOTH o0byc-
JIaBJHBAIOT INOBBILIEHHYIO' IIBETHOCTh IIOBEPXHOCTHHIX BOA," B TO
BpeMs KaK HCTHHHO pacTBOpHMble (yJbBOKHC/JOTHI He BJAHAIOT HA
UBETHOCTh BOJHI.
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BO3MOKHOCTb M HHTEHCHBHOCTb OKHCJEHHs OpraHHuCCKHX BE-
llecTB B BOje B IpPHCYTCTBHH a3poCHBIX GaKTepHil XapaKTepH3y-
JoTes  TOKa3aTeqeM OHOXMMHUECKOro IOTPeOJeHHs —KHCA0pOAa
BIIK, ompezenenrne KOTOpOro NpOBOAMTCA B HATYpHOH W/IH pa3-
Gapaennofi mpobe BOIB B YCAOBHMSX JOCTATOYHOIO KOJIMUECTBA
KHCJIOpOZa M OleHHBAeTcss MO YOBIIH PacTBOPEHHOTO KHCJIOPOAZ
3a ONpeieJeHHBI MepHoA HHKyOanud. 3aTparbl KHC/IOpOLa Ha
HUTpH(HKAIAIO, TPOHCXOASILYIO BCJEL 33 OKHCJICHHEM OCHOBHOMH
Macchl OPraHMYECKHX BeIeCTB, HE BXOAAT B BCJAHIHHY BIIK.
B cpasu ¢ stuM ycaosso moanoe BIIK onpenpensercs sa MEpHOT,
B KOHIe KOTOPOr0 a3oT HHTPATOB MNOSIBJASETCA B  KOJMHECTBE
0,1 Mr/a.

KOJHueCTBO JIeTKOOKHCHSMIONUXCsl — BemecTs  (MPHPOAHOro H
MCKYCCTBEHHOTQ NPOHCXOMKEHHs) [0 MOCJAe/Hero BpeMEeHH OMpe-
Jeasa0ch TPAAHIMOHHO KaK TepMaHraHaTHas OKHCAAEMOCTD, T. €.
MO pacxoAy KHCJAOPOAA, 3aTPAueHHOro Ha MX OKHCJIEeHHe IpH nefi-
cTBHH mMepManraHaTa Kajus. [To MHOTHM HAaTypHBIM JAaHHBIM M€=
MaHraHATHAs OKHCJASIEMOCTb CPAaBHHTEJBHO YHCTHIX PEYHBIX BOX
06biyHo He npesbimaer 5—I10 mr/n Qs HO TIPH MOBHIIEHHOM  CO-
JepIKAHHH TYMYCOBBIX BEUIECTB, a TaKxe JPYTHX OpraHHtICCKHX
3arpsi3HeHHil OHAa MOXKEeT CYINECTBEHHO YBEMHUHTLCS. B, cBsizH C
HEOTpeeJEHHOCThIO COAEpIKAHHs — NOKA3aTeNs nepMaHraHaTHOM
OKHCJISIEMOCTH, a TaKiKe HCKJIOYHTEIbHO OOJMBLIOH 3aBHCHMOCTDLIO
pe3y/JbTATOB 3TOr0 ONpeJeleHHss OT YC/JIOBHH NpOBEAEHHs aHa-
JH3a B HacToslllee BpEMS 3TOT IOKazaTelb He PEKOMEHAYeTCs K
NPHMEHEHHIO.

HauGosee moJHBIM TOKa3aTeaeM OOILero KOJHYECTBa JIETKO-
H TPYAHOOKHCJSIOMHAXCSA OPraHHYECKHX BeLIECTB ABJAACTCS XIIK —
TAK HA3blBaeMoe XHMHuecKoe mnorpebienne KHCIOpOJAA MPH OKHC-
JeHHH Bcero yrjepoja H BOJAOpOJA, CONEpHKAUIMXCA B Opramnude-
CKHX = BEllecTBAX, C NOMONIBI0 CHVIBHOrO ~OKHC/IHTeN — GHXPO-
MaTa KajHsi B ONpe/eJeHHBX, CTaHAAapPTH3HPOBAHHBIX YCAOBHAX.
Yeranopieno, uTo NMpH 3TOM OOBIYHO INPOHMCXOJAHT OKHC/IEHHE 95—
989, Bcex TPYAHOOKHC/SIOIIHXCS BELIECTB, 32 HCKJIOUEHHEM JIHIIL
HEKOTOPBIX H3 HHX (HanmpuMep, GeH30/a, MHPHAMHA, TOJYOJ]a, Hagp- .
raauna). C apyro#t cropousl, npu onpepenenun XITK OKHCaAOTCS
TAKXKE H HEKOTOpble HeopraHHyeckue BeIeCTBAa, HamnpHMep 3a-
KHCHOE 3KeJe30, CepoBOJAOPOJ, HHTPATHE, HO 3TO MOXKeT ObiTbh Yu-
TEHO H OIEHEHO OT/EJbHO.

B 3arpsisHeHHBIX CTOKaMH TOBEPXHOCTHHIX BOJAAX BeHYHH&
XITK mocruraer 50—100 mr/a O, u Goaee. Meroauka onpenese-
mns XIIK B Hacrtosiiee BpeMsi ycOBepUIEHCTBOBaHa, paspaborana
151 GoNbLIIMX M MaJjibiX KOJHYECTB OpraHHuecKoro BEIIEeCTBa; Npen-
J0KeHBl MPpHGOPH! A5 aBTOMAaTH3allHH 3TOrO, paHee OYeHb CJOK-
soro anaamsa [107]. B momomuenue k¥ XITK B Hacrosiiee BpeMs
HCNOJIb3YETCsl elle psij NoKasaTesell, NO3BOJAIOMIAX  BbIACTHTE
OTZeJbHBIE TPYNIbL OPraHHYeCKHX BellecTB, B TOM YHC/IE: CcOJep-
XKaHHe opranuueckoro yriepoaa (C), coxepxkanue OpraHHYecKoro
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430Ta, CyMMapHOe COAepXKaHHe OpraHHYeCKHX 3arpsA3HeHuil H3
IPOMBILIIJIEHHEIX CTOYHBIX BOJA H CEJbCKOXO03SHCTBEHHBIX SJOXHMH-
KaToB, ONmpeJe/eHHOe METOA0M YIo/abHO-XJI0PO(YOPMHOrO 3IKCTpakK-
ta (merox CCE) u gp.

F''TABA 2.

OCHOBHBIE PU3UKO-XUMHYECKHE
NMPOLWECCHI BBAUMOLEHCTBHS
3ATPSASHEHHBIX CTOKOB,
NMNOA3EMHBIX BOJL H NOPOJ

POJIb ¢H3HKO-XHMH'-IECKHX NMPOLLECCOB B MUTPALLUH
3ATPA3SHAIOIWIHUX BELECTB B BO,[IOH‘OCHOM MJACTE

ITpn sarpsi3HeHHH CTOYHBIMH BOJAMH H OTXOAaMH, Kak ciaegyer
U3 BBIUIEH3JO0KEHHOr0, B MOJA3eMHble BOALI MOTYT IONAJaTh pas-
HOOOpasHble XHMHYeCKHe BeIecTBa, M 3arpsi3HEHHAsi BOAA, TAKHM
obpasom, npeacrasiser cQboii pacTBop, COAEp:KAIMMHA  OOBIYHO
HECKOJIBKO pAaCTBOPEHHBIX, 3MY/JIbIHPOBAHHBIX HJHM ‘B3BEIIEHHHIX
KOMIOHEHTOB H HMEIOIIHH YacTO IOBLIIEHHYI0 MHHEpaJaH3alHIo.

Ilpn ¢uabTpanum B BOJAOHOCHOM IJIacTeé 3arps3HeHHble ~ BOABI
B3aHMOIEHCTBYIOT € YHCTHLIMH TPHPOAHBIMH TOA3EMHLIMH BOJAMH
H NOpoJaMH BOJAOHOCHOTO FOPH30HTA. DTO B3aHMOJAEHCTBHE NPOSAB-
JisleTCsl B BHIE 3aJiepXKaHHA B3BEIIEHHBIX H SMYJIbCHPOBAHHBIX Be-,
uecTB, pasbaBiieHHsT HCXOMHOH BOXHI, MOJIeKyJIApHO# Jupdy3uu,
QuALTPALHOHHOR AMCIEPCHH, MOIVIOUIEHHS OTAEJbHBIX KOMIOHEH-
TOB ((H3HYeCKas W XMMHUeCKasi COpOLHS), ra3oBbACJACHHS, pacT-
BOpEHHSI TBEPAOH MOPOALI, TenJI006MeHa H T. [.

Beaencreue HasBaHHBIX IIPOIECCOB IepeMelNaomuecs B BOAO-
HOCHOM IJIacte 3arps3HeHHble TNOA3EeMHble BOABLI MOCTENEHHO W3-
MEHSI0T CBOif TIepBOHAYaJbHBIH cocTaB. Ilpn 3TOM HEeKOTOphle KOM-
MOHEHTHI MOJHOCTLIO HJIH YACTHUHO YAAJAIOTCA M3 BOAB (B pe3yJib-
TaTe MeXaHHYeCKOH 3aJiepXKH, copOLMH, OcamIeHHS pacmana),
4 Jpyrdae — yBEJHYHBAIOT CBOIO KOHIEHTPAUHI0O HJIH BO3HHKAIOT
BHOBb B pe€3yJsibTaTe BBILIEJNAUYHBAHHS cOJelt H3 TOPOALI, peakiHil
FHAPOJIN3A, KOMILIeKcooOpasoBanus u Jp. BemecrBa, me mnoasep-
rajpuuecss  (QH3NKO-XHMHYECKHM M3MEHEHHsIM B I[OA3eMHBIX BO-
Aax, MOryT nepeMeIlaTbess B IJ1acTe HEONPELENEHHO JOJroe
BpEMS. ‘

HuTencuBHOCT: 1 XapakTep B3auMofeficTBHs B CHCTEMe (DHILT-
pyioumascs 3arpA3HeHHasi BOJA — NOPOAbI BOJAOHOCHOTO TOPH3OH-
Ta — YHCTHIE MOJA3EMHBIE BOABLI CYIIECTBEHHO 3aBHCAT OT COCTABA
H CONEprKaHHs 3arps3HsAIONMX BEIIEeCTB, COCTABA IOA3E€MHBIX BOI,
CTPOEHHA H COCTaBa BOJOHOCHBIX NOPOA, a TaKkKe OT YCJOBHL,
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B KOTOPHIX IPOUCXOAUT B3auMoelicTBHE  CKOpocTH (GHIbTpaIUH,
MJIOLIAAH KOHTAKTAa MeLy BOJOH M TOPOJOMH, TeMIepaTyphl BOLBI
# MOpPOJ H Ip. :

3aKOHOMEPHOCTH OJHOBPEMEHHO MPOHCXOMAUIHX (hHU3NKO-XHMH-
YeCKMX TpOLeccOB B TaKOi MHOTO(AKTODHOH CHCTEME OueHb
CJIOXKHBL M TIOSTOMY ellle MaJo H3yueHbl. YUHTBHIBas K TOMY G,
4TO B CBASH ¢ (DHIBTPAIHOHHOH HEOJHOPOJHOCTBIO MOPOA MHOrHE
PeaKIHH MeXJy 3arpsisHeHHBIMH M HHCTLIMH NoJA3EMHBIME BOLAMH
i MOPOAAMH TPOTEKAIOT ¢ H3MEHCHHEM ofbeMa pearHpyiomux
pactsopoB, suauenmit pH u Eh (OKHCAHT@IbHO-BOCCTAHOBHTE/DL-
HOro TOTeHIHaNxa), AJs OLEeHKH gBJIEHNI B3aUMOAelCTBHs MPHXO-
JHTCSL paccMaTpHBATh MHOTHE M3 3THX IPOLECCOB H30JHPOBAHHO
1WIH, HAnpoTuB, — 0000IIEHHO, B CXeMaTH3HPOBAHHOH TOCTAHOBKE,
HCTOTb3ysl IPHGIHIKEHHBIE METO/b! pacieTd.

[TocKo/pKY 3arpsisHeHHbIE MOJ3eMHbIe BOABL B BOJLOHOCHOM
nacTe MEpeMeNlaloTCs, OCHOBHON 3ajadeif paccMOTpEHH npore-
KalOUyEX IpH 3TOM (H3MKO-XHMHYECKHX MPOLECCOB ABJIETCS OLLEH-
KA H3MEHeHHs KOJHuecTBa (MM KOHIEHTpAalHH) BellecTsa BO
BpEMEHH H N0 TyTH QUIbTPALMH, T. €. OLCHKA xapakKrepa M KH-
HETHKH 9THX NpPOIECCOB B MOTOKE MOA3EMHBIX BOL.

HecMoTpst Ha TO YTO peaKlHH, MPOHCXOAALHE B ILTACTE npu
QUABTPAlMH 3aTPA3HEHHBIX NPOMCTOKAMH NOJ3EMHBLIX BOIL, Kag H
Bce UHCTO XHMHUECKHe PeaKIHH, B NpPHHIHIE ABIAIOTCH ABYXCTO®
POHHHMH, T. €. OGPaTHMBIMH, Ha NPAKTHKE HaCTO paccMaTpHBa-
jorcsi GoJsiee MpOCThie — OJHOCTOPOHHHE, nHeoGpaTHMble  peaKIHH.
K mocjielHHM OTHOCSTCS, HAanpHMep, peakIHH obpasoBanus Ma-
JI0pacTBOPHMOro 0CajKa, rasoBBIACICHHI, paaHoaKTHBHOTO  pac-
naga w T. 0. MHOrHe XMUMHYeCKHE pEaKUHH B IefiCTBUTE/IbHOCTH
COCTOSIT H3 HECKOJBKHX 3J/IEMeHTapHBIX peaknuii, TpOTEKAIONIHX
¢ PasJHYHON CKOPOCTBIO, MOC/IELOBATEAbHO HIH napaaJjenpto, Ho
14K KAK HaGJI0faeMasi B ONMBITe CKOPOCTb XHMHYECKOH peaKIiH
00BIYHO KOHTPOJHPYETCs  CKOPOCTBIO onaHoil — Haubosee Mea-
JIeHHO TpoTeKaloulefi peaklud, TO H IPH ¢GuabTPalHH B NMOTOKE
TaKKe YUHTHIBAETCSI CKOPOCTh TOJBKO OJHOH pEaKIHH. Hamnpumep,
aasi cop6uuu, HOHHOro oOMeHa M paCTBOPEHHST — STO CKOPOCTh
TONBO/A PearHpyOIUX BeIECTB K TBEPAOH NOBEPXHOCTH (peak-
nasg B 00J1acTH TaK Ha3bIBAEMOH nuddysHOHHON KHHETHKH).

[Ips H3yueHHH XHMHYECKHX peakKluii u mepeHoca BellecTBa
KOHCTAHTHL CKOPOCTH H JpyrHe MapaMeTpbl STHX TPOLECcos
OObLINHO OMPENENsIOTCS  SKCIEepHMenTanbHo. B ocobGeHHocTH 3TO
OTHOCHTCSL K Tpoleccam MHrpaniu 3arpsASHEHHH B MOJA3EMHBIX
BOJAX, TAK KAK HA XapaKTepe H CKOPOCTH peakluii B 3TOM Cyuae
CcaMbiM CYLIeCTBEHHBIM 06pa3oM CKasblBaloTCs CBOMCTBA MOPOXBI,
o6yc/iaB/nBaloOllie CKOPOCTh  (QHAbTPAUMH, TJOMAAL KOHTAKTa
MEX/y BOJOWH H TIOPOJAOH H Ap. DTO e OTHOCHTCS M K TAKHM du-
3HKO-XMMHUYECKHM MpOIeCCaM, KaK yAajeHHe H3 pacTsopa B3BE-
IeHHBIX ¥ 3MYJbTHPOBAHHBIX BeIECTB, H ¢usuyeckoit copOuUHH.

[IpuMenuTenbHO K TOMY HJIH HHOMY paccMaTpHBAEMOMY thu-
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3HKO-XHMHYECKOMY Tpoleccy B Nopodax npH (GuAbTpaLHH Ieje-
co00pa3Ho BHIAEJNHTH HEHTPaJbHEIE KOMIOHEHTHl, He Y4YacTBYIO-
IHe B HEM, a TaKiKe aAKTHBHble KOMIOHEHTHI, BJHsIOUIHe Ha JAH-
HbIH Ipolecc.

Tax, npu paccmorpennu copOuHE 3arpssHeHHi NmpH  (HAbTpa-
HHH B IPYHTaX aKTHBHHIMH KOMIIOHEHTaMH SIBASIOTCS KAaTHOHBI —
OHH B TOH HJM HHOH Mepe cOpOHPYIOTCS YaCTHIAMH TPYHTOB, KO-
TOpbie, KaK NPaBHJI0, HMEIOT OTPHLATE/]bHO 3apsizkeHHylo copbu-
PYIOILYI0 NOBEPXHOCTb. AHHOHBI WM 3JEKTpOHeHTpajbHbie MoJe-
KyJ/Bl IJIOXO COPOHPYIOTCS H MOTYT OBITh OTHECeHBI K HEeHTpalib-
HBIM KOMIOHEHTaM. B cBf3H ¢ 3THM BbIBJAeHHe (POPMBLI HAXOXKIe-
HHSI BelllecTBa B 3arpsA3HEHHLIX MOJ3EMHBIX BOJAax IpeACTaB-
JSeT CYLIECTBEHHBIH HHTEpeC. :

B ocoleHHOCTH 3TO BaXKHO NPH H3YYEHHH XHMHYECKOIo COCTaBa
IPOMBIIIJIEHHBIX CTOYHBLIX BOJ, B KOTOPHIX B Pe3y/bTaTe OCOOEHHO~
CTeil COBPEMEHHOH TEeXHOJOTHH KpoMe CBOGOJZHBIX HOHOB cOJep-
HKaTed pasHooOpasHble KOMILIEKCHBIE HEOpraHHuecKHe H OpraHu-
yeckHe coeqnHenud. [Tocaennue B panbpHEHIINX TpoIeccax H3MeHe-
HHSl COCTaBa CTOYHBIX BOJA (HOPH MX HEHTPAJIM3ANHH HAa OYHCTHBIX
COOpYKEeHHSX, INPH CMEUIeHHH ¢ NMOA3EMHEIMH BOAAMH M T. 1.) MO-
TYT paspyuiarbcs ¢ 00pasoBaHHEM IPOMEKYTOUHBLIX H HOBBIX (DOpM
KOMILJIEKCHEIX H NPOCTHIX COEIHHEHHUI.

O6biuHO  XHMHUYECKHH C€OCTAB IMOA3EMHBIX BOJA XapaKTepH3Y-
ercsl pe3yJbTaTaMH aHa/lAH3a, BHIPAXKEHHOrO B BHIE CONEPIKAHHST
CBOGOAHBIX HOHOB C 3apsJ0M, PaBHBIM HX (OPMajbHOi BaJeHTHO-
ctH. Mexkay TeM B BOJe HaXoAATcA He TOJBKO cBOGOAHLIe HOHGE
paccMaTpHBAeMOrO BeIleCTBA, HO H ero KOMILIEKCHBE COeIHHe-
HHl ¢ JPYTHMH OpPraHHYeCKHMH H HeOpraHHYeCcKHMH HOHaMH,.
TpynnaMi HOHOB HMJH 3JEKTPOHEATpaNbHBIMH MoJeKya1aMu. [Ipwm
3TOM KOMIIIEKCHOE COeJIHHEHHEe MOXKeT HMeTh 3apsj (MOJOKH-
TeJIbHbI MM OTPHUATENbHBIH) JHG0 OBITh  3JEKTPOHEHTPAb-
HbM. Tak, HampuMep, pacueT MHTPALHOHHHIX (DOPM PACTBOPEHHBIX
B DeYHOH BOAe BEUIeCTB IIOKa3al, 4TO COAEpIKaHHe CBOOOAHBIX
katnonos Ca?t, Mg?t, Sr?+ cocrasasier Bcero 81—889 ot Bajo-
BOTO COJ€PIKaHHsA, ONpefe]eHHOT0 XHMHUYECKHM aHaJH30M; OCTaJjb-
Hele 19—12% naxoasTcs B BHIe OpraHMYECKHX KOMIOHEHTOB:
[101]. \

B cocraBe crounbix Box mpeanpuaTHA PyA00GOralleHHS BO3-
MOXKHBI pasHooGpasnbie (POPMHI CyllecTBOBaHHs Meramios [106],
CBuHell — B BHAe Pb*", PbCl+, PbOH+, PbCE-, PbCly, PbCl-,
Pb(SO.);, Pb(OH);; MeTaJJIOOpraHHYeCKHe KOMILJIEKCHBIE
annoHbl B Buae PbSOY, PbCIY Pb(OH)2; men» — B Buge Cu?,
CuCl¥, CuOHt, CuCly, CuCNS-, Cu(CNS);; merannoopranu-
HecKHe KoMmJekcHbie aHHOHB B Buge CuSO§, CuClY; unnuk — B
Bujge Zn?*t, ZnClt, ZnOH+*, ZnF+, ZnCly, ZnCl-, Zn(OH)Z—,
Zn(OH);; MerasoopraHHueckue KOMIJIEKCHBle AHHOHBI B BH/E:
ZnS0Y, ZnClY, Zn(OH)? u T. &.
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Crioco6bl  pacuera HOHHO-MOJIEKYJASPHOro COCTaBa NpHPOAHBIX
BOA 1O JAAHHBIM XHMHUECKOTO aHA/JH3a OCHOBAHbI Ha pellCHHH CH-
cTeMbl ypaBHeHHil GajiaHca BEIIECTB H ypaBHEHHiT KOHCTAHT yCTOil-
gusoctH Kommiekcos [30, 56, 106]. IToaHoe pemeHHe TaKHX CH-
creM, Tpelyioliee HCIOAL30BAHUSA 9BM, nosBoJsieT, KpoMe TOrO,
NpOrHO3HpPOBATL: 1) 3HAUCHHS pH u akTHBHOCTedl HOHA @, B Tpe
Jerax KOTOPBIX BO3HHKAIOT H OCTAIOTCA YCTONYHBEIME OTAEIbHBIE
GOopMbl KOMNOHEHTOB; 2) MaKCHMaJbHO BO3MOXKHbIE = KOHIEHTpa-
IHH OTAeJAbLHLIX (OopM KOMIOHEHTa B BOIE; 3) BO3MOMKHBIH CO-
cTaB TBEPABIX OCAJAKOB, BBINAJAIOUIHX M3 BOABI IpPH TEX HJIH HHbBIX
guayennax pH, Eh M COOTHOIEHHAX AKTHBHOCTEH OTHEJbHBIX
uoros [106].

B pesy/braTe, TAKHM 00pa3oM, MOIKHO BhIABHTH HaJUuHe B BO-
Jle 3arpsi3HsiiolMX KOMIIOHEHTOB, KOTOpHE B 61arompHATHBIX YCJI0-
BHAX MOrYT COPOHPOBATBCS WJM BHIMAJATh H3 JAHHOTO pactBopa
npu uzmenennu pH, Eh, cosepKaHHS OTJEJbHBIX HOHOB H T. L. Las
CyM/IeHHsl O TOM, HACKOJbKO peajH3yercs 5Ta BO3MOMKHOCTb IIpH
QUIbTPALHK B TOPOJLAX ONPEAENEHHOro cocrasa H CTpOEHHS, He-
06X0AMMA TOCTAHOBKA CHEIHANbHEIX SKCIEpPHMEHTAIbHBIX pabor.

KOHBEKTHBHASl JHCIIEPCHA
W MOJEKYJISIPHAS OH®®Y3HA BELUIECTB

TlocTynaomue B BOJOHOCHBIH NJIacT 3arpsSHEHHBIC cTOUHble BONLI,
aTMoc(epHble OCAIKH H BOJBL IOBEPXHOCTHBIX BOAOTOKOB H BOJ0OE-
MOB BHITECHSIOT UHCTble TOJ3EMHEBIE BOABI H TepeMellaiores B
macTe Mo HampasieHuio o6uiero QUILTPAUHOHHOIO noroka, Ilepe-
IBHKEeHHE 3arpA3HEHHH BMecTe ¢ MOTOKOM MOASEMHBIX BOA npez-
oTapisier coBGCTBEHHO KOHBEKTHBHBIH TNepeHoc, KOTOpHBIil $B-
Jisiercst Hanboee CyMecTBeHHBIM (akTopoM MHIpallHH.

[IpHHLHMIHEAJNBHO CYLIECTBYET BO3MOXKHOCTD pacrnpocTpaHeHHs
3arpA3HEHHi B BOJOHOCHOM IlacTe M IpH oTcyTCTBHH  (QHIBTPA-
LWHOHHOTO TEUEeHHs — IYTEM MOJIEKYIAPHOH mupdysun, cosepiia-
someficss TOJNbKO IOA AEACTBHEM rpajHEHTa KOHLEHTpALMH BEIle-
€TBAa B pas/HYHBIX TOUKaX ILIACTA. OnHakKo, KaK IOQKasbiBaloT TEO-
peruuecKie HCCHefOBAHHS M PACuerd, 3T0 nepeMeIleHHe MPOHCXO-
IUT HACTOJBLKO MEJJIeHHO, YTO MpH MpOrHO3ax pacnpocTpaHenus
3arpsAsHEHHil MOXKEeT He YUHTHIBATBCH, €CIH petb njger o mepeHoce
Ha paccTOsiHHsi GO/ee HEeCKOJbKAX METpOB HIH O nporuo3ax Ha
cpoku Menee 100—200 aer. PaccmoTpenHe MoJekyasipHo-auddy-
3HONHOrO NepeHoca B TOPHBEIX MOPOAAx M BOJOHOCHBIX naacTax
MOKeT TpeACTaB/IsATh HHTEpPec JHIIb B TeX Caydasx, Koria PO~
JKHTEIbHOCTb ITOTO HpOLEcca H3MepsieTcss MHINHOHAMH JET {102]
AH6O KOrja paccMaTpHBAETCS OUEHb MaJblit OTPE3OK MyTH nud-
DY3HOHHOTO MepeHoca npH OTCYTCTBHH (hHIBTPALLHH.

Tak, HanpuMep, NpH YCTpOicTBe B OCHOBaHHHU 1IaMOXpanH-
QML M HAKONHTEJeH 3aIMTHHIX 5KPAHOB H3 TJIHH HIH yNJIOTHEH-
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HBIX CYTJIHHKOB MOJIEKYJSpHO-AH((QY3HOHHEIH NepeHoc 3arpsAsHsio-
IIUX BEHIeCTB Yepes 3KpaH TOMIHHOI 1—2 M MomKeT 0OYCIOBUTH.
NOSIBIEHHE OTHOCHTEeNbHBIX KoHUeHTpamuit C=0,01 uepes 5—
25 ner, a C = 0,001 —uepe3 4—14 ser (puc. 1). ‘

[Ipn KOHBEKTHBHOM MepeHOCe TpaHHIA MeXJy 3arpsA3HeHHbI-
MH H YHCTBIMH IIOJ3€MHBIMH BOJAMH TEOPETHUECKH AOJXKHA HMETh
BHJ DE3KOro, TaK HAa3plBAEMOro <«IOPIIHEBOro» (poHTa, IepeMe-
mA0UIerocss €O cpefHell CKOpOCTbIO (UALTPAMOHHOrO TOTOKa M
pasjessionlero BoJsl ¢ KonueHTpanusmu BemectBa Cpy (Ha BXoje
sarpssHenui B nyact) u C, (hoHOBasi KOHIEHTPALMSA).

 Toiib
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Puc. 1. Moaexyasapro-gndpysHonnblii nepeHoc PacTBOPEHHBIX BEUIECTB 4Yepe3 SKPaH M3 YII0T-

HEHHBIX CYTJAHHKOB.
CBX—KOHLLEHT‘DEU.HFI 3arpsAHAIONIHX BeUIeCTB B CTOYHHIX BOZax HAaJ SKpaHoOM, C—rto e,

= C
Ha BHIXOAE W3 S5KpaHa (C:— » X — TOnQIlHHA 3Kpana, cMm; I — BpeM#s OT Havajna MoJje-
BX
xynﬁpﬂoﬂm TnudJ;?yaun. TOJEL; xoshduuuent MOJIEKYAsipHOH audbysan CYIJIHHKa
= 410" cutfc

M
Puc. 2. TpoposbHasi MHKPOLHCHEPCHS:
@ — cxema naacta; 6 — rpapuk C (x).
I — sarpssHenHble BOAM; 2 — 30Ha MHKDOZHCHEDCHHM; J — WHCTHIE BOLMI: Cnx — KOHIeHTpa-

IS 3arpASHSIOUIEr0 PellecTBa BO BXOAHOM CeYeHHH miIacTa: Co— doHOBas KoOHUEHTpalus
BELLECTEa B NJacTe; aq — MOpIIHeBoit Gpont duabTpamun

Kak nokaswiBaor HaTypHble HaGJIOAeHHs, NOPIIHEBO GpPOHT —
B H3BecTHOH Mepe abctpakTHoe nousatHe, OObLIUHO BMECTO YeTKOTO
Gponta 00Hapy;KHBAeTCs 30HA CMEMIEHHS, HA MPOTSHKEHHH = KOTO-
pOii KOHIEHTpallHH mnocTeneHHo uamensiores ot Cyx a0 C.. @op-
MHPOBaHHE 30HBI CMELICHHS CBA3aHO B NepBYIO ouyepeab ¢ (HILT-
PAllHOHHOH JucnepcHell (paccesHHeM)  BellecTBAa. B HEKOTOPBIX
Cayqasix, KpoMe TOro, BJAHMAKT cOpOnHA M XHMHUECKHe peaKIHH
MEKy 3arpsA3HEHHBIMH H YHCTHIMH BOJAaMH H mnopojgaMu. Ilpuns-
TO BHIJIGIATE MHKDOAHCHEPCHIO H MaKPOAHCIEPCHI0 B (HJIbTpA-
LIHOHHOM noToke [85]. :
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MuKpoAMCHEpCHs PACTBOPEHHBIX M 3MYJbrHPOBAHHLIX
B BOJe BeliecTB Mpu UAbTPANHH B FOPHBEIX MOpPOAAx obycioBJeHA
caMHM XapaKTepoM JBHXKEHHs BOABI IO MOpam H TPEUlHHAM, HME-
IONMM pa3JHYHBe OPHEHTAIHWIO ¥ PasMephl Aaxe B MOPOAAX, KO-
TOpble B (UILTPAIMOHHOM OTHOIICHHH CUMTAlOTCA MPAKTHUECKH
OJHOPOAHBLIMH. DTO, BO-NEPBHIX, BbI3LIBAET OTKJIOHEHHS JIOKAMBLHBIX
CKOpOCTeii JBHMKEHHs B OTAEJbHBIX IOpax H TpeulHHax oT obuiel
cpeaneii CKOPOCTH NMOTOKAa MOA3EMHBIX BOJ IO HANpPaBJCHUIO M BE-
JIHYHHE, 4, BO-BTOPLIX, MPHBOAHT K CMELIEHHIO BOJ NMPH C/AHAHHH B
nopax OTAeJAbHBIX 3JeMeHTapHBIX CTPYeK, HMEIOLIHX HeOIHHAKOBBIIT
cocTaB. B nanpaBieHHH cpejiHeil CKOPOCTH /BHIKEHHS TOA3EMHBIX
BOJ, pa3BHBAaeTCss NPOJAOJbHASA MHKPOAHCHEPCHH. Oxa
Haubosee YeTKO MOZKeT OBbITh Ipoc/elkeHa B YCJIOBHAX ONHOMED-
HOro MOTOKa, OTPAHHYEHHOTO HENPOHHIAEMBIMH — TJIOCKOCTAMH
(«macT — nosoca»), NpH MOCTYIVIEHHH BEILeCTBA HA BCeM IpOTA-
JKeHuHu BXoaHoro ceuenuss om (puc. 2,a). Ha Boixoge u3 3TOro
CEueHNs BCe 3JeMEeHTapHble CTPYHKH BOJALI HMEIOT paBHble KOHHEH-
Tpauuu semecrBa Cpyx, a TakXKe napajjelbHble M0 HAaNpas/ICHUIO H
paBHble N0 BEeJIHYHHE CKOPOCTH JBHIKEHHs, HO jaJjee INpH ' IBHZKE-
HHH 10 M3BH/JHCTHIM TOPOBHLIM KaHajaM NOpPOAl CTPYHKH Aedop-
MHpYIOTCA H TpHOOperaloT pasiHiyHble CKOPOCTH ABHIKEHHS. [pu
3TOM, TaK Kak OT/AeJbHBE CTPYAKH BOABI TepeMeriaiorest ObicTpee
uaH MeN/JcHHee, UeM B CpPeAHEM Bcs Macca BOJBI, K CEUCHHIO 4d,
COOTBETCTBYIOIIEMY  «IIOpIIHEBOMY» (POHTY (HIALTpAlMH U ONpe-

AelseMOMy 1O cpeiHeli CKOpOCTH ABH:KEHHsi BOAbl V, K pacuer-
xn

HOMY MOMEHTY BpeMeHH [p= = (n — akTHBHAsi TOPHCTOCTb)
NMpHAYT He Bce SJaeMeHTapHble CTPYHKH ¢ konnentpanneii Cysx.
IMosToMy 3lech B OTAEIBHBIX TOpax elle OCTaHeTcs Boja ¢ Ha-
yaJbHOII KOHIeHTpalmeil BemiecTBa. B pesy/abraTe cpeinss KOH-
LeHTpAIlHs BEllecTBAa B HTOM CCYEHHH B MOMEHT lg Oymer MeHblIe
Cyx; TakuM 06pasoM, BOJIH3H ceueHHS aa CHOpPMHpYyeTcs 30Ha
MHKDOIUCIIEPCHH C NMPOMEXYTOUHBIMH KOHUEHTPAUHAMI OT Gox 7O
C. (puc. 2,6).

[lonepeunas MHKpOJAHCIEpPCHS B ONHOMEDHOM
OHILTPANHOHHOM IOTOKE pasBHBaeTcsi B YCJIOBHAX, KOrja 3arpfs-
HFIOIIee BelleCTBO NOCTYNAeT ToJbKo Ha yacth MN BXOJHOro ce-
uennst om (puc. 3). Ilpu 3TOM cMelleHHe 3arPASHEHHBIX H YHCTLIX
BOJ, MPOHCXOJHT y3Ke He TOJbKO B HAmNpaBJEHHH OCH OX, KaK 3TO
HMeeT MecTO NPH YHCTO NMPOAOJLHOH AMCIEPCHH, HO H MO OCH OZ.
B pesyabraTe nomepednble pasMepbl 30HBL JAHCNEPCHH MOCTENEHHO
paclHpsIOTCesT W BLIXOAAT 3a TNpejesl, onpelesseMble pasMepoM
Bxonnoro ceuenna MN. Ilepemelnenne 4acTHIL KHAKOCTH H pacTBO-
PEHHOrO BElIeCTBA B HANMPABJECHHH, TMONEPEUHOM OJHOMEPHOMY
(UALTPAIMOHHOMY TOTOKY, CTAHOBHTCS BO3MOMKHBIM 31€Ch KaK pe-
3yJbTAT CAHSIHHS H CMEIIECHHS 3/J1E€MEHTApHBIX CTPYeK yHcTOH M
3arpsisHeHHOl BOAbI B NMOPOBBIX KaHaJax M TPellUHAX, OTKJIOHFAIO-
WHXCA OT CPeHero HanpasJaeHus MOTOKa.
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Puc. 3. Tonepeunas W nNpoaOab—~
HAS MHKPOJAHCTEPCHS:
a — cxema naacrta; 6 —rpaguk C
(2).
] — sarpsaHenubie BOAB; 2@ — 30+
- i | T Ha MPOJOJBHOH MHKPOLHCHEPCHH;
f L 26 — 30Ha NONepevyHOH MHKPOILHC-
\ nepcuu; 3 — uHermie  Bombl;  [.
Il — ceyenns nnacta

[TockonbKy npoHCXOXKAeHHe (QHJIBTPALHOHHOH MHKpOAHCIEp=
CHH CBHB(’:IHO‘C H3BHJAHCTOCTBIO Tp&EKTOpHﬁ YacTHll, BOABI, OTH-
falouluX HenpoHHIlaeMble 3epHa uax OGJ0KH MNOpoas, Macturad
NpoABJEHHSA ,E[,I/IC'IIepCHH 3aBHCHT OT paamepOB 3THX HMACTHIL H H0p~
MEXKIY HHMH.

B O}.’LHODOILHB!X nJjacrax, CJOMKEHHBIX MEJIKHMH IeCYHaHbBIMH HJIH -
I‘paBeﬂHCTblMH yaCTHIaMH, paBMprl JIHCIIepCHOHHOf{ 30HBI CMe-
IIeHHs] He AOJKHBI ObITh BeqHKH. [103TOMY MHKpOAHCIEpCHS Npei-
CTaBJISIET HpaKTH‘{ECKHﬁ HHTEpPEC IIPpH H3YUYEHHH pacnpe,z:,e:tem-m 58
NepeHoca BellecTBa Ha CpaBHHTeJleO HEGOJIBU.IHX paccrosmmx,.
HanpuMep B IIOYBEHHOM cJIO€ IIPH OPOUIEHHH HJAH B Jab0paTOPHBIX
3KCNepHMEHTaX. . B KO/JHUECTBEHHOM OTHOUIEHHH ToONepeuHas #
NpONOJbHAS (HIbTPALHOHHAS MHKDOJAHCHEPCHS OIEHHBAOTCH C
IMOMOIILLI0 CTATHCTHYECKHX H MAaTEMATHUYECKHUX MOJIEJ'IEI‘"L

CraTHCTHYECKOE pAcCMOTpeHHe MHKPOLHCIEpPCHH —HasupyeTcs
Ha TEOPHH CJAYYaHHBIX OJayxaanuii o6gaka MeuyeHHX (B JaHHOM
clyuyae— obGJiaKa 3arpA3HSIONIMX) 4YaCTHI BellectBa B (QHJILTPYIO-
Hei cpeje, MpeiCTaBJAseMOH B BHAE CHCTEMbl OJXHOPOJAHBIX SUEEK
HJIH KaMep, COeJHHEHHbIX KaHaJaMH.

HC!’[OJH:BOBHHH@ CTATHCTHUYECKHX MO,II@JIeﬁ NPHMEHHTEJIbHO K
npoG/ieMe MHrpallld 3arpsf3HeHHil B BOJOHOCHBIX IVIACTAaX 3aTPYyA-
HEeHO TeéM, UTO B 3THX MOJIEJAX He OlleHHBaeTcsd POJIb TpPaHHYHBIX
YCJIOBHIi, MPH KOTOPBLIX NPOHCXOAHT AHCHepcHs (pa3Mepsl IJacTa,
(opma ouara sarpsisHeHHsl, Haua/JbHOe pachpejeleHne KOHIEHTpa-
oui U Ap.). Itu obcrosiTesbeTBa Goslee MOJNHO MOrYT GBITH VUTEHDE
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B JleTepMHHHPOBAHHBIX MaTeMaTHYECKHX MOJE/AX, OCHOBAHHBIX HA
pacemoTpenun  AuddepeHnHanbHbIX ypaBHEHHH MaccolepeHoca.
“DuabTPAlHOHHAS MHKDPOJAHCIEPCHs XapaKTepH3yercs Ko3(ppuHeH-
TaMH NPOAOJALHON H NONepeyHoll MHKPOAHCIEpPCHH De DeHe-
CMOTPs HA TO UTO BHJ AMCIEPCHOHHBIX 4YJEHOB B aubdepennnaisb-
HBIX VpaBHEHHsIX NMOJA00eH TAKOBBIM A MOJIeKyJasipHOi  THPPY-
3 (OTJHYHE COCTOMT TOJIBKO B TOM, YTO MOJIEKyJspHas nuddysus
OIeHHBAETCS COOTBETCTBYIOMHM Ko3bdumuenroMm Dy), aHAJIOTHA
‘3pech gBAfercs (opMasbHOH — 3TH TNPOIECCH OTJIHYAKTCS Kak
B (DH3HYECKOM CMBICJE, TAK H 10 MaciradaM: 00b1uH0 Dy Dy

Koshoduinent npooabuoii Mukpoaucnepcun Dy H3yden B MHO-
TOUHMC/AEHHBIX  Ja00paTOPHEIX SKCIHEpHMEHTaX 10 (QuibTpaunH
PacTBOPOB B OJHOPOJHON MOPHCTOH Cpele, COCTABJEHHOH H3 Ya-
CTHIL TIeCKa, TPaBHS, CTEKJASHHBIX IIapuKos u T. 1. [40, 138, 149].
VeTaHOBAEHO, YTO € YBEJAHYEHHeM CKOpOCTH (HJIbTpAllMKH M pasMe-
POB uacTHI, (HAbTpyIOUIel CcpeAbl , O6GTeKaeMblX 3JEMEHTAPHDI-
MH cTpyiKaMu, Ko3(HIHMenT AuCNepCHH H 30HA JHCHEPCHH YBE-
JHUABAIOTCA. DTa 3aBHCHMOCTb HMEET BHJ

p=21YV. @2.1)
B OTAEJbHBIX CJAy4Yasdax HaﬁJIEO,ELaJIaCh 3aBUCHMOCThL BHJAA
D =MV + A2, : 2.2)

3HayeHHs mapameTpa Ay, XapaKTepH3YIOUIEro reoMeTpHUECKYylo
CTPYKTYPY TMOPOBOT0 MPOCTPAHCTBA, B OIHOPOAHOI cpejie COn3MepH-
MBIl C JHAMETPOM 4Y4CTHIL: TdK, B NeCKax H rpaBHH 2=0,1--3 cM
125, 77). : _

DKcnepuMeHTa/bHEIE H TEOpPETHUECKHEe HCCAeA0BAHHA  YKashbl-
BalOT HA CYIIECTBOBAHHE 3aBHCHMOCTH Ko3(hpuuHenTa AHCHEPCHH
D OT COOTHOIICHHS BA3KOCTEH BHITECHSEMO M BBHITECHSIOMEH JKHA-
kocreii. B. H. Hukonaeckum [40] Gblio BBICKa3aHO MPEATIOJNOZKE-
HHe, YTO B 30HE AMCTEPCWH, IAe NPOHCXOAUT MepeMellHBanue KHA-
XocTell, BA3KOCTb CMECH 3aBHCHT OT KOHIEHTPalUHMH BeNIeCTBa B
370l 30He, H UTO, TAKHM 06pasom,

D = MVf(C, o), ' (2.3)
TAe My = —; 7y — BA3KOCTb  BHITECHFAIONMIEH  MKHAKOCTH ; M2 —
M2

BSI3KOCTH BLITECHAEMOH JKHIKOCTH.
10. I1. JKearos [57] npuHsa, yto D 3aBHCHT OT rpajHeHTa B3-
KOCTH B 30HE CMECH: - :
dn
D=D0<l +u—d-), : (2.4).
x .
rae Dy — koabduuuentT aucuepcHH npu MNo=1; % — 3MOHpHYE-
CKHif KO3 (QHIHEHT.
DKcnepHUMenTaabHOe H3yueHHe 3aBucumocTH D oT 1 nMOKaskBa-
€T, uTO TIPH BLITECHEHHH MeHee BS3KOH JKHJIKOCTHIO. JAJHHA  30HBI
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JAUCIEpPCHH yBeJHUHBAETCsd, 4 TIPH BhiTecHeHHH OoJiee BA3KOH KU~

KOCTbIO — YMEHBIIAETCH.
PeayabTaThl ONLITOB, IOJydYeHHble B pabore [66], mokasans Ha

puc. 4, rie D= —%;—l npuyem Dg — cpeiHeHHTerpajibHOe 3HA<

3

weune D mo amuHe L; n— akTuBHAs mOpHCTOCTh; V — CKOpOCTB

GuIbTPALHH.
W3 skcmepuMenTos no (uabTpamud BoAmbeX pactsopo NaCl
i JIHE,epHHa B KOJIOHKE ¢ TecKoM [52]

o= T [1 + 0,97 (n; — 1)], (2.5)

rie nnh——nl-; k — mapaMerp, 3aBHCALIMH OT XapaKTepPHCTHKH
C]JHJIpryIOH.IEH cpefibl, a TaKkKe OT PA3HOCTH IJIOTHOCTEH H BSI3KO-
o L I/ e 107
/74
wl )220 i

wy ERZENE

T

vl

VAT rarryre 7 47 75 gt

S O Mo=Ti/na (o [66])

Puc. 5. 3nauenne D B 3aBHCHMOCTH OT CKOPOCTH (HALTPAIMH NPH PA3AHYHBIX 7" =T1/n; no [12]:
N 41— 1,00; 2— 0,976; § — 0,954; 4— 0,927; & — 0,903

Puc. 4. 3aBucumocth D

crefi xuakocreil. ITpu usmenennu n’y or 0,33 mo 4,67 snauenne D;
yseanunzocs ot 0,0018 no 0,045 cm?/e,

B onwitax, omucanubix B pabore [12], cmabomuHepanu3oBaHHble
pacteopsl BaCl, BeiTecHsIMCh BOAOIVIMIIEDHHOBBIMH CMECAMH; IIpH
3TOM JIBHIKEHHE BBITECHSIOUIeH XKHIAKOCTH B I'PYHTOBOM JIOTKe IIPO-
CJIeZKHBAJOCh ¢ MOMOIIBI0 pPaAHOAKTHBHOH MeTKH. 3HaueHus D,
NnoJiydeHHble JJIS PAa3JHYHBIX COOTHOIUEHHE 1)2/1)y, TPHBEJEHH Ha
pHC. 5.

DKcnepUMeHTa bHble HCCAEJOBAaHHS  NONepedHOH  MHKPOJHC-
IepcHH TpOBeleHbl B 3HAYHTENLHO MeHblleM 0o0beMe, 4TO CBA3aHO
¢ TPYAHOCTSIMH B TOCTAHOBKE ONBITOB H 00paboTKe HMX pe3yibTa-
10B. Ec/M 115 M3YYeHHs: NPOAOJIBHOI JINCTIEPCHH JIOCTATOUHO, Ha- -
npuMep, Npo(HALTPOBATL C IOCTOSHHOIH CKOPOCTbIO pacTBOp Be-
1iecTBa 4epe3 KOJOHKY NOpPOAbLI, 3alOJHEHHYI0 J0 3ITOr0 YHCTOH
BOJOH, M ONpeJeNHTh KOHLEHTPAIHI0 BelllecTBa B IOC/]eA0BaTelb-
HBIX npofax BHIXOJAfALIEro H3 KOJOHKH (HJAbTpaTa (MeTOX BBIXOJ-
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HBIX KPHBBIX, CM. IVI. 8), TO NpH HCCJEAOBAHHH IONEPEYHON JHC-
nmepcuu TpeOyeTcsl YCTAHOBHTL —paclpelelieniie KOHUeHTpalul Be-
nlecTBa B ABYMEpHON Mozienn mo AByM Koopaunatam. J[las sroro
HyxkHO JU60 OAHOBpeMeHHO oTOHparh TNpPOOB  BOABL U3 pasjHy-
HBIX TOYEK (DHABTPAIHOHHOTO NMOTOKA, 4YTO HCKAXKAaeT CTPYKTYPY
TeUeHHs H BJHSET Ha XOA H pe3y/bTaThl HCCAENOBaHHSA, aubo mpo-
BOJMTh H3MEepeHHs] KOHIEHTpallHH in situ KoCBEHHBIMH  MeTOAA-
MH — 3JIEKTPOMETPHUECKHM, paAHOMETPHUECKHM H T. I

ITo HeMHOrOYHC/JEHHBIM JaHHBIM KO3(D(QHIHEHT NonepedHoi
MEKpoOAnciepcuu D, To cBoeii BeJHYHHe MeHblle Ko3(pHIHEHTa
NpOAOJBHOM MPIKpOJIPICHepCHH D,. Oxnako BO MHOTHX Cjyyasx
pasinuHe MeXAy HHMH He OueHb 3HAuMTeNbHH (Tabu. 3).

Ta6bauna 3 :
SKéﬂepHMEHTMbHHe JAdHHBIE O nonepelmoﬂ MHKPOJHCIIEPCHH B neckax “ I'pa.BHl{

Huamerp g:’pex nopon, AY - i)’ , oM Avrop
X
0,15—0,8 0,015—0,08 B. A. Baym, 1953
0,1—1 0,01—0,2 P. A. Bepuapn, P. H. Bumbxemsm, 1950+
0,02—0,2 0,01 3. A. Boupapes, 1965

B o63opnoit pabore [148] nokasano, uro B J1a00paTOPHEIX YyC-
1 1
i i .
JOBHSX B OJHOPOAHOH MOMAeNH IpyHTa —— = —— =+ —
P Py Ay 15 30
MakpoaucnepCHs B BOAOHOCHBIX IJacTax cBs3aHa C
(QUILTPAaUHOHHONH HEOAHOPOAHOCTHIO MOpOA. Ilpu ynopsAOUeHHOM

HEOJHOPOJAHOCTH, HAIpHMEp, B CJAOHCTBIX IJIaCTax YCKOpeHHOEe NpOo-

_ JABHIKEHHEe 3arpsisHE€HHbIX BOJ I1O 0oJiee BOJAONPOHHIIAEMbBIM  CJOAM

NPHBOAHT K BO3HHKHOBEHHIO

KOHIEHTPAIHOHHLIX  «S3bIKOBY» z
BHYTpPH mJacra (puc. 6). L YA o e 7 %
O6mue 32KOHOMEPHOCTH __ :

MakKpOJHCNEPCHH M €e BJHfA-
HHE HAa MHIDAINIO PACTBOPEH- — £/ G
HBIX BEIIECTB B NOJ3EMHBIX BO- : e
Jax TpPHHSTO ONHCHIBATH, TaK —= %/ z

H X

i

JKe Kak M MHKPOJIHCHEPCHIO, %
YPaBHEHHSIMH MaccomepeHoca i
BXONNIIMH B HHX KOS(GHIeR- Pre. & Komenpamusume s sarprs-
tamu aucnepcHn D, Dy B Dy, K—xosppuument @uastpauun (K,>Ki>Ki)
[Ipu 3TOM CcUHTAIOTCS CHpaBei-
JAUBLIMH 3aBHCHMOCTH VKa3aHHBIX [apaMeTpoB OT CKOPOCTH
dunprpamun (2.1)—(2.2) u ot Baskoctu (2.4)—(2.5).

[IporHosbl MHTpalHH 3arpsi3HEHHii B clydyae yNOPsAOUEHHOH

e S A g S g
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HEeOAHOPOAHOCTH JAJisi TOJYUeHHs «3amaca HaJekKHOCTH» cJaejyeT
NPOU3BOANTH NPH MAaKCHMaJbHBIX 3HAUGHHSAX CKOpOCTe# (HIAbTpa-
IHH H napaMmeTpoB AucnepcHH (A; H Az) B HaumboJjee IpOHHIae-
MBIX CIOSX.

B naacrax ¢ HeynmopsmoyeHHOH HEOAHOPOAHOCTLIO IepeXojHas
30Ha MEKIY KHIKOCTAMH (QOpMHpyercsi IO 3aKOHAM MHKPOZHC-
nepcHH; NPH 3TOM XapaKTepHBIM llapaMeTpoM Jucrnepcun Gyler,
MO-BHAHMOMY, CpeiHHil pa3Mmep BKaloueHHH. OaHako 3HaYEHHS
3TOTO0 mapaMeTpa JAOJMKHBI ONpefeNsATbCsl IKCNEPHMEHTAJNbHO B Ha-
TYPHHIX YCJIOBHSX.

B macrosiiee BpeMs, K COXKaJeHHIO, TaKHe 3KCIEPHMEHTHI BbI-
NOJHAIOTCA PeAKo, MO3TOMY HMeIoTcs JHUIL eJHHHYHBle JaHHBIE O
napamMeTrpax Makpojaucnepcuu. Tak, o oHOMY ONBITY B MEJIKOTpe-
IIHHOBATHIX H3BecTHsKAX [25] moamyueno A1~ 30 cM, a HECKOJBKO
NOJEBLIX ONLITOB B TPELIHHOBATHIX Mesaax (aannbie A. M. Koxba-
coBa) pgaau 3HaveHus: A =0 cyr, A2=0,7 cyT.

JedbopManus rpaHHibl pasiela MexAy KHAKOCTAMH Habaoaa-
€TCsl Takxke B NMPHCYTCTBHH JIOKAaJbHEIX HEOJAHOPOJHOCTEN — MaK-
POBK/IIOUEHHH B BHJe JHH3 HJAH 0JOKOB MOpOA ¢ (HIBTPAIHOHHBI-
MH CBOMCTBaMH, OTJIMYAIOLIMMHCS OT CBOHCTB IjlacTa B 1(EJIOM.

Jlokaabuble HEOJHOPOJLHOCTH, BCTpeyalollHecs B BOJOHOCHBIX
mjaacrax, XOTsl H BBI3EIBAIOT H3MEHEHHS CKOPOCTH (HJAbTpALHH,
JIpOHCXOAST JHIIL B HebGoJsblooll 30He, BOMH3H 3/€MEHTOB HEOAHO-
poanoctH [49]. B c¢Bsi3H ¢ 3THM TakHe TJIACTH OOBIYHO paccMaTpH-
BAIOTCA KaK OAHOPOAHLIE, C YCPEeAHEHHBIMH (UIbLTPAIHOHHBIMH Xa-
PaKTepHCTHKAMH JJs BCero mjacra. OTa MNPEANOCHUJIKA NpPH Pas-
JUUHBIX GHILTPAIHOHHBIX pacuerax obecneunBaer MNOJyYeHHE
VI0B/J€TBOPHTEJILHBIX Pe3yJ/bTATOB B 'OTHOIIEHHH TPOTHO3HPYEMBIX
YPOBHEH H PacxoJ0B MOJ3eMHbIX BOJL.

Oagnako B 3ajauax NMPOrHo3a KauyecTsa II0J3eMHbIX BOA, CBf-
3aHHBIX C OLEHKOH CKOPOCTH PAacHpOCTPAHEHHs 3arpsi3HeHHi B BO-
JOHOCHBIX TJIacTaX, NOJOOHBIH MOAXOA MNpPEACTABJSIETCs He  BCEr-
Ja BO3MOXKHBLIM, TdK KaK JIOKaJbHble MaKpOBK/IOUEHHs (B mecya-
HEIX H TpaBHiHO-TIeCUaHBIX MaacTtaXx — B BHAe OoJiee HJIH MeHee
BOJIONIPOHHIIAEMBIX JHH3, B CKaJbHbLIX MOPOAAX — B BHJAE OTAEJ]b-
HBIX KPYIHBIX TPEUIHH H/JIH HENpoHMILAeMblX OJIOKOB) MOryT BbI-
3BaTh CYUIECTBEHHOE HEeCOBNAJEHHE HCTHHHLIX CKOPOCTEH IBHIKEHHS
3arpA3HeHHH ¢ IPOTHO3HBIMH, PACCUHTAHHBIMH TI0 yCpPeAHEHHBIM
napaMerpaM mJjacra.

310 wWaumOCTpHpyeTcs pesyJbTatTaMi JaGopaTOpHBIX HCC/Ie0-
BaHHH, BHITOJHEHHBIX HA MOJENH IJIacTa ¢ JOKaJbHBIMH HEOLHO-
POJHOCTAMH.

Ilens wuccaefoBaHHMi  3ak/al0o¥ajach B H3YYCHHH BJHAHHA OT-
JeJIbHBIX BKJIIOYEHHH Ha (poHT (HILTPAaLMH, OTACASIOLINI 3arpsas-
HEHHYIO H YHCTYIO BOLY B YCJOBHO OJHOPOJAHOH INOpoOJde, KOrAa
kn=ky, rHE kg B Ry — Koa(pbuIHeHTH (QHIBTPAIHH MOPOJALL H
BKJIIOYeHHst. [is nmosyueHusi HanbGoJjiee YeTKO BBIPAXKEHHBIX pe-
3yJbTATOB OCHOBHAf YacTh ONBITOB Obia mpoBedeHa mnpu ky=0.
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Ou3uKo-XHMHUeCKOe B3aUMOJeHCcTBHe ABYX KHIAKOCTEeH W TOpO-
Abl B JaHHOM cJydYae He paccMaTpHBAJOCh,  4TO MO3BOJHJO HC-
10JIb30BaTh BMECTO (H3HYECKON MOJE/NH aHaJIOroByio.

OjuoMepHbii (HJIBTPANHOHHBIA TOTOK B YCJIOBHO OJHOPOIAHOM
BOJIOHOCHOM TIJIaCTe MOAENHPOBAJICA B BHJE 3JeKTPHUECKOro MOTOKa
Ha Oymaxuoi mozean ITJIA, npuueMm Kaxa0My HeNpOHHIAeMOMY
BKJIIOUEHHIO COOTBETCTBOBAJIO TPSMOYrOJbHOE — KBaJpaTHOE HJIH

‘yaJaHHeHHOe (MHH3000pa3Hoe) OTBEPCTHE B 3JeKTPONPOBOAHOH Gy-

Mare. ,U,.npma MOJeJTH obecrneunBaJga coXpaHeHHe OIHOMEpHOTro:
GHALTPAIMOHHOrO TIOTOKA Ha BXOJAHOM YuacTke, T. €. BOJHM3H rpa-
HHIIBI C HANIOPOM H]. a TaKxKe HHKe BKJIOYeHH$, BIJIOTH A0 rpaHH-
uel ¢ Hanopom Hy (puc. 7). YCTPOHCTBO B MOJENH OTBEPCTHS —

W/f/%
0

H —4

Puc. 7. Cxema MoOJAenH:
]—4 — HenponuNaeMsle BKJIOYEHHS; §— YAacTh MJAacTa, 3aHATafA BBITECHAIOUIEH JKHAKOCTHIOS
6 —'gacTh ImJaacTa, 3aHATas BhITECHSEMONl ZKHAKOCTBIO; AH—Juﬂl[}Ia ydyacTtka HapyUieHHs

OJIHOMEPHOCTH MOTOKa; LH—)IJH'IHE A3bIKOB

BKJIOYEHHS NMPAKTHUECKH He BJHAJIO0 Ha (UIBTPALHOHHBIA Pacxox
(cuay TOKa) B MOJEJHPYEMOM IJacTe.

B onelTax BapbHPOBAJNHCH: Pa3Mephl BKIIOUEHHS B MONEPeUuHOM
notoky HanpasieHun (b=1—10 cM) U B IPOJOJBHOM HampaBJeHHH
(I=4—50 cm), a TaKkKe YHCJO MOCJAEN0BATENBHO PacHO/OKeHHBIX
BRJIIOYeHHH (n,=1—-6) U paccTosiHHe MexKAy HHMH 1O TMOTOKY (d;j=
=452 cm) u monepek notoka (dz=4—8 cM) mpu fg=2+3.

[lo pesyabTataM H3MEPEHHS 3JeKTPHYECKHX MOTEHIHAJOB NOCT-
POEHBl THAPOJAHHAMHYECKHE CeTKH (QUIbTPAUMH H TPH HEKOTOPHIX
3aJaHHBIX napaMeTpax Taacta  (koa(ouument duaAbTPaUEE Ry,
rpajuenT Hamopa /, akKTHBHAs MOPHCTOCTL ) ONpeJeseHo I0J0XKe-
HHe TPaHHULEl, pa3jefsiollleli YACTHe U 3arpsisHEHHBIE BOJAL, Ha
10 uian Huoe Bpems f. Ilpu =0 3Ta rpaHuna HMeeT NPAMOJIHHEH-
Hylo GopMy H coBnajaer ¢ nsoanHueli Hanopa f1,. Ha yuacrke pac-
NOJIOKEHHS BKJIOUEHHS M HHJKe ero Mo NMOTOKY (PPOHT GHIbTPALHH
nedopmupyercs. Ha ruapoanHaMHYecKHX ceTKax (QUIbTPalHM
(puc. 8) BHAHO, WTO Mepel KaiK/JAbLIM HeNPOHHIAeMBIM BKJIIOYEHHEM
NOTOK CTAaHOBHTCH ABYMEPHBHIM H MOCJeAylollee BOCCTAHOBJIEHHE
06lero OJHOMEPHOTO XapakTepa GHIbTPAaUMH HHXKe BKIIOYEHHT
NPOMCXOAHT Ha PacCTOSTHHH ~ 1,5 b.
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YBenuuenne nyTH QHUABTPAUUM NPH OOTEKAHHH BKJIOYEHHS BhHI-
3BIBAET COOTBETCTBYIOLlEe OTCTaBaHHe (PPOHTA (HILTPALHH H TIO-
sIBJICHHE, TaKuM 00pasoM, A3blka, KOTOPHIl BHayale 10 Mepe obTe-
KaHHfA BKJIOYEHHS BO3pDacTaeT, HO Jajee HAa OJHOMEPHOM YYacTKe
NOTOKA COXPaHSET MOCTOSIHHYIO JVIHHY Ly.

—

7,
’\\\T\ ;
L} | A
Puc. 8. TwapoiuHaMu4ecKas ceTka QHALTPALMH NPH OATOM HENPOHHIAEMOM BKJIIOMEHHM:
I — praouenne (b=4 cum; [=10 cm); 2— HHHH TOKa; J — JIHHHKH DPaBHOrO Hamopa; 4—f —

¢pour uabTpaLHH Ha Bpema i, £, {3

[Tpu BHICOKOH NPOHHIEAEMOCTH BKMOueHHS (ks>>ky) y3kuit xo-
Hel s13biKa, HaoboporT, onepexkaeT GPOUT QUILTPALLHH.

Heckonbko BK/IIOYEHHH, PACHOJIOMEHHLIX IOMEPEK OCHOBHOTO
noToka, o0ycaaBIHBAOT CJA0KHYI0 KoHburypauuio d¢pouta (cM.
puc. 7). CucreMa KOHLEHTPAIHOHHEIX $I3LIKOB 00pasyeT 30HY, B
KOTOPOH KOJHYECTBO KayK[AOH JKHAKOCTH B CEYeHHH IIOTOKa Iepe-
MeHHO To NyTH QuabTpauuu. Ecan na yyacrtke chopMHPOBABIIHXCS
SI3bIKOB ONpeJeNHTh B JIOOOM CeYeHHH X KOJHYECTBO BHITECHSIOLIEH
H BHITECHAEMOH, JKMJKOCTH, COOTBETCTBEHHO 3aHHMaeMOH HMH
YacTH CeYeHHS IJIacTa, TO MOXKHO Npec]eIHTb 30HY H3MEHeHHS OT-

n

25

- N a 1
HOCHTeJbHLIX KoHueHnrpauuit C (), rne C=——; (m — moanoe
m

ceueHHe IJacra; S; — ceueHHe, 3aHATOE OMAHON MKHIKOCTBIO B flp
SA3bIKAX) ; x—(x—x,,)/L

Tunosoit rpadpuk C(Z) npusBegen Ha puc. 9. 30Ha H3MeHeHHS
C or 1 10 0, BO3HHKWIAS B pe3ysbTate OOTEKAHHS OTHEJNbHBIX He-
NPOHHIAEMBIX BKJIOUEHHH, BHEIIHe aHAJOrHYHA 30HE MHKDPOAHCHEp-
CHH B OJHOPOJHBIX NOPOJAAX, HO OHA, KaK OLJIO TOKa3aHO, HMeeT
HHOE NPOHCXOMKAeHHEe H CYLIeCTBeHHO OOJbllne pasMepHl.

[Tpu npunsTOll METOJAHKEe aHAJOTOBOr0 3KCIEPUMEHTa PpasMephl
KOHLEHTPAIlHOHHEIX $3LIKOB ONpefeNsioTcsl TONbKO KOH(Urypalu-
€, YHCJOM H B3aHMHBIM PAacHoJIoKeHHeM HeNPOHHHAEeMBIX BKJ0Ue-
Huil (ckopocTh (uabTpauun V BaHseT JHIIL Ha CKOPOCTh (hopMH-
pOBaHHS H NepeiBHKeHHs S3BIKOB MO MOTOKY), YTO NMO3BOJISET BHIS-
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BHTb HEKOTOpble XapakTepHble OCOOEHHOCTH BJHAHHS JOKAJbHBIX
Heo[HOPOAHOCTeH Ha (hopMupoBaHue (POHTA ABYX MKHAKOCTEH NpPH
{dHIBTPALAN.

HuauHa s3bika Ly HHKe BKJIIOUGHHS OKas3ajach NPaKTHUECKH He
3aBHCAlled OT AMHHEI [ JHH3000pa3HOTO BKJIOUEHHS, BBITAHYTOLO
no notoky. B To ke Bpems L; npsaMo NMpONOpPHHOHAJBHA TONEpeU-
HOMY pasMepy BKJIo4eHHs b, npuyem mnocjae oOTeKaHHs OLHOTO Ips-

£ Ly,
K : f}ﬂw
48 ’_

44
3 JI] =
1 |
4 B ST VX =
Puc. 9. Tpadnk C (x) .fi -

e
b
T

Puc. 18. Tpaduk LH(n;) npy b=[=
4 cm. : ff I

B onmitax 4, 15—20: di=4 cm; m.=0;

B onmTax 11—14: d; =d,=4 cM; ny= _/

=3; B onmite 21: d;=562 cm; re=0.
Uudpsl npH Toukax Ha rpaduke — 1 1 ! I 1
HOMEpa OMHITOB Vi 2z 4

7y
MOYTOJIbHOrO BKJIOYEHHS J/IHHA A3bIKA HA OJHOMEPHOM YyuacTKe
cocrasaser (3,5-4) b.

Ecnu nocie 3Toro BCTpeuaeTcs HOBOE aHAJOTHYHOE BKJIOUEHHeE,
TO AJHHa s3blKa yapaupaetcs. C yBeJnueHHeM KOJIHYECTBa Iocie-
JIOBATeJIbHO PACNOJOKEeHHBIX BKAOYeHHH aauHa Ly COOTBETCTBEHHO
BO3pacTaeT H3-3a IIONEPEYHOro paccesiHusi M CTAHOBHUTCS DaBHOM
~3,5b-ny, rie n; — YHCNO BKJWOYEHHI, TOCAELOBATENbHO PAaCHOJIO-
KeHHBX mo notoky (puc. 10). KoHTypsl $3BHIKOB HAa MOJAEJNH — pes-
Kue, ueTkHe. B peasbHBIX BOJOHOCHBIX IJacTax TpaHHlla MeKay
JKUAKOCTAMH OyAeT pa3MBITOll BCJAeACTBHE MHKPOAHCHePCHH, (H3MH-
KO-XHMHYECKOT0 B3aHMOJeHCTBHA H APYIHX COMNYTCTBYIOUIHX MPO-
11eCCOoB.

ITpu GosblioM KOJHUECTBe BKJIOUEHHH M HX Gojee WJIH MeHee
PaBHOMEPHOM paclpeleNeHHH MO IJIacTy paccMOTPeHHas cxéMa ¢
JIOKAJbHBIMH HEOAHOPOJAHOCTSIMH TIePeX0JHT B CXeMYy OAHOPOAHOrO
njacTa, B KOTOPOM TepexoaHas 30Ha Meay KHAKOCTAMH GopMHu-
pyercs Mo 3aKOHAM MHKPOJIHCHEPCHH; NPH 3TOM XapakTepHBIM Ia-
paMeTpoM [AHCIepcHH OyaeT, Mo-BHAHMOMY, CPeIHHH pasMep BKJO-
YeHHH,
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COPBLLHSA 3ATPA3ZHEHHWH NMPH ®HJIbTPALLUH

[Ipn ¢uabTpauun sarpssHeHHBIX NOA3EMHBIX BOX B BOJOHOCHOM
FOPH30HTE INIOIMA/b KOHTAKTA BOABI H TMOBEPXHOCTH 3€PeH MOPO/HI
OUeHb BeNHKa. ITO CNOCOGCTBYET NOIVIOUIEHHIO, a TaKiKe copbuun
H3 BOABI IPYGOAHCHEPCHBIX, KOMIOHAHBIX H PACTBOPEHHBIX npHMe-
ceil.

B saBucumocTn ot cocraBa, (pOpMbI HaXOXKIEHHS, KOHLeHTpalHK
MPHMECH, COCTaBa BOJAbI M NMOPOJbI MOTVIOLUIEHHE MOXKET HMeTh pas-
HOOOpasHbIii XapaKkTep H MHTEHCHBHOCTb. Tak, rpyboaucnepcHbie
KOJIJIOHHbIE B3BECH, a TaKKe HEKOTOPble MHKDOOPraHH3Mbl Mexa-
HHYECKH' 3a/IePXKHBAIOTCA MPH (QHJAbTPANUHH B MOPaX NOPOMALI, BHIH-
Bas KoabMaTauuio. B apyrux cayuasx samepxanue npumeceit mpo-
SIBJISIETCA ' KAK Pe3yJIbTaT COOCTBEHHO (u3nYecKol (aAresns) WM
XHMHYeCKOH copOuumu. -

K siBJeHHsiM, KOTOpble MO CBOHM pe3y/ibTaTaM NpH (GHILTPALHH
B BOAOHOCHHX NJ1acTaX MOAOGHKW COOGCTBEHHO COPGIHOHHBIM, MOK-
HO OTHECTH TaKXKe Mpolecc 3ajepiKKH BellleCTBA B TaK Ha3bIBaeMBIX
«TYMHKOBBIX» NOPaX, HEKOTOPble HOHHOOOMEHHBE PpeakUHH H Jp.
Bo Bcex 3THX c/yyasix pacTBOPeHHble 3arps3HSIONLHE BellecTBa B
TOH HJIH HHOH Mepe Kak Obl MOTJIOLIAIOTCs TIOPOAOH.

KHHeTHKa 3THX PasHOPOAHBIX NPOLECCOB H3yueHa elle c1a6o.
HwMelores aKcnepHMeHTaNbHbIE JaHHBIe, YKa3HLBalollHe Ha TO, YTO
CKOPOCTb COPOLHH MeJKOAHCIEePCHBIX B3BeCel H 3MYJbrHPOBAHHBIX
BELIECTB NMPH (HJIbTPALHH B MEJIKO3EPHHCTHIX NMOPOAAX MOXKET OHThb
OXapakTepH30BaHa cJeAylolluM ypaBHeHuem (7, 39, 85]:

= My —N)C—pW, \ (2.6)
rie N — kojuuecTBO copGHpOBaHHOTO BelilecTBa; No— IOJHAs eM-
KOCTb COpGEeHTa B YCJOBHAX PAaBHOBECHS C PacTBOPOM KOHILEHTpA-
unn Cp; C— Tekylllas KOHIEHTPalUHs pacTBopa; a*, P* — KHHeTH-
YecKHe KO3((HIHEHTH.

Ypapnenne (2.6) siBisieTcst HeJHHEHHBIM, YTO BecbMa 3aTPYAHS-
eT ero HCMOJb30BaAHHE NPH peLIeHHH 3aAay MHrpalHH 3arpssHe-
HHH B NOJ3EMHBIX BOJAaX. YUHTHIBAasi HCKJIOUHTe/NbHOE Pa3HOoOOpasne
H CJIOXKHOCTH (PH3HKO-XHMHYECKHX NPOLECCOB, ONpeAeNsoluX cop6-
IHI0 (MOTJIOLleHHe) 3arpsi3HEHHBIX BEUIECTB NPH (QHAbTPALHH, |
HeH30eKHYI0 B CBSI3H C 3THM NPHOJIHIKEHHOCTb NPOTHO30B, NpeAcTa-
JAeTcs IeaecoobpasHblM HCXOAHTh H3 Gojee MpoOCTHIX (H BMecTe C
TeM Oojlee o6LIMX) ypaBHeHHH KHHEeTHKH. B 4acTHOCTH, B ciyuae,
KOrJia CKOPOCTb COPOIHOHHOTO Npouecca JHMHTHPYETCS CKOPOCTHIO
A (y3SHOHHOH HJIH NPHMEHHTENBHO K YCJIOBHAM (HILTPALUH B BO-
JIOHOCHBIX IJIACTaX KOHBEKTHBHO-AH(M(HY3IHOHHOH MHTpalHel Be-
llecTBa, ypaBHEHHe KHHETHKH OOBIYHO NPHHSATO BbIpaxaTh B cJe-
aymouteir dopme [7, 21, 25, 39]:

aN

= = a(C—BN), &d)
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Tae a— Ko3(pduiueHT cKopocTH copOuuu; p — kosdpduunent pac-
npeie/leHHsl BEIeCTBAa B PaBHOBECHHX YCJIOBHSX (ﬂ - ;" 3G n

0
No-—cootBeTcTByIOLIHE TNpene/bHbIE DABHOBECHBIE KOHIEHTPallHH
B pacTBOpe H copbeHTe.

ITapamerpsl @ u B caeayer paccMaTpHBaTh Kak 06GoOGIIEeHHBIe
XapaKTePHCTHKH PasHOOGPA3HBIX MPOIECCOB MOrJIOLIeHNs, 06ycaaB-
JHBAIOIIHX YAaJeHHEe PACTBOPEHHLIX BELIeCTB H3 BOAB NPH (QHJbT-
paiuy.

Ypasnenne (2.7), Kak MOXKHO CYIHTH 1O HEKOTOPHIM ONBITHBIM
NaHHbIM [85], B o0lleM sBAAETCS NMPHEMJAEMBIM JJIs NIPOTHO30B JIBH-
ZKeHHsl PasNHYHBIX BHIOB 3arpsA3HeHHHd B NOJ3eMHBIX Boxax. Ha-
ACHHOCTh TAKHX NPOTHO30B B 3HAUHTENBHOH CTENeHH 3aBHCHT OT
JOCTOBEPHOCTH OGOOIIECHHBIX KHHETHUYeCKHX MapaMeTpoB o H P, KO-
TOPEIE, KaK NMPaBHJIO, AOJIZKHbBI ONPee/NsaTLCA ONBITHEIM MYyTeM, MpH-
€M B OCOGEHHO CJOKHBIX H OTBETCTBEHHBIX CJY4asX IPEHMYIIeCT-
BEHHO HAa OCHOBAHHH ONBITOB B NOJIEBHIX HATYPHBIX YCJIOBHSX.

YpaBHenne (2.7) npuMeHsieTcs TakXKe AJs ONHCAHHS 06paTHMBIX
TNpOLEeCCOB — NeCOPOUHH H APYTHX SIBJEHHH YOHIJIH BellecTBa M3
copGeHTa H 3a cyer 3TOro oforauieHns UM (HILTPYIOLIErocs pac-
TBOpA. i

IIpu neo6patumoi copbuuu (norJoiutennn), o6ycaaBIHBAaeMOI
HeorpaHHyeHHO GOJIbLIO} COPOLHOHHOH €MKOCTBIO (eMKOCThIO TIOr-
JIOLIeHHsT) BOJAOHOCHOTO maacTa, Koraa B< 1, ypasnenne (2.7) npu-
HHMaeT BHI

N

_ﬂt_= ol (28)

Bumecte ¢ Tem ananna ypasnenns (2.7) nokasmpaer [81], uto
TIPH 3HAYHTEJbLHOH CKOPOCTH COPOLHOHHOrO Ipolecca, Korja a Be-
JIHKO, Tpouecc COpOUHH MOXKeT NPpHOOPecTH PaBHOBECHHIH XapaKTep.
B camom nene, ecqin MOMOKHTE =20, TO H3 yPaBHEHHS (2.7) no-

1
Munm N = E—C H COOTBETCTBEHHO

g e 2.9)
ot B ot
T. €. CKOPOCTH COPOIHH B TAKHX YCJOBHAX MPSIMO MpPONOPUHOHAJIbHA
CKOPOCTH H3MeHeHHs KOHIEHTpPallH BellecTBa B PacTBOpeE.

H3 onkiToB no GHAbTPalHH NPOMBLIILIEHHBLIX CTOKOB C COAepIKa-
nieM HedTH 100—200 mMr/a yepes mecku ¢ auamerpom uactui 0,5—
I MM npH HCHOJBb30BaHHH B KayecTBe HCXOAHOTO YpaBHEHHS KiHe-
THKH (2.6) npu B'=0 B paGore [37] GbliH NOJyYeHbl 3HAYEHHHA. KH-
HeTHYeckoro kKos(p¢puunmenra a=70—270 1/u. CropocTs ¢uabTpa-
uun V npu stom cocrasasaa 120—240 m/cyr. Ha anune nytu dub-
Tpanun 0,5—1 M coxepxanne HedTH B Boje CHHIKaJoCh 10 1—10
MI/JI, IpPHYEM OCHOBHas copOuusi HedTH TNPOHCXOAHJIA B BepXHHX
CJI0sIX mecka Mmouipocthio 10—25. OrMeueHo, 4TO mnapaMeTrp a
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3aBHCHT OT pas3Mepa M HayaJbHOH KOHIEHTPALHH 3MYJbrHPOBaH-
HBIX YacTHIl He)TH B BOJIE.

Menbiiasi HHTEHCHBHOCTL cOpOUHH HedTH M3 BOAbl Oblaa moJy-
yeHa B OMBITAX, NMpoBedeHHbIX B MucrtutyTe oblieid U KOMMYHa/b-
woit rurnenst um. A. H. Coicuna AMH CCCP. ITocse npoxoxKaeHHst
MeTpoBOro ¢/1os necka (amamerp sepen 0,25—1 mMM) KOHUEHTpalHs:
HedTH B BOJe CHHXKAJach BCEro Ha 50—609% ot ucXoaHOH, paBHOH
55 Mr/a; ckopocTh (GHJIbTPAUHH COCTaB/AsAJA B 3TOM OMbITE 0,0—
0,6 m/cyT. IIpu yBeanueHun cKopocTH GuipTpauuu 0 1—2 m/eyr
Ha rayOHHe 3 M B Tex e Neckax KOHLeHTpauus He(TH CHHMKanach
Beero Ha 69 MpH HCXOJHON KOHUEHTpaluu 95 Mr/i.

PacrBopenHas B Boje HeTh TakikKe MOrJIOMAeTCS MeNKO3epHH-
CTHIMH TPYHTaMH TPH (PHABTPAIHH, HO B OTJIHYHE OT 3SMYJbrHPO-
BaHHOH 3aKOHOMEPHOCTH COPOIHH 3]ech MOTYT OBHITh APYTHMH.

o paunbM aaGoparopusix onsiros M. M. Toabnuna, ¢puiabrpa-
s BOJOPACTBOPHMOH HedTH NPH ee HAYAJbHOM COAep:KaHuH 1—
9 mr/a Moxer OHITh onucaHa Bbipaxkenmem (2.9) ¢ mapameTpom
pacnpenenenus B=0,23+-0,54. B onsiTax HCNOJL30BaH MECOK C d=
=0,25—1 MM, V=1—2 m/cyT. ; :

CopGupoBaHHas Ha Meckax He(Thb MOXKeT pasjarartbecs Mol nem-
CTBHEM MHKPOOPFaHH3MOB, OJHAKO 3TOT IPOIECcC NMPOHCXOAHT Mel-
nenno. TIpn mauansnom conepxanuu nedrn & Boe 13,6 Mr/J1 KOH-
HeHTpalusi COPOGHPOBaHHOl Ha meckax HedTH B J1a0OPaTOPHOM OTHI-
te npu t=4—5°C B Teuenne 20 cyT ocTaBajach Ha YpOBHE 4—
5 mr/u.

CopGuust moBepXHOCTHO-aKTHBHBEIX Bemlects ([TAB) mpu maioi
X KOHIEHTPAIHH MPOHCXOANT 1O ypaBHeHHIO (2.7), HO MOCKOJbKY
KuHeTHUeCK#it Ko3®dHUIHEeHT TIPH 3TOM OKa3biBaeTcs AOCTATOYHO Be-
ank (a=1—10 1/a) copbumio [TAB MOXKHO ,paccMaTpHBaTh Kak
pAaBHOBECHYIO, T. €. ONHCHIBATH Bhipamenuamu (2.9) [25:578; a1

U3 aabopaTopusix onbitoB [78] mnsi nekans (aubyrniHadra-
JuHCYJAb(OHAT) ToJyyeHB mnapamerps B=5,8—182, o+ 10y -
OnbiThl MPOBOAKINCH B neckax (d=0,25—0,5 MM) npu HauaibHOM
KoHUeHTpamun Hekaas 100 mr/a u ckopoctn ¢uisrpaunu 100 M/CYT..
[To WccleLoBaHHAM TPYHTOB, COpOHPOBABLIHX HEKajlb B €CTECTBEH-
HBIX YCJOBHSIX 3ajeraHusi B pafione moJeH (HILTPAIHH, =5+
—=20. s

CopGupyemocts apyroro ITAB — xmopuoro cy/ibhanona —Ha
neckax (d=0,25—1 MM) TpH CKOPOCTH (HJIbTPALHH V=0,5—
—2 M/cyT xapaktepusyercs napamerpom B=0,26--0,55; kospPuuu-
eHT «, ONpeJe/eHHEi B J1aO0paToOpHLIX YCJIOBHAX MO METOAHKE, H3-
JioxKeHHoH B [78], BeJMK M MO3BOJSET OTHECTH COPOUHIO H 3TOrO
I1AB kK paBHOBECHBIM MIpoleccam. .

[To onbitam, BomoanenuniM B Mucrtutyre uM. A, H. Cpicuna
(E. 1. MosoxkaBast M Ap.), copOuHsA TPYAHOOKHCJASIIOUIHXCSA JeTep-
rentos rpynust ABC npu guapTpauuu B neckax (d=0,256—0,55 MM,
V=0,1—0,3 M/cyT) NPOHCXOAHT B MaJoil CTeMeHH; Ha NyTH (QHIBT-
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panun aaunoi 6—10 M apcopOupyerca Bcero 10—209% Bemectsa
npu HauasabHO# Kouuentpauuu [IAB B Bome 5 mr/a. Bruimonnennas
HaMH oO6paboTka 3THX onbiToB npH n=0,2 naer sHauenusa f=0,45—
0,66. Kauueporennsie yriaesomopoabl (3,4-BI1), coxep:kauinecs B
peuHoll Bofe B Maanix KoHuentpauuax 0,0013—0C,007 mxr/a, mnoda-
HOCTBIO 3afep:KHBaloTcs B 1—3-MeTpoBoj TOJILe Necka MNpH (HIb-
TpauuH co ckopocthio 0,5—0,6 m/cyT.

I1pu Beicoko# KoulenTpanuu 3,4-BIl, cooTBeTcTByIOIIEH €ro
npegenbHoit pactBopumoctd B Boge (0,1 MKr/a), npu ¢uabTpanun
co ckopoctbio 1,1 M/cyT B meckax Ha oTpe3ke 1 M agcopOHpoOBaJoCh
92—98% 3,4-BI1; B npucyTcTBHH aHHOHOAKTHBHHIX [TAB B KoHleH-
tpauuu 10 Mr/a aacop6uus B neckax 3,4-BIT cuuxanace Ha 3—5%.

[1pu ¢HABTpPaLHE B TeX JKe meckax co ckopocteio 0,1 M/cyT Ha
nyTH B 5 M B ¢uiabTpate Bee eille conepxkadncs 3,4-BI1 B konuuecr-
Be 3,3% oT ero HauaJbHOH KOHIEHTPallHH Ha BXoJe B I[ecKH
(0,1 mxr/a).

Copouposannniit 3,4-BI1 pasnaraercs B BOLOHACHIIIEHHBIX Iec-
Kax —3a 10 cyT mpou3ounio moJHOe pasjoxeHHe (HayasbHas KOH-
uenrpauus 6uia 0,0022 mxr/a). :

Copbuust  ¢ocharoB B nabopaTOpPHLEIX YCIOBHAX H3yya/ach
M. H. ToabauabiM Ha neckax d=0,25—1 mM. IIpu ckopocTh ¢uabT-
panuu V=2—3 m/cyT u HauyaJdbHOM cojep:Kanun ¢ocdaroB 1—
2 mr/n napametp p=0,0033—0,0112, yro ykasciBaeT Ha 3HAUHTE/b-
Hyi0 copOuuio ¢ocdaToB B rpyHTax. ITO MOATBEPAHIOCH Habuaione-
HHAMH B HATVPHBIX YCJOBHAX NpH (HAbTPALHH peYHOH BOABI H3
uHGuAbTpauHOHHOrO GacceiiHa, BXOJAAILEr0 B COCTaB YCTAHOBKH IO
‘HCKYCCTBEHHOMY BOCIOJIHEHHIO TOJA3€MHBIX BOJ: €ClH B HHQHIbTpa-
nuoHHOM OGacceiiHe KoHueHTpauus ¢ochatoB cocraBasaa 0,6 mr/i,
To Ha ray6une 1 M nox 6Gacceiitnom — 0,12 Mr/a, a B HaO/ao1aTeNlb-
HOM CKBaXKHHe Ha paccrosiHuu 25 M — 0,1—0,2 mr/a.

ITo 3THM e ONLITHBIM JaHHBIM CcOpOIKH (PEHOJOB Ha MecKax
d=0,25—1 mm npu ckopoctH ¢puabTpaunn V=2—3 m/cyr xapak-
tepusyerca mapamerpom B=0,5—1. Cirenyer oTMeTHTh, UTO NpPH Ja-
60paTOPHLIX OMBITAX C (peHOJIOM B a3pOOHBIX YCJAOBHAX MOMHMO
copOIMH NPOHCXOAHT OHOXMMHUYECKOe paaioiKeHHe (eHOJOB IO
BJIHSHHEM MHKDPOOPraHH3MOB, UTO 3aTPYyAHAET HHTEePIpPETAlHIO pe-
ayabratoB. OnHako HaOJloeHHsT HA HATYPHBIX yYacTKax 3arpsasHe-
HHA TOPOJ H NOA3EMHBIX BOZA (eHOJaMH CBHAETENBCTBYIOT O TOM,
YTO NpH GOJBIIOM cOfep:KaHHH (PeHOJOB B MOA3EMHBIX BOAaX HX
OHOXHMHUECKOE OKHCJEeHHe B TNPHPOAHBIX YCJAOBHAX MPOHCXOAHT,
BHAMMO, JOCTATOUHO MEIJEHHO, TAK KakK (JeHOJbl OCTAlOTCS B BOAO-
HOCHOM TOPH30HTE ellle J0Jroe BpeMs Iocje JHKBHAALUH HCTOY-
HUKa 3arpsi3HeHus.

Cop0Ouasi Ts/KeJbIX MeTaJJIOB H3 BOAbl Ha TOHKO3EPHHCTHIX mec-
Kax u cynmecax uccaenosanace ®. M. ToTionoBo#t B saGopaTopHbIX
YCAOBHAIX H HAa yuyacTKax 3arpsisHeHust nojasemuuix soa [106]. Cyns
N0 COJePKaHHI0 UHHKA B NOPOAAX H MOA2EMHBIX BOJaX, B NMPHPOL-
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HO# o6cTaHOBKe COPOIHS LHHKA HeBeJHKAa M XapaKTepH3yercs 3Ha-
YeHHsAMU napaMerpa p=20--30.

B nabopaTopHbIX yCJAOBHAX 3HAYEHHA mMapamerpa P A8 KaATHOH-
HBIX ()OpM NHHKA, MapraHia ¥ MeJIH COCTaBHJIM: 115 Zn2t+ZnCl+—
0,143--0,137, gas Cu*t4 CuCl+—0,078-+-0,081, mns Mn2+—0,27+—
=-0,25. OnbiTel NPOBOAMJINCH C PACTBOPAMH XJOPHAOB H CyJb(aToB
NIPH HCXOAHOH KOHUEHTpPAlHH YKa3aHHBIX 3JeMeHTOB 32 Mr/m u
cKopocTH ¢uabTpauuu 3,14 m/cyr.

Koncranra ckOpocTH aacopOUHH NPH (GHIBTPALHH 3THX e pacT-
BOPOB B TOHKO3epHHCTHIX mneckax jmiasa Cu?t, CuCl+ cocraBuia
0,04 1/u, nng Mn2+—0,26 1/u, nng Zn2t—0,62 1/u. .

HefitpanbHble 1 aHHOHHBIE KOMIIEKCHBIE COGIHHEHHS THKeJBIX
MeTa 0B cOpOHPYIOTCSl TPYHTAMH MIoxo. Tak, B ajJIOBHAJALHOM
NOTOKE NMOJA3EMHLIX BOJ, 3arpsA3HeHHBIX CTOKAMH H3 XBOCTOXPaHH-
Jullla pyaooGoraTHTelbHOH (alpuKH, Melb colep:Kajach Ha pac-
CTOSIHHH 10 3,5 KM OT xBocToXpaHHauuia [106].

JlaGopaTopHble HCCAELOBAHHS COPGLHH HEKOTOPHIX OpraHuuec-
KHX COeJIHHEHMH H3 3arpsi3HEHHBIX MOJ3eMHEIX BOJ, BHINOJHEHHEIE
B HHctHTyTe BHHHUBO, nokaszanun chenyioiiee: npu (HIBTPALHH
B MeJIKO3epHHCTHIX meckax (ckopoctb V=0,2 M/cyT, akTHBHas mo-
pucrocte neckoB n=0,24--0,26, xosadduuuent aucnepcuun D=
= (1-=-14) - 10 m?%/cyr) pactBopa, cogepxkamero NaCl (0,1 u) u
anuand CoHsNH: B kosnmuectse 6,9 mr/i, kosddHuHeHT paBHOBec-
HOH copbunn f=4.5.

Cop6uus, HuTpoGensona CgHsNO, npu ¢uabrpanuu pacteopa,
copepxamero NaCl (0,1 #) u HuTpoOGeH30J B KonudecTBe 5,9 mr/i,
xapakrepusoBanach B=1,6. B onsitax xpome copOluu OTMeuasoch
PasyioXkeHHe HHTPONPOHU3BOIHDIX.

CJiienyeT OTMETHTD, YTO NOMHMO H3JI0JKEHHLIX BLILIE MaTepHAJOB
B JIHTEpaType BCTPeYyaloTcsl JONOJHHTENbHbIE CBeleHHd O copOuu#A
BellleCTB H3 BOAHBIX PACTBOPOB NpH (GHUABTPAIHH B TPYHTaX, OAHA-
KO OHM, KaK IPaBHJIO, HOCAT KaueCTBEHHLIH XapakTep.

PACINAL PAJHOAKTHBHBIX 3JIEMEHTOB

PannoaktuBHbIe BellecTBa (ypaH, pajHi, CTPOHIHH, 11e3HH, TPHTHH
H HEKOTOpbie JAPYTHEe 3JEeMEeHTH), BCTpeyalollnecs B MOA3EMHBIX BO-
aX, HMEIOT eCTeCTBeHHOe HJH HCKYCCTBEHHOE NPOHCXOMKIEHHE.

Kak H B OTHOUIEHHH JPYrHX 3arpsisHeHHH, OMaCHOCTb TEXHOTEeH-
HOTO paJHOAKTHBHOTO 3arpsi3HEHHs YrpoxaeT B IepPBYIO oOuepelb
rPYHTOBLIM BOJAM, B OCOGEHHOCTH MPH OTCYTCTBHH NOYBEHHOTO CJIOA
¥ TOKPOBHBIX T'PYHTOB, 3aJepXKHBAIOUIHX COPOHpYIOLIHeCs H KOPOT-
KOXHBYILLHE 3JIEMEeHTH.

Pacnaj pajHOAKTHBHHIX 3/JeMEHTOB NPOHCXOAHT 10 YPaBHEHHIO

ONp __

a0 (2.10)
ot
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rae Ny, — KOJIHYeCTBO PaJHOAKTHBHOIO BeLleCTBa, IMOJABEpPriierocs
pacnajay; C — obulast KOHIEHTPalHA BellleCkBa B pacTBope.

9To BHIpa)KeHHe XapaKTepH3VeT KHHeTHKY HeoOpaTHMOii peak-
UMK nepsoro nopsiaka. [lpuuumasi, HanmpuMep, JIHHeHHYIO 3aBHCH-
moctb Mexay Np u C, monyynm

& ——a'C; C=Ce ‘
@.11)
HJIH
p ety e
(- % G

rae a* — koadhuuueHT, onpenensioliHi CKOPOCTL pacnaja 3JeMeH-
Ta; Cy — ero KoHUeHTpauus npu spemenu {=0.

Bpems moaypacnaga fos, Xoraa o — 0,5, KaK creayer Hs
(1]
(2.11), cocraBasier

0,693
tO,S == —a—*' (2.12)
Buipaxenne (2.11) MoxeT ObiTb HCHOJNb30BAHO TaK¥Ke /s ONH-
CAHHS KHHETHKH OCAKJIeHHS KOMIOHEHTA H3 3arps3HeHHBIX MOA3EM-
HBIX BOJ.

PACTBOPEHHE COJIEH, COLEP)KALIHXCH
B ®HJILTPYIOULIHX rOPHBIX MOPOAAX

MHorouHcaeHHble THAPOreoJOrHYeCKHe HCC/eloBaHHsA H Halaioxe-
HHSA CBHAETEJbCTBYIOT O TOM, UTO cJabOMHHEpPaTH30BaHHEE MOA3eM-
HBle BOABI NPH [ABHKEHHH B BOJOHOCHOM IlJlacTe €HOCOGHBI XOPOIIO
pacTBOPATb MHHepaJbl, o6pa3oBaHHble CyJblaTraMu HATPHA, KaJHs
M Marius, a TakxXe XJOPHAaMH M OHKapOGoHaTaMH lleJoyed M Ile-
JOUHO3eMeJbHBIX MeTa/1oB. K cpeaHepacTBOPHMBIM MHHepalam
OTHOCATCS CYAb(ATH KaJbUHs (IHNC H aHTHAPHT), K OTHOCHTEJIBHO
TPYAHOPACTBOPHMbIM — KapOOHATH KaJbllHi M MarHus (KaJbLHT
H JOJOMHT). B onpejesieHHBIX YCIOBHAX CMOCOOHBI PacTBOPATHCH
(BbillleTaYHBATbCSl) H MHOTHe APYTHe MHHepaJbl, B OCOOEHHOCTH
NpH AJHTEJIbHOM BO3IE€HCTBHH BOJBL.

B 3aBHCHMOCTH OT KOJMYECTBA M XapaKTepa 3ajieraHHus Bojgopac-
TBOPHMBIX MHHEpPAJOB B TFOPHBIX MOPOJAX PasiHYaioT NMOPOABl B O-
fOpacTBOPHMBE €, T. e HaleJO CJIOXKeHHble BOLOPACTBOPHMBIMH
cossaMH (nJ1acThl rHIca, KaMeHHOH COMH H T. A.), H MOPOAL 3a-
coneHHble, B KOTOPHX BOJOPACTBOPHMble MHHEPaJbl BCTpPeYalOT-
ci B BH/e JAPY3, JKeJIBAKOB, JIHH3, OTAeJbHBIX KPHCTaMIOB, T. €.
B JIMCMEPCHO paciipejiejJeHHOM BHIE.

3arpsisHeHHble NPOMCTOKAMH BOJbl 10 CPaBHEHHIO C YHCTBIMH
NoA3eMHBIMH BOLaMH uacTo oOjanaiorT elle Ooablueil arpeccHs-
HOCTBIO, H HX (HJBTpPalHs COIPOBOXKAaeTCs HHTEHCHBHBIM pacTBO-
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PeHHeM MHHEpaJOB H TOPHBIX MOPOA, NMPHBOMASLIHM B HTOre K J0-
HOJIHHTEJLHOMY H3MEHEHHIO COCTaBa BOL.
IMpumenntesbHo K QUIBTPAUMH B 3aCOJEHHBIX nopoaax [33]
YPaBHeHHe KHHETHKH PacTBODEHHS MOKeT OBITh 3alHcaHo B BHJE:
IpH aHcnepcHoH opme 3acoJeHus

aN

- =—%G—0O VN, (2.13)
IIPH TIJIEHOYHOM 3aCOJIeHHH
ZTN = —a,(Ca—0), ' 2.14)

‘rae N — Macca TBepAbIX COJIel, HAXOAAIIASCA B TPYHTE B MOMEHT
Bpemenn (No— HauaJbHO® KOMHUECTBO TBePAHIX cojeii npu {=0);
Cy 1 C — KOHNEHTPAIHsl HACHIIEHHOTO PacTBOPa H TeKyllas; ap—
KOHCTaHTa CKOPOCTH PaCTBOPEHHS.

B cratuyeckHx yc/oBHSX, KOrja KOHUEHTPalHs 3aBHCHT TOJBKO
OT {, H NIpU JIHHEHHOH cBA3H N u C, u3 (2.14) noayuum

C=C,—(Cy—C,) e, (2.15)

rie Co— Kouuentpauuss mnpu f(=0; o — oGoGulenHas KoucrahTa
CKOPOCTH PACTBOPEHHS.

Konuentpauuns nacwiennoro pactsopa Cy pasiuuHa s pas-
HBIX TBEPJAEIX OCAAKOB H 3aBHCHT, KPOME TOrO, OT COCTABA PAaCTBO-
PHTEJIST H €ro TeMIepaTyphl. ,

B pacrBopax, conepamux Apyrue CoJH H COeNMHEHHS, PACTBO-
PHMOCTb TOH HMJIH HHOH MaJOpacTBOPUMON CONH MOXKeT OHLTL BHI-
YHCJeHA 1O JAaHHBIM XHMHYECKOr0 aHaJiH3a BOJBI C HCTOJB30BaHHEM
NPOH3BEJIEHHS aKTHBHOCTEH M ¢ YUETQM BO3MOMKHOCTH 05pPa30BaHHS
KOMIIJIEKCHBIX HOHOB M JIPYFHX peakiyii o6pasylollnxcs KaTHOHOB
C THAPOKCHJLHEIMH HOHAZMH BO/bI, aHHOHOB — C HOHaMH BOJAOPOJA
BT O i

Ilpn ompenesieHnH PacTBOPHMOCTH TOPHHIX MOPOJ H MHHEDPAIOB
YacTO HCHOJb3YEeTCs MeTOJ HeNoCpeACTBEHHOro usMepenus C, npH
sKcnepumente. Koncranra CKOPOCTH pacTBOPeHHS «ap 3aBHCHT OT
XapakTepa 34coJieHHs TNOPOJH — COAEp:KaHUSA, pasMepa, GOPMBI
YacTHIl COJIH H YCJOBHH MX KOHTaKTa ¢ BOJOiH. TeopeTHuecKHMH H
3KCNEPHMEeHTaIbHEIMH HCCJAEJOBAHUSIMH YCTAHOBJIEHA, KpPOMe TOro,
3aBHCHMOCTb @ OT CKOpocTH ¢(uabTpauun V [33].

PacTBopense MeNKOAHCIEPCHOrO THICA, HAaNpuMep, TPH (QHIBT-
paluH B NMecKax XapaKTepH3yeTcs 3HAYCHHSIMH ap, TNPHBEAEHHBIMHU
B Tabu. 4 [76].

PacrBopeHne IHCHEPCHO pacCessHHOrO THNCA TPH  (DHABTPALHH
BOJBl Uepe3 Jelf0BHAJNBHO-3/I0BHAJNbHEIE CYMJIHHKH HEHAPYIIEHHOro
CJIOJKEHHs, COIepiKaillHe  KOMIVIEKC BOIOPACTBOPHMEBIX  coJiei
(CaS04-2H,0—2,3%, CaCO;+MgC0;—8,5%, NaCl+NaySOs+
+MgS0,—0,9% x macce abc. cyxoro rpyHTa), XapakTeDH30BaJ0Ch
ap=4,3 l/cyr [76].
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Tabaumga 4

Tapamerpsl pacTBOpenusi MeJKoAMCTIEPCHOTO rumca

Cosiepxanne /
CaS0,-2H,0 B % K |(CkopocTs GHALTpamuH, JuameTp wacTHL e 1/cyr
Macce abc. cyxoro M/cyT THrca, cM p’
rpyura
1 0,17+-189,3 0,039 13,3+405
5 1,73+231,3 0,039 96,8+1574,2
25 2,25+-224,6 0,039 171,9+15457,0
25 8,64 251 218,6
25 34,6 s | s 10282

[o naumwim T, I1. Hlanunckoir (1971 r.), pacreopenne Na,SO, npu
ckopocTH ¢uabTpaunn 0,3—1 m/cyT npoucxoant npu ap= (0,001
+0,24) - 10— 1/c, nau 0,01+2,13 1/cyT.

3aBHCHMOCTb @p OT CKOPOCTH (PH/IBTPALHH, BI3KOCTH PacTBOPH-
TeJsl, (POPMBI PacTBOPSEMOro Tejla CBHJAETEIbCTBYET O BJHSAHHH
THAPOAHHAMHYECKHX (aKTOPOB Ha INPOLECC PacTBOPEHHS.

AL COPBL S MHKPOOPTAHH3MOB

Buosioruyeckoe 3arpsisHeHHe MOA3EMHBIX BOJA MOKeT OBITbH BHI3BaHO
pas/HYHBIMH MHKDOOPraHH3MaMH — BOJOPOC/IAMH, GaKTepHsAMH, BH-
pycamu. HanGonee onacueiM siBJIsieTcsi 3arpsisHeHHe 00JIe3HETBOP-
HBIMH MHKPOOPTaHH3MAaMH, MOCTYNAIOUIHMH B TPDYHTOBHIE BOAH HA
y4acTKax MHTEHCHBHOH H IAHTeILHOH OQUIAbTPanuH (eKaldbHBIX H
X035HCTBEHHO-ObITOBEIX BOJ — C TOJell (HAbTPAlMH, BHIPeOHEIX
sIM, CKOTHBIX JIBOPOB, Je(deKTHOH KaHAAH3AUHOHHOH CeTH M T. H.
B npubpexnble Bop03a6opbl GHONOTHUECKHE 3arpsi3HEHHA MOTYT
HOCTYIATh H3 PEUHBIX BOJ, NPHBJIEKAEMBIX B0J03a60POM.

IlanbHOCTL H CKOPOCTb PACHPOCTPAHEHHs B NOA3EMHBIX BOJAAX
6HOIOTHYECKHX 3arpsi3HEHHH ONPeAessioTes, ¢ OJHOH CTOPOHHI,
YCNOBHSAMH QHABTPANHHU H 3arpsisHeHHd, a c.JApy-
TOi — BpeMeHeM BHXHBaeMOCTH, T. e JIJIHTEJbHOCTHIO
CYylIeCTBOBAHMA, MHKPOOPraHH3MOB B IMOJA3eMHBIX Bogax. KpynHee
MHKPOOTDaHH3MHEI, BXOAfAIIHE B COCTaB IJIAHKTOHA PEUYHHIX H 03ep-
HLIX BOJI, KaK NPaBHJIO, HE IPOHHKAIOT B MOJ3eMHEe BOABL. MaBect-
HBEl, OJHAKO, CJyd4aH INOSBJEHHS B MOJA3€MHBIX BOAAaX H Bojo3abo-
pax, pacnoJoXeHHHX Ha Oeperax MeJIKOBOIHHLIX BOJOXPaHHJIHII,
CHHEe3eJIeHBIX BOJOPOCJEeH H Kesie300aKTepHIi.

Pacnpocrpanenne MUKPODHBIX 3arps3HeHHl B MOJ3eMHBIX BoAax
HaOaiofaloch HeOJHOKPaTHO. B 3aBHCHMOCTH OT cocraBa IOPOA
BOJOHOCHOTO TOPH3OHTA AAJBHOCTb NPOABHXKeHHA MHKPOOPraHH3-
MOB H3MeHseTcsd OT 15—20 M (B MeNTKO3epHHCTHIX IIeCKax) MO
800—1000 M (B raneunHkax H TPELIMHOBATHIX H3BecTHAKax) [72].
YBeJIHYUBASICh C HOBBILIEHHEM CKOPOCTH (DHJBTPAIHH. i

41



[

Ilpn HCKycCTBEHHOM INONOJHEHHH TMOA3EMHBIX BOJ 3a py6ekoMm
u B CCCP pacnpocrpanenne OaKTepHH B BOJOHOCHOM TOPH3OHTE
OTMEYeHO B MeJKO3eDHHCTHIX NecKkax—Ha paccrosnue a0 10—
15 M, B cpeiHe3epHHCTEIX MeckaXx — Ha 160 M npu ckopocTH QUILT-
panuu 0,5 M/cyT, B NecYaHbIX I'PYHTaxX IPH CKOPOCTH (HAbTPaIlHH
2—16 m/cyT — Goaee 200 M [53, 54].

PesyabraTsl onpejeneHnss 4Hcia GakTepHH B BoJe NOA OHOM
9 HHpHALTPAUMOHHEIX GacceliHoB, npuBeAenHbie B pabore [108], no-
Ka3bIBAaIOT, YTO B OCHOBHOM OaKTepPHHM 3aJ€PXKHBAIOTCA Ha MNEPBBIX
JleciTKaX CaHTHMETPOB CJIOSi MEJKO3epHHCTHX TpPyHTOB moj Gac-
ceilHOM, a Ha rny0HHe 3 M OTHOCHTeJbHOe uHc/ao OakTepHH yKe
cuukaercst jo 0,079% (puc. 11). 3HaunTeIbHOE KOJHYECTBO OIBLITOB

M7
/4

/4

7

457 47% o A
1 JE=y =]
7 204 60 8 w 280 T Liw

Puc. 11. Hamerenue conepxanns Gakrepufi B Bose (M) no nytn duabtpaunu (L) n3 HHOHABT-
pausonkoro Gacceiina:

I — «chipasi> Boja, mojapaeMasi B Gaccefin; 2— soaa B Gacceline; 3 —BOla B rpYHTaX TOA
aHoM GaccelHa

no ¢uAbTpaunH GakTepHaJbHO 3arpsi3HEHHOA BOJBI B TPYHTax Ipo-
BeJeHo B JabopaTopHbIX ycaoBusx. M3 ananusa naTypHbix Habuio-
IeHH# H J1abopaTOPHHIX SKCIEPHMEHTOB CJeAYeT, YTO OrpaHHYeHHad
ZanbHOCTh PAcIpOCTPAaHeHHS MHKPOOHBIX —3arpsisHeHHHd  ompeje-
JseTCsl B MepBYIO odepelb HX afcopOumed, T. e. MOIJIOIIEHHEM MPH
drABTPaLHH B TPYHTAX.

