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B kumre ocpeulaercs npobieMa 3allMTel NOA3EMHBX BOJM OT 3a-
FPA3HENNA, ONACHOCTL KOTOPOTO BOSHHKAET B CBA3N ¢ BOIMOMMHON
dunbTpalell B BOAOHOCHHC TOPHIOHTH HEOUMILEHHBIX CTOKOB H
HUAKHX OTXOJIOB NPOMBRILACHEHX NpPeANpHATHN, CTOKOB € CeNbCKOXO-
3AHCTBEHHEIX TeppuTopHil ¥ T. A. OxapakTepHaosan olune TpefoBa-
HUA K KayecTBY NOAIEMHHX BOA K3K HCTOMHMKA XO3AHRCTBCUHO-TINTBE-
BOr0 BomocHalMXeCHHA HaceIennws o npoieccsl  «€B3aNMOdelcTRHAD
UHCTHIX MPHPOAHBIX MOAIEMHEIX BOL M 3aIPA3HCHHBIX  CTOMHRX MiLl-
KOCTeR TNoj BANAHHEM THAPOAHNAMHYCCKHX H PHIHKO-XHMHUYCCKHX
darropos. Hasoxkentl 0CHOBH TEOPHH MHIPALHH 3ArpA3HCHHA B BOJO-
HOCHHX MI1acTax M NpaKTHYecKkad MeTOAHKa MpOrHosa kKayccyBa noa-
3EMHEX BOA B YCAOBHEX HX SKCOAYATAUHE PA3aHUHBAMH  THIAMH
BpOAO3afoOpoB W HaAWuUs HCTONNHMKOB  3arpmasneHnsn. Pacemorpenn
MEPONPHATHA NO 3aUHTe NOASCMHHX BOJl OT 38IPA3HEHHA H CaHH-
TapHoi oxpane eBofosabopos, OcBewcHH METOAK FHAPOTEOIOTHYECKHX
H3HICKaHHA 1 Hec/efoBaHHA AnA uedell onpeleneHHd PHIHKO-XHMHYe-
CKHX MapaMeTpoB H OGOCHOBAHHMA YKa3aHHLIX MePONpHATHIL

KHHra paccyuTaHa Ha rHAPOTeOJOros H HHMeEenepoB, 3aHHMaw-
LMXCH NOHCKaMy, passefxkofi n 3Kcnavataunell noaszemunx 8o/ Ona
MOMeT GLTE HCMOMBLI0BANRA TAKME HAYUHLIMH PAGOTHHKAMH AAHHOIO
HaNpaBACHHA.
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NPEAUCJIOBHE

TlpoGaema 3almMTH NOASEMHBIX BOJI OT 3arpsAsHeHus sBJAsieTCs B
HAcTosLlee Bpems BaxHoil coctaBHoll wacthio oOweil npobiaembl
oxpanb oKpyxatowlei cpean obOurtaunusa. Ilpecubie (cnabomuuepa-
JIH30BAHHBIC) TNOA3EMHBIE BOMAB, WHPOKO HCNOJAb3yeMble A
HYX A BofOcHAGMKEHHS, HAXOAATCA B TECHOM B3aHMOAEHCTBHEH C
atMoctepoil H NOBEPXHOCTHHMH BOAHLIMH HCTOYHHKAMH H BCleA-
CTBHE 3TOro NojBep:KeHsl HeOGJIaronpHATHOMY BIHAHHIO TAK Hasbl-
BACMHBIX TexHoreHublx ¢akropon. HanGosee cyulecTBeHHBIMH $B-
Jsiores gaktops, o0ycnoBAMBAIOWNE 3arpAsHeHHe NOAIEMHBIX
BOJ.

OnacHocTb 3arpAsHEHHA NOAICMHBX BOA BO3HHKAET B CBA3H C
duapTpanHeil B BOJOHOCHBE TIACTHI CTOUNHBIX BOJA M MHAKHX OTXO-
0OB TPOMBILJIEHHBX TPOH3BOACTB, XO3ANCTBEHHO-OHTOBHX CTOKOB
rOpPOJIOB W HACENEHHHX NYHKTOB, CTOKOB € CEJILCKOXO3ANCTBEHHBIX
TeppHTOPHIl W AP.

CHOBHHEe ycudinsg B Oopnbe NpoTHB 3arpAsHEHHs  MOA3EMHBIX
BOJA JOJMHK HOCHTHL npodHJakTHUeCKHiT Xapakrtep: cJeayer 3a-
palee BHABIATL BO3MOMHBIE HCTOYHHKH 3arpfAsHeHHs u npeny-
CMAaTpHBaTh HEOOXOAHMBE MEpH MO NPEAOTBpPALIEHHIO  TIOCTYILIE-
HHA 3arpA3HenHit B NoA3eMHbIE BOJKL.

Hmeercs, onnako, Hemajo TPHMEpPOB YiKe NpoOHClUeawero 3a-
rpA3HeNHNs NOASEMHBIX BOJ, TNPOH3BOACTBCHHBIMH CTOUHBIMH BOJa-
MM, B HACTHOCTH, B paioHaX KOHLEHTPALHH XHMH4Yeckoil, wHedre-
XHMHYECKOH, MeTaNAypruueckoit H APYrux <«BOAOEMKHX» oTpacJei
npoMpiurieHHocTH. [loetynaenne cTOYHBIX BoA B NOA3eMHBle BOJAH
3lech NMpOHCXOAHT riaaBHbiM o0pasom B pesynbrate QUIALTPALHH
H3 NpOMBILLICHHBIX OacceiiHOB — XBOCTO- H WJAAMOXpaHHAHLL, Ha-
xonutreseil, wenapureneil u 1. 1. boakwyw onacHocTn B 3TOM OT-
HOWICHNH TPEeACTABAAIT TAaKMKE TEpPpHTOpPHI caAMHX TNpPOMBILLIEH-
HHIX TMPEANPHATHH H3-3a HMEIOILHX MecTo apapuiiubix  cOpocos
CTOUHBIX BOI H YTCYEK MOCAELHHX H3 LICXOB H KOMMYHHKALH.

Hepenko nofseMHble BOAB 3arpAsHslioOTCs  BpeiHbIMH KOMIIO-
HCHTAMH, COJAECPIKAUIMMHCS B ras’oAbMOBHX BHOpocax TNpoMBbiIl-
JIEHHBIX NpeanpHaTHii.

Benenctehe storo obGpasylores  GoJiee HJIH  MeHCe KpyNubie
apeajbl 3arpA3HeHHil B BOMAOHOCHBIX MJacTax, co BpeMeHEM YyBe-
JHYHBAIOIHECA B pasMepax H 3aXBaTHIBAIOUIHE LEeHHBIE YYacTKH
pacnpocTpaHenus YMHCTHIX MPHPOAHBX nofseMubx BoA. Cnocob-
CTBYET 3TOMY HaJmuue AeHCTBYOWNX BoA03abopoB NOA3EMHBIX
BOM, B 30HE BJHAHHS KOTOPHIX (PHABRTPALHA MPOHCNOAHT ¢ NOBLI-
nieHHeIMH - ckopoctaMid.  Tlonnas awmkeuaauwmsg oGpa3zoBas-
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IWHXCS apealioB  IarpAsHeHHil B BOCCTAHOBNEHHe KAauecTsa NOM-
seMHHX Boa DpeAcrapiasitor coboil BechMa TpyaAuyw, B GONLLIHH-
CTBE CAY4aeB NpakTHuecky Boobule Hepaapemnmyio 3apauvy. Ilo-
5TOMY YacTo NpHXOAHTCH OrpaHHuYHBETHCH  MEpoONpHATHAMH, Ha-
NMpaBAeHHLIMH JHIDL HA JJOKAJAH3al 10 3arpA3HedHdii W co3jla-
HHe yeioBHHA, HCKAIOYAIOWMNX HX NlaiabHelillee pacnpocrpaHeHHe B
BOAOHOCHHX nJacrax. HecMorps Ha 1o wto 3TH  MepONpHATHS
HENB3s CYHTAThL pajiuKaNbHbIMH, TCM HeE MEHCE, YYHTHIBAH NOCTO-
SHHHO pacTyulyrd norpefHOCTL B NOA3EMHBIX BOJAaX KakK HCTOYHHKE
BOAOCHAGKEHHSA, HX CJAEAYeT CYHTaTh HEOOXOMHMHIMH H BaXKHBIMH.

Jlns ycnewwnero pelleHHss 3agay Mo NpeaynpexiedHio 3arpfs-
HEHHA NOA3CMHBLIX BOJ HJAH JOKaJH3aLHH TAKOBOI'O THAPOreoJord-
YeCKHE H3BICKAHHA H HCCNENOBAHHHA, BHIMOJNHAECMHE € NEJLI0 BbI-
ABJEHHA H OLEHKH pecypcoB MoJdeMublx Bon u 000CHOBaHHA TIpO-
EKTOB BOAO3a00PHEIX COOpPYIKeHHH, AOMKHH OBITHL ANONOJHEHE H
paciiHpeHsl MO CpaBHEHHID CO CTABIIHM YiKe TPaAHIHOHHBIM HX CO-
ctaoM H oGwvemoMm. CoOTBeTCTBYIOLEE Pas’BHTHe AO/KHBL  MOJY-
UHTh TaK#e HayyHo-MeTofHuecKHe pa3paloTknm no paccMaTpHBae-
MOH npobaeme,

C TOYKH 3peHHst MpOrHo3a KayvecTBa NOA3SEMHBIX BOJA H HX 3a-
IWHTH OT 3arpAsHEHHs CYLECTBEHHBII HHTepec npHobGperaer H3y-
YeHHE KHHEMATHYECKOH CTPYKTYpPH (HALTPAUHOHHBIX NOTOKOB C
OUCHKOH AEHCTBHTEABHLIX CKODOCTCH ABHMEHHA  9aCTHI, NOJA3eM-
HBEIX BOJ M COAEp:AlUHXCH B HUX PACTBOPEHHHX H 3MYJbLIHpPOBAH-
HHX 3arpA3HAIIHX KOMIOHEHTOB (NpHMecei, «MeTOK»).

Basinoe 3anHauenne npu 3TOM HMEOT (H3NKO-XHMHYECKHE TNpO-
necchl, BOSHHKAIOUIHE NPH NMOCTYNJACHHH B BOJAOHOCHHE TW2CTH 3a-
FPASHEHHHX CTOYHBIX MHAKOCTeH. K TakuM nponeccaMm OTHOCHATCH,
B YaCTHOCTH, AHCIEPCHS H B3aHMOpacTBOpeHHe (NepemMelinBaHHe)
YHCTHIX NOJZEMHBIX BOJI H CTOYHHIX JKHIAKOCTEN B 30He WX KOHTaKTa,
pasuoobpasusie 1o ceoeit npupofe copOLHOHHLIC ABAEHHA, XHMIH-
HecKHe peakilinu, cnocobfibe BL3BaTh YaadeHHne PpacTBOPEHHHX
BELIECTB H3 MOA3EMHHX BOJ HJH, HANpOTHB, oborauleHHe HX TeMH
H/IH HHBIMH KOMIIOHEHTAMH B pe3yibTate HOHHOro oOMmesa, pact-
popeHus QUALTPYIOLLHX NOpPOL H T. .

Knnernka u Mexanw3m 3THX npoueccoB eiile caabo H3YUEHH,
NOITOMY NPH HX ONHCAHHH TPHXOAHTCH ONEPHPOBATH HEKOTOPHIMH
060061MEHHBIMH MOAEAAMH ¢ HCNOJAL30BAHHEM H3BECTHHIX NOJAXOA0B,
NPHMEHAEMBIX B (PU3HKO-XHMHYECKOH rHApofHHAMHKe H TCOpPHH
MacCCco- H TeNJonepeHoca.

B npepnaraemoii BHHMaHHI0 YHTaTENE(t KHHre OCBeUlaloTcs 3a-
TPOHYTHIE Bbille BOMPOCH B ACMEKTE OUEHKH pPECypcoB H THApOrco-
Jorndeckoro oDOCHOBAHHA 3AWMTH MOJASEMHLIX BOL OT 3arpsaibe-
HHA.

HPH HAMHCAHHH OTAEJMBHEIX I'JIAE KHHIH B OCHOBY OHJH NOJOo-
HCHB MATCpHAJB cOOCTBEHHBIX HCCHEAOBAHHI ABTOpPOB, 4 TAKKE
JIHTEPATYPHHEC NaHHLIC — Pe3yJbLTAaTh HCCAefOBAHHIL  JpPYyrHX cne-
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nHanucToB. CNHCOK HCMOAL3OBAHHON JHTEPATYpH  NPHBOAHTCH B
KoHLle paboTwl.

Beepenne u raasa 3 wanucausl @. M. Bouesepom, riasa 4 —
H. H. Jlanwunwv, raasw 1, 2, 5, 8 u 9 — A. E. Opanosckoii, raa-
Bhi 6 M 7 — BeeMNn aBTOpamu copoMecTtHo. tlaywnas pejpakuwa pa-
GoTl ocyuiecTeaAnace npod. . M. bouesepom.

ABTOpH Bbipamalor Gaarogapnocre B, M. l'oababepry 3a 1o-
JIe3HBIE 3aMevanns, BHCKasanHble NpH PEUEH3HPOBAHHH PYKOIHCH,
a rakke A. B. Eppemosoit 1 B. H. JIbBoBoii 3a nomoiues npu noi-
rOTOBKe PYKONHCH K NeyaTH.



FrMMABA L

OBLIAS XAPAKTEPHCTHKA KAYECTBA
MNOA3EMHBIX BOJ1

XHMHYECKHH COCTAB NONA3EMHLIX BOJL
B NPHPOJHEX YCJOBHAX

XHMHUYECKHH cOCTAB NoA3eMHBIX Bod ¢opMHpyeTcH NOJL BJAHAHHEM
MHOTHX TPHPOAHHX (PAKTOPOB H B CBA3H ¢ 3THM oTaHuaercs 60Jb-
wnm pasHooGpasneM. Tem He Menee B pacnpocTpaHeHHH OTAC/b-
HEIX XUMIUYCCKHX THIOB NOA3EMHBIX BOZL BHIABJAENL HCKOTOpHE 3a-
KoHOMCpHOCTH, nanbojee obllHMH H3 KOTOpBIX HBJAKOTCHA BepTH-
KanbHas M ropu3oHTaibHas (IIHPOTHAH) THAPOXHMHYECKHe  30-
nan:HoctH [92].

BCPT!IHEJ]LHEH 30HAJBHOCTE XHMHYECKONo COCTaBa NOJA3eMHBEX
EOJA, XapakrtepHas Aas apte3HaHckux OaccellHOB, 3aKJI0YaETCa B
TOM, 4TO 1o Mepe yrayGJeHnsa B Heapa 3e€MAH NPOHCXOAHT mocJe-
JOBATEAbHAS CMEHA OCHOBHHIX THMOB NOJASEMHBIX BOJA, CONPOBOK-
LAUAACA CYLLeCTReHHHMH H3MeHeHHAMH o6uied MHHEPAJIH3aUHH
I XHMHYecKoro coctapa Boau [59].

INas sopocnabxiennss o6HYHO HCNOJAL3YIOTCA npecHule (cnabo-
MHHEPaJAH30BAHHLIE) TOA3EMHBlE BOALI Camoil BEpXHell 30HHI, B
KOTOpOil XHMHYECKHH cocTaB BOJH TeCHO CBA33aH € COCTABOM NoO-
BePXHOCTHHX H aTMmocepHblX BoJ H B LENOM HCTHITLIBAET BJMA-
Hile KJHMaTHUecKnx (aktopos, pefibeda M xapakrepa ruuporpadmu-
YecKoil ceTH. 3HAYHTEJBHOE BJAHAHHE HA XHMHYECKHIT cocTaR  IOA-
3eMHBIX BOJl OKa3bIBAIOT COCTAB H CTPOEHHE NOPOA BOJOHOCHOTO nJja-
cTa, a Takke Gonee rayboKHe MoflaeMHBIe BOABI, KOTOpLle TIpH-
HHMAIOT yyacTHe B NHTAHHH BOJOHOCHBIX TOPH3OHTOB BepXHEd
30HK, NepeMelllasick MO TEKTOHHYECKHM  pasjioMaM  HAH  nyTeMm
Meaennolt GuabTpaunn yepes caabonponnuaemsie nopoasl. Poab
H 3HAYEHHE OTAeJbBHBIX HCTOMHHKOB NMHTAHHN BOLOHOCHBIX NJAACTOB
B (GopMHUpOBaHHI XHMHYECKOTO COCTaBa BOIB pAa3JIHYHL H 3aBH-
CAT OT KOHKPETHHIX FHAPOreoJOrHyeCKHX YCJIOBHH.

HMamenenne XHMIYECKOro COCTaBa MNoA3eMHHX Boj Habnlona-
eTcd NMPH HX OBHIKEHHH MO BOAOHOCHOMY maacty H3 obnactefi nH-
Tauns, OJU3IKHX K JIHEBHOH MNOBEPXHOCTH, B HANpPAaBJIEHHH NOTPY-
#eunsa nnacra. [lpn stom npoHexoauTt yBCAHYEHHE MHHEpAJH3ALHH
BCJACCTBHE BHHOCA BeIECTHE H3 BMeULAIOLIHX NOpoJ, a TaKXKe H3-
3a cMmewenns ¢ 6ojgee MHHEPANHIOBAHHLIMH TrAy0OKHMH nNoa3eM-
HEIMH BOAAMH, BOCXOASMIlHE TIOTOKH KOTOpPHIX nop AciicTBHEM THJL-



pPOAHHAMHYCCKOrO JaBieHns Ha Ooapliix rayOmHax neperekalor
B Builllejiemaliie nnacThl.

[opuzontaneuas (WHPOTHAR) THAPOXHMHYECKAS 30HAJBHOCTb
NpHCYILA TOJNBKO FPYHTOBHIM BOAAM, HCNHTHBaWWMy Haubojblilee
BJANSHHC KAHMATHYECKHX YCIOBHI, NOYBEHHOND NOKpPOBa W PacTH-
tensioctH. HaMmenenne XHMHuECKOro cocTapa M MHHepaJH3allii
FPYHTOBHIX BOJL NPOHCXOAHT BMECTE CO CMEHOI LWHPOTHHIX reorpa-
(pHUCCKHX JanawadTop H TAKMKE 3aBHCHT OT pacyJeHeHHOCTH
peaseda, ryctorsl H BpPE3aHHOCTH THApOrpadHueckoi cerTH.

B npenenax TEPppHTOPHH C FYMHAHBLIM KAHMAaroM, rje ocaikH
npeofaanaoT Hajg HcnapeHHem (30HB TYH/ApPHL,: XBONHHX H JIICT-
BEHHBIX JIeCcoB, JIECOCTEINH), XHMHUYECKHH COCTAB H MHHEpaJjdH3alHdA
TPYHTOBHIX BO/I 3aKOHOMEPHO H3MEHSIIOTCS 10 HAanpaBJeHHIO € ce-
BCpa Ha 10r.

Ha cepepe, B 3one Tynap ¥ 60JIOT, MHHEPAJIH3AUHA TIPYHTOBBIX
BOJ, H3IMepAeTCHd AEeCATKAMH H NEPBHMH COTHAMH MHJANTpaMma
Ha JHTP, BMECTE ¢ TEM B HHX YacTO CONCPMKATCH MOBHIUCHHBIE KO-
JIKUECTBA OPraHHYecKkoro BEULEeCTBA, XeJe3a H KPeMHEeKHCIOTH.

[Oxuee, B secHoit W NlecocTenHoli 30Hax, BOZpacTaer MHHepa-
audanma soaw (Ao 500—700 mMr/a) B oAHOBpEMeHHO MOBHILIACTCH
0bHIAA ¢e MECTKOCTL, B 34COJNEHHBIX OTJIOMKEHHAX MHHECpaau3auus
rPYHTOBHIX BOA JlocTHraer 2—3 rfa.

B apunnux obnactax ([lpnkacnuii, Ilpeakaexkaswe, Cpenne-
asnaTckHe pecnyOJNHKH M JIpyrue paHoHH), rae Henapenwe npeob-
Jlajiaet Haj ocaflkaMi, NpecHble nojfdeMube poAbl QOpMHPYIOTCH
rnasibiM 00pasoM B KPYNHBIX peuHBIX AOMHHAX B B NpOJdIOBIAAdbL-
HO-ACAOBHANLHBIX OTAOKeHnaX npearopuit, Ha paBHHuHBIX yuya-
CTK&X, 3aHATHIX CTENAMM W NOJYNyCcTHHAMH, BCJACACTBIE HHTEH=
CHBHOTO HCNApeHHA TPYHTOBbIE BOAH YAacTO 3aCOJCHLI XJOPHIAMH
H cyabparaMH, a NpecHeie BOAH CYUIECTRYIOT TOJBKO B BHAe OT-
OeAbUBIX JIHHS,

Onucannasi THNOBas THAPOXHMHUYCCKAsi 20HAJLHOCTH  NOA-
IEMHBX BOA apre3nanckux GaccefiHOB H TPYHTOBBIX BOJ YacTo Ha-
Pylwaercss B BOJAONOCHBIX ILTACTAX, CAOMEHHBIX JETKOPAcTBOPH-
MBIMH MHHCpaaaMH, Ha Y4acTKaX TCeKTOHHYECKHX HapylIeHui, BH-
BOASAILHX H3 rAyOHH MHHEPaNH30BaHHLe BOAL W PACCOJIH.

Bee 310 ofycnaBauBaer H3MEHYHBOCTb XHMHYECKOTO COCTaBa
NOA3EMHEIX BOMA NO NAOHIAAH H no rayOuHe naxke [aas OAHOTO H
TOTO 2H€ BOJIOHOCHOIO Nacta W onpefenser HeodXOAHMOCTE 1€Ta b
HOFO H3YUeHHSi THAPOTEOXHMHYECKHX YCJIOBHIT TIpH H3BICKaHHAX H
PasBellke NOoA3EMHBIX BOJ A48 BojaocHabxeuusa, Takue Hecneno-
BaHHH HEOOXONMMB TaKKe IpH H3BICKAHHAX, BHINOJHACMHX C lle-
JbK OXPAHH NMOA3EMHBIX BOL OT 3arpsA3HeHHs, TAK KaK NOsiBJcHHEe
B BOOE 3arpaAsHAomHX Beuiects obHapysupBaetrcs obBYHO B COMO-
CTABJEHHH C €CTECTBEHHLIM COCTABOM NOA3EMHBIX BOJ TOro HWJIH
HHOro paiiona.

B XHMHuyeckoM cocTaBe MpecHbIx MOA3EMHHX BOJ  BHACAAIOT
MAKPOKOMNOHEHTH, COAEpXKAIIHECA B KOJHYECTBE €AHHMHILL
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ACCATROB 1 la’e HCCKOJLKIX COTeH Mrfil, 1 MHKPOKOMTIOHC H-
Thi, BCTPCHAKLLICCHA B OUCIHL MaJLIX KOJnYecTBaX H PeAko AOCTH-
rajoulite cogepxxanua 1—5 yr/a,

K MakpOKOMIOHCHTAM OTHOCATCS XJAOPHAH, cyJdbdarh, Gukap-
OConatel, HATpHii, Marunil, KaJabUHii 0 KaJaii; HX OTHOCHTEAbLHOE
COJlepIKailiie ONpeAeadacT NPIIaAJeKINOCTh BOALL K TOMY HJH
HHOMY FHApoxiuMpnyeckoMy Tuny noa [88, 92 K mukpokomnonen-
Tam otHocsitea OpoM, itod, ¢Top, Gop, ANTHIE, cTponuHil, Melb, pa-
Auil, ypas it MHOPHE JPYTHC 3JeMeilThl I X CoeHHe s,

[TpoMexcyTouHOC NOJOKEHIe Mex(ly MaKpo- H MHKPOKOMIIO-
HentaMu 3anumator wonn  H+, T}, Noj, Noy, HiSiO;, Fe*t n
Fe*t, oprauMuyeckic BeUlecTBa 1 CVABPUAN, KOJHYECTBO KOTOPHX
B NOJA3EMHBX BOgax Moxer OwTh 3amernoiM. Kpome Ttoro, B nog-
3EMHBIX BOJAX MOTVT HAXOANTRLCH FA3L 11 MHKPOOPraHH2MH,

Ha nmeppoM MecTe B cOCTaBe MaKPOAaHHOHOB NPECHBIX NOJ-
3eMHBX BOA cToAT oObuHO ruapokapbonatusie nowst — HCOZ,

MPOHCXOMACHHE KOTOPHX CBA23aHO ¢ pacTBopennes  KapOoOHaTOB
KAJABLUIA W MArHis, BXOASIHX B COCTAB M3BECTHSIKOB, Meprened,
JOJIOMUTOB B KapOOHATHOTO HEMENTa JIPYTHX OCAJIOYHBIX TOpOA;
HEMal0e 3HAYCHHE HMEIOT Takxce GHOrennule NMpOUECCH, Beayliie
K HAKOMJEHHIO B BOAc yriekucinoThl, KomnuectBo rufipokapGonar-
HOHOB CBA3AHO € KOJHYECTBOM HAXOAAUIHXCH B BOJAE APYrHX Npo-
H3BOAHHX (opm yroapnoii  kueaote: HoCO; CO2—, CO. B neit-

TpaJbHHX B caaboulenounbix Bopax npeobnanaior Houw HCOZ,
B kueaslx sogax (pH<5) npeoGaapaior HoCO;, a nonm HCOj-
npakTHueckn otcytersyor; npn  pH>8 nospasioress  HOHH

CO5.
B npecumx Bopax HCO; wuakaniuBaercss B KOJIHYCCTBAX  HE
Gonee 200—250 mr/a B cBasu ¢ Tem, uto ¢ Kaabuuwem HCO;  0G6-

pasyer cnabopacTBOPHMYIO COJb.

yAb(paTHEE HOHE 3aHHMAKT B cOCTaBe NPECHBIX NOA3EMHBIX
o Bropoe Mecto. [losBnenne 3THX HOHOB B BojJie CBf3aHO C Bbl-
UleNauHBAHHEM OCAJOMHBIX TOPOA, CONEpPMHALHX  JErkopacTBOpH-
MBl€ COJH — THIC, AHTHAPHT, MHPaGHJHT, a TaKXe ¢ OKHCJIeHHEM
cyabuaos (ranseunt, nuput, xaaskonuput). Cyasdpate cnabo
copOUpVIOTCH, HO HMX KOJHUYECTBO B NOA3IEMHBLIX BOAax OrpanHyH-
BaeTcs NPHCYTCTBHEM B BOJe KaJbllHf, ¢ KOTOpbIM cydbatbl 006-
PasvioT HepacTBOPHMBlE coeHHeHHs. Yaanenue cyiabdaTon H3
BOALI NMPOHCXOAHT TaK:Ke B peayanbrare OHOreHHBIX NpOLECCOB.

B anaspo6HbIX yCAOBHAX, T. €. 06€3 KHCJIOpoAa H Nnoja JeHCTBH-
eM cyabhatpeavuupyomunx OakTepHii B NPHCYTCTBHH  OpraHHuc-
CKHX BellecTB, cyandars BOCCTAHABAHBAKTCA Jl0o CepOBOAOPOAA;
npu 310M B Boje noseaswtca NagCOg, CO..

XJNOpHAHBHE HOHB ABJASIOTCA HENpPEMEHHLIM 3JE€MEeHTOM  XHMH-
YECKOTO CcOCTaBa MoA3EMHBIX BOJl, MOCKOJbLKY B rOpHHX nopoaax
HMEIOTCS. MHOrOYHCJIEHHBIE HCTOUHHKH  3TOro 3jementa (rajiur H
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Ip.) H BMECTC C TE€M XJOpHAB He 00pasylorT TpYAHOPACTBOPHMBIX
COCAHHEHHI, HEe YNaNslOTcs M3 BOABI GHOreHHHLIM NyTEM H IJOXO
ajcopbupyloTcs KoAnouaHeiMi  cHetemamu. B npecumx  Bopax
XJAOPHAB MO KOJHYECTBY 3AHHMAKOT TPEThe MECTo.

CpeiH MAKPOKATHOHOB, BXOAAUNX B COCTAB NPCCHBIX
NoA3EMHBIX BOJ, Ha TMEpBOM MecTe — Kaabluit 1 maruuii. Oun no-
CTYNawT B NOA3EMHHE BOAB TNpPH pACTBOPEHHH H3BECTHAKOB, NO-
JOMHTOB, THICA, TIPH BLIBETPHBAHHH H PAa3JOMEHHH  HEKOTOPBIX
cHANKaTtoB. B npecHblx NoA3eMHBIX BOAAX COAEPXKAHHE KalbLus H
Maruua Hamepsierca gecaAtkamH wMr/a. C poctom  MHHEpaaH3alHH
BOAH KOJIHYECTBO KAaJbLHA YMEHbLIAETCA BCAEACTBHE CBA3LIBA-
HHfl €r0 B MaJopacTBOPHMBIE cyab(ath u Kapbonatel; Kpome TOro,
Ka/NbUHil H Maruuil MoOryTt, nepexoiHTbh B NOrJAOMIAIOUIHI  KOM-
MaeKc AHCTEPCHOH YACTH NMOPOJ.

BOAOHOCHHX TFOpPH30OHTAX, COAEPMKALIHXCA B OCAN0YHBIX TO-
popax, KOJHYeCTBO KaJiblius 00bYHO B 2—4 pa3a Bollle, yeM Mar-
HHA; B BOJAaX H3BEPIKEHHBIX MOPOJl 3TO COOTHOLIEHHE MOMET H3Me-
HATLCS.

Hondl natpus nocne KaJblMsi H MarHHs 3aHHMalT TpeThe Me-
CTO B YHC/JA€ MaKpOKaTHOHOB npecHblx noasemuuix Boa. INookoabky
BCE COMIH HATPHA XOpPOWO PAcTBOPHMH, YAaJeHHe HATPHS H3 BOJLI
BO3MOMHO riaBHbiM o0Opd3om BelencTBHe oOGMEHHBIX peaklHit ¢
norJaowanumM Komnaekcom nopoa. Ilocrynaer uwatpuii B nopsem-
HBIE BO/bl M3 COJEHOCHHX NOPOJi, H3 NPOAYKTOB BHIBETPHBAHUA
H3BEPHEHHBIX MOPOJ, & TAKXKe MPH BLHITECHEHHH HATPHS H3 TOrMO-
LWEHHOro KOMIJIeKca NOpoJ HOHAMH KaJbIHS W Maruus,

Koauyectso kanma B NpHpOAHBIX Boaax OGHLIYHO HEBEJHKO, He-
CMOTpPH Ha TO, YTO HCTOMHHKH KaJIHfl B NOpojax 3HaYHTeJbHH H
KaJjauii, nogobuo natpuio, oGpasyer JerkopacTBOpHMEBIE cOCAHHEHHS.
SiBnsiace GHONOTHYECKH AKTHBHLIM SJICMEHTOM, Kaauil MHTEHCHBHO
H3IBJCKACTCA H3 MOA3EMHBIX H TMOBEPXHOCTHHIX BOJ| JKHBOTHBIMH H
pacTHTeNbHHMH OPraHH3MaMH.

Konuentpauus soflopoanoro HoHa, HaXoAsillerocs B TpecHoil
Boje B BuAae ruapokconus HizOt, xonebnerca or 6,5 no 8,5 pH n
3dBICHT OT COAEpPXAaHHA OTAENBHHX (OPM  YroJdlkHOH KHCJIOTHI,
NPHCYTCTBHA OPraHH4YecKHX KHCJOT, Tra3oB H ApYyrux (pakTopos.

Coepnnenns asora NIIF, Nﬂ;, NO;, npoucxomaeHne KorTo-

puiX 00bIYHO CBA3aHO ¢ GakTepHAJbLHBIM  pPasJoXeHHeM Opram-
YECKOTO BEUIeCTBA, BCTPEYAIOTCS B CAMBIX BEPXHIX  BOAOHOCHBIX
ropusontax. Mouw NH7 B npucyrcteun cBoGoanoro KeHcaopoaa

non BauAHHeM HHTpHOHUHpYOWNX GakTepuii nepexoast B NO; H
satem B NOj~. B nesarpasnennbix noasemnuix sonax NHF u NOg
cojlepxaTtca B COTHIX, JEeCATHIX AOJAAX Mr/J, a KoauuectBo N H3
HHOTNIA IOCTHIAeT HECKOJbKHX MI/l.

Konuentpauus KpemHeBoil KHCAOTH OOGLYHO He Npenbilaer
Aoaeit Mr/a HAH HECKOJNBKHX MT[J, HO B CBepXINpeCHHLIX BOAAX — BO-



nax ¢ obuteii mHHepannsauueir no 100 mrfln —ee oTHOCHTENBLHOE
coJleprAiaHHe YBCJIHYHBAETCH,

Cyvabugnsie coennvenus HeS n HS— npueyrereylor obuiuno
TaKME B HeIHAYHTEALHHX KOJHYecTBaX; HX MOBBILICHHOE cojep-
siaHHe MoMeT OBITh CBA33aHO € PasjiOKeHHEM OpraHHYyecKHX Be-
HIeCTB, C BOCCTaloBAeHneM cyibdator B8 aHaspoOHEIX  yCOOBHSAX
ionp.

JReneso B moaseMilbe BOAB NOCIYNACT Kak NPOAYKT  BbIBET-
pHBaHHA ropHelx nopoi. B BoccTanoBHTedBHOH cpeae  xegeso
MO#ET HAXOAMTLCA B JABYyXBaheuTHoM pujae Fe*t u cofiepikanue ero
wHoraa gpoctiraer ~ 10—30 mr/fa. B Boae B npHcyTCTBHH CBO-
00aH0ro KHCJA0POJd ABYXBaJEHTHOC HeJC30 NEepexoiHT B Tpex-
BaJCHTHOE;, 3TOMY Mpoleccy TakiKe crnocobeiByioT Menezobakre-
pun. TpexpaneuTHOe Xese30 B BOJAC HAXOMHTCA npeHMylUlECTBEHHO
B KOJJOHAHOM cocTOsHHH — B Bijle Fe(OH)a.

Maprarell B nojseMuelx BOAaX BCTPEYMAETCSl Yalle BCero, Kak
H meae3o, B Bujae Onkapbouara Mn(HCO;).. B rpyutoBux BOAAX,
TECHO CBA3aHHBIX ¢ MOBEPXHOCTHHIMH; MapraHel, MO¥ET BXOAHTL B
COCTAB KOMMJCKCHHX COeJIHHEHHH ¢ rYMHHOBBHIMH KHCJAOTaMu,

OpraHHyeckKOe BEUIECTBO [OCTYNAaeT B rPYHTOBHE H
MOA3CMHEIEC BOAH BepXHHX BOOOHOCHHX TOpH30HTOB BEMECTE C HH-
PUALTPYIOLIHMHCA MOBCPXHOCTHHIMH BOAAMH B pPe3yAbTarte BLIOCA
H3 NOYB I'YMYCOBBIX BENIECTB H APYrHX NPOAYKTOB MH3IHELCATEJNb-
HOCTH H pacnajfia »HBOTHHX H pPacTHTeJNLHBIX OpraHH3MoB (KJeT-
YaTKH, yraesopos, Oenkos, xupo). Ilog Bausinwem  MuHKpoduiO-
PH NMOJA3EMHHX BOA NPOHCXOAHT AafibHellliee npeoOpasoBaHie nNo-
CTYNHBIIHX OpraHHYeCKHX OCTAaTKOB, CONMPOBOMAAIOIICCCH  Pa3HO-
o6pasHbiMH OHOXHMHYECKHMH H (H3HKO-XHMHYECKHMH PEaKIHaMH.
B pesynbtare storo B noAseMHBIX Bogax NOSBJASKTCH pasjHyHble
OpraHHuecKHe KHCJOTH, YrAeBOLOpOAH, aMMHaK, CEpOBOAOPOA,
ABYOKHCEH YTACKHCAOTH H OP.

Takoii nepexos OpraHM4YecKHX NpOAYKTOE CYWH B NoOA3€MHbIE
BOAH XapaktepeH AN HHQHABTPAUHOHHEX 3Tanoe (GOpMHPOBAHHA
NOA3EMHBIX BOJ — COBPEMCHHBIX H JpeBHHX. Ha ceanmentanmnon-
HEIX 3Tanax oboranieHne Noi3eMHHX BON OpraHHYecKHM  Beuje-
CTEBOM NPOHCXOLHJ/AO 33 cHeT MNpoAYRKTOR MOpCKolo [pOHCXOHAIC-
Hisl. Bmecte ¢ tem B nojzeMusle BOAKI TOrOG H JpYyroro reHesHca
MOTYT NepeXOAHThL OpraHHuecKHe BellecTBa H3 BMELL2IOUHX BOLY
FTOpHBIX MOpPOM, B KOTOPHIX OHH COJCPATCH B paccesiHHOM BHAae
(GHTYMBI, TYMHHOBBle KHCJIOTH H OP.).

Bricokoe cofepxaHue OpraHiyecknx BelleCTB B NMOA3IEMHLIX BO-
aax {}[‘.?IEBD.!I.GFG,H,H HeTb, HaPTEHOBEIC KHCJOTH, (PeHOEL! M ap.)
oTMeuaercs B pafionax HedTerasoBHX MecTOPOMHICHHIL.

iannbie permonansuux wHecnemoeanuilt na teppuropun CCCP
0 codepXaHWH OpraHHYecKHX BellleCTB B NOA3CMHBEIX BojaXx conep-
xarca B pabore [121].

[lpucyTcTEHe MHKpPOKOMNOHEHTOB B NOA3EMUBIX BOOax
CRS3AHO raaBleM o0pa3oM ¢ BHHOCOM coJleit M3 oCajoyHBIX NOpo’



H EBHIIEJAYHBRAHHEM TNPOJAYKTOR BLHIBETpHBAaHNA H3BOPAHCHULIX 1
MeTaMopHUeCKHX FOpHBIX AOPOM.

MHKPDH[]MI’IDIIEHTH MOryT HaXOIHTBCA B NMOIA3CMHBIX BOlaX B
KOJIMOHAHOM BHjJe, B (GopMe KOMILIEKCOBR ¢ OpraHH4yecKHMm Bellle-
CTBaMH, B Biae cBOOOAHBIX HOHOB, HEAHCCOUHHPOBAHHBIX MOJEKYJ
u Ap. Ouenh Majdble KOHIEHTPAUMH MHKPOKOMIIOKEHTOB B TIpec-
HBIX MOA3eMHEIX BOOaX CBA3aHEI C TEM, YTo OHH obpa3yloT Ma.lo-
pacTeOpHMble COeNHHEHHs M, KpOMe TOro, Xopouo ajiacopOHpyoTes
H H3BJCKAKTCH H3I BOABK TAHHHCTHIMH MHHCpalaMu H MHEpoopra-
HH3MaMH.

[loBbiennblie KOMHYECTEA MHKPOKOMIIOHEHTOB B NMPCCHBIX MMOJ-
3eMHBIX Bogax HaOAawpawTcs BOAM3H MeCcTOPOMAEHHIT NOJE3HHIX
HCKONMAEMBIX, BHIXOJOB TepManbHBIX H MHHEPANBHBIX HCTOYHHKOB, a
TaK}e B paHOoHaX PErHoHaJbHHX TEKTOHHYECKHX HapyIlUeuui, no
KOTOpBIM NMOAHHMAWTCH rAyOHHHEEe PACCOJNL.

MukpokoMnoneRTH 06/aNal0T BHCOKOH GHOJNOrHYECKOH AKTHB-
HOCTBLIO H NO3TOMY, HECMOTpPA Ha HX MaJjioe CoONepKaiHe, CyllecT-
BEHHO BJHAIOT HA KauecTBO NOA3CMHHX BOI.

HeGnaronpuaTheiM  gis  X03SHCTBEHHO-IIHTLEBOrO  HCMOJIb30-
BaHHH MNMOA3CMHHX BOJO ABAAKTCA Takxe BHCOKAaf KOHUCHTpaUH:A
OT/IE/IBHBIX  MAKPOKOMIMOHEHTOB -— XJOPHAOR, cCyasdaTtop, Kaljb-
LKA, MArHHA — H B 1IEJIOM OBHILEHHOE cOoAepiaHie codef,

["aswl, EBcTpevalommecs B noasemHulx Bomax, — COs, N, O,
CHs, H2S — Moryr Haxonuthbess B pacTBopeHHOM HAR cBobGogHOM
BHE.

B ormnenpnmx pafionax mnossillleHHoe cojlepXaHHe rasoe MO-
et OuTh CBA33aHO C TIpOABAEHHAMH MArMaTHUECKHX H BYJNKdHOreH-
HBIX TmpoueccoB. BHe Taknx paHoHOB NpHCYTCTBHE B NMOJA3EMHBIX
BOAaX KHCJIOpoJa, a30Ta, NBYOKHCH YyrJjepojia cBssbiBaercs oOHYHO
C noctyniaennem ux M3 arMmocgepn. [lByokick yraepopa, kpome
TOro, NOCTYymaer u3 NOYBEHHOro rO3Ayxa, oborauleHnoro 3THM ra-
30M B pe3yJbTaTe MHKpOOHOJOrHYeCKHX TIPOIECCOB.

Ceposonopon nosB/isieTcss B NOA3EMHBIX BOAAX KaK NPOJIYKT
pacnajna Oeqnkosoro BeutectBa JnbGo B peayabtate GHOXHMHye-
CKOro BOCCTaHOBJICHHA cyabdatoB B anaspolHuix yciaoBuax. B no-
BHILIEHHBIX KOJIHYECTBAX OH BCTpEyaeTcs B BOAax HedTAHHX Me-
cropoxjieniii. HMeTouHnkoM nosiBlieHHs B NOA3€MHBIX BOJAAX Me-
TdHA CJAYXHT OpraHHYeckOe BeUlecTBO, paccesHioe B OCTATOYHBIX
MOpoAax HIH CKOHLUEHTPHPOBAHHOE B YrOJbHHX CAOSMX.

Buorennoe mnpomMcxoxaenne Moxer GHTb CBONCTBEHHO M as3oTty,
KOTOPHIT B 30He 3aTPYAHEHHOIO BOLOOOMEHA BHAEJNAETCH M3 HH-
TpHTOB H HHTPATOB NpH JeHcTBHH  GakTepnit — penntpndukaro-
POB.

Munkpodunopa (Mukpooprammsmpl) B NOAICMHHIX BOA3X
naunbosee Gorato mpeicTaBiAena B caMbLX BePXHHX BOLOHOCHBIX TO-
PH3IONTAX, CBASAHHEIX ¢ MOYBaMH H aTMocdepoil.

K Mukpooprauuamam oriocstest GakTepmm, npocrefinive, BO-
popochau, rpHOBL, BHPYCH H aKTHHOMHILCTHI,
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TEXHOFEHHBIE HBMEHEHHA KAYECTBEA MOJASEMHBIX
BOJ,

XozsflcTBEHHAA HEATC/ALHOCTL “eJOBEKa wacto NPHBOAHT K HA-
PYUIEHHIO NPHPOAHOrO XHMHUYECKOro coCcTapa moj3eMubx Bofl. Han-
Goapitec Mo Macuitabam BJAMAHNE HAa XHMHYCCKHA cocTap nojlaem-
HBIX BOJA OKA3ZLIRAKOT HHTCHCHBHOE pA3BHTHE NPOMHBULIEHHOCTH,
FOPOAOE H XHMH3AUHA CEJALCKOro X03filcTBa, CONPOBOXIAKIIHECH
nossJgeHneM O0JABIIOro KOJHYECTBA CTOMHBLIX BOJ H [A30BBIX Bhi-
Gpocos. Ilpu stom B armocdepy, NOYBL # MOBEPXHOCTHHIE BOAM
nepexofaT pazHoofpasHble opraHuveckuie H HCOPraHHuecKHe Be-
WeCTBa, KOTOpEE B NPHPOAHON oOCTaHOBKe COMEpKAaTcst B BOfle B
MHKpOKO.1HuecTBax Jubo pooblle He BCTPEYAKITCH.

Toasnko 3a cuer cxuHranns Tonaupa (okono 2 mapi. T B roj Ha
Bceil naanere) B armocdepy nepexoAsiT rpoMajiHHE  KOJIHYECTBA
OKHCJOB 830Ta, CepOBOAOpPOMAa, MHBYOKHCH Yrjepojaa, CcepHOro H
CEPHHCTOrO aHruapnia H Apyrux peulects. Mvuorne H3 mnepeyHc-
JEHHBIX BEUCCTE COCAHHAIOTCA ¢ aTMmocepnoil Bharoii u, obpa3sys
HOBLe, G0sieC TsMesple BELIECTBAa, BHNAJAIOT Ha [OBEPXHOCTHb
seman. Ecan B pafioHe Takoro npeinpHATHA NoA3¢MHHe BOALl He
HMeIOT BOJOYNMOPHON KPOBJIM, TO BCE 3TH BElIECTBa BMECTE ¢ aTMmoc-
(pepubMH OCANKAMH MOCTYNalT B BOAOHOCHHH NMAACT W BLISLIBAIOT
CYUIECTBEHHBIC H3MEHEHHS! XHMHUECKOro COCTABa BOJHL.

JHAYHTENLHBE YYacTKH 3arpAsHeHHBX MNoJ3eMHBX poj obpa-
3YIOTCA HA NPOMHLUNIEHHBEX TJA0OLajKax MpH YyTeuykax TexHoJoruue-
CKHX H CTOYHHX BOA. Bennunua yTeuyek H HHTEHCHBHOCTH MH(HAb-
TpalHy BOALI H3 CHCTEM BOAONPOBOAA M KanaJusaunn o0co0eHHO
Be/IKH B «BOL0EMKHX» npoHseofcTteax (taba. 1, [95]).

TaGannnoa l
HureHcHeHOCTE HHIULTPALNM BOAK HA NPOMBILIEHHEIX NAMUAAKAX

OprenTHpOBOYHAR Cpef-
HCTOMIOBEN MITEHCHE-
Orpachy DPOMETIACHEOCTH HOCTE MR BT DAL EE
B rPYRTOMIE DO,
M/cyT
SHCPTETHYCCKARA, LeTIVIO3HAR {5+ 10). 10—
Metaanypriveckasn, nedmexuMiyeckan, XHMHYCCKas (3-=5)-10—4 -
Iopro-00oraTHTenbHan, MAIUHHOCTPOMTEILHARA, CTAHKOCTpOM- (1+3).10—4
Te/IbHAR
TekcTannan, nerkasi, CTPONMATEDHANOR, NHULERas (<1)-10—4

—

Bodasline yvyacTKH 3arpAsHeHHHX NOA3eMHEIX BOj  CO3/al0TcA
BOAN3H  QUJALTPYIOUNX SeMJAAHBIX  COOPYKeHHil, HenoJib3yeMbiX
st cOopa, XpaHeHHA HJIH HCMIADCHHS KHAKHX M TBEPAHX OTXO-
OB NMpon3BopcTBa (Tak HazuWBaeMulie NpoMmuumennble Oacceiinsl).
B sagucnmoct or XapaKrTepa NMpoOH3BOACTBA BMECTC CO CTOKAMH B
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NOA3EMHBE BOJAL MOTYT NepeiiTn THAmeNble MCTaJJIH, apoMaTtiye-
CKHe BelllecTBa, He(TenpoAVKTH H MHOrine Apyrite. Tak, nanpumep,
B pailoHe nodeil GuabTpanun oanoro 3aBoja, BelpabaTbiBalollero
CHHTCTHYCCKIIT KayuyyK, B NoA3eMHbIX Bolax ob6HapymeHsl I0-
BEPXHOCTIIO-AKTHBHHIC BelleCTBA, albJlerHAH, JKHpHBC KHCIOTH,
apoMaTHuCcCcKile yrAcBoOOpOOH, Melib, aMMOHNfHBIE asoT B Ap.
B paiione nedrenepepabaTeHBaiollero 3aBojia H3 CTOYHHIX Boj B
BOAOHOCHLIT NAACT NOCTynadn HedTenpoaykTel, (enoinbl, XA0pHAB,
CyaLpaTel HATPHA M KajHfd, a8 H3 OTXO/0B METalypruyeckoro 3a-
BoAa — (eHoNH, UHaHHAB, pOAAHN[L, NHPHIHHOBBIE OCHOBA-
HUH.

BOausn MalHHOCTPOHTENBHOrO  3aBoaa - NOJ3EMHHC BOAB
oKaza/jHch oforalleHHBIMH Keqae3oM, cyasharamu,  XJaopHaami,
HUHIIKOM, XpOMOM H T. .

M3 xozsiictBeHHo-OHTOBLHIX CTOMHHX BOJ B NOA3eMHLie BOAH
MOryT TNPOHHKHYTL OaKTepHaJbHBE 3arpssHeHHs, cOeJIHHEeHHS
a30Ta, a TakK¥Ke NOBEPXHOCTHO-AKTHBHHIE BeLIECTBA, BXO/fAIIHE B
COCTAB CHHTETHYECKHX MOILIHX CPEeACTB.

Ha cenbcKOXO3AHCTBEHHBIX TEpPPHTOPHSX MPH HHTEHCHBHOM H
HEJJOCTATOUHO KOHTPOJIHPYEMOM  HCMOJIL30BANHH AA0XHMHKATOB H
MHHEpAJALHBX yaoOGpeHnil mocjeanHe BMecTe ¢ OPOCHTEJbHBIMH BO-
Jdamii # arvocepHBIMA ocalkaMH NPOHHKAWT B FPYHTOBHIC BOAM
M TAKMe 3arpPs3HsIoT HX.

H3 ynoCpeunit nerko nepexofisit B BOAY Aa30T, aMMHAK, CyJb-
datst, XJOpPHAR, Maprauemn u Jap.

B cocrap XMMHYECKHX CpPeACTB 3alHTH pacTteHnil (HHCEKTHIH-
Jos, yurunHaos, repOHnmAoB, AedONHAHTOR, TECHKAHTOB) BXOMAAT
BELIECTBA, cOAepMalUlHe MBIbAK, (TOp, MEAb, ULHHK H ApYrHe, va-
CTO TOKCHYIBE BEIleCTBA.

B cBnsm ¢ stuMm npu BmGope paiiona passeikn MOA3IEMHHX BOJ
AnfA BojocHabxenna B ydacTka AAs pasMeuteHus Bojposabopa mc-
XOJAT, B YACTHOCTH, H3 ycJOBHI A0CTATOYHON YAAJECHHOCTH BOMO-
salopa noaseMHBIX BoJ OT BO3MOMHBIX HCTOUHHKOB  3arpssHe-
HUfl — FOPOAOB, NPOMBINEHHBIX NpeanpuaTii u 1. n. Ognako, no-
CKOJIBKY MO TEXHHKO-IKOHOMHYECKHM coobpaxennaMm Bojlo3abophl
NMoA3eMHBX BOJ ejaTeJbHo pacnonarath Ha neGossuiom yaane-

HuH OT mnorpeburencii, 5T TpeGoBaHHs He BCErga OKa3HBAIOTCH
COBMECTHMBIMH.

B stom cmuicnie B HaunGolee clOMHOM MOJNOXEHHH OKd3LIBA-
1orcs Oeperosuie (MHQUABTpaUNOHHEE) BOxo3abophl, pasMenlae-
Mbie HenocpenctBelHo BOMH3H  peK M BOAOEMOB H HCMOJb3YIOLIHE
MOBEPXHOCTHHIE BOABI B Ka4eCTBC OCHOBHOrO HCTOUHHKA IHTaHHA.
[ponssoaurensrocts Geperosux Boac3aGopoB - yBeJHUHBAaeTCs C
npubaKenHeM K pexe, Ho BMecT€ ¢ 3THM BO3PACTAeT ONacHoOCThb
TOrO, YTO PEYHBIC BOAB HAa KOPOTKHX NyTAX OHALTpaLHH MOryT He
OUHCTHTBCA OT HEKOTOPHIX NMpHMecel, YXyMLIUAKWHX KayecTBo OT-
Gupaemoil BofiozaGopoM BOJIHL.
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XiMHuyecKnil cocTap MOA3CMHHX BoJl GeperoBrlx  Bogo3aGopor
obbplyHo B TOR HWAH HHOH cTeNeHH OTpa)caeT CcocTaB peyHblX BOA,
KOTOpLI, B CBOIO ouepejih, ONpelesisicTesl  COCTABOM aTMocepHBIX
OCaJIKOD, 3 TAKMKE COCTABOM CHEroBoro, JHBHEBOro H MOA3CMHOrO
crokoB. B atMocdepe nomaesBsle Boie K cuer oforauialoTcs B He-
GonpuioM KoauuecTBE KHCJAOPOAOM, YIVICKHCJABIM ra30M, OKHCKIO
a30Ta, COJNSAMH aMMOMHHSAl, & B 3arpA3HEeHHOM BO3yXe TNPOMBILI-
JeHHEIX pafioHoB, Kak OTMeyanoch BHlle, K HuM  pobaeasiorcd
nenbL, 6akTepuH, cepa, NPOAYKTH CropaHds yrias H He@TH B ApY-
rHC BCLIeCTBA.

BuMecre ¢ noBepXHOCTHHM CTOKOM B PEKH JIOMONHHTEABLHO MNO-
CTYNAIT NPOAYKTH Pa3NOKCHHA pacTeHiii, MHKpOOPraHHaMEl, Npo-
AVKTH BBIBETPHBAHHA TOpHBLIX MOPOA, 34 ¢ MOA3EMHBIM CTOKOM —
pasjiHyHBIC BOAOPACTBOPHMEIE COCJAHHEHHS — XJopHAL H cyisda-
Thl Kalblilsa, MariHs, HaTpHs, wmapraden, $Top, paaHOAKTHBHBIC
IMEMCHTBI H 1.

Hz neounnienHbix  GHITOBHIX M NMPOMBIULICHHEX CTOYHHIX BOJ B
NMOBEPXHOCTHHIE BOABI MOryT nonacrb rpy0oaucnepcHble npHMecH,
KHCJIOTHl, TAXEAHC MeTANAH, cyAbQHibl, poLaHHAbLI, UHAHHIH,
GropHaH, MbbAK, GuOTOpEareHTH, aMHHONPOAYKTH, (QeHoJH,
HHTPOCOCIHHCHNHA, NMOBEPXHOCTHO-AKTHBHLIC BelllecTBa H Ap. B umc-
Jie CeJIbCKOXO3AHCTBEHHHX 3arpA3Henii, BHHOCHMHX B PCKH, MOTYT
ObiTh coepMHenus asora, GpocdaTh, SAOXHMIKATH B JP.

[lpumecn, copepikauimecs B NMOBEPXHOCTHHIX BOJAX, COCTOAT
H3: 1) Makpo- ¥ MHKpOMIOHEHTOB NPHPOAHBIX W CTOYHHIX BOJ B
BHAC cBOOOAHBIX HOHOB H KOMIUIEKCHHIX COCAHHCHHI; 2) B3BCUIEH-
HEIX BELICCTB — TPOAYKTOB BHIBCTPHBAHHA NMOPOJ, OCTATKOB pacre-
HHH; 3) KOanoMauex BeuecrB (cojeil kpeMueBofl KHCJAOTH, rH-
POOKHCJIOB e€/e3a, NPoJYKTOB pPAa3JoXEeHHA MHKPOOPraHH3MOB);
4) pactoopennelx rasos (yrAeKHciwmii ras, KHCIOpOJ, a30T, CCpo-
BOAOpOA); D) OGakrepuii ¥ APYrux MHKpoopranuaMos (durto- u 300-
NAaHKTOH).

B Geperosuie BOf03a6OPH MOrYT NONACTh MHOMHE M3 ITHX MpPH-
Mecei, B TOM uHcIe Aaxe NaanktoH. Tak, manpumep, Guio ycra-
HOBJIEHO, YTO B OAHOM M3 paioHoB B BONO3a0OpHBHIE CKBAXHHEL,
OKasapumecs (nocfle co3[qavus HA peKke BOROXpawuauma) B 50—
100 M or ypesa BoaH, NPOHHKAIOT CHOPH XJOpOrJieH — Mnepexo/iHOM
popmet OT GakTepuil K BOLOpOC/AsSIM, He 3allepiKHBacMble necyaHoil
TOJULEH HA CTO/IL 3HAYHTENBHBIX TOPH3OHTAJBHBIX NYTAX (QHIb-
TpauHu. 31ech e HaGM0[aeTcsi HHTEHCHBHOE PA3BHTHE JKEJNC30-
GakTepnil, cBf3WBaCMoOC ¢ NOBHLIICHHEM TEMMCPATYpH MOA3EMHBIX
BOJL. PasMuoxeHue W OTMHpaHHe 3THX MHKPOOPraHH3MOB B CKBa-
HHHAX, BOJOCOOPHHX eMKOCTAX W BONOBOLAX YXYAWIAOT KAauyecTBO
BONbI H BHI3SHIBAIOT HEOOXOAMMOCTL €€ OUHCTKH JN51 XO3AiCTBelHO-
NHTLEBOTO HCNOAL30OBAHHS.
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TPEBOBAHHA K KAMECTBY NMOJA3EMHBIX BOJ]
KAK HCTOYHHKY BONOCHABRXEHHH

H3 wu3noxenHoro ciaefyer, HTO B ECTECTBEHHBIX YCJAOBHAX H TEM
GoJee NpH BO3ACHCTBHH TEXHOreHHHX (aKTOpPOB MNpecHbIE TOM-
3EMHBIC BOJAL HMEIOT CAOMHBEI, pa3HooOpasHuHil cocTas, KOTOpPHH
OTAHYUEETCH H3MCUUYHBOCTHIO HA OTAEJBHBIX yYacTKaX BOJIOHOCHOIO
LJacta, HeNBTHBaeT KojaeGanng Bo BpeMEHH M MOXET OKa3aTbCs
HeOJaronpHATHHM [JJ5 HCNOJb30BAHHA BOAL B TeX HAH HHBIX 1€+
JAsx. B 3aBHCHMOCTH OT XapakTepa NpHMeHeHHs BOAH (N5 Xo3sk-
CTBEHHO-MTHThEBHIX HYMXJA, AJH TEXHOJOrHYECKHX NpoleccoB, B na-
POCHJIOBOM XO0a3siicTBe, NMpH 3aBofHeHHH HedTAHBIX [JACTOB, B
CEJILCKOM XO03fiHCTBE H JIp.) K KayecTBY ee MpelbABJAIOTCH onpe-
HejieHHbie TpeGoBaHns,

B coorBerctBin ¢ OcHoBaMu BOAHOTO 3akoHojatenkerBa Colosa
CCP u cowsnnx pecny0GJHK, NpeAyCMaTpHBAKIHMHA  palHOHAb-
HOEe HcMoJb3oBalde H oxpaHy Boauelx pecypcos CCCP, npecume
NOA3EMHHE BOAL B MEpPBYI0 OYepeab JIOJMHE  HCIOJNB30BATLCA
NN yHoBJAETBOPEHHA NMHTHEBHIX H OLTOBHX HYyJ HaceleHus. Ka-
YECTBO XO3AHCTBEHHO-IIHTHLEBHX BOJ PErJIaMEHTHPYETCA caHHTap-
HO-FHFHEHHYECKHMH TpeGoBaHHAMH, H3JNOMKEHHBIMH B FOCY/1apCTBEH-
Hom ctaupapre (FOCT 2874—73 «Bopa nureesasi»). B coorBerct-
BHH ¢ 3THM cTaHAaaptoM 0e30nacHOCTb BOJAB B 3MHAEMHYECKOM OT-
HOWEHHH YcTaHapJHBaeTcs oOOBIMHO 1O KOCBEHHHM  TIOKA3aTte-
JSIM — no KoanvecTsy OGakTepHil rpynne KiuleyHod naJjouku (He
Gonée 3 B 1 n Bogbl) M no obuiemy kosauyectBy OGakrtephit (ne Oo-
Jgee 100 Gakrepuit B 1 mMa Boawt). Oanako nipH nopospennn Oakre-
PHANBHOINO 3apa<eHHAa BOJAW oONpelensiloT, KpoMe TOro, coacpia-
tiHe OojesverBopHhix OakTepnii, KHWeYHBIX BHUpPYCOB, SHIL redb-
MHHTOB.

OpranosentHueckHe  cBOACTBa BOaB OLEHHBaKOTCR IO 3ana-
Xy — He Oosie 2 Gannos npn temneparype 20°C u npm mogorpesa-
Huy Boabl po 60° C; no npuskycy — npu 20° C ne Gosee 2 Ganjios;
no uBeTHocTH — He Gosee 20°; no MyrtHocTH — He Gojee 1,5—
2 mrfa.

BesppefiHocTs BOAB M0 XHMHYECKOMY  COCTABYy yCTaHaBJHBa-
eTcs No YeTHpeM rpynnam noxkasarenei: 1) obuiee conecopepa-
HHE, BOAOPOAHHI NMOKasaTedb;, 2) KOHUEHTPAUHH MaKpOKOMIOHEH-
TOE H MHKPOKOMIIOHEHTOB, BCTPCYAIOIHXCH B NPHPOAHBIX TOJ3IEM-
HHIX BOAaX; 3) KOHIIEHTpallHH BEUIECTB, HBAAIOIIHXCH NPOMBILL-
JCHHBIMH H CeJIbCKOXO3AHCTBEHHBIMH  3arpA3HeHNAMH; 4) KOH-
leHTpallHH BelllecTB, KOTOpPHE MOryT nomnacrs B BOAy nNpH €c
00paboTke Ha OMHCTHHIX COOpPYIKEHHSIX.

Honyctimoe cofiepanné B BOAC KaXAOro H3  BeLLECTB
OnpenencHo B pe3yabTare chelHajJbHEX CcaHHTAPHO-THFrHEHHYC-
CKHX HCCNENOBaHHI MO CaHHTAPHO-TOKCHKOJNOTHYECKHM, OpraHo-
JeNTHYECKHM H 00lIlccaHHTapHREIM NOKa3aTelAM BpeAHOCTH,

O6utee conecofepiane B MHTHEBHIX BOAAX, oONpee/sieMoe
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BEJINYHHON CYXOro ocraTka, He mokno npesumate 1000 mr/fa.
Jnis B OTAENLHHX C/yYasx JONYCKAaeTcs yBEJAHUYEHHE CyXoro
ocratika go 1500 mrfn, ofulan mecTKocTe He JoJXHA NpPEBHLIATH
7T—10 mr-skefn *.

Cpean BCTpeyamUHXCst B NPHPOAHLIX BogaXx MakpOKOMITOHEH-
TOB, MHKPOKOMIIOHEHTOB H KOMIOHEHTOB, 3aHHMAIONIX NPOMEKY-
TOYHOE MOJIONEeHHe, MHOrHe HOPMHDYIOTCA, T. €. s HHX ycTa-
HEBJMHBAKTCA TaK HaiwBacMbBe IpelesbHO AONYCTHMEIC KOH-
uentpauun — IAK (taba. 2).

Tabanua 2
Mpepeasno gonycrimeie Konuentpaum (MAK)

Hurpenwenns 5“;:;;:‘:;:‘:“ Conepsanne
Bepuwnmit mrfa 0, 0002
Heneso » 0,3—1,0
Mapraner » 0,1
Menp » 1,0
Mosmmbaen » 0,5
Mummak » 0,05
Hutpatat (no asory) » 10,0
Ceunery » 0,1
Cenen » 0,001
Crpoupit (cTabnabiii) “® 2,0
Cyimiparil » 500,0
Prap » Or 0,7 no 1,5
Xaopuau » He Gonec 350,0
;I!.HHH s i » ?.g

all npupoAHBET W ypaH » ,

Pa[;um s 206 s Kn/a 1.2- 10—
Crponmmit — 90 » 4,0.10—10

o o -

CopepaHne BEUlECTB, OTHOCSANIHXCH K MPOMBIINIEHHBIM H CCJb-
CKOXO3fIHCTBEHHBIM 3arpH3HEHHAM, JONMYCKAETCA B BOAC B KOJHYE-
creax ne Gonee INJIK — mpepesbHo HOMYyCTHMBIX  KOHIEHTpAaLHii,
ycraHoBJAeHHEIX MunuctepcreoM afipasooxpanenns CCCP. Cnu-
COK BelllecTs, [AJf KOTOPHIX YCTaHOBJEHbL [MTJJK, B nacrosmee
spems npesbiltaer 500 nauMeHoBaHuiL.

[lpesensbnoe copepxanie XHMHYECKHX BelllecTB, KOTOphie MO-
ryT Nonacth B XO3sHCTBEHHO-NHTbEBYIO BOAy npu ee obpaboTke
Ha OUHCTHBIX COOpYMEHHSX, cocTapisier (Mr/J): oCTAaTOMHHH aJ-
muunit (Al¥+) — ne Goaee 0,5; rexcamerodocdar (PO;) — me Go-
aee 3,5; tpunoandochar (PO;) — ne Oosiee 3,9, nojHakpHJia-
mMHJ — He Goaee 2,0.

* Vkazannhe TORHIUEHHWS TNPeAeJbHEX BeJAHYHH — CYXOoro ocraTtia, oCued
WMOCTKOCTH N COACPMAHNS KCMe3a OCTaTOMHOID AJIOMIHNA B KaXAOM chyuae Jo.-
#HBE OHTL COTIACOBAHH ¢ CAHHTApHO-3NHAEMHONOrHYecKoil cayx Dol
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Lenn Bofa cCOACPMHT KOMIVICKC BELIECTB ¢ OAHHAKOBBIMH JIH-
MHTHPYIOUIHMII NOKa3aTejAMH  BPEAHOCTH  (TOKCHYECKHMH HJH
OPraHoJIenTUyecKiMH), TO CyYMMa KOHUEHTPallHii 3THX  BellecTs,
BEEIpaXEHHAan B JI0AAX OT MAKCHMaJbHO JOMYCTHMBIX KOHIEHTpa-
uui, ne nosmxkna npeswwarte 1. [lpu 3toMm (B BHle wuckIw0uenns)
He YYHTHBaWOTcH (TOp, HHTPATH H pafiHOAKTHBHLE BENlECTBA, Jeli-
CTBHE  KOTOpPHX OlleHHBaeTcsl OTAeNbHO M0 COOTBETCTBYIONICH
INIK.

[Ipy m3bICKaHHAX M pasBeike MOA3EMHLIX BOJA AJf  X03:iCT-
BCHHO-NIHTHCRBOr0 BOAOCHAOXKEHH KavyecTBO BOAL B NEPBYID  O'e-
peab xapakrtepHusyercsi no 0akTepHOJOTHYECKOMY coCTaBy, OpraHo-
JeNTHYECKHM CBOHCTBAM M MOKasaTtensaM XHMHYECKOrD CoOCTaBa,
OTHOCHUIHMCSH K HC3arpfisHEHHBIM MNpPHPOAHBIM BojaMm (CM. . BbILIE
nokasatean 1-ii m 2-ft rpynn). Oanaxo, eclu rHApPOreoNorHyeckas
H X03fAHCTBeHHAana 0O0cTaHoBKa paHoma He HCKJIOYAET BO3IMOMKHO-
CTH TOCTYNJIEHHA B BOAOHOCHBIH TOPH3OHT MNPOMBILJIEHHHX HAH
CCJIbCKOXO3AHCTBEHHBIX 3arpA3HCHNE, ONpCACNAITCA TaKMKe IMOKa-
3aTesiH M3 3-H rpynnm.

Ko/nyecTBo M nepeyenb Nokasatedell, Kotopwe Tpebyercsi B
ITOM cayyae Onpefensith, 3aBHCAT OT BHAZ IPOH3BOJCTERA, CO-
CTaBa MNPHMEHACMBIX  CeJNBCKOXO3SHCTBEHHBIX  SAOXHMHKATOB,
yaoOpennit M gofxHbu GBITh YCTAHOBJEHH TpH H3bickauuax. Jlas
Bojlosabopon GeperoBoro THMNAa C/ACAYET H3YYHTL COCTAB MOBEPX-
HOCTHBIX BOJA C Y4YeTOM BO3MOMHOIO HX 3arpsisHeHHsi Ha ydyacTKax,
gacnmmmemlmx Bhillle Mo TewenH ot OeperoBore BOLO3a-

opa.

ONPEAEJEHHE OPTAHMMECKHX BELLECTB
B MOA3EMHBIX BOJIAX

Onpenenenne B Bojge MyTHOCTH, OakTepHaibLHOro  CoCTaBa, CO-
JEPpHAHHA  OCHOBHBIX MaKpO- H MHEpokOMnoHeHTOB l-it m 2-@
rpynn He BH3bIBAET TpyAHOCTER # MoOXer OHTH NpoBefieHo NO
cooteeTcTRyiomuM I'OCTam u pekomenpauusm, MH3NoKEHHBIM B
paGorax [105, 107].

HauGosiee cnoxcubiM sBJASETCH aHa/N3 COMEPKALIMXCA B BOAE
OpraHnyeckHX BELIeCTB, OT COCTARAa W KOJHYECTBA KOTOpPHIX BO
MHOTHX C€JlyyasX 3aBHCAT CaHHTapHO-THIHEHHYECKHe KauecTsa
BOJLBL.

Ilo nopmam «Mexnynapoagnoro craHfgapra KauecTBa MNHTBC-
Boi Bofikl» (Bcemupuas oprannsanua 3/iparooxpanenns, 1964 r.)
NpefleNbHO NPpHEMJCMasys KOHIEHTPalHA OpPradHHYecKHX Be
nlecTB B NHThepol Boje caocrasasier 0,2 wMr/n, a npepedabHoO
nonyctumasn—05 mr/a (NpH 3KCTPaKIHH 3aAEPKAHHBIX. HS3
BOAL BKTHBHHM YIJIEM OpraiHHyeckMx Bellecte XJopodopmom).

Buinoansioninecs B HaCTONTIEE BpeMsi MACCOBLIE AHAJH3bL MpPH-
POAHEX BOH, B 0COOEHHOCTH NMOBEPXHOCTHHIX, YAaCTO HEYHNOBJIETBO-
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DHUTEALHB B OTHOUICHHH OUEHKH COAepManua OpraHHYecKHx Be-
IECTB,

Opraunyeckue BellecTBa, BXOAfIUHE B COCTAE NOBCPXHOCTHHIX
801 B ROJJIOHAHOM H pacTBOpPEHHOM BHIC, o0OBIYHO CBA3aHW ¢ pa3-
JOACHHCM pACTHTE/LHBIX H HMHBOTHLIX GI]I"-EIIIIHMEFB. nonajga-
IWHX B PEKH ECTECTREHHHM nyTesm (BHMEBaEHHe H3I NOYB, TOp(A-
HitkoB, Gonot) JauGo ¢ OHTOBHMH CTOMHBIMH BOLAMH M OTXOLAMH
NHUEBHX NMPOH3IBUACTE.