IIpupoaa aacopOUHH MHKPOGOB NPH STOM Pasiu4Ha: NPH PHIBT-
palHH B TOYBAX OHA CBA3aHa IVIaBHEIM 00pa3oM C BJIHAHHEM aHTa-
FOHHCTHYHBIX MHKPOOPraHu3MoB (caofi nouysnl B 40 cM 3ajepxHBaeT
okoso 909 6akrtepnii [97]), B MeIKO3epHHCTHIX MeCYaHbLIX IPYHTAX
ancopbuns GakTepHil NposBJseTcs B BHAEe NPHIHMNAHHA K OTAE/b-
HHIM YaCTHIAM TPYHTa M3-3a NeHCTBHS TNMOBEPXHOCTHBIX HJH 3JIEKT-
DHYECKHX CHJI, HAJHYHSA B GaKTepusxX KJesllHX BEUeCTB H JAPYrHX
NPHYHH. ,

MnTencuBHoCTh afcopOluy, onpefensiomias B KOHEYHOM HTOre
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NalbHOCTL PAacHpOCTPaHeHHsT MHKPOOHLIX 3arpsA3HEeHH B NOA3EMHBIX
BOJAX, 3HaYHTEJIbHO KoJsebJercs AJs Pas/HYHLIX BHJOB 3arps3He-
HHUIl H 3aBHCHT OT YCJOBHil (HIBTPAUMH (COCTaB MOPOJ, CKOPOCTH
(uabTpauuu, OPHCYTCTBHE B BOJE TeX MJH HHBIX XHMHUYECKHX Be-
LIeCTB), HAYAJbHOTO COAEpIKaHHUs MHKPoGOB B BOJe Ha BXOje B
TPYHT, YCJOBHH MOCTYIVIEHHSI MHKPOGOB (IJHTeJbHOE, KPaTKOBpe-
MEeHHO€) H Apyrux ¢GakTopos.

B 1971—1975 rr. E. . MosioxkaBoii u Ap. GBIIH NpoBeeHbl He-
CJe0BAHHA AT YTOUHeHHA COPONHH, AaJbHOCTH PacnpoCTPaHeHHS
H BbIKHBAEMOCTH OTAeJbHHIX BHIOB MHKDOOPraHH3MOB: CaHHTap-
HO-NIOKa3aTeabHbix OakTepHil (0aKTepHil IpYNIBl KHIIEYHOH Majiou-
KH, 3HTE€DOKOKKA), NATOTeHHBIX 3HTepoOaKkTepui (LIHre/y U CaJb-
moHesan), Par E. Coli u 3HTEpOBHPYCOB (BHPYC MOJHOMHENHTA).
OneITH MPOBOAMJMCH NPH PA3JHYHBIX TeMNEpaType H MJIOTHOCTH
HayaJabHOrO 3aparkeHHs BOJBl, B NPHCYTCTBHH XHMHUYECKHX 3arpss-
Henuii. Okasanoch, YTO B YCJIOBHSX HH3KHX TeMmnepatyp (4—8°),
XapaKTepHbIX [AJS TNMOA3EMHBIX BOJI, MHKDOOPTaHH3MEI IJHTEJbLHOE
BpeMs coXpaHsioT nsHecnocoGHocth. Ilpu sTom cpok BeKHBae-
MOCTH MHKPOOPraHH3MOB CYLIeCTBEHHO 3aBHCHT OT INIOTHOCTH Ha-
Ya/JbHOrO 3apakeHus BoAbl (TabJ. b).

Ta6aunua 5
Bpemsi BbIKHBAEMOCTH MHKPOOPraHH3MOB B MOJ3EMHBLIX BOAAX
Hauanenoe xoitu-
YecTBO B BOJe BuDKHBAEMOCTB
MukpoopranuaMsl (uHCI0 MHKPOGHBIX | npu 4—6° C, cyT.
Ten B 1 o)
CannrapHo-nioKasaTesIblEle GaKTepHH (KHIIEUHas 105—108 400
Najgouka ¥ SHTEPOKOKK)
[MarorenHsie sHTEpPOGAKTEPHH:
canbMOHe/Thl GpromHOTO THhA 102 50—56
» » 104 o 120
caJbMOHeJIBl napaThda B 102 o 220
» » 10* Or 74 no 400*
IIHTe/Tbl TH3eHTepHH 102 174
» « 10¢ Boznee 300
Bupyc nosmoMuennta 103 BOE /ma 116
@ar E. Coli 103 BOE /ma Oxkono 400

* B 3aBHCHMOCTH OT WITAMMa H COCTaBa BOJEL.

B npoiecce BereTHpoBaHUS B BOJOHACHIIEHHBIX TPYHTaX HEKO-
TOpbIE IITAMMBI H3YYEHHbIX BHAOB OaKTepHil CHHXKaJH CBOI BHDY-
JEHTHOCTb (T. €. cnocoOHOCTh BHI3HIBATH 3MHIAEMHOJOTHYECKOe 3a-
GoseBaHHe), ApPYrHe IITaMMBI COXPaHSJIH BHDYJEHTHOCTh Ha YDOB-
HE HCXO/HOH. :

HoGapasieMble B BOAY XHMHYECKHe 3arps3HeHHS
toctharer, HedTenpoaykTH, GEHOIH),

(reTepreHTH,
NPHCYTCTBOBABIIHE B KOH-
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nenrpaunsax Ha yposue ITJIK, mpakTHuecKoro BJIHSHHA Ha BpeMs
BEIRMBAEMOCTH HE OKa3aJ/lH, OJHaKo, HalpuMep, YBeIHUEHHE COLep-
xkauus Aereprenta (cyabanona HII-1) no 5 mr/n B npucyrcrBun
theHos 0B ¥ HeTH MPHBOAHJIO K YBEJHYEHHIO CPOKOB BBIXKHBaeMOCTH
M pa3MHOXKeHHI0 DaKTepHii.

OnuITH B CTAaTHYECKHX YCJIOBHAX TOKA3a/H, UTO 3HTEPOKOKKH
oGaanaior OoJblIell BLIXKHBAE@MOCTbIO M MeHblled ajacopOupye-
MOCTBIO Ha I'PyHTax, 4eM GaKTepUH KHIIeUHOH NMaJOYKH.

Ha ocHOBaHMH 3THX HCCJEIOBAHHH [ NPOTHO30B MHIPAlHH
MHKPOOPTaHH3MOB B TOJ3€MHEIX BOJaX MOXKHO PeKOMEHJI0BATb HC-
HOJBL30BaTh B KauecTBe PACUeTHOrO BPEMEHH BbIKHBAeMOCTH MHK-
poopraHuzMon caeayiollxe snavenns [83]: 1) npu nocrynienun 6ak-
TepHAJNbHBIX 3arps3HEeHHH B MOJA3eMHbIE BOJBl H3 OTHOCHTEJIIBHO Ma-
JIO 3arps3sHEHHBIX OTKPHITHIX BOJOEMOB, peK, HHQHJIbTPALHOHHBIX
GacceiinoB — 200 cyT; 2) npH HaJHYHH MACCHBHBIX H TNOCTOSHHO
JeHCTBYIONHX HCTOYHHKOB OaKTepHAJbHOrO 3arpssHeHus (MoJs
buabTpalnl, CKOTOBOAYECKHe (epMbl, MeCTa NOCTYIIeHHS Hepas-
6aBneHHBIX CTOYHHIX BoA) — 400 cyT.

B Hucruryre um. A. H. CoicuHa npoBeleHE! Takxke JaGopaTop-
HEIE OMBITH 10 W3YUYeHHIO AAJbHOCTH PacmpocTpaHeHHss H COpOLHH
MHKPOOPraHH3MOB NPH (HIbTPALHH B MecUaHbIX 'PYHTAX (pHC. 12).
VeranoB/ieHo, UTO CTeneHb COp-
OuUMH pasaHUHBIX MHKpoOOpra-
HH3MOB HEOAHMHAKOBA M 3aBHCHT
OT CKOpOCTH (DUALTPAIHH H CO-
craBa (OHIBTPYIOLUIHX MeJTKO3€ep-
HHUCTBIX NIOPOJ.

Ilpn onwbitax HaGmawAasach
yacTHYHaA aecopBimsa aacopOH-
poBaBUIMXCA NPH (QHALTPALUH
MHKPOOPraHH3MOB TOCTE YBeJIH-

Puc. 12. JaapHOCTh PACNPOCTPAHEHHSA MHEPO-

opraHu3mMoB 3a 60 cyToK npH QHIALTPAUHH B
neckax GaKkTepHaNbHO 3arpsisHEHHOH BOALI CO

ckopocteio 1,6 m/cyr. (I9ddexTuBHbiii aua-
MeTp uactun mecka 0,2 mm<d_g <0,5 mMm):
C — KONWYeCTBO MHKPOOHHIX Téa B | J1 BOABI;
X —nyTe (GUABTpPAlHH; [ — CHOPHI aHTpPaKOH-
ma; 2— KuimedHas majouka; J— sHTepo-
KOKK

.

YeHHs CKOPOCTH (PH/LTPALHH B
2—4 pasza uIH HOCae TNojAayH B
MecKH YHCTOH, He 3apaKeHHOil
HakTepusMH BoJbl. B nocaennem
caydae jpecopbuposannck 0,1—
1% mnorJomeHHHX panee O0ax-

TepHH.

BoljiH BHABJIECHB MHKPOOPraHH3MBI, KOTOpPHE HapsAay C KHIIey-
HOH NaJouykoll MOryT OBITH HCIIOJb30BAHEI KaK CaHHTapHBIE NOKa-
3aTenH KauecTBa BoAbL. K HHM OTHOCHTCS 3HTEPOKOKK, KOTOPHIH
cpens GakTepwii TPYIIE KHIIEUHOH TaJOUKH HMeeT HaHGOJbIIYIO
NaJIbHOCTL PACNPOCTPAHEHHSI H MOXKeT CJYXKHTh IoKasaTeleM Kade-
CTBa BOJAH B OTHOLICHHH 3HTepoOakTepuii, a Takxke OaxrepHodar
E. Coli, 6osee AMHTEJbHO BHIKHBAIOWIKI B MOA3EMHBIX BOJAAX H
MeHee COPOHRYEMHIH TPYHTaMH MO CPaBHEHHIO C JAPYTHMH 3HTEpO-
BHpPYCaMH, :

Jlas yeraHOBJEHHsI KOJHUECTBEHHBIX CBszell MeX1y (aKTopam,
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BIMAIONIAMH Ha AaJbHOCTh pacHpOCTPaHEHHs MHKPOOPTaHH3MOB
npH (HIBTPANUH B TPYHTAX, H BHABJIEHHs 0GUIHX 3aKOHOMepHOCTelH
azcopGIHH MHKPOOPraHH3MoB ObUIH NPOBeleHbl ClenHajIbHble Ja-
ooparopuuie onbiTh [83]. X ocobeHHOCTh 3akJiodanach B HabJ10-
JIeHHsIX 33 H3MEHeHHeM BO BDPEMEHH KOJH4YeCTBa MHKPOOPraHH3MOB
B BOjle IO MyTH (HABTPALMH B NPHCYTCTBHH HecopOUpYeMOoro KoM-
NOHEHTA.

Bopna, sapaxennas Oaxrepuamn E. Coli B xoamuectBe Cpx=
=n-10i—n-105 MEKPOOGHLIX TeJ B OJHOM JIHTpe, a TAK}KE COJepKa-
masi ®ar MS;, ¢ NOCTOSHHBIM PAaCXOAOM HENPEPLIBHO uabTpoOBa-
J1ach uepe3 KOJOHKY, 3aMOJHEHHYI0 MEJKO3ePHHCTBIM TICCKOM.
JlnameTp KoJoHKH cocraBiasa 5—10 cm npn ajauee oT 1 no 20 M.
TocTosiHHAS B KAKIOM OIBITe CKOPOCTh (hHIbTpanun V cocrasisia
0,25—2,0 M/cyT.

B nauaJe (GUALTPAIHM JUIs ONpeaeseHHs AKTHBHOH TOPHCTOCTH
necka B Bofy no6apasau pactsop NaCl. Tlo nyTu ¢dbuIbTpalHH Ha
PA3AHUHBIX PACCTOSIHHAX X OT BXOAHOTO y4aCTKA H B KOHIE KOJIOH-

- K mepHOJMuecKH OTGHpaauch mpobbl GuALTPaTa, B KOTOPBIX onpe-

JeJsiH KoHUenTpanmio C XJaopuaoB M GakTepHi. 3TO NO3BOJHJIO
HAGMONATh 332 H3MEHEHHEM cojepiKaHus OakTepuil Ha PasJIHUHBLIX
paccrosiHusIX (X) H BO BpeMeHH (7). [onyuyennsie B 3KCIEPAMEHTAX
3agucumocti C (1), rae C=C/Cyx anst npob QuALTpaATa, B3ATEIX Ha
pasHBIX PAcCTOSIHHAX X, MPHBEJEHBl Ha PHC. 13. AxrHBHafd TOPHC-
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Pre. 13. Ancopbunsi MHKPOOPTaHW3MOB TNpH duapTpannn GaKTEPHANBHO 3arps3HeHHOl BOALI
vepes neckH Ha (poHe HecOPGHPYEMOro KOMMOHEHTA:

C — coaepKanne MHKPOOPrannsmMoB H NaCl B Boze (B % K coaepXaHHIO B nocTynawmei
noge); { — BpeMst OT Hauana (HALTPALHHA (r Muu. B cyt.); I — NaCl, paccrosine OT BXOJ-
soro cevenns — x=60 cu; 2 — Esh. Coli, x=20 cM; 3 — Esh. Coli, x=40 cM; 4— Esh. Coli,
*=60 cM; 5 — dar MS;, x=20 cm; 6 — Par MS;, x=40 cu

TOCTH TPYHTA ONpejiesieHa NO BPEMEHH TIOSBJIEHHA B ¢bunbTpaTe He-
cop6HpPYyeMOro KOMIOHEHTa (NaCl) B xonuentpamun C=05, T. e.
coctapasmonteit 50% oT BXOAHOM.

U3 puc. 13 Buano, uto GakTepHH npoasuraloTcsi B TPyHTE OT
BXOIHOTO CeueHHsi Bray0pb MO MOTOKY, MPHYEM CKOPOCTbH NPOJBHIKE-
Wi GakTepHil 3HAUNTEJbHO MeHblle CKOPOCTH JBHXKEHHA  BOJBL
OcobeHHOCTEIO TIpolecca siBAsieTcss YBeJTHUeHHe COAepiKanus fakTe-
PHil BO BPEMeHH B KaXK/10M CEUEHHH X, BIJIOTb J0 Hachllllenns copo-

45



I.IHO-HHOI?I EMKOCTH TpyHTa, TOCJe 4Yero cJeAylollHe rpynnel Gakre-
PHi NPOJBHTalOTCS 10 MOTOKY jAaJee.

Hab6umonasmascs B stom skcnepumente ajacopbuns Gaktepuii B
o0LieM COOTBETCTBYET yPaBHEHHIO HENHHEHHON KHHETHKH copbuum
(2.6) npu B*=0, npuuemM B ZaHHOM cayuae Ny — mosHas copOuHOH-
Hasi eMKOCTb MOPOAB; N — KOJIHYeCTBO COPGHPOBAHHBIX MHKPOOP-
raHusMoB; C— UX KOHUEHTpPalHs B BOLE; @ —TIapaMeTp KHHETHKH
copOILLHH. :

B sTuX ommlTax, a Takike N0 AAHHBIM APYTHX HCCAEAOBAHHE OT-
MEYaeTCs 3aBHCHMOCTb HHTEHCHBHOCTH aJCOPOIHH GakTepHil OT rHil-
pPOolHHAMHYECKHX (DaKTOPOB — rPaHYJIOMETPHYECKOTO COCTaBa IO-
POZBI H CKOPOCTH QHJILTPALHH.

Hatypusie maGionenus (E. Y. Monoxasas, 1972 r.) Takke
MOATBEPAHJIH XapaKTep ONHCAHHBLIX BHILIE 3aKOHOMEpPHOCTEH copl-
LHH OaKkTepHii NpH QUIABTPaLHH.

777 774 M
As [

Puc. 14. JansHOCTH PacnpocTPAHEHHS MHKPOOPraHW3IMOB B CPelHe3ePHUCTBIX MecKaX Ha y4a-
CTKE HCKYCCTBEHHOIO MOMOJIHEHHA MOJA3EMHBIX BOJ NPH CKOPOCTH JABMMKEHHA BOAB 2—3 M/cyT:
C — KonuuecTBo GaKTEpHil B MOA3EMHBIX BOAAX; X — paccrodAdne or HabGaomaTesabHBIX CKBa-
HuH Ao wudrasTpaunouHoro Gaccefina; I — Esh. Coli; 2 — Gakrepun rpynnsl KHIIeuMHoH na-
nogxu (Citrobacter, Enterobacter); 3 — surepokoxk; 4 — Gakrtepuu ceueiictsa Pseudomo-
nadacea

BojoHOCHEI TOPH3OHT 3/1eCh COCTOMT M3 CpefHe- H MeNKOo3ep-
HHCTBIX NecKoB. Mexny HHOUIBTPAUHOHHBIM OaccefiHOM, B KOTO-
PHlii MOJAaeTcsa O3epHast BOJAA, U JHHHEH BOL03aGOPHBIX CKBAaYKHH
pacnonoxensl 13 HaGmionaTeNbHBIX CKBazKHH, H3 KOTOPHIX OBLIH
otoGpaHbl MpoObl MOJ3EMHBIX BOJ 4Yepe3 2 Mec. Noc/Je YHCTKH Gac-
celiHa M HauaJa OYepPeaHOro GHIbLTPOLHKIA.

B osepnoii Boje 6akTepHH KHUIEYHOH NaJOYKH COLEPIKAJHCH B
KoauuecTBe (2--3) - 105 MUKPOGHKX Teqm B 1 a1 (MKp. T/1), H3 HHX
309% cocraeasan E. Coli, ocranbusie — 6aktepuu FEhterobacter wu
Citrobacter. KonuuecTso 3HTEPOKOKKOB cocrtasisao (1—5)-10%
MKp. T/a1 ¢ npeoGaananueM Buaos Str. faecium u Str. faecalis.

B pesyabTaTe HCCleLOBAHHI YCTAHOBJEHA HEOAMHAKOBas Aajb-
HOCTb pacnpocTpaHeHHs MHKPOOPTaHH3MOB B Ieckax (puc. 14).

[TpoBesennble HaTypHble H JaGopaTopHLIE HCC/IeL0BaHHSA YKa3bl-
BAIOT, YTO afcopOuHs MHKPOOPraHH3MOB, MPENsTCTBYIOIIAs HX pac-
NPOCTPAHEHHUIO B BOJOHOCHBIX TPyHTaX, MoxeT ObTh 3(deKkTHBHA
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JHUIb B MOPoAax ¢ GOJbIIOH YAeJNbHOHW TOBEPXHOCTbIO KOHTAKTA
BOJBI H MOPOJALI — B N0YBAX, CYIJIHHKAX, CYNeCAX, MeJKO- H CpejiHe-
3EPHHCTHIX NeCKax, rie JAJHHA 30Hbl OAKTePHAJbLHOrO 3arpsA3HeHHs
He npeppimaer 200—300 m.

B nopoaax ¢ GoJbIIHMH pa3MepaMH MOpP H IIYCTOT M MaJoil
YZeJIbHOH TMOBEPXHOCTHIO KOHTAKTa BOABl M MOPOJABl — B TPEIIHHO-
BATbIX CKaJIbHBIX NOPO/laX, a TAaKXKe B CHJIbHONMPOHHIAEMBIX BaJVH-
HO-TaJIeYHbIX H IPaBHHHO-TAJIeYHBIX TPYHTaX — aacop6Ius oOYeHb
MaJja, M 3Jlech CJelyeT CYHTAThCA TOJNLKO CO BPeMeHeM BRIXKHBae-
MOCTH MHKPOOPraHH3MOB.

[Tapamerpbl copGlUHH NPH 3TOM CJEAYET ONpefeasTh B IKCNEpPH-
MEeHTax, TaK Kak ajacopOunsa Gakrepuit cyrybo cnenuduuHa: mnoj-
BHXKHble OaKTepHH COpPOMPYIOTCH XyiKe, UeM HelojBH:KHEIE, ancopl-
IHH CNOCOOGCTBYIOT OpPraHHuYeCKHe BelllecTBa, CHHXKEHHe TeMIepary-
pbl, KHCJad cpefia u T. 4. Jlaske passiuuHbie IITAMMBI OZHOTO H TOTO
e Buaa OGakTepuid copOHPYIOTCS ¢ HEOAHHAKOBOH MHTEHCHBHOCTBIO,

FTABA 3.

UCXOIHBLIE 1H®PEPEHILUAJIbHBIE
YPABHEHHUS ®UJIbTPALLUH

M MEPEHOCA (MHUTPALLHH)

3ATPA3HEHHUHW B BOJLOHOCHBIX MJIACTAX

HEKOTOPBIE OBUIHE NMOJIOXXEHHSA

Mertonbl pacyera (DHIBLTPAUHH H KOJHYECTBEHHON OLEHKH PECypCOB
MOJ3eMHBIX BOJ OCHOBLIBAIOTCS Ha pelleHHsX Aud¢epeHnuaibubixX
ypaBHeHHH NMOJA3€MHOH 'HAPOJAHHAMHKH HIH TeOPHH QHABTpaA-
nuu [10, 62, 91, 118, 133].

Jl1a mporuo3a KayecTBa NOA3EMHBIX BOJ LIHPOKO HCHOJIB3VIOTCS
MeTo/bl, paspabaTbiBaeMble B NOJA3eMHOR (DH3HKO-XHMHUECKOH THI-
poAHHAMHKe, TEOPHH Macco- H TeljonepeHoca (MHrpaluu BellecT-
Ba) B NMOPHCTHIX CpelaX M COOTBETCTBYIOLIMX HCXOAHHIX AH(depeH-
11Ha/JIbHBIX YPaBHEHHSX.

[To stum npobaemam B CCCP u 3a pyGeXoM NpOBOAATCH, 0CO-
OeHHO B NOCJeJHHe TOAL, OOIIHPHLIE H Pa3HOCTOPOHHHE HCCJeN0Ba-
uus. Hanbostee monHas cBoaka paGoT, BHIIOJHEHHBIX Y Hac B cTpa-
He JI0 cepeiNHBl LIeCTHAECATHX roAoB, AaHa B Kuure [39]; paGors
3apy0eKHbIX aBTOPOB MPHMEPHO Ha TO JKE BpPeMs nony!mnn oTpa-
AeHue B MoHorpaduu [7].

3anauu o (puABTPAUMH BOAB M MHIpalMy BelllecTBa B IJIacTax
TOPHBIX TIOPOJL ABJASAIOTCS BEChMa CJOMNKHBIMH, H pelieHHe HX HaTtaJ-
KHBAeTcsi Ha 3HauHTeJabHble TpyaHocTH. OGBACHAETCS 3TO TJIaBHBIM
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\ g
06}38302\4 CJIOKHOCTBIO FEOJIOTHUECKHX H TIHADOTEOJIOTHUECKHX YCJIo-
BHH H HEJOCTATOUHOH H3YYEHHOCTbIO CaMHX MpPOLECccoB GHUIbTPalUK
H IlepeHoca BelllecTBA B TAKHX VCIOBHAX.

OOBIYHO /1A MOJYYeHHS PemIeHHs TOH HAH HHOH (QHALTPAIHOH-
HOMH 3a/aYH pPeaJsibHYI0 NPHPOAHYI0O OGCTaHOBKY NPHXOMAHTCS CY-
' LIECTBEHHO CXeMaTH3HPOoBaTb. CXeMaTH3HPYIOTCH TaKkKe SBJIeHHS,
onpejesiollHe MepeHoc BelllecTBa B MOA3EMHBIX BOA4X; Kak mpa-
BHJIO, TIPH 3TOM paccMaTpPHBaeTCsi MHTPALNs TOJBKO OTHEJbHBIX
JIEMEHTOB, HanpuMmep, Haubo/iee TOKCHYHBIX, HE3ABHCHMO OT HallH-
YHs APYrHX COCTaB/AOMIHX (3TO YCJIOBHE CIpaBeIJHBO MIJs pas-
OaBJEHHBIX PAacTBOPOB MaJoii KOHUEHTPALKH), HJH OLEHHBAETCS
H3MeHeHHe 00IIed MHHepaJH3alHH BOJABI H T. I.

COOTBETCTBEHHO 3TOMY BO3HHKAaeT He0GXOAMMOCTh B YIPOIICHHH
HCXOAHBIX AH(pOhepeHHATBHBIX YPaBHEHHH H KPaeBbiX YCJOBHH, KO-
TOPBIMH B MaTeMaTHYeCKOH (opMe ONMCHIBAETCS KOMILIEKC MPHPOA-
HBIX (PAKTOPOB, XapaKTePH3YIOUHX BOJOHOCHBIE IIACTHl H HX B3aH-
MOOTHOILIEHHS C OKpY:Kaloliell cpenoil.

B GoabLIHHCTBe C/lyyaeB CUHTAIOTCS CHPABENIHBHIMH CJEIYIO-
1IH€ MpPeaNOChLIKH.

I. [Ipunumaercs, uTo peasbHble (QUABTPAIHOHHLIE MOTOKH MOXK-
HO B OJHOM HanpaBJeHHI OocpeIHAThL (HAampHUMep, B BePTHKAJIbHOM .
paspese, MOCKOJbKY BOJOHOCHBIE NJIACTHI HMEIOT HECOH3MEpPHMO
MaJyio MOLIHOCTb MO CPaBHEHHIO C MJIOLLAAbI0O HX pacmpocTpaHe-
HHS) .

OcpenHeHye TO3BOJSET CHHXKATH MEPHOCTb YpaBHEHHH, T. €. Te-
PEXOAMTH OT TPEeXMepHbIX (OMHCEIBAIOLIMX NPOCTPAaHCTBEHHBIE Te-
YeHHS) K ABYMepHbIM (MNJaHOBO-IJIOCKHM H INIOCKHM B BE€PTHKaJb-
HOM pa3pese TeUeHHS M) H OJHOMEPHHLIM YPaBHEHHAM (HJIH ypaBHe-
HHSIM, OMHCHIBAIOLIUM IIpOCTeilline JHHEHHble MOTOKH H TOTOKH C
OCEBOH CHMMeTpHel — paiuaJnbible, cepHuecKue).

2. Ilpu amaymTHUYecKOM pelleHuH (UILTPAIHOHHBIX 3aj1a4, Kax
NpaBHIO, TIPHHHMAaeTCHd TaKiKe, YTO pealsibHble BOJAOHOCHBIE MJIaCThI
MOKHO PacCMAaTPHBATH YCJIOBHO OJHOPOAHBLIMH (BepHee, CTATHCTH-
YecKH OJHOPOJHBIMH) HJH AMCKPETHO-HCOAHODOAHEIMH, T. €. pasje-
JIHHBIMH HAa 30HBI C PA3JHYHBIMH (HABTPAIHOHHBIMH CBOHCTBaMH,
HO B Ipejeax KaXIoH H3 TaKHX 30H (HJIbTPAallHOHHbLIE MapamMeTphl
MOTYT OBIThb, OCPEJHEeHbl, H IPAHHILI MeXAY 30HAMH HMEIOT CPaBHH-
TeILHO MPOCTHIe TéoMeTpHueckne ouepranud. B peaknx cayyasx
yaaeTcs IMOJYUYHThL aHAJHTHYECKHE pelleHHs JJs NJ1acTOB, H3MEHe-
HHsl NMapMeTPOB KOTOPHIX MOAYHHSIOTCS Pa3/iHUHBIM (QYHKIHOHAJb-
HBIM 3aBHCHMOCTAM (OT KOOPAHHAT 0O6JacTH QUIBTPAUHH H Bpe-
MEHH). : 5

BoJjiee IMHPOKHE BO3ZMOMKHOCTH pemieHns (QUILTPALHOHHBIX 3a1aY
B HEOJHOPOJHBIX TJIACTAX MOABJIAIOTCS NMPH HCMNOJb30BAHHH MOLEJH-
poBaHHSI Ha aHaJoroBhx mpubopax (ABM) u uu(pPOBLIX 31EKTPOH-
HBIX MamuHax (DBM), ofHako M B 3THX CJydYafX yKasaHHas Ipen-
MOCHIIKA O BO3MOKHOCTH OCPeIHEHHs IapaMeTpoB Ijlacta B TOH
WJIH HHOH Mepe COoXpaHsiercs.
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3. 3ajauu 0 MHTpalUMH 3arps3HeHHi OGBIYHO PAaCCMATPHBAIOTCS
B IPeANOJOKeHHH, YTo (HIbTPallHOHHEIE TTaPaMeTPhl H MapaMeTpol
qJHSHKO-MexaHH‘IECKOI‘O B3aPlMOﬂ€ﬁCTBHﬂ ABJAIOTCA HE3aBHCHMBIMH,
MO3TOMY pelLleHHsi COOTBETCTBYIOLIHX YPaBHEHHH (HALTPAIHH MOTYT
NPOH3BOJHTLCA KaK OBl aBTOHOMHO.

4. HPH MaTeMaTHY€CKOM OIITHCAHHH (pHJIpraU,PIH H nepeHoca Be-
HiecTBa B CJOHCTHBIX BOJAOHOCHBIX CHCTEMAX, COCTOAILHX H3 XO0pOMIO
NPOHHI[AEMBIX MJIACTOB, pa3leseHHBIX C¢aa0onpOHHLAEMbIMH TJIH-
HHCTBIMH CJIOSIMH, IDHHHMAeETCs, YTO B NOCJEJHHX, T. €. B cnaﬁonpo-
HHIaeMbIX CJH0HX (‘laCTO HasblBaeMBbIX €Ile «pa3lejbHBIMH» CJ05d-
MH HJIH «IepeMBluKaMHu»), npeobJajaeT BepTHKaAbHad QHIBTPALHSA
U TOPH3OHTAJBHBIMH COCTABJSAIOIHMH CKOPOCTH (HJAbTPAUMH B
CPAaBHEHHH C TAKOBHIMH B OCHOBHBEIX IIaCTaX MOXKHO IpeHeOpe-
raTb.

5. B kauecTBe OCHOBHHIX JHHaAMHUYECKHX 3aKOHOB IIPH BBHIBOJE
YPaBHEHHH NPHHUMAIOTCA: AJS COOCTBEHHO (PUIBTPALHOHHOTO IPO-
necca — 3akoH Jlapeu, a s MHTpalHH BelllecTBa H TemJa — COOT-
BeTCTBeHHO 3aKoHb ®uka H Pypbe C YUeTOM MOJIEKYJSPHOro, KOH-
BEKTHBHOTO NepeHoca M JHCIEpPCHH.

Hcxons W3 3THX NPEANOCHIIOK, HHXKE PaccMaTpPHBAIOTCS ypaBHe-
Hua OaJnaHca BOJbI M BellecTBa (TEHJI&) B BOJOHOCHBIX IIJiaCcTax.

YPABHEHHUS ®HJIbTPALLHH NMOJA3EMHBIX BOJ

ypaBHeHHe GaJsiaHca Macchl MMOA3EMHEIX BOJ B 3JMeéMeHTe BOJIOHOC-
HOTO IJIacTa MOXKHO IIPEJCTAaBHTh B caenyiolleM BuAe (puc. 15):

0 -
2 —— (pgp) = — o A pley—e), (3.1)
i=l 4 -
‘ oH -
Qe = —km —— . i (3.2)

3nech G — QHALTPALHOHHEI pacxod; R -— BOJAONPOBOAHMOCTD
miaacra (kR — kosdduuueHT GHIbTPALHH, M — MOIIHOCTb IJIAcTa),
H — Hamop noAseMHEIX BOM; @ — ILUIOTHOCTb BOJH; & H &3 — CKO-
pocTH GHJBTPALHH BOJAH Ha TPaHHLAX 1JacTa B BEPTHKAJILHOM
CeYeHHH, T. €. Ha KpPOBJe H MOJOIIBe (MEePeTOK BOJABI H3 COCEAHHX
rOPH30HTOB H H3 aTMOc(epbl) COOTBETCTBEHHO; X;— KOOPAHHATHI
(B OoObIYHBIX 0003HAaUEHHSX MHEeKaPTOBOH CHCTEMHl Xj=X, X2=Y);
t — BpeMs.

O6benunssa ypasuenus (3.1) u (3.2) u Bepaxas NepBbIH UleH
B mpaBoit yactH (3.1) Kak NpOH3BOIHYIO IPOH3BENEHHS BeJHYHH
m | np, TOJIYIUM

km o ) =np L
e el

d (np) £y 39
2 (okm 2L om0 o, —e). (33
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Puc, 15. CxemMa K BHIBOAY YPaBHEHHs (HIABTPALHH NMOAIEMHBIX BOIL:
a — AAs HanopHOro miacra; 6 — AaA maacTa co cBoGOAHOA MOBEPXHOCTHIO

1o ypaBHeHNHe B 00lleM OMHCHIBAeT KAK HANOpHbE, TaK H 6e3-
HanopHble TIOTOKH. .

B nanopnoix eodax (cM. puc. 15, a), monaras k=const, m=const

ad
NMPH 3TOM ?T-: 0) ¥ npuHHMas H3BECTHHIE COOTHOMIEHHS s
n(P) u p(P) (P=As-H— naBienue, Ay — NJIOTHOCTb BOABL, A=
=pg, & — YCKOPEHHe CHJIBI TSKECTH), a HMEHHO:
PP _ P=p
nznﬁ-———",pzpo(lnt———“ ) (3.4)
EI'I.:'.I EB
NOJYYHM XOPOUIO H3BECTHOE YPaBHEHHe AJs TaK Ha3blBaeMOH Y II-
pyroii puansTpauuun [63, 133]:
2

PH | oH | & —e,

2 S o wS & kmo ¢ (3.5)
=1 '

s km 5 5 1y 1

Cootnowenne (3.6) aas a® mno npemnoxenuio B. H. IllenkaueBa
[133] nocut HasBanHe K03 GHIUHEHTAa NbE30ONPOBOAHOC-
TH M CIYXKHT OCHOBHLIM IapaMeTpPOM HeCTalHOHAPHON HaNOpHO#
buIbTPAIIH.

Kosdpunrent p* xapakrepusyer BOAOEMKOCTb (HJAH VIIPYroeM-
KOCTh) HANOPHOro nJjacra M, Kak BuAHO H3 (3.6), onmpeneasiercss B
3HAUHTEJbHOH Mepe NnokasatensaMH AeOpMHPYEMOCTH BOALI H NOPO-
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Abl, caaratoiledt naact (Ey u Eqy — COOTBETCTBEHHO MOAYJIH Aedop-
MallH{ BOIbI M MJjacTa).
[asa peixaeix ¥ caabocleMeHTHPOBAHHBIX NMOPOJL (MecKH, mecua-

HHKH) MOAYab Je(opMalluu IlacTa MOKeT ObITh BhIpaKeH uepes

L TPRER. S onpeaeNsieMblil 10
TRl

JIaHHLIM KOMIIPECCHOHHBIX HenbiTaHuH [10, 127].

'

KO3((DUIHEHT YIVIOTHEHHs @, =

1+ epx
E i~ —0%
8y

(3.7)

rie ex— Ko3(@HIIHEHT MOPHCTOCTH NMOPOX IPH AaBJaeHHH P; go—

HayaJbHbIH KO3(M(MUIMEHT NOPHCTOCTH INpH HaBJeHHH P.

e, IR
(g — HavanbHas

B sToM cayuae, yuHTHIBas, YTO o
Tt

IOPHCTOCTD)

b= m,[ 2+ (1 —nga,], (3.3)
B
rie ko3@guuuent p* — peanunHa Ge3pa3MepHasi.

[lo cBoeMy (H3HYECKOMY CMBICAY Koadduuuent wu* mpeacras-
JasieT coOOH OTHOIIEHHE KOJHYeCcTBa BOAB Vg, KOTOpoe MOXKeT OBITh
H3BJIEYEHO H3 IlJacTa (HPPI NMOHHXKEHHH HAIlopa B MNpoliecce OoTKay-
KH) MJIH IPHHATO MJjacToM (NpH NMOBBLILIEHHH Hamopa B Ipolecce
HaTHeTaHHsI) 3a CueT ynpyroi JAedopManuH BOAbl (pacliHpeHHA ee
NpH OTKauYKax H CXKaTHH IIPH Hal"HETaHHH) H H3MEeHEHHs ITOPHCTOC-
TH, K 00BbEMY «BOPOHKH» JenpeccHu Vg, oOpasyolleiici B nbe3o-
METPHHECKOﬁ IMOBePXHOCTH IIJIacTa:

meir Va e sty 3.9
T W Al e

3nech AHqp— cpenHee TOHHMKeHHe HAalopa Ha IVIOIIaAM IJIacTa,
OrpaHHYHBAIOILEH B IJIaHE KBOPOHKY» JEHPECCHH.

Has 6esnanopusix 600 co CcBOOOAHOH TOBEPXHOCThIO (CM.
puc. 15, 6) cnemyer B ypaBHeHHH GanaHca (3.3) NMOMOKHTbL M=
=H(x;, t). Torna mpu k=const NojyuuM ciexymoliee HeJNHHEHHOE
ypaBHeHHE:

2
£y
i=1

OG6LIUEO AJs MPAKTHYECKHX PacyeTOB 3TO YpaBHeHHE NPHBOIHT-
¢ K JHHelHOMY, NpHUYeM HCIIOAb3yIOTCs ABa cnocofa JuHeapusa-
ILHH.

ITo nepsomy cnoco6y (Barposa u Bepuruna) oGe yacTu ypaBHe-
HHS YMHOMKAIOTC Ha BequuuHy [, KoTopas BBOJAMTCA IIOA 3HAK
NpPOH3BOAHOR N0 BpPeMeHH, a Mepejl OCTAJbHBIMH UYJIeHaMH VpaBHe-
HHS OCPeAHAITCA H IPHHHMAIOTCA B KayecTBe IMOCTOSAHHOTO MHOXKH-
tens H=H.,=const. ‘

(pH oH )=np%+ﬂﬂt£>__p(gl_%). (3.10)

0
Bx; 6;\11 ot
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B I_?ZTOM c/lyyae ypaBHeHHe BHIPA3HTCSi OTHOCHTEJNBHO (DYHKIMH
U=

o
Ilo Bropomy cnocoby (Byccunecka) senmunna H BHIHOCHTCH 3a
3HaK IIPOM3BOJHOH 1O KoopAMHATaM (/JeBas 4acTb YpaBHEHHS) H

ocpennsiercs. Takoi cnoco6 NPHBOAHT K YPaBHEHHIO OTHOCHTEJLHO
(YHKIHI Hamopa B nepBoil cTemend: u=H.

Eciu Tenepb NPHHATH, YTO MHOMKHTEJb 7 NPH NPOH3BOAHOMN o
. . - dt
B ypaBHeHun (3.10) xaparrepusyer coboil 3¢(HeKTHBHYIO, HJIH T. H.
AKTHBHYI0, IOPHCTOCTb fy, U YHCJEHHO BeJHYHHA Ny NPHOJIH3IHUTE I b-
HO paBHa BOJOOTAAaYe MOPOJA NPH HX OCYUICHHH HJH TpaBHTAlHOH-
HOJ BOJOOTAAYE |, T. €. ANy~ |, TO ypaBHeHHe (3.10) wmoxHO
NnpeiCTaBHTb B C/EAYIOLIEM BHAE:
IpH NepBoM cnocobe JHHeapH3alHH

2 9-3(11:) 3 1 6(%) £ g — €y . (3‘11)

ﬁle- o 7 e ot k

=1

TIPH BTOPOM cnocobe JIHHeapH3alHH

9 $
d2H 334 1 % ﬂ &1 — &y : 3 12
2 ox? a** B ot t kHep = . S

=l

B 3THX ypaBHEHHSX
a'ﬂ ) kHcp
B P
MOKHO Ha3BaTh 0000HIeHHBIM K03(Q(HIHEHTOM bE30NPOBOIHOCTH
Aag Oe3HaloOpPHBEIX TJ1AcTOB, OTpeAe]seMBIM I0KasaTeJlsiMH TpPaBH-
tannonnoi (p) u ynpyroit (u*) Bonmoornaus. Ilocmenausis Haxonut-
csl 31ech, KaK M B HaNoOpHBIX mJjacrax, no ¢opmynaam (3.6) u (3.8)
npu 3aMeHe B HHX m Ha Hep
Ypasnenns (3.11) u (3. 12) ¢ yueroM (3.13) onHcCHIBAIOT, TAKHM

obpasoM, hO\iﬁHHHpOBaHHbIH rpaBHTAUMHOHHO-YNPY THH pe-
KHUM GHUABTpAaI KM, JeTalbHO HCCAeloBaHHbIl B pabore
H. H. Bepuruna [35].
. Cne}lye"r OTMETHTb, UTO, MOCKOJBKY B OOJBINHHCTBE C/yuyaes
u>>p®, paxrop YOpyrocTd B Oe3HaNOPHLIX IJI&GCTaX TNPaKTHUECKH
ckasbiBaercs B MaJoli crenens. [Tosromy, KaK Npasujo, npH perie-
HHUH 3aﬂaq 6e3HanopHon ¢buabTpauun B ypaBHeHuH (3.13) BesinuM-
HOU p* npeHeGperalor, noJjaras
kHep

i '

T. €. paccMaTpPHBAeTCs UYHCTO TPABHTALHOHHBIH PeXHM
"buAbBTpALHH

(3.13)

at~a= (3.14)
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Ilns pelieHus TpHBeAeHHBIX ypaBHenu#r (3.5), (3.11) m (3.12)
JI0JI3KHEl OBITH C(POPMYJHPOBAHBEI HauaJbHble H FPAHHYHBIE YCJIOBHA,
KOTOPHIMH XapPaKTePH3YIOTCH YCJOBHS NMHTaHHsA BOJOHOCHOTO mJac-
Ta H ero .B3aHMOJEHCTBHS C OKPYKAIOLIMMH BOJIOHOCHBIMH ITacTa-
MH H NOBEPXHOCTHHIMH BOAHBIMH HCTOYHHKaMH. B 4acTHOCTH, HeKo- -
TOpble M3 3THX YCJOBHH, a HMEHHO —B IUIOCKOCTSAIX KPOBJH H TO-
IOIIBHL IJIacTa yKe KakK Obl BKJIOUEHB B CaMH ypaBHEeHHs B BHIe
TJIeHOB € H € — HMH OIEHHBAETCSd HHTEHCHRHOCTL NHTAHHA I1J1acTa
B mpejesiax IJOUaAn ero pacnpoctpaHenus. B raba. 6 nmokasanst
CcXeMbl CTPOEHHS NJIaCTOB B paspe3e M NPHMEHHTEILHO K HHM —
MaTeMaTHUeCKHe BhIpaxKeHHs JJIs g H ea.

Cxema | HAJIOCTPHPYET OXHOPOAHBIH Oe3HAmOpHBIA NJACT MpH
HaJHUHH aTMochepHoro muTanus (nyreM HHQHIbTpamuu atMocdep-
HBIX OCaJKOB HMJIH PABHOMEPHO pachnpelej]eHHHX 0 MJIoHlajH no-
Tepb M3 paspexeHHoil rHaporpaduueckoif ceTH) HHTEHCHBHOCTBIO
£y=emp=/ (X, {). 3AKOHOMEDHOCTH H3MEHEHHS BeJIHUHHBl &mg B
5TOM cjyuae MOryT ObiTb BecbMa pasnooOpasueiMu. B Tabua. 6 npu-
BeleHbl (CM. TOCJAeAHHH cToJbel) cjaydaH AMCKPETHOro mo mnJjoumia-
M pacnpejefieHdss HHQHAbTPAILHH, KOTOpas NO BpeMeHH ! MOMeT
H3MEHATbCS 1O JHHeHHON MM 3KCIOHEHUHaJbHOH 3aBHCHMOCTSM.
Mozker HMeTb MeCTO TaKKe 3aBHCHMOCTb BeJHYHHBI £yyg OT Hamopa
naacta H; KoHKpeTHEIe (OPMYJIBI 3THX 3aBHCHMOCTEH HaXoAATCA MO
ONBITHBIM JaHHbIM.

B ocrtaabHbix cxemax Tabga. 6 Kpome HHOUIBTPAUHH Eyngp NMHTA-
HHEe OCHOBHHIX NJacToB (OHH 00O3HAaUeHHl NapaMeTpaMH Rm H Ha-
nopom H Ge3 UHCJOBBIX HHAEKCOB) OCYHIECTBJsieTCS NyTeM (UJIbT-
palMH M3 COCEe/HHX, BbIllle M HHXKE PacloJIOXKeHHBIX BOJOHOCHEIX TO-
PH3OHTOB. BeJMUHHEl g; M € B TaKHX YCJAOBHAX BBIpaXKaloTcs Bep-
THKaJbHOH CKOPOCTbIO (DHJIBTPAIlHM Ha KPOBJEe H IMOJOLIBE MJacTa,
NpHYEM JJIsi ee ONpefeeHHsl J0JKHbl ObITh PEIIeHBl COOTBETCTBYIO-
1lHe ypaBHeHHs (HJIbTPAUHH AJS COCEJHHX CJI0eB, B KOTOPHIX Ha-
XOJHT OTPa’keHHe BeJHYHHA aTMOCHEePHOro NHTaHHS.

CxeMbl ¥ (hopMyJHPOBKA THIOBLIX YCJOBHMH Ha KOHTypax IJjac-
Ta B IJaHe NPH KOTOPHIX MOJIKHBI pelaTbes HeXoausie AH{depen-
[HaJbHble YPaBHEHHsI, IPEACTABJIEHH B TabJ. 7.

HauGonee pacnpocTpaHeHHBIM SBJSETCS OrpaHHuYeHHe BOJIOHOC-
HOTO MJ1acTa NMOBEPXHOCTHHIM BOJOTOKOM (peKoi, BOAOXPaHHJIHIIEM
H T. 1.), C KOTOPBIM THAPABJHYECKH CBf3aH BOMAOHOCHBEII IJIaCT.
Takas cBfi3b MOKeT OBITh COBepllie HHOH, KOrjaa mo JHHHH
BOJOTOKA JOMYCTHMO 3aiaBaTh ycjbsue H=const nan H=f(f)
(cxema 1), uau 3aTpyAHEHHOH, HeCOBepUI€HHOH — NPH HEnoJ-
HOH BpesKe pycja BOJAOTOKAa B BOJOHOCHBIH TJAcT o HAJIHYMH B
JI03Ke BOJOTOKA 3aHJeHHS H caabonponnuaembix mpocRoeB u JHHS,
3aTPyAHAOIEX GHIBTPALHIO BOAL (CxeMbl 2 H 3).

Ec/¥ BOJOHOCHBI TJIACT TPAHHYHUT C JAPYTHM BOJOHOCHBIM TJac-
ToM, oOOJafalouEM HHHIMH (QHJIBTPALHOHHBIMH  CBOHCTBAMH, Ha
KOHTAKTe MJACTOB IIPHHHMAIOTCSl YCJIOBHSI PaBeHCTBA HOPMalbHBIX
(k AMHHME KOHT4KTa) NOTOKOB M CaMHX HAanopheix QyHKuWii (cxe-
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Tabannwa 6

€xema BOJOHOEHBIX NJACTOB M YCJIOBHA HA KPOBJE W NOAOWIBE

!g?;: Cxema nnacta . Baipascenns Ans €y, €; B ypaBHenusix dwibtpauun (3.5) u (3. 10), (3.;'2)
€y = Eung; {mec[; == {Bﬂnnb (¢, H) mpu xp < x; < x5
1 0 IpH X7 > | Xy 9 |
gg=10
R T
TN NN T“ AN A/
-T-***u——.';. e €, = Eund
: : ','. % " aH,
—— -— i 8 =
: : * 2 |e=m,
7 Sl R T R /Ay mpa py = 0 (3KecTkuil pexkuM B pasjie/IbHOM cJIoe)
’ _" “— ko -
8y R oy (Hy
>
MM /M/’ﬂ%/f
: Mv 2
el i




g9

Iponomienne tabn. 6

NelNe

/1 Cxema nnacra

Buipax<enusi Ans €;, £, B ypaBHenusix ¢uabTpanun (3.5) u (3.10), (3.12)

g =K ——
! : 0z lz=m
npu py; =0 (KecTKuii pexkM B BepXHeM CJIo€)
LS}
& ——(H,—H
] m, (A, )

82:0

...-'._,.__ .".l-.

TR

—

doH,
02 |z=m
mpH |1, = 0 (MKecTKHii PesKHM B Pa3leqbHOM CJI0€)
Ko
&=, —H
= (Hy )
8y =0

EI:'KP
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[Mpoponmenne Tabr. 6

NoNe
n/n Cxema naacrta Buipaxkennn Ias g,, e; B ypasHenuax ¢uasrpauuu (3.5) u (3.10), (3.12)

N N NN

Tyt M ‘//,:;‘ o o

‘-.».'// /1 /1_’ 0z 2=m-+my,
%4 Cicmrp s .
i .,Jf//////g’/ i : |
g %
) =

5 2 ////

MPH |1y = [tgg =0 (ECTKRHl PeXHM B PasfeTLHBIX CJIOSX)

K
El='m_n"(H1_—H)
0

4 K
7 8= 00 (17, — Hy
e Moo
“/fé é "?z”b




Ta6bauma 7
“CxeMBl BOJOHOCHBIX IIACTOB 11 YCJOBMIA HA KOHTYpax B IJaHe

" NeNe
n/n Cxema naacra YesnoBrA Ha rpanHMe x = 0

H=f(@
B HaCTHOM CIydae
H = Hy = const

z

7 N N

2 %*‘“ LR e

B 7
B

W

=

3t [T

A oH K,

ax KHmy,

(Hy—m) b

N— —=
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[Mpopomkenne Taba. 7

NeNe
n/n

CxeMa naacra

Venosua Ha rpanune x=0

A

X

|

T

o
cant b =

ot
dx

SN

[
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Ma 4), KOTOPHIMH BbIPay<aeTcsi NPHHUMN HEPa3PLIBHOCTH (HIbTPA-
IHOHHBIX TeYeHHil MPH mepexofde H3 OJHOrO mjacra B JAPYro.

CnenngHyeckie YCJIOBHa TNHTAHHA CO34al0Tcs B 00/1acTAX BHI-
X0Ja HaNOPHBIX TJIACTOB HA NOBEPXHOCTb (HanpHMep, B KpaeBHIX
yacTsAx apTe3HaHCKHX OGacceilHOB). 31ecb MOMKET HMeTb MECTO 0CYy-
ieHHe TJ1aCTa IPH OJHOBPEMEHHOM €ro NHTaHHH aTMOC(epHHIMH
ocajkaMH, no3roMy 6GajaHC NOTOKAa HA rpaHHlle BHIPA3HTCs B BHIE
COOTHOLIeHHs, nanuoro B Ta6a. 7 (cxema 5).

HakoHell, BO MHOTHX CJAydYasix PacCMaTPHBAEMbli BOAOHOCHBIH
TJAaCT KOHTAKTHPYET ¢ BecbMa cjla00 NPOHHIAEMbIMH, MPaKTHYECKH
BoAOyNOpHEIMH TmopoAaMHi. COOTBETCTBEHHO NOTOK BOJABLI yepes rpa-
HHIIY IPHHHMAaeTcsi PaBHBIM HYJIIO.

Jlns pelleHHs HCXOAHBIX YPaBHeHMH JOJIKHBI OBITH TaKXKe H3-
‘BECTHHI VCJIOBHS pabdoThl BOM03aGOPHBIX cOOpyKeHuid. Kak mpaBH-
710, SKCIJyaTalus CKBaXKHH, TOPH30HTAJbHBIX H APYTHX THIOB BO-
N03a6OpPOB NPOM3BOAMTCS NIPH. H3BeCTHOM (3apaHee 3allaBaeMOM B
COOTBETCTBHH ¢ 3aMIaHHPOBAHHHM BOjAONOTpebJeHHeM) JeluTe:
‘Qus=f(t), B uactHoM cayuae Qy=const.

B oTHeabHBIX cJaydasx BOH03a00pHBIe COODPYKEHHS 3KCIJIYaTH-
PyIOTCA NpPH 3aJaHHBIX HAMOPHHIX YPOBHAX B HHX He=[({); B
yactHocTH Hy=const.

YPABHEHHUS MHUIPALLMH BEIECTBA B NMOA3EMHBIX
BOJAX

Vpasuenue GanaHca MacChi PacTBOPEHHOro (MM 3MYJbrHPOBAHHO-
TO) BellecTBAa B 3JeMEHTe BOAOHOCHOTrO IIacTa HMeeT CJeAYIOUIHH
BHIL:

2

a d C "9 (mN
¥ o) = — 2O —mp 2R 4 p (7 — W), B.15
=l E

ot

a(mC
Geoni = — D _(gi'_) = Q'¢.i‘C- (3'16)

31€Ch Geoni — COMEBOfI TMOTOK, MpeACTAaBIeHHBI Au(QY3HOHHOMH,
WJIH, TOUHEe, JHCTIEPCHOHHON COCTABAsiouLell (MepBblil uJeH npaBoi
wacTH ypaBHeHHs (3.16) M KOHBEKTHBHHIM uJieHOM (IpOH3BeleHHEM
gpi C B 310M ypaBHeHHH); C — KOHUEHTpaUHs MHTPHPYIOLIEro Be-
gIecTBa B MNOJA3eMHBIX Boiax; N — KOHIeHTpanus yOBIBaIOLIEro H3
pacrBopa (copOupyemoro, MOIJIOUIAe€MOro MOPOJOi) MM, Hampo-
“THB, TOCTYNAIOIIEro B PAacTBOP B pesyibTaTe BHYTPEHHHX (DH3HKO-
XHMHUECKHX peakumuii (HanpuMep, PacTBOPeHHs) KOMIIOHEHTa (B
nauHoM cayuae aas C H N uMeercs B BHAY MX BecoBasi KOHUEHT-
palus — no OTHOUIeHHI0 K Mmacce Boabl); W, u Wy —oTBOA HIAH
NOCTYNIIeHHe KOMNOHEHTa uepe3 KPoBmo H mojowsy nuacra. Oc-
“TaJbHble 0003HAYEHHS TPeMHHE.

®uUILTPAUHOHHBI NOTOK i, BXOAALIHA B ypaBHeHHe (3.16),
©ONpefieIACTCA H3 PelleHHs NPHBEJEHHbIX BHIE YDaBHEHHi (HABT-
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paunn (3.1), 3.2). Coxpausiorcs 3jech Takke o0o3HaueHHs n, me
U p 1 3THX YpaBHeHHI.

[MoxcranoBka (3.16) B (3.15) c yuerom ypaBHeHHii QHIbTPALHKE
(3.1), (3.2) mpuBOAMT K caeaylollemy ypaBHeHuio [25]:

2
E[D" 0 _y, ac ]_ C (ey — £5) :ngc_+
=]

ax% 0x; m ot
b R W oy (3.17p
at m
3nech V; = 8L ckopocTs pHABTPAIIN.
m

ITpu BuiBose ypaBHeHus (3.17) HCKIIOYEHBl YJeHB, cOolepKallne
ap aD,;
H
ax; 6x;

JIOCTH.
Beanyuupr C 1 N 3fech naHbl yxe B elHHHIAX 00bEMHOH KOH-
HeHTpaltH, T. €. B €IHHHIAX MAacChl K 00beMy IOPOBOTO MPOCTPaH-
cTBa.
Unenamu W, u Wy, kax yXe roBOPHJIOCH, OUEHHBAIOTCH coJe-
Bble TIOTOKH Ha KPOBJIe M MOJolIBe muacra. B cooTBercTBHH ¢ 06-

LM Beipaxkenuem (3.16) numeem:

i [— s CILZI

W= [.... ]_)2 aaczz - 82021;23

rae unaekcamu 1, 2 0603HaueHbl COOTBETCTBYIOIHe BeaHuHHbl C &
D nas caoes KPOBJH M MOLOIIBBI; & M & — CKOPOCTH (DH/IbTPALHK
Ha KOHTAaKTe 3THX CJOEB C OCHOBHEIM BOJIOHOCHBIM TIJIACTOM (KO-
OPAHHATHl JHHHH KOHTAaKTa — 2| H 23).

O6wenunss (3.17) u (3.18), noayuum

2
Sl e S e
: axf m .

B MpPEINOJIOKEeHHH HX Gojee BBICOKOTO MOpsAmKa Mma-

(3.18)

axi? m 02 |z=z
i=1
Lant 106 acC aN
z - C—C) s, =n—+n—, 3.19
35 m 0z |z—z, m ( 2 'z . ot 5 at ( )

Ypapuenne (3.19) sBasieTcs HCXOAHBIM JJ pelleHHs 3ajauyd O
MHTPALHH 3aTrPA3HAIONIMX BelleCTB B MPHPOJAHBIX BOJLOHOCHBIX IJac-
tTax. B MaTeMaTHYeCcKOM OTHOIIEHHH OHO OTJHYaeTcs OT COOCTBEH-
HO (GUJILTPALHOHHBIX YpaBHEHHU{l HAJHYHeM KOHBEKTHBHBLIX YJIEHOB,.
KOTOPBIMH XapaKTepH3yeTcs TIpollecC TepeMelleHHs BelllecTBa
BMecTe ¢ (pUJIbTPAIHOHHBIM TIOTOKOM B IJIOCKOCTH Ilacta (4JeHbl

ac
V,--a-—-) H HOPMAaJbHO K HEMY M3 CJI0€B KPOBJH H I10JOUIBHI.
Xi
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‘OTH nocienHHe UYJIeHBl, KaK H B (HIbTPAUHOHHBIX ypPaBHEHHSX,
MpedcTaBJAnT coB00l MaTeMaTHUeCKyl0 (GOpPMYJHPOBKY YC/IOBHH
B3aHMOIEHCTBHS MJacTa ¢ COCeIHHMH cJOSIMH (B pa3pese) B OT-
HOLIEHHH MHTPALHH BelecTBa.

B cioHCTO# cHeTeMe BOLOHOCHBIX IIACTOB NMPH HAJHYHH B KPOB-
Jie H mojouiBe cnabonpoHHLAeMBIX pasfeJqdlollHX CJ0eB, 4Yepes:
KOTODBle MOXKeT NPOHCXOANTL AHM(Y3HOHHBIH OTBOH coJjeii, B CH-
«JIy HEPaspHIBHOCTH COJIEBOTO MOTOKA KOHIEHTPALHH HA KOHTaKTe
paBHBl Mexay coboii, T. e C=C, u C=C, IlostoMy uJeHH ¢
MHOMKHTE/IIMH € H & H3 ypaBHeHHs (3.19) wuckaouvaores (310
MOKHO cIe/JaTb H Ha TOM OCHOBAHHH, 4YTO CaMH CKOPOCTH g, 2
31ech SIBJAAIOTCS NpeHebpeKHMo MaJbIMH).

B rtex cayuasx, Koraa cJIOM KPOBJH H MOIOUIBBEl NPEICTaBJICHBI
X0poLIo TPOHHI[AeMHIMH TNOPOJAMH, B NJacrax, HelOCpeACTBEHHO:
CBfI3aHHBIX C aTMOoC(hepoli H NMOJYJYaloIHX NHTAHHe NyTeM HH(QHILT-
panuu armocepHBIX OCAJKOB HJM MOBEPXHOCTHBIX BOH, B ypaBHe-
Hun (3.19) coxpaHsilOTCA YKasaHHBIE UJEHBl C & H €, NOCKOJbLKY
OHH SBJSIOTCS NpeobaafalomuMU 10 cBOeH Be/MHYHHE B CPABHEHHH

ac
1,2 2
C yaeHaMH D, » 3 , XapakTepH3YIOIHMH AHGPY3HOHHBIH MO-
2y «
: 1,2
P1.22512
TOK | IIPH 3TOM Pem:-—-D—)l . B coorBercTBHH ¢ 3THM
1,2

Ha KOHTAKTe CJOeB HMEeT MeCTO CKauOK KOHIEHTPAlHH, H pe3yib-
THPYIOIAs KOHUEHTPAalHs B OCHOBHOM IIJIaCTe ONpefensiercss ¢ yue-
TOM cMelleHHs (pa36GaBJeHHs WM NOBLIIIEHHS KOHLIEHTPAllHH) C
pacTBOpPaMH, MOCTYMAIOWKMH H3 CJI0eB KPOBJAH H MOAOWBH (HIW
H3 aTMocdepbl H MOBEPXHOCTHBIX BOAHBIX HCTOUHHKOB).

. aN
Bxonsmuii B ypabuenue (3.19) umen n??’ KOTOPBIM ONHCBIBA-

eTcqd KHHeTHKa copbOuHH Hau B OoJsee oflieM NpPeACTABJEHHH — KH-
HEeTHKa TMOTrJOIEeHHd KOMIIOHEHTa H yﬁbIJIH €ro H3 pactBopa (HJ’IH?
MOCTYNJIEHHs] KOMIOHEHTa B pacTBOp), NPHHHMAETCsi B COOTBETCT-
BHH C paHee OXapaKTePH30BAHHHIMH OCOOEHHOCTAMH H 3aKOHOMEp-
HOCTSIMH PAa3JHYHBIX (DH3HKO-XHMHUECKHX IPOIECCOB, TPOHCXOAS~
OIHX TIPH MHrpanHH BEUIeCTBd B BOJAOHOCHBIX TIIACTaX — IIPOLECCOB:
copOIHH, 3a/epkKKH COJed B TYNHKOBBIX MNOpax, paaH0aKTHBHOTO
pacnana, pacTBopeHHs cogeir M T. a. [cm. (2.6) —(2.14].

J_I.HH peleHrHss KOHKPETHBIX 3aJay N0 MHTpalHH 3arpA3HAKOMIIHX
pacTBOpPOB HOJ2KHBI OBITb 3aHaHbl HavaJbHBIE H rpaHH4YHbIE YCJIO-
BHsi, B KauecTBe HAyaJbHOrO YCJOBHSA TPHHHMAETCH TO HJIH HHOE
ecrecTBeHHOe ((hoHOBOE) pacnpeneseHne KOHIEHTPALHH BelleCTBa
B Ttacre:

t =0, C=C,(x;), B uacthoctu C, = const wm C, =0. . (3.20)

Ycnoeus Ha rpaHuuax naacra L B npollecce (QUIbTPANHH NpPH
=0 MOKHO NpeACTaBHThL B Pa3/JHYHBIX BHAAX.
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‘3anana xonuentpauns (ycaosue 1-ro poxa)

Cle=z = Cyx (f), B vactHOM cayuae Cax |x;=z = const. (3.21)
3axan norTox BelllecTBa (yCJOBHe 2-T0 poja)

ac
Qco.n I"i-‘-L =—D o

WIH Qcon ¢~z = const. (3.22)

"

x‘=L

3anaH noTox BelleCcTBa C y4YeTOM KOHBEKTHBHOIO OTBOJAA H JHC-
nepcun (ycaosue 3-ro poaa [140])

Graleit = [—D a‘f k- VC]x

=L’
ITockoabky
Qc..c.ﬂ |x|;=L = chx [xizi.,

rae Cnx — KOHLEHTPAall¥sl BellecTBa B pacTBOpeE; V— CKOpPOCTb
¢uIbTPAllHK HA rpaHHlle x;=L, noayyaem

ac
D "o =V (C Xi7 Cnx) lx,::L- (3'23)

x;=L

3TO ycioBHe fABAseTcss 00o0uleHHeM NpPeALAYUIHX; NpH 6oJb-
o Vx
ilI0OH CKOPOCTH (PHAbTpPALHH, KOrjia T>> 1, C=Csx, uTO cOOTBET-

CTBYeT YCJOBHIO 1-r0 pojia; MPH OTHOCHTENbHO BHICOKOM 3HaUeHHH .
KS:—)C})Q)HIJ,HEHTﬁ JHCIEPCHH H MaJof CKODOCTH (MAbTPAlHH, KOria
X
—5—<< 1, e 0, T.e.noayuyaem ycaoBHe 2-ro poaa.
i

Ha xKoHTaxkTe ABYX BOJOHOCHHIX TJACTOB C Pa3HEIMH TlapaMmeTpa-
MH CTaBHTCH ycJOBHe 4-TO PoJla, XapakTepH3yiollee PaBEHCTBO I0-
TOKOB B HallpaBJIeHHH, HOPMaJbHOM KOHTaKTy M CaMHX KOHIEHTpa-
UHH HA KOHTaKTe (yCJOBHe HEPA3PLIBHOCTH NMOTOKOB):

p, % _p. s

ax |x=L—0 2 ox Cl]xi=L—0=Czlxi=L+D- (3.24)

x‘=f_+0'

Ha rpanuie, yaajieHHOH OT MecTa BX0Ja pacTBOpa B IJIACT HaA
BeCbMa 3HAYHTe/NbHOe paccTosHHe (B «0ECKOHEUHOCTH»), YCJOBHE
o6B1uHO (OpMYaHPYETCs TaK:

lim € =C, wm Z—C =0 (3.25)

xi-e-m X

Ilpn moctynsiennn pactBopa B atmocdepy (Ha Bomo3zabope, mpH
MCTeYeHHH H3 KOJIOHHBI TPYHTa M T. 1.) CTaBHTCs ycloBHe [32]

A (3.26)

dx x‘-=L i
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3T0 COOTBETCTBYET MpeHeLPemeHHI AHG(Y3HeHR u IUCIepCHER Be-
IIeCTBA B CBfI3H C BBHICOKHMH CKOPOCTAMH noTOKa Jnbo mpH pac-
cMOTpeHHH cobcTBeHHO AH(GY3HOHHOrO nponecca Moxer OBIThL CBS-
3aHO ¢ GecKOHeuHO GOJbLUIOH («0ecKOHeYHOI») BeJHYHHOH KO3(QH-
uHenta IHQQY3uH (NpH BeIXoAe B aTtMocdepy MOXKHO MOJOXKHTb
D=oo u B coorBerctBHH ¢ (3.23) moayuum ycnosue (3.26)).
Ecau Ha BXofe B nJacT HJIH BbIXOJAe H3 mjacta obpasyercs He-

KOTOpas eMKOCTb @ (B eIHHHHUAX AJHHBI — 00beM, OTHECEHHBIH K
NJIOIAaAH CEYEeHHUsI), TO MOXKHO COCTaBHTh TaKoe ypaBHeHHe OGanaH-
ca [13]:

P [_ D .% i Vc] ; (3.27)

ot x’:=L '\-L'=L

4 NMPH BO3MOXKHOCTH KOHBEKTHBHOTO OTTOKAa CO CKOPOCTBIO V-const
3a npejesbl 3TOH eMKOCTH
=00

(’J_
ot

T T

x"=L 6x

(3.28)

x£=L

HecMoTpsas Ha onpeaeseHHY0 NpHOJHKEHHOCTb TNpHBeAeHHOM
MaTeMaTHYeCKOH CXeMbi OMHCAHHs MHTPAllHH 3arpA3HeHHH B BOJO-
HOCHBIX IIJIaCTaxX, OHA TO3BOJAET YAOBJAETBOPHTENBHO peulaTh TPaK-
THYCCKHe 3aJauyd NPOrHO3a 3arpsA3HeHHs MOJA3eMHbIX BoA. Peiue-
HHe TIPHBEIEHHBIX YPABHEHHH MHIpalHH TNPH ONpeJeJeHHHX Ha-
YaJbHBIX H TPAHHUHBIX YCJIOBHAX JaeT BO3MOMKHOCTb, CTPOrO rOBO-
ps, TMOJAYYHTH NMOJHOE pelleHHe 3alayd 06 H3MEHEHHH KOHUEHTpa-
LMY TOTO HJIM HHOrO 3arpsI3HAIOILEr0 KOMIIOHEHTa B MOJA3eMHBIX
BOLAX M, TaKuM 00pa3oM, YCTAHOBHTb, HAa KaKOE pPAacCTOSHHE H B
TeyeHHe KAKOrO BpeMeHH MOrYT NPOABHIaThCsl 3arpsi3HEHHBIE BOJEI
B BOJOHOCHOM JacTe, KakoBa OyZeT KOHLEHTpPalHs 3arps3HeHHi
u ap. OQHAaKO B CHJY CJOXKHOCTH NMPHPOAHOH o6CTaHOBKH (H3Me-
HAIOUAACH CKOPOCTb (HIbTPALHH, CJAOXKHBIE TeOMETPHUECKHEe ouep-
TaHHSA IJIACTOB M T. J.) H, KAK CJIEICTBHE, — CJOKHOCTH CaMoit
cHCTeMbl YPaBHEHHH pellleHHe mocJejJHeli HaTaJKHBaeTcs Ha 3HaYH-
TeJIbHBIE MaTeMaTHYeCKHe TPyAHOCTH.

[To3ToMy, Kak NMPaBHJIO, PacCMaTPHBAIOTCS TOJbKO OJHOMEDHBIE
(nmockomapassenbHbie H OCeCHMMETDHUHBIE, paJHajbHbIE), pexe
JBYMEpPHbIE TeYeHHs H He AJd BceH obnacTH (GHAbTPALHH B IIEJOM,
a 1 OTAeAbHBIX YYaCTKOB HJH (parMeHTOB, H3 KOTOPHIX (POPMH-
pyercsi oOuUIHH (DHIABTPALHOHHBIH NOTOK MOA3EMHBIX BOA. ITO M0O3-
BOJIIET KOJIHYECTBEHHO OXapaKTEePH30BaTh IIPOLECC MacconepeHoca
N0 rAaBHBIM HANpAaBJEHHSM, NPEJICTaBISIOUIHM HAHOONBIIHI HHTE-
pec ¢ TOYKH 3peHHs MPOTHO3a KayecTBa IIOJI3€MHBEIX BOJ Ha TOM
HJIH HHOM Y4YacTKe BOJOHOCHOTO IL1acTa.
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TIABA 4

PACYETbI BOLO3ABOPOB B PA3JIMYHBIX
FTHAPOTEOJIOTHYECKHX YCJIOBHSAX

BBOJHBIE 3AMEYAHHS

B nanuoil raBe paccMaTPUBAIOTCH aHANHTHYECKHE METOIALI pacuye-
Ta BOA03aGOPOB B pa3IHYHHIX THADPOTEONOTHYECKHX YCJIOBHAX.
HauGosee pacnpocTpaHEHHHIM THIOM BOA03a6OPHBIX COOPYKEHHIH
ABJASIOTCH CKBaKHHHL. [TosTOoMy pacueTHble 3aBHCHMOCTH AalOTCA
MPeHMYLIeCTBEHHO /51 OAHHOUHBIX CKBAMKHH H CHCTEM CKBAXKHH C
3aJlaHHBIM, TTOCTOSTHHBIM HJIH H3MEHSIOUIHMCH BO BDEMEeHH PacX0/10M.

[Ipu 3TOM TPHBOAATCA JIHIIL OCHOBHEIE THMNOBHIE (HILTPAIH-
OHHBIE CXeMBbI, N0 KOTOPHIM BBIABJSIOTCS HauGoJee CyllecTBEHHbIE
3aKOHOMEPHOCTH ¥ TJIaBHbIe (HAKTOPHl QHIABTPALHH MOA3EMHEIX BOJL
K BOJA03200pPHBIM COOPYXKEHHSM NPH TOM HJH HHOM CTPOEHHH BOJO-
HOCHOTO TJacTa. ,

[ToppoGHOE OCBELleHHE METOA0B paciera BOA03a00POB HaHO BO
MHOTHX paGoTax, Hanpumep [10, 89, 93] u np.

Hsnaraemeie 37ech peayabTaThl MOJYYEHB HAa OCHOBE peleH s
mupdepeHnHanbHBIX YpaBHeHHH (GHIAbTpauuy (CM. ra. 3) IpH COOT-
BeTCTBYIONUIHX HAYalIbHEIX H FPAHHYHBIX YCJOBHAX.

Bce pemenusi, 3a HCKJIIOUEHHEM CIeLHaJbHO OrOBOPEHHBIX,
NpeACTaBAeHE OTHOCHTENbHO (YHKUHH TIOHHMKEHHS YPOBHS.

F el R (4.1)

rne H. 1 H — COOTBETCTBEHHO TepBOHAUa bHBbIH (OBITOBOM, CTa-
THUYECKHH) M TeKYIlHii ypoBeHb, mpuuem S=f(x; t), rae x; —mpoc-
TPAHCTBEHHbBIE KOODAHHATHI; { — BpeMs.

Takum o6pasoM, onpeieisis NOHHMXKEHHS YPOBHA B pPasjHYHBIX
TOYKax BOJOHOCHOI'O IjlacTa, MOXKHO IO pe3yAbTaTaMm pacyeToB
B0J03a00POB BHISBHTL (DOPMY H JHHAMHKY H3MEHEHHSA Nbe30METpH-
YyecKkoil MOBEPXHOCTH B 06J1aCTH BJIHSHHSA BOJ03a60POB.

B camux BojoszaGopax NOHHXZKEHHE YPOBHS JAOCTHraeT MakKCH-
MaJbHOro 3HauYeHH:. Hpaxmuecm OHO OrpaHHYHBaeTCsHA HEKOTO-
PHIM NpPeleJbHBIM, HIH JONYCTHMbI M, NOHHXKEHHEM, BeJHYHHA
KOTOPOTO Sjon YCTAHABJHBAETCS 10 THAPOTEOJIOTHYECKHM YCJIOBHSIM
H TeXHHYECKHM YCJOBHAM oT6opa BoAbl. PacueTHoe nNOHHKeHHE
YpoBHsi- B Bojo3abope S, He JO/KHO MPEBOCXOAHTb JONYCTHMOrO,
T. €. JOJIZKHO BBIAEPXKHBATbCs COOTHOIUIEHHE .

B S oo (4.2)

Hunst GesHanopHbIX NOTOKOB B pe3yjibTaTe JHHeapH3alHH HC-
XOAHBIX Aud(epeHHaNbHEX YPaBHEHHH pelleHHs TOCIeNHHX B
OJIHHX CJyuyasix NPEeJCTaBJfAIOTCS TAK 3Ke, KaK AJd HalopHOro noTo-
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Ka, T. €. OTHOCHTEJIbHO (yHKUHH S no (4.1); ypoedb H B paHHOM
cJyyae — 3T0 HAmop Ha CBOOOAHOH MOBEPXHOCTH, PaBHBHI riybu-
He BOJBbI A0 BOAOymopa h HJIH 10 TOBEPXHOCTH IOACTHJIAIOULIEro
craGonpoHHIaeMoro cios. BMmecTo BXoasiued B ypaBHGHHS H pac-
HETHBIE 3aBHCHMOCTH MOULHOCTH r IIpH 3TOM pacCMaTpHBaeTca
HEKOTOpas CPeaHAs MOLHOCTD Acp.

B cayuasx cyllecTBeHHBIX TOHHZKEHHH YPOBHS, MpEBBIIIANMIIHX
IMMOJIOBHHY MOIIHOCTH 663Han0prlX MmiIacToB, MNPeANOoYTHTEJIbHEEe

HCXO/IHbIE YPaBHEHHSI H HCKOMble peIleHHsi BbIpamKaTb OTHOCHTEJb-
H2 h2
HO (DYHKIHH —~ =5 TAKKe BBOAS B PaCCMOTPEHHE CPEAHIOIO

MOIIHOCTD fep.

MartemaTtuueckas (opMa NpHBEJEHHLIX Bbillle ypaBHeHH#H [cM.
(3.5), (3.11) u (3.12)] He meHsileTcsi, €CJH 3alHCBIBATb HX AJIS
(YHKIHH #, KOTOpas COOTBETCTBEHHO CKa3aHHOMY HMEEeT CJ/eAylo-
LHH BHA:

JUIsi HATIOPHOTO TOTOKA

u,=mS,=m(H,—H) (a), (4.3)
A1si 6e3HanopHOro NOTOKa
Us.n = hopSe.x = ey (he —h)  (0) (4.3,a)
HJIH
B —nr
Us.u = o 5 ere (B)

CJ’IEEOBHTEJIBHD, Jasd nepexonga oOT peleHus OTHOCHTEJIBHO Su
I HAalOPHOro MOTOKA K pelleHHI0 s Ge3HAropHOro NMOTOKa OT-
HOCHT@JIbHO Sgy CNpaBeJJIUBHL CAeAYIOmHe (OpPMYJIbl:

no cooTHomenusam (a)—(6)

m
Sﬁ.n = —3S
hep

(4.4)

Hy
WM 1O cooTHOWeHusiM (a)—(B)

Sen—h,—V H—2mS, .

3nech he — mepBOHAuaJbHBIH YypoBeHb (rayOHHAa BOAB [0 BOJO-
yrnopa) 6e3HanopHOro MoOTOKA.

B nanbHefiiem M3JI0KEHHH HHIEKCH «H» H «0. H» npH S HaMH
onycKalTes.

BOJO3ABOPbI ¥ PEKH

B6an3H NOBepXHOCTHBIX BOJAOTOKOB pacnoJaraercs 0oJiblias 4acTb
CYUIECTBYIOIIHX BOA03a6OpOB moA3eMHbBIX BoA. OHM HOCAT Ha-
3BaHHe OeperoBBIX, HJH HHOHJIbBTPAIHOHHBX, BOLO-
3a00poB.
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[TpoH3BOAMTENLHOCTE  OTAEJBHBIX GeperoBbix B0J0326OPOBE
MOMKeT  JOCTHraTh BechMa  Ooapliux  pasmepos — 100—200¢
teic. M3/cyT u Gosee (TMOrOHHBIA TPHTOK — 10—30 m3/cytr Ha 1 M
JUIHHB BOJ03a0opa). 3HauMTeJNbHB BOAOOTGOp B JOJHHAX PeK
KOMIIEHCHpPYeTCsl COOTBETCTBYIOIIMM TMOCTYNJIEHHEM B SKCHJyaTH-
pyeMble BOJOHOCHbIE TJIACTHl MOBEPXHOCTHBEIX PEHBIX Box. B cea-
31 ¢ 3THM Oeperopbie Bojo3abopbl paboTalT GoJbllel 4acThio B
yC/IOBHAX ycTaHOBHBLIEHCS (QHAbTPAUHH NMOA3EMHBIX BOL. :

[To xapakTepy TCHAPaBJIHYECKOH CBfI3H PEYHbIX H MOA3EMHBIX
BOJ TOBEPXHOCTHBIE BOJOTOKH MOryT ObITb MOAPA3/EJeHEl Ha CO-
BepUIeHHble H HeCOBepIIeHHBIE.

Cosepuientivle pedrble pycAa XapakTepH3YIOTCA TeM, 4TO hHIb-
Tpallks TNOBEPXHOCTHBIX BOA H3 HHX B BOJAOHOCHBIe TIACTHI NPOMC-
XOAHT 6e3 CyIIeCTBEHHLIX [OTepb Hamopa. ITO BO3MOXKHO JHIIb
B TOM cJyuae, €CJH B pycje DEKH W/ NOA ee AHOM OTCYTCTBYIOT
c1a0oNpOHAIIAEMble  OTMIONKEHHs M, KpoMe TOro, BOJH3H pyc/d
He TPOMCXOAMT 3HAUHTENbHBIX AedopMauuii NOA3EMHBIX . IOTOKOB.
CoBepllleHHBIe pycaa sABIAAIOTCs HauGonee OJaronpHATHEIME B
IHAPONMHAMHYECKOM OTHOLIEHHH, TaK KaK MO3BOJAAIOT SKCIUyaTH
poBaTh BOA03a60p ¢ MHHHMAJbHbHIMH MOHHIKEHHSIMH YpOBHS TOA-
3eMHBIX BOJ.

K regpaBjuuecKH COBEpPIIEHHbHIM BOAOTOKAM MOKHO; OTHECTH
ray0oKo BpesaHHble B BojoHOCHBI Nuact (na 0,6—0,8 ero wmoul-
HOCTH) MJH JOCTATOYHO IWIMpOKHe peKH (mupuHa GoJblle  MOIL-
HOCTH TJacta), HMeKIHe OZHOPOJHOE CTpOeHHe PYCJIOBOH 30HbI,
c1a6OKOIbMATHPOBAHHBe H 3aujennsle. Ilpu 5TOM 3aHJIEHHOCTb H
KGJbMATHPOBAHHOCTh DYCJOBHIX OT/IONKeHHI 1OJMXKHBI . OBITh He-
GOJBLIIUMH HE TOJIbKO B €CTECTBEHHBIX YCJOBHSAX, HO H B YCJIOBHAX
SKCIJIyaTalii BOA03a00PHOr0 COOPYHEHHS.

Hecosepuientole 8 (QUALTPAYUOHHOM OTHOULEHUL DedHble pyC-
Ja XapaKTepH3yIoTCsl 3HAUMTENbHBIMH [OTepAMH Hamopa Mpu nO-
CTYNJIeHHH NOBEPXHOCTHOTO CTOKAa B MOJA3EMHbII MOTOK. Sto MoO-
Ker ObiTh OGYCJIOBJEHO CYLIECTBEHHBLIM HCKPHBJEHHEM JHHHI TOKa
MOA PYCTOM peKH H3-3a Majoi ee WIHPHHBI H c1a0oro zaraybJie-
HHUS B BOJOHOCHLIH IJIACT, . 2 TakxKe Ha/JdnuHeM HEOXHOPOAHBIX
BKJIOUEHHH B TOAPYCJOBBHIX OTJOMKEHHAX HJIH KOJbMaTalHei H
3aHJHBAHHEM OTJOXEHHH AHA DEKH B eCTECTBEHHBLIX, HEHApYIICH-
HBIX YCJAOBHSIX WJIM TIPH SKCIyaTauud Geperosbix BOA03a0OPHBIX
coopyxenuit. CTporasi OleHKa KaikIOoro M3 YKa3aHHBIX (aKTOpOB,
OnpeiesiONHX HeCOBEPUIEHCTBO PEKH, BechMa CJIOXKHA. [TosTomy
A TMPaKTHYECKHX PACyeToB IOCTYMAlOT —cjeAyloulM 00pasom
[9, 112]. Mexay AHOM peKH H BOJOHOCHBIM TJAacTtoM rnoMmelna-
eTcs HEKOTOpBIH c/aaGoNpOHHIAeMblii  CJIOH, THApaBJHYECKOe CO-
NpOTHBJEHHe KOTOPOro (Ko3(p@uuueHT (GHILTPALHH ko u Moul-
HOCTb M) yCTaHaBJHBaeTcss TakuM o0OpasoMm, uTo0bl NOTEpPH
Hanopa npH (UALTPAlMH yepes Hero OblIH paBHBI NOTEpAM Ha-
nopa 3a cuer HecoBepiueHctBa pekH. OOoOmeHHBIe napaMeTphbk
cj0si MoryT GBITh HalifleHbl MO JAaHHBIM ONBITHOH OTKauYKH.
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CoBeplueHHbie PeKH

OxHopoAHBi mnaact. Pemen#e 3amau, CBA3AHHBIX ¢ (QHIb-
Tpamueit k GeperoBhM BOAo3ab0opaM B OJHOPOAHBIX  IIACTax,
JAJS YCTAHOBHMBUIHXCS YCJOBHH INpPOBOAHTCA C HCHOJB30BAHHEM
ypaBHenns Jlamaaca, SBAAIONIETOCs YaCTHBIM — ClydaeMm oburero
vpasuenns (3.12) (mpu e;2=0, a*=o0). I'panuuyHoe YyCJIOBHE
Ha JHHMH COBepLIHHOH peKH BBIpaxaercs No Qopmyie (1) (cm.
qa6a. 7 ri. 3) WIH B HecKOJbKO HHoO¥ 3amuch Xx=0; S=0 :

IIpH MOCTOSHHOM PAacXOje CKBaxKHHbI BOJH3H PEKH MOJyYaeTcs
uspectHoe peuwenne ®. PopxreiiMepa, XapaKTepusyioulee MOHH-
JKeHHEe YPOBHS TIPH OAMHOYHOH OTKAUYKe:

(J i, ML U (4.5)

2nkm r

rae km — BOAONPOBOAMMOCTh IJIAcTa; r — PaccTOfHHe OT TOUYKH
M, B KoTOpOli ompejeisieTcsl INOHHXKEHHE [0 CKBaXHHBL I'=

=7(x—x,)2+4® (puc. 16); p — paccrosiHHe OT TOYKH J0 3€p-

KaJLHOTO OTOGpaXeHHs ckBaxuHe: p=}(x+x%)2+y? Xo— pac-
CTOSIHHE OT PEKH 0 CKBAKHHBL.

2
A A
N 7! ¥ 7
X B — -
$ M S~
/’J : e ~ A
— rl — |
; f 4 2 __—1 Pt
/ aLee = 74 I © ‘z?-
g T,v £ | Y{ 1S !
i BN ﬁ% _&f_
|
Puc. 16. CxemMa K pacueTy CKBAXKHHB Y cO- Puc. 17, CHcTeMa  B3aMMOAEHACTBYHOIIHX
BepmeHHON peKH: CKBAXKHH Y COBEpIUEHHOH peKH:
1 — cxBamuua; I’ — szepkanbuble oroGpaxe- 1, 2, 3 —cksaxunn; I’, 2, 3' — aepkanbHBIE
HHA CKBaMHH otofpaiKenns CKBAXKHH

Jlas rpynmosoro Bopo3abopa (pue. 17), cocrosimiero M3 He-
CKOJLKHX IIPOM3BOJIBHO DAaCMOJIOXKEHHBIX OTKAaYHBAKOIIAX CKBa-
JKHH, 0 MeTOAY CJAOXKEHHs (HIbBTPAIHOHHBIX TeYeHHH MOXKHO
‘3alUCcaTh

S o E B, In P, (4.6)
T
=}

2nkm

T/e r; U p; — paccTosiHde OT TOUKH M, B KOTOpOH ompejensercs
MMOHHIKEeHHe YPOBHA, COOTBETCTBEHHO oo peanbﬂoﬁ CKBaxXHHB C
HOMepCM [ M ee 3epKaJbHOrO OTOOpaxKeHHs OTHOCHTEeNbHO PEKH;
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Qcym — CyMMapHblii 1e6HT BceX n CKBaxHH; f; — OTHOLIEHHe He-
6uTa i-TOli CKBaXKHHBI K cyMMapHoMy pacxony Qcyw.

[Tpu GosblioM uHcie CKBAaXHH, PACMOJNOMNKEHHBIX NapaJjijieJbHO
peKe B ylaJeHHH OT Hee Ha PAcCTOsHHe X (JHHEHHBI psja CKBa-
JKHH, pHuc. 18), mas pacueTa MOXKHO HCHOJb30BaTh 3aBHCHMOCTD,
NoJIyHalILylocs NpH 3aMeHe peaJbHOro psAAa CKBAXKHH raljepeed
C pacxofoM Ha 1 M JJHHBL:

Qcym b i

21 2 '

rae Qeyy — OOIIHH pacxof Bcex CKBaxHH; Q — pacxoj OAHOM
CKBaXHHBI; 2/ — naWua JuHeliHOro psAa CKBaxHH; 20 — pac-
CTOSIHHE MEXKAY CKBaXKHHAMH.

[Ipu 3TOM B yCJOBHSIX CTAUHOHApHOH (HABTPAUMH AJIs JH-
HefiHOro psina OOJIbIIOH mnpoTsKeHHoCTH ([>3--5x%o, y=0) umeem:

4ﬂ Qeym
e npH x < X,,
= —Qﬂx mpH X > X
“ S 2kmi ~° 3
E A ) Qc

N S5 A v (xo—l—iln ) NpH X = X,

Ml—[ & 2kml 4 Ty
i o L (4.7)

z

o P rae ro— pajgHyc CKBaKHHBL
N[G} o Ecnu nuHedHBIH psjg uUMeeT IJHHY, CO-
)J H3MEPHMYI0 C PacCTOSHHEM OT PeKH, Jas
= pacyeTa cjaeiyeT HCHOAB30BAaTh COOTBET-
A CTBYIOILYIO (DOpMYay [Jsl rajiepen KoHeu-

HOH aauHBL. B STOM. cIydyae TIOHHIKEHHA
Puc. 18. Cxema K pacuery au- YDOBHA B PasJIHYHBIX TOYKaxX IJacTa MO-

R OrO DA i oawn B0 LyT GbITb HalifleHB! 1O COOTHoMIeHHIO [93]
Q s
S= 2 In 82 4G, ) —[ &, 9|, (4.8)
2ntkm Tp

rle rop — NPHUBEAEHHBI pajaHyc JHHeHHOro Bomo3abopa (fyp=

=V (x—x0)2+y2+12); pnp— NpPHBEJEHHOE pPACCTOSHHE J0 3ep-
KaJbHOro 0TOOpaKeHHs pAna:

pnp=l/(x+xo)2+y2+lz y

T B4 ]
fmw:—P+m RS L 1% AU
2 Veta+pVe+a—p

—ilnﬁﬂ—;(arctg_ﬂ.+arctg L2d )] (4.9)

2 x4 (1 —p)? * x
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3navenuss (GyHKuMH f(¥F, y) B 3aBHCHMOCTH OT MapaMeTpPoB

x = I_x_—lx_o[ H }:% npusefens B taba. 8. dynkuus [(T*, i)

Takxe onpeneasiercss no rta6a. 8 [uam no dopmysae (4.9)] npu

iy B e o )

Ta6auuwa 8
3uauenuss pynkwm f (x, y) u f (x*, v)

v
%
0 0,5 0,6 0,8 1 1,2 1,5 2 25D 4

0 1,0 10,98 ]0.96 )| 0,8 |0,65|0,42 | 0,28 | 0,16 | 0,10 | 0,04
0,1 0,85 (0,83 | 0,8 (0,74 | 0,58 | 0,41 | 0,27 | 0,16 | 0,10 | 0,04
0,2 0,73 ( 0,71 | 0,69 | 0,63 | 0,51 | 0,39 | 0,26 | 0,16 | 0,10 | 0,04
0,3 0,62 0,60 (0,59 0.54|0,45(0,36]0,25(0,15]0,10 | 0,04
0,4 0,52 ( 0,51 | 0,50 | 0,46 | 0,40 | 0,33 [ 0,24 | 0,15 | 0,10 | 0,04
0,5 0,450,44 [ 0,43 | 0,40 | 0,35 | 0,30 | 0,22 | 0,14 | 0,09 | 0,04
0,6 0,38 (0,37 | 0,37 | 0,34 | 0,31 | 0,27 | 0,21 | 0,14 | 0,09 | 0,04
0,8 0,28 10,2810,2810,26 0,24 0,21 (0,18 (0,12 0,09 | 0,04
1 0,21]0,21)0,2110,20]0,19| 0,18 | 0,15 | 0,11 | 0,08 | 0,04
1,2 0,17 10,17 | 0,16 | 0,16 | 0,15 | 0,14 { 0,13 | 0,10 [ 0,07 | 0,04
1,5 0,120,12 0,12 0,11 | 0,11 | 0,11 | 0,10 | 0,08 [ 0,06 | 0,03
2 0,07 { 0,07 | 0,07 | 0,07 | 0,07 | 0,07 | 0,06 | 0,06 | 0,05 | 0,03
2,5 0,05 0,05|0,05|0,05]|0,05| 0,05 | 0,05 | 0,04 [ 0,04 | 0,03
4 0,02 { 0,02 | 0,02 | 0,02 |0,02|0,02]|0,02]|0,02]|0,02]| 0,02

IIpu ompeneseHHH TIOHHIKEHHS YPOBHA B OJAHOH M3 CKBaXKHH
JHHEHHOro pAjla K NMOHHXKeHHI0 no ¢opmyrae (4.8) caeayer pobas
BHTh BeJHUHHY

AS = g 80 (4.10)
2nkm ELT
rae Qcxs — pacxoj pacCMaTpPHUBAaeMOH CKBaXHHBI; ¢ — IIOJOBHHA
paccTOSTHUS OT HCCJeLyeMOH CKBaXKHHBI 10 COCEAHHX.

M3 npuBeneHHbIX 3aBHCHMOCTEH MOIKHO BHAEThb, UTO BJHSIHHE
GeperoBbiX B0JA03a0OpOB OrpaHHueHo mo mJjomaiH. Ilpu x, y>
> (4-+-6)xyo paccTosiHMs r ¥ p TPHMEPHO paBHB MeXAy . coboi M
NMOHHZKEeHHS YDPOBHS 3J€Ch OTHOCHTENbHO MaJbl. Takum o00pasoM,
obsacTb (UAbTPAUMH MOA3EMHBIX BOA K BOA03abopaM B J0JHHAX
peK NpHMEDHO OKOHTypHBaeTcs JHHHeH, NpPOXoAslleld Ha paccros-
HAH (5-+6)xy or BomosaGopa. YUem OGuauxke Bomo3abop pacnoaa-
raetcs K peke, TeM MEHbINyI0 IJOLIajL 3aHHMaeT BOPOHKAa Jerpec-
cui cpabaTbiBaeMbIX HM NOA3EMHBIX BOJ.

4
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Heonanoponausit naact. Ha puc. 19 npeacrasnena
«©XeMa BOJOHOCHOrO TOpH30HTd, COCTOSIIEr0 M3 JABYX 30H ¢ pas-
JIHYHBIMH 3HaUYCHHAMH BOAONPOBOAHMOCTH, IMPpHYEM rpanuma pas-
Jena MeX1y 30HAMH NPHMEpHO mapaJJesbHa ype3y pekd. Takoe
CTpOE€HHE BOJLOHOCHOro IJlacTa XdpaKTEpHO AJig pPEYHBIX MAOJHH,
BKJIOUAIOIHX B cebs OOBIYHO HECKOAbKO reoMop(hoJorHuecKux
3JeMeHTOB (moiiMa, Teppackl, BOAOpasde/bHOe MJIATO),

Huddepennnaibible ypaBHeHHs [BHXKEHHsI NOJ3EMHLIX BOJ B
0o6eHx 30Hax MOTYT OBITH npeacTaBJ/JieHbl B 3TOM CJydyae B BHIAE

(3.5) ornocurenpHo S; U S; MOHUKeHHH YpoBHSA B 30HaX 1 u 2 co-
OTBeTCTBEHHO.

IZ
4
o %
N (km),
N
!
Fan
e Puc. 19. Cxaax{ﬁuna B HEOAHOPOAHOM
- i nracre ¢ AvHHedl pasaena 30H, napaa-
'rl ™ nenbHOR peke:
I, 1l — 3016l ¢ pasau4YHOf BOAONMPOBO-
. { M AUMOCTBIO
L

Pemenne 3afayd AJs OQMHOYHON CcKBaXuubl, paboramomei ¢
QIOCTOSIHHBIM PAaCX0A0M, MOXKHO 3anucaTs B Buje [114]

B S T e P
e (ln ; +R1), Sy = o (m : +R2), .11)
roe km — cpejaHee 3Ha4Y€HHEe BOJONPOBOAHMOCTH,
Em — (km)y +- (km)s |
’ . 2 ? -
: ! __»(km), ,
@Q — pacxol CKBaxKHHH, V = —(km)g 3
R, = 2 (y)*In Pinfan
rlnfzn
s : (4.12)

(=]

Ry S GRIIE

rin I'+w
3

W =VOE— 7 na=V @il +i—x)+¢;
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T =V @iL—x+xP+ 5" p=V+5F+4%
Pim=V @L+x+ x4+ y*; pum=V @uL—x—x)*+ 4 .

®ynkuun R; u R npexacraBasior cofoff MONPAaBKH, YYHTHI-
BalollHe HEOAHOPOHOe CTPOEHHE BOAOHOCHOTrO maacra. Ciaaraembie .
psgoB aas R, u R; noBosbno OblcTpo yOBIBAIOT MO CBOEH BeJH-
YHHE W TPH NMPAKTHUECKHX pacyeTax MOXKHO OTPAHHUMTHCST OJHHM-
AByMsl UJieHaMH. BeJHUYMHBl rin, Fog, Pix H Pon — PACCTOAHHS A0
MOCJIeI0BATENILHBIX OTOOpaXKeHHi peasibHOH CKBaxKHHBI OTHOCH-
TeJbHO I'PaHMIbl pasfesa H ype3a peKH COOTBETCTBEHHO.

7

4
' o f CHPRAEUNG
Puc. 20. CEBaXHHA B HEOAHOPOAHOM (P jl» //A r-/@"'"
naacTe ¢ mnpaMoanbneRHol rpannned / 27, |

AT .
2:5'1“:1&. He napaianensHoll ypesy pe- c%=7f/0 4:"!’, [fﬂfzpﬁ(z?

I, IT — 3oubl ¢ pasangHoil BoAONpPOBO-
AMMOCTBIO.

1—7 — nomepa oTo6GpaxKeHHBIX ((HuK-
THBHBIX) CKBAaXXHH

- | s
Ecan npunsats (km),=0, v=o0, To cooTHOWeHHs (4.12) naior
pellileHHe 3aJa4YH B IJIacTe-NMOJOCE, OTPAaHHYEHHOM PpEKOil H He-
NpoHHIaeMbiM KOHTYpoM. ®PyHKIHIO R; B 3TOM cjayuae s a060#H
TOYUKH TIJacTa MOMKHO HAfTH TakKke 1o cJaelyioued ¢opmyae
F10.- Vi

R, = L jp Lchetcos(n+ )] [ehe + cos (n —A)) 2 (4.13)

2 [ch & — cos ( + A)];[ch & — cos (n — A)] p?”

rne
m (L —x) 7t (L — x,)
&= ——; = = s A=—7"1
5 R oL
a NpH onpe/eJieHHH NMOHMKEHHs YPOBHSA B CKBAaXKHHE
R,=1In M—;. (4.14)
xo '

IIpn BecbMa GoJbIIOH NPOBOAHMOCTH BOJAOHOCHBIX NOPOA B
soHe 2 ((km)z=oco, v=0) 3aKOHOMEpPHOCTH CHHXEHHSI YPOBHA
MoA3eMHBEIX BOA B 0GJAcTH pacnoioKeHHsi BOAo3abopa TaKOBHI,
KaK ecaH Obl CKBAaXKMHA HaXOJHJIAach B MeXKAypeube WHPHHOH L.
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Tlpn srom dyHKuHA R, MoXeT OblTh BbIpaKeHa cJjeaylouuM 00-
pasom {10, 11]:
© AJaf a000H TOYKH TJ1acTa

1 [ch 26 —cos 2 (q + A)] r2
T e— n ;
Rl 2 [ch2e —cos 2 (n—A)]p*’ (4 15)
2715 BOA03aO0PHOH CKBaXKHHBI
0,32L sin 2
Ry = 3 xsm k‘ (4.15)
0

W3 npuBeeHHBIX COOTHOIIGHHH BHJIHO, YTO BO BCeX CJiyd4asix
BJHSIHHE 30HBI 2 Ha MOHHXKEHHe YPOBHS Ha BOJ03a0OPHOH CKBa-

Xq
JKHHe 3aBHCHT OT mnapamerpa ——. [Ipu 3Hauenmsx 3TOoro mnapa-

X o
MeTpa —LL <0,2—0,3 BTOpPYIO 30HY C HHOil BOAONPOBOJHMOCTHIO,

yem B 00JacTH pacnoJOXKeHHs CKBaXKHHBI, MOXHO BooOule He

YUHTHIBATH B pacuerax, NpHHHMas MJ1acT OAHOPOLHBIM.
PaccmorpuMm Tenmepb caydai, Korga JIHHMS pasjena Mexay

3onaMu 1 W 2 He mapaJqJieibHa ype3y DEKH, a COCTaBJ/IsieT ¢ HAM

yroa 6= —;—‘(n=l, 2, 3, ..) (puc. 20). IlpousBefem 3epKalbHble
n

OTOGpaKeHHsl CKBAXKHHBI OTHOCHTEJLHO FPAHMIBl pasfena M JH-

%%

Puc. 21. CxeMa K pacuyery CKBAXHHLI B HeOI~
HOPOAHOM mnacTe ¢ Kpyrosoit rpanuneil pas-
Aena 30H:

I, Il —30usl ¢ pasaudioil  BOJONPOBOAH-
MOCTBIO

-

HHH pekH. B pesyabraTe monyunm (2n—1) OTOﬁpa}KEHHBIX CKBa-
*HH B 30He 2. [loHHKeHHS YPOBHS B paiioHe PpacroJOKeHHs
CKBaXKHHBI ONpeJessieTcss NPH 3TOM MO-TipexHeMy no (dopMmyaam
(4.11), (4.13), B KOTOpHIX

R, = y"In 2= pg“#l 4 2 vl Poi—1  Pan—1—ai . = Lt o
o Pai Pyn—2i L%

TAe pi — paccTosiHus A0 0TOOpaXKeHHi CKBAXKAHBL.
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B uactHoctH, npu (km)z—>oo, v=0 ua Gopmyas (4.17) mouay-
uaercs ussectuoe pemenne M. M. I'viiei6oBa ans maacra-yraa, or-
PAaHHYEHHOrO COBEPUICHHBLIMH BOAOTOKaMH. Ecau ke npuHATH
(km)s=0, v=o00, To cooTHOIIEHHE (4.17) Oymer cooTBercTBO-
BaTh C/y4al IJacra-yrja ¢ pasHOPOJAHBIMH TpaHHIAMH: o0fHa
ABJSETCS] YPE30M PEKH, Apyrasi — HelpoHHIlaeMa.

BecbMa TtunnynbiM pas Geperosbix B0J103a60poB fABAAETCH CJy-
yaH, Korga 30Ha I, B KOTOpPOH pacnoJiaraercs Bono3abop, umeer
OrpaHHuYeHHble B NJIaHe pa3Mepsl. JlomycTHM, 4TO 3Ty 30HY MOMKHO
NpEACTaBHTL B BHIE TNOJyKpyra paaumycom R (puc. 21). Torza
NOHHIKEHHsT YPOBHA B 30Hax 1 um 2 npu pabore oxHHOUHOi CKBa-
HHBl MOJKHO HalTH .o popmynam (4.13), B KOTOPHIX

R, = v In (12 — R?) (A% — R?) | p2R2
1 2 14w (12— R?) (A2 —R?) - 12R2 °
R, = 0.

3nech A — paccTosiHMe OT TOUKH 10 LeHTpa Kpyra pajauycom R;
[ — paccrosinne oT CKBaMHHBI 10 LeHTpa Kpyra; r — paccrosHue
OT TOUKH 10 CKBaXKHHBI; p — TO XK€, 10 ee 3epKaJbHOro orobpaxe-
HHSl OTHOCHTEJbLHO PEKH.

Pewenune (4.18) rtakike nomyckaer o6o6menne na cayuaf,
Koraa (km)z=oco, uTO COOTBETCTBYyeT paGoTe CKBAMKHH Ha <€OCT-
POBE», CO BCEX CTOPOH OKDYMKEHHOM peKoif, u korma (km),=0,
T. €. 10 OKPYXKHOCTH R NPOXOJAMT HEeNpOHHIAEMbIf KOHTYp.

Bce npusenennbie Bbille cOOTHOMIEHHS AAS OAMHOUHON CKBa-
JKHHDBI 110 METOHY HaJIOXKEeHHs TeYeHHil MOryT ObITh HCHOJB30BAHBL
AJIsL TIOCTPOEGHHSI PacYETHBIX 3aBHCHMOCTEH B cayyae [efiCTBHS
IpynnoBoro Bojgosabopa.

M3 paccMotpenns pasnuunblx cayuaes HEOJAHOPOJHOro CTpoe-
HHS BOJOHOCHOrO MmJacra B AOJHHAX PeK [pOCAeKHBAETCH  cJe-
Aylomasi obuwas sakoHoMepHocth. YPOBHH NOA3EMHBIX BOJ B 30HE
Pacno/oxeHnss Bo03abopa onpenessiioTCss B OCHOBHOM BOJIOTIPO-
BOAHMOCTBIO TIOPOJ 3TOM 30HbI, a CPe3KH YPOBHA OT AEHCTBHSI BO-
n03abopa B coceliHedl 30He — cpellHeli BeJHYHHOI BO/IOIIPOBOH-
MOCTH. ITO OGCTOSATENBCTBO CAGAYET YUHTHIBATE IpH CcXeMaTH3a-
IHH BOJOHOCHBIX IOPH3OHTOB B GoJ/iee CJOXKHBIX C/Ay4asx CTPOCHHS
HEOJHOPOJHOro B NJdHe MJaacTa.

(4.18)

-

Hecosepmennbie nosepxsocTHbie BOLOTOKH

Cxema (uUABTPANHH NOA3EMHBIX BOA K CKBasKHHE BOH3H HECO-
BEpPLIEHHO! PeKH B OAHOPOJAHOM MO NPOHHIAEMOCTH ILIACTe npea-
CTaB/eHa Ha puc. 22. : :

[Tpn pasiuunbix ynpomaromuux NpEANnochIKaX paccMaTpuBae-
Mas cxema mccaenosana B paGorax [10, 18, 112]. B Goaee oGmem
Bijlle 3Ta 3aJaYa MOXeT ObiThb MOCTaBJNEHA CJACAYIOLHM obpa-
30M.
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Pasobbem o6jacth (GHABTpPALHH HAa 30HH: OeperoByio, B KO-
TOpOii pacnoJioxeH BoJZ03aGop; GeperoByld HAa IPOTHBONOJOMKHOK
10 OTHOIIEHHIO K BOJ03a6Opy CTOPOHE PEKH; PYCJOBYIO,B KOTOPOM
MPOHCXOANT HHUALTPALHA PEYHBIX BOJ Uepes SKPAHHPYHIOUIHA
CJI0H MOILIHOCTBIO my B KO3 ¢uuHeHTOM GHABTPALMH Ro.

& M
| y r
&
X
g ;a i Z
¢ >
/ 5
‘,L//P/‘ 'l
b i z
| éﬁa--eéa-&-—-,%——)i

Prc. 22. CxeMa K pacueTry CKBaMHHb! BOIH3H HeCOBepUIEHHOR peku: .
1 — pycsiosasi 30Ha (EAbTpaundH; 2, 3 — GeperoBuie 30HBI GHABTPALHA

; Torpa pacnpenaejieHie MOHHXEHHA YPOBHA MNOA3EMHLIX BOXL
B KaJ0H H3 BBIAeJeHHBIX 30H NOAYHHAETCHA CJAEAYyIImHM YypaB-
HEHHAM:

=0 (=23,

e (4.19)
o RO ) TERE T FE ;
ox? ay?

rae o — MOKa3aTelb HECOBEPIUEHCTBA PEKH, PABHbIH
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— li .
5 ]/kmm, \ (4'20)

3nech km — BeJHYHHA BOAONPOBOAMMOCTH MJACTa.

CHcTeMa rpaHMUHBIX YCJIOBHI A/l pelleHHS] ypaBHEHHIk (4.19)
B CJyuae, ecJH B0J03a00p npeacraBien OJHHOYHON CKBaXKHHOE ©
nebHTOM Q, cuaenyomias:

X, Yy —> + oo; S;=0

2 A —2 0; S]_ _— 82; asl = 682
ox ox :
4,21
$=—0b  S=S5 2L 5% (4.21)
ox  Ox
T L N
r-+ro—=+0 or 2nkm

rae b — NoJOBHHA IUHDHHBI PEKH; 7 — DACCTOSIHHE OT paccMaT-

pHBaeMoOH TOYKH J0 CKBaXHHBL re=7v/ (x—x)?-F 12,
Q — pacxojx CKBa3KHHBHL

Meromom HHTErpajibHbHIX Tpeo6pasoBaHHi  MOKHO TIOJIYYHTE
CIEAyIOIIEE pEIleHHe [AJisi NOHHKEHHH YDOBHS B GEperoBblx 30«
Hax:

L (1n%+R1):

2nkm

(4.22)

SS o Q R%

2nkm

rAe THApaBJHYECKHE CONPOTHBJAEHHs R, H R, ompenensioTcss Tak:

R1= 1+[2;

T R (4.23)
B cBoio ouepens, unrerpadast I, u I, PAaBHBI:
I =‘? 6= cos (o) do 3
: J otyELitByedrI)
o = (4.24)

foi j‘ e *% cos (oy) do

p o+VaEFlicth(pVar 1)
rae T=a(x"+x); b=ab; j=ay; ¥* — paccrosuue or ypesa pekn
A0 HCCIENAYEMOH TOUKH: JJIs 30HB 2 x*=x, AJs 3oHH 3 (x*=
=—x—2b).

IloHn:KenHuss YpOBHsI TNOA3EMHBIX BOJ B 30HE PACHOJONKEHHS:
BO/l03ab0pa omnpenessioTesi ABYMS (DYHKIHSMH. IlepBrit  usieH
B paBeHcTBe (4.22) Bbipakaer rHApaBJHYECKOe CONPOTHB/IEHHE TPE
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YCJOBHH, YTO peKa HMEeT COBEpLIEHHYI0 IHPaBJHYECKYI CBA3b C
BOZOHOCHMM ropHzonToM. ®@yHKUHAMH R, u Ry oueHuBawoTcs J0-
MOJIHHTEbHbIE NOTEPH Hanopa 3a cueT (HUIAbTPALHOHHOTO HECO+
BepiieHCTBA pPeKH. OTH (YHKUHM HMEIT MaKCHMAJbHYIO — BeJH-
yuHy B Touke y, X*=0, T. e. HA ype3e peKH B CTBOpe, TPOXOAs-
meM uepes ckBaxiHy. C ylajeHHem OT 3TOH TOYKH B Halpasie-
HHH, TNepreHAHKYJISPHOM peKe H BJ0Jb Hee, NOMNOJHHTEJbHbE CO-
NpoTHB/AEHHS yMeHbulalorcs. Takum oOpasom, obnaacTb, B KOTO-
POil MPAKTHYECKH CKA3BIBAETCS HECOBEPLIEHCTBO PEKH, OrpaHHueH-
Ha. 3a npegesamMu 3Tofi 00AACTH TMOHHXKEHHs YPOBHS MOXMKHO
paccunTbiBaTh €3 yuera HECOBEpUIEHCTBA pyc/ia PeKH.

UnceHHble 3HaueHHs HHTerpatos [, u [, HaHBl B TMPHIOK. 3.

[pu BechbMa OGOJbIIOH WIHPHHE PeKM HJM TpPH PaCMONOKEeHHH
CKBaMKHHBI BOJIM3H BOJIOXpaHH/JMINA, O3epa HWJIH APYroro Bojoema
3HAUATEbHON NPOTSIKEHHOCTH MOXHO MpHHATL b=oo. Toraa [1=
=[y=1; unrerpan I, 0600LIEHHO XapaKTePH3YIOWHH COMPOTHBJIE-
HHE JI03Ka PeKHM M MOAPYCJIOBOH 30HBI, Aasi aunuu y=0, npoxons-
el HOPMAJbHO K ype3y uepes CKBaxKHHy, MOxeT OBIThb BbIPAKeh
cJeayIOlHM 00pa3oMm:

1=L_[H1 o g e ]; %, = oy, (4.25)
2x Xy

rae H, u Y, — coorerctBenno ¢pyukuun Crpyse u Heiimana (ta6-
JIMIbL 3THX GYHKIHE oM., nanpumep, B kuure {136]).

Pacuersl mo ¢opMmysie (4.25) MNOKa3biBAKOT, 4To ¢ OUIHOKOH, HE
npesbimaiomei 2—3%, WHPHHY PEKH MOXKHO NMPHHMMAThL TIPAKTH-
yecku OeckoHeuHoil yxke mpu b=1. Cie1oBaTeqbHO, AKTHBHAS 30HA
pekH bagr, H3 KOTOPOH MPOHCXOAHT OCHOBHOE MOCTyIIEHHe ped-
HBIX BOJA B IJIACT NMpPH OTKAauKe M3 CKBaXHHBI, MOXer ObiTh Olle-
HeHa cJaelyIolHM 00pasoM:

1 kmm,
b _ —_— = 0 h
e 2 ‘/ ky

Orcioga BHAHO, YTO HHOHJALTpAIHS MOBEPXHOCTHOH BOABI H3
cHIbHOKOMbMaTHpoBaHHbIX pek (a=0,01—0,001) ocymecrBasercs
yepes BCIO IUIONAAb pycia, a H3 ¢1a60KOIbMAaTHPOBAHHBIX
(a=0,1—1) — B mpexesax HeGOJBIION MOJOCH BOJIN3U Ype3a peKH.

[IpH OTHOCHTENbHO GOJBIIHX 3HAUEHHSIX X¥*, x*+Xo>b (uro B
60JIBLUIHHCTBE CJyYaeB BHINOJNHAETCS NPH PACCMOTPEHHH 30HBI, MpH-
jerawoueii Kk Bogosabopy) uuterpadsl [y u [y ¢ MOrpelIHOCTbIO HE
Gosee 10—159% Moryr OBITh BBIpaKeHbl CJAeAYIOUHM 00pasoM:

-—vl[ i 220

(4.26)
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Ilpu stom pemenue (4.22) coBmajaer ¢ pesyJbTaTaMH HCCAE-
JOBaHHA paccMaTpUBaeMoH 3ajauH, TMOJyYeHHbIMH B paborax
[10, 18] npu mpeanockKe o JHHEHHOM XapakTepe HIBTpALHH
MOJ3EMHBIX BOJ PYCJIOM KOJAbMAaTHPOBaHHOH pekH. TakuM obpa-
30M, yKa3aHHas NpeANoCchlIKa, YNpollaioulas TpakTHIecKHe pac-
yeThl, MOKET ObITh LIHPOKO HCIOJb30BaHA. TabauuHble 3HAYeHHA
unterpajos Iy, Aaubnl B paborax [10, 18]. IIpubanxennsie 3HAa-
YeHHsi STHX HHTErPajoB MOXKHO HAfTH Takxe Mo CaeAylOmuM ¢op-
myaam (omwnbka He Gosee 15—20%):

i _MPEi(— 2% mpa |y| < ¥,

) — cos (M, 2y) ¢i (M, 25) — sint (r,25) si (M,25) 1pa | g =7
(4.27)

rne —FEi(—\X) — uHTerpasbHas nokasarenbHas GyHkuus (cM.
npunoxk. 1); ci(hy) u si(Ay) — COOTBETCTBEHHO MHTErpaJpHbIH
KOCHHYC H HHTerpaJjbHbiil cunyc [136].

B npaxkTHKe - rHAPOreOJOrHYECKHX —pacyeros MOJAy4Ha  pac-
NpocTpaHeHHe TAK HA3bIBAEMbli METOA JOMOJHHTEJIbHOTO  CJOA.
[lps nporxose NPOH3BOAHTENLHOCTH BOA03aGOPOB ITHM METOLOM
HecoBeplieHHast B (DHIbTPAUHOHHOM OTHOLIGHHH DPE€Ka 3aMEHACTCHA
COBepIIeHHOH, CABHHYTOH OTHOCHTEJIbLHO NEHCTBUTEJABHOTO TMOJIO-
skenuss Ha BeauunHy AL. Jlajee pacuerbl MPOH3BOAHTEJNbHOCTH BO-
103a60pOB H MOHHKEHHI YPOBHS B Pa3JHUYHBIX TOUKAX IJacra npo-
BoAATCS 10 (GOpPMYJaM, CIDAaBENJIHBBIM [l COBEPUICHHOH —peKH,
B KOTODBIX BMECTO KOOPAHHAT X M Xp BBOAATCS HOBbIE PAaCCTOAHUA
JC+AL H XQ+.AL.

Taxoii mpHeM aHAJOTHYeH pacyeTy TNOHHKEHHS YPOBHEH TI0
¢dopmyie (4.22), B KoTOpOii

1 (x4 %+ 2AL? + ¢°
3 =ty 0 :
Ry~ Rar >-In e R ; (4.28)

ComnocTaB/leHre YHCJAEHHBIX pacyeToB mo crporoi (4.22) u mpH-
Ganxennoit (4.28) ¢opmy/aam MokasbiBaer, 4YTO, eC/AH  MPHHATDH

A= cth 2b (4429)

’
o

TO TMPH YCJIOBHH
b>0,1, (4.30)

1. €. IPH OTHOCHTEJBHO HEBLICOKOi CTeneHH (HJAbTPAUHOHHOrO He-
COBEpUIEHCTBA PEKH, OMHOKa MO METOAY JOMOJHHTENLHOrO CJ10A
ne npepbicat 10—15%.

Cuaenyer, npaBaa, YYHTHIBATb, 4YTO YKasaHHbe TOTPEIHOCTH
OTHOCSTCSI TOJBKO K BeJHUHHE COMPOTHBJEHHS, OOYCJIOBJIEHHOrO
HECOBEpUIEHCTBOM PeKH; Ha 0OIleM COMPOTHBJICHHH Bofo3abopa 3TO
CKaKeTcsl B MEHbILeH CTeleHH.
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[IpuBefeHHble BhHIE pelIeHHA s OAHHOUHOH CKBAKHHDE
MOMCHO TNpPHMEHSITh NpH pacyere J06bM 00pasoM pacrosOXKeHHbIX
B3aHMOJIEHCTBYIOIIHX CKBaXKHH.

B stoMm cayuae

n
Seyn = Y} S (4.31y
=1
rae Scyw — Obliee NOHHIKEHHE YPOBHS 3a cueT paboThl n CKBAXKHH;
S; — noHuxenue, oOyc/AOBIeHHOE JAeHCTBHEM i-TOH CKBaXKHHB
(=123 . f):

BOJO3ABOPHI B YIAJIEHHH OT PEK

Bomopasneabhbie  B0f03a0OpHl | XapaKTEPH3YIOTCST OTCYTCTBHEM
THIPABIHYECKOH CBSI3H ¢ IOBEPXHOCTHHIMH BOAOTOKaMH. OCHOBHBI-
MH HCTOYHHKaMH IHTaHHSA BOAOSHﬁOpOB Ha BOAOpa3e/JIbHBIX npo-
CTpaHCTBaX MOTYT CJYXKHTb: TPaBHTALlHOHHAsSL H yIpyras BOL0OT-
Jauya BOJOHOCHBIX MOPOJ; IepeTeKaHHe NOJ3EMHBIX BOJ M3 COCel-
HHX BOJOHOCHBIX FOPH3OHTOB; HH(HIbTpAnHs aTMOCHEpHBIX OCai-
KOB.

[Ipu aeiicTBHH BOAOpasjebHEIX BOA0326opoB wacto 00pasy-
joTcsi OOILIHpHble BOPOHKH JENPECCHH H BecbMa MPOAOJIKHTE/bHOE
BpeMs HMeeT MeCTO HeyCTAHOBHBIIAsics (HALTPaNHs N0/i3eMHHEIX.
BOJL.

OpHopoaHble NAACTHI

®opmyaa AJds pacueTa CKBaXKHHBI ¢ MOCTOSHHBIM JeGHTOM B yAa-
JIEHHH OT DPEKH HMEET BHI

S Fif—a)y oot

S e Ei(—a); a= i (4.32)
rne S=H.—H — nouuxenue ypoBHs (H, u H — nepBoHauaJb-
HBIl M TeKYUIHi YPOBEHb COOTBETCTBEHHO); Q — me0HT OTKauKH;
km — BOJONPOBOAMUMOCTb ILIACTa; 4 — KO3(QQHIHEHT Ibhe30Nnpo-
BOJAHOCTH; ' — PACCTOSIHHE [0 CKBaXKMHBI; { — BpeMs, Ei(—a) —
HHTerpajbHast MokasareabHas GyHKmMs. HucleHHble 3HAUEHHA
ee MpHBEJEHE B NPHJIOK. 1.

IIpn a<0,1 uHTerpaipHasi mokasaTeabHas (YHKIHSA C HeoOXo-
JHMMOH TIpAKTHYECKOH TOUHOCTBIO TpEACTaB/ifercs B BHAe JoOra-
pudma, u Torga ¢popmyna (4.32) mnpuobperaer BHJ

S ot g (4.33)

4dntkm n

[Tpu onpene.neﬁnn MOHHIKEHHs YPOBHsi B CKBaxHHe B (opMy-
nax (4.32) u (4.33) npHHHMaercs r=fo, Tle Fo— PajnyCc CKBa-
KHH.
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Has rpynnst J106bIM 06pa3oM pacroJiOXKeHHBIX B3aHMOAeHCT-
BYIOUIHX CKBa)KHH Ha OCHOBE METOJAA HAJOXKEHHS QHIbTPalHOHHBIX
TEUEHHH I0JIyJyaeM cJaeJyIoIyl0 pacyeTHYIO 3aBHCHMOCTh:

—n _‘—n&_ur%
S—ES&_ 4Mmﬂ( 4m) (.39

=1 =l

rae S — cyMMapHOe MOHHXKEHHE YPOBHS B JAHHOH TOUKe MO
BIHFHHEM 711 B3aHMONEHCTBYIOIHX CKBa)KHH; Q; — pacxojnl CKBa-
XKuH (i=1, 2, ., n); r; — paccTOsHHA OT pAaCUETHOH TOUYKH O
CKBAXHH,

Ha npaktuke 1e6HT CKBaXKHH MOMKET H3MEHSITBLCSH, UTO CBA3AHO C
PASNHYHBIME TIPHYHHAMH, HANPHMEp C HX NEPHOIHUYECKOH oOcTa-
HOBKOH H BKJ/IIOUEHHEM, 3aMeHOH HacoCHOro o6OpYNOBAaHHA, IMOCTe-
TICHHBIM H3MEHEHHEM MpPOHHIlAeMOCTH (HJIbTPa H NpPH3aOOHHOH
30HHL.

Ha puc. 23 npusenenst rpaduxn Q(f) npu pasiuyHbIX pexuMax
PpaboThl CKBaXHH. Pacuer NpHTOKa BOABI JAJA BCeX YKAa3aHHBIX
«€Jy4aeB npuBoauTcs Huxke [10]. :

& V4
I<t<t, 44, ¢

§==%, {~{

gt

= 4;1_
-G

Ut)=-g+pet

&4
iy

Puc. 23. Tpaduku H3MeHeHHs ne-
&‘T GHTA CKBaXKHH:

I, II, Il — nomepa cxem

CKaqKooﬁpas}Hoe H3MeHeHHe paebGuTa (cxema I).
B stoM cayuae NoHHKeHHe YpOBHs S ONpEAENAETCS MyTeM Hemo-
‘CPEACTBEHHOrO HAaJIOXKEHHsl BO3MYUIEHHH, BBI3BAHHBIX KaXJAOH CTy-
JIeHBI0 CKAaYK006pa3HOro H3MeHeHHs AebHTa:

oy
S= ditkm Rh (4'35)
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A o T e _
e EF"EL[ fa(t—1) J R

=1

L el S (4.37)
Qs
rae Q— MakcHManbHBi HJIH BOOOUE (HKCHPOBaHHBI  Pacxof
CKBa)kKMHbI B TeueHHe BCero nepHoja OTKaukH; (Q; — pacxox B HH-
TepBasie Bpemenu i (i=1, 2, .., n; 7 — KOJHYECTBO HHTEpPBA/IOB
H3MEHeHHsl pacxoia).

Baxuo ormeTHTb, YTO npH BHIYMCJACHHH Ge3pa3MepHOro TIHI-
paBJHYECKOro CONpPOTHBJAeHHss R; mo cdopmynam (4.35)—(4.37)
AJs KaXJIOH CTYNEHH H3MeHeHHs pne0HTa NPHHHMAeTCs IOJHOE
BpemMs Af=it—1t;, T.e. TaK ke, KaK ec/qd Obl B JanbHeHlIeM OT Mo-
MeHTa BpeMeHH f;_; 10 MOMeHTa BpeMeHH { npupocr gebura AQ=
=Q;—Q;—) coxpanujca mnoctosHHbIM. MHuaue rOBOpA, BJIHAHHE
CKauKooOpa3HLIX H3MEHEHHH Je0HTa MOXKHO paccMaTpHBaTh M30-
JHPOBAHHO KaK BJHJHHE CKBaKHHEl c pacxogoMm AQ. Cymmaphuoe
MOHHJKEHHE BBIPA3HTCS CYMMOH TOHHXKEHHH, BHI3BAHHBIX BCEMH
cKaykaMu neGuTa.

Jlunefinoe H3MeHeHHe pacxopa (cxema II).
Has pannoro cayuas pacuerHas GopMyJa HMeeT BHA:
e Q El(—a)+ Qr—Q R2’
4ntkm dmkm
(4.38)

Ry=—(14+a)Ei(—a)—e,

rae Qo — HeKOTOPHIi HauyaJbHBIH Pacxoj CKBaXKHH B MOMEHT Bpe-
menn t=0; Q, — MaKcHMaJbHblli pacxog K KoHmy nepuoga T.
[Tpu snauyuTeIbHONH NPOLOIKHTENLHOCTH OTKAauKH, Koraa a<l:

e L : (4.39)

r2

Ecau nonuxenne YPOBHs OIpeleasercs B caMOH CKBaxKHHe HJH
B TOYKaX, pacho/JioOK€HHBIX OT Hee Ha HeDOoJIBIIOM - pacCrosiHuM,
¢opmyna (4.39) npuMeHHMa NpaKTHYECKH AJis BCEro TNepHoAa OT-
KaykH.

HsvmeHenne pacxofa no nmapabGoJaHuecKoOi 3a-
BucuMocTH (cxema III). B nannom cayuae pacuerHas ¢opmy-
Jia HMEET BH]I

R (Qr — Qy)?
8 4mkm Sil-—ap - 4kmT? Rs,

. 2 (4.40)
Ra:—(l + 200 +"‘T)Ei(—a) ——;—(3—#0&)8‘“-

Ipu ek 1 Rszlnm.

re
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Takum 0o6pa3oM, mo cBoeil CTPYKType GOpMyJbl AJds pacuera
CKBAaXKHH C TIOCTOSSHHBIM Ae0HTOM H [eOHTOM, M3MEHAIIHMCS MO
JHHeHHOMY H mapaboJHYyecKOMy 3aKOHAaM, aHaJOrHYHBL Pazanune
3aKJII0YaeTcs TOJAbKO B 3HaAUeHHH KO3((HIHEHTa MOA 3HAKOM Jora-
pudma agsi OnpeneseHHS THAPABJHUECKOro CONPOTHBJIEHHH.

CKkBajXHHa ¢ NMOCTOAHHBIM MNOHHXEHHEeM YPOB-
H 5. YcaoBHe MOCTOSIHCTBA HAnopa HJH MOHHMKEHHsS YpOBHA  Bbl-
Jepnpaercs B (OHTAHHPYIOUIHX CKBaXXHHaX (HJIH CKBaxHHax,
sKCnayaTHpyeMbix TpH camousnnse). [Ipu HeycraHOBHMBLIEMCS
JIBHJKEHHH B 3TOM cJyuae AeOHT CKBaXHHBI C TeuYeHHeM BpeMeHH
yMeHblIaercs. :

[loHHKeHHe YPOBHsI B JI06O# TOYKe IIacTa MOXKeT ObITb BBI-
YHCJEHO 10 YpaBHEHHIO

S e SQRH! (4.41)
rae So — NOHHIKEHHE YPOBHSI Ha CKBaXKHHE.

at
Ilps AMMTENbHBIX OTKAukaX, Koria —— >500, ruapasJxuecKoe
0
conpoTHBJeHie Ry BHpaxaercs TakaM 00pasoMm:

Ei (—a)
Ri=————, 4.42
- 2,25at e
N
3
O6mas ¢Gopmyaa ajs onpefenenus AeOHTa MPH 3aJaHHOM TMO-
HHJKEHHH YPOBHSI B CKBajKHHE HMeeT BHJ

Q = 4nkmS,G (ir;-) (4.43)

0

at
Bckope nocile HagaJa OTKauykKH, KOrja —>100, ¢yukuua G
0
* MozKeT OBITH MpeACTaBJieHa B BHAE

G (i) = —ﬁ?— (4.44)
o Rt

o
ToapoGubie TaGJHIEl THAPABJIHYECKHX CONPOTHBJCHHI Rin G
umelorcss B pabore [10]. Mamenenne pacxojla BO BpeMEHH NpH OT-
KauyKe ¢ TMOCTOSHHBIM YPOBHEM TDOHCXOAHT B o0lleM ¢ TOH XKe 3a-
KOHOMEPHOCTBIO, YTO H H3MeHeHHe YPOBHS NpH OTKauke ¢ IMOCTO-
SHHBIM J1eDHTOM.

CootHomenue (4.41) npu IJHTENbHBIX OTKauKaXx MOXKHO [pel-
CTaBHTb B BHJE

T e
s . Amkm El( 4at )' (ki

rae Q(f) — pacxoa CKBaxHHBEI, H3MeHswOwuiics 1o ¢opmyJe
(4.43).
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Ha ocnoBanuu 3aBucumoctu (4.45) MOMKHO CUHTATh, YTO BJIHSA-
‘HHE CKBaMKHHBI, AeHCTBYIOLleH NMPH MOCTOSHHOM IMOHHMKEHHH YpPOB-
Hsl, PABHOCHJBHO BJHAHHIO CKBaXHHBl C PacX0i0M, H3MEHSIO-
IIHMCS BO BPEMEHH.

HeongHoponHble B NJIaHe MAACTHI

B npenenax o6sacTd BAHAHHA BOA03a00PHOr0 COOpPYHeHHA OOBIYHO.
BHIIEJISIOTCS - HECKOJIBKO 30H C CYLIECTBEHHO PAa3/IHUHBIMH — (HJIb-
TPaUHOHHBIMH TOKa3aTeJfAMH, IJaBHbIM 00pa3oM ¢ pasjHuYHOH Be-
JHYHHO BOJONPOBOIH-
MOCTH ITacTa, KoTopas
MoJBepKeHa ropasjuo
OOJbIIHM H3MEHEHHAM,
yeM KO3 (HIHEHT MNbe30-
IPOBOJIHOCTH.

BognonocHws#i naacrt,

_,l COCTOSNIHH H3 ABYX
A

v/

30H C MNpPAMOJHHEIHM-
£ HOH TpaHHLEeH pas-
< nLeuaa. Ilyere B maacre,
HMelolleM B IIaHe Oec-

M KOHeYHble pasMephl, BbI-
IeJSIOTCA  JB€ 30HH C
Pa3/IHYHBIMH  3HAYEHHSAMH
BOJONPOBOAKMOCTH H Ibe-
PHc. 24. CxeMa K patyeTy CKBAKHHBI B HEOHO- 30MpPOBOJAHOCTH (pHC. 24)-
E:ﬁ:o:u::!acre c npamoauHelHol rpanuued pas- CKBa}KHHa pacrniosaraercs

I, Il —soum c paaauumofi BozonmpoBogumoctsto  HA PHCCTOSIHHH Xp OT rpa-

H [BE30MPOBOLHOCTHIO HHIIBI pasjena H paboTaer

C TOCTOSIHHHIM AeGHTOM Q.

B pesysbraTe peuleHus noayyaloTcs cjaelyioliHe  HOpMyJIbl
JUISE OTpefe/ieHusl MOHHIMKEHHS YPOBHSI B pa3JHYHBIX 30HAX MJa-

<Tta [65]:
Q 2 r? v—1 .. 2
Ty e e V| 3 =1 ot oy Y ;
- 4m (km), [ &t ( 4a,t ) v+1 El( 4a,t ) 52 A]’
(4.46)

2
Fgal [—Ei(— 2 )+ ol A],
4ntkm da,t (km),
THe S| — NOHHKEHHe YPOBHA B 30He 1, rie pacmosiaraercsi CKBa-
JKHHA; Sy -— IOHHKEHHE YDPOBHA B cocefHeir 3ome; (km); m a; —
BeJHYHHA BOMOMPOBOAHMOCTH H KO03(h(HIHEHT Nbe30NpOBOLHOCTH

30HH 1; (km), u a;— 10 XKe, 30HB 2; V= (krRh;
(km)q
e (km), +- (km), |
2 ]
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r=V (x—=xo)2+ y%> — pacCTosiHHe OT HCCJIeAyeMOil TOYKH 10 CKBa-
KHHBI; p— PAacCTOAHHE OT HCCJeAyeMOH TOYKH J0 3epKajbHOro
oToOpaxeHHsi peajibHOM CKBAaXKHHBI OTHOCHTEJNbHO TIPaHHLbI pa3-
geJna. :
®ynknus A jgocratouHo noApoGuo TtabGyampoBana B pabore
[45]. Ilpu HeOOMBIINX NepHOAAX JIeHCTBHSA CKBAKHHBL

((::T:I)ZTyT o 1) ee MOXKHO NpeJcTaBAThL B BHJe [65]
0

Am— 2 VT () o (4.47)
‘ ol BN T 4a,t a,
IMpu GoJbluHX 3HAYEHHSAX BpeMeHH (——a‘t-—— 50 = 100)
A P (x4 x0)% 4 2 >
(GyHKIHS A TpHHHEMaeT -NPAaKTHUYECKH INOCTOSHHBIE 3HayeHus A=
=A, IpeacTaBaeHHble B Taba. 9.

Ta6auna 9
3navenns QynEuuH Ay

A, TIDH ¥, DaBHOM

(:]

0,01 0,03 LT 0.3 1 3 10 30 100
10—3 0,12 0,30 0,650,991 0,98 (0,60 0,24 | 0,09 | 0,03
10—2 0,09 0,23 0,56 |0,92]0,94 (0,58 )0,23|0,09]|0,03
10— 0,04 012 0,33 0,64 0,73 | 0,48 | 0,20 | 0,07 | 0,02
10 0,05 013 (1 0,91|1,58| 1,42 0,75 | 0,31 | 0,10
102 0,09 0,26 0,79 1,9 | 3,55 | 3,96 | 2,65 | 1,27 | 0,45
108 0,13 0,37 1,15 | 2,84 | 5,60 | 6,98 | 5,77 | 3,46 | 1,45

IIpuMeuanne, Ipn <1 A>0; npu 68=1 A_=0; npu 6>1 A <0.

W3 apyx mnokasaTteJeii, onpefessiioNiXx HEOLHOPOAHOE cTpoenHe
‘nnacta (v u 0), Hauboabliee 3HAUEHHe HMMeeT napamerp v, y4d-
THIBAOIIHI Pasjiuie B BEJHYHHAX BOJAONPOBOAHMOCTH OTIeJbHBIX
30H BOJOHOCHOrO ropH3oHTa. Tak, HanpuMmep, €c/JH BOJAONPOBOAH-
MOCTb TOPOJ B 30He 2 pABHA HYJIO, T. €. V=00, TO NOHHKEHHT
YPOBHSI B 30HE pACNOJIOXKEHHS CKBaXKHHBI, KaK 3TO BHIAHO H3
(4.46), TakHe Ke, KaK B NOJYOrpaHHYeHHOM IlacTe C HENpOHH-
naemoii rpauuiefi. HaoGopor, mpn Bechma O6OJ/bLIOH  NpOHHLAE-
MocTH Topoj B 30He 2 (v=0) rpanuua pasaena nposB/isAercs, Kak
peKa ¢ NOCTOSTHHEIM yPOBHEM.

MeHbluee BIHSIHHE HA TOHHKeHHe YPOBHS uMeeT mapamerp 0.
W3 npuBeneHHO# TaGJMIBI BHAHO, YTO TNpPH peajbHBIX COOTHOLIE-
HHUSIX MapaMeTpoB (QYHKUHS A, B KOTOPYIO BXOJHT mapamerp 0 u
KOTOpasi, CJeL0BaTeJbHO, OTPaXKaeT eMKOCTHYK HEOJHOPOAHOCTh
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naacra, no cBoell aGcoaioTHOH BenuuuHe GOJbLIEH YacTbiO He Tpe-
poimaer 1. JIuws npun HeGOJBLUIMX Pa3JHYHAX BEJHUYHH BOLOTNPO-
BOJAHMOCTH OTAe/NbHBIX 30H maacta (v=0,3--3) u npH CyueCTBEHHO
MEHbIIEM 3HA4YeHHH KO3()(HIHEHTa [be30NPOBOJAHOCTH B 30He 2
(0=102=10%) BeauunHa A, AOCTHraer GOJbUIHX BeJHYHH (Ax=
=2-+6). Takue COOTHOIIEHHS TapaMeTpOB HMEIOT MecTo, HalpH-
Mep, npu pabore Bojo3abopa B HanopHO-6e3HANOPHOM IJIACTe.

[ Puc. 25. Cxema K pacuery auuefinoro psia
CKBAKWH B HEOAHOPOAHOM NJAACTE ¢ OPAMONH-

S
v //////// ¥

A S ey Hefino#i rpaHmnued paspena:

7 ///', F Z I, Il —30HBl ¢ pasnuusofl  BOLONPOBOIH-
$ ’,“/,’,-/ )

7

SN, / Akt +
SIS s

MOCTBH) H MbE30NPOBOAHOCTRIO

@opmyasl (4.46) ny MeTOAy HAJOKEHHS TeYeHHH MO3BOJSIOT
TaKXe pPacCYHTaTh TIPyMIOBOH B0oA03a00p, COCTOAIHHA H3 TPOH3-
BOJIEHOTO KOJIHYECTBA CKBAXKHH.

[IpH 3aKOHOMEpHOM pachoJIOKEeHHH BOJ03a0OpHBIX CKBAXKHH B
BHIE BecbMa MNpPOTSAXKEHHOro JHHeHHOro psja, OPHEHTHPOBAHHOTO
napaJgeJbHO rpaHHie pasaena (puc. 25), s pacgeTa MOryT ObiTh
HCMO/Ib30BaHbl Takke caeayomue Gopmyast [10]:

. e Jx— x| == Aspth x4 % ) 4.48
S, o Vat (1erfc T E terfe === ) (4.48)
=L _Vat (1—4)i o IR 4.48
S, oo Vat (1—A4) 1erfc( e Ve ) (4.48,2)
rae g — pacxoa Bojao3abopa Ha | M ero AJHHBI,
A= fe_“_"’_
}/G + v

3Hauenust pyHKUHH ierfc npHBeJeHb B NPHJIOXK. 2.

CxeMa Ha pHC. 25 COOTBETCTBYeT JIHHEHHOH OAHOMEPHOH (HJb-
TpalUH NOA3eMHBIX BOXA K BO103a00py B HEOAHOPOAHOM TLIacCTe.
M3 dopmysb (4.48) BHAHO, 4TO B 3TOM C/yyae NapaMeTpel HEOL-
HOPOJAHOCTH IIACTA CYMMAapHO YUHTBIBAIOTCS C MOMOILIBIO  KO3(0-
¢uuuenta A.
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BonoHocHB i nmaacT, COCTOAUHUNA H3 ABYX 30H
€ KpyroBol rpanuunefi pasgedaa. [lycts B maacre Gec-
"KOHeUHO OOJIbIIOH NMPOTAKEHHOCTH BhIAeJsAeTcs 30HA | ¢ mapaMer-
pamu (km)y u a,, KoTopas MoxKeT ObIThb IpejAcTaBJeHa B BHJE
Kpyra paauyca R (puc. 26). OcraabHas yacTh naacra (sbHa 2)

Puc. 26. CxemMa K pacyeTy CKBAXKHHBI B :/ 2
HEOJHOPOAHOM MJAacTe ¢ KPYrosod rpaHu- .////

el pasaena 30H:

I, Il —30ubl ¢ pasauuHbiMH  QHAbTPa- / ¢

//////// o

7///

v

OIHOHHBIMH NMapamMeTpaMH

/ / /nZ"
(’”’% z»”z

HMEeT BOAONPOBOAMMOCTB (km)s M KO3((HIHEHT Nbe30NPOBOAHO-
CTH a;. AHajoruuHasi cxema AJs YCJIOBHH yCTaHOBHBIIeHCS (DHJb-
TpaluH paccMaTpuBajgach B pabore [49]. [lasi HecTauHOHapHOTO
JBHMKeHHS MOA3€MHBIX BOJ OTHOCHTEJLHO IPOCThIE PeLIeHHS MOXKHO
MOJIYYHTh TMPH YCJIOBHH

e L L S
24/ a,t
rae | — paccrosinue or Bojo3abopa A0 LeHTpa 30HH 1, T. e s
OO0JILIIHX NPOMEKYTKOB BPEMEHH.
VKasaHHBle pelleHHs [Jjs OJHHOYHOH CKBaxHHBI ¢ JebHTOM Q
MOXKHO TIPEICTaBHTh B CJeAyIOLleM BHJE:
a) Tpu pacnoJoXKeHHH cKBaxuHH B 30He 1 (I<TR)

T 2,250,  1—w
b= 47 (km), [In r? 14w X
X (n 2Z0R +yin 22N
- (4.49)
o= el () 490 ()
. 4qkm 4a,t da,t :
6) npu pacno.nox(eﬁnn CKBaxKHH B 30He 2 (I>R)
B e 25 25a1t .
By 4nkm ( 4q,t ) e ] (4.50)

- Q iy 4 I—-v
e 4u(km)z{ EL( 4a2t) l+v><

X il el
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rAe r — paccToOfHHE OT pacCMaTPHBAEMOH TOUKM A0 CKBAMKHHBI.
1
A — 10 Xe, 10 HeHTpa Kpyra R; p = o V (P—R) (A>—Ry)+r*RE —

paccTosiHie OT HCCAeAyeMOH TOUKH 10 OTOOpaiKeHHs CKBAXKHHBI OT-
HOCHTE/IbHO OKPYKHOCTH R (HHBepCHA);

Prae Lo oy 1o, S0 : pm — )y - (km),
2 (km)y 2
B wacTHOM cayuae CKBaXKHHA MOXKET PACIONAraThesi B IeHTpe

3obt 1. Toraa us pasencts (4.49)° noamyuaercs pelnenue
B. H. Illenkauesa [132]:

= Q R 2,95a,f \
e (21n - vin 220l ) (4.51)
Sy =R S S
4nkm, 4

B npHBeaeHHBIX 3aBHCHMOCTSIX OTCYTCTBYeT KO3(dumHeHT mnbe-
30MPOBOAHOCTH 30HH 1 — a;. CiemoBaTenbHO, ¢ TeyeHHeM Bpe-
MEHH OMNpEeNAIONyI0 POk B AHHAMHKE CHHMKEHHS YPOBHS MHOJ-
3eMHBIX BOJ| B 00eHX 30HaX GyAyT HrpaTh eMKOCTHEIE napaMmeTpei
BHeIIHel o6sacTH 2 BOZOHOCHOrO maacra. 1o 0OBICHIETCS TEM,
4TO 30HAa | HMeeT KOHeuHble pa3Mephl, a 30Ha 2 SBJSETCH GECKO-
HEYHOH.

IMoumxkenne ypoBHs Ha BOJ03a0opHO# CcKBaxuHE S, B pac-
CMaTpHBAEMOM IJ1aCTe MOMKHO 3alHCaTh CJEAYIOUIAM 06pas3oM:

Q 2,25a,t
S = I 2 ‘- 4.52 v
LEET (km), ’3119 ( )

TA€ Toxp — NPHBEJCHHEIH pajHyc CKBAXHHB (Tomp="rot); & — mo-
lIpaBKa, YYHTHIBAIONlasi NOJIOXKEHHe CKBAaXKHHBI OTHOCHTEIbHO He-
OZHOPOJHOTrO BKJAIOYEHHs (30Ha 1).

I[Ipn pacnosoxenun ckpaxuhel B ylajdeHHu oT 30HbI 1 Besn-
unHa § Oyxer paBHa 1, uTo caenyer u3 (4.50) nmpu A=p. B stom
caydae BJHsHHe 30HBI 1 HeBeanko. Ecim ckBaxuna uaxoaures na
KOHTYpe R, T0, KaK cienyer u3 (4.50), npu la~R~A

v—I1

- (4"

Otciona BUAHO, YTO NpHBEeEHHBIH paauyc CKBaxKHHBI CylLlecT-
BEHHO YBeJHYHBaercs mpu v>1, T. e, ecan BOZIONIPOBOHMOCTE
IIOpOX B 30He | OTHOCHTEJLHO BEJHKA. IIpy v=o00 E pocruraer
MAaKCHMAaJbHOH BeJHYHHBI

= R
E=—

Ty
H TOTAA romp=R.
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HaoGopor, npu v<l, JneHCTBHTENbHBIH PpagHyc CKBAXKHHBI
-ymenbuaercsd. Ecan v=0, T. e. 30Ha | caoxKeHa HENPOHHIAEMbIMH

T o
TIOPOJaMH, §=—; M NpPHBEIEHHBI pajauyc CKBaXKHHBI — MHHH-

o
:MaJI€H: Mo np= E‘.
Ecau CKBaXKHHY pacloJIOXKHTb B LIEHTpe 30HE 1, TO

v—I1

R\ v
E S (_) N
Ty
31ech TakxKe NpH v>1 NpHBeNEHHBIH PAalHyC CKBAXKHHBI MOXKET

OBITL CYIeCTBEHHO OoJibllle JeHCTBATEJNLHOrO JaxKe TNPH OTHOCH-
“TeJIbHO MaJibiX pazMmepax obaactu R.

u' o
JIByXCJOHHBIH MAACT

Bo wmHoOrux caydasx SKCIJAyaTHPyeMble BOJAOHOCHBIE [1J1aCThI
TepeKpHITHl NeCYaHO-TJIHHACTHIMH OcajkaMH. B Takux yC/IOBHAX
npu AeficTBHH B0J03a00pOB IPOHCXOAHT HHTEHCHBHOE MHTAHHE
BOJIOHOCHBIX FOPH30HTOB BOJaMH TOKPOBHBIX ¢/1200NPOHHIIaeMbIX
OTJIOXKeHHH M aTMOoc(hepHbBIMH OcadKaMH,

PaccMOTPHM XOpOILIO H3YUeHHYIO0 cXeMy GHJIbTPALHH K CKBaXKH-
He B JBYXC/JOMHOM MJACTe, BEPXHHH CJIOH KOTOpOro — caabompo-
HHIAEMBIl ¢ KO3(D(HUIHEHTOM GHIBTPAUMU Rg M CPeJHEH MOLIHO-
CTBIO Mp— COAEPIKHT NOA3EMHBle BOABI CO cBoOOaHOH TOBEpPXHO-
CTBIO, 2 HHXKHHIl — XOpOIIO MpOHHIAeMBblli, HaNoOpHHI, ¢ Ko3hdu-
uHeHTOM (HJAbTpanHH £ H Moumuocteio m (puc. 27). JlBHKeHHe

Eyg=tonit”
Puc. 27. C Ay & <
oo Saate® B e 0 2 S S
“GeaHanopHsIM TOPH3OHTOM ey ____‘ S T-,',‘} .
. L§ - .ﬁ.;%‘“

{10/I3eMHBIX BOA B TAKOil cXeMe ONHCHIBAETCsi CHCTeMOR YpaBHe-

Hui (3.5).
Jlasi caygasi, Korfa AeGHT CKBAaXKHH B HaNOPHOM TOpPH3OHTE Q=

=const ¥ HHDHABTPAIMOHHOE NHTAHHE BEpXHEH BOJOHOCHOH TOJI-
WM exup=const (WaIH B yacTHOM ciayuae emp=0), NaHHas 3aaaya
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HeeaenoBanacs B paborax [6, 10, 127]. CorsacHo noJyyeHHBIM pe-
3YJbTaTaM IOHHIKeEeHHe ypOBHS—I B HHIKHEM HaﬂopHOM cJoe A l'lpH
3TOM OmpejiesisseTcs no gopmyJae

Bt _ Eunol ol g™t
e 47tkm R e [1 b*¢ ] (508

rae

*® k £ k ® * s
b= pr=0 N oy o= A

mop* Mgt Sl p

i M ¥ — BONOOTJa4a BEDXHErO H HHIKHErO CJIOEB. ;
®yuxkuus R npu % >3 wum bt>3+5 rae B=

ko
= ]/M b= mp * CTAHOBHTCA NPaKTHYECKH paBHO# (pac-
Ry 0

XoxaeHusi He Gosee 5—79%) HHTerpasbHONH NOKa3aTenbHOH (YHK-
IHH, KOTOPOil OMHCHIBAETCA (QHABTPANHSA K CKBAaJKHHE B H30JHPO-
BAHHOM NJI1acTe, T. €. NMPH YKAa3aHHLIX 3HAYEHHAX NapaMeTpoB

R:.-:—Ei(—— ) (4.54)

da**¢

km
Hk

Opnako 3gech a**= (BMecTO a*= k—T—B H30JIHpOBaH-
Hom naacre). ITockospKy BOJOOTAAYA NMOKPOBHOH TOJUH OOBIYHO
ropasjo 6oJblie ynpyroi BOJZOOTZAYH HANMOpPHOro miaacra (u>>>p*),
KO3 (HIHEHT Nbe30NPOBOAHOCTH a** <& a* M COOTBETCTBEHHO YpO-
BeHb JIDH OTKauyke B Ilpolecce 3KcIyaTalHu Bopo3abopa B ABYX-
CJIOHHOM IIacTe MOHHMKAETCs MeHee HHTEHCHBHO, YeM B H30JHPOBAH-
HOM FOpH30HTE.

[Toapo6Gupie TaGaHIBI THAPABAHYECKOrO CONPOTHBJCHHS R B
Gopmyae (4.53), BKaIOUaOLIHe 3HAYEHHs 3TOH (YHKIHM NpH Ma-
JIBIX 3HaYeHHX BPEMEHH, MpHBe/eHH B pabore [93].

[Tpubamxennas Gopmyaa AJs ONpeneieHds TNOHUMKEHHs YPOBHS
B BepxHeM Oe3HamopHOM miacTe Sy MO HCTEUEHHH BPEMEHH, Ompe-
AensieMoro 3HauenueM OespasmepHoro mnapamerpa bf>3--5, npen-
CTaBJIsIeTCH B BHIE

= Q _ Eumpl S L n* \2 | — g—b*st
2 datkm R I [ bt ( p-**) ( € )1 (4.55)

Takum oGpasoM, mpH AJIHTeJNbHBIX MEPHOAAX (HIBTPALHH pac-
YeThl TNOHHMKEHHH YPOBHA B 00OHMX mjacTax — HamopHoMm (3Kcmiaya-
THPYEMOM, B KOTOPOM pacIOJIOXKE€Hbl BOA03a00OpHEIe CKBayKHHBI)
H MOKPOBHOM O0€3HamopHOM (NHTAIOLIEM) — MOXKHO NPOH3BOJAHTH
no TeM e (OpMyJaaM, YTO H B OJAHOCJOHHEIX MJACTaX, HO C yue-
TOM CYMMapHOH BOAOOTAAYH p**,
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ObbeM BOABI, MpHBJAEKAaeMoi BOJo3abopoM H3 BepxHero nJa-
cTa B mpejenax KOHTypa pagHycoMm ryx (npH &my=0), onpenens-
ercs no Gopmyae

e 5 .
f S [_&-(l—e ) E’(—a)]' PLi0)
i
Fhe. @& — PRI

3a 310 BpeMs M Ha TOH Ke NJIOMAaAH H3 HHXKHEro mJjacra 3a
CYeT YNPYrHX 3amacoB NpH NOCTOSHHOM Jebute Q Oyaer mouay-
YeHO:

Vy=Qt—V,

CoOTHOIIEHHEe COCTABJASIIOMHUX o6bemMa (TpH rx—-00) NPOMOPLUHO-
HaJIbHO COOTHOILEHHIO BeJHYHH BOJOOTAAYH

L i (4.57)
Vo p*

[Tpu GoJbIIHX 3HAYEHHAX BpeMeHH (f{—-o0) H (HUKCHPOBAHHOM
3naueHuH ry (a—0) o6bem Boabl V,, mpHBIeKaeMoil Boa03abopoM
M3 BepXHero mjacra, crpeMurcs K Hy/ao. CiaemnosartenbHo, A0NOJ-
HATeJbHOE NHTAHHE 3KCIIyaTHPYeMOro Iuiacta MNpH AJIHTENbHON
paGore B0j0326OpPOB OCYyLIECTBJISETCS B OCHOBHOM B yAaJIEHHBIX OT
B0103a60poB 00J1acTAX.

TpexcaoiHblii BOJLOHOCHBIH NAACT

Juasi apreanaHckux GaccefHOB NOJA3EMHBIX BOJ XapaKTEPHO ITAK-
HOe CTPOEHHE BOAOHOCHOH Touuu. [IpH 3TOM  XOpOWIO MPOHHIAe-
Mble BOJOHOCHBIE OTJIOXKEHHsI YepelyloTcsi C 3ajeralolluMH  MEexAy
HHMH TJIHHHCTBIMH caabonpoHHnaeMbeiMu caoiMi. Kak nokasbiBaer
ONBIT 3KCIJYaTallHH BOA03a60OpPOB B TAaKHX YCJIOBHAX, OTAGJbHbIE
BOJOHOCHBIE TOPH3OHTEI, NMPHYPOYEHHble K XOPOWIO IMPOHHIAEMBIM
OTJIOKEHHAM, HAXOASATCH B THAPABJIHYECKOH CBA3H ApPYT ¢ APYroM.
Drta cBsA3k 00yC/OBJI€HAa BO3MOMKHOCTBIO TepeTeKaHHs BOJ H3 Ol-
HOrO TOpPH30HTa B ApPYroil yepe3 pasieldIoONlyl0 HX TJIHHHCTYIO
nepeMbluky. [leperekanHe NoA3eMHBIX BOJA NPOHCXOAHT Ha 3HAYH-
TeJLHOH IJIOLIafH, MO3TOMY Jaze NMpH BecbMa MaJablx Koaddu-
IHeHTaX (QHJAbTPALMH TIJIHHHCTBIX pasjenabHbiXx caoeB  (10—2—
10-3 m/cyT) ¥ oTHOCHTENbHO QOJbBIIOH MX MOILHOCTH pacxoj Nepe-
TEKaeMBIX BOA MOXKET COCTABHTb CYNIECTBEHHYIO JOJI0 OT 0OIero
pacxoja BOA03a0OPHBIX COOPYKEHHH B CJAOHCTOH TOJIIIE.
PaccMoTpum Tpexc/oiiHyl0 CHCTeMy IJIacTOB, COCTOALLYIO H3
OCHOBHOTO BOJOHOCHOrO ropusonra (/), B KOTOPOM pacrnoJioKeH
BoA03abop, nuralomero maacra (2) u pasjensioniero Hx c/iabo-
nipoHnuaemoro cqaosa (pHc. 28). ODuapTpains TOA3EMHBIX BOA K
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Puc. 28. Cxema TpexcaofiHoro nmacra:
I, 2 —Homepa ca0eB

CKBaXKHHE B YKAa3aHHOH CHCTeMe IIJIaCTOB MOXKeT ObITh oXapakTe-
pH30BaHa cHCTeMOH AHQdepennnatpHbIXx ypaBHenuii (3.5).
Pemenne paccMaTrpHBaeMoOH 3ajauyd 0 AJHTeJbHBIX nepHo-

,;LSB]OTKH‘{KH MOKHO 3anHcaTh ciaenyiomum obpasom [10, 93, 111,
ks

Q . r2 1 r2 r
S, = — Fi{— it 2 SNy
2 dnkm [ - ( 4a*t ) + v W(4a**t SR )]’

2 2
S Q[—Ez—.' W ’;L],
4nkm 4a*t 4a**¢ B
rae S; H Sp;— NOHHKeHHS YPOBHS B SKCIIYATHPYEMOM H THTAIO-
1IieM Injaacrax,

(4.58)

S - :

a = “T; =Py P+ g

e R, . ee 1 1 1 :
Tif= e L HMlT‘I‘PzV*}‘?.P-o(V“!‘ —v__l)'

B=l/ Mo Gem)ylem)y . (km),
ka i (km),

km = (km), + (kmy),,
[ fle paCCTOHHHE oT HCCﬂeﬂyeMOﬁ TOYKH 10 CKBAXKHHBEI;

. r#
— Ei (— 7 )— HO-TIpeKHEMY HHTErpajbHas IOKa3aTeJbHas
a
r? r
¢ynkuusa; W ( Frrm ; E—)—w Gynxkuna neperekanus. UYncaeHnwue
a

3HAUeHHA ee NPHBEJIEHH B NPHJI0K. 1.

Takum o6pasoM, eciiH NPOHHIAEMOCTH OTJIONXEHHH MNHTAIOMIErO
cnos Mana (v — BeJHKO), TO 3aKOHOMEDPHOCTH CHHIKeHHSI YPOBHS
XapaKTepH3YIOTCS B OCHOBHOM HMHTErpaJbHON MOKAa3aTeJNbHOH (YHK-
HHeH M B 3TOM CJy4yae CJIOHCTAas TOMMA TNPHOIHIKAETCs K OJHO-
POAHOMY H30/MHpOBaHHOMY mjacty. HaoGopor, nmpu oTHOCHTeNbHO

- L3
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©0JbII0H BOAONPOBOAHMOCTH HNHTAIOMIEro IacTa onpeaensomen
siBasierca QyHKuus neperekanus. Ilpu 3TOM mporecc INpHBJEUYEHHA
1I0/3¢MHBIX BOJ H3 MHTAIOLIEro IJlactTa B OCHOBHOM, SKCIJIyaTHpYe-
Mblfi IPOHCXOAHT Haubo/lee HHTEHCHBHO. B mpesese, ecin (km)o=

=00,
S = Q w r 3 —r—) = 7
L7 4m (km), (4a"*t s T =4, (4.59)
rae e
o — (kmil R ]»/ (kmlzlma :
Wk i

B stom ciyuyae mpH f{—oo BO3MOMKHA CTaOH/IH3alHs YPOBHEH
TI0/I3eMHBIX BOJ B 3KCIVIyaTHPYEMOM I/1acTe:

AR T i 4.60
2 nkm), N\ B G
[puBefeHHble COOTHOLIEHHS CIpaBeJJHBbI [Jsi  OTHOCHTENbHO
BONbIIHX NPOMEKYTKOB BpEMEHH, YIOBJETBOPAIOIIHX HEepaBeH-
CTBY :
e g ek 0,lp,, 6=2 4.61
B2 >l l (I—'—‘V)a _{_ ] I‘LOI a, . ( 5 )
Pacxoa, nepeTeKkaeMblX H3 nNuTalllero mnJjacra IOA3€MHbBIX BOI
'YBeJIHYHBaeTCd BO BPEMEHH H, JOCTHTHYB MaKcHMa/JbHOH CcBOEH
BeJHUHHBI, fajee OCTaercs MOCTOSHHEIM. MakcuMmaJsbHOe 3HaueHHE
JIOTIOJIHHTENBHOrO NHTAHHS SKCIJYaTHPYeMOro mJjacra Ha yua-
CTKe pajHycOM rx MOMKeT ObiTb HafiAeHO H3 CJAEAyIOLlero COOTHO-
AIeHHSA: :

Qron = l-I-Lv [1 3= % K (Lg‘)]. (4.62)

rae K, (%‘)— dyukuus Beccens (cM. MpHIOK. 2).

[pu %‘- >4 MOKHO NPHHATb Quon= (4.63)

1+’
i e S oﬁmee KOJIHYECTBO HpHBJIeKaeMbIX 34aMacoB B C.JIOHCTOﬁ CH-
CTeMe BOILOHOCHBIX I'O.]_JHSOHTOB HpOﬂOpl.T.HOHaJIbHO COOTHOLIEHHIC
BEJHYHH BO,H.OHpOBOJ],HMOCTEﬁ 11J1acToB.

CJyioMcThie NJAacThl C JHTOJOTHYECKHMH OKHAMH

Tlox muTOJOrHYeCKHMH OKHAMH IIOHHMAIOTCS TlepephiBel B BOAOYIIOP-
HBIX CJ0SX, Pa3sje/siiOlHX BOJOHOCHBEIE TOPH3OHTBL ~apTE3HAHCKHX
GacceiinoB. Takue mepephIBH 00pa3yioTcsi BCJAeICTBHE pasMbIBd,
BHIKJHANBAHHS WJH (alHaJbHOrO 3aMelleHds] TIHHHCTHIX OTJ/IOMKe-
HHI XOpOoLIO BOAONPOHHIIAEMbIM MaTepHa/IoM.
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Prc. 29. Cxema K pacuery cKBaXuhbel BGAH-
3H NMOJOCO0GPAsHOr0 JAHTOJOrHYECKOro OKHA:
a —maan (I, II —nomepa 3oH); 6 — paspes
(I, 2 — HOMepa cJoeB)

[Tycte Bono3aGopHasi ckBakMHa paboraer BOJIH3H JHTOJOTH-
YECKOro OKHa .MmosocoobpasHoil GopMbl, B Npefesax KOTOPOro oc-
HOBHOH, 3KcHyaTHpyeMblit myiact (/) ¢ mapamerpamu (km), u a,
KOHTAKTHPYET ¢ COCEAHHM MHTAIOUIUM TFOPH3OHTOM (2), MMEIOUIHM
napaMerpsl (km), u a, (puc. 29).

Pesyabrar pemenns 3agauu Aas  SKCIUIyaTHPYeMoro  cJost
MOXKHO 3amHcaTh B caeaylomieM suie [45, 93]:

U

1T (km)l[ Ee aa,t + 1+vE£ 4a,t +A]’
(4.64)

AR e ISR ST A 14w

Sl_ 4nkm[ El( ‘4alt>+ v A]’

11
rie S| # SI'— nounxenus YPOBHSI B 30Hax 1 m 2 skcnayatupye-

Moro nuacra (cM. puc. 29); r=7(x—I)2+y? — paccrosiHne oT Hc-
cIellyeMOH TOYKH A0 BOA03a00pa; p— pacCTOsiHHE OT PacyeTHOH
TOYKH 10 OTOGPH}KEHHH CKBAXHHbI OTHOCHTEJNLHO JIHHHH OKHAa;
ocTaJbHble 0003HaYeHHs TPeKHHE.

@opmyanr (4.64) aHaJOrHUHBI pPeLIEHHIO 3a1aYH O NpHTOKE
NOASEMHBIX BOA K CKBa)KHHE B OJHOCJOHHOM HEOrpaHHUEHHOM
nJ1acTe, COCTOSIEM H3 ABYX 30H C PA3JHUYHBIMH (DHJbTPALHOHHBIMH
napamerpaMu [cM. ¢opmyner (4.46)]. CuaemoBatenbno, ABYXCJO#-
Has TOJINA C JHTOJOTHYECKHM OKHOM T0JI0C000pa3HOi  (opMbl
MaTeMaTHYECKH aHaJOTHYHA OJHOCJAOHHOMY HEOJHOPOAHOMY MJa-
cTy.

- JluTosorHueckHe OKHa MOTYT OKa3blBATh CYIIECTBEHHOE BJIHS-
HHE Hd CKOPOCTb CHHKEHHS YPOBHSI B IKCIIyaTHPYEMOM IiacTe.
OcHOBHBIM NapaMeTpoM, ONpefeAIONHM «IPPEKTHBHOCTDY JIHTO-
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JOFHUECKOTO OKHA, SBJSIETCS COOTHOLIEHHE BOLONPOBOAHMOCTEN
CCHOBHOrO M MHTAIOLIEro N/acTos.

[lpy MaJgoii BOJAONPOBOAMMOCTH IHTAKOUIEro mnJjacra &=
BEJIHKO) OKHO H IHTAIOLIMH BOMAOHOCHBIH TOPH3OHT HE BJHAIOT HA
MOHMKeHHs YPOBHsSI MOA3EMHBLIX BOJA B OCHOBHOM CJI0€; €C/IH XK€
BOJIOTIPOBOAHMOCTb MNHTAKOIIEro MJacTa BelHMKa MO CPaBHEHHIO ¢
BOZONPOBOJAHMOCTIO OCHOBHOro cjosi (v -— MaJjo), To OKHO MO
CBOeMY THAPOAMHAMHUECKOMY JeficTBuI0 npHOJMMKAETCS K TpaHH-
lle ¢ NOCTOSIHHBIM YPOBHEM MOA3eMHBIX BOX (T. €. K peke).

PaccmoTpum Tenepn AefcTBHE CKBaXKHHbI BOJM3H JHTOJOTHYE-
CKOr0 OKHA OKpYribix ouepranuil. TakHe oOKHa uacTo 00pasyioTcs
BCJIeJCTBHE 3PO3HOHHOH JeATeNbHOCTH PeK, TEeKTOHHYECKHX Mpo-
1leCCOB M KapCTOBBIX SABJIEHHH.

IlycTh ckBaxuHa paboraer c¢ feGutoM Q BOJH3H KPYrioro OK-
Ha paauyca R Ha paccrosHid [ OT ero LeHTpa (puc. 30). Torma

Puc. 30. Cxema K pacuery CKBaXHHBI
BOAM3IM KPYraoro JAMTOJNOTHMHMECKOTO OKHA:
a— nnan; 0 — paspea (/, 2 — nomepa
cl0€eB)

npuGAHKEHHOE BBIPAjKeHHe Il TIOHHIKEHHH ypPOBHS B OCHOBHOM
H TMUTAlOUleM CJA0sX, CBSA3aHHBIX TOCPEACTBOM JIMTOJIOTHUECKOrO
OKHa, MOJKHO 3alHcaTh cjeAylomumM obpazom [93]:

2 2
Slz_Q_[_Eg(_ 4 )4_&5; i 00 ]
4 (km), 4a,t Q 4a,t
A Qokn e p* )
2 47t (km), da,t /'
rae (km), W @ — BOAOMPOBOJAHMOCTb M KO3()(HUHEHT MNbe30npo-
BOAHOCTH OCHOBHOTO ¢JIOs, B KOTOpOM paboraer CKBaxHHA;

(km)s m as — BOJONPOBOAHMOCTb H IbE30NPOBOAHOCTH COCEAHErO
CJI0S; r — PACCTOSIHHE OT pacyeTHOH TOYKH [0 CKBaXHHB, p —

(4.65)
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PAaccTosiHHE OT TOYKH N0 LEeHTpa OKHA; Qoxs — PacXoj mOA3eMHBIX
BOJ, IPHTEKAIOUIUX B OCHOBHOH CJIOH Yepe3 OKHO;

Bennunna Qoxg NpHOMHKEHHO MOKeT ObITh HAHAEHA M3 COOT-
HOUIEHHS

2,256a,t
0 ey o
- .66
Qo L+v 220 Wil e ; 99
R T

rpe

_(emy o @
(km)g ' a,

®opmyant (4.65) u (4.66) xapakrepusylT GosbliHe HpOMe-
ZKYTKH BpeMeHH paboThl Bogo3aGopa

%‘» 200; $< 0,1+0,3.

Kak BHIHO H3 NpHBENEHHBIX COOTHOIUEHHil, MOHHIKEHHE YPOBHSA
pH OTKauyKe BOJH3H KPYIJIOTO OKHA  CKJAAAbIBAETCS H3 MOHHIKE-
HUS OT peasbHO NEHCTBYIOIlell CKBaXKHHbI NMPH YCJIOBHH, €CIH OHA
paboTaeT B HEOrpPaHHYEHHOM BOAOHOCHOM IJIACTe, M TOHHIKEHHS
OT (PHKTHBHOH CKBAaXHHB B LEHTpe OKHA C H3MEHSIOIHMCS BO
BpeMeHH pacxofoM Qo :

Pacxox meperekaemoii uepes OKHO BOIB YBeJHUHBAeTCs BO
BpPeMeHH H TPH BecbMa [JIHTENBHBIX OTKAYKAX JOCTHrAeT MAaKCH-
MaJIbHO BO3MOXHO# BEJHYHHBI, PaBHOIl

Qmm o Q

1
l—}—v' J

(4.67)

Orciona BHAHO, 4TO MpH BechMa. GOJBLHION BOJIOIIPOBOJHMOCTH
MHTAMONIEro miacra (v— Majo) NpHBAEKaeMble uYepe3 OKHO MOJA-
3eMHBI€ BOJABl MOTYT MOYTH MOJIHOCTBIO OOEecneuuTh pacxoj BOJO-
sabopa. B 3ToM ciyuae BO3MOXKEH CTAUHOHADHBIH pEXKHM (HJIb-
TpalHH K BOA03abopy (mpu {—-oco), mpH KOTOPOM paclpeleseHHe
YPOBHEH MNOA3EMHBIX BOJ B OCHOBHOM cJjioe Oyaer MOAYHHATHCA
cJeAylolell 3aBHCHMOCTH:

S el s : (4.68)
25 (km), R,

ITonuxkenHe ypoBHS B NHTAIOWIEM fjacte 2 Npu 3ToM Oyjer
/PABHO HYJIO, T. €. YPOBEHb INOA3eMHBIX BOJ TaM COXpAaHHTCH TAKHM
K€, KdK B €CTeCTBEHHbBIX YCJOBHSIX.
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TJIABA 5.
OBIIUE 3AKOHOMEPHOCTH MUTPALLHH
3ATPA3HEHHUH. PELIEHHSA THNOBBIX 3AIAY

MHUTPALLHA HEATPAJIbHBIX KOMINOHEHTOB

Murpanusi HeHTPaJbHOTO KOMIOHEHTA, T. €. HE pasfaraloulerocsd,.
He copOHpYIOLLerocs H He BCTYNAIOIIEro B XHMHUYECKHe peaKIHH,
NPOHCXOAHT B pe3y/bTaTe KOHBEKTHBHOTO NepeHoca, OCJOXKHEeH-
HOTO MOJIEKY/IspHOH AH(dY3Hell W THAPABIHUECKOH JAHCIEpCHEH.

MoaeRyJASIpPHO-AHGDDY3SHOHHBILH nepeHoc npu
OTCYTCTBHH GHIABTDALHH

B stom cayuae ucxoiHOe AH(¢epeHuHaNbHOe YpaBHeHHe MH-
rpanud umeer Bua (3.19) (cM, ra. 3), B KOTOpOM cJeayer Ipu-
usath V;=0, D=Dy (Dy — k03hpHuureHT MOJeKyJsdpHOH AHD-

N

(dyaun) u = 1

JIas wusonuposanHoro B paspesde (1. e. npu D=0 u g2=
=0) nmoayorpaHHYeHHOro MO IPOCTHPAHMIO MJacTa NpH YCJIOBHAX
(3.21), 1. e. C(0, )=Csz, C(o0, t)=Ce u C(x, 0)=C; (Cox—
KOHUeHTpauusi Ha Bxoie B maact, Ce— QOHOBasi KOHIEHTpPAIHA
KOMIIOHEHTa), pellenHe 3Toro ypasHenus umeer BHA [150]

C(x, 1) —Cs % =%
= 7 % —erfe———=1—¢rf{———— ).
G =05 27/ Dyt/n 3 ( 27/ Dytin )
(5.1)

CBf3b M€y KOOPAMHATOH TOYKH X M BpeMeHeM ! TOSABJIEHHS
B aTOHl TOYKe 3aJaHHOM KoHUeHTpauuun C u3 Qopmyan (5.1) BbI-
pasurcs ceaylouHM o0pasoM:

x = 2VDyt/narceri (1 —C)

t _-z[ x :r n . (5.2)

arcerf (1 —0C) 4D,

Cx, t) =

3necs erf(z) —cumBoa  MHTerpasa  BeposiTHOcTH;  erfc(z) =
=l—eri(2), arcerf(z) —obpatnasi ¢yukuus or eri(z) (cM.

NPHJIOK. 2); n— NOPHCTOCTD. .
X

Ilpu Goabin e ] 1
p AbUIMX HHTEPBANaX BPEMEHH, KOraa Vban oAl
erf (2) &~ 2z u BMecto (5.2) HMeeM:
x =" aDytn(1 —C)
Pl oo 5 ; (5.3)
aD, ( 1—C ) ;
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[TockosibKy 3HavenHst Kosdduuuenta MoseryaspHoii AHGHy3HH
B TOpHLIX mMopoAax MaJbl (Dy=~ (1--10)-10-% cm2/c), To MoJeky-
JAApHO-AH(O(Y3HOHHBIH NepeHoc crnocoGeH BLI3BATL 3aMETHOe Iie-
peMelneHHe BelllecTBAa TOJbLKO 32 O4eHb OoJbllioe Bpems. B cBasu
C 3THM pOJIb MOJIEKYJsIpHOH AH(@Yy3un B NepeHoce 3arpsi3HeHHH
N0 BOAOHOCHOMY mJacTy B 00llleM HeBeJHKa — OHAa BJIHAET JHIIb
Ha BblpaBHHBAHHE KOHIIEHTPAUHi BHYTPH HOpOBbIX KaHaJoB H Tpe-
IHH B TTOpOJe.
KonpexkTuBHBIH mnepexHoc 6e3 yuera aubdy-
3MM H THAPAaBJAHYECKOH AHcCHepcHH. ITOT Npolece
ONMHCBHIBAETCHA TeM JKe ypaBHe-
Huem (3.19) npu V>0, D=

e =7 =0. Ias Tex Ke YCJIOBHH,
o / 7777, 444 UTO H B NpefBlAylleil 3agaue,
P \ fu \\ _‘i.“.[.,-'_-_:;..-_'.;.;y pelieHneM ero Oyler
Clx, h=FE—n, A=
VA y I 1
=T’ (5‘4)
rae f(t—X) — enunuuHas
(pyHKuHﬂ npu (<) f=0wu
QN _"V C=0,anpu >\ f=1uC=1.
T T e Takum obpasom, mnpH uH-

CTO' KOHBEKTHBHOM IlepeHoce
NPOHCXOAHT MOAHOe («IOpIU-

é HeBOe») BBITECHEHHe NPHPOI-
£= HBIX NMOJ3EMHBIX BOJ 3arpsis-
Ll 2z HEHHBIMH, C Pe3KHM H3MeHe-

5 SR B
v 4 HHeM Ha ¢poHTe HHIBTPALHH

7B 7 T colepKaHHsg KOMIOHEHTa OT
7 e 77  HauanbHOH KoHueHTpamuu C,
no BxogHoH Cux (pHC. 31).

\‘ilm

b2 ' Ecau BelectBo mocrymaer
L irZizz/0Zz B MAACT B TeyeHHe OrpaHH-
s I e YEHHOTO MEepHOXa  BpPEMeHH
e G- 7 .'\_[ﬁ’m_\- ¢4 : g 5 («maxkeTHOe» MOCTYI/IEHHE),
Y B I 7 TO rPaHHYHOE yCJOBHE NPHHH-
Maercs caelayiomum  (puc.
31, 6):
Puc. 31. TocTtynaenue 3arpA3HeHHd B naacr:
a — MOCTOAHHOE; 6—KD8TKOBDCMCE1IOC oy 0 D <
I —rpanuua mexny sarpaamenusmn  (Chy ) e
# yucreimn Bogamr (C.) mpm 1=0; 2—rTo (G Cnx; t> tm =1
#e, npu (>0

(5.5)

Pemenne Gyner: C=f(—h, M1). %
IMpu M<t<A f=0 u C=0 m mpu A<i<M fo=1 uC=1.

3pech A ompepensiercd, Kak u B peweHHu (5.4), a A;—T + g,
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Takum o6pasoM, «makeT» MPOABHraeTcs MO IJACTY, He H3MEHAS
xn
CBOHX pa3MepoB, IpHYeM Ha nepeaHem (poHTe (mpu (f= 7—+tn)

o xn .
H ¢ THIIOBOH CTOPOHBI (NpH = V_) KOHIEHTpPALHA H3MEHSeTCH

ckaukoM oT Cyy 10 Ce.

HceaenoBanie pacnpocTpaHeHHss PacTBOPOB B BOJOHOCHBIX
njactax Mo cxeme NMOPUIHEBOTO BBITECHEHHsS MPOBOMAHMJIOCH MHOTHMH
aBTOPAMH MPHMEHHTENbHO K OLEHKe NPOJABHIKEHHS KOHTYpa Hed-
“TEHOCHOCTH, COJIEHBIX BOJ, 3arpsisHeHuit [43, 44, 68, 69, 125, 135
H ap.J.

3anaun TaKoro poAa B CBA3H ¢ NpobJeMoit OXpaHbl MOA3EMHBIX
‘BOJ OT 3arpsA3HeHHs pacCMaTPHBAIOTCH HAMH JaJjee B . 6.

KoHBeKTHBHB mMepeHOC, CONPOBOXKAAWMHHACSH
rHApaBAHUYECKON AHMcnepcHei. Murpanus BeulecTsa
B H30JMDOBAHHOM IjlacTe B JAHHOM cCJyuae OMNHCHIBAETCHS ypaB-
HenneMm (3.19) npu D>0, V>0, D) 2=0 u g, 5=0.

Pacemorpum  pemennsi s3Toro ypaBHenus npu V=const u D=
=const B MoOJyorpaHHYEeHHOM II4ACTe NpPH Pa3JHYHBLIX YCAOBHAX
Ha BXOJe B MJACT.

1. Tlpu ycaouu (3.21), 1. e. Korja B miacT HeNpephLIBHO MO-
‘CTyIaeT BOJAa C MOCTOAHHOH KoHueHTpanuei Cgx [150],

C(x, ) =R, n)

b yrane el (5.6)
Ry (€, m) = 0,5 [erfe (8 —m) + e**" erfc (€ + )]
rae
- Vt/n e X
"= Vb ° T o

S3nauenus Gyukuun R, (8, n) npusenenn B Taba. 10 [19].
BropeiM uneHoM B 3TOl (DYHKUHH mpH -5—;{0,005 MOZKHO
X

npenebpeus (omubka menee 49%), u roraa

~ = x—Vi/n
C (x, ) =~ 0,5erfc Vi . (5.7)

Koopaunara Toukn ¢ a1060#f KoHueHTpauueii C HAXOAHTCH H3
3aBHCHMOCTH

% =Vtin+ 27V Diin [arcerf (1 —2C)] , (5.8)
4 CKOpOCTb JBHXKEHHS TOYKH c J11060# KoHUeHTpauuei C cocras-
Jager

dx

e Vin+ 7V Djtn [arcerf (1 — 2C] . (5.9)

Hs (5.9) Bumno, uto Touka c KoHuentpauueii C=0,5 aBHxercs
C TIOCTOSHHOH CKOpocTbio, paBHoii V/n, uto coorsercTByer mepe-
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Tab6auna 10
3uauennn R,

m
t 0,05 0,1 0,5 1 2 3 4
0,01 0,979 0,980 0,986 0,991 0,995 0,997 1,00
0.1 0,801 0,809 0,862 0,907 0,954. | 0,967 0,98
0,2 0,635 0,647 0,735 0,817 0,900 0,933 0,96
0,3 0,497 0,512 0,621 0,730 0,850 0,900 0,94
0,4 0,385 0,400 0,518 0,647 0,801 0,867 0,92
0,5 0,294 0,308 0,428 0,568 0,751 0,833 0.90
0,6 0,222 | 0,235 0,339 0,474 0,702 0,800 0,88
0,8 0,121 0,131 0,224 0,363 0,603 0,733 0,84
1,0 |, 0,063 0,069 0,136 0.255 0,505 0,667 0,80
2 0,030 0,034 0,078 0,171 0,419 0,601 0,76
] 0,014 0,016 0,043 0,109 0,334 0,532 0,72
1,6 0,006 0,007 0,022 0,066 | 0,273 0,466 0,68
1,8 0,002 0,003 0,010 0,038 0,198 0,395 0,64
2.0 0,001 0,001 0,006 0,021 0,144 0,320 0,60
2,5 0,0 0,0 0,001 0,003 0,063 0,127 0,50

MEIeHHIO TaK Ha3biBAeMOro (poHTa GuabTpanud (MaH GpoHTaA
NOPIIHEBOTO BbITECHEHHS).

W3 ananusa npHBeleHHOro pelleHHs CJefyeT, 4To TpH KOH-
BEKTHBHOM IlepeHOce, OCJA0XKHEHHOM JHCHepcHel, B BOJOHOCHOM

niaacre o6pasyloTCsi TPH 30HBI, OTJIHYAIOUIHECH COJAEpPKaHHEM 3TOrO
BeulecTsa (pHc. 32).

A
7 | Puc. 32. KoHBEKTHBHAA JAHCMNEPCHA B OAHO-
JESEL | | 'MEpHOM TIOTOKE:
v i | 4 | T C — OTHOCHTeJbHas Kouueutpaunus; [, [I-
o | | 111 — nomepa 30H
1 —
7 A

B sone I, 6aukaiinefi K BXOJAHOMY y4acTKy, KOHLEHTpaUHs Be-
uecTsa npuO/HKAaeTcsl K KOHIEHTpalluu ero Ha BXxoxe. B yaanen-
HOH oT BXoxa 3sone IIl coxpaHseTcss nepBoHavyaJbHAfs KOHLUEHTpa-
nusi C=0. B cpeaneii 3one Il B pesysbTaTe AHCHEPCHH NPOHCXOLHT
cMellleHHe TocTynalouleli BOAbI ¢ BOJOH, HaXxojsuledcs B Ijacre

paHee, M KOHIEHTpallMs BellecTBa H3MeHseTc 3jaech or C=1
A0 C=0.

Mexnay ToukaMu ¢ KoHnenrpauneii €;=0,99 u Cy=0,01 nau-
Ha 30HbI gHcnepcHu Ly Gyner:

L.~ 6,6VDiln, (5.10)

T. €. 30Ha JHCNEPCHH (M/JH 30HAa CMEUIeHHs) co BPEMEHeM YBeJIH-
YHBaeTcsi, OJJHAKO ee abcooTHAS JJIHHa onpenensercs B OCHOB-
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HOM 3HaveHHd Kos(p¢uumenra D/n. Tlpu D/n=10-=10-2 cwm2/c
OHa HE MpEeBBIIAET HECKONBKHX JeCATKOB MeTpOB. B HeoxHopon-
HBIX, OCOOEHHO B TPEUIHHOBATHIX MOPOAaX, KaK yKa3blBajoCh pa-
nee, 3HayeHds D Moryr GBITb BBIle K 30HA JHCNEPCHH COOTBET-
cTBeHHO GosbHieii.

- C rTeuenHeM BpeMeHH TrpaHHIL BbIJEJNEHHBIX 30H NepeMela-
10TCA B HANpaBJeHHH (HILTPALMOHHOTO ToTOKa. [lepBas 30Ha
IIPH 3TOM pacuupsercs, H B KOHEUYHOM HTOre BO BCEX TOYKAX BO-
JIOHOCHOTO TJIACTa, KaK M NpH MOPIIHEBOM BBITECHEHHH, cO BpeMe-
HEM YCTaHOBHTCA KoHUeHTpauus C=1. Oguako, B OTAHYHE OT YH-
CTO KOHBEKTHBHOTO T€peHOCa JHCNepCHsi MPHBOAHT K Oojee paH-
HEMY CPOKY MOfIBJIEHHsl BeIlleCTBA B PAacCMaTpPHBAEMOM CEYeHHH
nJjacra. ;

Ecnu na BXome B mosyorpanuueHubiii miact 3agaercs YCJAOBHE
IIT pona B Bume (3.23), To pelleHHe MPAaKTHYECKH COBNAAdeT

peuwendeMm (5.6) npu -E—x>10, T. €. yXKe Ha OJH3KOM pacCTOAHHH

oT Bxojaa {2].

2. Ilpn KpaTKOBpeMeHHOM <«NAKETHOM» MOCTYMJIEHHH 3arps3-
HSIOIIEro BEIlecTBA B IJIaCT BMecTo pewenus (5.7) mnoayuaem
[137]:

- s r—Vtjn x—V(t—ty)/n
{C{x, t)_—0,5{erfc—-—21/m erfc—__.‘z]/Dt—m ] (5.11)

B nanHom ciyuae M3-3a AMCIIEpPCHH TPAHHULI <«MaKeTa» NpH
¢uabTpalHH Kak Obl pa3MbIBAIOTCA, BCJAEACTBHE Yero JJHHA MNa-
Kera, y BXola paBHas lp=Vi/n, mo Mepe ero npoaBHKeHHS B
nnacte OyAeT yBeJNMUHBATLCA, 4 MAKCHMAJbHasi KOHUEHTPALHU:
KOMIOHEHTA Cyaxe — YMEHbBIIATHCS (puc. 33).

*Z'
base?
2\ bvnxe2
7 4,
7% =
/ ; Y y o 2

PHc. 33. HaMeHeHHe KOHUEHTPAUHH BellecTBa NPH «MAKeTHOM» 3anycKe:
*p — AJNHA MaKeTa; X, X; X3 — KOOPAHHATHl TOUKH ¢ MAKCHMANbHON KOHIEHTpauHel B ma-
KeTe B MOMEHTH! BpeMeHH fy, fa, 13

_ Bpems fyane mpHXOZa MaKCHMaJAbHOI KOHUEHTPALHH BellecTBa
Cyaxe B TOUKY X MOXKeT GBITH HANAEHO H3 (5.11) npu ycnosuu
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ac
=0. Ananus noayyeHHOTo pelleHHs ToKaswiBaer [126],

Ot [ =tyaxe
YTO NpH < 0,07
MakKc
Fail R LB (5.12)
rie _XVCL_ = i1 — BpeMs JIBHXKEeHHSs SEFPHSHEHHH OT BXOJa B IJ14aCT

A0 panHoi toukn x. O6wemuusas (5.11) m (5.12), mMoxHO onpene-
IHTb Cuaxe [84]: '

Cyaxe = 0,5 | erf Vin/n

xn
4 "/D(T +0,5:.,)_/n

-+ erf Viu/n = (5.13)

4]/0(%‘-—0,5&,)/::

®opmyna (5.13) nospoaser pemwaTh TakHe 3ajaud [POTHO3a,
Kak, HanpuMmep, onpeneneHue Cyaxc Ha PACCTOSHHU X NPH H3BECTHOI
JUIHTEeNIBHOCTH KpPaTKOBPeMeHHOTo 3arpsA3HeHus fy u 3agaHHbix V, n,
D; onpesnenenne paccTOSHHA X, HA KOTOPOM NPH H3BECTHOM BpeMeHH
{ IpOH30i/leT CHUXKeHHe KOHIIEHTPAlHH 3aTPsA3HAIONIEr0 KOMIOHRHTA
JO OmpeaejieHHOTO 3Ha4YeHH s Cu Aap.

3. Eciu Ha BXOJe B MJIaCT KOHIEHTPAIMs 3arpsasHsiolero Kom-
NOHEHTA H3MeHseTCs BO BPeMeHH N0 JHHeHHOMY 3aKOHY, B 110000
TOYKe IJacra

Clx, f) = Ra &, )

R, (€, m) = 0,5 [(1 —Em)erfc(E —mn) -+
+ (1 + &/m) e eric (& + n)]

3nech Bp— AMHTENBHOCTh MEePHOJZA BO3pACTAHHA KOHIEHTPAIHH Ha
Bxofte ot C=0 g0 C=C,,. OcraabHble 0603HAYEHHS TE e, UTO H B:
pemwennun (5.6).

3nauenus Qyuxuun Ry (§, n) npeacrasiaensr B Taba. 11 [19]

Boslee cl0KHBII 3aKOH HM3MEHEHHSI BO BpPeMEHH KOHIEHTpalHH
KOMIIOHEHTa Ha BXOIHOM Y4acTKe MozkeT ObITb aNIpPOKCHMHPOBAH
HECKOJNbKHMH OTpPe3KaMH TNPSMEIX JHHHi H TOTAA pelleHHe MOKeT
OBITH NOJYUEHO MYTEM COYeTaHHs pellenHs (5.6) A/aa ckaukooOpas-
HbIX H3MeHEeHHi{l KOHIeHTpauuH Hu peuwenus (5.14) naa JuHHENHBIX
H3MeHeHHuil. 3ajaud ¢ MepHOAHYeCKHM H3MeHeHHeM Cpx paccmaTpH-
Baauch B paborax [20, 104, 153].

Ananus umeromuxcs pemeunu ypaBHenusi (3.19) nas Boaouoc-
HOTO TMjacta orpaHuueHHoil mimusl [2, 51, 73, 140] nokasvinaet, uTo:

_|_

; (5.14)
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Ta6aunna 11
3navenns R,

n
£
¥ 0,05 0,1 0,5 1,0 2,0 3,0
0,01 0,990 0,991 0,996 0,999 1,0 120
0,10 0,896 0.905 0,956 0,988 1,0 1,0
0,20 0,793 0,802 0,905 0,971 0,999 1,0
0,30 0,691 0,711 0,846 0,948 0,998 1,0
0,40 0,594 0,617 0,782 0,920 0,997 1,0
0,50 0,504 0.528 0,714 0,885 0,994 1,0
0,60 0,420 0,445 0,643 0,845 0,991 150
0,80 0,279 0,301 0,499 0,745 0,978 1,0
1,0 0,174 0,191 0,365 0,628 0,954 . 0,999
1,2 0,101 0,113 0,250 0,504 0,901 0,997
1,5 0,039 0,045 . 0,126 0,822 0,817 0,988
1,8 0,013 0,016 0,035 0,179 0,629 0,966
2,0 0,006 0,007 0,028 0,108 0,575 0,935
2,0 0,001 0,001 0,004 0,026 0,264 0,760

-

NpHU SHAYHTENLHBIX PACCTOAHMAX 10 yAaJeHHOTO KOHTypa Iuiacra,
YTO OCBIYHO M HMEEeT MeCTO HPH NpPOrHO3aX KayecTBa MOA3€MHBIX
BOI B CBfI3H C HX 3arpsi3HeHHeM, MOXKHO C JIOCTATOYHOIH oJIs Tpak-
THKH TOYHOCTbIO PAacCMaTpHBaTh BMECTO OrPAaHHYEHHLIX MOJYOrpa-
HHYE€HHbI¢ MJacThbl.

Pacnpepenenne KOHUEHTpPAalUHH BelmecTBa ¢
YUYeTOM NONepedYyHON AHCNepCcHH. B npuBeneHHBIX Bbllie
PelleHHsX YUYHTbiBaJdach TOJBKO IHCIEpPCHsi, NPOHCXOAANIAas B Ha-
NpaBJeHnH CKOPOCTH QHAbTpauuu. Mexay Tem Aucnepcus Hab/aoma-
€TCd H B MONepeyHoM IIOTOKY HaNpaBJeHHH, TpPHYEM OCOOeHHO
HHTEHCHBHOE paccesinie BellleCTBa B (')JIHOMEPHOM q)HJIpraLIHOHHOM
MOTOKe OTMEYaeTcs NPH MOCTYMJIEeHHH MeueHOH XKHAKOCTH He BO BCe
ceyeHHe, a B OT/Ae/bHble Y4aCTKH BOJOHOCHOTO TJIacTa.

Jucnepcuss B pasJHYHBIX HaNpaBJeHHsIX MPHBOIHT K 06pasoBa-
HHIO CJOXKHBIX I10 CBOUM OYEepPTAHHSM apeasoB 3arpsi3HEeHHil B. BO«
AOHOCHBIX TOPH30HTAaX. Ocobenno 3aMeTHO 3TO B YCJIOBUAX [bl[ﬂhT-
palMy 3arpsi3HEHHBIX CTOYHBIX KHMIKOCTell M3 HAKONHTeNeil, XBOCTO-
W IIJaMOXPaHWJIUIL W APYTHX THIOB NPOMBIIIJIEHHBIX GacceiiHoB.

3amaua mpornosa (OpMHPOBAaHHS apeaJsioB 3arpsA3HeHHi C yue-
TOM nBymepHoﬁ AHCIIEPCHH MOZKET OBITh paccMOTpe€Ha Ha OCHOBe
HcxonHoro ypasnenus (3.19), xotopoe [/ H30MHPOBAHHOTO IlJacTa
(Dy2=0, g,5=0) B mexapTOBHIX KOOpAHHATAX MNpEACTABJSETCH B
BHIE

82C 9°C oC ac ac
D,—+D,——V, ——V, —=n——, 5.15
* ox2 T8y ay? * ox Y oy ot (5:19)
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Tle HHAeKCaMH X, y 0003HaYeHBb cooTBETCTByfomue BeMH4HHBl D |
V B nanpasaenusx x, y.

Pewennie ypaBHenus (5.15) ansa cayuasi pacrekarus um pacces-
HH$ BellecTB NPH (PUIbTPALHH H3 HCTOYHHKOB 3arpA3HeHHs (B yacT-
HOCTH, M3 OaccefiHOB MPOMCTOKOB) MOC]e MpeKpalleHHs MOL4aYH B
HUX cTOKOB nosyuedo H. H. Bepurunsiy [34, 39].

PaccMoTpuM TOT e IpoLecc, HO AJIA NMOCTOSAHHO AEHCTBYOLIEro
HCTOYHUKA 3arpsA3HeHHs, KOTOpPLI CXeMaTHYeCKH MOXKHO Mpencra-
BHTh B BHJe BHITAHyTOro (yAauHeHHOro) OacceiiHa. B 3Tom cayuae
¢uabTpauus B NJaHe MpaKTHYECKH $BJAAETCH OZHOMepHOll (BIOJB
oCH X), a B pa3pese — IByMepHOii — 0 ocAM X u y (puc. 34).

\4’7

7

Pnc. 34. PacueTrHaa cxeMa OHABTPAUHH K
AMCHEPCHH  3ATPA3HEHHBIX CTOKOB M3
yAauHenHoro Gaccelina

Bynem cuutath, uTo AHO Gacceiina umeeT GOpMY MOJYUHIHHAPA
OTHOCHTEJIbHO BechMa MaJjoro paauyca rp; AauHa OacceiiHa 2[ u
MOLIIHOCTh BOJOHOCHOTO IJIACTA BEJHKH, TAK YTO BJHSHHE MOIOMIBBL -
nJacTa MOXKHO He yYHThIBaTh (m—-oco). [Ipu 3THX yC/JIOBHSAX BBIPA-
JKeHHe [/1d Harnopa (uaM noBbienus Hanopa) AH B o6oi Touke
X, y u B JI060H MOMEHT BPEMEHH t npn 6oNee MJIH MeHee JJIHTENb-

HO# (UABTpALUH (Kornat>>2 5 ——— % +y ) MOZKHO MpeiCcTaBHTb CJe-

LyUM 06pasoMm:

; S
A== (laR s yz)) — Ix—Ayy. (5.16)
47kl R

3nech Q—cymMapHBil pacxon Gacceiina; R~ 1,5 Yat; a — koapdu-
IIHEHT Mbe30MPOBOJHOCTH; [e— FPAJHEHT eCTECTBEHHOTO [0TOKA
noi3eMHBIX BOA (IO OCH X); Ay — HEKOTOpas CpelHssi BeJHYHHA
TaK HA3HIBAEMOT0 «PaBHTALHOHHOTO TpajiHeHTa», O00YCJIOBIEHHOTO
OTHOCHTE/IBHOIl PA3HOCTHIO MIOTHOCTe!l KHAKOCTH, (QHABTPYIONIeICs
13 Gacceiina (y;), U IPHPOAHBIX BOX (yz).

Kak puano us (5.16), cocraBasiomine CKOPoCTH GHIbTPALHH

\ d (AH
V,=—k—— ) ey =—k—(—)_ 3aBHCAT OT KOOPAMHAT X, Y
i ox s 7 7

H, KpOMe TOTO, OT KOoHUeHTpauun C, NOCKO/IbKY BeaHuHHA Ay ABJA-
erca (QyHKIHEN KOHLUEHTPALHH.
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L

Crporoe pellense ypaBHeHus (5.15) B 3TOM Cjayyae HAaTajlKHBa-
eTcs Ha OOJbllHe MaTeMaTHYecKHe TPyAHOCTH. IlpakTnyeckn OHO
MOzKeT GbIThb IOJYYEHO TOJIbKO YHC/JAEHHBIM METOLOM.

37ech Mbl JaeM pelieHHe JaHHON 3aiayH, NPHHHMAasg CKOpPOCTH
V. n V, yCJIOBHO NOCTOSHHBIMH.

HecmoTpsi Ha NpHOJHIKEHHOCTb TAKOTO peIleHHs, OHO BCe ke
[aeT BO3MOMKHOCTb IIPOCJIeIHTb HEKOTOpble 3aKOHOMEPHOCTH MHIpa-
1M BelllecTB B JByMEPHOM NOA3€MHOM NOTOKe.

Beenem HOBbIe NMepeMeHHbie

u=yVD,JD,, C= Cexp(—ax+ ou-+vi), (5.17)
rae
Vs v, Vil 4+ v,z
o= I = R A b
2D 2D} 4D}
o ok S De

n n n

Vpasuenue (5.15) yI06HO BHIPa3HTh B IHJIHHPHYECKHX KOOpPXH-
HaTax

9°C Lo e e Fr ' 1
—_ e —— . — —— —— e il Lo . 8
Ao D, ot =V : L)
Ha xontypax GacceiiHa mpumem ycaosue: :>0, C = Cyx=const.
C = C,y exp (vt — auxy + 0tty). . (5.19)
Tpu 3TOM pellleHHe 3ajaud MPEACTABHTCS B caenyouei ¢opme:
C = Cpe exp o (x — Xg) + 0 (u—tg)l (Ry — Ry); (5.20)
Ry = Ky (r V/¥ID; ) [ Ko(ro V/ %D ); (5.21)
Rtz &F.O,_j' exp (— vt — o) [y (MT)QNO (M) *‘in (A) N (Ar)] AdA . (5.29)

) (vt + fob?) [75 () + No (V]

0
3nech Jo 1 No— cumBoabl yHKuHH bBeccens OT JNeHCTBHTENBHOTO
apryMeHTa COOTBETCTBEHHO NePBOr0 H BTOPOrO poja HYJEBOTo Mo-
paika, '

B ¥

fu= 3 i
r

R

o
S~

dyHKUHA R, KaK BHAHO W3 Bhipamenus (5.21), He 3aBHCHT OT
BpeMeHHM M Xapakrepusyer co0oil CTalHOHApHOE - pacnpelc/eHie
konuenrpaunn C(X, u, f=00) no BCeH paccMarpHBaeMoil 06/1acTH
(hHabTPaLHH. b
®OyHKUHSA Rz 3aBHCHT OT BpeMEHH H KOOpIHHAT, npuueM, Kak
caeayer M3 CTPYKTYPH BhIparKeHHs 310l (PYHKUHH, INPaKTHUECKH
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3HaueHHe ee yMeHbluaerca (Mo cpaBHeHHIO ¢ GyHKmuell R|) I0BOJb-
HO 6bICTPO U MpH {—00 Ro—-0.

Takum oOpasoM, apean 3arpAsHeHHil W pacrnpefeseHHe H30JH-
HHII KOHUEHTpalHH 3aTPA3HEHHII B MOILHOM BOJOHOCHOM IIJIaCTe CO
BpeMeHeM MPHOOpETAIOT CTALHOHAPHOE MOJOXKeHHe. IT0 00CTOsf-
TeJIbCTBO MOAKPENIseTCH NaHHBIMH TOJEBBIX HAaGJIIOAEHHI, MOYYH-
TelbHble NMPHMEPbl KOTOPbIX MPHBOAATCH, Hampumep, B paborax
B. A. T'pa6osuukosa, B. I'. CamconoBa u ap. [47].

Paccmorpum nojapobHee dyHkuuio R,. YuuThiBas, uTo O0BGBIYHO
v/D; BE/HKO, MOXKHO BOCMOJ/Ib30BATbC PasJorweHHeM (QYHKIUY

Beccens
Ko () = =
2] A m——,
4 = V 22/
ITpu stom, nonaras Ry;=0 u ucnonb3ys npHHATbie 0603HAYeHHS
118 «, ¢ 1 v, BMecTo (5.20) noayunm

0,5
L0 exp— [V, (¥ — %) +
r D

EZC(.\'. i, t - o) i

CBX X
+Vule—up) =V, (r—r,)], (5.23)
rue s
V,=) Vi V2.

Ipu r=ry, x=%p, u=uy, C=Cyy, a npu r=o00, x, u=00, C=0.
Cile10BaTebHO, B pacc'marpnsaemojf cxeme apean (hUILTPYIOUIHXCH
PacTBOPEHHBIX BellleCTB HMeeT OrpaHHUEHHBle pas3Mepbl H 3a €ero
npenenaMu B BOAOHOCHOM IJIACTe cOXpaHsercs ()OHOBasi KOHLUEHTpa-
{5l 3THX BeLIeCTB B €CTEeCTBEHHLIX VCJIOBHAX (TOuHee, 40 Hauaja
¢uabTpannn u3 Gacceiina). ;

Ha puc. 35 nokasaHbl KOHTYpPEI apeajioB 3arpssHeHHS [013eM-
HBEIX BOJ, pacCyHTaHHble no (5.23) nNpu CJAeAYIOIHX MapaMerpax:
Q=2500 m*cyr; 2/=500 m; ro=2 M; k=50 m/cyr; [.=0,001;
D; =D, =0,1 m2/cyt; Ay=0 (puc. 35, a) u Ay=0,0004 (puc. 35,6).

Oobpamiaer na ce0si BHHMaHHe CYLleCTBeHHOe 3HAUYEHHE B ¢op-
MHDOBaHHM apeaJsia 3arps3HeHHil TPaBHTALHOHHOTO MOTeHUHaaa-Ay.
[Ipu Ay=0 apean sarps3HeHus OyAeT 3aHHMaTb BEPXHIOID YacTb
naacra. C yra/jeHHeM OT XpaHHMIHILA KOHUEHTPALUHH CHUXKAIOTCA, a
MOLIHOCTb 3arpsi3HeHHO TOJIM MOPOJ MOCTENeHHO YBEeJIHUHBAETCS.
B cayuae Ay>=0 (puabTpanHOHHbIH NOTOK M3 XpPaHH/IHILLA MOTPyrKa-
ercsd B IayOb mjacta, a Ha NMOBePXHOCTH BOJOHOCHOTO TOPH3OHTA
HHTEHCHBHOE 3arpsisHeHHe MOKeT H He nposiButhed. Ilpu D.>D,
pasMepHl apeajia 3arpsi3HeHHsi MO OCH 2 OYAYT MeHbLIe YKa3aHHBIX
Ha pHc. 35. g

M3MeHeHHe KOHIUEHTpALHM 3arps3HAIONIEr0 BellecTBa NpH Ay=
=0,0004 mo rayOuHe BOZOHOCHOrO MJacTa Ha PasHOM pAacCTOAHHH
or xpanunnma (¥=20 m u ¥x=75 M) noxkasaHo Ha puc. 36.
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Xapakrep pacnpeneaenis KOHLEHTpaluii-3arpsa3HeHiiii B Nog3emM-
HBIX BOJax mo (5.23) B o6lleM COOTBETCTBYeT HATYPHEIM AaHHBIM,
UTO BHIHO M3 CONOCTaBJeHHs pHe. 35, 6 m  puc. 37, Ha KoTOpoM
TIpHBeJeHbl Pe3yJbTaThl THIPOTEOJOTHUYECKHX M3LICKaHHII H Ha6/o-

E74
&M

Puc. 35. Apeaa pacnpocTpaHeHMs 3arpsi3HeHMil B MoJ3eMHBIX BoAax B pafione Xpamuauma npm

=5 m¥jeyr, KI, =005 m/eyt, D =Dy =0.1 M*/cyT.

TlocTynnenueé 3arpAsHeHHBIX BOA: @ — ¢ MaJjoii mMHHepasnusauueill (Ay=0); 0 — ¢ noBwlIIeHHOH
MHHepaausanHeil (Ay=0,0004)

JeHHIH 3a COCTaBOM NOJ3eMHBIX BOJ B palioHe He3KpPaHHPOBAHHOTO
XBOCTOXPaHM/IHILLA, cOJAeprKalllero CTOYHbIe BOAbl C MHHepaau3auei
5—9 r/a [46].
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OTMeTHM B 3aK/0YeHHEe, YTO YHC/AeHHBIE H aHAJHTHUECKHE pelle-
HHsi ypaBHeHusi (5.15) ANf HEKOTOPHIX CXeM C TeM MM HHBIM
npuGnuKenuem nawotcs p paborax [141, 143] u xp.

Pauc. 36. MameneHnne KoHUeHTpamum 3arpssuennit 8 noa- 4 405 47 qIF 42 225 F
L] T T T T 5 s

3eMHBIX BOAaxX no rayOuHe naacta npH 'A_\'=0.00{I4
(X — paccTOsHHE OT XpaHHAHUIA) 4

[a=a)7 [z [ =77 D4 B3

Puc. 37. CxemMa pAacnpoCTPAHEHHS 3arpA3HeHHs B NMOA3EMHLIX BOAAX (no B. A. T'paGoOBHHKOBY)

a— nnan; 6 — paspea mo amEuH A—B: I — XBOCTOXpaHHAHINE, 2 — CKBAaXKHHA M COlepXKanue
MHKPOKOMNOHEHTa B MKC/iI; § — CHAPOHSOTHICH; 4 — H3OJMHHKIH COAGPHAHNA MHKPOKOMIOHEH-
Ta B MKr/a; 5 — ypoBeHb MOA3EMHBIX BOX
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PEWIEHHE YPABHEHHA MHUIPALHH COPBHUPYIOULHXCS
KOMINOHEHTOB

HsoanpoBannblii naact. K noriouennio sellectsa B Nopoje
NpH QHABTPALHH 3arpsA3HeHHLIX BOJ, KaK YKas3hiBa/Joch Bbille, MO-
JKeT NpHBECTH KpoMe cOGCTBEHHO COPOHHOHHBIX [POLECCOB TaKikKe
3a/lepKKa BellecTBa B 3aKPHITHIX «TYNHKOBBIX» 1Opax H paA APYrHX
ABJeHHI. [/ cyMMapHOii OlleHKH KHHeTHKH 3THX NPOLECCOB Mpej-
CTaBJISIETC BO3MOXHOCTh HCNOJb30BAaTh ypaBHeHHe (2.7) ruaBel 2,
B KOTOPOM KO3 ®HUHEHTH « U B clelyeT paccMaTpHBaTh Kak 0606-
lleHHble TNapaMeTphl, ONpejejseMble ONLITHbIM myTeM, a N — Kak
CyMMapHOe KOJH4YecTBO BelllecTBa, copOMpPOBaHHOE M 3alepKaHHOE
nopoaoii. :
‘Pewennem (2.7) apasercs [23, 25]
dN jr'O_C

—_— =
ot

: e—2B (=) g, (5.24)

ITpn noacranoeke (5.24) B ypahenne (3.19) raasel 3 (Kak u
npexae, npu Dys=0 1 g,2,=0) nmeem:
1 4
Pyl 5 % + na \ -?f—e—“ﬁ {=thgr. (5.25)
0

ox2 0x 0]

Bripazkenie B nmpaBoil yacTH, oTpakalolllee KHHETHKY IOIJOLLe-
HHA BellecTBa NpH (PUJbTPALH, MOKAa3bIBAeT, UTO H3MEHEeHHe KOH-
uentpaunn C BO BpeMeHH NPOHCXOAUT Kak 6bl B 3aBHCHMOCTH OT
JABVX BHI0B NOPHCTOCTH — OJHA H3 HUX TIOCTOSHHAfA, a Apyras Ha-
MeHfAeTCs BO BPeMeHH 110 3aKOHY 3JKCNOHeHTH. IloatomMy B AaHHOM
cayyae npolecc NorJoLleHHs BelllecTBa MOXKHO (OpMaJbHO CBECTH
K KOHBEKTHBHO-MOJIEKYJISIDHOMY IIEPEHOCY B cpele ¢ H3MeHsIolleiics
BO BPEMEHH NOPHMCTOCTbIO. DTO CXOAHO ¢ (HIAbTpPauHeld B TPeLlHHO-
BaTBIX, @ TaKyKe B CJACHCTHIX BOIOHOCHHIX TIacrax [25, 103, 124,
145].

Ilpn D=0 u ycJoBHAX:

=0 €=0

s | RS A3 1 LR T (5.26)

X—>co, =0
pemenie ypasuenns (5.26) nmeer sux [99]

C——=F@,v" (5.27)
rie :

oxn in
= = LT
n ot =i ( i )

@yuxkuusa F(n, t) BbluncjaeHa B pabore [85] n B Buae Tabanunl
NpHuBeieHa B NpUJIOK. 4 HACTOALLEH KHHTH.
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Hs (5.27) caenyert, uto u npu orcyrerBuu aucnepcun (D=0) Ha
rpanuie Mexkay (HIbTPYIOLLelics 3arpA3HEHHOH M IJIACTOBOi BOIOMH
HMEeeTCsl yuacToK, Ha KOTOPOM KOHIEHTpalLHs KOMIIOHEHTA BCJEICT-
BHE TPOSIBJIEHHs KHHETHKH COPOLHH MOCTENeHHO CHUxKaercs or €=
=1 o By t) .

910 06GCTOATENBCTBO MOKHO MPOHJJIIOCTPHPOBATH ACHMIITOTHYE-
CKHMH pelleHHsIMH YpaBHeHHs (5.25) — mas MaJdbpix H  OOJBIIHX
NEePHOJI0B BPEMEHH.

B nepBom cayuae (n‘pu BpeMeHH nmopaaka f < O—BI-)
(¢}
Cme Vv ft—N, A= ": , (5.28)
BO BTOpPOM CJjyuae (nopsuma t > —%) .
4

Caflt—N, b ey 5.29

fE—H, A=—7, oo (5.29)
B stux ¢opmyaax f— eaunnunas dyukuusa; f=1 npu t>A u

t=0 npu t<<h.

U3 dopmyast (5.28) caemyer, 4To 1m0 MyTH (QUIABTPALHH KOHUEHT-
pauus B peayjbrate cOpOUHH YMeHbllaercs, ofHako Inpu OGosaee
3HAYMTENbHbIX BpPeMeHaXx, Kak BHAHO H3 (opmyJsl (5.29), copOiHoH-
HBliT (POHT JABHIKETcs TaK e, Kak (pOHT HeiiTpanbHOl, HecopOH-
pyloleiicsi mpuMecH (IO MOPUIHEBOH CXeMme), HO C OTCTaBaHHEM OT
Hero (mockosabky V*<V). ;

®opmyaa (5.29) mokasbiBaeT TaKKe, YTO NPH JUTHTEJbHON
GUIBbTPALHH KHHETHKOI COPOUHOHHBIX TpPOIeccOoB BOOOLIEe MOMKHO
npene6perath (B 5Ty (opmyJy mapaMerp CKOPOCTH ¢ He BXOJHT)
H CYHTaTb 3TOT [POLECC PaBHOBECHBIM.