EEETHTEJ']I:HHE‘ H AHBOTHHC OpPraHHi3iMel Hﬁ_]JHEDBEHH CHOM HBI-
MH XHMHYCCEHMH COETIHHeHIIAMH. TEIH', ﬁHHTE]}]IEﬂbHaH KJCTKa
COACPAHT BHICOKOMOJIEKYJIAPHEE  BellecTBa, B COCTAER  KOTOPBIX
BXOAAT CFAABHLIM ﬂﬁpEEI‘.)M yrOJAepoid, BOAOPOAL, 43071, KHCNOopod H
(rocop.

Bwmecte ¢ TeM B I]-DBE']J}:HHETI[HE BOI BT !'IﬂCT}J'I'J.H}ﬂT EI[][‘H HHYCCKHE
BEUIECTBA, COAEpKallHecss B NMPOMBILLJIEHHBIX CTOYHHX BOAAX.

CocraBp OopraHHyYyecKHX BellecTB B IPOMBILIIJIEHHHX  CTOYHHX
BOJaX COBPeMeHHOro MpOH3BOACTBa Kpaline pasnoolpasen — 3TO
apOMaTHYecKHe YyrieBojlopolw, HedTenpoiykTH, d¢eHons, Mac-
Aa, CMOJIW, AaMHHOMNPOAYKTH, NMHPHAHHOBHE OCHOBAHHA, MHHPHHE
KHCJOTH, TOBEPXHOCTHO-AKTHBHBLIC COCANHCHHA CHHTCTHYECKHX MO-
IOLUMX CPEACTE H MHorne fipyrHe. HecMOTpa Ha TO YTO OCHOBHH-
MH COCTABJSIIOLLHMH Pa3/IHYHBIX OPraHHYecKHX -3arpsasieHHii s.-
JSI0TCA O/IHH H Te e 3JeMcHTH (rnaeubim  obpasoMm  yraepoa,
BOAOPOL, KHCJAOPOL H a30T), CTENCHL. BPEAHOCTH TOr0 MHJAH HHOro
OpPrafHyeckoro cOe/IHHEHHA 3aBHCHT oT (OpMB HaXOXKIEHHA, T. €.
KOMOHHAIHK, 3ITHX 3jaeMedHTop B Bojge. [Ilostomy ana noaydenuns
NOJHOfT  CAaHHTAPHO-THIHCHHYECKOH — XapakTepHCTHKH — KauecTBa
BOAEI HYXHO 3HATH cOllepaadHHe B BOAC OlpeAc/IEHHWX Opraiibyc-
ckux peulects. C noMolubld COBPEMEHHBIX METONOB XHMHYECKOro
aHalH3a, B TOM YHche chnekTporpadHueckKux, TeOpeTHYECKH MOik-
HO onpeacHTe A0y KOMOHHALHIO JICMEHTOB OpPraHHYecKHX Be-
HEeCTB B BOJe, HO HAa MpakTHKe MNpH aHanH3e NMPHPOAHLIX H CTOY«
HEX BOJA 3T0O lIe Jenaetcda H3-3a HHGTGDﬁpEiSI*IH OpraHiH4yecKix coc-
AHHEHHH B 3THX BONaX, a TaK¥e¢ BCAEICTBHC CHOXHOCTH N Tpo-
MO3IKOCTH MHOrHX aHaausoe. CopepmaHie OTAENBHBX OpraHi-
YeCKHX BCILECTB — 3arpsA3HHTCNICH — yCTaHaBJIHBAeTCs  aHAJH3O0M,
Kék OTMEHAJOCh BHIIIE, TOJMBKO B TCX CAydYadx, KoOrjla HMeEKTCH
npcinofosmelHsa O HaJTHYHH HMEHHO 3THX BeGLIECTE B BOJC.

OGuiynHo e NpoBoAATCs KOCBeHHHie, Gojlee MPOCTHE AHAJIH3H,
BHIEAAUIHE TCpPYNNbB  opraHHyeckHX BeliecTB ¢ XapaKTepHBIMH
ceoficteami. Tak, yCTAHABJHBaeTCA COAEpMKAaHNE B BOAE NpHPOA-
HHX OpraHiHYyYeCKHX [‘}'M_‘,’CUBH:{ BEIIICCTB, HaXOAAUIHXCA B KOJJOH-
AAJLHOM COCTOSIHUH W B pacTBopcHHoM Buje. Pazpenenuc 3THX
BIL10B CYIWEeCTBCHHO, TAK KAK KOJUVIOHJHHC cOg/IHHCHHA TFYMHHOBBIX
KHCAOT H HX codell, a TaK¥e KoANoHAHbe QyasBoKHCAOTH 0b0yc-
JaBINBAIOT MOBHILIEHHYID LBETHOCTL MNOBEPXHOCTHHIX Boj, B TO
BpeMs Kak MCTHHHO pacTBOpHMHIE (yJbBOKHCJAOTH He BAHAKT HA
LBETHOCTL BOJIHL.
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B0O3MOKHOCTL I HHTEHCHBHOCTL OKHCJIEHHSI OpraHHYecknx. be-
HecTB B BOAE B NpHCYTCTBHH a3pobubix GakTepHH XapaKTepH3y-
joTcA  nokaszatedeMm OnoXxHMuyeckoro notpebJeHnsi  KHCJIOpOAE
BI1K, onpenenenne Kotoporo NPOBOAHTCH B HATYPHOH man paas-
Gapnennoit npole BOAK B YCJAOBHAX [QOCTATOMHOIO KOJHYCCTRA
KHC/IOpofla 1 olleHHBaeTca Mo YOBIH pacTBOpPeHHON0 KHCNopoAaa
3a onpeje/eHHHi mepuog uHEyOaiMH. J3atpaTthl  KHCJopolla Ha
HHTPHOHKAIHIO, TPOHCXOAAIYIO BCJACJ 32 OKHCJEHHEM OCHOBHOMH
Macchl OpraHMyecKMX BellecTB, He BXxoasT B Beanunny BIIK.
B ceszn ¢ stum ycnosuo nonnoe BIIK onpenensercs sa nepnoj,
B KOHLE KOTOpPOro asoT HITPATOB MNOABAAETCHA B KOJHYeCTBE
0,1 mr/a.

KoanyecTBo Jerko0KHCJISIOMIHXCSH peniecTe  (MpHpPOAHOro H
HCKYCCTBEHHOIO NPOHCXOMJICHHS) J0 NOCJEJIHero BPeMEHH onpe-
Aensaoch TpagHIHOHHO KaK TMEPMaHraHaTHas OKHCASEMOCTb, T. e.
Mo’ pacxolly KHCAOPOJa, 3aTpaY€HHOro Ha HX OKHCJeHHe npu neii-
CTBHH TepMaHraHarta kanaus. [lo MHOrMM HaTypHBIM JaHHBIM mep-
MaHraHaTHaf OKHCJAAEMOCTh CPABHHTEJAbHO YHCTHX PCUHBIX BOI
o640 He npesnimaer 5—10 mr/a Og, HO NpH NOBHILIEHHOM  CO-
JNEPAHHH TYMYCOBBIX BCLIeCTB, 8 TAaKMXC JpPYrHX OpPraHHyecKHx
3arpA3HEHHI OHA MOMKET CYIIeCTBEHHO yBeJHUYMTHCA, B cBsism ¢
HEOTIpEJIe/IeHHOCTLIO COMEPHAHHA  MOKa3aTelsi mnepMaHranaTHOMN
OKHC/IICMOCTH, 8 TAKMC HCKJAWYHTeABHO O0JblUo 33BHCHMOCTBLIO
pe3y/bTAaTOB 3TOTO OnpefiefieHdss OT YCJIOBHII NpoBCOCHHS  aHA-
JIH3a B HACTOMIIEE BpeMs 3ITOT NOKa3atedb HE PEKOMEHLYeTCH K
NPHMEHEHHIO.

Haubonee noaweiM nokasartejem obwero KOJHYECTBa JNErkKo-
H TPYAHOOKHCAAIOWHXCA oprannyeckux Beulects siBasercs XIIK —
T4dK Ha3BIBACMOC XHMH4YecKoc notpebjeHHe KHclopojia NpH OKHC-
JICHHH BCEro yricpofia u BOJOpoja, cONEpXKAaNUHXCHd B OpraHHde-
CKHX BCLIECTBAX, ¢ NOMOINIbID CHJABHOIO OKHC/AHTEeNs — GHXpo-
Mara KaJiiig B ONpejeNelHLX, CTAHAAPTHIHPOBAHHEIX YCJIOBHSAX.
YcranosieHo, yTo npu 3ToM oOHYHO NMPOHCXONHT OKHCJAeHHe 95—
98% Bcex TPYNHOOKHC/AIOUHXCH BEUIECTB, 32 HCKJIIOUEHHEM JIHIIDL
HEKOTOPHIX M3 HHX (Hanpumep, OeHszona, NHpHAHHE, ToJyona, Had-
ranuna). C Apyroft croponw, npu onpepenenun XITK okucasiortes
TAKHC H HCKOTOpHE HEOpraHH4yecKHe BellecTba, HanpHMep 3a-
KHCHOE XeJe30, cCpOBOMOPOJ, HHTPATH, Ho 3T0 MoMeT OHITL Yu-
TCHO H OIIEHEHO OTHACJIBHO.

B 3arpssHeHHBIX CTOKaMH TNOBEPXHOCTHBIX BOJAX BEJHYHHA
XIIK nocruraer 50—100 mr/an Op u Gonee. Meroauka onpenene-
nig XIK B Hacrosuiee Bpemsi ycoBepuiencrsopana, paspaborana
Ansi GOJIBIIKHX H MalbiX KOJIHYECTB OPraHHYecKoro BEHIeCTBa; Mpe-
JNO¥eHB NMpuOopH ANA ABTOMATH3IZIHH 3TOrO, paHeée OYeHL CJIOMK-
woro anaausa {107). B nonosanenne x XIIK B nacrosmee Bpems
HCNOABb3YyeTcs elle psj nokasartedaeil, MNO3pOJSIOWNX  BLIACAHTL
OTACABHBIC TPYNNH OPraHHYECKHX BENIECTB, B TOM uHCJE: cojep-
Xanue opranmyeckoro yraepona (C), comepianue OpraHHuYeCKOTro
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430Ta, CYMMapHOe COJepXalie OpraHH4YecKHX 3arps3HeHnii H3
NPOMBIUIEHHEX CTOYHLX BOJ H CCABCKOXO3SHCTBENHBIX SIAOXHMMN-
KATOB, OpeAC/eHioe MeTOAOM VIOJAbHO-XJA0pOQOPMHOr0 3IKCTpaK-
Ta (metog CCE) u np.

rNABA 2

OCHOBHBIE ®H3HKO-XHMHYECKHE
NMPOLLECCHI BSAAHMOJIEHCTBHA
3ATPASHEHHBIX CTOKOB,
MOA3SEMHBIX BOZ H MOPOA

POJb dHIHKO-XHMHYECKHX NMPOUECCOE B MHTPALLHH
JATPAIHAKILHX BEIWMECTB B BOJLOHOCHOM NMJIACTE

Ilpu 3arpsizHCHMH CTOMHBIMH BOAAMMH H OTXOJAMH, KaK  chuelyer
H3 BHIUEH3JOHEHHOro, B NOA3€MHBle BOAH MOryT NONagarn pas-
HooOGpasHubie XHMHYECKME BeLeCTBa, W 3arpa3HeHHas BOjAA, TAKHM
ofpasom, npepcraBnser coboii pactsop, coAepauiuii  OOHUHO
HECKOJILKO pPAaCTEOPEHHBIX, "'SMYJbTHPOBAHHBIX  HJAH  B3BEUICHHBIX
KOMIMOHEHTOB H HMCKOIHA YacTO NOBHILUEHHYIO MHHEpaJH3aLHIo.

Ilpu ¢uabTpanms B BOAOHOCHOM naacTte 3arps3HeHHble BOABI
B3aHMOACHCTBYIOT ¢ YHCTBIMH NPHPOAHLIME  NOA3CMHBIME BOLaAMH
Il NOpOAaMH BOJOHOCHOrO FOPH30HTA. DTo B3aHMOeliCTBHE NPOsAB-
JACTCH B BHAE 3aaepmaHusd B3BEUIEHHHX H 3MYJbIHPOBAHHBIX BE-
mecTs, pasbaBaeHHss HCXOAHOH BOAB, MOJeKyaspuofi auddysHu,
(PHALTPAUHOHHON AHCMNCPCHH, NMOMJOUIENHsT OTAENBHBIX KOMIOHCH-
T0B ((dH3HUecKan W XHMuUecKas copOuHsi), rasosbijaesenns, pacr-
BOpenns TBepaoil nopoak, TenscobMeHa U T. [.

Beneactene HasBaHHEIX  MPONECCOB NMepemellalouiHecs B BOAO-
HOCHOM MMacTe 3arpsisHellible MNOA3eMHLe BOAB NOCTENEHHO  H3-
MEHAIOT cBOH NMepBoHaYanbnbi cocrap. IlpM sToM HEKOTUpLle KoM-
MOHEHTH MOJHOCTBIO HJAH YaCTHUHO YAaJsloTCA H3 BOAHW (B peayiib-
Tate MeXaHMYecKOl 3afepikH, copOuuM, OCaMIEHHA pacnana),
a [pyrie — yBeJIHUYHBAKT CBOI0 KOHICHTPaUHID HAH BO3SHHKAKOT
BHOBL B Pe3yJbTaTe BHILICAAYHBAINHA coNel H3 NOPOJL, peakuHi
ruaponusa, komnaekcoobpasosanda u gp. Bewectsa, e noasep-
ratouiiteca  QHIHKO-XHMHYECKHM H3IMEHEHHAM B MNOA3IEMHBIX BO-
Aax, MOryr nepeMellateCA B IVIACTE HeONpelejenHo  AoJiroc
BpeMA.

HuTeHcHBHOCTL B XapaKTep B3aMMOACHCTBHA B cHcTeMe QHILT-
PYOULASICA 3arpA3HenHas BOJId — MOPOAL BOAOHOCHOro ropH3oH-
Ta — YHCTHE MNOA3EMHBIE BOAB! CYNECTBCHHO 3ABHCAT OT COCTaBa
H CoJCpKaHHA 3ArpA3IHAIOUINX BELLECTB, COCTABa MNOA3CMHBIX DON,
CTPOEHHA W COCTABA BOJOHOCHHIX NOPOJ, & TaKKe OT YCJIORui,
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B KOTOpHEIX MPOHCXOAMT B3auMOpeficTBHE cKopocTH (QUALTpaLHH,
nAOMEAIH KOHTAKTa Mexy BOJAOH M NOPOAOH, TEMNEPATYpPL BOLH
H Mopoa H Ap.

3aKOHOMEpPHOCTH OfHOBPEMEHHO MNPOHCXOOAUINX (PHIHKO-XHMH-
YecKHX npoleccoB B TakKoH Muorodakroproit  cucreme oueib
CIOWHE H TIO3TOMY e€lle Mano HM3YuCHH. YUHTHIBAA K TOMY e,
YTO B CBA3H ¢ (PUILTPALMOHHOH HEOAHOPOAHOCTLIO nNOPOJ MHOrHe
PeaKLHH MeHAY 3arpA3HEHHBIMH H YHCTBHIMH NOASEMHBIMH BOOAMH
H MopodaMH MNpoTeKaloT ¢ H3MeHeHHem o00beMa pCErHpyloLIHX
pactsopoB, sHauenmwii pH u Eh (okHcaMTenbHO-BOCCTAHOBHTENL-
HOTO NOTEHUHaMa), AAA OUeHKH SABJEHHI B3aHMOJeHCTBHA NpHXO-
AHTCA paccMaTpHBAThH MHOTHE B3 3THX TNpPOLECCOE H30JAHPOBAHHO
HJIH, HAnpoTuB, — 00001leHHO, B CXEMAaTH3HPOBaHHOI TNOCTAalIOBKE,
HCMOJbL3yA NpHOMHMKCHHBe METOAL pacueTa.

IlocKoMbKYy 3arps3HeHHHEC NOA3CMHHE BOAB B BOJOHOCHOM
njacte nepeMelialTcd, OCHOBHOH 3ajaded paccMOTpPeHHs mnpoTe-
KAarwuux npH STOM (t}HHHEG-}{HMHllE{:KH}Z [I]]GH.ECE{)H ABNACTCH OICH-
K& H3MCHCHHSl KOJIHYecTBa (MJIM  KOHLEHTPANMH) BelllecTBa BO
BpeMEHH H Mo nyTH (QUALTPAUMH, T. €. OLEHKa XapakTepa H KH-
HeTHKH 3THX NPOLECCOB B NOTOKE NOA3CMHHIX BOL.

Hecmorps Ha To wto peakuus, npoMcXojsiiihe B Miaacte npH
QJHJ'IhT[}HII.HH JATrpAIHCHHBIX NMPOMCTOKaAMH NOA3ICMHBIX BOJA, Kak H
BCe UHCTO XHMHYECKHe peaKIlHH, B NMpHHUHNe SABJAKTCA IBYXCTO-
POHHHMH, T. € OOpaTHMBIMH, Ha NpPaKTHKE YacTO paccMaTpHBa-
oTes Goliee TMPOCTHIC — OJIHOCTOPOHHHE, HEOGpaTHMBLe  PCaKIHH.
K nocnennum oTHOcATCA, HanpuMmep, peakninH obpa3oBaHus Ma-
AOPACTROPHMOro 0OCajiKa, rajoBulacnelinsd, paaHOaAKTHBHOro padac-
naga w 1. 1. MHOrHe XuMHYecKMe peakuHH B AelCTBHTCALHOCTH
COCTOAT H3 -HECKOJNILKHX 3JIEMEHTapHBIX peakuui, nNpoTeKaoliHx
C pasaHuYHUi CKOpOCThIO, NMOCACAOBATENBHO WM NapaiiensHo. Ho
TaKk Kak HaOnwojaemas B OnbTe CKOPOCTh XHMHYECKOH peakumy
O0OBIYHO  KOHTPOJHPYETCH  CKOPOCThIO  oanoil — nanGonee men-
JEHHO TNpoTeKawllell peakuud, T0 u npu  QUALTpaUMH B NOTOKe
TAKXKEe yYHTHIBACTCA CKOPOCTH TONBKO OMHOH peakuud. Hampnmep,
nis copbumy, HOHHOre o6MeHa M pacTBOPEHHS — 3TO  CKOPOCTh
TOABOAA pearHpyllNX BelecTs K TBepaoil noBepxHOCTH (peak-
uHa B obGnactH Tak Haswipaemoii Au(pdy3HoHHON KHHETHKH).

ITpi m3yueHHn XHMHUECKHX peakuMii M TepeHoca BellecTBa
KOHCTAHTH CKOPOCTH M JApPYrHe napaMeTphl 3THX TNPOLECCOB
O0OHIYHO ONMpepetsAloTCA  SKcnepuMentTalbHo. B ocobGeHuHOCTH 3TO
OTHOCHTCH K npouecccaM MHrpauHH EHPPHEHEIIHﬁ B NOA3CMHLIX
BOJAAX, TAK KaK Ha XapakTepe H CKOPOCTH peakuHi B 3TOM ciyuae
CaMLiM CyulecTBeHHhM o0paszoMm CKasbBalTICsi CBONCTBZ nNOpOABI,
o0ycaasinBalIHE CKOPOCTL (PUABLTPAUMH, MIOMAAL KOHTAKTa
MEMKJAY BOAOH M NMOponoii # ap. 1o e OTHOCHTCA M K TAKUM (u-
3HKO-XHMHYECKHM fQipoleccaMm, Kak yaaleHHe u3 pacTBopa B3se-
WEHHBIX H 3SMYJIBTHPOBAHHBIX BeLlecTB, H (M3HuecKoil copOuuH.

[IpiMenHTENbHO K TOMY HJAM MHOMY paccmaTpupaemomy ¢u-
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SHKO-XMMHYECKOMY mpoueccy B noponax npu GuAbTpamuu ue.e-
coolpasHo BHIIEJIHTH HElTpPalbHble KOMIOHCHTH, HC YYacTBYIO-
IHE B HEM, & TAKMKE AKTHBHbBIE KOMNOHEHTH, RJAMAION(HE HA AaH-
HBIH npouecc.

Tak, npx paccMmoTpeHnH cop6uHH sarpasHerHii npw  QUIbTpa-
"HH B rPpyHTAX AKTHBHBIMH KOMNOHEHTAMH ABJSAIOTCA KAaTHOHB —
OHH B TOH MJIH HHOH Mepe cOpOMpPYIOTCH UaCTHILAMH TPYHTOB, KO-
TOpHE, KaK NPaBHJO, HMEIOT OTPHLATENbHO 3apsiKenHylo coplu-
PYIOLLYI0  MOBEpPXHOCTb. AHHOHBI H 3JCKTPOHCHTpaJbLHble  MOJle-
KyJbl NA0X0 copbupyiores M MoryT ObBITh OTHEceHBl K HeliTpa.b-
HEIM KOMNOHeHTaM. B cBasu ¢ 3THM BmfAB/denHe GOpMB HAXO0H1€-
HHAl BelllecTBa B 3arpAsHEHHBIX MNOA3CMHBIX BOAax TNpeAcTaB-
AT CYLLEeCTBEHHHIT HHTEPEC.

B ocoGeHHocTH 3TO BazHO NpH H3YYECHHH XHMHYECKOrQ COCTABa
NMPOMBILNEHHBIX CTOYHHX BOJ, B KOTOPHX B pe3yibrate o0c00eHHO-
CTEH COBPEMEHHONl TCXHOMOTHH Kpome cBOOOANHX HWOHOB COJEp-
aarcs pa3noobpasnble  KOMMJICKCHHE HEOPraHHYecKHe M Opramu-
yeckHe coeuHenus, ITocaeanne B Aansneiilunx Npoueccax HaMcHe-
HHSl COCTaBa CTOUHEIX BOJA (npH MX HEHTPaNH3AUMH HA OYMCTHHX
COOPYKEHHAX, NMPH CMEIIEHHH ¢ NOA3eMHBIMH BOJaMH H T. J1.) MO-
IVT paapyiathes ¢ 00pazoBaHHeM NPOMEXYTOUHBIX H HOBHYX (hopM
KOMIIJIEKCHHX W NPOCTHIX COCAHHEHHI.

OO0epiuHO XHMHYECKHH ~COCTAB TNOM3EMHHX BOJA XapaKkTepHay-
eTCH Pe3ayaLbTAaTaMH anaJju3a, BHIPAXKEHHOTO B BMAe COACPIKAHHS
cBOOOJIHEIX MOHOB € 3dpAfOM, PABHBIM HX (OPMAJLHON BaJeHTHO-
cti. Meaily TeM B Boje HaXoafTCs He TONBKO cBOOOIHLIE HOHBI
paccMaTpHBAaEMOIO BelleCTBA, HO M €ro KOMIUJIEKCHBlE CcOejHHe-
HHf C APYrHMH OpranHyeCKHMH M HCOPraHHYeCKHMH  HOHAaMH,
rpynnaMu HOHOB WJIH SAEKTPOHCHTPAJLHBIMH  MoaeKyaamu. [lpH
ITOM KOMIJEKCHOE COCJIMHCHHE MOMKET MMeTb 3apsifi  (N0J0MH-
TeJbHBIH HAH OTpHUATE]BHBIH) JAHO0 OBITh SJEKTPOHEHTPAJb-
HUIM. Tak, Hanpumep, pacueT MHrpauHOHHBIX (IOPM PACTBOPEHHHX
B pedHOH BOJe BellECTB NMOKasan, uyto cofepxanie CcBOGOAHBIX
KatHonon Ca?t, Mg?*+ Sr?+ cocrasaser scero 81—889% ot Bajo-
BOrO COJIEPXKAHHS, ONpele/IeHHOro XHMHYECKHM aHaJH30M; 0CcTalb-
;11%?] 19—12% mHaxonaTcs B BHAE OpraHHYecKHX  KOMIOHEHTOB.

B cocrape crounmx BOA npeanpusTHii pynooGoralleHHs BO3-
MOXHH pasHooGpasHble GoOpMB CYHIECTROBAHHA METANOB Llﬂﬁ],
cunenl — B Buae Pb*+, PbClH, PbOH+, PbCE-, PbCl;, P Cl-
Pb(SOs);, Pb(OH);;  meramnoopranuueckHe — KOMIUIEKCHBIC
anuonsl B Bupe PbSO§, PbHCIS Pb(OH)S wmeas — B Buge Cu’t,
CuCl¥, CuOH*, CuCly, CuCNS-, Cu(CNS);; meraanooprau-
ieCKHE KommaekcHole annoHnl B Bufe CuSOY, CuCld; uuek -8
euae Zn*, ZnCl+, ZnOH+, ZnF+, ZnCly, ZnCE—, Zn(OH)?-,
Zn(OH)3; Merannoopranuueckhie KOMIJEKCHHIE AHHOHBI B BHIC
£nS04, ZnCli, Zn(OH)? u 1. £
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Crnocobb1  pacuera HOHHO-MOJEKYAAPHOro COCTABA NPHPOJHLIX
B8O NO A@HHBIM XHMHUECKOro aHaJiH3a OCHOBAHLI HA peIleHHH CH-
CTeMBl ypaBueuHil 6ananca BellleCTB M YPaBHEHHIH KOHCFaHT yCTOH-
ynpoctH Komnaekcoe [30, 56, 106]. Tloanoe pelienne TaKHX CH-
creM, Tpebyolice Henolb3oBanua IBM, nossoasier, kpome TOrv,
nporio3dvposath: 1) 3naucnua pH u aktHBHOCTeH moHa a, B Npe-
Jeaax KOTOPHIX BO3HHKAIOT M OCTAIOTCH YCTOHUMBHIMH OTACAbHBIC
popMB KOMNOHEHTOB; 2) MaKCHMaNbHO BO3MOMHBle KOHIEHTpA-
IIHH OoTaenbHBIX (OopM  KOMMOHeHTa B BOAe; 3) BO3ZMOMHBIH CO-
CT4B TBEpPALIX OCAaAKOB, BINALAIOLIAX H3 BOAB NPH TeX HJAH HHBIX
aHavennax pH, Eh wu cooThomenusx  akTuBHocTell OTAEJBHBIX
Hotoe [106].

B pesyabraTe, Takum o0Gpas’soM, MOMKHO BHABHTH HaJIHYHE B BO-
Ie 3arpasHALINX KOMTOHEHTOB, KOTOpHe B OJAaronpHATHHX YCJI0-
BHAX MOTYT COpOMpOBATHLCH MJH BLINAAaTh H3 JaHHOTD pacreopa
npu uamenesun pH, Eh, cogepmanna orpencHuix HoHoe H 1. 4. Jlas
CyMJIEHHSI O TOM, HACKOJLKO pEaNH3YyeTcda 3Ta BO3MOXHOCTL TNpH
GuILTpaUHKH B NMOPOAEX ONPEACJCHHOrO COCTaBa W CTPOCHHS, He-
00X0AHMa MNOCTAHOBKA CNEeNHaNbHBIX SKCNepUMeHTaabHuX pabort.

KOHBEKTHBHASA JIHCNNEPCHA
H MOJIEKYJIAPHAA NH®®¥3HA BEUIECTB

TlocTtynawnine B BOJOHOCHBIA NAACT 3arpA3HCHHLIE CTOYHBIE BOMAH,
armocdepHble OCaaKn H BOAL NOBEPXHOCTHHX BOAOTOKOB H BOJjOE-
MOB BHITECHAIOT YHCTHIE NOJ3CMHEIE BOAB H NEPEMELIATCH B
nnacte no HanpaeaeHuio oGniero QUALTpalHOHHOro rnotoka. TIlepe-
ABHAEHHEe 3arpA3HeHHii BMecTe C MOTOKOM MNOA3cMHHX BOg Tiped-
cTanaser coOCTBEHHO KOHBEKTHBHB /i mnepeHoc, KOTopulii sB-
Jigercss Hanbonece cywecTBeHHLIM QAKTOPOM MMrpamHu.

IlpuHuunHaABHO CYLWECTBYET BO3MOXKHOCTH PacnpocTpaHeHHS
3arpa3HeHHii B BOJIOHOCHOM MJiacte H MIpH OTCYTCTBHH (HJALTpA-
LHOHHOTO TeYeHHA — NyTeM MoJekydasaphoit Anddysuu, cosepila-
IONeHCA  TOJNBKO TNOJA JeHCTBHEM TpajiHeHTa KOHUCHTpALMH Belle-
CTBa B PAa3JHYHBIX TouKax nuacra. OAHAK0, KaKk NOKa3blBaloT TEO-
peTHYECKHe HCCJIEeNOBAHMSA H pacuyeTh, 3TO NepeMelleHHe TPOHCXO0-
JIMT HACTONILKO MEIJIeHHO, YTO IPH NPOrHO3&X pacnpocTpaHeHH:
3arpA3HeHii MOXeT He YUMTHBATHLCH, eCAH peub HIeT O nepe’oce
Ha paccTosHHsa Oonee HECKONBKHX METpPOB HAM O TpOrHo3ax Ha
cpokn MeHee 100—200 ner. Pacemorpenue modnekynapHo-nugdy-
3HOHHOro mnepeHoca B TrOpPHBIX NOpOAax H BOAOHOCHBIX NJacTax
MOXKeT NPefCTaBJIATh WHTEpPeC JiHIlL B TeX cJyJyasx, Korja Apoao-
HHUTENBLHOCTE 3TOr0 mpouecca uaMepsercs Muanuonamu ner [102]
aubo Korpa paccMarpHBaeTCA OueHb MaJibli OTpe30K nyTin  AHd-
<byanonnoro nepeHoca npu OTCYTCTBHH QHALTPAIIHH.

Tak, manpumep, npu ycTpoiicrse B OCHOBAHHH IIIAMOXPaHH-
JIHLL, H HAKOMMTEJeH 3aWHTHLX SKPAHOB M3 [JIHH HJH YNJOTHEH-
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HBIX CYrJIHHKOB MOJEKVJASpHO-AH(QY3HOHHBI NepeHoe 3arpa3nsio-
IHX BellecTE 4epes sKpaH TonmuHow 1—2 M moxer o0yCnOBHTE
MOABJICHHE OTHOCHTENbHBIX KoHueHTpaunwit C=0,01 uepes bH—
25 net, a € = 0,001 — uepea 4—14 ner (puc. 1).

Ilp KOHBCKTHBHOM MNEpeHOCe Trpadilla Mexay 3arpA3HCHHbI-
MH H YHCTBLIMH NOJA3eMHLIMH BOJIaMH TeOpPeTHYeCKH AO/DKHA HMETh.
BHJI PE3KOro, TaK HA3LIBAEMOro <«MOpUIHEBOro» (poOHTA, nepeme-
HAWWEerocsi €o CpellHell CKOpPOCTLIO (GHALTPAIHOHHOrD MOTOKa W
pazrensiioniero BOAW ¢ KOHUeHTpauusmu Beujectea Cyx (Ha BXOAE
sarpasHennil B nnact) u Ce (GoHOBas KOHUEHTPALHSA).
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Puc. 1. Moncryaapho-and@yanonnsil nepeHoc pacTBOpENHMX BEUCCTE HEPE3 JEPAH HI yOAOT-
HEHNIY CYTAHNIKOB.,
C,x — KOHUCHTPAUNA 3ATPAIMAIOUIMX BOLLECTR B CTONMMX BOAAX Haj skpamos, C — To e,

- C
H3 BRXOAEe HE IKDAHA [E=" E." s X — ToJallNita Ixpaiia, ©w; r—n]ll.t.‘l'lﬂ o7 HoYda MOJe-

BX
Kyaspuoll  auddyann,  ronw; ROSPOUUHENT  MoOACKyAspiofl  Dwddyanm  CYramHka

Dy= 4-10-7 em’fc

Puc. 2. lpoaoabHas# MHEPOAHCREPCHN:

@ — cxeun niacta; 6 — rpadmk C (x).

I = aarpaadciudue BOAL; 2 = 30HA MHKPOAHCHCPCHH, §— YHCTHE BOLL; Cpy = KOHUEHTpA-

LHA 3arpAIHAKLICIO BCILECTEA BO BXOOMOM CeNennd miacra: Co— ONOBAR  KOHLUCHTPRUHE
BLILCCTER B OASCTE, aa — noplidencit pont GuabTpaLny

Kak nokasuiparor HatypHule naGalofenus, nopuxenof ¢gpont —
B MaBecTHO#N Mepe abcerpakrtHoe nonsitue, OGBLIMHO BMECTO HETKOro
(¢pponra oOHapyxHBAaeTCs 30HA CMCLIEHHS, Ha NPOTHMCHMH KOTO-
poit KOHUeHTpauun nocrenenHo uamensiores or Cue no Ce.  Dop-
MHPOBAHHE 30HLI CMEllenHs CBA3AHO B NEPBYIO o4epeab ¢ QPHIALT-
pauloHHOd AucnepcHeii (pacceanucm)  Beulectsa. B nexoTophIX
cayuasix, KpoMme TOro, BJAHAKT cOpOuMs H XUMHIUECKHe pEaKUHH
MEXy 3arpsisHEHHBIMH M YMCTBIMH BogaMM W nopopamu. [lpuus-
TO BHJIEJAATH MHKPOJIHCNIEPCHIO H MaKpoAHchepcHio B (QHIbLTpa-
IIHOHHOM noTtoke [85].
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MunkponpucnepcHsa pacTBOPeHHHX o 3IMYJAbIHPOBAHHBIX
B BOJC BCIECTB NpH (GHALTpallMH B rOpHEX NOpojiax obyclosneHa
caMHM XapakTepoM ABHMKeHNs BOABI MO NMOpaM W TpeuiHaMm, Mme-
FOIHM pas/iIHYHLIC OpHEHTALHID H pa3Mepnl AaMe B Nopojax, Ko-
TOpbLle B []JI!JIhTDEL‘[l'IDHHDM OTHOIUCHHH CYMTATCH IIPHHTHHECEII
OAHOPOAHBIMI. STU, BO-NEPBBIX, BLISBIBACT OTKJOHCHHH JIOKAJbBHHEX
CKOpOCTEll ABNM(CHHA B OTAENbHHIX Mopax W Tpewwnuax ot obuel
cpeiHeil CKOpOCTH MOTOKA NOA3eMHBIX BOJA MO Halpam/IclHio H Be-
JUIYKNe, a, BO-BTOPLIX, MPHBOJHT K CMEIUeHHIO BOJ NMPH CAMSHHH B
Nnopax ot/ bIHMIY 3MEMCUTAPHHX CTPYEK, HMEIOULIiX IEE{.'IJ'I.HHHHGHHFI
coctan. B HanpaBJelnHH CPEHHEﬁ EHDPUETII OBHXKEeHHA MNMOJI2CMHBIX
BOJA pasBHBaeTCd NMPoUNOAbHAA MHKpoanmcnepcus QOua
‘Hanbonee yeTKo MOMKeT OHThL [pocfiekeHa B YCNOBHAX oIHOMep-
HOrQ0 TNOTOKA, OFPAaHMUEHHOro HENPOHMUACMBIMH  NJAOCKOCTAMH
(¢nnacT — nosoca»), NpH NOCTYNJEHHH BeEUlECTBA Ha BCeM MpoOTH-
MEHHH BXUJHOTO ceuyenust om (pHc. E,H_}.‘ Ha swixopme wa 3T1OroO
CEUEHHS BCE MEMEHTAPHLIC CTPYHKH BOABI HMeIOT paBHble KOHIEH-
Tpawnn peuectBa Cyg, a8 Takke napanyefbible M0 HANPABJIEHHIO M
paBHKC N0 BeéJAHYHLE EHH]}U{‘TI[ NBHMKCHHA, HO Adhee NpH }IEHH{'E-
HHH MO H3BHJAHCTHIM MOPOBLIM KaHalaMm Mopoiu cTpyiikH nedop-
MHPVIOTCH K npuobpetalor pasiauyHbie ckopoctd apnxedus. [lpu
TOM, TaK KakK OTAeIblisle CTPYHKH BOAH Nepemeriialotes  OblcTpee
LJAH McJlneHHec, UYcM B -E[.‘IE.EHEH' BCA MAacCa BOABI, K CEUYEHHID aa,
COOTBETCTBYIOLUEMY  «nopuineBoMy» (ppouty dHIABTpauMn u onpe-

AeNAEMOMY MO cpejHell CKOpOCTH ABMHMKEHHA BoAW V, K pacuer-

X
HOMY MOMCHTY BpeMEeHH 'i‘m-:—v— (n— aKTuBHasi NOPHCTOCTD)

NPHAYT HC BCE SJeMeHTapuble CTpyiikn ¢ KoHuentpaumein Cyy.
IlostoMy 3feck B OTACABHBIX MNOpax enie OCTAHETCA BOAa C Ha-
YanLHoil KOHLCHTpauMcii ecuicctBa. B pesyiabrate cpeanss  KoOi-
LCHTPAIHS BElIECTBA B 3TOM CEUCHHH B MOMeHT fg Oyder menblue
Cpx; Takum oOpazom, BOAM3H ceyeHHA aa cOPMHpYeTCHs 30HA
MHKPOAKHCNEPCHH € NMPOMEXYTOUHBIMH KOHUEHTpAaUMsaMH oT Cux A0
Ce (puc. 2, 0).

[lonepeunass MHEKpPOJAMCHEPCHA B OJHOMEPHOM
(GHIALTPALHOHHOM MOTOKE Pa3BHBACTCH B YCJIOBHAX, KOrja 3arpsi-
HAIOWEe BEUeCTBO MOCTynaeT ToJAbKo Ha uacte MN BxoaHoro ce-
yenns om (puc. 3). Ilpu 3ToM cMeweHHe 3arpA3HEHHLIX H YHCTHIX
BOJL NMPOHCXOAMT Ye He TOMbKO B HANPABJEHHM OCH OX, K3aK 3TO
HMeeT MeCTO TIPH YHCTO NMPOAOILHON AMCHEpPCHH, HO W 10 OCH 0Z.
B pesyawrate nonepeunble pasMepnl 30HbI AHCNEPCHH TNOCTENEHHO
paclIupsiOTCH H BHIXOJAAT 3a npefensl, onpefiefiieMue pasmepom
Bxognoro ceuenuss MN. Tlepemeuwienne yacTuil MUIKOCTH H PacTBO-
PEHHOTQ BEUIeCTBA B HANPABJEHHH, TONEPeYHOM OAHOMEpPHOMY
(nAbTPaIHOHHOMY NOTOKY, CTAHOBHTCH BO3MOKHBEIM 3/1eCh KakK pe-
3YyALTAT CAMAHHA W CMCIUEHHS 3JEMeHTAPHBIX CTPYEK 4YHCTOH. H
3arpAsHeHHON BOABI B NMOPOBHIX KaHanax W TPeHIHHAX, OTKJIOHAIO-
UHXCH OT CPefiHero NanpanacHis NOToOKA.
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@ — cxexMa naacta: § — rpadmx C
o TR T or C ; T ..,.-r',x”:f""' (z). i
E I — ﬂﬁrpﬂ.'tllfll'l-[i:lf BOOE Eﬂ' = )=
I il Ha npoacabnofl MEEPOANCNCPCHH,
J j" 206 — ao0a nonepeduoll MUKpoaNC-
|i. nepeHn;  J — YHeTwe  Bogk;  f.
I — ceqwcuny maacia

[Mockoaeky npoHcxoxjaenne (QHILTPALHOHHOH MHKpOANCTEp-
CHH CBH33HO C M3BHWJIHCTOCTLIO TPACKTOPHIl WaCTHL BOABI, OrH-
GalonMx HenpoHHIAeMble 3epHa HaW  OGNOKH NOpoAbl, macuirad
NPOSIB/ICHKST JIMCTIEPCHN 3aBHCHT OT pasMepoB 3THX HacTHIL H Nop
MeH(1y HHMM:

B oaHopoAHBIX MJACTaX, CAOMEHHBIX MEJKHMH necyanuiMu HAM
rpaReIHCTHIMH YACTHIIAMH, pasaMepbl AHCNEPCHOHHON 30HE CME-
IIEHHA He MOJMMHB OMTh BenHKH. [TosroMy MHKpOAHCNCpCcHA npen-
CTABJAET NMPAKTHYECKHH HHTEpEC NpH H3IYYeHHH pacnpepenelus W
NCpeHOCa BEILECTBA HA CPABHHTENLHO HeDOJBINHX  paCCTOAHNSX,
HanpuMep B NOYBEHHOM CJIOE NPH OPOLICHHH HJAH B JaDOpPATOPHHX
skcnepumentax. B KonwuecTBeHHOM OTHOLUIEHMH TIONEPeUHAsA H
npoaodabiasg (GUIBTpAUHOHHAA MHKPOAHCNEpPCHs  ONEHWBAIOTCH ¢
MOMOLLLIO CTATHCTHYECKHX H MaTeMaTHUCCKHX Mojenei.

CraTHCTHUECKOE pACCMOTpeHHe MHKpoOjaHcnepcHH OGasMpyercs
Ha TeopHH chyualinbix Onymaanuii obnaka MeueHBIX (B JAHHOM
cliyuae— obsaka 3arpAsHAKOUIHX) uacTHIl BewecTtBa B (QIUILTPYID-
niel cpeae, npeiacTaBiafAcMOil B BHAE CHCTeMBl OJHOPOAHLIX SUCCK
HJIH KaMmep, COeAMHEHHBIX KaHanamil.

HenonbaoBaune craTtHCTHUECKHX MoOjeJieli NPHMEHMTENBHO K
npobaeme MHrpauHH 3arpsiaHeHHil B BOJOHOCHHX NJlacTtax 3aTpya-
HEHO TEM, YTO B 3THX MOJAEJAX HE OLEHHWBAETCA pOJb TPAHHYHBIX
YCJAOBHH, NMPH KOTOPHIX NPOMCXOAHT AHCHepcHa (pasMepwl njlacTa.
dopma ouara sarps3HeHMs, HAMaJNbLHOE pacnpeac/eHHe KOHIEHTpA-
nuit ¥ ap.). i oberositennherBa Gosee MOAHO MOryt OBITH yuTeHBE
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B NeTCPMHHHPOBAHNLX MATEMAaTHYECKHX MOAE/AX, OCHOBAHHHX Ha
paccMoTperun  AngdepesnualbibX  ypaBHeHHli  macconepenoca.
PuAbLTpAUHOHHAR MIKPOAUCNEPCHsT XapaKTepHavercs KO3(pduuncH-
TAMIL MROAOJABHOH W Tonepeunoit  mMukpoaucnepcun D, D,. He-
CMOTPH Ha TO YTO BMJ JHCHNEPCHOHHBIX uJeHOB B ARQQepeHIHAT,-
HBIX ypaBHeHHAX nofobGcH TAKOBHIM Aas  Moaekyaspuoii  auddy-
Ui (OTAHYHE COCTOMT TOJBLKO B TOM, 4TO MOJeKyJsapHan auddysus
OUEHHBAETCH COOTBETCTBYIOIUHM  Koa(pduunenrom D), auvajorus
afech ABJAsieTcs (popMaNbHOH — 3TH NPOUECCH OTANYAIOTCH KaK
B (pU3HUECKOM cMBICAe, TaKk M no Macwrabam: obwiyno DD, .

Kosdduument mpogonshoit Mukpoaucnepeun Dy usyyen B MHO-
rousicieHHbX  1ab0paTOPHBIX 3IKCNEpHMeHTax mno ($HALTpAIHH
PACTBOPOB B OAHOPOAHOH NMOPHCTON cpeie, COCTABJEHHOH M3 ua-
CTHIL MecKa, rpaBHd, CTEeKJAHHEX wapkkos v T. n. {40, 138, 149].
¥cTaHoBJACHO, YTO ¢ YBENHUEHHeM CKOpOCTH (QHIBTPAIlHH H paiMe-
poB uactHl (uALTpylomed cpean , o0TeKaeMHX 3JIEMEHTAPHL-
MH cTpyikamH, KO3(DPHUHEHT AHCNEepcHH H 30Ha JHCNEpCHH YBe-
JIHYHBAKOTCH. JTa 3aBHCHMOCTb HMEET B/

D=2V, (2.1)
B orpenbHbix ciiyyasax nabalopanace 3aBHCHMOCTb BHAA
D =i,V 4 A2 (2.2)

3uaucHHs napameTpa A, XapaKTCPH3YIOLIEro reoMeTPHUCCKYID
CTPYKTYPY MNOPOBOro NpPOCTPAHCTBA, B OHOPOJHOMH cpejie COH3MepH-
MBI ¢ JHAMETPOM YACTHI: Tak, B Neckax W rpaeuH M=0,1--3 cm
{25, 77).

JKCNepHMEHTAJNBHEE ¥ TEOpeTHYCCKHE HCCAe0BAHHA  YKa3bi-
BAlOT Ha CyLleCTBOBaHHe 3aBMCHMOCTH KO3(ppuuHeHTa HLHCNEPCHH
D oT COOTHOIIECHHS BA3KOCTEH BHITECHAEMON H BHITECHAIOMEH JKHI-
xocted. B. H. Hukonaesckum [40] Gniio BHCKazaHo mpeanosoxe-
HHE, ¥TO B 301¢ JHCHEPCHH, Ijie MPOHCXCAHT NEpeMeUIHBAHHe HCHL-
KocTell, BA3KOCTHL CMECH 3aBHCHT OT KOHLUEHTpalHH BellecTBa B
3TOH 30HE, H YTO, TAKHM 0bpa3som,

TAE 1)y = M. M1 — BSI3KOCTb  BHITCCHAWUIEH  MHAKOCTH; Tz —

2
BAIKOCTh BLITECHAEMOH MHIKOCTH.
[0. I1. JKentos {67] npunsa, uto D 3apHCcHT OT rpajiHeHTa. Bsia-
KOCTH B 30HE CMeCH;

D=Dﬂ(l +ni"_), 2.4)
dx
rae Dg— koadduuneHT aHcnepcHH npH 1ne==1; # -— 3MnHpHue-
CKHil KOS (PHIHEHT.
IJKenepHMenTaldbHOe Hayuenne 3aBHcHmocTd D ot 1 nokasnsa-
£T, YTO NPH BHITCCHEHHH McHee BA3SKON MHAKOCTBIO JUIHHA 30HMB
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AHCHEPCHH YBEJHYHBACTCH, 8 NpH BuHTeCHeHNH OoJiee BSA3KOH XHA-
KOCTbIO — yMeHbIIaeTCH,
Pesyabtarsl onbiToB, noay4deHHbie B paborte [66], nokasann Ha

D
puc. 4, rae D':z-T‘::. npHuem D — cpennennrerpalbioe 3Ha+
yennie D no naaune L; n— akTHBHAsA NOPHCTOCTL; V — ckopocTh

(QHABTPAIIHH,
M3 skcnepumentToR no Guabtpaumd soaHex pactsopos NaCl

H FIHNCPHHA B KOJIOHKE ¢ neckom [52]
kV '
By = - [1 0,97 (n,— 1}], (2.5)

rie 7, =2 k— napamerp, 3aBHCAWME OT XapaKTePHCTHKH

1
(unbTpylouieii cpeibl, a TaK®e OT PasHOCTH MNJOTHOCTEH H BA3KO-

4t Iod/v-w”
I
| o} LV xela )s e
200t EN KNG
0+
7 é&’:f | :E} ?;—F;EJ g 4r 75 Ejmft-ﬂ?:

Pirc. 4. 3aBHCHMOCTE .Elg. OT Te=1);/1:z (no [66])

Puc. 5. 3naucHne [) B 3aBHCHMOCTH OT CKOPOCTH HHARTPALMM NP padawumux 7 -1/, no [12):
N I — 1,00; 2—0976; 3— 0954; 4— 0,927, §— 0,903

cteit wuaKocreit. TTpu uamenennu M’y or 0,33 no 4,67 anavenne D
yeeanunaock ot 0,0018 po 0,045 em?/c.

B onwitax, onucaunux B paborte [12], cnaGoMiHepaaH3oBaHHLIE
pactBopul BaCly BEITeCHAANCE BOMOIJIHIEPHHOBLIMH CMECAMH; TNpH
3TOM JIBHMKEHHE BBHITECHAIOWEH MKHAKOCTH B IPYHTOBOM JOTKE Npo-
CJEKHBAJNOCH € MOMOIBID pPajiHOAKTHBHON MeTKH. 3Hauenus D,
NOJYYCHHEIE LISl PA3JHYHLIX COOTHOLUEHHH 132/1);, NpHBeJleHHl Ha

pHC. O.

JKCNepHMeHTaAbHbe HCCAC/0BAHIA  NONepedHoll  MHKpPOLHC-
HE]]CIIII ﬂpﬂBEﬂEHH B 3HAYHTENEHO MeHbIeM E!ﬁ‘hEME, UTO CBH3IAHO
C TPYAHOCTAIMH B TOCTAHOBKE ONLITOB W 00paboTKe HMX pe3yJabTa-
T0B. Ecam pns nayuenua npoposbHoil AMCnepcHn JOCTATOYHO, HAa-
npHmep, NpoQUALTPOBATE C NOCTOAHHON CKOPOCTBIO pacTBOp Be-
LeCTBA Yepe3 KOMOHKY NMOpPOJAB, 3anofHEHHYID [O0 3ITOro 4YHCTOH
Eﬂﬂ{.‘lﬁ, H ﬂHpEﬂ,{'ﬂHTb KOHLEHTpAaLHID BENCCTBa B NoOcCHedOoBaTE b=
HBIX npﬂﬁax BHIXOAALLEro H3 KOJOHKH []JHJIthaTa {:.-:E'mi; BHEIXO/I-
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HEIX KPHBHX, CM. rj. 8), TO nNpH MHcCaeAOBanMH  nornepeyHoii jAHC-
nepcHy TpeGyeTcs YCTAHORHTL pacnpejlejeHHe KOHUEHTpauun Be-
uecTBa B ABYMEpHO# MojaenH no ABYM KoopaHuatam. [as storo
Hy#®Ho anbo ojpHoBpeMeHHo OoTOHpaTh npobOwm  BOAB W3 pasiny-
HLIX TOMEK (PUABLTPAUHOHHOrO NOTOKA, 4YTO HCKaM)aeT CTPyKTYpy
TCUYEHHA H BJHAET Ha X0J H peayNbLTaThl HcoseaoBauusa, aHb6o npo-
BOJIMTE H3MepeHHs KOHUeHTpaumu in situ kocBeHHbBIMM  MeTOAA-
MH — 3J1eKTPOMETPHYCCKHM, pajlHOMETPHYECKHM H T. M.

Ilo wemuHOrounciaeHHBIM JlaHHHM KOs gHuMeHT nNONEepeyHoi
MuKpoaucnepcun Dy, no ceoeil BenHuHHe MeHblle KoO3(hG$HUHEHTA
npoponbhoit Mukpoaucnepeun Dy, OAHako Bo MHOTHX Clydasx
pasaMuyne MeMAy HHMH He oYeHb 3HaYHTesabHH (Tabn. 3).

Tabnwnua 3
JKCnepUMEHTANLHEE AAHHLE O NONepeyHol MIKPOIMCTIEPCHH B MECKAX W rpasun
Huamerp sepen nopoj, Y. D"'I M
™ 15"""' px : AsTOp
0,15—0,8 0,015—0,08 B. A. Baym, 1953
0,1—1 0,01—-0,2 P. A. bepuapn, P. H. Buabxeasm, 1950
0,02—0,2 0,01 3. A. Bowpapes, 1965

B oGsopwoii paGote [148] nokaszano, yto B salopaTopHHX Yyc-
l 1

A
JOBHIX B OJHOPOAHON MOAe/H rpynta —¥- = - _
A 15 = 30

M dEpoaucnepcHnsa B BOOOHOCHHX nNacTax CBA3aHa C
(pHALTpaUMOHHONH HeopHOpoAHOCTeIO nopoa. [lpu ynopsjaouenHoH
HEOJTHOPOAHOCTH, HAMipHMEp, B CAOHCTHIX TJIACTAX YCKOpeHHoe Nnpo-
JBHX EHHE EHFPHBHEHHMJ{ BOJA MO ﬁUJ‘.IEE BUIIE}HP{JIIHLI.EEHHM CA0AM
NpHBOONT kK BOAHHEKHOBCHHIO
KOHUCHTPAIHOHHLBIX EHABKOB® 4
BHYTpH nnacta (puc. 6). D L e A P PO L L L

Obwne 3aKOHOMEPHOCTH ;

— Ao . e
MEHPDﬂH{:HEPCHH H e BJIHA- pE 7

— ‘il i

"

HHE Ha MMrpPauHiO pacTBOpEH-
HhHIX BewecTe B NOA3CMIIKNX BO-
Aax TNPHHITO ONHCHBATH, TAK —= - &
HE KdAK H MHEKPOOLHCNCPCHEID, ,r:__,} _.-:'-"..-':ﬁ-.-_‘.".'-'-..- e T eif;?mff}};i-x@}
YpaBHEHHAMH MacComepeHoca 1 :
BXONAUMMN B HHX KOS(@uuuen- PHC 6 Komecwmpanwownme suss sarpss-
TaMH aucnepcin D, D, n Dy- K — xosdpduunenr Gusvtpaunn (K, >K:>K;)
IIpu stom cumtaroTes cnpapej-
JHBLIMH  3aBHCHMOCTH  YKa3aHHBLIX TNapaMerpoB OT CKOPOCTH
¢puabTpaunn (2.1)—(2.2) u ot Baakoctn (2.4)—(2.5).

[lpornoau Murpaiuu 3arpAsHeHHii B clyyae ynopsjOYeHHON
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HCOAHOPOJIHOCTH ANS NOJAYUEHHS «3anaca HaleKHOCTH» caenyer
IPOM3BOAHTE NMPH MAaKCHMAJABHBIX 3HaUYeHNAX cKopoctell ¢uasTpa-
il u napameTpoB aucnepcun (i, u Az) B Hanbonee npouuuae-
MEIX CJAOfX.

B nnacrax ¢ HeynopsmouyeHHOR HEOAHOPOAHOCTLIO NEpPexofiHas
30HA MEMJAY KHAKOCTAMH (opMHpYeTcs no 3aKOHAM MHKpOJHC-
nepcii; NMpH 3TOM XapakTepHHIM NapaMerpoM aucnepcud  Oyer,
Mo-EHANMOMY, cpeaHnit pasmep BkAueHnil. OpHako 3HayeHHs
ITOr0 NMapaMerpa AOJKHE ONPELENATLHCS IKCIEPHMEHTANbHO B Ha-
TYpPHHX YCNOBHSX.

B uacrosiuee BpeMsi, K COXMAJEHHIO, Taklie IKCNCPHMENTHI BhI-
MOJAHATCH PeKo, MO3TOMY HMEIOTCH JHIIE elHHHUHDLIe AaHHbIe O
napaMeTpax MakpojaHcnepcun. Tak, 1o ogHoMy OnuHTy B Me/lKOTpe-
ILHHOBATHIX H3BecTHsiKax [25] monyueno A== 30 cM, a HECKOJBKO
NOMEBHX ONBITOB B TPelNHHOBATHX MenaXx (manusle A. M. KonGa-
coBa) janu 3Havennsi: Ay =0 cyr, Aa=0,7 cyT.

JedopMmauna rpaHuubl pas’nesa MeXAy MiAkKocTaMH Habnona-
€TCH TaK¥e B MPHCYTCTBHH JIOKAJbHHIX HEOAHOPOAHOCTEl — MaK-
poBKMIOUEHIT B BHAE NHH3 HAH OJOKOB NMOpOA ¢ (HJALTPALHOHHBI-
MH CBOfICTBAMH, OTJAHYAIOUWNMHCH OT CROICTB NMACTa B LEN0M.

JlokanbHHe HEOMHOPOJHOCTH, BCTpeyaloullecs B BOJAOHOCHBIX
IJ1acTax, XOTd H BLI3bIBAIOT H3MEHeHHA CKOpOCTH (HABTPALHH,
MPOHCXOAST JMHWBL B HeOOAbWIOH 30He, BOAH3H 3J€MEHTOB HEOJHO-
ponnocti [49]. B cpsisan ¢ 3THM Takme maactsl ofbYHO paccMaTtpH-
BAKOTCH KAK OJHOPOJIHEIC, ¢ YCPeOHCHHHIMH (RABTPALHOHHEIMHY Xa-
PAKTEPHCTHKAMH /1S BCEro mjacra, Ita NpeAnocHJ/Ka NpH pas-
JUuNBIX  pUABTpAUNOHHKIX  pacuerax olecneyHpaer NOJYYEHHC
VAOBJETBOPHTE/NLHBIX PE3YALTATOER B OTHOWIEHHH MpOrHO3HpYEMbIX
YPOBHEI H pacXo40B NoA3EeMHBIX BOI.

OaHaKo B 3aflauax NporHo3a KauecTBa NOA3EMHBIX BOA, CBS-
3aHHBIX C OLEHKOH CKOpPOCTH pacnpocTpaHeHls 3arpa3HeHHii B BO-
JOHOCHBIX njacrax, MoAoOHBIT NOaxon MNpeicTaBNfieTcs He  BCer-
Jla BO3MOMHBIM, TAK KaK JIOKalbHHE MAaKpPOBKJIOUEHHs (B mneécua-
HBIX H rpaBHilHO-NecUaHLIX IUlacTax — B Blijle Oojee 1JIH MEHEC
BOAOTPOHILACMEIX JIHH3, B CKaJlbHHX MNOpoaax — B BHIEe OTHeNb-
HBIX KPYNHBIX TPEeIUHH WJIH HeNnpoHnUaeMblXx 6JOKOB) MOryTt Bhl-
3BATh CYLLECTBEHHOEC HECORMNANEHNHE HCTHHHBIX CKOPOCTEH NBMMKeHHs
3arpa3vennii ¢ NMpOrHO3HKIMHE, PACCYHTAHHEIMH MO yCpeaHeHHBIM
napaMeTpaM nJacra.

AT0 HAMOCTPHPYETCA pe3yAbTaTaMn JAalopaTopHBIX HCCNENo-
BaHHi, BHNOJHEHHHX Ha MOJEJNH NMIACTa ¢ JOKaJbhHBMH  HCOOHO-
POANOCTAMH.

[leaw WecnepoBaHuHi  3akawuanack B H3YUEHHH BJAHAHHA OT-
NCAbHBIX BKJAKUYeHHH Ha (poHT GHALTPAUHH, OTACARIOULN{ 3arps3-
HEHHVIO H YHCTYI0 BOAY B YCJAOBHO OAHOPOAHON MOpoae, KOrjaa
ky=ky, tae kg 1 Ry — Kospduunentel GUABTPAUEH TNOPOAW M
Br/AIOUeHHs. [lns moayubuns nanbonee 4ETKO BHIPAXKEHHBIX pe-
3YJABTATOB OCHOBHAaf 4acTh ONLITOB Oblia nmposefcHa npn  Ry==0.
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(PH3HKO-XHMHUeCKOe B3aHMoneHCTBHe JABYVX MHAKOCTER W nopo-
Ikl B [aHHOM CJAyyae He paccMaTpHBaJOCh, 4YTO NO3BOJMIIO HC-
NOJAbL30BATE BMecTO GH3HYECKOi MOIeNH aHaN0roBylo.

OjinoMepHBit (PHALTPALHOHHKIT MOTOK B YCJIOBHO OJHOPOJAHOM
BOJIOHOCHOM IJIACTE MOJEJIHPOBAJICH B BHJE JEKTPHUECKOrO NOTOKA
Ha OymaxHoilt mopenn IJLA, npuuem KamaOMy HENpOHHUAEMOMY
EKJIOYEHHI0 COOTBETCTBOBANO MNDAMOYroJbHOe — KBaJApaTHOE WJH
vinuHeHHce (AnH3oo0pasnoe) oTBepcTHé B 3AexkTponposoaHoii Oy-
mare, JIlnnHa Mopean obecneynBana coXpaHeHnle OJHOMEPHOro
(HABTPALHOHHOIO NOTOKA HA BXOJAHOM YuacTke, T. e. BOJIH3H rpa-
HHUB ¢ Hanopom ), a Takxe HIXe BKJAUYEHHS, BNNOTHL 0 rpaHi-
e ¢ nanopom Hp (puc. 7). VeTpoficTEO B MOAENH OTBEPCTHRA —

o o
ik o
. Y ?/"’"
- S

= =L ; St _ri__.._. e — -..JI—_--. wn

Prc. T, Cxema MoacaW:

J—4 = HenpouMieMpe BEAKMNCHHA, §=— YacTh NAACTA, 3aNATEA BHRTCCHAKULGR MnAKolTbw
& — YACTEL NADCTE, FAHATEA BUTECHHCMON HHAKGC ThO; :.:1:5_ AJAMHa YUBRCTRE HapyUlenns

OQAHOMEDHOCTH MOTOKE, LH-_ AAHKHA AIBKOR

BKAIOUCHHS TPaKTHYCCKH He BJAHANO HAa (QHABTPAUHOHHLH pacxol
(cuay TOKa) B MOLEJAHPYEMOM IVlacTe.

B onbiTax BapbHpPOBaJNCh: pa3Mepbl BKAKYEHHS B NONepedHOM
noroky Hanpasneunn (b=1—10 cM) n B nponoasHOM HanpasJeHHH
({=4—50 ca), a Take uHCAO NOCAEJOBATEJBHO PacnoJOMKeHHHX
BRAYeHHH (n;=1--6) u paccrosHiie Mexay HiMH To NoToky (d;=
=4-—52 cMm) u nonepek noroka (d;=4—8 cm) npu n,=2—3.

[To pesynbTaTtam HaMepeHHsi 3JeKTPHUECKHX MOTEHLaJOB NMOCT-
poeHB IHAPOAMHAMHIYECKHE CEeTKH (UABTpALNH M NPH HEKOTOPHX
3afanHblX napamerpax nnacra (KosgpduuueHT QUABTpauUHH Ry,
rpaaMeHT Hanopa [, akTHBHas NOPHCTOCTh 1) ONPEAcNeHO NOJA0HAEe-
HHEe rpaHuubl, pasaedsiollefl yHcTble M 3arps3HeHHbie BOJBI, Ha
170 uan uHoe Bpems f. [lpn {=0 3ta rpannua umeet npaMmoJnHe-
HyI0 opmy u coBnanaer ¢ n3oauHued Hanopa . Ha yuactke pac-
NMONOMEHHA BKJAKUYCHHA H HHAE ero no notoky ¢poHt QuAbTpanuu
nedopmupyercd. Ha ruapoannaMmuuecknx cetkax (HABTPALHH
(pric. 8) BHAHO, UTO Nepell KaxABM HENPOHHLAEMBIM BRJIOUYEHHEM
NOTOK CTAHOBHTCS JIBYMEPHHIM M TNOcJefyilliee BOCCTAHOBJIEHHE
obnlero oflHOMEPHOro xapakTepa OHABTPALHH HHXKE BKJIKWYCHHA
TIPOHCXOAHT Ha paccTosiHHH ~ 1,0 b,
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Veennuenne nytn ¢puastTpauin npn o0TeKaHuH BKJIOUYEHHA BhI-
3bIBACT COOTBETCTEYIOLLlee OTCTaBaHue (PpoHTa (HALTPALHMH H MO-
siRJeHne, TakiM oOpa3oM, si3biKa, KOTOpHI BHavalle no mepe ofTe-
KaHia BKAIOUYEHHsi BO3pacTaeT, HO JAafiee Ha OAHOMEPHOM YUacTKe
II0TOKa COXPaHAeT HOCTOAHHYI0 AAHHY Ly

Pic. B, THAPUAMHAMMWECCKAR CETRE QPUALTPAUMH NPH OTIOM HENPOHMITAEMOM BETHSCHNM:

] — praonckpe (=4 cm; I=10 cm); 2-— aunuy Towa; J— anduid papioro NaNOpa; -6 —
Qpoiur JHALTPANHH HA BpCMEA 1y, Iy, B

[Mpn BHICOKON MpOHHLAEMOCTH BKJAOYeHHA (kn>ky) y3kui Ko-
Hell A3nKa, Haobopot, onepexaer GpouT PUALTPALHH,

Heckonbko BKAKYEHHH, PacnoJOMCHHHX TNOINEPEK OCHOBHOrO
notoka, o0ycAaBAHBAWT CJAOMHYI0 KoH(purypaumio ¢pouta (cm.
puc. 7). CncreMa KOHIIEHTPalHOHHBIX 53bIKOB 00pasyeTr 30HY, B
KOTOPOlt KOJHYECTBO KAXMCJON JHAKOCTH B CEYEHHH MOToKa mnepe-
meHHo no nytd quaestpaint. Ecan Ha yyacTke chopMmupoeasiinxcs
A3LIKOB ONpenenTh B J1060M cederilH X KOJANYECTBO BLITECHAIONLEI
H BHTECHSieMOH KHJAKOCTH, COOTBETCTBEHHO 3aHHMaeMOH HMH
YacTH ceyeHNns MAacTa, TO MOMKHO NMpecleilTbh 30HY H3MeHeHHA OT-

n
Py
HOCHTeNbHBIX  KOHLentpaunii C (¥), raeC = —

; (m— noaxoe
I

ceyenne naacra; S;— ceuedne, 2aHATOE OAHON MHAKOCTEIO B M2
A3blKax); ¥ = (x—x,)/Lx.

Tunosoit rpadpuk C(x) npueenen Ha puc. 9. 3oHa H3IMEHEHUS
C or | o 0, BO3HNKWAA B pe3yabTate OOTEKAHHH OTAENLHHX He-
NPOHHIAEMBIX BKJAKYEHHHA, BHELIHE aHaJoriyHa 30He MHKpojnclep-
CHI B OAHOPOJAHBIX MOpPOAaX, HO OHa, KakK, OB0O MOKa3aHo, HMEeeT
HHOE NPOHCXOMAEHHe | cyllecTBeHHO GOJBLIHE pa3Mepsi.

[Mpu npuHsTON METOANKE aHAJOrOBOr0 3KCIEPHMEHTa pasMephl
KOHUCHTPAIHOHHHEX S3BIKOB ONPeieNsiloTes TOJAbKO Komgpurypaiu-
eff, YHCJAOM 1 B3aHMHBIM PACTOJIOMEHHEM HENPOHHLAEMBIX BRAKOYE-
nuii (ckopocTh uabTpauuu V BAHAET JHINL HA CKOPOCTH (QOPMH-
poBaNHs H MEepeiBIKeHNs H3bIKOB 110 NOTOKY), YTO NO3BOJAACT BHIS-
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BHTh HEKOTOPHE XapakTepuue ocoOCHHOCTH BJAHSAHHA JIOKAJALHHX
HeoaHopoaHoCTeH Ha Qopmupovanne GpoHTa ABYX Mugkocreil npu
$uabTpaNNH.

Jlnuua sauka Ly mioke RKAOUENHs OKa3anach IPAKTHYECKH He
sapncaiedt o1 AanHE [ JHH3000paznore BKAIQUEHHS, BHTAHYTOrO
no noroky. B 1o e Bpems Ly npsiMo nponopiiHonafibHa noneped-
HOMY pa3Mepy BRIuenus b, npHuey nocne of6TeKaHia OgHOIO NMps-

£5, [M
¥

Puc. 9. Tpadux C (x) &

ért

Puc. 10, Ipadmx Lﬂi,'nr} np  Bosfe

4 oM. 27
B onutax 4, 16=—20: dy=4 cM;: n==0:

B onuTtax 11—14: d; my=d cM: == _/-

=3 B onwre 21: dy=52 cm; R;=0,
Liwdpid mpp Towkax Ha rpagnee — i i j L i ’
HOMEPa ONKETOB J z 4

MOYrOJILHOTO BKJIIOYEHHS JUTHHA S3RIKA HA OJAHOMEPHOM  y4acTKe
coctaeaser (3,5-=-4) b.

Ecnn nmoche 'sToro BCTpeyaercs HOBOC aHANOrHYHOE BRJAKYEHHE,
TO AJIHHA A3bIKa yjBanpaetcA. C yBeaHuyeHHeM KoJHYecTBa lochie-
NOBATENBHO PAcNOJOMKEHHBIX BKJAOUeHNR annHa Ly cOOTBETCTEREHHO
BO3pPACT4eT H3-3a MONEPEUHOro paccesiHdsi W CTAHOBHTCA papHOM
=~ 3.5b.n;, riie n; — 4YHCNO BKJIYCHHH, NOCNENOBATENbHO PACNONO-
weHHuXx no notoky (puc. 10). Koutypsl f3bIKOB HA MOJENH — pesd-
KHe, YeTKHe. B pealbHbIX BOAOHOCHBIX IWlacTax TrpaHHLE MeXny
AHHAKOCTAMH OYAET pasMbiToil BCACACTEHE MHKPOAHCIICPCHH, (H3H-
KO-XHMHYECKOro B3aHMOAEHCTBHA H APYIHX CONYTCTEYIOLWMX npo-
1LECCOB.

[Npy GoabluioM KodmuecTBe BRAKMeHNH H HX Oojee HAM MeHee
PABHOMEPHOM pacnpeieeHuH No NMAAcTy pPaccMOTpeHHas cxeMa ¢
JOKANBHBEIMH HEOJAHOPORHOCTAMI NMEPCXOAHT B CXeMY OAHOPORHOIO
NaacTa, B KOTOPOM MEPEeXOdHas 30Ha MexAy MKHJIKOCTAMH (QOpMH-
pyercs No 3aKOHAM MHKPOOHCNEPCHH; NMPH 3TOM XapakTepHbiM na-
paMeTpoM AHcnepcHH OYyJieT, no-BHAHMOMY, Cpefliiiii pasMcp BKJIO-
YeHHH.
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COPBLUHA 3ANPASHEHHA NMPH $HJALTPALLHH

”PH ('lJHJIhT[]EI],HII 3drpasicuilbx Noa3cMHWX BONM B BOOOHOCHOM
ropH3oHTe Maollanb KOHTAKTa BOAW H MOBEPXHOCTH 3€peH NOpOAH
OYeHbL BEJHKa. DTO cnocolCcTBYET NOIJOIEeHHIo, a TakXe copbuHH

M3 BOAN TPYOOJHCNCPCHBIX, KOMJNOHJAHBX H PACTBOPEHHHX NpHMe-
cen

B 3aBHCHMOCTH OT COCTaBa, (POPMKH HAXOHKACHHA, KOHIUEHTPaUHH
npuMecH, coctasa BOAB I NOPOAHN NOTJ0HEeHHe MOMET HMETH pa3-
HooOpa3uulil xapaktep n nHTeHcuBHOCTL. Tak, rpyboancnepcHbie o
KOAJIOHAHBIE B3BECH, a4 TaKke HCKOTOPBIC MHKpPOOPraHH3Mbl MexXa-
HHYECKH 3afiep¥HUBAKOTCA NpH (HILTPauHH B MoOpax NOPOAB, BHI3H-
Bas KoJbmatauuio. B Apyrux cayuasx safepsaHde npHMeced npo-
SBJAAETCA Kak peayabrarT colcTBeHHO (HanuecKol (aare3us) HIAW
XHMHYeCKOH copOUHH,

K sipfeHHaM, KOTOPHE MO CBOMM pe3yabTataM NpH QHALTPAUHH
B BONOHOCHBIX Mjactax nofolOHw cobcTeenHo COPOLHOHHBIM, MOX-
HO OTHECTH TakKke l".l[J{)I.I'.EEE 3aJlcpAKH BCHICCTEA B TaK HA3BIBACMEIX
«TYMHKOBBIX» NOpaX, HEKOTOPHE HOHHOOOMEHHHIE peakuuH K Ap.
Bo Bcex STHX cAyyasx pPacTBOPCHHLIC 3arpsi3HAKUIHE BellecTBa B
TOM HJH HHOM Mepe Kak Om norjollaTtes noponoii.

KuHeTHKa 5THX Pa3HOPOAHHX NPOLECCOB H3YyyeHa eule caabo.
HmeloTes 3KCMepMMeHTaJbHBIC JanHble, YKasnBaolulHe Ha To, 4TO
CKOPOCTh COPOLHH MEJKOAHCHEPCHBX B3BECEA H 3MYJbIHPOBAHHBIX
BelLecTB NPH GHALTPALIH B MEJKO3EPHHCTHX NMOpoAax MoXeT OHTL
OXapaKTepH30BaHa CJcAylollHM ypaekennem {7, 39, 85]:

%’"’ =" (Ng— N)C —PB°N, (2.6)

rae N — konnuecrno copOHpoBaHHoro Beulectsa; No— nojanasn em-
KOCTh copleHTa B YCAOBHAX PaBHOBCCHA C PAcTBOpPOM KOHLUEHTpa-
wun Cp: C—Tekyulas KOHUEHTpauus pacteopa; a*, p* — KHHeTH-
yeckue KO3Q(HUHEHTH.

Ypapuenune (2.6) sipnsiercs HeJMHeAHHM, UTO BechMa 3aTpyaHs-
eT ero HCNOJbL30BaHHEe TpPH PEelWeHnN 3aaaiy MurpauHn  3arpasme-
HHII B NOJZEMHMX BOJAAX. YUHTHEBas MCKIOUHTeNbHoe pa3Hoobpasue
i CTOMHOCTH (H3HKO-XHMHYECKHX TIPOIECCoB, onpeaensioninx copb-
unio (MOrJouleHHe) 3arpsA3HEHHHX BelilecTd NpH (QHABTPALHH, H
Hen30eKHYIO B CBA3SH ¢ STHM nNpuOAHKeHHOCTh NPOrHO30B, NpeicTa-
nsietcs 1eaecoobpa3HHM HCXOAHTh 3 Gojee NpocTHX (M BMECTE C
tem Goiee o6lMX) ypaenennii Knnernkn. B uacTHocTH, B Cayuae,
KOrfla CKOpocTh cOpOLHONHOro mpolecca JHMHTHPYETCs CKOPOCThIO
AndOY3HOHHON HAH MPHMEHNTEIbHO K YCI0BHAM (PRALTPALHN B BO-
AOHOCHHWX TJacTaX KOHBeKTHBHO-AHG(Y3IHOHHOH MHrpaluned Be-
llecTBa, ypaBHeHHe KHHETHKM OOHYHO MPHHATO BHpaxarh B CJIE-
aviowedt opme [7, 21, 25, 39):

N o (c—pN), @1



rjie a— Kosduuuent cropoctu coplbumy; B — kospduunent pac-
C
npefeneHns BeilecTBa B PAaBHOBeCHHX  yeopusax (fp = —* ); Co H

:i
Ny -— cootBeTcTBYIOLIEE NPEACTBHLIC PABHOBECHHIC KOHLCHTPAIHK

B pactBope H copbenTe.

[Tapametrpel ¢ 11 p cacayer paccMaTpHBaTh KaK 0060GUICHHBIC
XapaKTepPHCTHKI Pa3HooGpa3HbIX NpOLECCOR noraouenns, ofycaas-
JHBAOLIHX yAaJeHHe PACTEOPEHHBIX BELIECTE M3 BOAHW npH QuIbT-
paimm.

VpapHeuue (2.7), Kak MOMNHO CYAMThH MO HEKOTOPHIM ONBITHHM
fnauubiM [85], B oflueM sipasieTcs NMPHEMJAeMBIM A NPOrHO30B JIBH-
JKEeHHsl pa3inuHLIX BHJAOB 3arps3HeHyii B nojaseMHux Bojax. Ha-
JIEHHOCTh TAKHX MPOrHO30B B 3HAYHTEJbHOH CTeneéHH 3aBHCHT OT
JocroepHocTi 06001eHHBX KHHeTHUYCCKHX NapaMeTpos o H fi, KO-
TOPHE, KaK NPaBHAO, AONAMHL ONPeAENSTHCA ONHTHHIM NYTEM, NPH-
yeM B 0CO0EHHO CJAO0MKHWX H OTBETCTBEHHHX CAyYadx npeHmyvuliect-
BEHHO Ha OCHOBAHHH ONBITOB B MOJEBBIX HATYPHHIX YCJOBHSX,

YpasHenue (2.7) npHMeHAETCH TaKHe JJIS ONHCaHiA o0paTHMBIX
npoueccol — jiecopOumn H APVrUx sABAeHHA yORAH BellecTsa M3
copOeHTa M 3a cuer 3Toro oforauteHns uM (QHABTPYIOLIErOCH pac-
TROpA.

[Tpu neoGpatumofn copCuun (norsaoulennu), obycaapiHpaeMOR
HeorpaHnyenHo 6oJbuIofi cOpOIHOHHOA eMKOCThHY (eMKOCTbio TOr-

JIOLIeHHA) BOJIOHOCHOTO MAaacTta, Koraa B< 1, ypasuenne (2.7) npo-
HHMaeT BHA

dN
— ol 2.8)
Y (

Bumecte ¢ TeMm aHanu3 ypasuenus (2.7) nokasweaer [81], uto
NPH 3HAUYHTEALHOH CKOpocTH copOIHOHHOrO mpolecca, Korjla a Be-
JIHKO, npouecc copGIHH MoxeT npHOOPecTH PaBHOBECHBIR XapakTep.
B camoMm jJene, ecslH NOJOMHTL (=50, TO K3 ypapHenns (2.7) no-

1
Jayuum N = —E‘—E‘ H COOTBCTCTBCHHO

N 1 aC
i p a’

T. €. cKOpocTL copGIHH B TakKnx YCJOBHAX NPsiMO NpONOPUHOHANbBHA

CKOPOCTH *H3MEHEeHHA KOHIEHTpalUHn BelllecTBa B pacTBOpE.

M3 oneiToB no GuAbTpalliH NPOMHLULICHHEX CTOKOB € COJepiKa-
nuem nedti 100—200 mr/a uepes necku ¢ Anamerpom Hactui 0,0—
| MM NpH HCNOAB3OBAHIH B Ka4YecTBe HCXOAHOrMO ypaBHEHHA KHHE-
TikH (2.6) npu p=0 B paGore [37] Goan noayueHn 3HAUEHHS K-
HeTHYecKoro Kosdduuuenra o=70—270 1/4. Cropoctb (QuaLTpa-
upn V npu stom cocrapasna 120—240 m/cyt. Ha anune nyTH k-
Tpaunn 0,5—1 M copepxanne nedTa B BOAE CHHMAMOCh 70 1—10
Mr/J, npHueM OcHOBHaa copbuis HedTH NPOHCXOARNA B BEPXHIHX
cJ0AX mecka moutnocthio 10—25. OTMeyeno, HTO nNapamerp o

(2.9)
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3ABHCHT OT pasMepa M HayadbHOHl KOHLUEHTpPauHH 3MyJbrHpOBaH-
HEX 4ACTHL He)TH B BOJC.

Menbltan nHTeHCHBHOCTHL copbunn Hedptn U3 Boaw Oblna mony-
YeHa B ONHTaX, npoBefleHHulX B Huctutyre obuleii # KOMMYHalb-
Hoit ririenn uM. A. H. Coicnna AMH CCCP. [locne npoxoxaeHns
MeTpOBOTO cllosi mecka (auamerp 3epen 0,25—1 MM) KOHUEHTpalUHR
nehTH B Bojie cHHXxanack Beero Ha 50-60% or mexopwo#, paenoil
55 mr/a; ckopocTh (GHABTPaUNI cocTaBasna B 3ToM onurte 0,5—
0,6 mfeyt. Ilpr yBenuueHun ckopocti ¢uasTpaumu go 1—2 /eyt
Ha ray0uHe 3 M B TeX K¢ neckax KOHUCHTpauHa HedTH CHHXajack
peero Ha 69 npH HCXOMHO# KOHUeHTpaumnn 95 mr/a.

Pacteopehnasi B Bojie He()Th Tak’Ke nOIJIOLAETCA MEJKO3epHH-
CTHIMH TPYHTAMH npH (QHABTPALNK, HO B OTJHYHE OT 3MYJBIIpO-
BAHHOI 3aKOHOMEPHOCTH COpOLHN 3]ech MOryT GHTH JAPYTHMH.

Ilo nanupm naGopatophex onwtoe M, H. Toabauna, punbtpa-
UHs BOAOPACTBOPHMOR HeTH NpH ¢ HaYaAbHOM colepxaHHun 1—
2 Mrfn moxer OmMTh onHcaHa supasennem (29) ¢ napamerpom
pacnpenenenns B=0,23=-0,54. B onsltax Hcnoab3opaH necok ¢ d=
=(,26—1 MM, V=1—2 m/cyT.

CopGuposannas Ha mneckax HedTh MOMET pas/iaraTbCfl NOA ACH-
CTBHEM MHKPOOPralH3MoB, OJIHAKO 3TOT Npolece NPOHCXOAHT Mea-
aeuno, Tlpu wavanannom copepsauny nedru 8 Boge 13,6 mr/an Kou-
ueHTpanHs copGHpoBanHoii Ha neckax HedTH B AabOpaTOPHOM OIK-
te npH {=4—5°C B Teyeune 20 cyT ocrasajack Ha YpoBHe 4—
D Mr/a.

CopOuns nopepxHocTHO-akTHEHEX BeulecTB (ITAB) npu manofi
11X KOHIEHTPALHH NPOHCXOANT no ypasueduwo (2.7), HO NOCKONBKY
KHHETHUECKHH KOoagpHUeHT npi 3TOM OKa3nBaeTcs A0CTaTOMHO Be-
auK (ee=1—10 1/u) copbumo ITAB moxHO paccMaTpHBaTh Kak
paBHOBECHYI0, T. €. ONNCHIBaThL BepaxeHusmu (2.9) [25, 78, 8l].

Ha naGoparopusix onwton {78] nns mnekaast (anbGyTuaHadrTa-
auHcyabonat) noayuenw napametpu p=58—182, a=15 1/u.
OneiTel npoBoAHanck B neckax (d=0,25—0,0 MM) npn HayanbHOM
konuenTpaunn Hekansa 100 mMr/a n ckopoctnt duastpaniu 100 m/eyT.
Ilo nccnenopanusiM rpyHTOB, COPOHPOBABLINX HEKallb B €CTECTBEH-
HHX VCJOBHSIX 3ajleranusi B paiione noaeit ¢uabrpauun, f=>5-=
== 20.

CopGupyemocte aApyroro [1AB — xaopHoro cyashanona — Ha:
neckax (d=0,25—1 mM) npu ckopoctH uastpauun V=0,5—
—2 m/eyT xapakrepusyerca napamerpom p=0,26=-0,55; kosdduun-
eHT a, onpefelleHHHA B Na00pPaTOPHBIX YCJIOBHSX MO METOAHKE, H3-
Jdoxennoit B [78], peSMK W no3poaser oTHecTH copOUHIO H 9TOrO
ITAB K paBHOBECHBIM NpoLeccam.

[To onwitam, BunodHenasiM B HMuctityte wnm. A, H. Cocuna
(E. M. Monoxkasas u ap.), copOuna TpyAHOOKHCJAAIILHXCS HeTep-
rentoB rpynnud ABC npy duastpawnn B neckax (d=0,25—0,55 mm,
V=0,1—0,3 m/cyT) npoucxoaut B Madofi cTeneHd; Ha NYTH QHIBLT-
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pauui aaunoil 6—10 m ancopGupyerca Bcero 10—20% BelsecTRa
npH HauaibHo# Kouuewtpaunn ITAB B Boge 5 mr/a. Beinonnennas
nami oGpaGoTka sTHx onuTos npH n=0,2 naer anavenuna p=0,45—
0,66. Kanueporennnte yraesonopoan (3,4-BIT), copepxaunecs B
peuHoli Boge B Maawx Kouuentpauuax 0,0013—0C,007 mkr/n, noa-
HOCTRIO 3ajiepxHuBaloTess B 1—3-MeTpoBOfi ToJle necka NpH (PHAb-
TpauHu co ckopoctbio 0,0—0,6 mfcyT.

Ilpn Bucokol kounentpaumu J3,4-bBIl, cootsercTBylOliel ero
npenenshoit pacteopumoctd B Boae (0,1 mxr/an), npu ¢uasTpaunn
co ckopocteio 1,1 M/cyt B meckax Ha oTpeske 1 M aacopOrpoBalioch
92—989% 3,4-BIl; B npucytcteun annonoakTneiuX [TAB B Konuen-
tpannn 10 Mr/a apcopbuns B neckax 3,4-BIT cumkanace Ha 3—5Y%.

[Tpu duabTpaumn B Tex e neckax co ckopocteio 0,1 mfeyr na
nvTH B 5 M B QuabTpaTe Bee elle cofepxancs 3,4-BIl B koanuecr-
Be 3,3% oT ero HauanbHOA KOHUCHTPaUHH Ha BXOJAE B TECKH
(0,1 mrr/n).

CopOupopaunntit 3,4-bI1 pasnaraercs B BOAOHACHILEHHLIX NecC-
Kax—3a 10 cyT mpoHsowso nojaxoe pasjioxenne (HauyaiabHas KOH-
ueHtpauna 6uaa 0,0022 mrr/n).

Copbuus  ¢ochatoB B JaGopaTOPHHX YCJOBHAX H3ydanach
M. H. T'oabanunim Ha neckax d=0,25—1 mm. [Ipn ckopocTH PHABLT-
paiiun V=2—3 wm/cyt H nauanbHOM cojnepxaHHH Qocepatop 1—
2 mr/n napamerp p=0,0033—0,0112, 4t0 yKaspBaeT Ha 3HAUHTEJIb-
Hyio copbume docdatos B rpyHtax. 210 noaTBepanaock Habawone-
HHAMM B HATVPHHIX YCJAOBHAX npn QHIbTpalluH pedyHOR ROAH H3
HHOHIBTpalukoHHoro GacceifiHa, BXOASLIEro B COCTaB YCTaHOBKH MO
HCKYCCTBCHHOMY BOCMOJHEHHIO NMOJA3eMHLIX BOA: ecAH B HHOUALTpa-
niHonHoM OGacceiine Kouuentpauns docdartor cocrasnana 0,6 mrfa,
T0 Ha rayGune | m nmon GaccedHoM — (0,12 mr/a, a B HabmoaaTensb-
HO¥ CKBaMHHe Ha paccrosiium 25 m ——0,1—0,2 Mr/n.

[To 3THM e ONUTHHM AaHHHEM CcOpOUHA (EeHONOB Ha MecKax
d=0,25—1 MM npu ckopoctH uabTpawnd V=2—3 M/cyT xapak-
Tfepuayerca napamerpoM p=0,5—1. Crenyet OTMeTHTh, YTO NpPH Ja-
GopaTopHHX onbiTax ¢ ¢enosom B aspofHHX YCNOBHAX MNOMHMO
copOIHu NMPORCXOAHT OHOXHMHUECKoe pazfioxeHHe ¢eHonor NoK
BJAHAHHEM HHHPD{}[]I‘EHHEMDB. UTO 3aTPYAHHAET HHTCPHNpCTALLHIO pe-
avabratoB. Oanako HaOnwojienns Ha HATYPHBIX Y4acTKax 3arpsAsHe-
HHA MOPOA H TMOJA3eMHHX BOA (eHONAMH CBHAETEJLCTBYIOT -0 TOM,
yro npH GoAblIOM coaepwaHid (eHONOB B NMOAIEMHBIX BOAAX HX
OHOXIIMHUYECKOEe OKHCNeHHe B If'ipﬂ[.'l[l,.lllibl.'-': }'I:JIDBHFIJ{ NpoOHCXOLHT,
BHAHMO, AOCTATOYHO MeAJIEHHO, TAK Kak [I]EHG.E"IH ocTawTcs B BOND-
HOCHOM TOPH3IOHTE €lle aoaroe BpewMu [OCAE JHEBHOAILHII HCTOY-
HHEd 3drpHAIHCHHA.

CopOuast TsMeJblX MeTalJIOR H3 BOJAK HA TOHKO3EPHHCTHX mec-
Kax W cvnecax uceacjopatack @©. H. Totonoeoit B nabopaTopHux
YCJOBHAX H HA YuacTKaX 3arpssHeHns noasemunx Boa [106]. Cyns
No CONEPXaHWI0O UHHKA B MOPOAAX H NOA3eMHBIX BOjAax, B NpHpPOA-
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HOH obcTaHOBKe cOpOUHA LHHKA HEpeJHKa I XapaKTepH3yeTrcs 3Ha-
yeHHAMH napamerpa f=20--30.

B naGopaTopHuIX ycAOBHSX 3HaueHHs napaMmerpa fi Ljs KaTHOH-
HbiX GopM 1HHKa, Mapraiiia i Mean coctaBuan: ana Zn*t4ZnCl+—
0,143=0,137, ana Cu?t+4 CuCl+—0,078-=-0,081, aas Mn2+—0,27--
~=+0,25. OnBiTH NPOBOAMMNCKL C pacTBOpaMii XNOpHAOE H cyiabdator
NpH HCXOJAHON KOHUEHTPAIHH YKa3aHHBIX 3fleMeHToR 32 mrfan u
CKOpogTH ¢dunbTpaunn 3,14 m/cyT.

KoHetanTa ckopocti ajacopOunn npu GuUABTPAIHH 3THX e pacT-
BOpPOB B TOHKO3epHHcTHX mneckax jaas  Cu?t, CuClt cocrasuna
0,04 1/u, pna Mn2+—0,26 1fu, ang Zn*+—0,62 1y,

HefiTpaabibie H aHHOHHBIE KOMIVIEKCHBIE COCAHHEHHS THMKENBIX
METAaMA0B COpOHPYIOTCA TPyHTaMi njoxo. Tak, B alloBHaJbHOM
NOTOKE NOoJ3eMHBIX BOJ, 3arpsi3HeHHHX CTOKaMH H3 XBOCTOXpPaHH-
auua pyaocoGorarutenbHoll ¢abpuki, Melb cofepxalach Ha pac-
crosiHin 10 3,5 KM oT Xpoctoxpauuauua [106].

JlaGopaTopHuie nceieloBaHns cOpOIlHH HEKOTOPHIX OpraHuyec-
KHX COe/JIHHeHHIT 13 3arpA3HeHHBIX MOA3eMHBIX BOM, BHINOJAHEHHbIE
B uHcTHTYyTe BHHHBO, nokasanu caeaywoulee: npH QuIBTpauHH
B MEJKO3epHHCTHX mneckaX (ckopoete V=0,2 mfcyT, aKTHBHas no-
puctocts neckop n=0,24--0,26, kospduunent aucnepcun D=
= (1=-14) - 10~* m2/cyT) pactBOpa, copepxawero NaCl (0,1 u) w
annane CoHgsNH- B KoauuectBe 6,9 mr/a, KosddHiuHeHT paBHOBec-
HOH copOuunun B=4.0.

Copbunsi HuTpoGensona CgHsNO2 npu ¢unbTpanuuy pacTteopa,
conepxauiero NaCl (0,1 ) u uurpoGeHzon B Koawyectse 5,9 mr/a,
xapakTepusopanack fp=1,6. B onbitax Kpome copGuHi oTMeualoCh
pPasnoeHHe HHTPONPOH3IBOJIHEIX.

Cnenyetr OTMETHTb, YTO MOMHMO H3JOMEHHBIX BbILLIC MaTEpHaJOB
B JHTEpaType BCTPEYaloTCs AONOJHHTEeNbHLIE CBeleHHs O copOumi
BELLECTE H3 BOAHHX PACTBOPOB NPH (HABTpallHH B rpyHTax, OJHa-
KO OHH, KaK NMpaBHJ0, HOCAT KauecTneHNbIA Xapakrep.

PACNAL PAILHOAKTHBHBIX 3JIEMEHTOB

PanuoakTHBHHeE peutecTBa (vpaH, paauil, CTPOHUMA, uesnd, TPHTHRA
H HCKOTOpHE APYrHe 3JIeMeHTH ), BCTpeuallliecs B NOA3EMHHIX BO-
Max, HMEIOT eCTeCTBEHHOE HJH HCKYCCTBEHHOe TPOHCXOXJeHHE.

Kak ¥ B OTHOMIEEHH APYIHX 3arps3HeHHl, onacHOCTh TEXHOreH-
HOTO PafHOAKTHBHOrO 3arpsisHeHHs YrpoMaeT B NMEpBYWD Ouepelb
IPYHTOBLIM BOAaM, B 0COOGEHHOCTH NPH OTCYTCTBHII MOYBEHHOrO CNO%
H MOKPOBHEIX TPYHTOB, 3ajlepKHBAIOUIHX copOupywollHecs H KOpOT-
KOMHBYLILHE 3EeMeHTh.

Pacnang paAHOaKTHBHBIX 3J€MEHTOB MPOHCXOAHT NO YPaBHEHIO

W il (2.10)
ot
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rie NP—H'DJIH“ECTE.G paAHOaAKTHBHOIO BELIEeCTEA, ['Iﬂl[BE]]']"H.IE['ﬂ[‘.Fl
pacnaay; C— ofLiasi KOHUEHTPaLUHsA BENIECTBA B pacTBope.

IT0 BHpa)KeHHE XapaKTepH3VeT KHHeTHKY HeoOpaTHMOf peak-
uHH nepsoro nopsaxka. [Ipuduvan, wanpumep, NHHERAHYI 3aBHCH-

MOCTE MEX LY NI_] H C, MONy4HHM
_i'ﬁ.::..._ — — 'Cl C' —_ Cﬂe—a'f
at
@.11

HJIH

rie a* — koshpdHuHeHT, onpeleNsioWHi CKOPOCTh pacnana 3neMeH-
Ta; Co— €ro KOHUEeHTpauus npH Bpemenn £=0.

Bpems nonypacnaga fos, Koraa ~o = 0,5, kKak cneayer u3
o
(2.11), cocrapaser

0,693
fo5 = ——0 (2.12)
ml
Bripaxenne (2.11) moxeT GHTh HCNOJNB30OBAHO TaKMe N5 OMH-
CaHHA KHHETHKH OCa)K/JEeHHS KOMIIOHEHTA H3 3arpsisHeHHHIX NOJ3eM-
HbIX BOJL.

PACTBOPEHHE COJIEA, COOEPXXALLHXCA
B ®HJILTPYHOIHX NOPHBIX MNOPOOAX

MuoroyHcJeHHEE THAPOreoJIOrHYeCKHe Hccaenopanus © walmioje-
HHA CEHAETEJbLCTBYIOT O TOM, YTO calOMHHEpaJIH30BAHHBIE MOA3EM-
HBe BOJAH TPH ABHKEHHH B BOJOHOCHOM RJacTe cnoco0HH XOpOLIo
pacTBOPSITH MHHepanw, o0Opa3soBaHHBle cyNbpaTaMH HaTPHA, KaJHA
H MarHHs, a Takxe xJopuaaMmu H Onkapbomatami uleJouel H ule-
JOYHO3eMeJbHHX MeTanaoB. K cpeaHepacTBOpPHMHM MHHEpalaM
OTHOCATCS CyAb(aTh KaJbUHs (FHNOC H AHTHAPHT), K OTHOCHTEJIBHO
TPVAHOPACTBOPHMBIM — KapOOHATH KalbilHg H Maruus (KaJbuUuT
H aojaomHT). B onpenenenHblX yclOBHAX CNOCOOHB PaCTBOPATHCA
(BBIIIENAYHBATHCA) H MHOIHe ApPYrHe MHHepajbl, B 0COOEHHOCTH
NPH JJHTE/NbHOM BO3JIEHCTBHH BOJBL

B sapucHMOCTH OT KONHWYECTBa H XapaKTepa salleraHis Boaopac-
TBOPHMBIX MHHEpPAJOB B FOpHBIX MOpoJAax pasaHyakT nopojasl B O-
AOpPpACTBOPHMBHBE, T. € HaleJo cJoXeHHbBEe BOAOPACTEBOPHMBIMH
coNAMH (niacTH rHnca, KaMeHHOH CcONM H T. A.), H NOpoibl 3 a-
COJieHHble, B KOTOPHX BOOOPACTBOPHMEE MITHEPAJIb BCTpCUaKOT-
cfl B BHIE APY3, ¥EJIBAKOB, JIH3, OTAEJbHBIX KPHCTaAlOB, T. €.
B AHCNEPCHO pacnpelefIeHHOM BHIJIE.

3arpa3HenHble MPOMCTOKaMH BOAB N0 CPaBHEHHI0 € YHCTHIMH
Noji3eMHLIMH BOAaMH 4acTto o0aajaainT eue Oonbluefi  arpeccHs-
HOCTBLID, H HX QuUILTpauHs CONPOBOMAAETCA HHTEHCHEHHM pacTso-
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peHHEeM MHHEpaJloB H TOPHBIX NMOPOJA, NPHBOASAILHM B HTOTe K JO-
NOJIHHTE/ILHOMY H3MeHeHHI0 CoCTaBa BOJ.
[lpumennTensHo K uALTpallMl B 3acoleHHuX nopopax [33]
ypapHeHHe KHMCTHKH pacToopcuis MomeT OWTh 3anHcaHo p BHAC
NpH AucnepcHol GopmMe 3acoseHus

ol T

& ap{cﬁ._c},/;u : (2.13)
NpH IJICHOYHOM 3aCOJICHHH

aN

== o (Cz— C), (2.14)

riec N — macca TBepABIX COJCH, HAXOAAILAACSH B FPYHTE B MOMEHT
BpeMmenH i (Np— HauanbHOe KOJHUECTBO TBEPAHX codefr npu {=0);
Cy v C— KOHUEHTpaIlHA HaCcHLUIEeHHOro pacTBopa M TeKyulas; ap—
KOHCTAHTA CKOPOCTH pacTBOPeHHS.

B craThuccknx VCJOBHAX, KOrjla KOHUEHTpAaUN# 3aBICHT TOJABKO
oT {, H npH JuHeitHol ceazn N u C, u3 (2.14) noayuum

Ci=Ch—(Cy—C)e ot (2.15)

rie Co— KonueHTpauns npuw f=0; a"— obobuienHas KoOHCTaHTA
CKOPOCTH PACTBOPEHHA.

Konuentpauus HacumutenHoro pactsopa C, pasawyHa nnsi pas-
HbBIX TBEPAHX OCANKOB H 3aBHCHT, KpOMe TOro, OT COCTaBa pacTBoO-
pHTeNs H ero TemnepaTypH.

B pacTeopax, coAcpEalulHX Npyruc COJIH H COCJAHHEHHA, PACTBO-
PUMOCTL TOH HJM MHOH MAJOPacTBOPHMOI cOMH MoXeT GHTh Bhi-
YHCJEHA 10 NAHHEM XHMHYECKOIO aHasiH3a BOJAM C HCNOJAbL30Ba HHEM
NPOH3BEICHHA AKTHBHOCTERA H C yUeTOM BO3MOXHOCTH 00pa3oBaHuA
KOMIJICKCHBIX HOHOB W JIPYTHX peakiuii ofpasyollHxci KaTHOHOB
C THAPOKCHJIRHHMH HOHaMH BOJB, aHHOHOB — C HOHaMH BOJAOPOLA
HT A

[Mpr onpeneneHHu pPacTBOPHMOCTH TOPHBIX MOPOJi H MHHepalloB
YacTo HCNOJBL3YETCH METOJ HENOCPeACTBEHHOro uamepenns C, npu
sKcrepiMenTe. KOHCTAHTA CKOPOCTH pPacTBOPEHHA ap 3ABHCHT OT
XapakTepa 3acONIeHHsl NOPOAB — COJEPHaHHsl, pasmepa, (GoOpMH
YacTHIL COJMIE H YCJIOBHH HX KOHTakTa ¢ Bolofl. TeopeTHYecKHMH H
IKCIEPHMEHTANBHEMH HCCNCOBAHHAMHE YyCTaHOBJIeHa, KpoMe Toro,
3aBHCHMOCTh @ OT ckopocTH (uasTpaunu V [33].

PacTBopeHHe MEJKOAHCINEPCHOIO THNCa, Hanpumep, NpH QPUABT-
pauHu B neckax XapakTepHayeTcs 3Ha4eHHsIMH o, NPHBEACHHBIMH
B Taba. 4 [76].

PacTBopeHHe AHCNEPCHO PACCEHHOIO runca npH (ibTpalHu
BOJAE Ycpe3 JAe/IOBHAJLHO-3/IIOBHAMBHEIE CYMJIHHKH HeHapyuleHHOro
CNOMEHHS, COACpPHKAallHe  KOMIVIEKC BOMOPACTBOPHMEIX  coJiei
{CHSG]'EHEG—-—E,E%, CHCGE-FMECDa—-B‘.E%, NaCl+ NaS0,+
+MgS0,—0,9% x macce abc. cyxoro rpyHTa), xapakTeDH3OBaJOCh
ﬂp=4,3 lfﬂw [?'E"]-
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TaGnuua 4
Napamerpe pacTBCPeniis MEAKOAHCNEPCHOID THNCA

S

Eﬂ.'_rrgpmauue
CaS0,-2H,0 8 % k [|Cropocts quuistpagiy, | Jluamerp uscruny o, .1 feyT
Macce afc. CYXOro MfcyT THIICE, ©M P
rpysTa
1 0,17+189,3 0,039 13,3405
5 1,73-=-231,3 0,039 96,8+ 1674 ,2
25 2,25+4+224.6 0,039 171,9+15457,0
25 a,64 2,1 218,6
25 34.6 2,1 1028, 2

Mo nanusm . I, Hlanunckoit (1971 r.), pacreopenne Na,SO, nipu
ckopocTi (puasTpaunn 0,3—1 mfcyt nponcxoant npu ap= (0,001
=-0,24) -10-¢ 1/c, nau 0,01=-2,13 lfcyrT.

3aBHCHMOCTL @p OT CKOPOCTH (QHABTpalUHH, BA3KOCTH PaCcTBOPH-
Tend, GopMH pacTBOPsSeMOro Tejia CBHACTEJNLCTBYET O BJIHAHHH
ruapoaMHaMuuecknx (axkTopos Ha TNpouecc PacTBOPEHHSI.

ANCOPBLHA MHKPOOPFAHH3MOB

Brosornyeckoe 3arpsizaieHHe NOA3eMHBX BoJl MO¥eT OHTh BH3BaHO
pa3iIHYHBIMH MHKPOOPraHH3MaMH — BOAOPOC/AAMH, OAKTePHAMH, "BH-
pycamu, HaubGonee onacHuM sBaseTcs 3arpf3HeHHe GoJiesHeTBOP-
HEIMII MHKPOOPraHH3MaMH, NMOCTYNaIIHMH B FPYHTOBHE BOJAH Ha
yyacTkax WHTEHCHBHOM H JMHTEIbHONH (QRILTPauHH (eKalbHBIX H
X035{icTBeHHO-OBTOBLIX BOA —— ¢ moJjielt  QHAbTPaunK, BHIPeOHBX
M, CKOTHWX ABOpOB, Ae(deKTHONl KaHaJH3alUHOHHOH CeTH H T. KL
B npubpesxnsie Boaozabopul OHOMOrHYECKHE 3arpsA3HEHHA MOryT
NOCTYNATh H3 PEYHHX BOJ, MPHBJIEKaeMbIX BOLO3a060POM.

JlanbHOCTh H CKOpPOCThH PACHPOCTPAHEHHMs B NOA3EMHLIX BOAAX
GHONOFHYECKHX 3arpsi3HeHHil oOnpefessioTcs, ¢ OAHOH CTOPOHH,
YCAOBHAMH GHABTPAIlHH H 3arpasnennd, a c JApy-
rofi — BpeMeéHeM BHXHBAaeMOCTH, T. e AIHTENLHOCTHIO
CYLILECTRORA HHS, MHKPOOPraHi3MOB B MOA3eMHHX Bofax. Kpynuse
MHKpPOOTPaHH3MH, BXOAALIHE B COCTAB MJIAHKTOHA PEYHHIX H O3€p-
HHX BOJI, KaK NpaBu/o, He MPOHHKAIOT B nofseMubie soasl. Mapect-
HBl, GAHAKO, cly4an MOSIBJAEHHA B MOJA3IEMHBIX BOJAX H B0,/103200-
paxX, pacnoJoXeHHHX Ha Oeperax MEJKOBOJHHIX BOJIOXpaHHIHIILL,
cHHeseJeHHX Bofopocaeil H xeneszobakTepHH.

PacnpoctpanenHe MHKPOGHEX 3arps3HEHHH B NMOA3EMHHX BOJAAX
nabmionajioch HeofHOKpaTHo. B 3aBHCHMOCTH OT cocTasa TIOpoA
BOAOHOCHOIO TOPH3OHTA AAJLHOCTL NPOABHMEHHS MHKPOOPraHHs-
MOB HaMeHseTcst OT 15—20 M (B MEJKO3epPHHCTHX TleckKax) . JIo
800 -1000 M (B rajJeuHMKax M TPemHHOBAaTHIX H3BecTHskax) [72].
VBeAHYHBASACH C NOBBILIEHHEM CKOPOCTH (PHIBTPALHH.
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[Tpr mMckyccTBeHHOM TOMOJHEHHH NOA3eMHLIX BOJ 3a pybexoM
H B CCCP pacnpocrpancHHe OakTepuii B BOOOHOCHOM TOPH3OHTE
OTMEUCHD B MEJIKOSEPHHCTHX Meckax— Ha pacctoaHne ao 10—
15 M, B cpeiHe3epHHCTHIX neckax — Ha 160 M npu CKOPOCTH (PHJBT-
paurd 0,5 m/cyT, B necyaHeX IPYHTAX NPH CKOPOCTH (PHABRTPALHH
2—16 mfeyT — 6oaee 200 m [53, 54].

PeaynbTatel onpefenenus ukcia GakTepwii B BOAE NOJ  AHOM
9 nnbuabTpaunonnsix Gaccefinos, npuseiennsie B pabote [108], no-
Ka3LBaloT, 470 B OCHOBHOM OGaKTepWH 3a/lepHBAKTCA Ha NEPBLIX
NecATKAX CAHTHMETPOB CJI0s MeNKO3epHHCTHIX TpYHTOB mopa Gac-
cefiHoM, a Ha rAyOHHe 3 M OTHOCHTENBHOE 4Hcao OakTepuil  yie
cunxaercs ao 0,07% (puc. 11). 3HaynTesbHOE KONHYCCTBO ONBTOB

Mo
e

4

i

2t
] i i gﬁr%
RN N ¥ 240 I Lpm

J -

Puc. 11. Hamenenne copepxannn Gaxrepwli B poae (M) no nym ¢mastpaumn (L) ny nndmant-
paumonnoro Gaccefna:

| — scupan» pofa, mofasacman B Gaccefin; 2—mona B Gaccefine; §— pona B rPYHTAx non
AnomM Gaccelda

no (uaeTpauxn GAKTEpPHANLHO 3arps3HEHHON BOJIE B IPYHTax Npo-
gefieso B Jabopatopuex ycnosusix. M3 ananusa HaTypHbix HaGurio-
neHult 1 NabopaTOpHHX IKCNEPHMEHTOB CJIelyeT, YTo orpaHHYeHHasn
AAaNbHOCTL PACnpOCTpaHeHHs MHKPOOHHIX — 3arpsisHeHWi  onpefe-
AsieTCs B HEPBYIO OuepeAb HX afcopOuwedl, T. €. nornolileHHeM IpH
(hHAbTPALHA B TPYHTAX.

IMpupona ancopGuny MHKPOOOB npH 3TOM pasiiHyHa: npH pHABLT-
PAlHH B NMOYBAX OHAa CBA3AaHA FABHHIM 00PA3OM C BAWSHHEM aHTa-
FOHHCTHUHBIX MHKpoOpraHuaMmoB (cJaoii nouss B 40 cM 3aaepHHBaeT
okosio 909, Gaxtepni [97]), B Me/KO3CPHHCTHX NECYAHHX TPYHTaX
ajcopbuusi GakTepuii NPOABASETCS B BHAe NPHIHNAHMA K OTACJb-
HEIM YacTHIAM TPyHTa H3-3a AEHCTBHS MOBEPXHOCTHBIX HJH 3JIEKT-
PHYECKHX CHJ, HANH4YHs B OaKTepHaAX KJIEAllHX BELECTB H APYTHX
[PHYHH.

HuTtencueHoCTs aacopOunH, onpeaensioniasi B KOHEUHOM HTOre
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AaNBHOCTL PACNPOCTPAHCHHA MHKPOOHBIX 3arpsA3HEeHH i B NOJA3EMHHX
BOJAAX, 3HAYHTEJbHO Kogaellercs ANA pasiHYHHX BHAOB 3arpssHe-
HHil H 3aBHCHT oT ycJoBuii dHAbTpauus (CcOCTaR NOPOMd, CKOPOCTh
dUALTpALLHH, DPHCYTCTBHE B BOAE TeX MAH HHHX XHMHYECKHX Be-
LEeCTB), HAYAJABHOMO coAepXaHHd MHKpoOOB B BOJE HA BXole B
FPYHT, YCNOBHII noctynjeHus MHKpoOoB (AAHTENbHOE, KpaTKOBpe-
MEHHOE) i APYrHX (akKTopos.

B 1971—1975 rr. E. H. Monoxasoit u ap. GH/IH npoeeieHul He-
cleloBaHHA Andg YTOUHeHHH ED]}E'[IHH, AaJBHOCTH pacnpoCTpaHeHHA
H BLHBACMOCTH OTIAENbHHX BHIOB MHKpPOOPraHH3IMOB: CaHMTap-
HO-NMOKa3aTeAblikiX Oaktepuit (OakTepuit rpynne KHilleyHoR nasoy-
KH, 3HTEpPOKOKKa), naToreHHHX sHTepobaktepuft (wurean u calb-
Monean), ®ar E. Coli u suTepoBHpycoB (BHpYC NONHOMMENHTA).
OnbiTH NMPOBOAHJAKCHL TMPH pPa3JHYHBX TeMNEpPaType H NJOTHOCTH
HAYaJbLHOre 3apaixeHua BOABI, B NPHCYTCTBHH XHMHYeCKHX 3arpsai-
nennil. OKasanoch, YTO B YCJOBHAX HH3KHX Temmepatyp (4—8°),
XapaKTepHHX AJAf MOJA3eMHHX BOJ, MHKPOOPramH3MH AJHTEJNbHOEe
BPCMSl COXPaHAIT MuaHecnocobHocTh. [lpu sToM cpok BHIAHBAaE-
MOCTH MHEpOOPraHM3aMop CYUIECTBEHHO 3d@BHCHT OT IVIOTHOCTH H4d-
YalbHOTO 3apaeHHs BoAu (Talbi. 5).

TaGawua 5
BpeMA BHIMHBAEMOCTH MUKPOOPrAHHEMOB B MOA3EMHLIX BOAAX
Hasamunoe kogqk-
QECTRO B BOIS B HRAMEMOCTH
MHKPOOPranH3Mb! (uncno muxpolimax | np 4—6° C, cyT.
Ten o 1 A}
Canprapno-nokasatenbible GaKTepuy  (KHiueuHas 10—108 400
NAAOYKE M SHTCPOKOKK)
MNarorentse sHTEpoGAKTEPHN:
CAMBMOHEIR Gpiownoro Ta 10% 50—56
» » l$ Ho 120
CAMBMOHENNE! napaTida B 1 Jo 220
0 ‘p:ﬂ' 104 Or 74 no 400*
WIHTeLTEl IR3eHTEPHH 10° 174
® # 104 Bonee 300
Bupyc nonsoMuennta 103 BOE fmn 116
dar E. Coli 108 BOE faen Oxono 400

* H aspEcHMOCTH OT IOTEMME ¥ CoCTapd DOTK.

—_or

B npoiecce BereTHpPOBaHHsi B BOAOHACHUIEHHHX TPYHTaX HEKO-
TOPHE LWITAMMBLI H3y4YEHHBIX BHAOB GaKTePHH CHHMKAJH CBOW BHPY-
JgentHoets (7. e. cnocOOHOCTH BHIBHBATH 3MHACMHOJOrHYecKoe 3a-
Gosepanne), APYrHe LWTaMMbl COXPaHAMH BHPYJACHTHOCTH Ha YpOB-
HE HCXO/HOH.

JloOapasiemele B BOAY XHMHUYECKHe 3arpssHeHHs  (J/leTepredTH,
toeithat, HethTenpoAyKTH, (EHONH), TNPHCYTCTBOBaBUIHE B KOH-
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ueHTpauusx #a ypoeHe [NJIK, npakTH4Yeckoro BJIHSHHMA Ha BpPeMsi
BBKHBAEMOCTH HE OKa3aliM, ojIHaKo, HanpuMep, yBeJlHYeHHe coaep-
#anua aeteprenta (cynsanona HII-1) no 5 Mrfn B npucyTeTBHH
l'.iJ'EI-I'DJ'I-DE H HE‘(!)TH MPHBOAHJIO K YBEJAHUYCHHIO Epﬂ-!{ﬂﬂ BHFHBAEMOCTH
H pasMHOXeHHIO OaKkTepHui.

D‘IIHTI:[ B CTATHYECKHX YCJMOBHAX TNOKA3aJlH, 4HUTO SHTCPOKOKKH
objapaior OGoJabllell BHMHBAEMOCTBIO H MeHblleH ancopOupye-
MOCTBLIO Ha TPYHTaX, yeM GaKTepHH KHLIeYHOH NajoukH.

Ha OCHOBAHHH 3THX l[ECﬂE,ﬂUBEHHﬁ AJ17 NpoOrHo3os MHI']]HU.HH
MHKPOOPraHH3MOBR B NOJ3CMHBIX BOJLAaX MOXHO PEKOMCHJIOBATH HC-
NOJIL30BaTh B KayecTBE PACUETHOrO BPCMEHH BHYKHBAEMOCTH MHK-
poopranuamon caenyiouue suadenns [83): 1) npu nocrynaennn Gak-
TEPHAJILHHX 3arpsiHeHHil B Noj3eMHble BOAH H3 OTHOCHTEJIBHO Ma-
JI0 3arpsi3HEHHHX OTKPHTHX BOJLOEMOB, PpeK, HHQUALTPAUHOHHBIX
Gaccefinor — 200 cyT; 2) npH HaMHYHH MACCHBHHIX H MOCTOAHHO
AefCTBYIOIMX HCTOUHHKOB 0OaKkTepHaJILHOro 3arpssHeHus (noJs
¢HnbTpauKy, CKOTOBOAYECKHe (epMBl, MECTd NOCTYIJIEHHS Hepas-
GaBJeHHBIX cTOYHLIX Bo#) — 400 cyT.

B Hucturyte um. A. H. Crcuna nposenenn Takixe naGopatop-
HEle ONBITH N0 M3Y4YEHHIO AAJbHOCTH pacnpocTpaHeHHs H copOuHH
MHKPOOPTaHH3MOB NPH QHIBTPAlKH B Necyanux rpynrax (puc. 12).
YeTaHOBNEHO, YTO CTENEeHb cop-
GUMH  pasNHYHLIX MHKpoopra-
HH3IMOBR HCOJAHMHAKOBA H 3aBHCHT
OT CKOPOCTH (HNLTPaLlHH H CO-
cTaBa PUALTPYIOILHX MeaKolep-
HHCTBIX TIOPOJL.

Ilpu onwmTax Habmwonanack
yacTHyHas jaecopbuus ancopOH-
POBABUIHXCA TNPH (HABTPANHH
MHKPOOPraHH3MOB TNOCAE YBEJH-

e hamon 5 60 cyok Bpw guwantpauum 8 UEHMA CKOPOCTH (HIbTPALMH B
fa HO 34 HeHHOH RoaLl o Y &

Cuopmercs 1 WYY, (Spbenmanu aea. 2—4 pasa WIH mocae 1oAauH B

McTp wacTey  necka 0,2 m{d'ﬂ, 20,5 mm): NMecKkH YMHCTOM, HE! SEFE}HEHHGH

C — KOMHYCCTED MHKDOORKMX Ten B 1 n BoRM;
.x—-n;‘n- dHunbTpauMy; | — COOPBW AHTPAKOW- ﬁHHTE]]HHMH BOJIH. B nocneinem

— kpweunan naaowka; 3 —surepo-  cayuae jpecopOuposanucs (,1—
1% mnornoueHHHX panee Oak-
TEPHIl.

BHAH BHREBJEHH MHKPOOPraHH3Mbl, KOTOPHE Hapany ¢ KHUIeY-
HON maJyiovkofi MoryT GHTH HCNOJL30BAHH KaK CaHHTapHHe MNOKa-
3aTe/lH KawecTsa BoAb. K HHM OTHOCHTCS SHTEPOKOKK, KOTOPHIA
cpeny OAKTepPHit TPYNNsl KHIIEYHOR NaNOYKH HMeeT HanbONBILYIO
JaNLHOCTh PACIPOCTPAHEHHS H MOMKET CJAYMHTbL NOKasaTeseM Kauie-
cTBa BOAH B OTHOUICHWH 3nTepodakTepnil, a Taxkxe OakTepHodar
E. Coli, 6osee AJMHTENHHO BHIKHBAIOWHI B NMOAIEMHHX BOAAX H
meHee copGHpYyeMHli rPyHTaMH N0 CPaBHEHHIO C [IPYrHMH 3HTEpO-
BHpPYCAaMH, i
Jlns yeTaHOBACHHS KOJNHUECTBEHHLIX CBSA3EH MEMHIY hakTopaMH,
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BAHHIOLIHMHE Ha AaJbHOCThE pPaclpocTpaHCHHA MHKpPOOPraHHiMOR
npi (UABTPALHH B IPYHTAX, H BbisiBJdenHs obLIHX 3aKOHOMepHOoCTel:
ancopbuun MHKpoopraHuamop OBJIH NpoBefleHH chelHaJbHHe Ja-
GopatopHele onuThl [83]. Mx ocobenHocTs saknouanack B Habmo-
JEHHAX 338 H3AMCHCHHEM BO BpPeMEeHH KOJHYeCTBA MHKPOOPraHH3IMOB
B BOAE NO NVTH QHABTPALUHH B NPHCYTCTBHH HECOPOMPYEMOro KOM-
NOHCHTA.

Bopna, 3apamennas Oakrepusmu E. Coli B konuuectBe Cyx=
=n-10%—n-10° MHKpoOHLIX TeJ B OAHOM JIHTPE, a TakiKe cojepia-
wan Par MS;, ¢ NOCTOANHEM pPacXoA0M HeNnpepHBHO (HALTpPOBA-
JlaChk Hepe3d KOJOHKY, 3aN0JHEHHYIHO MEHHQEEPHHETHM NeCcCKOM,
IHuamerp koJoHKH cocTtaeasin 5—10 cm npu aauve ot 1 go 20 m.
[locTosinHas B Kas/aoM onbite ckopocth ¢uabTpaunn V cocrapiasna
0,26—2,0 m/cyT.

B hayane GuAbTpalMK AJAA OnpeflesleHHs AKTHBHOH TNMOPHCTOCTH
necka B Bojty nobapnsaum pactsop NaCl. Ilo nyru duabrpaunun Ha
PA3JIHYHBEIX pPACCTOAHHAX X OT BXOOHOTO }F'-IH-ETHE H B KOHIE KOJIOH-
KH mepHoaHueckH oTGupasnuck npoOH (uHAbBTpaTa, B KOTOPHX Olipe-
aensiiu KoHuenTpauuio C xJopunoB H GakTepui. 3ITO NO3BOJHIIO
HaGaoAaTh 3a H3MEHeHHeM cofiepyiaHus OakTepHH Ha pPasJIHYHBIX
paccrosiiusax (x) u Bo Bpemchu (f). IlosyuenHsle B 3KcnepHMeHTax
aapHcHMOcTH C (1), rne C=C/Cyx ans npol ¢GpuALTPaTa, BIATEHIX HA
pPa3HBIX PacCTOAHHAX X, npuBefieHH Ha puc. 13. AxkTHBHasi nopuc-
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Puc. 13. Azcopfuwa mMupskpoopranvimMos npn duabTpauvn GAKTEPMANLNO IATPRIMCHHOA DOAK
wepes MECKH HA GoMe HecOpOMPYEMOTo KOMINOHEHTA:

{: — copepManne mukpoopravnaxos W NaCl 8 sone (B % K conepwanuio B nocTynaowed
woac); f — ppema or Havana $uabTpanuu (B Mun. B cyT.); ! — NaCl, paccrosnue oT pxXom-
dara ceyennn — x=060 cm; F-— Esh. Coli, x=20 cum; J— E.:.f-u- Coli, x=40 cm; 94— Esh. Coli,
r=00 cu: 5 — Par M5, x=20 cM; 6 — Par MS5;, x=40 cu

TOCTHL TPYHTa OnpejlesicHa O BPeMeHH NOosiBNeHHs B uabTpaTe He-
copbupyemoro komnonenta (NaCl) B xonuentpaunn C=0,5, T. e.
cocrasaawuiei 50% or BxoaHOR.

M3 puc. 13 pupno, uto GakTepHH TNpPOABHTAOTCH B FPYHTe OT
BXOAHOr0 cedeHHs Bray6mp no noTOKy, NpHYeM CKOpOCTb NpOABHIKE-
HHs Oakrepuil 311a4YHTeJbHO MeHblle CKOPOCTH JBHMKEHHSI BOJIHL.
OcoGenHOCTBIO NpolLlecca siBJfeTcs yBeJnueHHe cojepxanusi Oakre-
DHIT BO BPCMEHH B Ka#/JoM CCUEHHH X, BIVIOTH /10 Hackllllenus copO-
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].T.IIE:HHDﬁ EMKOCTH TpPYyHTa, Nocae yero caefayioulHe rpynmnu Oakte-
pPHi NPOABHrawTCA NO NMOTOKY Aajec.

HabOawpapimasncas B 31roM skcnepumente apcopbumna Gaktepuil B
o0lleM COOTBETCTBYET YPABHCHHIO HENHHEAHON KHHeTHKHM copOuMmK
(2.6) npu p*=0, npuuyem B ganHoM cayuae Ng— nonnasa copOiHOH-
Has eMKocTb mopoabl; N — kKoanuecTso copOMpOBaHHHIX MHKPOOP-
ranHaMoB; E-——HK Hﬂ'I-IIIEHTpEIlIHﬂ B BOAE, «-— NAapaMETpP KHHETHEH
copOIHH,

B sTuX oneiTax. a Takse IO JaHHBIM JAPYrHX HCCJelOBaHHH OT-
MEUAeTCS 3ABHCHMOCTh HHTEHCHBHOCTH aacopOuuu OaKTepHH OT r'Hll-
poiHHaMHYecKHX (akTOpOB — IpaHyJOMETPHYECKOrO COCTaBa no-
poabl N CKOpoCTH QuUILTPalHK

Hartypuue nabmopenus (E. H. Monoxaean, 1972 r) Ttakxe
MOATREPAMJIH XapaKkTep ONHCAHHHX BHINC 3aKOHOMepHOcTeH copO-
unH OakTepuit npa pHABTpALIHH.

7 oM
J |4

Puc. 14, JdankHocTh PACNPOCTPAHCHHA MHKPOOPraHMIMOR B CPEAHCIEDHHCTLIX MNCOCKAXK HA ywa-
CTHE HMCEYCCTBEHHONO NONOAHEHMA DOAIEMHLIX BOJ DPH CKOPOCTH ABWMCHHA ROnK 2=3 M/CyT:
O — RoauyecTeo GCGakTepnil B mOA3CcMU4X BOAAX, X — PACCTOHRHNEC OT HAGAKAATEALHKE CHBA-
Wiy ao whdrAsTpanHonnore Gaccefina; /| — Esh. Coli; 2 — GaxTepun rpynos KMIRcdion na-
aoukn  (Citrobacter, Enterobacter); 3 — snrepokokk; 4 — Gaktepuu cemefcrua Pseudomo-
nadacea

BomoHOCHEIH TOPH3OHT 3[ech COCTOHT H3 CpelHe- H MeJKO3ep-
HHCTHX neckoB. Mexiny uHQHABTpANHOHHEM OaccefiHOM, B KOTO-
pHIii MOfaeTcA O3epHas Bojda, H JHHHeH BOA03a00OPHLIX CKBaXKHH
pacnogoxedn 13 HaGjonaTesIbHEIX CKBA/KHH, H3 KOTOPLIX OHIH
oToGpansl npobsl NOA3CMHLIX BOJA yepe3 2 MeC. MOCIE YHCTKH bac-
cefina M Havyaja ouepefiHoro GHIbBTPOLHKNA.

B osepuoii Boje GakrepHH KHIUIEYHON MAJ0YKI CONEPHAJNHCH B
konHuectee (2--3)-10° mukpoOrux Ten B 1 o (Mkp. /1), H3 HHX
309% cocrasasau E. Coli, octaibHpie — GakTepny Ehterobacter w
Ciirobacter. KoauuecTBo SHTCPOKOKKoB cociapasyo  (1—5)-10%
MKp. T/1 ¢ npeobaaaanuem sujos Str. faecium w Str. faecalis.

B peayJbTaTe HCCACAOBaHHI YCTAHOBJACHA HEOANHAKOBas Jlaljib-
HOCTH PACNpPOCTPaHeHHs MHKPOOPraHU3MOB B TECKaXx (puc. 14).

INpoBenennbie HaTypHHe W JalopaTopHile HCCAE0BANIN yKa3H-
BAIOT, 4TO ancopOunA MHKPOOPraniaMon, NpensTCTRYIOMAs HX Pac-
NPOCTPAaHEHHIO B BOJOHOCHHBIX FPYHTaX, MOMKCT OpiTL  3deKTHRHA
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JHIUG B Nopojax ¢ OOABIIOH yAeNBHOH TOBEPXHOCTHIO KOHTAKTA
BOJIEI H MOPOAL — B NMOYBAX, CYTJIHHKAX, CyNecAX, MeJKo- H cpefiHe-
3epHHCTHX Neckax, ric ANHHd 3oHe OGaKrepHa/bHOrO 3arpsisaHeHHs
He npeBumwaer 200—300 wm,

B nopopax c GojabluMMH pasMepaMH TOPp M NYCTOT H Manoii
YAEJALHON MOBEPXHOCTLIO KOHTAKTAa BOJH H NOPOJH — B TPEUIHHO-
BATHIX CKalbHHX NOPOAaX, a TAKME B CHIBHONPOHHLAeMBIX BaJYyH-
HO-TaJieYHHX M rpaBHAHO-TalleYHLIX TPYHTax — aAcopOUHA OYeHb
MaJa, H 3/leck clefyeT CUHTATHCH TOJLKO CO BpPeMEeHeM BHIKHBae-
MOCTH MHKPODpPraHu3MoB.

[Mapamerpu copOuHH npn 3TOM cjelyeT ONpelennTh B 3KCIEpH-
MeHTax, Tak Kak aacopluua Gaktepuit cyrybo cneuudmuHa: noja-
BHMHEIC GaKTepHH copOHpyloTes XyiKe, YeM HeNOABHKHEIE, ancopo-
ILHH CMoCOOCTEVIOT OpraHHYecKHe BelllecTBa, CHHMKCHHE TeMneparTy-
pH, Kicnan cpefa H T. A. Jlame paanuunele wiTaMMH OJLHOTO H TOTO
#e Buaa Oaktepui copOMpYIOTCH C HEOAHHAKOBOH HHTEHCHBHOCTBLID.

TMTABA 3

HCXOJHbLIE JH®¢PEPEHUHAJIbHBIE
YPABHEHHA ®HJIbLTPALLHH

H NEPEHOCA (MHTPALLHH)
3ArPA3HEHHH B BOIOOHOCHBIX NMJIACTAX

HEKOTOPHE OELLHE NOJIOXEHHA

MeTonu pacueta ()UALTPAIHH H KOJHUECTBCHHOW OLEHKH PecypcoB
NOA3ZEMHEX BOJ OCHOBHBaKTCA Ha pelleHHAX anddepeHunalbHEX
ypaBHeHHA NOA3EMHON rHAPOJAHHAMHKY HAH TEOPHH PHIBTP a-
nuu [10, 62, 91, 118, 133].

JIns MporHo3a KauecTBa MOA3EMHLIX BOA IUHPOKO HCMOJL3YIOTCH
MeToAH, paipalartbipaemMble B NOA3eMHOR (HIHKO-XHMHYECKOH Iui-
pPOAHHAMHKE, TEOPHH Macco- H TemjonepeHoca (MHrpauHH BellecT-
Ba) B NOPHCTHX Cpeflax H COOTBETCTBYIOIUHX HCXOAHHX Au(epeH-
UHaJBHLIX YPaBHCHHAX.

[To stum npoGaemam B CCCP u 3a pyGexom nposofiatcs, 0CO-
OeHHO B NOCJe/IHHE TO/L, OGUIHPHBIE H Pa3HOCTOPOHHHE HCCMenoBa-
nus. HanbGonee nosnas ceollka pafoT, BLINOJHEHHEX Yy Hac B CTpa-
He 10 CepelHMHB LIeCTHICCATHX rofoB, Aaua B Kuwre [39]; paGoth
3apyfesHpX aBTOPOB NPHMEPHO Ha TO e BpeMsA NOJYYHAH OTpa-
#enue B Monorpadgmu [7).

3apaun o (pHALTPAUMH BOAH H MHMIPalMH BellleCTBA B MJIacTax
ropiuix MOpoA ABAAKOTCA BeCbMa CJAOMKHBIMH, H pellcHHe HX HaTaJj-

KHBACTCH HAa 3HaUHTENLHLIE TPYAHOCTH. O6kacHaeTcs 3TO rJaBHBEIM
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ﬂﬁpﬂEDM CAOHHOCTRIO TedJIOrHYCCKHY H FHApPOredNOrnuyecKkux yoiao-
BHIl U HeAOCTATOUMHOH H3YUYEeHHOCTBIO CAMHX MNpoleccoB QHILTPAILHK
H IepeHOCa BelllecTBa B TAKHX VCJIOBHAX.

O6pluito 1A NOJYYCHHS pelleHus Toil nar HHOA QUALTpauHON-
HOI 3a/layd peajbHYI0 TPHPOAHVIO OOCTAHOBKY NPHXOJAHTCHA Cy-
HNEeCTRCHHO CHEM&TH.‘%HPDHQTI:. CKEMETHEHP}'MTEH TaAK¥Ke HABRJICHHA,
onpeaensailie nNepeHoc BCUICCTEA B NOAICMHKX BOAAX, Kak Tpa-
BHJIO, IPH 3TOM pacCMaTpHBAaeTCH MHrCpains TOJBKO OTHENbHBIX
JIEeMEHTOB, HallpHMEP, HanOoJeC TOKCHYHBIX, HE3aBHCHMO OT HaJIH-
YHS JAPYrHX CcOCTaBJAAIOUWIHX (3T0 ycloBHe CHpaBefHBO [JA pas-
faBJeHHHX pACcTBOPOB MaJiojl KOHLUEHTpalHH), HAH OLEHHBAETCH
HaMeHeHHe o0Illel MHHepalN3alHH BOH H T. L.

CooTBeTCTBEHHO 3TOMY BO3HHKAeT HeoOXOAHMOCTbH B YNPOLIeHHH
uexoauslx AupepeHuMaIbHLIX yPaBHEHHI H KpaeBuX YCAOBHI, KO-
TOPHMH B MaTeMaTuueckoh opMe OMNMICHBAETCA KOMIWIEKC HPHPOA-~
HBIX (aKkTOpOB, XapaKTepH3YIOLIHX BOMAOHOCIIHE MJIACTEl H HX B3aH-
MOOTHOLIEHHA ¢ OKpVHauell cpeio.

B GojapiuMHeTBe cayuaeR CUHTAIOTCA CHOpPaBel/IHBHMH CICAVIO-
IIHE MpeanocHKH.

1. ITpuHuMaercs, 410 peafibHuie (QHALTPAIIHOHHBIE TIOTOKH MOM-
HO B OJIHOM HAnpapJieHui ocpeHATh (HAMpPHMep, B BEPTHKAJILHOM
paspese, MOCKOJNBLKY BOAOHOCHBIE IIACTH HMEIOT HECOH3MEPHMO
MaJIVIO MOLIHOCTE Mo CPaBHEHHID C NAollanbio HX pacnpocTpaHe-
HHA) .

OcpefieHne NO3BOJACT CHHMATL MEPHOCThL YpaBHCHHE, T. e. Te-
PEXOAHTL OT TPEXMepPHHIX (ONHCHRBAKOUIHX TNPOCTPAHCTBEHHHIE Te-
yeHHs1) K ABYMEPHHM (NJaHOBO-NAOCKHM H MJIOCKHM B BEpPTHKAJb-
HOM pa3pe3e TEYeHHsIM) H OJHOMEDHHIM ypaBHEHHAM (HJH ypaBHe-
HHAM, ONMHCHBAMLUIHM npocTeiiline JHHEHHBE NOTOKH H NOTOKH C
ocepoil chMMeTpHeli — panadbible, cepuyeckne).

2. lNpu aHaJHTHYECKOM peweHHH (QUIbTPALHOHHLIX 3ajad, Kak
NpasHJIO0, TIPHHHMAETCA TaKMe, YTO peasbHbie BOAOHOCHLIE NNacThi
MOJKHO PaccMaTpHBAaTh YCGIOBHO OJHOPOMHBIMK (BepHee, CTATHCTH-
yeckH OAHOPOAHBIMI) HIH AHCKPETHN-HCONHOPOIHBIME, T. €. Pasic-
JEHHLIMH Ha 30HH C PazlHYHBIMKH (HABTPAUHOHHHMH CBOHCTBAMH,
HO B npejiefiax Kammoil H3 TakHX 30H (HALTPaLHOHHLIE napaMeTrpbl
MOryT GHITH OCPEfHeHbl, H TPaHHIilb! MeA Y 30HAMH HMEIOT CpaBHH-
TEJIbHO NPOCTHE reOMETPHYECKHE OYEpPTAHHA. B peakux caydasx
yAacTes NOJYUHTH aHANHTHYECKHe pelleHHs A NAacTos, HaMeHe-
HHS NMapMeTpPoB KOTOPHX NOAYHHAWTCH PasTHYHLIM (OYHKLHOHAN b~
HMM 3apHcHMocTSIM (OT KoopjawHat o06JacTH (PUALTPaLHH H Bpe-
MCHM).

E{::lr.'lEE IIHPOKHE BO3MOMHOCTH pelleHHs: (GuAbTpallOHHBIX 38 AaY
B HEOJAHOPOAHHX NJjacTax nosBAsiOTCs MpH m:nﬂm:-:t-:mau_lm MOAETH-
pOBaiKs HA aHajorosuix npubopax (ABM) u qu]FIDB}:lh H:WEHTI"‘DH:
neix Mamgsax (9BM), ofHako B B STHX cyydasx ykasaHHas npea
NOCHJKA O BO3MOMHOCTIl OCpe[HCHHA NnapaMerpos mjpacra B TOH
HJH HHOH Mcpe coOXpaHAeTCH.
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J. 3ajmayd O MHrpauHH 3arpAsHeHHi Oo0OBYHO paccMAaTpHBAIOTCH
B NPEANOJOMEHHH, Y4TO (PHIALTPALHOHHEIE NapaMeTphl H napaMeTphl
(PH3HKO-MEXaHHYECKOr0 B3aHMOAGHCTBHA SIBJASAIOTCH HE3aBHCHMBIMH,
NO3TOMY pelUeHHs] COOTBETCTBYIOWMHX YpaBHeHHH QHALTPALHH MOTYT
NPOH3BOAHTECH KaK OB aBTOHOMHO.

4, [Ipn maTeMaTHYecKOM ONHCAHMH (QHJALTPAUHH H nepeHoca pe-
WeCcTRa B CJAOHCTHX BOJIOHOCHBIX CHCTEMAaX, COCTOSILLHX H3 XOPOLUO
IT]JG'HI{LI,HEMHK NJacToB, pa3AeJIEHHHX EﬂﬂﬁﬂﬂpﬂHHIIEEMHMH rJH-
HHCTHIMH CJIOSIMH, NIPHHHMAETCS, YTO B NOCNeAHHX, T. ¢. B ciabonpo-
HHIAEMHX €J10siX (4acTo Ha3sHBaeMLIX €lle «pa3/ie/ibHHMH» CJIOHA-
MH HJH «nepeMBYKaMH»), npeofjafaer BepTHKANBHas QHABTPALHA
H FOPH3OHTAJBHLIMH COCTABMAKIIHMH CKOPOCTH (PHALTPALHH B
CpaBHEHHH C TAKOBBIMH B OCHOBHEIX IJIACTAX MOMHO npeHeOpe-
rathb.

5. B KauecTBe OCHOBHHIX AHHAMHYECKHX 34KOHOB MpH BHBOAE
ypaBHEHHI NPHHHMAKTCA: A5 coOCTBEHHO (PHALTPALHOHHOTC NPO-
Hecca — 3aKOH ,[[ach, a naa MHrpaluu BelllecTBa H TEIJa — COOT-
BETCTBEHHO 3aKOoHH Puka u Pypbe ¢ yueToM MOJIEKYJSPHOro, KOH-
BEKTHBHOI'O NepeHoca H JOHCIEpPCHH,

HMcxons M3 3THX NPeAnOCHJIOK, HHMKE PacCMaTpPHBaKTC ypaBHe-
HuA OajaHca BOOBI M BelecTea {TETIJ]E} B BOINOHOCHBIX MJMacTax.

YPABHEHHA ¢HJIBLTPALLHH NOJA3EMHBIX BOJ

Vpaesnenne Gananca Macchl NOA3EMHBIX BOIA B JIeMeHTe BOAOHOC-
HOro nJacta MOMXHO NpeAcTaBHTh B chaefylollem Buie (puc. 19):

o
d ___ _O(nmp) - 3
Z e (P90 = e + p ey —&y), (3.1)
H
Qo = — _3.4-_ . (3.2)

3nech Goi — buabTpauHoHHHi pacxon; kM — BOAONPOBOAHMOCTb
niacra (k— kosthuunenr GuasTpannn, 2 — MOUWHOCTD MAACTa),
H — nanop noaseMHHX BOA; p— NJIOTHOCTL BOAH;, € H g — CKO-
pocTH ¢HJIBTPAallHH BOAK HAa TFpPaHHIAX NJacTa B BEPTHKAJAbHOM
ceyeHHH, T. €. HA KpoBJe H nojioluBe (NepeToK BOALW H3 COCeAHHX
rOPHIOHTOR H H3 aTMoc(epr) COOTBETCTBCHHO; X;— KOOpPJAHHATH
(B oOBuHHX 0003HAYCHHSX AEKAPTOBOH CHCTEMH X)=X, Xa=1);
! — BpeMs.

O6beauuan ypaeruenus (3.1) u (3.2) u Belpaxas nepewiii yJeH
B npasoil uyactH (3.1) KAaK NpPOH3BOAHYI TNPOH3BEAEHHA BEJHYHH
n " np, NONYYHM

2
2ok 20 Y p Iy gy OO0 e,
g 0x; (pkm?xi_)_'np at +m ot +ples—ey). (3.3)
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Puc. 15, CxemMa K BHBOLY YPABHCHHA QHABTPALHE NOSIEMHLIX BOM:
@ = AnA HanopHoro naacta; O — AAR naacta co ceoboamoll MOBEPXHOCTEIO

3710 ypashenne B obuieM olnicHiBaeT KaK Hanmopuwie, Tak u 6es-
HanopHele MOTOKH.
B nanopreix sodax (cM. puc. 15, a), nonaras k=const, m=const

dm
(ﬂpl{ STOM ﬂa— s ﬂ) H NMPHHHMAaA H3BECTHLIE COOTHOWEeHHA I8

n(P) u p(P) (P=As-H— naenenne, Az — MIOTHOCTL BOAH, Ag=
=pg, £ — VCKOpeHHe CHJIH TAXeCTH), a HMeHHo:

— — P
nﬁno-pifi,pﬁp“(1+.—" ﬂ), (3.4)

[18)] El

MOJVYHM XOPOIIO H3IBECTHOE YpPABHEHHWEe MJsi TaK Ha3WBaeMOH V-
pyroii puapvtpaunu [63, 133]:
@

G 1 il By —F
e & _I_ . X » EE 5}
. km n 1
g = : ? — mﬂ (__ﬂ__ ) 2 E
n* 2 "\ Ep + Epn (3.6)

Coornoiienne (3.6) ana a* no npepnoxennio B. H. lllenkauesa
[133] HocuT nassanne Ko3dPHUHEHTAa Mbe30ONPOBOAHOC-
TH M CAYKHT OCHOBHEIM NapaMeTPOM HeCTaUHOHAPHOH HanopHoR
PHALTPALHH,

Kosdduurent p*® xapakTepHiyeT BOAOEMKOCTb (HJH VIIpYroem-
KOCTb) HANMoOpHOTro niaacta M, Kak suano ua (3.6), onpeneasnercs B
3HaYHTeNbHOMN Mepe NokasatelsiMH neopMHPYEMOCTH BOJIH H NOpO-
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awl, cnarawweit naact (Ey n Ey; — cootBetcTBeHHO mMoayau aedop-
MallMH BOAL H NJaacTta).

Has puxnwex u cnabocueMeHTHPOBaHHEIX nopojl (neckH, necda-
HHKH) MOJyab AcopMallum njacta MomeT OHTH BHpaMKeH uepes

ey Ae,. =l
KOsbhhHUHEHT YIIOTHEHHS @, = —p = ap OnpenenseMuii  mo
NAaHHHM KoMIpecCHOHHHX nenwitanmi [10, 127].
| .
E  ~ —1 %% (3.7)

ay

rae e;— Kos(pHIHEHT NOPHCTOCTH NOPoOA NPH AasieHHH P; eop —
HadyaldbHHil KO3QOHUHEHT NMOPHCTOCTH NPH AasleHHH Fo.

B stom cayyae, yunthiBas, u4TO E““:Fiﬂn-: (110 — Haua bHasA
NOPHCTOCTE)
W = ma, [% el 1) ay], (3.8)
B

rae Koapduunent p* — peanunHa GeapasMmepHas.