K takomy e BBIBOAY INPHBOAHMT pAacCMOTPEHHE YpaBHeHHHA
(5.25) ¢ ywerom amcmepcui, T. e. npu D==0. [lna aroro caydas
MoaHOe pemreHne mojaydeno B paGore [145]. IlpuGaukeHHo, Koraa
YUHTHIBAETCS PEKHM MapaJiiesibHOr0 IepeHoca H rpaHHyHOe yCi0-
BHe Ha BXoje cTaBuTcs npu x=-—oo, B, M. lllecTakoBbiM MOJY4€HO

clefyioliee BhipaxeHue [85]:

L

C ~0,5erfcE, : ' (5.30)
rme
£ ne—Vi _Vn , PnD :
2V a(Vt—nx) ’ af 14

Ecan ke npuaath ycnoBHe C=Cyx npu x=0, acHMIOTOTHYECKO®
pemtenne ypasuenns (5.25) misi MaJblX H OOJMBIIHX MOMEHTOB Bpe-
MenH moayuaetcst B Takom Buae [25, 81, 93]:

Vx
T~ 0,5[e—%nerfc (E —n) + e ericE +n)e”” . (5.31)
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O06o3nauenus 3/echb CleAyIOIIHe:

: 0,1
A5 MalblX MOMEHTOB BPEMEHH(HOPHHKB < —ﬁ-)
o

x T e
Boe e SR ) W 5.32
3 o n ‘/(4nD+) (5.32)
JIa5 60abLIMX MOMEHTOB BpeMeHH (nops:uma t> —ig—)
g : Y e (533
T 2YDBn(+B) & 4(1+8)Dn 624

Jlsis mocJefHero cayuas npu f—-oco BMecto (5.31) umeem: C=1.
310 03HAyaeT, 4TO NpPH MOCTOSHHOM MOCTYIJIEHHH 3arps3HeHHH OHH
TeopeTHYeCKH B JI0OOM NyHKTe IJacra JOCTHTaloT TaKOH Ke KOH-
LEHTpalli, KAK H B HCTOUYHHKe 3arpsasHenuii. OfHaKo, KaK BHIAHO H3
NpHBeLEHHBIX pelleHH, NMPH XOpouo copOHPYIOWHXCSA BellecTBax
(xorna P< 1) NPOHMCXOHNHT CyLleCTBEHHOEe 3aMeJjieHHe JBHKEHH:
¢ponTa uIBTPANMH PACTBOPA MO CPAaBHEHHIO C ABHKEHHEM HECOp-
Oupywoulerocs BelLlecTBa. :

30Ha AHCIEpCHH B YCJAOBHAX COPOUMHM NpPHOIHAKEHHO MOXKeT
6LITh ONpejelieHa Mo caeaywolulei Gopmy.e:

L,~66VDpn{l+p, (5.34)

T. e. copOuus NMPHBOJAMT K COKPALIEHHIO [JIHHBI 30HBI JHCIEPCHH,
npuuemM TeM OOJIbIIEMY, YeM Jyuule COPOHPYETCS BellecTBO (coor-
BETCTBEHHO, YeM MeHbine Ko3dduiuent f).

[lpun nakerHom 3amycke COPOHPYIOLLErocs BelllecTBa CKOPOCTDH
JIBUJKEHHS TAKeTa H ero JJIHHA TakKiKe YMEHbIIAKTCs IO CPaBHEHHIO
¢ IBHJKEHHeM NaKeTa HecOpPOHPYIOLIErocs BellecTBa (C yueToM 3a-
sensl V na V#). CHHXKeHHe MaKCHMaJ/IbHOH KOHIEHTPAIlHMH BellecT-
Ba npH (QUALTPALMH COPOUPYIOILErocst nakera Oyaer 6oJiee 3HAUH-
TeJbHBEIM, ueM 3TO Oblio Obl A5  HecOpOHMPYIOLIErocsi —BellecTBa.

Ipu duabTpaunn naxkera ¢ copOUPYIOUIHMCS BelleCTBOM BBITEC-
HlOllAs ero uhcTas »BOJAA MOXKeT OKasbBaThb JecopOupyioliee
JelicTBue ¢ mapaMerpaMu jecop6uuH o W B, OTIHYAIOIMHUMHCA B
obluieM caydae OT mapaMeTpoB copOuuH o H f.

JlecopOuus NPUBOAMT K NepeMelleHnio paHee COpOHPOBAHHOTO
pellecTBa M YAJHHAET, TAaKHM 00pasoM, myTh PacnpoCTpaHEHHsS Be-
utectpa. T10JHOe HCYe3HOBEHHE H3 pacTBopa COpGHpYIOILErocs KOM-
MOHEHTA, NMONABIIETO B IJIACT B BHJE NaKera, INPOH30HIET uepes
Bpems ¢ [85]

(1+B) B!

t=1 1—-—-—] : (5.35)
”[ B (1+B)

rae ty— AJHTEALHOCTH NMOCTYIJIEHHs] PAacTBOpa B IIACT.

Ecai NpuHATL KHHETHKY copOuuu 1o dopmyse (2.8) raaBwe 2,
xapakTtepusyiouleli HeorpaHHUEHHYIO eMKOCTb MOTVIOLIEHHS I14CTa,
TO HCXOJAHOE YpaBHeHHe NPHMET BHI
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' R L %Xt naC. : (5.36)

Pelllerie storo ypasHenus npu ycaosusx (5.26) Bmipasutcs no
dopmyae (5.31), B kKOTOpOIT yHKLHH € U n caeayeT NPHHHUMATE A5
MalbiX MOMEHTOB BpeMeHH 1o (5.32). :

ITpn BecbMa 3HAUHTENBHLIX BpeMeHax, KOTAd MOKHO NOJIOKUTh.
{—oo, peuiende ypaeHenus (5.36) BBIDA3HTCA  caedylomum obpa-
30M:

E = exp[—%-(]//1+ 4?{’2‘“ —1)]. : (5.37)

IIpn D=0 pewennem ypacnenns (5.36) Gyner

C_‘=e"”’_nf(t—7t). =—"‘f—. (5.38)

rie f=0 npu <A u f=1 npu >

CaenoBarenipHo, H B 1aHHOM Clyyae KOHLEHTpalHs 3arpsAsHAI-
Ulero pewniecTBa yMeHbIIAeTCsl OT BXOIHOTO ceuyeHHd B I‘Jiyﬁb maacra,.
HO B Ka/K10M CEYEHHH BeJHUHHA ee BO BPeMeHH OCTAETCH IMOCTONH-
HOIL. _ :

HauHa yuacTKa ¢GuaAbTpaluuH, Ha KOTOPOM NPOHCXOJAUT OCHOBHOE

Vv
CHHJK@HHE KOHUEHTPAUMH, 3aBHCHT OT a, V u n; npu a < 0,01 —
3 nx

CHHJKEHHA KOHLEHTDAUHH NDAKTHYECKH BOOOILE He NPOHCXOAHT H
bponr GuabTpauMs IBHIKETCH MO CxeMe MOPIIHEBOTO BLITECHEHHSH;
€CIH JKe @ — 3HAYHTeNbHO, TO IOTEPs BellecTBA 3a CueT COPOLUHH
(moryiolleHHs1) OKasbiBaeTcs HeMaJoH.

Tunoseie rpadukn C(f) u C(x) npu paccMaTpuUBaeMOil KHHETH-
Ke peakuuu no gopmyne (2.8) B cayvanax D=0 u D=0 noxa3aHsl
Ha puc. 38. Illupuna 30Hb, B KoTOpoii C H3MEHsiETCs + OT 0,99 1o
0,01, cocrapasier:

C Y4€TOM AMCIEPCHH NpH [—-oco (k3 dopmyasl (5.37))

L,~93 2 : 3 (5.39)
4Dnao. 1
e
0e3 yuera AMCNepCHH NpH {>A= % (n3 dopmyas (5.38))
A5 . (5.40)

an

L,~ 4,6

Koopaunara ¢ponra ¢puibTpanuu Xp, cooTBercTBylomas C=0,5,
OnpeaenseTcs: H3 CJAeAYIOIHX COOTHOUISHHIL:
C YYETOM HHCHEPCHH IIPH {—-o0

x,,,:l,w[v(]/ L *1)J_I, ‘ (5.41)
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fes yuera gHcnepcHH

Xy = 0,7 = (5.42)

[lpusenennsie pemenns ypasuennss (5.36) crpaBeaHBbl Takie .
JUls OTHCAHHSl NPOLECCOB PaJHOAKTHBHOTO pacinajfa BellecTBa W
APYTHX XHMHYECKHX peaklHil, CONPOBOKIAMIIIHXCA OKHCIEHHEM,
OCayk/eHHeM KOMIIOHEHTOB H B CBA3H C 9THM — yObUIbIO HX H3
($uabpTpylOLIerocs pacTeopa.

‘| ] "
% =
e B

fp

Puc. 38, Tpaduku C (x) u C (f) npx KHHeTHKe peakuuu no dopmyse a;T= =qC:

4, 6 — Ges gucnepcHu; 8 — ¢ pHcnepcHedt

AupdysHoHHBINE OTTOK 3arpasHeHMH B CJAOH
KPDOBJH H INOJAOL B HIL.

Murpauus 3arpsisHeHHHt B CJIOH KPOBJH H TMOXOWBH AH(DY3HOH-
HbIM NyTeMm MOKeT ObiTh OLEHeHa TaKiKe Ha OCHOBE pELIeHHsi ypaB-
uentis (3.19) npu e, =ey,=0. Takoro poxa pelueHusi paccMaTpHBa-
Juch B paborax [21, 85, 99].

YpasHenue (3.19) B sTom cayuae umeer BuI (puc. 39)

o*C ac ac aN D, aC

D L) o i T R R s TNt ()
ox? ax ot a5 ot m. 0%z *

% Dy 9y (5.43)
m 0z |g

3necy C, Cy, C; u D, Dy, Dy — koHUeHTpaUHH H K03 HHIHEHTH
AHCNEPCHH COOTBETCTBEHHO B OCHOBHOM IIJ1lacTeé H B CJA0MX KpPOBJH
H INOAOIIBBI, /M — CpeJHAA MOILIHOCTH OCHOBHOTIO IJjacra.

aC.
ITpousBoauble AR ALTY
2 |z, 0z

ONpeNensiloTCs M3 ypaBHEHHIH

22
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Puc. 39. CxemMa K pacyeTy MHETpallHH 3a-
TPASHEHHBIX CTOKOB B CJOCHCTYN TOAWLY:
1, 2 — nHomepa ciaaGonpoHHUAEMHX Cll0eB

Y L i
3 ) il
AANNRS T P

= /77
A1/
"4 @
o'

Sea

:Cy , aCy o ONy,2
Ao - el T e i 1% oy e

(5.44)

Pemenne cucrembl (5.43) u (5.44) ¢ yueTom KHHETHKH cOpGuHH
5 10
no (2.7) npu anurtenbHoi GHALTPALHH (Kor,n;a l‘>—ﬁ uit>
2 el
10
93P,
H NoA cnabonpoHHIAEMBIMH CJOAMH KPOBJH M MOJAOMIBLI) KOHILEH-
Tpanus NpPOCJeXKHBaeMOro KOMIIOHEHTa COXpaHseTcs MOCTOAHHOM

(T. H. «OTKpBITasm cxemar) noaydaercs B ¢opme (5.31) npm cie-
AyIOIHX 3HaYeHHsAX YHKLHH E 0 n:

:2]/;74' n=]/(4Dn + E)

) H YCJIOBHH, UTO B CME}KHI)IJX BOJOHOCHBIX IJIACTax (Hall_

(5.45)
LA n,imy 14 B, Mylity 1+ B,
A p L 3nm ( ﬁ; >+ 3nm ( B2 )
R LR
nmmy nmms

M3 npuBefeHHOrO pelleHHsA cJelyeT, 4YTO B Inpelele, KOrAa
f—-o0, NpH MOCTaBJEHHBIX YCJOBHSX 3TO pelleHHe NpHOOpeTaer BHIL
(5. 37)

BMecTe ¢ Tem aHaJH3 3TOTO pelenis MOKasbBaeT, 4To npu 60-
Jee HJH MeHee 3HAYMTEIbHBIX MOILHOCTAX CJ0EB KPOBJAH M TOMAOII-
Bl, @ HMEHHO KOTJa

Tl
m o> 1,5+2) ) T, (5.46)

BJAHSHHEM CMeMKHBIX BOJIOHOCHBIX IJIACTOB, PACHOJOKEeHHBIX BHIIIE H
HIKe cJa6onpOHHIAeMBIX KDOBJIH H TOJOIIBBL, MOMKHO IpeHeOpe-
rath, T. €. IPHHAMATb, UYTO miyo—>oco. B 3TOM cayuae, ecin B OCHOB-

112



HOM TJIacTe He YYHTHIBATb AMCNEPCHH, T. €. B ypaBHeHHH (5.43) mo-
n0xuTh D=0, pelrenue 3TOr0 ypaBHeHHS COBMECTHO C yDaBHEHHAME:
(5.44) npHBOAHT K CJAeAyIOlIeMYy Pe3yJbTaTy: .

C= erfc(———)f(t—?t)

Bx
VYt—2

: : : (5.47)
B= o (VD, (1 + By) m/By + VD, (1 + By) /By

npuyeMm =0 npu t<A u f=1 npu >4,
A =x(1+B)n/VP.

W3 pewenns (5.47) BHITEKaeT, 4yTo, Kak H B ciayyae copOuuH,.
HEeCMOTPA HA TO, YTO B OCHOBHOM (HJbTpYIOLleM IJIacTe AHCHepCHs
He YYHTHIBAaeTCs, B pesy/bTaTe OTTOKAa 3arpsA3HEHHH B CJIOH KPOBJH
¥ MOAOWIBH 31ech o6pasyercs NMepexojHas 30HAa, B KOTOPOH KOH-
LEHTPAlHsl 3arpsA3HAIONIET0 KOMIOHEHTa MO NMyTH (QHABTPALMH H3-
mensiercss or C=1 go C=0, npuyeM 3Ta NepexojHas 30HA CO Bpeme-
Hem yBeauunBaercs. B rpanmuuax mexay €=0,99 u C=0,01 wupuua
nepexoHOIl 30HBI ONPeNeJHTCS H3 COOTHOLIEHHS

'L~6,6 _‘;_ Vi (5.48)

Koopannata Toukd, B Kotopoit C=~0,5 (dpponr d¢uabrpauiu),
Gyzner

Xy =~ V—K;—R » (5.49)

rie o603HaueHns Te e, uTo U B popmyaax (5.47).

Bce npuBeieHHbBle pelIeHHs JJIsl CAydaes, KOrAA He YUHTBIBACTCA
AHCMepCHs B OCHOBHOM (HJBTPYIOLLEM . IJjacre, CrpaBeiJHBbl HE
TOJBKO /5 NJ0CKONAapaJJelbHblX MOTOKOB, HO TaKkKe AJSA pajHalib-

5 2
HOit cxeMbl (DHIBTPAIHH, ecAH B HAX MOMOXKATE X=r’—ro H V=

== i (ro— pajuyc Kpyroporo KOHTypa HCTOYHHKA 3arpA3HEHH;
nm :
Q — huAbTPALMOHHBI pacXoj u3 Hero). Murpanus B paadajibHOM

NoTOKe paccMoTpena B paGorax [20, 126, 144].

CaellyerT B 3aKaiOueHHe OTMETHTb, 4o dopmyast (5.47) mpH
D;=D; u f;=p2=00 COBNALAIOT C ussectHoil (opmynoi Jlopepbe
1715 TenJonepeHoca B He()TEBOAOHOCHLIX MIaCTaxX [146].

MHUTPALLMA BHOJIOTHYECKHX 3ATPASHEHHA

HMmewmoniecss HeMHOTOUHCJAEHHbIE BKCHEDHMEHTHJ’IBHHE JaHHBIE TIC
KHHeTHKe copOuuu MHKpOOpraHnsMop [83] mosBoasioT npexmo.a-
ratb, 4TO AJ4 IPOTHO3a MHIpamHHu OHOJOTHUECKHX SEFPHBHEHHI?I
MOZKHO HCXOIHTb M3 HeJHHEHHON KuHeTHKH copOuun (2.6) npu p*=
=0 (cwm. ra. 2). [Ipu 3TOM, ecnu NPHHATDH D, D=0 u &,=0, 10
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®3 (3.19) moayumMm chaenyioulee ypaBHeHHe [JAf H30JHPOBaHHOIO
nJjgacra:

BV 22 ad M6 (5.50)
ox ot

rae N,—noaunasi copOUHOHHAS €MKOCTb FPYHTa MO OTHOLIEHHIO K

GHOJOTHUECKHM 3arpSA3HEeHHSIM.

Vpasuenue (5.50) paccmartpuBajock B paborax [37, 130], mo-
CBALEHHBIX BOMpocaM (UAbTPALMH MaJOKOHIEHTPHPOBAHHLIX CY-
CMEH3HA H 3MYJBTHPOBAHHBIX HedTENPOAYKTOB B MOPHCTHIX Cpelax.

Ipu C=Cy=const u V=const pewenune ypasHenus (5.50)
umeer Buj [37]

T CC = [1 4 e—0t+Bor — g—ut]—1 (5.51)
i Cax ro _ 2N,
" =& 6 ] ﬁ Vﬁ L

rie 6 — IVIOTHOCTh OaKTepHalbHOH MaccChl.

O6o6uiennbit napamerp copbunu a’ (l/cyr), takum obpasom,
3aBHCHT OT HAYaJbHOTO COAEPIKAHHS MHKPOOPraHW3MOB, a 0000-
uennblit napamerp B° (1/M) —or ckopocTH (PUABTPALHH H TIpeeb-
HOIl eMKOCTH NOTJIOIIeHHs] MHKPOOPTaHH3MOB. ‘

OcoGeHHOCTH aACOPOLHH TOTO HJM HHOro BHAa OaKTepHil TpyH-
TaMH ONpefeJeHHOTO CTPOEeHHA H TPaHyJOMETPHYECKOro COCTaBa,
Cllel0BAaTeNbHO, NOJMMKHBI HAiTH CBOe OTpaKeHHe B napamerpax o’
y BY dast MX onpejesieHHs 110 3KCNEPHMEHTA]bHBIM AaHHBIM yapoo-
HO BOCNIOAb30BAThCA BbIPAKEHHSIMH, BbiTeKalOWHMH H3 (5.51):

: In F’(l-@
t,—t,  C(1—Cy

ﬁ0=-i—ln[1 + luc_ew]

(5.52)

&

3peck €; u Co— OTHOCHTE/JbHblE KOHUEHTPAUUMH MHKPOOPraHH3MOB
B BOJe Ha PACCTOSHHH X OT BXOJHOrO CeYeHHsi HA MOMEHTbI BPeMeHH
t, W f», OTCUHTBIBAeMble OT Hauaja (UIbTPALHH BOMBL, COAEpIKalleil
MHKPOOPraHH3MBbl.

O6paGoTKa OMNBITHBIX AAHHBIX 1O (HABTPAUMH BOAbI, COAEpPIKA-
weil 6akrepun Esh. Coli u ®ar MS; (cm. ra. 2), no (5.51)—(5.52)
nana cjaelyiolliHe 3HaueHus copOuHOHHBIX mapamerpoB o u B

Y

(raba. 12).
B coorBercTBHH ¢ (5.51)
Cox/Ny = a/pV . (5.53)

Jas onbita 1 (cM. tada. 12) Cax/anéo,T. e. mocTynalpiiee ¢

BOJI0I1 KOJHYECTBO MHKpOOpPraHWaMoB Oblio B 50 pas MeHblue mpe-
ﬂe&'leOl‘:l €MKOCTH IOIJIOLIeHHA.
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TaGanna 12

AncopGus MUKPOOPraHH3vos npu ¢ilIbTPaUMW 3arpsisHEHHLIX BOJ B neckax

§- ::E;; g TapameTpsl ajfcopSuuus
e T eopa |2 | € | H » =
Bl .5 mpo6 %, ou | S | 5 | bomm G wep WA | H
o n_z B; g z" = %
B gL | g = =1
g - 2 % gs. z s s . )
= A= Op | <= 8 o =
1 0,2 20, 40, 60 [ 1,0 10,195 Esh. Coli 0,085 4,26 1.108¢-
(1,8+2,4)-104
' dar MS, 0,062 20,4
2 0,2 |24, 46, 77, 1,780,215 Esh. Coli 0,263 8,70| 3-107
90 (1,6+9,3)- 10
3 10,5—1,0 (29, 51, 75, |1,78(0,254| Esh. Coli(2+9)-105 0,205/ 8,50| 4.107
90 d

DKCNepHMeHTaNbHO onpejeseHHble 3Hauennsi C B ueaom GMH3KH.
K pPAacueTHOH KPHBOil, MOCTPOeHHOil no ypasuenuio (5.51) npu yka-
3aHHBIX B Ta6Ja. 12 3navennsax nmapamerpoB o’ u f° 370 ypaBHeHHe
N03BOJIseT TaKKe clejaTbh NPOrHo3 paccrosuua Xz, Ha KOTOPOM

KOHLEHTPAlHsA MHKPOOPTaHH3MOB K MOMEHTY BpeMeHH t cocTtaBut"
TO WJH HWHOE 3allaHHoe 3HayeHue C.

M3MEHEHHE COCTABA NOA3EMHbBIX BOJL
NPH PACTBOPEHHH NMOPOJbI

IMpu ¢uabTpauuu 3arpA3HeHHOIl BOMABI, PACTBOPSIOLLEil OTIeNbHbIE
COCTAB/SIOUIME TBepPAOrO CKeJeTa HJIM lieMeHTa BOJIOHOCHOH MOopo--
Abl, MHHepaTH3aUus MOJ3eMHbIY BOL MOKET YBeJIHYHTLCS, IIPH STOM
KOHIEHTpalua NepeXoAdllero B pacTBop BellectBa OyleT H3Me-
HATBCS 1O NYTH (QHIABTPALNH -OT HauaabHOTO 3HaueHns Cys (B UaCT-
noctH, Cyy=0) 10 KoHUeHTpaunu HachilleHHs: Cy.

Xapakrep saBucuMoctH C=[(x, ) mpu QuabTpauuu B NOPOLE,
coiep:Kalleil AHCHepcHOpaccesHHble UYacCTHIbI BOAOPACTBOPHMOrO
pellecTBa, NOApo6HO M3yuen B 3KcmepnMentax [76]. Ilokasawo, uto
NpH MOCTYIVIEHHH B TOPOLY BOAEL, B KOTOPOIl COAEpXKaHHE LaHHOTO:
semtectBa Cpe<<Cy, B 3aCOJIEHHON MOpOIe B HamnpaBieHHH QH/IbTPA-

LHOHHOTO NMOTOKAa (GOPMUPYIOTCS TpH 30HBL (pHC. 40).
1. 3osa A —mpujeraer K BXOJZHOMY CEUEHHIO H OXBATbiBAET

YYacTOK YiKe BBbIILeJOYeHHOH, 00eCCOIeHHOI NOPOMLb. 31ech coxep-
’KaHHe TBepAOit coan B nmopoxe N=0, a pacTBOpPeHHOIl COJM B BOAE
C=C;;.

9. 3ona B — «aKkTHBHA®%Y, B npejeaax KOTOPOH MPOHCXOAHT pac-
TBOpeHHe TBepJoil COJIH, IepexXoj ee B PACTBOP C NOCTENECHHLIM yBe-
JUuenueM KOHIEHTpauuu B pactBope of Cpx A0 Cy H yBeJHUEHHEM:

15 =



Colepxanns TBepAOH conu ot 0 1o HauadbHOro comepxanus N

3. 3ona B — oxBaTeiBaer Bcio HEBbILLENOYeHHYIO nopoay. B meir
TPOXOAHT yiKe NPaKTHYeCKH HacbllleHHbll NoToK (C= C,), JHuIeH-
HBlif pacTBOPsiiOLell CITOCOGHOCTH, H MOSTOMY 3aech N =N,.

®opMHpOBaHHe YKA3AHHBIX TPEX 30H MPOXOZHT B JBE CTALHW.
B nepsylo u3 HHX B rpyHTe HMEIOTCS TOMBKO 30HEI B K B; 30na A
TOABAACTCS. K KOHIY 3TOH cTaauM, cnycts Bpems To mocie Hauaaa
GuIbTPALKH.

a i 5 A .__ﬁ}_
T .
| 0 T’
I
& |
4 i !
lf_ ¥ } !
ﬂ & I o
" p ¥ AL l ¥
: — b z
R O o Ll :[»a-y 1)—-:-]7 |:'_:.'_'-_'j'.':'.j-'; BEmaanaag .;_’_y
Jora § Jovad Joma A Fena b Jonz b

Puc. 40. Cxema dopmupoBaHHa 30H npH DHALTPALMM BOABI B 3aCONEHHOM rpyHTe:
4 — nepeas cragusA; 6 — BTopas craius

Bo Bropyio craguio, . e. noc/ie BO3HHKHOBeHHSI 30HHI A, npowuc-
XOIHT NepeMellenne IPAHHI BbIAEJEHHEIX 30H B HANpaBICHHH [10-
TOKd, NpHYEM IMPH MOCTOSHHON CKOPOCTH (PHJAbTpALHMH IJAMHA 30HBI
A Bospacraer, 30ubl B —npakruueckn He H3Mensercs, 30Hb B —
yOriBaer.

Ipn ckopoctu dunvrpauuu V(x, {) pausa sons B Oyzer mepe-
MeHHOH. Pasmepbl 30H H CKOPOCTb HX TepeMelleHHs 3aBHCAT He
TOJLKO OT CKOPOCTH (DHJABTPALHH, HO W OT HAYa/JBHOTO 3aCOJMEHHS
rpyHta (KOJHYecTBa TBepABIX coJefi, pasMepa u (opM yacTHI[ CO-
nH). KoJHuecTBeHHOe ONHCAHHE 3TOTO NpPOLECCa NaHO B paborax
{32, 33, 76].

Ecan npunsate ncxonsoe nupdepenuuanbuoe ypaBHeHHe GajaHca
(3.19) mpu D, D;3=0 (nOCKO/bKY TNpH SHAUHTENBHOI CKOpPOCTH
QuAbTPaUMM JHCTEpCHell MO CPABHEHHIO ¢ KOHBEKTHBHBIM nepeHo-

aC
COM MOKHO nmpeHeOpeub), a Takme £;0=0 u e =0, T. e. paccmar-

PHBaThb MPOLECC PACTBOPEHHS B CTAlHOHAPHBIX YCJIOBHfAX, a YpaB-
HeHHe KHHeTHKH — B (popme (2.13), To nomyuum

Ve o (G — GV =0 (5.54)
dx

[Mpu Cye=const (Cux<Cy) KoAMUECTBO TBEPALIX codeil  BO
BXOJHOM CEYEHHH yMEHbIIAeTCs CO BPEMEeHeM [0 C/IeAylolieMy BhI-
Paxenuio, MONy4eHHOMY  HENOCPeACTBEHHBIM HHTErpPHpPOBaHHEM
KHHETHUECKOTO ypaBHeHHA (2.13):
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x = VN~ (C—Cy) t]". (5.55)

paCTBDpHMbEe BK/JIOYEHHA MOJHOCTbIO HCYE3HYT 3JeCb K MOMEHTY
To:

BB 2 1 (5.56)

LR, dp (Cqg — Cyy) R

Kax nokasbiBaloT 9KCHepHMEHTHI, HaxKe Aaf c1abopacTBOPHMBIX
CcOeJiHHeHHIl, HanpuMep runca, spema T, CpaBHHTe-’IbHD mano. K
3TOMY BpEeMeHH, NpH YCJIOBHAX C(oo, £)=LCx w Nico, f) =Ny, pac-
mpejeJeHHe coseil B Bofe HMeeT BHA [33]

Cle, Ty = g%— = [ene (GTKN- x)]—l ; (5.57)

Ilpu ¢>T, (Bropas cragusa) 3aBHCHMOCTb AJs C aHAJOTHYHA,
HO BMECTO X B Heil HYXKHO NpHHHMAaTh (x¥—I[), rae [— AJHHA Bbille-
JI0UeHHOI 30HBL A, onpeaenasiemMas 1o BepaxKeHuio [76]

— (T Ca—=Cx) V
l=t—1y) e o (5.58)
B paGore [3] mokasaHo, uTo BhIpaxeHnue (5.58) cmpaBexnHBO
npu aw6om crnocoGe pa3MelleHHs] PACTBOPHMOro BellecTBa OTHOCH-
TeJIbHO HEPACTBOPHMOTO CKeJieTa Mopojbl. ‘
Yerkue TpaHHIBl MeXAYy BbIAEJNEHHEIMH 30HaMH 00pasylorcs
TONBKO NPH PAaBHOMEPHOM 3aCOJIEHHH H OJHOPOAHOI BOAONPOHHIIAE-
MOCTH TOPOJBI, KOTAa OTCYTCTBYeT 3aMeTHOe BJIHsIHHE [HCIIepPCHH.
PaccMoTrpeHHe macconepeHoca pPacTBOPSAIOILHXCA NpH (GUaAbTpa-
LMK TBEPIbIX BellecTB JJsi cJydyaeB, KOUJa 3acojieHHe HepaBHOMep-
HO, U ¢ yuetom D50, V==const npoBeaero B paborax [2, 96, 131].
YpaBHenue KuHetHkH (2.13), ¢ HCNOJB30BaAHHEM KOTOPOTO MOJY-
YeHpl NpeABIAyIiHe (OPMYJbl, OCHOBAHO HA Mpeanocelike 06 H3Me-
HeHHH MOBepXHOCTH pacTBopslouxcst yacthi coan [33, 76]. Ecuam
3TO He qubmarb TO MOMKHO NMPHMEHHTb KHHETHYECKOe ypaBHEHHE
(2.14). B 3tom cayyae HcxoiaHoe AH(depeHUHANbHOE YpaBHeHHe

(3.19) mpwm —%f—=0 NpUMeT BHI

Ptk —V —}—ncc (C—=Cy =0, (5.59)

ax2

npuueM, Kak mokasaHo B pabote [33], and nepBoit cTaaMH YCIOBHA
3amaun QopMyJAHPYIOTCS TaK:

C(x, 0)=C; C(0, f) = Cyx; C(o0, ) = Cw (5.60)

COOTBETCTBEHHO 9TOMY pelienneM ypaBHenus (5.59) nas mepBoit
cTaaun 6ymer:

E:exp[ (]/1 Al . (5.61)
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YTO B MaTeMaTHyeckoM OTHOWIEHHH aHAJOTHYHO NOJYYEHHOMY BhiLile:
BbIPaKeHHI0 A/A copOuun (a TakiKe pajHOaKTHBHOTO pacnajga) 3a-
TpsA3HeHHll npn HeoOpatumoii kunetnke (2.8) lcm. dopmyay (5.37)]-
Ias BTOpOIl cTajauu NeiiCTBUTENLHO 3TO Ke pelleHHe TIpH 3aMeHe:
B HeM x Ha x—I. :

BJIHSIHHE NMJIOTHOCTH H BA3KOCTH
3ATPSI3HEHHBIX BOJL

IMoctynaiomue B BONOHOCHHI MJAcT 3arpsi3HEHHblE CTOUHbIE BOAbE
4acTo OT/IHYAKTCA OT MOA3EMHBLIX BOJ HE TOJBKO IO XHMHUYECKOMY
COCTaBY, HO H 1O (H3HYECKHM CBOHCTBAM — IJIOTHOCTH H BS3KOCTH.
9TH OTIHYHA BAHAIOT Ha XapaKTep H CKOPOCTb PAaCHPOCTPAHEHHS
sarpsisHeHHil B nuacre. B uacTHocTH, GoJlee TAKe/ble 3arps3HeHHbe
BOJbl NOTPYKAKTCs B HHXKHIOK YacTb NJacTa H 3/leCb NPOJBHIA-
10TCsi OGbicTpee, ueM B BepxHeit ero uyactH. Bosee sierkne sarpssneH-
Hble BOJIbI 3a/1€PKHBAIOTCSA NPEHMYINECTBEHHO B BepXHeil YacTH Ma-
cra. B tom u Apyrom ciayyae rpaHHua MeXKAY 3arpa3HEHHBIMH W'
UHCTBIMH NOA3eMHBIMH BoJaMu Jedopmupyercsd, npuodperas B ro-
PHBOHTAJNLHOM IJ1ACTe HaKJIOHHoe mojozkeHne. B peayawprare atoro:
NoJ BAMSHHEM TPaBHTAUHOHHOTO (DaKTOpa yBeJHUHBAETCH Nepexof-
Hasg 30Ha OT 3arpA3HEHHBIX BOJ K 4YHCTHIM. @POpPMHPOBaHHE TaKOi
30HHI B NEPBYIO OYepelib CBS3aHO C THAPABJHYECKOIl MaKpOAHCHEp-
cHeil. PasBuTHe 30HBI, KpOME TOTO, CYLIECTBEHHO 3aBHCHT OT Pas3jiu-
YHH B BA3SKOCTH BBITECHAIOLIHX (3arps3HEHHBIX) M BBITECHSEMBIX
(4MCTBHIX) NMOA3€MHBIX BOJ.

MoHO BbIIeJIHTb HECKOJbKO XapaKTepHBIX cJydaes, NpeaCcTaB--
JAIOIHX WHTepec AJA NPaKTHYECKHX NPOTHO30B KauyecTBa ' MOI3eM-
HBEIX BOJ NPH HX 3arpA3HEHHH: a) BhITeCHEHHE NPOHCXOAMT B TOpH-
30HTAJbHBIX HJIH CNA00HAaKJOHHBIX TJjaacTax; 6) BBITECHEHHE OCYILe--
CTBJISIETCH TNPH BePTHKAJAbHOH (UIBTpPALHH M3 XPaHWJIHII, HAKOMI-
Tenell W IPYTHX NPOMBILIEHHBIX OaccefiHOB (T. €. CBepXy BHH3);
B) 3arps3HeHHble BOABI MOATATHBAIOTCS K AeficTBYIOLIEMY BOA03a00-
PV H3 HHXKHHX yacTel mJjacra, T. e. CHH3Y BBepX.

@unbTpallHOHHOE BHITECHEHHE MKHIKOCTEeHl pa3HOH NJOTHOCTH H
BA3KOCTH B OJHOPOJHOM IJacTe paccMatpHBajgock B paborax [24,
116, 118, 123] u ap. B naubonee MOJHOH MOCTAHOBKE 3Ta 3ajaya B
nociaeaHee BpeMs HccaegoBanack B paborax H. H. Bepuruna u
B. C. Capxucsna [38].

[To marepmanam BceX 3THX HCCleJOBaHHH AJHHA Ly mpoekiiu
HAKJOHHOH TpaHHUbLl pa3fena Ha ock x (puc. 41) ceasbiBaeTcs €O
CBOICTBAMH IJ1aCTa, MJAOTHOCTbIO KHUAKOCTEH H BpeMeHeM (HJAbTpa-
U ¢ caelywolled 3aBHCHMOCTBIO!

L, =% |/ Aykmtcosq/n . (5.62)
31ech km — BOAONPOBOAHMOCTD IJ1ACTA; 1 — NOPHCTOCTH; ( — YLOMT

HAKJOHA TIacTa K TOPH30HTY, Ay= (yi—Yz2)/y2; y1 H Y2 — IJIOT-
HOCTh BHITECHAIONIEH H BHITECHAEMOI H3 NJjacTa BOJHL
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CKopocTh MepeMellleHis CPaHHLbl pasiena npubiKeHHO orpe-
nensertcs no 3asucumoctH [24—26]

v S kAY sin g (5.63)

T “mn n 2
rjle g — MOCTOSHHBIIl PACXO/ MOTOKA.
B ropuaonTanbHbX maacrax (=0, sing=0) rpanuua pasiena
IBHKETCSI CO CKOPOCThIO Vip= 7‘;—, T. €. TaK Ke, KaK MpH OAHO-
POMHBIX JKHAKOCTAX — CO CKOPOCTbIO MOPIIHEBOrO seiTecHenns V.

B HakJOHHBIX MaacTax CKOpPOCTb JIBHXKEeHHHA TpaHHUBL pasaena 3aBH-
CHUT OT YI'J"!a_ HaKJOHa ¢, Hanpas/leHHHA JIBH:KeHHUA H OT Pa3HOCTH

MAOTHOCTH Ay.

"
I

7
Xy
7

L

n VQ f

2] M

Y * z
‘Puc. 41, HakaoHHas rpanHua pasjena Mexay ghiTecHAOUel (MAOTHOCTL Vi) M BbITECHACMOMR

(NAOTHOCTH Yz) MHAKOCTHIO MPH Yi=>¥z

Puc. 42. BepTHKanbHas QHABTPAUHA Pa3HOPOAHLIX MHAKOCTEH:

M — muHepanH3OBaHHas BOAA; IT — npecHasi BOAa ;
1, 2— rpaHHla MeXAY MHHEepanH3OBAHHBIMH H MpecHbIMH BOJAaMH Ha BDEM3 t u b (I>h)

Ecan sing u Ay HMelOT OIHHAKOBbe 3HAKH, TO Vip<V, ecan
pasubie, T0 Vip=>V. i,

Uyeaennplil Koadduuuent » B Gopmyde (5.62) Mo DAHHBIM TEO-
PeTHUECKHX HCCHAeOBAHHI H3MEHACTCA B npenenax 1,4—2,2, 4to
caenyer cuutath B oOulem OMH3KHMH 3HAUEHHAMH, MOCKOJbKY
TeopeTHYeCKHe pelleHHs NOay4eHbl A5 caMoil mpocTeiillieil CXeMbl,
a peasibHble YCJIOBHs FOpPa3io CloXKHee.

DKCEepHMEHTaNbHOe — OlNpefiesienue 3HAUCHHA BBLIMTQJIHEHO
A. M. Kon6acosbim [12] mpu TOUHOM H3MEpEeHHH AJHHBI H (hopMbl
rpaHuilbl pasjena ¢ MOMOILbIO HecopOHpPYEMBIX PaJHOAKTHBHBEIX Me-
ToK. Cremnna/bHBIM NOAGOPOM KHAKOCTEH (pactsopsl BaCly u BozO-
rJMIEePHHOBblE CMeCH) H3YyueHHe BJIHSHHA pasjnunii B MJIOTHOCTH
MPOBOANAOCH TPH MPAKTHYECKH OJIMHAKOBOIl BA3KOCTH PacTBOPOB.
B onmTax pasHocTh IUIOTHOCTed Ay=vyi—Y> cocrapasaa 0,02
~0,036; ckopocTb (HIBTPALHH 0,0042—0,015 cm/c. VeranoBaeHo,
4TO CKOPOCTb (HALTPALMH, MMIOTHOCTD H BASKOCTD JKHIKOCTEH HA Be-
JIHYHHY % BJHSIOT HE3HAUHTENbHO, NpH 3TOM x=1,3—1,6. dauna
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TPaHHILBl pasaena MeXAy KHIKOCTAMH DA3IHUYHON MJIOTHOCTH BO
BPeMs ONbITa VBEJIHYHBAJACH.

Pacuer no (5.62) nokasmisaer, yro NpH AIHTENbHOH (PHABTPALHE
Goaee TsKeable BOIbI MOTyT NaJjeKo NPOABHHYTBECS 10 MOLOLIBE
naacta. Tak, npu £=20 m/cyr, m=25 M, n=0,1, yy=1,01 r/cm3,
v2=1,00 r/cm3 3a 10 ner naauna TPaHHLBl pasgena npu x=1,6
COCTaBHT okoJa0 600 M. '

Ilpn nocryniennu B naacr 3arpfA3HeHHbIX "BOJX Yepe3 IHO XpaHH-
JHIL, T. €. IpH (QHIbTPALHH B BePTHKAJBHOM HanpaBJeHHH, Koraa

3 = :
yroa qg= et 0 sing=—1, u3 Bolpaxenus (5.63) clenyer, 4TO

CKOpocTk uabTpauuu (puc. 42) Syner
q kAy
Vip=——+ =1 (5.64)

ol

3necy BennunHa Ay npexcrasiser co6oi HEKOTODHIi DOMOMHH-
TeAbHBLA TPAafHEeHT (UIbTPALuH,  06YCaaBIHBAEMBIH PasHOCTHIO:
NJOTHOCTH (MJIH «TPaBHTAIHOHHBII» rDajHenT):

Iy = Ay. s (5.65).

Takum o6pasoM, ¢uabTpauus Godee THIKETBIX 3arpsAsHeHHBIX
BOI B BEPTHKAJbHOM HaNpPaB/JeHHH MOMKET MPOHCXOLUTH 1 npu g=0,.
T. € TOJbKO NOA BJIHSHHEM TIPaBHTalHOHHOTO 3¢ deKTa co CKOpO-
CTBIO :

e z

V= = Ay — 7° (5.66)

Hast paccmorpennoro Bwime mpumepa (k=20 m/cyr, m=25 m,
n=0,1, Ay=y—y;=0,01) Bpems norpyxenus ngxgnlmx BOA Ha
20.0.01 =12,5 cyr,
T. €. 3aMelleHHe MJIAaCTOBBIX BOA NMPOH30HAET OUeHb GHICTPO.

B peaapHBIX yeaoBusx (uabTpanus n3 GacCeHHOB M XpaHH/HIL
NPOHCXOLHUT 1O GoJlee CJAOKHBIM NMyTsAM, ¢ 06pasoBaHHEM NpOCTpaH-
CTBEHHOTO NOTOKA, HAKJIaABIBAIOLIErocsi Ha OGBITOBOH NMOTOK MOI3eM-
HbIX BOJ. Tem He MeHee M B 3THX YC/JOBHSX TOX BJAHSHHEM rpaBHTa-
IHOHHOTO (haKTOpa, Kak OBIO MOKA3aHO Bbille, npoucxoaut Gosee
OBICTPOe MOTPYIKEHIE 3arpsA3HEHHOrO THKENOr0 MOTOKA H Gouee ye-
KOpPEHHOe ero IBHXKeHHe B HMXKHeIl yacTH mJjacra.

[loxrarieanue Gosee TsKeablx BOX M3 HHKHEll YacTH IJIACTA B
B0J103a0OpHEIe CKBAaXKHHEI, 3arJy6JeHHble B BePXHIOI YacThb macra,
paccMaTpHBaJOCh B CBA3H ¢ 3ajgavaMu  OOGBOJAHEHHs He(TAHBIX
ckBaKuH [118]. iy

[Ipu cpaBuuTenbHO HeGOMBIIMX PAasAHYHAX B IJIOTHOCTH (Ay<<
=<0,01—0,05) 3arpasHeHHBIX H YHMCTHIX MOA3EMHHIX BOJ poJab rpa-
BUTALHH NPH pacyeTrax BPeMEHH H CKOPOCTH MOATSATHBAHHA 3arpss-
HEHHBIX HJH Oojlee MHHEpaJH30BaHHBIX BOL K Bonozabopy craHo-
BHTC/ HesHauuTesbHON. Kak nmokasanu aHalHTHYECKHE M 3KCMEpH-

rayGHHY 10 OCHOBAaHHS TJ1AacTa COCTABHT ~f —
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MenTaJabHHe uceaenoBanus [24, 38, 43, 90], npeobaanatouiee 3Have-
HHe HMelOT BbICOKHE FPaJHEHTHl M CKOPOCTH (uIbTpauun BOIH3H
Boao3abopa.

3ajgauya o MOATATHBAHMI K BOA03a0opy HHiKeleKallHX MHHepa-
JIN30BAHHBIX BOJA 6e3 yuera TrpaBHTAllHH paccMaTpHBaiach B pado-
tax [43, 90] u np. '

Bausinde pasanursi B BS3KOCTH BBITECHSIEMOH M BbITECHAIOLIEH
JKHAKOCTH MpH (QHABTPALHH B OJXHOPOJHOM IJ1acTe KCIEPHMEeHTa b-
Ho 6ui10 nayueno A. M. Konbacosbim [12], npuMeHsIBUIHM, KaK yxe
OTMeYaJaoch, pagHoakTHBHble MeTKH. [TokasaHo, YTO ecJi BS3KOCTb
BBITECHSIIOLLEH JKHIKOCTH 1); GOJblie, YeM BA3KOCTb BbITECHSEMOi
JKUIKOCTH 1) (NPH paBHOH HX MJOTHOCTH), TO MPOHCXOAHT HEKOTO-
poe yMeHbIUeHHe JJHHBI 30Hbl HCIIEPCHH.

I1pu BbITECHEHHH BOJBI H3 CJAOHCTOrO, HEOAHOPOLHOTO MO MPOHH-
HaeMoCTH Taacra HaGMOZAIOTCs MerKC/OHHbIe MonepedyHble Mepero-
Kil. 3aKOHOMEPHOCTH 3TOrO Mpolecca, OCAOKHEHHOTO pasjHyueM B
Hu3NYeCcKUX CBOMCTBAX BHITECHAEMOil H BBITECHSAIONLEIl KHIKOCTeH,
paccmaTpuBaiores B paborax 40, 116].

Ayanus BA3KOCTHBIX MEPeTOKOB B HEONHOPOMHOM TPEeXCJOHHOM
TacTe B YNPOLIEHHOi NMOCTaHOBKe (B KaM[IOM C/10€ — [OpIIHeBoe
BHITECHEHHE, OJMHAKOBble MaB/eHHs, KBasHCTAlHOHApHOe JBHIKE-
uue) caenan B pa6ore [115]. Ilpu sTom monyueHbl Takue pesy.b-
TATHL: qu=ﬂl-= 1 (BSA3KOCTH OAHHAKOBbI) — CKOPOCTb BBITECHE-

L
HHA }KH,E[KOCT@FI B Kax[IOM CJI0€ ONpeaenasieTcs TOJIBKO MPOHHLIAEMO-

CThI0 CJIOEB; ”q.,z—n"i—< 1 —B choe ¢ Goabuiy KO3QGHULHEHTOM
1
¢uALTPALHH CKOPOCTb BBHITECHEHHS CHHKATCs, a B C/0e C MaJjbiM

K03() PULHEHTOM — YBEIHUHBAETCS MO CPABHEHHIO C CayuaeM, KOria
Mo=1; Mo>1—B caosax ¢ 6oablIOll MPOHHLAEMOCTHIO CKOPOCTH
BbITECHEHHs VBEJIHYHBAETCH, a B CJIOAX C MaJOH MPOHHIAEMOCTHIO —
yMeHBbIIAETCS [0 CPABHEHHIO CO CKOPOCTbIO BBHITECHEHH: MPH OHHA-
KOBOI1 BaAsKocTH (Mo=1).

Taxkum o6pasom, npu Mo<<l QPOHT BbHITECHEHUS (1 TaK HepPOBHBI
H3-31 Pa3/Huds B MPOHMIIAEMOCTAX CI0EB) KaK Obl BHIpaBHHBaeTcd,
a npu no>> 1 pasMbiBaercs, yBeJIHUMBAACH B pa3Mepax.

FTJIABA 6. ;
MPAKTUYECKHE METOIbl MPOTHO3A
PACNPOCTPAHEHHUSA 3ATPA3HEHHWH
B BOJLOHOCHBIX MJIACTAX

OBUIME MOJIOKEHHUSA

ﬂ.ﬂﬂ NpPaKTHYeCcKHX IIPOTHO30B KauecTBa TOA3eMHBIX BOO B CBA3H C
BO3MOMKHOCTBbIO HX 3arpa3HeHHsd HCIOJAB3YIOTCS HEKOTOpBIE oburie
3aKOHOMEPHOCTH ABHMKEHHHA pacTBOPEHHBIX H 3MYJIBTHPOBAHHBIX Be-
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11eCTB B BOAOHOCHBIX TOPOAAaX, KOTOpPble CJAeAYIOT H3 PacCMOTPEHUS
TEOPHH MHTPaLHH.

[nasHoe, onpeaensioulee BAHsHHE HAa CKOPOCTb M JaldbHOCTH
pacnpocTpaHeHHsi 3arpssHeHHH HMMeeT IepeHOC 3arpA3HALIHX Be-
ecTB (QHALTPALHOHHBIM MTOTOKOM.

Kak 6el10 nokaszano (cM. ra. 5), npu ¢uabTpanuu 3arpasHeH-
HBIX MOBEPXHOCTHBIX M CTOYHBIX BOJ MPHPOAHbIE IOJA3eMHbIe BO/LbL
BBITECHAIOTCSA HMH H3 IJacta ¢ o6pa3oBaHHeM Ha TpaHHIle pa3nena
Nox BAMSHHEM COpPOLHH, KOHBEKTHBHOH AMCIEPCHH U APYrux Qusu-
KO-XHMHYECKHX MpOLecCOB NepeXOdHOi 30HbI CcMelleHHSl (30Hb
IHCIEePCHH), B KOTOPOH KOHUEHTpalMs 3arps3HAIONIEr0 BellecTBa
uaMensiercsi or Cpy (KOHIEHTpalHA y HCTOYHMKA 3arpssHeHHs) AC
Ce (ecrecTBeHHast (OHOBAs KOHIEHTPAIHs B NPHPOJAHBIX MOJA3EMHBIX
Bojax; yacro Ce=0).

PasMepnl 310l 30HBI OnpeAesoTes AJAHTEJbHOCTbI0 H CKOPOCThIO
GUIbTpallUM 3arpsisHEeHHH, KOTopasi, B CBOIO Ouepelb, 3aBHCHT OT
(HIbTPALMOHHBIX CBOHCTB NMOPOABI M pacrnpejefeHHs HanopoB MpH
THAPOAHHAMHYECKOM B3aHMOJeiicTBUH eCTeCTBeHHOro MOTOKa MOA-
3eMHBIX BOJ 3KCIJIYaTHPYeMOro IJacTa ¢ BHEIIHMMH HCTOUHHKAMH
NHTaHHS, 4 TaKXKe HCTOUYHHKAMHM 3arpa3HeHHs, Boaosabopamu u mp.

Pasnuuiie B MJOTHOCTH MPHBOAMT K Je(opMalliH TPaHHILl pas-
Jdesa Mexly 3arps3HeHHBIMH CTOKAMH M UMCTBIMH IMOJ3E€MHBIMH BO-
JamH, NpHYeM B BePTHKAJBHOM CeueHHH BOJOHOCHOTO MjacTta OHa
npuobpeTaer HAKJOHHOE TNOJIOKeHHE.

JlnyHa mepeXoAHOI 30HBI cMelleHHs H AedOpPMaluH TPaHHILI
pasaena, (GOPMHDYIOLIEACs TMOA BJHAHHEM [HCTEPCHH, COpOLUHH M
pasJuYHil B MJIOTHOCTH H BI3KOCTH 3arpA3HEHHBIX H YHCTBIX MOA3EM-
HBIX BOM, OmNpejensieTcs napaMeTpamMH 3THX MPOIECCOB.

Jla1s CNOKHBIX (PUIBTPALMOHHBIX NMOTOKOB 3TY 30HY C HEKOTOPBIM
npubaAnKeHHeM JOMYCTHMO OLEHHBATh OTAEJbHO, MO COOTHOUIEHH-
M, TMOJYYEHHBIM H3 THMOBLIX pPelIeHHH ypaBHEHHS MHTPalHU A5
OHOMEPHOTO MOTOKA. :

CxopocTb cOPGUHOHHBIX MpoIeccoB NpH GUABTPAILHH B NOPOIAX,
KaK TpaBHJIO, SBJSETCS HACTOABKO 3HAYHTEJNbHOI, 4TO MpaKTHue-
CKH 3TH TIpOLleCChl MOXKHO paccMaTpHBaTh Kak pPaBHOBECHble H Xa-
pAaKTepH30BaTh TOMBKO KO3(pduuHeHToM pacnpenenenus f [em.
ypasHenue (2.8) B ra. 2]. Ilpu HeOGXOXHMOCTH B OTAEJbHBIX:
cayyasx MOMKHO Y4ecTh H KHHETHUEeCKHe XapaKTepHCTHKH TpOLeccos:
NOTJIOLLEHHS.

HMeroliecs B HacToflllee BpeMsl ONbITHble [AaHHbBIE, XOTA HX
HeJb3si CUHTATbL HCUEPNBIBAIOLIUMH, TMO3BOJAIOT BCE e OCHOBbI-
BATbCS HA NPeICTaBIEHHH O TOM, YTO CYLLECTBEHHOTO «CaMOOHHILe-
HHA» TOJ3€MHBIX BOJA OT XHMHUYECKHX 3arpsisHeHHi, Kak Mpasu.o,.
He mpoucxomut. Tlog BAHAHHEM PA3AHYHBIX (HIHKO-XHMHYECKHX.
NpoleccoB B3aHMOJEHCTBHsl C NMOPOAAMH H YHCTHIMH BOAAMH BOLO-
HOCHBIX MJAacToB (HampHMep, B pe3yJbTaTe PasJOoKeHHT, pacnaia
WM BBIMAZEHHA B OCAJO0K 3arPA3HSIOLINX KOMIOHEHTOB) OOLIYHO
NpPOABHIKEHHe XHMHUYECKHX 3arpA3HeHHil TOMLKO HECKOJIbKO 3aMel-
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AsieTCs, OAHAKO MPH HeNpepbIBHOM MOCTYIIEHHH B MJ1acT GOJbIINX
KONHYECTB XHMHMYECKHX 3arps3HeHHit HX KOHIUEHTpauHs B KaxIoMm
CEYEeHHH I11acTa cO BpeMeHeM BO3pacTaerT.

Hckaiouente, K4K yKasblBaJaoCchb B riaBe 5, COCTABJAAIT PaiHO-
AKTHBHble BelllecTBa ¢ MaJ/blM MEepPHOJAOM pacnafa H GakrepHajbHbie
3arpA3HeHHs] ¢ OTPaHHYEHHBIM CPOKOM <«BhIKHBAeMOCTH» OaKTepHit
npu uabrpaunn. bBosee uan Mexee GaronpuATHble YCAOBHSA «Ca-
MOOUHILEHHA» 3aTPASHEHHBIX [MOJ3eMHBIX BOL CO3LAIOTCA TaKkKe Mpu
BO3MOIKHOCTH HHTEHCHBHOrO nH((Ys3HOHHOrO OTBOAA 3arpasHsaio-
IHX KOMIIOHEHTOB H3 OCHOBHOTO BOJOHOCHOTO IJacTa B CJOH KpPOB-
A1 M TOMOWIBH, 00Jagaiolilie 3HAUHTE/bHOH COJIEBOH eMKOCTBIO.

.OnHaKko raaBHLIM (AKTOpoM, ONpefenfiouldM (GopMHpOBaHKHE
KauecTBa MOI3EMHBIX BOM, ABJSETCH MX CMelleHHe ¢ BOAAMH, MOCTY-
NAJOLMMH B BOLOHOCHBI MJ4CT M3 Pa3AHYHBIX HCTOYHHKQB Kak B
©CTECTBEHHBIX YCJOBHAX, TAK M OCOOEHHO MPH IeHCTBAH BOA03a00-
pOB. SE3y T,
MceToynMKaMH TOMNOJHEHHs 3amacoB MOA3eMHBIX BOM, KakK H3-
BECTHO, SIBAAIOTCS NMOBEPXHOCTHBIE BOAbI — pPeKH, BOXOXPAHHIIHILAE,
o3epa M T. A., H COOCTBEHHO aTMoc(epHble OCAaAKH, a TaKxe MOoA-
3eMHBle BOIbl COCEIHHX B BepTHKaJbHOM paspe3de TOPH3OHTOB.

C TOuKH 3peHHs 3arpsisHeHHs MOA3EMHBIX BOJ Ba)KHOe 3HAUEHHE
npHoGperaer (GUAbTPAUHA H3 LIIAMO- H XBOCTOXPAHHJHIL, HAKOIMH-
“Tedlell, HcnapuTeneil H APYTHX THMOB MPOMbBIIIIEHHBIX 6acceilHOB.

CMellleHHe BOJ H3 BCeX Ha3BaHHbIX HCTOUHHKOB H JaeT B OCHOB-
HOM pe3yJIbTHPYIOLIHi COCTaB MOA3EMHbLIX BOL. IMpu 3TOM KOHIIEHT-
‘pauus 3arpssHeHHi (HIH oblieil MHHEpaau3alHi BOJAbI) HA (POHTE
«puabLTPALMH JOJ2KHA OUEHHBATBCA C YUETOM nupdysny ¥ AUCHep-
CHY ABHZKYULMXCS YACTHIL CMELIaHHOH BOMbI.

VuyHTHIBAS 9TO 00CTOATENBLCTBO, MOMKHO MPAKTHYECKH HCMOJIb3O-
BaTh CeAYIOULHH MPHOMHKEHHBIT 'MeTOA MPOrHo3a KauecTsa BOJBL.

1. Buaua/ne, HCXOAS M3 MPEANOCHUIKH, UTO auhdysus u gUcmIep-
<Hs OTCYTCTBYIOT, T. €. IO CXeMeé MOPIHKEBOro BHITECH e-
HH %, HO C y4eToM cOpOuHH (morJiolenns), cunras, 4YTo0 OHa MPOHC-
XOINT B PABHOBECHBIX YC/IOBHAX, OMpPee/IAeTCH GpoHT hHUALTPALHH
Ly, obpasyoliuiicss Mo BAHAHHEM [VIABHBIX MCTOUYHHKOB MHTAHUS
BOIOHOCHOTO MJAACTA, B TOM YHCJe MO BJAHAHHEM MOCTYM/IEHHA 3a-
TPsi3HEHHBIX DACTBOPOB H3 HCTOUHHKOB 3arpA3HEHHHA (nmoBepXHOCT-
HBIX BOJLOTOKOB, TTPOMBILIIEHHBIX GacceiiHOB U T. TeYe -

9 3areM HAXOAWTCS KOHIEHTPAIMs 3arpsi3HeHHI Cy Ha (poHTE
duabTpauuy fi NpH HEOOXOAMMOCTH B APYTHX TOYKax Iacra.

3. Tlocse 3TOrO OMpeLe/AlTCs pasMepbl SOHbI nedopMalyu rpa-
HHIIBl pasfena H pasMephbl 30HBI CMEIICHH, KOTOpble 00pa3oBasIuCh
non BausHHeM aucnepcHu (Lx) ¥ TpaBHTANHOHHOTO sppexta (Lrp)-
TlyteMm HaJOXKEHHS 3THX 30H KOppeKTHpyercs MOJOKEHHEe ¢ ponTa
3arps3HeHHbIX BOJA B KamJblil pacueTHbIil MOMEHT BPEMEHH.

B ofumem Buae, Takum 00pasoM, pasMephl obJjiacTH 3arps3HeH-
HBEIX TPHPOAHBIX TOA3EMHBIX BOL MPH ¢uIbTPAUNH OLEHHBAKIOTCA MO°
cheaylolei 3aBHCHMOCTH (pue. 43):
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L=Ly+05Ly+ L) 6.1)

rae Ly— koopaunata ¢ponTa ¢HAbTpaUHH M copbumu; L, — I1HHA
30HBI AucnepcHu; Ly — IAnHa 30HH NedopMalnH FpaHHLb pasiena,
00yC/IOB/IEHHOI PA3/IHYHAMH B IIJIOTHOCTH 3arpS3HEHHBIX H YHCTBHIX
NOA3EMHBIX BOI.

Beanunnpt Ly ¥ Lyp OUEHHBAIOTCA 1O 3aBHCHMOCTSM, MOJAyuYeH-
HBIM Bhille B raaBse 5 [cM. dopmyas (5.34) u (5.62)]. :

PHc. 43. CxemMa K ONpeje’leHMI0 pa3MepoB
30HBl 3arpA3HEHHBLIX NOA3ZEMHBX BOA MOA
BAHSHHEM JHCMEPCHH H Pa3andWs B NAOT-
HOCTAX

<

®pont ¢uabTpaunn Ly u KOHUEHTpaLHs 3arpsi3HEHHIl Cy Haxo-
AATCS M3 COOTBETCTBYIOULETO pelleHHs! ypaBHeHHs MHrpaunu (3.19),
NPHBENIEHHOTO B IJiaBe 3, ecJH NPHHATh B HeM D, D=0, a Z—T =

-

1,86 :
= e (370 moOCJ/eHee COOTHOLIEHHE OTBEYAET PABHOBECHBIM YC-
JIOBHSIM COPOLMH HJIH TOTVIONIEHHS! BelleCcTBa M3 PacTBOPa — CM.
dopmyay (2.9) B ra. 2).

Ypasuenue (3.19) ans AByMepHOro MOTOKA MPH TOM HMEET BHA

acC + dC ; ac

Vi +Vy—=— +e} ,(C—Ci0) + 42 =0 6.2

x 5% T ¥y ay = [,g( 1,2)‘1‘ Y, ) ( )

rae  V; u V,—COCTaBasioulle AeHCTBHTE/JbHOH CKOPOCTH dHIBT-

eree Wy d G TR xe
V===, n — mopuc
TOCTb); &) ,— CKOPOCTH BEPTHKAJbHOIl (HIBTPALMH HA TPAaHHIAX

KDOBJIM H NOAOLIBH IJacTa.

B uactHoMm cayuae, korja naact cBisaH ¢ atmocepoil u pecyp-
Cbl €ro MONMOJIHAIOTCHA MyTeM HHOHJIbLTPAaLHH aTMOC(GEpHBIX OCaaKOB
(HM MOTepAMH TNOBEPXHOCTHOTO CTOKA M3 Pa3pO3HEHHOI OBpa¥KHO-
6ajouHOll  ceTH), €] 5 = &y, — MHTEHCHBHOCTH  aT™MocdepHOro

nuranusg. Beanuunsl 8; o H E;ch 3J1eCb OTHOCATCA K eJIHHHIEe MOLIL-
HOCTH mJacrta m W IOPHCTOCTH 7, T. €.

pauun Mo KOOpAHHATaM X, y (V.

o e 0 - (6.3)

1,2 mn_ * Cmd T um °
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B 6esnanopnelx miacrax m=~Hh.,— cpeaHeii mMoitnoctH. Octaib-
Hble o6o3HaueHHs B ypaBHeHnu (6.2) cienyommue: C u C;p — KoH-
LEeHTPaUHH TOTO HJH HHOTO KOMIIOHEHTa, 3arpsi3HANOLIEr0 MOA3eM-
Hble BOABI, MJH 06llas MHHepaaH3alHsg BOABlI COOTBETCTBEHHO B:
ocHoBHOM nuiacte (C) u B cocennux nuramomux mmaacrax (Cio).
ITpn wunbuapTpannoHHoM armocpepHoM nutanud Cjg=Ce — KOH~
ueHTpauun armocdepHuix BoA. B nanpHeiilleM npuHHMAaercs, 4TO-
Ci» u C¢ — nocTosiHHbIE, HE H3MEHAIONIIHECS BO BPEMeHH BeJHYHHbI.
Kospduunenrom A xapakrepusyercs BIusHHe copEuun:

A= —‘:—5 * 6.4)
rie P—xosdduuHeHT pacnpeneneHHs BellecTBa (apameTp JTHHEN-
Hoil usorepmel 'enpu [cM. dopmyast (2.6)—(2.9) B ra. 2]

YpaBuenune (6.2) npexcrasaser co6oit HeogHopoaHoe auddepeH—
1HaJbHOE ypaBHEHHe B YACTHHIX NPOM3BONHBLIX MEPBOr0 TNOPHIKA,.
KOTOPbIM OIHCEIBAETCS JIBHKeHHe YaCTHIL XKHIKOCTH B MOTOKE MOJ-
3eMHBIX BOL.

Ewmy COOTBETCTBYeT CHCTeMa OﬁblKHOBEHHblx ypaBHeHHil (H/IH
ypaBHeHHil XapaKTepPHCTHK)

dx dy dt
s SR al, (6.5)
|25 Vi g ,2C A

rie C=C—C,,.

B pesyabTaTe HMHTerpHpOBaHHUS 3TOH CHCTEMBl MOMKHO NOJNYYHUTH.
pellleHHe TOCTABIEHHON 3aJaud HaXomKIAeHHss (GpoHTAa (HABTpPALHH
Ly u xonuentpauun Cy.

[1pu ucmonb30BaHUM NMOJHOH CKOPOCTH 1O Hanpaaﬂemm Ly BbI-
paxenue (6.5) 6yder HMeTb BHI

R Sy o (6.6).

rae
I Ve

B ca0XKHBIX (HIBTPAUHOHHBIX NOTOKaX, OGYCAOBJIEHHBIX JefiCT-
BHEM KaAOTO H3 HCTOYHHKOB (HIbTpPaluH, B ypaBHenus (6.5),
(6.6) BBOZATCH cyMMapHble CKOPOCTH

Ve =2Vi: Vegoou=Vzpt- (6.7)

[MpuMenuTeNbHO, K onpeleneHuio (poHTa (QHABTPALHH 3arpsas-
HEHHBIX JKHAKOCTEH B BOAOHOCHBIX IJ1aCTaX MOXKHO BBIJGIHTH Clle-
AyiollHe THNBE (QUABTPALHOHHBIX NMOTOKOB: 1) ecTecTBeHHble MOTOKH
NOA3eMHLIX BOJ B HEBO3MYIIEHHLIX MPHPOIHBIX BOJAOHOCHBIX TOPH-
30HTax; 2) NOTOKH, BbI3BaHHEIE 3JKCIAyaTauuedl BoA03abOpOB MOA-
3eMHBIX BOA (@ Takke BONONOHH3UTENBHBIX COOPYXKeHHH, ApeHa-
sKeit); 3) moToKH, o6yca0BIeHHbBIe deHCcTBHEM OacceiHOB H XpaHUIHILL
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TIPOMCTOKOB H (u/IbTPAUHell H3 TAKOBBEIX B MPHPOAHBIE BOAOHOCHBIE
TOPH3OHTHI; 4) cJIOKHble NOTOKH, (GOPMHpYIOLLHeCH B pesyabTaTe
‘B3aMIMOJCIICTBHSl YKA3aHHBLIX YA4CTHHIX IIOTOKOB. :

Bacceiinpl ¥ XpaHuaHIIA MPOMCTOKOB, PaBHO KaK W APYTHE He-
"TOUHHKH 3arps3HeHHsl NMOA3eMHBIX BOM, NPH AJMHTEIBHOM HX (YHK-
UHORHpOBaHHH 0GYCJAaBAHBAIOT (POPMHPOBAHHE NOCTOSIHHO BO3pa-
‘CTajollleii 30HBI 3arpsisHeHHbIx BOA. ITporHos murpauuu sarpsasuenuis
B 3THX C/IYy4Yasx, KaK yxKe OTMeYasaoCh, MOJKEH MPOHU3BOIHTHCA C
paccMoTpeHHeM (HAbTPAUMH H3 XPAHWAHLL H GacceilHOB ¢ yyeToM
‘€CTECTBEHHOIO IOTOKA IOA3eMHBIX BOX H (UABTpALHH K BOA03a00-
‘PaM NOA3EMHBIX BOJA (MPH HAJHYHH HJIH HaMeyaeMOM COODPYKEHHH
‘TaKOBbIX B 00J1aCTH BO3MOKHOIO BJHMSHHS XPaHH/IHUL H GacceitHOB).

[locne npekpailenns (UABTPALHH H3 HCTOYHHKOB 3arpsA3HEHHS
B NIOA3eMHBIX BOAAX B TeYEHHe AJHMTEJNbHOTO NMEPHOAa COXPAHSAIOTCH
HaKONHBIIHECs 3arpsidHeHNs, NpHYeM MHTPALHA HX 110 BOZOHOCHOMY
NJIacTy ONpelensieTcss TOJNBKO CKOPOCThIO H HalpaB/leHHeM ecTecT-
BEHHOTO MOTOKA NMOA3EMHbLIX BOA M JAeHcTBHeM BoA03ab6opoB. Ouiabt-
pauusa u3 GacceliHOB H XPAHHJHIL MPOMCTOKOB, a TaKyKe JBHiKEHHE
TIOA3eMHBIX BOJA NpPH 3KCIUIyaTallHH BOL03aGOPOB M APYTHX COOPY-
JKEHHIT MPOHCXONHT B HECTAaUHOHapHBIX ycaoBHAX. COOTBETCTBEHHO
J0JIKHA MPOH3BOAMTLCS H OLEHKAa MHUrpauuu 3arpssuenuil. OgHako
TPy NOCTOAHHOM MOCTYIVIEHHH 3arpfi3HEHHBIX CTOYHBIX BOJ M3 Oac-
CeifHOB M NpH JeHCTBHH BOJA03a00pPOB C MOCTOSTHHBIM 1e0HTOM BO
BCeX TOYKAaX MJacra CKOPOCTh (HALTPALHH CO BpeMeHem CTaGHIH-
supyercs. BeaeacrBHe storo And NpHOJHKEHHBIX pPacueToB [IBH-
JKenlig ()pOHTA 3arpA3HeHHil BO MHOTHX CJAVYAfAX MOMKHO OrpaHu-
YHBATLCHA PACCMOTPEHHEM YCTAHOBHBILIeficA (PHABTPALHH.

Haubonee mogHoe mpeacTaBieHHe O MOJMOMKEHHH (DpOHTA (HIBT-
paunu 3arps3HeHHit BO Bced 00/acTH ABHIKEHHsI MOA3EMHBIX BOJ
MozKeT GBITH MOJYYEHO MYyTeM IOCTPOEHHS THAPOLMHAMUUECKOH CeT-
KH OUIBTPAUKH W COOTBETCTBYIOIIHX PACUETOB CKOpOCTEH MO JHHH-
AM 11 noJjocam Toka. a1 mocTpoeHHs THAPOJAHHAMHYECKHX CETQK HC-
TIONbL3YIOTCA aHAJHTHYeCKHe pelleHHs, rpaduueckue MeTOJbl H
MonenHpoBaHne. Bo Bcex cayuasx Aas  ONpeleNeHHsT CKOPOCTH H
BpPEMEHH TNPOJBHKEHHS 3arpsi3HEeHHil JOJKHO OBIThb H3BECTHO pac-
npejejieHde HANOPOB IPH NMOHHKEHHH YPOBHHA B MOTOKE IOA3EMHBIX
gon. Ilpu HaJHYMH He OJHOTO, a ABYX M Oojee HCTOUHHKOB BO3MY-
1eHNs ecTeCTBeHHOTro (HABTPALHOHHOTO IOTOKA, Hampumep OGac-
celiHa WJM XpaHWJHIIa W Bogo3abopa, 3HaueHHe (YHKUHH Harmopa
MOKHO MOJIYYHTH 1O METOJAY CYHNepno3HLHH, T. €. NyTeM CJOMKeHHS
3(h(heKTOB H3MeHeHHs HAMmopOB (NMOHHKEHHS WJIH TOBBILEHHS ecTe-
CTBEHHOTO YPOBHS MOJ3EMHBIX BOA), BLISBAHHBIX KayKIbIM HCTOYHH-
KOM B OTAedbHOCTH. B o0lleM BHAe 3TO MOXKHO NpPEICTABHTH TakK:

HC)’M — EH:- + r HJIH SC)’M = ESE‘ (6.8)

rae Heyy U Seyw — COOTBETCTBEHHO €yMMapHbIe (pesyabTHpyIOLLHE)
HaNopbl M MOHHIKEHHsi YPOBHS NMOA3eMHbIX BOA; ; u S; — Hanops! u
MNOHHKEeHHA, OGYCJIOBJ'[CHHIJIB JeiicTBHEM {-FO HCTOYHHKA BO3MYIIe-
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nusa (6acceiina, BojgosaGopa, ObITOBOTO notoka); I — Hexkotopas
focTOSHHAd, onpejeiasemMas 10 PAHHYHBIM YCIOBHSM.

Beawunusl H; u S; 1 COOTBETCTBEHHO CKOPOCTH —(QHIAbLTPAUHKE
Vyy H € HaXOMATCA H3 HCXOLHBIX ypaBHeHHii, TNpHBEIEHHbIX B
raase 3 (ypaBHeHHf /s ONMpeleseHHs €2 CM. B taba. 7). Pewennsa
THX YPaBHEHHMil AJs THIOBBIX CXEM B0103a60pOB B  PasIH4YHBIX
THAPOTe0JOTHYECKHX YCIOBHAX aHbl B T1aBe 4.

ECTECTBEHHBIE OJTHOMEPHBIE
(MIAIOCKOMAPAJIJIEJIbHBIE)
MOTOKH MOA3EMHbBIX BOJ

B HanopHOM BOJOHOCHOM MJacTe, H30JTHPOBAHHOM HENpOHHLAEMbI~
MH KpOBJeii M nopomsoii (puc. 44), cKOPOCTH (HABTPALHH

':k(Hz#Hﬂ:_‘Ie_ iprares
e T (6.9)

g
Be
k

—const, V,=0

r T N
i"l: 7

N
—-b//?’

<
bl ¥

fr i s S A
. L w2
T r.:.”
A > [m‘—"‘
L o

Phc. 44. Cxema K pacuety (ppoHTa sarpasHennil B OJHOMEPHOM NOTOKE noA3eMHbIX BOA (nAacT,.
M30JHPOBAHHbIH BOAOYNOPHBLIMH KpoBaeil W NOAOWBOH):

] — nbesoMeTpHuecKas MOBEPXHOCTb; 2 — KOHTYD NHTaHHSA; 3 — KOHTYp CTOKa; 4 — Hauanb-
yoe nojoxenne ¢poHTa (GHALTPALNH

Puc. 45. Cxema K pacuery (poHTa 3arps3HeHHii B 0JlHOMEPHOM MOTOKE NOA3EMHBIX BOA
(cnoucThill naacr): :

], 2 — mbesoMeTpuuecKHe YPOBHH B MepsBOM W BO BTOPOM caoax; 3 — dpout duasTpauun (rpa-

HHLA pasiena 3arpA3HEHHBIX W YHCTHIX NMPHPOAHBIX Bon). Llndpbl B KpysKKax — HOMEpa CAOEB:

B coorBeTcTBHH ¢ 3THM H3 (6.2) HMeeM:

AmnL
Ly=%p—%=—"—1lg; trb:%, . (6.10)
— 0 mpu <t
C¢=f(t—t¢)=} : nfm t>t:. (6.11)

31ech §.— GBITOBOIl MOTOK NOA3EMHBIX BOI; Xgpo H Xg — COOTBETCT-
BeHHO NepBOHAayaJbHOe (Ha MOMEHT BPEMEHH t=0) u Tekyulee (MpH
t=t,) nonoikenue (QpPOHTA 3arpsi3HeHyii; m — MOWHOCTE MJaacTa.

—':C(x. t) —Cs 6.12
i Cnx—ce { ( : )’

P!
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tne Cyy u Cp— KOHUEHTpAUHUA MPOCAEKHBAEMOr0 KOMIOHEHTA 3a
TlepBOHAYaMRHBIM (DPOHTOM cpmb'rpauun OPH X>>Xgo H B YHCTHIX
soaax nnacra (Ce).

B 6e3ananopHOM MOTOKe cxopocrb duabTpalHu

$L. s
V, = e (6.13)

rae h—rayOuHa BOJBI 10 BOAOYNOpPA, H3MEHSAIOUIAACH MO nyTH
Asnyienusa. COOTBETCTBEHHO H CKOPOCThb SIBJASETCH HEMNOCTOSHHON Be-
Jimynnod. Ho ecinm Ha paccmarpuBaemom orpeske 0—L oCpeaHHTh
MOLLHOCTb, NMPHHAB A=Hh.p=const, 10 aas GeswamopHoro mMOTOKA
Oyayr néicTBHTENbHEI Te Ke (opmynasl (6.9), (6.10) npu samene B
HUX m Ha fip.

B HamopHOM BOJOHOCHOM IJ1aCTE€ MOLIHOCTBK) M) H KO3(QdHIUH-
€HTOM (uabTpauun By (naacrt 1, puc. 45), OTAENTEHHOM OT COCEIHEr0
10 BePTHKaJH{ INIacTa C mapamMeTpaMu ma, Re (mmact 2, puc. 45)
‘cnabonpoHHIlaeMOi MepeMbIYKOil MOILHOCTBIO My H KO3( G HIIHEHTOM
«puabTpauuu Ry, CKOpoCcTh (pusbTpauun Gyner

Vi= ’“‘lz—i""“’,e—xn . (6.14)

4 napaMeTp MepeToKa M3 MHTalollero nJjacra 2 B OCHOBHOH miact 1

g =AM ooy (6.15)
mgmlﬂ.

IloxncraHoBKa 3THX BHIpazKeHHH B ypapHeHue (6.2) (mpu V; =0)
Jaer cjelyollee pelieHHe:
1 X, v klAHO‘\J‘zt
Ly=Xzp—x=2% ——ln(edw — ),
® b0 b0 Y 2nA
2nA X
AR (e o e"") . (6.16)
kyAH 5y*
KoHneHnTpanus mpocaeXuBaecMOro KOMIOHEHTA B OCHOBHOM MJIa-
‘cTe B J1000M CeUeHHH H, B YaCTHOCTH, HAa (pOoHTe (HIALTPaALHK
2Lgko
E{b.:e_v(km),mn 3 (6.17)

B dopmynax (6.14)—(6.17) obGo3HaueHus cjaeryiollue:
AHy=H, —Hy;—pasHoctb ypoBHeii B BepXHEM (nmalome\{) H

-OCHOBHOM 1j1acTe B ceueHud x=0 (cM. puc. 45); v—l/ B + — 32 :

B%: (km),mg; BE 2 (km)y my E =C(x. f)—C,

ko R R

npuuem C(x, ) —rekymas (uckomas) koHuentpauus; C, ' u Co—
«COOTBETCTBEHHO KOHIIEHTpaluu B maacrax 1 u 2.
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JIMHEMHbBIA BOJ03ABOP BBJIH3H PEKH
C YYETOM HHOHJBbTPALLHH

PaccMoTpiM CXeMy JHHeiiHOro Geperoeoro Bojosabopa Go.bluoi
NpOTsKEHHOCTH HAa PacCTOSAHHH Xo oT peku. Ha BomosaGope noanep-
JKHuBaercs ypoBeHb Hy=const.

Ha yuacTkax, npuJeraiomux K Bono3abopy, MOMKeT OCyLIeCTB-
JATbCA WHQHAbTPALHOHHOE NHTAHHE HJIH TAKOBOE MOXKET OTCYTCTBO-
BaTh (M30JMPOBAHHLIH NJACT).

Jlis majbHejillero pacCMOTPEHHs BHIAENAIOTCS CleAylollue cxe-
Ml (puc. 46): 1) unduasTpauus B 30He MeXIy PeKoil M BoL03abo-
pom ot x=0 10 x=X, (£81>0, e2=0); 2) nnduapTpauns 3a Bojo3a-
60poM, B 30He OT x=2Xg 10 x=Ly (e1=0, £2>0); 3) unpunpTpanus
no Bceit 30He of x=0 po x=Ly (e13>0); 4) nnact u30IHPOBAH
(81,2—-:0).

g F 2
_ RANIS

P

Puc. 46. Jianefinsifi poaosabop B6GAM3M pexku. Cxema K pacyery BAMSHHS HHOHIBTPAUHOHHOrO
THTAHHS HA KAa4eCTBO MOJA3EMHBIX BOJ

XHMHYECKHii COCTaB BOJABI B NJacTe H, B YaCTHOCTH, NMOA3EMHBIX
BOJI, M3BJeKaeMbix BOx03abopoM, onpejeasiercda B paccMaTpHBae-
MOl 3ajaue cMelleHHeM IJIacToBOil BOAH  (KoHmentpauus Ce) €
NpHBJeKaeMbIMH BOJ03a00pOoM peuyHHIMH (KoHUeHTpauus Cp) U HH-
$UAbTPALHOHHHIMH BogaMu (KoHuentpauus Ce).

BrifleHM IBe 30HBI JABHMKEHHS MOTOKa: 1) MexX1y peKkoHd H BOAO-
3abopom (0<x<x); 2) sa BomosaGopom (¥o<x<Ly).

TuapoauHaMHuecKHe XapaKTepPHCTHKH  (Hamopel,  CKOPOCTH
¢uABTPAUMK M PacXoAHl) AJs STHX 30H npupelens B Taba. 13.
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TaGauna 13

XapakrepucTuka dmaLTPaUHOAHOro Motoka K GeperoBomy Bojpo3aGopy

2 g
: [}
3ond Hanop noasemumx Box H ': Pacxoa, noerynaiomuft K BOA 03aGopy, ¢ g 'u"'“m“’”"“ﬁ?,.ﬁ"{’a?"" Perpries
£ 3
2 2
V; =M, } s; % 3
£ (Hp—Hs) &%
Hp — Hy X (Hp — Hy) €;Xy M, =k - 4
é Hy=Hp— s gl SRt qy = km o e - g N 2mn
S} : Lo R
1 mn 5
Vo =M, +eyx 8
E fH.—H
He— H My=—| —(2X—= 9
4y Hy=H,+—*—2(x—x)+ |g - . [n (LKH%)"*“
A% Ly —x, e i Hy—Hp | & (Lx—X%) 7 Ly
» gy i L =%y g < _Ea_("ﬂi_lf]
\:a -+ 79 (x —xg) (Lxg — x) 2mn
B S 10
“ mn




Hcenonb3yst npusesenuble B 970l Tabauie BbipakKeHHsl IS CKO-
DOCTH, MOXKHO HaiiTH pelleHue ypaBHeHHs (6.2) [Js KOHUIeHTpaiuu
C. Ilpu 3TOM, NIOCKONBKY 3TO ypaBHEHHe He COLEpIKHT BTQPOH Npo-
H3BOJHO/, OHO MOMKeT paccMaTpHUBATBCA AAS KaxKAOH 30HH B OT-
AeNbHOCTH. I'paHHYHble YCJOBHA IJIsi pelleHHs ypaBHEHHs (6.2)
CJeyIoNHe:

e 0, C" = Ce;

PO =0 C=Chx=L, C=C (6.18)

Ipn stux ycaosuax dopmyna Ais onpefenenns KOHIEHTPAIHH
B NepBoil 30He HMeer BUA [93]

= —prf M, 2l e (t—1)
= 1 S ASE £ 1 [ A
iCmetig B Jre—1, (6.19)
riae

Ci(x, ) —C, R CD—-CE

c : - E L
Ce=-C, £ Co—C., "

[(t—ty) — enuununas PyHkuus, onpeaenseMas Kak # B (6.11): ona
paBHa HyJio npu <ty v paBHa | npu {>>1y; fy — BpeMs ABHIKeHHs
GpoHTa (QUABTPALMH, T. €. (POHTA MPOCTEKHBAEMOr0 KOMNOHEHTa
(n11 BOIBI C ompeseseHHOIl MHHepaansauueii) co CTOPOHBI KOHTYpa

€ MOCTOSIHHBIM HaNopoM:
Ll *
ey R (6.20)

* e. M

El F § 1

Haa yyera paBuoBecHoii copGuun B pasenctBo (6.20) u Bce mo-
1
caenyioniie GopmyJabl, onpefensionine ¢y, CAeLYeT BBECTH A=—}3H§ :

M L]
Mgy it Eog ¢ (6.20a)
El Ml

Koopaunara ¢ponta duabrpaunn x4 6yaer

M L
gt — L (6.21)
i
Mz pemenus (6.19) cremyer, 4To B KaxKA0M CeueHHH MOTOKA X
B NePBOil 30HE MOKHO BBLIJEJNHTH JBe (Paskl H3MEHEHHS KOHIeHTpa-
unH. IlepBas dasa oxpatbiBaer Bpems 10 [<fy, B TeUeHHE KOTOPOTO
peyHbie BOJbI ellle He MOOIIIH; MPH 3TOM

0= €, o (O =G 1, (6.22)

Korga ¢poHT GuUABTPAUHH pPEUHBIX BOJ [OCTHTHET TAHHOTO Ce-
YeHHsl TIOTOKA, B TOM YHCJIEe Ha JIMHHH BoAo3abopa, KOHUEHTpalus
HU3MEHseTcsl 3/1eCh CKAuKooOpasHO M HMMEEeT cCJedyliollee 3HaUYeHHE:
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C=C i C=CH(G—Coe ', - (6.23)

0CTaBasCh jajee MOCTOSHHOH. ’

[IpuBefieHHble COOTHOLICHHS CNPABEMMHBEL TPH OTCYTCTBHH «BO-
fopasjena NMOA3EMHBIX BOA» MEXIY pekoit © BOK03a6OPOM, T. €.
npu M;>0. Ecau 3to ycnoBue He cobaiofaercsi, TO B TOUKE Xp=

M

= —L CKOpOCTb JBHXKEHH:S BOJBI paBHa HYJIO H W3 DEKH K BOAO-
&

3aGopy ¢uabTpalHs He MPOHCXOMLHT. B sroM ciaydae B TeUCHHE

BCEro IEepHOAA KOHIEHTPAUHs ONpeAensercd no dopmyne (6.22).
B soHe 2 MCKOMAs KOHLEHTpalus BhIpaXKaeTcs Tak:

e P iamich, C=e T apnisis (6.24)
rae {

M *
e Ayt (6.25)
gy M, 2, Ly

Koopaurara ¢pponta GuILTPALKH

M 2F —ert
Xp= -B;i(e‘g2 ey N (6.26)

Takum o6pa3oM, B JaHHOM cilydae BO sTopoil (ase, mocje MOA-
xofia GponTa (uaAbTPALHH CO CTOPOHBI KOHTypa IHTaHHSA (x=Lx)
KOHIIEHTpAlHs BO BPEMEHH He U3MEHACTCH.

[Ipu 3TOM, IOCKOJBKY HAa KOHType NPHHATO C=Ce, B MOMEHT
=ty He MPOMCXONMT CKauka B H3MEHCHHH KOHIEHTPAaIHH.

B soHe 2 TakiKe CJAeAyeT YUMTHBATb BO3SMOMKHOCTD obpasoBaHHs
BOZOpasfiena NOA3EMHEIX BOA; YCJIOBHEM 3TOro fABJAseTcs HEepaBeH-
ctBo M, < &; Ly. Tlpu coGmioflenn# STOTO yCioBHA ~ KOHUEHTPALHR
onpejensercs 1no nepsoit popmye (6.24), T. e. ABHIKEHHS €CTECT-
BeHHBIX MOJ3EMHBIX BOJ B CTOPOHY Boj03abopa cO CTOPOHBEI KOHTYpa
NPOHCXOAHTh HE GYJIeT.

Jlas W30AMPOBAHHOTO MJACTA, gorna e;p=~0, Qpopmyasl Ajs Of-
penenenna (QpoHTa Xg H KOHIeHTpauuu C HMEKT CJeLyIOHIT BHI:

B 30He 1

e e LT (6.27)
(i1 1 (] M,
Zoe Ol g Lg%
C— Cp—'ca f(t tq;)-
B 30HE 2
%o =M+ L to= I{KJT : (6.28)
2

E;%=f(t—t¢).
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Ha nunun BonmosaGopa pesysibrupyiouias KonumesTpauus C, on-
penensercs no GopMmyJse cMeleHHs

= MCLenCs (6.29)
71+ 92

3zeck g; H G2 — pacxoibl, MOCTYNAIOIUIHE B BOA03a60p H3 KaKIoi
30HH [cM. opmyast (2) u (7) B Taba. 13]; C, u Co— KOHUEHTpAHH
BelllecTBa B MOA3EMHBIX BOJaX 3THX 30H, KOTOpHE ONpeNessioTcs
no npuseneHHuM opmyaam (6.19)—(6.26) npu x=x;, (Ha JAHHHH
Boznosabopa). ‘

BOJJ03ABOP B LEHTPE KPYTOBOH OBJIACTH
C YYETOM HHOHJIIbTPALLUH

Cxema 3afaun cooTBeTCTBYeT pHC. 47. BOAOHOCHHI maacT orpas
HHYHBAETCS Ha PACCTOSAHHH r=ry; KPYTOBBIM KOHTYPOM C IOCTOSH<
HBHIM HamopoM (HJH HYJEBHIM IOHHXKeHHeM yposus). Ha Bcefi mio-
Wajn iacTa ir2 ¢ MyCKOM BOJ03a60pa B SKCINIYyaTalHI0O HAYHHAET-

¢Sl HHQUIBTPAIHOHHOE NMHTAHHE CpPeflHell HHTEeHCHBHOCTBIO &= —const.

£=L0mE 4

Puc. 47. HudHALTPALHOHHOE NHTAHHE B KpY- w + * & ¢ 4 +
ropoil o6aacTH (CKBaXKHHA B HEHTpPe KPyrosofi A
obmacTH) o 3 i Ty

A

@ FE

Kouuentpauus npoc/ieXkHBaeMOro KOMIIOHEHTa B BOJe, NOCTYNAIO
e BCaeICTBHE HH(HIBTPALHOHHOrO NMHTAHHA, — C=Ce, HauaIb-
Hasi KOHIIEHTPalHus ero B n1acToBol Bojae — C=Ce.

Peuenne 3agaun npon3BoJuTCS HAa OCHOBE ypaBHeHus (6.2) mpm
CKOPOCTH ()HJIBTPALHH, PaBHOI

L el (6.30)

2nmnr
ITpunnMas HayalbHOE H rPaHHUHOE YCJIOBHSA:

=0 r<r, C=0Cg
e = € =0

NOMYYHM CleAyiollee pelleHHe OTHOCHTeNbHO KOHHeHTpauun [93]:

)

Sy ok A0 Q—mers — —e* (1—t
C - Ear t—[— m [C"——e 8 CIJ)]f(t—fq,), (6'31)
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Tae

c—C — Cy—C A Q — mer?
S R 5 CK = LI In
Ce—C,

C=  fy =
G by et 1B 0

(6.32)

f(t—ty) — mo-npexHEMY eHHHUHAA QYHKLHII.
Koopaunata ¢poHTa (HIbTPALHH HAXOAMTCA MO caeayiouen
3aBHCHMOCTH:

e {ee*tl[f?‘ _.QE (1 __e—;‘r)]]__‘lq_ ; (6.33)

Pemenue (6.31) Ans pagna/bHON 3ajauH aHAJOTHYHO PEIICHHIO
S OJHOMEPHOTO IIOCKONapaJ/eabHoro noToka. 3nech TakkKe NpH
t<ty, T. €. 1O JNOCTHXKeHHs (DPOHTOM ¢GuabTpanuH paccMaTpHBae-
"MOrO CceueHHsi ¢ KOOPAHHATON r, KOHUEHTPAIHA ONpenesieTcd TOJb-
K0 HHQHILTPAIHOHHBIMA BOJAMH M HX CMEIIeHHeM ¢ BOJAaMH
nJacra:

gt ol GG =0 s (6.34)

Touka r — .g B paccMart HBaeMoH cxeme HJbTPAUHH 5B-
Z ne

JSIeTCs «BOJOPA3/ebHOM»; OT Hee IMOTOK HaNpaB/seTcs B obe cTo-
POHBI K KOHTYpY NHTaHHA H K Bomo3abopy, a Ha caMoil TOUKE CKO-
pocTh (PHABTPALHHE PaBHA HYJIO. CaenoBarteabHo, npu Q < mery ae-
6uT BOJ03a60pa NOJHOCTBIO O0ecneuHBaeTcs HH(UIBTPALIOHHBIM
nuranpeM. I1py OTHOCHTENbHO GOJBIIOM pacxoie Bojo3abopa (Q>
S mers) K HeMy TOCTYNAlOT KaK HHQHIbTPALHOHHBIE BOAL, TaK H
BOJBl €O cTOpoHHl KoHTypa. [lpu stoM (GpoHT dbuabTpalnl MOCJeN-
HHX rp W COOTBETCTBYIOIEE BpeMs fy OMPEACNAIOTCH 110 MIpPHBefeH-
ubiM opmyaam (6.33) u (6.32).

®opmyan (6.31) u (6.34) mo3BOASIOT Cpasy HAWTH CPe/HIO
KOHIEHTPAIHIO MPOCJIEKHBAEMOr0 KOMIOHEHTA B pojo3abope. as
3TOro CJAeAyeT NPHHATb (>{y W NMPH ONpeneseHHH C no ¢opmyae
(6.31) u ty mo popmyae (6.32) MOJOKHTE r="rq.

Il m3oampoBanmoro muaacrta, koraa =0, @poHT (huabTpaHH
ry M BpeMs fp, KaK HIBECTHO, ONMPEALIAIOTCA IO cJeAYIOLIUM 3aBH-

CHMOCTAM:
.

2 Qi nA (r3g—r? '
e = (6.35

rjle rgo— HauaJbHOE MOJMONKeHHe (POHTA (B wacTHOM cJayuae, TIpH
t=0 r¢u=.";{).

®opmyasl  (6.35) CYNECTBEHHO OTJHYAIOTCA OT TNPHBELCHHAIX
supaxennit (6.32) u (6.33). Tonpxo mpH e* {1 3TH GOpPMYJIH
CTAHOBATCS AHAJOTHYHBIMH, T. €. NPH MaJbiX 3HAUGHHAX BPEMEHH
pAHAHHE HHOUILTPAIHH 3aMETHO He CKa3blBaercs.
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H30JIHPOBAHHbIH NJIACT. FPYIINOBOXW BOJAO3ABOP
B BbITOBOM INOTOKE

Ilpu meficTBHH OAMHOYHOrO BoZo3abopa (OAMHOYHOH CKBAaJKHHBI HJH
KOMIAKTHOH TIpyNNB B3aHMOJEHCTBYIOUIHX CKBAaXKHH) B H30JHPO-
BaHHOM mJjacte (poOHT (QHAbTPAllHH ONpeessieTcs TaKxkKe I0 ypas-
HeHHIO (6.2) npH £5=0.

Jns TakuX YCJIOBHH, HCIOAB3YS COOTBETCTBYIOWHE (OPMYJIH
Ans (QYHKUHH NOHHXKEHHS YPOBHS, MOXKHO HaWTH CKODOCTH (H/b-
TpallHH H 1o oblleMy ypaBHeHHIO (6.5) — 3aBHCHMOCTH JJA pacyes
Ta (poHTa (HIBTPAIHH.

PaccMOTpHM CJIeIVIONIHE CXEMBL.

Bodosabop & ydasenuu or pexu. B 3TOM ciayduae NpH HaNHYHH
OJIHOMEPHOro (BAOJb OCH X) eCTeCTBEHHOro NmoToXa (pHc. 48, a) cos

—

-

Y
X - :}\
% — ??‘
y
"o 7% 13 &
V —
] \ ; y
E -ééq]a- - qu. .

Puc. 48, CxemMbl QMALTPANHOHHOTO TeYeHHs K BOA03a0OpY B H30JIHPOBAHHOM njacre:

@ — B VJAaJeHHH OT PEKH NMPH HaJHYHH eCTeCTBeHHOro IOTOKa; 6 — To xKe, Ges ecTeCTBEHHOrO
moToKa; & — BOausn PeKH NpH HaJWYHH eCTeCTBEHHOrO NOTOKa, ¢ — TO iKe, Ges ecTecTBeH«
HOro noTOKa

CTaBJSIOIIHE CKOPOCTH (GHIBTPAallHH 1O KOOpAHHATAM X, Yy Haxo-
AsTca U3 (opMyJ1, IPHBEIEHHBIX B IiaBe 4:
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re re

LSRR TR TR - B (6.36)

x 2nimr? 2mtmr? ?

rne Q — pacxon Bonosabopa; a— KO3(Q(HIHEHT Ibe30NPOBOAHO-
CTH; (o — €CTECTBEHHBIH NOTOK NMOJ3EMHBIX BOJ; OCTaJbHble 0603Ha-
YEHHA NMPeXHHe.

[TpupaBuuBasi Hymio ckopoctk V. mo (6.36) MoxuO B paccMar-
pHBaeMoOil cxeMe (HABTPALHH ONPENEJHTh IOJOXKEHHE TOYKH pas-
BeTBJIEHHS NOTOKAa Xp, 4Yepes KOTOPYIO MPOXOAMT JHHHSA TOKa, Orpa-
HHYMBAIOIIAs B KaMKIblii MOMEHT BpeMeHH oO61acTh NMHTAHHA HIH
o6aiacTh 3axBaTa Boposabopa. KoopanHata 3TOH TOYKH

rl
¥ o (6.37)
P 2mge > y

Ilpn £=0 xp=0, T. €. TOUKa pa3BeTBJEHHS HAXOJAHTCS Ha OCH
Bofo3abopa. Co BpeMeHeM OHa MepeMelllaeTcsi BHH3 IO NOTOKY,
npuueM MAKCHMaJbHOE ee yhajeHHe OT Bojo3abopa COOTBETCTBYET
BpeMeHH {=oo0.

Ilpu sToM

o I 6.38
xP 2“‘?8 = ( s )

Hcnonb3ysi H3BeCTHHIE COOTHOIIEHHSI MeXAy (yHKIHeH Hamopa
HJIH TOTEHIHAJIOM CKOpPOCTH (HIbTpalnHH H (QyHKIHeH TOKa B CTa-
IIHOHAPHOM NOTOKe (cM., Hampumep, [91]), MOXHO BHIpasHTb IIO-
CJIEIHION0 B ClIe/lyIolleM BHJIE: ‘

arctg L +y nmpu x>0,
¥= % (6.39)
:rc—arctg% +y mpr x<0,

P=20, g 2y 6.40
A L e (6.40)

[To pasHoctH GyHKUMI TOKa onpenensercd GHILTPANHOHHBIA
pacxon

Q=% — Vi (6.41)
Ha (6.39) moayuaeMm cBf3b MeXAy KOOpPAHHAaTaMH X, Y TOUEK
Ha M000# JHHHHE TOKA: :
= —— ; (6.42)
+ tg(p—y)
rje 3HaK «-+» NPHHAMAaeTcsa A 30HH x>0, a 3HaK «—>» — L4
30HE Xx<0. :

Teneps no ucxonuuiM ypaBHeHHsM (6.2) u (6.5) mMoxHO omnpene-
JHTh BpeMs [y, B TeueHHe KOTOPOTO TOYKa, paclojaramiasics B
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HayaJbHBII MOMEHT Ha DaCCTOSIHHH Xgo OT BoJA03abopa, MPOABHHET-
cAl 10 CeyeHHs X:

x

t¢: —An o

Ve
de
IMoacrasassa cioga V. wan V, no (6.36) (nmpu AR =1) u
Bhlpaxkas B HuX mo (6.42) Y uepes x (uam.Hao6opoT), NOJYIHM

AnmQ /= sin O :
ty = X ln.—_), 6.43
b on qﬁ ( + sin® 4y ( )
%= 2% (y,,—2x); O=arctg-L —arctg—L-, (6.44)
x Yo

IIpu OTCYTCTBHH €CTECTBEHHOrO NOTOKAa MOA3EMHBIX BOA, T. €.
korga ge=0 (puc. 48,6), duapTpanus K Bomosabopy mpuobperaer
OJHOMEpHBIH (OCeCHMMETPHUHBIH) Xapakrep CO CKOPOCTbHIO

Q Qy

R 2nmr® fo 2nmr? @
H NoJHaA cKopocth V = Q (r=VE+ ). (6.46)
2numr

B coorserctBHH ¢ 3THM H3 (6.2) u (6.5) ans ¢poHTa QHABTpA-
LIHH rp U BPeMeHH fg INOJy4YaloTcsl paHee NpPHBeJEHHbIE (OPMYJIBI
(6.35).

Murpaunsi 3arpsisHeHHil B IIacTe, H30JHPOBAHHOM BOJAOYNOP-
HBEIMH IIOpPOfaMH KPOBJH H IOAOLIBH, MOXET HMEeThb MECTO TOJBKO
NpH HAaJHUYHH «BHYTPEHHHX» HCTOUHHKOB 3arpssHenus, o6pa3oBas-
IIHXCS B pesyabTarTe (PHABTPAIHH CTOUHBIX JKHAKOCTEH M3 IPOMBILI-
JeHHBIX 6acCeHHOB HMJIH NMOCTYIJIEHHS 3arps3HEHHH 4Yepe3 HEeHCIpaB-
HBEI@ CKBaXKHHBI.

Eciiu 3TH HCTOYHHKH 3arps3HeHHs NPHBOJAAT K 3aMETHOMY BO3-
MYIIEHHI0 (DHIBTPANHOHHOTO IOTOKAa, TO HX CJeAyeT Y4YHTHIBATh
[pH ONpeJeleHHH cKopocTell H (yHKUHH TOKa. B ciyuae ke, Koria
HCTOUHMKH MOMKHO OTHECTH K YHMCJAY THAPOAHHAMHYECKH HEeaKTHB-
HBEIX, MATPAIKs 3aTpsA3HEHHH H3 HHX OIEHHBAeTCd MO NpHBEACHHBIM
Boeiie opmyaam. IIpu 3ToM GpOHT QHALTPAUMH 3arps3HeHHH JIOJI-
JKeH ompeensitbcss no ¢opmyae (6.43), a pesyabTHpyIOIlas HX
KOHIleHTpalHs B Bojo3abope — 0 OTHOCHTEJNBLHOMY pacXoldy 3a-
rpA3HEHHBIX M YHCTHIX BOA, T. €. IO (OpMyJie CMEUIeHHS.

Boipamasi pacxoJ 3arps3HeHHBIX BOJA 10 DPAasHOCTH (QYHKUHH
Pit1, P, XapaKTepH3VIOIHX JHHHH TOKa, OrpaHHYHMBAIOLIHE OdYar
sarpsisHeHus (cM. puc. 48, 6), noayunm

(5 —Ce

Ci=C.+ e i+ — ¥2)s (6.47)
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rie Cy, Cs; B Ce— KOHLEHTDAIHH 3ATPA3HEHHH TOro HJH HHOrO
H3 MPOCJEXKHBAEMBX KOMIOHEHTOB B Bojfo3abope, ouare sarpsiaHe-
HH{l H B NPUPOAHEIX BoJaxX mjacta (TaK HaspiBaeMas tdoHOBasg KOH-
nentpanus); Qs — 06IIHi pacxon BoLo3aGopa.

Bodosdbop ebaudu pexu. Insi pacuera MOHHKEHHS YPOBHA IIPH
71cfiCTBHH KOMIAKTHOro Bofo3abopa BOJH3H peKH TPHMEHSIOTCH
dopmyasl (cm. ri1. 4). Ilo sTuM popMy/TaM MOKHO ONPEAS/THTH CKO-

r

pocTH (uibTpamuH, KoTope mpH e * a1 BupakaoTcs TaK
(puc. 48, 8):

o 0 X—Xg _ X—X% e . s
Vx42mn< re p? )+m' Yy
Qy (1] 1
'ﬁﬁ(ﬁ"“$?)’ his8)
TNpHYEM 3]ieCh

r=Vk—0+ 3 p=Vk+2'+.

Kak moka3saHo Ha cxeMe (HIBTPAIHH, PacXoj Bofgosabopa ckia-
nbiBaeTcs H3 (PHIBTPYIOUIHXCA PEUHbIX BOJX H €CTECTBEHHOrO NOTOKA.

[Ipu 3TOM pa3Mepsl ydacTKa (PHABTPAlMH H3 PEKH ONpeiess-
J0TCH IO CJeAyIonieii 3aBHCHMOCTH!:

Q
- nad .49
e S ‘/x['( e x°) . &2
Imeercs B BHAY, UTO ncs e 35 S8
DyHKIHH TOKA HMeIOT TaKHe BBIDaKEHHS:
arctg —4— —arctg—2—-+y mpr x> X,
. X — X x -+ X,
== (6.50)
T UV ¥ T
n — arctg i arctg i —|—g npe x < X,

Tae o6osmauennst mpexune [em. dopmyas (6.36—6.40)].
CoOTHOImE e MeXAy KOOPAMHATAMH X, y Ha /000 JHHHH TOKA
u3 (6.50) Oymer s

/2 5 2yx, :
n— xp— i+ —2— . 6.51
TR Y 651
Ucnons3yst no-npexuemy (6.48), c yuerom (6.51) moOxHO M3
(5.2)—(6.5) HafiTH BpeMsi JBH)XKeHHS H KOODJIHHATHI tdhponTa
¢uaprpanuu. JLJAs TOYeK, PacroJaralolluXcs Ha OCH X, NpH 3TOM
MOJYUHM -

= x'f, o yf,
o
138
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[Ipn OTCYTCTBHH €CTECTBEHHOrO IOTOKa (ge=0) nmpOH3BOAMTEND-
HOCTh BOLO3aGopa obecneynBaercs LeJHKOM (HIBTPalHEil H3 PEKH.
TeoperHueckd NPH 3TOM KOODAMHATH 30HH (QHIBTPAUHH H3 DPEKH
Yp==t00, T. €. GHIbTPAllHA H3 DEKH NMPOHCXOJHMT Ha BCEM €e Ipo-
Tsokennn. OIHAKO MaKCHMaJbHb pacxofl, paBumii 80—85% pacs
X0a BOZ03a060pa, COCPeNOTOUHBAETCA B 30HEe Y~ +3x. IT0 MOJO-
JKeHHe WJTIOCTPHpYeTcs rpadHKoM Ha pHC. 49.

<4/ e
10+ 5
a8+ ¥

LE

|t S G

Tﬂ.\ : T

i '

L oy

4’ II I 'fé : /}‘ Tj=y/.z;

Puc. 49. TpadMk 3aBHCHMOCTH PACXOJa PEYHBIX BON (NPHBAEKAeMbIX K Bojo3abopy) oT M-
puHbl dponTa GUALTPALKK

JlBuenne ¢poHTa (GUIBTPALHH NO IJABHOH JIHHHH TOKa (OCh
X) TIPH OTCYTCTBHH eCTECTBEHHOIO MOTOKa OmpeJiensieTcs Mo cjaeayio-
mieii opmyde:

gL o R B e (6.53)

3Qx

KoHnenTpauunsi 3arpsisHeHHH NPH HaJHYHH HEAKTHBHOrO HCTOY-
HHKA TAKOBbIX HAaXOJHTCH, KaK H paHee, mo oOllell 3aBHCHMOCTH
(6.47), rae iy, P; onpenensiores no (6.50).

dopmyan (6.48)—(6.53) nas Bojosabopa BOJIH3H peKH crpa-
BeIJIHBH, KOTJla peKa SBJIAEeTCS COBepLIeHHOH B (HJIbTPALHOHHOM
oTHomenuH. [IpH 3HAUNTENHHOM HECOBEPUIEHCTBE DEKH MOXKHO HC-
N0/1b30BaTh NPHOJIHKEHHBII NMPHEM pacueTa BBeJEeHHeM JOMOJIHH-
TEJLHOro conmpoTHBJeHHs AL (cABHXKKa ype3a PEKH OTHOCHTEIbHO
Bojo3abopa). [Toxpobuee 06 3TOM CM. B Iiiase 4.

JBYXCJIOHHBIA MJIACT

duabpTpallHOHHAA CcXeMa JBYXCJIOMHOTO MJyiacTa IMpHBe/eHa Ha
puc. 27 (cm. ri. 4). IlpeanonaraeM H3BECTHHIMH NepBOHAYalbHYIO
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KOHIEHTPAUUIO B BEPXHEM NMHTAIONIEM Caoe Ce 1 B OCHOBHOM Hamop-
pom miacte Ce. Ilpm 3Kcmayarauuu Boao3abopa BoAa 000HX TOPH-
SOHTOB Oy/eT CMEelIHBATLCH, MOITOMY KOHIEHTPAIHf BellecTs B
OCHOBHOM CJIO@ JIOJ3KHA H3MEHATbCS B 3aBHCHMOCTH OT BpeMeHH [
W KOOpAHHATH 7. Pelllenne coOTBETCTBYIONIEI IHAPOAHHAMHYECKOH
sajaun Bhipaxaercs opmyaoil (4.53), B Kotopoil GyHKuHS R anst
JTHTENbHBIX TIePHOJOB OTKAYKH ONPEAeJsieTcs M0 BbIPazKeHHio
(4.54). -

B COOTBeTCTBHH C 3THM MeHCTBHTENbHAs CKOPOCTh JABHIKEHHS
BOJIEl B OCHOBHOM ILJIACTE

Pz : (6.54)

2anmr

Vienbuoe HHGHUALTPALHOHHOE NHTAHHE, T. €. NPHXOAAIHMHCH Ha
eAHHHILY TJIOMIAJAH PACcXOJ IMepeTeKaeMbX BOJ M3 BepXHEro Ijacra
B HHJKHHII, MOKHO ONpEJeNHTh CACNYIONHM 00pasoM:

re

e s oy LR (6.55)
my

4rnifa

rie S, — NMOHMJKeHHe YPOBHS B BepXHeM mJjacte; [ — Bpems OT

km

payasa OTKauKH; @ — KO3(h(HIHEHT Nbe30NpPOBOJHOCTH (a= ——)
w

PagenctBa (6.54) u (6.55) cnpaBeAsuBel [ OTHOCHTEIBHO

COJBIIHX IPOMEKYTKOB BPeMeHH
A 3 [ BT
ktl

B oTiHuHe OT paHee PacCMOTPEHHBIX 3afay Ha CMelIeHHEe MOJ-
3eMHBIX BOJ B JAHHOM CJyuae CKOPOCTb JBHKEHHS BOJIbI H BeJH-
yiHa HHQHUIBTPALHOHHOTO NHTAHHA M3MEHAIOTCH BO BPEMEHH.

TToxcTapasisi coOTHOmeHHe AAst V* u € B HcXomHoe MuddepeH-
nHaJpHoe ypaBHeHHe (6.2), HafiieM, 4TO  TOJOXKEHHE ¢dponTa
(UIBTPANHE NOJ3EMHEIX BOX Ha J1060H MOMEHT BPEMEHH Ompee-
JisieTCsl COOTHOIIeHHEM

Iy = g0 — ﬂffn . : (6.56)

rlle rgo — NepBOHAYaIbHOE NOJIOXKeHHe (pOoHTa (npu £=0).
BripaskeHue sl OTHOCHTEJBHOH KOHIEHTDAIMH paccMaTpHBae-
MOTO BellecTBa B IOJ3eMHON BOJE NPH TOM NpHOOperaeT BHL

In€ = —* 0 [— Ei (—ay)], (6.57)
p+p*

= Al = Q

C= Ce_cg ’ ULy = Q + 4a**t ] Q = Anmna** ' (658)
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IIpu onpenenenun Kouuenrpanun C=Cy Ha Bofosabope ciexyer
B (6.58) NpHHATL ry="ro.

3 137103KeHHOro BHAHO, YTO KOHIEHTpallus BellecTBa B BOJE,
U3BJEKaeMOil BOJ03a60POM, B 3HAYHTENBHOH CTENEHH ONpelesseTcs
nebutoM Boj03a6opa. [IpH OTHOCHTENBHO MaJbIX pacxofax CKBa-
xuis (Q~0) C~1, 1. e. C=C,;, XUMHYECKHH COCTAB BOJH B IlJa-
cTe uaMeHseTcs caabo.

TPEXCJIOMHbIA MJACT

Tpexcaoiinblii mract (cM. cxemy Ha puc. 28 B I 4) npenacTaBJfeT
c060il CHCTEMY, COCTOSIIIYI0 H3 JBYX XOpOIIO NPOHHIaeMBIX TOpH-
30HTOB, B OLHOM H3 KOTopmX (cJjoii 1) pacmonaraercst BOA03a00p;
TOPH30HTH ~ pasjesieHsl  ca1aGoNpOHHILAEMOl nepembiukoit. Ilpu
JelicTBHH BOJ03a60pa NPOHCXOAHT CMeIleHHe BOJ 3KCIyaTHPyeMo-
ro mnacta (kouuentpauusi Ce) ¢ NMOA3EMHBIMH BOJAMH MHT2IOLIETO
nnacTa (ca0ii 2) ¢ KOHIEHTpallHeHd HEKOTOPOro KOMIOHEHTa Ce.

[TonuxKenHus ypoBHSI B 000HX BOJOHOCHEIX TOPH30HTaxX IpH KBa-
3HyCTaHOBHBIIEMCS pexXuMe (UIBTPAIMH NOA3EMHBIX BOA K BOJO-
3a60py MOXKHO B COOTBETCTBHH C pemienueM (4.58), mMpHBeJeHHbLIM
g TaaBe 4, sanucartb cileaylomuM obpasoM (cM., puc. 28):

e w2 2 (5]

4nkm r

e = 4n2m [1[1 2,25;*” —2% (%)]'

rile S; — NOHHKEHHe YPOBHA B OCHOBHOM IIJIACTE; S — NOHHKEHHE
VPOBHSI B COCEJHEM, NHTAIOIIEM BOJOHOCHOM TODH3OHTE; Q — pac-
X0/ OTKauKH u3 Bojo3abopa; km=(km),+ (km)s — cymMa BOJO-
- km =
TpoBOAMMOCTEH MaacToB; a**=————; |, Uz H Ho — BOAOOT-
M+ B - Mo '
Jlaua COOTBETCTBeHHO cjoeB 1, 2 H cinaGonpoHHILaeMOro pasienb-
HOTO ¢JI104;

(km)y g (mk)y (km)g
v B/ Dl

(6.59)

3nech ko B mo— Koauuraent GuIbTPAUHH H MOUIHOCTH pasieib-
HOTO CJIOf.

‘M3 3THX COOTHOUICHHiI MOMKHO HaiTH CKOPOCTb (HJIBTPAIHH
[IO3eMHBIX BOA Vjy B OCHOBHOM TOPH30HTE H MOIyJab (pacxoia Ha
©IMHHIY TJIOMAAN) NepeTeKanus (MHGHAbTPANHH) NOASEMHBIX BOA
B OCHOBHOM IIACT €2:

SRR ML[\,+LK‘(%N, (6.60)



rAe B, = _@ﬂk)_lﬂﬂ_ , MMy — MOIIHOCTE OCHOBHOTO CJIOS. *
(]

B orinune OT cXeMbl ABYXCJOHHOrO IJIaCTa B C/Iyyae TPexc/oi-
HOH CHCTeMBI BOJOHOCHBLIX TOPH30HTOB, KaK 3TO BHAHO u3 (6.61),
BeJIMUHHA HHQHIbTPALUHOHHOTO MHTAHHS CTaOHJIH3HPYETCH BO Bpe-
MEHH H 3aBHCHT TOJILKO OT PACCTOSIHHS 10 CKBAMKHHDI.

[ToacraBuB ykasanHble Boipaxkenus (6.60) u (6.61) B HcxomHoe
ypaBHeHue (6.2), nonyuum:

V*‘;—C SRRy o o B . (662
r ot
V* = __V__' e;-—-l = s = '

Any Am,n,

rie C 1 Ce — KOHLEHTPALHH NPOCJEKHBAEMOr0 KOMIOHEHTA COOT-
BETCTBEHHO B OCHOBHOM Iiacte | (MCKOMasi BeJHYHHA) H INHTalO-
mem cioe 2 (npunumaercs, uyto C, =const); ny — NOPHCTOCTL OC-
HOBHOrO miacra; A — mokKasaTelb NpOLECCOB copGuuu (morJome-

HHA): A= i ; (B — xoappuuHeHT pacnpejeseHHSI BelleCTBA).
Pemenune ypapnenus (6.62) mpu ycnoBun C=C, H r=rgo(Ce —

nepBoHavyaJdbHas KOHLEHTpALUHUA B CEYEHHH J”d)o) BBHIpAXKaeTcda B CcJe-
AVIOIleM BHJe:

"o o
e
5 P, - j. = dr
C=—"=¢ 7 : (6.63)
<=, \
rjie r — (pPOHT (QHIbTPALHH INPOCJIEKHBAEMOr0 KOMIOHEHTA.
rll-lfl :
ty= [ & (6.64)
Ih il
ITocne unrerpupoBanuda (6.63) momyuum
Tho o
e NG (—)
e < I/B\ : , (6.65)
F '
v+ 5 Ky \_B-/

rjie BeJHYHHA rgo Onpejensercs H3 ypaBHeHHa (6.64), xortopoe
MO:KeT ObITh NPEeACTaBJICHO TaK: ‘

tp = LI [ref (v, rgu) —r4f (v, 1] - (6.66)

®Dyukunn [ HaXOASATCA B pe3yJabTaTe YHCJAEHHONO HHTErpHpOBa-
Hust (6.64); sHaueHus ux gaubl B Tabua. 14. :
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Tabanuna 14

ri
Buauenus dyHkumm [ (v), —5‘,
Id s
f (v. . )npn v, paBHOM
r; B
B
0,01 0,05 0,1 0,2 0,5 1 2 5 10 100
0,1 0,01 [ 0,04 | 0,09|0,16 {0,34 | 0,50 | 0,66 | 0,82 ]| 0,90 0,98
0,5 0,01 |0,05{0,10|0,18 | 0,36.| 0,53 | 0,69 |0,8 |0,92| 0,99
1 0,01 | 0,06 10,12 | 0,21 | 0,40 | 0,57 | 0,73 | 0,87 | 0,93 | 0,99
2 0,02 0,10(0,180,3110,52|0,68|0,81|0,91(0,95]1,00
3 0,04 |0,17 (0,28 (0,43 | 0,64 | 0,77 | 0,87 | 0,94:( 0,97 | 1,00
4 0,07 | 0,27 | 0,41 [ 0,56 | 0,74 | 0,84 | 0,91 | 0,96 | 0,98 | 1,00
5 0,14 10,390,563 | 0,67 | 0,81 (0,8 |0,94]0,97|0,99( 1,00
10 0,64 (0,80 ]0,8 0,90 0,95(0,97 | 0,98 [ 0,99 | 1,00 | 1,00
20 0,91 (0,95]0,9 | 0,98)0,99 (0,99 | 1,00 | 1,00 | 1,00 | 1,00
50 0,99 | 0,99 1,0 1,0 0 b 5 1,0 150 1,0-11.,0

13 npuseneHHbIX (GOpPMYJ BHIHO, YTO' KOHLUEHTPALHs MPOCTIEkKH-
BAaE€MOro KOMIIOHEHTa Ha BoAo03abope NpH IAJIHTEIbHON OTKauyke, KOT-

r T'po
Ja -E<< ik 5 > 1, cocrasser

o /g . M (6.67)

it (kmy) + (kmy)

Taknm o6pa3oM, IpH OLEHKe MHIpallid 3arpsA3HeHHii B cxeMe
TpexcJoiHOro ImJjacra MOZKHO CYHTATh, YTO KOHIEHTpPalHfA HX B
B0J03ab0pe B OCHOBHOM OmNpejeasercs COOTHOLIEHHeM BOJONPOBO-
JAuMocTell B3auMoJedcTBYIOIHX TyactoB. M3 3storo cienyer, yto u
NMUTaHHe OCHOBHOIO MJacTa CBA3aHO ¢ TAKOi Ke 3aKOHOMEePHOCTBIO.

DTOT BBHIBOJ OTJHYAETCS OT pe3y/JbTaTOB, NPHBEJEHHHIX B pa-
Gore [10], rie BeiaHuHHa JAONOJIHHTE/NbHBIX 3aMacoB ONpefeJsercs
CJeyIoHM 06pa3oM:

]
Quep = bbb (6.68)
B+ pa e
T. €. 3aBHCHT OT COOTHOUIEHHS KO3()(HIHEHTOB BOAOOTAAUH B3aHMO-
AeHCTBYIOUIMX MJIACTOB. JTO OTJHYHe OOYCJOBJIEHO TeM, UTO TpH
BHIBOJe cooTHoweHus (6.68) npuHuMaercs HHas NpeANnoCHIIKA, a
2

)
HMEHHO: Fgo—>00, [5~=00 Hﬂn% — oo, TOrfla kKaxk B (6.67) mpen-
2

Tgo
noJaraercsd, YTO rpos=00, =00, T. €. 4¢t )
a
OTMeTHM B 3aKJalOYeHHe AaHHOrO maparpada, uTo 3ajavya O MH-
rpalHH PacTBOPEHHBIX BEIIECTB B TPEXCJOHHOM IIacTe B H3J0-
JKEeHHOH 3/lech NOCTaHOBKe ocBellleHa B paborax [16, 93]. Ona pac-
cMaTpuBaJach Takxe B. B. BysaessiM.
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ONMPEONEJNEHHE ®POHTA ®HJIbTPALLHH
3ATPASHEHHHA YHCJ EHHBIM
H TPA®OAHAJIHTHYECKHM METOJ0OM

AnanuTHYeCKHEe METOJBI OnpejeneHHs (PPOHTAa (HIbTPALMH 3arpss-
HEeHH NpUMEHHMbBI JJf IIPOCTHIX, B 3HAYUTEJbHOH Mepe HIeaJH3H-
POBAaHHBIX (QHJIBTPALHOHHEIX NOTOKOB,

B Gousee cl0XKHBIX (HIBTPAUHOHHBIX TEYEHHSX, — NPH HAJHUHH
HECKOJIbKHX HCTOYHHKOB 3arpsA3HeHHS H BOILO.?HGOPOB B -€CTEeCTBEH~
HOM (OHITOBOM) MOTOKe, — MOXKHO IIPOH3BOJHTH paCuyeTHl YHCJIEHHO
N0 MeTOAYy, OCHOBAHHOMY Ha KyCOYHO-PA3HOCTHOM pasje/eHHH
BCEro IPOrHO3HPYEMOro nepHoAa (GHIbTPaLHH.

Ilpn pasbuBke pacueTHOro mepHoja BPeMeHH [ HAa R OTPE3KOB
Af;(j=1, 2, .., k), 3a KOTOpBIE ONpENEJAIOTCA COOTBETCTBYIOIIHE
OTPe3KH MyTH AL; npoABHIKeHHS (POHTA DHIBTPALMH, HIH OOPATHO,
N0 3ajaHHBIM BeJHYHHaM AL; HaXxoaatcsi Af;, OCHOBHas 3aBUCH-=
MOCTb IIPH 3TOM npeucms.rmerca B cleyloleM BHIe:

At =
s ZV.-,, Rigee il s (6.69)

i=l Z V; f

rae V:; — JIeiiCTBHTE/IbHAA CKOPOCTh (DHJABTPAIHH HA OTpe3Ke MyTH
AL;, mpuHHMaeMas IIOCTOSIHHOH HJIM cpeJHell OT Hauaja A0 KOHIla
oTpe3ka BpeMeHH Af; M 00yc/OB/IeHHAs AeHCTBHEM (-T0 00BEKTa
GuapTpanuyu (XpaHuauina, Bogosabopa u T. A.); i=1, 2, .., n (n—
KOJIHYECTBO OO'BEKTOB).

[Tonnulit myTh MPOABHIKEHHS TPAaHHUBl pas3fiena Ly u obuee
BpeMs ee HpO,IIBH}KEHHSI fp HAXOAATCA IYTEM CYMMHDOBAaHHA:

k
Ly = AL,, Iy =) Al (6.70)

= =1
3nech k—npmm’roe IPH pacyeTax 4YHCJIO HHTEPBAJOB NYTH H
BpPEeMeHH.

[lo ¢opmyram (6.69) MoxHO NPOH3BOJAHTDL PacuyeTHl AJAS YCJI0-

BHil CTAallHOHAPHOTO H HECTAIlHOHAPHOrO MOTOKOB, NPHYEM B TOM H
APYroM ciaydafx NOJIXKHB OBITh H3BECTHH aHAJHTHYECKHE BLIpaKe-
HHSL 19 cKopocTeli GHIbTPALHH, 0OYCJIOBIEHHBIX JEHCTBHEM KaiK-
Jloro o0beKTa.
' Pacuer npoJBHXeHHS TPaHHULI pasfesa MeXKIY 3arpsA3HEHHBI-
MH M YHCTBIMH BOJaMH YHCJEHHBIM METOJOM TpPOH3BOIHTCA JHGO B
npenenax pceil o6nactH GUABTPanuH, JHOO 1O OTAENBHLIM BHIOpaH-
HBIM HampasjeHusiM. IIpu 3TOoM AJIs pacueTra BpeMEeHH JONYCTHMO'
NOJb30BATHCH NPOEKUHIMH CKOpocTell Mo ocaM Koopaunat. [Ipume-
PBl HCIIONBb30BAHHA YHCAEHHOTO MeToda pacyera ¢poHTa ¢(HABTpA-
I[HH 3arps3HeHHH npHBefeHH B paborax [25, 93].

Hasi monydeHHs NMOJHOM KapTHHB PaclpOCTPaHEHHS 3arps3He-
HHif BO BceX HANpaBJeHHSX OT HCTOYHHKA pacueThl MPOBOJAAT IO
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rHAPOJHHAMHYECKHM CeTKaM  (pHIbTPalkH, XapaKTepH3YIOUHM JIBH-
JKEeHHe IOJ3eMHBIX BOJX C Y4eTOM JelCTBHS HCTOYHHKOB 3arpssHe-
HH#, BOL03a00poRB, ApeH H T. M.

Bpems nNpoOABHIKeHHs 3arpsisHEHHH M NojoxeHHe (poHTa
¢buabTPALHH NPH 3TOM ONPEAENAIOTCA MO MoJ0caM TOKa OT KOHTypa
IefCTBYIOLIEr0 HCTOUHHKA MM paHee o0pasoBaBllerocsi ovara sa-
rpA3HeHHsT NOJA3eMHHIX BOJA. BriGop crmocoba MOCTPOEHHS THAPOJH-
HAMHUECKOH CETKH 3aBHCHT OT CJOXKHOCTH THAPOreoJOrHYeCKHX
YCIOBHI, ()OPMBI, KOJIHYECTBA H HHTEHCHBHOCTH HCTOYHHKOB 3arpss-
HEHHS H B0A03200OpOB.

CeTKH B OTHOCHTEJbHO NMPOCTHIX YCIOBHAX MOTyT ObITH NMOCTPOE-
Hbl N0 aHaJHTHYECKHM pelleHHAM, Oojee CIOXKHbBIE YCHOBHA Tpe-
6yIOT MOJeJIHPOBaHHS.

IlInpokoe NpHMeHEHHE MOMKET MOJYYHTh TakKxke rpadoaHajHTH-
YeCKHi 'METOJ IOCTPOEHHA CeTOK C HCIOJb30BaHHEM KapT THApO-
H3onse3 (B Ge3HANOPHBIX YCIOBHAX—THIPOH3OTHIIC) €CTeCTBEHHOro
NOTOKA NMOA3€MHBIX BOJ.

IIpu pacyerax BpeMEeHH pacnpocTpaHEHHS 3arpsi3HeHHH lp H
NOJNIOXKeHHst (poHTa (PUAbTPALMH Ly HA THAPOAHHAMHYECKHX CETKax

Prc. 50. dparMeHT rugpojiHHaMHYecEOR CeTEM: i

a — dparMenT sveiikH THAPOAHHAMHWeCKOH ceTkH; 6 — (parMenT nueiikH c MoKasaHHEM Bpe=-
MEHH MepeMelleHHs 3arpAsHeHHs

HCIOJb3YIOTCA OCHOBHEIe cooTHouwleHHa (6.68) m (6.69), mnpuuem
CKOpPOCTh (HIbTPanuu V* HcuHcasieTcs A KaXKIAOH AYCHKH CEeTKH
(Ha oTpesKe JIEHTHl TOKa MEXJAy COCeJHHMH H30JHHHAMH MOTEHIHa-
a08) o ¢opmyse (puc. 50) '
M Y g

Vf:T i ; (AH;=H,,—H). (6.70a)

B COOTBETCTBHH C 3THM, TOCKOJBKY CKOpPOCTb (DHJILTPAIMH
npejcraBaser co60fi CyMMapHYI0 CKOPOCTh CJIOMKHOrO NoToka (T.e.

Vi=3) v:,-),
=1
AtRAH; AnAL?
ALj = ITI-; Ati = ‘—kAT;" . (6.71)
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[onnmii nyrs (Ly) u Bpems (ty) duasrpamuu 3arpA3HeH i
HAXOIATCs CyMMHPOBaHHEM N0 (opMyiam (6.64).

YKasanHble BEIPaXKeHHS MOKHO IPEJACTABHThE B HECKOJBKO HHOM
BHJe, Gosiee ya0GHOM Aasi rpadoaHaJHTHUECKOrO NMOCTPOEHHS Tpa-
HHLEBL pasjena MeXJy 3arps3HeHHBIMH CTOKAMH H IPHPOAHBIMH
TIOASEMHLIMH BOAAMH HA ONpeJe/eHHbIe MOMEHTH BDEMEHH. YUHTDHI-
Bas, YTo (DHIBTPAIHOHHEIN PacXol B KaxKAoi NoJoce (cM. pue. 50)

RAH ;
Q=%+ —¥ = 'T,-’ Aby,

a IJoWaAb KaxKJIoH d4eiiku

sMecro (6.71) noayunm
Ul (6.72)
Qj

B crannonapHbx ycaOBHSX pacxoq B mpefenax mONOCH TOKa
He navensercs (Q;=const), mosromy

At; A

T. €. NoJOKeHHe (pPoHTa (HIBTPALMH Ha onpejeseHHble (3anaH-
HEIE) OTPE3KH BpeMeHH Af; MOKHO HaXOAHTh IIyTEM BEIYHCJAEHHS
COOTBETCTBYIOILeH miomann F; B mpemenax paccMaTpHBaeMoOi Io-
Ji0chl TOKa. IIpu 9TOM ImIIomaibL MOXKET OXBATHIBATD HE OJIHY SI9EHKY,
a OoJsiblle MM MeHblIe, B 3aBHCHMOCTH OT NIPDHHATOTO PACYETHOrO
HHTEpBaJsa BpeMeHH Af;.

[loctpoenne ruapoaunaMuyeckoii ceTKH GOUIBTPALHH  MOKHO
€ YCIEXOM BBITIOIHATH C MOMOILBI0 MOJEJHPOBAHHS HA aHAJOOBBIX
SMEKTpHYeCKHX npuGopax. IIpu mocratouHo noapo6HBEIX cBegeHHAX
O THADOT€OJIOrHYeCKHX YCJIOBHAX H NapaMeTpax BOJIOHOCHBIX M.ia-
CTOB 3TO NO3BOJIAIET OXapaKTepPH30BaTh (PHIBTPANHOHHOE MOJIE IpH
CaMbIX CJOXHBIX H Pa3HOOOPa3HBIX 06CTOSITENbCTRAX. -

F'IABA 7.
SAIIUTA MOA3EMHBIX BOI OT 3ATPS3HEHUM

OBUIME MEPOTNIPHAITHS MO BOPbLBE
C 3ATPSISHEHHUEM MOJI3EMHBIX BOJ,

HssectHBle NpHMepL 3arpssHeHHS NOJ3€MHBIX Box [69, 82], a
TaKKe MaTepHasbl, NPHBOAHMEIE fajee B IiaBe 9, NOKA3HIBAIOT,
4T0 Gopb0a ¢ 3arpA3HEHHSIMH, yXe TNOMABIIAMH B BOJXOHOCHEI
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njaacr, npejcrasisieT coboil OYeHb CJHOMKHYIO 3alauy H Tpebyer
JIOPOTOCTOSAIIMX, YACTO TPYAHOPEATH3yeMbIX MEPONPHATHH.

ITpn GonblIOM HaKOMJIEHHH B IJIacTe 3arpA3HSAIONIHX BEIIECTB W
MaJoi HX JecOpOHPYEMOCTH, a TaKxe IPH HH3KHX (HIbLTPallHOH-
HBEIX CBOHCTBaX IOpPOJ BpeMs, HeoOXOAHMOe MIJf MOJHOTO H3BJeye-
HHSl 3aTrPSI3HEHHII M3 TOPOJ M IOA3EMHBIX BOJ, MOMKET H3MEpAThCSH
JACCATKAMH H HaXKe COTHSAMH JIET.

B cayuasx ke, Korjla oyar 3arps3HeHHSI HMEeT 3HAYHTEJIBLHYIO
mjaolajib, a MOLIHOCTb BOMOHOCHHIX NOPOJ  BeJHKa, 3arpsi3HEHHE
NOJ3eMHBIX BOJ JHKBHIHPOBaThH BOOOLIe He ymgaercs, H 3TOT yua-
CTOK BOJOHOCHOro mnJacrta, HHOriia ¢O 3HauyHTeJIbHBIMH 3alacaMu
NOJA3eMHBIX BOJA, NpakTHYecKH Ge3Bo3BpaTHo Tepsercs. [lostomy
[IaBHBIMH CJ€NyeT CUHTATh MEPONpHATHA NpPpOo(GHIAaKTHUEC-
KOro xapakTepa, mpeaynpexaalollne BO3MOMXKHOCTb 3arpsa-
HEHHS MOA3EMHBLIX BOJA.

K coxaneHuio, 0HaKo, HMEETCS HeMaJo NPHMEPOB YKe Ipo-
H3oLIeAUIero 3arpsi3HeHHA TOA3€MHBIX BOJI. B cBsI3u ¢ 3THM Hapany
C NpodHIAKTHUECKHMH MEPONPHATHAMH AOJKHE pas3pabaTHBATLCH
METOAbl H IPHEMHEl IO JOKAJH3allHH O04Yaros 3arpssHeHud,
4 TaM, re NpeacTaBJ/JseTCAd BO3MOXKHBIM — TaK¥Ke [0 HX J H KB H-
AallHHW H BOCCTAHOBJEHHIO KauecTBa NMOL3EMHBX
Boxa [25].

lIpodunakTHyeckne MepONPHATHA NPOTHB 3arpPsA3HEHHS MOA3eM-
HBIX BOJI CTOYHBIMH BOZAMH H OTXOHaMH JOJIKHB OBITh KOMILIEKC-
HBIMH H 3aXBaTbiBaTh KaK c(epy CTPOHTEeNbCTBA H INPOH3BOJACTBA,
Tak ¥ COGCTBEHHO TI'MPOTeOJOTHYECKHE ACleKThl (KOHTPO/Jb H Ha-
6JIIO,H,EHHH 3a KaudeCcTBOM IIOJ3€MHBIX BOJl, HaJexXKHoe B CaHHTapHOM
OTHOIIEHHH YCTPOHCTBO BOA032a00POB MOASEMHLIX BOJ H T. IL.).

[IpenorBpanieHnio 3arps3HeHHs] NMOA3EMHBIX BOJ COAEHCTBYIOT
MeponpHsaTHA 00ulero Xapakrepa: 1) cosjgaHHe 3aMKHYTHIX CHCTEM
NPOMBIIJIEHHOrO BOAOCHAOMXKEeHHS H KaHaJH3alluH; 2) BHeApEHHEe
NPOU3BOJACTE ¢ GeCccTOYHOH TeXHOJOrHeH MJH ¢ MHHHMAJbHBIM KO-
JIHYECTBOM CTOYHBIX BOJ M APYrHX OTXOAOB; 3) COBEpIIEHCTBOBAHHE
OYHCTKH CTOYHBIX BOJ; 4) M30JMALHS KOMMYHHKALHH CO CTOYHLIMH
BOJAAMH; 5) JHKBHAALMS HJIH OYHCTKA ra3o-AbMOBBIX BbIOPOCOB Ha
NpeANnpuATHAX; 6) KOHTpPONHpyeMoe, OrpaHHYEHHOE HCIOJb30BAHHE
SIOXHMHKATOB H YHOODEHHH Ha CeJbCKOXO3AHCTBEHHBIX TEpPHTO-
puax; 7) ray6okoe 3axopoHeHHe 0cO00 BPEIHBLIX CTOKOB, HE HMeEIO-
IHX 3KOHOMHYECKH ONPABJAHHBIX METOLOB OUHCTKH HJIH JHKBH-
Aaunun; 8) cosjanue BOJAOOXPAHHBIX 30H B DafiOHaX Pa3BHTHS TPYH-
TOBBIX BOJ C YCTAHOBJIEHHEM 3/leChb CTPOrHX NpPaBHJ XO3SHCTBEHHOH
H CTPOHTEJIbHOH AESTeJbHOCTH.

Haubosiee BaxKHHIM npeacraBJasiercs reoJIOrHYecKHH KOHTPOJb
HaJ pasMelleHHeM HOBBIX npennpnﬂmﬁ, HTo cJaenyer IIPpOBOAHTH C
Y4e€TOM 3alHIIeHHOCTH NPHIOAHBIX AJS BO,ILOCHaﬁ}KEHPIH NMOA3€MHBIX
BOI H B3aHMOCBS3H OTAEJBHbLIX BOJOHOCHBIX TOPH3OHTOB MEXKIY CO-
60l U ¢ NOBEPXHOCTHBLIMH BOJAMH.
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B poamHax pek, Ha MoHMax H aJJIIOBHAJbHBIX Teppacax, coiaep-
JKAUIHX NOA3EMHBIE BOJbI, KOTOPhie HCIOJb3yIOTCA A BOAOCHAO-
JKEHHS] HJH MOTYT OBITH HCIO/Jb30BaHBL IS STHX IeJeil B OyAyuieM,
Heo6X0AHMO, KaK NMPaBHJIO, 3alpellaTh CTPOUTENIbCTBO «BOJIOEMKHX>
NPOMBILIVIEHHBIX HPEANPHATHH, AeATeNbHOCTh KOTOPBIX CONPOBOZK-
naercss GOJBIINMH cOpOCAMH CTOUHBIX 3arpA3HeHHHIX BoA. CTpOH-
TEJBCTBO NOJ00HBIX NMpeAnpHATHIl LOJKHO OHITH 3alpelleHo H B
IPYTHX THAPOreOJOrHYeCKHX YCAOBHAX, OJaronpHATHBHIX sl YCT-
poiicTBa B003a00pPOB MOJA3EMHBIX BOJ NHTHEBOTO Ha3HAYeHHS.

- Ha npompiuieHHBIX IUIOIMAAKAX AJIS NPEAyNpexACHHS HHOHITb-
TpallHH TEXHOJOTHYECKHX H CTOUHBIX BOJA B BOMOHOCHLIE TOPH3OHTHI,
He HMeIollHe BOJOYINOPHOH KpOBJH, BCE€ BOAOHECYIIHE KOMMYHHKAa-

7 s

Puc. 51. MNaactosbift npeuéx noj MoJOM 3JaHHA AJAA 3AWHUTHI NMOASEMHLIX BOA OT HHOHALT-
PYIONIHXCH TEXHOJOTHYECKHX H CTOUHbLIX BOA:

1 — meGenb, BTpaMOOBAaHHBIA B TPYHT,; 2 — rAHHOGETOH; 8 — MEecOK KPYNHO3epHHCTHIH; 4 — npH-
CTeHHBIl ApeHaX; § — rpaBufl HAH meGenb; 6 — Tpyba uyryHHas

[HH ¥ IeXa J0JKHH HMeThb HaJexXHYI0 FHAPOH3OJANHIO H IPEHAKH,
3allALIAIOIHE TTOI3eMHbBIE BOJbI OT 3arps3HeHHsd.

[InacToBsle M JHHEHHLIE JPEHaXKH, LWIHPOKO NPHMEHAIOUIHECT B
TIIPOMBINIJIEHHOM H TOPOJCKOM CTPOHTeNbCTBE JJS 3alHTHl COOPY-
JKeHHH OT NOJTONJIEHHA TPYHTOBLIMH BOJAaMH, B KayecCTBe obs3a-
TENBHOTO KOHCTPYKTHBHOTO 3JIeMeHTa JOJIXKHbB HMeTb B OCHOBaHHH
BOJOHENIPOHHIAEMblli 9KpaH H3 IIMHOOETOHA HIIH TIOJTHSTHIIEHOBOH
maenkn (puc. 51). Crounsie BOAB H TeXHOJNOTHUECKHE PacCTBOPHL,
KOTOpPbi€ MOTyT NPOHHKHYTb B TPYHT, JIOJIKHBl [EPEXBATHIBATHCH
GUIBTPYIOMUMHE 3JeMeHTaMH IJIacTOBOTO ApEHaXka (o6cBIMKH, I1I0-
CTe/H) H TO ApeHaXHHM TpyGaM OTBOAHTBCA K BOJONPHEMHHKY
ISl TIepeKaukd H TOCIeAyIollell YTHAH3AIHH HIH OYHCTKH.
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[Ipp HernyGokoM 3asneraHHH BOJOYIOpa TIpynna 3AaHuil HIH
BC NPOMILIOLIa/IKa MOTYT OLITh H30JHPOBAaHBI OT YHCTBHIX IOA3EM-
HBIX BOJ C MOMOIIBIO KOJbLEBOH BOMOHENPOHHIAEMOHl 3aBechl, a
TaKKe CTeHKH MJIM HX KOMOHHALlUH B COYETAHHH C JApPEHAXKeM, OTOH-
PAIOIHM HHQHIBTPYIOLIHECS CTOUHBIE BOABI H aTMOC(hEpHLIe 0calKH
(puc. 52). -

Ha npombiunenssix miomagkax ¢ NOBHIIIEHHBIM 3arpsi3HEHHEM
BO3/lyXa H MOYB cOOPY H OUHCTKE MOATENKAT TaKiKe JHBHEBLIE BOJBL.

Bce npoMmeimsienHEle GacceiiHbl, B KOTOPBIX CKJIaAHPYIOTCS CTOY-
Hple BOABI H OTXOAH (LIJJAMOXPAHMJIHING, HAKOIHTENH, HCIAPHTEH,
THAPO30J00TBAJILl U JPYTHE COOPYIKEHHS), AOMKHLI OBITh HedH/b-
TPYIOUIHMH. DT0 MOKeT OHITb IOCTHTHYTO B OTJAEJBHBIX CAyYasx

Puc. 52. KomOHHHpOBaHHas Koabuesas npo- ﬁ 2l 4
THBODHALTPAUHOHHAS 3aBeca B ApPeHAX AJA
3aWHTH MOA3EMHBIX BOJX OT MHOHABTPYIOWHX-
cfl CTOKOB:

I— necyaso-rpaBeaHCcTHIE nopojbl; B~ s
CKaJbHbBIE TPelUlHHOBATHIE BOJONpOHHIAeMble , . +
nOpofikl; 3 — BOMLOYNOPHEIE HOpOABl; 4 — mpo-
THBOGHABTPAUHORHAA  Gappa)KHad CTeHKa;
5 — NeMeHTallHOHHAs 3aBeca; 6 — ApeHax;
7 — TePpPHTOPHA  NPOMNIOMIAMKH — HCTOYHH-

AR _A_A_;;

Ka 3arpAsHeHHs [OJ3eMHBIX BOJ -lﬁ}%\ ‘.g
BY ANVEPEINIY C
4 ,,,L\‘_,/.,l-‘,}‘lwll‘
77

nyreM BbI6Opa MecTa pacHOJOMXKEHHS COOPYKEeHHsS, HO B OCHOB-
HOM — C MOMOLIbIO Pa3JHYHBIX NPOTHBO(HJILTPALHOHHEIX H Jpe-
Ha’KHBIX YCTPOHCTB, CO3/aBaeMbLIX B TeJe INIOTHHEL HJIH JAaMObI
uJaMoxXpaHuaHma [74].

IToMHUMO BLIMOJIHEHHSI YHCTO THAPOTEXHHUECKHX 3alay (CHHKe-
HHe (QHIbTPAIMH Yepe3 IVIOTHHY IS TIOBHILIEHHS €€ yCTOHYHBOCTH
H HCKJIOUEHHS ONACHEIX (HILTPALMOHHBIX AedopMaluil TrpyHTa)
Ha3BaHHBIE NPOTHBO(MHILTPAIHOHHEIE YCTPOACTBA, KaK OTMEUaJoch
BhilIE, MpeiHa3HayaloTcs s I0JHOH 3aJepKKH' CTOYHBIX. BOL B
xpanuauie. [TostoMy OHH NO/KHBI YCTPAaHBATBHCS M3 NPAKTHYECKH
HENPOHHIIAEMBIX MaTepPHaJ0B — MOJUMEPHBIX TJIEHOK, OHTYMHBIX
MOKPHITHI1, FJIHHOOETONA M JIHIIL B OTAEJBHHEIX CJYYasiX — H3 YIJIOT-
HEHHBIX TJIHHHCTHIX 'PYHTOB C OYeHb HH3KOH BOJONPOHHIIAEMOCTBIO.

ITpoTHBOHILTPALHOHHEIE 3JEMEHTH TeJa H OCHOBAHHS IJIOTH-
HBl LIJIAMOXPAaHHJIHLIA — 3KpaH, 3y0, MOHYp, $£Apo, AuHadparMmsl
(puc. 53) — momKHBI Tepepe3aTh BCIO TOJULY BOAOTPOHHIAEMBIX
TIOPOJl H HA/IeXKHO CONPSAraThcs ¢ BOAOYNopoM. JlpeHaiKHbie YCTpOli-
CTBa LIJAaMOXPaHHJHIL Pa3MellaloTcss B HMXKHEH YacTH Teja ILIo-
THHBl B BHJIE HAKJIOHHOTO, TPy06YaTOTO, JIEHTOYHOTO H APYTHX Ipe-
Haxedl, B GeperoBrX NPHMBIKAHHAX IJIOTHH, CO3JaBaeMEIX Ha
LIIJIaMOXPAaHH/IHIIAX OBPaXKHO-6a/I04YHOrO THIA, IPOTHBOGHIBTPAIH-
OHHHIE 3JIEMEHTH HMEIOT BHJI BeDTHKAaJbHOH 3aBecH, 3aXONflIeH B
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Geper 1O JIHHHH OCH IVIOTHHBI WJIH MePHeHHKYISPHO eff, T. e. BIOJb
Gepera; MHOT/la 3aBeca JOMOJHSIETCH HeNpOHHIIAEMBIM 3KPaHOM Ha
6eperoBom oTKoce.

IIpoTHBOGHIBLTPALHOHHEE H ApeHAKHBIE yCTpoficTBa B HHIKHEM
Obede mMIaAMOXpPAHMNHIL NpefHA3HAUAIOTCH S AKKYMYJHDPOBAaHHST

PR b AT e A O
o TR \e

7 7, 7
) ,05(, f/

Puc, 53. NMpoTHBOGHABTPAUHOHEbE 3NeMEHTH Teaa H OCHOBAHHA NAOTHHB (HamObl) IWAaAMO--
XpaHuaMa:

@ — skpan ¥ 3y6; 6 — sigpo (nmadparma) m 3y6; 8 — sKpaH H NOHYP.

I — oTX01B MPOHABOACTBA — LIMAMEl, XBOCTEI, CTOYHBIE BOJLMI: 2 — BOJIONPOHHIlAeMble MOPOABE
OCHOBAHMA MNOTHHE; J3—skpaH; 4—a3y6; &§—Tteno MJIOTHHBI; & — BOJOYNOP; 7 — anpo-
(anadparma); 8§ — nonyp

CTOKOB, NPOGHILTPOBABIIHXCA Yepe3 Teso, OCHOBAHHE H B obxox
IIJIOTHHEBI, H NePEKaYKH HX B IIJaMOXpaHHJHINE HJH B cHcTeMy 060-
POTHOTO NPOMBILIJIEHHOr0 BOAOCHAGKEHHA. DTH YCTPOHCTBA BHINOJ--
HSIOTCA B BHJE (DPOHTAJLHOH 3aBechl, Nepepesalolefi BOJIOIIPOHH-
IIaeMy10 YacTh TOJIIIH OCHOBAHHS, B COUETAHHH C CHCTEMOI JpeHaxa:
B BHJIE psAJla CKBAXHH, rajepeu H Ap. (pHc. 54).
o Z F 4 Puc. 54. TlepexBaTHBAIOWAN ApeHAX B HHMK--
\ \ 1 HeMm Dpede maamoxpanuamnua:
I —na0THHA; 2 — npeHa’X Tena NJAOTHHEL
3— nepexeaTelBaOline ApeHaXHble CKBaXH-

HBl B HHXHeM Gbede; 4 — npoTupouabTpa-
UHOHHAS CTeHKa (3aBeca); 5 — BoxoOYmoOp

S $ 7

B vawe mwsiaMoXpaHHiuIla npH HerayGOKOM 3ajeraHuH BOXO-
YIOPHBIX [OPOA NPOTHBO(GHIBTPAUHOHHBIE YCTPOHCTBA BHIMOJHSIOT--
¢l B BHJIE KOJIbUEBOI COBEPLICHHOI 3aBechl (puC. 55,a) HWJIH KOMb-
LEBOro HEMpPOHHLAEMOro 3KpaHa C CONYTCTBYIOLIHM JIpEHAKEM

(puc. 55,6). Ilpu ray6okoM 3ameranun BOJOYNOPHBIX MOPON W
HH3KOM €CTECTBEHHOM YPOBHE MNOJ3eMHBIX BOA MO BCell wualie
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aITaMOXPaHH/IHIA YCTPaHBaeTcs IJAaCTOBHI 3KpaH M3 BOJAOHENPO-
HHIlaeMOro MaTepHaJa, MPHKPEITOTO 3alllHTHBIM CJI0€M H3 MECTHOro
rpyHura (pHc. 53, 8).

OjHOC/IOHHBI 3KpaH ycTpaHBaeTcss M3 cTaOHJIHM3HPOBAHHOI MO-
JIHSTHJIeHOBOH menkn toamuaoio 0,2—0,6 MM, ykaazbpiBaeMoH Ha

e O e L O Puc. 55. TIpOTHBOMHALTPAUHOHHBE YCTPOil-
2 R S R s PR e CTBA YAIH MJAMOXPAHHAHILA:

@ — KOJIbIEBasi COBeplleHHas NPOTHBODHIBLT-

o e Lot X S, A palMOHHas 3aBeca M CONYTCTBYIOULHA ape-

7z e e 7¢ naw; 0 — KoJjblleBofl 3KpaH Ha GeperoBmiX

Vs OTKOCAaX M CONYTCTBYIOUIHN JpeHax; 6 —
NJacToBBIl 3KpaH Ha Bcell MOBePXHOCTH wa-
1H JaMOXpaHrauIla,
! — ypoBeHb NOA3EMHBIX BOJ; 2 — NPOTHBOGHALTpallHOHHAR 3aBeca; J — ApeHaXK; 4 — OTXOAH
NMPOM3BOACTBA — LIJIJaMbl, XBOCThI, CTOYHBIE BOJbl; J — BOJONPOHHL@eMble MOPOAL; 6 — BOJO-
YOOpHbIE MOPOABI; 7 — IKpan ;

CJIOH mecyaHol MOAroTOBKH, JHO0 H3 acdanbronosnMepGeToHa HJIH
IPYHTOBO-TIOJIHMEPHOH CMecCH, NOKPBITHIX CBEepXy JaTeKCOM; B OT-
JEJbHBIX ClydasX 3KpaH BO3BOJHUTCH H3 YIJOTHEHHOrO [JIHHHCTOIO
TpyHTa.

OanocaoiiHbie 3KpaHbl, B 0COOEHHOCTH IVIMHHCTHI 3KpaH, obaa-
JaloT HEKOTOPOH, XOTA H HH3KOH, BOJOINPOHHIAEMOCTLIO H IO3TOMY
NPHMEHSIOTCS JIHIIb MPH MaJOTOKCHYHBIX CTOKaX, (HAbTPalHsi KO-
TOPbIX B KOHKDPETHBIX THIPOre0JIOTHYECKHX VYCJIOBHAX AONMycKaercs
B ONpeJe/eHHbIX OrpaHHYeHHBIX pasMepax. Bosee HajgeXHBIMH SB-
JISIOTCH JBYXCJOHHBIE 3KPaHbl, B KOTOPHIX BePXHHH H HHIKHHH CJIOH
BHIIIOJIHAIOTCA M3 NJIEHKH MJIH MaJIONpPOHHIAeMOro  IVIHHHCTOrO
TPYHTA, a pa3je]diollHil HX ApeHaXHBIA CcJOH — H3 IecKa HWJIH rpa-
Buf. [IpoduapTpoBaBmIasics uepe3 BepXHHH CJOH 3arps3HeHHas
BOJA MO’KeT OBITh OTBEJEHAa H3 JPEHaXKHOTo CJ0f ONfATh B LIIaMo-
xpannauiie. [IpH HeoOGXOAMMOCTH B JpeHa:KHOM CJOe MOXKeT OBITh
CO3/laH BaKyyM HJH, Hao00pOT, AaBjeHHe, NPEBLILIAoNIee HaBaeHHe
JKHIKOCTH B IIJIAMOXPaHMJIHILE M NpPensiTCTBYIOllee ee (HIbTpa-
uun [74].

[NpuMensiioTcsi Tak:Ke KOMOMHHPOBAHHBIE 3KDaHBI, COCTOSILIHE
U3 CcTaOHJIH3HPOBAHHON MOJH3THIEHOBOH IJIEHKH HJIH M3 acdaibro-
BOTO TIOKPHITHA M BBHILIEJeXalluX CJI0eB YIJOTHEHHOro TJAHHHCTOTO
rpyHra. CyllecTBYIOT TaKxe Jpyrue cXeMbl H KOHCTPYKLHH IJ1aCTO-
BHIX BOJOHENPOHHIIAEMBEIX 9KPAHOB, KOTOPhIE BO BCEX cJayvafx, Kak
YIKe OTMEeua/och, JAO0JMKHBE HMeTh CBepXy 3alllMTHBIA CJI0H H3 MeCT-
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HOrO rpynTa. QHIbTPALHOHHEIE PACYeTH NMPOTHBOGDHIBTPALHOHHEIX
H JIPEHAXKHBIX YCTPOHCTB B IIAMOXPAaHH/HILAX TNPHBEAEHHl B pa-
Gorax [64, 74].

Has nperoTBpalieHHst (QHABTPALHH 3arpA3HEHHHIX MOA3EMHBIX-
BOJl H3 3€MJIIHBIX €MKOCTeli-HaKONHTeNell CTOYHBIX BOA H Ha NMpPOM-
IJIOMaikaX B OTAEJDbHBIX ClIy4yassX BO3MOMKHO HCHOJb30BAHHE THJ-
PaB/IMYECKOH 3aBeCHl B BH/E COBEPIIEHHOI TPaHIIeH, 3amoJHEHHOI
BOJIOi, HJIM B BHIE Dsila CKBAXKHH, B KOTOPble HATHETAETCH UHCTAS
BOJla C HalopoM, NPEeBLINAIOMHM Hanop (ypOBeHb) 3arps3HEHHBIX
nmoaseMHbIX BOA. HejpocraTKoM TrHApaBIHYECKHX 3aBEC SBJSIOTCS.
3aTpaThl YHCTOH BOABI A/ HENPEPLIBHOH 3aKAYKH, a B OTHAENbHBIX
caydasix — HeoGXOAHMOCTh B ONHOBPEMEHHOIH OTKauyKe 3arpsi3HeH-
HBIX ‘H YHCTBIX TOJI3€MHBIX BOJI,

BononenponnuaeMple BepTHKAJIbHEE nperpajbl Ha MYTH JBHKEe-
HUSl 3arpsASHEHHBIX MOA3EMHBIX BOA (cM. pHe. 52, 54, 55) Moryr
GbITh cO3laHBl JHGO B pPesysabTaTe HarHETAHHS uepes CKBaXKHHBI
PAacTBOPOB, 3aNONHSIOHX MOPBl M TPEIMHBLl H NMPHAAIOUHX NOPOIe:
BOLOHENPOHHIAeMOCTb (IPOTHBOQUALTPAIHOHHLIE  HHBEKIHOHHbBIS:
3aBechl), JHOO MyTeM BBIEMKH BOJAOHENPOHHIIAEMbIX IOpOJX M 3aMe-
HBI HX BOJOHENPOHHIAEMBIM MaTepHaJoM (TPOTHBOMH/IBTPAIHOH-
HBIE CTeHKH-6appaku). _

IIpn ycrpolicTBe HHBEKIHMOHHLIX 3aBeC HarHETAHHe pacTBopa
NPOBOAHTCA B OAHH HJIH HECKOJBKO PSZOB CKBAaXHH, IPHYEM BEIGOD:
HarneTaeMoro BeIleCTBA 3aBHCHT OT pa3Mepa TPEUIHH H NOp IO-
POABI, a TaKiKe OT CKOPOCTH (DHIbLTPALHH NOA3EMHBIX BOJA H HX
XHMHYECKOro cocrasa. O0JacTh NMPHMEHEHHS HHBEKIHOHHBIX 3aBec-
B NOpPOA4X pa3MHYHOrO JIHTOJNOTHYECKOrO COCTABA H HAYAJbHOIL
BOZONpPOHHIaEMOCTH yKasaHa no pabore [120] B tab6a.' 15, 16.

[IporuBoduAbTPalIHOHHbIE CTEeHKH-0appaXH yCTpaHBalOTCH B.
BHIE CIVIOLIHOTO psila CMBIKaeMHIX HaGHBHBIX CBall HJAH B BHIe
Y3KOil TpaHweH, weaH. Jis co3faHHS HaGHBHLIX CBai HCIIOJIB3Y-
I0TCsi OypOBbIE CKBAaXKHHBI OOJBLIOrO fuaMeTpa, 3anoJHeHHbe Ge-
TOHOM, TVIHHOGETOHOM HJIM JIDYTHM BOJOHENPOHHLAEMBIM MaTepHa-
soM. TIpoxoaka TpaHmIell OCYINECTBIAETCS TOA = CJOEM THIKEIOro-
TIHHACTOrO pacTBOpa € NMOMOIWIBIO 3KCKAaBaTOPOB, KAHATHBIX CKpe-
TIEPOB H/IH CHeNHaTbHEIX Oypodpesepunix ycranosok [61]. ITo
MEpe NpPOXOAKH TpaHUIes NOCTENEeHHO 3aMOJHIETCS BOJOHENpOHH-
U4E€MbIM TBEPJICIOIIHM HJIH HETBEpACIOUHM MaTepHaJoM — GEeTOoH-
HOM CMeCBIO, L€MEHTHO-IJIHHHCTHIM pacTBOpOM, CMOJaMH,. PYJIOH-
HBEIMH CHHTETHYECKHMH IJIEHKaMH H 1p. BosMoxXHO Takxke co3nanue
KOMGHHHDOBaHHOH NPOTHBOMHILTPAHOHHOI nperpajbl: B BepXHei
14CTH BOJOHOCHBIX ITOPOJ — CTEHKA, B HHMKHEH YacTH — HHBEKIHOH-
Has 3aBeca (CM. pHc. 52). :

Tonkne BonoOHenmpoHHIaeMEie CTEHKH (~0,5 M) ycrpauBalor c
MOMOLIBI0 BHOPOMOTPYIKEHHS M H3BJGUEHHS MeTaJHYeCKHX CBaii:
WJIH IINYHTa C OAHOBPEMEHHBIM 3aNOJHEHHEM [POPesH, CO3Jalo-
Weficsl IPH H3BJIEYEHHH IMIMYHTA, LEMEHTHO-TIMHHCTBIM HJIH APYTHM™
pacTsopoM,
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B HecBA3HEIX TPYHTAX NPOTHBOMHIBTPALHOHHAA CTEHKAa MOXKET
GHITH TaKXKe co3JaHa M3 COOPHBIX JIerKOapMHPOBAaHHEIX Kene3obe-
TOHHBIX 3JIEMEHTOB-THAPOLINYHTOB, B KOTOpBle JIJsI TOIpyXKeHHS
TOAAIOTCS BOJAA H BO3AYX, a AN 3aKpenjeHHS — IeMeHT.

Jlokaausayuonnsie meponpuarus. K JIOKaJH3alHOHHBEIM Mepo-
TPHATHAM IIPH 3allHTe MOJ3eMHBIX BOJ OT 3arpsi3HeHHs NPHXOJHTCS
obpamarbcd B TeX CIyuasfX, KOra IO TeM HJIH HHBIM NpPHYHHAM
YYacTOK BOLOHOCHOTO ILIacTa OKasaJjcs yiKe sarpsasHeHHHIM. Cdop-
MHPOBABUIHACH B IJIACTE OYAT 3arpsA3HeHHs JaXKe Mocje JHKBHIA-
IHH HCTOYHHKA 3arpsi3HEHHsI MOMKET pAaclOpOCTPAHATBHCS B ECTECT-
BEHHOM IIOTOKe IOJ3eMHLIX BOJ B HalpaBJeHHH peK, 03ep H
BBHI3BaTh IPH 3TOM HX 3arpssHenne. Oco6GeHHO 3HaUHTeNbHA CKO-

Ta6aunma 15

Crnoco6sl CO3MAHAA MHBEKIMOHHBIX npumnoc]:mrpaunonnux 3aBeC B mecyaHo-
TaJIeYHHKOBBIX W TIMHHCTHIX mopopax [120]

OGnacTb NpHMeHeHHsI NPH KO3ddHIHe HTe
HALTPAUMH FPYHTOB, M/CYT

Cnoco6 cOsfaHus SaBecH

0,01—0,1
0,1—2
210
10—-30
30—50
50—80
80—120
>120

IleMenTamus:
LIEMEHTHBIMH WJIH  LeMeHTHO-TJIHHHC- i
THMH DACTBOPAMH C BBEJeHHEM
MJIACTHQUIHPYIOMHX M  NelTH3H-
pyoOIHEX 106aBOK
LEMEHTHHIMH pacTBOpPaMH M3 Tipefi-
BADHTEILHO JIUCMIEPIHPOBAHHOTO
1eMeHTa ¢ 106aBKOi B
JKHIKHMH TVIHHHCTO-LIEMEeHTHBIMI pac- e
TBOPaMH M3 JHCHEPrHPOBAHHOIO
nemeHra
LEMEHTHO-KOJJIOHHLIMH ~ PACTBOPaMH
¢ nobaekoit ITAB wu uemeHTHO-
TVIHHHCTHIMH  AHCIIePrHPOBAHHBEIMU
pacTBOpaMH
CHiHKaTH3AL KM
JBYXpacTBOpHAsA
OJIHOPACTBOPHAS _—
DNeKTPOCHIMKATH3ALHST
CMonusanus:
bypdyposoBEIME CMOJIAMH
TO e, C IVIHHACTHIM HAMOJHHTEJEM
MeJIaMUHO-(DOPMAJIbIETHAHEIMH CMOJIa~ s
MH, TM0JHAKPHIAMUIHEIMH CMOJIAMH,
TIONIHBHHHJIOBLIM CIHPTOM
Burymusanus xoJogHas
TauHE3AUMA  TIHHHCTBIMH  CYCTIEH3HSIMH,
CJIMHO-CH/IHKATHBEIMH PACTBOPaMH
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Ta6anna 16

Crnocofbl cosnanksi MHBEKUWOHHBIX NPOTUBOGHILTPALMOHHBIX 3ABEC B CKAJLHBIX
nopozax [120] ;

OGnacTb NpUMEHeHHsI NPH Y JeJLHOM BOAONOTVIOMEHHA
CKaJIbHBIX MOPOA, JI/MHH

Cnoco6 co3flannsi 3aBecH

0,01—0,1] 0,1—0,5 0,5—1 1—100 =100

LlemenTanus

CHINKAaTH3AIHS I

bBurymusauns:
ropsiuas
XOJIOJHAS

I nunusanus

3amopakupanue |

POCTb pACIpPOCTPAaHeHHS 3arpsisHeHHs NPH paGoTe B0A03a6OpOB,
pasmelieHtbiX BOMH3H ouara 3arpsi3HeHusi. B cBSI3H ¢ 3THM, B yacr-
HOCTH, J0JI2eH GHTh ONPeAeJeH ONTHMAJbHbI PeXuM 0T6opa uH-
CTHIX IO/J3EMHBIX BOJA, NMPH KOTOPOM HE IPHBJEKAJHCh Obl BOIBI C
Y#e 3arps3HeHHbIX yYacTKOB HJH HX IOCTYIJIEHHE CBEIeHO K MH-
HHMYMY.

Jlokanu3alHOHHbBlE MEPONPHATHS, OrpaHHUHBAIONIHE NPOABHIKE-
HHE 3arpsAsHeHHii MO BOJZOHOCHOMY IJIaCTy OT OYara 3arpsisHeHwus,
MOTYT OLITh OCYLLECTBJAEHBI B 3aBHCHMOCTH OT THADOreO/JOTHUECKHX
YCJIOBHH ¢ IIOMOLIBIO  NPErpaKAaiouHx Jubo NepexBaThiBAIOLHX
yerpoiicts. Ilperpaxaaiomue ycTpoiicTea HMEIOT TaKHE Ke KOHCT-
PYKUHH, KaK ONHCAHHbIE BbIIE NPOTHBOGHILTPALHOHHEE 3aBECHl H
CTeHKH 6appaxii NpodHIaKTHYECKOro HasHauenus. Kak IpaBuJIo,
3aBECBl M CTEHKH JOJXKHBI OBITh NOBeJleHbl 10 BOJAOYNOPa H JHIIbL B
0COOBIX Ccayuasix MOTYT IHepeceKaTh OTAeJbHBIE YaCTH BOAOHOCHOTO
171acTa, HanpuMep HaubGo/iee BOAONPOHHIAEMbIe BepXHHE HJIH HHK-
HHE YacTH NJacTa, N0 KOTOPHLIM PAaCIPOCTPAHSIOTCH JIETKHE MJIH TS-
HeJple CTOUHBIe BOABL H T. . B 3THX Ke LeJAX MOTyT HCHOJB30-
BAaTbCfl THAPO3aBeCbl H3 HAarHeTaTEeNbHBIX CKBAMHH, 3allOJHEHHBIE
BOJIOH ray6OKHEe TpaHLIeH H T. 1.

IlepexBaTbiBalonine ycTpoiicTBa MMEIOT BHJI KOHTYPHEIX, KOJb-
LEBBIX, JIHHEHHBIX H JPYTHX CHCTEM CKBAXKHH HJH FOPH3OHTAJBHBIX
Ap€H, H3 KOTODPEIX BeJNeTCs OTKayKa MOJ3eMHBEIX BOJ [JJf CO3JaHHST
ACNPECCHOHHOH BOPOHKH Ha MNYTH MeXJy OYaroM 3arpsi3HeHHs H
BO/103a60pPOM, a TaK:Ke PeKOH H JPYTHM 3alHIlaeMbIM OOGBEKTOM.
Mecro pacnosokenus yKasaHHBIX NPOTHBOMHAbTPALHOHHBIX YCT-
POICTB H DEeXKHM HX paboThl HONKHBI OLITH ONpele/eHbl nyrem
FHAPOJHHAMHYECKHX DAcyeTOB C yYeTOM MAEHCTBYIOMIHX H NPOEKTH-
PYeMBIX BON03a6OpPOB, BOMOMOHH3HTENBHLIX YCTAHOBOK, HAJIHYHS
YUACTKOB YCH/ICHHOH (H/IbTPallHH (H3 BOAOEMOB, INPOMBILLIEHHEIX
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L]

©accelHOB) H JAPYTHX HCTOYHHKOB THAPOAHHAMHYECKOTO BO3JelcT-
BHS Ha BOJOHOCHBII IJIACT.

AnanHTHYeCKHe MeTOAbl pacueta AJas OOOCHOBAHHSA HEKOTOPHIX
CXeM JIOKaJIH3allHH HaJoxKeHs B paborax [1, 14] u ap. B cioxHBEIX
THAPOren/IOrHYECKHX YCJOBHAX THADPOJHHAMHUYECKHE DacyueThl mepe-
XBATHIBAIOIIHX H INPOTHBO(MHIBTPALHOHHBLIX YCTPOHCTE BLINOJHSIOT-
€51 METOZaMH aHaJoroBOr0 MOJEJHPOBAHHA M ¢ NMoMoulbin OBM.

[Ipu co3panuy nepexBaTHIBAIOMIHX YCTPOHCTB OOLIYHO BO3HHKAET
mpobJiieMa HCIOJb30BaHHS M cOpoca OTKAUYHBAEMHIX 3aTpPA3HEHHBIX
BoA. Ilocmennue HHOrza Moryr ObIThb NPHMEHEHB B TeXHHUECKHX
neasx, oOfHAKO JafdbHelinnil c6poc HX B (QHUABTpPYyIOLIHE 3eMJSHBIEe
‘€MKOCTH HJH PeKH 0e3 COOTBeTCTBYIOLLeHl OYHCTKH HEeIOTYCTHM.
BMmecTe ¢ TeM NpOH3BOIHTENLHOCTh HEOOXOMHMBIX JJISI OUHCTKH Jpe-
Ha’KHBEIX BOJ CHelHaJbHBEIX OUHCTHHIX COOPYXKEHHH M0JKHa BO MHO-
TO pas NpeBHILIATE NPOH3BOAHUTEJNbHOCTh COOPYXKEHHIl JJIfi OMHCTKH
cOOCTBEHHO CTOYHBLIX BOJ IPOH3BOICTBA, BHI3BABILETO -3arpf3HEHHE
NoJ3eMHbIX BOA. HMIMEeHHO 3THM ualile BCero OOBACHAETCH BBICOKAS
CTOHMOCTD IIePeXBAThIBAIOIIHX YCTPOMCTB B NPOEKTAX JIOKa/JIH3allH-
OHHBIX MEPONpPHUATHIH,

Boccranosureastole meponpusatus WMEIOT 1eJIbI0 JHKBUIHPO-
BaTh 3arps3HEHHE BOJOHOCHOTO TOPH30HTA M BOCCTAaHOBHTbL 3]€Ch
NPHPOLHOE KAYECTBO IOJ3EMHBIX BOJA. ITO MOXKeT ObITh clenaHo
TmyTeM H3BJEeYeHHs H3 Ij1acTa uYepe3 JpeHarkKHble CKBAaXKHHBI BCEro
obbeMa 3arpsA3HeHHOH BOJbl JHOO HHTEHCHBHOII TPOMBIBKOH Miacrta
€ MOMOIIbIO HATHETAHUN H OTKAueK BOJLI HJIH CHeLHAJbHBIX PacTBO-
POB Yepe3 CHCTEMY HarHeTaTeNbHBIX H OTKAYeYHbIX CKBAMKHH.

Sra 3ajaua peaspHO OCYLIECTBHMa JIHIIb NMPH HEGOJBIIHX pas-
Mepax ovyara 3arpsi3HeHHsl H 0c060 6J1arONpHATHEIX THAPOreoJoTHYe-
CKHX YCJ0BHsIX. HeMma/joBa)kHoe 3HaueHHe NPH 9TOM HMEIOT XMMH-
YecKHil cocTaB M (opMa HaXOXKIEHHS 3arpsA3HSIONIHX BellecTs B
BOJOHOCHOM TJiacte, B GoJbUIMHCTBE CJAyYaeB TaKHE BOCCTAHOBH-
TeJIbHbIe MEepONPHSATHS SABJSIOTCS JIOPOTOCTOSUINMH, B OCOOGEHHOCTH
€C/TH yuecTh HeOGXOAHMOCTh MOCHAEAYIOUlell OUYHCTKH H3BJeKaeMBIX
3arpsa3HeHHBIX Box. KpoMe Toro, BpeMsi, HeoOX0aHMOe /I TOJHOTO
yla/leHHsl 3arpsi3HeHHl M3 IUlacTa, KaK NPaBHJIO, OYeHb BEJHKO.
Moxno cuntaTth, 4TO BOCCTAHOBHTE/JbHEIE MEPONPHATHS Iesneco0l-
Pa3HO NMPOBOAHTH JIHIIR B PaMKaX HEOOXOAHMBIX MepONpHSTHH MO
JIOKa/H3allHH ouara 3arpsi3HeHHs, KOTrJa OCHOBHOH Le/bl0 OTKauek
FIBISETCSA CO3/1aHHe JeNPecCHOHHOH BOPOHKH.

Hasnauenne n BHGOp THNA 3alHTHEIX MeponpHATHit o Gopkbe
€ 3arpsi3HeHHeM MO/J3eMHHIX BOJ JOJIKHBI TPOBOAHTHCA Ha OCHOBE
TEXHHKO-9KOHOMHYECKOTO OOOCHOBAHHS BHOOpa MCTOYHHKA BOJO-
cHa0xeHus, OUeHKH yulepb6a OT 3arpsA3HeHHs TIOBEPXHOCTHBIX H
MOJA3EMHBIX BOJ, a TakkKe BbOOpa BapHAHTOB 3alIHTH. [IpH 3TOM
N0JI3kHa OBITH OlleHeHa . o6ecneueHHOCTh palioHa MOA3eMHLIMH BO-
JaMH H YuTeHBl CONMAJbHBEIE aCIeKThl AAaHHOrO BONpOCca, HE MOj-
JAOUIHeCsT HENOCPeACTBEeHHO! 3KOHOMHUECKOH OlleHKe.
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30HbI CAHHTAPHOH OXPAHBI BOJO3ABOPOB
MNOA3EMHBIX BOJL

Obuwjue noaodkcenus no opzanusayui 30H CAHUTAPHOL OXpaHbE
(3C0). B cocraBe 30H caHHTapHOH OXpPaHH BOA032060POB TOA3EM-
HEIX BOJ OOBIYHO BHIAE/SIOT ABa Mofca: I — mosic CTPOroro pexu-
Ma u Il — nosic orpauuuenuii.

Hasnauennem I nosca 3CO siBasiercs yerpaHeHHe BO3MOMKHOCTH
CJIy4aHHOrO HJIH YMBIUJIEHHOTO 3arpsi3HeHHsi MOA3eMHHX BOJ HeIo-
CPe/ICTBEHHO 4Yepe3 BOA03a0OpHBHIE COOPYMKEHHS HJIH HapylIeHHS
HOpMaJIbHOH DPaboThl BOL032aGOPHOrO COOPYIKEHHSI, BOAONONbEMHBIX
YCTPOHCTB H COODYKEeHHil Mg OYHCTKH H cOGopa Boxasl. IlosTomy
pasMepnl 1 KOH(Hrypauusi TeppuTopun | mosica mpakTHYECKH MaJo.
3aBHCAT OT TIH/POTeOJIOTHYECKHX YC/IOBHH H ONpeAeasioTcs mpe-
HMYLIECTBEHHO COCTABOM H PaclOOXKeHHEM OXpaHAEMBIX 0GbEKTOB.

IT mosic 3CO npumbikaer K I u oxBaTbiBaer GoJee NIHPOKYIO
TEPPHTOPHIO, OKPY¥KAIOllyl0 BOA03a00op NMOA3EMHHIX BOI, a B CHCTe-
Max HCKYCCTBEHHOTO MONOJHEHHS IOJ3eMHBIX BOJ — TaKXe H HH-
buabTpanuonubie coopyxenus. Hasnauemnem II mosica sBasiercs
yCTpaHeHHe BO3MOMKHOCTH IOSIBJEHHS HCTOYHHKOB 3arpsi3HeHHS B
TOH 4acTH BOJAOHOCHOIO TJacTta, KoTopas 6yIeT HCIoJb30BaHa BOLO-
3a60poM B TeuyeHHe PACUETHOrO CpPoKa ero paboTel. AHAJOTHUHO
NPaKTHKE KOJHYECTBEHHOH OLEHKH SKCINIYaTalHOHHBIX 3amMacoB
TOJA3EMHBIX BOJ PacueTHuIfi CPOK /A YCTAHOBJEHHS pPa3MepoB
II nosca 3CO o6GwbiuHO cocraBiasier 25 Jer, XOTS Ha NpPaKTHKe
25-neTHHI NEPHOA SKCIIyaTalHH BORo3abopa B AefiCTBHTENbHOCTH
B GOJILHIMHCTBE CJAyyaeB He SBJAETCS NMpelesbHBIM. B MOA3eMHBIX
BO/laX apTe3HaHCKHX OaccefiHOB, peYHHIX MOJHH M KOHYCOB BBIHOCA,
SIBJASIOIHXCA OCHOBHBIMH HCTOYHHKAMH  BOJOCHAGMKEHHS, MocJe
25-1eTHEr0 CpoKa IKCIIyaTalHH, a HepeAKO H 0 HCTEUEHHS 3TOre
CpoKa TeMn cpabOTKH 3alacoB Pe3K0 COKpallaeTcs H JBHIKEHHe
NoA3eMHbIX BOJ crTabunusupyercs. IIpakTHYeCKH B TaKHX VCJIOBHSX
MOXXHO TOBOPHTH 00 o0ecneyeHHOCTH NPOTHO3HPYEMOro KOJHYeCTBa
MOJA3eMHBIX BOJ, HA HEOrpaHHYEHHBIH CPOK.

Huaue o6CTOHT Jes0 ¢ KayecTBOM MOA3EMHBIX BOJA, TaK Kak
BO3MOXKHOCTb MHTPallH{ 3arpA3HEHHI H ONACHOCTh YXYAUIEHHS Ka-
4ecTBa MOJ3EMHBIX BOJ COXPAHAIOTCA H B YCJIOBHSAX CTalHOHAPHOTO
pexuMa 3KCIIyaTalluH BoZo3abopos.

BMmecTe ¢ TeM HanmHYHe OYaroB WM YYaCTKOB NOTEHUHAJbHO BO3-
MOKHOTO 3arpsi3HeHHs H HeoOXOJAHMble MEepONpHATHA 10 HX JOKa-
JIH3allMH H MHKBHAAUHH 3a rpaHunamu II mosca 3CO, ompenemneH-
HOro Ha 25-71eTHHH CPOK, B MaTepHaJaX MO OIEHKe 3anacoB MOJ-
SEMHBIX BOJ M B IpoekTaX B0A03a6OpPOB He paccMaTpHBAIOTCA.
OnacHocTb ycyryGusieTcss H HeM36eKHOi TMPHOIHKEHHOCTbIO HCXOJ-
HBIX PacyeTHHIX NapaMeTpoB H CaMHX pacuyeToB, HAa OCHOBE KOTOPHIX
yeranasauBaiores rpannns 3CO.

B cBfI3W ¢ 3THM MOXKHO CeNTaTh BHIBOJ, O HEOOXOJIHMOCTH H3Me-
HEHHSl HEKOTOPHIX MNPHHIMIHAJIBHHIX YCTaHOBOK, KOTODPHIMH TOJb-
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3YIOTCH B HACTOSAILLEE BpeMs NPH THIPOreoJOorHueckKoM 00OCHOBaHHH
u npoexrupoBanud 3CO. B uwacrHoctH, B ponoanenue ko II mosicy
3CO mnenecoobpasno Beectw III mosic rHApoOreosorHuecKkoro u
CaHHTapHOro KOHTpoJs H Habmozenuit [29]. B nmpenenax Il nosica
3CO kagecTBO MOJ3E€MHBIX BOJ JOJIZKHO COOTBETCTBOBATh TpeGoBa-
HHSIM XO3SIHCTBEHHO-NHTBEBOTO HCMOJb30BAHHS Ha 25-JeTHHI CpPOK
skcnayatauus, a B III nosce 3CO 3a ykasaHHBHI CPOK JOJIKHH
ObITH JIUKBHIHPOBAHB HCTOYHHKH H OYard 3arps3HeHHs (ecaH OHH
TaM HMeIOTCs), YTO MO3BOJIHT COXPaHHTH XOpOIIee KauyecTBO BOJLI
B Boj0o3abope cBepx 25-J€eTHEro CpoKa.

Beepenne III mosica 3CO OGyner cnmocoGCTBOBATE BHIIENEHHIO
nepBooYepeHbiX 00DBEKTOB /5l OCYIIeCTBJIEHHS MEpONpHATHIT IO
JOKAJH3alHH H JTHKBHAAIHH 3arps3HEeHHS NMOJA3EMHBIX BOJ, KOTOPHIE
MOTYT OCYLLECTBJSATLCH TOJBKO MOCTENEHHO, TAK KaK HX peajH3allus
1pebyer GOMBILIMX 3aTpar.

BBenenue mosica KOHTPOJIE H HaGMIONEHHH B OTHENBHBIX CJY-
YasgX BHI30BeT HeOOXOAHMOCTb HEKOTOPOTO pacIIHpeHHS paiioHa
H3BICKATeNbCKHX pabor, 6e3 KOTOPOro HeNb3s JaTh THAPOTEOJIOTH-
ueckoe obocHOBaHHe, TpebyeMoe I HawyaJbHON CTAaAHH TPOEKTH-
pPOBaHHS IIEPBOOYEPELHEIX MEPONPUATHHA 0 JIOKAJH3alHH H JHKBH-
JAlHH CYLIECTBYIOIIEr0 3arps3HeHHs MOJ3EMHBIX BOJ B 30HE BJIHA-
HHSI BOJ03a060pOB.

ITpu cospanun 3CO Bon03aGopoB MOA3EMHBIX BOJ CYIIeCTBEH-
HBIMH (C THAPOTEOJOrHUYECKHX TO3HIHI) SBISIOTCS ABAa BONpOCA:
BO-NIEPBLIX, MeTONHKa omnpenenenus pasMepos 3CO H, BO-BTOPHIX,
COCTAB CAHHTAPHO-O3[OPOBHTEJBLHLIX MepONPHATHI, Ha3HauYaeMbIX
Ha TeppHTOpPHH pasauuHbix mnosicoB 3CO. Uem Gospliie pasMepsr
3CO, TeM Bhllle HaJEKHOCTH COXPAHHOCTH XOPOLIEro KauecTBa NOJ-
3eMHEIX BoJ. BMecte ¢ TeM npu canmkoMm Gonbuinx pasmepax 3CO
BBOJUMbIE OrPAHHYEHHSI B XO3dHCTBEHHOM HCIOJB30OBAHHH 3TOM
TEPPHTOPHH MOTYT INIPHBECTH K OIpeleJeHHOMY 3KOHOMHYECKOMY
yuep6y. Haubonee akryasbHbl 9TH BONPOCH! JJIsl ONpeJie/ieHHs rpa-
Huy II nosca 3CO.

[IpapunbHBle pelleHHs MaHHOTO BOIPOCAa MOTYT GHITH MOJVYEHB
npu auddepeHIEPOBAHHOM NOAXOAe K NPHPOIHOH M XO3AHCTBEH-
HOit oOcTaHOBKe B paiioHe Kaxjaoro Bojo3abopa. HauGousee eyiie-
CTBEHHBIMH OGCTOATENLCTBAMH, KOTOpPLIE CJelyeT NPH 3TOM YUYHThI-
BaTh, ABAAOTCA: 1) cTeneHb OMACHOCTH OTAENbHBIX BHIOB 3arpfs-
HeHHi NMOX3eMHLIX BOJ B VCJIOBHSIX XO3SHCTBEHHOTO HCIOJNb30BaHHS
TePPHTOPHH B paloHe Boxo3aGopa; 2) THApPOreoJorHYecKHe yCJO-
BHSl 3KCIJIYATHPYEMOrO BOJOHOCHOTO TOPH30HTa H, B YaCTHOCTH,
YCJIOBHSI €r0 eCTeCTBEHHOl 3alHIEHHOCTH OT 3arpssHeHHs; 3) THIT
H NPOH3BOIHTENBHOCTh BOA03a00pa MOA3EMHBIX BOI.

Tak, MeponpHATHSA IO NpeNyNpexRAeHHI0O MHKPOOHLIX 3arpssHe-
HHi Hellesecoo6pa3HO pacnpocTpausitb Ha Bcio TeppHtopuio I u II
nosico 3CO; ¢ yyeTOoM CpPOKOB BHIZKHBA€MOCTH MHKDPOOPTaHH3MOB
B INIOJ3eMHBIX BOJAaX, a B HEKOTOPBHIX CJyYasx —H C y4eTOM HX
ancopGUHK NPH HAa3HAYEHHH YKa3aHHEIX MePONpPHATHH MOMKHO orpa-
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HHYNThCS TEPPHTOpHell, 3HauyHTeJbHO MeHbIIeH, UYeM IJ10alb
1I mosica 3CO.

Ilpu onpejie/ieHHBIX THAPOTEOJOrHYECKHX YC/IOBHSX, 3aBHCALIHX
OT CTENeHH €CTEeCTBEHHOH 3allHIEHHOCTH BOAOHOCHOTO MJacTa, BO3-
MOMKEeH Jajke MOJHBI 0TKas OT MepONpHATHH 110 3al(HTe OT MHK-
POOHBIX 3arpsA3HEHHH, 8 HHOTAA — H OT CNElHAJbHBIX MEeponpHsTH
[POTHB XHMHUYECKOTrO 3arpsi3HeHds. B APYrux ciayyasix MOXKeT OKa-
3aThCsl HEOOXOJIHMBIM pAacCIIHPEHHBIH KOMILJIEKC CaHHTapHO-03J0pO-
BHTEJIbHBIX MEpPONPHATHIA.

[Ipu oueHKe CTENeHH eCTEeCTBEHHOH 3alHLUIEHHOCTH MOIA3eMHbIX
BOJL HYJKHO HMETb B BH/AY 3allHIIEHHOCTb OT 3arps3HeHHii, Hero-
CpPEJICTBEHHO TNOCTYNAIOMHX B MOA3EMHbIE BOJABI NPH HHQHILTPALHH
NOBEPXHOCTHBIX H CTOYHBIX BOJI, @ TaKiKe IPH (HJIbTPALHUH H3 peK
H BOJOEMOB, KOTJa 3arps3HeHHBIe BOJHI, NpekKJe ueM OHH JOCTHT-
HYT Bojo3abopa, NMPOXOAAT HEKOTOPHIl INyTh Yepe3 MOPOABI 30HHI
a3palHH HIH 110 BOAOHOCHOMY ILIACTY.

HemocpencTBeHHOe 3arpssHeHHe MOJA3€MHBIX BOJ 4Yepe3 HeHc-
npaBHble OypoBble CKBaXKHHEI H3-3a cOpoca CTOYHBIX BOJ B MOTJO-
1aloMHe CKBaKHHEI M TOPHbIE BHIPAGOTKH, BO3MOXKHOE NPH JIOOBIX
rHAPOTEONOTHIECKHX YCJAOBHAX, JONKHO OBITh HCK/IIOYEHO MyTeM
COOTBETCTBYIONIHX MEpPONpHATHI, 00sg3aTeJbHBIX JJIS BCeX BOJ03a-
GOpOB NOJ3eMHBLIX BOJ, HE3aBHCHMO OT THJPOre0JOrH4ecKHX ye-
JIOBHH. 1

Tudpodunamuneckue pacerst 3CO. Tlpu obocnopanun 11 nosica
3CO caenyer y4uThiBaTh, YTO MPHTOK MOJA3EMHBIX BOI K BOJ03a-

_ 6opy NPOHCXOAHT TOJBKO M3 TaK Ha3elBaeMoi o6JacTH 3aXBa-

Ta, OrpaHHuUHBAIOLLEiicSl PasfeqbHLIMH (HEATPaJbHBIMH) JTHHHAMH
TOKa (CM. I, 6).

3ajnaueii ruaporeosornuecknx pacuyeros 3CO sBasercss ompe-
JleJleHHe pa3MepoB H KOHGHTypaluH obaactH 3axsaTa. B OTKpHITOH
yacTH mocaenneli mosoxenHe KoHtypa 3CO  ycraHaBaHBaeTcs
HCXOAsl M3 YCJOBHS, YTO, €C/TH Ha 3TOM KOHTYpe HJIM 3a ero Ipe-
Je1aMH B BOJOHOCHEI MJAcT NOCTYNAT 3arpsA3HeHHs, TO OHH JHOO
COBCEM He JI0fiAyT 40 Bopo3abopa (3T0 OTHOCHTCS K GHOJIOTHYECKHM
3arpA3HeHHAM, HMEIOIHM OrpaHHUEHHOE BPEMA BLIKHBAHHA B
YCJIOBHSIX BOJOHOCHOTO Tjacrta), Ju60 AOHAYT A0 Hero (3TO OTHO-
CHTCS K XHMHUECKHM 3arpsisHeHHsIM, KOTOpble YCJIOBHO H3 coobpa-
JKEeHHil Ha/eKHOCTH pacueTa, KakK INPaBHJO, CUHTAlOTCA CTaGHIIb-
HBIMH), HO He paHee cpoka Tp, PaBHOrO MPOEKTHOMY MHEpHOLY pa-

6oTer Boj03abopa.

CupponyHaMAYecKHe pacyeTsl, BHINOJHAEMBE I ONpeeseHus
rpauuy II mosica 3CO, MOMKHBEI COOTBETCTBOBATL PAaCHETHBIM CXe-
MaM, HCIIOJb3OBAHHBIM JMJIsi OLEHKH 3SKCIUIyaTallHOHHBIX 3amacoB
NOJ3EeMHLIX BOJ paccMaTpHBaeMoro Boaosabopa.

Kak mpaBuio, BCJIeJCTBHE CJIOXKHOCTH T'HIPOre0JOTHYeCKHX
yeaoBHit o6sacTh 3aXBaTa BOL03abopa HMEET CJIOKHBIE T€OMETpH-
yecKHe OuepTaHHS, BLIAIBJIEHHE KOTOPHIX BO3MOXKHO TOJIbKO Ha OC-
HOBe rpaoaHaJHTHUECKHX MOCTPOEHHH ¢ HCMOJL30BAHHEM KapT
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THAPOH30Mbe3 (IHAPOH3OTHIIC), COCTABICHHBIX MO LAHHBIM MOJEBHIX
Ha0JI0leHHil H MOJEJIHPOBAHHS.

Ecnu peanbmas rmaporeosornueckasi o6CcTaHOBKa MOMKET GLITh
CXEMATH3HPOBAHA U OCPeJHEHA IO OCHOBHHIM PAaCYETHHIM NapaMer-
paM (0GBLIYHO 3TO OKA3HIBAETCS BO3MOMKHBIM B OTHOCHTEJBHO npo-
CTBIX THAPOT€OJIOTHYECKHX YCJIOBHAX, a TaKkKe B CJAOKHBIX YCJIO-
BHSAX, HO HA PaHHHX CTaAMAX NPOEKTHPOBaHHA), TO 06JaCTh 3aXBaTa
BOJ03a0opa W ApYrHe HCKOMblE BEJHYMHBI JJIsi OGOCHOBaHHS npo-
ekta 3CO B0203a6OPOB MOA3EMHBIX BOJ MOKHO ONpPeeJ AT NyTeM
AHAJTATHYECKHX pacyeToB. [IpH  3TOM cXeMaTH3HpYIOTCA H caMmi
BOJ103a00pLI: OGBIYHO OHH NPEJACTaBJIAIOTCS B BH/IE .elHHBIX rpyI-
NOBHIX BOJ03a00pPOB («GOMBIIHX KOJOMAIEBS).

Ha puc. 56 npencrasiena cxema o6iactu 3axpata Aas OHOTO
TPYNNoBOro Bono3abopa ¢ Ae6uTOM Q B OZHOPOJAHOM HEOTpPaHHYEH-

Puc. 56. Cxema ofaacTh 3axsata Bofo3a-
Gopa

HOM BOZOHOCHOM ILIacTeé NPH HAJHYHH OJHOMEDPHOrO eCTECTBEHHOTrO
[OTOKA C eJIHHHYHBIM PaCcXOAOM {e.

O6nacte 3axBara BoOf03abopa CO BpeMEeHEM YBEJHYHBAETCA B
npouecce skcmayatauud. OJHaKo HepeJKO C HEKOTOPHIM 3aBbillle-
HHeM obweil maomans 3CO rpaHHUEl €e MOTYT GBITh YCTaHOBJEHBI
MO NpeleJbHOMY IOJOXKEHHIO PasJesbHOH JHHHH TOKa B YCJIOBHSX
VCTAHOBHBILETrOCS JBHKEHHS. \

Buus mo noroky mopsemubix Box rpanuua II mosica, kak mpa-
BHJIO, MPOBOJHTCA 4epes pasiesabHyio Touky N (cM. puc. 56). Ho
B TeX caydasX, KOrja paccrosiHne oT Boao3abopa no Touku N Be-
JIHKO H BpeMsi JABH)KEHHSl YacTHI BOJABl OT Hee K BOJo3abopy
Goabme Tp, mosoxkenne rpanuusl 11 mosica 3CO cMmemmaercs: GiuKe
K BoJ03abopy — B TOuky N’ ¢ KOOpAHHATOII r.

Insi mpakTHYECKHX PacyeToB, KPOMe TOTO, 1leJecoofpasHo cxe-
MaTH3HPOBaTh 00/1aCTh 3aXBaTa BOA03a0OPHBIX COOPYMKEHHH B BHIE
NpAMOYTOJbHHKA IHPHHOIW 2d M o6meil MpOTAXKEeHHOCThIO L, MpH-
yeM

G (7.1)
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rie r — nporsxernocTb 3CO BHH3 1O NMOTOKY NOA3EMHEIX BOX OT
Bolo3abopa; R — To iKe, BBepX IO IOTOKY NOA3EMHBEIX BOJ OT
Bonozabopa.

Bennuuna 2d npuHEMaeTcs paBHOH MaKCHMaJbHOH LIHPHHE 30-
HH 3axBaTa Bofo3abopa. :

C MeHbliuM npubauKeHHeM 06JacThb 3aXBaTa MOIKHO NpeACTa-
BUTh B BHJAe MHoroyroabHHKa N'BCDD’C’B’, npoxopsiiero. yepes
HEKOTOpHIe XapaKTepHBle TOYKH Ha HeHTpaJbHOH JIMHHH TOKa.

PacuerHoe Bpems Tp yCTaHABIAHBAeTCH B 3aBHCHMOCTH OT BHAA
BO3MOJKHOIO 3arps3HeHHS BOJIOHOCHOTO IIJIacTa H CTENEHH ero 3a-
UIHIEHHOCTH.

[Tpu HaJMMYHH OMACHOCTH NOSABJEHHA B NOA3EMHBEIX BOAaX YCTOfi-
UHBBLIX XHMHUECKHX 3arpsisHeHHH BesqHuHHa Tp onpefnensercd B coO-
OTBETCTBHH CO CPOKOM 3KCIIyaTaluH Bojo3abopa; mpH HPOEKTHPO-
BaHHH BOJ03aGOPOB Ha /JIHTEJbHBIH CPOK TNpHHHMaercs Tp=
25 qmer (& 104 cyr). Hdas onpeznenenus pasmepos III mosca 3CO
OpPHEHTHPOBOYHO MOMKHO mpuuuMath Tp=50 xer (=2-10% cyr).

IlpH oLeHKe YCJOBHI 3allHLIeHHOCTH BORosabopa or GakTepu-
anbHbIX 3arpssHeduii pasMmepn Il mosica 3CO ycramaBiuBaloTcs
Hexons u3 BpeMeHH Tp=Tg, rie Te — BpeMs BLIXKHBaeMOCTH 0ak-
Tepuii, cocrapasiomee 200 cyr — npu GaKrepHaJbHOM 3arpssHeHHH
Heboapmoi HHTeHCHBHOCTH u 400 cyT — NpH HaJHYHH MaCCHBHBIX
H TOCTOSIHHO JEHCTBYIOLIHX, HCTOUHHKOB OaKTepHaJbHOTO 3arpsis-
HEHHSL.

B 6e3nanopHbiX BOAOHOCHBIX TOPH30HTaX, a Takke B HerayboKO
3aJleraloliMX HalOpPHBIX TJIacTaxX, MepeKpLITHX CBepXy ciaabompo-
HHILAEMLIMH OTJIOKEHHSIMH (JABYXCJIOHHBIe CHCTEMBI), NMPH OIpeje-
Jennu noaoxenus rpanuisl 3CO B 3aBHCHMOCTH OT GaKTepHaJbHBIX
3arpsi3HeHHil Ienecoo0pasHo YYHTHIBATH BpeMs fp MpOCaYHBaAHHSA
3arpsi3HeHHBIX BOJ 1O BEPTHKAJH A0 OCHOBHOIO 3KCIJYaTHPYEMOTo
miracra, T. €. IpUHHMAaTh  *

T Tyl y: (7.2)

Besnunna f, npuGIHXKeHHO MOXKeT OBITh OmpejeseHa IO cleny-
0mHEM hopmynaMm:

a) mpH MaJoil MHTEHCHBHOCTH MHGHJILTPALlHH 3arpsA3HEHHBIX
BOL & (e<ky, ko— Ko3(puuueHT (HIBTPALHH IOPOJ 30HE a’spa-
IHH), T. €. KOrja HHGHJIbTPAlUHs NPOHCXOAHT C HEMOJHBIM HAaCHI-
LeHHeM IOp BOJOH,

oMo
3 o ————
vV €k,

6) npH 3HAUHTENBHOH HHTEHCHBHOCTH HH(HAbTpaUHH & (e>Ro),
T. €. TIPH NMOJTHOM HACBILIEHHH TI0D

e =

; (7.3)

ty ~ ";Eﬂ; (7.4)
0
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iB) NpH ABYXCJOHHOM CTPOEHHH INIacTa
2

gy

koAH

ly =~ (7.5)

‘B dopmynax (7.3)—(7.5) ny u my-— NOPHCTOCTb H MOIIHOCTb
4I0pOA HAJ SKCIJAYaTHPYeMBLIM ILI1acToM (B caydasx «a» H «0» —
3TO NOPOJLI 30HHE a3palliH, B cjyuae «B» — IOPOJALI BepXHero cJja-
SonpoHHnaeMoro ciaost), AH — pasHOCTL YpOBHeH BOJABLI OCHOBHOTO
H NMOKPOBHOTO CJIOEB ([AJ5 caydyas «B»).

Metonuka ruapopuHaMuueckux pacueroB 3CO ocHoBhIBaeTcs
‘Ha MPHBEJEHHBIX BHILIE pelleHHAX 3a/1ad O NPHTOKEe IMOA3eMHBIX BOJ
K Bogosabopam (cM. ri. 4) u 3agad nmo NMPOrHO3Y MHTPALHH 3a-
TPSISHEHHH B BOJOHOCHBIX Iiacrax (cM. ra1. 5 u 6). 31ech Takxke
'B ONpeJeNeHHbIX YCIOBHAX MOTYT YYHTBIBATBCH TpOIeccH (PH3HKO-
XHMHYECKOro B3aHMOJEHCTBHS 3arpfA3HEHHLIX BOJX C YHCTBIMH IIPH-
POAHHIMH BOJaMH M NOPOJAMH MHiaacta. B OTAeNpHHIX ciyyasix Mo-
JKEeT OKasaThCs IleqecooOpa3HbIM BBIAEAATb 30HY JIHCIEPCHH H
JedopMalHi Ha IpaHulle pasjiena 3arpsa3HeHHBIX H UHCTHLIX OPHPOJ-
HEIX BOZ (cM. ri. 6).

Onnako npu onpenenennn 3CO, oco6eHHO HAa PaHHHX CTAAHAX
NPOEKTHPOBaHHSA BOZ03abOpOB, clelyeT HCXOAHTb H3 TNPEeANOCHIIKH,
“YT0 B OCHOBHOM KauecTBO NOJA3eMHBIX BOJ, oTOHpaeMbIX BoJ03abo-
POM, onpeJe/sieTcd KaueCTBOM H OTHOCHTEIBHHIM KOJHYECTBOM BOZ,
TOCTYNAIOIMX M3 PA3JHUHBIX HCTOYHHKOB NHTaHHS BOJO3abopa.

Ha/nnune HeKOHAMIMOHHBLIX BOA B 00jacTH 3axBaTa Bojo3aGopa
8 rpanuuax 3CO nonyckaercs JHIIb B ciyuae, eClH B pesyJsbraTe
‘CMeIlleHHsI BCeX BOJI KauyecTBO H3BJIEKaeMOH B0103a60poM BOJbI
OyJIeT 3aBeJIOMO COOTBETCTBOBATH TpeOyeMEIM HopMmaM. [leGHT Bo-
.no3abopa obecneynBaercs C/JAeIVIONIHMH OCHOBHBIMH HCTOYHHKaMH:

Q=Q.+Qy+Qp+ Qe, (7.6)

THe Qe — pacxoj MOA3EMHLIX BOJ, MPHBJIEKAaeMHIX Bojo3abopoM H3
‘@CTECTBEHHOrO MOTOKa; Qy — eMKocTHhe (yNpyrHe W/IH TPaBHTAllH-
«OHHbIE) 3amackl MOA3EMHBIX BOJA, cpafaThiBaeMble BOA03200pOM;
Qp — pacxoj pevuHHX BOJ, MOCTYNAlOUWHX K BOR03abopy; Qe— HH-
HUABTPALHS aTMOC@EpHBIX OCaJlKOB H MOBEPXHOCTHBIX BOJ H3 pas-
'PO3HEHHON 'OBpPaXKHO-0a/0YHOH CeTH, a TaKXKe pacXoj I0A3eMHBIX
'BOJI, IPHBJEKAEMBIX H3 COCEJHHX BOJOHOCHHIX TOPH3OHTOB.
PesynbrHpylomas KouueHtpauus Cp INPH CMeIIeHHH BOX H3
‘YKa3aHHBIX HCTOUHHKOB IMHTAaHHSA MoxKeT OBITh HafifleHa 1o (opMyJie

G- 0olp +0. 6]
= Qe + Qy) _ZQ[! p +Q ’ 7.7)

tae Ce, Cp, Ce— KOHIIGHTPAUHH IPOCAEKHBAEMOr0 KOMIOHEHTa
(uau obuiasi MHHepaJaH3allHdg) B BOJAAaX, MOCTYNalOMmuX B BoAo3abop
H3 COOTBETCTBYIOULIHX HCTOYHHKOB IMHTaHHA.

B cayuae, korga npu pacuerax 3CO MOMKHO He YUHTHLIBATH IPO-
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1eccoB (H3HKO-XHMHYECKOTO B3aHMONEHCTBHSA, BEJHYHHBI Co, Cp
C. — XapaKTepH3yIOT KOHIEHTPAIHIO BEIIeCTB B KaxK/JOM HCTOYHHKE
p -
NHTAaHHA BOJA03a00pa, He H3MEHSIOWylocs M0 TYTH (QHIBTPALHH.
Ecau B mpedenax obJacTH 3axBaTa BOJ03abopa BHIIBIEH Yua-
CTOK 3arpsA3HEHHBIX HJIH Ype3MepHO MHHEPa/IH30BaHHBIX BOJ, BMECTE
C ecTeCTBEHHBIM NOTOKOM ABHIKYIIHXcA K BoAosabopy, TO popmyuna
(7.7) npHHHMAaer BHJ ;
\ y ”
& (Qe— Qy) Ca— (1 + @) (Qe + Qy) Ce +QpCp +Q: C
CB =S ’ (7.8)1
g , Q
rie C. — KOHUEHTPAUHs KOMIIOHEHTa Ha 3arps3HEHHOM YUACTKE;
o — JI0JIS 3arpPSASHEHHBIX BOJA B 00LIeM pacXole eCTeCTBEHHOro Io-
5 . ’ #

b
TOKa, IPHBJIEKaeMoro BOA03a00poM (Q:E : rie b* —mnpHHaZ

yuacTKa ¢ 3arpsi3HEHHBIMH BOJAaMH  (CM. pHC. 56), 2d — obmast
NIHPHHA ‘30HBI 3aXBaTa). ' - :

PaccMoTpuM Terepb nNpHO/JINKEHHBIE aHaJHTHYECKHE METOMBL
onenkn 3CO a1 HEKOTOPBIX [POCTEHIINX CXeM BOJOHOCHBIX TL1ad-
cToB u Bopo3abopos. [IpH aroMm
caelyeT yUHTBHIBaThb, YTO pacuer-
Hple 3aBHCHMOCTH JaroTcs AJAs
HANOPHHIX TIIACTOB, HO OHH MO-
ryT ObITh HCIOJIB30BAHH TAaKIKe
IJs1 Ge3HanopHLIX NOTOKOB NPH
3aMeHe B HHX MOIUHOCTH /m Ha-
MOPHOrO IJacTa Ha CpelHIon
MOIIHOCTL O€3HanopHoro mniaa-
cra Aep.

Odunounble  CKBAXNCUHbL W
KOMNAKTHblEe —2pynne.  83aUMO-
delicTeyrowuyx cKeaxcun 8 yoa-
aeruw or pex. 30JupoB aH-
Hblfi maacT. Meroguka omnpe-
nenenus (poHTa (QHABTPAUHH W

S e z [IOCTPOEGHHS KHHEMaTHYECKOH!
_— —— F— © KAPTHHBE TeYeHHs  JAAs TaKOH
L= cxeMHl OBlJla HAMH PacCMOTpeHa&

panee (cM. ra. 6 u puc. 48, a).

P ITTIIIIITE,
AL

172

; LA 31ech TPHBOAATCS JHIIb YNPO-
7 LIeHHble 3aBHCHMOCTH NPHMEHH-
¢ / 0T TesbHO K 3ajaye 00OOCHOBa-
Sl e e e - pag 300, :
AT AR

B

Puc. 57. Cxembl HABTPALHH K BOJ03AGOPY B
) B s ) ; YAaJeHHH OT PeKH:

A TS A T o A

St Poe & v a—mnnan; O paspes AJNS HIONHPOBAHHOTO:
i P nnacra; 8 — paapes AJA mjacTa ¢ mepereka-
e HueM
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PazgenbHas JHHHS TOKa, OuepuHBamllas 06/JacTh 3aXBaTa BOs
mo3abopa, B LaHHOM Cjydae NepeceKkaeT och X HHKe Bojo3abopa.
10 IOTOKY Ha PACCTOSHHH Xp (pHC. 57), onpejenseMoM no GopMylc
(6.38) (xp=—Q/2nge). MakcumaabHas WMpPHHA 00/1acTH 3axBaTa

2d = Q/q. (7:9)"
YCTaHABJHBAETCS B CPaBHHTEJbHO HeOOJbLIOM YAAJeHHH OT BOJO-
3a6opa BBepX IO NOTOKY Ha PacCTOSHHH

x>B8=4) | x| (7.10)

IIupuna obGgacTH 3axBaTa B CEUYEHHH, NPOXOASIIEM uYepes
meHTp Bojo3abopa (x=0), ompeaensercs HPH 3TOM CJeAYIOIIHM
©006pa3oM:

Dy (7.11)

n 24 i

Ilporsxennocts 3CO BBepX MO NOTOKY HOA3EMHBIX BOJ OT

B80103a60pa H BpeMs ABHKEHHS YaCTHI BOAL K BOJ03abopy MOIYT
ObiTh HalileHBl H3 ypPaBHEHHS

: Amn B —I—R)
e e S T T '1
i - (R | x5 | In el (7.12)
MK 10 TpaduKy Ha puc. H8.

= ﬂrﬁ ZJLZ, I

F,J’F/ﬂl-

4

s
= fé’f
Puc. 58. I'padnk onpeaeseHHs BelH4YHHB R And cXem (HABTPAUMH, NMOKA3aHHbIX Ha pHC. 57
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Ips onpemenenuu paccrosiuusi r jo rpannust II nosca 3COv
BHH3 110 MIOTOKY HCHOJB3yeTcs caeayiomas popmy.aa:

Amn ;
T,= % (r—l—ixplln
a Takxke rpaduk (cM. pHc. 58).

[lpu oTCyTCTBHH OBITOBOrO NMOTOKA NOA3EMHBIX  BOA 006/1acCTh:
3axpaTa BOJOpa3neJqbHOr0 BOA0O3abopa B H30AHPOBAHHOM MI4CTE
npeacrasager coboil OKPYKHOCTbE pajiiyCcoM.

R=|/QT? ; (7.14)
Anmn

Tpexcaoifiusii naacTt. CxeMa Takoro njacra Hcc/leloBaHa

Bhille, B raaBe 6. O6muii pacxox Bojo3zabopa B paccMaTpHBaeMOMH
cXeMe paBeH:

Q=0Q.+ Qnep: (7.15)

rae Qe — pacxoJi ecTeCTBEHHOrO MOTOKa B IKCIIYaTHPYeMOM ILia-
cTe, NepexBaThiBaeMblii B0OA03a60poM; Qpep — PACX0J BOJABI H3 CO-
CeJHHX TOPH30HTOB. :

Jns npHOIHAKEHHOH OLeHKH PacXoloB Qe H Quep u rpanuun 3CO*
MOXKHO NPHHATH, YTO KOH(Hrypauus objacTH 3axsaTa Boposabopa
B N4HHOM cjyyae mojoOua ofJjacTH 3axBaTa B H30JHPOBaHHOM
nJjacre M KOOpPAHHATA pasfeibHOH TOUKH Xp HAXOAHTCS B 3aBHCH-
MOCTH OT IIapaMeTpPOoB IepeToKa:

| xp | —r
ixpl

(7.13)

Q | xp | !xp|>
%= [+ - 5 (50} (o
rie B — mapaMerp nepeTekaHus
/& 1 I
)
mg \ (km), ix (),

(km); u (km)z — BOZONPOBOAHMOCTE 3KCIIyaTHPYEMOro M COCEJ-
HEro IacroB; v=(k—2);; e — TIOTOHHBIH PacXoi ecTeCTBeHHOIo:
NIOTOKA ‘B SKCINIYATHPYEMOM TOpH30HTe (TNIPHHHMAaercd, 4TO fe=
=const); K, = (pr[ )— ¢yukuus Becceass BTOporo poxa, nepBoro

nopsifika OT MHHMOTO apryMeHTa.
Bennunna xp ompejensierca noabopom u3 dopmyast (7.16).
Kak yxe ykaswiBasoch panee [cM. dopmyas (6.65) B ra.’ 6],

npH % <« 0,2 BTOPOil WieH B NPABOil YaCTH dopmyast (7.16) Gune

30K K e[HHHIE H, C/Ie0OBaTeTbHO, | X, | =~ , T. €. TaKXe, KaK B

e
H30JHPOBAaHHOM IIJIacTe; B JaHHOM cCJayHac OCHOBHYIO 4acCTh ,U,E6PIT3

Bojo03abopa cocraBaser BeanunHa Q.. Hanporus, npu GoJbLIHX:
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r r -
3HaUeHHAX ¢ (_E >3+ 5) paccMaTpHBaeMblif ujeH OJH30K K HY-

a0 " x| & YTO ONpejefsieT CYUeCTBEHHYI0 PoJb B

2nge (1 +-v)
GamaHce BO03a0opa MepeToKa BOJbl H3 COCENHEro mJacra Queps
BeJHUHHA €r0 3aBHCHT OT COOTHOLIEHHS BOJONPOBOAHMOCTEH OC-
HOBHOTO H IHTAIOIIEro MJacToB.

B o6uieM cayuae cocraBisiomas Bojo3abopa H3 eCTECTBEHHOTO

IIOTOKa

Q. = 2dg., (7.17)
NpHYEM B COOTBETCTBHH C NPHHATOI MPEANOCHITKO

d=mn|x, | (7.18)
Orciona o

Quep=Q—27 | % | ¢e- (7.19)

IlpH HMCNONb30BaHHH BeMHUHHBl (Quep A OLEHKH KauecTBa BO=
a6l mo ¢opMysnam cmeutenus (7.7) u (7.8) HeoGXOAHMO YYHTHIBATDH
COOTHOIIEHHE YPOBHEl B 3KCIJIyaTHPyeMOM H COCeJHHX BOMOHOCHBIX
nJacrax.

Ec/iH ypOBHH TOA3EMHBIX BOJ B' COce/iHeM (NMHTaioOmleM) M 3KC-
IJIyaTHPYEMOM TOPH30OHTAX B HaYajbHbIi MOMEHT BPEMEHH, T. €. b1 ()
Hauasja SKCIJyaTalHH Bojo3abopa, paBHE HJIH B THTAIOLlEM ro-
PH3OHTe YPOBeHb BBIIIE, TO BeAHYHHA Quep Mo (7.19) yunThiBaETCS
MOJTHOCTBIO.

Ecau e B e€cTeCTBEHHBIX YCAOBHAX ypPOBEHb BOABI B BEPXHEM,
NHTAOUIeM TJacTe pachojaraercs Ha Oojlee HH3KHX  OTMeETKaXx,
TO AEHCTBHTEJLHBIH pacXoJ] BOJABI H3 BEPXHEr0 IJIacTa MONKET ObITh
Ha#ljeH caeaylomum o0pasoM:

. k
Quep = Quep— m—'; AHF, : (7.20)

rane AHq, — cpeinsss B Tnpefenax o0/acTH 3axBaTa pasHulla B
YPOBHAX MEXAy IUIACTAMH B HayajibHB MOMEHT BpeMenn; f —
nJomanb 06/1acTH 3aXBara.

Ipu Q*ep<<0 BOAH BepXHEro IJlacTa He OKa3biBAIOT BJIHSA-
HHS Ha KOHIEHTPALHIO TeX WJH HHBIX BEllecTB B Bode, 0TOHpae-
MOii B0J03a60pOM, H Quep HE JOMKHO YYHTHIBATBCH B (opMyJsax
cmemenus (7.7)—(7.8).

Jlas pacuera anunbnl 3CO BBepx o MOTOKY B OMHCHIBAEMON
cxeMe Henoab3ylotess 3asucHMoctu (7.12)—(7.13) m rpapuk Ha
pHc. 58, uTO W AJs HM30/HPOBAHHOro mjacra, HO MHpH Xp, onpexe-
asemom 1o (7.16).