Ilo ceoemy duanyecKoMy cMmulcay Kosdduuwentr p* npencras-
nsier coGofl oTHOWEHHe KoanYdecTBa BoAw Vg, Kotopoe Momer OuiTh
H3BJEUeHO H3 mJuacTa (NPH NOHHXXEHHH Hanopa B NPOLEcce OTKay-
KH) HJIM TPHHATO naactoM (NpH NMOBHILIEHHH Hamopa B npouecce
HarHeTaHmus) 3a cuer ynpyroii aedopmaunii BoAu (pacliMpeHHs ec
NpH OTKAYKAX H CHATHH NPH HATHETAHHH) H H3MeHEHHS NOPHCTOC-
™, K 00beMy «BOPOHKH» nenpeccHH Vg, oOpasywllefica B nbeso-
MeTpHYECKON NMOBePXHOCTH NAaacTa:

T/ W[ (3.9)
.1 AH gpito
3nece AH.p— cpennee NoHWMeHHe Hanopa Ha NJoLlaaH nJaacTa,
OorpaHHYHBaIOLIEH B NJaHe «BOPOHKY» JlIeNPeCccHH.
Ilas Geananopuslx 600 co cpoGOAHON NOBepXHOCTBIO  (CM.

puc. 15, 6) caeayer B ypaBHeHnn Gananca (3.3) nonoxute m=
= H (xi, 1). Torpa npu k=const noayuum cnepyiollee nejHHeiiHoe

}TPHBIIEHHE'

E o (H H )_ a”~+ 3 (np) el TGH

x; ot

O6MHO o8 NpakTHYeCKHX PacyeToB 3TO ypaBHeHHe NPHBOAHT-
csl K JHHeRAHOMY, NpHYeM HCNOJB3YIOTCs JBa cnocoba JaunHeapH3a-
1ML

[lo nepsomy cnocoby (barposa n Bepuruna) obc yacTh ypaeHe-
HHs YMHOMaloTcA Ha senununny FH, Kotopas BBOAHTCH NOJA 3HAK
NPOH3BOAHON NO BpeMeHH, a Nnepell OCTaJbHEIMH WieHaMH VpabHe-
HIS OCPEeHAIOTCH H NPHHHMAKOTCH B KaycCTBe NMOCTOAHHOIO MHOMKH-
tensn H=H.,=const.
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B stom cayuae ypasHeHHe BBIPa3sHTCS OTHOCHTENBHO (QYHKUHH
H*

:ﬂ-:-—.——.

2
ITo sropomy cnocoGy (byccunecka) sennunna f puiHocHTCA 3a
3HaK NMPOM3BOAHOH 10 KoopiHHaTaM (leBag 4acTb YPaBHEHHH) H

ocpenHsierca, Takoil cnocod NPHBOAHT K YPaBHEHHIO OTHOCHTENBHO
dyHKIMKH Hanopa B nepeoit crenenn: u=F. -

Eciu Tenepb NPHHSATH, YTO MHOMHTENb N NPH NPOH3BOJHOH =
B ypastennn (3.10) xapaktepuayer coGoii 3pQeKTHBHYIO, HIH T. H.
aKTHBHYI0, MOPHCTOCTE My, W YHCJAEHHO BEJHYHHA My NPHOJMH3HTEb-
HO paBHa BO00TAaue 10PO]1 IPH HX OCYUeHHH HJIH FPaBHTalHOH-
HOM BOJAOOTAAME p, T. €. M Ny~ p, To ypasHeHue (3.10) MoxHO
HpeCTaRHTDL B CleflyiollleM BHIE:

npu nepsoM cnocole JHHeapH3alHH

Eﬂ_)_. . &(_gi)._l__ﬁ;ﬁﬂ_

= ] (3.11)
aﬁ s ot k
i=I
NpH BTOPOM cliocobe JuHeapH3anny
2
i 1 R (3.12)
atﬂi a** o kHcp
=]
B 3THX ypaBHeHHSX

Ul
MOMHO Ha3BaTh 0000IMEeHHKM KO3(QQHIHEHTOM Nbe30NnpoBO/IHOCTH
A5 Oe3nanopHEX NJAACTOB, OnpelefsieMBHM NOKazaTeNsiMi rpapH-
tatonnoii (p) u ynpyroit (p*) soncoraaun. Ilocieluss HaXOAKT-
cst 3nech, Kak 1i B HanopHBX nuaactax, no gopmysam (3.6) w (3.8)
npu 3amede B Hux m Ha Hep.

Vpasuenus (3.11) n (3.12) ¢ yueram (3.13) onucHBalT, TAKNM
00pa3oM, KOMOHHHPOBAHHHI TPAaBHTAUHOHHO-YNPYTHE Ppe-
UM GuABTPanMH, AeTalbHO HCCAEA0BaHHENH B paboTe
H. H. Bepuruna [35]

Caenver OTMETHTb, YTO, NMOCKOJBKY B OOABUIHHCTBE CNy4des
p>p*, daxktop ynpyroctd B GeaHanopHHX mjaactex HPaKTHUCCKH
cKaszuiBaeTcs B Magof crenenn. IlostoMy, KaK npasiiio, NpH pelic-
Hum 3anay Oeamanopuoft GuanbTpaiyn B ypaenennn (3.13) peantn-
Hoit p* npeneOperaior, noJjaras

E . ] (3.14)
Iz

T. e. paccMaTpiiBaercss 4YHCTO TrpaBHTalHOHHH i PpemHum
duabpTpanun
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Ilns peulenus npusefeHHBX ypasHewnd (3.9), (3.11) u (3.12)
noi#HE OHTE CPOPMY/NHPOBAHH HauyaJibHble H FPaHHYHLIC YCJOBHSA,
KOTOPBIMH XapaKTepH3YWTCa YCJOBHA NHTAHHA BOJOHOCHOTO IJac-
ra H ero B3aHMOAEHCTBHA C OKPYMawUHMH BOOOHOCHBIMH nJyacTa-
MH H NOBEPXHOCTHHIMH BOAHBIMH HCTOYHHKamH. B wactiocTH, Heko-
TOpLie H3 3THX YCJOBHI, 3 HMEHHO —B IJIOCKOCTAX KpOBJH H MO-
OOLIBH MJ1acTa yie Kak Ob BKJOYEHE B CaMH ypaBHeHHA B BHJIe
171IeHOB €y W €2 — HMH OLIEHHBAETCH HHTEHCHBHOCThL NHTaHHA NJacta
B npefenax naoluaiu ero pacnpoctpaHexns. B tabn. 6 nokasanu
cXeMbl CTPOCEHs NJACTOB B paspe3e MW NPHMEHHTENBHO K HHM —
MaTeMaTHYeCcKHe BHpaMKeHHs AN g H s

Cxema 1 HanwcTpHpyeT OJHOpoAHHI Oe3HaNOpPHBIH MJacT NpH
HanHuen atMmoctheproro nurauns (nyrem HHuaAbTpauun armochep-
HLIX OCAflKOB HJH PaBHOMEPHO PpacnpefejeHHHX Mo olllaad no-
Tepb H3 pa3peikeHHoN rHaporpadHyecKoil CeTH) HWHTEHCHBHOCTHIO
ey=emmp=[ (X;, ). 3aKOHOMEPHOCTH H3MEHEHHS] BEJHUMHBI Euuq B
3TOM cJay4ae MOTyT OGHThH BecbMa pa3HooOpasHuMH., B Taba. 6 npu-
BefeHs (cM. nocaeHuil cronben) caydyaw JAHCKPETHOro 1o nJjouia-
M pacnpefencHuss HHOHJILTPAUHH, KOTOpPas M0 BPeMeHH [ MOXKeET
H3MEHATLCH NO JHHeAHON HJH 3KCNOHeHUHaJbHOH 3aBHCHMOCTAM,
Moer uMeTh MeCTO TaK¥e 3aBHCHMOCTL BeJIHUHHBl €uugy OT HANOpa
nnacra H; koHkperusie GopMyJE 3THX 3aBHCHMOCTEH HAXOAATCH MO
ONBITHBIM AaHHBIM.

B ocranuHeix cxemax TabJ. 6 kpome MHQHILTPAUHH Egyg NHTA-
HHE OCHOBHHX njacToB (oHH o06o3HaueHH napaMmeTpaMu km u Ha-
nopoM H Ge3s uMcNOBHIX HHAEKCOB) OcyllecTBAseTcs NyTeM (HIbLT-
PALUHH H3 COCENHHX, BHILIE H HHMe PacnoJo¥eHHbX BOAOHOCHHIX To-
pH3OHTOB. BeNHYHHL £) H £2 B TaKHX YCJOBHAX BHIPAXawTCA BEp-
THKaJbHOH CKOpOCTbIo (HALTpallHH Ha KpOBJe H NojolIBe MJjacTta,
npuieM AJA ee OonpeleseHHsi AOJXKHB ObTh pelleHbl COOTBETCTBYIO-
ulie ypapHenHsi QHJALTPalHH AJA COCEHHX CJIOEB, B KOTOPHIX Ha-
XOJHT OTPaKeHHe BeJHYHHA aTMOC(epHOro NHTaHHS.

CxeMul # (QopMyJHpPOBKA THNOBHIX YCJAOBHH Ha KOHTypax nJac-
Ta B NJiaHe NPH KOTOPBIX AOJIKHEI pematbes HexopHue anddepe-
lIlHaJbHBE YpaBHCHHS, NpelcTaBieHs B TabJ. 7.

HanGonee pacnpocTpaHenHbiM SBJAETCA OrpaHHYeHHe BOAOHOC-
HOrO MJIAacTa NOBEPXHOCTHLIM BOAOTOKOM (peKoOil, BONOXpaHHIHIILEM
H T. A.), ¢ KOTOPHM THAPABJHYECKH CBH33aH BOJAOHOCHHH NJaCT.
Takasn cBa3b Moxer GuTh cOBepmeHHOH, Korja no Juiaun
BOJIOTOKA JONYCTHMO 3afapathk ychaoswe [H= const nan H= f()
(cxema 1), MK 3aTpyIHEHHOH, HECOBEpUI € HHO I — NPH HENnoJ-
HOH Bpe3ke pyc/ia BOOOTOKA B BOJOHOCHWH naacT 11 HaAH4YHH B
JOXKe BOJIOTOKA 3aHjeHHs W caabonpoHHLEeMBIX NPOCIOeB H JIIH3,
3aTpyAHAOIEX (HALTPAIHIO BOAH (cxemul 2 H 3).

Ecin BOLOHOCHBI)] NJIACT TPAHHYHT C APVIrHM BOLOHOCHHEIM mJac-
ToM, OOJafawuiHM HHLIME (QHUALTPAIHOHHBIMH CBOHCTBaMH, Ha
KOHTAKTe NJACTOB NPHHHMAIKOTCA YCJOBHA PaBeHCTBA HOPMAJbHBIX
(K AHHHH KOHTAKTa) NOTOKOB M CaMHX HanopHHX dyHkumi (cxe-
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TaGnuna 7
CxeMpl BONOHOCHHIX ILEACTOBR M YCAOBHH HA KOHTYpax B naane

ﬁ# Cxema mnacTa ¥YenoBHA Ha rpanuue x = 0
H=Ff(f)

{ B GaCTHOM Cayuae

H = H, = const

aH
e e
2 o A(H—H)
ol Ky

3 % kR (Hy—m) b
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[lpoponmenne Tabn. 7

J#: CXeMa naacra Yenosra Ha rpannue x=0
4 fa dx = ax
HI == Ht
Cuy
F 4
N IR NG
OH _ , 9H

5 .:-\\ e

G777
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Ma 4), KOTOPHMH Bblpa)aeTcsi NPHHIHI HEpaspulBHOCTH (PHALTpA-
IHOHHBIX TCYCHHIT NpH nepexoae H3 OAHOrO MJAcTa B JAPYroM.

CneundHueckse yeJI0BHA NHTAHHA CO3AAK0TCA B 0061acTAX BbI-
X0[d HANOPHHIX TUIACTOB HA MOBEPXHOCTb (HanpHMep, B KpaeBhIX
yacTAx apreanaHckux OacceiiHoB). 3aech MOMKET HMETb MECTO OCy-
lieHHe MJacTa NPH OAHOBpPeMeHHOM ero MHTaHHu atMochepHHMH
OcCafikaMH, No3ToMy GaNaHe MOTOKA HA TrpaHHlle BHRPasHTCH B Buie
CcoOTHOLIeHHs, fanHoro B Taba. 7 (cxema b).,

HakoHen, BO MHOrHX ciayuyasix paccMaTpHBaemblii BOJOHOCHBHIH
NJacT KOHTAKTHPYET ¢ BecbMa ¢/ab0 MpoHHUAaeMBIMH, NPaKTHUECKH
BONOYNOPHEMH TopojamH. COOTBETCTBEHHO NOTOK BOMLI 4Yepes rpa-
HHIlY MIPHHHMAETCA PABHEM HYJIO.

Jlna pemleHHs HCXOAHHX YPaBHEHHiT AOJMKHH OHTh TaKMKe H3-
BECTHH YCJI0BHA paboTu B0R03a00pHEX coopyxeHuil. Kak mpasu-
JI0, IKCNAYaTalHs CKBaXHH, I'DFIH-EGHTE.JTBHHI H ApPYTrHX THNOB BO-
n03abopoB NPOH3BOAHTCA NpPH H3BecTHOM (3apanee 3ajaBaeMoM B
COOTBETCTBHH C 3aNJaHHPOBAHHHM  Bojponorpeb.aennem) npebure:
Q.=[(1), B yacTHOM cayuae Qy=const.

B ormensHux cayuasax Bofo3zabopHHe COOpPYXeHHs1 SKCIAYaTH-
PYIOTCS NPH 3aflaHHBIX HamopHHX YpPoBHAX B HuX Hy=f({), B
yacTHocTH H = const.

YPABHEHHA MHIPALLHH BEWECTBA B NOA3EMHBIX
BOIAX

VpaeHenue GajlaHca MaccH pacTBOPeHHOro (HJAH 3MYJbLrHPOBaHHO-
ro) BelecTBa B 3JeMelTe BOJAOHOCHOTO NAACTa HMEeT CHeAYIOLLHi
BHI:

2
¥ o Oeon) = — L —npER o W, — W), (3.15)
=] i
Jeont = _ﬂﬂ';:_c} += l;r'w‘{:- {B'IE]

3MeChb Geoni — COJNEBOI TMOTOK, mpeAcTasjJeHnblil  aH(pQy3HOHHOH,
HJIH, TOUHEe, AHCTIEPCHOHHOl cocTaBasioleii (nepBuiil uneH npasoi
yacTi ypaBHeHus (3.16) W KOHBEKTHBHHIM uJjieHOM (NpoH3BeleHHeM
Gei C B 3T7OM ypaBHelHH); C-— KOHUEHTpauHs MHrpHpPYOLLEero Be-
TecTBa B NOA3eMHBIX Bojaax; N -— KouueHTpauHs yObiBalollero M3
pactBopa (copGupyeMoro, norjouaemMoro nopojoil) HAH, Hanpo-
THB, NMOCTYNAWIEro B PacTBOP B pe3y/bTate BHYTPEHHHX (H3IHKO-
XHMHUYECKHX peakiHi F}:anp:mep, pacTBOperHs) KomInoHeHTta (B
nannom cayvae aaa C u N uMmeerca B BHAY HX BecoBasi KOHIEHT-
panua — Mo OTHOUIEHHIO K macce Boaw); W, n We—otBon nan
nocTyn/ienHe KOMIOHEHTa yepe3a KPomJi H nopoumsy naacra. Oc-
TanbHEEe 0003HauYeHHsi TIpeXKHHe.

QunbTPaNKHOHHBI NOTOK g, BXoasnnii B ypasnenne (3.16),
ONpeleJifieTcs H3 PelleHHss NpHBeJleHHBIX Bhille ypaBHeHHH (QHIABT-
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paunn (3.1), 3.2). CoxpausiloTes 3jech Takxe obo3HaueHHs n, me
H p JA5 3THX YPABHEHMH,

[loncranoska (3.16) B (3.15) ¢ yuetom ypaBHeHHii GHALTPALHHE
(3.1), {3.2} NPHBOAHT K CJAeAYIOUIEMY ypaBHeHHw [25]:

ac C ey — o) aC
ﬂ —— — = — 1 = H —
[ . Yoo n ot +
I.=|
W, —W,
,__ ﬂ —. ' i |.l
as = (3.17)
3necy V, = 38 CKOPOCTE (PHABTPaILHH.
L1
[Tpn BuiBose ypaBheHHs (3.17) HCKIIOUEHH YJIEHH, COAepXKalHe
dD;
:p e — B npeanojoAcHHH ux GoJsee BHICOKOTO MOpAjKa Ma-
X X
JTOCTH.

Beawusnwt € u N 3eck gaHd y#e B elHHHLAX o0BeMHOH KOH-
LHEHTPAlLlHH, T. €. B ¢IHHHIAX MAaCCH K O00BeMYy JIOpOBOro nMpocTpaH-
CTBA.

Unenamun W, nu W, kKak yxe roBopHioch, OlLICHHBAKTCHA coJe-
Bbl¢ TOTOKH Ha KPOBJc M mojouise maacta. B coorBeTcTBHH ¢ 06-
UHM BeipaxenHeMm (3.16) nmeem:

W, =[—D-2 +&C)]
: mil (3.18)
Vi [0 ecl]

rae HugekcamMH 1, 2 o603HAUCHH COG:oeTCTBYIOUHe BeNHYHHB C W
D pns cnoeB KPOBJH H NOAOIIBH: 8, H £2 — CKOPOCTH (HIALTPaLHHK
HA KOHTAKTEe 3THX CJIOCB ¢ OCHOBHBIM BOMNOHOCHBIM nyactoM (Ko-
OPAHHATH JHHHH KOHTAKTa — 2) H 29).

Gﬁ'hEﬂ,HHHH (3.17) u (3.18), nonyuyum

I—l ﬁx; m 0z Peaz, m
g L st - @i
m 02 |z=z, m (€ —CJlewz, =1 ot i at " €19

YpapHenne (3.19) sBnsieTcs HCXOAHBIM ANA pellicHHA 3a/1aYH O
MHI‘[}EIH,HH 3dTPAIHAKLIHX BCLIECTE B lei]}ﬂﬂ.HHR BOOJOHOCHHK X IInac-
Tax. B MareMaTHuYeCKOM OTHOLUEHHH OHO OTJHYaeTcs OT coOCTBeH-
HO (PHIBTPALHOHHBIX YPaBHEeHHII HaJHYHEeM KOHBEKTHBHHX 4YJICHOB,
KOTOPLIMH XapaKTepH3yeTcd TNpoLece nepeMelieHHs BellecTBa
BMecTe ¢ (GHILTPALHOHHEM TIOTOKOM B MJOCKOCTH mJacta (uieHw

ac
V; — H HOPMalbHO K HEMY H3 CJ0eB KPOBJH H IOJOLUBH.

X
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ITH MocaeAHHe uJeHB, KaKk H B (UILTPAIHOHHHIX YPaBHEHHSX,
npeacraeasioT cobofi MaTeMaTHueckylw (GOPMYJIHPOBKY  YCIOBHHE
B3AHMO/JICACTBHA Tl1acTa € COCElHHMH caosMH (B paispese) B OT-
HOUICHHH MHTpalHH BelUleCTBA.

B caoucToi CHCTEMC BOOOHOCHHIX NMMAaCTOB NMPH HAJHYHH B KpOB-
Jie H nofowpe clabonpoHHUaeMbX pasiedlollix CcJoes, Yepes
KOTOpHIE MOMET NPOHCXOAHTE Audwpy3noHHei oTBOA coaeil, B CH-
JY HEPAIPHBHOCTH COJIEBOIo MOTOKAa KOHUCHTPpAUHH Ha KOHTaRTE
paBHbl Mexay cobo#, T. e. C=Cy u C=0Cs [IlostoMy unens ¢
MHOMHTENAMH €, H ey H3 ypaBHewus (3.19) wuckmouawotes (370
MOMHO CACNATL H HA TOM OCHOBaHHWH, 4YTO CaMH CHOPOCTH g2
3fleCh ABAAIOTCH NpeHebperkHMO MaNBIMH).

B Tex cayuasx, Korga cJoM KpOBJIH H MOAONUIBH NpPeaCTaBJCHBI
XOpouio TMpPOHHUAeMBIMH TOPOIaMH, B nJjacTax, HeNnocpeJCTBeHHO
CBA3aHHHX ¢ aTMOC(epol H MONYYaKUIHX NHTaHHe NyTeM HHPHIbLT-
pauHH atMochepHLX 0CaAKOB HJIH NOBEPXHOCTHHIX BOJA, B ypaBHe-
HHH (3.19) COXpaHAIOTCSH YKa3aHHBIE WJIEHH € & H Es, NOCKOJBLKY
OHH ABAAIOTCH ﬂ[JEDﬁJIE!,I{,a}ﬂHJ,HMH no cBoeil BelHYHHe B CpaBHEHHH

acl.?

L]
0z) o

¢ ujeHaMH Do XapaKTepH3ywUHMH IHOQYIHOHHHEA nO-

Dy,
Ha KOHTaKTe CNOCB HMCET MECTO CKaYOK KOHUEHTPAUHH, H pe3yJib-
THPYIOLLAS KOHUEHTPallHsg B OCHOBHOM NJIaCTe ONpelesifAercd C y4ye-
TOM CMelleHHs (pa30aBieHHs MM NOBHUICHHS KOHUEHTPALHH) €
pacTBOpaMH, MOCTYNAMOUHMH H3 CNOEB KPOBJIH H MONOWBH (HAH
H3 aTMOceps H NOBEPXHOCTHLIX BOAHEIX HCTOUHHKOB).

€).2%,
TOK (HI}H sTom Pej o= —>12 % l). B COOTBeTCTBHH € 5THM

dN
Bxopsimuji B ypaeHense (3.19) unen n s KOTOPHIM OIHCHIBA-

eTcs KHHeTHKa copbuuu wan B Gosee obuieM npeacTaBICHHH — KH-
HeTHKA TIOrJIOUIeNHs] KOMNOHeHTa W yObaW ero H3 pacteopa (WiH
[I'DET}?[]JIEHHH KOMIIOHEHTa B [JEETBGP-}. NPHHHMZAETCH B COOTBETCT-
BHH C paHee DKEPEHTEPHEDEEHHHHH 0cO0EHHOCTAMH H JaKODHOMEpP-
HOCTAMH PA3JIHYHEIX (PHIHKO-XHMHYCCKHX IIPOLECCCOB, TIPOHCXOMIA-
UIHX TPH MHTPalHH BellecTBa B BOAOHOCHBIX TJacTax — NpOIECccoB
copOUHH, 3aJepKH cojefi B TYNHKOBHIX MNOpax, pPagHOaKTHBHOIO
pacnaaa, pactBopenus coneii u T. K. [em, (2.6)—(2.14].

Hna pelienus KOHKPeTHHIX 3a7ay no MHIPalHH 3arpa3HAIHX
pPacTBOPOB NOJMKHE OBITH 33/laHbl HauajbHbBie H rPaHHYHHE YCJo-
BITH, B KayeCTBe HaA4YaAbLHOro VCJIoOBHA TIpHHHMA2CETCH TO HJIH HHOC
ectecteeHHoe (doHoROE) pacnpeieneHne KOHUEHTpalHH BeuleCTBa
B njacrte:

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

YcaoBua Ha rpaduuax naacta L B npouecce (uabtpaunn npu
{ =() MOHO NPEICTABHTL B PA3JIHYHLIX BHIAX.
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3anana xoHuentpauus (ycaosue 1-ro poaa)
Cle=r = Cyx (f), B vacThoM cayyae Cyy|e,~r = const. (3.21)

3anaH noTok BewecTBa (ycaosHe 2-ro pona)

ac
Qﬂ-ﬂﬂ l'tt"__L — — ﬂ ﬂxi

x=L HITH ann l"l"L = const. {322}

3anaH MOTOK BELLECTBA € YYeTOM KOHBEKTHBHOrO OTBOAa W JHC-
nepcin (ycnoBie 3-ro pona [140])
.
Qeonlrmt = [—D 5= +VC], _,.
INMockoabky

. Q.;_.nn |""|'.""L Rt VCBI I.#I:=-I.-.

rae Cyy — KOHUCHTpAUHA BellecTBa B pacrsope; V — cKopocTk
$HALTPaUHH HA TpaHHlle Xx;= L, noayuaem

ac
i il

o] =V C—C et (3.23

.t'FL

3JT0 yCenonHe SIBIACTCH crﬁuﬂmenﬁeu npefuaymwHx; npH Oodib-

w X
WO CKOPOCTH (PHALTPALMHH, KOTAA & > 1, C=Cyx, 4TO COOTEET-
CTBYeT YCIAOBHKD 1-ro pona; IMnp# OTHOCHTCABHD BBICOKOM 3HAYEHHH
koshdHuHeHTa AHCNEPCHH H MaJjoil CKOpPOCTH (QHIbLTPALMH, KOrjaa
-%—{ 1 = 0, T. e. noayuyaem ycaoBue 2-ro poaa.

xi

Ha ®onTakte OBYX BOJIOHOCHKHIX TMAACTOB ¢ pa3HbHIMH mapamerpa-

MH CTABHTCA YCJOBHe 4-r0 poia, xapaxkTepH3ymuiee paBeHCTBO 110-

TOKOB B HanpabBAeHHH, HOPMAJLHOM KOHTAKTY H CaMHX KOHIEHTpa-
uHil Ha KOoHTaKTe (YCJOBHE HEPA3PHBHOCTH MOTOKOB) !

D, -3 =D, L) i Clio=Gileerron G20

dx |¢~L—0 dx

Ha rpaunue, yaaieHnoii oT MecTa BXOIa pacTBOpa B MJacT Ha
BeCbMa 3HauHTeNbHOe paccTosiie (B «DECKOHEMHOCTH»), YCNOBHE
o6uuHo hopMyAHpyeTcs Tak:

lim C=C, wm 25 0. (3.25)

X a0 dx

Tpu mocTynuennu pactBopa B atmochepy (na sogoszabope, npu
HCTEUeHHH H3 KOJNOHHL IPYHTa W T. A.) ctaButca ycaophe [32]

K. —0. (3.26)

i .:"--cl.



3TO cOOTBeTCTBYeT npehevpexmenuio auddysnen n aumcnepcuceii Be-
UECTBA B CBA3H C BHICOKHMH cKOpocTiMu mnotoka aubo npu pac-
cMOTpeHHH cobetBenHo auddy3HOHHOrO npouecca MoxeT ObiTh CBA-
3ano ¢ Geckoweuno Oonbuioit («beckoneqnoii») BeaHuHHOIN KO3(hdH-
uneHta AHdpy3nu (npu BeIXOAe B aTtMocdepy MOMKHO TOJNOKHTL
D=o0o # B cootrBercTBHH ¢ (3.23) moayuum ychaoeue (3.26)).
Ecan Ha BXole B nJacT HJH BbIXOfle H3 naacta obpasyerca He-
KOTOpasi eMKOCTb «w (B elHHHUAX AJHHB — 00beM, OTHECEHHHIl K
nAouiajy cedeHHs), TO MOMHO COCTaBHTHL TaKOe ypaBHeHHe Oanau-

ca [13]:

o 2| [—DZ-+ve] (3.27)

ot X = L

a NpH BO3MOMHOCTH KOHBEKTHBHOrO OTTOKa co ckopoctbio V-const
3a npefens 3TOH eMKOCTH
aC

-*'1=L B dx

— dC
) ——
ot

(3.28)

II__'L

Hecmorps Ha onpepenenHyid npubOiHKeHHOCTh TNpHBEIEHHOM
MaTeMaTHYECKOH CXeMbl ONHCAHHA MHUTpPAallHH 3arps3HeHHii B BOJO-
HOCHBLIX TIIACTax, OHa TNO3BOJIACT YJAOBJIETBOPHTEILHO pellaTb Npak-
THYECKHe 3ajJayd TPOrHo3a 3arpA3HeHHs mnofseMubix Bod. Peue-
HHe TIPHBEACHHHIX YPaBHEHHH MHTPAUHH TIpH ONpefefieHHBIX Ha-
HAJILHEIX H TPAHHUYHBIX YCJOBHSAX JlaeT BO3MOMHOCTb, CTPOro roeo-
pfl, TIOJYYHTL NOJHOE pelleHHe 3anayd o6 H3MEHEeHHH KOHLEHTpa-
UHH TOTO HJAH HHOrO 3arpf3Hfiollero KOMNOHEHTa B NOI3eMHBIX
BOLAX H, TaKHM oOpasoM, yCTaHOBHTL, Ila KaKOC pPACCTOAHHC H B
TeYyeHHe KaKOro BPeMeHH MOTYT MPOJABHTaThbCH 3arpA3HEHHBIE BOIH
B BOJOHOCHOM mJiacTe, KakoBa OyJeT KOHLUCHTpAlHs 3arpsasHeHHi
H ap. OnHako B cHAY CNOMHOCTH NMPHPOAHOH OGCTAHOBKH (H3me-
HSOWAACH CKOPOCTh (PHIABTPALMH, CAOKHBIE TeOMEeTpPHYECKHE o4vep-
TaHHA MJACTOB H T. Jl.) H, KAK CAE[CTBHE, — CJOMNKHOCTH caMoil
CHCTEMBl YpaBHeHHH pelleHHe nochegHel HaTaJKHBaeTCs Ha 3HauH-
TeJbHBIC MaTeMaTHYECKHe TPYILHOCTH.

[TostoMy, Kak mMpaBHiO, pacCMaTPHBAKOTCH TOJbKO OLHOMEpHbIE
(niockonapaaneibHbie H OCECHMMETPHUHBLIC, pajHalbHHE), pexe
ABYMEpHBIC TeYeHHA H He [Jf Beeidt obnactH GHALTPAlLHH B LENOM,
a JINA OTHENbHBIX YYacTKOB MAH ¢parMenToB, H3 KOTOPHX (hOpPMH-
pyercs oOuiMil GHABTPALUHOHHHIT NMOTOK NOA3EMHHX BOA. ITO NO3-
BOJIIET KOJIHUECTBEHHO OXapaKTepH30BaTh NpOLECC MacconepeHoca
M0 rJAaBHHIM HamnpaBJeHHAM, NpeACcTaBAAKUIHM HaHOONBILHI HHTe-
pec ¢ TOYKH 3PEHHA NPOTHO3a KauyecTBa TMNOA3IEMHHIX BOJ Ha TOM
HJAH HHOM YYACTKe BOAOHOCHOrO NJIACTA.



FrTABA 4

PACYETHI BOILO3ABOPOB B PA3JIHYHBIX
FTMAPOTEOJIOTHYECKHX FEJI«DBHH}{

e e — ez

R S Fe

BBOJHBIE 3SAMEYAHHA

B naunoii rmaBe paccMaTpHBAalTCA aHaJIHTHYECKHE METOMAbI pacue-
Ta BOJ03abOpPOB B Pa3xTHUHEIX THAPOrEOJOTHYCCKHX  YCAOBHAX.
HauGonee pacnpocTpaHeHHEM THIOM BOA03260PHLIX COOPYHEHH
ABAAIOTCA CKBa)KHHLL. Ilo3TOMY pacueTHBHle 32BHCHMOCTH JIalOTCH
NPCHMYUIECTBEHHO /ISl OAMHOUHBIX CKBAMKHN 1 CHCTEM CKBAXIH C
3a1aHHEM, TOCTOSIHHBIM 111 H3MEHSIIOLIHMCS BO BPEeMeHH PacX0a0M.

[lpu 3TOM NPHBOAATCH JHIUIL OCHOBHHE THNOBHIE (HALTpALH-
OHHLIC CXCMLI, N0 KOTOPHM BHABAANIOTCA Han(onee. CYUICCTEEHHBIE
3aKOHOMCPHOCTH H T1aBHble (PaKTOpH GHILTPALUHH NOMA3EMHHX BOJ
K BOA03a6OpHLIM COOPYXEHHAM NpH TOM HJIH HHOM CTPOEHHH BOJO-
HOCHOI'O IJ1acTa.

[Tonpo6roe ocBellleHHe METOAOB pacueTra Boao3alopop naHoO BO
MHOTHX pabotax, Hanpumep [10, 89, 93] 1 np.

Hanaraembie 3feck pe3yvabTaThl NMOJYYEHH HA QCHOBE pellUeHHSd
A depeHuHanbubX vpasienuil duabTpanun (cm. ra. 3) npH coot-
BeTCTBYIOIIHX HAYAJBHHX H PAHHYHBIX YC/OBHAX.

Bce pemsenns, 3a HCKJIWUYCHHEM cChelHalbHO OTOBOPCHHHIX,
NPeACTABICHE OTHOCHTEALHO (YHKUHH TOHHIKEHHS YPOBHS.

S=H,—H, (4.1)

rme H. u H-— cooTBeTCTBEHHO mNepBoHaYanbkHii (OBITOBOH, CTa-
THYCCKHI1) H TeKyWHii ypoBeHb, npudem S=f(x;, ), riue x;— npoc-
TpaHCTBeHHHE KOOPAHHATHL; {— BpeMA.

Takum obGpazoM, onpenenss MOHHMEHHH YPOBHA B pasiHYHHX
TOUYKAX BOJOHOCHOIO naacta. MOXHO 0O I}EE}'JIETETHM paCcHETUB
BO/103a00pOB BHABATL GOPMY H JAHHAMHKY H3MCHEHHS NbE30OMETPH-
yecKoH NMOBEpXnocTH B 06aacTH BAHAHHSA BON03ab0pOB.

B camux Bomozabopax NOHWMKEHHE YPOBHA HNOCTHraeT MaKCH-
MasbHOTO 3HaveHus. [lpakTHYECKH OHO OrpaHHYHBAeTCA HEKOTO-
PHM NpeleJIbHEM, HIH ,[I.DI'I}'ETHMHM MOHH¥XEeHHeM, BCMHYHHA
KOTOPOro 8;,, yCTAHABNHBAETCSA 1O IHAPOreONIOrHUeCKHM YC/IOBHAM
H TeXHHUECKHM Yca0BHAM oT6opa Boaw. PacuetHoe NOHIMKCHHE
YpoBHA B BOjo3abope Sy HEe AOVINHO MPEBOCXOAHTHL JONYCTHMOrO,
T. €. JOJI3HO BHACPHHBATLCH COOTHOLUEHHE

So < Spon- (4.2)

Jna Ge3HanopHBIX NOTOKOB B pe3yibTaTeé JHHCAPH3AUHH HC-
XoAHHX AnddepeHuHanbHBEX YpaBHEHHH pelleHHA NOCJAC/JHHX B
OJIHHX cJyuYasX NPeACcTaBIAIOTCS TaK e, Kak /18 HAanophoro noto-
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Ka, T. €. OTHOCHTeNnbHO dyHKuHH S no (4.1); yposens /B nanHnoM
clnyuyae — 3T0 Hanop Ha cBoGoAHON NOBEpPXHOCTH, paBHBI rny6u-
He BOAH jI0 Bofoynopa A WAM 10 NOBEpPXHOCTH NO/ACTHIAKLIETrO
cnabonporduaemoro cnosi. Bmecto Bxoasiued B ypaBHeHHs M pac-
YETHBIC 3aBHCHMOCTH MOULHOCTH M1 TPH 3TOM paccMaTpHBaeTcH
HEKOTOpPas CPEJIHAA MOULHOCTE Acp.

B cayuaax cyulecTBeHHBIX NMOHHAEHHH YPOBHHA, NpeBHILLIAOLIHX
NOJOBHHY MOLIHOCTH Ge3HanoOpHHX NAacTOB, MNPEANOYTHTE/LHEE

HCXOIHBIC YPaBHEHHSA H HCKOMBIC PEIUEHHS BBIPaXaTh *OTHOCHTENb-
H h2
HO GYHKLUHH 5~ = 5+ TAKXKe BBOAA B paccMOTPEHHE CPEeJHIoN

MOULHOCTE g,

MateMatnueckas ¢opMa NPHBEAEHHBX Bullue ypaBHeHHii [cM.
(3.5), (3.11) u (3.12)] ne Mensercs, ecAH 3anHCHIBaTL HX AN
$YHKUHI U, KOTOpas COOTBETCTBEHHO CKa3zaHHOMY HMeeT cJaeiylo-
LLHIA BHA:

JLTS HANOPHOIO NMOTOKA

ug=mSy=m(H,— H) (a), (4.3)
ans OesHanopHOro NoToKa
Hg.w = hcpsﬁ.n = h;_-.p he—Hh) (0) (4.3,a)
HIH
h2 — h?
Ue.n = —2__ . {B:'

CnenopatenbHo, ANs NEPexXofa OT PEUIeHHS OTHOCHTEJBHO Sy
I HANOPHOTO TMOTOKA K pelleHHo ans Oe3HalopHOro NoToka OT-
HOCHTEJBHO Sgy CNpaBeANHBHL cneayloume GopMysbL:

no cootHowenusam (a)—(6)

T RPN/ | 48 -
0.1/ h:p

(4.4)

Il
HAK Mo cooTHOweHuaM (a)—(B)

Sﬁ-ll = hr e ]/_hrf i E"'5”!‘“:-3::![ .

3neck he — nepBoHauanibHbii yposenb (riybHHa BOAB J0 BOXO-
ynopa) GesHanopHoro noToka.

B nanpieiiileM H3N0MEHHH HHJAEKCH «H» H «6. H» npH S HaAMH
ONyCKarwnTCH.

BONO3ABOPHl ¥ PEKH

B6.M3K NoOBepXHOCTHHIX BOAOTOKOB pacnosaraetrcs OoJibluas yacThb
CyLLecTBYOWHX BoAo3abopor noaszeMHBX BoJA. OHH HOCAT Ha-
spaiHe OeperoBwX, HIH HHPHABTPAaUHOHHBHX, BOAD-
3ab0poB.
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[lponasoanTensHocTs  OTAENBHHX  OGeperopux ponozabopos
MO¥er JoCTHrate BecbMa  OosbliHx  pasmepoB — 100—200
Thic. M¥cyT u Gonee (norowuulii nputok — 10—30 m¥cyr va 1 M
Aannb Bojozabopa). 3uauntensuuilt  BoaooTlOp B AONHHAX pek
KOMIMEHCHPYETCsl COOTBETCTBYIOLUIHM NOCTYMJCHHEM B 3KCNAyaTH-
pyeMble BOAOHOCHLIC NJAACTH MOBEPXHOCTHHIX pedHHX BOjA. B cBa-
3H ¢ 3THM Oeperosuie Bomosabopu pabotawT Goablueii 4YacTbio B.
YCJAOBHAX YCTAHOBHBLICHCA (DHALTPALHH TMOM3CMHBIX BOJA.

[lo xapaktepy ruapaBiHYecKOH CBA3H peYHHX H NOA3IEMHBIX
BOJL MOBEPXHOCTHHIE BOJOTOKH MOryT ObiTh NOApasficNeHHl Ha CO0-
BEPpUWEHHHE H HECOBEpUEHHHE,

Cosepuiennsie peuHvle pycaa XapakTepH3YIOTC TeM, 4TO (DHJb-
TpalHA NMOBECPXHOCTHHIX BOJ, H3 HHX B BOJAOHOCHHE MNJAACTH NpOIC-
XoanT 0e3 cyulecTBCHHHIX MOTEphL Hanopa. IJTo0 BO3MOMHO JHLIb
L TOM cjaydae, ecjii B pycie pekH HAH Moj ee JHOM OTCYTCTBYIOT
chabonpoHHUaeMble OTNOXEHHs W, Kpome Toro, BOJH3W pycaa
He [pOHCNOAHT 3HAYHTENbHLIX JedopMauuil NMOA3CMHBIX NOTOKOB.
Coeeplllenubie pycia spasiiotess  waubojiee  GAaronpHsTHHMH B
FHAPOAHHAMHYECKOM OTHONICHHH, TaK KaK NO3BOJAAIOT IKCMJyaTH-
poBaTe BOA03a00p ¢ MHHHMAJBHLHMH TMOHHMCHHAMH YPOBHA nNOJ-
3eMHBIX BOJ.

K rujpapinueckd cOBepIICHHHM BOAOTOKAM MOMHO OTHECTH
ray0oko Bpe3anHue B BOJOHOCHHH nyact (wa 0,6—0,8 ero mout-
HOCTH) MJAH JOCTAaTOMHO WMpOKHe pekn (wupuha Gonbie  Moul-
HOCTH IJ1acTa), HMEIOlHe OfHOPOAHOE CTPOeHHe PYCJOBON  30HH,
c1a00KOMbMaTHPOBaHHEe H 3aufeHibie. [lpn 3TOoM 3anjieHHOCTH W
KOJIbMATHPOBAHHOCTE  PYCJIOBHX OTJAOMXeHHH  JOMMKHH OHTL He-
OOJNIBIIMMH HEe TOJILKO B €CTECTBEHHLIX YCJOBHAX, HO H B YCJOBHAX
IKCIAYATALHN BO03a00PHOTO COOPYKECHNA.

Hecogepuennvic 6 urvtpayuonron ornowenuu pevnsie pyc-
N1a XapaKTepH3YIOTCH 3HAYHTE/BHHMH MOTepsAMH Hanopa Npw no-
CTYIJICHHH [OBEPXHOCTHOrO CTOKa B MOA3CMHBIH NOTOK, d1g MoO-
KeT OHTh 00YCAOBJEHO CYIIECTBEHHHM HCKPHBIEHHEM JIHHHMII TOKA
MOA PYCJAOM peKH H3-3a MaJioii ee WHPHHH W cialoro sarayOne-
HHAE B BOJIOHOCHBIH MJIACT, @ TaKKe HaJniyHeM HCeONHOPOLHHX
BKAOUYCHHI B TMOAPYCNOBHX OTJNOMEHHAX HIH KOJbMAaTalueil W
3alIHBAHHEM OTJOMKEHHH JHAa PEeKH B ECTeCTBeHHHX, HCHApYLUeH-
HELX YCNOBHAX HJH NMPH 3KcIAyaTtaunu OeperoBuiX Boj03a00pHEX
coopy»ennil. CTporas oleHKa KaOro M3 yKasaHHuX (aKTOpOB,
ONpefeNAIIHX HeCOBEPIUCHCTBO PEKH, BecbMa caomkna. [lostomy
ILjisi NpakTHUeCKHX pacueToB MNOCTYNawrt cheaywuny  obpasoMm
[9, ll?li', Mexay nHoM pekH ' M BOJOHOCHBIM MNJAACTOM MNOMEIa-
eTcsi HEKOTOpHH cnabonpoHuilaeMbiit  cjiodi, THApaBAHYCCKOe CO-
npoTHeJeHHe KoToporo (Koadpuuuent duabTpauuu ky u Moll-
HOCTB Mg) ycTaHaBaupaeTcs TakuMm obpasoM, uwtofH  noTepH
Hanopa npH QUIbTpauUHH 4Yepe3d Hero OMAH  paBHBl MOTepsAM Ha-
Oopa 3@ CcHeT HecoBeplueHCTBa pekH. OO600iEeHHHE napaMerphl
ClioA MOrYT ObiTh HANAEHH MO AAHHEIM ONBITHON OTKAUKH.
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CoBepuieHHble PEKH

OpgvHopoauwii nnacr. Pellenve 3apau, cBA3aHHBIX ¢ QHIb-
Tpauueii K GeperoBeiM Bofo3abopaM B OJHOPOAHBIX  MJacTax,
N1 YCTAHOBHBIUHXCA YCJAOBHiT TNPOBOAHTCA ¢ HCMOJML3OBaHHEM
ypasienns Jlannaca, sIBIsOUIErocs uacTHRIM  cayuaeMm oO0uiero
vpaeHenua (3.12) (npun e,2=0, a¥=o00). [panHunoe ycJIoBHE
Ha JHHHH COBepIUeHHON peku Beipaxaercs no d¢opmyne (1) (cm.
1abn. 7 ra. 3) uwaM B HecKoabKo HHoM 3anuen x=0; S$S=0.

[lpu nocrosmHoM pacxofe CKBaXXHHH BOJNH3H peKH NONyyaercs
H3BecTHOe pelueHHe @, @opxreiiMepa, XxapaKTepHuaylolllee NOHH-
HEHHe YPOBHA TIPH OIHHOYHONA OTKauKe:

R P
S = = In =3 (4.5)

rie km — BOAONPOBOAMMOCTL IJIACTA; F — PACCTOAHHE OT TOYKH
M, B koTopo#t onpenensiercs MNOHHMEHHE [0 CKBAXHHH: F=

=Y(x—x0)2+1® (puc. 16); p — paccTosime OT TOUKH N0 3ep-

KanpHoro otobpawmchns ckpaxuub: p=Y(x+x)2+4% x;— pac-
CTOSIHHE OT PEeKN [0 CKBAXKHHBI.

AS Ay
N
Yy 7! P 1
$ " Lo & —#-
/? N
— "‘* !

Puc. 16, Cxema K paceery cEKEaAMWHBE ¥ CO= Puc. 17. CuctemMa  pIaaHMOAeAcTRYOUNE

BEPUICHHONR PeEw: CEBAMMHHE ¥ COBCPUICHHOR PEEM:
I — ckpamuna; 1" — acpkanpisie orobpase- I. 2, 3 —ckmamuun; I, 2, 3 — sepeansime
AHA CERAMMH OTOOPARCHIER CKBAMMHH

Hns rpynnoeoro Bopozabopa (pue. 17), cocrosuiero M3 He-
CKOJIBKHX TIPOH3BOJIEHO pPacnoJIOXeHHBX OTKAaYHBaKWUIHX CKBa-
KHH, MO MeTOAY CJOMeHHs (QHALTPAaUHOHHBIX TeUYCHHH  MOMHO
3aNucaThb

S = f’* (4.6)

THe r; H p; — paccrosiHe ot ToukH M, B KOTOpOil oOnpeaensercs
MOHHIKEHHE YPOBHA, COOTBETCTBEHHO [0 PeasbHON CKBaXHHBL C
AOMEPCM [ M ee 3CpPKaJabHOro orobpaxeHHsi OTHOCHTEJIbBHO peKH;
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Qeys — CyMMapHbiii 1e0HT BCeX n CKBamHH; fg;—nrunmcmie ne-
GHTa i-TON CKBAXHHH K CyMMapHomy pacxony Weym.

[lpu GonbuioM uHcae CKBaXKHH, PacnOJOXKEHHHX MapanifieNbHO
peKe B YA2JCHHH OT Hee Ha paccTOosiHHe Xg (MiHeHHBH psAj cKBa-
*HH, pHc. 18), ana  pacueta MOXKHO HCNOJBL30BaTh 3aBHCHMOCTD,
ﬂﬂ."{}"-.lﬂlﬂlll}’lﬂ[!ﬂ IHpH JaMecHe !}E‘EﬂbHUFD p.ﬂﬂ.ﬂ CKBaAXHH FHHEPE-EE
¢ pacxojaom Ha | M OAHHB

. Qﬂyu Q

rro
I ey —

21 2q ’

rae Qeyy — OOWMIT pacXol BceX CKBaXHH,
CKBaMHHH;, 2! — gnuwHa JwWHeidiHoro paaa
CTOSTHHE MEMJly CKBaMHHAMMH.

Ilpn atoMm B ycaoeuwax craunonapHoil  HAbTpaUHH Jds  JIH-
HeilHoro psaa GonbIIOA npoTHMeHHOCTH ([>3--5x;, y=0) nMeeM:

Q — pacxon, OAHORA
CKBa)<HH, 20— pac-

[
\y %:% npu x < X,,
! ~ Q
. v 2 | = 2;;: 0 T %2 %
e e
% -Ei"l *5:?1-—6} ~ "3'51”— (-"-‘-’n +- = In c ) MPH X = X,
pr '@ | Zkml mn nrg

(4.7)

raoe rp-— pagHyC CKBaXHHEL.

Prc. 15, CxemMa K pacyety amM-
HEAHOMD pHEAR CRRaMMH nbam-
A COBEPUIEHIOR PeKu

Ecnu nuueliHBlli pal HMeeT JJNHY, CO-
H3MEPHMYIO C pacCTosiHHEM OT PEeKH, IadA
pacueTra cACAyeT HCMoAb30BATL COOTBET-
CTBYIOLLY0 GOPMYNY Anf railepcH KOHeu-
HOll AnuHL., B 3ToM cayuac nOHHMKCHHSA

YPOBHA B pPAa3jHYHBIX TOYURK4X [MJ4cTa MO-
ryT ObITh HaifiieHBl NO cooTHOWCeHHKD [93]

=2 [ Loy f 5, — i, 9. (4.8)
2akm rop

Irae fnp— NPHBEJCHHBI pajiuyc JHHelHoro Bojposabopa (rnp==

=Y (x—x0)2+ 2+ 2); pup— TPHBEJECHHOE pACCTOSHHE JO  3ep-

KaJeHOro oTo0paXeHus paaa:

bup =V + x)*+ 2+ I,
fx, E}=—;~[2+ln

o o e o
Va+a+orV 20—y

£ SO et 1404 et 2] 9
2 BA4(l—pe o .
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3uavenns ¢yukuud f(T, §) B 3aBHCHMOCTH OT NapaMmeTpoB

X = |_":Ijﬂ, H Y= —l";—"- npusenens B Ta6n. 8. Oyunkuns f(z*, §)

Takxe onpeneasiercia no Taba. 8 [uauw no ¢opmyne (4.9)] npu

O N . )

[
TaGauna 8
Suauennn dyukipm | (x, ) u | (x*, )
v
x
0 0,5 | 0,6 | 0.8 1 1,2 | 1.5 2 | 2.5 4

0 1,0 |0,98 | 0.9 |0,88|0,65|0,42 0,28 |0,16 | 0,10 0,04
0,1 0,85|0,83|0,82|0,74 | 0,58 | 0,41 | 0,27 0,16 | 0,10 | 0,04
0,2 0,7310,71 10,69 063]0,51 |0,39]0,26]0,16 0,10 | 0,04
0,3 0,62 1060059054 )|0,45]10,36]0,25]10,15]0,10] 0,04
0,4 0,520,051 }050)046 0,401 0,33]|0,24]0,15} 0,10 | 0,04
0,5 0,451 0,44 | 0,431 0,40 | 0,351 0,30 | 0,22 { 0,14 | 0,09 | 0,04
0,6 0,3810,37)0,37]|0,34 0,31 |0,27]0,21 [ 0,14 ] 0,09 | 0,04
0,8 0,28 10,28 0,281 0,260,241 0,21 0,180,121 0,09 0,04
1 0,21y0,21(0,21(0,20{0,19|0,18) 0,15 0,11 | 0,08 | 0,04
1,2 0,171 0,17 0,16 | 0,16 | 0,151 0,14 | 0,13 | 0,10 | 0,07 | 0,04
1.5 0,12(0,12 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 0,051 0,05}0,05|0,05)]0,05|0,05]0,05|0,04]0,04]0,03
4 0,0210,02|0,02}0,02|0,02|0,02)0,02]|0,02]0,02]|0,02

[Tpy onpencneHHH NOHHAMEHHA YPOBHS B OAHON H3 CKBajXKHH
JNUHEHHOro psiia K NOHHXeHHIo no dopmyne (4.8) caepyer noba-
BHTH BEJIHUHHY

AS e o g, 0 (4.10)

Pnkm .

rae Qcyn — pacxon paccMaTpHBaeMOl CKBaXKHHBH, ¢ — INOJIOBHHA
pPacCTOAHHS OT HCCAeLyeMoil CKBaMHHE [0 COCCIHHX.

Hz npueepennbix 3aBHCHMOCTeli MOMHO BHAETb, HTO BJHAHHE
GeperoBbix Boao03abopoB orpaHHuyeHo mno naowaad. Ilpu x, y>
> (4--6)xp paccTossHHA r H p NPHUMEpPHO paBHB Mexay coboii H
MOHWACHHA }’PUBHH 3heChkE OTHOCHTeNBHO MaJbl. Takum Dﬁ'pEEDH,
obnacthk ¢uAbTpaNHH NMON3EMHBIX BOA K Bojo3abopaM B JIOJHHAX
PeK NPHMEPHO OKOHTYPHBAETCH JIHHHeH, TpOXOAsUleli Ha paccTosl-
HHH [5+5§xa ot BoposaGopa. Yem Gaume poposzabop pacmoda-
raercs K peke, TéM MEHbUIYIO NJOWAAL 3aHHMaeT BOPOHKA Aenpec-
cHH cpabaThiBaeMBIX HM TMOA3EMHBIX BOJL.
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Heonunopoauuit naact. Ha pae. 19 npeacraenena
CcXeMa BO/JOHOCHOrO TrOpPH3OHTa, COCTOSILIErD W3 ABYX 30H ¢ pas-
JHYHBEIMH 3HaYeHHSIMH BOJOMPOBOAHMOCTH, MpHYeM rpaHHia pas-
nena MexJy 30HaMHM NpHMepHO napaJjaeibha ypedy pekd. Takoe
CTpOEeHHEe BOAOHOCHOIO TMJAAcTa XapakTepHO [OJs peuHbIX JOJIHH,
BEAOYaWHUX B ceba oOBIYHO HECKONbKO reoMopdoorHyeckHx
sjeMenToB (nofima, Teppacel, BOAOpa3Ae/bHOE TJIATO).

Huibdepenunancibie ypaBHeHHs ABHKEHHA MOL3IEMHBIX BOJ B
o6eux 30Hax moryt OubTh NpeicTaB/ielH B 3TOM CJyyae B BHAE
(3.5) orHocuTennho S; M S; nouMxeHui ypoBHst B 30Hax 1 u 2 co-
OTBETCTBEHHO.

Puc. 19, CupamMia B nedaHopOaHOM
naactTe ¢ AMHHeR pa3aena 3o, napan-
Aeasnol pexe:

I, H — 306 € paiavyHol sononpoBo-
ANMOCT B0

7

Pewenne 3agauum ANs oAHHOYHON cKBa)XuHel, paloTaomed c
[OCTOSIHHLIM PacXOfOM, MOXHO 3anucats B Buje [114

__Q |L-)3=ﬂ(1i )411
Sy= g (I +R), S =5 (& +R,), @1
raoe km — cpefHee 3HAYCHHE BOAONPOBOAHMOCTH,
PO (T o ) ™
E ¥
(km),
— pacXol CKBAKHHM, Vv = —L:
P (km),
oo |
e Finfzn
- ; (4.12)
— 1 —«
== n ,'Fl_ﬂ. P A
RE z{w - "'m* ¥ 14w

fre|

r=VE—3 ¥ =V LT i— iP5
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fan =V @uL—x+x)+¢*; p=V(x+x)*+ ¢*;
Pu=V @l +x+ 2P+ 1 ; pu=V @nL—x—x)*+ 1* .

Oyukunn K; u K: npeacraensiior coGoif  NONPaBKH, Y4YHTH-
BalollHe HEOJIHOPOAHOE CTpOeHHe BOJAOHOCHOTO naacta. Crnaraemble
pagoB mas Ry v Rz nosonbHo Gbictpo yOHBalOT nMo ceoeil BejH-
YHHE H TPH MPaKTHYECKHX pacuerax MOMHO OrpaHHYHTLCH OJHHM-
ABYMs  4aeHaMmMH. BenHuyMHBl ryig, Fog, Pin H pon — PAcCTOAHHA A0
nochienopaTeNbHbiX  oToOpa)eHHit peasbHOH CKBaMHHBL OTHOCH-
TEJAbLHO TPpaHHILl paspena W ypeaa pekKH COOTBETCTBEHHO.

T TENTF
e
Puc. 20. Cknamxema » HEeogHOPOAHOM
AARCTE € MAPAMOAHIERHOR rpadned <
e e s s bEpes pene

I, Il — 3aoum ¢ pasneuncll Boaonpono-
AMMOCTER, 7

I—7 — womepa oTobpamennmx ((hwk- L f
THEHLIX) CKBAMHH - s i

Ecau npunste (km)y=0, v=oco0, 10 cootHowenHs (4.12) naiot
pelleHHe 3ajlayd B NJacTe-NOJOCE, OrPaHHYEHHOM pPeKoOiH H He-
NpoHHuaeMsM KoHTYpoM. Pynkuuio R; B 3TOM caydae aas JoOoH
TOYKH NJlacTa MOMHO HalHTH Takie no caeaywumeld dopmyne

[10, 11]:

;- O L [che - cos ( -} 4)] [ch & 4- cos (q —A)] r® (4.13)
: 2 [ch e — cos (n 4 A)] [che —cos (y — A)] o2’
raeg
__ W, e % (L — xg)
E e EL T‘ EL ¥ 'E‘_L »
a 1NpH onpefeseHHH MOHHMKEHHs YPOBHS B CKBaMHHE
Ty L 2, B (4.14)
*o

[Ipu Becoma GonblioH NPOBOAHMOCTH BOAOHOCHBIX TIOPOJ B
sone 2 ((km)z=co, v=0) 3aKOHOMepHOCTH CHHIKEeHHH YPOBHH
noAseMHEIX Bof B obGaacTH pacnonoxenus Bonosabopa TakoBHI,
Kak eciH Obl cKBa)MHa Haxoaujaach B Mexaypeupe wupHuoi L.
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Tlpu stom dynkums R, Moxer ObiTh BhpaxeHa chaeaywumm o6-
pasom (10, 11]:
ans mobol TOYKH naacTa

1 [ch2e —cos 2(y+ 1)) r?
= — | i
Ry [ch2 —cos2(n—h)]p* " (4.15)
Anst BofoaabopHOl CKBAMKIIHBI
R, 0.32L sin 24 . {4.15}

Xy

H3 npuseneHHbIX COOTHOUICHHA BWAHO, YyTO BO BCEX CJAyuasx

BJHAHHE 30HB 2 Ha NOHHMKEHME YPOBHA Ha Bojo3abopHoii ckea-
Xy

JKHHE 33aBHCHT OT napaMmeTpa Mk an 3HAYEHHAX 3TOro Ilap4d-

MeTpa —x-E~ <0,2—0,3 Bropylo 30Hy ¢ HHOHl BOAONPOBOAHMOCTbLIO,

yeM B 00JIaCTH PACTONOMKCHHA CKBaMHHB, MOXHO BooOuwe He

YUHTHIBATE B PacueTax, NPHHUMAas MJAacT OAHOPOAHBIM.
PaccmoTtpusm Tenepes cay4ail, Koraa JHHMSE pasiella  Mexay

3o0HamMH | B 2 He napanneibHa ype3y peKH, a COCTABJSET C HHM

yrod Q= —i— (n=1, 2, 3, ..) (puc. 20). Ilpousselem 3epKaNbubie

nmﬁpamenﬂu CKBa#{HHH OTHOCHTEJIbHO IpaHHIHW pasjiena H JH-

B

y P
q% i‘ / Puc. 21, CXeMA K PACYETY CERAMHHE B HEOm-
.f.ﬂ' HOPOAHOM NAACTE ¢ Kpyrosol rpannuef pas-
— r AENA I0H:
'*f’,_f“" - / I, Il —sonm ¢ pazngunofl  DORCNPOBOJA-

) =

HuH pek. B pesyasrate noayuum (2n—1) orobpaxeHHnx CKBa-
WHH B 30He 2. [lonuxeHHs YypoBHA B palloHe pacnoJoMXeHHs
CKBaXXHHbLI OMNpCedsieTcs NpH 3TOM MO-TipexkHeMy no QopMmynaM
(4.11), (4.13), B KoTOpHLIX

n—I
e Pan—1 E : i|n Pef=1 | Pan—y—si . o 4.1
ST Pan * e e Pai Pan—si * 14 @t9)

rae pi — paccrosHuA 0o oTobpaxKeHHH CKBaMHHHL.
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B yactHoctH, nipu (kRm)g—oco, v=0 u3 dopmynn (4.17) noay-
yaeTcd H3BecTHoe pewenne M. M. 'uabiboBa Ana naacra-yraa, or-
PaHHYEHHOrO COBCPIICHHEIMH BOAoTOKaMH. Eciu ke npuuaTh
(km)e=0, v=00, T0 cooTnHoweHne (4.17) Oyper coOOTBETCTBO=
BaTk CAY4Yal MAACTa-yrila ¢ pasHOPOOHBIMH TpaHHUaMH: 0OJHa
SBJISIETCH YPE30M PEKH, JIpyras — HEeNnpoHHIaeMa.

BecbMa THNHuHBM jgdas Geperoshix pofozabopos sBASercs. cny-
yali, Korna 3ona |, B KOTOpo# pacnoaaraercs sofosabop, umeer
orpaHHyeHHble B maaHe pasmepol. [lonycTHM, 4To 3Ty 30HY MOXHO
npeACTaBHTL B BHJe noaykpyra paauwycom R (puc. 21). Torpa
NoHHM*eHHA YpoeHHA B 30Hax | M 2 npu pabore opHHOYHONH CKBa-
MHHB MOXHO HaiiTh no dbopmynam (4.13), B KOTOpBLIX

L vl o (12— R (A*— RY) - p*R®
2 14w  (I2—RY)(A*—R?) 4 rR?
R,=0.

3neck A — paccTofHHE OT TOYKH A0 UEHTpa Kpyra paanycom K;
[ -~ paccTOsiHHEe OT CKBAXKHHBI [0 UEHTpa Kpyra; r - paccTosiiHe
OT TOUKH [0 CKBaxHHBI, p — TO e, 0 ee 3epKanbHoro orobpaixe-
HHS OTHOCHTEJLHO PEKH.

Pewenune (4.18) rakme ponyckaer o6o0meHHe wa cayda#d,
Korpa (km)g=oe0, 4yto cooTBeTCTBYCT paboTe CKBaMHH Ha «OCT-
poBE», CO BCEX CTOPOH OKpY:eHHOM peKoH, n Korpa (km)e=0,
T. €. MO OKPYXHOCTH R NMpOXOAHT HENnpOHHIAEMbIl KOHTYp.

Bee npHBegeHHble BHINIE COOTHOLIEHHS AN OJHHOYHOH CKBa=-
HHHB MO METOAY HAaNOMKEHHs TeueHHil MoryTt OblTe HCMOJIb30BaHBI
OJfl TIOCTPOEHMsi PACYeTHHIX 3aBHCHMoOCTell B cJayuae JieficTBHA
rpynnosoro sonosabopa.

M3 paccMoTpenHs pasiHYHHX CJly4Yace HeDAHOPOJHOrQ CTpoe-
HHSl BOJOHOCHOrO MNAacTa B JOJHHAX PEeK NPOCTexHBAETCH che-
aywuias o0lias 3aKOHOMEpPHOCThb. YpOBHH NOA3EMHBIX BOJ, B 30HE
pacnofoxenns soao3abopa onpeiessOTC B OCHOBHOM  BOAOLIPO-
BOJHMOCTbIO TMOPOA STOH 30Hbl, a CPe3KH YpPOBHs OT AeliCTBHH BO-
nozabopa B cocenHed 30HEe — cpeJieil BeJHYHHON BOAONPOBOAH-
MOCTH. DTO OGCTOATENBCTRO CHAEAYET YYHTHIBATH NPH CXeMaTH3a-
IHH BOAOHOCHHIX TOPH3OHTOB B 0OJiee CAOKHHX CJAyYasix CTPOECHHS
HEO[LHOPOJHOTD B IJidHe nJaacTa.

(4.18)

HEEGBEF IWEHHLIE NOBEPXHOCTHBHIE BOAOTOKH

Cxema ¢QuALTpAUHH TOA3EMHBIX BOJA K CKBa)uHe BOJH3H HeEcCO-
BeplI€HHOH peKH B OJAHOPOAHOM IO MPOHHILAEMOCTH TJacTe Mpen-
cTaBslcHa Ha pHc. 22,

[Mpu pasnuuynbix ynpomaloluux NpPeanocsIKax paccMaTpHBae-
Masi cxema HccaenoBana B paborax [10, 18, 112]. B Gomsee obuiem
BHlle 3Ta 3ajlaua MoxXeT OMTR mocTapniena chcayiouiuMm obpa-
30M.
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Pazo6rem oOnacte ¢uAbTpallHH Ha 30HH: GeperoByw, B KO-
TOpOii pacnosoxen Bojo3abop; GeperoByw Ha MNPOTHBONOJOMKHOR
110 OTHOWEHHK K Bojosalopy CTOpOHE PeKH; PYCJOBYIO,B KOTOpOH
MPOHCXOAHT HMHQHALTPALHA PpeYyHHX BOJA 4epes SKpaHHPYIOUIHA
CJ0i MOLHOCTBID iy ¥ KO3 (HUHenTOM ¢uAbTpaLHK Ry

) "'T.J ‘—'___l Tl ".-.-. -:-'r.'.'..'."
RSN = = R BRI
LA o s B
R a w = 0, " & 1 - Z G h
i ._.|.,_f. | . "
: o e RN
-' . g .l. .LJ‘-'.I ...,‘-. ....‘.l.‘ 5 :
'}*i'i:?f.l’fff:’f’f;?;fx?}rjri}}ilf;tﬁ:?;’.:"«’.n-'.i'-':r.r’:ff;’..?‘: T T T >
I-E--‘f—:n--z—-—- . S )
g
/Lff_,-—? | | ¥
o : o T
1 --r—dnlqja--:-———-—-é-— o ..,.1
il
[

Puc. 22, CxeMa K pacieTy cKBamMiu pOaMan weconepmeHnoR pexu:
1 — pycnopas 3oHa ¢eavTpamuu; 2, JF — Geperoone 30H6 QHALTRALHK

Torpa pacnpepenenHe NOHHMEHHS YPOBHA TOA3EMHBIX BOX,
B KaMJOH H3 BbiAeneHHBIX 30H NOAYHHAETCH CJAeAYWIIHM ypas-
HEeHHAM:

'S, S,
o T ay®

%5, d*5, o
1 —a®S, =0
ﬂ_.l: + ay 1 ¥

=0 (=29,
(4.19)

rjie o — INOKa3aTe/ib HECOBEPLIEHCTBA PEeKH, paBHLIA
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(4.20)

3aeck km — BeNHYHHA BOAONPOBOAMMOCTH NJACTA.

CucTemMa TpaHHYHBIX YCAOBHIl AAfA pellieHHA ypaeHeHuit (4.19)
B cjyuae, eclH Bojao3abop npeacTtaBleH ONHHOYHON CKBAXHHOK €
nebuToM Q, caepylouas:

X, y++ oo; S5;,=0

X =0 '51 — Sz; aSI o ﬂ;g:
dx vx
as s, ¢ (4.21)
» ’ dx dx
lim r L O Y
rerg—=0  Or 2nkm

rpe b — nonoBHHa WHPHHBEI PeKH; r— paccTOsiHHe OT paccMar-
pHBAEMOH TOYKH [0 CKBaMXHHH, r—f{x-xu}“+y=;

Q — pacxon CKBaMHHHIL.
Metosom MHTErpajipheix Tpeobpa3oBanHii  MOXKHO - NOJNYUHTE

cieaylouiee pelieHHe AN NOHWKEHHi yposHs B OeperoBux 30-
Hax:

S, = ﬁ(ln_‘f‘q- R):
S3= R,

(4.22)

2nkm

rje refipaBiuyecKHe coONpOTHBIAEHHs R) H R onpenenfwTca TakK:
Ri=1I1+41;

Ry=1,—1, )
B cBo1o ouepensn, wuterpans Iy u fo paBhu:
J __:? e_}" Ccos {U}] da
* ¢ oyl ity 1)
(4.24)

*9 cos (o) do,

I, =
j a+pfa==+lnth{bv"u'¢}

roe ¥=a(x*+x0); b=ab; y=wy; ¥¥ — paccTofinHe oT ype3a peKH
A0 Hccleayemoll TOYKH: A48 30HH 2 xF=x, anq sonn 3 (x*=
= —Xx—2b).

HGHH}KEHHH YPOBHH MNOIN3EMHBIX BOI B 30HE pacnoJyioeHHA
sopo3abopa onpepenstiores asymsi  QyHkumsmu. Ilepsmii  unen
B paseHciBe (4.22) Bupamaer ruapasiHYecKoe CONpOTHBIEHHe NPR:
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YCAOBHH, YTO PeKa HMEeT COBEPIUCHHYIO THAPABJHYECKYID CBH3bL C
BOAOHOCHHM TOpH3oHTOM. @yukuuamu RK; u R, ouenuBawTtcs Jo-
NOJHHTENbLHBIE MOTEpPH Hamnopa 3a cuer (PHABLTPAIIHOHHOrQ HeCo-
BeplleHcTBa pekH. ITH (QYHKIHH HMEIT MaKCHMAadbHYW  BeJjH-
YHHY B Touke Y, x*=0, T. €. Ha ype3e peKH B CTBOpe, IpoOXoaA-
meM 4epesd ckpaxmiy, C ypaneHHeMm ot 3T10H TOYKH B Hanpasne-
HHH, NEpPHeHAHKYJAAPHOM peKe W BAOJb Hee, AOMOJHHTE/NbHBIE CO-
NpOTHB/AEHHA yMenblialoTcd. Takum obpa3oM, o6nacTh, B KOTO-
poii MpaKTHYeCKH CKa3biBaerci HCCOBEPLIEHCTED PeKH, OrpaHHYeH-
Ha. 3a npegenaMu 3Toll ob6JacTH TMOHHIKEHHH YPOBHH MOMNHO
paccuHTHIBATH 0e3 yueTa HecOBEpIIEHCTBAa pycia pPeKH.

YucaeHnsle 3HayeHHs wWHTerpajos [, W [; jaHel B NpHAOK. 3.

[Tpu BecbMa GOJbLION LWIKMPHHE PEKH HJH NMPH PaCcCNofOMeHHH
CKBa)<MHB BOJH3H BOJAOXPAHH/MILA, O3€pa WJIH APYroro BoAoema
SHAYHTENLHON NPOTHHMENHOCTH MOXHO NpHHATL b=oco. Toraa I,=
=Iy=1I; unrerpan I, obo0uieHHO XapakTepH3ylOuHit conpoTHBie-
HHE JIOXa PEKH H NoapycJoBoil 3oubl, A5 auknd y=0, npoxons-
IeH HOpManbHO K Yypesy 4Yepe3 cKBamHHY, MOmeT ObiThb BHpaeh
cnegyroluM obpasom:

e AR ACES

& —

o= (4.25)
rae Iy w Yy — coorsercrsenno ¢ynkumn Crpyse n Heiimana (Tao-
JIHILBL 5THX QYHKUHK cM., Hanpumep, B Kuure [136]).

Pacuerw no dopmyne (4.25) nokasweaioT, yto ¢ oumubKOA, He
npessiatouieit 2—3%, wWHpHHY pekH MOXHO NPHHHMAThb NPaKTH-
yeckH DeckonewHolt yxe npH b=1. CnenopartenbHo, aKTHBHag 30Ha
peKH bDair, H3 KOTOpOI MPOMCXOAHT OCHOBHOE MOCTYMNJE€HHe ped-
HHX BOO B NAacrt [pH OTKAYKEe H3 CKBaXHHH, MOMET ﬁ-h[Th one-
Hena chaelywiHM obpazoM:

I kmn:-
E}IHT e V. i ;
o Ry

Otciofa BHAHO, YTO HHQHILTPAUMSA TNOBEPXHOCTHON BOAL M3
CHIBHOKOABMaTHpoBaHHHX pek (a=~0,01—0,001) ocywecrsasercs
yepes BCK NJoMaab pycaa, a K3 caabDoOKoAbMaTHpPOBAHHBIX
(e=0,1—1) — B npepenax neboablol Nosocu BOJH3KH ype3a peKH.