OduHo4Hble CKBANCUHLL L KOMNAKTHbIE 2pynns. 63aumodelcr-
syrowux ckeaxcun 86ausw pex. OCHOBHbIE CXeMbl (HILTPALHH
ISt TOrO Cayuasi IpHBeAEeHbl Ha pHc. 59.
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N b :
e b
L o s
44 -E-—-/‘agf’ .oga- '_5_2‘#_5.'
A

%
Puc. 59. Cxemsl puabTpanuu K Geperosomy BofosaGopy:

@ — BGAHM3H THADABJHYECKH COBEpIIEHHOM PexH mph GosbuioM pacxofe BoAesaGgopa; G — BGau-
SH THADABJHYECKH HeCOBEPLIEHHOH pexH

CxemMa a Ha 5TOM PHCYHKe AaeTcs [Js BOAo3abopa BOJH3H CO-
BepIIeHHOH peKH, IpHYeM Tpeamosaraercss, uto AeGHT BOJLO3a-
Gopa Q cymecTBeHHO MNpeBHIIAET €CTECTBEHHLIH (OHITOBOi)  TO-
TOK MOA3eMHBIX BOJ {e:

Q > nxege. (7.21)

Hebur Bogo3abopa B TAKHX C/Iyyasix CKIajblBaeTcs u3  (uib-
TPYIOIHX peulblx BoA Qp M GHTOBOro MOTOKAa MNOA3EMHBIX BOJ

Q= Qp + Q., (7.22)
npuyem

SRR B
Qp = —-arctg = ﬂqcyo]

” : (7.23)
Q. = TQ' arctg x, + 2q.4, [

=% - —1. (7.29)

Bripaxenuem (7.24) omnennBaercs IHpHHa o0JacTH 3axBaTa
BO03ab0pa co CTOPOHHI peKil, paBHas 2Yo.
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C BepxoBOil' cTOpOHH, T. e. B OTKpuiToii wactw 3CO, makcu-
MaJbHas LIHPHHA 00J1aCTH 3aXBara, COCTABHT:

2d = 2y, -+ ﬂ arctg x,. (7.25)

Bo Bcex mpuBeieHHbIX (OPMyJax MPHHATO Xo — PACCTOAHHE
Bojo3abopa OT peKkH (Zo=Xo/Yo).

lnpuna obnacTu 3aXBaTa Ha JIHHHH, NPOXOAsAIleli yepe3 CKBa+
KHHYy (X¥=Xx), B NaHHOK cXxeMme eonamepnma ¢ MaKCHMaJbHOH
IIHPHHOH, omnpexeaseMoil mo (7.25), u, Takum o6pasom, 3CO
3fech C JOCTATOUHOH TOYHOCTBLIO MOMKeT ObIThb 3alpOeKTHpOBaHa B
BHJIE NPAMOYroJbHHKA co cropoHaMu L=R-+r (r=x) u 2d.

3aBHCHMOCTh AJis OUpedeqeHHs BeJHYHHEI R Aas paccmatpH-
BaeMoil cXeMbl IIPECTABJSIETCS B CJAEAYIOLIEM BHIE:

A
T :” [ — y, (1 + xg) arctg

e

(7.26)

o+!fo]

Ha puc. 60 nau rpadux sroit GopMyJibl.

Puc, 60. Tpadguk pana onpefesennss BeJHYHHB R Aas cxeMmbl GHABTPAUHH, NOKA3aHHON
Ha pHc. 59, a

Bpems Tpeq, B TeUeHHe KOTOPOro peuHast BoJa 34€Ch JOCTHraeT
Bolo3abopa, onpeaesiseTcs o ciaeayomei hopmyiie:
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143 -
Tpex = ey (g arctgx, — l)- (7.27)
ge \ X ¢

[Ips OTCYTCTBHH €CTeCTBEHHOTO0 MOTOKAa MOA3EMHBIX BOA  LIH-
puna obiacTH 3axBata Geperosoro Bojo3abopa 2d ycTaHaBIH-
BaeTcs, HCXOAA M3 pasMepoB ()poHTa (HIbTPALHH PEYHBIX BOA.

HUs rpaduka, npuBenenHoro Ha puc. 49 (cm. ra. 6), BHAHO, 4TO
OCHOBHOe TNHTaHHe Bojpo3abopa (Gosee 80%) ocyuiecTBasiercs Ha
yuacTKe DEKH, paBHOM IpHMepHO 6xo. IIpoTsiKeHHOCTH  3TOrO
yuacTKa MOXKHO NpPHHSITH B KauecTBe LIHPHHBI 30HBI 3aXBata BO-
nosabopa.

Pasmepst 3CO B ray6p Gepera or Bonosabopa IpH OTCYTCTBHH
OBITOBOrO NOTOKAa ONpEeAeNsOTCs N0 paHee JAaHHOMY COOTHOIIe-
puio (6.53), koTOpoe B INPHHATHIX 3/ech OOO3HAYEHHSX HMeeT
BHI

i v
7, Ao [o 4 (RERV_gREA) Ry ). (129
P 3Q X X
BpeMs NpoABHIKEHHs DEYHBIX BOA K BOAo3abopy mo Kparyamiuem
auHHH ToKa (y=0)
9 Anmnxg
per — ? T . (7.283)

Jlas Geperosoro BOjo03abopa BOAH3H HECOBEpPUIEHHOIN
peKH, ecan JeGuT Bojo3abopa CpPaBHHTEJbHO HEBEJHK H IeJH-
KOM 00ecrne4yHBaeTcsi eCTeCTBEHHBIM IIOTOKOM TIPYHTOBHIX BOJ, CO-
XpaHsieTcsi cxeMa (MAbTpanuH, H3obpaxennas Ha puc. 59, a.

Pacuer 3CO npu 3T0M MOXKHO NPOH3BOJAHTL MO AAHHEIM Bhllle
YKa3aHHsIM, HO AJIsS y4eTa HecoBeplleHCTBA PEKH B COOTBETCTBYIO-
IHX pAacyeTHbHIX 3aBHCHMOCTAX cJelyeT TNPHHHMaTh BMecTo JAei-
CTBHTEJNBHOrO PACCTOSIHHS OT BOA03abopa J0 PeKH X; HEKOTOPYIHO
YCJOBHYIO BEJIHYHHY Xy, IPHYEM

Xg =X+ AL,
AL = cth (2ba)/a, (7.29)

rie o — NoKasaTellb HECOBEpIIEHCTBA peKH, OnpejessieMbli IO
OMBITHBIM JaHHBIM; b — NMOJOBHHA MIHPHHEL pycJa.

Ilpu naByXCJOHHOM CTPOEHHH pYC/IOBOi 30HH, KOria B JHE
peku 3ajeraer c1aCONPOHHIIAEMbIH SKpaHHPYIOWHA cjaol (3a-
HJIeHHBIH, KOJbMAaTHPOBAaHHEI) MOUIHOCTBIO My ¢ KO3(PQHIHEHTOM
¢dunpTpanmun ko, mapaMeTp o BblpaxKaercs chaeAyloumHm  obpa-
30M [cM. popmyny (4.20) B ra. 4]:

ko

o= iy

mokm

rae km — BOJAONPOBOAUMOCTL HHIKE3aJeralouiero OCHOBHOTO BO-
JOHOCHOrO FOPH30HTA.
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Ilannas cxema AeHCTBHTeJbHA MpPH

Q < 7xufer, (7.30)

rae Q — no-npexxHemy gebur Bomosabopa, a {e1 — TIOTOHHBIH
pacxoj ecTeCTBEHHOTO TNOTOKa MOA3EMHBIX BOA K peke Ha yua-
CTKe pacmoJioKeHHs: Bofosabopa.

Ilpu oTHOCHTeaBbHO GOJBIIHX pacxofax BoAo3abopa cxema
TeueHHsl MO3EMHBIX BOJ mpuHEMaer Buj (cM. puc. 59,6). 3oHa
3axBara Bojosabopa 3jech BKJalouaer B ceba 00a Gepera pekH.
Ilpn stom pacxoi Bojo3abopa pasjensieTcs Ha CaelylollHe CO-
CTaBJ/AIOIIHE:

Q = Qe+ Qs+ Qs (7.31)

te Qe; ¥ Qez — pacxXofbl €CTECTBEHHOro IMOTOKA, NMPHBJIEKaeMOro
BojgozaGopom Ha oOoux OGeperax; Qp— IPHTOK PeYHEIX BOJA K
Bofo3abopy. DTH pacxoAbl MOXKHO LEHHTb MO CJACAYIOMHM 3aBH-
CHMOCTSIM:

63) €CTEeCTBEHHBIH IIOTOK Ha y4acTKe pAacroJioKeHus BOJO-
3abopa

9 5
Qe = 2 arCtgﬁ‘ . 2qelyﬂ; (7.32)
i Yo

6) pacxoi NMOTOKa C HPOTHBOIOJIOXKHOTO IO OTHOIIEHHIO K BO-
nosabopy Gepera pekH

5 Q=08
Q=+ Q) (7.33)
B) pacxoj peYHBIX BOL
5
Qp=(Q—Q) [1 = m] : (7.34)

B ¢opmymne (7.32) x ompemeasercs mo (7.29), a Yo — TaK
e, KaKk B cJyuae COBeplUeHHON pekH, — no ¢opmyte (7.24) npn
3aMeHe B HeH Xy Ha Xg.

Coorrnomenusi (7.33) u (7.34) mosyueHbl B pe3ylibTaTe aHaJH3a
Gananca -pacxoJ0B/H COIOCTaBJeHHS (HILTPAIHOHHBIX COTPOTHB-
JIEHHH BOJOHOCHOTO I1acTa B GeperoBHIX €ro 4acTdX H MOJ pPycCaIoM
PexH.

CoOTHOIIEHHST MEXKJAY pacXoJaMH peUHHIX BOJA H IOA3e€MHBIX
BOJ, NOCTYNAIOUIHX € NPOTHBOMOJOXKHOro Gepera, IpeACTaBJsETCH
B cAelyIolleM BHJE! :

% — 2sh? (ab). : _ (7.35)

MaxkcumanbHas IUMpHHA 30HBI 3axBaTa Ha o0omx O€perax oll-
peneasieTcst GopMyJIaMH:

2d’1 = Qell%l; 2d2 = Q92/q€2! - (736)
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3nech Hugekcamu 1 W 2 o003HAaueHb BENHUHHBl pa3MelleHHs
COOTBETCTBEHHO Ha OeperoBoM ydacTKe B0A03a00pa u Ha IPOTH-
BOTIOJIOXKHOM Oepery. i

Bpemsi JBHMKEHHS YacTHI BOJABI H TNPOTAKEHHOCTH 3CO BBepx
110 NOTOKY TMOA3EMHBIX BOJ OT BOA03abopa MOryT ObITh HaifleHbl
[0 3aBHCHMOCTH, 4HAJIOTHYHOH 3aBHCHMOCTH, MAHHOH JIs COBEp-
mennoii pekn [cM. dopmyay (7.26) u puc. 60), Ho TpH 3aMeHe B
Hell Xo Ha Xy o dhopmyae (7.29).

BaxHoil 0cOOEHHOCTHIO AAaHHOHM CXeMBl (GHUIbTPALHH SBAACTCA
T0, YTO obaacTh 3axBaTa BOJo3abopa pacnpocTpaHseTcs Ha INpo-
THBOTIOJIOKHBIIT Oeper peKH.

IpoTsKeHHOCTh 0OJIACTH 3aXBaTa M, CJeA0BaTe]bHO, PasMephl
3CO Ha 3tom Oepery npHOJHIKEHHO MOXKHO OLEHHTb IO CKOPOCTH
@CTECTBEHHOrO II0TOKA MOJA3eMHHBIX BOJ.

Ilpy 3TOM
AmnR, GeaT'p )
T,~ - R, =~ e (7.37)

Pacuer no 3Toii (popmyie u Boigenrenne 3CO ma mpOTHBOINO-
JOXKHOM 110 OTHOIIEHHIO K Bojo3abopy Oepery peku cjaedayer mpo-
W3BOAHUTH NPH HAJHYHH ONACHOCTH 3arpA3HEHHs INOA3EMHBIX BOJX
31ech H OTHOCHTEJbHO OOJBLIOH 3HAYHMOCTH Pacxona Qe2 B 00-
mem pacxofe Bojo3aGopa @, u4To MOXKeT OBITb YCTaHOBJIEHO pac-
getaMu To (GopMyJie cMelleHus.

Bodosabopo. 6 eude aumneiinvlx. pados ckeascux. Jluaeinble
PSAB CKBAaXKHH OOBIYHO YCTPAUBAIOTCsl BOJH3H  peK, T. €. OHH
npefcTaBasiiorT coGoii Geperosble BOA03abopelL IIpu 3TOM, Kak
IPaBUJIO, IPOTSKEHHOCTb JHHEHHBIX DPAAOB CKBAXKHH 3HAUHTE/ILHO
NpeBblIaeT HX PACCTOSHHE OT PEKH M BCJAEACTBHE 3TOro Ha
Goableii gacTH 06JacTH BJAHSHHS BORo3abopa 3[echb HMeeT
MecTo ORHOMepHast [pHAbTpALHS.

Ha puc. 61 mokasaHbl cxeMbl Oeperosbix BOA03aGOpOB B BHAE
JHHEAHbIX PAAOB CKBA)KHH COOTBETCTBEHHO Y COBEpIICHHOr0 H He-
COBEpIIEHHOr0 BOJOTOKOB HMJIH BOJOEMOB..

OTH CXeMBl COOTBETCTBYIOT Takike OeperoBsiM BoJ03abopam B
BHJIE TOPH3OHTAJbHBIX rajepeii, ApeH H T. A.

B6susn coBeplIeHHOH peKH AeOMT JHHEHHOro psAAa CKBAXKHH,
KaKk M B cJydyae OJMHOYHOTO TPyNNoOBOro BOA03abopa, CKIajibiBa-
ercst u3 BOJA, (QUAbTpYIOLIHXcsH H3 pekH (Qp) M co CTOpOHH Gepe-
ra, T. e. u3 OnitoBoro noroka (Q.) [cM. dopmyay (7.22)].

Pacxon u3 pekd K BOLo3abopy B JaHHOM ciyyae OCYLIECTBJIS-
ercsl Ha y4acTKe WIHPHHOM 2 Yo, MPHIEM

Yo= ]/l“" o 20 e 2x,l ctg (2ng.l/Q) (7.38)
HJH, YIHTEIBas1, 4T0 [ =Xy,
Yo =~ 1 + xyctg (2ng.l)/Q). (7.39)
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Puc. 61. Cxemnl QHALTPAUMH K AHHekHOMY BO03aG0pY:

@ — B6MIH3H THADaB/IHYECKH COBEPUIEHHON DeKH; 6 — BOAHIM THADABAHYECKH HecOBeplieHHol
PEKH

B cootBerctsum C moOcHeNHHM BbIpaMKeHHeM DACXOL H3 pPeKH

P X 21 sin (2ngel/Q) e
QPNQ[I = ln[___x., D 2.1 . (7.40)

H CO CTOpPOHHI Oepera
o= Qx, ln[ 21 sin (2ngel/Q) ]+ 2g.l. (7.41)
xl X

B npusenennbix dopmynax: [ — moa0BMHA AJHHEI psiia CKBa-
HKHH; Xo— paccTosiHHe OT psiia [0 PeKH; ocrajbHeEe 0603HA-
YeHHS IpexXHHe. Magkcumanpuas IIHpHHA 30HBI 3axBaTa BOJO0O3a-
6opa B BHJle JIHHEHHOrO PsANa CKBAXKHH

2d = Qc/qe. (7.42)

Has onpenenenus pasmepos 3CO BBepX M0 NOTOKY IIOA3€Me
HbHIX BOA (OoT BOAO3abopa B riy0b Gépera) MOMKHO HCIOJB30BATH
CIEyIONyio NPUGIHKEHHYIO 3aBHCHMOCTh (npH [>4%,):

Amn Qx, RI*
.= A LYo .
% S [R nigel* amg( Rxy + 172 ) ] (7.439)

(g*zz flz—i— Qn_ )
V e
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3peck mMo-NpexkHEMY, KaK H IpH JACHCTBHH KOMNAKTHBIX BOJO-
3a60poB, MEpBLIM WIEHOM B NPaBOfi YaCTH XapaKTEpHSYETCH Bpe-
Ms [BHXKEHHs UYAaCTHI, BOJABl B €CTECTBEHHOM IOTOKE, Oes yuera
BO703a60opa, a BTOPHIM — YCKOpEHHE YacTHI ~HEMoCPEeACTBEHHO
BO6/MH3H BOjO3abopa. Dra MOCAENHSAsS 30HAa OrpaHHuena, B CBA3H
C uem NpH pacyerax Ha AJHTeNbHble INEPHOJAbl BTOPHIM  ‘IIEHOM
TNIPAKTHYECKH MOXHO npeHeOpeub.

IIpu pacmo/OKeHHWH JHHEHHOro psija BOL03200pHBIX CKBaXKHH
BOJH3H HECOBEPIIEHHOH peKH CjelyeT YHYHTBIBATb BO3MOMKHOCTDL
MOCTYIJIEHHsi K BOA03a060py NMOA3EMHBIX BOA C IIPOTHBOIOJNOKHOTO
Gepera. O6mufi Gananc BOA03abopa MpH STOM BBIPAKAETCH dop-
mysoit (7.31), B KOTQpO#i BeHYHHA Q. onpexeasiercst mo ~ Gop-
myae (7.41) npm 3ameHe B He#l Xo Ha Xy TO COOTHOIIEHHIO (7:29)

BeHuHHB NOTOKA ¢ MPOTHBONOJOXKHOrO Gepera Qe u H3 DEKH
Qp naxonsTest o gopmyiam (7.33) u (7.34).

Illgpuna 30HH 3axBaTa JJs JHHEHHOTO psAd CKBAXHH M
JJHHA ee BBepPX MO MOTOKY MOryT ONPENeNAThCA MO TEM IKE thop-
MyJiaM, 4TO H B CJyyae COBEpUIEHHbIX peK [em. dopmyan (7.42)—
(7.43)], HO BMECTO Xo B HHX CIeyeT TPHHHMATD ¥p.

Bpems /[BHKEHHT 4YacTHI BOJABI CO CTOPOHHI TIPOTHBOMOJIOHK-
HOro Gepera BecbMa OPHEHTHPOBOUHO MOKET ObLITL OIlEHEHO IO
tdopmyae (7.37).

[Ipn orcyTcTBHH GLITOBOrO NMOTOKa OCHOBHAA ¢huapTpanus mMoxL-
3eMHBIX BOJ, NPOHUCXOJHT B 30He MEXAY BOJ03a60pOM M PEKOM.
[Ipu 5ToM BpeMsi TOCTYIUIEHHsi PeUHBIX BOA B Boxo3abop paccuH-
TeIBaeTCH TO chenyouei dopmyie:

Toew = 2Amnxyl/Q. ; (7.44)

IIpuTOK NMOA3EMHBIX BOJ CO CTOPOHBI Oepera OGyzer BecbhMa Madll.

CaHHTAapHO-030pOBHTEADbHEE MEPONpHATHSHA
pa reppuropuu 3CO Bo Il nosice Ha3HAUAIOTEA C yueToM THI-
POre0JIOTHUECKHX YC/IOBHIA, eCTEeCTBEHHOH 3alHIEHHOCTH BOJAOHOC-
HOro IJACTAa W BHAOB BO3MONKHBIX 3arpsA3HeHHI. Ilenecoobpasno
BHIIETHTh TPH KOMILIEKCA CaHHTAPHO-03/l0POBHTE/BHBIX MEpOMpHAi-
THii: mepBbi — o00s3aTe/qbHble MEpONpHATHS, BTOPOii H TPEeTHH —
JIOTOJIHHTE/bHbIE MEpPONpPHATHS, HANpaBJeHHbe NPOTHB XHMHUEC:
KOro M OHOJOrHYECKOro 3arpsA3HeHHs NMpH HELOCTATOYHOH ECTecT:
BeHHOII 3aLHIeHHOCTH BOJOHOCHOrO MJacTa.

B mepBhlii KOMIJIEKC BXOAST CAHHTapHO-O3MOPOBHTEIDbHLIE ME-
ponpHATHS, o0s3aTelbHble NPH JI06BIX THAPOTeOJOrHYeCKHX H XO-
3HCTBEHHBIX YCJIOBHSAX, HE3aBHCHMO OT BHOB BO3MOKHOrO, 3arpsi3-
HeHHS W €CTECTBEHHON 3aIMIEHHOCTH BOJAOHOCHOro miaacra. ITH
MepOnpHATHs HA3HAYAIOTCs Ha BCed TEPPHTOPHH II nosica 3CO,
OrpaHHUEHHOH Pa3feJbHEIMH JIHHHSMH TOKa H KOHTypaMH, MpOBE-
NeHHBIMH HCX0As U3 BpeMenu Tp=25 aer. '
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K mepBOoMy KOMINUIEKCY OTHOCATCs CcJeAylollde ob6sf3aTenbHble
MepONpHATHS H OrpaHHuenHs: 1) Bce BHAbI CTPOHMTE/]bCTBA MPO-
BOAATCA C paspelleHHsi OPTaHOB CaHHTAPHO-3MHAEMHOJOTHYECKOH
W THAPOTEOJIOTHUECKOH cay:k0; 2) sampemaiorcs TakHe paGoTel B
3eMHBIX HeIpaX, KOTOpble MOTyT BbI3BaTh 3arpsA3HeHHe 3KcnJjya-
THPYEMOro BOJOHOCHOrO ropusonTa (cOpoc H 3aXOpOHeHHe CTOY-
HBIX BOJ, pas3BelouHbie paboThl Ha HepTh, ras u T. I.); 3) Oype-
HHe HOBBIX CKBayKHH JONyCKaeTcs [pH COIVIACOBAHHHM C OpraHaMiu
THAPOre0JOTHUECKOi W CAHHTAPHO-3MHIEMHOJIOTHIECKOH  ClIyKObl;
4) auxkBugupylorcs OeaneiicTByionide, AedeKTHble, HENPaBHJIbHO
9IKCIJAyaTHPyeMble CKBaXKHHBI H TOpHble BHIpPaOOTKH, BHI3bIBAIOLIHE
ONAcHOCTh 3arpsg3HeHHsl BOJOHOCHOrO FOPH30HTA; 3TO AOJKHO MPO-
H3BOAHMTLES € BOCCTAHOBJEHHEM IIepBOHAYAJIbHOH BalHIEHHOCTH
rOpH30HTA IO YTBEPIKIEHHOMY INPOEKTY IIOJ HaA30pOM CaHHTapHO-
ro Bpaua H THApOreoJord.

Bo BTOpO# KOMIJIEKC AOJNMKHBLI BXOAHTH JONOJHHTEJIbHBlE CaHH-
TAPHO-03[0POBHTEJbHbIE MEPONPHATHA H OrpaHHYEHHs, HasHavae-
Mble TIPH OTCYTCTBHH €CTECTBEHHOH 3aINMIIEHHOCTH OT XHMHYECKHX
3arpsisHennit. OHH BBOAATCA Ha Beelt Tepputopuu II mosica JCO),
¢ pa3[enbHBIMH JHHHAMH TOKa M KOHTypamu Tp=25 jlet, H BKJIO-
4aloT CAeAyiolllHe OTpaHHYEeHHsA: 1) 3ampeniaetcsg CTPOHTEILCTBO
QUABTPYIOIHX HAKONHTEIEH, HCIapHTe/eil H OTCTOHHHKOB CTOYHBIX
BOJ, XBOCTO- H LIJaMOXpaHHJHIL, rHAposogoorBasoB TILL, nouei
(UALTPANHM TIPOMBIIIEHHBIX H XO3fHCTBEHHO-OBITOBEIX  CTOUHBIX
BOJ; 2) 3ampeliaercsi CTPOMTENbCTBO HOBBIX KPYMHBIX MpeANpHsTHIA
¢ OOJIBIIHM KOJHYECTBOM TEXHOJOTHYECKHX M CTOUHBIX BOH, a TaK-
JKe rasofibiIMOBbIX BbIOpOcOB B aTMmocdepy; 3) KOHTPOJIHPYIOTCS pa-
60Ta M M3MEHEHHe TEXHOJOTHH BCeX JEHCTBYIOUIMX NpeANpHsTH
VA MpeJOTBpAallleHHs yTeyeK H HHQHILTPALHH HEOYHINEHHBbIX CTOY-
HBIX BOJ, PACTBOPEHHS OTXOLOB H CHIPbS aTMOC(epHbIMH OCaJAKaMH,
MOCTYIJICHHS: B aTMocgepy BpeIHbIX Ias3o-AbIMOBBIX BbIOPOCOB;
4) cyluecTBeHHO ONpPaHHYHBAaeTCss H KOHTPOJHPYeTcss MpHMeHeHHe
CeJIbCKOXO035IHCTBEHHBIX MHHEepaJbHBIX yA00peHuii; 5) 3anpeniaer-
csl TIpEIMEHEHHE CeJILCKOXO35SHCTBEHHBIX M ,JIeCO3alHTHBIX SA0XH-
MHKATOB. :

B Tpernii KOMIJEKC AOMKHBI BXOAHTL AONOJHHTEJNbHBle CaHH-
TdpHO-030POBHTE/IbHEIE MEPOINPHATHS M OrpaHHYeHHs, OCYIIeCTB-
JigeMble MPH OTCYTCTBHH €CTECTBEHHOH 3alIMIIEHHOCTH OT OHOJIOTH-
4ECKHX 3arpsAsHeHHH. DTH MepONpHATHs Ha3HaualoTcs BOJM3H BO-
nozabopa mo KoHTypy Tp=200 cyr u Tp,==400 cyr B 3aBHCHMOCTH
0T MACCHBHOCTH MHKpOOHOro 3arpsisHeHHsi. K HHM OTHOCATCH cle-
ayioue Mepsl: 1) 3ampemaercs ycTpoiicTBO HOTJIOBaHOB, BbleMOK,
KapbepoB, HapyIlalMHUX 3allHTHLIA CJA0H HaJ BOJAOHOCHBIM TOpH-
30HTOM, @ TaKKe KDYIHBIX KHBOTHOBOJYECKHX KOMILIEKCOB, (epM
i CKOTHHIX JBOPOB, CKOTOMOTH/JIbHHKOB, 3eMJIeLeJbUeCKHX TOJel
opollenns; 2) orpaHuuMBaercs NpPHMEeHEeHHe HABO3HHIX YA0OpeHHil
H 3aMpenigercs HCIoJb30BaHHe /il OPOUIeHHsl CTOUHBIX BOA; 3) Or-
paHHuYHMBaeTcs OTBEJeHHe TEPpUTOpPHH IO/l HOBhle HAaCe/JeHHBIE
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NYHKTbl H JeyeOHO-NpodHIaKTHUECKHe y4peKAeHus; 4) aas Inpo-
MBIIIJIEHHBIX NPEeJNPHATHIH, HACeNeHHbIX NYHKTOB M KHJIMX 31dHHIT
NOJXHBl OBITh NPEeAyCMOTPEHbl: OpPraHH30BaHHOe BOJOCHAalKeHHe,
00s3aTebHOe KaHAJNH30BAaHHe 3[aHHA co cOPOCOM OUHIIEHHBIX BOJ
BHe TeppHTopHH II mosica 3CO, perynupoBaHNe H OpraHusamnis
OTBOJIa 3arpsi3HEHHBIX MOBEPXHOCTHBIX CTOKOB.

HasnauenHe OJHOro HJAH HECKOJbKHX KOMILIEKCOB CAHHTApHO-
osjopoBuTenbHbIX MeponpusatHii Bo II mosice 3CO caenyer mpoBo-
AHTH B COOTBETCTBHH C €CTECTBEHHOH 3alHIEHHOCTBIO BOJOHOCHO-
ro njaacra. B 3aBHCHMOCTH OT MECTHBIX CAHHTAPHBIX H XO3sIHCTBEH-
HBIX ycqaoBui Ha tepputopHu II nosica 3CO cocras caHHTapHO-03-
JIOPOBHTEJbHEIX MEpPOIpPHATHI MO NpeAyNpeXAeHHI0 3arpsa3HeHHs
NOJA3eMHBIX BOJ H CBSI3AHHBIX C HHMH IIOBEPXHOCTHHIX BOJ MOIKET
ObITH BHAOH3MEHEH H JONOJTHEH.

Heobxoanmocts cospanus III nosca 3CO, Kak oTMeYeHo BbI-
uie, omnpeje/serca 3afauyaMH J0JrOBPEMEHHOH OXpaHbl KauecTBa
NOJA3EMHBIX BOJ, HCIO/Ab3yeMbIX AJs KPYNHOTO LEHTPaJH30BAHHOTO:
BOZOCHA0XEHHS. ]

IIT nosic 3CO uenecoobpadno yCTaHABAHBATL JUISL KPYHNHBIX
B0J103a00pOB NOA3EMHBIX BOJ MPOH3BOAHTEJNbHOCTBIO Godee 50 ThIC.
MP/cyT B cayuae, ecH THAPOTEOJOrHYECKHMH H CaHHTApPHO-THTHE-
HHYECKHMH 00C/eloBaHHsAMH 3a Npeje]aMH NMpeAnoJaraeMeix rpa-
uul 11 mosica 3CO ycraHoBAeHbl 00beKTH (NPOMBIIIEHHBIE, CeJlb-
CKOXO3SIHCTBEHHBIE, XKHJble W Jp.), 3arpA3HHBIIHe BOJOHOCHBIH TrO--
PH3OHT HJH YIrpoKaloUiHe eMy 3arps3HeHHeM.

CaHHTapHO-0310POBHTE/IbHEIE MEPONPHSATHS Ha TEPPHTOPHH
IIT nmosica 3CO pomkHbl GBITH HANPABJEHB! Ha JHKBHAAIMIO HCTOY-
HHKOB 3arpsi3HeHHsi MOJA3EMHBIX H CBA3AHHBIX ¢ HHMH IOBEPXHOCT-
HBIX BOJ, @ TaKXe Ha JIOKaJIH3allHIO ¥ JHKBHJAALHIO 04aros 3arpss-
HEHHs!, CO3J|aBILHXCSl B BOJAOHOCHOM IITACTE.

JletaJbHBI COCTAB M TEXHHKO-5KOHOMHYeCKOe 060CHOBaHHe-
3THX MEpONPHSATHH, 3aBHCSLIME OT XapaKTepa HCTOUHHKa 3arpssHe-
HUsl, MaciTaba 3arps3HEHHs NOJ3EMHBIX BOJ H IHAPOreoJorHyec-
KHX YC/IOBHH, NOJ/IKHBI GbITh pa3spaboTanbl Mo CIENHAJbHOMY IIpo-
eKTy.

B cocrase mpoekra 3CO caepyer mpeiycMaTpHBATH OpraHH3a-
LHIO CEeTH PeXHMHBIX HaGJI0ZaTeNbHbIX CKBAXKHH, PACHOJaraeMblx:
N0 nonepeyHHKaM OT OJHKAHIIHX CyHNIeCTBYIOUIHX, JHKBHAHPOBAH-
- HBIX, NOTEHIHAJbHO ONACHBIX HCTOUYHHKOB W OYAarOB 3arps3HEHHS
Ao rpauun Il mosica 3CO, a B ciyuae HeOGXOAHMOCTH — [0 Tpa-
uun I mosica 3CO.

Cocrap u Meronnka HAGMIOAEHUI 332 PEKHMOM M  KAUECTBOM!
NOASEMHBIX BOJ NOJIKHBI OBITh ONpPENENeHH M0 CHENHAJIbHOM Tpo-
rpamMme, paspabaTbiBaeMoil THAPOr€OJOrHYECKOH H3BICKATEqbCKOM"
Opranusamnei, MPOBOAMBIIEIl pa3BeKy MOAEMHBIX BOX H COTJIACO--
BaHHOM C OpraHaMH CaH3MHACAYKObI.
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TJTABA 8

T'MAPOTEOJIOTMYECKHE UCCJIELOBAHHUSA

M U3bICKAHHMS 1J11 OBOCHOBAHHS
MEPOTNPHATHH MO 3AUIMTE MOA3EMHBIX BOJL
OT 3ATPSIBHEHHUSA

IMIPOTEOJIOTHYECKME HCCJELOBAHHMS
H U3bICKAHHUS

NPH NPOEKTHPOBAHHHM OFBLEKTOB,
KOTOPBIE MOTYT IBUTbCSl HCTOYHHKAMH
3ATPA3HEHUS :
NOA3EMHBIX BOJL

Tlpu npoeKTHpPOBaHHH O0BEKTOB, KOTOpble MOIyT GBITH HCTOYHHKA-
MM 3arpsi3HEHHsi NOJ3EMHBIX BOA H CBA3AHHBIX C. HHMH TOBEpPX-
HOCTHBIX BOJ, HApsily ¢ OOBIYHBIM KOMILJIEKCOM HHIKEHepHO-Ie0/10-
rHUECKUX |3BICKAHHII, BHIIOJIHSAEMbIX /s BbI6Opa KOHCTPYKIHUH CO-
OpY’K€eHHIi, METOJIOB IIPOH3BOJACTBA CTPOHTEJNbHDBIX pabot, obecneue-
HHsl YCTOHUMBOCTH COOpYMEeHMii M BOJAOXO3SHCTBEHHBIX. pacueros,
JI0JKHBl TIPOBOJMTBCS CHENHAJbHEIe THAPOreoNOrHYECKHE H3bICKA-
HHS W WCCAeNOBAHHMS, NpelHasHayeHHble AJs BBIABJIECHHs . OMACHO-
CTH 3arpsi3HeHHs] MOA3EMHbIX H MOBEPXHOCTHBIX BOJ IPOMCTOKAMH
W s 0BOCHOBaHHS pa3paGOTKH 3ALIHTHBIX MEpPONPHATHH.

BuiGop NIONIIANKH /sl Pa3MelleHHs NPeANpHATHS HIH XpamH-
JAILA TIPOMBIILIEHHBIX CTOKOB JOJUKEH NPOBOAMTHCS C YUETOM HC-
KIIOUEHHS BO3MOMKHOCTH 3arps3HeHHs NpHpoAnbx Box [4].

Ha cragnp TEeXHHKO-3KOHOMHUYecKOro o00OCHOBa-
HH A JAJs 3TOr0 BHINOJAHAIOTCH cO0p M aHAIH3 HMEIOUHXCA JHTE-
paTypHbBIX H (OHIOBHIX MaTepHajJoB O NMPHPOJAHBLIX YyCJIOBHIX pa#u-
OHa, CYIIeCTBYIOUHX H HaMeuaeMbIX NPOMBILIJIEHHBIX NpeAnpHATH-
X, a TaKxKe BOJLHOM XO3siiicTBe NaHHOTO, paHoHa — 3anacax nox-
3eMHBIX BOJA M MX HCIOJb30BAHHH, pasMelleHHH BOA03abOpOB, CH-
CcT€M KaHaJH3alHH M T. 1N :

Ecau HMeOIMXCS MaTepHaJoB HEJ0CTATOYHO, TO HPOBOAHTCA
peKOrHOCHHpOBOUHOE ofbciefoBanHe pakioHa, a TpH HeoOX0JHMO-
CTH — obJierueHHEle M3bICKaHHs — OypeHue OTAEJbHBIX CKBaXKHH,
reoH3HYECKHe HCCJeN0BAaHHA, H3MepeHHe PAacXol0B BOAB B BOJLO-
TOKaX, ONpe/eieHHe ypOBHeH H XMMHYECKOro COCTaBa noA3eMHBIX
1 HOBEPXHOCTHHIX BOJ.

ITonyueHnsle MaTepHa bl A KaxkAOro BapHaHTa pasMelleHHA
NJOIMANKH NO3BOJAT OTBETHTh Ha CJEAYIOllHe BONPOCH: BO3MOXK-
HO JIM 3Jlech 3arpsi3HEeHHe IIOJ3eMHBIX M NOBEPXHOCTHBIX BOJA, Ka-
KHM O0OBEKTaM OHO yrpomaer (BOA03a0OODHI, PEKH, 03epa), KaKOB
NpHMEpHEN CPOK NDOABHKEHHs 3arpasHeHnii K 3THM OOBeKTaM.

ITporHosnpyemble cKopocTH (HAbLTPAUHH 3arpA3HEHHH Ha Tmep-
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BOM 3Tane onpefensioTcss MJs TNpeAnojaraeMoil cxeMbl pasMelre--
HHS H THADOAHHAMHYECKOTO B3aHMOJEHCTBHS XpaHHJHII, BOAO3a-—
OopoB, pek H JAPYrHX BOAHBIX O0OBEKTOB € HCIO/b30BAHHEM OpHEH-
THPOBOYHHIX 3HAYEHHMH THAPOre0JOrHYeCKHX NapaMeTpoB IJIacTa.

Bo nsbexanue 3arpfA3HeHHsi NOA3EMHBIX BOJA INVIOMIAAKH IIpO-
MBIIIJIEHHBIX TIPEANPHATHH HJIH XpaHHJUIL CTOYHBIX BOX H OTXOLO0B-
cJefyeT pacrnoJarate Ha YydyacTKax, Ijle NOA3eMHble BOALI 3allH-
IeHbl OT HHQHABTPALHMH 3arps3HeHHNl HaJeXKHBIM BOJOYHODHBIM
nepekpbiTHeM. IIpu 3toM HyXKHO HMeTh B BHAY, YTO peuYHBle JO-
JIHHBI, CJIOJKEHHble BOAONPOHHIIAEMBIMH  aJJIIOBHAJbHBIMH  HJIH
CHJILHOTPEIIHHOBATHIMH KODEHHEIMH TOPOJAMH, Kak MpaBHJO, He:
NPHTOAHBL [IJf pasMelleHHs OOBEKTOB C BO3MOMKHBIMH yTeuKa-
MH CTOYHBIX BOJA B IpyHTBL. IloKpoBHBIE CyNeCYaHO-CYrJIHHHCTHIE
OTJIOXKEHHSs], NepeKpbiBaloIiHe 3TH NMOPOALl, OOBIYHO He MPENATCTBY-
10T QUILTPAUHH 3arpA3SHEHHBIX CTOUHHIX BOJX B BOJAOHOCHBIH TrOpH-
30HT.

He onpaBamiBaioTcs Takie HaZexkAbl Ha 3AWUTHHIA  3(dekT
TOJIIH XBOCTOB, LIJIAMOB H APYrHX 0CaJKOB, HAKAIJHBAIOIHXCA B:
NpOMBIIIJIEHHEIX OaccefiHax.

IIpn HemoOCTAaTOYHOH eCTECTBEHHOH 3al[HIIEHHOCTH BOJXOHOCHOIO:
rOpH30HTa NPOMBILIIEHHble MAOLAAKH CJeAyeT pacnojnarat, Ha
TAKOM yJaJieHHH OT B0J03a00pOB MOJA3eMHBIX BOA IEHTPAJH30BAH-
HOr0 BOMOCHA0XKEHHs, Ha KOTOPOM IIOJIHOCTBIO HCKJIOYaercss I0-
najgaHue 3arpsAsHeHHi B BOL03a00p H MOBEPXHOCTHBIE BOIbI.

Ecnn cobaroneHne 3THX YCJOBHi HEBO3MOXHO, To 3ajaya o
pasMelleHHH paccMaTpHBaeMBIX OGBEKTOB JOJXKHA pellaTbes Ha
OCHOBE TEXHHKO-9KOHOMHYECKHX pacdeTOB M COMOCTABJEHHH ¢ yue-
TOM 3aTpaT HAa MEPONPHSTHSA MO 3alHTe MOA3eMHLIX H MOBEPXHOCT-
HBIX BOJA M BOZ03aGOPOB OT 3arpsA3HeHHS, a OKPYXKAIOWHX TeppH-
TODHH — OT NOATOIJIEHHsT H 3a0o/auHBaHHS.

Ilas coctaBnenus TEeXHHYECKOTO NpPOEKTa Ha ydact-
KaX, BHIODAaHHBIX AJIf pa3MelleHHs XPaHHJHIL NPOMCTOKOB, moJefi
QuAbTPAlHH, NPOMIIOMAZOK NPEATPHSATHH H APYrHX OOBEKTOB,
NPOBOAATCA CIENHAJbHBIE THAPOTEOJOTHUCCKHEe H3BICKAHHA.

Mx nasHaueHHeM JOJ/IKHO $IBHTbCA YTOYHEHHWe THIPOTrEOJOTH-
YeCKHX YCJOBHH y4yacTKa, OnpejeeHHe OCHOBHBIX THAPOreoJOrH-
HECKHX NapaMeTpoB M NOTepb MPOMBINIEHHBIX CTOKOB Ha (QHJILTpa-
IIHI0, COCTaBJIEHHe MPOrHo3a O BeJHYHHE 30HBI PACTEKAHHH CTOKOB.
M3 XpaHHJHIIA, HANpaBJAeHHH U CKOPOCTH MX IIOTOKa, OLlEHKa CTe-
NeHH H3MEeHEeHHs] MHHEpaJH3alHH H COCTaBa IIOA3EMHLIX BOJ IO
nyTH GHALTPAIMH M BIHSHHS 3TOr0 H3MEHEHHs Ha AefiCTByIOIlHe B
paiione B0x03a60OpHEI MOA3EMHBIX BOJ, BOJOTOKH H BOJoeMHl, Ompe-
AENAI0TCA TaKKe BEJIHUHHA MOANOpA TPYHTOBBIX BOJ B 30HE BJHSA-
HUST QUABTPAIIMOHHOTO NIOTOKA H3 XpaHHJHILA CTOUYHBIX BOX H BCe
JApyTHE HCXOJHble JaHHBIe JJs PaspabOTKH NPOEKTa MepONpHATHI
N0 3aluTe BOX03a00POB, a TaKxkKe INOA3EMHBIX H IOBEPXHOCTHBIX
BOJI OT 3arps3HeHus. ;

176



Ha cragun cocraBiieHHs pabouux 4YepTe:Kedl THAPOreoJorHuec--
KHe H3BICKaHHS BBHIMOJHAKTCA [MJs YTOUHEHHS OTHAEJbHHIX TEXHH-
YECKHX BONIPOCOB, CBA3AHHEIX C NPOCKTHPOBAHHEM 3AIIMTHBIX Me-
pONpHATHH.

Ilpu cocraBienuu l'lporpaMMbI H3BICKAHHHl JOJIKHBI HCIOJb30-
BaTbC MAaTepHaJbl IpeJBapHTENbHBIX NPOEKTHBIX INpopaboTOK, B-
TOM 9YHCJIe CXeMa pAacloJIOXKeHHs NPOEKTHPYEMEIX COOPYIKeHHH ¢
yKazanHeM OJH3jexalluX Bof03abopoB, BOJOTOKOB, BOJOEMOB;
laHHBle O HA3HAYEHMH M KOHCTPYKIHMH XPAHHJHIL ITPOMCTOKOB,.
TEXHHYECKasl XapaKTepHCTHKa 3THX OODBEKTOB; KOJHYECTBO M CO-
CTaB MPOMCTOKOB, NI0JaBaeMbIX B XpaHHJIHIIEe H OTOHpAEeMbIX H3 He-
ro AJs TeX HJIH HHBIX Iesel; OTMETKH H rpadHKu H3MEHEHHS| ypOB-
Hsl IPOMCTOKOB B XpaHH/IHIIE.

['naporeosornueckHMH HCC/Ie0BAaHHAMH OXBAThIBAaeTCs MJIOLIALE-
NpeNNpHATHA HJH XpaHHJIHIIA, a TaKike TMpPHJIEramomas K HeMYy
TEPPHTOPHs J0 OJHAKaHIINX TpaHHI BOAOHOCHOIO TOPH30HTA HJH
JI0 YCJIOBHHIX KOHTYPOB, B Ipejes]ax KOTOPHIX MOXKET OKa3aThes
THAPOre0JIOrHYecKoe HJH THADPOXMMHUYECKOE BJHSHHE TOTEHIIHAJb-
HOTO HMCTOYHHKA 3arpsA3HEHHs Ha INOJ3eMHbIe H MOBEPXHOCTHHIE BO-
Jbl H BOJ03a00pHL.

CocraB u 00beM M3BICKAHHI W HCCJIELOBAHHI ONPEE/IAIOTCS B-
KaXJ0M KOHKPETHOM Cly4Yae NMPHMEHHTEJbHO K COCTAaBy H KOJHUE-
CTBY CTOYHBIX BOJ, KOTOpBlE MOTYT IOCTYIAaTh B BOZOHOCHBIH TIO-
PH30OHT, a TaKXe K KIHMATHYCCKHM, THADOTEOJIOTHYECKHM, [e0JI0-
THYECKHM M THAPOJIOTHUECKHM YCJOBHSM palioHa.

IIpn HanuYMK CBSA3H MON3EMHBIX H [OBEPXHOCTHBIX BOJ AOJIKHEI
ObITh TpOBeeHEl THAPOreoJOrHYeCKHe PaboThl, XapaKTepH3YIOUIHe:
PeKHM MOBEPXHOCTHBIX BOJL H HX KauyecTBO.

B npoekrax XxpaHHJHIL NPOMCTOKOB M APYrHX OOBEKTOB, ONac-
HBIX B OTHOLUEHHH 3arpsA3HEHHs] NOA3EMHBIX BOX, JOJMKHO OBITH
NPeyCMOTPEHO YCTPOHCTBO HAG/IOAATE/IBHON CeTH JIsi KOHTPOJIs
3a BO3MOXKHOH (uJIbTpanuel NPOMCTOKOB B MOPOAbI OCHOBAHHA H
BOJOHOCHBIH TOPH3OHT.

FTHAPOTEOJIOTHYECKHE MCCJIENOBAHHA U H3bICKAHHUS
B PAHOHAX BbIIBJIEHHOTO 3ATPSA3HEHHSA
NOA3EMHDBIX BOI,

B paiionax, rae yxe yCTaHOBJIEHBI MJIH HMEIOTCH OTAEJAbHble TPH3-
HAaKH 3arpsi3HeHHsl IMOJA3€MHBIX BOJ, BO3HHKAaeT HEOOXOAHMOCTb B
JOKaJN3allul WM JUKBHJAIHU Oouyara 3arps3HEHHs,, a TaKikKe B 3d-
HIHTe OTAeJbHLIX OJH3KO pacHo/IOKeHHBX 00BEeKTOB — 1301103360-
POB NOJA3EMHBIX BOJ, PEKH H T. II.

Has oGocnoBauusi cocraBa M o0beMa 3THX MEPONPHATHII THA-
POreo/IOrHYeCKHMH H3LICKAHHSMH H HCCJEJOBaHHSIMH B NEPBYI>
ouepenb NOJIKHBEI GBITh ONpeae/eHbl NPHYHHLI H XapaKTep yiKe BbI-
SIBJIEHHOT'O 3arps3HEHHs MOA3eMHBIX BOJ, a TaKKe CTENeHp Omac-
HOCTH 3arpsi3HEHHs HX B JanbHefimeM. C 3TOH LE/bIO -NPOBOASTCS
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©60p COOTBETCTBYIOLIHX JHTEPATYPHHIX H (OHIOBBIX MaTepHanos,
©o6c/iefoBaHHe MOA3EMHBIX M TOBEPXHOCTHBIX BOJ, B0OA03a00pOB H
HCTOUHHKOB 3arpsi3HeHHsi, OTOOp W aHa/JH3 KOHTPOJIBHBIX T1pod
CTOUHBIX, MOA3EMHBLIX MW TIOBepXHOCTHHIX BOA. Ilpm aHanusax mpH-
POAHBIX BOJ B HHX BBISBJAIOTCS CHEUH(pHYECKHe KOMIOHEHTH, cO-
JlepiKaliecss B CTOYHBIX BOJAAX, OTX0Aax NpPOH3BOJACTBA, AMOXHMH-
KaTax M ya00peHusx, MpPHMEHseMbIX B JaHHOM paioHe.

Ha caenyioueii craguu npu BbiOOpe cXeMbl H NPOEKTHPOBAHHH
3alUMTHEIX MEPONpPHATHH MOryT norpeboBaThcs JAOMNOJHHTENbHBIE,
Gosiee JerajbHble H3BICKAHHSA, YTOUHSIONIHE THAPOre0JOrHuecKkylo
U THAPOXHMHUECKYI0 OOCTaHOBKY HEMOCPE/ICTBEHHO Ha y4acTKax
PACIIONOKEHHsT HAMEUYaeMbIX 3alIMTHBIX COOPYKEHHi (pa3BelouHble
W ONBITHO-(H/ILTPAIMOHHBIE TMOJeBEle paboThl, JabopaTtopHbie He-
«CJel0BaHHs, XHMHYECKHEe aHAJH3bl BOJABI H FPYHTOB H AP.).

Ilpu cGope maTepna/oB H 00c/leA0BaHHH -BO3MOMKHBIX HCTOUHH-
KOB 3arpsi3HEHHs. NOA3EMHBIX BOJ B JaHHOM pailoHe HeoOXOAMMO
OCBETHTb CJIEAyIOLIHe BOMpOCh: 1) KoJaHUeCTBO TNOTpeDJisieMbIX
NpeANpUATHSMHE TNOBEPXHOCTHBIX H NOA3EMHBIX BOJ, Ha/lHuHe 060-
POTHOrO BOZOCHAOKeHHS, 00beM H XHMHYECKHI COCTaB CyMMapHO-
ro CTOKa M CTOKa OTJeJbHBIX NPOH3BOACTB M 11€X0B, Mecra cOpoca
CTOKa; 2) opraHusalHs TPAHCIOPTHPOBKH H CKJaJHPOBaHHs BOMLO-
PACTBOPHMOrO ChHIPbs, TIPOJAYKTOB H OTXOJOB NPOH3BOACTBA; THAPO-
reoJOrHueckHe ycJOBHsI 3THX Y4acCTKOB, BO3MOMKHOCTh PacTBOPEHHS

“OTX0JJ0B HJIH CbIpbi aTMOO(beprIMI/l ocagKaMHi M TNOCTYNJIEHHs pa-

CTBOPOB B NOJ3eMHBble BOJbI; XMMHYECKHH cOcTaB BO3AyXa B pa-
OHe NPEANpHSATHS, HAKONHUTeJeH, HCMapuTe/ed NPOMCTOKOB; 3) o~

CTOAHHE annapaTtoB, YCTAHOBOK, KaHaJH3alMOHHOH CeTH, OTBOJHBIX

KaHaB M JIPYTHX COOPYXKEHH# C TOYKH 3DeHHs BO3MOXKHOCTH yTe-
yeK M3 HHX TeXHOJOTHUECKHX PAaCTBOPOB H IPOMCTOKOB; 4) HajaHuHe
QUHCTHBIX COOPYXKEHHH, HX XapaKTepHCTHKa, INPOHU3BOLHTENbHOCTD,
yca0BHS PaGOThl M CTeNeHp OYHCTKH CTOUHBIX BOJA; 5) YYacCTKH H
pasamepbl cOpoca CTOYHBIX BOJA (B pexH, NPYyAbl, HAKOMHTEIH, Ha
noas GUIbTPAUMH H T. J.) H YYaCTKH CKJIaJHPOBAHHfA MEJKO H3-
MeJbUeHHBIX OTXOJOB TPOM3BOACTBAa (THAPO30J00TBAJb,  «OeJble
MOpsi», LIIAMOXPaHHJAHINA H T. I1.).

Jlisi KaxK/JA0ro XpaHWJHILA, HAKOMHTEJNst M APYruX . OaccedHOB
IIPOMCTOKOB J0JIKHbl ObITH BbifIBJIEHBl HazHauyeHue, MJOLLaLb, KOH-
durypamus M CONYTCTBYIOIIHE COOPYXKEHHs; KOHCTPYKIHs (BBICOTA
naMm0, rayOHHa, HaJHUHe 3KpaHa M T. I.); BpeMs Hauala sKcmaya-
TallHd W PEXHM MOCTYIJIEHHs CTOKOB; H3MEHEHHe BO BPEMEHH
ypoBHsI BOJbI B OaccefiHe B COIOCTaBJEHHH C OTMETKaMH ypOBHI
BoAH B OammKaliiiux Bogo3abopax, BOMOTOKAaX H BOJOEMaX; XHMH-
yeCcKHil COCTaB CTOKOB, MOjJaBaeMbIX B GacceiiH; pasmep (HIbTpa-
IHOHHBIX TOTeph (IPOEKTHBI — Mo pacuery H (aKTHUECKHI — IO
HaO10eHHAM); HaJHuyHe HaOMIONATeJIbHBIX CKBAXKHH M PE3yJbTa-
THl HaOJIOJeHHIl 32 pacnpoCTPpaHEHHeM MPOMCTOKOB B NOA3EMHBIX
¥ NOBEPXHOCTHHIX BOjaX BOMH3H GacceiHa.

JoJKHbl ObITH OXapaKTepH30BaHBl TaKxke pasMepbl KOHTypa
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3arps3HEHHs NMOJ3EMHBIX BOJ H [0 BO3MOMKHOCTH €ro H3MEHEHHS
BO BpEMEHH. :

OGcneoBanHI0 MOAJNENKAT TaKXKe BCe BOA03a0OpPH M OTAEIb-
Hble BON03a0OpHBEIE CKBAXKHHBI, PAacClOJOXKEHHble OT HCTOUHHKA 3a-
rpsI3HEHHs B pajauyce 6—8 KM mpu mecuaHOM BOAOHOCHOM IIacTe
H B paauyce 15—25 KM, eCJIH BOAOHOCHHIH TOPH30HT IPEACTABJEH
TPELIHHOBATHIMH H 3aKapPCTOBAHHBIMH MOPOJAaMH.

CoGpanuble npu obcaeJOBaHHH MaTepHaJBsl YaCTo OKAa3LIBAIOT-
Csl HENOCTATOUHBIMH JJsI TOJHOH XapaKTepHCTHKHM paclpocTpaHe-
HHS 3arps3HeHHH M BBHIOOpa 3alHTHLIX MepONpHATHH. B srom
ciyyae OHH HCHOJb3YIOTCA IJIS COCTABJIEHHs NMPOTPAMMEI JaJbHEMH-
IWHX HaOJIOJeHHH HIH JONOJHHUTENbHBIX H3BICKaHHI.

OcHOBHBIM Ha3HAYeHHeM MONOJHHUTEJNBHBIX, 00Jiee AeTaJdbHbBIX
H3BICKAHHH, NPOBOJAMMBIX B paiOHe 3arpsi3HEHHs NOA3EMHBIX BOI,
SBJASIOTCSA: YTOUHEHHe KOHTYypa 3arpA3HeHHs NMOA3eMHBIX BOJ B MJa-
He H pa3pe3e BOJOHOCHOTO TOPH30HTa, H3YYE€HHe COCTaBa W KOH-
[EHTPAUHH 3arpsASHAIIIHX KOMIOHEHTOB, a TaKXKe yTOUHEHHe THI-
pOreoJIOrHYecKHX H (PH3HMKO-XHMHUYECKHX NapaMeTpoB IJacra, He-
O0XOAHMBIX AJsi MPOTHO3HLIX PACUETOB CKOPOCTH JABHIKEHHs 3a-
IPSASHEHHH M JJI NPOEKTHPOBAHHS 3AIHTHBIX MEPONPHSTHH.

ONPENEJNIEHHE MAPAMETPOB ®H3HKO-XHMHYECKOIO
B3AHMOJEHCTBHS 3ATPSI3HEHHBIX CTOKOB,
MOPOJ H MOO3EMHBIX BOJ

3adawu u cxema uccredosanud. s nporHosa pacnpocTpaHeHHS
3arpsi3HEHHH B BOJAOHOCHBIX MJIACTaX, SB/SIOIIETOCHs HEOOXOZHMBIM
3TanoM 0GOCHOBaHHs 3alUTHBIX MEepONpPHSTHI, TpeOylTCs THAPO-
AHHAMHYECKHe H (DH3HKO-XHMHYeCKHe [apaMeTphl IJIacTa, a Tak-
JKe JaHHBle O COCTaBe 3arps3HEHHBIX CTOKOB, €CTECTBEHHBIX MOj-
3eMHBIX BOJ M TOpDHBLIX MOPOJ, cJ4ralouHxX BOJOHOCHHEIH MJacT,
€ro KpoB/IO H NOJAOILIBY.

K ruapoxnsamMuyeckuM mapaMeTpaM OTHOCATCS BOJOMPOBOIH-
MOCTb (HJBTPYIOLIHX IOPOA, Nbe30NPOBOAHOCTb, AKTHBHAs IMOpHC-
TOCTb, AEHCTBHTEJbHAS CKOPOCTh (GHJBTPAIHH B €CTECTBEHHBIX yC-
Josusix. Ompenenenne rHAPOJHHAMHUECKHX NMApaMeTPOB BHIOJHS-
€TCsi NPH THAPOTe0JOrHYeckKHX H3BICKAHHSAX, BKJOYAIONHX ONbLITHO-
GUIbTPAlHOHHbIE HCCJIeAOBaHHs (OTKAuKH,  HATHETAHHS), Treodu-
3HuecKHe paboTel M HAOGMIOJEHHS 3a PEKHMOM TOA3EMHBIX BO.
Meronbl OueHKH THIPOAHHAMHYECKHX NapaMeTpOB XOpPOIIO OCBe-
leHbl B auteparype [8, 10, 58 u ap.].

B pesyabTare H3LICKaHHHA rOpHble MOPOAB AOJINKHBE OBITH, KpPO-
Me TOro, OXapakTepH30BaHbl MO JIHTOJOTHUYECKOMY, XHMHYECKOMY,
IPaHyJIOMETPHYECKOMY COCTaBY, a TaKiKe B OTHOLIEHHH (u3uye-
CKHX CBOHCTB M YCJ/OBHII 3ajeranss. [Ipum Hcc/leloBaHHH XHUMHUe-
CKOTO COCTaBa CTOYHHIX BOJ H TBEPALIX OTXONOB, BHI3BIBAIOLIHX 3a-
TPsSHEHHE TOJ3EMHBIX BOJ, JOJKHHE GHLITh ONpENeNEeHB KOJHYECT—
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BEHHO BCE OCHOBHEIe CAHHTApHO-THTHEHHYECKHe TIOKasaTeaHd, 4a
Takxe KOMIIOHEHTBI, crneiupHuUecKHe [Js NPOM3BOACTBA, B XOAE
KoToporo 00pa3yloTcss JAaHHble CTOYHble BOABI W OTXOZBL Cpenu
3THX KOMIIOHEHTOB BBIAEJsIOTCS B INEPBYI0 OYepeib  TOKCHUHBIE,
KOJMYECTBO KOTOPHIX B BOJe XO03AHCTBEHHO-NHTHEBOTO HCIOJb30Ba-
Hus crporo HopMmupyercs mo TTILK.

KauecTBo NOJ3eMHBIX BOJ B €CTECTBEHHHIX YCJAOBUSX HX 3ale-
raHHg Takxe J0JKHO ObiTh 0XapaKTepH30BaHO B INEpPBYIO OYEpenb
OCHOBHBIMH CaHHTAPHO-FHIHEHHYECKHMH NoKasaTeasamu. Kpome To-
ro, B pajge caydyaep Ilesecoo0pdsHo YCTaHOBHTb MNPHCYTCTBHE U
KOHLEeHTpPanuio ((pOHOBYIO, €CTECTBEHHYIO) TeX e CHelNH(HUECKHX
KOMIOHEHTOB, KOTOpble HMeEIOTCs1 B CTOYHBIX BOJAX H OTXOAAX.

Bce 3TH ganHble HCNOJB3YIOTCS /s YTOYHEHHS NPHMEHHTEJb-
HO K M3yyaeMmMOoMy 00beKTy METOJHKH ONpeleNeHHs IapaMerpos
(H3MKO-XHMHUECKOr0 B3aHMOJEHCTBHs 3arpsA3HEHHBIX BOJ ¢ mJac-
toM. IIpu HccleloBaHMH CTOYHBIX M NMOA3EMHLIX BOJ MOMHMO HOH-
HOTO COCTABa JKeJaTeJbHO TaKiKe BLIABHTH (DOPMBI HaX0MKJEHHs B
HUX TeX HWJH HHBIX KOMIOHEHTOB. YiKe OJHO TOJBKO CONOCTABJe-
HHe XMMHYECKOro COCTaBa FOPHBEIX IIOPOJ, CTOYHHIX H NOA3EMHBIX
BOJ B PfAAe CJIy4yaeB NO3BOJISET CYIAHTh 00 OTHOCHTENbHOH POJIH
TeX HJIH HHBIX NPOLEccoB (H3HKO-XHMHUECKOTo B3aHMOJEHCTBHS,
KOTOpblE CKa)<yTCsi Ha MHTpalHH 3arpA3HeHHil TNpH MNOCTYNJIEHHH
‘CTOUHBIX BOJ B BOLOHOCHBIH IIJIACT.

Tak, Ha pacnpocTpaHeHHe OCHOBHBIX 3arpfAsHAMHX KOMIO-
HEHTOB CTOYHBIX BOJ COAOBOrO MPOH3BOJACTBA, COAEpXKaUIHX XJO-
pHIBI KaJ/bllis, MarHus H HaTpHs, OCHOBHOe BJHAHHE OKaxeT
KOHBEKTHBHBIl TEpPEHOC, OCJIOXKHEHHBIi TPaBHTALHOHHBIM  (akTo-
pOM B CBSI3H C BLICOKOH MHHepa/JH3alHeH 3THX.CTOYHBIX BOJX; IO-
TJONIeHHe 3arps3HAIINX KOMIIOHEHTOB NOPOJaMH B JaHHOM CJy-
nae OyJAeT HMeTh MOAYHHEHHOe 3HaYeHHe.

IIpn GoJsee CI0XKHOM COCTaBe 3arpA3HAIONINX BEILECTB CJENY-
€r, Kak TNpaBH/o, NPOBOAHTH TpeABapHTe]bHble JaboparopHble
OIBITHI, 1O pe3yabTaTaM KOTOPBIX JeJaeTcs BBIBOJ O BO3MOXKHBIX
B JaHHOM cJydae (H3HKO-XHMHYECKHX Mpolleccax B3aHMOAEHCTBHS
M BHIEASIOTCS IJaBHBIE, BeIyIlHe NpOLEeCChl, KOTOphle MOTYT CY-
NIECTBEHHO OTPA3UTLCS HA pacHpOCTpaHEHHH 3arpsA3HEHHii B BOJO-
HOCHOM ILTacTe.

* Ha ocnoBaHuu npeaBapHTENbHLIX OMNLITOB NPHHHMaercs pelie-
HHe o 1enecoo6pa3HOCTH GoJsee JAeTaJbHOTO H3ydyeHHs B Jabopa-
TOPHBIX M TOJEBLIX YCIOBHSX BBIAENEHHOro BeAymlero (GH3HKO-XH-
MHYECKOro npouecca H NPOBOAATCS COOTBETCTBYIOUIHe 3KCIIEPHMEH-
THI AJ5 H3YUeHHs] 3aKOHOMEDPHOCTeH H OIpelleJIeHHs IlapaMerpoB
paccmaTtpuBaeMoro mpoiecca. HMsijoxenHas cxema H3ydeHus ¢H-
3HKO-XMMHYECKOTO B3aHMOJEHCTBHS 3arpA3HEHHBIX M UYHCTBIX IOX-
3eMHBLIX BOJ TIpHBejeHa B Tabu. 17. :

ITpedsapureasrole aabopaTopHele ONb6IToL 04 BbIABAEHUS OC-
HOBHBIX npoyeccos eaaumodeticteus. Kak orMmeuanocs panee, IO
NpOBeJeHHA NMpeJBAPHTEIbHEIX Jab0opaTOPHLIX ONBITOB  JAOJIKEH
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Ta6aunua 17

«Cxema H3yueHus (U3UKO-XHMITIECKOrO B3aHMONEHCTBHA 3arps3HeHHBIX
* NPHPOAHBIX TNMOJ3EMHEIX BOJA

3ajaun HccseJoBaHHR Buj HccseAoBaHHA Hcnonb3opande pe3yabTaToB

‘Usyuenne cocraBa crounnix | Xumudeckue anamusst. Pac- | [Ipesaputeibhbie CyKeHns

BOA, OTXOH0B, NpHpoA-| uYeT (OPM HAXOKMNCHHST| O BOSMOXKHOCTH MpOAIBIE-

HBIX HE3arpsA3HEHHLIX HOZ- [ KOMIIOHEHTOB B BOJE HASL W POJNH OTHAETbHBIX

3eMHBIX BOJ (PH3HKO-XHMHUECKHX TPO-
1eccoB

Haysmenne crpoenns, cocra- | Munepasoruueckuii, rpany-
Ba M CBONCTB MOpOA BO-| JIOMETPHYECKHH, XHMHHeC-
JIOHOCHOTO TLIACTa Kuii anaans. Onpelenense

BOJHO-(DH3HIECKHX CBOMH-

ctB. OnbiTHO-(HIBTpaLH-

OHHBIE TIOJIEBHIE HCCJIENO0-

BaHKs

‘BuisiBniennie Xapaktepa usn- | [Ipenpaputensibie  jaGopa- | Bellesenne BeiymluX 1po-
KO-XMMHYECKHX IPOLIECCOB |  TODHBIE HCCJIEIOBAHHA B | UECCOB B3aWMOXEHCTBHA.

B3auMoJielicTBHS  MeXIy | CTaTHUeCKHX YCJIOBHAX 3akaouenne o 1enecoot-
CTOUHBIMH BOJZAMH, MpH-| pasHOCTH  JaJjbHeHmero
POIHEIMH TIOJ[3EMHBIMH Gonee JeTalbHOTO H3yue-
BOJXAMH H TIOpPOJAMH HHSA

‘Onpepenenne  napamerpos | JlaGopatopubie skcnepumen- | [Iporsos — pacnpocTparenns
(DH3HKO-XHMHUECKOTO B3a- | Thl B JHHAMHYECKHX yC- 3:rpsAsHEHni H OGOCHOBA-
uMogieficTBHA goeuax. Iloaesbie necse- |  HHe 3alllHTHBIX MEpPONpHI-

[OBaHHA — 3anycKk  Hefi- | THi
TpaJbHBIX  HHJHKATOPOB
WIH CTOYHBIX BOJL B BO-
JIOHOCHBIH TLIacT

GbITh ONpeeseH XMMHUECKHH COCTAaB 3arpsA3HEHHbIX CTOYHBIX BOIL,
TIOA3EMHBIX BOJA M TMOPOJA BOAOHOCHOTrO mjacra. B cocrase sarpss-
HEHHBIX BOJ BBIAENSIOTCS W B JAaJibHEHIIeM HCCIeAYIOTCs TOJIbKO TE
KOMIIOHEHTH, KOTOpbleé MOTYT YXYAIIHTb KayecTBO MOA3EMHBIX BOA
# B OTHOIIEHHH KOTOPBIX HEOOXOAHM MPOrHO3 pacHpOCTpaHEHHs B
naacte npu QuabTpanud. CTouHble BOAH, HCNOJb3yeMble B. OMbl-
Tax, cleiyeT OTGMpaThb Ha MeCTax HX CKJIaJHpPOBaHHs N (UAbTpA-
IIMH, HATIPEMep M3 HAKOMHTENeil H UIIaMOXPaHH/HLIL, H3 KOMMYyHH-
rKaU.l»ll?; Ha NPOMbILJIEHHBIX IIOMIajgKax H T. I. B Tex cayuasx,
KOT/la TIPOH3BOJCTBO, JAalollee CTOYHble BOJM, elle He COOPYIKEHO,
ISl ONBITOB NPHXOAHTCHA CHENHAaJbHO H3rOTaBJIHBATL HCKYCCTBEH-
Hble PacTBOPbI, HMHTHPYIOUIHE NOJHOCTBIO COCTAB CTOYHLIX BOA JIH-
60 comepxalHe QTAe/]bHble BellecTBa, HauOojee BaxkHBE MJIA
MPOrHO3a KauecTBa MOJA3EMHBIX BOJA MPH MNOCTYIIEHHH B BOAOHOC-
HBIH TJacT cTOuHbIX BOA. K HX uHcly OTHOCSTCH BCe BEUIECTBA,
KOHIIeHTPalHH KOTOPHIX B CTOYHBIX BOJAax OJH3KH HJH TpEBbIMId-
sor IIJIK. O6pasupl ropusix 0OpoA JAJsi ONbITOB OTOHpalOTCA H3

OypOBLIX CKBaXKHH HJIH WyphoB Ha elle He 3arps3HEHHBIX y4act-
¢
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KaX BOJOHOCHOIO TOpH30HTA. B orgensHbIX cayuasx, sanpumep,
JUIsl OTEeHKH BO3MOMKHOCTH JecopOUHH 3arpAsHSIONIHX BEIIEeCTB HC-
MoJb3yiovcs o0pasiel TOPOA, B3sATble Ha 3arps3HEHHBIX Y4acTKax
BOJOHOCHOTO IJIACTA.

IlpeaBapuTenbHble ONMBITH MPOBOAATCH B CTATHUECKHX YCJOBHAX
N0 TpeM OCHOBHBIM CXeMaM, B KOTODHIX H3yuaeTcss B3aHMOjelicT-
BHe: 1) CTOUHBIX M MOA3eMHBIX BOX; 2) CTOYHBIX BOX, NOPOJA H MOI-
3€MHBIX BOA; 3) CTOUHBIX BOJ H MOPOL.

[Teppaa cxema. 3arps3HeHHas CTOYHAsT BOJAa M YHCTas
NOJA3eMHAsT BOJAA H3BECTHOTO COCTABA CMEIIHBAIOTCS B HECKOJBKHX
KOJI6aX B Pa3/HYHBIX OGBEMHBIX COOTHOMIEHHAX, C MOCTENEHHHM I1e-
PexXoloM OT CTOYHOH K MOoA3eMHOH Boge. IIpHMepHBEle COOTHOIICHHSE
065eMOB BOABl  Ver/Vion: 9:1, 8:2, 7:3, 6:4, 5:5,4:6, 3:7,
2, 149, ;

[focne cMemenns M KpaTKOBpeMeHHOro OTcTauBaHHsi (Ge3 mHO-
tryna Bo3nyxa) HCc/IeAyeTcsi H3MEHEHHe BO BPEMEHH XMMHUYECKOro
COCTaBa CMECH H NPH BO3MOXKHOCTH PacCUHTHIBAIOTCH (OPMBI Ha-
XOXKACHHSA HCCJAEAYEMBIX KOMIOHEHTOB. H3Mensioueecs B onbiTe
cooTHomeRHe 00BHEMOB CTOUHBIX M IOA3EMHBIX BOJ MOJENHPYeT HX
NOCTENEHHOE CMelIeHHe B IIacTe B 30He AHCIEPCHH, B TPEUIMHAX
H TIpPOCJAOAX C TOBBIMIEHHOH BOJONPOHHIAEMOCTHIO W T. m. Jlas
KaJ10ro BLIEJEHHOTO KOMIIOHEHTa, BJHAIOHIEro Ha KAYECTBO BOJLE
H Haxoxsulerocs B KosnuecTBe, Ganskom k ITJK uim k canurap-
HO-THTHEHHYECKHM HOpMaM, NPOBOJHTCS COMOCTABJIEHHe TPEX KOH-
uedTpauni: Cer — KOHIEHTPALHA KOMIIOHEHTa B CTOYHOMN BOJE,
Cp.cx — pacueTHas KOHNEHTPALHS H3 YCJIOBHI cMeLIeHHs (pas6aB-
JAeHHST) * ¢ TIOA3eMHO# BORON: Cpy — (aKkTHUECKas KOHIIEHTpaIHs,
onmpenefieHHas B PacTBOpe IOC/ae CMEIIeHHS M B3aHMOJEHCTBHS
BoaA. Pacuernas kouumentpauus Cp ., OnpejensieTcs o dbopmyae
CMEUICHHS:

Cp.l:M = VCTCCT + vnoﬂcﬂan - (8])
ch

rae Ver, Vion, Vew — COOTBETCTBEHHO 06BEM CTOYHOH, MOA3€MHOM
BOAbl 1 00beM cMecH; Choq — KOJMYECTBO KOMIIOHEHTZ B YHCTHIX
NoJ3eMHBIX BOJaX. :

Ecan Cuyx Cpen, T0 KOMIOHEHT MOMKHO CHUHTATD HEHTPAaJbHEIM,
He B3aHMONEHCTBYIOIUM ¢ MOx3eMHO#i BOAOH. Ecan Cp< Cpoy, TO
MOXKHO CHenaTh BBIBOJ, YTO KOMIOHEHT B pesy/bTaTe B3aHMOJel-
CTBHA BOJ yAaJIsI€TCH H3 CMECH H BbIIAgdeT B 0CAJOK.

Bropas cxewma. Amnajiornumas cepusi OmbiToB IPOBOAMTCSA
B IPHCYTCTBHH H3MEJbYEHHOH HaBeCKH NMOPOAL B COCYAE, B KOTO-
POM TpPOBOAMTCH  cMellenHe. B atom ciayuae w3 KaxkAoi cMecH
CTOYHON M JIOA3€MHOH BOJABI TNOCTELOBATE/NBHO otbupalorca He-
CKOILKO npo6 (uepes 1 mum, 14, | cyr u T. 4. NOCae cMelIeHHS);
CMeCh MepHOAHYECKH B30AJTHIBAETCH HJH TMepPeMelIHBAETCS.

Ecin Cpa~ Cp oy, TO KOMOOHEHT MOMKHO CYUHTATH HeHTpaNbHBIM
N0 OTHOIUEHHIO K NOPOJE H IMOJA3eMHOI Boje.

L]
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Ecan Cps>Cp oy H IPH 3TOM H3YYaEMBI KOMINOHEHT COAEpIKa-
< B NIOpPOJie, MOXKHO cJAeJaTh BBEIBOJ, 4YTO H3 IIOPOABI OH HEpexo-
JAHT B cMech (pacTBOpsieTcs, BHIIIEJAYHBAETCs H T. IL.).

Ecin Cpa<Cp.cy, KOMIOHEHT «yXOAHT» H3 CMECH B pE3yJbTaTe
NOTrJIOUIeHHs] MOPOAOH JHOO BC/IEACTBHe BHINANEHHs B OCANOK [pH
_B3aHMOJEHCTBHH ¢ MNoA3eMHOH BoAoH. ComocraB/ieHHe IOC/eL0Ba-
TEJBHO B3ATHIX NPo6 MOMKET AaTh NpPEeACTaBJeHHe O KHHETHKe 3TO-
ro mpouecca H BpeMeHH JOCTHXKEeHHs] PaBHOBECHS.

LlesiecooGpa3Ho NpOBECTH ONBITHI IPH Pa3HLIX BeJHYHHE H CTe-
IeHH H3MeJbYEHHOCTH HABECKH IMOPOJHI.

Tperpss cxema. B mnpoby CTOYHOH BOAB MNOMEIAeTCsH H3-
Meab4YeHHasl HaBecKa NOpOAbl, H Noc/de B30aJTHIBAHHS MOCJAELOBA-
TeabHO (Yepe3 | mMuH, 1 9, 1 cyT H T. A.) OTOHPAIOTCA HECKOJBKO
npo6. CpaBHenne C¢p H Cps MO3BOJISIET CYAHTH O TOM, TOTJIOLLAET-
Cs JIM HCeJieflyeMblli KOMIOHEeHT NMOpOoAoH J1HOo MOSBJSETCS B BOAE
B JIONOJIHHTEJIbHOM KOJIHYECTBE M3-3a PAacCTBOPeHHA mnopoAsl. I[lpa
GBICTPOM JIOCTHXEHHH DaBHOBECHS ONBITH ¢ Pa3JHUHON HayaJbHOM
KOHIleHTpauHneii komnonenta Ccp B CTOYHOH BOJe MOTYT OXapakre-
pusosarb usorepmy C=f(N):

N=C,—C,, (8.2)

rie N — Ko/IHuecTBO BellecTBa, IOINIOUWEHHOTO TOPOAOH; Cps —
KOHIEHTpallisd KOMIIOHEHTa B pacTBOpe nocje AOCTHXKEHHsi paBHO-

Becusi. B uwacrnocTH, mpu -Niazconst copOLHsi MOAYMHSIETCS JIH-

HelHOH H30Tepme [eHph.

ITpn 3amensnenHom H3MeHeHHH Cpz MOKHO NpoCleHTh 3a Xa-
paKkTepoM KHHeTHYecKoH 3aBucumoctu N(f, C.). B mejom coso-
KYNHOCTb ONLITOB II0 ONMHCAHHBLIM TpeM cXeMaM MO3BOJISAET YCTaHO-
BHTb, OYAyT /M B3aHMOJEHCTBOBATL CTOYHBE BOABI ¢ BOAOHOCHBIM
IJ1acTOM, H B NEPBOM NPHOJHXKEHHH OLEHHTh pe3yJ/bTAaThl 3TOTO
B3aHMOJIEHCTBHS OTHOCHTE@JNbLHO pAcCMaTpHBAEMOr0 KOMIIOHEHTd.
NpHBOASIIIHE K YMEHBLICHHIO WJIH YBEJIHYEHHIO €ro COAEpIKaHH: B
CTOYHOH Boje GO B CMECH CTOYHBIX H NOJA3EMHBIX BOJL.

[Tpumepsr  HCNONIB30BaHHS — NpeABAPHTENbHBIX n1200paTOPHBIX
‘ONBITOB AJIs BEISIBJIEHHS XapaKTepa B3aHMOJEHCTBHS CTOYHBIX BOJ
C BOJOHOCHBIM IJIaCTOM NpHBeAeHHl B TabJ. 18.

W3 pesynbTaTOB ONBITOB, COOTBETCTBYIOIIHX BapHaHTty 1, MOK-
HO cienaTh BBHIBOA, 4TO B BOAOHOCHOM IJIaCTe KOMIOHEHT Oyaer
pacnpocTpanATbesl KaK HEHTpasbHAsi «MeTKa», JBHXKEHHe KOTOpOii
B MJIACT€ MOMKeT OBITh OCJOXKHEHO TOJbKO THAPaBJAHYECKOH JIHC-
MepCHed H 3ajepKKOH B TYNHKOBHIX IOpax MopoAbl. Ilpn BapuamTe
2 KOMIOHEHT GyJeT MOrJomaThcss NMOpOAOH BCJIEACTBHE XHMHUECKO
uan pusHyeckoii copbuuu. Bapmanr 3 ykasmiBaer ma TO, uTo M3
CTOYHOH BOJBI, BCTyNaloulefi BO B3aHMOJE{CTBHe ¢ NOA3EMHON BO-
AOH, KOMIIOHEHT yAaJfeTcss B pe3yJbTaTe pPeaklHH OCAMKACHHs HIN
rasoobpasosanus. B Bapnante 4, kpome Toro, NPOSABJIAETCH TOTJIO-
IICHHE KOMIOHEHTA MOPOJOH; BapHaHT 5 CBHIETENbCTBYET O PacT-
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TaGauua 18 '
BosmokHBIE pe3yAbTaThl MPeBAPHTENbHBIX JA60PATOPHBIX ONLITOB

=
=
n= PeaysbTaTHl OTLITOB MO OTHELHBIM CXeMaM
"
o
Ei BuiBoAn 0 xapakTepe (PHSHKO-XHMHYEC-
; 2. Crounasi KOro B3aHMOJeHCTBHSI KOMIIOHEHTa CTOB-
ge I. Crowsas |po7% o nopsem-| 3. Crounas HBIX BOJA C BOJOHOCHEIM IIACTOM
Z ¥ @ [BOAA + MOASEM-|yag posia +- no-|BOAQ + MOpOKa
= = Has BOJa na
SE3 "
@S
1 | Cos=C, oy Goni— Cp_ x| Cua=Cer | KommoneHT HefiTpaien K roaseM-
HBIM BojaMm H nopojam maacta {
2 | Cs=Cp oy Cos <Cp oy Cos < Cer KOMIIOHEHT MOrJIomaeTcs MOpoaoi:

3 | Cu<Cp o En< Cp' el Coa=Cer KOMIOHEHT TpH CMeIeHHH BOXK
BbINA@ET B OCANOK MM YJIETy-
uHBaeTCsl B BHAE rasa

4 [ Cua<Cp oy Coa< Coa Cps < Cor | Kommonedr Bemagaer B ocafok
NpH CMEIEHHH BOJ M TOMVIO-
1iaeTcs MOpoAoH

5 | Cos=0Cp cn Cos >Cp. | Cos> Cer | KOMIOHeHT repexofiHT H3 NOPOAbLI

* B CTOYHYIO BOAYy B pesyabTaTe
pacTBOpeHHsl W/IH HOHHOro 06-
MEHa

BOpeHHH TOPOAbI CTOYHOH BOROH JHOO 06 HOHHOM obmene. [lomu-
MO OMHCAHHBIX BO3MOMKHBI H HEKOTOpHle APYrHe BapHAaHTHI pPe3yilb-
TA4TOB IJisi OJHOTO H TOTO € KOMIIOHEHTA.

B HTOre H3 uHC/Ja HECKOJbKHX pacCMaTPHBAaEMEIX KOMIIOHEHTOB
cocTaBa OAHOH H TOH Ke 3arpsA3HeHHOH BOABI 10 pesyldbTaTam
npeABapUTENbHOr0 1a6opaTOPHOro ONpOOOBaHHS BLIAEAAIOTCH KOM-
NOHEHTH — HeATpaJbHble, HEB3aHMOAEACTBYIOLlHE M AKTHBHLIE,
B3aHMOJZefiCTBYIOIIHE ¢ BOJAOHOCHBIM IJacToM. B uncie MOCAEAHAX
BLIABJAAIOTCA KOMIOHEHTH, yObIBalOllHe H3 CTOYHBIX HJIH CMEIHaH-
HBIX CO CTOKAMH MOA3E€MHBIX BOJ, H KOMIIOHEHTHI, HAKAMJHBAIOLIHE-
¢ B STHX BOjax, T. €. YBeJHUYHBAOIlHe CBOK KOHIEHTpauHIO MO
CPaBHEHHIO ¢ HCXOAHOH CTOYHOH BOJOH.

Kaxk orMeuaJjioch paHee, MPHYHMHBI, INPHBOASAIIHE K H3MEHEHHIO:
KOHILEHTPAIlHH KOMIIOHEHTa B 3arpsA3HEHHON BOJe NpH (QHILTPAIHH,
MOFYT MMETh PasJHuHyl0 (H3HKO-XHMHUECKYIO OCHOBY  (cOpOuHS,
BBINTAJIECHHE B OCAL0K, HOHHEIH OOMeH H 7p.), OAHAKO B AaHHOM
clyyae BaXkHO OTMETHTb HAMNpPaBJIEHHOCTh H3MeHeHHs (CHHKEHHe
WJIH YBeJHueHHe KOHIEHTPAalHH) H ONEHHTh KHHETHKY 3Toro 0600-
IeHHOTO TNpollecca, CBelst ee K TOH MJH HHOH H3BECTHOH CXeMe.
Tak, cHHKEHHe KOHIEHTPalHH MOXKHO YCJOBHO CUHTAThL CJAEJCTBH-
€M TIOrJIONIEHHS KOMIOHEeHTa, a yBelHYeHHe KOHUEHTpalHH —
clefCcTBHEM pacTBOPEHHs NOPOJH, NMOHHMAas B JAAaHHOM cCJjyyae O
«MOTJIOIIEHHEM» H «PacTBOpPEHHEM» COBOKYIHOCThL IPOLECCOB, NMpH-
BOAAUIMX K PesyJbTaTaM, aHaJOTHUHBEIM IOCIEACTBHAM COOCTBEHHO:
cOpOIHH HJIH PACTBOPEHHS.

184



®opma 3aucumoctd C(f) XapakTepH3yeT KHHETHKY XHMHYECKOH
PeakuHu.

Eciu B ONHCHIBAEMBIX TNpeABApPHTENLHBIX CTATHYECKHX ONBITAX
€ (t) B nocrosiuHoM 00beMe CMECH H3MEHSETCs BO BpPEMEHH To 3a-
KOHY SKCIOHEHTH, TO MOMKHO CUHTaTh, 4TO OGOGIIEHHAs peaKuus
TIPOTEKAET AHAJOTHYHO HEOOPAaTHMOH peaKUuH IMepBoro mopsaika
{cm. dopmyay (2.8) B rin. 2]. Ilpyroii XapakTep 3aBHCHMOCTH C (1)
yKasbiBaeT Ha Gosee CJOMKHBIH BHA M HHOH NOPALOK DEAKIHH.

KuHeTHYecKHe 3aBHCHMOCTH H napaMeTpbl (H3HKO-XHMHYECKO-
TO B3aHMOJEHCTBHS, MOJYUYEHHble B CTATHUECKHX ONbLITAX, clelyer
paccMaTpHBaTh KaK NPHOMMIKEHHble, NOCKOJbKY, KaK TOKa3biBalOT
HCC/IelOBAHHAS, B YCJAOBHAX JHHAMHYECKOTO B3aMMOMAEHCTBHS, T. €.
qpn QUALTPALHH, OHH MOIYT H3MeHAThCA. B cBA3H ¢ 3THM mpeasa-
PHTENbHOE H3yyeHHe cOPOIHH PEKOMEHAYeTcsi MPOBOAUTL He TOJNbKO
Ha H3MeJbUEHHBLIX HABECKAX NMOPOAb, HO H HA MOHOJHTHBIX 06pas-
[ax ee ¢ MOMOIIBIO TaK HasbiBaeMoro Gajancoporo meroxa. Cxema
TpOBejieHHs ONMkTa H 06pab0TKa ero pesy/ibTaToB jaHbl B paborax
25, 78]. B urore AJ1s KaXkJoi HauaJbHOH KOHIEHTPAIHH 3arpsi3HeH-
Horo pacrBopa Co MOMKHO ONpeneNHTh KOI(QGHUHEHT pacnpejeJie-
uust npu copbuun (B) m mecopbumm (B’). IlpoBoas aHanOrHuHbIe
OIBITHl HA MOHOJIMTE NPH APYrHX HaYaJbHBIX KOHLEHTPalHAX pacT-
Bopa Co M onpejeisis COOTBETCTBYIONIHe HM KOJHueCTBa copOHpO-
BaHHOTO BellecTBa, 'MOxkHO mnocrpouts rpaduk N(Cp) u ompene-
JIATH XapakTep H NapaMeTpbl H30TepMbl copOumH. 3aech, Kak H
panee, N — KOJHYECTBO NOIJIOUEHHOTO BEIIeCTBa, OTHECEHHOe K
‘e[IHHHIle NOpoBOro npocrpaHcTBa; Cp-— paBHOBECHAS KOHLEHTPa-
1Msl BellecTBa B pacTBope. B 3aBHCHMOCTH OT pe3yJIbTAaTOB Ipei-
BapHTEJbHBIX ONBITOB NpPH AaJbHEHLIAX HCCAEIOBaHHAX ONMpeess-
JOT Te WM HHble TapaMeTpnl (GH3HKO-XHMHYECKOro B3aHMOJEiicT-
BHA: I HEATPaJbHBIX KOMIOHEHTOB — AKTHBHYIO MOPHCTOCTH M
# Ko3(pduuHeHT THApaBJIHUECKOH# AHcnepcHd D; 1 aKTHBHBIX
KOMMOHEHTOB KpoMe n u D — copOumHOHHBIe mapaMeTphl (Ko3(du-
[HEeHT pacrnpeiefeHHss P, KOHCTAHTY CKODOCTH peaklUHH o); KOH-
€TAaHTy CKOPOCTH PACTBOPEHHS «p H KOHIEHTPAIHI0 HaCHILIEHUA
Cy; KuHeTHYeCKHe KO3(@HIHEHTH peaKlHH BbMajeHHs B OCaloK
H ,np.

Hcenenosanns nNpoBOAATCS B J1a0OPAaTOPHBEIX MJH B MOJEBLIX yC-
JIOBHSAX.

AKTHBHYIO MOPHCTOCTH H NApaMeTpHl JHCIEPCHH IPeANOuYTHTE b=
HO ONpefeNisiTh B IOJEBBIX HCCJAEA0BAHHSX, KOTOPbIMH OXBAThiBa-
©Tcsl ONpejeJeHHbll YYacTOK BOJOHOCHOrO IUlacTa W B KOTOPHIX B
OoJsibliel Mepe, ueM IpH Ja0OpPaTOPHLIX HCC/AEA0BAHHAX, NMPOABJIA-
©7csl PHABTPALHOHHAS HEOAHOPOAHOCThL MacchBa. [lis xapakTepHC-
“THKH D W n TpemHHOBATHIX NMOPOJ, Kak NpaBHoO, CIEAyeT HCMOJb-
30BaTh TOJbKO MOJEBBe KCIEPHMEHTHI. :

H3ayuenune copOGuum BeulecTs NpH (UALTPALHH B MOPOJAAX H3-32
<€JI0OKHOCTH TOCTAHOBKH ONBITOB H HEOOXOAHMMOCTH HCIO/b30BaHHA
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CTOYHBIX BOJ M HCKYCCTBEHHBIX PACTBOPOB 3arps3HSIONIHX BeIIECTB
TIPHXOAHTCH OOBIYHO NPOBOAHTL B J1a00OPAaTOPHBEIX YCJAOBHSX.

Brruncnenne GHU3HKO-XHMHUECKHX IapaMeTPOB B3aHUMOAEHCTBHSE
3arpAsHEHHBIX BOJ H TOPHBIX MOPOJ MO pe3y/JbTaTaM 3KCIEepHMeH=
TOB MPOBOAHTCA ¢ HCMOJb30BaHHEM AHAJHTHUECKHX pelleHHi AHD-
(hepeHIHANbHBIX YPABHEHHH, MOJYYEHHBIX NPHMEHHTEJbHO K OIlpe-
JeleHHOl pacueTHoil cxeMe mnpouecca. Kak npaBu/io, B 3THX cXe-
MaX paccMaTpHBAaeTCs HAeaJH3HpPOBaHHAaf GHALTpylouLlas cpesa,.
OJHOPOAHAS 110 NPOHHLAEMOCTH, JHTOJOTHUYECKOMY H XHMHUYECKOMY
coctaBy. HeoanopoaHocTs peanbHOii TOPHOH MOPOABI NPHBOJIHT
00bIYHO K OTKJIOHEHHSM 3KCHEPHMEHTAJbHBIX TOYEK OT OXKHIaeMbIX.
3HAYEHHH, XapaKTePHBIX AJ5 OAHOPOAHOI mopoawl. ITpu stom BJaHs-
HHE HEeONHOPOJHOCTH HA pPe3yJabTATHl ONbITA CKa3bIBAeTCst OOGBIYHO
B OoJblllell cTeNeHH, uyeM XapakTep IpPaHHYHbIX YCJOBHH Ha y/ia-
JEHHOM OT MecTa 3allycKa pacTBOpa KOHIle onpo0yeMoro yyacTka:
NOPOJALI HJIH BJAHSHHE NPeANOCHUIKH 00 «OrpaHHYeHHOH» HJH <«He-
OrpaHHYEHHOH» AJHHe OmpoOyeMOro y4acTka H HEKOTOpHle Jpyrue:
JeTaqH pacueTHOH CXeMBI, NPHBOJASIIHEe K IPOMO3JKHM aHaJHTHUE-
CKHM pelIeHHAM.

[TosToMy cxema ONBITOB H MeTOAHKa 0OGpabOTKH HX pe3yJabra-
TOB JOJXKHBI OBITb II0 BO3MOXKHOCTH IPOCTBIMH, oOecIeyHBalOIHU-
MH TnosiyueHHe 000OILeHHBIX ycpeJAHeHHbIX (PH3HKO-XHMHYECKHX na-
paMerpoB NPHMEPHO TOH e CTEIEeHH TOYHOCTH, KOTOpas BO3MOXK-
Ha 1751 THAPOTEOJOTHYeCKHX MapaMeTpOB, HCHOJb3yeMHIX (BMecTe
¢ (U3MKO-XMMHYECKHMH NapaMeTpaMH) IpH NPOrHO3HBIX pacueTax
pacnpocTpaHeHus 3arps3HeHui. B cBASH ¢ 3THM peKOMeHAyeTcs
NpUMeHATh J1ab0paTOpHbIe YCTAHOBKH M CX€MBI, NMO3BOJIAIONIHE NpH:
onpeneneHnH (QH3UKO-XHMHYECKHX TapaMeTpoB HCIOJb30BAThH aHA-
JUTHUECKHEe pEIIeHHs ypaBHEHHi MHIPAllUH AJis IIOCTOSIHHO# CKO-
pOCTH (HALTPALHH, OAHOMEDHOro MOJYOrpaHHYeHHOro (B THAPOXH-
MHYECKOM OTHOIIeHHH) NOTOKa H NpH HauboJiee MPOCTBLIX TpaHHy~
HBEIX YCJIOBHAX Ha BXOoJde (HIBTPAIlHOHHOrO MOTOKAa B ILIACT,

Kpome Toro, mertonuka o6paGoTKH ONBITHBIX AdHHBIX CYUIECT-
BEHHO YIpOILlaercs, a TOYHOCTb ONpejesleHHsi mapaMeTpoB — yBe-
AHYUBAETCS, €CJAH ONBITH NMPOBOAATCA HAa (DOHe HEHTPaJbHOTO KOM-
NOHEHTA. TO MO3BOJSIET BHIYHCAHTH NapaMerphl AHCIEPCHH OTAEb-
HO, HE3aBHCHMO OT IldpaMeTpoB APYrHx (H3HKO-XHMHYECKHX MpO-
IIeCCOB.

Jla6opaTopHble ONMBITHL Mo GoJiee CJAOXKHBIM CXeMaM IeJecoo6-
pasHo NPOBOJAHTH JHIIbL B CHNEUHANbHBIX LEJAsX, HaOpHUMep, /s MO~
TBEPKACHAS TEOPETHUECKHX TOCTPOEHHHl W pelleHHs 3ajay Macco-
obmena M AHPQY3HH, MOJYIEHHBIX NPHMEHHTENBHO K HEOAHOPO/I-
HBEIM THADOXHMHYECKHM H (GHJILTPAHOHHBEIM YCJIOBHAM,

- Jlaboparoprote meroder onpedenenus napamerpos e3aumodeti-
CT8UA.

Kospobunnenr moanexyasapunoit audopysun Ilpu-
MEHHTEJBHO K paccMaTpHBaeMoH mpoOJeMe 3arpsA3HEHHS NOA3EM-
HBIX BOJA oOnpelesnenne Kos(duuuenta moJekyasipHor auddysum
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D, npeacraBisieT HHTepec B TeX cjyuasiX, KOrja OXHAAITCH OYeHb
MaJble CKOPOCTH (DHJAbTPALHH, HANpHMep, B CBA3H C OHEHKOH BO3-
MOMKHOCTH 3arpsi3HeHHs NOJ3eMHBLIX BOJ TOKCHYHBIMH BelllecTBaMu
M3 XBOCTOXPaHMJHII, HAaKOMHTEJNeHd W APYrHX NPOMBILUIEHHBIX Oac-
CeifHOB, 3KpaHHPYEMBHIX TIVIHHHCTBIMH, cJaCONPOHHIAEMbIMH [PYH-
“TAMH.

Koadduuuenr monexyasproii AHQQYsun omnpeaensror B OTCYT-
«TBHE (PHIBTPALHH, YTOOK HCKJIKUHTb BJHSAHHE THADOJHHAMHME-
CKOH JHCIepPCHH.

Jlas u3MepeHHs] MajblXx KOHIEHTpAlWii BemecTs, AHQQyHAHPY-
IOIHX yepe3 obpasen ca1aGONpOHHIIAeMOro rpyHTa, 1ab0paTopHbIil
‘ONBIT NPOBOAKTCS HA npHGOpe THNA auddy3HOHHON suelku [13, 86],
B HHKHeM Obede KOTOPOH MPOHCXOAHT HAaKOIJIEHHE BeHiecTBa.
B onwitax ucnonb3yercs HecopOHpyeMblii HHAHKaTOp, Jydlle Bce-
T0 — paanoakTHBHHI (puc. 62). B mauane ombiTa obpasen rpyHTa
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WHe. 62. CxemMa YCTAaHOBKH AJsi H3YYeHHS MoJekyaspHol Euddyanu:

J — pepxuuit Obed, 3aNONHEHHBIH pacTBOpOM pajHOAKTHBHOrO HHAHKaTopa; 2 — obpasen
rpyHra; 3 — HHXKHHI Oned; 4 — NbLE3OMETPhI; 5 — ypaBHHTENbHBIH COCYA; 6 — 3aacTHYHAA
memGpana; 7 — KOJAHMHPOBaHHHI [OaTuHK; & — cOelHHHTeNbHBIe IUTaHrH; 9 — mepecueTHbIk
mpuGop

Puc. 63. ITanoHHAA H ONbITHAS KPHBLIE c (1) —In 1:

J — KOOpAMHATH S3TaNOHHON KPHBOi; 2 — 3TajJioHHAas KpHBaf, 3 — KOOPAMHATHE OOMTHON KpPH-
:80H; 4 — ONLITHAs KPHBAfA; 5 — CMelleHHe

# Obedbl 3aN0JHAITCS BOAOH. 3aTeM HHAHKATOD B 3HAUMTEJNBHOM
‘KOJIAYeCTBE BBOAHTCH B BepxHuil 6ped (I); npoaudpdyninpoBaBuinii
yepe3 obpasern rpyHra (2) paaHOAKTHBHBIH HHAHKATOp PErHCTpH-
‘pyerca B HIkHeM Obede (3). UroGn u3bexar, QUIbTPaLHH pacT-
BOpa MHAHKATOpa, B 000HX Obedax c MOMOIIBIO CHENHAJIbHOTO YCT-
poiictBa (5) NOAAEP:KHBAETCS PABEHCTBO HAINOPOB, KOHTPOJHpYE-
Moe nneaomerpaMu (4). Daactnunas memOpana (6) mepegaer AaB-
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JIeHHEe W OJHOBPEMEHHO MpeIOTBpalllaeT BO3MOMKHOCTL MONAJaHHA
WHIHKATOpa H3 BepXHero Obeda B HHxHUH, V3aMepeHHss aKTHBHOCTH:
(KOHLEHTpalHH) HHAMKATOPA NMPOBOAATCS C MOMOUIbIO KOJJIHMHPO-
BaHHbIX AaTYHKOB (7) u mepecuetHoro npubopa (8).

Bo Bpemsi ONbiTa KOHIEHTpalHs HHAHKAaTOpa B BepXHem Obede
NpakTHYECKH He H3MeHsieTcs; B HHikHem Obede, rie NPOHCXOAHT
HAKOTJIeHHe HHAHKATOpa, OHA yBeJHuHBaeTcs. 3aBHCHMOCTD Cd, 1)..
rae [ — nauna ofpasua, NojydeHa Cc yYyeTOM HAaKOMJIeHHs HHAHKA-
TOpa B HHXKHeM Obede u nmeer Buz [13] '

ce, = ﬂé'—ﬂz 2erfe () — 2exp [T—[— (-%—)2] erfc (?L + 2%)

(8.3p

rae
1 = nilF

2/ Duiin ’ w

3nech F — maomaap TMOMepeuHoro ceuelns o6pasiua rpyHTa; W —
0ObeM JKHAKOCTH B HHXKHEM orceke mpubopa. Popmyna cnpaBei-
sBa npu 1<<0,25 2n/Dy.

Ilns onpeneneHns Dy 1o pesy/ibTaTaMm 3SKCIHEpHMEHTa yRobHO
BOCIIOJB30OBATLCS METOJOM 3TAJOHHOH KPHBOA B CJEAYIOIUEM MO-
psaKe:

1. JIns u3aMepeHHOro B ombiTe (aKTHYECKOro 3HAUCHHS I u He-
CKOJIbKHX 33a/aHHBIX 3HAUeHHi A 1mo ¢dopmynae (8.3) CTpOHTCs 3Ta-

JOHHAs KPHBas B KOOpAHHATAX C (1) —InFo. 3necy Fo = el T =:

t
e { — BpeMs OT Hayasa ONbITa; fp — HEKOTOpOe HOPMHpYIOLlee:

0
BpeMs, BHGHpaeMoe MPOH3BOJNBbHO (HAMpHMEp, BPeMs MEpBOro 3a-
Mepa KOHIIEHTpAIlHH HHAHKATOpa B HHXKHEM obede).

9. Crpoutcsi (Ha Kaabke) B Koopaunarax C(t) u Int bakTaye--
ckasi KpHBasi, TIOCTPOEHHAsi MO 3aMepaM KOHUEHTpalun HHAHKATO-
pa B nuxuem Obede C(t) (puc. 63).

3. dakTHUeCKas W 3TAJOHHAs KpHBble coMemtawtcs. [Ipu stom

ropusonTajbhsie ocH In Fo u Int cMemalores Ha BeJHYHHY InA=
Dty
=il o NOCKOJBKY

Dyt
nl?

]n_Dﬂ.

T DN I (s R T
4)2 ni?

t
—In—=
L]
J -
4. WUsmepsietcs BequunHa InA na ueprexe, MOACUHTHIBACTCS A
u 3ateM Dy :

o Aj” : (8.4y
(]
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OnsiT, NPOBEJEHHHIl MO TaKoi METOAHKe, ¢ 00pasuom cyneck
(naotHoCTh 2,68 r/cM®, BJIAXKHOCTh €CTECTBEHHAs 19,8%, nopuc-
tocth 0,32, comepxanue yacruy pasmepom 0,06—0,01 mm 57,9%,
menee 0,01 mm 30,3%) maan suauenue Dy=3,9-10-7 cm?/c.

Kosdpduumentr ¢GUABTPAaUHOHHOH JAHCOEpPCHH
semects D npu ¢uAbTpalHH B NOPOAax BOAOHOCHOro IMJjacra Ie-
JIeco06pasHo OIEHHBATh, KAaK 3T0 Yxe OblI0 OTMEYeHO pauee, IO
pe3yabTaTaM IOJEBLIX OINBITHO-(PHIBTPALHOHHBIX  HCCJIEA0BAHHH..
B n1aGopaTOpHBIX e YCJAOBHAX 3TOT TapaMerp cje/lyer ycTaHaBJiH-
BaTh JIHIIb B CBSI3H ¢ M3ydeHHeM COPOLHOHHBLIX fABJEHHH M APYLHX
BHI0B (DH3HKO-XHMHYECKOTO B3aHMOAEHCTBHA, HA KOJHYECTBEHHYIO
OLIeHKY KOTOPBHIX B ONBITaX BJHSET HApaBJHyecKas AHCIEPCHS.

Meroanka onpejenenuss KoapGdHUHeHTa AUCNEPCHH H3JIOXKEeHa B.
paborax [25, 77, 85, 126, 129, 131 u ap.].

Ins onbiToB yaoOHa ycranoBka [25] (puc. 64), mosponsiomas
NOAAEpPKUBATh MOCTOSHHYIO CKOPOCTb OHJAbTPAllHH, KeJaTe/bHO:

TR
IR E

— —

Puc. 64. Cxema naGopaTopHOfi YCTAHOBKH M8 H3Y4YeHHS (HABTPALUHOHHOM AHCNEPCHH:

I — uwaunnap c rpyurom; Il — ycrpofieTso Aas mosadd pacTBopa HIAH BOAH.
| — KpaH Aaf nonepeMeHHOW mopauM BoAbl MJH pacTeopa; 2 — duAbTP; 3 — TPyGKkH man oTGo~
pa ¢uabTpaTa; 4 — KphIMKAa; § — YCTPOHCTBO AAA MOAAEDPHKAHHA MOCTOSHHOrO YPOBHSA; 6 —
WTaTHB; 7 — Mojaya BOABI HAH pacTBopa; 8 — ciHB H3OGBITOYHOH JKHAKOCTH; 9 — pe3HHOBHIe-

TPYOKH

OJH3KYI0 K CKOpPOCTH (HJILTpallMM Ha paccMaTpHBAEMOM Y4acTKe
BOJIOHOCHOTO IJIACTA B €CTECTBEHHBIX YCJIOBHSX HJIH C Y4eToM (DHIIb-
TpalHH H3 HCTOYHHKA 3arpsi3HEHHS H APYTHX AOMOJHHTENbHLIX THI-
pPOAHHAMHYECKHX BJHSHHIL.

OG6bIuHO AN pacueTa HCIOJMB3YIOT BLIXOAHBle KpHBHle C (), mo-
JyuaeMble NPH BHITECHEHHH M3 00pasiia MOPOABI YHCTOH BOABLI BO-
JI0H, cojepiKaled ‘HeHTpaJbHOe BellecTBo («MeTKy»). BroliuHciaenne
D npoBoauTcs pasnHYHBIMH MeTOAaMH: nyTeM HuddepeHUHpOBa-
HH$l BBIXOJHOH KpHBOW M BblupcieHus D no opHoit Touke €=0,5
[137], mo 2—3 Toukam BHIXOAHOH KpuBOIi [77, 126] Han ¢ HCHOAB3O-
BaHHeM BCeX TOYEK BHIXOAHOH KpHBOH, uTo maer HauGoJee MOJIHBIH
VUeT Bcex 3KCNepHMeHTaJbHBIX AaHHBIX (pHC. 65). :

189



B nocnennem caydae pacder D BBIIOJNHSETCH NyTeM JHHEapH-
3anuu kpusoii C (f) no rpaduky &(f), rae

& =Vt arceri (1 — 20). (8.5)
Torza
D = V?*/4n tgB, i
(8.6)
D = nx?/4B?,

tae V — ckopocTh (HAbTpaluH; B — yron HakJaoHa npsamoi E(f)
K OCH t; B — oTpe3ok HA4 OCH OpPAHHAT, OTCEKAEMBI 3TOH TNpPAMOIL.
H3 3THX ke ONBITOB ONpEeAENsAIOT AaKTHBHYI0 IIOPHCTOCTL TO-
POABE:
14
= l_t5=°-5' : (8.6a)

3nech fz_,; — BpeMs, NpH KOTOPOM KOHIEHTPAIHs HCC/IENyeMOro
KOMToHeHTa B duabrpare coctaBiser C=0,5 (3a =0 npuunma-
€TCsl MOMEHT BXOJla 3arps3HeHHON BOAH B oGpasen mopoam); C —
‘OTHOCHTeJbHas KoHUeHTpauus: C=C/Cyx, rae C — KOHUEHTpauus
BellecTBa B (HIAbTPaTe; Cpx — BXOAHAS KOHIEHTPAIlHsl BELIECTBA —
Ha BXOJle pacTBOpa B o0pasell NOpOALL.

[Tapamerpn moraoumenuns. [aa obaeruenns oGpadoT-

KH 3KCICPHMEHTAJbHBIX JAaHHBIX NpH (H3HKO-XHMHUECKHX MHccie-

JIOBaHHAX M3y4eHHe KHHETHKH cOpOuHH
L=Vzurwerf (7-20) B JHHAMHYECKHX YCJOBHAX 4YacTo cTpe-
MATCH TPOBOLHTH TAaK, 4YTOOBI NMPOJO0Jb-
Has JHCIEPCHS BellecTBa OTCYTCTBOBA-
aa [42]. '

Onnako npH (HUIBTPAUHH pacTBOpa
uepe3 obpasel MOPOAL TIPOAOJbHAS JH-
crniepcHs, Kak INPaBHAO, TpPOSBISETCA.
[TosTomy uenecooGpasHO HCIOJIL30BATh

N TAKYyI0 METOJHKY TpOBelleHHs H oOpa-

OOTKH Pe3yJbTaTOB JHHAMHUECKOTO OIbl-

T4, KOTOpas IO3BOJISET BHIABHTbL KHHE-

Puc. 65. Tpadmg sasmcumo- MATHKY H IlapaMeTPhl COPONIHH NPH OX-

cti & (2) HOBPEMEHHOH JHCIEPCHH PacTBOPEHHOrO

BellecTsa. HaubGosee npocro (M TOYHO)

STO MOJYYaeTcs B TOM cJyyae, ecaH (GHABTPYIOIIHiica uepe3 mo-

POAY PacTBOP CONEPKHT Kak HCCIAeLyeMHl COPOHpPYEMBII KOMTIO-

HEHT, TaK W HecopOHpyeMblii NOPOMOH KOMNOHeHT (Hampumep,

xa0p-uoH). OnwiTHast ycraHoBka (cwm. puc. 64) M mpoBefeHHe 5K-
crepHMeHTa onucansl B paborax [25, 78 u up.].

ITo pesyibraTram ananmusa nociefoBaTeJbHBIX Npo6 (HAbTpaTa
IPOBOJMTCH IOCTPOEHHE BLIXOJHBLIX KPHBBIX OTHOCHTEJbHOH KOH-
nentpamun C¢(f) m C", rjae MHAEKCAM «C» H HC» COOTBETCTBYET
copbupylolleecss H HecopOHpYIOIIeecs BEIECTBO.
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ITo seIXoAHO# KpuBOH CH¢(f) onpeaensioT, KaK 3TO Gblil0 OnHCca-
HO Bhie, Koa(duunenT aAucnepcHn D H AaKTHBHYIO MOPHCTOCTDL 7.

®opma BHIXOAHOI KpHBOf COpOHPYIOUIErocs BEILECTBA ce(t)
34BHCHT OT COCTaBa M CTPOEHHs MOPOJM, IJHHB 06pasia, CKOpOCTH
(uIbTpAIHH, AKTHBHOH NOPHCTOCTH TOPOABI, Ko3(uiHenTa AHC-
MepcHH U MapaMeTpoB cOpOIHH.

AHaJIOrHYHbIe OMBITHI C TOH e NMOPOAOI, HO NpH APYroif AJH-
He o6paslia, MO3BOJAIOT NMOJYYHTH HECKONbKO BBIXOAHBIX KPHBBHIX-
Anann3z KpuBbix C°(f) mpu (HUKCHPOBAHHOM X M KPHBBIX Ce(x) Hna
OHO H TO e BpeMs { I03BOJIAeT yCTaHOBHTL Xapakrep MOrJolue-
Hisi. BO3MOMKHBI CJAELYIOUIHe OCHOBHble caydan (pue. 66).

a g ‘{T
JT ‘rg/,:!‘ ’f i t-fk
’ 5
r |
: lf & Nz A 7
e et - |
45 ] Lo 29
i \\ '
|
| |

gucé ?6. Ipaduksn _E(x) H -5(1‘) npu  GUABTPAUMH COPOHPYIOLIErOCH Bel(eCTBA: a—C'(f):
— x).

1 — gna uefiTpanbHOro HecopGHPYIOUErocH BelIeCTBE; 2 —npu pasBHOBecHoit copCuun; 3, 4—
npi HepasHOBecHOH copGuuu; qu—npeMﬂ npoxoxenus GpoHTa (GHABTPANKH B TOUKE X

Xy~ monoHKenHe dpouTa QuALTPANHE Ha BpeMs I

|. Buixognbie KpuBble Cf¢(f) w KpHuBbie C"(X) aHaJOTHYHEE
COOTBETCTBYIOUHM KPHBEIM Jiisi HecopOHpyeMOro KOMIIOHEHTa, T.€.
copOupyeMBIii i HecOpOHpyeMBli KOMIIOHEHTH HMEIOT B dhuabTpaTe
OAMHAKOBYIO OTHOCHTEIbHYI0 KOHHEHTpaluio. B stom cayuae Be-
LIeCTBO MOMKHO CUHTATh HENOIJIOIUIAEeMBIM, T. €. TaKikKe HEHTPa/b-
HBIM. | -

2. Buixoanas kpuBasi C¢(f) no ¢opme aHaJOrHuHA KpHBOIL
JIs HecOpGHPYeMOro KOMIIOHEHTa, HO «CABHHYTa» BO BpPEMEHH Ha
BeqnuuHy Af. DT0 yKasblBaeT Ha PaBHOBECHbIi XapakTep morJorie-
HUSI ¥ TO3BOJAET BBHIUHCAHTL mapaMmerp B MyTeM CpaBHEHHs BbI-
XOAHBIX KPHBBIX AJsi cOpOHpyeMoro  HecopOHpyeMOro KOMMOHEH-
ToB. M3BecTHO, UTO CKOpOCTh [BHMKEHHS B TOPOAe TOUKH C KOH-
nentpanueii pacropa C=0,5 Oyaer: And HecopOHPYIOLIErocs KOM-
noHenTa (HanpuMep, XJOPHJOB)

Vﬂ{c i lft]ic ' (8.7}

C=0,5?

JJst copOHpylolerocs KOMIOHEHTa

Vie =Ifts_, o (8.8)
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Bpech [ — pauna obpasua; 5, ; H lg_o ; — MOMEHTH nosiB-
JieHHs1 B (puIbTpaTe MOJOBHHHON Konuentpauuu (C=0,5) coorBer-
CTBEHHO 111 HecopGHpyeMmoro H copGHpyeMoro KoMnouentos., W3
(8.7) m (8.8) cuenyer, uro MHTepBaJd BpeMeHH Af («CABHIKKA»)

HC c
MeRRY o, s H T—o0,5 PaBeH

1 1
Af:l(?c—— ﬁ) (8.9)

Has HecopOupylomierocsi KOMIOHEHTa CKOPOCTh JABHIKEHHS TOU-
®H C=0,5 cooTBeTCTByeT CpelHeH CKOPOCTH IOTOKA:

Ve Z Y, s (8.10)

Cxropocts aBHxKeHHs1 ToukH C=0,5 copOHpPYIOLIErocs KOMIOHEH-
‘Ta cBsizaHa ¢ V*H¢ caenyiomum o6pasom [94]:

p

V¥ — V*nc = 8.11
= (8.11)
CaeznoBaTe/bHO,
At =) = 2| :
Ligiea (8.12)
Kos¢ppuuuent pacnpejgeneHHss COOTBETCTBEHHO PaBeH
il (8.13)

ITo BHIXOAHOH KPHBOH cOpGHPyeMOro KOMIIOHEHTa pacuyer KO-
3(duunenTa pacnpefeseHHss NPH PaBHOBECHOH COPOIHH MOXKHO
TaKkKe CAeJaTth N0 BHPaKEeHHIO

=i M)_L

ﬁ nx gs_";_l
3nech t; u t; — nBa MoMeHTa BpeMeHH; C U Ca — COOTBETCTBYIOLIHE
HM KOHIIEHTPAllMH Ha BBIXOJAHOH KPHBOH; {, M {p onpeaeasiorcs 1o
(8.5). KosdduuueHt aucnepcHH COOTBETCTBEHHO BHIUHC/ISETCA MO
«popmyie

: .
D=L(_ﬁ~) ahl ) (8.15)
4n \14P La—0C1

IMockoabKy npu pacuere B mo «CABHKKe» win 1o gopmyte (8.14)
HCNOJB3YETCsT TOJBKO OAHA HJH JBe TOYKH BBIXOAHOH KpHBOH, 3TO,
KaK OTMeyaJoch paHee, MOXKeT IpPHBECTH K ollHOGKam B onpenese-
uun B u D. Tlosromy aas onpefeseHHs 3THX TNapaMeTpoOB Hpe-
MOYTHTE/IbHEE HCIOJNb30BATh ONHCAHHBIE Bblllle rpadoaHajHTHYEC-
KHil MeToJ JMHeapH3anuu KpuBoit C(f), mpu KOTOpOM paccMaTpH-
BAKTCA BCE€ OIbITHBIE TOYKH. :

3. OTHocHTe/bHAsT KOHIEHTPALHS HCCAEIYEMOro BemiecTBa C°
B Jn1060e BpeMsi { HHXKe OTHOCHTEIbHOH KOHIEHTpPalHH HecopOHpye-

(8.14)
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MOTO . KOMIOHEeHTa C¥¢, NMpHYeM 1o MPOLIECTBHH HEKOTOPOro Bpeme-
HH B KaxkKI0#H TOUKE X YCTAHAB/IHBAETCA [OCTOSIHHOE BO BPEMEHH
3nauende C¢, M3MeHsIOUIeecs JHIIL TIO NyTH QHIBTPAUMH, T. €. OT
" BXOJZHOTO CEYeHHs B IJyOb KOJOHKH, 10 3aKOHY 3KCMOHEHTHI. B s3ToM
cayyae pacdeT KOHCTAHTBHI CKOPOCTH MNpomecca y MNpPOBOAHTCA IO
BBIpayKeHHIO

\;zﬂ[(l_(‘_“fﬂﬂ)’_l]. (8.16)

4Dn Vx

3aecy V — ckopocTh (uabTpanuu; D — napaMerp AHCNEPCHH; 72—
aKTHBHAA HOPHCTOCTh; Cy — OTHOCHTEJbHbe KOHIEHTPAUHH Belle-
crBa C Ha BbIXOJle H3 KOJOHOK PasJIHuHOH AJIHHBL X. ‘

Kpusble Buaa 3 (cm. puc.. 66) XapakrtepHbl AJs NpOIEccoB pac-
naja, OcayKJeHHs BellecTBa M3 pacTBopa IpH XHMHYECKHX peak-
LHAX, a TakkKe s copOuuu npu odeHb OOJbINOH (HEOrpaHHYEH-
HOJ) eMKOCTH MOpO/IHL.

4. Ilpu orpaHHueHHOH COPOIHOHHOH# EMKOCTH TOpPOALI, KOrAA
Hapaay ¢ cop6uueil NPOHCXOAHT JAecopOUHsA BellecTBa, 3aBHCH-
moctn CC¢(x) AJsi pa3sHOro BpeMeHH { HMeIOT BHJ KpHBOW 4 Ha
puc. 66. C TeueHneM BpeMEHH B KayK1OM CEUEHHH X KOHLEHTpPAILHf
Oyaer yBeaHuHBaThes A0 CC~ 1.

B 3TOM cayuae, Kak OTMeyaJoch Bhille, TEOPETHUYECKas 3aBHCH-
MocTb C¢(x, 1), mpeiacTaBasiollas pellleHHe CHCTeMbl AH(depeH-
LHAJbHBIX YpaBHEHHH KOHBEKTHBHOH AM(GdY3HH M HECTAlHOHAPHOM
copOunu, HMeeT KpakHe CJA0MKHBIH BH/L.

Jlasi 06paboTKH SKCHEPHMEHTAJNbHbIX JaHHBIX H rpadoaHaanTH-
YecKOro pacuera COpOLHOHHBIX 11apaMeTpoB 20 H B MOXKHO HCTOJb-
50BaTh pelIeHHe yKa3aHHOi CHCTeMbl YpaBHEHHE MNOCJe NpHMEHe-
HHs K HHM OmepaluHoHHoro npeoGpasosanns Jlamuaca [78, 81]. Ilpu
stom KpuBas C(x, t) TpanchopMHpyeTcsi B KPHBYIO AJs «H300pa-
xenua» U(x, p).

Ilapamerpb pacTBOpeHHSs PacTBopenne TBepABIX CO-
Jefl npn GHUILTPAUMK B MOPOJAX, KaK NMOKa3aHo BhIlle (CM. IV 2Y,
OMHCHIBACTCS YpPABHEHHEM KOHBEKTHBHOH AHGQY3HM ¢ JONOJIHH-
TeJLHBIM UYJEHOM, YUHTHIBAIOIIMM KHHETHKY pacTBOpeHHsi. B uact-
HOCTH, TIPH CYIIECTBEHHO H3MeHSIOLIeHCcs MOBEPXHOCTH PacTBOpsie-
MBIX UACTHI[ COJH ypaBHeHHe KHHETHKH Gyaer mMerb Bux (2.15), B
KoTopoM ‘N — KOJIHYECTBO BelllecTBa, BHIHECEHHOe NDH PaCTBOPEHHH
H3 eaMuHIB o0beMa nopoabl (r/cm®); f0 pacTBOpEHHs COAEpKa-
Jaock Ng cosefi. DTH BeJHUHHE MOXKHO BbIPA3HTh TAK!

Ny=vks, N=7%(6—1, (8.17)
rle Ve — IJOTHOCTb PACTBOPUMOro BeliectBa (coin) B r/cMm?; o

v (® — HauaJabHOe M TeKyllee yaenbHoe oObeMHOe COAEpIKaHHe Be-

LlecTBa B JIOJSIX €IHHHIILL
Jlasi XapaKTepHCTHKH Iipollecca pacTBOPeHHs coJied H3 MOPOAb
npH GHALTPALMHE HYKHO 3HATL HauaJbHOe yJedbHoe 00DbEMHOe gg
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H Haya/bHOE yJe/bHOE BecOBOe [f (I/r) KOJHYECTBO PaCTBOPHAMO-

o BellecTBa B IOpPOJe, MaKCHMAaJbHYIO PacTBODHMOCTbL COAEep Ka-
Hierocs B nopoje TBepAOro BellecTBa B NPpHPOAHBIX MOA3EMHBLIX BO-

12X Cyaxc (r/cM®) H TOCTYHAaoMUX B MOPOAY CTOYHBIX BOZAX

waxe (T/CM®), a TaK:Ke KOHCTAHTY CKOPOCTH .pacTBOpeHHs (Kosbdi-

LHEeHT BhILIeJaYHBAHHS BelllecTBa MOPOAL) ap 1/c.

BecoBoe cojepxanue B NOpoJe TOro WJAH HHOLO PACTBOPHMO-
ro Bemectsa &0 (r/r) onpemensieTcs ¢ NOMONIBIO XHMHUECKHX Me-
TOLOB HCCJEAOBAaHHH — BAaJIOBOr0 XMMHYECKOro aHaJH3a, aHa/aH3a
BOJHbIX, COJNAHOKHC/ABIX H APYTHX BLITSAMKEK.

MeToauKa KOJHYECTBEHHOIO OIpeaeeHHsi BOAOPACTBOPHMBLIX CO-
Jedl (xsopuawl, cyabdatel H KapGonath Na, Ca, Mg) wu3noxena B:
pabote [80]. '

YnenpHoe o0beMHOe colepiKanHe BellecTBa B mopoje &y - (1o-

JH €IHHHIbI) pacCUHTHIBAETCH Mo o:

i0=to(l~n) 2], (8.18).

Ye

rle Yng — IVIOTHOCTH HEBBIIENOYEHHOH MOPOJIbBI; 12 — MOPHCTOCTL He-
BHILIEIOYEHHON MOPOABL; Ye — IJIOTHOCThL COJIH. _

Eciu naornocts nopoas Gblia onpeaesena mnocie NOJHONG VAa-
JIEHHSI H3 Hee paCTBOPHMOTO BellecTBa, TO :

Il‘— B
Lt (8.19)

Ve + CS (T:,'—'I’c)

rie Yh— IVIOTHOCTD NPaKTHYECKH HEpPacTBOPHMON 4acTH MOPOALbL.

MakcuMaJ/bHYI0 PaCTBOPHMOCTH COAEPIKALIErocs B NMOPOJE TBEp-
Joro BeulecTBa B NPHPOAHBIX Cyaxe M CTOUHBIX Bomax Cigee Ol
pelesIiOT ONLITHBIM MyTeM. [ 3TOr0 MeJKO H3MeJb4YeHHY(0 Ha-
BECKY NOPOAbI 3aJHBAIOT M3MEPEHHLIM 0OBEMOM [PHPOLHO HJH
CTOYHOH BOJBI H CMech NMOMEIAOT B amnmapar AJjs BCTPAXHBAHHA
Ha 1—2 cyr, ¢ NepHOAHYECKHM Ompeje/eHHeM KOJHYECTBA PACTBO-
pAIOIIerocs: BellecTBa.

O6paboTky nopoAsl BOAO#H MPOAOINKAIOT A0 JOCTHIKEHHS MaK-
CHMAaJIbHOTO COJIep:KaHHsi B Boje 3Toro BemlecTBa Cyapc.

Hasi onpepesneHnss KOHCTAHThI CKOPOCTH pactBopenus 2, (l/c)
IPOBOAAT (QHALTPALHOHHBIA OMBIT HA yCTAHOBKe, ONHCAHHOI B pa-
Gote [76] (cM. pHc. 66).

OKcnepHMeHTabHble 1aHHBle 00paGaThiBalOT B BHAe BbIXOAHbIX
kpuBbix C(f), rme C — KoHUEHTpaUHa B (QHALTpAaTe PaCTBOPAIOILE-
rocs BellecTBa B I/cM’ {— BpeMs OT HayaJja MNOSIBAEHHS 3TOTO
BellecTBa B (pHALTpaTe.

OnpiT KenaTeabHO NPOBOJAMTL BIIOTH [0 MOJHOTO BHIHOCA pa-
CTBOPEHHOro BelllecTBa, OAHAKO (IpH OueHb MELJEHHOM BbIHOCE)
€ro MOXKHO NMpPEKPaTHTh nocje Gojee HIH MeHee 3aMETHOrO CHHKE--
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HuA copepxanus Beniectsa B ¢uiaptpate C. [lag pacuera KOHCTaH-
“Thl CKOPOCTH 2%, MOKHO HCIOJ/Ib30BaTh pelIeHHe CHCTeMbI YpaBHE-
HHUH, OTpazalomel KOHBEKTHBHBIH MEPEHOC U PacTBOPEHHE B MOJY-

“OrpanuyennHom teje npu D=0 u ;ﬁf =0 [33]

-Bo B1OpOit cTaliMM pacTBOpEHHS, KOrjga BO BXOAHOM' CEUEHHH
«<popMHpoBaJach BBIlIEJOYEHHAs 30HA, paclpejeseHHe KOHIleH-
TPauHui B pacTBope NOAYHHSETCS ypaBHeHHo [33]:

1
e G S ) ST
MaKe MAN0 chz [([ = at) %p ch / QVJ

3nech | — nnuna obpasua, cM; V — ckopocTh DHALTpALHH, cM/c;
«Q — CKOPOCTH BBIIEJAYHBAHHS BellecTBa M3 NMOPOJABL, cM/c, oIpe-
Jensemas 1o caefyloleMy BbipazeyHio [76]:
Cy—C
G AV (8.21)

=0
toYe

rae, Cp — HayaJbHOe COJAEpIKaHHe BellecTBa B BOJe, MOCTynawomie
B obpasent (Co MoxeT GbITh PABHO HYJIIO).

‘Hs (8.20) xoadduunent cKopocTH pacTBOpeHHs x, Oyaer pa-
BEH'

C—C,
oy = ——=—— arth g 8.22
ik 1/ Q) (¢ —a VCMKC“Co i

Jns pacuera «op no (8.22), ¢ BHIXOAHOH KDPHBOi Ha Yy4YacTKe,
p p

C »
rae ———< 0,6, GepyT HECKOJNBKO Map COOTBETCTBYIOWIMX 3HAUEHH
1 ~MaKc

; u C;, no KotopbiM cTposT rpaduk ¢(f), rae Q= arthV C—Cy -
CIIRKC_CD
Kosbhduument ap NOACYHTHIBAIOT M0 BHIPAKEHHAM:

AL R T el L (8.24)
LY a5

3necs B—OTp&BOK OTCeKaeMblil NpAMOH ¢({) Ha OCH OpAHMHAT:

tgb — yruoBoit Ko3(duIHEHT 3TOl NPAMOIL.

MozHO onbiT 1O PAacTBOPEHHIO NPOBOAHTL OXHOBPEMEHHO AJIS
ABYX-Tpex 00pasnoB OAHOH M TOH »Ke NOPOABl PasAHYHOH JJIHHSI
4y, Iy, I3, HO MpH OAMHAKOBOH CKOPOCTH (pHAbTpaUMH V H ¢ OJHO-
BpeMeHHBIM 0TGOpoM npo6 ¢dHabTpaTa. dT0 NO3BOASET AJs JI0GO-
ro BeiOpaHHOro MOMEHTa BpeMeHH ! MOCTPOHThL 3aBHCHMOcTh C([),
KOTOpasi B COOTBETCTBHH C ypaBHEHHEM CKOPOCTH pAaCTBOpEHHf
TBEPJOTrO TeJa J0JKHa HMeTh BHJ [76]

e I e (8.25)

CM aKc _CO
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Kospduuuent op B 3TOM CjIyuae OnpefensieTcss Aas Kamaoi
napsi 3Havenuii C; u [;:

Vin Z‘,- . (8.26)

%p 7

M3 HéCcKOJABKHX, ONpeAe]eHHbX B OTAJbHBIX TOYKAX, 3HAYCHHH
tp MOACUHTHIBAIOT CPe/iHee /s ONbiTa 3HAUECHHE Up-

[Ipn HeuaMeHAWOUleHCcs NMOBEPXHOCTH PACTBOPAEMBIX YaCTHIL CO-
JH ypaBHeHHe KHHETHKH Bbipaxkaercs B Buze (2.14). B.astom ciy-
yae s ONpeleJeHHsi KHHETHUeCKOro napamerpa ap MOXKHO HC-
noab30BaTh pellenne (5.67), KOTOpoe OTpaxaer COBMECTHOe BJIHA-
HHe DACTBOPeHHs H AMCIEpPCHH Ha BHIXOAHYIO KpuBywo. [lis BTO-
poii craanu nponecca (1>Tp) oHo uMeeT BHA

- exp[—-— . (Vl B ISR 1)] (8.27)

VuutsiBasi,” uto [=at n obwsuno DKV, Bmecto (8.27) MokKHO 3a-

TIHCATh:
P _Vx—a) (2apD\] _ SN oot
G exp[ 75 ( - )] exp[ Vpim o A ] (8.28)

_OkcrnepHMeHTaabHBIe AaHHBIE 06pabaThiBAalOT B BHJE rpaduka
InC(f). Kunernyecknii napamerp pacTBOPEHHs «p MpH 3TOM BbI-
yucasercs 10 AJHHe OTpe3ka B Ha ocH OpJAHHAT:

BV
e 2N (8.29)

p—x

\mm6o no tamrency yraa 6 mpamoit InC(f) k ocu aGemcc:
o, = Vigb/a. (8.30)

31ech @ — CKOPOCTh BHINETAaYHBAHHS PACTBOPHMOro BellecTBa H3
nopoasl, onpeiensiemas no (8.21).

Ioxresole meTods. onpedeietus nApamerpos - 63aUMO0eCTEU.
B noJeBbIX YCJAOBHSIX NMapaMeTpbl B3aUMOAEHCTBHS ONPENeAT
MyTeM 3anycka HHAHKATOpPa B NOTOK MOA3EMHBIX BOJ — €CTECTBEH-
HEIl HJIH HAapyIIEHHBIH OTKAauKOif (Harneranuem) — M TPOCIEHKH-
BaHMS H3MEHEHHH KOHIeHTpalluH TOro WHAHKATOpa B BOJe B TOUKE
HabaofeHns. B KadecTBe HMHAMKATOPOB NPHMEHSIOT paJlHOAKTHB-
Hble BEIIeCTBA, 3/1eKTpoauTel ¥ Kpacurenn [119]. Ilas onpenerenus
aKTHBHOJ TIOPHCTOCTH n W Koadpumuenra Aucnepcuu D HeoOxoam-
Mbl, KaK TpaBHJO0, HecopOHpylOllHecs MOPOJAaMi HHAHKATOPBL

B cBf3H Cc TeM, 4TO peajbHblii XapakTep HEOJAHOPOAHOCTH MO-
pOA Ha yuyacTKe onpoboBaHMs B MOJHOH Mepe MPAKTHYECKH HE MO-
JeT GbITh YUTEH, B TOJEBBLIX YCJIOBHAX emie B OOJbIICH CTENEHH,
yeM B Jaa00paTOpHBLIX ONBITAX, HEOOXOAMMO MPHMeHsITL Hanbojee
NPOCTHIE CXeMbl KCIEPHMEHTOB H MeTOAb HX 00palbOTKH.

IIpn 3TOM MOXKHO HCXOAHTb M3 HEKOTOPBIX MPHOJIHKEHHbIX
NpeANoCHJIOK, HampUMep NpH ONpejeJelny aKTHBHOH MNOPHCTOCTH
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n NpHHAMAaTh, 4TO (GPOHT QuAbTpauHH ((PPOHT NMOPUIHEBOrO BHITEC-
HeHHsi) TpPH NaKeTHOM 3alycKe COBMAajaeT ¢ OTHOCHTEJbHO{ MaK-
CHMAaJabHON KOHIeHTpaluHeHd Cyase WHAMKATOpA, MNpHIIEauero B
Touky HabuiofeHHs. B cOOTBeTCTBHM € 3THM N4 pacyera n Jo-
CTATOYHO YCTaHOBHTb BpeMsi NOSIB/JEHHs YKa3aHHOro MaKCHMaib-
HOT'O 3HAUEHHS KOHLEHTPAIHH Cyaxe-

IIpu ompenenennn Ko3dduuuenta AHCHEPCHH D, gorpa mnpen-
cTaBiser MHTepec psjA 3HaueHuii C(f), NPUHHMANTCH APYrHe Mpe-
MOCHIJIKH, B UACTHOCTH, YTO YUacTOK 3alycKa HWHAHKAaTopa BOJH3H
HarHeTaTeJbHOH HJIH OTKAUYHBAaEMOH CKBaXKHHBI MOKHO OXapaKTepH-
30BaTh OAHHM yCpeAHEeHHbIM 3HaueHneMm D, XoTa B J€HCTBHTE]bHO-
CTH 3JeCh H3MEHSIeTCsi He TOJbKO CKOpOCTh (uabrpauunu, o u D.
_ O6GocHOBaHHe JONYCTHMOCTH TaKoro npHOJMMKeHHs [JaHO B pa-
Gorax [20, 25, 77].

Cop6uns 3arpsisHeHHfi npu (HILTPALHH B BOAOHOCHOM ILI4CTE
naubosee MOJHO MOXKeT ObIThb 113yueHa NpH 3aNyCKe CTOYHLIX BOX
Ji pacTBOPOB B CKBaXKHHBI, OJAHAKO B CBA3H ¢ TPYAHOCTAMH OCY-
HiecTBJAEHHS TOA0OHOrO OnbiTa 0OBLIYHO MOXKHO OrpAaHHYHTBLCH 3a-
IIyCKOM pacTBOpa, COAepKallero OJHH-ABa 3arpA3HSIOIIHX KOMIO-
HeHTa W HecopOHpyeMblii kKommnonent. Ilpu sanycke Takoi KOMOH-
HHPOBAHHOH METKH KO3((HIIHEHT pacnpeie]eHns MNpH paBHOBECHOI
copOunH B JIErKO ONpeAeNsieTcsi M0 «CABHIKKE» KPHBBIX C(f) nas
copGupyeMOro M HeCOpOHpPYeMOro WHAMKATOPOB [cM. dopmyay
(8.13)]win6o mo popmyie

e
R L - (8.31)

DHE__DC J
rae D¢ m D#¢ — go3¢hHIHEHTH AHCNEpCHH cOpOHPYEMOro u He-
copGHpyeMoro KOMIOHEHTOB, ONpeleleHHble no HaOMIOAeHHs M 32
BpEMEHEM TPOJBHIKEHHs H KOHIeHTpallHeii COOTBETCTBYIOLINX KOM-
NOHEHTOB B BOJOHOCHOM TLIACTE.

B mojeBbXx ONBITAX, KakK TpPaBH/0, NpeAnovynTaercs HNaKeTHad
cxeMa TOZAYH HHAMKATOPA, NMOCKOJbKY AJHTENbHbI HenpepbiBHbIA
3anyck Tpebyer OOJBIIMX KOJHYECTB MHAHKATOpa I TEXHUUYECKH
TPYAHO OCYLIECTBHM.

B KauecTBe OCHOBHBIX MOKHO PEKQMEHLOBATh TPH CXEMBI MOJIE-
BHIX OMBITOB (pHC. 67).

Cxema 1. 3anmyck HHAHKATOpAa B CKBaXHHY B
YyCJAOBHSIX €CTECTBEHHOTO MOTOKa NOJA3EeMHBX BOJ
(puc. 67, a). DToT ONBIT BO3MOXKEH JHIUL MPH 3HAYHTEJNLHOH CKO-
POCTH €CTeCTBEHHOTO MNOTOKa MOJA3E€MHBIX BOJ, MO03BOJSIOIEH 3a-
BepPIINTh ONLIT 34 CPABHHTEJNbHO KOPOTKHI cpok. [las npeasapH-
TeJLHOTO pacuera MJIHTENbHOCTH OMbITa H ONpelefeHHs: NOTpedHO-
ro PacCTOSHHS X MEMK/Ay NYCKOBOH W HaOJIOAaTeNbHBIMH CKBaXKH-
HaMH HCMOJb3yeTCs BEHIpaKeHHe

xn
t= T (8.32)
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4 : Q

Pn;. 67. Cxembl NonEBLIX ONLITOB MO ONPEAEJAEHHIO NAPAMETPOB (PHINKO-XHMHUYECKOrO B3AHMO-
neficTeus:

@ — 3anycK HHAHKATOpPA B CKBAXKHHY B YCJOBHAX 3HAYHTEABHON CKOPDOCTH €CTeCTBEHHOrY mo-
TOKa MOA3eMHLIX BoA;, O — Harueranue (HasuB) HHIHKAaTOPa B CKBAXHHY; 6 — OTKauka H3
CKBa*XHHBI NMPH 3anyCcKe HHAHKaTOpa B HHGJ‘[EOB,ETEJIBHYiO CKBAWHHY. E

I — Touku samycKa HHAHKaTopa; 2 — nabaiofartenbHble TOYKH; J— HAPHETATEAbHAR CKBAXKHHA

rae / —rpajHenT Hanopa HJH YKJOH MOTOKAa, ONpefenseMblii Mo
KapTe THAPOH30Mbe3 (FHAPOH30rHNC); kK — KosdduUHeHT (QHALTPA-
LHH; 77— OPHEHTHPOBOYHOe 3HAYEHHe AaKTHBHOI mopucTocTH (Oe-
peTcs 1o JHTEpaTypHBIM AaHHBIM).

Ilpn GuicTpOM W paBHOMEPHOM paclipele/]eHHH HHIHKATOpa B OT-
KDBITOM HHTEpBaJ/Je CKBAaXHHBI JeHCTBHe BO3HHKAIOLIErp MIHOBEH-
HOTO' COJIEBOTO HCTOUHHKA OMHCBLIBACTCH YpaBHEHHEM

_(x—-Vt/n)’
e Qc 4Dt/n
C(x, t) EPry VaiDn e : (8.33)
3nech C — KOHLEHTpalHsi HHAMKATOpa B 000/ MOMEHT BpeMEHH
B BoJe B HabiiofaTeNbHOH TOYKE Ha PACCTOAHHH X OT MyCKOBOIf

v o

CKBakKHHBI, r/cM®, — — cpeiHsis JeHCTBHTeNbHAas CKOPOCTb JBH-
n

JKEeHHUs] MOJ3eMHBIX BOJ B HANpaB/JeHHH X, NPHHHMaeMas IOCTOfH-

L Puc. 68. Ipaduk C (f) B HabGawnatencHofk
k : CKBA)KHHE NpPH 3anycKe HWHAHKATOPHOro «mna-
. KeTa»

-

Zr z

HOH, cM/c; Q¢ — KOJHYeCTBO Macchl HHAHKATOpa, 3alylLleHHOro B
CKBaKHHY, T'; D — Koa((hHIHeHT AMCHEpCHH B HaNpaB/]eHHH X,
cM?/c; m — IJHHA OTKPHITOrO HHTEepBaJa CKBaKHHBEL, d — AHaMerp
CKBayKHHbI; & — KO3(DHIHEHT, YUHTHIBAIOUIHII HCKPHBJEHHe JIHHHHA
TOKa B CKBa)KHHE M 3aBHCAINHI OT KOHCTPYKIUHH BOJOINPHEMHOI ua-
cry; mo H. A. Oruabu (cm. [25]) e=0,3—4. Habaonenus 3a us-
MEHEHHEM KOHLEHTpAlHH copOHpyeMOro u HecopOHpYeMoro Komiio-
HeHTOB B Ha0/104aTeNbHOH CKBaxHHe, pacrnojaraemMoii HHxKe M0
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NOTOKY (HampaBjeHHe MOTOKAa [0JKHO OBITh ONpeAe/eHo OTAEb-
HO), AaloT COOTBETCTBEHHO [Be 3KCNepHMEHTaJ/bHble KpHBble C. ()
i Cue(f)§ Ha KOTOPBIX BBILEJSAIOTCS MaKCHMaJjbHas KOHLEHTpALHA
Cuaxe H BpeMs ee TOAXoAa K HaOJIONATENbHOH CKBaXKHHE
faare, OTCUHTHIBAEMOE OT MOMEHTa 3allycKa HMHAHKaTopa B CKBa-
KHHY (pHC. 68).

Uacro Berpeuaercs Hecummerpuunas Gopma kpusoir C(f) ¢
«pacTAHYTOH» BO BpeMeHH BTOPOM ee YacTbio, YTO YKa3biBaeT Ha
MpHCYTCTBHE HAPSIAY C OTKPBITBIMH H «TYNHKOBbLIX» NOp, yAaJeHHE
pacTBopa H3 KOTOPLIX INPOHCXOJHT MELJIEHHO, a TaKikKe Ha copOuu-
OHHBIE SBJIEHHS.

O6paboTKy Kaxaoi H3 ABYyX 3KCIepHMEHTaJbHBIX KPHBBEIX IPO-
BOJAT B cJeayioliem nopsake [25, 40].

a) C kpusoit C(f) Oepyr neckonbko 3uauennit C u f (B TOM
upicne TakKe Cyaxe H fyane) H 10 HHM cTposiT rpaduk B caeayio-
LIHX KOOPAHHATAX: HA OCH OPJHMHAT OTKJIALbIBAIOT

Y': ]nCMﬂRC VtMTKC_i_ (t‘fuam:)
CYt 2t
a2 Ha oci abcuuce
X ¥l (1"‘"[maxc)‘z
t

ToukH JOJIKHBLI PACHOJOXKHTbC Ha NpPAMOMH, TaHremc yria Ha-
KJOHAa KOTOpPOH (mpH OAMHAKOBOM MacumTabe BeJHYHH, OTKJalbl-
BaeMBIX Ha OCX) COCTABJSAET Y.

6) Onpeneasiior 3Hauexne D*:

D* — B : (8.34)
4[vfﬁaxc + %ﬁ]

Hcnoansoanue aByx KpHBbIX C¢(f) um Cyc(f) naer cooTBerct-
* *
BE€HHO Y¢, Yue. Dc, Dnc-
B) Onpene/siior cpeiHION AefiCTBHTEJbHYI0 CKOPOCTL ABHZKE-
HHS BOZBL

V¢ = 2V .o Die. (8.35)
r) IloacuuTHIBAIOT CPEJHIOI0 AKTHBHYIO MOPHCTOCTh [1:
n=Vi*, (8.36)

11e V — ckopocTh GUAbTPALHH NMOA3EMHBLIX BOJ, ompeiensieMas M0
YKJIOHY NMOTOKa M BOAOHPOHHIIAEMOCTH BOAOHOCHOrO MJAcTa.

1) Onpeneasior napaMmerp copbuun g (mo (8.31).

Cxema 2. Harneranue (HasuB) HHAMKAaTOpa B
CKBaXHHy (cm. puc. 67,6). DTa cXema ONbLITA HCHOJAb3Yyercs
B Tex CJyuasx, KOrda CKOPOCThL €CTeCTBEHHOr0 MOTOKa MOJ3eMHBIX
BOJ MaJja. Bokpyr HarHeraTeJbHOH CKBacHHBI no 1—3 ayuam pas-
MellawTcs HaOJI0IaTeNbHble CKBAaXKHHB MO 2—3 Ha KaxXkIoM Jyde.
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Paccrosinus 10 HaGAOAATeNbHBIX CKBAMKHH r; OPHEHTHPOBOYHO Of-
PEIeJAI0TCA 3apaHee C TeM, YTOOB 00eCHeUHTh YAOOHYI0 AJIHTENb-
HocTh HalOawogenuil. g 37ofo MOXKHO HCHOIb30BATH 3aBHCHMOCTD

amn r3

t';.z—Q— wm  r;~VQt/amn, (8.37)

rie Q — pacxoj HarHeTaemMoro B CKBaXHHy pacTBOpa; r;— pac-
CTOfIHHe J0 Ha0/I01aTeNbHON CKBAXKHHBL; { — Bpems; m — MoOLI-
HOCTb NJ1AaCTd; 7 — aKTHBHAs [OPHCTOCThL (NPHHUMAETCA MO JHTe-
PATYPHBIM [AaHHLIM OPHEHTHPOBOYHOe 3HAYEHHE MNOPHCTOCTH HCCJIE-
AyeMblx mopoj). Pacxon ckBamuHbl Q NOMMKEH OBITH 3HAUHTEIb-
HBIM:

Q > (50 + 60) g.r, (8.38)

r/€ ge — MOTOHHBIH PACXO] €CTECTBEHHOrO IOTOKA; r — PaccTOAHHe
J0 NanbHeil Ha00AaTeNbHOH CKBaXKHUHLI, PACHOJOXKEeHHOH Mo Io-
TOKY.

Yeaosue (8.38) obecneunBaer GopMHPOBaHHEe BOJH3H CKBA#H-
Hpl TJIOCKO-pajHaAbHOr0 motoka. s yTOYHEHHs THAPOIHHAMHYE-
CKHX NnapaMeTpoB nJjacta (k, km) B MyCKOBYI CKBaxHHY BHaua.e
HAaTrHETAlT YHCTYI0 BOAY C MOCTOSHHEIM pacxomom Q 1o AocTHiKe-
HHfl KBa3HyCTaHOBHBILETOCH COCTOSAHHA (O u4eM MOXKHO CYIHThL IO
XapakTepy H3MEeHeHHsi HAamopoB B HalJIOJaTeNbHBIX CKBaXKMHAX).
3aTeM c HEKOTOPOro MOMEHTa, TpHHHMaeMoro 3a f=0, Ges nepe-
PbiBa B HAarHeTaHHH B CKBa)KHHy B TeYeHHe BPEMEHH f; MOAAIOT C
TeM JKe pacxoaoM Q CTOYHYIO MKHAKOCTb HJH PACTBOP, COAEPIKa-
IHii copOHpyeMblii HHAMKATOpP, NMOCJAE Yero, TOXKe 6e3 mnepepelBa B
HarHeTaHWH H C TeM :Ke pacXoloM, B CKBa:KHHY ONAThH MOJaeTcs
YHCTas BOAa BIJIOTb OO OKOHYAaHHs onbiTa. [locie 3amycka nakera
no HalJOAaTeJqbHBIM CKBaXKHHAM NPOBOLAT uacThle ONpefeJeHHs
KOHLEHTPAIMH B BOJe HHANKATOPOB HJH OTAEJIBHBIX KOMIIOHEHTOB
CTOUHBIX BOA. YToOBI 0TOOP MpO6 He BBI3BAJ 3aMETHOTO CHHIKEHHA
YPOBHs B CKBaXKMHaX, M3MePeHHS KOHLEHTPAUHH KeJaTelbHO Npo-
BOJIHTDL HEIOCPEICTBEHHO B CKBAKHHAX.

Ecin uugmkaTtop nojaercsi HENMOCPeACTBEHHO B HCNBITYeMbIl
yyactok miacra (B QHILTP CKBaxKHHBI), TO BpeMs f=0 OTCUHTHI-
Baercs ¢ 3roro Momenra. [Ipu nozaye MHIMKATOPAa ¢ MOBEPXHOCTH
u 0oJbwIOH ray6HHEe CKBasKHHBI HYKHO BBOJMTbL TONPAaBKY [y Ha
BhITECHEHHE BOJbl, He COZepiKallleli HHIMKATOpPA, M3 CTBOJA CKBa-
JKHHBL:

2
pooon WpOHy ;. (8.39)
Q
31ech ro — paanyc CKBamuHB; AHy — BeiCOTa ‘CcTONI0A <«UHCTOI»
BOAH B ckBaxuHe. OKOHUaHHe ONMBITA NPHYPOUHBAETCA KO BPEMeEHI,
Koria B HaOJI0faTe/bHOH CKBa:KHHe OymeT MpocieskeHa BCH HJAU
6oJblias yacTh KpuBOiH C (1).
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[lo xaxnoit HabnoaaTenbHON cKBakuHe Ha KpuBoii C(f) oTme-
UaloT BpeMs NPOXOXKAEHHS MAaKCHMAJbHOH KOHIEHTPAUHH fyac,
KOTOpas B BOJOHOCHOM NJIACTEe H3-3a PA3MBITHH NAaKeTa HHKOrJa He
JocTHraeT BeJdHuHHE C=1].

Uem MeHbllle MAaKET, T: e. yeM MeHbIIe ero o0beM H IAHTE/b-
HOCTbL 3anycka fn, TeM HHiKe 3HaueHHe Cyaue. DTO 06CTOATEILCTBO
cJellyeT YYHTHIBaTb, BEIOHpas pa3Mepnl nakera. OHH DOMKHBI GbIThb
JAOCTATOUHBIMH J/fl BHIIOJIHEHHS HaNeKHOro ONpeieeHHs KOHIEHT-
palny HHAHKATOpa B TOUKe HAO/IIONEHHA. :

Cpennsia aKTHBHAsi MOPNCTOCTh IIACTA- HA YYACTKe MeXIy my-
CKOBOH M Ha0/I0aTe/IbHON CKBaKMHAMH TOJCYHTHIBAETCH MO Bpe-

MEHH NPOXOMAEHHs MaKCHMaJbHON KOHLEHTPALHH HecopGHPYEeMOro

HHIHKaTOpa:
n = S ' (8.40)
= qumre

3T0 BHIpaKeHHe NOCTATOUHO TOUHO NpH (< 0,05,
rae

= tn/tmakc' i (841)

B cBsizu ¢ stum mas BeIGOpa fy NpeaBapHTEIbHO pPacCYHTHIBAIOT
OPHEHTHPOBOYHOE 3HAYeHHe fyaxe MO (8.37).
Kospduunent nucnepcun D ompeiensercs 10 BLIpaKeHHIO

[25]
5 B Q (tnep—tmaxc) (842)

s
4nm tma KC

FA€ Inep — BpPEMS, COOTBETCTBYIOllee TOUKe neperuda kpusoi C(f)
(cm. pue. 68); Q — pacxox HarmetaeMoro pacTBopa.

IIpu npoBeseHHH OMEITOB ¢ HeCOPOHPYEMEIM H COPGHPYEMBIM
HHINKaTOpaMu no Buipaxenuio (8.42) wmoxHo onpepeants D, u
Dyc u sateM Ko3OuUHEHT pacnpeenenus B (cM. dopmyay
(8.31)].

'Cxema 3. OTKauyka H3 CKBaXKHHH NPH 3amycKe
«MeTKH» B HabuamoxaTenbHYI0o cKBaxXHHY. [Ipubauxken-
. HOe ompelejieHHe aKTHBHOI TOPHCTOCTH # B JaHHOH cXeMe, KaK H

B paHee PacCMOTPEHHBIX CJIyyasx, NPOH3BOIHTCA MO BPEMEHH TPO-

XOXKJAEHHSI MaKCHMAaJbHOH KOHLEHTpPalHH MeTKH B OTKadeuHoii
CKBaXKHuHe,
- Jlas yMeHblIeHHsI BJIHSIHAS AHCTEPCHH H €CTECTBEHHOTrO MOTOKA
TMOA3SEMHBIX BOJ PacCTOsSIHHe MeXKay HaOJwaaTeJbHOH M oOTKayey-
HOM CKBa)XKHHaMH BhIOHpaercsi HeGoablinm (He Gosee 10—20 M),
a4 pacxoj OTKauMBaeMOH BOAK Q. MO BO3MOMKHOCTH 3HAUHTENBHBIM
[cm. orpannyenus no opmyae (8.38)].

IIpn ncnoab3oBaHHM 1714 ONpeJe]eHHs AKTHBHOH NOPHCTOCTH
ONBITHBIX KYCTOB «METKa» MOMEILAeTcss B OTKPHITHIH HMHTepBan Ha-
O6ar071aTeIBHON CKBAaKHHLL, OJauKalimeil K LeHTPaAbHOH CKBAaXKHHE.

C sroro mMomeHTa .HerlypepbmHo (hIKCHPYIOTCST KOHLEHTPALHH
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«MeTkH» C B OTKauHBaeMoii Boje M Ha rpadpuke C(f) ormeuaercs
tM&HC-

B 3aBHCHMOCTH OT YCJIOBHH pasMelleHHs OTKAUEUHOH CKBaMN(H-
HEl B IJlacTe BHIYHCJAEHHe AKTHBHOH MOPHCTOCTH N NPOBOXHTCH TO
CJAeIYIOUIUM BEIPAKEHHAM.

a) Ecnn oTKaueuHasi CKBa)KMHA pPacnosiolkeHa BAAMH OT DEKH
M OT JApYrHx TPaHHI[ MJacTa, pacuer BBHIMOJHAETCS MO (opmyane
(8.40), rae r— paccTosinue OT HAGJIOATeNbHOA 10 OTKayeuHoil
CKBazKHHBI.

6) Ilpu pacnosioxKeHHH OTKAa4YeYHOH CKBaXKHHBHI BOJIM3H PEKH,
HMelolllefl TEeCHYIO THAPABJHUECKYID CBA3b C MJACTOM (PHC. 69),

n— Qe i (8.43)

Tm [f: (a—x) — a;::a 1

B) EcH OTKaueuHas CKBAa:KHHA PACIHO/OXKeHa BOJUSH PEKH,
MMeloleli HeCOBEPUIEHHYI0 THAPaBIHYECKYIO CBA3b C MJIACTOM, pac-

Puc. 69. CxemMa pacnofolKeHHS CKBAaKHH npw

7 z 2 janycke MHAHKATOPA B HabaoaaTeaAbHYIO
CKBAJKHHY NPH OTKauke BOAH3H PeKH:

N 1 — ckBaXHHa 3anycka; ' 2 — Habjawaarenb-

- o s g Hble CKBAMKMHBI H OTKAYeYHas CKBAXKHHa

< z %

4yeT BBIMOJHfETCH Takxke no (8.43), HO BMecTo a mMOACTaB/AETCA
(a=AL), rae

-y B

3mech @ H X— paccTOSHHA OT ype3a peKkH COOTBETCTBEHHO IO
LeHTPaJbHOHl W HAGJIOLATeNbHOM CKBAaXKHH, MpHuem HabalofaTelb-
Has CKBaXKHHA MOMKeT ObiTh pPacmosiokeHa Kak MeX1y peKOH H
LeHTPa/JbHOIl CKBaKHHOH, Tak H Aa/bille OT PeKH, ueM HEeHTpalb-
Hada CKBaxXKHHA.

FrIABA 9.

OCOBEHHOCTH BO3HHUKHOBEHHS

U PASBUTHUSA OYATOB MPOMBIIIJIEHHOTO
3ATrPA3HEHUA NMOA3EMHBIX BOJ.
NMPUMEPDI

Iliis ‘BBISICHEHHs TPHYHH M XapakTepa PaclpOCTPaHEHHsi NPOMBILI-
JIEHHOTO 3arpsi3HeHHsi MOA3eMHBIX BOJA OOJBLION HHTEPEC NpercTas-
JFIOT MaTepHANbl HATYPHBIX HAOMOAEHHIT H HCCIe0BAHHI, BBINOJ-
HeHHBLIX B €BSI3H C 3alIMTOl MOA3eMHBIX BOJ H B0103a(0pOB.
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Huzxe npuselensl HeKOTOphle NMPHMEPH BO3HHKHOBEHHs M pa3-
BHTHsl OYaroB NPOMBIIJNEHHOTO 3arpsi3HeHHsi B palioHax ¢ pasfiuy-
HBIMH THADOTreOJOTHYECKHMH YCJOBHSAMH H X03sHCTBeHHOiI obcra-
HOBKOH.

I[Tpumep 1. B xBocToxpanuauuie (puc. 70), cosiaHHOM B 10-
JHHEe PeKH, cOOHpPaloTCst TBepjable OTXOABl M CTOYHBIe BOABI NMPOMBI-
BOYHOH H MAarHHTHO-000raTHTeJ]bHON (AOGPHKH KeIe3HOTO pyAHH-
ka, Ilynpna, nomapaemass B XBOCTOXpPAaHHJHIIE C DPacXOZOM
65 000 m®/cyr, conepxut 6—7 9% TBepAbIX BellecTs. !

VA7

Puc. 70. ®uabTPAUHS NPOMBIMJEHHBLIX CTOMHBIX BOJ H3 XBOCTOXPAHHAMILA MATHHTHO-060ra-
THTeAbHOH (GabpHKK KeIe3HOro pYAHHKA:

I — XBoCcTOXpaHHAHILE; 2 — NAOTHHA; 3 — BOAOXpaHHIHILE; 4 — FHAPOH3OTHNCH; J§ — HIOAHHHI
SHAUEHH JECTKOCTH TPYHTOBBIX BOA, MIP-3KB//I; 6 — M30JHHHH TEMNEPATYpH TPYHTOBBIX BOZ:
7 — naGaoaartenbHble CKBajKHHBI

CrouHble BOAB MarHHTHO-0GOraTHTEJBHOM (haGpuKi 3arpssHEHE
(hr0oTOpEareHTaMH, B TOM UHCAe KCAHTOTEHATOM OYTHJOBBIM
(8 mr/a1), cocnoBriM Maciom (11 mr/a), kpemuedTOpHCTHIM HaTpH-
ev 1 ap. Obwas muHepaaH3alHs CTOYHEIX BOJ B CPelHeM paBHa
1,46 r/n. XBocToXpaHHJHILe pacnoaaraercs B 1,5 kM oOT BOJOXpa-
HHJNINA, HCMOJb3YeMOro B KayecTBe HCTOUHHKA XO3HHCTBEHHO-
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IIHTbEBOr0 BOAOCHAOGKeHHs paiioHa. B artoit cBa3u ObIH Nposele-
HHl MCC/eI0BAHHsA AJs YCTAHOBJEHHSI HAJHYUA M BJIMAHHA (HIBT-
panui NPOMBILIJEHHBIX CTOYHBIX BOJ HX XBOCTOXpPaHH/HILA Ha Ka-
YeCTBO TIOJA3eMHBIX H TIOBEPXHOCTHBLIX BOJ.

VuacTtok pacmosoKeHHs XBOCTOXPaHHJHILA CJI0XKEH TPeUIHHO-
BATHIMH KBapUEBHIMH JIHOPDHTAMH; HalpaB/JeHHe HX NPOCTHPAHHS H
npeobJajaonieji TPELUIHHOBATOCTH CIOCOOCTByeT CBA3H paccMmar-
pHBaeMbIX BOJLOCMOB.

CxaJsbHble TOPOAB TPHKPHITHL CBEPXY 3/110BHeM (ApecBsiHO-Liede-
HHCTHIMH TPYHTAaMH, CYNMecUaHbIMH H CY[JIHHHCTHIMH CalpoOJHTaMH) '
H JeJIOBHAJbHBIMH CyraHHKaMH, O6uiag MOUHOCTb 3THX OTJ0KeE-
unit 10—30 M, a kosdhduuuent duabrpaunn uamenserca or 0,01—
0,4 m/cyT( B CYrMMHKax, campoJuTax, pyxaskax) mao 4—5 wm/cyT
(B ApecBsiHO-U[eGEHHCTBIX TPYHTAX M TPELIHHOBATBIX JHOPHTAX).

XBOCTOXpaHH/IHILE YAaCTHYHO 3allO/JHEHO IIJIAMOM, MOIIHOCTD
KOTOPOTO MaKcHMaJjbHa y MIOTHHB (28 M) M yObiBaeT K Bepxo-
BOji uacTH BOJOEMa; B COCTaBe LI1aMa — NecyaHble, NblIeBaTble H
TJIHHHCTblE YACTHILHL.

O6pa30BaBIIKiiCs H3 lJIaMa 3KpaH y MJOTHHE HMeeT WIHDHHY
0kosi0 100 m. OH cHHKAeT (HJIbTPALHOHHbBIE NOTEPH B HHMKHHII
6beh ¥ JaeT BO3MOXKHOCTL OTOOpa M3 XBOCTOXpaHHJ/IHIILA obopoT-
HOii BOAB B KoauuecTBe 60 Thic. M3/cyT, olHaKO He obecreyHBaer
MOJIHON HM30JAIHH 3arpA3HEHHEIX CTOYHBIX BOA OT NOA3SEMHBIX, KakK
5TO TPeANOJAarajoch NPH COOPYXKEHHH XBOCTOXPAaHHJIHINA.

CyulecTBOBaHHe (HIBTPAHOHHOTO MOTOKA M3 XBOCTOXpaHH.IH-
ma B BOJOXPaHH/HIe MOATBEPIKAaercs KapTOH THAPOH3OrHIC, a
Tak:Ke HaOAIOIeHUSMH 33 TeMNEepaTypoll H KeCTKOCTbIO TOA3EMHBIX
W noBepxHOCTHBIX Box (cM. puc. 70). HecmoTps Ha TO, uTO pacxox
(HIBTPYIOIHXCA 3arPS3HEHHBIX CTOUHBIX BOJ, ONpeleJeHHbIH ba-
JIAHCOBBIM METOAOM H 10 KapTe THAPOH30THIIC, HEBEJIHK 1O CpaB-
HEHHI0 CO CPeIHEeroJoBbiM NPHTOKOM PEuHBIX BOJ B BOLOXpaHH/H-
me (cocraBaser okoao 3%), oAHako B CBA3H C BBICOKOH TOKCHYHO-
ctbio (aotopearentoB H Huskumu [TJIK st nux (mo KcaHTOreHa-
Ty — 0,001 Mr/s1, no cocHOBOMY Maciay — 2 Mr/a) TpebyeTcst OYHCT-
K4 CTOYHBIX BOJA OT (aoTopeareHToB n0 cOpoca HX B XBOCTOXpa-
HHJHILLE. '

[Mpumep 2. Hakonuteab TBEPABIX OTXOMOB NPOH3BOACTBA MeE-
TaJJypriueckoro 3aBoja pacnoJjaraeres Ha BTOPOH HAaANOHMEeHHOM
Teppace, CJA0KEHHOji UETBEPTHYHO-HEOreHOBBHIMH aJJIOBHAIBHBIMH
HecyaHO-IIHHHCTBIME OTJOKEHHSMH MOLIHOCTBIO OKO0JI0 50 M; HHKe
3a/eraloT BOLOHOCHBIe TPEIIHHOBATble H3BECTHAKH H Mepresd Je-
BOHCKOTO BO3pacTa.

[Toax HakomuTeJeM CBepXy BHH3 3aJ/IeraioT: MOYBEHHO-DACTHTE/Ib-
ueit cnoit (0,1—2 M); cpeiHHe M TsAKeJble CYTTHHKH (10—15 ™)
¢ JHH3AMH MEJIKO3EePHHCTBIX MecKoB (10 4 M); mMecku CpexHesep-
muersie (20—29 M) ¢ HeBBIEPKAHHBIM NO MOILIHOCTH TIPOCIOEM
CYIJMHKOB (10 7.5 M); TMeCKH CpelHe- H KPYNHO3EPHHCTHIe ¢ rpa-
suem (10—18 m); riunsl (0,2—6 M); M3BECTHAKH H MEpreJi.
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ITonsemuble BOAB B a/JIIOBHAJbHEIX OTJOKEHHAX 3a/eralT Ha
rayoune 10—14 M or noBepxHOCTH.

Haxonurep HMeeT BHJ MPAMOYrOJbHHKA C pa3MepaMu B IJa-
#He 200X 300 M, orpaHHYeHHOr0 HACHIMHBIMH MNecUaHBIMH AaMOGaMH
BBICOTOI 10 4 M H pasfe/ieHHOro Ha cekuud. IIHO W OTKOCH HaKO-
NHTeNs KPAHHPOBAHBl yNJOTHeHHO#H ranHOH (0,5), nNpHKpPHTOMR
cnoem necka (0,2 m). Hakonurens skcniyaTHpoBajcs BCEro JHIUb
4 roma. 3a 3TOT NepHOAL B 4acTh ceKIHH Owuio cHpomeno 19 Thc. T
MOJNYAHAKHX H TBEPABIX OTXOLOB — 3MYJbCHH, Maces, KHCABIX CMO-
JIOK, maama, ¢ycos. B ux cocraBe HMeIOTCs TOKCHYHBIE, B TOM 4HC-
Jle JeTyyHe, BeulecTBa (taba. 19).

Ta6anma 19
CocTaR NONYKMAKHX M TBEPABIX OTXOJ0B
COI[EPJ'KEI!H& BelecTBa B oTXoJdax
Bewectso

B TBepAbiX, MF/’K[‘ B XMHOKHX, MF/J’I
Denodin 0,1—5,2 0,35—335,0
Llnannan 0,04—0,115 0,005—1,25
TTupunutoBble ocHOBaHHS 0,83—0,91 1,67—5000

KoanyecTBO yrieBoJOPOJAOB B OTXOJax COCTABJSET OT AOJeH
a0 169,.

HMuduabrpanus Tagblx BOX H3 HEHCNOJb3YEMBIX CeKIHH HaKO-
MHTeNsi Bbi3Baja IpPeNNo/J0XKeHHe O IJIOXOM KauecTBe H3OMSALHH
JIHA HaKOIHTeNs, B CBSI3H C 4YeM /g BHISBJEHHS BJAHSAHHS HAaKO-
NHUTENs HA MOJ3eMHBle BOALl OBIJIH NPOBEAEHbI MAPOre0J0rHyecKue
H3BICKAHHA.

[To xoutypy Hakonurens Ha paccrosiuuu 30—40 m ot nam6 Obl-
Ju npobypeHbl 7 CKBaykKMH, a M3 ONHOI M3 HHX NpPOBeleHa ONbIT-
Has -oTkauyka, CojepxaHHe XapaKTePHHIX KOMIOHEHTOB CTOYHHIX
JKHAKOCTell H OTXOJO0B BhIlLle YPOBHSI MOJ3EMHBIX BOJ ONpPEAeJsIoch
[0 BOIHBIM BBHITSI)KKaM M3 TPYHTOB, HHKe YPOBHSI TOA3EMHBEIX BOL —
no axanmsam npod Boasl. Konimenrpauus ¢eHosa B INOA3EMHBX
BoJax BOJIHM3H HAKONHTE/Js BO MHOTHX TOUKAx BQIOHOCHOH TOJIILH
oKasaJach Brimle npefeabHo jponyctumoin ([TAK  denona=
=0,001 mr/n), mocruras 0,014 mr/n. MakcumaJjbHOe COHEpPKAHHE
deHosa OTMEUYeHO BEEpPXY, B TOUBEHHO-DACTHTENBHOM CJ0€, OAHAKO
(eHoNIbHOE 3arpsi3HeHHe OXBATH/IO BCIO YETBEPTHUHYIO TOJIULY HOT-
MeueHO Ha rayOuxe 6osee 60 M OT NOBEPXHOCTH — B TPELIHHHBIX
BOJaX M3BECTHAKOB.

Cozep:kaHHe TOKCHUHBIX LHAHHIOB B FPYHTaxX H MOJA3EMHBIX BO-
nax He npesnicuao IIIK (0,1 mr/n), oamako aGcoJOTHBle KOH-
HeHTpPalHH Bce e 3HauHTenbHul (mo 0,056 mr/m). OHH yMeHbIIa-
I0TC MO ray0HHe NOPOA; B BOJOHOCHBIX H3BECTAKAX KOJHYECTBO
nuannaos cocrasaser 0,0015 mr/a.
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Konuentpanus poaanuaoB Bo MHorax npobax npessimaer [TIK
(0,1 mr/n), nocruras 0,5—0,6 mr/n; NpH 3TOM TOBHILUEHHBIE KOH-
LHEHTpalHH OTMeYaloTCsl Kak B BepXHEH, TaK M B HHIKHEH 4acTH
NecyaHoOH ToJaLH. B H3BecTHAKax CONepKaHHe DOJAHHAOB N0
0,05 mr/a. IlpueyTcTBHe B rpyHTax W B BOfe Macjaa C KOHIEHTpa-
nuefi 1o 0,8—4,48 Mr/n orMeuaeTcs BO BCeil TOJIIEe BOLOHOCHOTO
aJJII0BHS; B BCKPBITOH BepXHeil 4acTH M3BECTHAKOB Ha ray0uHe
Bosee 60 m ono pocruraer 0,44 mr/a. '

B xone orkauku naGaiofa/noch yBeqHueHHe KOHUEHTPAUHil IHA-
Huaos. (¢ 0,001 no 0,003—0,004 mr/1) u popamumos (c 0,042 xo-
0,085—0,108 wmr/a). Bece 310, a TakXKe YBeJIHUeHHe 3arpA3HEHHA
B BepXHell 4acTH rPYHTOB OCHOBAaHHS H NPH OTKayke, KOrja K CKBa-
XKHHe INpPHBJIEKAJHCh MOJ3eMHHIE BOJB CO CTOPOHB HAKONMHTENd,.
NOKa3bIBAET, UTO CO3Jl@aHHe 9KPaHa H3 NMOJYMETPOBOrO CJIOS TJAHHLI
HE MOIJIO MOJHOCTLIO HCKJAIOYHTL (DHJLTPALHIO B IOACTHJAIOULHE
CyXHe IPYHTbl OCHOBaHHs. Ecin npeamnosoxHrs, 4To Mocje yYKaTKH
FIHHBI NpHOGpean Koahduuuent ¢uabTpamun 10-7 em/e, T0 npu
MOILHOCTH CJIOsl XKHAKHX OTXOJO0B B Hakonurenae ~0,5 M, npocaun-
BaHHe CTOKOB uepes 3KPaH MOIJIO NPOH30HTH yKe NPHMEPHO Yepes
noJirofla — rof,

HaabHeiinas uuGHILTPALHs CTOKOB uepe3 CyXylo NecyaHo-cy-
FJIHHHCTYI0 TOJIILYy Ha NOBEPXHOCTh IPYHTOBBIX BOA NPOHCXOAHJIA
y#Ke ¢ OOJBIIMMH CKOPOCTSMH, YTO H ONPELEJNHJIO B HTOTe 3arp#s-
HEHHe MOJ3eMHBIX BOJ, BBIABJEHHOe uepe3 4 roga mocje Hauaja
IKCMJIyaTallui HAKOMHTEJs.

HononnutenbHoe 3arpsisieHHe MOA3eMHBIX BOJ B 9TOM paiioHe
CBA3aHO TAK}Ke C HHTEHCHBHBIM 3arpsi3HeHHeM aTMOC(hEpHl TPH HC-
NapeHHH XKHIKHX H IOJYTBePALIX OTXOJO0B, CKAAIHPYEMBIX B HAKO-
fIhTe e,

[Ipumep 3. 3aBox, H3roTOBAsAIOMIHI caxy H3 HedTENpPOLYK-
TOB, PAacroJioxeH Ha BBICOKOH HAANOHMEHHOj Teppace PeKH Mex-
Ay mBymsi oBparaMu (puc. 71). Hedrenpoaykrs (3eneHoe macio,
TEPMOra3oHjib, ra3oiiJib) B TeueHHe MHOTHX JIeT XPaHHJHCh B 3eM-
JAHBLIX eMKOCTAX. M3-3a MHorogeTHeld yTeukd He(TeNpOAYKTOB H3
3THX EMKOCTEH, a TakxKe aBapHil 3alOpHOi apMaTypel Ha CKaajge
XPaHeHHs CBHIPbSi BONOHOCHBIe TPYHTHI HA TEPPHTOPHH 3aBOAA H
BHe €ro OXasajiCh HACHILleHB He(pTENpoLyKTaMH, KOTOphie BMe-
CTe ¢ TPYHTOBBIMH BOJAaMH BbICAYHBA/JIHCh B OBpPard H Ha Oepery
PeKH, 4TO MPHBOAHJAO K ee 3arpsisHenuio. Hedrenpoaykrs, obaa-
Jdaolue OrHeoNacHbBIMH CBOHCTBaMH, OBIJIH OOHAPYIKEHB TaKikKe:
B 1ojBasax H morpe6ax KHJIOrO NOCEJIKa, PACIHOIOKEHHOTO I0XK-
Hee 3aBoja.

Ha teppuropnu 3aBojfia 10 rayGuun ~ 10 M 3ajeraioT- BOJOHOC-
Hble aJJI0BHaJbHble NI€CKH C NPOCAOSMH CYTJHHKOB H cylecei
(puc. 72).

HauOonpbiyio .MOLIHOCTE NECKH HMEIOT B I€HTpe yuacTKa: Mo
HaNPABJEHHI0 K PeKe H K KopeHHOMYy Oepery Hx MOUIHOCTb 3aMEeT-
HO YMeHbIIaeTcs.
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Puc. 71. CxeMaTHYecKas Kapra rHAPOH30THIC B PaloHe CaKeBoro 3aBOfla:

I — KORTYp TEpPpPHTOPHH 3aBofia; 2 — moA3eMHasi eMKOCTb JJf XPaHEeHHS Cchipba; J — Gakn
Hedrexpauuauila; 4 — FHAPOHSOTHMNCH; 5 — pa3BefovHble CKBaXKHHBL

AnnoBHaMbHBEIE OTJIOXNKEHHS NOACTHJAIOTCS MOPEHHBIMH BaJyH-
HBIMH TJIHHaMH H cyriuHKaMHu (10—15 m), npuuem HepoBHasi KpOB-
Jis MOPEHHBIX OT/IOKEHHI HMEEeT YKJIOH K peKe.

Huxxe 3ajeraioT raMHel H mecKH MeJ0BOro Bospacra. Hamopwubiit
BOJOHOCHBIH TOPH3OHT B MEJIOBBEIX IEeCKax HCMOJb3yeTcs HJis BOJO-
cHabKeHus.

ITo maHHBIM HM3BICKAHH[i 30HA 3arpsA3HEHHs OKOHTYpEHA JHHHEH,
rjle KOJHYecTBO He()TEeNPOAYKTOB B IPYHTax He NPEBHILIAET COTHIX
noJaeii Mr Ha 1 xr cyxoro rpyura. K3 puc, 73 BHIHO, uyTO 3arps3He-
Ha TIpaKTHYECKH BCs TEPPHUTOPHsi 3aBoja, BIJIOTH A0 OBPAaroB, KO-
TOpPHIe YaCTHYHO APEHHPYIOT NOTOK IPYHTOBBIX BOL.

HanGosee BhICOKHe KOHIEHTPAUHH He(TenpomayKToB — A0 50—
70 r Ha 1 Kr cyxoro TpyHTa — OTMeueHbl- BOJIM3H MOX3EMHOH eM-
KOCTH N5 XpaHeHHs ChIpbsl, AByX OakoB-HedTexpaHH/IHLI, BOIH3H
He)TeNPOBOJIOB, CJMBHOH 3CTaKalbl, HACOCHOH CTAHIHH, a TaKmKe
Ha 3aCTOHMHBIX y4yacTKax, rjie CKOPOCTH (DHJIbTPALHH TPYHTOBHIX BOJ
HHuTOzKHE, CyMMapHOe KOJHYeCTBO He(TenpoAyKTOB B IPYHTAX 30-
Hbl 3arps3Henus mo pacdery coctasaser 5200 1. B paspese nedre-
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Puc. 72, T'eonoro-nurosoruuecknil paspes no aunun A—p: :
2 — NECKH a/lOBHANLHBIE, § — CYrAMHKE U CYNECH aNIIOBHA/IbHbBIE, 4 — CYIVIHHKH MOPCHHBIE, 5 — FAHHbI MOpPEHHBIE H [JHIK
9 — 30HMa 3arpAzHeHHs NoA-

I — pwacunaoit rpyur; 2
M@JIOBOTO BO3pPAcTa; 6 — MNecKH MEeJ0BOro Bo3
BEMHBIX BOJ H TPYUTOB HedrenpoiykTamu

pacTa; 7 — yposeHb IPYHTOBHLIX BOA; 8§ — MecTa 0r6opa npo6 BoABI H TPYHTOB;



Puec. 73. Conephanne Hed TENPOAYKTOB B TPYHTax (r/Kr Macchl CyXoro rpysra):

] — KOHTYP TEpPPHTOPHH; 2 — KOHTYP 3arpAsHEHHS NOA3EMHBIX BOX H TPYHTOB HedTenpoiyk-
TaMH; 3 — NOA3EMHAH EMKOCTb A5 XpaHEeHHs Chipbs; 4 — Gakn — HedTexpaHHanmia; 5 — paa-
BeloYiLIe CKBAXKHHBLI, 6 — H30JHHHH COAEP/KaHHA HedTEeNPOAYKTOB B IPyHTaX

NIPOAYKTBI BCTPEUEHEI TIO BCEH MOIIHOCTH I€CKOB; B MOPEHHHIX OTJIO-
JKeHHsIX 3arpsidHeHbl TOMbKO BepxHue 20—50 cM.

IlepeaBurasich BMecTe ¢ TPYHTOBBLIMH BOJAaMH 1O KPOBJE€ MOpeH-
HHIX OTJOXKeHHH, He@TenpoAyKTH BHICAUHBAIOTCH Ha Kpytom Oepe-
ry BOJM3H ypesa pekH H B oBparaX. Oco0eHHO 3aMETHO 3TO fBJ]e-
HHe B NMABOJAOK, NPH MOBHIIEHHHIX YPOBHSAX MOASEMHBIX BOX, KOria
NPOHCXOANT MX pasrpy3ka M3 3acToiiHblx yuacTkoB. [lo AaHHBIM
ONBITHLIX OTKAuYeK M HarHeTaHHH 3arpsAsHeHHbBle HE¢T€HPOEYKT3-
MH TieCKH HMEIOT HH3KHe Ko3(QduuuenTs (uabTpanun (1o 1 m/cyt)
H Majyio BOAOOTIAYY. !

H3BieueHHe HAKOMHBIUMXCSI B TPyHTax HedTeNpOAYKTOB H3
CKBaJKMH OKa3aJoch 374eCh TPYAHOBHIIOJHHMO H3-3a HH3KOH BOJO-
nponniaeMocTH TrpyHrtoB. [losTomy aas mpekpalleHHs CTOKa 3a-
IPA3HEHHBIX BOJ B DEKY H NMOCTENEHHOro H3DbATHA HECI)TETIPO).IYKTOB
13 TPYHTOB BAOJbL PEKH M OBpParoB Ha yyacTKax, rie ray0OnHa 3a-
JeraHuag BOJOYMOPHBIX TJHHHCTBHIX TIOPOJI ABJSACTCA MHHHMAa/bHOH,
3aNPOEKTHPOBAH TMEPeXBATHIBAIONIHII TOPH3OHTANbHBI APeHAZXK. On
oCylIecTBJseTCss B BHjie OTKPHITOj KaHaBpl C YCTPOHCTBOM 0Gpart-
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Horo ¢uabTpa Ha ee oTkocax. [penaxkHele BoAbl OyAYT OUHLLATHCA
OT HepTENnpOAYKTOB M HCMNOJL30BAThCH AJA TEXHHYECKOro BOJO-
chnabmennsi, HameueHp TakiKe MePONPHATHS 10 NJaHHPOBAHHIO
TEPPHTOPHH H OPTaHH3AILMH MOBEPXHOCTHOrO CTOKA C IEPEXBaTOM
JUBHEBLIX BOA. [lo-mHoMy Omlia pemieHa 3ajada JHKBHAAQUHH 3a-
rpsasHeHus HeTeNnpoAyKTaMH BOMOHOCHOrO TOPH3OHTZ Ha JApYyrom
YHacTKe — B TPEUIHHOBATHIX rpaHOHOPHTAX, oﬁ.na):[alomnx BBICO-
KOil BOJONMPOHHIIAEMOCTbIO; 3/ech He(TenpoAyKTHl 3ajeraju Ha Mmo-
BEPXHOCTH TPYHTOBHIX BOJ B BHIe JHH3B, HMeOUIed MOLIHOCTb
0,1—0,8 M npu nromanau 7800 m% :
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Puc. 74. 3arpsasHerHdne TPEUHHHO-NJACTOBBIX BOA He(TenpoAyKTaAMH:

! — cynecu; 2 — mecok; 3 — rpaHOAHOPHT, BHIBETpEHHBIl 70 COCTOAHMA pyxaaka; 4 — rpaHo-
JAHOPHT C HHTEHCHBHOM TDeIlHHOBATOCTBIO; § — rPaHOLHOPHT MOHOJIHTHBIH; 6§ — ypOBeHb TI'PYH-
TOBbIX BON; 7 — M30AMHHH MONIHOCTeil caosi |HedTenpoiyKToR; 8 — KOHTYp nJioulamu pacmpo-
cTpasenns HedTenpoAyKTOB; 9 — pasBefouHbe H HaGaogaTeNbHble CKBaXHHB; /0 — CKBaMH-
Hbl AR OTKAUKH BOAB; /] — CKBaKHHBI A5 OTKauKn HedTENpOAYKTOB
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Jnsi NHKBHIALHH 3arpsA3HeHHs HaMeueHO c03[1aTh OOIIHPHYI®
JIeNIPECCHOHHYI0 BOPOHKY, K LEHTPY KOTOpOi OYyAyT cTeKaTh Hedre-
NPOAYKTHI, HMEIOIIHe MEHBIIYI0 NMJAOTHOCTb 1O CPaBHEHHIO ¢ BOZLOH.
Ot6op BoAbl W HedTeNPOAYKTOR OyAeT NPOBOAHTBCS pasienbHO, ye-
Pes CKBayKHHEI COBEPUIEHHOro M HECOBEPUIEHHOTO THMA, UTO I0O3BO-
JAHT H30ekaTb OYHCTKH BOAbI OT HedTenpoxykToB (pHC. 74).

[Ipumep 4. XuMHueckHii 3aBOjJ  NPOHU3BOAHUT  KPHOJHUT
(NazAlF) — npoayxr ajasa aJaioMHHHEBOH NpOMBIIIJIEHHOCTH. B cTou-
HBIX BOJAAX M OTXOJax 3aBoja, a Take B ra3oAbIMOBBIX BHIGpocax
copep:kurcs Grop.

Ilocie HecXOJBKHX.JecsiITUIeTHH paboThl 3aBOja NOA3EMHble H
NOBEPXHOCTHLIE BOJBl paiiOHAa OKa3aJHCh 3arPA3HEHHBIMH (TOPOM B:
KoHIeHTpauusx, npesbimatomux [TAK (puc. 75, a).

XuMHUecKHil 3aBOJI pAacloJoKeH B palHoHe Pa3BHTHA IHCJIOILH-
POBaHHLIX MeTaMOP(HUECKHX H H3BePIKeHHBIX IOPOJ, TOKPBITHIX
aJlJIIOBHA/IBHO-1€/II0BHATBHEIMH  CYTJIMHKAMH M cymecsiMH  (pHC.
75, 6). PHIXJBle OTJIOKEHHS, a Takzxe BepXHsAs TPeLIHHOBAaTas 30HA
KOPEHHBIX TIOPOj BOJOHOCHH, HO MOJ3eMHBle BOIBI AJisi BOJOCHAO-
JKEHHS] 3JeCh He MCNOJB3YIOTCA M3-3a MaJjoii BOLOOOHIBLHOCTH [10-
poa (koadduumenTs buabTpaunn cocrasasior or 0,1—0,5 mo 6—
7 m/cyT). :

X039iCTBEHHO-IUTLEBOe BOJOCHA0XKeHHe 3aBofa H Oau3jexa-
LIero TrOpojia OCYLIeCTBJAAETCs M3 DeKH, TeXHHUYecKoe BOJAOCHAO:#e-
HHe — H3 PEK, 3aperyJipOBaHHEIX CHCTEMOH NpPY/IOB.

BOau3H 3aBojia HAXOMHTCH MERHOKO/UeLaHHOe MECTOPOXKIEeHHE.
HenpepuiBHbIi BOAOOTAHB M3 TAyGOKMX WIAXTHHX BHPaboOTOK C
pacxogom 300—400 m3/u o6yca10BHJ co3JaHHe OOGINHPHOM Aenpec-
CHOHHONH BOPOHKH, K KOTODOH TIPHUBJIEKAlOTCA TOI3€MHBIe M TIOBEpX-
HOCTHBIE BOJKI CO BCel MpHJeraloliei TeppHTOPHH.

I'uApOreoJoriyecKHMH H3BICKAHHAMH M 00C/Hel0BAHHAMH OBHIJIO
YCTaHOBJIEHO, YTO OCHOBHBIMH NPHYHHAMH 3arpA3HEHHs MOJ3eMHBIX
BOJ (hTOPQM CJAyKaT: (PHABTPALNS H3 LLIAMOXPaHU/IHIA, B KOTOPOE
cOpaceBAaOTC CTOUHBIe BOABI C cojepxanuem ¢ropa no0 100—
150 mr/a; GuabTpalHg M3 OTCTOHHHKOB CTAaHUUH HEHTPaJH3alUHK
CTOUHBIX BOJ, B KOTODHIX KOHIeHTpauus ¢propa gocruraer 1500 mr/ai;
HachilleHHe aTMOoc(hEpHBIMH OCajKaMH OTBaJIOB [POH3BOACTBEHHBIX
OTXOM0B, COAEpIKAIIHX THIC H (TOPHCTHE COeJHHEHHs (BbICOTA
otBaJgoB 10 20 M); ra3oAbIMOBHle BEHIOPOCH 3aBO/a, 3arpA3HAOLINE:
(TOpoM cHeroBbie W IOXKAeBhe ocaixkH (o 1 mr/a ¢rTopa) u mou-
BEHHO-PACTHTEJBHEH CJIOH. | :

B noxseMHHIX Bojax paiioHa cojepiKaHHe (Topa H3MeHsercs OT
20—28 wmr/a B6AM3M HCTOUHHKOB 3arpsaHeHHst 10 2—4 Mr/a B yAa-
JeHHM OT HHX. B BOJOHACHIUIEHHON TOJILlE OTBAJOB COAEpHKaHHE
tdropa mocturaer 16 r/a.

3arpsisHeHHble (TOPOM NOA3eMHEE BOAB APEHHPYIOTCA PEKOH H
NpyAaMH, OLHAKO CYMMapHBIH MOJA3EMHBI)i CTOK B HHX CpPaBHH-
TeJbHO HEBEeJHK H OCHOBHOe 3arpsi3dHeHMe 3THX BOJLOTOKOB H BOJOe-
MOB TIPOHCXOANT BCJEACTBHEe HenocpeACTBeHHOro cOpoca B HHX He-
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Puc. 75. 3arpssneHue TNOBEPXHOCTHHIX M MOASEMHBIX BOX (TOPOM B pafioHE XHMHUECKOrD
3aBopa:

a — naau; 6 — paspes,

I — TeppuTopus 3aBona; 2 — WAAMOXpPAHHAHILE; 3 — OTBajbl OTXOLOB MPOH3BOACTBA; 4 — KOH-
TYP NOA3EMHEIX IOPHBIX BBIPAGOTOK; 5 — OTCTOHHHKH CTAHUHH HeliTpanuzauum; 6—9 — npyaol;
10 — chanubl, NOPGHUPHTEL, IHOPUTE; [/ — 3TIOBHAJIBHO-ACAIOBHANLHE bie CYTIMHKH, CYNecH u
TAHHLL € JIpecBoil U IeGHeM KODeHHBIX mopon; [2 — MpaMepbi K MPAMOPH3OBAHHEE H3BECT-
HAKH; /15 — ypoBeHb MOA3EMHBIX BOA MPH WAXTHOM BOZOOT/IHBE
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OUHILEHHBIX HJAM HEMNOJHOCTHIO OUHIIEHHBIX NPOMBILIJIEHHBIX CTOKOB
3aBoja, a TakxKe cGpoca WAXTHEIX BOJX, (OPMHPYIOLIHXCA H3 3a-
rpsi3HeHHBIX (TOPOM MOA3EMHBIX H TOBepXHOCTHBIX BoA. B Boaax
1IAXTHOTO BOJOOTAHBA Ha cOpoce B MPYHA coldepikanue dropa co-
crapasier 5—7 MT/a; B OTJAeNbHBIX LIAXTHBIX BHIPabOTKax KOHIEHT-
pallisi (pTOpa B PYAHHUHBIX Bojax pocturaer 20—60 mr/a.

Takum oOpa3om, 3arpA3HeHHble IIAXTHbHE BOAbI B JAHHOM CIy-
yae SABJAIOTCA HCTOYHHKOM BTODHYHOTO 3arps3HeHHs IOBEPXHOCT-
HBIX BOJ, YTO B pe3yJbTaTe CO3IaeT «KPyroBopor» (ropa B CHCTE-
Me N0J3eMHbBle — NOBePXHOCTHHE BOIEL.

B Bojmoeme 7 cogepanue ¢ropa cocraBaser 11—20 wmr/a, B
ycThe pekd — 14 mr/i. B peke, KOTOpasi CIYMKHT HCTOUHHKOM X039it-
CTBEHHO-TIHTHEBOr0 BOAOCHAOKEHHS HHMKeJeXallHX I0 TeueHHIO
paiioHoB, KOHIEHTpauus (ropa elle He MpeBbillaer [1J1K, HO B CcBA-
3H ¢ OCYLIECTB/ISIOIIMMCS pacliHpeHHeM 3aBOAAa H COOTBETCTBYIO-
1MM yBeJHueHHeM 00beMa CTOUHBIX BOJ H OTXOJOB KOHIEHTPAIHA
¢TOpa B peKe MOKET BO3PACTH.

IIpumep 5. Ha o6mupHOii ni0manH JeBo6epexHOi NOHMEL pe-
KH MeKAy TIAaBHEIM ee pyciom M pykasom (puc. 76) pacnpoct-
paHeH BOLOOOHJBHBII FOPH3OHT TPYHTOBBIX BOJ B TOJIle a//IOBH-
a/bHBIX BaJyHHO-TaJeuHbIX, TPABHHHO-TAJIEUHBIX H NECYaHBIX OT]0-
JKeHHii HeoreHOBOTO H UeTBePTHUHOrO BO3pacTa.

[MoacTHAaeTCss BOMOHOCHBIH TOPH3OHT HEOreHOBBIMH CYIJIHHKA-
MH, MepresisiMi, CIeMEHTHPOBAHHBIMH TaJeYHHKaMH, KPOBJsI KOTO-
PHIX TIOHHIKAercsi ¢ ceBepo-3amajza Ha I0ro-BOCTOK. B sTom Ke Ha-
NpaBJeHHH COOTBETCTBEHHO BO3PACTaeT MOIIHOCTb BOJOHOCHBIX OT-
Jjioxennii — or 10—15 m Ha ceBepo-Boctoke A0 100 m H Gojee Ha
foro-aanage. Kosddumuent GuabTpaiun Bepxuefi, Hanbojgee BOAO-
MPOHHLIAEMOil YaCTH BOJOHOCHOH TOJIIH COCTABJSET 170—340 M/cyT,
B HusKHel yacta — 20—40 m/cyT.

3paunTebHas MOIIHOCTL H BBICOKAas BOJAONPOHHIAEMOCThL HET-
BEPTHYHBLIX OTJIOXKEHHH c031ai0T 6JaronpHATHLE yeaoBus aas (op-
MHPOBAaHHs1 [OTOKA T'PYHTOBBIX BOJ, OCHOBHBIM HCTOYHHKOM THTa-
HHSI KOTOPBIX CJAYMKHT (DH/IbTPALHs PEYHOH BOMBI M3 IVIABHOrO pycia
peKH, a TakkKe M3 PeK, PacloJOKeHHHIX CeBepHee paccMaTphBae-
moro yuactka. HauGojee MHTEHCHBHO TMPOHMCXOAHT MOCTYT/IEHHE
PeuHBIX BOA B AJUIOBHH B MepHOLB BECEHHHX M JIETHHX MaBOLKOB.

M3 3aperyiupoBaHHOTO JeBOOepexKHOro pyKasa, pycao KOTO-
pOro 3aKoAbMaTHPOBAHO, (HIBTPAIHsi MPOHCXOAMT B BHIAE «ILOK-
neBanusi». PexuM MOJA3€MHBIX BOJ PacCMaTpHBAeMOil TepPPHTOPHH
TeCHO CBA3aH € THAPOJOTHUECKHM DEXHMOM H KauyeCTBOM IOBEpX-
HOCTHBIX BOJ.

B macrosilliee BpeMs MOA3eMHble BOABl HCMOJAB3YIOTCH TPeMA
rpynnoBhMH Bojo3abopaMH (cM. pHC. 76), MMEWIIHMH NPOH3BO-
naurensHocth or 100- o 500 a/e, a TakXKe MHOTOUHCJIEHHBIMH OT-
MenbHEIMH CKBa)KHHAMH. 37ech pasBelaHpl 3HAUMTE/bHbIE 3anacl
OJ3eMHBIX BOJ M HAuaTO CTPOHTEJNLCTBO BOA03a0OPOB 1/ LEHTPa-
JIM30BAHHOTO XO3SHCTBEHHO-MHTHEBOrO BOAOCHAOKeHHS.
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D DeKTHBHOMY HCNOJb30OBAHHIO MOA3EMHbBIX BOI pailoHa mpe-
NATCTBYET, OLHAKO, HX 3arpPsi3HeHHOCTb, OGHApyKeHHas B paitoHe-
He()TeXHMHYECKOTO KOMGHHATA, a TaKkKe BAOJb PeKH H ee J1eBo--
GepekHOTO pyKaBa, HHXKe TOpOJa.
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Puc. 76, 3arpasHenue nol3eMHBIX BoJ He(pTenpoAYKTAMH:

! — TeppuTOpHS HePTeXHMHUECKOTO NPEAUPHATHS; 2 — IPYNnoBble BOZ03aGOPBl NOLIEMHBIL
BOA: § — rApOH3OTHICH; 4 — HANpaBJeHHE MOTOKA TPYHTOBLIX BON; 5 — KOJOANB H CKBANI-
HEl HabmojaTeabHoil ceTi, B, KOTOPHIX 0GHapy:KeHb! HeTenponykTsl (@ — Goaee 1 mr/a.
6 — Gonee 0,1 mrfm, 68— menee 0,1 Mr/n); 6 — CKBANKHHE! M KOMOALH, B KoTopux HedTenpo-
AYKTH He OOHapyKeHH; 7 — Na0Mladb 3arpASHEHHSA NMOA3EMHBIX BOJ

Hedrenponyktsl u XumuueckHe opraHHueCKHe BEIIeCTBA apo-
MaTHYECKOTO psila NOCTYyNaloT B BONOHOCHBIH NJIACT . MPH (GHIABTPaA--
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AHH PEYHbIX BOJ TJaBHbIM 00pas3oMm H3 JeBoOepe:kHOro pykKasa, B
KOTOpHIII cOpachiBalOTCA BCe CTOYHbIE HELOCTATOYHO  OYHIIEHHbIE
BOJbl C TEPPHTOPHH TOpPOAa, B TOM HHC/AE C IPOMBILIJIEHHBIX Npea-
NpHATHIT — HeTeXHMHYECKOr0o KOMOHHATA, XHMHYECKOTO H 3JIeKT-
poTexHuueckoro 3asoja. B cTouHBIX BOZAX HePTEXHMHYECKOTO
nponssojicTBa, cOpacbiBaeMblx ¢ pacxogom 250 a/c, coaepKaHue
HeTenpoAyKTOB H3MeHsieTcsi B Tedenne cyTok ot 300 mo 5400 wmr/m,
XIK —or 420 po 550 mr Os/n; B CTOYHBIX BOJAX XHMHYECKOTO
3aoga XIIK pasuo 500—1000 mr Os/a; copepikaHue cyabhaToB—
Honee 2000 mr/m; pacxom 3THX BOA Ha cOpoce B PeKy COCTaB/sET
400 a/c.

[losToMy B peuHbiX BOAAX B paioHe ropojaa M HHXKE ero orMe-
yaercs 3HAYMTE/NbHOE KOJHYecTBO HedTelpoAyKTOB H JAPYrHX Op-
raHHYeCKUX M HeOpTaHHYeCKHX BellecTB, a TakiKe OakrepuabHas
3arps3HeHHOCThb. [ToBbilIeHHOE KOHYECTBO HeTEeNnpoOAYKTOB B MOA-
3eMHBBIX BOJAX YCTAaHOBJEHO Ha MJOLIajKe He@TeXHMHYECKOro KOM-
©HHATA B CBA3H ¢ YyTeYKaMH CTOYHBIX BOJA M TEXHOJOTHYECKHX
pPacTEOpOB.

3arpsisHeHHble TNOA3eMHble BOAbI C 3TOH TEPPHTOPHH YaCTHYHO
7IepexBaThIBAIOTCS BTOPBIM BOA03a00pOM, BOJAA KOTOPOro H3-3a
3TOTO MCMOJIb3YETCH TOJABKO IS TeXHHUYeCKHX HyXKI. B 3tom e
Boj03abope Oblin oOHapyxenbl Gakrepun Sphaerotillus, yto cBu-
JIeTeNbCTBYeT O NOCTYNJIeHHH B BOJAOHOCHbBIH MJacT 3arpsa3HeHHbIX
TIOBePXHOCTHBIX BOJA M3 JeBobGepexHoro pykasa. Hcnoabsosanue
3arps3HEHHBIX TOA3eMHBIX BOJA JJsi OpOLIeHHA BJaeueT 3a coboii
OTOJHHTENbHOE YXYAIIeHHe KayecTBa TPYHTOBLIX BOJA, B KOTOPBIX
YBENMYHBAETC KOHLEHTpalHsa cyab(aTos, XJAOPHIOB, HHTPATOB,
HATpHs H NOABIATCA HeTeNPOLYKTHL

ITo naHHBIM KOHTPOJILHOTO ONPOGOBAHHA CKBAXKHH M KOJOIUEB
3arpsAsHeHHe y)Ke PAcHPOCTPAHHAOCH B BOJAOHOCHOM IL1acTe Ha He-
CKONbKO KuJIoMeTpoB. OTMeyeHO TPH 3TOM, 4TO pacTBOpeHHble Hed-
TeNPOAYKTHl COAEPIKATCS MO BCeH MOLIHOCTH MJaacta, a 3MY/brH-
poBaHHble (Macaa) cofupaloTcs B BePXHell 4YacTH nJjacta H Hal
ypoBHEM TPYHTOBHIX BOA. Ha paccMmaTpuBaeMOoM ydyacTKe MOMHMO
MeponpusTHii 06llero Xxapakrepa, NpeaynpexAaowux nalbHeillee
TI0CTYIJIEHHe 3arps3HeHHil B MOA3EMHblE BOJBI, 3aNpPOEKTHPOBAHB!
crennajibHble 3allMTHbBIE MEpPONpPHATHA, B TOM uHcJae: 1) oTkauka
yepes CKBaXKHHBI ChIPOil He()TH, CKOMHBILEHCS Ha TOBEPXHOCTH
TDYHTOBBIX BOA Ha TEPPHTOPHH He(TeXHMHYECKOro KomOuHaTa;
2)  yCTpOWCTBO € BOCTOYHOI CTOPOHBI TEPPHUTOPHH HedTexHMHue-
CKoro KoMmOHMHATa [ApeHaxHOi 3aBechl M3 20 CKBa)KHH, pasjelbHO
orGupajomux naubosee 3arps3HEeHHble BOAbL  (CBEPXY) H MeHee
3arpsisHenHbie BOAbl (cHH3y) B Koamuectse 600—800 .i/c; Boxa Oy-
JleT HCMOJAb30BATHCA /s TeXHHYECKHX HYXKI M OpOUIeHHs; 3) VCT-
pOICTBO MO KOHTYPY 3TOil Ke TePPHTOPHH HA MPOTSKEHHH 5 KM
BePTHKAJbHOI BOJOHENPOHHILAEMOiT  3aBechl, sarnyOJeHHOH [0
NpaKkTHYecKH BOJOYNOPHBIX cJ0eB; 4) YCTPOHCTBO BAOMB JneBobe-
PEXKHOro pyKaBa peKH JPeHaXHOIl 3aBechl, COCTOsIUell U3 CKBAXHH
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AEHCTBYIOLLET0 BTOPOro Bogo3abopa H 15 HOBBIX CKBAKHH. Cym-
MapHblit 0T6OpP BOJABI MO NMPOEKTY COCTABUT 3aech 450 aje.

IIpumep 6. Merannypriveckuii 3aBoi, HMEIOWHII KOKCOXHMH-
Ueckoe H asOoTHOTYKOBOE NPOH3BOACTBO, Paclojlaraercs Ha IIHPO--
KOii meBoGepe:KkHoi Teppace peku (puc. 77).
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Puc. 77, 3arpasnenqe NMOA3EMHBIX BOJ B PalioHe METANJYPrHYECKOTo 3aBOja:

] — TeppuropHa 3aBoja; 2 — cTaphil OTBaJX H CBAJKa NPOM3BOACTBEHHBIX OTXOAOB; 3 — OTCTOM-
HUK MPOMCTOKOB H YCJOBHO-YHCTHIX BOA; 4 — Bono3afop NMOA3eMHBIX BOA; § — MOCTOAHHO aefl-
CTBYIOULasl BOAONOHH3HTENLHAS YCTAHOBKA; 6 — rHAPOM30OTHNCHI; 7 — HAMpaBJeHHE NOTOKA
NOI3EMHBIX BOA; 8 — CKBa)KHHBI: CBEDXY—BHH3 NDHBEAEHO COAEp/KanHe B MOJ3EMHBIX Bojgax
dierona, UHAHUAOB U POJOHHAOB B Mr/a; 9 — comepianue (heHona B cHere B Mrfa

3mech ¢ MOBEPXHOCTH 3aJeralT YeTBePTHYHO-HEOTeHOBHIE aJ-
JIOBHAJbHbIE J1eCUuaHble OTJOMKEHHSA, a HHMKe — H3BECTHAKH BEepXHe-
AeBOHCKOro BoOspacra. [lomsemuble BOJB aJMIOBHAJLHBIX OTJOMNKE-
HHIl H H3BECTHSKOB BHAyaJie HCIOJb30BAJHCH HAS XO3SHCTBEHHO-
NHTBEBOTI'O BOIIOCHE!ﬁ}KEHHH, HO IO3XKe Hu3-3a BHFDHSHEHHH {beHOJIa*
MH BOZa craJa HPHUMEHATHCA TOJBKO [1JI1 TeXHHUYECKHX HY}KII..

B nefictByloliem BogosaGope MOA3EMHBIX BOZL COAepKaHHe de-
Honma pocruraer 1,5—2,2 wmr/a. 3arpasuenne Boxo3aGopa NpoH30-
IIJ0 B CBfI3H C HOCTYHJ'IEHHEM CbEHOJ’IOB e y‘laCTKa cTaporo saxo-
POHEHHA NMPOH3BOJCTBEHHBIX OTXOLOB 3aBOA.
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Ha octanbHOl TeppuTOpHHM B MOA3EMHEIX BOAAX KOHLIEHTpaLis
4pesonop cocraBaser 0,002—0,005 mr/a, unasunos— go 0,005—
0,006 mr/n. CyniecTBeHHbIM OGCTOATEIBLCTBOM — SIBASIETCA TO, 4TO
(Genonbl ¥ UHAHHIABL B MOA3EMHBIX BOAAX OOHAPYKEHBI BbilIe MO
TOTOKY OT MPOMINJIONIAAKH HAa 3HAYHTENBHBIX PACCTOSHHAX OT 3a-
BOJA. JTO CBA3AHO C 3arpsa3HeHHeM aTMOC(epbl ra3oAbIMOBLIMHU
BBIOpOCAMH, B OCOOEHHOCTH MPH MOKPOM TYLIEHHH KOKCa NPOMBILL-
JIEHHBIMH CTOYHBIMH BOJAAaMH, comepxKaiumu g0 300—400 mr/n
‘penonos. Ilpu obcnefoBaHun OGHAPYKUANCH 3aMETHbIE KOJIHYECT-
Ba (enoma B cHery. ITpu tasnnu cmera Boxa ¢ ¢deHonamu mocryma-
‘€T B TOYBbI, a 3aTeM H B BOJAOHOCHBIE MOPOJBI, HE HMEIOLIHe BOIO-
‘YIOPHOH KpPOBJH.

ITpumep 7. XosstiicTBEHHO-HTbEBOE M  TEXHHUYECKOE BOIO-
CHalKeHHe NPOMBILIJIEHHON 30HBI H TOPOAAa OCHOBAHO HA HCHOb-
30BaHHH MOJ3EMHBIX BOJ Ie€CYaHO-TPABHAHO-Ta/eYHHKOBOTO AaJlio-
BHfl, 3alOJIHAOIIET0 COBPEMEHHYI0O M JDEBHIOK JOMHHBEI  PeKH
(puc. 78).

MOIHOCTD BOAOHOCHOTO aJMIIOBHSI 3aBHCHT OT CJIOMKHOTO pesibe-
94 ana ponunel u cocrasiaser 2—15 M (B coBpeMeHHOl noMHHE) W
256—30 M (B LpeBHeil JI0JIHHE).

Kos¢duunenr ¢uabrpauun amnoBus pased 50—90 wm/cyr, B
<pernem 70 m/cyr, BomompoBOZMMOCTb Koaebaercs or 350 mo
2000 m2/cyT.

[loxsemubie Bombl B [ApeBHell H COBPEMEHHOI MOMHHAX, 06pa-
3ylolllie eIHHBII BOAOHOCHbIH KOMILIEKC, MeCTaMH OTHAeJdeHbl Apyr
OT ApPYra MOJOCON BbIXOJa [AOYeTBEPTHUHBIX TJIHH, MOJCTHAIOMIHX
ANMOBHAJbHBIE OTJIOKeHHA. B mepHos  BeceHHEro - MOJOBOAbLH H
HHTEHCHBHBIX JOXJeH peKa ¥ ee NPHTOKH MHTAIOT aJJIIOBHAJBHBLI
BOJOHOCHBIIl TOPH30HT; B JIETHIOK H 3HMHIOI MeMKeHb peKa IpeHH-
PYET a/II0BHAJTBHLEIE BO/BL

[To xumMHyeckoMy cocTaBy MOJ3eMHBIE BOMBI OTHOCATCA K XJO-
PHIHO-CY/Ib(QATHO-THAPOKAPOOHATHOMY M XJIOPHAHO-THAPOKApHO-
HaTHOMY Tuny. OOulas MuHepaaH3alHsg BOAbl H3MEHSeTCs OT
0,6—1,2 r/a (B mpupeuHbIX yuacTKax AOJHHBI) g0 1,5—3 r/a: (B
HUKHEH YacTH aJ/ulloBHA M BOIHM3H KOHTaKTa C JOYETBEPTHUHBIMH
TAHHAMHU) .

B ecrecTBeHHBIX YC/OBHAX [0 CTPOHTeNbCTBA B0A03a60POB
MOTOK MOJ3eMHBIX BOA B aJ/IIOBHH Obll HalpaB/ieH BAOJbL JOJHHBI
< yxaonoMm 0,0006—0,0007. ITocie yerpoiicTBa B0A03a00POB, a
TaK/Ke CTPOUTeIbCTBA MOJell (DHUAbTPALUUM DPA3MHUYHBIX MpeanpHs-
THIl, LIJAMOHAKONHTEN H THLPO30J00TBala MOBEPXHOCTH TPYHTO-
BHIX BOJL OCJOMKHHJIAch HAa 3THX YYacTKax OTHEJbHBIMH Jelpec-
CHOHHEIMH BODOHKaMH H «OyrpaMu» pacreKawluxcs GHIbTpa-
WHOHKHBIX BoA (pHc. 79). Ha TeppHTOpPHH NpPOMBILIIEHHOI 30HBI pac-
T0JarajoTcsi XHMHYECKHH 3aBoJ, BEIpabAaTHIBAIOUIHA XPOMOBBIE
coelnnenns;, a takxe TILl m apyrue npeanpusitusi. 31ech Ke Ha-
X0AATCH MATh AEHCTBYIOLHX B0J03a00pPOB MOA3EMHBIX BOA C IpO-
#3BOJMTEIBHOCTBIO 32 ThIC. M%/CYT.
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Bce st Boxo3aGopbl okazaanch ‘B TOM MAH HHOI Mepe 3arpss-
HEHHBIMH [IECTHBAJIEHTHBIM XDOMOM, COHEPMallHMCH B TeXHOJOLF-
YECKHX H CTOYHBIX BOJAAax XHMHYECKOro 3aBOja, TaK KaK 3aBOA M
CTaphlif IWIaMOHAKOMUTe b, B KOTOPBI cOpaceiBaanch 1500 M/cyr
CTOUHBIX BOA ¢ coxep:kaHHeM xpoma 10—I12 r/n, Gblin pasmelneHst
Ha anJloBHAILHON Teppace,

,B nepsble roxel mocie nycka 3aBoga MPOMCXOAHAH —HAHGOgee
HHTEHCHBHBIE YTeUKH TEXHOJMOTHYECKHX pAacTBOPOB Ha MPOMILIO-
‘Wajake n QUIbTPALHS CTOYHBIX BOX W3  IU/IAMOHAKONHTENH, B pe-
3yJbTaTe Yero BCKOpe IMOSIBHJCA B BOZ03aG0Ope XpOM B KOJHUYECTBE
0 100—200 mr/u. "

B mmkHell uacTH BOJOHOCHOTO TOpPH30HTa BOJIH3H MIIAMOHAKO-
AIHTEAS COJep:KaHHe XpoMmMa B Boje jocrurano 1000—2500 mr/m.

Hepes HeCKOMBKO JleT, KOrJa WIIAMOHAKOMHTE[Mb ObL1 JHKBHIH-
pOBaH H MOCTPOeH HOBBI HAa KopeHHOMm Gepery (cm. puc. 78), cJao-
JKEHHOM NOYETBEePTHYHBIMU [VIHHAMH, 00beM MOCTYIJIEHHS XPOMCO-
JlepAHalliX CTOKOB B MOA3eMHble BOJABl yMeHbluuica. OmHako 3a-
PPASHEHHOCTb BOJOHOCHOTO TOPH30HTA OCTABaJach BHICOKOH, OHA
TIOfIepKHBaNaCh BBIMBIBAHHEM XpOMa aTMOCHEpHBIMH OcaaKaMH
H NOA3eMHbLIMH BOAAMH M3 FPYHTOB B OCHOBAHHH CTaporo IIJIaMo-
HaKONHTENs, a TaKxe MPOROJKAIIIHMHCA YTeUKaMH TeXHOJOTHYe-
CKHX ¥ CTOYHBIX BOJ HA TEPPHTOPHH 3aBOJA.

3arps3HeHHBIE XPOMOM MOJ3€MHble BOAbI B 3HAYHTE/BHON Mepe
NepexBaThlBAOTCA BoAo3abopoM, He pocturas peku. [locaennee
OOCTOSATENIBCTBO, a TAKMKE OTCYTCTBHE APYTHX HCTOYHHKOB TeXHHYE-
CKOro BOJOCHAOMEHHsI 3aCTABH/IH MPOJONKHTbL 3KCIAYaTalHIO BO-
no3abopa u M0JaBaTh XPOMCOAEPIKALLYH BOAY HA TeXHHUECKOEe
BofiocHa6:kenne TILI. [Tocne MCnoNbL30BAaHHA 3TH BOAL 6e3 OUHCT-
KH BHauane cOpacbiBajuCh B pyc/i10 BpeMEHHOTO BOXOTOKA, Bra-
JIalollero B peky, HO 3TO BbI3BaJO NOSABJIEHHE XpOMa B pPeKe Ha
nporszenun 15 kv HuxKe npomsoubl. [Tostomy nosike orpaGoran-
Hele ol ¢ TILL cOpaceiBasuch B THAPO30JI00TBAJ, pa3MelleHHbil
Ha nepBoii HaANoiMeHHOl Teppace. [TockonbKy KOHUEHTpauus Xpo-
Ma B OTpabOTaHHbIX BOAAX COCTABJAsJNA IECATKH MI/J, THAPO30I0-
‘OTBaJl MpeBPATHJICSH, TakuM 00pa3oM, BO BTOPHUHBII HCTOYHHK
3arpsi3HEHHsl ITOA3EMHbIX BOJ, BbI3BABIUHIl 3arpsi3HEHHE XPOMOM
Bojosabopa. Kpome roro, ckiraiupyemasi B THIPO30J0OOTBale 30-
J1a, comepxkamas GosblIOe KOMNHUECTBO XPOMa, B TENJIbIH MepHOL
rola pa3BeBasiacb BeTPOM Ha OOJbIIHE PACCTOAHHS, H 3TO CAYHKHIO
TPHYHHON JOMOJHHTEJbHOTO 3arpsi3HeHHsl MOA3eMHBIX BOA H TOYB
Ha yyacTKax, yAaJeHHbIX OT XHMHUECKOTO 3aBO/1a.