Ilpn otnocHTenbHo Gonbluux 3anadyeHuax x*, x*4+xp>b (ut0o B
GONbUIHHCTBE CAy4aeB BHIOJHACTCS NMPH paccCMOTPEHHH 30HBI, TpPH-
jgerawuled K sonosabopy) HuHTerpanaw [; u [; ¢ NOrpeulHOCTLIO HE
Goaee 10—15% wMoryT OHThL BHpaMmeHH CcAeaylomuM obpa3oM:

@ M gx0

ho=| i ol u T B (4.26)
; o041 .

rpe
Ay=thb: A, =cthD.
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IMpu stom pemenne (4.22) coenagaer ¢ pe3yabTaTaMH Hecne-
NOBAHHA paccMaTpHBaeMoOl 3ajayM, noJaydeHHHMH B padorax
[10, 18] npu npeanocHike o JAuHelinoM Xapakrepe (QHIbTpalHH
NOA3EMHHIX BOA PYCJOM KOJALMaTHpOBaHHOM pekH. Takum obpa-
30M, YKasaHHas MpeaAnocHJ/iKa, ynpolmaiouas TnpakTHYeckHe pac-
geTh, MOXeT ObiTh WHPOKO HCMoOJb30BaKA. Tabauylble 3HAYEHHH
uuterpanos [y, » nauw 8 pabGorax [10, 18]. IlpuGamxenusie 3na-
YeHHs ITHX MHTErpajiod MoXKHO HaNTH TaKXe Mo cAeaywiiuM ¢op-
Mmysam (omubka e Gonee 15—20%):

ha ---{_ MBEL (— b %) npi | 7] < %,

— 008 (1 .24) ci (M .24) — sin (A1 o) si (M1,24) npu | g| > X,
(4.27)

rne —Ei(—AX) — unTerpansHas mnokasareabHas QyHkuus (cm.
npuaox. 1); ci(hy) #u  si(Ly) — COOTBETCTBCHHO HHTErpalbHHMA
KOCHHYC H HHTerpaabHbiii cuuyc [136].

B npaktHke rufporcosiorHYyeckHx pacueTos MNOAyYyMJ  pac-
NMpoOCTpaHCHHe TakK HasbBaeMBIi MeTon ANOMOJNHHTENBHOID CJIOA.

pH MPOrHO3e NpPOH3BOAHTENBHOCTH BOA03aDOpPOB 3THM METONOM

HecoBepulcHHAd B (HABTPALHOHHOM OTHOLIEHHH peKa 3aMEHHCTCH
COBEpUIEHHOH, CABHHYTOH OTHOCHTENBHO MeHCTBHTEALHOMO NOJIO-
Meuus Ha BeauwunHy AL. Jlanee pacuers IpoOH3BOAHTEJILHOCTH BO-
J.I;U'Baflﬂp[}ﬂ H NOHHACHHNA YPOEHA B pa3JHUHBIX TOYEAX NMAacTa npo-
BOAATCA MO (OpMy.aM, cNDABENJHBHIM /i COBEpPIUEHHOH  peKH,
B KOTOpPHIX BMecTO KOOpDAHHAT X M Xp BBOASTCH HOBHE pacCTOAHHA
x+AL u Iﬂ'l"ﬁa':-.

Takoit npueMm aHanorHyeH pacyery TNOHHKKEHHA YpOBHeiH MO
dopmyne (4.22), B KoTOpoit

| (x 4 xp - 2AL)% | 4°
~ o= 1
e 2 (x —xg)% 4 42

ConocrasfieHHe YHCNEHHBX pacyeToB no crporoit (4.22) W npu-
GauxenHoit (4.28) dopmynam nokassiBaet, 4YTo, eCJH [PHHATH

AL = % (4.29)

4

: (4.28)

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

T. €. NMpH OTHOCHTENLHO HEBHICOKOH CTENneHH (PHIALTpallHOHHOTO He-
cOBeplLIeHCTBA peKH, olIHOKa Nno MeToAy JONOJIHHTEJNBHOro CJOH
ne npesbicut 10—15%.

Cneapyer, npaBaa, YYHTEIBATH, 4YTQ YKazaHHble MOrpelHoCTH
OTHOCATCA TOMBKO K BEJNHUYHHE CONpPOTHBMEHHs,, 0O0yCAOBNEHHOrO
HEeCOBEPLUEHCTBOM peKH; Ha obieM conpoOTHBIEeHHH BOJ03a0bopa 3TO
CKaXeTCs B MEHbILEeH CTENEeHH.
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INpusegenHple BHILE pelIcHHN JJs OAHHOYHOH CKBaKHHBI
MOMHO MPHMEHATL NpH pacdere n0OHM o00pazom pacnONOHeHHBIX
B3aHMOAEfICTBYIOIHX CKBAKHH.

B stom cayuae

Seym = i}] S, (4.31)

rie Scyw — OOLlee NOHHIKEHHEe ypPOBHS 3a cyeT paboThl n CKBaXKHH;
S; — noHuxenHe, o6ycaosienHoe JeHCTBHEM (-TOH  CKBaXHHBEL

(i=1, 2,3, .., n).
BOJO3ABOPH B YIAJIEHHH OT PEK

Bopopaznennhsle BON03a0OpH  XapaKTepH3YIOTCA OTCYTCTBHEM
rHAPaBJHYECKOH CBA3H C MNOBEPXHOCTHBIMH BOAOTOKAMH. OCHOBHEI-
MH HCTOYHHKaMH NHTAHHH Eﬂﬂﬁaﬂﬁﬂpﬂﬂ Ha BOAOpa3neJbHBIX MpO-
CTPAHCTBaX MOrYT CJYXHTL: IPABHTAUHOHHAE H yNpyras BOAOOT-
JAaya BOAOHOCHHIX TIOPOJ; TNepeTeKaHHe NMOA3EMHHIX BOJ H3 COCe.-
HHX BOJOHOCHBIX FOPH30HTOB; MHQHALTpauusi aTMochepHIX ocam-
KOB.
Ilpu nefictBHM BOpopasienbHBIX BOAo3abopos wacto obpa3ay-
loTcA 0OLHpPHBe BOPOHKH JIENPECCHH H BeCchbMa NpPOAOKHTENbLHOE
BpeMS HMEET MECTO HeyCTaHOBHBUIAAcA (HALTPALHA TOA3CMHBIX
BOJL.

OpHopoaHLIe NJAACTH

dopMmyna ans pacueta CKBamKHHBI ¢ NOCTOSIHHBIM peGuToM B yaa-
JIeHHH OT PeKH HMeeT BHJ

S == —— Q 1 —— 2 == .fi o
4otk Sl & 4at ’ (a3

rne S=H¢—H — nounxenne yposus (Hy m H — neponauans-
HH M TeKYLIHH ypoBeHb cooTBeTcTBenHo);  — nebutr oTKaukm;
km — BoponpoBofiMMOCTL  IJacTa; @ — KO3(QQHUHEHT Nbe3onpo-
BOAHOCTH;, I — PACCTOsIHHE N0 CKBaXKHHH; {— Bpemd; Ei(—a) —
HHTErpajibHafa nokalartenbHas QyHKUMs. UYUHCHeHHBE  3HaveHns

ee NpHBeJcHB B NpHaoK. 1.
[1lpn a<0,1 unTerpansuas nokazateisHas QyHKIHA ¢ HeoGXo-

AHMOH NMPaKTHYeCKOH TOYHOCTBID TIPEACTABASETCH B BHAE Jora-
pupma, uw Torna gopmyna (4.32) npuoGperaer BHA

Sna o g S (4.33)

dstkm A "

[lpu onpepeneHHH NOHHIKEHHA YPOBHA B CKBaxHue B (opmy-
aax (4.32) m (4.33) npHHuMaeTcs r=rg, Tae ro-— pagHyc CKBa-
HHH.
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Ina rpynnu mobeiM 00pazoM pacnoiOXeHHbIX  B3aWMOJencT-
BYIOLIHX CKBAaXHH Ha OCHOBE METOMa HaNOMeHHs (PHABTPalHOHHHX
TeUeHHI NONyYaeM CAeAYIOUIY pacueTHyK 3aBHCHMOCTh:

. n - n Q ‘ ____ft_
. ZSE_ e E:( o ) (4.34)

rpe 8 — cyMMapHoe NOHHIKEHHe YPOBHA B JaHHON TOYKe mOMN
BJAHAHHEM R B3auMOJEiCTBYIOIMX CKBamHH, Q;— pacxoan cKBa-
¥HH (i=1, 2, ., n), ri— paccTodHHs OT pPacyYeTHOHl TOYKH M0
CKBa¥HH.

Ha npaktike neGuT cKBaXMHH MOMET H3IMEHATHCH, YTO CBA32HO C
PasNHYHBIMH NPHYHHAMH, HanpHMep c HX NepHOAHYECKOH ocTa-
HOBKOM H BKJIOYEHHEM, 3aMeHOH HacocHOro o0OpyaOBaHHA, TOCTE-
NeHHbIM H3MEHeHHeM TNpOHHUAaeMoCcTH (HAbTpa M NpH3ab0AHOM
30HHI.

Ha puc. 23 npusegensl rpadmku Q(f) npu pasjHuHBHX pexHMax
paboTel ckBauH. Pacuer npuTOKa BOAH VIS BCeX YKa3aHHLIX
chiyqaeB npHeoautca Hixe [10].

¥
N L ¥st<t, oy

|

et

Puc. 23, TpadWed HAMEHENHA K-
GHTA CEDAMMH:

I, 11, Il — wosmepa cXes

CkaykooOpasHoe H3MeHeHHe pebGHTa (cxema I).
B s10M canyyae nonHkenuwe ypoBHsi S onpefensercd NyTeM Hero-
‘CPEACTBEHHOIO HAJOMKEHHA BO3MYLUEHHIl, BH3BaHHBIX KaKIOH CTy-
nenblo ckaukooOpa3Horo HaMeHeHus jebHra:

e
S=_"_R, (4.35)



R =— ﬁ B.Ei [— — U’E_ m ] (4.36)

=l

o A (4.37)
Qr
roe Q;— MakcuMaabHBil HAH BooOMlE HKCHPOBAHHHI  pacxoi
CKBAXKHHBl B TEUYCHHE BCEro nepHofa OTKauku; Q; — pacxoa B HH-
Tepeane Bpemenu i (i=1, 2, .., n; n— KOJHYECTBO HHTEpPBAJIOB
H3MEHCHHS pacxona).

Bax{HO OTMCTHTB, YTO NpH BbIUHCJAEHHH Ge3pasMepHOro rHa-
papjJHyecKoro conpotHBiAcHHA Ry no dopmyaam  (4.35)—(4.37)
JJIS KamJA0H CTYNeHH H3McHeHHA fAeGHTa NPHHHMAETCH M0JHOe
Bpema .Af ={—1;, T.e. TaK e, KaK ecad Oh B JanbHeiilueM OT MoO-
MeHT2 BpeMeHH f;—; o MOMeHTa Bpemenu [ npupocr aebuta AQ=
= Q;—Q;—1 coxpannacs mnocToAHHHM,. MHuaue roBops, RBJAHAHHE
cKaukooOpasHHX H3MeHeHHN Ae0OHTa MOXHO paccMaTpHBaTh H30-
JHPOBaHHO KaK BJAHAHHE CKBaxHHB ¢ pacxogom AQ. Cymmapuoe
MOHHKEHHE BHIPA3HTCHA CYMMOH TNOHHMCHHA, BH3BAaHHBIX BCCMH
cKaukaMHu febuTa.

JInneiinoe H3MeHeunHe pacxonpa (cxema II).

Jns paunoro cayyas pacueman (opMyaia HMeeT BH:

S=—b Fi(—a+ LR,

4nkm
R, =—(1+ o) Ei(—a) — E--c:' (4.38)

rne Qo — HEKOTOPHIA HayanbHBIf PAcXO] CKBaXHH B MOMCHT Bpe-
MeHn (=0; Qp— MakcHManbHHA pacxol K Kouuy nepuoga T.
[Ipn sHaunTenbHOl NPOAOMKHTEALHOCTH OTKAuUKH, Korfla a<<l:

R,=In Ui8oat (4.39)

e
Ecan noHMMcHHe YPOBH: ONpelesscTess B CaMoil CKBaXHHe HJH
B TOYKAX, pacnoJOXKCHHBIX OT Hee Ha HeGoAbIIOM pacCTOAHHH,
¢opmyna (4.39) npuMeHHMa NpakTHUYECKH AJA BCCro nepHopa of-
KayKH.

Hsmenenne pacxopna no napaboaHueckoi 3a-
BHcHuMocTH (cxema III). B nannoMm cayuae pacuernaa dopmy-

Jad HMeeT BHI

— e o)y G — Q)

dnkm 4ntkmT? B

(4,40)
Ry = —-(1 + 2 + )E; (—c) -——{3+a}e—a

0,51al
.rt -

[Ipp a€l Ry—1In



Takum oOpasoMm, no cpoeil cTpyKType ¢OpMYyan ANA pacuera
CKBazHH ¢ NOCTOAHHEM aeOHTOM H AeGHTOM, M3MCHAIOUWMMCS MO
JuHeliHoMy H mnapaGonHuecKoMy 3aKOHaM, aHANOrHYHe. Pasjanune
3aKJKuYaercs TOAbKO B 3HauYeHHn Ko3(¢HUHEeHTa noj 3HaKoM Jora-
pudma AJAH ONpefeneHHs THAPaBAHYECKOro CONPOTHBAEHHA.

CKBayHHa ¢ NOCTOSHHBIM MNOHHMXEHHEM YpoOB-
H#A. YCJAOBHE MOCTOAHCTBA HANoOpa HJAH NOHHXMCHHA YPOBHSH BEI-
nepxusaercd B (POHTAHHPYIOLIHX CKBaxuHax (HJH CKBaXHHaX,
sKcnayaTHpyemux mnpu  camousznuse). I[lpn  ueycranosusiuemes
NBHXKEHHH B 3TOM cayyae AeOHT CKBaXKHHbI € TCYCHHEM BPEMECHH
YMEHBLLIAeTCH.

[Tonnskenne ypoeus B n1060fi TOuKe nMiacta MomeT OHITH Bbl-
YHCJICHO NO YpaBHEHHIO

S =S,R,, (4.41)
1ie Sp— MOHHXKEeHHe YPOBHA Ha CKBaHHe,

[Ipy AnHTENBHEIX OTK@4yKax, KOrfia —5':— >500, ruapasanycckoe

0
CONpOTHBJcHHe Ry BHpaxaercs TakuM o0Opasom:

___ _Ei(—9
= i 2,25af (4.42)

%

O6man dopmyna gns onpepenenns pebnrta NpH 3a0aHHOM MO-
HHZKEHHH YPOBHA B CKBaXXHHE HMEET BHJL

Q= 4:rtkmSuG(a;—")_ (4.43)

al
Bckope nocne Hauasa OTKaukH, Koraa —r?lblﬂﬂ. dbyukuua G

0,
MOMKeT OBTH NpEACTARIEHa B BHAE

G (-‘EL) TR S (4.44)

2,25at

In —=—
0

[TonpoGubie TabanuUB IHApaBJHYCCKHX conpoTHBicHHl Ry u G
nveiores B pabote [10). Mamenenne pacxofia Bo BpeMeHH NpH OT-
KauyKe ¢ MOCTOSSHHHEIM YPOBHCM TPOHCXOAHT B ofmieM ¢ Toil e 3a-
KOHOMEPHOCTBIO, YTO H HM3MCHEHHe YPOBHS NPH OTKAayKe € MOCTO-
SHHBIM 1eOHTOM.

Coornomenne (4.41) npu ANUTENbHBIX OTKAYKAX MOMHO Npef-
CTZBHTb B BHJIC

__ Q0 g P
§=—-ta Ei( M ) (4.45)

rae Q(f) — pacxon CKBaXXHMHH, H3MeHAKWWHICE no GQopmydae
(4.43).
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Ha ocuoeanuy 3apHciMoctH (4.45) MOM¥HO CUMTATH, 4TO BJHSA-
HHE CKBaMUHB, AEHCTBYIOLlel NpH NOCTOAHHOM MOHHIKCHHH YpOB-
H, PaBHOCHJBHO BJHAHHIO CKBaXHHL C pacXoioM, H3MCHS0-
UIHMCH BO BpeMeHH.

HeopHopoaHeie B MJaHe NJAacThl

B npeagenax o6aacth BAHRHHA BOA03A00OPHOrO COOPYMKEeHHA OOBIYHO
BBIACAATCA HECKO/NBLKO 30H € CYUICCTBCHHO pasnNH4YHbBIMH  (HIb-
TPAUHOHHBIMI MOKa3aTeJsMH, rjaBHbIM 00pasoM ¢ pasiHYyHOH Be-
JHYHHOH BOJIONPOBO/IH-
MOCTH Mnacta, KOTOpas
NOJBEpHKCHA ropasao
DONBUIKM H3MEHCHHAM,
qHem  KO3(@HUHEHT nbeso-
NPOBOAHOCTH.

BonoHocHH#i naacr,
COCTOAMWMHHA H3 IBYX
B30H € NMPpAMOJHHEI-
HOM rpanHUedi pas-
nena. Ilyctp B naacre,
HMewleM B njaHe Oec-
KOHeYHHle pasMepH, BH-
AeNs0TCA ABE 30HH ¢
pas/HuHBIMH ~ 3HAYEHHAMH
BOONPOBOAHUMOCTH H mNbe-

I‘H:;WE:. CxemMa K pacuery cuu.aamnu B HEOIHO- EGHPEBU.ELHUETH {pHE. 24] :
n =

::“ mn::an: € NpAMOoAHHERNOR rpanMueR pas EHBE:'HHHE pacrosiaraercs
I, Il —3ous ¢ pasawunoii sogonposogumoctsss HA PACCTOHHHH Xy OT rpa-
il i HHUB pasficna u pabortaer

C NOCTOAHHHIM aeGuToM Q.
B pesynbrate peuweHusi nollyualortcs caeayiouiie  (GopMynl
JAAA onpeefieHHs NOHHXKEHHA YPOBHA B pAasNHUHBIX  30H3X nJaa-

eta [65]:
i~ e B G < A
(4.46)

2
L -mgm [—Ei(-— - )+ i ﬁ],
ad (km),
THe S — NoHHXEeHHe YPOBHA B 30He |, Ifle Pacnoiaraercsi CKBa-
KHHE; Sy — MOHWKEHHe YPOBHS B coceaHeli some; (km), u a; —
BC/IHYHHA BOJAOMPOBOJHMOCTH H KO3((QHIUHEHT MbLE3ONPOBOLHOCTH

pe
da,t

30HW 1; (RM)2 W Gz — TO e, 30HL 2; :::;‘; km =
(km), 4 (km), | :
2_ 1



r=Y (x—xp)2+y* — paccrosiHHe OT HccleayeMmMoH TOYKH JI0 CKBa-
JKHHBI; p— paccTOsiHHe OT HcclenyeMmoil TOYKH [0 3epKalbHOro
oTo0paKeHHA pealbHOH CKBZXKHHBL OTHOCHTEILHO TCpaHHUL pas-
nena.

Gyukuns A foctatoudo nogpobHo Tabyaupoeana B palore
[45]. Tlpm HeOoNBIIHX MepHoAaX JEHCTBHA CKBAaXHHEL

e < l) ee MOIKHO Mnpe 65
NCTABHTH B BHJLE
([1+Iq}“+y‘ P [6E)

Am— 2 I"Vrﬁﬂ(——f—); 0=.0 (4.47)
14w l_l__'r"ﬂ 4a,t Qs

at
Ilpu Goablunx 3HaAYeHHAX BpEMEHH( 3 > 50 + IU{I)
(x -+ x0)® + o
GyHKUHA A NpHHHMaer MNpakKTHYECKH MOCTOAHHBIE 3Ha4YeHHA A=
=A.., npencrapjenHble B TabJ. 9.

Ta6nuua9
Snavenns Qyskupn A,

A, MPH V) PABHOM

a

0,01 0,03 0.1 | 0,3 | 3 10 30 ‘ 100
10—3 0,12 0,30 0,65 | 0,99 | 0,98 B,ED 0,24 | 0,09 | 0,03
ll.':lf—"E 0,09 0,23 0,56 | 0,92 0,94 58 10,2310,09 ) 0,03
101 0,04 0,12 0,34 | 0,64 |0,73| 0,48 | 0,20 | 0,07 | 0,02
10 0,05 0,13 0,39 091 |1,63| 1,42 0,75 0,31 0,10
102 0,09 0,26 0,79 11,903,566 3,9|2,656] 1,27 ] 0,45
10% 0,13 0,37 1,15 2,84 | 5,60 | 6,98 | 5,77 | 3,46 | 1,45

NMpuMmesaunne. [Tpn 8<1 A_>0; npu B=1 A_=0; npa 0=1 A,<0.

Ha aeyx nokaazatenei, onpeleisAioulHx HEOJHOPOAHOe CTPOEHHE
naacra (v u 0), HauOonbllee 3HayCHHE HMEeT mapamerp v, Yuil-
THIBAIOUINA Pas3HyYNe B BCAHYHHAX BOAONPOBOJAHMOCTH OT/AEBHBIX
30H BOAOHOCHOro ropusoHTa. Tak, HanpuMmep, €cjiH BOJAONPOBOJH-
MOCTh MOPOJA B 30He 2 pdBHAE HYJIO, T. €. v=00, TO NMOHHXEHHA
YPOBHA B 30HC pAacnoNOMKeHHA CKBaXHHH, KaK 3TO BHAHO H3
(4.46), Takue e, KaK B MNOJyOrpaHHuYCHHOM mNJAacTe ¢ HCMPOHH-
naemoii rpanuned. HaoGopor, npn secbma OoablIoH — nponHuae-
MOCTH nopod B 30He 2 (v=0) rpannua pasjcna NposasBiAeTCH, KK
peKa ¢ MOCTOAHHBIM YPOBHEM.

Menbllice BAHAHHE Ha MOHHXKEHHE YPOBHA HMeeT napametp 6.
W3 npupejcHHOl TabAHUHE BHAHO, YTO TNpH PealbHBIX COOTHOLIC-
HHSX NapaMeTpoB QYHKUHA A, B KOTOPYKW BXOAMT Napamerp B u
KOTOpas, CJAENOBaTEeNbHO, OTPaxact eMKOCTHYK  HCOAHOPOAHOCThL
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naacra, no ceoef abconOTHOR BeanunHe (GOABUICH YACTHID He npes
puitraer 1. JIHuwie npn HeOonblUHX pasnHYMAX BeNHYHH  BOJAONPO-
BOJIHMOCTH OT/eNbHHX 30H nuacrta (v=0,3=-3) H npu cyuecrseHHo
MeHpLIeM 3HadeHnH Kos(pdHUMeHTa Nbe30NPOBOMHOCTH B 30He 2
(0=10°=10%) pennunua A~ nmoctHract GoabliHX BeNHUHH (A.=
=2-+6). Takne CcOOTHOLICHHA NapaMCTpOER HMCKOT MeCio, HanpH-
mep, npn paborte Bnﬂnaaﬁnpa B HanopHo-Ge3HanopHoM naacre.

,..r{f Puc. 25. Cxema K pacuery JAMHCANOrG pHAa
/ CREAMIH B HEOAHDPOAHOM NARCTE C NpEMOAH=
/ HeRHDR rpavuduell pasgeaa:

f i,_ o

Fo =30 ¢ pazamynoll  BoAOnpoBOIH=
MOCTEIO W DLEIONPOBOIHOCTRID

L

Gopmyas (4.46) ne MeToly HaNOKEHHS TeYCHHI NO3BOASIOT
TaKe pacCuHTaTh rPyNNoBoil BOA03a00p, COCTONLUIHH H3 NPOH3-
BOJILHOIQ KONHYECTBA CKBAXHH.

[Ipn sakoHoMepHOM pacnoNoxeHHH BOH03abOpHHX CKBaXHH B
BHIE BCCHbM@ MNPOTAMEHHOro JNHHEHHOro psAna, OPHECHTHPOBAHHOIO
napajnensbHo rpannie passena (puc. 25), aas pacuera Moryt OHTb
HCI0JIL30BaHB TAKXKe clelyolHe tbupuynu [10]:

. | x — XX \.
= {kmh Vat (terf-:: _-—EF = — Ajerfc —=2- 2y o ). (4.48)
o g e . . IE . X '_"xl'l-_r
T em), Vot @—4) lEﬂc( 2Vad 2y ad ) e
rae q — pacxos BonosaGopa Ha 1 M ero LIHHBI,
Ao X9,
) +1a

3uxavennsn QyHKUHM ieric npHBeJeHH B NPHAOK. 2.

CxeMa Ha pHC. 25 cOOTBeTCTBYeT JHHCHHOA onHOMepHOil (HIL-
TpalUHH NOA3eMHBIX BOA K BOA03a6OpPy B HEOJHOPOJAHOM MJjacTe.
Hz dopmyam (4.48) Buaxo, uTOo B'9TOM Cly4yae NapaMerpu HCO-
HOPOAHOCTH NJacTa CyMMapHO YWYHTHIBAIOTCH € MOMOWBIO KO-
(puunenTa A.
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BopoHocHH naacT, cCOCTOSMHA W3 LABYX 30H
¢ Kpyrosod rpaunuvueii pasgeaa. [lyerb B nnacre Gec-
KOHEYHO GOoABION NpOTAMKEHHOCTH BHAeAseTcA 30Ha | ¢ nmapamer-
pami (km); W ay, Kotopaa MoXeT OHTL NpeAcTaBleHa B BHJC
Kpyra paauyca R (puc. 26). Ocranbhas uacth nnacra (3oHa 2)

Puc. 3. Cxema K pacweTy CEBIEHHE B
HEORHOPOAHOM NAACTE © KPYrobod rpapM-
ued pasgena aom:

I, [l —3onm ¢ pasnwunuMi  $uavTpa-
HHOHHWMMHE NapaMeTpaMu

A

nuMmeetT BojonpoBoauMoctb (km)s ¥ KO3(Q(QHIHEHT NbLe30NpPOBOJIHO-
CTH @z, AHanoruuHas cxema [JAfl YCAOBHH YCTaHOBHBLICHCA (HIAb-
Tpauuu paccmarpupasack B pabote [49]. Jlas HecrauHoHapHOro
ABHXCHHA MOM3EMHHY BOJ OTHOCHTEJBHO NMPOCTHE PelieHHs MOMNHO
NOAYYHTL MPH YCJAOBHH

T
rae | — paccrosHue ot BoflosaGopa Mo HeHTpa 30HW 1, T. e. A
DONBIUIHX NMPOMCKYTKOB BpeMEeHH.
VkasanHble pelleHHs AN OAMHOYHOIT CKBaXXMHH c aeGutom Q
MOHO NPeCTaBHTh B CJACAYIOUIEM BHIE:
a) npH pacnoioxeinu ckBaxuuel B 30He 1 (I<TR)

Q [ln 2, 25a,i _]-—-vx

Y7 an (km), r 1 v
e (ln 2,2bagl +vIn —Eﬂﬁ-)];
g B (4.49)
So= o [ Ei (£ )+ﬂ£i(_.i]- '
" 4nkm 4yl dait /I
6) mpH pacnosoNeHHH CKBaXHH B 30He 2 ([>R)
B E mt K 2,25a,f 7.
By = 4stkm [ El( 4111!) Pln a ]’ (4.50)

— _f mf TN b
By 4n[km],{ EI( 4a,r) I+1.r><

X[ (—5)+ 5(-£)
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rae r—— paccTosiiHEe OT paccMaTpHBacMOfi TOYKH 10 CKBaXKHHBI.
1 — —_—
A — 10 xe, o UeHTpa Kpyra R; p= R V (F—FR% (A*—R%4-r*R* —

]}HCE'I'TJHHHE oT HCEHEH}'EhIﬂﬁ TOUKH 10 DTﬂﬁPEHEHHH CKBaX¥HHH OT-
HOCHTEJIBHO OKpy#HOocTH R (MHBepCH:A);

PR ok AR () PP ) e X %
2 (km)y 2

B yacTHOM cllyuyae CKBa)KHHA MOXeT pacnojiarateC B LEHTpE

aonnl 1. Torma #3 papencte (4.49) noayuyaercs pelleHHe
B. H. llleakaucpa {132]:

. Q R 2,250, \,
Syl (Eln v = ) (4.51)
S, = —%_ In 220l

4nkmy rd

B npuBefennblx 3aBHCHMOCTAX OTCYTCTBYeT KO(QHIUHEHT mnbe-
3onposofiiocTH 30HB 1 — a,. CaepoBatenbHo, ¢ TedyeHHeM Bpe-
MCHH OMpenensioulyd pojik B AHHAMHKE CHHXXEHHA YDOBHA TNO-
3eMHBIX BOA B 00eHX 30HaX OyAyT HrpaTh EeMKOCTHble mNapaMeTpl
BHeLIHeH o6aacTH 2 BOAOHOCHOIO nJjacra. 1o oObACHAETCH TeM,
4yTO 30Ha | HUMeeT KOHeyHHle pa3Mephl, a 30Ha 2 sBaseTcs bGecko-
HEYHOH.

[Tonukenne ypoBHA Ha polosabopHOil CcKBamHHE Sp B pac-
CMaTpHBaEMOM MJIacTe MOXKHO 3aMHCaTh CACAYIOUIM 06GpasoM:

et ey IBRE (4.52)
4zt (km), Ao

rie rpgp — NPHBEACHHHIT paauyc cKBaxHHB (Fonp="rot); E— no-
lpaBKad, YUHTHBAWLlaA MOJ0MKEHHe CKBaXHHBI OTHOCHTENBHO He-
OIHOPOIHOrO BKJAOYeHHs1 (30Ha 1).

Ilpn pacnonoeHHH CKBa»HHH B yAajcHHu oT 30HH 1 Beau-
mHHa § Oyner paena 1, uto caenyer u3 (4.50) npu A=p. B stom
caydae BAHAHHE 30HH | HeBenuko. Ecin ckpamHHa HAXOAWTCA Ha
KOHTYpe R, 10, Kak caeayet u3 (4.50), npu [=R=A
v—I

E = i)"’T‘.

Fo

Sn=

Orciofa BHAHO, yTO NPHBEAEHHHI pajHyc CKBaMKHHE CylLecT-
BEHHO YBeJHYHBaeTcA 0Opu v>1, T. e, ecAH BOLONPOBOAHMOCTD
nopoa B 30He | oTHocuTeabHO Benuka. I[lpH v=oco0 E JocTHraer
MAKCHMAJABHOH BEJHYHHB

R
e
Fo
H TOrAa fonp=KR.



HaoGopor, npun  v<l, pefcTBHTeNbHLN PpaaHyC CKBaXKHHHI
ymensiuaerca. Ecan v=0, 7. e. 3002 | cnomena HenpouHaeMBIMH

NopoAaMH, §=F—J;‘E H MpHBENEHHHI pPajHyC CKBaxHHH — MHHH-

o

Ecnn ckBaXHHY pacno/lOxHTL B LEHTpe 30HH 1, TO

=1

R\ Vv
B ()
o
3neck Tak¥Ke npu v>1 npHBeleHHLIT pafHyc CKBaXKHHE MOMET

OHTH cyuecTBenHo Gollblue ACHCTEHTENLHOTO Jaxie MPH OTHOCH-
TeJALHO MaJiblXx pasMepax obyactu K.

JByXxchoiHBIH NAACT

Bl'.} MHOIHX CAYHYadAx S3SKCIAYaTHPYCMEBIEC BOOOHOCHHIC MJAACTH
MCPeKPHITH MeCuaHo-TIHHHCTHMH ocankaMmi. B Takux yconoBuax
npH AefcTBHH BOA03abopoB NpOMCXOAHT HHTEHCHBHOe NHTaHHe
BOJOHOCHBIX FOPH30HTOB BOAAaMH MOKPOBHHIX CnalonpoHHUaeMBbIX
OTJI0MeHHiT B atMochepHbBIMH OcafKaMHu.

PaccMoTpHM Xopoluo H3yYeHHYW cXeMy (HALTPALHH K CKBAXKH-
He B JIBYXCJOHHOM mnjaacTte, BepxHHH caoil Kotoporo — caaGonpo-
HHL2eMHfl ¢ KoappuunenTom QuabTpaumn kg ¥ cpeaneii MouiHo-
CTBIO fMlg — COAEPKHT MOJSEMHBEe BOAH CO cBoGOAHON nNOBEpPXHO-
€Thbi0, 8 HHMKHHH — XOpoWo TpOHHUAEMHll, Hanopkuil, ¢ Ko3hPu-
LHEeHTOM (HALTPaUHH R M MowHocThio m (puc. 27). JlBHKeHue

Purc. 27. Cxema K pacyery CKBAMHHE B Ha- i * v} * + 'irﬁ'? * 'i ’I’

MOopHOM MAACTE, COEIAHHOM © NOKPOBHBIM
MHEIHANDPHEM DOPHIOHTOM 5 4

TION3eMHBIX BOJ B TaKOH CXeMe ONHCHIBAETCH CHCTEMOH YypaBHe-
HHit (3.5).

Jlns cayvas, korga AeOHT CKBaMHH B HanopHOM ropH3OHTE Q=
=const ¥ HHQHARTPAUHOHHOE MHTAHHE BePXHE# BOAOHOCHOH TOJI-
WH egup=const (uman B yacTHOM ciaydae gmp=0), AaHHaa 3ajgava
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uceaegoeanace B paGorax [6, 10, 127]. Cornacno nmonyueHHBIM pe-
3YJABTATAM TMOHHKEHHE YPOBHSA B HHMKHEM HamnopHOM cioe S npnu
3TOM ONpejelidercs no ¢opmyde

— b
S = Q o Epngl [ . l—e ] :
4thm R pr* l b ; (4 53}

riac

e
b- _ kn s bn. i '_-‘_'71]_ l !lli = !.l __!_. Fl-: 1 = ji
mgh* my W p*

|t H p* — BOLOOTAAYE BEPXHEro H HHMKHCrO CJOeB.
Gdyukuus R npu % >3 wmm bt>3+5 e B=

k
— ]/E’_“.ﬂn_ b= m:F »  CTAaHOBHTCH MPaKTHYCCKH paBHOM (pac-

kq
xoxachua He Oosee 5—7% ) nurerpaanHoil nmokasatenbHoit (yHK-
i, KOTOpoil onncwBaerca (uabTpalus K CKBaXXHHe B H30JHPO-
BaHHOM mJacte, T. €. NMPH YKa3aHHHX 3Ha4YeHHAX NapaMeTpos

, rk
m~ —Ei [ ————), 4,
R ( 4;::“!) { 54}
km
Onxako 3nech a**= -:;i_ (BMecTO @*= ——-— B H30JHDOBaH-
B

nom naacre). ITockonbKy BOAOOTAaYa NMOKPOBHOH TOAUH OOHYHO
ropasfio Gonblile ynpyroi BOAOOTAAuYH HanopHoro mnacra (u=p*),
Koa(duuuenT nbesonpopoaHoctn a**<a* M COOTBETCTBEHHO YpO-
BeHb JIpH OTKauKe B [polecce IKCI/yaTauun Bojo3abopa B JABYX-
CNIOHHOM MAACTe MOHHXKaeTcda MeHee HHTeHCHBHO, YeM B H30/IHPOBAH-
HOM rOpH30HTE.

[ToppoGuute TabaHULL CHAPABJHYECKOr0 CONPOTHBAECHHA R B
(opmyne (4.53), BKJAOYaOLIMe 3HAYEHHS 3TOH (YHKUHH NpH Ma-
JHX 3HaYeHHAX BPeMeHH, npHeeleHH B pabote [93).

[Mpubaumxennan ¢popmyna ans onpeieseHHs NOHHMEHHA YPOBHHA
B BCpXHeM Ge3HanopHOM miacte Sp Mo HCTEYCHHH BpPCMCHH, Onpe-
neaseMoro sHauennem GeapasmepHoro napamerpa bi>3--5, npen-
CTaBJAAETCHA B BHJC

SO ) I
— R [1 ~ (:u) (1—e b))  (4.55)

Takum oOpasom, NMpH AJAHTENBHHEX [CPHOAAX (PHABTPaLHH pac-
yeTH MOHMMKEHHH ypoBHs B 06GoHX nmaactax — Hamnophom (sKcmiya-
THPYEMOM, B KOTOPOM PacnojiodeHsl Bojo3abopHble CKBaMHHH)
H MOKPOBHOM OGe3HanopHoM (NMHTAIONIEM) — MOXKHO NPOH3BOJHTL
no Tem xe (dopmynaMm, ytTo M B OJIHOCAOMHBIX NAaCTaX, HO € y4e-
TOM CyMMmapHoil BogOOTAauH p*%.

88



O6beM Boawl, NpHBJAeKaemoit Boa03aGopoM H3 BepxHero nJja-
cTa B mpefgenax KOHTYpa pamHycom ri (npu gmp=0), onpeaens-
eres no opmyane

FQE | e .

Vo= [a (1—e }—EI{——::}], (4.56)
. -

rae o= TR

3a 370 BpeMs M Ha TOH JKe NJOLIaJAH H3 HHIKHEro fuUiacra 3a
CYCT YNPYrHx 3anacos npH nocrosHHoM JAeGute Q Oyner noay-
YCHO!

1"’“ == Q!*Vﬂ-

CooTrHollenue coctaBasonmux obpema (NpH rg—=00) NPONOPUHO-
HaJbHO COOTHOLIEHHK BEeJHYHH BONOOTOa4H

G (4.57)

[Tpu GonbuiHx 3HaueHHAX BpeMeHH (f—-c0) H (PHKCHPOBAHHOM
sHayeHun ri (e—0) obbem Bopu Vi, npuenekaemoft BoaosaGopoM
H3 BCpPXHEro mnaacra, cTpeMuTcsa K Hyao. ChefopaTtenbHO, AQNOJ-
HHTEJLHOE NHTaHHe 3KCIJAYaTHPYEMOro mNJacTa MpH AJHTENLHOI
paGore BOR03200pOB OCYIICCTBAAETCH B OCHOBHOM B yIaJEHHHX OT
BOA03a00poB 001aCTAX.

Tpexcaoiinblit BOLOHOCHLIH NaACT

dna apresnaHckux OacceifiHoBp MOJ3eMHBIX BOJ, X4PaKTCPHO 3TaXK-
noe crpoeHne sojgoHocHoi Toaun. [lIpm atom Xopoulo nponnuae-
MBIC BOJAOHOCHHE OTJMOACEHHA HCPEILYIHOTCH C IaJeralniuiMe Mexay
HHMII TJHHHCTHIMH cnalonponunaemeiMi cnoamil. Kak nokaseiBaer
ONBT IKCMAyaTanun BoA03a0OpOB B.TAKHX YCNOBHAX, OTIeNbHBIC
BOJIOHOCHBIE TOPH3OHTH, MPHYPOUYEHHBIE K XOPOLIO [MPOHHLI@eMBIM
OTJNOMEHHAM, HaXONATCA B rHAPABJAHYCCKOH CBAI3H ApYr ¢ JPYroM.
JT1a ceAss 00yc/oOBJIeHa BO3MOMKHOCTBIO NEpeTeKaHHs BOX H3 Ofl-
HOrO rOPH3OHTa B JIpYroii ucpes pasjeqsioilyi0 HX TJIHHHCTYIO
nepemeiuky. Ileperekanne NoJ3eMHHIX BOA NPOHCXOAHT Ha 3HAYH-
TEeABLHOH MAOLLaJIH, MOITOMY Oaie npH BecbMa Majex K03 l];H-
uHeHTax QUABTPALHH CJAHHHCTHX pasfiedbHnXx cnoes (10—
10-2 M/cyT) u oTHOCHTENBbHO GONBLIOH HX MONIHOCTH PAacxoj nepe-
TEKAeMBIX BOJ MOXET COCTABHTb CYILECTBEHHYIO [04i0 0T obuiero
pacxofia BOM03a00pPHEIX COOpPYKEHHIT B cjoucToil ToaLle.
PaccMoTpHM TpexcaofiHyio  cHCTeMy MJacToB, COCTOSNLYK M3
0CHOBHOIO BOAOHOCHOrO ropusonta (/), B KOTOpPOM  pacnofoeH
sofiozabop, nutaowero naacra (2) u paspensomero ux caabo-
liponiilaemMoro cnos (puc. 28). ®uasTpauMs nNoA3CMHBIX BOA K
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Puc. 26. Cxema tpexcaofimoro nmhacra:
1, 2—HoMepa CNOCB

CEG e

g ®

o L — ol A
T T M A B KR MM

CKBAaXKHHE B YKa3aHHOH cHCTeMe mJaacTtoR Moxer OBHTL oxXapakte-

pH3oBaHa cHeTemolt aHddepeHnnanbibX ypaBHennit (3.5).
Peuenne paccMaTpHBaeMOH 3anaud jans AJHTEJNbHBIX  NEpHO-

JOB OTKa4YKH MOXHO 3amdcate caenyloinmm obpasom [10, 93, 111,

127]:
)+ V(e 5))

T
dakm 4a*t

sl-a(-&)-v(E 5l
27 4akm 4a*t aa**t’ B J|

rae S B Sp — NOHHIKEHHs YPOBHS B 3KCIJyaTHPYEMOM H THTal0~
eM nJaacrax,

- k ]
a" = #’f: B =Py - g+ g
T k e l ] ]
@ =—="; p ='|"‘1T+“*Jv+_§"uﬂ("+?“1);

e
f » B mg  (km)y (km)y | A e (km), .
kg km ’ (km)y

km = (km), 5 (km),,
r — paccTosiiHe  OT HccJaelyeMOH  TOuKH J0  CKBaKHHBI

. 7
— Ei (-— oy )-— MO-NpeRHEMY HHTErpajibHasi NOKasaTeJbHasn
a
= r
Gyuruus; W (4"“f; : )_ dyuKkuHa nepereKanusa. Unciaenuwle
a

3HauyeHHA ee MPHBEACHB B NPHJOHK. 1.

Takum o6pasom, ecaH NPOHHLACMOCTH OTJOKEHHH nNHTAIOUEro
cjiofl Maja (v — BEeJHKO), TO 3aKOHOMEDHOCTH CHHXXEHHA YPOBHSA
XapaKTepH3yIlOTCs B OCHOBHOM HHTErpaJibHOf NMOKasaTesbHO# QYHK-
uMeit H B 3TOM cJyyae CJAOHCTas ToJua MnpHOAHKaeTcs K OHO-
poaHOMy H3oJHpoBaHHOMY mnsacty. HaoGopor, npH OTHOCHTENIbHO
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DONBLIOH BOAONPOBOAHMOCTH MHTAKWEro nJjacrta onpenensioiied
siBnferca GyHkuna neperekanus. [lpu sToM npouecc mpHBAeUeHHA
MOA3CMHBX BOJ M3 NMHTalOLIero nJjacta B OCHOBHOMN, 3KCNJayaTHpye-
MEii MpoHcxoauT HanGonee mHTeHCHBHO. B npeaene, ecan (km)z=
=00,

__ @ "~ . -
Si= o V(e &) Si=0 (4.59)
rae
. _ (km), ; s (km), mq
at = : - B_l/-ﬁ—'kn !
Fri‘?l‘i

B srom ciayuyae npu f—oco BO3MOXKHa cTalHAH3alMa  YpPOBHeN
TNMOAICMHBIX BOA B SKCNAYaTHpYeMOM IL1acTe:

I 4.60
Yo Saghmy, °\ B} 14.60)
[lpuBeneHHBE COOTHOWICHHA CMNpaBelJHBH AJA OTHOCHTEJIbHO
GONBIIMX [IPOMEKYTKOB BpEMEHH, YAOBJCTBOPAIOILHX HepaBeH-
CTBY

2> (10| 0,1y, 0= 2 (4.61)

e s
(14v) =

Pacxon nepereKacMbIX H3 NMHTaOLIEro nJjacTa NofA3eMHEIX BOA
yYBeJHuYHBaeTC BO BPpeMEeHH M, AOCTHTHYB MAakcHMaJibHo#l cBOCH
BeJIHYHHHE, faJjice’ OCTACTCA NOCTOSHHBIM. MakcHMadbHOe 3HauCHHE
HONOJIHHTEJLHOrO MHTAHHA 3KCMJYyaTHPYyeMOro nmnJjacra Ha yuya-
CTKE pajiHycOM ry MOXKeT OWTh HaWACHO H3 CAEAYWILIEro COOTHO-
LICHHS:

WL S5 1 RORRL. 5 A 4.62

Qon =5 [ H K ()] (4.62)
rie K, (%‘)— ¢hynkiuns beccens (cMm. npHaox. 2).

[pu —E— >4 MOMHO NpHAATL Quon= I-Ev ; (4.63)

T. €. oblllee KONMHYECTBO NPHBJAEKAEMHX 3anacoB B CJOHCTOH CH-
CcTeMe BOAOHOCHBIX FOPH3OHTOBR MPONOPUHOHAJNBLHO COOTHOLUEHHIO
BEJIHYHH BOAONPOBOJHMOCTElH NMJacTOB.

CAoHCTBIE NAACTH C JHTOJOIHYECKHMH OKHAMM

[lon AWToNOrHYeCKHMH OKHAMH NOHUMAIKOTCA MEpEPHBLI B BOLOYNOP-
HbIX CJAO#AX, pasae/iaiHXx BOAOHOCHBE TOpPH3OHTHI dpTe3HdHCKHX
OacceiinoB. Takne nepephiesl o0OpasyloTcs BeJeACTBHE pa3MbIBa,
BHEKJIHHHBaHHA HIH lfl)-HI[HEJIhHUI'EI JaMeIlcHHA TJTHHHCTRIX OTJAOME-
HHIl XOPOWO BOAONPOHHUACMBIM MaTEPHAJIOM.



Puc. 29. Cxema K pacuery ckmamunm nban-
i NoAGCOOGPAAHOTD AHTOAOFHYECKOFD ONHAL
a—nnan (I, 11 —womepa son); & — paapea
(I, #— HOMepa CAOCE)

K ; 1' fﬁ‘ma’z.fzﬂ% lr
m'_.'“ ---- {-.-\..-".-'E .- ni ..-:.-. L .ﬂr;%ﬁ:fn,ﬁ?‘:?

[Tyets Bonosabopuas ckpaxuua pabotaer BOJAH3H JHTOJOrH-
YyecKoro OKHa nosocoobpasHoi dopmbl, B npeaesax KoToporo oc-
HOBHOII, 3KCnayaTHpyeMsblit naact (/) ¢ napamerpamu  (km), u a,
KOHTAKTHPYET ¢ COCCAHHM MHTaIOUHM rOpH3OHTOM (2), HMCIOUHM
napameTpbl (km), u az (puc. 29).

PesyabTaT pelleHHs 3ajaud a8 SKCIJyatHpyeMmoro — cJos
MOXKHO 3anHcaTth B caeaywouem suae {45, 93]

N Q[ pif__ e
i dﬂ[.&m}l[ EI( 4a,f )+ 1+1'E£( da,f )—Hi
(4.64)

S =

[ 14w .ﬂ]_
dzkm

|
rne S| H Si' — noHuxeHus YPOBHS B 30Hax | B 2 sKcnayaTHpye-

Moro naacra (cM. pue. 29); r=7y(x—I)2-+y? — paccTofiHie OT HC-
ciaenyeMoll TouykH no Boposabopa; p — paccTosHHe OT pacuyeTHOH
TOYKH A0 oTOOpaeHHsi CKBaXXHWHBI OTHOCHTEJBHO JIHHHH OKHa,
ocTanbHele 0003HAYCHHS MPEXHHE.

Qopmyast (4.64) anajlorHyHH peLIeHHIO 3aAdauH o NPHTOKE
NOA3CMHBIX BOJA K CKBAa)XMHC B OJHOCJOHHOM HEOrpaHHYCHHOM
niacre, COCTOALLEM H3 ABYX 30H € PasAHYHBIMH (QHJIbBTPALHOHHBIMH
napamerpamMu [cm. dopmyan (4.46)]. CaepoBatenbno, ABYXCJIOit-
Has TOJIUA ¢ JHTOJOrHYECKHM OKHOM noJocoobpasHod  (QopMEl
MaTeMaTHYCCKH aHa/NlorHyHa oOAHOC/NOHHOMY HEOAHOPOAHOMY mJja-
CTY.

JIMTONMOrHYeCcKHe OKHa MOTYT OKa3BBaTh CYUICCTBCHHOe BJIHS-
HHE Ha EEGPECTh CHHH¥CHHHA YPOBHA B SKEHH}’ETHP}’EHGM nunacrTe.
OcHoBHBIM napameTpoM, onpefefaniuM «3d¢eKTHBHOCTL? JIHTO-
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JOrHYE€CKOro OKHAa, fABJAETCA COOTHOLUCHHE BOJONPOBOAHMOCTEH
CCHOBHOMO H NMATAKOILEro NnaacToR.

[lpy wmManoit  BOAONPOBOMHMOCTH nNuTawuero miacra (v—
BEJHKO) OKHO H NHTAKOLIHIT BOAOHOCHHI TOPH3OHT HE BJAHAKT HA
MOHHIKEHHS YPOBHA NOA3SEMHEIX BOA B OCHOBHOM CJIOE; €CJIH e
BEOLONPOBOAHMOCTE MHTAILIErQ IJacta BEJHKAa [0 CPABHEHHIO C
EOJONIPOBOAHMOCTBIO OCHOBHOTO cnos (v — mano), TO OKHO MO
CBOEMY FHAPOAHHAMHYECKOMY AeficTBHIO npuOAMMKaeTcs K rpaHu-
e ¢ NOCTOSHHEIM YPOBHEM MOA3EMHHX BoJA (T. €. K PEKe).

Paccmotpum Teneps aeficTBHe CKBaXKHHB BOJM3H JIHTOJOrHue-
CKOro OKHa OKpPYrJwX oveptanuil. Takve okna uacto oDpasyloTcs
BCJEACTBHE 3DO3HOHHON AEATENbHOCTH PeK, TEKTOHHYECKHX mpo-
eCCOB H KApCTOBBIX ABJEHHI.

Ilyets ckBaxkuna paGortaer ¢ neGHromM Q BOMHM3H KpYraoro OK-
Ha paauyca K mwa paccrosund [/ or ero uentpa (puc. 30). Torna

Puc. 30. Cxema K pacuery cwmawmnm & Ny
BOANIN KPYFAOTO AHTONOFHYECKORD OKMA*:
a— nnam; O — paspea (J, 2 — nHomepa
caoen)

M

NPHOMHIKEHHOE BHpaXKeHHe AJA TNOHHMKEHHH yYpPOBHA B OCHOBHOM
R MHTAIONleM CJIOSX, CBA3AHHBIX NOCPEACTBOM JHTOJOTHYECKOro
OKHa, MOMHO 3anucarb ciaenywunm obpasom [93]):

Sy {Emh {5 (_ 4:r )+Ef_ﬂ(— “Tl* )} 4.6
. (km), dayt

rne (km), u a; — BONONPOBOAHMOCTE  H KO3 HUHEHT Nhe30npo-
BOJHOCTH QCHOBHOro CJ0f, B KOTopom paboTtaer CKBayHHa;
(km)s u az — BOLONPOROAMMOCTL H NEE30NPOBOANOCTL  COCCAHEro
G108, r— pAacCTOSHHE OT PACYCTHON TOYKH [0 CKBaMXHHE p —
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paccTofAHHE OT TOMKH J0 LeHTpa OKHA; (Jows — pacxog mNoA3eMHBIX
BOM, NPHTCKAIOILHX B OCHOBHOH CJIOH YEDPE3 OKHO;

Beanuynna Qo npHOJAHKEHHO MoMeT ObITh HaljgeHa H3 COOT-
HOLUEHHSA

2,25a,t
. i il
- 4.66
Qo I+v | 2%t v o7 (1.66)
R® 14w
The
— Akm), . a
(km), as

Qopmyant (4.65) u (4.66) xapakrtepusyor Gouabline mnpoMe-
YTKH BpeMeHH paboTe Boposabopa

A5 200, £-<0,1+03.

K4k BHAHO M3 NPHBEACHHHX COOTHOLUCHHH, NUHHMKEHHE YPOBHHA
npH otkayke BOJIH3HW Kpyrjoro okHa cKnajgblBaeTcs H3 ToHHXKE-
HHA OT peanbHo AEHCTBYHOILEH CKBAXKHHH MPH YCIOBHH, ecjid OHA
paboTaer B HCOrpaHHYCHHOM BOJOHOCHOM IWVIACTEe, H MNOHHMKEHHH
OT (HKTHBHOMH CKBaXXWHE B HEHTpPe OKHAa C H3MEHSIOUHMCs BO
BpeMeHH pacxofoM Qoxu.

Pacxon nepercKaemoii yepes OKHO BOIAB  yB@JHYHBAaeTcs BO
BpCMCHH H MPH BECcbMa IJHTEJbHBIX OTKAaYKaxX JNOCTHraeT MakKcH-
MaJIkHO BO3MOMHOH BCJTHYHHHI, ]JHEHHI:I

1
Qmm"‘Q 1 +v -

Otciona BHAHO, 4TO MpH BechMa GOJBLIOH BOAONPOBOAHMOCTH
nuTawnero nhaacra (v — MaJjo) npHBAeKaeMble yepe3 OKHo noj-
3eMHBIC BOAB MOTYT MOYTH NOJHOCTLIO ofecrneynTh pacxon BOJO-
sabopa. B sToM cilyyae BO3MOXEH CTaUMOHApPHBIH pexuM (QHIb-
Tpauun K Boposzabopy (npu f—o00), mpH KOTOPOM pacnpepesienHe
YPOBHeH MoOA3CMHBIX BOA B OCHOBHOM cJioe Oymer TNOMYHHATBCA
CAeAYIOIEeH 3aBHCHMOCTH:

(4.67)

- g pl
= 25t (km), In- R, (1.58)

[MouukeHne ypoBHA B MUTaloneM naacte 2 npu  stom  Oyner
PABHO HYJIIO, T. €. YPOBCHB MOA3CMHBLIX BOJ TaM COXPAaHHTCS TAKHM
e, KaK B eCTeCTBeHHBIX yCJIOBHAX.
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I''TABA 5.

OBIUWHE 3AKOHOMEPHOCTH MHIPALLHH
3ATPAA3HEHHH. PELWHEHHSA THNOBBIX 3AIAY

MHIPALLHA HEATPAJIBHBHIX KOMINNOHEHTOB

Murpaus HefiTpaJbHOrO KOMINOHEHTa, T. €. HE Pa3naraiollerocs,
He copOHpyOEerocs H He BCTYMAKOLIEro B XHMHYECKHe peaKiluH,
NPOHCXOAHT B pe3yJbTaTe KOHBEKTHBHOro MepeHoca, OCJAOMHEH-
Horo MoJieKyJasipHoi AanddysHeli B rHapaBJHYECKO aHCnepcHei.

MoneKyanapHo-fIHPPY3HOHHBIH nepenoc npn
OTCYTCTBHH (QHAbBTpPAaULHH

B stom chaydae HcexoaHoe aHpepeHUHalbHOe YpaBHCHHE MH-
rpanun umeer Bua (3.19) (em. ra. 3), B KoTOpOM cJjenyer npm-
nate  Vi=0, D=Dy (Dy— KoadpdHllueHT MONEKyAApHoit mHd-

. N
(py3un) H > 0.

Has wusomupoBaHHoro B paspese (7. e. npH Dj;=0 u eo=
=() nonyorpaHHYeHHOro Ne NPOCTHPAHHI NJNACTa MpH YCJAOBHAX
(3.21), 1. e. C(0, {)=Cy, C(oo, )=Ce n C(x, 0)=C¢ (Cpx—
KOHIeHTpauHa Ha Bxofe B naact, C,— doHoBas KOHUEHTpALHA
KOMMOHEHTa), pellenne 3Toro ypasHenus umeer eup [150]

E. ! ﬂE[rl I}-“EE _— i el — —— ( = )-
(x, 1) oG, erfc Vi 1 —erf 2 VD

(5.1}

CBA3b MeXJly KOOPAHHATOH TOYKH X H BpemeHem [ MOABJACHHS
B 370l TOuKe 3anaHHON KoHUenTpaumd C u3 dopmyawm (5.1) Bu-
pasHTca cacayrwum obpasom:

x = 2VDytnarceri (1 —C) l

e X 2 n
[ arcerf (1 uf} } 4D,

3aeck eri(z) —cumBOon  mMHTErpana  BeposATHOCTH;  erfc(2) =
= |-—eri(2), arceri(2) — oGpatnass dyukuna ot eri(z) (cm.
NpHAOK. 2); n — NOPHCTOCTD.

[1pn GonblINX HHTepBaJIaX BpPeMelH, Koraa > :?r_m g
M

erf (2) &~ 2 n Bmecto (5.2) mmeem:

x="VYnD in(1 —C) !

F—ilie)
aD, \ 1 —C

(5.2)

(5.3)
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[TockonbKy 3HaueHus Kosp@uuuenta moneryaspHoii nuhdysnu
B ropHuex nopoaax maiw (Dy== (1--10)-10-¢ cm2/c), TO MoJeKy-
JsapHo-aHddy3HoHHEH nepeHoc cnocoleH BHI3BATH 3IAMETHOE [Me-
peMelleHHe BelllecTBa TOJbKO 3a odenh Oosibuioe Bpems. B cessn
¢ 3THM poab MoJaekyasipHoii auddysns B nepeHoce 3arps3HeHHH
no BOAOHOCHOMY DNJIACTy B oblieM HepeJIHKa — OHa BJAMSeT JHUWDb
Ha BhlpaBHHBAHHe KOHUEHTPAUHA BHYTPH NOPOBEIX KaHaJioB H Tpe-

IIHH B NMMOpoac.

KOHBEKTHBHH A
rHApaBAHYCCKOR JAHCOEpCHH.

3HH H

nepeHoc

6ez yueta aHQOYy-
Jror npoiece
ONHCHLIBAETCA TeM JKe ypaBHe-
Huem (3.19) npu V>0, D=

- £=0 =0, JIaa Tex e YCJIOBHI,
f,éfg@_/;z_/é_ LA A4 UTO WO B npefliyllell 3ajade,
SN it sk, pelenuey ero Oyner
y—= \\fh e - i; Lt =l i
Cix, ) =ft—2), & =
R o m
= 5.4

>0 e 64

. UrrizpizizzZz  rae f(t—A) — cAHHH4HAs

AN e

e o

Gynkuus: npu (<A f=0wn
C=0,anpu >Af=1uC=1.

'--...\;::'. R LR :"\T e T ol

T G i Takum oOpasoM, npH 4H-
CTO KOHBEKTHBHOM nepcHOCe
NPOHCXOAHT noJiHoe (enopu-

£ HeBOe») BHITECHEHHE MPHPOA-
) g B HHIX NOJA3EMHHX BOJl 3arpss-
ffrx-{{;:r;_?{’fw&i?ﬁﬁiﬁ Y HEHHBEIMH, C PE3KHM H3IMeHe-

el ot LR R SR i H
v— g a7 PR HHEM Ha ppouTe QHALTPALHK
g ey e o 0T coflepaKatis  KOMNOHEHTa OT
Iy A% navaabHoil  KoruenTpaunn Ce

no BxomHoii Cex (pHc. 31).
=g Ecnu BeulecTBo nmocTynaer
e e B MJAaCT B Te4YeHHe OrpaHM-
e P BNy <Lt YEHHOrO  mepHofa  BpPeMEHH
S e .j':""i:}: 3‘:' : r’r-“"' fn (¢naKeTHoe» NoOCTYNJCHHe),
T s, 19 TPaliiyHOe yC10BHE NpHHH-
maetcs caeaywownm  (puc.

31, 6):

Puc. 31. MocTynacHHe 3arpa3Meddil B NAacT:
8 = NOCTOAHHOe, § — KpaTEoppeMeHioe

I — rpafaia sMoiRay
H SHCTEMN BOOD&8MH
®e, npn >0

SAFPRAHEHHE MH HL'“]
(€,) npu t=0; 2— 10

x=0;0<<i<t,
C=Chi 1>, C=0.

(5.5)
Pemenue 6yner: C=f({—h, 11).
Mpu M<t<h f=0 u €=0 wu mpn 2A<i<h fo=1 nwC=L
3pech A onpepesasiercd, Kak M B peuieHud (5.4), a ?.[=—‘::L— + tq.

96



‘TakuMm obpasoM, «naker» NpoJBHraercs Mo MJacty, He H3IMeHAR
X 5
CBOMX pa3MepoB, npuueM Ha nepenxem ¢poHTte (npH = —v—-i—!n}

. xn
H € THJIOBOH cTOpoHH (npu f= T} KOHIEHTPALHA H3IMeHAeTCH

ckaukoM ot Cypy 0o Ce.

Hecnenopanne pacnpocTpaHeHHss PacTBOPOB B BOAOHOCHHIX
naacTtax nmo cxeMme NopluHEBOrc BEHITECHEHHS NMPOBOAHJIOCH MHOrHMMH
ABTOpPaMH NPHMEHHTENBHO K OUEHKE NpOABHMKEHHS KOHTYpa Hed-
TEHOCHOCTH, COJIEHHIX BOJ, 3arpsasHennit [43, 44, 68, 69, 125, 135
Hoap.l.

3anaun Takoro pofa B ¢Bs3H ¢ npobiaeMoit OXpaHH NMOA3EMHBIX
BOR OT 3arpsisHeHHsl pacCMaTpPHBAKOTCA HaMH Aanee B . 6.

KonpexTHBHHIE TNepeHOC, CONPOBOXMAAWIHACH
rHfpaBJHYeCcKOH JHcnepcHed. Murpaunus Beulecrsa
B H30JHpOBAaHHOM TJacTe B JaHHOM cllyyae OMNHchbiBaeTcs ypas-
HEHHEM {3[9} NnpH D}n‘l V:""nr ﬂl,2=ﬂ' H !:'-|13='u.

PacemoTpum  peluenHs storo ypaHeHus npu V.=const u D=
=const B nojyorpaHH4YeHHoM TmJyacre MpH pa3iHYHBIX YCJOBHAX
Ha BXofe B MJacT.

1. Ilpu ycaoBwu (3.21), 7. e. Koraa B mjiacT HenpepeiBHO No-
CTYNaeT BojJa ¢ NOCTOAHHONH KoHuentpamueit Cyx [150],

C(x, ) =R, E m) }
Ry &, n) = 0;5 [erfc € —n) + " erfcE +n)] |’

rac

(5.6)

"= Vi/n - x
2VDijn "’ - 2VDijn *
3navenns ¢ynkunu R, (§, n) npuBeasens B Taba. 10 [19].
BropeiM uneHom B 3710l QyHKUMH npH %gﬂ,ﬂﬂS MOHO
2 X

npenebpeun (ownbka menee 4%), u Torna

C(x, §) =~ 0,5 erfic £ 24" V‘E} (5.7)

Koopaunara toukn c Jaobolt  Konpentpauwesi ¢ HaXoiuTcs M3
3aBHCHMOCTH

x = Vifn +- 2V Dijn [arceri (1 — 20)] , (5.8)
d CKOPOCTb [IBHIKEHHSi TOYKH c Jio0oii KonueHntpauueli € cocras-
JHET

dx

—— =Vin+ V Ditn [arcerf (1 — 2€]. (5.9)

M3 (5.9) suawo, uto Touka c Kounenrpaumeit C=0,5 aBuxercs
¢ MOCTOSIHHON cKOpocTelo, paBoii V/n, yto coorBercisyer mepe-
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Tabawua 10

Snavenun R,
n
3
0.05 0, 0,5 1 2 3 4
0,01 0,979 0,980 0, 986 0,991 0,995 0,997 I,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 0,9
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
1,2 0,030 0,034 0,078 0,171 0,419 0,601 0,76
1,4 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 0,158 0,395 0,64
2.0 0,001 0,001 0,006 0,021 0,144 0,320 0,60
2,0 0,0 0,0 0,001 0,003 0,063 0,127 0.50

MelleHHio TaKk HasuBaeMoro ¢poHTa QuALTpanud (Hax ¢poHTA
NOPLIHEBOro BLITECHEHHS ).

M3 anannsa nNpHBeNEHHOro pelleHHs CcAeayer, 4TO NPH KOH-
BEKTHBHOM nepeHoce, OCJOXHEHHOM JHCNepcHeH, B. BOLOHOCHOM

naacre obOpasyloTcs TPH 30HLI, OTJAHYAKLWHECs COAEpKaHHEM 3TOro
pewecrea (puc. 32).

'y
K
7 I Prc. 32. WOMBEKTHBHAR [AMCNEPCHA B OfHO-
I | MEpPHOM NOTOKE:
¥ b g | I Fa C — otHocHTeasnan  WoHuewtpaumn; I, M-
| i1l — noMepa 30
2 i b
g z

B zone I, Gauxafiwedi K BXOJAHOMY YYacTKy, KOHIUIEHTpalHA Be-
necTBa NpuOJAHIKaeTcs K KOHIEHTpamnH ero Ha BXOLe. B ynanen-
Holi ot Bxoma 3oHe lIl coxpausiercsi nepBoHa4alJibHas KOHUEHTpa-
uusa €=0. B cpeaneit 3oue 11 B peaysbraTe QHCHEPCHH NMPONCXOAHT
cMellienHe mocTynapouieil BOAH ¢ BOMOH, Haxoasuleics B naacre
paHee, H KOHLEHTpallisi = BellecTBa H3MEHACTCH 3ACChH OT C=1
a0 C=0. B

Mexay Toukamu ¢ KoHuentpaumeit ;=099 n C;=0,01 anu-
Ha 3oHH Aucnepcuu Ly Gyner:

L, ~6,6VDiln, (5.10)

T. €. 30Ha AMCnepcHH (MJH 30Ha CMELICHHA) CO BpeMCHEM YBe/H-
yHBaeTcd, ofiHako ee abcoJIlOTHAA JJHHa onpenessercsds B OCHOB-
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vom 3Havenun Kosppuuuenta D/n. Tlpu Din=10-5=-10-2 cm?c
OHa HE MpeBHIAcT HECKOABKHX aecATKOoR metpoe. B HeonHopoa-
HEIX, ocoOeHHO B TPCLHHOBATHIX MOPOMAax, Kak YKashBaJoCh pa-
nee, sHavedna D moryt OGeITh BHILUE M 30HA JHCOEPCHH COOTBET-
cTeerHo OoabuieH.

C TevenmHeM BPEMEHH rpaHHiL BHJASJNEHHBIX 30H Tepemelna-
l0TCA B HanmpaejeHHH (uabTpauHoHHoro = nortoka. [lepsas 3o0Ha
NpH 3TOM paclWHpseTcs, H B KOHEYHOM HTOre Bo BCEX TOYKax BO-
JIOHOCHOrO T1acTa, Kak H MpH NOPLIHEBOM BHITECHEHHH, CO BpeMme-
HEeM yCTaHOBHTCA KoHuentpauua C=1. OnHako, B OTAHYHE OT YM-
CTO KOHBCKTHBHOTO NEpPEHOCa JHCNEpPCHsl NpHBOAuT K OoJsice paH-
HEMY CpPOKY TOSIBJIEHHSl BelllecTBa B paccMaTpHBaeMOM CCYEHHH
nhacTa.

Ecan na Bxome B nosyorpannueHHbii nmaact 3ajaercs ycJOBHE
111 pona B Bune (3.23), To pelleHHé NpakTHYECKH cOBNajaer

pewennem (5.6) npm Eﬁ

>10, 1. e. yxe Ha ONH3KOM paccTOAHHH

ot Bxoaa {2].
2, Tlpi KpaTKOBpCMCHHOM «NAKETHOM» MOCTYIUIEHHH 3arpss-
HAIOIIErO BeUlecTBa B NJacT BMecTo pewleHns (5.7) mnoayyaewm

[137]:

e e x—Wijn x—V(t —1t)in
Cix, b ﬂ,Elerﬁ: 2v/ D rfc 2/ D ] (5.11)

B nandom cayyae u3-3a AMCNCpPCHHM TFPaHHIBL  «IIAKETa» MpH
¢uapTpalii Kak OBl pa3MBIBAKOTCH, BCJEACTBHE 4Yero JUIHHa Ia-
Kera, y BXoga pasHas ly=Vi/n, no Mepe ero DpoaBHIKEHHA B
fnnacte Oyner ysBesnyHBaThbCH, a MaKCHMaJbHaf KOHUEHTPALHA
KOMNOHEHTa Cyaxe — yMeHbLIATBCS (pHe. 33).

It

Puc. 33, Hameneuwe KOHUEHTPALWWH BEIMECTEA NPH =NakerHOM= AanycKe:

1-'“—.3,-1“"1'! MaKeTa, X). X3, Xy = HOOPAHHATE TOYKH © MaECHMaILHON KOHUeHTPAUMER B na-
EETe B MOMCHTH ppesienis f, 0y, 0y

~ Bpems fyape NpHXO1A MEKCHMaJNbHON KOHUEHTPALHK BElIEeCTBa
Cuane B TOYKY X MoXer OmTh Haiteno u3  (5.11) npu  ychosuu
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ac |
B V=t — 0. Awnanua nonyyenHoro pewenHs nokaswmpaet [126],

i
yto mpu — — < 0,07

!HI.H'I:

fuane = 7 + 0,50, (5.12)

xn
rane - = [ — BpeMA [ABHXKEHHS 3arpA3HeHHil OT BXOJA B TAacT

fo panHoil Toukn x. OGwenunsa (5.11) u (5.12), momxHo onpege-
NHTh Cuaxe [84]:

E,“H,: = 05| eri Vinin +
4 -‘/ﬂ(“—:- -:-[}.Ern)/n
+ erf Viain : (5.13)
4"/D(J;~i' —_ ﬂ.EIn)/n

@opmyna (5.13) nosposser peullaTh TaKHe 3ajgauyd TNpOrHosa,
KaK, HanpHMep, onpegeledye Cuyaxe H2 PACCTOSHHH X NPH H3BECTHOH
ANHTENBHOCTH KPaTKOBPEMeHHOro 2arpa3Hedns fy u 3ananuwx V, n,
D, onpenenente paccTOSAHHA X, HA KOTOPOM IPH H3BECTHOM BpeMeHH
{ NpoM30iaeT CHHXXeHHe KOHLUEHTPALHH 3arpsA3HAIONIEr0 KOMINOHEeHTa
[0 OnpejieneHHoro 3HauenHa C u ap.