Puc. 78. PacnpocTpaHeHue XpoMa B annwnwanhuom\punouocsom ropH30HTEe B pafiome XHMH-
4Yeckoro 3asofa (Kapra H npoduas A—B)

1 — neitcTBYONLHI HOBBIT IIJIAMOHAKOMHTE b XHMHMECKOro 3aBofa: 2 — moas (RALTPAaLH
mAcokomOHHaTa; J — cTaphifl MTaMOHAaKOMHTeNb XHMHYECKOrO 3aBofa; 4 — TePPHTOPHA XHMH-
YeCKOro 3asoia; 5 — rHAPO30/00TBaJ; 6 — Bofo3aGopel MOA3eMHBIX BoZ; 7 — HOMep BoOO3a-
Gopa; §— paspenouro-nabmofaTenbHan CKBaXKHHA; 9 — rpaHuia BHIXOAA KOPEHHbIX DAHH K
Gopt apesHedt momuusl; /0—I15 — obnacTH ¢ cofepaHWeM B MON3EMHBIX BOAaX NIECTHRAASHT-
#Horo xpoma B Mr/n: 10— Gomee 30, /I —ot 10 no 30, 12—or |l go 10, f8—or 0,1 po 1,
44 — menee 0,1 mr/n, 15 — xpom He oGHapyKeH
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Puc. 79. TuapoauHamMuyecKas ceTka (GHALTPANHH NOA3EMHBLIX BOJA B palioHe XHMHUECKOro 3a-—
BOJA NPH OAHOBPEMEHHOH 9KCNayaTalMH BOA03a0GOPOB, rHAPO30100TBANA M noJeil GUALT-
Paumm:

I — HOBBIT AeficTBYIONIHI ITAMOHAKONHTENb XHMHUECKOr0 3aBojd; 2 — moas (QUALTPALlHH M-
cokoMOuHaTa; 3 — cTaphiil NaMOHAKONHTENb XHMHYECKOrO 3aBoja; 4 — TepPHTOPHA XHMHUE-
CKOro 3aBoja; 5 — rujpo3osaoo0Tsad; 6 — Bof03aGopsl MoA3eMHLIX Boj; 7 — HOMep Bomo3alopa
Noa3eMHBIX BOA; 8§ — rpaHHIla BbIXOJAa KODPEHHLIX TJIHH H GOPT ApEBHEll A0AMHBE 9 — rHIpO-
H3oruncel; 10 — AHHHH TOKa
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ITo naHHbIM H3bBICKaHHI cOIEpIKaHHe XpOMa H3MeHSeTCH Mo
riyOuHe BOMOHOCHOTO NJacTa, NMpHYEM NPH OYEHb BHICOKOM COAep-
JKaHWHM OH CKamJHBAaeTcs B HHXKHeH YacTH BOJOHOCHOTO MJacta, a
npu cogepxanun o 10—15 mr/a BcTpeuaercs H B cpeiHeil 4acTH
naacra. [To Bcefi MOIHOCTH BOJOHOCHOTO FOPH30HTa XPOM pacmpe-
Jener BOJM3H CTApOro IJIAMOHAKONHTENsl; B BepXHeill yacTi Mia-
cTa — BO6/M3n Bojno3zabopa.

B mogsemHbIX BoZax XpoM HaxOQHMTCA NpPeMMYIECTBEHHO B IIe-
CTHBAJIeHTHOI (opMe, T. €. B TAKOM JKe BHIE, KaK H B MPOMbIIILIEH-
HBIX cTOKaX. TpeXBa/JIeHTHblfi XPOm BCTpeyaerTcs KpailHe peako H
B MaJjiblX KOJHYECTBAX, YTO CBHAETENbCTBYET O TOM, UTO BOCCTAHOB-
JIeHHe XpoMd B BOJIOHOCHOM IIACTe NPOHCXOAHT B OYEHb MaJbIX
Mmacuirabax.

PacnpocrpaHenne xpoMa B MOJ3eMHBIX BOAaxX paiioHa B MJaHe
NpHBEIEHO Ha pHC. 78 MO AaHHBIM ONpoBOBaHHA MHOTOUHCJIEHHBIX
CKBax<HH. 3arps3HeHHble MOJ3eMHbIE BOIbl PAaCHPOCTPAHUIHCH Ha
maomann oxkono 12 kM2, npuuem HauboJbllee KOJHYECTBO XpoMma
B BOJIOHOCHOM MJacte HAXOAHTCA HA TEPPHTOPHH XUMHYECKOTO
3aBOja, THAPO30J0OTBAjJa H CTAPOrO IIMAMOHAKOMHTENS. 3[ech
B OTAEJbHbIX CKBaxKHHAX Boja comepkKHT mo 2500 mr/m xpoma.

B ckBaxxuuax BomosaGopa comep:KaHHe XpoMa H3MEHSIETCA BO
Bpemenn ot 0,2 mo 113 Mr/n u mocie cMelleHHS BOXB M3 BCex
CKBaXKMH B cpejlHeM cocraBJageT 25 mr/a. B romosabope comepixa-
HHe XxpoMa cocraBuio 1,3—2,2 mr/a.

B BomosaGope, naxoismiemcsi Ha mnpaBom Oepery pekH, MosB-
JeHHe xpoMa B kKoauuectBe a0 0,015 Mr/n cBs3aHO ¢ NpHBJIEUEHHEM
darpAsHeHHOH BOJABI H3 DEKH H C MOCTYIJIEHHEM XpoMa B atmocce-
Py W NOYBLI BCJAEACTBHE pachbLIeHHs] 30JbI H3 THAPO30J00TBAJIA.

Of1iee KOJHYECTBO XpoMa, HAKONHMBIIErocs B TIOA3eMHBIX BO-
Jax, cocrasiaser no pacyeram oxoJjo 1500 t. IlpucyrcTBHe B mox-
3eMHBIX BOJAX [IECTHBAJEHTHOTO XpPOMa HCK/I0YaeT BO3MOIKHOCTh
HCNOJNB30BAHAS BOA03a00POB /Il XO3AHCTBEHHO-NMHTHEBBIX HYIKI H
3aTPYAHSAET TaKKe, a HMHOTJAA [elaeT HEBO3MOXKHBIM HCIOJb30Ba-
HHEe B TeXHHUECKHX MleJsiXx. lMeercs OmacHOCTb pacnpocTpaHeHHs
3arpA3HEHHBIX XPOMOM BOJ 10 BOJOHOCHOMY TMJacTy Ha HOBbIe
YUaCTKH — HHZKe 110 MOTOKY OT FHAPO30J00TBaMA.

Hanuuue XpoMa B YCJAOBHO-YHCTHIX BOmax, cOpachiBaeMblX BO
BpeMEHHBIIT BOZOTOK B KoauuectBe 0,03—0,7 Mr/a, Morjao ckasaTb-
¢ Ha HOBOM HH(HIbTPAUHMOHHOM BOJ03abope, HaXoAAUIeMCH HH-
JKe TPOM30HBI Ha JIeBOM Oepery pekH W HeZONyCTHMO 10 YCJIOBHAM
priOOBOACTBA. '

B TeXHHKO-3KOHOMHUECKOM OOOCHOBAHHH NPOEKTA JOKAJH3alHH
ouyara 3arpA3HeHHs MOA3EMHBIX BOJ XPOMOM HaMeUyeHO B KauecTBe
OCHOBHOTO MEpONPHATHS — CTATHBaHHe KOHTYpa 3aTpf3HEeHHBIX BOL
npH ux orkauyke. HanbGoaee 3arpsasHeHHble XpOMOM BOIBl B KOJH-
yecTBe ~ 8 THIC. M?/cyT OYAYT OUHINEHH H 00€CCOJIeHbl Ha CIelH-
anpHOll ycraHoBKe. OuuilleHHBle M o6eccojieHHBble BOJb, a TaKKe
KOHIEHTPHPOBAHHBIE PACTBOPHI, OCTAIOUIMECHd MOocke OUHCTKH, HC-
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TONB3YITCS - A1 TEXHOJNOTHYECKHX HYMKA; OCTajdbHble pPacTBOPHL
«OpacblBaloTcss B HeQHABTPYIOWME HcnapuTeab. OTKauHBaeMbie
<nabo 3arpAsHeHHble BOABI B KOJNHYRCTBe ~27 THIC. M3/CyT
OyayT oOuHlleHbl ~ PeareHTHBIM  €Noco6OM ¢ HCMOJb30BAHHEM
‘OYNIIEHHOl  BOABI 1A  MPOH3BOACTBEHHOTO  BOAOCHAGMKEHHUS;
AUAAMBIL, OCTAIOLIHECs MOC/]e OYMCTKH, cOpAachBAOTCA HA He(H.ILT-
pyollHe [J1aMOHAKOMHTEJH.

Hameuena Tak:ke JHKBHZALHS AeHCTBYIOLIEr0 THIPO30J00TBAIA
4 YCTPOHCTBO HOBOrO HedHABTPYIOLIEro THAPO30Jd00TBana. Ba-
PHEHTHI JIHKBHIAUHH OTKAYHBAEMBIX 3arpsA3HeHHBIX BOA MyTeM
BRINADHBAHHA, HCNAPEeHHS HJH TJ1yOOKOro 3aXOpOHEeHHs OBLIH OT-
BEPrHYTbl H3-332 BBICOKOH CTOHMMOCTH 3THX MEpPONpPHATHII, a TaK:kKe
B CBA3H ¢ JeduuuTOM 0OLiero BOAHOTo GajaHca paccMaTpHBaeMo-
TO paiiona, B 0ocCOOeHHOCTH JedHIHTa TeXHHIECKOH BOIBI.

Pacuernl CKOPOCTH ¥ BpE€MEeHH [ABHiKeHHsd, KOHIEHTPaUHH H KO-
JIMYecTBa XpoMa, M3BJAEKaeMOro npH OTKaukKax [IPH TOM HJH HHOM
pacionoeHHH MAPEeHaXXHbIX CKBAaXKHH MPOBeIeHbl MO THIPOXHHA-
MHUECKHM CeTKaM, MNOJYUYeHHbIM MNyTeM MOAe/JHPOBaHHA qub'rpa-
1HH NOA3eMHBIX BOJ HA aHAJOrOBOil CETOYHOH MOMEJH.

IlpeasapuTe/NIbHO C 1lleNbI0 YTOYHEHHS] PACUETHOH CXeMbl (HBT-
Palyi H MPOBEPKH €€ COOTBETCTBHA MPHPOJHBIMM THAPOTe0JIoruye-
CKHM YCIOBHAM Ha MoJeau Oblia pewleHa obparHas 3apgaua. [Ipu
MOJeJIMPOBAHHH (UALTPALMH YYHTHIBATHCH H3MeHeHHe BOAOMPO-
BOONMOCTH BOAOHOCHOTO MmJdcTa, MNOCTylJeHHe (HIbTPAIHOHHBIX
BOA HAa yyacTKe THAPO30J00TBajga M mnojei ¢HIbTpalHH, 0TOOp BO-
JB JefiCTBYIOUIMMH BoA03a0opaMH H HaMeyaeMBIMH [IpeHaXKHBIMH
CKBayHHAMH, eCTeCTBeHHbIH MOTOK MOJA3eMHBIX BOJ B JOJHHE H HX
THAPaBJHYECKas CBA3b C PEKOH.

[TporHosHaa rujppoguHamMHyeckass cxeMa (HUAbTPALMH IS OX-
HOTO H3 BapHAHTOB, NMpPeAyCMATPHBAIOUIHX HHTeHCHGHKAlHIO oTbO-
Pa noa3eMHBIX BOJ Ha JEHCTBYIOLIHX Boxo3abopax M LONOJHHTEb-
HYI0 OTKauky Haubo/iee 3arps3HeHHBIX BOJ Ha TEPPHTOPHH XHMH-
YyeCcKOro 3aBoja, MpHBeJeHa Ha pHc. 79.

KonuenTpauus M KOJHYECTBO XpOMa, KOTOpHIl OyaeT H3BjeueH
HaMeyaeMblM JONOJIHMTENbHBIM JpeHazkeM, NokasaHbl Ha puc. 80.
T1ponomKHTEIbHOCT ~ H3BJAEUEHHS XpoMa [oJydYeHa pacyeroMm Mo
KapTe 3arps3HeHHss W THIAPOJHHAMHYECKOIl ceTKe H3 YC/IOBHi, uTO
HOBBIX [OCTYIJIEHHH XpOoMa B BOJOHOCHBIH TOPH30HT He OyIer.

Mpumep 8 HeouuuledHble NpOMbIILJIEHHbIE CTOYHbIE BOJABI 3a-
BOJa CHHTETHYECKOTo Kayuyka B TeueHHe 18 jer Hampas/s/HCh Ha
nons (GUAbTPALMH, pa3MelieHHble BOJH3H peKkH Ha JeBoOeperHOi
HH3KOIl aadoBHaabHOll Teppace (puc. 81). OcHOBHLIMH OpraHuye-
‘CKHMH TpPHMECSIMH, 3aTpA3HAIOIIHMH CTOYHBIE BOJbl LUEXOB BbIAEE-
HHS Kayyyka, SIBASIOTCA HENMOJHOCTbIO  MpPOpearnpoBaBliie H He-
MOJHOCTBIO YJAaJleHHble M3 JaTeKca MOHOMephl M [iaBHbIM 00pasom
PasaHuHble 3MYJIBraTophl.

Hekoropble 3MYJbraTOpel (KHPHOKHC/IbIE MbLja, LIEJOYHBIE CO-
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Prc. 80. KOHMUEHTpPauWM ¥ KOAHM4ECTBO Xpo- wr

Ma, H3BACKAEMOro NPOEKTHPYEMEIM 3aLKT- &7
HLIM APEHAXKEM Ha TEPPHTOPHH XHMHYECKOro
3aBofa: 3
C — KoHueHTpaluus xpoma B mr/n; V — xonn- 41 [MT/JI £
HEeCTBO XPOMa B TOHHAX, MH3BJAEKAEMOro 3a - 59
1 ron; W — cyMMapHOe KOJHYECTBO XpoMa B g
TOHHAX, H3BJEKaeMoe 3a Bpems { B roaax, #
¢ MoMeHTa paGoThl ApeHaika 7+ ;
) o v 2
ol i -
s P 7 iz § 4&nbw
] 20 ‘
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JH CMOJISIHBIX KHCJ0T MOAH(MHUHPOBAHHOI KaHu(oau u ap.) B om-
PELENCHHBIX YCJIOBHSAX CNOCOOHBI K GHOXHMHYECKOMY OKHCIEHHIO,
Apyrue ke (HeKanb, NefKaHOA H ApP.) He NOAZAIOTCH GHOXHMHYE-
CKOMY pacnapy.

XuMHueckuil cocraB o6lLero croka 3arpsi3HEHHBIX BOJ, HAlpaB-
JAEMBIX Ha 10JA QHIABTPALMH, H3MEHSETCsl B 3aBHCHMOCTH OT BHIa
H KOJHYECTBA BBITYCKAeMOH NPOAYKUHH, OT COCTABa NPHMEHHAEMBIX
SMYJIbTaTOPOB, JIOKAJbHON OYHCTKH CTOKOB B OTAeNbHBIX LeXaXx,
pasbaB/ieHdss NPOMCTOKOB XO3AHCTBEHHO-GLITOBHIMH CTOMHBIMLI BO-
AaMH M JPYTHX TIPHYHH.

CpenHuii cocTaB CTOUHEIX BOX XapakKTepH3yeTcs CJAeLYIOLLHMH
NOKasaTe/NsiMH: B3BelleHHble BellectBa 60 Mr/m, MAOTHBIE OCTATOK
2300—3500 wmr/a, mepMaHraHATHas OKHCASEMOCTB 100—500 mr/a,
XIIK (iionathas oxucasemocts) 400—2200 mr/a, BITK (monuasn)
500—800 mr O/, azor ammouuitublii 3—100 mr/a, Xaopuasl 350—
1900 mr/a, cyasparei 500—620 mr/a, Hekann 70—520 MT/JI, CTHDPOJM
1—180 wmr/a, anpmernant 30—40 Mr/a, . KHpHBIE KHCJAOTHL 80—
90 Mr/n1, apomartHueckue yraesonopoasl  15—40 wmr/a, cymma
CMOJISHBIX H KHPHBIX KHCJ0T 76—262.

[pu yecrpoiicTse noseir ¢puasTpauun npeanosarajlocsk, YTo CTOY-
HbIe BOJBI 3[1eCb NMOJABEPTHYTCA eCTECTBEHHOH OHOJOTHUECKOI OUM-
CTKE, OJIHAKO, KaK TMoKasadu HaGJIONeHHs, COAepIKALILHecs B.
CTOYHBIX BOJAAX XHMHYECKHe BelllecTBa 6Ge3 CYIIECTBEHHOTO H3MeHe-
HHfl CBOErO COCTaBa NOCTYNaJH B BOZOHOCHBIH TOPH3OHT H pacmpo-
CTPaHA/IHChL B HanmpaBleHWH K Bojao3abopam u peke. OuucTka 3a-
TPYAHAJIaCb TEeM, 4TO HAarpyska Ha KapThl 1oJell (HIbTPAUHH
cocrapaana 200—300 m®/ra B cyrkm BMecto 73 m3fra B cyTKH mnO
npoekty. ['1aBHOe npensTcTBHe 3aKal0YaJoch, OLHAKO, B TOM, 4TO
B cOcTaBe CTOYHBIX BOJ HMEJHCh TMJIOX0 OKHCJSIOUIMECS BEIlecTBa
H B LeJOM MHHepa/dH3alHA CTOKOB Obijia MOBHLILIEHHOL.

B paiione noseii ¢uabTpaUMM ¢ NMOBEPXHOCTH 3a/eraeT MOL(HAA
(45—50 M) ToMmNa aMTIOBHAJBHBIX M (JIOBHOTJAIHAILHEIX MECKOB.
YeTBEPTHYHO-HEOT€HOBOTO BO3PacTa, CojAep:;Kalllas Ha TIyOHHe 0KO-
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Puc. 81. THAPOreoJOrHIecKHe H FHAPDOXHMHUECKHE Pa3pesbl MO JHHHAM A—B (a) u CA (6).

a THIPOXHMHYECKOM pa3pese konuentpaumun MAB 8 wmr/a: /—ot 0,1 no 1; 2—ot | a0 10; 3 —or 10 no 100; 4 — ot 100 no 200; 5 — Gonee 200.
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g0 20 M NOx3eMHBIE BOABI M He HMeOILAs BOJIOYIIOPHOI KPOBJMW
(cm. puc. 81).

Kospguunenr dumbTpaunn sepxmeit wuwactd mecuawoit TOMIUH
(a0 riy6unbni 20—25 M OT noBepXHOCTH) paBen 18—20 wm/cyr,.
HUZKHel dacTH — 30—40 M/cyr. OT HHKeNeRallix OTIOKEHHI Je-
BOHCKOTO BO3pacTa (H3BECTHAKH, MeCUaHHKH, [VIHHbI) YeTBEpPTHUHO-
HCOTEHOBAsl MecYaHas TOJIA OTAe]eHa MaJOMOIIHBIM MpPOCIOeM
[JIHH, KOTOPBIE, OAHAKO, MECTAMM pasMBITH, 4YTO oO6Jeryaer Ha
3THX Y4YacCTKax CBfi3b OOOMX BOJOHOCHBIX TOPH30HTOB. JIasi X03sil-
CTBEHHO-IIHTHEBOrO H TEXHHYECKOTO BOAOCHAOMKEHHsS W3 YeTBEPTHY-
HO-HEOT€HOBOTO BONOHOCHOTO TOPH30OHTa B paiioHe OTGHpaIOT
okono 400 Teic. M%/cyr. Henocpencrsenno BGausu moseii ¢puabrpa-
IIHH_pacnoJiaraloTcs NaTh BOA03a60pPOB.

[ToTok nox3eMHBIX BOJA HAXOJAMTCA 31eCh MO BJAHAHHEM JBYX
KPYNHBIX BON03a00poB. B mnepuox uuteHcusHOro c6poca CTOYHEIX
BOJ Ha NOJs (UAbTPALHH YPOBEHb MOM3eMHBIX BOJ MOL MOJSMH
GuabTpankH NOBHIIIAJCA HA 3—4 M, M 31eCb CO3AABaJICH «Byrop»-
pacTeKaroluxcs BOI.

PaspbiBy CNUIOMIHOCTH TeUYeHHS M <«I0/KIEBAHUS» CTOYHBIX BOJL
Hepe3 30HY aspalHH cnocoOCTBOBaJda KOJbMAaTalHs TEeCKOB B OC-
HOBaHHH 1OJeil (QUIbTPALHH B3BelIEHHBIMH H 3MYJbIHPOBAHHBIMK
BEUleCTBAMH NPH (QUIbTPALMM CTOYHBIX BOJ uepe3 BepxXHHe 10—
15 cm necyanoit Tomuu. 310 0GCTOATENLCTBO GbIIO 3aMeYeHO NpH
OypeHHH M NpPOXOAKe WYP(OB MO H3MEHeHHIO LBETA IECKOB H HX
ko3 duurenta QuAbTPALHH, ONPENESEHHOTO ONBITHHIMH HAJHBAMM
B IIYpdBHL

B paiione moseit ¢uastpannn chopmuposancs GoablIoil apean
3arpsiI3HEHHs] NOJA3EMHBIX BOJ, KOTOPLI BbllIEa AajeKO 3a Mpeaedbl
noneii ¢uabTpauud. B pesyapraTte 3TOro mpHILIOCH JHKBHAHPOBATH.
3aBOJCKHEe BOA03a0OpBI; YXyIIIHJIOCh KayecTBO BOJALL H B FOPOA-
CKOM BOZ03abope, PacmoJOXKEeHHOM Ha NPOTHBONOJOKHOM Gepery
PEeKH.

B pesyabrarte uabickanuii W HaGJi0JeHHII NOJyYeHa XapaKTepH--
CTHKa 30HBl 3arpsi3HEHHs] NMOA3EMHBIX BOJ IO OOIleil MHHEpaJu3a-
LHH, a TakiKe COMAEPXKAaHHIO OTHEIbHBIX KOMIIOHEHTOB CTOUYHBIX BOJ
B IJlaHe H B paspe3e BOAOHOCHOTO miacta (cM. puc. 81).

B naunGonblueil cremeHn 3arpsisHeHHbLIMH OKa3aJHCh TOA3EMHBIE:
BOJ(bI, HaXOASHECs HEeNOCPEACTBeHHO NMOJ NOJMAMH (QHALTPALMH W
BOJIH3H HHX. 37lecb BCA NecYaHas TOJILA COXEPIKHT CTOYHBIE BOJHI.
O6mas musepaausanuss gocruraet 3500 Mr/Ja, KOHUEHTPAUMA XJO-
puaos — 1300 mr/n, cyabdaros — 600 mr/n. IlosBuance, Kpome:
TOTO, chenH(pHYeCKHe KOMIOHEHTH CTOYHBIX BOJ NMPOH3BOJCTBA CHH-
TETHYECKOrO KayuyKa: MOBePXHOCTHO-aKTHBHOE BelllecTBO (HeKallb)
300—500 mr/a, JefikaHoa, cTHPOT, TPHAOH B u ap. ¥

Boicokue 3HaueHHs CyXoro ocratka (1o 2 r/a) ° coXpaHsIoTCs
B HHJKHEH 4YacTH BOJOHOCHOI TecYaHOH TOJIIH BIJIOTH JO MOfMeH-
HOIl 4acTH JOJHHEI H NMEPeXoJsT HA NpaBulil Oeper pekH, rae Ha-
XOAHTCHA AeHCTBYIOLIHI rOpOACKOoH Bomo3abop.

226



OruernnBo TpOABHJAACh THAPOXHMHYecKaa AHbdepeHuHALHA
TI0[3eMHbIX BOJ B BEPTHKA/JbHOIH MJIOCKOCTH: HauOoJee 3arps3HeH-
Hble BOABL C BBICOKOI MiHepannsaumneil H COOTBETCTBEHHO OoabLuer
TIOTHOCTBIO ONYCTHAHCH B HHZKHIOK 4YacTb BOJOHOCHOH  TOJILIH
(raba. 20).

Ta6auma 20
Wsmenenne XHMHYECKOrO cocrasa NoA3eMHBIX BOJ 110 myﬁnue BOJOHOCHOTO nJjacta
.Tuyﬁmia oTGopa BO bl Coaep:kanne [TAB, OKHCIIHeMOCTh, ITaorasit ocraToK,
OT [MOBEPXHOCTH, M Mr/a mrO,/a Mr/a
18,5 118 34,8 512
23,5 200 71,2 2448
32,0 4 370 120,0 2362
33,5 " 425 132,8 2430

OcHoBHafi yacTh CTOYHBIX BOJ MepeMellasach OT noJjeil (QUABT-
PauuH MO cpeiHeil M HHKHe{l 4acTAM BOJOHOCHOTO IJIACTA; BEpX-
Hsf 4acTh NOTOKa, KOoTOpas (opmMupyeTcss raaBHasi o0pa3oM B pe-
3yabraTe HHOHAbTpalUuH arMochepHbIX OCAJKOB, He CMEUIHBAIO-
muxcs ¢ OoJiee TSAZKENBIMH HHMeNeKaUIHMH 3arpsA3HeHHBIMH BO/JA-
MH, 3aMeTHO onpecHeHa (cyxoil ocratok 120—200 mr/m:).

HaunGonee untencusmoe pacnpoctpanenne sarpsisHenuii B Bojo-
HOCHOM MJIaCTe NPOHCXOAHJIO B HampaBieHHH K Oauaiilemy Bo-
J03a60py H K peKe, APEHHPYIOLLEH BOIOHOCHYIO NeCYaHyo TOJILY.

CxeMaTHuecKHil THAPOXHMHYECKHIT npobuan (cm. puc. 81)
HIVHOCTPHPYET MHIPALHIO MOBEPXHOCTHO-aKTHBHOTO BellecTBa (He-
KaJ/s) B IOTOKEe HOA3eMHBIX BOJ.

IIpu mocnexyiommnx usbicKanusix B 3TOM paiioHe, NPOBeIEHHBIX
ANl 000CHOBAHHSI BO3MOMKHOCTH YCTPOIlCTBA HOBOTO BOX03abopa
NOA3EMHBIX BOX B 5—6 KM K 1ory ot noJeit ¢puabrpauuu, 6ui10 ycra-
HOBJIEHO, UTO HA BCEM 3TOM MPOTSKeHHH, T. €. BbIlle [0 MOTOKY
TIOA3eMHBIX BOJ, B HHX cogepxatcsad [TAB. 9T1o moket ObITh CBSI3a-
HO C MHOTOJIETHHM 3arps3HeHHeM aTMOC(EepHBIX OCAaIKOB HCmape-
HHAMH C [OBEPXHOCTei noJeii duabTpaunn. Jlo xanusiy H3BICKAHMIT
H HCCIENOBAaHMII cOocTaBieH OalNaHC 3arpAsHeHHil B BOLOHOCHOM
ropusonte. [Ipuxoanasa uacte Gananca onpenensercd oGBEMOM H
COCT2BONM CTOYHBIX BOJ, MOJAHHBIX Ha NOJAsA (HJALTPALHH 33 Bech
NepHOJ HX HCMOJb30BaHHst. PacxoaHas 4acTb COCTOHT H3 2arpsaHe-
HHii: @) H3BJEYeHHBIX M3 mJacta BoA03aGopoM H cOPOLIEHHBIX 34-
TeM B peKy; 6) MOCTYNHBUWIHX ¢ TIPYHTOBHIM TNOTOKOM B peKy;
B) HAXOAMALUHXCH HA MePHOM H3bICKAHMII B MJacTe B PaCTBOPEHHOM
# B copOMpOBaHHOM cOCTOSHHH. PacXoibl KOJHYeCTBA HeKagds co-
cTaBuan 15, 4—6, 14 1 1—2 Thic. T COOTBETCTBEHHO.

Kak ormeuasoch Bblie, B OauzKaiimime K noasM (HAbTpauuu
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3aBOJCKie BOX03a6Opbl 3arps3HeHHble BOABI MPHILIH OYeHb OLICT-
po. Topoackoit Bogo3aGop Ha npasoM Gepery pekH BCTYNHJ B K-
crayaTanuio uepe3 6 Jer nocie Hauaja JeHCTBHsA moJeit (QHIBTPa-
nuu, a nocae 14 jer ero paboTel B UEHTPANbHBIX CKBaXHHAX
JMHEHHOTO psia, 3aTMyGIeHHbIX B ACBOHCKHE H3BECTHSKH, OblI 00-
HapyXeH HeKalb B KoamuecTBe 10 1,5—2 mr/a. Tlepexomy sarpsis-
HeHHil Ha npasblii Geper croco6ersoBanu: 1) OTKIOYeHHe BOAO-
3abopa BOAM3M MoJeil (GUIbTPAUMH ¥ HHTEHCHBHAs OTKauKa Hs.
npasoGepexkHoro Bojosabopa, 2) OTCYTCTBHE Pa3leJIsiOWEro npo-
c1051 TJIHH Ha <«IOA3eMHOM BBICTYIe» H3BECTHAKOB BOJH3H peKw
(cMm. puc. 81); 3) moBbllIeHHbIE CKOPOCTH JBHKeHHs BOJAbI B H3BECT-
HKax, 00JaalolluX MeHblleil aKTHBHOH TMOPHCTOCTBIO MO CpaBHE-
HHIO C TilecKamH, 4) MOBbllIeHHble IPajHeHTbl Hamopa Ha yvacTke
MeXKAYy NoJAAMH (QHIBTPAUHH M TNPaBOOEPEeKHBIM B0103a60pPOM;
5) yCTaHOBJEHHOE ONMBITHBIMH PaboTaMH 3aMETHOE «HEeCOBEpLIEHCT-
BO» CBSI3H BOJOHOCHOTO FOPH30HTA C PEKOil M3-3a LIHPOKOTO pasBH-
THSl TOHHHCTBIX OTJIOMKEHHII B pyc/ie W Ha mofiMe H c1aboil BPe3KH
peKkH B aJJIOBHAJIbHBIE OTJIOMKEHHS. Bece 3to 6GsaronpuaTCTBOBAJO
«TIPOCKOKY» 3arpsi3HEHHBIX NOA3EMHBIX BOJ MO PYC/IOM pEKHE
cHayaja Mo M3BeCTHAKaM, a MOo3XKe H N0 aJJI0BHIO.

Jlas nOKaAM3alMK ouyara 3arpsisHeHHs NMOJ3eMHbIX BOI, obpaso-
BaBIIerocs Moia TOJfAMH (GHIbTPAIHH 3aBOJA CHHTETHUECKOrO Kay-
yyKa, pelycMOTpeHa JApeHazHas saluTa c OTKAYKOHl H MOCHeAyo-
lllefi OYHCTKON 3arpsi3HEHHBIX MOJA3EMHBIX BOJA OT MOBEPXHOCTHO-
AKTHBHBIX BeniecTB. C 1eJibi0 ONpejiesieHHsi MecTa pPacnoJOKeHHS
JpeHaXKHBIX CKBAXHH, HHTEHCHBHOCTH H JJHTEILHOCTH OTKauKH,
KOHIeHTpAalliH 3arpsA3HeHui B OTKa4YHBaeMoi BoJe NMpoBeJeHO MOJie-
AnpoBaHue (GHABTPAUHH MOA3EMHBIX BOJA B yCJOBHAX MPOAOTKEHNSE
SKCIJTyaTalluH JeBoOepexHOro Boj03abopa M paboTHl JApeHaXHBIX
CKBAXKHH, pasMellaeMbIX TeM HJH HHBIM o6pazoM B paioHe ObIB-
HWIHX Hojel GUAbTPaIHH.

Ucnonbays [AeTaibHylo THAPOXHMHYECKYIO KapTy paiiona, MocT-
POEHHYI0 Ha OCHOBe HAaTYypHBIX HaOI10eHHI 332 XHMHYECKHM CO-
CTABOM IOJA3€MHBIX BOJ, M THAPOAHHAMHYECKHE CCTKH GHUABTPALHH,.
noJyyeHHble MOAENUPOBaHHeM JJIs CeMH BAapHAHTOB PaCIOJIOKEeHH T
3aIMTHOrO JpeHarxa, rpaoaHaInTHUECKHM METOLOM OblIM  TIPO-—
Be/leHBl PACYeTHl CKOPOCTH, BPeMEHH IBHMKEHHT H KOHUeHTpalHi
3arps3HeHHii B MOA3EMHBIX BOJAX, OTKAUHBaeMbIX JIpeHaKHBIMH
CKBaKHHAMH (puc. 82). 3auluTHBI ApeHak HaMeueH B BHIE TJIO-
1lafHOll CHCTEMBI CKBAXKHH Ha YyYacTKe 3arpA3HeHHOTO Bopo3abopa
p6M3H moJedi QuabTpalmu ¢ pacxogom 20 ThIC. m3feyT. |

Brifop BapHaHTa pacloJOZKeHHsd H ycaoBHit paborbl ApeHaxa
BEITIOJIHEH 13 CO000pazxKeHui MaKCHMa/bHOTO orbopa 3arpsi3HEHHIT
B IepBble TOAB IKCIUIyaTaUHH IpeHaxa, nanbojee KOPOTKOrO cpo-
K4 CHHMKeHHSi KOJMUecTBa 3arpsi3HeHuil B BOJe M MHHHMAJBHOTO
pacxoja OTKauKH.

IIpumep 9. Komniaekc XHMHUECKHX pPOM3BOACTB, MOTPeOASIO-
niux Gonaplioe KOJHYECTBO TeXHHYecKoil BOALI, ObLT pasMellleH B
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Puc. 82, [porHo3aWpyemMoe H3MeHeHHe ’
KOHUEHTPAlHH  TMOBEPXHOCTHO-AKTHB- M/ %
HBIX BEmECTB B JAPEHAXKHBIX BOAAX W
KOAW4ecTBO H3Baekaembix [IAB B ¥,
OT BbiSBJACHHBIX 3anacoB. C—KOHIEHT-
paunAa HekKandA; M — u3aBieueHHe He- e
Kajf oT o6Iero KOJAHYeCcTBa B maacTte;
{ — NPOJOMIKHTENABHOCTE OTKAUKH

20

00

! :
£ /4 4 Jlﬂm
AoaxHe peku emle ¢ KoHua XIX B . llpeAnpHATHS MPOM3BOAAT aHH-
JIHHO-KPACOYHYIO NPOAYKUHIO, aMMHAK, YIOOpEeHHs H SJ0XHMHKATbI
Al CEJIbCKOTO XO03fHCTBA, M/IaCTMacchl H MHOTHE JAPYrHE OpraHH-
UeCKHe H HeopraHuyeckde npoayktel. COMOBBINi 3aBOJA BbIlyCKaer
KaJIbUHHHPOBAHHYI0O H KayCTHYECKYIO COAY, XJOPHCTBIII aMMOHHIl
H Ip.

[IpoMbilniennble TpeANpHATHSA, a TaKkKe HX OYHCTHBIE COOpYIKe-
HUsl, WIJaMOOTCTOHHHKH, HaKOMHTeNH, cOPOCHBle KaHalbl pacroJo-
MeHBl HA IOHMe H HHM3KOW a/aloBHANbHON Teppace Jesoro Gepera
pekn (puc. 83).

34ech MOA TMecyaHbIM a/UTIOBHeM MolHOCcThI0 10—15 M 3asera-
eT TPeUlHHOBAaTblii MeJ BepXHeMeJOBOrO BO3pacTa; a/JioBHH Me-
CTaMH OT[eJIeH OT MeJa HeBbIIePKAHHBIM CJI0eM caabonpoHHiae-
MOTO IVJIHHHCTOTO 3JIIOBHSI.

B annioBuu u B BepxHeil HauboJiee TPELUIHHOBATOH 30He Mena,
MOIIHOCTE KOTOpPO¥# cocraBisier 25—50 M, cofepiKarcd NoA3eMHbBIE
BOJbl, HIHPOKO MCIOJb3yeMble /15 XO35HCTBEHHO-MHTBEBOTO BOJO-
cHaOKeHHs IPeANPHATHI W TOPOIOB palioHa.

OCHOBHO#T HMCTOUHHK THTAaHHA NON3EMHBIX BOJ— aTMOChepHbie
OCajiki, KOTOpble MOIJIOMIAIOTCA Ha Beeil Tvomann oGHAMKeHHOTo
MeJa HJIH [OCTYNaloT 4Yepe3 MOKPBIBAIOIIHE MeJ MecyaHble BOJO-
NpoHHL@eMble OT/NOXKeHHs Ha Teppacax. Ha mpupeunwslx yuacrkax
B NEepHOJ NaBOJAKOBHIX PA3JIHBOB PEKH H 3aTOMJEHHs HOHMBI BOXO-
HOCHBIH KOMIIJIEKC MTOMOJHSETCH PEYHBIMH BOLAMH.

ITonsemHble BOABI SKCIIyaTHPYIOTCA 34ech 15 BomosaGopamw,
HMEIOIIHMH TIPOH3BOAHTENBHOCTE OT 25—60 Thic. M3/cyT (Ha mnofime
W HaanoiiMeHHoi teppace) mo 15—25 rteic. m3/cyr (Ha Gosaee BBI-
COKHX Teppacax).

CymMMapHas MHPOM3BOAHTENLHOCTh PACCMATPHBAEMBIX BOJLO3a-
6opos coctaBasier 282 Teic. MY/cyT, OHAKO H3-3a 3arps3HEHHOCTH
MOA3eMHBIX BOJA NMPOMBINLIEHHBIMH CTOKAMH H OTXOJaMH B Hacros-
niee BpeMs He BCH MoJydyaemasi BoJa MoKeT OLITh HCIOJIb30BaHA
[0 CBOEMY NpPSIMOMY Ha3HAYeHHIO [Js  XO35HCTBEHHO-THTBEBBIX

HY#KI. ;
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Puc. 83. Hcrounuki sarpasnesns W ofMas MHHEPANHIANHA NO3EMHBIX BOX B pPANOHE XHMHMECKHX MpeANDHATHIL:

I, 2, 3 — npomuingennble MAoWaAkH; 4, 5, 6 — HaKOMHTeNW CTOUHBIX BOA; 7, & — cTapbie 3aXOpOHEHHA CTOKOB H OTXOJO0B MpoHasojacrsa; 9, /0 — ka-

Haabl naa cOpoca NPOMBILIEHHBIX CTOYHLIX BOZ B peky; J/—25 — Bof03aGopsl MOA3EMHBIX BOA; 26 — H3OAHHNH oOmed MHHEPaAH3alHN MOA3eMHBIX
BOJL B MT/A: 27 — NRUHA THAPOreoNOrHYecKoro paapesa no A—B



M3 ykasanneix Ha puc. 83 Bomosabopos Toabko math (11, 22,
23, 24, 25) pampT uHCTYI0O BOAY; B ueThlpex Bojo3zabopax (14, 15,
17, 18) Boga uMeer clelbl 3arpsi3HEHHs, 4 B OCTAJbHbIX ILIECTH
HACTO/NLKO 3arps3HeHa, uYTO HCIOJb3YeTCs TOJNbKO IS TeXHHYEeCKO-
ro BomocHabzxenus (12, 13, 16, 19, 20, 21). VxyameHne Kauectpa
MOJ3eMHBIX BOJ B MAHHOM pailoHe HauaJoch OJHOBPEMEHHO ¢
sKcnayaTaluueil XHMHYECKHX TIPeINpPHATHH, KOrja MpPOMBIIIJIEHHBIE
CTOUHBlE BOJBl, HE3aBHCHMO OT MX TOKCHYHOCTH, cGpacelBajuCh B
PeKy MO OTKPBITHIM KaHaJaM, MPOJOMKEHHLIM B IEecKax, a TBeplble
OTXOIbl 3aXOPOHANUCH HENOCPEJCTBEHHO Ha TEPPHTOPHH 3aBOJOB
HiH BOJH3H HUX.

B TpHAuATHIX TOoHax MJS 3THX 3aBOAOB OBLIM MOCTPOEHBl HAKO-
nutenu (4, 5, 6), U3 KOTOPBIX CTOUHble BOJALI COpPachIBaJUCh B PEKY
B MaBOAOK. Bce 3TH Hakonurenau OblJIH COOpy:KeHbl 0e3 NpOTHBO-
(GUABTPALHOHHBIX MEePONPHATHI.

Haxonurenn 4 pacmoJjaraercsi Ha MOiMEeHHOII Teppace, Ha cloe
IVIOTHBIX CYTJHHKOB MOIIHOCTBIO OKOJIO 5 M, MOJACTHIAEMBIX aJllio-
BHAJbHBIM IecKoM (5—10 M) H HHXKe — TPelllHHOBATHIM MeJIOM.
YacTb NJOLIAAH HAKONMUTEJs1 OblIa MOKPHITA CYTJIHHHCTHIM 3KpPaHOM
ronmuuoit 0,5 M, Ha JHe Hakomutens oOpasoBaJcs CJIOH HIIaMa
MolHocThio okosmo 1 M. HecmoTpsi Ha 3TH (ecTecTBeHHBIH H HCKYyC-
CTBeHHBI{I) 3KpaHbl, (UJIbTPALHOHHBIE INOTEPH H3 HAKONHTENS
coctaBasfior 149% ot obbeMa HaXOASIIUXCA B HEM CTOYHBIX BOJ.

B cocraBe mocJeiHHX comepKarcs TPYAHO HOARAlONHE®dg pas-
noxennio opranndeckue Bemecrsa (XITK=5000—12 000 mr/a Oy);
KOHIIEHTpAlldsl a30Ta aMMOHHiiHOro cocrasaser 750—850 wr/a,
cyabdpatoB — 19000—20000 mr/a, xenesa 80—220 mr/a, amuHO-
coenunenuii (B mepecyere Ha aHuaHH) 300 Mr/a, HHTPOCOEAHHEHHH
(B mepecuere Ha HHTpOXJOpGeHzon) 26—45 mr/n, denonos 25—
30 mr/a, prytu 4,5—13,5 mr/a, mean 13—15 mr/a, Mpimbska 0,12—
0,26 mr/n. Cyxoil OCTATOK CTOUHBIX BOJ, B HAaKOIHTeJTe COCTABJSET
okosio 40 000 mr/mn.

B mJaMoHaKonuTeab 5, TpeJHa3HAYaBIIHKCA BHAYaje TOJBKO
aas ayxn TOL, cOpaceiBaloTcs Kpome  30JIOULIAKOBOH  MYJbIbl
CTOYHble BOJH XHMHUECKOTO TNpEeANpPUATHS, COAepIKallHe HOHbL TS-
JKeJBIX MeTasJIOB, Macja, aMMHAuYHYIO CEeJHTPY, YKCYCHYIO KHCIHOTY,
CONMM aMMOHHS, a Takike MHIaM Iocje HeATpaausaluHd NPOH3BOA-
CTBEHHBIX CTOYHHIX Boj mpeanpustHa. Cyxofl 0CTaTOK BOJIBI B HAKO-
nuteqe cocrasaser 1500—3300 mr/a.

B HakomuTeab COMOBOTO 3aBoja 6 cOGpachiBaloTcsl WIIaM H IH-
CTHISPHAS KHAKOCTh, o0pasylomascs NpH MPOH3BOACTBE KaJbIH-
HHPOBAHHOH CONAB amMMmuaunbly MeTogoM. Omna comepxut CaCly,
NaCl, CaS0,, CaCO;, ammuax, ¢enon. B maxkonurene obmasi mu-
HepaJH3alys CTOUHOM JKHAKOCTH cocraBiser 14—16 r/a, coxepxka-
Hue XJOpHIOB 85—96 r/n, matpus u Kaaus 21—25 v/, Kanbuus
30—34 rfx, pH=10,0—11.5.

duabTpalHOHHble NOTEPH H3 3TOTO HAKOMHTEJS COCTaBJAsAIOT
okono 10 Teic. M3/cyT, mpuueM (HALTPALMS NPOHCXOAHT TVIABHBIM
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06pasom uepes orpaxkuamoiide 1aMGbL. QunbTpanHOHHble TOTEPH
H3 Kanana (9), mo xoropomy cOpackiBaercs 1o 100 Thic. mi/eyT
YCJIOBHO-YHCTBIX 'CTOYHBIX BOJ, COCTaBJSIOT OKOJIO 15 ThIC. mM3/cyT.

Benencreue ¢unbrpannonnbix IOTEPE TOJNBKO M3 TpexX Ha3BaH-
HBIX HAaKONHTEJeH W KaHa/Ja B TMOA3EMHbE BOABI M TPYHTH BHOCHT-
€ B cyTKH Gosee 1600 T XHMHUECKHX BEILECTB, B TOM UHCJE XJI0pH-
foB 968 T, HaTpusa W Kaaua 238 T, Kaabuus 342 T, cyabtaros 22 T,
ammunaka 0,8 T, amuHonpoaykros 0,126 T, ¢enonos 0,081 T, HUTpO-
npoaykros 0,016 .

BOJIbUJOE“ SHAYEHHE B 3arpA3HEHHH TNOJA3EMHBIX BOJ PaccMaTpH-
BAEMOTO paHOHa HMEIOT, KPOMe TOrO, IPOJHBBEL TEXHOJOTHYECKHX
pPacTBOPOB H yTeYKH NPOMCTOKOB H3 KaHaJH3alHOHHBIX ceTeli Ha
npomniomankax (I), (2), (3),” pacTBopeHne 3aBOACKHX OTXOI0B
Ha y4aCTKax cTapbiX 3axopoHeHHil (7) u (8), ra3oabIMOBble BHIG-
POCHI NIPOMBIIIJIEHHBIX TIPEATPHATHII.

C rasonbiMoBEIMH BEIGpOCAMH B armocepy 3mech nonajgaer
okoso 1000 T B CYyTKH pAasiHuUHBIX BEILECTB, B TOM UHCJIE C npom-
naowaaks 3 okono 100 T B cyrku, ¢ npommaomanku I Godee 22 T
XHMHYECKHX BEIIeCTB, B TOM YHCIe CyJAbQHT H cyabdar HaTpus,
CePHHCTBIi AHTHAPHA, XJ0p-GeH30/1, MeTaHos, HadTaNHH, aMMHAK,
OKHCb yraepoaa M Ap. C npeanpusiThs Ha NpasoM Gepery peki B
armocdepy nocrynaer 860 T BeuiecTs B CyTKH.

[To pacueram Ha NMOBEPXHOCTb 3eMJIH M3 Ta301BIMOBHIX BBIOPO-
COB BBINAJAET OKOJO 48 T BellecTB B CYTKH (OCTaJbHble yJAeTyuH-
BaioTes1). B sarpsasnenun npuGpexHbXx Box03a60pOB, KpOMe TOrO,
GOJBIIYIO POJIb HIPaeT MpHBJeYeHHEe DEUYHBIX BOA, TaKXKe 3arpsa-
HEHHBIX NPOMBINIIEHHBIMH CTOKaMH, cOpachiBaeMbIMH Ha paccMmart-
pHBaeMOM H BHIIIEJIeKAIIHX YYaCTKaX PeKH.

[To nawnbiM u3BICKaHHiT OBITH TMOCTPOEHHI KapTh OGIIEro 3a-
TPA3HEHHs TOJA3eMHBIX BOJ BEPXHEMeJOBOTO TOpH3oHTa (pHc. 84,
Tabua. 21) M aanoBHA, a TaKXKe KapThl COACPKAHHS B MOA3EMHBIX
BOJax OTHeJbHbIX KOMIIOHEHTOB CTOYHBIX BOJ, XapaKTepH3YIOILHX
CTeneHb 3arpsi3HeHHst MO oOLIell MHHepamH3aUHH, XJOPHIAM, CYJb-
¢aram, NO; apomarHuecKHM aMHHONDOH3BOAHBIM M HHTPONPOH3-
BOAHEIM W Ap. B paiione npomnaomanok npeobiagaer sarpsisuenie
OPTaHHYEeCKHMH KOMIIOHEHTaMH, B pailoHe HaKOMHTeJsi 6 — MuHe-
palbHBIMH KOMIOHeHTaMH. [Ipu 3TOM opraHuueckue 3arpsisHeHus
KOHIEHTPHPYIOTCS B HaHOOJee BOAONPOHHIAEMON YaCTH KOMIJIEKca
Ha ray6une no 20—30 M OT MOBEPXHOCTH; BHLICOKOMHHEDAJIH30BaH-
Hble PacTBOPHl ¢ GOJBIION NJAOTHOCTbIO, (DUILTPYIOIIHECS H3 Ha-
KonuTensi, onyckaiorcs Ha rayouny no 80—90 M or moBepxHOCTH
U pPacTeKaloTcs BO BCE CTOPOHBI OT HAKOMHTEJS.

[lo maHHBIM 3/1eKTPOpa3BelKH TpPAHHIIA 30HBI COJIeHBIX BOA C
MuHepaausauueid Gosee 3000 mMr/a cMmemlaercs BO BceX HampasJe-
HHAX OT HAKONHTe/Nad co ckKopocThio oT 50—60 mo 170 M B ros.

AHanus THAPOreoJOTHYECKON = OOCTAHOBKH MOKAa3BIBAET, YTO
€CTeCTBeHHEIMH (paKTOpaMH, CNOCOGCTBYIOIIUMH pPa3BUTHIO 3arpsas-
HEeHHsS TOA3eMHBIX BOJ, 31eChb SIBJASAIOTCS «OTKPBITOCTh», HE3allH-

232



b S GO ES,
SRR eeetaa
et atutue el LD

a0 ‘.0,0. B0
‘\\ atedetelede!
\o 50505

e SRS &
S XD

3

2 3
!% = i T 5 57N

B r N STRHEREREE Sl
S R R e R L qi% 24
32325 PR R LW R 7t S

L7 [z Ay BN/ B [Te Ui
oy YV By A A a2 i

Puc. 84, CxemaTudyecKas KapTa 3arps3HeHHA NOA3CMHLIX BOJ BEPXHEMEJOBOr0 BOJOHOCHOTO
rOPH30HTA:

a — nnan; 6 — paapes.

1 — uHCTble BOAB! €CTECTBEHHOTO cOCTaBa; 2 — BOABI CO CIEJAMH 3arpA3HeHHs; 3 — darpaasHeH-
Hble BOABl; 4 — CHJIBHO 3arpsAsHeHHLle BOABL, 5 — MAKCHMAa/AbHO 3arpA3HeHHbIE BOJbI; 6 — Ha-
KOIMTEAH CTOMHBIX BOA; 7 — a/JJIOBHaJbHEIE NMecKH; & — 5M0BHA Mena; 9 — TPeUlHHOBATHIN

Meq; /0 — HHAKHAA rpaHHNA CHIBHOTPELIMHOBATOrO Meaa; [! — ypoBeHb MOA3EMHBIX BOJ;
12 — W30NHHAH MHHEPAJH3AUNH NOAIEMHBIX BOL B MI/1

LIIeEHHOCTh BOJOHOCHOTO KOMIJieKca Ha OoJblIoi NJ0oUIagH Iecua-
HbIX Teppac, JHIIeHHBIX TJHHHCTOrO MNOKpOBa, a TakKxe MaJOMOLIL-
Hasl, ¢ «OKHaMH», ciabonpoHulaeMasi KpoBas Mmesa. B atux ycino-
BHAX BCe 3arps3HeHuS, KOTOpble 3aXBATbIBAIOTCH aTMOCIIJeprIMH
OcajlkaMH H3 BO3/yXa, IIOYBHl W TPYHTOB 30HLI a3palldy, MomnagainT
B BOJOHOCHBII TOPH3OHT M 3arpasHsaloT ero. HaubGosnee HHTEHCHBHO
HJIeT 3TOT Mpollecc B paiioHe NPOMILIONIAJO0K H HA y4acTKax (UIbLT-
paliuH CTOYHBIX BOX B BOJIOHOCHBI TOPH3O0HT. DT0 TMOJOMKEHHe
ycyrybasercss HaJMYHeM TeCHOil THJpaBJaHUYecKOil CBASH aJJlOBH-
allbHOTO H BEPXHEMEJOBOTO BOJOHOCHBIX TOPH3OHTOB MEMXAY coGoi
H C peKoH.

Pacnpoctpanenuio 3arpsidHeHHil - B BOJOHOCHOM TOpPH30HTE 3a
npejenaMH KOHTYPOB NPOMIJIOLLAZIOK M HaKOMuTeNeil cnoco6CTBO-
Bal BOZOOTOOD H3 IKCIYATAUUOHHBIX CKBAXKHH, PAaCMOJOMKEHHBIX
B paiioOHe 04aroB 3arpsi3HeHus, a TakxKe MOBHIIIEHHbIE YPOBHH
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Ta6aunia 21

IMokasaren HHTEHCHBHOCTH 3arpsi3HeHHs MOA3EMHBIX BOJ NPOMBIIIJEHHLIMH CTOKAMM M

OTX0NaMH
TIpenensl cofiep:KaHHA KOMIOHEHTa, Mr/J

XapakTepHCTHKA 3arpAsHeHHOCTH MNOA3EM-

PRI c— 0% NO, NO,
YncThIE BOJB! €CTECTBEHHOTO COCTaBa 104-100 Crnegpt — 50 [ 0—10 0—0,1
Boasi co ciefaMu Sarps3HeHHs 100—350 50—500 | 10—15 | 0,1—0,3
3arpsi3HeHHEE BOJH 350—750 | 500—750 | 15—50 | 0,3—1
CHIBHO 3arpsisHeHHBIE BOJBL 750—1000( 750—1000 | 50—100 | .1—10
MagcumMaibHO 3aTrpA3HeHHble BOJIbI > 1000 >1000 >100 >10

Tpoponxenne Taba. 21

Tpenensl cofiepaHHs KOMMOHEHTa, MI /i

Xapax‘repnc‘mxa 3arpASHEHHOCTH IOJA3eM-

s NHY | pomywns | mpomywns | @eron
UpeThie BOJIB ecTecTBeHHoro cocrasa | 0 — Creawt 0 0 0 ;
Bonm co crefaMu 3arpssHeHHS Caenst — 1 [0,01—0,1/0,01—0,5/0,01 -0, 1
3arpsiaHeHHEIe BOJbI 1—5 ,1--0,5( 0,5—1 . 0,1—0,3
CunbHO 3arps3HEHHBIE BOALL 5—10 0,5—5,00 1—25| 0,3—1,0
MakcuMa/IbHO SarpssHEHHBIE BOJIbI =10 >5,0 >25 >1

NOJ3eMHBIX BOJ HA y4aCTKAX MHTEHCHBHOH HHQHJIbTPALHH CTOYHBIX
BoA («Kymoja pacTeKaHusi»). IIpDOHMKHOBeHHIO 3arpsi3HEHHI B Me-
JIOBOH TOPH30OHT CHOCOGCTByeT, Kpome TOro, OCylIeHHE alJIlOBHA B
paiioHe BOJ03a60pOB Ha 3aBOJCKHX Tuomankax. Bece ato co Bpeme-
HeM IPHBEJO K 3arpsi3HEHHIO HECKOJbKHX AefiCTBYIOUIMX BOJ03a60-
pOB, a Ha ydYacTke, re MOJA3eMHble BOJbl JPEHHPYIOTCS pekoit, —
H K JONOJHATEIbHOMY 3arPs3HEHHIO PEKH.

B paccmarpuBaeMOM paioHe B TedYeHHe rofa NPOHCXOAHT, Ta-
KuM 06pa3soM, KPyrOBOPOT CTOUHBIX BOA (cOpoc MpOMBIUIJIEHHBIX
CTOKOB B HAKONHTeNH, (DHAbTPALMS CTOKOB B BOJOHOCHbBIH TOPH-
30HT, W3BJIEUEHHE 3arpsiSHEHHBIX BOJA BOA03a00paMH sl TEXHHUE-
CKHX HYXJ, ONATb cOpPOC B HAKOMHTENH), YaCTHYHO 3aBepIIaio-
muiics B NABOJOK cGPOCOM CTOKOB H3 HaKONHTeNeil B peKy.

[Ips 3TOM COXpaHAeTCs 3arps3HEHHOCTh PEKH H MOJASEMHBIX BOJX
pailoHa M TPOHCXOJHT PACIUHPEHHe OUArOoB 3arps3HEHHi B BOAO-
HOCHOM ILJIAacTe, yrpomalomee COXPaHHOCTH OCTaBIIHXCHA YHCTBIX
BOL03a0OPOB.

B cocTaB KOMIUIEKCHOTO TNpOEKTa JOKaJaH3aUHH H JHKBHAALHH
0yaros 3arpsisHeHHs] B JAHHOM paiOHe BOWIM CJEAYIOUIHE Mepo-
npusTHA: 1) OTKAuKa 3arpssHEHHBIX BOJ H HX OYHCTKA NOCIE HC-
ONb30OBAHHS [ TeXHHUECKOTO BOJOCHAGKEHHs; 2) H30MALHA
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CYILECTBYIOIHX ULIAMOXPaHHJIMIL, HAKONHTeJNeH, CTapbiX 3axopo-
HeHHil ¢ TOMOIIBI0 MPOTHBOGHILTPALMOHHLIX CTEHOK, 3aruaybJeH-
HBIX [0 BOZOymopa; 3) OTKayka M3 CIeNHaJbHBIX [pPeHaKHbIX
CKBa;KHMH /sl 3allMTHl YMCTBIX BOA03abopoB; 4) 3akauka B ray6o-
Kie T0J3eMHbIe TOPH30HTHl MPOMBIIIJIEHHBIX CTOYHBIX BOJ €O CJOXK-
HBIM COCTABOM 3arpfA3HEHMi, He HMEIONIHX B HacToslllee BpeMA
9KOHOMHUECKH ONpaBAaHHBIX METOAOB OYHCTKH, H M.

Db deKTHBHOCTD PA3JHYHBIX BapPHAHTOB IPOEKTHPYEMBIX Mepo-
NpHSATHI ONpPEeNeNANach CPOKAMH <«CTATHBaHHs» KOHTypa 3arpss-
HeHHBIX BOJ C YYeTOM CTelleHH AecopOLMH H3 TPYHTOB OTHEJbHBIX
BH/IOB 3aTpPA3HEHHN, a TaKMKe KOJHYeCTBa M COCTaBa OTKAaYHBAEMBIX
3arpsA3HeHHbIX BOL, TPeOYIOIMX YTHIH3AUHH HIH OYHCTKH. YUHTBI-
BaJoch, KpoMe TOro, TpeGoBaHue obecnedyeHHs COXPAaHHOCTH Kaue-
CTBa BOAbl B YHCTHIX BOZ03a60Opax, BIHSIHHe APEHAMKHBIX CKBaXKHH
Ha TPOH3BOAMTEJLHOCTb JEHCTBYIOUHX BOX03abOPOB H JP.

®uabTpalHOHHBE PAacueThl NPOBOAHINCH AHAJIHTHYECKHMH Me-
TOZaMH M MOJEeJHpOBaHHeM Ha CeTO4HOH MojaenH. TeXHHKO-3KOHO-
MHYECKHe PacueTsl MOKA3bIBAIOT BBICOKYIO CTOMMOCTb MEPONPHSATHH
10 JOKamH3aUMH W JHKBHAALMH 3arps3HeHHil MOJ3eMHBIX BOIL B
paccMaTpuBaeMoM paiioHe. BesMKH Takke 3aTpaThi Ha OUYHCTRY
OTKAuHBaeMbIX 3arpsisHeHHbIX BOA. IIpu 3TOM mNOJHOE H3BJIEYEHHE
NpH OTKauKe MOA3EMHBIX BOJ H CTSITHBaHHEe KOHTypa 3arpsisHeHH:
MOTyT ObiTh NPAKTHUECKH BBHIIOJHEHBI TOJNBKO 34 NJAHTEeNbHBIH TIe-

PHOL.

VeraHoBleHHble HAa BCeX YKasaHHBIX 00beKTax HENOoCpeJCcTBeH-
Hble TPHYHHBI 3arpPsI3HEHHs MOJ3eMHBIX BOZL SABJSIOTCA THIHYHBIMH.
IeficTBHTebHO B OOJBLIMHCTBE CllyyaeB 3arps3HeHHe MPOH3OLLIO
B pesyabpTarTe (QHIBTPALHUH CTOYHBIX BOX H3 HAKOMHTeNeH, XBOCTO-
W IIJaMOXPAHHJHIL, «OelbiX MOpefi» M IPYrHX KPYNHbIX IPOMBIII-
JIeHHBIX GaccefiHOB, H3-3a yTeyeK CTOYHBIX BOJX H TEXHOJOrMYECKHX
pacTBOPOB H3 KOMMYHHKAllMil ¥ 11€XOB, a TaKxKe H3 MeCT CKIaaHpo-
BAHMS XHMHYECKOTO CHIpbSi HA TEPPHUTOPHH CAMHX NPOMIpPEANpHs-
THI.

3arpssHeHHe MOA3eMHBLIX BOJA ObLIO BBI3BAHO TAKiKe MOCTYIJIe-
HHEM B TPYHTHl M BOJOHOCHBIE IJIACTEl aTMOCQEDHEIX OCajKOB, 3a-
rPSI3HEHHBIX Ta30[BIMOBbLIMH BBIOPOCAMH H NPOAYKTAMH HCHApPEHHA
¢ TOBEPXHOCTH ToJiefl (UIbTPANHH H HAKOMHTENeH CTOYHBIX BOA H
OTXOJI0B.

BesleficTBHE 3TOTO 3arpsisHEHHBIMH OKas3a/JHCh IOJ3eMHbIE BO-
Abl HA TEPPHTOPHSX, pPa3Mepbl KOTOPHIX 3HAUHTEIBHO Gosible ILIO-
mag¥ HCTOYHHKOB 3arpsisHenHsi  (6acceiHOB, MPOMILTIONIAOK) ,
NMpHYeM CO BpeMeHeM Ouard 3arpsi3HeHHs B BOJOHOCHOM IIACTE
YBEJHUHBAIOTCS.

BechbMa BaixKHLIM SIBJSETCS TO 0OCTOATENBCTBO, YTO MPH 3arpAs-
HeHHH TOJA3eMHBIX BOJL MOUYTH Bcerfa oOHApyXKHBaeTCs 3arpAsHe-
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HHe MOBEPXHOCTHHIX BOJAHBIX MCTOYHHKOB H BCEll OKpyiKalolled Cpe-
Obl B 1eJIOM (3arpsi3HeHHble MOYBHI, YTHETEHHAsl PaCTHTEJIbHOCTD,
3arpsiaHeHHasi atMocdepa W T. [1.). BhimosHeHHBlE HCC/IeL0BAHHSA
NIOKAa3a/i, 4TO 3arpsi3HeHHe MOA3E€MHBIX BOJ NPHBOLHT K HUCKJIOYH-
TeJbHO HeOJaronpHATHBIM MOCJAEICTBHAM: BBIXOHAAT H3 CTPOA BOJIO-
3abopsl MOA3EMHBIX' BOJ, HapyllaeTcsi BOLOCHAGKeHHe HacCeJeHHBIX
NYHKTOB W NPOMBILJIEHHBIX NpelNpuATHi, 3aTPauMBAIOTCA CPENCT-
Ba HA H3bICKAHHE HOBBIX BON03abOpOB H T. 1.

Hapsiny ¢ 3THM BHIABHJOCH, UYTO INpeKpallleHHe HauyaBUIErocs
sarpsisHeHHss W TeM OoJee JHKBHIALHA 3arpsisHeHHs IOJ3eMHbIX
BOA M €ro NOCJAeICTBHil — OUeHb CJOXKHAs B TEXHHYECKOM OTHO-
LWIeHHH 3ajgava, Tpebyouiasi AJs CBOEro OCYILECTBJIEHHA JIHTeNb-
HOro BpeMeHH H GOJbLIMX MaTepHa/bHbIX 3aTparT. 2

B orneannbix, HauboJjiee TsXKeJdbBIX claydYadx 3arpssHeHHe ITOM-
3eMHBIX BOJ OKasbiBaeTcsas HeoGpaTHMbIM npoueccom. [loatomy
BaykHelilllee 3HayeHHe HMeeT NPOQHUIAKTHKA 3arpsA3HeHHs MOA3eM-
HEIX BoA. Ha Bcex paccMOTpPeHHBIX 00DBeKTaX BbIMOJHEHHBIE CBOE-
BPEMEHHO NpO(HIAKTHYECKHe MEpONpPHATHA 10 MNpeiynpexIAeHHIO
3arps3HeHHsl HECOMHEHHO OKa3afHch Obl B TeXHHKO-9KOHOMHYECKOM
OTHOLIeHHH GoJiee BHITOAHBIMHM, ueM Oopbba ¢ 3arpssHeHHeM MOJI-
3eMHbIX BOJ| IOcJe TOro, Kak 3arpssHeHHs YyiKe M[OCTYIHJIH B
BOJOHOCHBIH IL71aCT.

Insi o6ocHoBaHHS HeOOXOJHMOCTH H CXeMbl MEpPONpPHATHH IO
3alliTe NMOA3EMHBIX BOJ OT 3arps3HeHHsi BayKHOe 3HAueHHe TIPHOO-
peraer NPOTHO3 CKOPOCTH H BPEMEHH DaclpOCTPAHEHHs 3arpssHe-
HUiI B TOM HJM HHOM HHTEpecylolleM HampasJeHHH H TNpPOTHO3
BO3MOJKHOIO H3MEHEeHHH KauecTBa MOA3eMHBLIX BOA. DTH BONPOCH
BO3HMKAIOT NpPH pa3MelleHWH HOBBIX NpEANpHSATHII XHMHUECKOT,
HegrenobbiBaloniel, HedrenepepabarThBaloLLeH, MeTaJIypruyecKoi
M JPYTHX OTpacieil NMPOMBIILIEHHOCTH, @ TaKxKe NpH pasBelke H
IPOeKTHPOBaHHH HOBHIX BOA03a0OPOB MOI3EMHBIX BOL. ITpornos
HeoGX0AMM TaKXKe TpH paspaGoTKe MepONPHATHH MO 3alluTe nef-
CTBYIOLLMX BOA03a00POB H BOJOEMOB H MepONpHATHH MO JOKa/JIH3a-
UM W JHKBHIALHMH CYILECTBYIOLUIErO 3arps3HeHHs MOJ3EMHBIX BOI.

OCHOBHBle 3a7auif ¥ HATpaBJEHHS HCCIENOBaHHH [Jsl THAPOreo-
JNOTHUECKOT0 OOGOCHOBAHHS 3AalIMTHBHIX MEPONPHATHA W MPOrHO3a
H3MEHeHHsl KauecTBa BOIbI MOTYT ObITb OnpeleleHbl B CB#3H C
OCHOBHBIMH BBIBOJAMH, KOTOpBIE CJENYIOT H3 aHaNIH3a MaTepHa/aoB
HATYpHbIX HaOJIOJeHHH M JAeTaJbHBIX H3bICKAHWA HAa yvyacTKax 3a-
rpA3HEHHs MOA3EMHBIX BOL.

[lpexne Bcero HeoGXOAMMO OTMETHTb, UTO 3arpsA3HEHHE TMOM-
3eMHBIX BOJ OOBIYHO CBfI3aHO C HEMPaBHJbHLIM, HEAOCTATOYHO o0bo-
CHOBAHHBIM 110 T€OJIOTHYECKHM H THADOTeoJOrHYeCKHM YCJOBHSIM,
BHIOOPOM MecTa pacrofIoXeHHs NpOMIPEANPHATHH M TJIOXOH Op-
rapusaiell HWJAH OTCYTCTBHEM HEOOXOAMMBIX THAPOTeOJOTHYECKHX
HaG/I0AeHHi Ha OOBEKTaxX, MOTEHUHANbHO ONACHBIX B OTHOLIEHHH
BO3MOKHOTO 3arpssHeHHus.

B cBSI3H ¢ 3TMM 3arpsisHeHHe MOJA3EMHBIX BOJ 00HapYKHBAJIOCH
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BCerja ¢ 3ano3jlaHHeM — KOTja 3arpA3HAlollHe BelllecTBa MOHOLI-
JIH yxKe K BOJ03abOpPHBIM CKBa:KHHAM MJIH KOJOAIlAM, 4acTo yja-
JIEHHBIM OT HCTOYHHKA 3arpssHeHHs Ha OO0JbILIOE PacCTOfHHE, T. €.
KOrjaa H3-3a OOJbIION NJOLIAAH 3arpPsA3HEHHBIX [OA3eMHBIX BOI
JIMKBHJAUMs 3arPs3HEHHsT M ero IIOCJeNCTBHH mpeBpaTHJach B
CJIOKHYIO 3ajayy.

BMmecto ¢ Tem caenyer OTMETHTb, UTO BbiSIBJEHHE NPHYHH, YC-
JIOBHI H XapakTepa 3arpsisHeHHsi TIOJ3eMHBIX . BOJ TpeboBaJjio
IIOCTAHOBKH THIPOTeOJOrHUeCKHX H3BICKaHHI H HabJI0deHHH, OT-
JIMYAIoIUXCH 10 00beMy H METOAHKE OT OOLIYHLIX, BHIMOJHSIEMBIX
IPH MHXKEHEPHBIX H3bICKAHMAX [J5 CTPOHMTENbCTBA, MEJHOPAIHH
3eMeJb HJH BoJAOcHaOKenusi. ITo0 ompeienseTr HeOOXOAHMOCTb
paspaGOTKH METOAMKH CHNelHaJbHBIX TIHAPOre0JOTHUECKHX HCCJe-
JOBaHHWH B CBHA3H C 3alHTOH NMOJA3EMHBIX BOJ OT 3arpsi3HEHHS.

Bo Bcex paccMOTpeHHBIX clyuyasx 3arps3HeHHI0 OBl IOABep-
MeH BepXHHII BOJOHOCHBIH TOPH3OHT, He 3alIHILIEHHBIH C TOBEpX-
HOCTH 3eMJIH BONOYNMOPHOH KpoBJeil. Bo3aMOXKHO Takke yXyalueHHe
KauyecTBa BOJbl M B 00Jee TyOOKHX TOPH3OHTaX NpPH NOCTYIIEHHH
3arpsASHEHHH H3 BepXHEro TOPH3OHTA Yepe3 «JHTOJOTHUECKHE OK-
Ha» B BOJOYNOPHOH KpoBJe. B psane ciayuyaeB B BOAOHOCHBIH MJIacT
MPHBJAEKAIOTCA 3arps3HeHHbIe PeuHble BOJIbI.

B 3aniuiieHHbli BOLOHOCHBIH N1a¢T NPOMBIIJIEHHBIE, XO35HCT-
BEHHO-OBITOBble H CeJbCKOXO3siiCTBeHHBlE 3arpsi3HEHHs, KakK Inpa-
BUJIO, He MOCTYNalT (3a HCKJIOYeHHeM YYaCTKOB PacloJOMKeHHs
HEHCNPaBHBIX WJH HENPaBHJIbHO 3KCIVIYATHPYEMBIX CKBAXKHH U
ropHbIX BbIpaboToK). OAHAKO KpyNHble NpeAnpHATHA-NOTpeGHTeNH
GoabIIHX 00BEMOB TEXHHYECKOH BOJBI H COOTBETCTBEHHO HCTOUHHKH
©0JBIIOT0 KONHYECTBA CTOYHHIX BOJ pasMellaloTcs oOBIYHO B peuy-
HBIX J0JHHAX HAn BOMH3H 03ep M BOAOXPAHWIHIL, TAe NPHPOIHBIE
BOJbI He 3alllMlleHbl OT 3arpasHeHHs. BMecre ¢ TeM HMeHHO 37ecCh,
B MecYaHO-FpaBHHHBIX M rajleyHHKOBBIX aJlJlOBHAJbHEIX 00pa3oBa-
HHSIX peyHBIX JI0JIHH, KaK yKas3blBaJoOChb HaMH, GOpMHpYyeTCs 3HAUU-
TebHas YacTb PECYpPCcOB INMOA3EMHBIX BOJ, HCNOJb3yeMblX B HACTOSsI-
liee BpeMsi B HapoAHOM Xo3siicTBe. JTOMY cnocoOCTBYIOT TecHas
THApaBIHYecKad CBfI3b C  [IOBEPXHOCTHLIMH  BOJAOTOKaMH H
BOJOEMAMH, a4 TakKike OTCYTCTBHE BOJIOYNOPHOH KPOBJH Hal MNOXA-
3eMHBIMH BOJaMH W BO3MOXKHOCTb, TaKHM 00pa3oM, HHTEHCHBHOTO
NUTAHHSA TIOA3EMHBIX BOJ B NMAaBOMKH, NPH CHErOTASHUH, NPH OOHIb-
HBIX aTMoc(epHbIX ocajkax. DTH Ke 0COOEHHOCTH — He3allHILeH-
HOCTh BOJOHOCHOTO TOPH30HTA C MOBEPXHOCTH M TecHasg CBfA3b C
PEKOi — SIBAAIOTCA TPHYMHONH YXVAIUEHHS KadyecTBa  MOJA3eMHBIX
BOJ IpH MHOUIBTPALMH 3arpA3HEHHbIX CTOUHBIX BOJ H armocdep-
HBIX OCAJIKOB, a TakKie INPH NPHBJECYEHHH B IJIaCT 3arpsA3HEHHBIX
peunblx Boi. CpaAsb NMOJ3eMHBIX BOJA C peKOi, NPHBOAsALLAs 3aya-
CTYIO K «KPYyrOBOPOTY» 3arpsi3HeHMil MeKJ1y HHMH, NOJKHA Yy4H-
THIBATBCSA TPH COCTABJIEHHWH pacyeTHBIX cXeM M Bhibope Merona
[POTHO3a KauecTBa TOA3€MHBIX BOJ Ha 3arpA3HeHHBIX NpPHOpex-
HBIX yuacTKax W pa3paboTke 3alHTHBIX MEPONPHATHH.
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5

HauGonee kpynHble MO MJaOLaAH 3arpA3HEHHA I0J3€MHBIX BOJK
OBLIIH CO3J4aHEl B peayJ/bTaTe LJAHTEAbHOI (QHABTPAIHH 3HAYHTEIb-
HOTO 00BbEeMa CTOYHBIX BOJ H3 Hakomuresaeil, nojaefl (HIbTPALHH,
XBOCTOXPAHWJIHI M APYPHX TPOMbIIIJIeHHEIX OacceiiHoB. B cBsasu c
3THM TpPOMBIIUJIeHHBIe OaccelfHbl [0JKHB paccMaTpHBATbCs He
TOJBKO KaK HCTOYHHKH 3arpsA3HeHHii, HO W KaK aKTHBHLIE B THIpO-
JUHAMHYECKOM OTHOIIeHHH 06BbeKTbl. MX BAMsiHMe HAa HampaBJeHHe
# CKOPOCTb JABH:KEHHS MOA3eMHBIX BOJ, a TaKxkKe TaKHe 0ocOOeHHO-
CTH, Kak OoJbllas maouiajib, HerJyOOKHH Bpe3 B BOJOHOCHBIH
NJA4CT HJH TOPOIbI 30HBI a’pallHi, Ha/lHuHe HCKYCCTBEHHBIX HJIH
€CTECTBEHHBIX 3KPAHOB B OCHOBAaHHH, KoJeOGaHHS BO BPEMEHH YpPOB-
HS CTOYHBIX BOJA H 'yBeJHUeHHe TOJLLHHBI CJ0A O0CaJKOB, HOJIKHBI
VUHTHIBATBCSA IIPH ONMpeje]eHHH CKOPOCTH H BPeMEHH pacrpocTpa-
HeHHs 3arpsi3HeHHH B BOLOHOCHBIX IlJacTax.

PacnpocTpaHenHio 3arpsisHEHHIT B BOJOHOCHBIX MJIAcTaX CMoco0-
CTBYIOT BOJ03a0OpHl MOA3€MHLIX BOJ, BOMOMOHHU3HTEJbHEIE M Jpe-
HaJKHble COOPYXKEHHS, LIAaXTHBI BOJOOTJIHB H JApPYyrdHe BHAB BOJO-
orGopa, yBeJHYHBAIOIIErO CKOPOCTb IBHIKEHHs 3arpsisHEHHIL

Boabnine ckKopocTH GHABTPALMH 3arpA3HEHHOrO0 MOTOKA MO~
3eMHBIX BOJA HaAOJIOZAIOTCH TAaKxKe B BONOHOCHBIX TOPH3OHTaxX MpH
BLICOKOH BOAOMPOHHL@AEMOCTH MOPOA M 3HAYHTENbHBIX YKJOHAX.

Ha6aio1enns MOKasbiBalOT, 4TO COJep:KaHHe 3arpsisHeHHi B.
MOJA3eMHBIX BOJax OOBIYHO YMeHbIIaeTcs ¢ VAajJeHHeM OT HCTOYHH-
Ka 3arpsasHeHHs, XOTd B OTAEJNbHBIX cayyasx (B paiione «Geabix
Mopeii») M Ha 3HAYHTEJIBHOM OTHAJIeHHH KOHIEHTPALHs 3arpssHe-
HUil B BOLE MOIKET OCTABaThCsd BHICOKOH. OmpemensiomHMH B JaH-
HOM clyuae sIBJSIOTCS BHJ M Xapakrtep 3arpsasHeHHs, a TaKikKe BO3-
MOXKHOCTb cMelleHHsi M pa3baBieHHs 3arpg3HEHHBIX BOJX C YHCTHI-
MH TIOA3EMHBIMH BONAMH.

B 3aBHCHMOCTH OT COCTaBa W KOHILEHTpAllHH 3arps3HsIOULero Be-
[lecTBA, a TAKXKe OT XapakTepa ero MOCTYINAeHHS B BOJAOHOCHBII
naact (HempepbiBHOe, MEePHOJIHYECKOe, pPAa3oBOe) 3arpsisHeHHe B
TOIl WM HHOH Mepe 3ajep:KHBaeTcss M pacceHBaeTcs B BOAOHOC-
HOM IJIacTe B peayjbraTe pPasHOOOGpasHbIX (PH3HKO-XHMHYECKHX
MpoLEeCCOB B3aHMOAGHCTBHA ¢ MOPOAAMH H TMOA3EMHBIMH BOXAMH,
NOrpyzKaercs B HHKHIOID 4YacTh IJIacTa, pachpejessiercs Mno OT-
JeJbHBIM, HauGogee GUABTPYIOIIHM HIH Haubojee COPOHPYIOULHM
npociaoam H T. A. HemanoBamubeiM 00CTOATENBCTBOM CIYMKHT NpPH
5TOM HEOAHOPOAHOCTH CBOHCTB BOAOHOCHOTO II1ACTd — HE TOJbKO:
5 (UIBTPALHOHHOM, HO H B THAPOXHMHYECKOM OTHOLICHHH.

[TostoMy B cocraBe THAPOTEOJOTHUECKHX —H3BICKAHHIl, CBA3aH-
HBIX C 3alHTOI MOA3eMHbIX BOL OT 3arpsi3HeHHs, HOMKHBI ObITh
NpefAyCMOTPEHBl leleHanpapjieHHble HCCAeJ0BAHHA THAPOXHMHYES
CKOfi 0OCTAHOBKH B €CTECTBEHHBIX H HAPYLUIEHHBIX YCJIOBHAX, H3yue-
HHe 3alIUIeHHOCTH BOJOHOCHBIX ILIACTOB OT 3arpsisHeHHs, a Tak-
JKe OCBellleHHMe TEeXHOTeHHBIX BJHAHHI Ha THIPOAHHAMHYECKYIO»

06CTaHOBKy U KauecTBO MOA3eMHBIX BOA.
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NPHNOXEHHUSA

Mpunoxenne 1

3navenns dyskuni—Ei (—z) u W (2, r/B)

r '
w (r. ‘E‘) TpH r/8B
z —E{ (—2)
01 0,2 0,4 0,6 0.8 1
0,0005 7,024 | 4,853 3,504 2,229 1,555 1,131 0,842
6 6,842 4,851
7 6,688 4,848
8 6,554 4,843
9 6,437 4,837
0,001 6,331 4,829
2= 5,639 4,708 3,504
3 5,235 4,562 3,497
4 4,948 | . 4,423 3,481
5 4,726 4,296 3,457
6 4,545 4,181 3,427
78 4,392 4,077 3,395
8 4,259 3,982 3,360 2,229
9 4,142 3,895 3,324 2,227
0,01 4,038 3,815 3,288 2,295 1,555
2 3,355 3,244 2,952 2,181 1,563 1,131
3 2,959 2,887 2,690 2,103 1,542 1,130
4 2,681 2,629 2,482 2,016 1,521 [=107
5 2,468 2,427 2,311 1,928 1,493 1,121 0,841
6 2,295 2,262 2,167 1,845 1,459 1517 0,839
7 2,151 2,123 2,044 1,767 1,423 1,099 0,836
8 2,027 2,003 1,935 1,695 1,386 1,085 0,832
9 1,919 1,898 1,839 1,627 1,349 1,068 0,826
0,1 1,823 1,805 15763 1,564 1,312 1,050 0,819
2 1,283 1,216 1,194 1,114 0,996 0,858 0,715
3 0,906 0,902 0,890 0,846 0,778 0,693 0,601
4 0,702 0,700 0,693 0,665 0,621 0,565 0,502
5 0,560 0,558 0,553 0,534 0,504 0,465 0,421
6 0,454 0,453 0,450 0,436 0,415 0,387 0,354
T 0,374 0,373 0,370 0,361 0,345 0,324 0,300
8 0,311 0,310 0,308 0,301 0,289 0,273 0,254
9 0,260 0,260 0,258 0,253 0,244 0,231 0,217
1,0 0,219 0,219 0,218 0,214 0,206 0,197 0,186
2 0,049 0,049 0,049 0,048 0,047 0,046 0,044
3 0,013 0,013 0,013 0,013 0,013 0,012 0,012
4 0,004 0,004 0,004 0,004 0,004 0,004 0,004
5 0,001 0,001 0,001 0,001 0,001 0,001 0,001
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Tipunoxenune 2
Buauenuss Gynkumn P (2), eric(z), ierfc (2),7i* erfc(2), Iy (2), 1,(2), Ko(2), K (2)

@ (2) |erfc (2) | ierfc(z) | iferic (2) 1o (2) I, (2) K, (2) K, (2)

N

0,0000 ] 1 0,5642| 0,2500 | 1,0000 | 0,0000 oo s
0,0113|0,9887|0,5542 | 0,2444 | 1,0000 | 0,0050 | 4,7212 | 99,9739
0,0226|0,9774 | 0,5444 [ 0,2438 | 1,0001 | 0,0100 | 4,0285 | 49,9547
0,0338|0,96620,5350 | 0,2335 | 1,0002 | 0,0150 [ 3,6235 | 33,2715
0,0451|0,95490,5251 | 0,2282 | 1,0004 | 0,0200 | 3,3365 | 24,9233
0,0564 | 0,9436|0,5156| 0,2230 | 1,0006 | 0,0250 | 3,1142 | 19,9097
0,0676 |0,9324 | 0,5062| 0,2179 | 1,0009 | 0,0300 | 2,9329 | 16,5637
0,0789|0,9211(0,4969( 0,2129 | 1,0012 | 0,0350 | 2,7798 | 14,1710
0,0901 {0,9099 | 0,4878| 0,2080 | 1,0016 | 0,0400 | 2,6475 | 12,3742
0,1013|0,8987|0,4787 | 0,2031 1,0020 | 0,0450 | 2,5310 | 10,9749
0,1125|0,8875(0,4698| 0,1984 | 1,0025 | 0,0501 | 2,4271 9,8538
0,1236|0,8764|0,4610( 0,1937 | 1,0030 | 0,0551 | 2,3333 8,9353
0,1348|0,86520,4523 [ 0,1892 | 1,0036 | 0,0601 | 2,2479 8,1688
0,1459|0,8541(0,4437 | 0,1847 | 1,0042 | 0,0651 | 2,1695 7,5192
0,15690,8431|0,4352( 0,1803 | 1,0049 | 0,0702 | 2,0972 6,9615
0,1680]0,8320|0,4268| 0,1760 | 1,0056 | 0,0752 | 2,0300 6,4775
0,1790)0,8210]|0,4186( 0,1718 | 1,0064 | 0,0803 | 1,9674 6,0553
0,1900)0,8100|0,4104 | 0,1676 | 1,0072 | 0,0853 | 1,9088 5,6784
0,2009/0,7991|0,4024 [ 0,1635 | 1,0081 | 0,0904 | 1,8537 5,3447
0,2118(0,7882|0,3944 | 0,1596 | 1,0090 | 0,0954 | 1,8018 5,0456
0,2927(0,7773|0,3866| 0,1557 | 1,0100 | 0,1005 | 1,7527 4,7760
0,2335(0,7665|0,3789| 0,1518 | 1,0111 | 0,1056 | 1,7062 4,5317
0,2443(0,7557 10,3713 | 0,1481 1,0121 | 0,1107 | 1,6620 4,3092
0,2550]0,74500,3638 | 0,1444 | 1,0133 | 0,1158 [ 1,6199 4,1058
0,2657|0,7343|0,3564 | 0,1408 | 1,0144 | 0,1209 | 1,5798 3,9191
0,2763|0,7237|0,3491 | 0,1373 | 0,0157 | 0,1300 | 1,5415 3,7470
0,2869(0,713110,3419| 0,1338 | 1,0170 | 0,131l 1,5048 3,5880
0,2974|0,7026 (0,3348 | 0,1304 | 1,0183 | 0,1362 | 1,4697 3,4405
0,3079]0,69210,3278 | 0,1271 1,0197 | 0,1414 | 1,4360 3,3033
0,3183]0,6817(0,3210| 0,1239 | 1,0211 | 0,1465 | 1,4036 3,1775
0,3286|0,6714 |0,3142| 0,1207 | 1,0226 | 0,1517 | 1,3725 3,0560
0,3389|0,6611|0,3075| 0,1176 | 1,0242 | 0,1569 | 1,3425 2,9441
0,3491(0,6509 0,3010| 0,1145 | 1,0258 | 0,1621 1,3136 2,8390
0,3593|0,6407 [0,2945( 0,1116 | 1,0274 | 0,1673 | 1,2857 2,7402
0,3694 | 0,6306 |0,2882| 0,1087 | 1,0291 | 0,1725 | 1,2587 2,6470
0,3794|0,6206|0,2819| 0,1058 | 1,0309 | 0,1777 | 1,2327 2,5591
0,3893|0,6107|0,2758| 0,1030 | 1,0326 | 0,1829 | 1,2075 2,4760
0,3992|0,6008 | 0,2722| 0,0998 | 1,0345 | 0,1882 | 1,1832 2,3973
0,4090|0,5910|0,2637| 0,0976 | 1,0364 [ 0,1934 | 1,1596 2,3227
0,4187|0,5813|0,2579| 0,0950 | 1,0384 | 0,1987 | 1,1367 2,2518
0,4284 [0,5716|0,2521| 0,0925 | 1,0404 | 0,2040 | 1,1145 2,1844
0,4380|0,5620|0,2465| 0,0900 | 1,0425 | 0,2093 | 1,0930 2,1202
0,4475[0,5525|0,2409 | 0,0875 | 1,0446 | 0,2147 | 1,0721 2,0590
0,4569 [ 0,5431|0,2354| 0,0852 | 1,0468 | 0,2200 | 1,0518 2,0006
0,4662|0,5338(0,2300| 0,0828 | 1,0490 | 0,2254 | 1,0321 1,9449
0,47550,5245|0,2247 | 0,0806 | 0,0513 | 0,2307 | 1,0129 1,8915
0,4847]0,5153 (0,2195| 0,0783 | 1,0560 | 0,2261 | 0,9943 1,8405
0,4938|0,5062 [0,2144 | D,0762 | 1,0584 | 0,2415 | 0,976l 1,7916
0,5027 | 0,4973 | 0,2094 | 0,0740 | 1,0609 | 0,2470 | 0,9584 1,7447
0,5117|0,4883)0,2045| 0,0720 [ 1,0635 | 0,2524 | 0,9412 1,6700
0,52050,4795|0,1996 | 0,0700 | 1,0635 | 0,2579 | 0,9244 1,6564
0,5379(0,4621(0,1902| 0,0661 1,0687 | 0,2689 | 0,8921 1,5749
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[Mpononxenye npuiomx. 2

z ® (z) |erfc (2) |ierfe(z) | i? erfc (2) I (2) 1 (2) K, (2) K, (2)
0,54 (0,5549|0,4451|0,1811| 0,0623 1,0742 | 0,2800 | 0,8614 1,4994
0,56 |0,5716)0,4284 10,1724 | 0,0588 1,0799 0,2911 0,8321 1,4292
0,58 |0,5879/0,4121 (0,1640| 0,0555 1,0859 | 0,3024 | 0,8042 1,3638
0,60 (0,6039]0,3961|0,1559( 0,0523 1,0920 0,3137 0,7775 1,3028
0,62 [0,6194|0,3806(0,1482| 0,0492 1,0984 0,3251 0,7520 1,2458
0,64 |0,6346 | 0,3654 | 0,1407 | 0,0463 1,1050 | 0,3367 | 0,7277 1,1923
0,66 [0,6494 (0,3506 | 0,1335| 0,0436 1,1119 | 0,3483 | 0,7043 1, 1420
0,68 |10,6638(0,3362|0,1267 | 0,0410 1,1190 | 0,3600 | 0,6820 1,0948
0,70 10,6778 0,3362|0,1201 | 0,0382 1,1260 | 0,3719 | 0,6605 1,0503
0,72 10,6914 (0,3086|0,1138| 0,0362 1,1339 | 0,3838 | 0,6399 1,0083
0,74 (0,7047)0,2953|0,1077 | 0,0340 1,1417 | 0,3959 | 0,6202 | 0,9686-
0,76 {0,7175|0,282510,1020| 0,0319 1,1497 | 0,4081 0,6012 | 0,9311
0,78 10,7300 0,2700|0,0965| 0,0299 1,1580 | 0,4204 | 0,5829 | 0,8955.
0,80 |0,7421]0,2579|0,0912| 0,0280 1,1665 | 0,4329 | 0,5653 | 0,8618
0,82 (0,75380,2462|0,0861| 0,0262 1,1753 | 0,4454 | 0,5484 | 0,8298.
0,84 10,7651 (0,2349|0,0813| 0,0246 1,1843 | 0,4581 0,5321 0,7993
0,86 10,7761 0,2239|0,0767 | 0,0230 1,1936 | 0,4710 | 0,5164 | 0,7704
0,88 |0,7867|0,2133(0,0724| 0,0215 1,2032 | 0,4840 | 0,5013 | 0,7424
0,90 10,7969 (0,20310,0682| 0,0201 1,2130 | 0,4971 0,4867 | 0,7165-
0,92 {0,8068 (0,1932|0,0642| 0,0187 1,2231 0,5104 | 0,4726 | 0,6915
0,94 10,8163/0,1837|0,0605| 0,0175 1,2334 | 0,5239 | 0,4591 0,6675
0,96 [ 0,82540,1746|0,0569| 0,0163 1,2440 | 0,5375 | 0,4459 | 0,6447
0,98 |10,834210,1658|0,0535| 0,0152 1,2549 | 0,5512 | 0,4338 | 0,6228
1,0 |0,8427(0,1573|0,0503| 0,0142 1,2661 0,5652 | 0,4210 | 0,6019°
1,1 0,8802|0,1198|0,0365| 0,0099 1,3262 | 0,6375 | 0,3656 | 0,5098
1,2 [0,9103(0,0897|0,0260| 0,0068 1,3937 | 0,7147 | 0,3185 | 0,4345.
1,3 10,9340|0,0660|0,0183{ 0,0046 1,4693 | 0,7973 | 0,2782 | 0,3725
1,4 10,9523(0,0477|0,0127| 0,0030 1,5534 | 0,8861 0,2437 | 0,3208
1,5 [0,9661]0,0339|0,0086| 0,0020 1,6467 | 0,9817 | 0,2138 | 0,2774
1,6 [0,9763|0,0237|0,0058| 0,0013 1,7500 1,0848 | 0,1879 | 0,2406.
1,7 10,9838|0,0162|0,0038| 0,0008 1,8640 1,1963 | 0,1655 | 0,2094
1,8 [0,9891(0,0109(0,0025| 0,0005 1,989 1,3172 | 0,1459 | 0,1826.
1,9 10,9928(0,0072|0,0016( 0,0003 | 2,1277 1,4482 | 0,1288 | 0,1597
2,0 10,9953|0,0047 |0,0010| 0,0002 | 2,2796 1,5906 | 0,1139 | 0,1399:

IMpunoxenne 3
3nauenns unterpanos [, u [

I, wl, npu y, paBHOM

s 0 0,1 0,4 1 10
1y Ig Iy I, I I ! £ Is Iy I,
: 5=0,01
0,01 |7,697]0,294|6,236]|0 4,924 10 4,041]0 1,867 0
0,1 |6,246(0,090|5,943|0,0494,919(0,062 |4,042 (0,001 | 1,868 0
0,2 |(5,604(0,048(5,501]|0,039|4,839|0,01 |4,031]0,002|1,870 0
0,4 |4,945)0,024|4,916 (0,023 |4,612|0,012 3,982 (0,004 | 1,873 0
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—

TTpoAo/IKeHAE MPHJAOK. 3
I, ul, npu y, pasHom
= 0 0,1 0,4 1 10
Iy 1 1y I, I I, Iy I 1y I,
0,6 |4,55710,016|4,54310,016 (4,379 (0,012 (3,910 0,004 |1,876| 0
0,8 |4,28210,012|4,274/0,012(4,173|0,010|3.284 | 0.005 1,878| 0
1 4,06910,010)4,064 10,010 (3,997 (0,009 | 3,732{0,005 |1.880| 0~
2 3,41810,005)3,417 0,005 | 3,399 | 0,005 | 3,310 | 0,004 | 1.884| 0
5 2,59310,002)2,593 10,002 (2,590 | 0,002 | 2,574 | 0,002 | 1.848| 0
10 2,01410,0012,0140,001 | 2,013|0,001|2,009|0,001|1.702| 0,001
5=0,05
0,01 ,5,531,0,877 4,49 ,0,1413,3450 2,499,0 0,675, 0
0,1 4,42210,345 4,195 0,229 3,326 | 0,040 |2,503 | 0,007 | 0.678 | 0©
0,2 13,89310,2033,812|0,173|3,246 | 0,055 |2,497 | 0,012 | 0.682| 0©
0,4 3,32610,11213,301{0,106 | 3,036 | 0,062 |2,460 | 0,019 {0,688 | 0
0,6 2,986 (0,077 | 2,974 | 0,075 | 2,828 | 0,056 [2,400 | 0,023 0,694 | ©
0,8 12,74410,0592,737 (0,058 | 2,647 [ 0,048 |2,328 | 0,025 |0.699| 0
1,0 2,55810,048 | 2,554 | 0,047 | 2,493 | 0,042 [2.252 0,025 | 0.704| 0
2,0 1,99910,02411,998 0,024 | 1,982 0,024 {1,901]0,020|0,725| 0,001
5 1,33610,0101 1,336 (0,010 | 1,334 0,010 {1,321 0,010|0,743 | 0,002
10 0,9220,005|0,922|0,005 | 0,921|0,005 |0,918 | 0,005 | 0,687 | 0,003
Jg T
b=0,1
0,01 14,569|1,198)3,634]0,36312,672]0,042]1,88710,0080,348| O
0,1 |3,590|0,547(3,393|0,401(2,648)|0,096|1,893(0,019(0,351| O
0,2 (3,131]0,346(3,061)0,305(2,571(0,117|1,889|0,027|0,354| 0O
0.4 |2,634|0,202]2,613|0,194|2,379|0,121|1,859|0,040(0,361| 0
0,6 (2,334]0,143(2,324]0,141(2,194|0,107|1,808|0,047|0,370| 0,001
0,8 [2,121(0,111(2,115(0,110(2,034 (0,093 |1,747|0,049(0,373| 0,001
1 1,957(0,091(1,953(0,090|1,899|0,080 1,681 |0,050|0,378| 0,001
2 1,47010,047 1,461 0,047 | 1,455 0,046 | 1,383 |0,039 0,402 | . 0,002
5 0,9180,020(0,91810,020 | 0,916 (0,019| 0,904 {0,019 0,435| 0,004
0 0,596|0,010(0,596|0,010|0,595|0,010] 0,593 |0,010|0,422| 0,005
b=1,0
0,01 12,423)2,177|1,53811,292]0,901|0,6620,50910,302(0,0171 0.006
0,1 1,616|1,379(1,444(1,2080,9230,692|0,523|0,321|0,018| 0,007
0,2 |1,294|1,066(1,238|1,011|0,903|0,681|0,531(0,335(0,019| 0,007
0,4 0,988/|0,778|0,974|0,763|0,823|0,617|0,534|0,349|0,022| 0,009
0,6 |0,822|0,627(0,816(0,620|0,737|0,545|0,524 [0,349(0,024{ 0,010
0,8 0,712]0,530(0,709|0,526|0,662|0,481 0,505 (0,339 (0,027 | 0,012
1 0,632)0,460| 0,629 0,457 | 0,599 0,429 {0,482 0,385 |0,029| 0,013
2 0,414)0,282|0,413|0,282|0,406 0,276 | 0,371 0,246 10,039 | 0,020
5 0,210/0,133|0,210|0,133|0,209|0,132 (0,204 |0,129(0,059| 0,033
0 0,116|0,071|0,116 (0,071 |0,116|0,071|0,115|0,070]0,065| 0,038

[




4c2

[Ipnnoxenne 4

1 :
TaGmua suauennit  pywkumn F (1, 1)=1—e e L@V <E)
0
T

3 0 0,5 1,0 1.5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 6.0 8,0 | 10,0
0.2 0819 | 0885| 0927 | 0953 0970 0,981 0,988 | 0,992 [ 0,995 | 0,997 | 0,998 [ 0,999 [ 1,000 1,000
0,4 0,670 | 0,781 0855 | 0903 | 0936| 0938 | 0 '972‘ 0,982 | 0988 ( 0993 | 0,995 [ 0,998 | 0,999 1,000
0,6 0549 | 0688 0,785 | 0,852 | 0889 | 0931| 0953 | 0,966 | 0,978 | 0,989 | 0,991 | 0,996 [ 0,999 1,000
08 0,449 | 0604 | 0,718 08" 0,859 | 0,901 0931 | O 952 0,965 | 0,977 | 0,987 | 0,992 | 0,998 1,000
1,0 0,368 | 0,53 0,5‘54 0,748 | 0817 | 0,869 | 0905| 0933 | 0,952 0,9‘6!4 0976 | 0,987 | 0,997 0,999
1,5 0223 | 0379} 0512 0622 071 0,78 0,833 | 0874 ( 0902 | 0923 | 0939 [ 0970 0,49193 0,998
2,0 0,13:) 0,269 | 0394| 0506 0603| 0685| 0760| 0808 0,848 | 0873 | 0 9'01 0,947 | 0,985 0,996
2,5 0,092 | 0,19 0,3 0,406 | O, 502 0,692 | 0665 | 0,731 | 0,787 | 0,827 | 0,854 | 0,916 | 0,974 0,992
3,0 0,050 [ 0,132 0,225 [ 0,321 0,415 | 0,503 | 0,579 0.65\2 0,714 | 0,770 | 0,811 0,878 0,957 0,985
3,9 0,030 0,092 0,167 | 0,251 0,337 | 0422 0501 057 | 0641 | 0,701.| 0,757 | 0838 | 0,935 0,976
4,0 0,018 | 0,064 0‘.12.3' 0,194 [ 0270 | 0349 | 0427 0503 | 0568 | 0,632 | 0,691 | 0,794 | 0,901 0,963
45 0,011 0,044 | 0090| 0,149 | 0214 | 0,286 | 0353 | 0,429 | 0505 | 0,564 | 0, 625 0,744 | 0,862 0,945
5,0 0,007 | 0031 | 0066| 0112 0,168 | 0,23r | 0297 | 0,367 | 0,434 | 0,508 | 0562 | 0,678 | 0836 0,927
6,0 0,002 | 0015| 0034| 0063| 0102( 0,148 | 0,199 0,254 0,316 | 0,385 | 0,461 | 0,558 | 0,749 0,872
8,0 - 0,003 | 0009 | 0,019| 0034 0055| 0081 0114} 0,152 | 0,201 0238 | 0,343 | 0,551 0,722

10,0 — — 0,002 | 0,005 001 0,018 O 030 0,046 | 0,066 | 0,092 | 0,120 | 0,189 [ 0,362 0,545

— —y
GRS A AR
F(m, 1)=0,5| erfc (Y —V7)+ npu 1>10; ©>10; F (n, 1)=0,5 erfc (J/q —)/7) npn n>50
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no jeaaM H3JaTeNbCTB, MOJHTPA(PHH

M KHHIKHO{I TOProOBJIM.

109088, Mocksa, JK-88, IOxuonopropas yi., 24.



YBAXAEMBIM TOBAPH LI

B usnareanctBe « Hegpa» -
FOTOBAITCH K MeYaTH HOBbIe KHHTH

FTEOTEPMHYECKHE meroasl HMCCAEAOBAHHIT B THAPOTEONOTHH/
®Pposos H. M., ®omun B. M, Illgenos IT. ®. u ap. 18 1, 1 p. 30 k.

B Kuure noiBoAATCA HTOTH HCCJE[0BaHHI B HOBOH 06G/aCTH HCTO/b-
30BAHHA TeOTEPMHUYECKHX METOJAOB /IS PelleHHsi TEeOPeTHYECKHX H NpPHK-
JIaIHbIX 337124 THAPOreo orii. PaccMOTPEHB! TEOPHH 9HeprooOMeHa B MH/-
POTeoiHHAMHYECKHX CHETEMAaX, METOABI MOJEJHPOBAHHS [POIECCOB TENJio-
i MaccooO6mena Ha 9BM, ABM n ALIBK, nanubie naTypHbX HCCleAoBa-
HHH 110 H3YUYEHHIO MPOCTPAaHCTBEHHO-BPEMEHHBIX 3aKOHOMEpHOCTell pacnpe-
JieJIeHHs TeMIEePATYPsl B BEPXHHX CJ0AX 3eMHOH KOPBl, METO/bl PElieHHs
NPHKJIAAHBIX H TEOPETHUYECKNX 3ajlauy B ob6JacTH FHAPOre0JOrHH, a TakMxe
TepMoMeTpHuecKas H Temyiohu3nyecKas annaparypa.

Kuura cocrasiiena GoJIbIINM KOJJIEKTHBOM CNELHA/IHCTOB HA OCHOBE
MatepHanoB Bcecoo3Horo HayyHO-TEXHHYECKOrD COBEUIaHHA 10 reoTep-
MHYECKHM METOJaM HCC/eJ0BAHNN B THAPOre0JOTHH € YUeTOM NOCJeJHHX
OTeueCTBEHHBIX N 3apylexublx nybankaunii. OHa npeacraBifeT HHTepec
JLAA WIHPOKOro, KPyra yuYeHbIX H NPaKTHKOB — IMAPOreoJsioros, reojoros
reoH3HKOB.

KYJHK B. fl. Npukaanusie pacuerst va ILBM saaronepenoca s
30He aspauuu. 10 a1, 55 k.

B xuure onucan npocTeHIIHll KOMIJIEKC METOLOB, NMPHMEHSIOUHXCSA
npH aHajau3e u pacvere Ha D1IBM MHrpamun Biaru B yCJOBHAX HEMOJHO-
I'o HachILeHHs TPYHTOB BOJ0OI. PaccMarpHBalOTCs MPOCTEHLINe MAaTeMaTH-
4ecKHe MoJelH Ipouecca, yNpOULeHHAS METOAHKA onpejejeHHs THAPOGQH-
3UYECKHX XapaKTepUCTHK IPYHTOB, aJrOPHTMBI, MPHMEHseMble 15 BBIYHC-
Jennit Ha Maaex ¥ cpeannx SLIBM. Ha KoHKpeTHHIX MpHMepax MOKasaHbl
BO3MOMHOCTH HCNIOJb30BAHHA PacyeToB M/ yCOBEPUIEHCTBOBAHHA MeTO-
AHKH HAOMIOAEeHHH, H3bICKaHHH, aHAAH3a W NMPHKJIAAHBIX pacueToB. Onuca-
HEl crniocoObl cpaBHeHns: pacuetoB Ha SLIBM c HaGuniofeHHAMH H 3aBHCH-
MOCTb TOYHOCTH pacyeTOB OT KauecTBAa MCXOAHBIX JAaHHHIX. H3ajoxenne
3TOr0 MarepuaJja BeleTC ¢ MHHHMaJhHHIM HCMOJbL30BAHHEM MaTeMaTH-
YeCKOro annapaTta H TepMHHOJOTHH.

Kuura paccuntasa Ha THAPOTeoJiOroB, TeO(H3IHKOB H CHEUHAJHCTOB
cMeKHbIX npodeccuii. Ona MoxkeT OGHITh TakXkKe HCINO0/b30BaHa IpenojaBa-
TeJSAMH H CTYHEHTaMH.

Hurepecyromue Bac kuuru Bl MoxeTe npHoOpecTH B MECTHBIX KHHMK-
HBIX MAarasHHax, pacnpocTpaHfioOWMX Hay4YHO-TEXHHUYECKYIO JHTEpPaTypy,
HJIM 3aKa3aTb uepe3 otien «Kuira—mouroii» MarasuHoB:

Ne 17—199178, Jlenunrpan, B. O., Cpeannii npocnekT, 61;

Ne 59—127412, Mocksa, Koposuuckoe mocce, 20

HangarenbcTrBo «Heppa»



80 kon.
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