3. Ecniu Ha BXOMe B NMJACT KOHUEHTPALMS 3arpsisHsAlOUIEro KOM-
MOHEHTa H3MEHAETCH BO BpPeMeHH NO JiHHeAHOMY 3aKoHy, B J11000H
TOYKE MJacTa

E{I, f}Z_LREfgtm |

% (5.14)
R, (€, W) =0,5[(1 —Em)erfc(E—n) -+
+ (1 + &) e®erfc € + 1))

3nech Gp— ANNTENBHOCTE MEPHOAA BO3PACTaHHA KOHUEHTPAUWH Ha
Bxonie 0T C=0 go C=C,y. Ocranbubie 0603HAUCHHA Te e, YTO i B
pewennn (5.6).

3navenns Qymkuun Ro(E, m) npeactasaennt B taba. 11 [19)

Bonee caoKHH 3aKOH H3MEHCHHAI BO BPeéMEeHH KOHLUEHTpauHh
KOMIOHEHTa Ha BXOAHOM y4YacTKe MoxeT OHITH anNnNpoKCHMHpOBaH
HeCKONBKHMH OTpe3KaMH MpAMBIX JHHHI H TOrga pelleHHe MOMXeT
OBITh TONYUEHO MyTeM codeTaHHsi pelleHHs (5.6) ans cxaukoodpas-
HBIX H3MeHeHHii KOHLeHTpauMH H peilenHs (5.14) Aans JNHHEHHBX
H3MeHeHHil. 3afaud ¢ nepHoaHYecKHM HaMeHeHHeM Cyx paccMaTph-
Bannck B pabotax [20, 104, 153].

AHaJH3 HMeEWLIHXCH pelienuiit ypaesenua (3.19) mas Boaounoc-
noro maacrta orpannuennofi anuus [2, 51, 73, 140] nokaswiBaet, uto
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TaG6anua 11

Inauenna R,
¥

: 0,05 0.1 0.5 1.0 2,0 4,0
0,01 0,990 0,991 0, 956 0,559 1,0 1,0
0,10 0,89 0.905 0,956 0,988 1,0 1,0
0,20 0,793 0,802 0,505 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 | 0,957 1,0
0,50 0,504 0,528 0,714 0, B&5 0,994 1,0
0,60 0,420 0,445 0,643 | 0,845 | 0,991 1,0
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 0,959
1,2 0. 101 0.113 0,250 | 0,504 | 0,001 | 0,997
1,5 0,039 0,045 0,126 0,322 0,817 0,988
1.8 0,013 0,016 0,035 0,179 0,629 0,966
2,0 0,006 0,007 0,088 0,108 0,575 0,935
2,5 0,001 0,001 0,004 | 0,026 | 0,264 | 0,760

NpH 3HAYHTeJIbHBEIX PACCTOSIHMAX A0 YAaJNeHHOro KOHTypa nJjacra,
yTo OOBLIYHO H JIMeeT MecTO MpH MPOrHo3ax KauyecTBa MOJ3eMHbIX
BOJ, B CBA3W ¢ HX 3arpaA3HenHeM, MOMKHO ¢ AOCTATOYHON LA mpak-
THKH TOYHOCTBIO pAacCMaTpHBAThE BMeCTO OrpaHHueHHBIX NOJyorpa-
HHYCHHBIC NAACTH.

Pacnpenenenmne KOHLEeHTpPALHH pellecTBa C
YyueToM nonepednHofi aumcnepcuu. B npupeleHHblx BHIUE
pelueHHAX Y4YHTHIBaJach TOJbKO OHCMepcHs, MPOHCXOAALLAA B Ha-
npasaeHHH cKopocTH dHabTpaund. Mexny tem Aucnepcusa Habnwona-
eTCA H B NoNepeyHOm MNOTOKY HanpasienHH, npuyem oco0eHHO
HHTEHCHBHOE paccesiiie BeulecTBa B OAHOMEPHOM (HIALTPAIHOHHOM
NOTOKEe OTMEYaeTCs MPH NOCTYMIEHHH MeUeHOH MHAKOCTH He BO Bce
ceueHHe, 4 B OTAeNbHBHE YUACTKH BOJLOHOCHOIO Naacra.

IucnepcHs B pasJHYHBIX HanpaeJeHHAX NPHBOAHT K oOpasoea-
HHIO CJNOMHBIX MO CBOMM OYepTAHHAM apeanoB 3arpa3HedHfl B BO-
noHoCHEX ropu3aonTax. OcobenHo 3aMeTHO 3TO B YC/AOBHsIX (HALT-
pAalHH 3arpA3HelHBX CTOYHHX MHIKOCTeH W3 HAKOMHTeNel, XBOCTO-
H WJAMOXPAHHJAMLL M APYrHX THIOE NpOMHIeHHHX OGacceilHos.

3anaua nporuosza GopMHpPOBaHHA apeanoB 3arpA3HeHHil ¢ yue-
TOM MABYMEPHON ANCnepcHH MOXeT ObITb paccMOTpeHa Ha OCHOBe
nexopHoro ypasherusi. (3.19), koTopoe 15 H30JHPOBAHHOIO NJacTa
(Dy2=0, £,2=0) B aexkapTOBbIX KOOPAMHATAX NpejicTaBisfercs B
BlE

o L B o R I, | _ﬂf_=nim¢.

dx? ¥oaye x Yooy (5.19)



rae HHgexkcamu X, y oGo3HaueHsl COOTBETCTBYIIUHe BeaHunHul D K
V B Hanpasnenusx x, y.

Peuienne ypasHents (5.10) ans cayyas pacTexkanns W pacces-
HHA BelllecTs npu GHALTPpallHK H3 HCTOUMHKOB 3arps3HeHHA (B yact-
HOCTH, N3 GacceilHOB NPOMCTOKOB) Nocje NMpekpalleHHsl nojayd B
Hux crokoe nonyueno H. H. Bepuruuwy [34, 39).

PaccMoOTpHM TOT e NpPOUEce, HO ANA NOCTOSHHO NeficTBYIOILero
HCTOYHHKA 3arps3HeHHs, KOTOpbIH CXeMaTHYCCKH MOXKHO npejacra-
BHTb B BHIe BHTAHYTOrO (yanunseHHoro) OGacceitna. B stoM cayvae
(GHALTPALMA B JIdHe NPAKTHYECKN ABJISETCH OaHOMepHoH (BAOAb
OCH X), 4 B pa3pese-— ABYMEpPHOIl — no ocAM x H y (pHc. 34).

Puc. 34. Pacyetian cxeMa QUALTPRUWH W

AMCACPCHN  JATPRINEHMLX  CTOROR M3
T yaaunewnoro Gaccefina
.'__-._‘.2-.: . . . B B
—_—
4=k e ,
-- - t.. % -I. - . i ; ; ) . ;
—':I-—I:-Q-.- . 7 po : s £, -

ByieM cunTaTh, yro AHO Oacceiina uMeet (hopmy NOJayuUnJIHHIApA
OTHOCHTEbHO BechbMa Manoro paanyca rg; aavna  Oacceiina 20 w
MOLHOCTE BOLOHOCHOIO MJACTA BelHKH, TAK 4TO RAWAHHE MOLOLIBH
flacTa MOXKHO He Y4HThiBaTh (m—-co). Ilpn 3THX YCAOBHAX BHpA-
XeHHe aiis Hanopa (MAH nosbienns nanopa) AH B aoGoit Touke
X, y u B Mo60il MOMEHT BpeMeHH ! npH GoJee WJIM MeHeE AJIHTEb-

F'4
HOH QUAbTpPALNH (H{H‘ﬂ.’af 2.0 f%) MOXKHO TpPeiCcTABHTE Che-
nywoliHM obpasom:

'| -
AR 8 -.(lnﬁ.’ MBI R y‘))—f._.x——ﬁvy. (5.16)
4kl 2

3neck Q—cymmapuutii pacxon Gacceitna; R= 1,5 Yat; a — kospdu-
LHEHT Nbe30NpPOBOAHOCTH; [e-— CPaAHCHT ecTecTBEHHOro0 TMOTOKA
noa3eMHbIX BoA (no ocH Xx); Ay— HeKoTopas CpeiHAs BeJIHYHHa
TAaK HA3LBACMOro €TPABHTALHOHHOTO TpaaHeHTa», 00yC/NOBIEHHOTO
OTHOCHTEJIbHOI PA3HOCTBIO MJIOTHOCTEl IKHAKOCTH, QHABTPYIOLeiics
13 Gacceitha (y), H TpHPOAHLIX BOA (y2).

Kak sHaHo w3 (5.16), cocrasasioillie CKopocTH (pHALTpaLHH

V,=— 1L Vy= —-:IE:M 34BHCAT OT KOOpAMHAT X, Y

= dx dy :
M, KpOMe TOro, OT Konuentpaunu C, MOcKoJbKy BeauunHa Ay sipis-

erca (yHKuHell KOHUEeHTPALWH.
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Crporoe pewenne ypaeuends (5.15) B sTOM cayyae HaTankupa-
eTcsi Ha Ooablline MaTeMaTHUYecKHe TPYAHOCTH. I[lpakTHuecKH OHO
MO ET OBITh MONYYEHO TOJABKO YHCJEHHBIM METOIOM.

3nece Mbl Aaem pellieHHe AaHHON 3anavH, NpHHHMAasn CKOPOCTH
Vi Vy yCnoBHO MOCTOAHHBIMH.

HecmoTpsi Ha npnbiHKeHHOCTh TAKOTO pelleHHs, OHO Bece e
14aeT BO3MOMHOCTH MPOCAeAHTh HEKOTOpHEe 3aKOHOMCPHOCTH MHrpa-
LUHH BelecTB B JIBYMEPHOM MOJA3EMHOM TNMOTOKE.

EEEHEM HOBBIE HEPEMEHHHE

u=yVD/JD,, C= Cexp(—ax-} ou-} vi), (5.17)
rie
= 1-"'; ' lJ"—'-l:':'i V= F;‘F—'_.F:Iﬂ ’
2D 2D, 4D},
V. e i‘—i V- . Vu , ﬂ; & .
n n n

VpaeuenHe (5.15) ynoGHo BHpasHTe B UHJHHAPHYECKHX KOODIH-
HaTax

—

&FC I aC L. L 5B i
rt ‘|' . — D; EY (f-—VIE I"H}- {5-I8}
Ha kontypax Gacceitia npumem ycaosue: (>0, C=Cyx=const.
C = C, exp (vi — ax, 4 ouy). (5.19)
Ilpn 3Tom pelleHHe 3a7a4yH NMpeiCcTaBHTCA B chgnywouen dopme:
C = Cyxexpla(x — xg) -+ 0 (—up)) (Ry — Ry); (5.20)
Ry = K, (r V' ~IDz ) [ Ko (ro V/ %IDE); (5.21)
- 2fq j' til’{—"ﬂ—l‘-‘fn}”uﬂ'-ﬂgﬂn (M) _;n ﬂ"'.:‘_{"'fn{-i'-’" ?"d?'-_ (5.22)
X ot + for?) [Tg ) + N (W]

3neck Iy w No— cumBoant ¢yuKuuun bBeccens oT JAeHCTBHTeNbHOro
apryMeHTa COOTBeTCTBEHHO MepBOr0 H BTOPOro pola HYJeporo no-
pRIKa,

f[l = DJI g e
2
o rg
dyukuus R,, KaKk BHAHO 13 Bbipamenun (5.21), He 3aBHCHT OT
BpeMeHH M Xapaktepusyer co0Ooil CTalHOHApHOe pacnpegefeHHe
konuentpaunn C(x, u, {=occ) no Bceil paccMaTpHBaemoil 06nacTH
(PHALTPAaLHH.
DyHKuHa K, 3aBHCHT OT BPeMCHH H KOODAHHAT, TPHYEM, Kak
ClelyeT H3 CTPYKTYPBI BbipaCHHA 3TOH {l]}’HHlHIII. NpakTHYeCKH
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3naveHHe ee vMeHbllaercs (no cpasHenuio ¢ gyHkuuneil R,) Aososns-
HO GBICTpO K NpH =00 Ry—-0.

Takum oGpasom, apea.a 3arpaAsHeHiil H pacnpefeieHHe H30IHU-
HHi1 KOHUEHTPAIlHH 3arps3HCHHIl B MOLIHOM BOAOHOCHOM MJjacTe co
ppeMeHeM TpuoOperarT cTauHoHapHoe TmojoMednHe. 3I1o obceton-
TEeNbCTBO MOAKpenJisieTcss JanHbIMH nojeBux HabaioleHHil, MOy4YH-
TelbHble TpPHMepH KOTOPHIX MpHBOAATCA, Hanpumep, B pabotax
B. A. I'paGoernkosa, B. I'. Camconosa n ap. [47].

Paccmotpum noapobGuee dyHkuuio R Yuurtwmsas, uro -00bIYHO
/Dy  BeJIHKO, MOXKHO BOCNOJIBL30BATLCA Pa3/oKeHHeM (QYHKUHY
beccens

K,(2) ~ T

o™ Vam

[Mpu stom, nmonaras Ry=0 n wcnovisays npuHatele oGo3HaueHHs

nas @, o 1 v, BMecto (5.20) moayuum

— C(x. u, t + ) IR 0,5
¢t ]/ 2o exp e Ve e —x0) +
+ Ve —u) —V,(r—ryl, (5.23)

raoe
V.= Vi4Vi.

Mpu r=ry, x=xp, u=uy, C=Cy, a npu r=o00, x, u=o0o, C=0.
CreposaTenbHo, B paccMaTpHBaemMoil cxeMe apean (QHJIbTPYIOIIHXCH
PACTBOPEHHBIX BellecTB HMeeT OrpaHHYEHHBIE pasMepnl H 33 ero
npepenamil B BOJOHOCHOM MJlacTe cOXpansiercs (pOHOBas KOHUEHTpa-
LHS 3THX BEllecTB B eCTECTBEHHHX YCJOBHAX (TOYHee, A0 Hauaia
duakTpaunn uz Gacceiina).

Ha pue. 35 noKasaHbl KOHTYPH apeajiop 3arps3HeHHs Moa3em-
HEIX BOJA, paccuHTanHue no (5.23) npu cjaedyOIUHX mapameTpax:
Q=2500 m3fcyr; 2[=500 M; ro=2 M; k=50 mfcyt; [1.=0,001;
D; =D, =-0,1 m%cyT; Ay=0 (puc. 35, a) u Ay=0,0001 (puc. 35,6).

O6pawaer na ceOs BHHMaHHe CyllecTBeHHOe 3HayeHHe B Qop-
MHpOBaHHH apeasia 3arps3Henyil rpaBUTaUHOHHOrO NoTeHuHana Ay.

[pu Ay=0 apean sarpssueHusi GyfeT 3aHHMATh BEPXHIOK HacTh
naacta. C yaalerneM OT XpPaHHJHULA KOHLUEHTPalHH CHHKAKOTCH, a
MOLIHOCTDE EHT]JHBHEHHDFI TOJILN MOPOA MOCTENEHHO YBEJHUHBAETCH.

B cayuae Ay>0 ¢puAbTpallHOHHBIH MOTOK H3 XpaHW/IHLIA AOCPYHKa-
ercd B raybb niacrta, a Ha MOBCPXHOCTH BOLOHOCHOTO TOPH30OHTA
HHTEHCHBHOe 3arps3neHHe Moxer H He mpossuTbes. [pu Dx>D,
pasMepsl apeajia 3arpssHeHHs no ocH z OyayT menbile yKasaHHHIX
Ha puc. 35 .

HaMeneHHe KOHUEHTPALHH 3arpsizHAIONEro BenlecTea NpH Ay=
=(0,0004 no rayGHHe BOJOHOCHOrO MJAacTd Ha Pa3HOM PACCTOSHHM
ot xpauwanu@a (x=20 m u x=75 M) nokasano Ha puc. 36.
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AapakTep pacnpeie.eHiln KOHLEHTpalMii 3arps3Hednii B nogsem-
HulX Bopax no (5.23) b obuweM cOOTBETCTBYET HAaTYPHHM JaHHbIM,
uUTO BHAHO H3 conoctaeaenusn puc. 35, 6 u puc. 37, Ha KoTropom
NPHBEAEHH Pe3yabTATH TIIPOreoJOrHYeCKHX HabiCKanuii 1 nabmo-

20 I ¢ WK Hawm
!

g:ﬂ: L {;{3 . 4 ' 1
J—— LEI ; o
’_l// i

7
—_—

--‘-_-__—"———_

y g P 7=47

—

U4
———

{4z

Puc. 35. Apeaa pacnpocTpamenun 3arprivenuil B noaleMHux Boaax B pafloMe XPaHMAINLLA NpR

—f‘l- =5 M [cyT, .N.'J't =0,05 mjeyr, D} = D;, =01 m[cyT,

=

MMzzvynaesne 3arpiIHentinX BOA: a=—c wancll MMHepaanIauned Eﬁ?-m: G — ¢ NOFRICHHGE
unsepaanzaunelt (Ay=0,0004)

ZEHIIA 3a COCTABOM NOJA3CMHLIX BOA B pailone HEIKPaHIPOBAHHOIO
XPOCTOXPAHNIHILE, COAEPIKAILETO CTOUHHE BOAL ¢ MHHepaJH3alueh

2—9 r/n M6].
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OTtMeTHM B 3akiwdeHHe, YTO YHCeHHBe H aHAJHTHYECKHE pelue-
HHs ypaBHenusi (5.15) Ans HeKoTOpHIX CXeM € TeM HJAH HHBIM
npuban#xenned najporca B pabotax [141, 143] v np.

Puc. 36. Himenenwe KOHUCHTPAUMW 3arpainchul B noa- F 80r £ L5 82 sy r
SEMHLIX BOAaX no raybuee naacta npe Ay = 0,0004 ' ! ¥ ' |

X — paccToAHAe OT XpanHannial)

e, i —

‘HH-'-""'---..% — i —p

125
M

I s

Puc. 37. CxéMa PACHPOCTPAMEHHA JATPAIHCHHA B NOAIeMuEX popax (no B. A. FpaGosnnxomy)

a — nnay; & — paspea no AnHEH A—B: J— XpoCTOXpannAMile, 2 — CKBAWHAA N0 CofepKakue
MHKPOKOMNOHEHTa B MKr[A; § — rUapoH3orance; 4 — MIONKHHE COMEPHRAHMA MUKPOKOMNOKEF-

Ta b MKEr/a; 5§ — ypobBoHs' noaIcMHLIX BOR
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PEWMEHHE YPABHEHHA MHIPAUHH COPBEHPYHUIHXCH
KOMINMOHEHTOB

HsonupoBaHHB il naacTt K normowenuio seulectsa B Nopoje
npH ¢HABTPALHH 3arpA3HCHHHX BOJ, KaK yKasHBajoCch BHIle, MO-
JKET NPHBECTH KpoMe cOGCTBEHHO COPOUHOHHBIX MPOIECCOB TaKKe
3ajepiKa BellecTBa B 3aKPHITHX «TYMHKOBHX» NOpax H pall ApPYrux
aBaenni, Jlaa cyMMapHoOil OLUEHKH KHHETHKH 3THX TpOLECCOB Npen-
CTaBJSIETCA BO3MOMHOCTL HCNOMAL3OBATL ypasucuuc (2.7) raasu 2,
B KOTOpOM Kos(pduuuentn a u f creayer paccuarpunarb Kak 0606-

LHieHHbI ¢ HEFIEIMETPH, onpeieldeMble ONBITHEIM TIYTEM, 4 N-—'HEK
CYMMapHoe KOJIHYeCcTBO BellecTBa, COPOMPOBAHHOE it 3ajepianHoe
NopoAOi.

Pewennem (2.7) asasnerca [23, 23]
i
N _ 4 J‘E’_E—uﬁ (=) dr. (5.24)
at ! a¢
[Ipn noacranoske (5.24) B ypapnchue (3.19) rnasm 3 (Kak H
npexae, npi D;2=0 H g;2=0) nmeem:

T T e /5L T + ne ‘E:— g—*b I—1) g, (5.25)
ax® dx ot ) o

Bripaxenne B npasoil 4acTi, oTparaloulee KHHETHKY NOraoiie-
HilA BellecTBa NpH (GUALTPAUNN, NOKA3HBEET, YTO H3MCHEHHE KOH-
nentpauun C BO BpeMenn MPONCXOANT Kak Obl B 3aBHCHMOCTH OT
ABYX BHAOB NOPHCTOCTH — OJIHA H3 HHUX NOCTOAHHAS, a Jpyras Ms-
MEHSIeTCSl BO BPEMECHHM NO 3aKOHY 3KCMOHeHTH. Ilostomy B panHOM
cayyae Npouece Ioriolllerns seulecTBa MOXHO (OPMANIbHO CBECTH
K KOHBEKTHBHO-MOJIEKYSAPHOMY NCPEHOCY 0 Cpefe ¢ H3MeHAUIeHcH
BO BpEMeHll NOPHCTOCTBIO. ITO CXOAHO ¢ GHABTPalHell B TPEUHHO-
BaThiX, 4 TaKyke B CJAOHCTHIX BOJOHOCHMX naactax [25, 103, 124,
145].

[Tpu D=0 u ycnoeusx:

=0 C=0
>0, x=0, C=C,; (5.26)
x>, C=0

pelenne ypapHenns (5.25) mveer sna [99]

C=—=F@,), (5.27)
CBI
rae
. X - R Xn
7N = F,t_mﬁ(f —uv).

Oyuruns F(n, t) suukcacua p paGote [85] v B Bile TaGaHuUH
npHBeleHa B NPpHAOHK. 4 nacroauleil KHHT.
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Hs (5.27) cneayer, uto H npu orcyTCTBHH Axcnepcuu ([=0) Ha
rpanuue mMexny ¢uasTpyiouleiics 3arpa3HeHHOil H nJacToBoil DOAOIl
HMeeTCsl Y4acToK, Ha KOTOpPOM KOHUEHTpauHs KOMIOHEHTA BCJelcT-
BHe MpOfBJeHHs KHHeTHKH cOpGUMH mocTeneHHo CHHXaerca oT C=
=1 go £=0.

310 00cTOATEIBCTBO MOMHO TMPOHJANIOCTPHPOBATL ACHMIITOTHYE-
CKHMH pelueHHAMH ypaBHeHH# (0.20) — Adis majabiX H  OOJbIIHX
fIepHOLOB BpeMeHH.

B nepsom cayuae (an BpemeHn nopsaaka f < —::ﬁ—l)

e -~ == nx
C ~ ¥ f{t —_— Jl-}' = T " {5‘23}
BO BTOpPOM c.qyuae(nnpﬂﬂﬂa I = ?i_g”)
Cacfli—0) A, Pl b, 5.29
Cx~ft—H, = e (5.29)
B stux dopmynax [ — eanununas ¢ynkuns; f=1 npu { SA H
t=0 npu t<h.

Ha dopmyan (5.28) caeayer, 4ro no nyTH ¢pHABTPAUHH KOHLEHT-
pauus B pesyibTaTe copOuuu yMmeHblliaeTcsi, OAHaKo TpH Oonee
3HAUNTEBHEX BpeMeHaX, Kak BHAHO H3 dopmyast (5.29), copbunon-
HET DPOHT ABHIKETCH TAK JKe, KaK ()POHT HefTpaJibHOi, HecopOH-
pylouleiica npuMecH (nNo nopuneBoii cXeme), HO ¢ OTCTaBanHeM OT
Hero (nockoiabky V*<V).

dopmyna (5.29) - nokaselpaeT TaKKe, uTO TPH AJHTE/BHOM
GuALTPALMH KHHETHKOi cOPOLUHOHHBIX MpoueccoB BooGuie MOMHO
npenebperate (B 3Ty Gopmysy napameTp CKOpOCTH a He BXO/HT)
H CUHTaTh 3TOT NMpOLECC PABHOBECHBI M.

K TakoMmy e BHIBOAY TpPHBOAHT PaccMOTpeHHE YpaBHeHHA
(5.25) ¢ yuerom paucnepchH, T. €. npu D=£0. Jlas storo chaydas
nonxoe pemenue nosyueno B paGore [145]. TIpubauxenio, xoraa
YUHTHIBAETCS PeXKHM NapaluienbHOro nmepeHoca H rpanntioe ycno-
BHe H4 BXOe cTaBHTCH nmpH x=—oco, B. M, lllecTakopuM moJiyueHo

caenyiouee phipaxenue [85]:

C =~ 05erick, (5.30)
roe
nx — Vi Vn pnD
= ————— - a = -
: 2Va (Vi — nx) afi L v

Ecnn e npuuatk yeqaoBHe C=Cyx npu x=0, acumnroruieckoe
pelente ypasHeHHa (5.20) 175 MadHX H GoJBbILHX MOMEHTOE Bpe-
MeHi noJyyaetcs B Takom Buze [25, 81, 93]:

Vx

C~05[eZnerfc (& —n) + ¢ "erfc € + 1) D . (5.31)
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Odo3navents 3/iech cleayouHe:

An"H Mankx MOMEHTOB BPEMEHH(HG}}HJH.& = -—g—é—-)
. X Ve
f=——, n= (——+u)!; (5.32)
2 l}ﬂffﬂ '/ 4nD
Aas GOJIBUIHX MOMEHTOB BpeMeHH (I]ﬂ]]ﬂ,.'llia t> —;%)
L. x _ Vapt 33
; 2 YDpin (i +B) L ],/4{r+mun (i)

Jas nocaegmero cayuas npu f—co BMmecto (5.31) nmeem: C=1.
IT0 03HAYAET, YTO NPH TMOCTOSHHOM MOCTYNJEHHH 3arpA3HeHHl OHH
TeopeTHYecKH B Jio6oM NMyHKTE mjiacra JOCTHTAKOT TaKOH e KOH-
LeHTPALHH, KaK H B HCTOUHHKe 3arpsasHenuil. OHaKo, KaK BHAHO H3
NpHBEleHHBIX pellleHHil, TIPH XOPOILO COpGHPYIOULHXCA BellecTBax
(korpa Pp<C1) npoHCXOAMT cyllecTBeHHoe 3aMejjieHHEe JBHXeHHS:
¢dpouTa GHABTPALHH pACTBOPA MO CPABHEHHID C JABHMEHHEM Hecop-
GHpYIOLIETOCH BELIECTRA.

30Ha OHCNEepPCHH B YCHOBHAX cOpOUHH  npHOJNMKEHHO MOXKeT
GLiTh onpefeneHa no caenywuen gopmyae:

L,~66VDipn(l+B), (5.34)

T. e. copOuHs MPHBOAHT K COKpalleHHIO AJIHHBI 30HH JHCNEPCHH,
npuyes Tem Goavuwiemy, uem JAyuule copOHpyercs BeuecTBo (c0O0T-
BETCTBEHHO, YeM MeHblle Kosdduuuent p).

[Mpn nakeTHom 3anycke copOHpylollerocs BellecTBa CKOPOCTh
NBHAEHIIA MaKeTa H ero AJHHA Take yMeNbWAalnTCH Mo cpaBHEHHID
C NBH¥EHHeM naketa HecopOMpyiollerocs peulecTBa (C yueTrom 3a-
penst V na V*). CHuKeHHe mMaKCHMaNbHON KOHUEHTPALMH Beulect-
Ba npy GUALTPaUHH copOHpyloulerocs nakera Gyaer Gonece 3Haun-
TeJILHEIM, ueM 3T0 Ouio O fasi  HecopOHpyIOILErocs BellecTRa.

Mpn ¢uabTpauny nakera ¢ copOHPYIOIUHMCA BeLLIeCTBOM BBITEC-
HAWOWAA €ero 4YHCTas BoJla MOMET OKasHeaTh jgecopGHpyloulee
neficTeie ¢ napamerpaMe gecopGuuH o’ H [, OTAHYaOMHMICH B
obuieM cayyae oT napameTpoB copOLHH « H .

JecopOuHa NPHBOAHT K TMepeMelICHHIO padee copOupoBaHHOTO
pelulecTBa H YAJAHHAET, TakHM oOpas3oM, NyTh pPacnpocTpaHeHHA Be-
utectea. IlolHOe Mcue3HOBCHHE H3 pacTBOpa cOpOHPYIONErocs KoM-

NOHEHTA, NoNaBwWero B NJacT B BHIAe nakera, NPOH3oHZeT uepes
spema f [85]

s __ (1 +BI P (5.35
t=ta[L=FTETh) - )

rae fy— AJHTEABHOCTh NOCTYNJEHHA pacTBopa B NAacT.

Ecau NpHHATL KHHeTHKY copGuun no dopmyae (2.8) raasw 2,
xapakTepHaylolllefi HeorpaHHYeHHYI0 eMKOCTh NOMIOIEHHA TIAacTa,
TO HCXOIHOe FPEEHEHHE HPIEM'ET BH

e




o°C aC oC
D e V i = + naC. (5.36)

Pellenne storo ypasHeHnsi npu ycnopusx (5.26) suipasutcda no
dopmyne (5.31), B KoTOopoit GyHKUHH E H 1] cAeAyeT NMPHHHMATL A4
MajbiX MOMEHTOB BpeMeHH no (5.32):

[Ipn BecbMa 3HAUHTENLHLIX BPEMCHAX, KOTd MOMHO NOJOMKHTE
f—co, peweHue ypasHenwus (9.36) BupasuTcsn caneaywwmnm obpa-
30M:

C = exp —%(‘/1} 4"::& -—l)] : (5.37)

[Tpn D=0 pemennem ypapHenusn (5.36) Oyaer

Lxn
C=c¢ V f{t—A), A= -';i (5.38)

rie f=0 npu {<i u f=1 npu t>].

ChepoBaTennHo, # B JAaHHOM CAyuyae KOHUEHTpauus 3arpasHfAn-
UicTo BCULECTBA YMCHBLIAESTCH OT BXOJHOMD Ce4yeHHA B [‘Jl}'ﬂh naacra,.
HO B KaynoM CeYCHHH BeJIHYHHA € BO BpPeMCHH ocTaercd NOCToHH-
HOIl.

InnHa yyactkKa ¢uabTpalHH, HA KOTOPOM NPUHCXOAHT OCHOBHOE

V
CHHIKEHHe KOHUEHTpAaLMuH, 3aBUCHT oT a, V u n; npi a < 0,01 —
ne

CHHXEHHS KOHUEHTPAllHH NpakTHyeckH poolule He TMPOHCXOANT H
dhpout GUALTPALHH [ABHMKETCS MO CXEMe TNOPLIHEBOTO BHITECHEHHS;
eCNH JKe -— 3HAUYHTEJbLHO, TO NOTepsi BELlecTBa 3a cuer copOuHH
(nornoulenns) oKasbIBAeTCs HEManoil.

Tunopue rpadpukn C(f) w C(x) npu paccMaTpHBaeMoil KHHETH-
Ke peakunu no dopmyne (2.8) g cayuasx D=0 u D=0 nokasaubi
nHa puc. 38. Illupuna 3ouw, B Kotopoit C namensercs ot 0,99 ac
0,01, coctapnser:

C Y4ETOM JAHCHEpPCHH npy [—oo (43 dopmyan (5.37))

L, ,~93 _fw : (5.39)
0
F(]/l = V2 )

Ge3 yuera AMCNEPCHH TIPH r}?.=—%§— (n3 dopmyan (5.38))

Lym 46— (5.40)

Koopannata dponra ¢uasTpauns xg, cootserctByiolas €=0,5,
ONpeAEeaseTCs H3 CACAYIOIHX COOTHOLUETI:
C y4eTOM AHCNEepCcHH MpH {—-oo

x¢=l,4ﬂ[v(|/l—|—i?£5— )]’ (5.41)
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Ges yueta JHCICPCHH

V A

X {]',.T — . {5."[3}

[Mpusepentsie pelnends ypasHenus (5.36) cnpaeesnHBH Takmke

ILNsi. ONHCAHHA NpOleccOB paJHOAKTHBHOTO pacnajfa BelecTBa M

JAPYTHX XHMHYECKHX peakuHii, COnpoBOMKAAKLHXCA OKHCIEHHEM,

OoCam/eHHeM KOMMOHEHTOB H B CBASH C STHM — YOL/IbIO HX M3
G HAbTPYIOLLErOCH pacTBopa.

‘) é
O b————————
b %
A
i
I" ?.'"I z
./_:
r"f fﬂ'ﬁ ¢
Pre, 35, Tpadusw € (x) v C (f) NpH KMHETHKE peaxium no Gopmyne r =al

G, 6 — Ge3 gucnepcHn; & — c aucneponed

JindbdysuoHHBT OTTOK B8arpAsHeHHHA B CJAOH
KPOBJAH H NOAOIWB B

Murpanus 3arps3Hennil B CJIOH KpoBau M nojouiest AHGQY3HOH-
HBIM NyTeM MOXeT ObITH OlleHeHa Tak)Ke Ha OCHOBE pelleHHs ypas-

neunn (3.19) npu e;=ey=0. Takoro pona pelleHHsi paccMaTpHBa-
auck B paborax [21, 85, 99].

Vpasuenne (3.19) B sTom cayyae umeet BHA (puc. 39)

g3C ac ac oN D, dC
" dx® dx ot K af m 0z |3, +
D! a:“g

L] {5-41—’}'
mas 02 |z,

3necy C, Cy, C: v D, Dy, Dy — KonuenTpaunH H Ko3(duuneHTh
AHCNEPCHH COOTBETCTBEHHO B OCHOBHOM TJacte H B C/AOAX KPOB/IH
H NOAOIIBH; M — CpPeaHsis MOLHOCTL OCHOBHOTO NJjacTa.

IMpousBoaxbe G| g 2 ONpefensiioTC H3 ypaslelnHH
oz I.;:l dz 25
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Fuc, 39, CxeMma K pacyery MuErpaiMM 3a-
FPAIHEHHEIY CTOKOEB B CAOMCTYES TOMLY:
1, 2— nomepa chabonpoHpilseMEX ClocE

e

“""i_zﬂl.s_ﬁi_'f‘”l.z—_;ag_*"' (5.44)

Pewenne cucremu (5.43) u (5.44) ¢ yuerom KnHeTHKH copGumH
A 10
no (2.7) npu anutensHoil duAbTpallHK (Hnma f}; Hi>
10

> W) H YCJIOBHH, YTO B CMeKHEIX BOJOHOCHEIX njacrtax (Han
H MoA cnabonpoHHLaeMEMH CAOAMH KPOBJH H MOAOLIBE) KOHUEH-
TpalHf TNpOCJeXHBAeMOro KOMMNOHEHTa COXpaHsieTcd TOCTOAHHOMN
(7. H. «oTKpHTas cxema») nojayuaerca B ¢opme (5.31) npu cne-
AYIOLHX 3HAYeHHAX QYHKUHA § H 1):

X Ve {
o = —_— E —_—
: 2VDijnA’ ! I/(#Dn o )A ;

(5.45)
__ 148 Ty My 1 4B, Ryt 14 B,
A-—._ N T -
e e Rl e )
B Dy L3 D, a
nmm, nmmy

Hs npuBenenHoro pellenHs ciaeayer, 4to B Npeiene,. Koraa
[—»00, NPH MOCTABJEHHEX YCAOBHAX 3TO peuledue npuofperaer BHA
(5.37).

BsmecTe ¢ tem aHanaM3 STOTO pelueHHsi NOKaskiBaeT, uyTo npH 6o-
Jee MK MeHee 3HAUHTENBHEIX MOLLHOCTSAX CJOEE KPOBRJIH H NMOAOLI-
Bk, & HMEHHO KOra

m, ,>(1,5+2) V M, (5.46)

I‘l‘ﬂ'i.ﬂ

BJAHSHHEM CMeMHBIX BOJAOHOCHLIX NJACTOB, PacnONOEHNbIX BhILWE H
HUM¥e claGonpoHHLaeMBIX KPOBAH H NOJOLIBH, MOAHO npeHefpe-
raTh, T. €. IPHHAMATL, UTO My o—+oo. B FTOM cayuae, ecAn B OCHOB-
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HOM TJ1acTe He YYHTHIBATh ANCIEPCHH, T. €. B ypaBHeHun (5.43) no-
NoxHTE D=0, pewenne 3Toro ypasHEHHA COBMECTHO ¢ YpaBHeHHAME
(5.44) NpHBOANT K CAEAYIOLIEMY Pe3yJbTaTy:

Bx

C= erfe (i) Ft— 1)
5=$(mu+mn1m.+1fﬂ,{1 -+ Bo) ny/B,

npuyeM f=0 npu {<L u f=1 npu t>2,
A = x(1 4 B) n/VB.

M3 pewenns (D.47) BHTekaer, 4To, KaKk M B cayuae copOumus,
HECMOTPSi Ha TO, YTO B OCHOBHOM (PHIBLTPYIOLUEM IJIACTE JHCIEepPCHA
He yYHThIBaeTcsi, B pe3y/bTaTe OTTOKA 3arpsi3HEHHil B CJOH KPOBJIH
H TOAOWEH 3Jeck obpasyercs nepexojHas 30Ha, B KOTOPOH KOH-
UEeHTPAUHA 3arpsAsHAIOWEro KOMNOHEHTa No nyTH (GHABTPAUMH H3-
Mensiercss ot C=1 po C=0, npHyeM 3Ta nepexojiHas 30Ha CcO BpeMme-
HeM yBesHuHBaercd. B rpannnax mexay €=0,99 u C=0,01 wupuua
nepexofHoi 30Hb! ONpPefeJIHTCH H3 COOTHOLEHHSA

L~6,6 % i A (5.48)

] {5 -4?]

Koopannara touku, B kotopoi C=0,5 (dppour duasrpaumu),

Gyner
VVi—a

g L= (5.49)
rae obo3HaveHus Te iKe, 4TO H B popmynax (5.47).

Bee npuBeaeHHBle ‘pelleHHs AJAA CAy4YaeB, KOria He YulThIBaeTcA
AHCTIEPCHA B OCHOBHOM (HALTPYIOLIEM mNJAacTe, CNpaBeIHBE HE
TONBKO A/Isl MJIOCKONApal/ie/IbHbiX NMOTOKOB, HO TaKkKe A5 PanHais-
HOH cXeMbl (HNbTPALHH, eC/IH B HHX TNONOMHTD X=r’—rg H V=

= im' {fu—-]}E,I[H}"C EP}TDEDT’D KOHTYpa " HCTOYHHKa 3arpda3HcHHA,
n
Q — duabTpauHoHHEI pacXoA W3 Hero). Murpaunsi B pajaHalbHOM
notoke paccMotpeHa B paGorax [20, 126, 144].
Chenyer B 3aKnioueHHe OTMeTHTb, 410 Gopmynsl (5.47) -npu
Dy=Dy; u Bi=p2=c0 copnapainT c H3secTHOH topmynoit Jlopepse
AJ5 TengonepedHoca p HedTeBONOHOCHHX naacrax [146].

MHIPALLHA BHOJIOTHYECKHX 3ATPASHEHHRA

Hyewpecds HEMHOTOUHC/EHHEE 3SKCNepHMEHTa/bHble J1aHHble NC
KxuHeTHKe copbumn mukpoopranuamoB [83] nosponsooT npeanona-
raTh, YTO AJ5 MPOTHO3a MHTpPallHH OHOJNOTHYECKHX 3arps3HeHui
MUAHO HCXOMHTH M3 HeJHHCHHON KHHeTHKH copOumu (2.6) npu p*=
=0 (cm. rn. 2), [pn oM, ecnn npuHaTe D, Dy2=0 H £2=0, TC
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#3 (3.19) nonyusm crneaywilee ypaBHenHe [OA8 H30JHPOBaNHOTO
nnacra:

~vi"%=n-ﬂ£+m{w.—-mc, (5.50)

rne Ng—nonsas copGuHOHHAS €MKOCTb TPYHTa MO OTHOIWEHWIO K
6HOJIOTHYECKHM 3arpA3HEHHM.

Vpasuenne (5.50) paccmatpueaiock B paborax [37, 130], mo-
CBALLEHHHX Bonpocam QUALTPALHH MAaJOKOHUEHTPHPOBAHHBLIX. CY-
CreH3Hil H 3MYJILITHPOBAHHEX He(TeNpPOAYKTOB B MOPHCTHX Cpeaax.

[lp C=Cgx=const u V=const pewenne ypasnenns (5.50)
HHEET Buj [37]

€ (1 et g, 651

Cax

mﬁ_ - ﬂ E[I‘.I ﬂn EJ.‘
ﬁ ¥

Sl
—
=

rie 8 — nnoTHOCTb DAKTePHANLHOH MACCHI.

OGob6uieHHbit napaMerp copbuun a® (l/cyr), Takum obpasom,
3aBIUCHT OT HAYAJNbLHOTO COACPHMAHWA MMKpPOOpraHHaMmoB, a 0606-
wennuiit napamerp B° (1/M) -~ or ckopocTH QUALTPALHH H Mpefeb-
HOIl €MKOCTH NOTJIOEeHH MHKPOOPTraHH3MOB.

Ocobennocty ancopbunn Toro HJAH HHOro Buiaa OaKTepHH TPyH-
TAMH ONPEICNeHHOTO CTPOeHHs M TPaHyJOMeTpHYeCKoro COCTasa,
CHACQOBRaTENIBHO, OOJIMHE HAaHTH CBOe ﬂT]}E}KEHHE B HHPHME‘]‘PHI l:;l:‘i‘:|
H Y Ilns ux onpefelleHHs Mo 3KCNePHMEHTANbHBM AaHHBIM YA00-
HO BOCTIOAB30BATLCH BHIPAXeHHAMH, BuTekaowHMu U3 (5.51):

-Gl —C)
gt ='“ i) (5.52)

ﬂ“'—'—l [1_|_ —C Er.‘-'l‘]
T :

X

ol —

3necs €; n Ca— OTHOCHTENIbHBIE KOHIEHTPALHH MHKPOOPTaHE3MOB
B BOAc HA PACCTOSHHH X OT BXOAHOTO CEMEHHS HA MOMCHTH BPEMEHH
£, u [; OTCYHTHIBaeMble OT Hayana GUALTPALHH BOALI, COfcpHKaleil
muugﬂuprauﬁauu.

OpafoTKa ONBITHEIX AAHHEIX MO QHABTPAUHH BOAKL, COAepHa-
wei 6akrepun Esh. Coli m @ar MS: (eM. ra. 2), no (5.51)—(5.52)
naaa caenylollHe 3HaueHns CcoOpOGUHOHHHX napamerpoB «® W f°

(taba. 12).
B cooreetctBun ¢ (5.51)
CBII‘N 0T off BDV {553}
Jasn onwvita | (cm. tabn. 12) Cee/Nom l, T. €. [ocTynamilee ¢

50
BOJ10iI KOJIHUECTBO MHKpoOprasuamoe Guino B 50 pas meHblue npe-
NeNbHOH eMKOCTH MOrAoLeHH.
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Tabawua 12
Anrcopbumn MMKPOGPranM3MoB Npi QUABTPALMH 3ATPAIHEHHBIX BOJ B NECKax

f; E E INapamerpis ancoplums
£ &
E : Toukn o1lo E E' Hayanwhoe 3apamente =%
E E' npoh x, cf:ﬂ € E BOJIb EH::' H:I-.FF. T/n - h
ol o3 gi"-: F )&k
S £ 3 x| E o T P
£| &F s | Ze A ERE:
| 0,2 20, 40, GO | 1,0 ﬂ,lﬁrﬁl Esh. Coli |III.I.'}ESI 4,26] 1-10%
(1,8+2.4)-100
dar MS, |EII.l'JﬁE|-iﬂ,4
21 0,2 |24, 46,777, [1,78|0,215 Esh. Coli 0.263| 8,70| 3-102
W 1,6:-9,3)- 10
3 10,5—1,0 |29, 5% 75, | 1.78|0,254| Esh. Coli (2+-9).10% |0,205] 8,50 4-107

JKCMepHMEHTAIbHO OnpejlefeHHEle 3HaueHns € B uenoM GAH3KK
K pacyeTHOR KPHBOH, NMOCTPOeHHOIl Mo ypasHenuio (9.01) npu vka-
3aHHbIX B Taba. 12 snauvennax napametrpor «” n f% 710 ypashenie
no3poJsier Takike cienaTh NMPOrHo3 pacctofHua Xz, Ha KOTOPOM

KOHLEHTPalIHA MHKPOOpPraHH3MOB K MOMEHTY BpeMeHH [ COCTAElT
TO HAH HHOE 3ajlaHHoe 3HavucHHe C.

H3MEHEHHE COCTABA NOJA3EMHBIX BOJL
NPH PACTBOPEHHH NOPOLB

[1pn duapTpaiun 3arpssHeHHOil BOABI, PACTBOPAOLICH OTAeNbHBIE
COCTABAANIOLLHE TBEPMOTO CKEAETA MAH LEMEHTA BOJOHOCHOI NOpo-
Abl, MHHEpaJH3alks NOA3EMHEIX BOA MOMKET YBCNHUHTBCA, MPH ITOM
KOHIIEHTpallua Tepexodflero B pacTeop BeulecTsa OyHeT H3Me-
HATHCA MO NYTH (HALTPAUMH OT HayanbHoro 3HauyeHus Cyy (B uacT-
HoetH, Cpy=0) 10 KoHuenTpauun Hacuuenus Cy.

Xapaktep 3asucumoctH C=f(x, {) npu ¢uaLTpaunK B mnopoie,
coleprkalleil AHCNEPCHOPACCESHHBEIE YacTHIEL BOAOPACTBOPHMOrC
BelilecTBa, Nojapo6Ho H3yued B skcnepuMentax [76]. Tlokasano, uto
MpH NOCTYNAEHHH B MOPOAY BOJAH, B KOTOPOil CofAepXaHHe AaHHOIO
penlectsa Cy<<Cy, B 3aconenHuil nopose B HanpapdeHHH QuHIbLTpa-
LHOHHOTO noToka GopMHPYIOTCA TpH 30HH (pHc. 40).

l. 3oua A— npuneraetr K BXOJHOMY CEYECHHIO H OXBaThlBaeT
YUACTOK YiKe BHILIeJdoueHHoil, obecconennoil nopoas. 31ech comep-
JKanue TBepaoi conn B nopoie N=0, a pactBopeHHoit conn B BOAE
E=Cn:-

2. 3ona b — «akTHBHAfA», B npeaenax KoTopoil MPOHCXOAHT pac-
TBOpPEHHE TBEpPACH COJMH, Nepexoll ee B PacTBOp C NOCTeNEHHBIM YBe-
JHyeHHeM KoHueHtpanMu B pacteope oT Cgx 10 Cy H yBeNHYEHHEM.
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cofepAanis Teepaoi cond or 0 o wavaibHOro cofepmanua N
3. 3oHa B — oxBaTHBaeT BCIO HeBHILeNOYEHHYIO nopoay. B Heif
NPOXOAHT y»Ke TpaKTHYeCKH HaceileHHu#i notok (CaC,), nuuen-
HHII pacTBopsolel cnocoGHocTH, W no3toMy 3fech N= N,
PopMHpOBaHHE YKasaHHBIX Tpex 30H MPOXOAHT B JABE CTaIdHH.
B nepBylo H3 HHX B TPYHTE HMeWTCs TonbKo 30HH b w B; 3ona A

TOABJSAETCA K KOHLY 3TOi cTafMu, cnycts Bpemsa To nocie Havana
GHALTPpALLHH.

a \r . F W

i ' !

i ! | N
i | -

™ > ! :‘F
t .r P J N ﬂ | I-._

T -0 T T
AN y_-__l 1:.‘.1__ ,__,_L_‘., _‘._-_ Lt —-I-'ﬂ

s Jowg A Jowg B Jowa b

Puc. 40. CxeMa GOpMHPOBARHA 320H ApH QHALTPALHE BOJAM B JACOACHHOM TPYHTE:
a — nepEan craaua; 6 — BTOpas cTammMA

Bo sropyio craauio, 1. e. nocne pU3HHKHOBEHHA 30HH A, HpOMC-
XONHT mepeMellgHHe TPaHHI{ BHJEJEHHBIX 30H B HamnpaBleHHH No-
TOKA, NpHYeM MpH NOCTOAHHON CKOpOCTH (HABLTPALHH [AJHHA 30HHI
A Bospacraer, 30HH B —npakTHueckH He H3Mensiercsi, 3oHel B —
yOhiBaer.

Ilpu ckopocts ¢uapTpauun V(x, f) anuHa sonn b Oyner nepe-
MeHHOH. PasMmepsl 30H H CKOpPOCThH HX MepeMeLleHHsl 3aBHCAT He
TOJNILKO OT CKOPOCTH (HABTPALMH, HO H OT HAYalbHOTO 3aCOJEeHHS
TpyHTa (KomHuYecTBa TBEepPABIX cojed, pasMepa H ¢opm uacTHIL co-
nu). KonuuecTEeHHOE ONKMCcaHHe 3TOro npouecca naHo B paborax
[32, 33, 76].

Ecan npuusTe HexoaHoe and@epeninanbHoe ypasienne Gananca
(3.19) npu D, D;2=0 (nockoaeKy Tpu 3HaUHTENBHOH CKOPOCTH
¢dunbTpauuu agucnepcHell No CPpaBHCHHID C KOHBEKTHBHBLIM NEpeHO-
COM MOMHO npeHebGpeun), a Takke e12=0 u %l:; ={), T. e. paccMmar-
pPHBaTh MPOILECC PACTBOPEHHA B CTAUHOHAPHLIX YCIOBHAX, @ Ypas-
HeHle KHHeTHEH — B dopme (2.13), TO noayunm

v% — 0y (Cy—C) VN = 0. (5.54)

Mpu Cye=const (Cex<Cy) KonuMuecTBO TBEPAHX COJEll  BO
BXOAHOM CEYEHHH YMEHbIIAETCS CO BPEMEHEM MO ClelyIeMy Bbi-

pa)KeHWio, TNOJYYEHHOMY  HENOCPeJCTBEHHLIM  HHTErPHPOBAHHEM
KHHeTHUYecKoro ypaeneuus (2.13):



N = [WT,,—_‘;P_ (C. —cu}t]’* (5.55)

PEETEEIPHMHE BKJIOYEHHA MNOJHOCTBIO HCYEIHYT 3/eCh K MOMCHTY
Tﬂ.l

Tymim 2V (5.56)

Kak nokasHBaloT 3KcepHMeHTH, Na)e aasa cabopacTBOPHMBIX
cOeNIMHEHHil, Hanpumep runca, speMs Tp cpaBHHTeNbHO Majo. K
3TOMYy BpeMmeHnH, npH ycaosuax C(oo, #) =Cy u N(oo, #) =N,, pac-
npeneneHue coneit B Boae umeer BHA [33]

- il [ o Vi, ) —1
T) = o—rp = | (2% e x)| . 5.5
Cix, T) =g—¢ = |0 pT (5-57)
[lpu ¢>T, (BTOpasm cTamksa) 3apHCHMOCTL AMA € aHanoruuHa,
HO BMECTO X B Heil HYXHO npuHiMaTth (x—I), rae [ — AMHHA Bhillle-
JoueHHOH 30HH A, onpefienseMas no BHpaxKeHHIo [76]

]l = {t—Tﬁ} {CE_EBI} "'r- {5.53]
1]

B pa6ore [3] nokasano, yto Buipaxenue (5.58) cnpaseanuBo
npn mobom crnocofe pasMelleHHsl pACTBOPHMOrO BeLleCTBA OTHOCH-
TeJIbHO HEPACTBOPHMOI'O CKENeTa NMopokl.

YeTKHe rpaHHllbl MeXay BHAeNeHHHIMH 30HaMH 00pasyoTcH
TOJBKO TMPH PABHOMEPHOM 3aCOJEHHH H OAHOPOAHON BOAONpOHHIAE-
MOLTH Nopojabl, KOrJa OTCYTCTBYET 3aMETHOE BJHAHHE JHCTIepPCHH.

PaccMoTpeHie Macconepesoca pacTBOpsIOUHXCA NpH QuAbTpa-
IHH TBEPJBIX BELLECTB ANf chydyaes, KOraa 3acolleHHe HepaBHOMep-
#0, H ¢ yyetom D=0, Vz=const npoeegeno B paGorax [2, 96, 131].

VpaeHenue KuHetHkn (2.13), ¢ mcnosp3oBaHHEM KOTOPOTO noay-
yeHs npeauiyulHe Gopmysbl, OCHOBAHO Ha NpeaAnocklike 00O H3Me-
HeHIH TOBePXHOCTH PACTBOPAIILHXCH YacTH conn [33, 76). Ecau
9TO He YYHTHIBATh, TO MOJKHO TNPHMEHHTb KHHETHYECKoe YpaBHCHHE
(2.14). B 310M cayuae Hcxonnoe naupdepenuHansHoe ypaBHeHHe

(3.19) npw E~=ﬂ NpHMeT BHJA

C ac -
R . O 2 —0) =0 5.59
D —-—V—-+na, (C;—C) =0, (5.59)

npuueM, kak nokasamo B paGote [33], Ans nepBoil cTaaHH YCNOBHR
3aaaud GopMYIHPYIOTCS TaK:

C(x, 0)=C, C(0, §) = Cyxs C (o0, ) = Cw (5.60)

CoOTBeTCTBEHHO 3TOMY pellleHHeM ypasHeHus (5.59) aasn neproit
crannn 6yaer:

E=exp[—-:-g(]/l + Aol 1)] (5.61)




YTO B MAaTEeMaTHYECKOM OTHOLIEHHH AHAJOTHYHO NOJAYYEHHOMY BHIULE
exlpakenuio aaa copbunn (a Taksae paaloakTHBHOrO pacnaja) 3a-
rpssHennit npn neoGparumoil Kunetuke (2.8) Iem. dopmyny (5.37)).
Jlas propoil cTaguMn JelicTEATENLHO 3TO JKEe peuleHHe NpH 3aMeHe
E HEM X Ha x—L

BJAHAHHE NNOTHOCTH H BA3KOCTH
SATPASHEHHBIX BOI

INocrynawuine B BOLOHOCHHI MJacT 3arpsisieHlibe CTOYHbIE BOJIB
YacTo OTAHMAKTCH OT NOA3EMHBX BOd HE TOWIBKO NO XHMHUECKOMY
CcOCTARY, HO W NO JH3HYECKHM CBOHCTEAM — NJIOTHOCTH H BA3KOCTH.
JTH OTJAHUHS BAHAKT Ha XapakTep H CKOPOCThH PacnpOCTpaAHEHHs
sarpasHednil B nnacte. B yactrocTH, Gofee TAMXeNkIe 3arpa3HEHHBIE
BOAL -MOrPY#awTcs B HHMKHIOW 4acTh NJacTa H 3[ech MNpoJBHra-
J0TcA OGHICTpEE, YeM B BepXHeii ero uactH. boaee nerkuwe sarpsasses-
Jitle BOAbI 3a/IeIKHBAIOTCH NPEHMYLIECTREHHO B, BEpXHeH YacTH nJja-
eta. B Tom m apyroM caydae rpaHiila  Mexkay 3arpa3sHEHHBIMH H
YHCTHIMH MOA3eMHHMH BoLaMu Hedopmupyercsl, npuobperas B ro-
PU30HTANBHOM NJAaCTe HAKNOHHOe nojokenwe. B pesyabraTte 3toro
NOJ BAHAHHEM rpapuTauHoHHOro $GakTOpa yBelHYHBAETCH TMepexop-
Has 30Ha OT 3arPA3HCHHBIX BOA K YHCTHM. @OpPMHpPOBaHHe TaKOM
30HH B MEepPBYI0 Ouepellb CBA3aHO ¢ THApaBNHYECKOH MakpoaMcnep-
cieit. PazsitHe 30HH, KpOMe TOrO, CYLLECTBEHHO 33aBHCHT OT pa3fiH-
YHH B BA3SKOCTH BHTECHAIWLNX (3arpA3HeHHbBIX) W BHTECHAEMBIX
(YHCTHIX) NOA3eMHBX BOJ.

MOAKHO BHACIHTbB HECKOJALKO XAapaKTEePHHBIX CNYyvyaes, NpeAcras-
JASIOHX HHTEpec AJS NPaKTHUYECKHX MPOrHO30B KauecTBa noasem-
HHX BOA TPH MX 3arpsA3HeHnH: a) BeITeCHeHHe NPOHCXOAHT B ropu-
30HTAJbHBX HAN CAAa00HAKJAOHHBIX nJaactax; 6) BbITeCHEHNE ocyuie-
CTRJIACTCA NPH BEPTHKAIBHON QuUIBTPaUNN H3 XPAHHAHLL, HAKOMI-
Tedeit W APYrHX NPOMBIlJIEHHBX GacceiiHOB (T. €. CBEPXY BHH3);
B) sarpaskeHHble BOJH NOATATHBAIOTCH K AeiicTeyiolleMy Boao3abo-
DY W3 HHMKHHX YacTeil naacTa, T. e. CHH3Y BRepx.

GUALTPALNOHHOE BHITCCHEHHE MHAKOCTEH pPasHOH MNJOTHOCTIL H
BR3KOCTH B OAHOPOJIHOM nJAacTe paccmatpuBaioch B padorax [24,
116, 118, 123] u ap. B nanGosee noaHON NOCTAHOBKE 3Ta 3ajaua B
nocaeance ppeMs nceaegoeasack B paborax H. H. Bepuruma u
B. C. Capxucsna [38].

[To marepua;iam Bcex STHX ucciegopannil aauna Ly npoekuun
HAKJOHHOI rpamilel pasgeaa Ha ock x (pnc. 41) ceasbiBaeTes CO
CEOMCTBAMI MJACTA, MAOTHOCTBIO JKHAKOCTEN i BpeMeneym ¢uabrpa-
Wit £ caeayiouleil 3aBHCIMOCTBIO:

L, = ) Aykmtcosgln . (5.62)
3aeck km — BOAONPOBOANMOCTL MAACTa; 1 -— NOPHCTOCTDL; ¢ — Yrod

I1aKJOHA nJjacTa K TOpPH3OHTY, j}'f’{*ﬁa—ﬁ],’yg; yi H Yz — [JOT-
HOCTh BHTECHAIOLLEH ¥ BLITECHACMOH H3 NJAacTa BOJLL
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CxopocTb nepeMellcHHs rpaHHub pa3gena npubanzeHHo omnpe-
neaseTca no sapHcHmocti [24—26)

72 ¢ kﬂ?ﬁiﬂi (5.63)

P mn n ’

rjle § — noCTofIHHLIH pacxoa MoTOKa.

B ropusontanbHelXx naacrax (g=0, sing=0) rpaxuua pasgena
IBHIKETCH CO CKOPOCTHI0 Vip = T,%{ , T.€ TaK e, KaK MpPH OJHO-
POAHBIX MHAKOCTAX — CO CKOPOCTbIO MOPLUHEBOro BuiTecHeHHs V.
B HakNOHHBIX naacTax CKOPOCTh ABHMKEHHA TPaHHUBI pasfena 3aBH-

CHT OT yIjla HAKJOHA ¢, HAMPABJCHHSA [BHXEHUs H OT Pa3HOCTH
NAOTHOCTH Ay.

i i.
v
Puc. 41. Haknonsan TPEHMUE PAIAERa MEMAY BHTECHAOUER (NAOTHOCTE Y,) W BRTECHRE MO

(NAGTHOCTE Yi) EHAKSCTEE APH Y=Y

Puc. 42, BeprukankHas QHABTPAUNA PAIHOPOAHLIX MKHAKOCTER:

M — munepannaopanian Boga; 1 — npecHas Bola
J, ¥ — rpaniua MexRAY MEHEPAAHIODAHHBIMH U NPeCHRIMH BOgaMi wa spema 0, w6 (f=1)

Ecan sing u Ay umerT oaHHaKoBwe 3HakH, 10 Vi<V, ecaw
pa3suue, 10 Vep>V. )

Uncnennotit kKoadduuuent » B dopmyne (5.62) no faHHEM Teo-
PeTHYECKHX HCCNelOBaHHit nameHserca B npeaenax 14—2,2, uto
cnenyer cuutath B oOuiem GAH3KHMH  3HAYEHHAMH, [MOCKOJBKY
TeopeTHUECKHe pelIeHHA NMONY4YeHBl A% caMoil npocteiillell cxXembl,
a peallbHble YCJOBHS TOpasflo CJOMKHee.

JKCNePHMEHTANBHOE  ONpefieIeHie  3HAYEHNA ¥ BHINOJHEHO
A. M. KonGacoeeim [12] npn TOYHOM H3MEpeHHH INHHHE H dopMbl
rpaHius pasjiena ¢ NOMOUILI HecopOHPYeMBIX PaJHOAKTHBHHIX Me-
Tok. Cnennaneusim noaGopom kuakocteit (pacteopul BaCly u soso-
rAHLepPHHOBLIE CMeCH) H3y4YeHHe BJAHAHHA “pasmmm'l B NJOTHOCTH
MPOBOJMAOCE MPH MPAKTHYECKH OJMHAKOBOIl BA3KOCTH PacTBOPOB.
B onuTax pasnocts nJaotnocrteil  Ay=y;—y: cocrapasaa 0,02--
—+0,036; ckopocts ¢uasTpauns 0,0042—0,015 cmfc.  YcraHosaeso,
YTO CKOPOCTh (HABTPALMH, IOTHOCTE H BA3KOCTL MHAKOCTEH HA Be-
JHYKHHY % BAHAIOT He3HaunteabHo, npi stom x=13-—16. danna

119



rpaHiUbl pasjiefa MeXAy KHAKOCTAMH pasianyHoil IJIO0THOCTH BO
BpeM#A ONHITa YBEJHYHBANacCh.

Pacuet no (5.62) nokaanipaer, uto NpH AANTENbHON GuAbTPaLHK
Gonee TAMENBIE BOALI MOTYT JajeKO NPOABHHYTBCH MO TNOAOUIBE
naacta. Tak, npu k=20 mfcyr, m=20 m, n=0,1, y1=1,01 rfcm3,
v2=1,00 rfem3, 3a 10 ner panuHa rpaHvubl paspena npw x=16
coctapuT oKono 600 M.

[Mpu nocTynieHHH B NJacT 3arpssHeHHBX BOJ yepe3 JHO XpaHH-
MOl T. €. NpH (QHIBTPalHN B BePTHKAJBHOM HaNpaBJeHHH, KOrga

yron @= 12 n 1 sing=—1, u3 pupaxeHua (5.63) caenyer, uTC

CKOpOCTb (HALTpauuH (puc. 42) Gyner

TR +mﬁ : (5.64)

P mn n

3necy BennuuHa Ay npencrapaser co0oifi HEKOTOPHIl AONO/HH-
TeJdbHBINH TIpafgvent Gunbrpanuy, o0yclhaBiHBaeMHil pPa3sHOCTHIC:
NJOTHOCTH (MJIH «IPaBHTALHOHHHII» TPAAHEHT):

I, = Ay. (5.65)

Takum oOpasoMm, uabTpanusa OoJee TAMENLIX 3arpA3HEHHBIX
BOL B BePTHKAJNBLHOM HanpaBleHHH MOMeT NPOHCXOIHTL H npH g=0,
T. €. TOJNLKO NOJ BAHAHHEM rpaBHTalHoHHOoro sgdexra co CKOpo-
CTBH)

V

k —
p=—0y= % i (5.66)

Ilns paccmorpenHoro peiule npumepa (k=20 m/cyr, m=25 ,
n=0,1, Ay=y,—y2=0,01) Bpems norpyenus T;i;!{g.ﬂ!h[}: BOJ Ha
20.0 .01 12,5 cyT,
T. €. 3aMelleHHe NAACTOBHX BOJ NpoH30iiAeT oueHb OLICTPO.

B peanbHbIX ycnopusaX (UAbTpauHs H3 OacCeHHOB H XpPaHILTHLUL
NPOHCXOAHT No Golee CNOMHEIM NyTAM, ¢ 06pa3soBaHHeM NpOCTPaH-
CTEEHHOTO NOTOKA, HaKjiajbiBawollerocs Ha,OHTOBOH NOTOK NOA3EM-
HHX BOJ. TeM He MeHee H B STHX YCAOBHSIX NOA BIHSHHEM TpaBHTa-
UHOHHOTO (aKTOpa, Kak OHJ0 NOKAa3aHO BHIUE, TPOHCXOANT Gojee
GHCTPOE NOTPYXKeHHe 3arpsA3HCHHOTO THAXKeNoro notoka i Gojee yc-
KOpeHHOe ero JBHzKeHHe B HHMHelH YacTH naacra.

Toatsrupanne GoJee THMKENHX BOJI M3 HHKHEHl YacTH nJjacta e
B0/103a6OpHBIe CKBAXKHHB, 3aray6GicHHbe B BCPXHIOD MacTh Niacta.
paccMaTpHBaJioch B CBsI3H € 3ajgayaMH  OGBOAHCHMSA HE(TAHBIX
cksaxiu [118]. -

[lpu cpaBHHTE/IBHO HeGOJBLIUHX PasiHYHAX B NJOTHOCTH (Ay==
=0,01—0,05) 3arps3HeHHHX H YHCTHX NOA3E€MHHX BOA pOJb rpa-
BUTALHH NpH pacueTax BpecMEHH H CKOpPOCTH NOATATHBAHHA 3aIPH3-
HeHHHX WA GoJee MHHEPaJH30BAHHHX BOA K BOj03abopy CTaHO-
BITCH He3HaunTeabHoll. Kak nokasaan aHanuTHUeCKHe M 3KCMepi-

ray6HHY JI0 OCHOBAHWS NJACTa COCTABHT f =
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MeHTa/IbHBIE HeenefoBanuna [24, 38, 43, 90], npeobaasawuiee 3Haye-
HBEe HMEIOT BHEICOKHE TPajHeHTHl H CKOPOCTH ¢uabTpauuu BONH3H
ronozabopa.

3anaua 0 NOATATHBAHHN K BOA03a6OpYy HMzKeNeraliHX MHHEpP3-
AH30BaHHBIX BOJ Oe3 ydyeTa rpaBHTalMH paccMaTpHBajack B pabo-
tax [43, 90] u ap.

Bansnne pasnnuna B BA3KOCTH BHITCCHSEMOH H BHITECHAIOLLE
JKHAKOCTH Npi (HALTPAUNKM B OHOPOJHOM IJIACTE SKCMEPHMEHTA b-
HO Ouo H3yueHo A. M. KonGacoewbim [12], npHMeHABIIMM, KaK Vike
OTMeYanochk, panHoakTHBHble MeTKH. [lokasaHo, 4TO ecnn BA3KOCTH
BLHITECHAKOLLEH MHAKOCTH 1), Oo0Jblle, yeM BA3KOCTh BHITECHAEMOi
FMHAKOCTH 12 (NPH paBHOII WX NJOTHOCTH), TO NPOMCXOAHT HEKOTO-
poe yMeHbLICHHE AJHHBE 30HbLI AHCTNEpCHH.

IlpH BHITECHCHHH BOAHB M3 CNOHCTOrO, HEOAHOPOAHOTO MO MPOHH-
LlaeMOCTH njacrta HaGAWAAIOTCH MEemCNOHHBIe MonepeyHble Nepero-
iKW, 3AKOHOMepHOCTIl 3TOT0 Npollecca, OCNOMHEHHOTD pasiHyHeM B
(hH3NYeCcKHX CBOACTBAX BHLITECHAEMON M BHITECHAIOLWEH KHAKOCTEN,
paccuatpusaioTcs B paborax [M0, 116].

Ananns BA3KOCTHBIX NEPeTOKOB B HEOAHOPOLHOM TpeXcHoiiHOM
naacrte p YNpoOLEHHON NOCTAHOBKe (B KaM[IOM CJ0e — MOpLUHeBoe
BHITECHEHHe, OJWHAKOBHE [aBleHHs, KBasHCTALHOHAPHOe OBHMKe-
Hue) cupenan B paGorte [115] Ilpn stom noayuyeHw Takue pe3ay.b-

1
TATH: n,=-—“~-—— 1 (BA3KOCTH OJMHAKOBH) — CKOpPOCTh BHITECHE-

h
HHA }HHII.HUETEﬁ B KA J0OM Chaoe DTIFE,EE.'IHETEE TOALKO HPﬂHHuﬂEMﬂ'

CTBIO CJIOEB: M, — —i < | —g cnoe ¢ GonbiuHa KO3 OHUHEHTOM
gl
GUALTPaLHH CKOPOCThL BHITECHEHHS CHHIKAeTcs, a B CJoe ¢ MalbiM

KosthgHUHEeHTOM — YBeJIHYHBAETCA NO CPaBHEHHIO C CNyyaeM, Koraa
n=1; >0 —8 caoax c GOJBINOH NPOHHIAEMOCTBID CKOPOCTh
BHITECHEHHS yBeJHUHBAETCsA, a B CJOAX ¢ MaNOH NPOHHILAEMOCTLIO —
YMeHbIIAeTCA MO CPABHEHHID CO CKOPOCTbIO BHITECHCHHSI NPH OIHHA-
KOBGiT BA3KOCTH (no=1).

Takum oGpasom, nipn 1Mp<<l (poHT BHTECHEHHA (H TAK HEPOBHHH
113-3a pasniyls B NPOHHUAEMOCTAX CJ0eB) Kak Onl BHpaBHHBAETCH,
a npu ne=>>1 pasMHBaercs, yBeJIHUHBAACL B pasMepax.

FTMTABA 6.
MPAKTHYECKHE METOABI MPOTHO3A

PACMPOCTPAHEHHUS 3ATPSAA3HEHHA
B BOJJOHOCHBIX MJIACTAX

OBIIHE NMOJIOKEHHA

Jlna npakTHyYeCKHX NMPOTHO30B KAauYeCcTBa NOJA3eéMHEIX BO4 B CBH3H C
BO3MOMHOCTBIO MX 3arpsA3HeHHs HCMOAL3YITCA HeKoTrophe o0uiHe
SAKOHOMEpPHOCTH JABHMKEeHHA PACTBOpPEHHBLIX N 3MYNbLIHPOBAHHHIX Be-
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UeCTB B BOAOHOCHHYX MOpoJax, KOTOphle CAeAYIOT H3 DPACCMOTpPeHHSA
TEOPHH MHIPALHH.

I'nasnoe, onpenensiioulee BAHsAHHE HA CKOPOCTH #H  JA&JbHOCTH
pacnpocTpaHeHHs 3arpA3HEHHii MMeeT MepeHoC 3arpAsHALLIHX Be-
WECTE QIAbTPALIHOHHBIM NOTOKOM.

Kak Obiio nokasaHo (cMm. ra. 5), npu PUALTpALUMH 3aTrpA3HEH-
HHX MOBEPXHOCTHHIX H CTOYHHX BOJA NPHpOAKblEe NOJA3eMHLIE BOAHI
BBITECHAKTCH HMH M3 nJjacra ¢ oOpazoBanueM Ha rpaHuue pasjiena
noa BaHAHHEM cOpOUMH, KOHBEKTHBHOII AMCNepcHH W ApYrHx ¢H3u-
KO-XHMHYECKHX TNpOUECccOB NepexoJHOi 30HH CMelueHHA  (30HBI
AHCMEPCHH), B KOTOPOil KOHUEHTpAlMA 3arpasHAoNlero BeulecTsa
namennercs or C,, (KOHLEHTpauus y MCTOUHHKA 3ATPA3HEHHS) 10O
Ce (ecTecTBeHHas (OHOBAS KOHLUEHTPALHA B NPHPOJHHIX NOA3EMHHX
Bonax; uacto Ce=0).

Pasamepni 3T0il 30HB onpeensilTcA ANHTENBHOCTEID H CKOPOCTBIO
(uabTpauMn 3arpaAsHeHHN, KOTOpas, B CBOW OdYepejlb, 3aBHCHT OT
(GHILTPAaUHOHHBIX CBONCTE NOPOJB H pacrnpeneleHHs HanoOpoB MpPH
FHAPOAHHAMHYECKOM B3aHMOJCHCTBHH €CTeCTBCHHOTO [OTOK& MO0J-
3eMHHIX BOJi SKCINYAaTHPYEMOro IJacTa ¢ BHEIWHHMH MCTOUHMKAMH
NHTAHHA, 8 TAKME HCTOMHHKAMH 3arpasHeHHs, BoaosabopaMu n np.

Pasauune B naoTtnocTy npuBoJHT K Aedopmaunn rpaHHubl pas-
AeNla MeMAy 3arpA3HeHHBIMH CTOKAMH W YHCTBIMH MOA3EMHBIMH BO-
Aamy, NpHUeM B BepPTHKAJBHOM CEYEHHH BOJIOHOCHOTO MJAacTa OHa
npuobperaeT HAKJIOHHOE NOJOMXEeHHE.

IInuua nepexonnofi 30HB cMellleHHs W aedopMauud  TpaHHUBD
pasnena, ¢opMupywouleiica nol BAHAHHeM AACNEPCHH, COPOLHH H
pa3nHypui B NAOTHOCTH H BA3KOCTH 3arpsA3HeHHEX H YHCTHX MOA3EM-
HEIX BOJL, onpejlesineTcAd napaMerpaMH 3THX NponeccoB.

Jinga choxHER QHIBTPAUHOHHEX MOTOKOB 3TY 30HY C HEKOTOPHIM
npubau}KeHHeM JONYCTHMO OUEHHBaTh OTAENbHO, MO COOTHOLICIH-
SiM, NMOJIYMeHHBIM H3 THNOBHIX peuleHHil ypasHeHHsi MHIPALHH AN
0AHOMEPHOTO TOTOKA,

CropocTh cOPOUHOHHBIX MPOLECCOB NPH QHILTPAUHH B NOPO1AX,
KaK NpaBHNo, SBISIETCA HACTONBKO 3HAYNTENBHOIN, YTO TpakThHye-
CKH 3TH TNpouecckl MOXHO -paccMaTPHBaTh Kak paBHOBeCHHE H Xa-
paKTepH3oBaTh TONbKO Ko3dduuuentom pacnpenenenus p oM.
ypasnenne (2.8) 8 rn. 2] Tlpn HeOGXOAHMOCTH B OTAEAbHBIX
CNYyYanx MOXKHO YYecTh W KHHETHYeCKHe X&PaKTepHCTHKH Npoleccos
MOrA0LWEHHH,

Huejolliecss B HACTOsILLCe BPEMA ONbITHHIE A2HHBEIE, XOTA HX
HEJB3A CYMTATH HCUEpNLIBAIOILHMH, MO3BOJAKT BCe Ke OCHOBH-
BATLCH Ha NMPEACTABJeHHH O TOM, YTO CYUIECTBEHHOrO «CaMoouinie-
HIIfi» MOA3EMHBIX BOA OT XHMHUECKHX 3arpAsHenuii, Kak Mnpasio,
He nponcxonut. INon BAHAHHEM PasAHMHBIX  (PH3HKO-XHMHUYCCKHX
NpoleccOB B3aHMOAENHCTBHSI € NOpOAAMH H HHCTHIMIL BOIL&MH BO10-
‘HOCHHX nJactoB (Hanpumep, B pe3dyabTare pasinoieHnus, pacnana
1AW BHTNAMEHHS B OCAJOK 3arpASHAIOILMX KOMIOHEHTOB) OOLIYHO
NPOABHMKEHHe XHMHYECKHX 3arpasHeHNil TONBLKO HECKOJbLKO 3aMel-
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RAETCH, OAHAKO IIpPH HENpPEPEEBHOM I"EE".ICT}',E'I'.!'.[EHI{II B naact 60ONbLIIHX
KONHYECTB XHMHYECKHX 3arpAsHeHHil HX KOHUCHTPaUHA B KaXXaoM
CEeYeHHH MJIaCTa CO BpeMeHeM BO3pacTact.

Hcknouenue, Kak yKasbiBanoch B [ViaBe D, COCTABAAIOT PalHO-
aKTHBHHE BellleCTBAa ¢ ManNbiM NepPHOAOM pacnajia H GaktepHalbHLie
3arpA3HeHilA ¢ OTPAHHYEHHLIM CPOKOM <«BbUKHBaeMoOCTH» GakTephil
npu dunpTpauny. Bonee nan Menee GAAronpHATHEIE YCNOBHSA «Ca-
MOOUIIULEHHA» 3aTPASHEHHBIX MOA3EMHLIX BOJL CO3/1a10TCA TAKMKE TIPKH
BO3MOMHOCTH WHTEeHCHBHOro naHd@y3noHHOro O0TBOAA - 3arPA3HALD-
1INX KOMMOOHEHTOB W3 OCHOBHOTO BOJIOHOCHOrO MJlacTa B CJIOH KpOB-
MM )1 MOfOWBH, 06MajfaoliHe 3HAYHTENIBHOM  COMEBOH  €MKOCTBIO.

Onxako raasHeM QakTopowm, - onpefensiouiiM  (GOPMHpPOBaHKE
KauecTBa Noa3eMHB X BOJL, ABJMHETCH HX «\‘.H"«!Z'E[.[JE‘HHE‘l C BO/JaMH, l'I'DET}'*
NaOUHMIE B BOJOHOCHBIN MJACT W3 -Pa3lHYHBIX HCTOYHHKOB Kak B
eCTECTBEHHBIX YCNOBHAX, TAK H 0co0eHHO npu AeiicTBuH BoAo3salo-
pOB.

HertoynnkamMu nono/iHeHHs 3amacop MOji3eMHHIX  BOJ, Kak H3-
BECTHO, ABJIAKTCA MOBEPXHOCTHLIC BOJB — pPeKH, BOJAOXpaHHJHLIAE,
03¢pa H T. /., H coOCTBEHHO aTMocdepHble OCaJlKH, a Takie Noi-
3CMHble BOAH COCeJAHHX B BE€PTHKAJbHOM pa3pe3e ropH3OHTOB.

C Touku 3peHus 3arps3HeHHs NMOA3EMHBIX BOJ BaMHOE 3HaUeHHe
npuobperaer (GUALTPALMA M3 IAMO- I XBOCTOXPAHHAMIL, HAKOMH-
Tedeil, HenapuTeleil W JIPYriX THNOB MpOMBILUJEHHBX GacceliHoE.

CMelueHHe BOJ H3 BCEX HA3BAHHBIX HCTOUHWKOB M J1aeT B OCHOB-
HOM pe3yJbTHPYIOULHE cocTaB noasemubix poa. Ilpu sTom KoHUeHT-
pauna 3arpssHenuit (wan obuleft MuHepaJH3alHH BOJIb) Ha thporiTe
$UIbTpALNK J0NMKHA OUEHHBATBCA C YYETOM aHddysHn 1 oHcnep-
CHH ABMMKYLINXCA YACTHIL CMELIAHHOH BOHI.

VyyThIBAS 3T0 OGCTOATENBLCTBO, MOMHO NPAKTHYECKH HCMOAb30-
BaThb CAeAYOuLi npubanyKeHHbii MeTojl MPOrHo3a KauecTBa BOIGL.

1. Buauase, HCXOAA N3 NPeAnocHIKH, 4To aHpPy3usa u aucnep-
CHS OTCYTCTBYIOT, T. €. MO CX€Me¢ NOpIIHEBOro BHTECHE-
H M5, HO ¢ yueToM cOpOUNH (norjouienus), cuiTas, YTo OHa MPOHC-
XOINT B PABHOBECHBIX YCJOBIAX, onpejieasercs (QPOHT GHABTPALHI
Ly, ofpasyiouiiiics noji BAHAHHEM T[JI2BHBIX HCTOYHHKOB MITaHIIA
BOAOHOCHOTO MJacTa, B TOM 4HEe Mo BAHsHHEM NOCTYnAeHHs 3a-
rpA3HEeHHBIX PACTBOPOB I3 MCTOYHHKOB 3arpsidHeHns (MOBEPXHOCT-
HHX BOLOTOKOB, NPOMBILLJIEHHEIX GacceiiHoB H T. IL.).

9 3artem HAXOMAHTCH KOHUentpauus sarpssvenuii Cy wa ¢pomnte
GHILTPALHH H TPH HEOOXOMNMOCTII B APYTHX.TOUKaX NAacTa.

3. [locde 3TOrO ONpPeieNsoTCH pasMepbi 30HbB iepOPMaUKH Tpa-
HHLL pasfena Il pasMepbl 30HBI CMELUEHIs, KOTOpHE oGpa3oBanice:
mon Bananuem aucnepcin (Lg) W rpaeutaunonnoro spdekra (Lep)-
[MyTem HaJOMKeHHs STHX 30H KOPPEKTHPYeTCs MOJOMCHHE ¢poHTa
3arpA3HCHHBIX BOJ B KaXIbill pacueTHblii MOMEHT BPEMEHH.

B ofuieM BHae, TAKnM oOpa3oM, pasmepsl 00JacTil 3arpasHeH-
HHIX TPHPOAHEIX NOA3CMHBIX BOA Npu PILTPALII OUEHHBAIOTCS NO
caeayiouteil 3apucumocTit (puc. 43):
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L=Ly+0,5(Ly+ Lep); 6.1)

rie Ly— xoopaunata ¢gponTta GHALTpauHH H copOuuy; Ly — nauua
30HBI IMCNepcHH; Lrp— nnAuHa 308 nedopMauly TpaHHlE pa3jaena,
0OyCNOBNEHHOH Pa3/HYHAMH B MJAOTHOCTH 3arps3HeHHBIX H YHCTHIX
NOA3EMHBIX BOJL.

Beanunnbl Ly w Lypy OueHHBaloTCs MO 3aBHCHMOCTAM, MOJAy4eH-
HHM Beille B raase 5 [eM. dopmyaut (5.34) u (5.62)]

Fuc. 43. Cxema E OOPEAEACHMID PAIMEPOE
J0AM  JATPEIHEHHWE MOAIEMHMX BOS nNOA
BARNRHHCM AHNCHEPCHH W PAIIHSHE B RAOT-
HOCTHX

T

®pont ¢uabTpaunu Ly w xoHuentpauns sarpssuenuii Cy Haxo-
BEATCA H3 COOTBETCTEBYIOLLETO pelleHHs ypaBHeHHs murpauss (3.19),
NPHBENEHHOTO B rJlape 3, eCNH NPHHATE B HeM D, Dy.=0, a Tr—
t
1 acC
= . (3T0 nocseinee COOTHOWeEHHE OTBeYaET PABHOBECHBIM YC-

NOBHAM COPOLMY WIH NOTJOLIEHHMA BEWECTBa H3 pPAcCTBOpPa — CM.
dbopmyay (2.9) B ra. 2).
Vpaexenue (3.19) ans ABYMEPHOTO MOTOKA TIPH 3TOM HMEeT BHJL

=
—

. aC « OC . ac
| VAl B Tk N B e e 2
¥ 3TV +¢e; (C—C1,2)+ A = 0, (6.2)
e V; u V;—- COCTAB/AIIIHE JeACTBHTEILHOH CKOPOCTH (DHALT-

. g . Vv
pauHH no KoopaHHaram x, i (Y, = E_‘ = it ' n — nopuc-
n n

TOCTb); &) ,~— CKOPOCTH BEPTHKAJIbHOH (PUALTPAUHH HA TpaHHUAX
KPOB/H H NOACIUBH MnJacTa.
B yactHoMm cayuae, koraa nyact cBasaH ¢ atmocdepoii v pecyp-

CHl €ro NOMOJHAKTCA NyTeM HHGHUALTpAUMH aTMOC(EpPHHX OCANKOB
(MaM noTepsiMH NMOBEepPXHOCTHOIO CTOKA H3 Pa3spoO3HeHHoil OBpamHO-

L

GanouHoil cerH), €) o = €0~ HHTEHCHBHOCTH  aTMoOc(epHOro

nitanus. Beanunnb €] o H E;mb 3/1eCh OTHOCATCH K eIHHHLe Moll-
HOCTH NAacTa m H NOPHCTOCTH N, T. €.

TR U] R AR i (6.3)

-
C 2= " S = mm
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B GesnanopHeiXx naactax m=Hh.p— cpeaHel MouwHocTH. Octanb-
Hble 06Gosnayenust B ypaeHennn (6.2) cnenywue: C n Cy2 — woH-
UEHTPALHH TOr0 HJH HHOrO KOMIIOHEHTA, 3arpsA3HAloulero mnoaiem-
Hble BOABI, HAH o0uwlas MHHEepaNH3auHA BOAB  COOTBETCTBEHHO B
ocioBHoM naacte (C) w B cocenHux mutaowmMx naacrax (Ciz2).
Mpu unduapbTpanuonsom atmochepHoM nuTaHuu C)s=C; — KOH-
ueHTpauHu armocdepublx BoA. B nancHeiilieM npHHHMaercs. 4T
Cy2 1 Ce — noCTOSIHHLIE, He H3MEHAIOUMECSH BO BPEMEHH BEJNYHHBI.
Koagduunentom A xapaxktepusyercs BJAHAHHe COpOLHH:

LS (6.4)
p

rone Bp—koaddHuHeHT pacnpenenesus BellecTea (napaMerp JHHEH-
Hoit Haorepmul [enpu [cm. popmyan (2.6)—(2.9) B ra. 2]

VpasHense (6.2) npencrapasier coboil HeogHopoaHoe NHQdepeH-
HHAJNbHOE ypabHeHHe B 4aCTHHX MPOH3BOAHMLIX MNepBoOro TmOpALKa,
KOTOpLIM ONHCHEBAaETCH ABHMKEHHe YACTHIL MHAKOCTH B NOTOKe NOA-
3eMHBIX BOL.

EMy cooTBeTcTByeT cHcTeMa OOLIKHOBEHHBIX YpaBHeHuil (HuH
ypaBHeHHIH XapaKTEPHCTHK)

dx  dy dE dt
= — -1 — - — — ¥ {E 15!

rie C= C_'CI.E-

B pesynbraTe MHTErpPHPOBAHHS 3TOIl CHCTEMH MOXKHO MOJYYHTH
pellleHHe NOCTABNEHHOI 3aj/laud HaxomaeHHs (QpoHTAa (HABTPALHH
Ly v xonuentpauud Cy.

[lpu HCNONBL3OBAHHH MOJHOI CKOPOCTH MO HaNpasleHHIo La BbI-
paxenHe (6.5) Gyner HMeThk BHJL

dLy i dt

= e = — (6.6)
e €.2C A’

riae

e VRRaTn.

B cnomuax GuibTpauHOHHBIX NOTOKaX, 00yCJOBNEHHHIX N€iCT-
pHEeM Ka@IOro 13 HCTOMHMKOB (MAbTpanHH, B ypaeHenns (6.5),
(6.6) BBOMATCA CyMMAapHBEIE CKOPOCTH

V:w = EV:; l”;*y.c:m = EV'.;;.I . (6.7)

[pHMeHHTEABHO K oOnpeflesieHdio (ponTa (PHALTPALUUH 3aTpsis-
HEHHHEX MHAKOCTEeH B BOJOHOCHHIX MAacTaxX MOMKHO BblIE/THTD Ce-
AYIOWHE THNL (PHILTPANHOHHBIX MOTOKOB: 1) ecrecTBeHHHE NMOTOKI
NOAZCMHEIX BOJL B HEBO3ZMYLICHHLIX NPHPOJHHIX BOAOHOCHBEIX TOPH-
30HTax; 2) NOTOKH, BHI3BaHHHE 3IKCayaTauHeii Bo/03a60OpPOB NOA-
3EMHBIX BOL (4 TaKXKe BOMOMNOHH3IHTENBIBIX cmgﬁymenuﬁ, ApeHa-
keii); 3) noTokH, o6ycaoBAeHHbe IeACTBHeM OacCeHHOB H XpaHILaHuL
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APOMCTOKOB H dunbTpauMeil H3 TAKOBLIX B NPHPOAHLIE BOAOHOCHBIE
TOPH3OHTH; 4) CJAOXHBIE TOTOKH, (OpMHpYlOIllHecs B pe3yJbTaTte
B3aHMOAECIICTEHS YKA3aHHBIX YACTHBIX MOTOKOB.

Bacceiins # XpaHWiHUla NPOMCTOKOB, PaBHO Kak H Jpyrue Hc-
TOUHMKIl 3arPs3HEHHsI MOA3EeMHBIX BOJ, MPH AMHTENLHOM HX (QYHK-
uHoHHpoeanni obycnaBauealor (GopMHpOBaHHE TNOCTOSHHO BO3pa-
CTAWULEH 30HH 3arpasHenHblx pod. I[lporos murpauHH sarpasHeHHil
B 9THX cJay4asX, KakK yxe OTMeYanoCh, JIOJMKeH [pPOH3BOIHTECA C
paccMoTperkemM (UALTPAUHH M3 XPAaHHAHLL 1 GacceifHOB C yueTOM
eCTeCTBeHHOTO MOTOKA MOJ3eMHHIX BOA H duabTpaunn K Bono3abo-
paM NoA3eMHBX BOA (MpH HAJAHYHM HIH HaMeuyaeMOy COOPYHEeHHH
TaKOBHX B 06JacTH BO3MOMKHOrO BAHSHHA XpaHuanu, ¥ GaccefiHOB).

[Nocae npekKpauleHnsi GHABTPALMH H3 MCTOYHIKOB ‘3arps3HeHHs
B MOA3E€MHHX BOAAX B TeYeHHe JAHTeJNbHOTO NepHojia COXpPaHAITCA
HAKOMNHBIIHECH 3arpA3HeHHA, NMpHYCM MHIpauHs HX Mo BOJTOHOCHOMY
naacry onpenensercds TOJAbBKO CKOpOCTLIO H HalNpaBJICHHEM ecTecT-
BEHHOI'O MOTOKA MMOA3EMHBIX BOA H AeficTBHeM BoJ03a6opoB. PHIALT-
pauna Hs GacceilHOB W XPaHHAHLL NPOMCTOKOB, & TaKiKe JABHXKeHHE
NoA3eMHLIX BON NpH SKCOAyaTtauHd Boao3abopoe W APYTHX COOpPY-
WeHnil MPOHCXOMNT B HecTauHOHApHBIX ycnoBHAX. CoOTBeTCTBEHHO
OOJIKHA MPOH3BONHTRCA 1l OUCHKA MHTpatHi BETPHSHEHHI-L OnHako
fIpH TIOCTOAHHOM TIOCTYNJEHHH 3arpA3HEHHHIX CTOYHBIX BOJ H3 Oac-
celiHOB H NMpH NeilcTBHH BON03a6GOPOB ¢ NOCTOAHHBIM  1eOHTOM BO
BCeX TOUKAX MJacTa CKOPOCTL (DMABTPAUHH €O BpeMeHenm CTaGHIH-
aupyercs. BeneactBHe 9TOro AMA NPHONAHMKEHHBIX pacyeToB [BH-
enns (QpoHTa 3arpA3HEHHI BO MHOTHX CAYYafX MOKHO Orpam-
YHEATHCA PACCMOTPEHHEM YCTAHOBHBIUEHCH (PIALTPALUIIN.

HanGosee nosHoe mpefiicTaBieHHe O MONOXKeHHH (GpoHTa (ibT-
pauyn 3arpsisHeHHii Bo Bceil 06JacTH [ABHMKEHHA MNOA3EMHHIX BOA
MOMeT GBITb NOMYYEHO MyTeM NOCTPOEHMS I'MIPOJHHAMHYecKoll ceT-
KH (HALTPALMH H COOTBETCTBYIOUIMX PAcueToB CKOPOCTEil MO JIHHH-
aM 1 nojocam Ttoka. Jlas nocTpoeHHs rHAPOAHHANMHYECKHX CeTOK IC-
NOAL3YIOTCS AHANMTHYECKHe pelleHHs, rpadHyeckHe MeTOAH 1
MojelHpoBatHe.- Bo Bcex caydasix -Ana  OnpeiesieHis  CKOPOCTH H
BpeMeHH TNpOJIBHIKEHHs 3arpsi3HeHHil- IOJXKHO OBlTh 113BECTHO pac-
npejefcHie HanoOpOB NPH NOHHXCHHH YPOBHA B NOTOKE NOASEMHLIX
poa. [1pH HanMuMu He OJHOTO, a ABYX u Gonee HCTOYHHKOB BO3MY-
UEeHN ecTecTBeHHOro (PHABTPaUHOHHOIO MNOTOKa, HanpHMEp Gac-
ceiina MAKM XpaHuNHIa H BojposaGopa, sHavyeHHe (YHKIHH HAnopa
MO HO MOJYYHTb MO METOMY CYMEepnosHuilil, T. €. NyTeM CAOKCHUH
s¢dekToB H3MeHeHlsi HAMOPOB (MOHIKEeHHs WJIH TMOBHILIEHHA CCTE-
CTBEHHOrO YPOBHA MOA3€MHBIX BOJ), BHI3BAHHBLIX KaiKAbiM HCTOHHH-
KOM B oT/enchocTH. B o6uiem BHJe 3TO MOXKHO NPEiCTABHTL TaAK.

H = EHI +- ' wm S{:}'M == E.S'h {E.S}

oYM T

rae H;.-._,.M H Seyw — COOTBETCTBEHHO CyMMapHLIe (pesyabTHpyloLLHe)
ganopel ¥ MOHHIXEHHsI YPOBHA NOJIBEMHLIX BOI, H; u §; — nanopu
non:wKkeHis, OGYCAOBACHHEE MAeficTBHEM (-r0 HCTOYHHKA BO3MYIUE-
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i (Gaccefina, sopo3aCopa, OwiToBOro notoka): I — Hekortopas
NOCTOAHHaHA, onpefenaeman no rpaHHYHBEIM YOUTOBHHAM.

Bennuunw H; m S; B COOTBETCTBEHHO CKOpPOCTH (HHJALTpALi
Viy B 12 HAXOOAATCA M3 HCXOAHBIX YPAaBHEeHHIl, NpHBELEHHBIX B
raape 3 (YpaBHeHHs A5 onpefeleHHsn g2 cMm. B Taba. 7). Pewenns
ITHX YpaBHENHil 1J% THNOBHIX CxeM BOA03aGOpoB B  pasHIdHBIX
rHaporeoaorHyeCKllX yCAOoBHAX NaHEl B rnape 4.

ECTECTBEHHBIE OILHOMEPHbIE
(NNOCKONAPAJIJIEJILHBIE)
NOTOKH NOA3EMHBIX BOJL

B HanopHosm BOMOHOCHOM MJACTEe, H3OJHPOBAHHOM HENpOHHLAEMbE-
MH KpoeJeit n nofoweroii (pHc. 44), ckopocTH (UILTPALHH

«  k(Hy—H ‘ .
Vi = ) S — const, V=0, &,20. (6.9)
_."Iaf
R A TR RO
7 féﬁﬁm [l 207272272

] S b LR

i -'-'.'_"‘-‘_ -

@- .ﬁ:*j_‘ .rl:‘_'.'.'.'-_" ; ..-. .:'..-_'jr: _-J-J

.ml ; -5.-@}.-::-}'?%;333’1 .-".-'E.-&-q :-"; W -.-".-".-':-'.r.--'al.:. > ..1-'
F

fr— —:l--.—‘f‘—h-

-r ,.r- e

Puc. 44. Cxema K pacueTy $poHTa SArpRIHcHAl B QAHOMEPHOM NOTOKe ROAMEMHUX BOA (naacT,,
HADAHPOBAHHEA BOAOYNOPHWMM KpORAEH W ROAOLIROR):

1= ObeIOMCTPHYCCKAR NORCRENCCTL; 2 — KOHUTYP DHTINHA; 3 — KolTyp CToKa;, 4 — Kayanb-
noe nosoKenne Gpouta GUabTPAILIK

Psic. 45, Cxema K pacuery Qpodta 3arpaidednfl B ofHOMEPHOM NOTOKE NOAIEMHBX BOM.
ICANRETHR nAacT):

I. 2 — NLeIOMETPHYMECKHE YPOEHNW B NEPROM H BO BTOPOM CAORX; § — dpont guasTpalnn (rpa-
MHIE pAIACAA IATPAIHENHEX MW YACTHX Npupoanux Bon). Llndpsl B kpyseax — nomepa cAocE

B cooteercTBiN ¢ 3THM U3 (6.2) uMeem:

Ly=xga—%=—2t; 1= ‘*";’:"1, (6.10)
B 0 npu ¢ <t

Co=Fflt—1g) = 4P 6.11
o=T(—1y) } 1 npu £ > 1y L

31ech §e-— GHTOBON MOTOK MOA3CMHBIX BOA, Xgo H Xg— COOTBETCT-
BEHHO NepBOHauanbHoe (Ha mMomenT BpeMeln £=0) u Texymee (npw
t=1y) nonoxeHue GPoOHTA 3arpA3HEHHH; M — MOLHOCTE TIJIACTA.

s _Cx. t)—0Ce 6.12
Ca= o (6.12)
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rae Cyx 1 Cpo— KOHUBHTPAUHA NPOCAEXKIBAEMOr0 KOMNOHEHTa 3a
neppoHavyanbHelM (GpoHTOM (HABTPALHH, MPH X >Xg4o H B YHCTHX
sonax nnacra (Ce).

B GesnanopHoM notoke cKopocts GHALTPALHM

V=S (6.13)
-nh
rae h—rayOGHHa BOAB IO BOJOYNOPa, M3MEHNIOUlAsiCA MO0 MNYTH
neientsi. COOTBETCTEEHHO H CKOPOCTH SIB/ISICTCH HEMOCTOAHHON Be-
nuynnofi. Ho ecanm Ha paccmartpuBaemom otpeske (0—L ocpelHHTb
MOWHOCTb, npuHAB h=h =const, To ana 6Ge3aHanopHOro TIOTOKA
GyayTt neiicTBHTENbHE Te e (opmyan (6.9), (6.10) npu samene B
BHX m Ha g,

B HanopHOM BOAOHOCHOM NJAcTe MOULHOCTBIO m; H Koadduuu-
entoM duabTpauuu k; (naacr 1, puc. 45), oTaeneHHOM OT COCEIHEro
no BepTHKaJAH MJacTa ¢ mapaMeTpaMH myg, kg (niaact 2, puc. 49)
cnaGonpoHHILAeMOIT NepeMHYKOil MOLHOCTEIO My H KO3(QIHEHTOM
¢uabTpaunu ky, ckopocth QHAbTpallliH Gyner

Vi = ﬁfﬂ e, (6.14)
il

a napaMmeTrp Neperoka M3 NMTaloLlero njacta 2 B OCHOBHON muaact |

ey, =—2 pay (6.15)
Migfty i
IMofcTaHOBKA 3THX BHpaxenuil B ypasHenue (6.2) (npu Vy =0)
IaeT caelyloliee peLleHHe:

1 p kyAH v
L¢=x¢n—x:"¢u*‘—_r'|“(ﬂ*“?—““l—‘.!ﬁ—).
__2nA [ Fpo __ . 6.16
o = ky A gy* (E e’“) o

KoHuentpauns npociexHBaeMoro KOMMOHEHTa B OCHOBHOM nJja-
cTe B JI060M CEYEHHH H, B HAaCTHOCTH, Ha (poHTE (PHIBTPAUHH

2Lgko

Cp=¢ ¥Gmhme, (6.17)

B dopmynax (6.14)—(6.17) oGo3naueHus cjejyiolliHe:
AHy=H ,,—H — pasnocTh ypoBHeii B BepxHeM (MHTalolleM)
1 1

o m—i
B ° B

OCHOBHOM naacte B ceyeHHn x=0 (cMm. pHc. 43); y=

s (km), mgy _ - T (km)ymy . =  Cx. 8)—0C,
le—T: E'E"" -Iku v C:h_ Cl_cz »

npiyem C(x, f) —texymas (uckomas) konuentpaums; Cp u Co—
COOTBETCTBCHHO KOHLEHTpauuu B niactax | u 2.
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JIHHEAHBLIA BOOO3ABOP BBJIH3H PEKH
C YYETOM HH®HJIbTPALLIHH

Paccmotpum cxemy JHHeiinoro Oeperoporo BoposaGopa Gonbllod
NPOTAXEHHOCTH HA PAcCTOSHHH X oT pekd. Ha sonosabope nogaep-
JKHpaeTca ypoeeHb Hgy=const.

Ha yuactkax, mpuieraomux k soposafopy, MOXeT OCYLLeCTB-
JATbCS HH(HIBTPALHOHHOE MHTAHHE HAH TAKOBOE MOKET OTCYTCTBO-
BATH (H3OJHPOBAHHHH MJAACT).

Jlna npaipueiillero- paccMoOTpPEHHA BHIAGNAIOTCH CAEAYIOLHe cXe-
MH (pHc. 46): 1) unduabTpalia B 30He Mew Iy pekoil H Bogosabo-
pom ot x=0 no x=x; (8:1=>0, e2=0); 2) undunsrpauus 3a pojposa-
Gopom, B 30He OT x=xy A0 x=L, (g,=0, g2>0); 3) nuduasTpauns
no peeil sone ot x=0 no x=Ly (e,3>0); 4) nnact H30AHpOBaH
(e1,2=0).

|

eite I

Puc. 46, Jiwnchnuf nonosaliop abadas pexs. CXEMa X PACYETY BANOHHA HHOHARTPAUMHOHHOID
FIHTAHHAE BA KAYMECTRD NOAIEMHLBIX ROR

XHMHYECKH# COCTAB BOABI B MJACTeé W, B YaCTHOCTH, NMOMA3EMHBIX
BOJ, M3BJE€KaeMBIX Bon03aGopoM, OnpefielsieTcs B paccMaTtpHBae-
MOIi 3ajlaye CMellleHHeM TJacTOBO# BOAH  (KOHUEHTpauHsa Ce} c
npHeJekaeMuMH Bono3abopoM peuHbIMH (KoHuenTpauua Cp) H HH-
(pHALTPAUHOHHEIME BoAamMH (KoHueHTpauus Ce).

Bueinenns ape 30HH ABHMEeHHA nNoToka: 1) MeskAy pexkoi H BoLO-
saGopom (0<x<{xp); 2) sa somosabopom (Xp<x<<Ly).

IuapofHHaMHUeCKHe  XaPaKTepHCTHKH  (HAnOpH,  CKOPOCTH
¢uabTpauHH M pacxoibl) ANA STHX 30H NpHBeaeHsl B Tabn. 13.
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Henonbays npupescuibie B 370# Tabnnue BHpa)KeHHs AF €Ko-
POCTH, MOXKHO HAHTH pelleHHe ypaBHeHHa (6.2) onA KOHUEHTpaLHH
C. Ilpu 370M, NOCKOALKY 3TO YPaBHEHHC He CONEPIKHT BTOpPOH mnpo-
H3BOAHON, OHO MOMET paccMaTpHBATBCA [N KaXnoil 30HE B OT-
nentHocTH, I'pannunble ycnoBus ans pewlenusi ypapnenus (6.2)
caeayluHe:

=0, C;=Cq
>0, x=0,C=C;; x=L, C=C., (6.18)

[Mpu atux ycaoeusix dopmyna ans onpefeneHHsi KOHUEHTPALHH
B neppofl 30He HMeeT mm [93]

el |--—---— [c,—e 1) p e —1y), 6.19)
M, -+ L
rie
o I S O i
CE_CE p EE.'-CE '

f(t—tg) —ennununan GyHKuus, onpenensiemas Kak 1 B (6.11): ona
pasria Hyao npu (<lg u pasna 1 npu £>1y; {p— BpeMs JIBHIKeHHS
¢pponta GUALTPALNM, T. €. GPOHTA NpOCTEKHBAEMOro KOMMOHEHTa
(A BOAH C OnNpeleleHHO MHHepalin3aluHeil) co CTOPOHH KOHTYpa
£ NOCTOAHHEBEIM HaMOPOM:

1, M Fepx

T e L, (6.20)
¥ E-; Mt E-I M!

Jlnst yyeta pasnosecHoil copbuun B pasencteo (6.20) H Bce no-
caenyioutne GopMyasl, onpeneasionine iy, cneayer ppectn A= L.

i
M, |e; x
fo=rIn =221 (6.20a)
Ej 1
Keopaunata ¢ponta puabTpauun xg Oyaer
M,
ro == (¢1'—1). (6.21)

Ha peuwenns (6.19) chenyert, yTo B Ka)[oM ceueHHH MOTOKA X
B MEpPBON 30He MOXHO BHIAENHTH ABE (hashl HAMEHEHHs KOHIEHTpa-
winh. [leppas ¢asa oxsarbiBaer spemst no {<fy, B TeUcHHE KOTOPOro
peunble BOJIH €1l He MOAOLIIH; MPH 3TOM

L
— =i I

D" s Ol (O )8 'Y (6.22)

Korna ¢pout (MALTPAlLMH PEYHBIX BOA JOCTHTHET JNAHHOTO Ce-
YyeHHdg HNOTOKA, B TOM uYHGJe Ha JHHHH Bﬂ.ﬂ.ﬂﬁaﬁﬂpﬂ, KOHUEHTpalHA
H3MeHACTCHA 3necCh fHH‘IHﬂDﬁPHEHﬂ H HMeeT CAedyIiollce dHAUYCHHE!
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C=0c ' =0 +(C,—C)e 1, (6.23)

OCTaBasiCh fanee NnoCTOAHHOIL.

Ilpueenentble COOTHOLIEHHS CMpaBefHBbBl NPH OTCYTCTBHH «BO-
lopasfesa NoJA3eMHBEIX BOO» MeXIy pEHnﬁ H Bﬂnﬂaﬂﬁnpm‘[, T. €.
npu M;>0. Ecin 310 ycnosue He cobaiofaercsi, 70 B TOUKE Xp=

M
=-—:- CKOPOCTE AEBHMCHHA BOJbl PaBHa AYJK H H3 PEKH K BOJAO-

sabopy ¢uabTpauHs He NpoHcXoauT. B stoM caydae B Teyenwue
BCEro NepHojia KOHUEeHTpauus onpefensiercsi no ¢opmyne (6.22).
B sone 2 Mckomas KOHLEHTpalMA BHpamaercs Tak:

. - e
Cme npe E<ly, C=¢ 2 ‘o npu { > ta, (6.24)
rae
M L
fpeiB A B (6.25)
€y Mg+ €q Ly
Koopaunara dponta dpunbTpaiHH
M L] s [
xg=— (&t 1) pra™ (6.26)
2

Takum obpasoM, B 1aHHOM cly4ae Bo propoit dase, nocie non-
xofa ¢GpoHTa (UALTPALUHH CO CTOPOHB KOHTYpa NHTaHua (x=L;)
KOHLIEHTPallHd BO BPEHEI-IH HEe H3MCHAETCH.

[Mpu stom, nockonbKy Ha KOHType npuHATO C=0C¢, B MOMEHT
t=1; He NPOHCXOAHT CKayKa B H3MEHEHHH KOHIEHTpalHH.

B sone 2 takie clefyer YYHTHIBaTh BO3MOMKHOCTb oOpasoBanus
BojOpasfena NofseMHHX BOA; YCJAOBHEeM 3TOr0 ABJASIETCH HEpaBeH-
cteo My < ey Ly, Tlpn coGnioeHun 3TOrO ,YC/IOBHS  KOHUEHTPALHs

onpenenserca no neppoit gopmyne (6.24), 1. e. NBHMeHHA .eCTeCT-
BEHHHX MOA3ZEMHLIX BOJ B CTOPOHY BOgo3abopa cO CTOPOHH KOHTYpa
MPOHCXOAHTE He Gyaer.

Jlns u3onHpoBaHHOro niacta, korna gi2=0, ¢opMmynu ans on-
pefieneuns GpoHTa Xg W KOHUEHTPaUHH C HMeOT ClefylolHil BHA:

B 3oHe 1
Xy = M, f¢=-ﬁ1—; (6.27)
o E‘—Ce_: —t. )
C"' Cp_cﬁ ff‘t t@]-
B 30He 2
xo=Mt+Lg lo= %ﬂ;‘ ; (6.28)
= c
C=— = f(t—1,).
¥ [(E—1g)
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Ha nunun pomosabopa pesyiawTHpylOmas KoHuentpauus Cp on-
penensaercsa no QopMyne cMelleHHA

C. = b +al 6.99
fy + Ga ( )

3nech ¢ H G — pacXonkl, NMocTynawilHe B Bonosalbop H3 Kammof
aoHL [cM. opmyaut (2) u (7) B Ta6a. 13]; C) 1 Cg— KOHUEHTPAILHH
BEIECTBA B I0J3eMHBLIX BOMaX 3THX 30H, KOTOpPHE ONpenelsioTCs
no npusegennbiM Qopmynam (6.19)—(6.26) npu x=x, (Ha NHHHH
soposabopa).

BONO3ABOP B LUEHTPE KPY¥YTOBOH OBJIACTH
C YY4ETOM HH®HJLTPALLHH

Cxema 3aflaun cooTBercTByeT puc. 47. BofonocHEl naacT orpas
HHYHBAETCH Ha PACcCTOSHHH r=ry KPYrOBHM KOHTYPOM C INOCTOSH<
HBIM HamopoM (HJH HYJeBbIM NOHHMeHHeM ypoBHfi). Ha Bceil nno-
afn niaacra s ¢ MyckoM Bofo3aGopa B IKCNUIyaTauHio HauyHHaeT-

cfl HH(HABTPAIHOHHOE MHTaHHE cPelHeH HHTeHCHBHOCTBIO &= const.

E=0inT
BRI VA f
obnactu)

Konuentpaunsi mpocieHBaeMOro KOMIIOHEHTa B BOJe, IOCTYNalos
ueii BedeficTBHe HHOUABTPaLHOHHOrO nNHTanus, — C=Ce, Haualb-
Hafl KOHLEHTPallHA ero B niaactosoil Boje — C=C,.

Pewenne 3ajiaud nNpoH3BOAHTCA Ha OcHoBe ypaBHenus (6.2) npu
CKOPOCTH (PHALTPALHH, paBHOI

_ __ Q—net
V* . {E'Bﬁ}

[IpuHHMas HavalbHOE W TPAaHHUHOE YCJAOBHS:

=0, r<r, C=C,
P r>r, C=06,

NONYYHM cjejlyiollee pellieHHe OTHOCHTeNbHO KOHuenTpauuu [93]:

O e (] Ft—t), (6:31)

Q — nert

E:E""EH-—]-
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riae

e C—C s Cy—C A () -— mer
C=—-2L; Co=——"; tg=—In ~, (6.32)
]

Ce—C; e* Q — mers

[({—1g) — no-npexuemy eanHHYHAsA (GYHKLUMS.
Koopaunata dponta (PHUIALTPaLHH HAXOIHTCH NO cAeLVIOUleH
3aBHCHMOCTH:

ro= {e‘“ [rﬁ —im- 11— e—'-*"]”h_;- : (6.33)

Pewenne (6.31) ans pagnanbHOH 32JaYH aHANOTHYHO PelUEHHIO
JAag OJHOMEPHOTO MNOCKONapande/IbHOro MoToKa. 3neck Takxe npH
[<typ, T. €. 0O NOCTHIKEHHA QpoHTOM (PUILTpPALHH paccMaTpHBae-
MOTO CeyeHHsi ¢ KOOPAHHATON r, KOHIEHTPAIlHsl ONpeiessieTcs’ TOJb-
KO HHHALTPALHOHHHIMH BOJAMH M HX CMelleHHeM C BOJaMH
iacra:

C=¢*" C=C,+ (C.—Cpe*". (6.349)

anl{ar:]/??_ B paccMaTpuBaemoii cxeme (uAbTpaullH fAB-
E

JISIETCH, €BOJIOPA3/IeNbHOII»; OT Hee MOTOK HanpapJjsercd B obe cTo-
pPOoHBI K KOHTYPY NHTaHHA ¥ K Bojo3abopy, a Ha CaMOH TOuKe CKO-
pocte $unnTpaunn pasua nymo. CnepoBatensno, npu Q < mer: Jne-
6utr Bomo3abopa nonHOCTRI obecneynsBaercs HH[])HJ']I:T[:IEILUIEJIHIHM
nHTaImEM. Ilpu oTrHoCcHTEARHO GoablloM pacxope Bofo3abopa Q>

>qers) K HeMy MOCTYNAKT Kak WHOHJIBTPALHOHHHE BOAH, TAK I
BOMK co cTopoHsl Koutypa. Ilpw arom ¢pont uabTpauun nocnuen-
HHX rg H COOTBETCTBYIOILEE Bpems [y ONPEACNsIOTCH 1O NPHBELeH-
HeM Gopmyaam (6.33) n (6.32).

Gopmynu (6.31) u (6.34) nossoasior cpa3y HailiTH CPEAHION
KOHIEHTPALHIO NpocexHBaeMoro KoMmmnonenta B poposabope. [lns
3TOr0 CJaeayer NpHHATE I>fp H npn onpepeneHuH L no dopmyne
(6.31) u {y no popmyne (6.32) NoONOKHTL r=ry.

Jlas wWsoaupoeanHoro naacra, korga =0, dpour prabTpalny
ro H BpeMs fy, KaK H3BECTHO, ONPenensioTcsd no caeAylonHM 3apH-
CHMOCTHAM:

ad (ri, —r?
Q
rjie rgp— HavalbHOE nosioXeHHe (QpoHTa (B YacTHOM cayuyae, NpH
t=0 rgo=rx).

Qopmynst  (6.35) cyllecTBeHHO OT/IHYAaWTCA OT MNpHBELEHHBIX
Buipaxennit (6.32) u (6.33). Toavko npu e* (<1 s5TH dopmyan
CTAHOBATCA AHANOTHYHLIMH, T. €. NPH MaJLIX 3HAYENHSIX BpeMeHH
BANHSHIE HHOUALTPALNH 3aMETHO He CKa3bIBACTCH.
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H30JHPOBAHHBIA NMJAACT. rP¥NINOBOA BOAO3ABOP
B BBITOBOM NOTOKE

[Tpn pneficTeHH onHHOYHOrO Bofao3zabopa (OAHHOYHOM CKBAMHHEL HJH
KOMNAKTHOH rpynnel B3auMOJEHCTBYIOLIHX CKBAXHH) B H30JHPO-
BaHHOM maacte (poHT (HALTPALHH ONpejleNIfeTCs TakXe [0 ypas-
Heno (6.2) npu g 2=0

Jlnfi TakMX YCNOBHii, HCNONB3Ys COOTBETCTBYIOWHE  OPMYJIH
Ang QYHKUHH [MOHHIKEHHHS YPOBHH, MOXHO HafliTH CKOpoCcTH ¢HIbL-
TpalHH H mo obuiemy ypaBHenHo (6.5) — saBHcHMOCTH Jns pacues
1a (pponTa PUALTPAILHH.

PaccMoTpuM cheayloliHe cXeMsl.

Bodosabop & ydarenuu or pexu. B 3ToM ciyuae NpH HaJHYHE
OLHOMepHOro (BHOJL OCH X) ecTeCTEeHHOro motroxa (puc. 48,a) co-

Ay & 7 )
r : fg;:’f )
- 5:5 . f,-:di"‘"
""'!"!Ii-'!"f'r!"!'-'.i"'.f.
r-"""'"'__ ——
e
—_— é
= £
.-I" — - ———
P —-——
i — A -—:-i---d* -
& T,F -~ & ' 4
I —1 —— * _—'\4
T =
h‘-‘;"- ——— ?‘&“'
'I—ll z % s
j _-'"-1-..._-‘_ e %‘ I X
* s J -
-E—,..r—-——_‘_r‘.‘.""--l.._, ) —]
-ﬂ-;:ﬁ-h—; o L__ Xz

Prc, 48, Cxemsl QHALTPAUHOHHOIO TeweHHA E poacsalopy B HIONHPOBARHOM MAACTE:

a4— B YAANEHHH OT PEKH NpH HAAHYHH eCTeCTBOHHOND MOTOKaG 6 —70 ®e, 23 ECTECTREHHOMD
noToKA; & — BOAHIH PEKH DPH HANHYHE €CTECTEEAHOID NOTOKA, 2 — T0 MWe, Oe3 ecTecrBeH-
HOrG moTokra

CTABJAKOLHE CKOPOCTH (UJILTPALMH TO KOOpAMHATAM X, ¥ HaXo-
IATCH H3 (POPMYJ, NPHBENEHHLIX B rnaee 4:
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¥ ri

Vem ot “ +25 V=¥ o, (6.36)

roe (Q — pacxon . poposabopa; a — KO3(p(HUHEHT nbE30NPOBOAHO-

CTH; e — €CTECTBEHHEIl NOTOK NOJA3eMHBLIX BOJA; ocTanbHele 0603Ha-
UeHHA NpexHHe.

Ilpupasuupasi Hymo ckopocte Vi no (6.36) mMoxuO B paccmar-
puBaemoil cxeme (UALTPAlHH oNpeleNnHTh NOJOMEHHE TOYKH pas-
BCTBJNCHHA MOTOKa Xp, 4Yepe3s KOTOpPYH NpOXOJAHT JIHHHA TOKa, Orpa-
AHUHBAOAA B KaXALII MOMEHT BpeMeHH 001acTk NMHTAHHA HJH
o6nacth 3axBaTa Bojposabopa. Koopnuuara sTOil TOYKH

rl

i i g AR
Xp Srge € . (6.37)
[Ipr {=0 x=0, 1. €. ToyKa pasBeTBJEHHH HaXOAHTCA HA OCH
Bono3sabopa. Co BpeMeneM oHa nepeMellaeTcsi BHH3 TO MNOTOKY,
npuyeM M#KCHMalbHOE ee yAaneHHe OT Bojo3abopa COOTBETCTBYET
BpeMeHRH f=o0,
ITpu stom

$m o (6.38)

Hcnonp3ys M3BeCcTHHIE COOTHOLIEHHS MeXAy (YHKUHed Hanopa
HIH noTeHlHanoM cKopoctH ¢unbTpaunn M dyskuueifi Toka B cTa-
LUHOHApPHOM noToKe (cM., Hanpumep, [91]), ™Moxno BHIpasuThs nO-
CENHIOK B CEeAYIOUIeM BHIe:

arctg =+ npr x>0,
n—arctg L4y npn x<0,
= y= T (6.40)

[To pasuoctH ¢yHKUMI Toka onpefensiercss (HIABTPaLHOHHBINA
pacxo

Q= Pt — Wi- (6.41)

Hs (6.39) nonyyaeM cBSI3b MeAy KOOpPAHHATAMH X, Y TOYEK
Ha aAwbolt JHHHH TOKa:

Y
X = o (6.42)
+te(p—y)
rfe 3HaK «-+>» npHHHMaercA JAafA 30Hu x>0, a 3nak «—» — ons
30HBl X0,
Teneps no ucxonuum ypasHenuaMm (6.2) u (6.5) moxHO onpepe-
JIHTh BpeMsa Iy, B TeueHHe KOTOPOro TOUKa, pacnojiaraiwllasica B
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HadalpHEIA MOMEHT Ha PacCTOfHHMH Xgo OT BoAo3abopa, MpoOJABHHET-
csl IO CEYeHHS X:

-4
f¢=—lqﬂ Iﬁ
*o

dx

r¥

Hoacrapass ciona Ve nan V, no (6.36) (nmpu [ ** =~1) u
BHpaMas B HHX no (6.42) Y depes x (unH nHaobGopot), noAydHM

AnmQ /= sin @
Iy = —— x4 In—=, 6.43
¢ 2ng? ( + sin@ 4y ) (5:43)
=i RO - . o
%= = (xgo—x); 0= arclg- —arclg g (6.44)

[Ipr oTcyTcTBHHM €CTECTBEHHOrO NOTOKA MOJA3EMHBIX BOA, T. €,
koraa ge=0 (puc. 48, 6), ¢unbTpauns K ‘Boposabopy npuoGperaer
OJ(HOMEpHBIi (OCeCHMMETPHYHBIN) XapaKTep CO CKOPOCTBIO

__Q | _ Qy
*7 pamet L i (545
H nonHas ckopocts V= Eﬂ?m (r=V2+ 7). (6.46)

B cootsercreun ¢ stuM Ha (6.2) u (6.5) mng ¢ponra duavTpa-

:ingnﬁrq, H BpeMeHH fp noay4awTcA paHee npHeenchHsle dopMmyan
.39).

Murpauus -3arpssnenuii B niaacre, H30JHPOBaHHOM BOHOYIIOP-
HBIMH ﬂﬂpDﬂEMH HFGBJ]H H MoJoLIBEI, MOMET. HMeéTk MeCTO TOJBKO
NMPH HaJHYHH «BHYTPEHHHX» HCTOYHHKOB 3arpsisHeHusi, olpasopas-
IHXCA B peaynbTate GHILTPALHH CTOYHBIX MKHAKOCTEl H3 NpOMLIL-
NeHHBIX GaccefiHOB MIH IOCTYIINIEHHsI 3arpASHeHHI Uepe3 HeHCnpan-
HHE¢ CKBaXHHEI.

Ecay 5TH HCTOYHHKM 3arpAsHeHHA NPHBOAAT K 3aMeTHOMY BOS3-
MyUEHHK (HILTPALHOHHOrO NOTOKa, TO HX CchleflyeT YYHTHBaTh
MpH onpeaeneHny cKopocTeft H QyHKUHH TOKa. B cnyuyae e, Koraa
HCTOYHHKH MOMHO OTHCCTH K YHCHY THAPOAHHaMHYeCKH HEAKTHB-
HBIX, MHTPALUSA 3aTPA3HEHHI H3 HHX OIEHHBAETCH 10 NPHBENEHHEIM
pHwe Gopmynam. [Ipu sToM Qpont QUIbTPauHH 3arpA3HeHHN Aon-
el onpenenartbes no gopmyne (6.43), a peaynwTHpYUAS HX
KOHLEHTPALUHA B BOA03abope — MO OTHOCHTEILHOMY pacXofly a3a-
rpsi3HEHHBIX W YHCTHX BOMA, T. €. MO (popMy.Jie CMelIeHHs!.

Bripaxasa pacxofl 3arpssHeHHBIX BOX MO PasHOCTH  (YHKLHH
Vi1, Y1, XaPAKTEPH3YIONIHX JIHHHH TOKa, OrpaHHYHBAOLIHE oO4Yar
3arpsAsnenns (cM. puc, 48, 6), nonyuum

. Gg—0C, -
Cn = Ce T T '['-P:‘-H B 1Pi]+ {6*4?j
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rae Cy, C; M Cp— KOHIEHTPALHA 3arpsAsHeHHii TOro HAH HHOTO
H3 NpOoCHeXHBAGMBIX KOMINOHEHTOB B Boao3abope, ouare 3arpssme-
HHIl H B NPHPOAHBIX BOOAX NiacTa (TaK HaseiBaeMaf doHoBasi KOH-
nentpaika); Qs — obuikil pacxon sonosabopa.

BodosaGop e6ausu pexu. JIna pacyera NOHHMKEHHS YPOBHS NpH
N2ACTBHH KOMNAKTHOrO Bo#o3abopa BOMM3H peKH NpHMeHSOTCHA
dopMmynm (cMm. ri. 4). Ilo 3THM @pmyﬂiu MOMHO ONpeieNHTb CKO-

—

pOCTH GHALTPAUMH, KoTOpHe npH € % =1 suHpamaiorcs Tak
(puc. 48, 8):
e Q .'l"—*.'ul.'n X— Xqy Te , -
Va Eam( rt p? )!_ V"
Qu /1 1
=8 (_ﬁ_ ‘"E*—'")' (6.48)

NpHYeM 3[ech
r=Vo—2+% p=Vik+0+1°.

Kak nokasano na cxeme (HABTpauMH, pacxon BojozaGopa CKia-
IuiBaercd H3 GUABTPYIOLUHXCA pedYHBIX BOJ H €CTeCTBeHHOr0 NOTOKA.

[Tpu sTom pasmepnt yyacTka (QHALTPALHH H3 PeKH Onpeness-
IOTCH NO CNeAyoneil 3aBHCHMOCTH!

1y ()

HMeerca B BUAY, 4TO -—;3— > Ko

QYHKIHH TOKa HMEIOT TAKHE BHIDAMNKEeHHN:

y £ _I-"!; I[.FIH 1x.‘.-f"':"".';'.l'.h
X0

X —Xp

r*a;n:l;g — arctg
X

P = (6.50)

y npn x < X,

n — arctg

[x— -‘«'n]

rie oGosHaueHHs npexHHe [cM. q:ﬁpuynﬂ (6.36—6.40)].
CootunolleHie MeX1y KoOpAHHATAMH X, i Ha Ji000i JHHHH TOKa
u3 (6.50) Oynmer

- 25!’1'0
x_l/x“ — (6.51)

Hcenoneayst no-npexuemy (6.48), ¢ yuerom (6.51) MoxHo H3
(6.2)—(6.5) wmaiiTH BpeMA [BHXEHHA W KOOpHHHATH (ponTa
GuneTpauud. Jina Touek, pacnonaraiu(HXcs Ha OCH X, NPH 3TOM
MOJTYYHM

2
Tmlxm~x—fﬂ(mtgi—-amtgg—)]- (6.52)
N | P

g =
@ fn ¥p



IIpH OTCYTCTBHH eCTeCTBEHHOro notoka (ge=0) npoHssoAHTENB-
HOCTE BOjo3aGopa ofecneyHBaeTCH UENHKOM (PHALTPALHEld H3 PeKH.
Teopernueckn NpH 3TOM KOOPAHHATH 30HL (HABTPALMH H3 peKH
Yp=7=xoco, T. €. (HNLTPALHA H3 peKH NPOHCXOAHT Ha BCeM ee MpOo-
TAXeHHH. OfHaKo MakcHMalbHBIA pacxol, pasublii 80—859, pacs
xona Bopo3abopa, cocpedoTOYHRAeTCH B 30He i~ *3xp IT0 Nojo-
MeHHe uanwcrpupyerca rpadukoMm na puc. 49,

=4/t
s

af

#

4f

14

CYrilr e
s
E
Y

| L | 1 ]

7 ¢ £ 7 " If- .,-a;,—’.%:

Puc. 49. Ipaduk 3anHCHMOCTH PACXOAa pednsix BOA (MpHBACKaeMMX K mofosabopy) oT mu-
puni dponTa GHALTPALWH

Henxenne GpoHTd (HALTPALHH NO TAABHON JHHHH TOKA (ock
X) TNpPH OTCYTCTBHH €CTECTDEHHOTO TMOTOKA ONpee/sieTcs 1o Cheayio-
el popmyne:

o = 208 [0 — 2 — 323 (xa0—#)]. (6.53)

3(Qxy

KoHuenTpauust sarpsisHeHHii NpH HAJHYHH HEAKTHBHOrO HCTOY-
HHKA TAKOBHIX HAXOAMTCH, KakK H paHee, no obuiefi 3aBHCHMOCTH
(6.47), rpe iy, i onpeneasiiores no (6.50),

Dopmynbt (6.48)—(6.53) ans BonosaGopa BGAM3H PEKH chpa-
BCJIHBH, KOTAa peKa fBJIACTCS COBePLICHHON B (DHABTPallHOHHOM
orHowenHH. [lpH 3HayHTENbHOM HECOBEpPILICHCTBE PEKH MOMKHO HC-
nonb3oBaTh NpHOAHMKeHHLIH NpHeM pacyeTa BBeieHHEM MAOIOJHH-
TeJNLHOro conpoTuBaenuss AL (caBuiKka ype3a peKH OTHOCHTENLHO
Bogosabopa). [NoapoGuee 06 3ToM CM. B rnase 4.

NBYXCJIOHHBIA NJACT

PunbTpallHOHHAs cXeMa ABYXCJIONHOrO Inacra TpPHBedeHa Ha
puc. 27 (cM. ra. 4). Ilpeanonaraem H3BECTHHIMH IIEPBOHAYANLHYIO
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KOHIEHTPAIHI0O B BepXueM nutaowem cioe Ce H B OCHOBHOM Hanop-
Hom mnacte Ce. Ilpu skcnayataumu Bofio3aGopa Boja o6OHX ropH-
80HTOB Oy/leT CMeIUHBATBLCA, TOITOMY KOHUEHTPALHA BelecTs B
DCHOBHOM CJIO€ JOJXIIA H3MEHSIThCH B 3aBICHMOCTH OT Bpemelin f
H KoopAHHATE r. Peluenne cooTBeTcTBYWONIEH TrHApoAiHAMHYCCKOR
safayd pupaxaerca dopmynoit (4.53), B Koropoit dyukuua R ans
ANHTENbHHX NEPHOAOB OTKAaYKH ONpenelisicTcd 10  BbIpamelHio
(4.54).

B coOTBeTCTBHH C 3THM JAeHCTBHTENIbHAA CKOPOCTL ABHIKeHHA
BOJB B OCHOBHOM ILTAcCTe

.
VE = — (6.54)

VaensHoe HHOUALTPaUHOHHOE MHTANHHe, T. €. NPHXOASWHACA Ha
eAHHHLY TJIoWaZH pacXof, NMepeTeKacMbiX BOJ H3 BEpXHero nnacra
B HHIKHHH, MOXXHO OnpefendTs chaenyoumm obpasom:

rE

g il R R S
g = = (S—S,) e (6.55)

rine Sop— NOoHHXKEHHe YPOBHA B BepXHeM nnacte; [ — BpeMa OT

k

Hagaja OTKaukM; a — Ko3(pHUHEHT Nbe30NpOBOAHOCTH (a= -—E-),
I

Papencrea (6.54) n (6.55) cnpaBefnuenl [N OTHOCHTE/NBLHO

OONBUIHX NPOMEKYTKOB BpPEeMeHH
t>(3+5) " .
L]

B otnnune or paHee paccMOTpPeHHBIX 3ajlay Ha CMeEIIeHHE TNoj-
SeMHBIX BOJ B JaHHOM (JIydYae CKOPOCTb JABHMKEHHS BOAL H BeJH-
UHHA MHQHIBTPALHOHHOTO TIMTAHHA H3MEHAIOTCA BO BpEMEHH.

INopcrasnsia cootnowenHe anss V¥ mw e b HeXonnoe JaHpdepen-
nHaneHoe ypasHende (6.2), mafineM, uro nonoxenue ¢poura
GunbTpalKMH NoOA3eMHEIX BOJA Ha Jio0of MOMCHT BpeMeHH olpeie-
JISIETCH COOTHOLLEHHEM

TRy R (6.56)

umn

Tjle rgo — NepBOHAYanbHOe MojoxenHe ¢ponta (npu {=0).
Bripaxenwe JJIA OTHOCHTENBHON KOHIEHTPallHH paccMaTpHBae-
10ro BellecTBa B NMoaseMHoll BOjAe NpH 3TOM npHobpetaer BHA

nC = —L 08— Bi(—ay], 6.5
n i Qe[ (— )] (6.57)
wo LG, B B . PO

C=Ce*—*ﬂa ’ o= Q-+ aa**t Q“"_'__"I e (6.58)



I1pu onpepenennn konientpauun C=Cp ua sofo3abope cneayer
3 (6.58) npHHATE rg=ro.

H3 wnanomenHoro BHAHO, YTO KOHLEHTpalliA BelllecTBa B Boje,
H3BJCKaeMoil BOL03abopoM, B 3HAYHTENBHOI CTEMeHH ONpejleNseTcs
neburom ponosabopa. IlpH OTHOCHTENBHO MaJiLIX pacXofiaXx CKBa-
WHHH (Q=0) C=1, 1. e. C=C;, XHMHYeCKHH COCTaB BOJAH B Ina-
cTe HamenseTes c1ato.

TPEXCJ/IOAHBIA NIACT

Tpexcnoiinwlit nract (cM. cxemy Ha puc. 28 B ra. 4) npeacraeiasier
coboii cHcTeMy, COCTOSULYK) H3 JIBYX XOpOLIO NPOHHLAEMBIX FOpH-
30HTOB, B OJHOM H3 KoTOopwX (cnofi 1) pacnonaraercs Bojosalop;
TOPH3OHTH  pasjienensl  chaGonponnuaemoi nepemeiukoi. [lpu
neficTBHH BOA03a00opa NMPOHCXOAHT CMELIeHHe BOJL 3KCNJAyaTHpyeMo-
ro nanacta (KoHueHTpauHs C.) ¢ NMOA3EMHHIMH BOJAMH THTaIOILEro
nracra (cnoft 2) ¢ KOHUEHTpauHedi Hexkotopore KomnoHeHTa C,.

INouuskenus ypobus B 060HX BOJOHOCHBIX TOPH30HTaX NpH Kpa-
IHYCTAHOBHBIUEMCH pexHMe (QHABTPAlLNH TNOJ3EMHEIX BOJ K BOJO-
3ab0py MOXHO B COOTBETCTBHH C-pelueHHeMm (4.58), nmpHBejeHHBEIM
B rnase 4, sanHcaTh chneiyiounM obpasoM (cM. pue. 28):

(4. 2,200%%] 2
.- gt 1 2 (4)

(6.59)

5= L [, (4]

TJl¢ Sy — NOHHXEHHEe YPOBHA B OCHOBHOM Inacre; S; — NOHHIKEHHE

YPOBHA B COCEJIHCM, MHTAIOLLEM BOJIOHOCHOM ropH3oute; Q — pac-

XOJL OTKaukKH H3 Bojnosabopa; km= (km)s+ (km)z — cymma BoJiO-
km

NpOBOAHMOCTEll myactor; a**= » My, M2 H pg— BOMOOT-
Byt Ha T Po
Naya cooteeTcTBeHHo choes 1, 2 u cnabGonpoHHUaeMoro pasienb-

HOTO CNGH,

(km), = L L {ﬂ'f-k}l (frm)4
(km)g * e V kgkm

afech By H my — Ko3(pdHuHenT (PHALTPALUHH H MOIIHOCTL pasaeib-
HOTO CJIOA.

Hz stux coorHoweHHi MOMKHO HaliTH CKOPOCTh (HIBTPalLHH
nojazeMuux Bojg Vi B OCHOBHOM TOpPH3OHTE H MOAYAL (pacxoi Ha
CAMHHLY DJouanH) neperekaHHsa (HHQHABTPaLHH) NOJA3EMHBIX BOJ
B OCHOBHOH NJIACT €s_4:

== TR -
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w68 = 22 K (5), 651

rie B, = "/M , My — MOLIHOCTb OCHOBHOTO CJIOS.

1]

B oT/HYHe OT cXeMBl ABYXCJOIHOro nJjacra B cliydae Tpexchoii-
HOi CHCTEMB BOJIOHOCHHIX TOPH3OHTOB, Kak 3To BHAamo H3 (6.61),
peifuHHa HHQHNBTpallHOHHOTO NHTaHHA crabHnH3HpyeTcd BO Bpe-
MEeHH H 3aBHCHT TOJBKO OT pﬂEETﬂHHHH JO CKBAWHHBI.

[Moncrapue ykasanuble Buipamenus (6.60) u (6.61) B HcxonHoe
ypasuenue (6.2), nonyunm:

Ve %f- Y o U 1 W B %- - (6.62)
4 . il
"~ NPT Y 2—1
Anl ¥ i | AIH,H!I'

rjae C v Ce — KOHUEHTPALHH NPOCAEHHBAEMOT0 KOMIOHEHTAa COOT-
BETCTBEHHO B OCHOBHOM nnacte 1 (HcKOMaf BeJIHYHHA) H NHTANO-
ieMm cyoe 2 (npuuumaercs, uto Ce =const); ny — nopHcrocTh OC-
HOBHOro mnnacra; A — nokasaTtens npoieccoe copbuuu (noraoie-

HHA) : =1 +*E' s (P— xna-:b:lmuuem‘ pacnpeneneHns BellecTBa).

Peulenue ypaBHeHHS {E.EE} npu yehnoBHH C=C, 0 r=rgo(Ce —
NepBOHAYANEHAS KOHUEHTPALHSA B CeUEHHH lgpo) BhIpaxaercd B cle-
OVIOUIEM BHjE:

= Gesll,
C= — = - (6.63)
rae r— ¢dpout QHALTPALHH NpOC/eMHBaeMOro KOMIIOHEHTA.
o
- j dr, (6.64)
d’ ‘,I"t

r
[Tocne unrerpuposanus (6.63) nmonyunm

Fi f
_ vt F{l( S )
o B8 (6.65)

r ]
v+ E— Ky (E)

rae BeJHYHMHA rg, onpejenserca H3 ypaepHenHsa (6.64), Koropoe
MO¥eT OBTh NpeACcTaBJIeHD TaK:

g, =20 'tﬂ"*’”l”l [r3of (v, rgo) — 1% (v, )] - (6.66)

Gyuxiun [ HaxoAsiTcA B pe3yNibTa®e YHCIEHHONO HHTErpHpoBa-
nua (6.64); snauennsa HX fanu B Taba. 14.
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TaGanuua 14

3uavennn dyuxupm [ (v), —}
F v, d ) NPH v, PaBHOM
i \ ¥
B |
0.01 | 0,05 0,1 0,2 0.5 [ 2 5 10 100
0,1 0,01 {0,04]|0,09)0,16|0,34 |0,50]|0,66|0,82]0,9|0,98
0.5 0,01 {0,05]0,10 0,18} 0,36 |0,53]10,69]0,8|0,92|0,9
1 0,01 |0,060,1210,21|0,40|0,57]0,73]|0,87]|0,93]|0,9
2 0,02|0,10(0,18]031|0,52]0,68]|0,81)]0,91]0,95]1,00
3 0,04 |0,17 10,28 |0,4310,64 | 0,77 | 0,87 10,94 | 0,97 | 1,00
4 0,07 0,27 0,41 | 0,56 10,74 | 0,84 | 0,91 | 0,96 | 0,98 | 1,00
5 0,14 10,39 0,63 | 0,67 | 0,81 | 0,89 | 0,94 ]| 0,97 | 0,99 | 1,00
10 0,64 | 0,80 0,8 | 0,9 | 0,9 (0,97 | 0,98 0,99 1,00 1,00
20 0,91 109 (0,9 10,98(0,9910,%9{1,00] 1,001 1,001 1,00
50 0,99)0,994§1,0 |1,O |1,0 |1,0 |1,0 1,0 |1,0 }1I,0

H3 nprpelensnix GopMyN BHAHO, YTO KOHUECHTPALHA MpPOCJAEHH-
HAEMOT0 KOMNOHeHTa Ha BoJio3abope NpH ANHTENBHON OTKAYKe, KOT-

na _é.+ " rg“ ~ 1, cocraBaser

E o v . (Fem),

=

14w (kmy) + (Bmg) ° {ﬁ‘ﬁ?}

Takum oOpasoM, NpH OlleHKe MHTPallHH 3arps3HeHHil B cxeme
TPEXCJOHHOrO IJIacTa MOMHO CYHTATh, YTO KOHUEHTPAUHA HX B
BON03a6Ope B OCHOBHOM ONpeAEIsieTcs COOTHOLIEHHEM BOJLONPORO-
JHMOCTEH BaaHMOJENCTBYIOWHX naacroe. Ha storo ciemyer, yto H
NMUTAHHE OCHOBHOI'O NNACTa CBA3AHO ¢ TaKoll e 3AKOHOMEPHOCTEBIO.
ITOT BHIBOA OTJIHYACTCH OT Pe3yNbTaTOB, NMPHBENEHHHX B pa-

fore [10], rne penHyHMHA JONONHHTENBHBIX 3aNaCOB ONpeensieTcs
caenywouiim obpasoM:

-+ i
Quep = —F2 100, (6.68)
M1+ B2+ Mo
T. €. 3aBHCHT OT COOTHOILEHHS KO3(DpHUHEHTOB BOAOOTAAYH B3aHMO-
JACHCTBYIOUWMX NMacTOB. IT0 OTAHYHe OOYCJOBNCHO TeM, YTO TpH
BuiBofe cootHowexua (6.68) npunuMaercs HHasm npeanockHsKa, a
2

r
; 0
HMEHHO: Fgo—>00, {500 HIH ;L - oo, Torja kak B (6.67) npen-
2
rtl][l
nojiaraercs, YTo rgo=00, =00, T. €. e - 0.
S
OTMerHM B 3aKNI0YCHHE NAHHOTO maparpada, YTO 3a4auYa O MH-
[PALHH PACTBOPEHHHIX BEUIECTE B TPEXCNOMIHOM mnnacre B Hajo-
IMEHHON 3/lech MOCTaHOBKe ocpemlena B pabGorax [16, 93]. Ouna pac-
cMaTpHBanach Takxe B. B. BysaepmM.
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ONPEAENEHHE ©POHTA ¢HJIbTPALLHH
JATPASHEHHA YHCJOAEHHBIM
H rPAOAHAJIHTHYECKHM METOJ0OM

AHaluTHYeCKHEe MeTOoJn onpeaeseHHss (ponta QHABTpalLHH 3arpss-
HeHHH NpPHMEHHMBl I NPOCTHIX, B 3HAYKHTENIbHOH Mepe HjcaNH3H-
POBAHHBEIX (DHALTPAIMOHHBIX NOTOKOB,

B Gonee c/OHBIX (PHABTPAUHOHHBIX TEYEHHAX, — MPH HANHYHH
HeCKOJbKHX HCTOYHHKOB 3arpfi3HeHHd H BOA03aGopoB B ecTecTBeH-
HOM (OBITOBOM) MOTOKE, — MO¥HO NMPOH3BOAMTL PacueThi YHCICHHO
no MeToAy, OCHOBAHHOMY Ha KYCOUHO-Da3HOCTHOM  paspefieHHH
BCET0 NMpOTHO3HPYeMOro nepHona QHAbTpaLllHH.

[Ipu pazbuBKe pacyeTHOro mepHoja BpeMeHH [ Ha R OTPe3KOB
Atj(j=1, 2, .., k), 3a xKoTophle onpele/slOTCH COOTBETCTBYIOLHE
otpe3ku nytH AL; nponsixenns ¢ponta uAbBTpaUHH, HIH o6paTHO,
no 3ajfiaHHelM BenHumHaM AL; naxonstcs Af;, OcHOBHasi 3aBHCH-
MOCTh NPH STOM NpejcTapnsdeTcs B cleaylolleM BHe:

Bly wow s
AL; =—" E Vip  Afy=-"—L_, (6.69)
[ | ) F”.

raoe If'}'; — AefCTBHTENBHAA CKOPOCTH (HALTPAUHH HAa OTPe3Ke NYTH
AL;, npuHHMaeMas TNOCTOSAHHOM HJIH cpellHeil oT Hayasa JI0 KOHUA
oTpe3ka BpeMenH Af; u obycnoBnennass JeificteHeM i-ro obbekra
¢HapTpauHH (XpaHnaHma, Bojosabopa H T. A.); i=1, 2, ..., n (n—
KONHYecTBO 00BEKTOB).

Ilonuelii nyTe npoABHMeHHs rpaHulpl pasfena Lg H ofllee
BPEMA €€ NMPOABHKEHHA [y HAXOAATCH NYyTeM CYMMHPOBAHHSA:

k ke
Ly =% AL; Iy =% Al (6.70)
o El i ® él i

3peck k — npHHATOE OpH pacyeraX 4YHCJIO HHTEpBAaJOB TYTH H

BpeMeHH.

[To ¢opmynam (6.69) MOXKHO NPOHIBOAHTE pacyeTs ANS ycno-
BHil CTallHOHAPHOIN0 H HeCTalHOHAPHOTO NMOTOKOB, MPHYEM B TOM H
JPYroM cnydafx AOMMHH OHTE H3BECTHH aHANHTHYCCKHE BHIpame-
HUSL A ckopocTeli dunbTpanu, obOyc/OBJeHHBIX AeficTBHEM KaX-
noro o0hLeKTa,

Pacuer nponsuienHsi rpaHHUBl pa3fiejia MeXAY 3arpfi3HeHHH-
MH H YHCTHIMH BOJlaMH YHCJEHHEIM MeTOAOM NpoH3BOAHTCHA JHOO B
npenesax seeit obnactH puabTpanuu, nn6o NO OTACIBHBIM BHIGpaH-
HEIM HanpasnenHsM. [Ipu sTOM Ans pacuetra BpeMeHH AONYCTHMO
NoNbL3OBATHCA NPOEKUHSMH CKopocTeii Mo ocAM koopaHuat. IlpuMe-
PH HCMOJAB3OBAHHA YHCAEHHOTO MeToAa pacdetra (ppomta (HIBTPa-
ILHH 3arpsisHCcHUi npHBeaeHH B pabGotax [25, 93].

Ilns nonyueHHs NONHONI KAPTHHEI PAcnpOCTPAHCHHS 3arpssne-
HHIi BO BCeX HanpaelneHHAX OT HCTOYHHKA pPacyeThl NPpOBOJAAT MO
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THAPOAHHAMHYCCKHM ceTKaM (HALTPAaLHH, XapaKTepH3YIOUHM JBH-
HMEHHEe NOMN3EMHBIX BOO C YYeTOM ,ﬂEﬁCTBHH HCTOYHHKOB EHFPHEH’E-
HHA, BOJ03a00pOoE, ApeH H T. .

Bpewms -npoapHiKennsl 3arpssHeHHii H  monoxeHHe (poHTa
(pHABTPALHHE NpPH 3TOM ONPEAENAIOTCH N0 NOJOcaM TOKa OT KOHTYpa
JAENCTBYIOLEro HCTOYHHKA HJIH panee olpasopaBulerocs oyara aa-
rpA3HeHHs noA3eMHuX Boj. BubGop cnocoba mocTpoeHHA THIApPOIH-
HAMHYECKOI CEeTKH 3aBHCHT OT CJOMHOCTH THJIPOreoJOrHYeCKHX
YCJIOBHIi, (hopMbI, KONHYECTEA H HHTEHCHBHOCTH HCTOYHHKOB 3arpss-
HEHHA H BOJXO3a00OpOB.

CeTKH B OTHOCHTEJILHO MPOCTHX YCJ0BHAX MOryTt GEITH mocTpoe-
HElI 110 HHEJ’IIITH"—IE{!HHM'IJE],UEHHEM, ﬁ-l‘.l.l']EE CJIOHEC ]FEHI'J'BHH TPE'
GyioT MOTenHpOBaHHA.

[lInpokoe nprMeHeHHe MOMET MONYuHTh TaKie rpaoaHanurH-
YeCKHil MEeTDJ MOCTPOEHHSA CeTOK ¢ HCNONb30BAHHEM KapT THApO-
H3onbes (B Oe3HANOPHLIX YCJAOBHAX—THAPOH3OTHIC) eCTEeCTBEHHOrO
MOTOKa NOJ3eMHLIX BOJI. 1

[Ipu pacuerax BpeMeHH pacnmpocTpaHeHH 3arpfA3HeHHil fy H
nonoxenns ¢poura GpunbTpauun Ly HAa THAPOJAHHAMHYECKHX CeTKax

Puc. 50. $®parmedt rEppoaHHasMyuecEol coTER:

@ — dparment AYeflikH THAPOAHHAMHYECKON CETKH; 6 — dparMent suellKH © NoOKalanmHesm mpe-
MCHH RepescllCHHAE 3arpHIHcHER

HCIOABb3YIOTeA OcHOBHHE cooTHowenust (6.68) m (6.69), npuyem
ckopocts (uabrpaumrn V* Hcoumcnsercs ANA Kaxaoll svelikH CeTKH
I:Hﬂ OTpe3Ke JeHTH TOKa MeXAYy COoCeHHMH H3ONHHHAMH NOTeHLHA-
noB) no popmyae (puc. 50)
V.. k  AH; .
== T?ﬁ? - (AH; = Hy, — H)). (6.702)
B COOTBeTCTBHH C 5THM, TMOCKOJBKY CKOpPOCTh (HABTPALHH
npepctasiner coboii CYMMapHYIO CKOPOCTb CJIOXHOro noroka (T.e.

V= ZI V:;),

AtjkAH; AnALZ
== i B, (6.71)
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[Tonuwtit nyte (Ly) H Bpems (fy) $HABTPAUHH 3arpA3HEHHI
HaXoAfATCA CYMMHpoBaHHeM no ¢opMmynam (6.64).

YKazanHbee BHIpa)eHHHd MOMHO NPeACTABHTE B HECKONBKO HHOM
Buae, Gonee yno6uom Ans rpadoaHaiHTHUYECKOro MOCTPOGHHS rpa-
MHIE pa3fiejia Mexay 3arpAsHeHHBIMH CTOKaMH H NpHPOAHBIMH
NOA3eMHEIMH BOJaMH Ha ONpel¢/IcHHbBIC MOMECHTH BPCMEHH. Y4HTHI-
Baf, uro (PHIABTPAIHOHHBIT pacXol B xaxAaoii monoce (cM. puc. 50)

RAH
Q =¥t —% =5, Aby,

4 NMAouwanb KaxaoH AYeikH

aMecto (6.71) monyunm
o | 6.72
T (6.72)

B craumonapHBIX YCNOBHSIX pacXoji B mpejenax MNONOCH TOKa
se Hamensercd (Q;=const), nostoMy

At An

Ay=aFy ==t (a=4 (6.73)
T. €. nonoxenne (ponta ¢HALTPAlUHH Ha onpegejeHHne (3aflan-
HBlE) OTpe3kH BpeMeHH Af; MOMHO HaXOAHThH NYTeM BHYHCJEHHSA
cooTBeTCcTBYIOW el naowanan F; B mpenenax paccMaTpHBaeMOH no-
Jgockl Toka. [Ipu 3TOM NomiaAb MOXKET OXBAaTHBAThH HE OfHY fueliky,
a Qonblle HJAH. MeHBIIE, B 3ABHCHMOCTH OT NPHHATOrO pacyeTHoOro
HHTEpBaNa BpeMeHH Afj.

[loctpoenHe TrHAPOJAHHAMHYECKOH CETKH (DHABTPALHH MOXKHO
C yCnexoMm BHLIMOAHATE € MOMOULLIO MOJAENHPOBAHHA HA aHAJOrOBHIX
anekTpHuecknx npuGopax. Ilpu pocratouno noApolHEIX CBeleHHSX
O rHApPOreoNnoOrHYeCcKHX YCOIOBHAX H napaMerpaXx BOACHOCHBIX Mna-
CTOB 3TO NO3BOJIAET OXapaKTCPH30BATH (j)H.JIbT[]ElI.HUHI—[DE noJe I'IIJH
CaMBIX CJIOMHBIX H pa3nooGpasubix 06CTOATE/IbCTBAX.

TrNABA 7.
3ALLHTA NOJA3EMHBIX BOJT OT 3ATPA3HEHHH

OGLIHE MEPONPHATHA NO BOPLBE
C 3ATPA3HEHHEM NOJA3EMHBIX BOJ

HapecTHeie NpHMepH 3arpA3HeHHs nojzeMuux poja [69, B2], a
TAKX¥e MAaTepHansl, NPHBOJMMLIE Nanee B riaase 9, NOKaspBaloT,
uyro Gopwba ¢ 3arpsA3HeHHAMH, y¥e TNONaBEMH B BOJAOHOCHHI
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nnact, npeacraepasier coboil oueHb CAOMHVIO 3apauy H Tpelyer
JOPOrOCTOALLHX, YacTO TPYJAHOpeaJH3yeMbiX MeponpHATHIlL.

[Ipn GonbilioM HAKONJACHHH B NAACTe 3arpA3HAIOLIHX BELLeCTB H
Manoil uxX pecopOHpYeMOCTH, a TAKMXe NpH HHAKHX (PHABTpallHOH-
HBIX CBOHCTBAX NMOpPOA BpeM#d, HeoOXOMHMOE INS NOJHOrO H3Baeye-
HHHA EEFPHEHEHHI'I H3 MOopoHa H NOJA3eMHBIX BOJl; MOMET HIMEPATHCH
JACCATKAMH H naxe COTHAMH JICT.

B cnyuasx ke, Korjla oyar 3arpasHeHHd HMEeT 3HAUYHTe/NbHYIO
nAoulajb, a MOLIHOCTE BOJOHOCHHIX TMOPOJi Be/NHKA, 3arps3HeHHe
NMOA3EMHLIX BOJ JIHKBHAHPOBaThH BoOOLIE He yAaeTcs, H STOT yua-
CTOK BOJAOHOCHOroO nnacra, HHOrjla co0 3HAVYHTeNIBHRIMH #3anacadH
NOA3EMHLIX BOJ, MpakTHuecKH Oe3sp3ppartHo Tepsietcd. [losToMmy
[MaBHBIMH CJElyeT CUHTATL MEpOonpHATHA npodHIaKTHuYec-
KOro xapakxkTepa, npeaynpexjaiouiie BO3MOMXHOCTH 3arpss-
HeHHSA MOAIEMHBIX BOJ.

K coxancHHio, OflHAKO, HMECTCH HEMAJO0 MPHMEpPOB YMKe mnpo-
H3OLIe[Iero 3arpAa3Henns NoA3eMHMX BojA. B CBS3H ¢ 3THM Hapsay
¢ NpoPHIAKTHYECKHMH MEpPONPHATHAMH JOJIKHE paspabaTHBaThCH
METONIl H TPHEMB MO JOKAJH3aUHH O4Yaros 3arps3HeHHs,
a TaMm, Tje NPeACTAaBASETCH BO3MOMKHBIM — TaKIKe MO MX J H KB M-
AallHH H BOCCTAHOBJEeHHK KauyecTBa NOLA3eMHHX
Box [25].

TMpodunakTHYECKHE MCPONPHATHA TPOTHB 3arpA3HEHNsA NOA3EM-
HHX BOJ CTOYHEIMH BOLAMH H OTXOAAMH JAOMMHE OHTHL KOMILNEKC-
HEIMH H 3aXBaTHBaTh Kak cdepy CTPOMTeNBCTBA H NMPOH3BOJACTBA,
TaK H COOCTBEHHO THAPOreo/OrHYecKHe acnekThl (KOHTPOAL H Ha-
GnoneHHsl 34 KauecTBOM TOA3EMHBX BOJ, HaleXKHOe B CAaHHTapHOM
OTHOINCHHH YCTPOICTBO BOA03a60OpPOB MOA3EMHBIX BOJA M T. Nn.).

[IpepoTBPauIeHHIO 3arpsA3HEHHA TNOA3EMHLIX BOA COAEACTBYIOT
MeponpHATHA 00uero Xapakrepa: 1) cospaHHe 3aMKHYTHIX CHCTEM
NPOMHIUJAEHHOr0 BOJAOCHAOXKenHa H KaHanH3aluu; 2) BHeJpenHe
npou3BoAcTB ¢ OeccTouMHON TeXHOMOrHell HJIM € MHHMMAaJLHBIM KO-
JHYECTBOM CTOYHHIX BOA M APYTHX OTXOHOB; 3) coBeplueHCTBOBaHHE
OYHCTKH CTOUHBIX BOA, 4] H30JAUHSA KOMMYHHKALHH €O CTOYHEIMH
BOAaMH; D) MHKBHOAUHA HJIH OYHCTKA ra3’o-AHMOBHX BHOPOCOB Ha
NpeanpHATHAX; 6) KOHTpOAMHpYeMoe, OrpalHH4YeHHOe HCMNOoNbL3OBAHHE
ALOXHMHKaTOB M yaoOpeHHil Ha cenbCKOXO3flCTBEHHHX TeppHTO-
pusx; 7) rnybokoe aaxopoHeHHe ocobo BpeAHBIX CTOKOE, HE HME-
WHX 3SKOHOMHYECKH OnpaBflaHHEIX MEeTOoJl0B OYHCTKH HJH JIHKRH-
Aauui; 8) coanadHe BONOOXPAHHHIX 30H B PAfOHAX PA3BMTHA TPYH-
TOBBIX BOJI C YCTaHOBJIEHHEM 37€Ch CTPOrHX NMPaBHA XO3AHCTBEHHOMH
H CTPOHTENBHONH AEATENBHOCTH.

HaunGonee BaMHHM NpPepcTaBiseTcA TeONOTHUECKHiT KOHTPOAL
Hajl pa3MelleHHeM HOBHIX NpPeANPHATHI, YTO CNEeAyeT NPOBOJHTHL C
YYCTOM 3alMHLIEHHOCTH TMPHIOAHBIX ANS BOAOCHAGMeHHsS TON3eMHBIX
BOJ H B3aHMOCBS3H OTACABHHX BOAOHOCHHX FOPH30HTOB MCIKAY CO-
Goift M ¢ NOBEPXHOCTHHIMH BOIAMH.
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B ponmpax pek, Ha noiiMax M aJAJNOBHaNbLHBIX TCppacax, COMCP-
WAUHX NOA3CMHLIe BOJH, KOTOPHIC HCOONLIYIOTCA AAA BOAOCHAG-
FCHHA HIH MOryT OBITH HCNONb30OBAHK MIA 3THX HeNeil B OyayuieM,
HeoOXOnHMO, KakK NpaBHJO, 3anpCilaTh CTPOHTENBCTEO «BOAOEMKHX»
NPOMBILLICHHEX TNPeANPHATHH, ACATENBHOCTb KOTOPBIX COINPOBOX-
dacrcs OGonbwkMe cOpocaM CTOMHHIX 3arpasvedtbX pofl. Crpol-
TENbCTEO MOACOHBIX MpeAnpHATHH [0MKHO OBITE 3aNpelleHo H B
JPYrHX THAPOreoJorHuYecKHx ycloBHAX, GraronpuaATHHIX OJAd YyCT-
poiicTea BONO3a0OpPOB MOA3CMHBIX BOA NHTHEBOro HazHauyeHH.

Ha npoMbluneHHbIX nhaowiaakax ANf NpeaynpejaeHHs HHpHAb-
TPAalHH TEXHOJOrHYEeCKHX H CTOYHHX BOJ, B BOJIOHOCHBIE FOPH3OHTHI,
He HMeUlHe -BOIOYNOPHON KPOBJM, BCe BOJOHECYLIHE KOMMYHHKAa-

g f
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=l o R
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Pre. 51. Maacropuifl fpeéwam nog NOAOM 3NAHHE AAE JAMHTH DOAIEMHHX BOA oT WAdHMLT-
PYOMMACH TEXHOAOIHYECEHY W CTONNLX ROA:

J — welene, eTpaMGopamiEdl » rpynr; 2 — rapnoberon; 3 — pecok KpynHodepHucTMA; 4 — ApH-
CTEHHHM ppedam; § — rpapHl Ban melenb; 6 — prﬁa YYIyHHAA

LHH M UeXa MONXKHH HMeThb HAACHKHYIO 'HAPOH3ONALHIO H APEHAXH,
3alHLAKLLIHE NOJ3eMHBE BOALI OT 3arpA3HEeHHH.

[lnacropuic ¥ NHHeflHLe APeHaXKH, IHPOKO NPHMEHSIOUIHECH B
NPOMBILINEHHOM H TOPOACKOM CTPOHTENLCTBC AJS 3alIHTH COOPY-
WeHHlt 0T MOATOMJACHHA TPYHTOBHIMH BOJIaMM, B KayecTse o0f3a-
TENLIOTD KOHCTPYKTHBHOID 3JeMeHTa AOJHKHL HMeTh B OCHOBaHHH
BOJIOHCNIPOHKILAeMBIT 3KpaH u3 riauno0eToHa WIH TONH3THIEHOBOH
naenkH (puc. 51). Crounble BOAL H TEXHOJOTHYECKHE pacTBOPH,
KOTOpBIE MOryT NPOHHKHYThH B TPYHT, JAOMMKHB TNepeXBaThiBATbCH
QUABTPYIOUHMH 3JCMEHTaMH NnacTororo jJipeHaa (oOCHINKH, NO-
CTe/IH) H MO JIpeHa*<HuIM Tpyfam OTBOAHTBCA K BOJONPHEMHHKY
AJI NepeKkaykH H TocJeyiouel YTHAH3aUHH HJIH OYHCTKH.
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[Tpu wernyGokoM 3aneranH BOAOYMOpA Tpynna 3AaHHil HIH
ECHl MpOMIIOLLaAKa MOryT OBITb H3OJHPOBAHEL OT YWHCTHIX NOL3eM-
HBIX BOJL € MOMOLLLIO KOMbUEBOH BOAOHENPOHHLAEeMOIl 3apecH, a
T2KXe CTEeHKH HNH HX KOMOHHAUHH B COYCTaHHH C ApeHaweM, oTOH-
paloWHM HHQHABTPYIOLIHECH CTOUMHLIE BOJE H aTMOC(epHBle OCalKH
(pmc, 52).

Ha npoMmbplinjeHHEX nAoWAaAKax ¢ NOBLILEHHBIM- 3ATPA3IHCHHEM
BO3AYXa H nous cOopy H OUHCTHE MOANeXaT TaKie JHEHEBble BOJHL

Bece npoMuilunennsle 6acceiiHb, B KOTOpPLIX CKJIaaHPYIITCH CTOY-
HBIC BOALI H OTXOAB (IUJaMOXpPAHHJMLLA, HAKOMHTENH, HCIADHTENH,
rHAPO30J00TEANN H APVYIHE COODYMKeHHS), HOJXHH ObTh He(HIb-
TPYWILHMH. IT0 MOMeT GuLTh JOCTHTHYTO B OTAEJLHBIX CcAydafaXx

Puic. B2, KombuHHpopawHas EOABUEEAR Apo- ﬁ - DY, ARSI - -F
THHnﬂlmﬂmﬂHnml:nn JABECA B APEHAN DARA 4

SAUATE NMDAICMHABY BOJ OT HII¢H-.II-T|}]"H“IIH' -""‘" S S
im CTOKOE: . it

I— neCyaAHO-TPaBEARCTEE NoOpoaL; S R et et (i e o -
CKAABHME TPCULHHOBATLE BOAONPOHMIAeMbIe ", - "8 « . .« = 8 2" "« "B s -7 a
nopoiu; 3 -— pofoyuopuHe NOPOAH; F—npo- *Y .- L. Te el c L el B LT T
THEODHALTPANBONHAR  GApPaMHAN CTCHKA; l\ 5 P ¥l
5 = pemeHTauHoHHAR  aaBcca;  § — pedHas; -"%.' o o] ;ﬁf
7 — TEpPHTOPHA  MPOMIANOULA KK — HCTONHN- A ) ;;g
K8 3ArPAIHEHHA MOAICMHEX BOM ‘ﬁ N L ,,1 #}' 1
N T T IV O
N AV SAFEINLE kW
l’-'if b ( 1\ ]
o R AR R A
r o5 £ fr S

nyreM BefOpa MecTa pAacCNONOMEHHS COOPYMEeHHSi, HO B OCHOB-
HOM — C NOMOLNbI0 PA3NHYHBIX NPOTHRO(HABTPAIHOHHBEIX H Jpe-
HAaMHBIX YCTPOHCTE, co3llapacMHX B TeJae ITJOTHHHE HAH AaMGbl
waamoxpanunua [74].

[ToMHMO BHLIMOJIHEHHS YHCTO THAPOTEXHHYECKHX 3ajau (cHHKe-
HHe (PHABTPALHH Yepe3 NAOTHHY IJfA NOBHILUCHHA €€ YCTOHUHBOCTH
H HCKJIWYEeHHA onacHblX (HIbTpalHOHHBX AedopMallHii rpyHTa)
Ha3BaAHHLIE H]]DTHBD{I}H.TIE:TFEIILH{)HHHE‘}’L’TPG“L‘THE, KdK OoTME4HalnocCh
BhIllE, MpefHasnavalorcs -ANA noatoill 3ajJlepHKH CTOYHBX BOJ B
xpaunannte. [lostoMy oBH A0OJUKHB YCTPAHBATHCH H3 NPAKTHYCCKH
HeMpOHMIIAEMBIX MaTepHalOB — NOJHMEPHBIX TNJeHOK, OHTYMHBIX
NOKPHITHI, TAHHO0ETOHA B JIHIIL B OTACABHBIX CAYYaAX — H3 YNJOT-
HEHHHX [JIHHHCTHIX IPYHTOB ¢ OYE€HL HH3KOM BOJIOIPOHHLAEMOCTBIO.

-HPDTHBGI;I]HJH:T’FEI[HUIIHUE SNCMCHTH Teaa H OCHOBaHHA NNOTH-
HE 10JaMOXpaHHNMLla — 3KpaH, 3y0, mouyp, #apo, .AHadparMul
(puc. 53) — monHBL Mepepe3aTh BCK TOJUY BOJONPOHHUAEMBIX
TOpPOA H HANEHHO COnpAraThes ¢ BogoynopoM. JlpeHamuue ycrpoii-
CTEA UIJTAMOXpaHHIHUL pa3MeLlalTcd B HIDKHell 4acTH Tefla IO-
THHE B BHIAE HAKINOHHOIO, T]}}?ﬁ‘iHTD]‘G, JIEHTOYHOTO H JAPYTHX .H,I.'IE-
Haxefi. B GcperoBblx NpHMBIKAHHAX  IWIOTHH, CO3/laBaeMbIX Ha
IaMOXpaHnIHIlax OBpaxHo-6anovHOro THNa, NpoTHBOQHIBTPAIIH-
OHHBIC 3JIEMEHTH HMEIOT BHJA BEPTHKAaJBHOH 3aBechl, 3axojsuled B
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Geper Mo NHHHH OCH NJIOTHHBE HJIH NepleHAHKYNAPHO eii, T. €. BA0JIb
Gepera; mHoraa 3aBeca AOMNOJHACTCA HeNpPOHHUAaeMBIM 3KPaHOM Ha
GeperoBoM OTKOCE.

INpoTHBOGHIBTPALlHOHEKE H JPeHaXKHHE YCTPONHCTBA B HHIKHEM
Obede WAAMOXPAHHJHIL NMPEAHA3HAYAIOTCA AN aKKyMyJHpOBaHHSA

]

jﬁ.ﬂlﬁﬁ:ﬁw:.

T
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Prc. 53. NpoTAeodHALTPALAOHHME SAEMERTI TEAA H OCHOBAHMA nAoTeHE (Ramie) waamo-
Xpa e L

a — skpan u ayl:; 6 — anpo (awadparma) B sy0; @ — SKpaH R NOHYP.
J — oTKofAR NPOIEREOACTRA — MIASMB, XBOCTH, CTONHKWE BOfAR, 2 -— BOfjonpoHAldeMbBIE RoponBE
OCHOBAHRA NNOTHHM; J —skpad; 4 —ayl; §&—Teno naoTHEL; 6 —sonoynop; 7 — aapo-

{nuadparwa); & — nowyp

CTOKOR, HPDIPHJII}TDGHQELUHECH yepe3 TeN10, OCHOBAHHE H B obxoj,
IINMOTHHE, H TIEPEKAYKH HX B LJIAMOXDAHHJIHILE HJH B CHCTEMY obo-
POTHOTO NPOMBIILJIEHHOTO BOAOCHaOMeHHA. ITH YCTpOicTBa BHINOJ-
HAWOTCH B BHAE (PpOHTANbHOH 3aBeChl, TNepepesaiolied BOAONpPOHH-
LHaeMyw YacTh TOJLIH OCHOBaHHA, B COYETAHHH C CHCTEMOH ApCcHaxa
B BHIe psfa CKBamuH, rajeped H ap. (puc. 54).

4 £ g il' Prc. 5. MepexpathiBarpfl ApeHa¥ B HAM-
HeM Dhedie AAMOXPANMAHLLA:
I=—nnoTHHa; 2— ApeHam Tend OAOTHHE
o — NCPCX\Ea TRBEAE I He ﬂp{‘l!ﬂ]ﬂlil-l.l-ﬂ CEBRA M-

A p HuMHeM Obede;, 4 — ppoTHRopHABTpa-
UHOHNAA cTenks (3ampcca); 5 — sonoynop

it }-;r};%f%c:::'—}' e

B uyame waamoxpaHuanma npu HernyOGOKOM 3ajeraHuu BoJoO-
YNOpHHX NOPOA NPOTHEOQHIETPAIHOHHEIE YCTPOHCTEAa BHIIONHAIOT-
¢Sl B BHe KOJAbUEBOH coBeplleHHO 3aBecw (puc. 55, @) MJAH Konb-
LeBOro HENPOHHLAEMOro 3KpaHa ¢ CONYTCTBYIOUIHM [peHaKeM
(puc. 55,6). lpu rayGokom 3sanerann BOJAOYNOPHHX TNOPOA H
HH3KOM €CTeCTBEHHOM YpoBHe MNOA3eMHMX BOA Mo Beeil yYalle
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{INIAMOXPAHHIIHILE YCTPaHBaeTCs NIACTOBHIE 3KpaH H3 BOJOHeNpo-
HHIlaeMOro MaTepHasa, NPHKPHITOrO 3alllHTHHM CJI0€M H3 MeCTHOro
rpyHTa (puc. 55, 8).

OpHocnolinblil 9KpaH ycTpaHpBaercsa H3 craOuansHpoBanHoil 1mo-
JIH3THAEHOBON nieHkH Toamuuow 0,2—0,6 MM, yknaawBaemoii Ha

Puc. 55 MporupoduastpauHonnse yorpol-
CTHA 9alliN WaAaMOXpaHwaAWila:

P e T P A e 4 — KOABLeBEA COBEPINEHHAR npnrunnndt:unm-

= S S ) R e St A Ll PalnoHiRan SEBECa H COMYTCTBYMOUWMR Aape-

P A P T T T T Ha®; § — Koabuenof gxpfu H; ﬁtperuaﬂm
Fa OTHOCEX H ConyTeToywilwfli apedawm; &6 —

nAacToBkl SKpan wa peefl nNOBEPXHOCTH ya-

TIH I.I.JﬂEHQ-IpHIIHJ'lIII_I.[ﬂ!. B

1 — yposeus nopseMHEX Boj; 2 — NPOTHBOGHALTPALKONHAR ABBCCE: & — apenam; 4 —oTXOOHW

NPOHIBOACTEA — WABME, XBOCTH, CTONHHE BOAL; § — BONONpOHHLAEMbEe RNopoaM; & — eono-
ynopHue nopoab; §— SEpaud

]

CJI0fi necyaHoH NMOAroToBxkH, NHbo w3 acdansrononumepberona uaw
rPYHTOBO-NIOJIHMEPHON CMeCH, MNMOKPHTHX CBEPXY JaTeKCOM; B OT-
JeNbHBIX CNYYyafX SKpaH BO3BOJAHTCH H3 YIJIOTHEHHOrO TJIHHHCTOrO
TPYHTA.

OnHocaofiible 5KpaHbl, B 0COGeHHOCTH TMHHCTHI 9KpaH, obna-
Jal0T HeKOTOPOH, XOTH H HH3KOH, BOAONPOHHLAEMOCTHIO H NoITOMY
NPpHMEHAIOTCH JNHIIE NPH MAJOTOKCHYHHX CTOKaX, (PHILTpauHs Ko-
TOpPHIX B KOHKPETHHX THAPOreoNOrHYeCcKHX YCJIOBHAX [A0NYyCKaercH
B OMpeAe/ieHHblX OrpaHHYeHHBX pasMepaX. Doslee HafeXHBIMH fB-
JIAIOTCS ABYXCJOHHBE SKPaHbi, B KOTOPHIX BEPXHHI H HHMKHHIl ClOH
BHIMOVIHAIOTCA M3 IJEHKH HJIH MaJIONpOHHUAEMOr0 TJIHHHCTOrO
I'PYHTA, a pas/le/ifAoUHA HX JApEeHaXHBIH C10f — H3 mecKa WAH rpa-
BHA. IlpopunpTpoBaBiiasca 4epes pepxHuil cJofl  3arpasHeHHas
BOLa MOXeT OBTh OTBeleHAa H3 JIPEHAXKHOro ¢Josi ONATh B IJaMO-
Xpanuauuie. ITpy HeoOxomMMocTH B JipeHaXKHOM CJioe MOXKeT OHIThb
CO3/1aH BaKYyM HJIM, Hao0opoT, naBieHHe, npeBbillalollee AaBieHHe
HMHAKOCTH B WNaMOXPaHHJHILE H mnpensTcTByionlee ee ¢HAbTpa-
uun [74].

[IpuMensiioTcss Takme KOMOMHHPOBAHHEIE SKpaHH, COCTOSILHE
H3 CTaOMJIH3HPOBAHHON NOJHSTHICHOBON IVIEHKH MWJIH H3 acdanbTo-
BOrO MOKPHTHA H BhIlUEJNEXallHX cJ0eB YIJIOTHEHHOro rJHHHCTOro
rpyaTd. CywmecTByloT Takie JApyrHe cXeMbl H KOHCTPYKLMH IUIAcTO-
BEIX BOJAOHENPOHHUACMBIX 3KPAHOB, KOTOpHIE BO BCeX cjayyasiX, Kak
YHe OTMeYanock, MOJNXKHH HMETb CBepXy 3alUHTHHIHA cJiofi H3 MecT-
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HOro rpyHTa. PHALTPAUHOHNLIE PacyeTsl NMPOTHBOMHALTPANHOHHBIX
H JpeHaXHLIX YCTPOACTBE B LIJIaMOXPaHHJAHILAX NPHBEJEHH B pa-
Gorax [64, 74].

Ins npeporBpaulelus (HALTPaUHH 3arpAsHeHHHX MNOA3eMHBIX
BOI H3 3eM/JAHHIX eMKOCTeH-HaKOMHTeNeH CTOYHLIX BOL M Ha IpOM-
naoliafKaX B OTACAbHBIX CAYYaHX BO3MOMKHO MHCIOJb30BaHHE I'Hil-
paBiH4yeCKOH 3aBécH B BHAe COBEPUIEHHOH TpanlleH, 3aNoJHeHHOI
BOMIOH, HNH B BHJE psijla CKBAaXHH, B KOTOpBIE HarHeraeTcsl YHCTas
BOfa C Hanopom, NpeBIalOIHM Hanop (ypoBeHb) 3arpA3HEHHBIX
nopzeMHHX Boj. HefocTtaTKoMm ruapaBnH4yecKHX 3aBec SABJSAIOTCH
3aTpaThl YMCTON BOABI A/A HenpepbliBHON 34KauKH, a B OTHAeJbHBIX
cayuany — HeoOXOAHMOCTE B O/IHOBpEMEHHOH OTKauKe 3arpf3HeH-
HBIX H YHCTHIX MOJA3E€MHBIX BOL.

BoponenpounnaeMble BepTHKaJNbHLIE Tperpafbl Ha NYTH JBHIKe-
HHA 3arpf3HeHHBIX ToJzeMHHX BoA (cM. pHec. 52, 54, 55) Moryrt
ObiTh co3flaHsl OO B pesynbTaTe HarHeTaHHsi 4Yepe3 CKBaXHHBI
pacTBOpPOB, 3aNOJIHAIOLIKX NMOPE H TPelHHB H MpHAAIOUIHX Nopode
BOJOHENPOHHUAEMOCTL  (MPOTHBOQHILTPAUHOHHLIE  HHBEKLUHOHHBIE
3aBechl), NHOO nyTeM BhIeMKH BOJOHeNPOHHIAEMBIX MOpPOJL H 3aMe-
HBl MX BOJOHENPOHHLAEMBIM MaTepHaJoM (NpOTHBOMHNBLTPALIHOH-
HEle CTeHKH-0appaixH).

[Ipn yecrpoiicTBe HHBEKUHOHHEIX 3aBeC HarHeTaHHe pacTBoOpa
NPOBOJHTCA B O/IHH HJH HECKOJILKO PANOB CKBaxKHH, npHYeM BhOOp
HarHeTaeMoro BEeLLeCTBa 3aBHCHT OT pa3Mepa TpellHH H nop Mo-
pPoaLl, a Takie OT CKOPOCTH (HALTPAUHH NOJI3EMHHIX BOJA M HX
XHMHYeckoro cocraBa. OOmnacte NMpHMeHeHHS HHBEKIHOHHHIX 3aBec
B TOpojax PasfHYyHOrO JHTOJNOTHYECKOro COCTaBa M HavalbHOMH
BOAONPOHHIAEMOCTH YKazaHa no pabote [120] B TaGa. 15, 16.

[lporueodnibTpalHOHHEe CTeHKH-Dappamu ycTpauBalIca B
BHAE CNAOIIHOIO PHAfd CMBLIKAEGMBIX HAOHBHEIX CBdil HAH B BMAE
y3Koi Tpanwed, wmenu. Jlns cospanus HaOGMBHEIX cBafi HCNONB3Y-
iorca OypoBLHe CKBaMHHLI GOJbIIOro gHamerpa, 3anojHenHole Ge-
TOHOM, rHHOOETOHOM HIHW APYrHM BOJOHENpPOHHLaeMbM MaTepHa-
Jgom. Ilpoxonka TpaHwel ocyuiecTBAfercAs MOJ CJ0EM THKENOro
rAHHHCTOIO PacTBOpPa C MOMOIULID 3KCKaBaTOPOB, KaHAaTHHX CKpe-
NepoB HAH cneuHanbHblXx OGypodpezepumx yeraHosok [61]. Ilo
Mepe NPOXOAKH TpaHles NOCTENEHHO 3allOJNHAETCH BOJOHENpPOHH-
LaeMbIM TBepACOIHM HJAH HeTBepACOUHM MaTepHaioM — GeToH-
HOH CMeChl0, LEMEHTHO-I/IHHHCTHIM pacTBOPOM, CMoJiaMH, pYJOH-
HBIMH CHHTEeTHYECKHMH TIIeHKamu W ap. BoamMoxno takie cosjanne
KOMOHMKEHPOBAHHOH NPOTHBOMHNLTPAUHOHHON Nperpaas: B Bepxneii
YacTH BOJOHOCHBIX NMOPOJ — CTEHKa, B HHMKHEH 4acTH — HHBEKIHOH-
Had 3apeca (cM. pHc. 52).

Tonkne sononenpoumilaeMuie cteHkH (~0,0 M) ycTpausaiorT ¢
NOMOLLbI) BHOPONOTPY:KEeHHA H H3IBJEeYeHHA MEeTaJJIHYeCKHX CBaH
HJAH INNMYHTA C OAHOBPEMEHHLIM 3anoJHeHHeM Mpope3H, co3/alo-
IeHCS TPH H3BJieYeHHH WINYHTa, UEeMEeHTHO-MIHHHCTHM HJIH ApPYTHM
pacTBOPOM.
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B HecBA3HEIX IPpyHTax NPOTHEOQHIALTPALHOHHASA CTEHKa MOMXeT
OHITE TaKKe co3JlaHa M3 COOPHBIX JerKoapMHpPOBaHHEIX KeJje3obe-
TOHHH X SHEHEHTGH-TH,II.PDI.IIHFHTDB, B KOTOpEHE JO0H I]'[II‘]J}'H{EHHH
NnofawTcds BoJa H BO3AYX, a INf 3aKpelJeHH — LeMeHT.

Jokaausayuonnsie meponpuatua. K noKanHzauHOHHBIM Mepo-
NPHATHAM IPH 3allHTe NOA3EMHLIX BOJ OT 3arpA3HeHHA NPHXOAHTCA
obpawaTtecd B TEX CAYYafX, KOrja Mo TeéM HJH HHHM [pHYHHAM
YYaCTOK BOJOHOCHOrO IJacTa oKalsalics yxe sarpasHeHnsiM. Cdop-
MHpPOBABLIHICA B NMJacTe Ovar 3arpA3HeHHA Jaie MOocae JHKBHAa-
IIHH HCTOYHHKA 3arpA3HeHHsi MOXEeT pachpOCTPAHATLCH B €cCTECT-
BEHHOM MOTOKe NOA3eMHBIX BOJl B HanpaBleHHH pex, o03ep H
BLI3BATE NPH 3TOM MX 3arpAssenHe. OcoGeHHO 3naYHTENEHA CKO-

Ta6anoa 15

Cnocofl CO3NARNA HHBEKLUMOHHKX MPOTHRODIILTPALMOHHLIX 3ABCC B NECYaHo-
FancuHHKOBBIX M ramHucTHIX mopopax [120]

Odnacty NpuMenerHA npH Kosbdapente
QUALTPaLHY FPYHTOB, M/cYT

Crocoll cO3NaHMA Bapech

0,01—0,1
2—10

0,12
’ 1030
; 30--50
50—80
B0—120
=120

I

Hlemenrtannsa:

UEMEHTHEMH HIH  LEMeHTHO-TJHHHC-
THMH PacTBOPaMH € BBEEHHEM
I'I-HHH'PI;JHILI.HPYBHH.HI H I@enTH3H-
pymiHx nobasok

LEMEHTHEIMH  PacTBOPaMH M3  Npea-
BAPHTENBHO AHCnepr HHOI'O
uel:mnm ¢ nolaBKod Ii'lﬁhg

FHIKHMH TAHHHCTO-LUEMENTHLIMH pac- —
TBOPAMH  H3  JIHCNIEPTHPOBAHHOTO
LemeHTa

[EMEHTHO-KOMIOMAHEMY  PacTBOPaMH
¢ JaoGaskofi TTAB ® uemestTHo-
[AHHECTHMH  JIMCTIEPTHPOBAHABIME
pacTsOpaMH

CHNHKaTH3AUKA:
ABYXpacTBOpHan
OfiHOpACTBOPHAS

ANeKTPOCHIHKATHIALNA

CMOJH3AaLUHA:

GypdypONOBEIMH CMONIAMH

TO ¥e€, € [JHHHCTHM HanoIHHTENeM

MENEMHHO-GOPMATE IETHIHBIME CMOJIE-

MH, TKUTHAKPHASMEAHBEMH CMOJIAMH,

NOMHBHHHAOBEIM CITHPTOM _

Burymusanus xosonras r

Inuepsaumd  TOHHHCTBIMH CYCNEH3HAMH,

TAHHO-CHINKATHEMH PacTEOPAaMH

%
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TaGnuwuna 16

Crnocofil coapanma RHEEKUMOHHEX NPOTHROGHILTPALMOHHLIX SABEC B CKAALHBIX
noponax [120]

O0ACTE NPHMERENHA NPR Y JedbioM BOAONOT SOMEHHH
CHANLHLIX NOPOA, J1/MHH

Crnocoll coafaHmn 3apecH
01—0,1] 0,1—-0,5 0,5—1 1—100 =100

llemenTauus

CuiHKaTE3aUHA i

BHTyMH3a1NA:
ropRyas
XOJORHAR

I nuxuaauns

3amopamuBaine | I

pOCTL pacnpocTpaHeHHA 3arpAsHeHHs npH paGore Bono3aGopos,
pasmeliennuiX BOJIH3M ouara 3arpasHeHus. B cBA3H ¢ 3THM, B yacT-
HOCTH, Jlosixen OBITL OnpejeieH ONTHMAJbBHBIA pexXuM orbopa uH-
CTHIX TION3E€MHBIX BO/, NMPH KOTOPOM He OpHBAeKanHchk O BOOB ©
yHe 3arpA3HEHHBIX YYACTKOB H/JAH HX NOCTYNJIEHHE CBEEHO K MH-
HHMYMY.

JlokanvsauHoHHEEe MepONpHATHA, OrPaHHYHBAIOLIHE IPOABHMKE-
HHe 3arpsi3icuyil N0 BOAOHOCHOMY INACTY OT O4Yara 3arpsisHeHus,
MOryT OLTh OCYULleCTBJAEHbL B 3aBHCHMOCTH OT TH/APOreoJIOrHYECKHX
YCNOBHH C NOMOULBIO  TIperpa)dflaioliiHix JH00 nepexpaTbBalOLIHX
ycrpoHcete. [lperpaspawline ycTpoficTBa MMeOT TAKHE e KOHCT-
PYKUHH, Kak ONHCaAHHBIE BhiLIe NPOTHBOGHALTPAIHOHHBEIE 34BeCh H
cTeHKH Oappamu npodHnakTHYecKoro Ha3HauenHsa. Kak mpaeuno,
3aBeChl ¥ CTCHKH MONMKHLI 6BITH AOBEfeHH A0 BOAOYINOpa H JHIUL B
0coOLX cayyadax MOryTr nepeceKaTb OTAe/bHHE YacTH BOMOHOCHOIO
nnacta, HanpuMep Haumbosee BOAONIPOHHLAEMBIE BEPXHHE HJIH HMHIK-
HHEe YacTH NJacTa, No KOTOPHM PacnpoCTPaAHSIOTCH JErkHe WAH TH-
MeJiple cTouHbie BOAW H T. N. B 3THX e LensX MOryT HCNoNib30-
BaTLCH I'MAPO3aBechl M3 HATHEeTaTeNbHLIX CKBayKHH, 3alo/iHEHHble
BOJOIl riayGoKHe TpaHlieH ¥ T. I

IlepexpaThBaiouine ycTpoiicTBa HMelOT BHJ KOHTYPHHX, KOJIb-
LEBHIX, JHHEAHBIX H APYrHX CHCTEM CKBa{HH WJIH TOPH30HTAJbLHBIX
JIPEH, H3 KOTOpHX BEJETCA OTKa4Ka NMOJ3eéMHBIX BOL ANA CO3MaHHH
JenpeccHOHHOI BOPOHKH Ha NYTH Mexay O4aroM 3arpA3HeHHd o
BOJlo3abopomM, a TaKmke pekoil H ApPYyrHM 3aluHllaeMbM OGBEKTOM.
Mecto pacnonoxenus ykaszaHHHX UPOTHBOMHABTPAUHOHHBIX YCT-
policTe M pexkHM HX paborel gonxHe OHTE oOnpefefiens nyreM
FHAPOJAHHAMHYCCKHX PacyeToB ¢ y4YeToM JACHCTBYIOLUMX H NPOCKTH-
pyeMbix BOA033GOpPOB, BOACMNONH3HTENLILIX YCTAHOBOK, HAJHYHS
YYaCTKOB yCHAeHHOR (uAbTpauHH (H3 BOAOEMOB, NPOMBILLICHHBEIX
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GacceliHOB) *H JApYyrux HMCTOYHHKOB THAPOAHHAMHYECKOrO BO3JeHCT-
BHA Ha BOJOHOCHHKI MJAAacCT.

AHaNlHTHYECKHE METOABl pacuyeTa ANA OOOCHOBAHHA HEKOTOPHIX
CXeM NOKanH3auMu H3noxens B pabGorax [1, 14] v ap. B cnomunx
THAPOreoJOrHYeCKHX YCIOBHAX THApPOAHHAMHYECKHE pacyeTsl nepe-
XBaTHBAIONHX H NPOTHBOMHALTPAUHOHHLX YCTPOICTE BHTOJHSAKOT-
Ccfl METOJAMH aHAJIOTOBOr0 MOLENHPOBaHHA W ¢ nmoMouwbio IBM.

Ilpu cosanun nepexBaThBAWHKX YCTpOoiicTe O0LIMHO BO3HHKAeT
npobGieMa HenonL3oBanwa M cbpoca OTKAYHBAeMBIX 3ArPHA3HEHHHIX
Boj. [locnegnue WHorna MoryT OblTh NpHMeHeHH B TeXHHUYECKHX
nensx, oAHako JanpHeiwuii cbpoc HX B (GUABTPYIOILHE 3eMJSIHHIE
€MKOCTH MJH pekH 0e3 COOTBETCTBYIQUIEH OYHCTKH HEJONYyCTHM.
BmecTe ¢ TeM NpoH3IBOAHTENBHOCTE HEOOXOAHMBEIX JIJIS1 OUHCTKH Jpe-
HAMHBIX BOJ CNELHAJbHLIX QUHCTHHIX COOpPYMeHHil J0JXKHA BO MHO-
ro pas NpeBRILIATE NPOH3BOJAHTE/NLHOCTE COOPYMEHHIT  JNs OYHCTKH
co06CTBEHHO CTOYHBIX BOJI NPOH3BOJACTBA, BH3BaBLIEro 3arpsa3HelHe
noazemMubix Boj. MMenso steM 4aule Bcero ofbAcHAeTCA BLICOKaA
CTOHMOCTL NepexBaThHIBAIOLHX YCTPOHCTE B NMpOeKTax NOKaliH3allH-
OHHHX MEpPONpHATHH.

Boccranosureaptble smeponpuarus HMeloT 1eNBl0 JHKBHIHpO-
BATE 3ATrpHA3HECHHC BOAOHOCHOrO ropH30HTa H BOCCTAHOBHTL 3JICChH
TIPHPOJIHOE KauecTBO MOj/3eMHHX BOjA. 310 MoxeT OHTb clenaHo
nyTeM H3BJeYeHHWs H3 M1acTa 4Yepe3 JIpeHAXHBIC CKBAMHHB BCETO
o0beMa 3arpa3HeHHOl BOJK JHGO WHTEHCHBHOR TpPOMBIBKOI TWiacta
€ NMOMOLIBI0 HATHETAHHH H OTKa4yeK BOMlbl HNH clellHallbHHX pacTRO-
poB uepes CHCTeMY HATHETATC/IbHEX H OTKAHCUHHIX CKBdHHH.

ITa 3a/aya peasbHO OCYLIECTBHMa JHIUL NPH HeGONbIUHX pas-
Mepax OuYara 3arpsisHernsi 1 oco6o GMATONPHATHHIX HAPOreoJIorHyc-
CKHX ycnopnax. HemanoBaxkHoe 3HaueHue IPH 5TOM HMEIOT XHMH-
YeCcKHH cocTaB H (POpMa HaXOW/eHHN 3arpA3HAKIIHX BelecTB B
BOJloHOCHOM Nnacte. B OonbmivHCTEE clyuyaeB TaKHe BOCCTaHOBH-
TelbLHEe I'-'IEF{.III.]}HH‘I'HH HBJAKTCH HDPEI‘GCT{JHMHMH, B oCO0EHHOCTH
€CAH yyecTb HeoOXOAHMOCTL MOcNeAyollel] OYHCTKH H3BJeKaeMHX
aarpsiaHeHHulx Boja. KpoMe toro, Bpems, neo0XoaHMoe 178 MOJHOro
YaaNleHns EEF[]HBI-{L‘.HHﬁ H3 nnacTta, Kak "]}HHH.HD.,. OMCHE BEMTHEKO.
MDH{HB CYHTATh, 4YTO BOCCTAHOBHTE/IEHHIC HEPGI’I]}EHTHH UEﬂEfﬂDﬁ'
pa3Ho NpPOBOANHTH NHIIL B paMKaX HeoOXOAMM&EIX MepPONPHATHH MO
JIOKaJIH3alUMH ouara 3arpa3HeHHs, Korfa OCHOBHOM NEJbI0 OTKadeK
ABNAETCA CO3aHHe AenpecCHOHHOH BOPOHKH.

Hasnavenwe n pol0Op THNA 3alIHTHHX MepONpHATHH mo Gopbe
C 3arpfAsHeHHeM MoA3eMHHX BOI AOJMKHH TNPOBOAHTLCA HA OCHOBE
TEXHHUKO-9KOHOMHYECKOro 000CHOBaHHA BHOOpa HCTOYHHKA BOMIO-
cHa0xenns, oUeHkH yuepGa OT 3arps3HeHHs [OBEPXHOCTHHIX H
NOJ3eMHBIX BOJ, a TakKwe BuGOpa BapuauToB 3alMTH. [lpu 9TOoM
JoaxHa OnTb oueHena obecnedeHHOCTL palloHa MOJ3E€MHBHIMH BO-
JlaMH H YYTeHB colMaJbHHE acleKTH JaHHOIO BOMpoOca, He Mof-
NE0UHECA HENOCPeACTBEHHOH 3KOHOMHYECKOH OLIeHKE.
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30HBl CAHHTAPHOH OXPAHLBI BOJO3ABOPOB
NOA3EMHBIX BOL,

Obujue noaoxeHUA no Op2aHu3ayuu 30H CAHUTAPHOIN OXPaHbE
(3C0O). B cocraBe 30H caHHTapHOH oxpanbl Bogo3alopoe MnoaseM-
HEIX BOJ, oObluno BuIeNAKOT JABa nosica: | -—mnosic cTpororo pemxu-
Ma ¥ 1]l — nosc orpaHHueHmil.

HaaxauenneM I nosica 3CO sBnsiercs ycrpaHeHHe BO3IMOMKHOCTH
Cﬂ}f‘iﬂﬁﬁﬂlm HAH YMBIULJIEHHOUO 3arpda3HeHHd NnonzeMHbIX BOO HeNo-
CpelcTBEHHO 4epe3d BoOA03abopHBIC COOPYHKeHHA HAH HapylleHHs
HOpMaJbnoit paboTe BOA03a0OPHOrO COOPYIKEHHS, BOAONONLbLEMHEIX
YCTPOHCTE H coopyxeHHH Ans ouncrkn M cGopa Boan. [loatomy
pasMepn H KoHdHrypalHa TeppHTOpHH | nosica mpakTHueckKn Manlo
3aBHCAT OT THAPOreOJOrHYeCKHX YCJAOBHiI H Olpelenslorcs Ipe-
HMYILECTBEHHO COCTABOM M paclo/ioxKeHHeM OxpaHfieMbiX 00beKToB.

Il mosc 3CO npumukaer K | M oxeaThBaer Gonee IWHPOKYIO
TEPPHTOPHIO, OKpY¥alollyio BoA03aGop NMOA3EMHLEIX BOA, @ B CHCTe-
MaX HCKYCCTREHHOro nOnoJHeHHA MNMOA3eMHBIX BOJ — TaAKME H HH-
¢uabTpauHonnsle coopymxenna. Hasuavenwem Il nosica sasnsercs
yCTpaHenne BO3MOKHOCTH MMOSBJACHHA MCTOYHHKOB 3arps3HeHHs B
TOl YacTH BOAOHOCHOrO MJacra, Kotopas GyAeT HCnoJb30BaHa BOMAO-
3a0fopoM B TeueHHe pacuerHOTO cpoka ero paborw. AHanorHyHo
NnpakThke KOJIMUCCTREHHOMH OLCHKH HI{CIIJI}’HTHl[HﬂHHbIK 3anacoe
NoJ3eMHBIX BOJ, pacyeTHHH CPOK [Af YCTaHOBJeHHf pa3MepoB
Il nosca 3CO oOuunHO cocTaBafier 25 JeT, X0TA Ha TNpPAaKTHKE
25-neTHHil nepHoj SKcnayaTtauHy Bonosafopa B AefiCTBHTENLHOCTH
B GoOJbUIHHCTEE ClIyyaeR He HBJHAETCH IpeleJIbHBIM. B MNoaA3eMHBEX
BOnaX apreanaHckux OacCeHHORB, peYHLIX JAOJHH H KOHYCOB BWHOCA,
ABAAIOIHXCA OCHOBHBIMHM HCTOMHHKaMH  BOmocHaOmeHHs, nocne
25-neTHero Ccpoka IKCMAyaTauHM, a HepelKO H A0 HCTeYeHHs 3TOro
cpoka TemMn cpalOTKH 3aMacoB Pe3KO CcOKpallaercsi H ABHMKeHHe
nof3eMunX Bofl ctaGunuanpyercs. IlpakTHYECKH B TaKHX YCJOBHAX
MO HO rORopHTE 00 oGecnedyeHHOCTH NMPOTHO3ZHPYEMOro KOJHYECTBa
NoA3eMHEX BOJ Ha HeorpaHHYeHHHH CpoOK.

HHE‘IE oOCTOHT Jen0 © KavyecTBOM MNOA3eMHHX BOJ, TAK Kak
BO3MOMKHOCTL MHrpaillvy 3arpAsHeHHH H ONAacHOCThH YXYMUEHHS Ka-
yeCcTBa MOA3eMHBLIX BOJ COXPaHAIOTCH H B YCJOBHAX CTALHOHAPHOTO
pexHMa SKCIIyaTauHH Boao3abopos.

Bmecte ¢ TeM HaJHYHe OYAroB HJH }"—IHETHUB NoOTEHIIHaNLHO BO3-
MOMHOID 3arpA3HeHHs H HeoDXomuMBle MEPONPHATHA MO HMX JNOKa-
JAH3alUHH ¥ JHKBHAAUMH 3a rpanHuamu II_noaca 3CO, onpenenen-
Horo Ha 25-neTHHH CpPOK, B MaTepHanax Mo OLeHKe 3anacos Moj-
SeMHLIX BOJL M B MNpoeKTaX BoA03a00OpOB He paccMaTpPHBAIOTCH.
OnacHocts yeyryGasietest ¥ HeH36eKHOH NMPHONHKEHHOCTBIO HCXOM-
HBIX pacyeTHHIX NMapaMeTpoB M CaMHX pPacyeToB, Ha OCHOBE KOTOPHX
ycraHaBauBatorces rpanuis 3CO.

B cBf3H € 3THM MOMHO CleNlaThk BHIBOJ, O HEOOXOAHMOCTH H3Me-
HeHHSI HEKOTOPHIX IPHHI[HIHAJBHBIX YCTAHOBOK, KOTODHMH MNOJb-
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3yIOTCH B HACTOSIILEe BPeMs MPH THAPOreo/lorHueckoM oGOCHOBAHHH
H npoektHpoeaHid 3CO. B uactHoctH, B gononHenne ko Il moscy
3CO uenecoobpasio seectH Il nosic ruaporeonoruyeckoro
canuTapHoro Koutpoasa W HabGmwopeunii [29]. B npepenax Il nosca
3CO KawecTBO NMOA3EMHBIX BOJ N0OJXHO COOTBeTCTBOBaTb Tpebopa-
HHAM XO3AHCTBEHHO-NMHTLEBOrO HCMOJAL30BAHHA Ha 25-JeTHHH CpPOK
skenayataun, a B II1 nosce 3CO 3a yKasaHHei  CPOK JOMMKHLL
GLITH JIHKBHHPOBaHB HCTOMHHKH H OYarW 3arpA3HeHHs (ec/nH oHH
TaM HMeIOTCH), YTO NMO3BOJNHT COXPAHHTL XOpOlWlee KavyeCTBO BOJLL
B Bofo3abope cBepx 25-neTHero cpokKa.

Beenenve III mosca 3CO Oyaer cnocoGCTBORATE BHAENEHHIO
nepsooyepeHblXx OOLEKTOB JITA OCYLIECTBJIEHHS MepOoNpHATHI To
JIOKaNMN3alH| H NMHKBHAALWH 3arps3HelHsA NMOA3EMHBIX BOJ, KOTOpHEe
MOTYT OCYLIECTBAATLCA TOMBKO MOCTENEHHO, TAK KdK HX peaiH3auus
Tpebyer GOJBIUHX 3aTPAT.

Brenenne nosaca xoutponsa # HaGiOAeHHH B OTAENLHBIX CJY-
Yyasx BHI30BET HEOOXONHMOCTE HEKOTOPOro pacliHpeHHs paioHa
H3bICKaTeNbcKHX pabor, 0Oe3 KOTOpPOro Hesb3fl aTh THAPOreoJorH-
yeckoe obocHoBanHe, TpeOyemoe OAf HavyadbHON CTafiHH NPOEKTH-
pPOBaHHA MEPBOVYEPENHHX MEPONPHATHI MO JOKAJH3AUHH H JHKBH-
JauHH CyUeCTBYIOULero 3arpssHeHHs MOA3eMHBIX BOJ B 30HEe BJIHA-
HHA BOMo3abopoBs.

ITpu coanaunn 3CO BOA03aGOPOB NOA3EMHEIX BOJA CYILECTBEH-
HHMH (¢ rHIporeoJlorHyeckMx no3HiHi) SIBASIOTCH JABa BONpoca:
BO-NIEPBHIX, MeTOAHKa onpeaenesusa pasmepos 3CO H, BO-BTOPHX,
COCTaB CaHWMTapHO-03J0POBHTE/NILHBIX MEPONPHATHHA, Ha3navdaeMbIX
Ha TeppHTOpHH pasnnyHuX ‘nofcoe 3CO. Yem Goawiue paamepH
3CO, TeM BHILE HA/1eXHOCTH COXPAHHOCTH XOPOLUEro KauyecTBa Noji-
3eMHBIX BoJl. BMecTe ¢ TeM npu caumkom Goasinux pasmepax 3CO
BBOJHMEIE OrpaHHYeHHHA B XO35HCTBEHHOM HCIOJNbL30BAHHH STOil
TEPPHTOPHH MOTYT NPHBECTH K ONpefeseHHOMY 3KOHOMHYECKOMY
yulepby. HanGonee akTyalbHH STH BONPOCH ANA ONpeneNeHHs I'pa-
nun Il noaca 3CO.

[lpaBunbHEIE pelueHHs JaHHOrO Bompoca MoOryT OLITL MOJYUeHLI
npH jAudpepeHNpoOBaHHOM MOJAXO0OHe K MNPHPOAHOH M XO3AHCTBEH-
HOii oOcTanoBke B pailoHe Kamjaoro sonosabopa. HaubGonee cymile-
CTBEHHLIMH 0OCTOATENLCTBAMH, KOTOPBIE CAedyeT NMPH 3TOM Y4YHTHI-
BaTb, ABAAKTCA: 1) cTeneHk ONACHOCTH OTHAENbBHEIX BHIAOB 3arpss-
HEHHH NMOM3eMHBIX BOJ B YVC/JAOBHAX XO03AHCTBEHHOrO HCMOAL3OBaHHA
TEPPHTOpHH B pailione onozabopa; 2) rujporecjiornyeckHe yclo-
BHA SKCONYATHPYEMOro BOAOHOCHOIO TOPH30HTA H, B YaCTHOCTH,
YCJIOBHS €ro eCcTeCTBeHHOI 3allHIeNHOCTH OT 3arpasHeHHs; 3) Tun
H NPOH3BOAHTENLHOCTE BOA03abopa MOA3EMHLIX BOJ.

Tak, MeponpHATHA To NpeaynpexieHHI0 MHKpOOHLIX 3arpsiHe-
HHil HelenecooOpa3Ho pacnpocTpaHsaAThL Ha Bcio TepputopHio I m 11
nosicoe 3CO; ¢ yueToM CPOKOB BHIXHBAE€MOCTH MHKPOOpPraHH3MOB
B MOA3eMHHLIX BOAAX, 4 B HEKOTOPHX CJAYYaAX —H C y4eTOM HX
ancopGuHH NPH HA3HAYEHHH YKa3aHHBEIX MepONpPHATHH MOMHO orpa-
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HHYHTLCA TEPPHTOpHEH, 3HAYHTe/NLHO MeHbllell, YeM nNAOllalb
11 nosca 3CO.

Ilpn ompenesennbiX rHAporeoJOrHYecKHX yCJOBHAX, 3aBHCALIHX
OT CTENeHH eCTeCTEeHHOH 3alllHIeHHOCTH BOAOHOCHOIO mnacra, BO3-
MOM¥EH Aaxe NMOJHBINA OTKas OT MepOnpHATHH MO 3alHTe OT MHK-
PODHLIX 34arpA3HeHHi, a HHOrJa — H OT CMNenHAJLHEIX MepOonpHATHI
NPOTHR XHMHUYECKOro 3arpsidHeHHs. B Opyrux cnyuasx MoMeT OKa-
3aTbCA HeOOXOJHMBM paculHpeHHBIH KOMIUIEKC CaHHTapHO-03[0po-
BHTEJIbHEIX MepOlipHATHI.

an OLleHKe CTEeNeHH ECTECTBEHHOH 3alHIIeHHOCTH MNoa3eMHBIX
BO/l HYXHO HME€Th B BHAY 3allHIIEHHOCTL OT 3arpfA3HeHHil, HeNo-
CPEICTBEHHO MOCTYNAIOUHX B NOJA3EMHbIE BOAL NMPH HHYUILTPauUHH
NOREPXHOCTHHX W CTOYHHX BOJ, a TaKie NpH (HIALTPALHH H3 pekK
H BOJOEMOB, KOrJla 3arpsi3HeHHble BOJH, NMpexae 4YeM OHH JOCTHr-
HyT BoZO3abopa, MPOXOAAT HEKOTOPHLIH NYyTh Hepe3 NOpPOIbl 30HH
aspalHH HJIH N0 BOAOHOCHOMY TIJIACTY.

HenocpencteeHHoe 3arpa3HeHie NOA3CMHLIX BOJ 4Yepes HeHc-
npaBHble OYPOBBIE CKBaMHHLI H3-3a cOpoca CTOYHHX BOJA B NOMJO-
NlAK0LIHE CKBAKHHL H ropHuie BHpaboOTKH, BO3MOMHOE NpH NHOOLIX
rHAPOrecJorH4ecKHx YCJOBHAX, NOMMKHO OHTL HCKIYEHO NyTeM
COOTBETCTBYIOII[HX MeponpHATHH, 00A3aTeabHBIX AR BCeX BOAO3a-
GopoB MOA3EMHLIX, BOJA, HE3ABHCHMO OT rHApPOre0JIOTHYECKHX yC-
JIOBHIL.

I'udpodunamuveckue pacuerst 3CO. Tlpu oGocHosauun Il nosica
3CO cnenyer yYHTHIBaTb, 4TO NPHTOK MOA3EMHBIX BOJ K BOJ0O3a-
Gopy NpoHCXOOHT TOALKO M3 Tak HasolBaemol oOnacTH 3aXBa-
T da, OrpaHHuMBaolleficd pasgelbHLIMH (HeHTPANBHBIMH) JIHHHAMH
ToKa (cmM. ra. 6).

3anaueil ruaporeonornueckux pacderos 3CO siBaAercs onpe-
JieJienHe pasMepoB H KOHGurypaiuu oGnacti 3axpata. B oTkpuITO#
yacTH nochaefanell nonoxenue Koutypa 3CO ycranamnuBaercs
HCXOAA H3 }IC..FIHBHH, UTO, €CJIH Ha 3TOM KOHTYpPE HJH 3a ero mnpe-
JdelaMH B HﬂﬂUHﬂEHHﬁ NAacT NocCTynAT BHTPHEHEHHH. TO OHH nubo
COBCEM He JOIAyT A0 Bono3abopa (370 OTHOCHTCH K OHOMOTHYECKHM
- 3arpA3HEHMAM, HMEIOUIHM OrpaHHYCHHOE BpeMA BBUKHBAHHA B
YC/AOBHAX BOJOHOCHOro mJjacrta), Aubo AolayT 10 Hero (3TO OTHO-
CHTCH K XHMHYECKHM 3arpsA3HeHHAM, KOTOpHIE yc/loBHO W3 coolpa-
MEeHMH HaLeXHOCTH pacuera, Kak MNpasHIo, CUYHTAIOTCH cTabHib-
HBIMH), HO He paHee cpoka Tp, paBHoOro npoeKTHOMY nepHoLy pa-
GoTel BOpo3abopa.

['mpponwnaMHveckHe pacyeThl, BHNONHAeMBle ANA OnNpelefeHHn
rpanuy Il mosca 3CO, NONNKHE COOTBETCTBOBATL pPacyeTHHM CXe-
MaM, HCNONL3OBAHHEM ANA OLEeHKH 3KCNyaTalHOHHBIX 3anacoe
NoA3eMHLX BOJ paccMaTpHBaemoro Bojosabopa.

Kak npaBuno, BCAeNCTBHE CHOMKHOCTH TIH/APOTe0JOrHYeCKHX
yeaoBHit 06nacTk 3axBaTa Bopgo3abopa HMeeT CJOXKHBIE TeOMETpH-
HECKHe OYepPTdaHHHA, BLIABJICHHE KOTOpPBLIX BO3MOMHO TOMBEKO Ha OC-
HOBC Fpﬂﬂ]{IHHEJIHTH‘-I'EEHHK IIGE‘IPDEHHE ¢ HCNOnNL30BaHHEM KapT
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FHAPOH30NLES (rHAPOHIOrHIC), COCTABJNEHHBIX MO JAHHBIM NMOJEBHIX
nabmionenuii H MOLeNHPOBAHHS.

Ecnu peanbnaa ruaporeosiorHuecKaf o0CTaHOBKa MoKer OBITH
CXEMATH3HPOBAHA H OCpCAHCHA 10 OCHOBHBIM pacyeTHBRIM NMapamer-
pam (o0OLYHO 3TO OKa3HBAeTCHd BO3MOMXHHM B OTHOCHTEJNLHO MpO-
CTHIX THAPOreoJOrHYeCKHX YCJAOBHAX, 4 TAKME B CJOKHBIX YyC/oO-
BHAX, HO Ha paHHMX CTAJIHAX NPOeKTHPOBaHusA), To obnacTe 3axBaTa
BOAO3a00pa H APYrHE HCKOMBIE BEJHYHHB AN 0DOCHOBaHHA Npo-
exra 3CO Bono3aGopoB MOA3EMHBLIX BOJL MOXKHO ONpEeAeNATh NMyTeM
THAJHTHYeCKHX pacyeroB. [IpH  5TOM CXeMaTH3HDPYIOTCS H CaMH
BOfo3a0b0pL: ODEIMHO OHH MNPEACTABJAAIOTCH B BHIE EIHHHEIX IpyI-
NMoBbIX BOA03aGopoB («0ONBIIHX KONOAUEB») .

Ha pue. 56 npeacrasneHa cxema ob6nacTH 3axeaTa JUIA OJHOro
rpynnosoro pojo3aGopa ¢ aebutoM Q B OAHOPOAHOM HEOrpaHHYeH-

Puc. 58, Cxema ofnacTH  3axBaTa BOAOIA-
Gopa

HOM BOJOHOCHOM ILJTacTe NpPH HANHYHH OAHOMEPHOIO €CcTeCTBeHHOrD
MOTOKAa ¢ €AHHHYHBIM PacXoioM ge.

O6nacte 3axBaTa Bojo3abopa co BpeMeHEM YBEJHYHBAETCH B
npoiiecce skciyataund. OQHako HepelKO ¢ HEKOTOPHLIM 3aBhille-
nwHeM obuieit muomwanan 3CO rpanuus ee MoryrT ObITh yCTaHOBJEHBI
MO MpefeNbHOMY TIOJNOMEHHIO Pasjle/bHOil JHHHH TOKa B YCJIOBHAX
YyCTaHOBHBIIETrOCH JBHIKEHMS.

Buua no notoky noaseMHuX Boa rpawsua Il nofca, Kak mpa-
BHJO, TIPOBOJIMTCS uepe3 paspeabHyio Touky N (em. puc. 56). Ho
B TeX cJay4asix, Korja pacctosnve ot Bopo3abopa o Touku N Be-
AMKO H BPEMS [BHIKEHHs YacTHIL BOAH OT Hee K Boaosabopy
Goapmwe Ty, nonoxenue rpannue 11 nosca 3CO cMewaercs Oane
K Bol03abopy — B Touky N’ ¢ KoOpAHHATOl r.

Ilns npakTHYeCKHX pacyeToB, KpoMe TOro, IlejecoobpasHo cXe-
MATH3HPOBaTh 06/14CTL 3aXBATa BOA03a6OPHEIX COOPYIKEHHH B BHIe
npaMoyronLHHKa wupuuoio 2d M obuleit nporsxeHHocTblo L, npH-
qeM

L=r+R, (7.1)
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rae r— nporaxenHocTs 3CO BHH3 TO NMOTOKY MOJA3EMHBIX BOA OT
Bojo3abopa; K-—To e, BBepPX MO MOTOKY MNOA3EMHHX BOJ OT-
Bonozabopa.

Benwunna 2d npuHuMaercA paBHOH MakCHMaNnbHOM IIHpHHe 30-
HH 3axsara Bozosalopa.

C mensiuuM npuGnHenweM obnacTs 3axpaTa MOXKHO NpejcTa-
BHTE B BHAE MHOroyroabiuka N'BCDD'C'B’, npoxonsiero uyepes
HEKOTOpblE XapaKTepHbBle TOYKH Ha HeHTpaNbHOIl JHHHH TOKa.

Pacuernoe Bpema T, ycTaHaBNHBaeTCsl B 3aBHCHMOCTH OT BHJA
BO3MOXHOIO 3arpfA3HeHHA BOJOHOCHOIO NJACTa H CTENEHH ero 3a-
LHIHIEHHOCTH.

[Tpn HanHYHKH OMacHOCTH NOABJEHHA B NOA3EMHHX BOJaXx ycTOfi-
YHBEIX XHMHUYeCKHX 3arpfi3HeHuit senHunHa Ty onpejienfiercs B CO-
OTBETCTBHH CO CPOKOM 9KCMJIyaTallHH Bojlo3abopa; NpH MPOEKTHpO-
BaHHH BOJ03a0OPOB - Ha JAJHTENLHEIE CPOK npuHuMmaerca Tp=
25 ner (= 10% cyt). Ilns onpenenenns pasmepos IIl nosca 3CO
OPHEHTHPOBOYHO MOXHO npuHHMare Tp~00 ner (~2-10° cyr).

[pu oueHKe 'yCNOBHIT 3aniuuleHHocTH pojo3alopa or OaKTepH-
anbHBIX 3arpasHenuit pasmepn Il nosca 3CO ycranaBiIHBaOTCH
uexons w3 ppemenH Tp=Tg, rae Te — BpeMs BLXKHBaeMOCTH Oak-
Tepuit, cocrapnasionee 200 cyr — npH OGaKTepHaNBHOM 3arpA3HeHHH
HeGonpiiofi HHTEHCHBHOCTH u 400 ¢yT — npH. HAJIHYHH MAaCCHBHBIX
H NOCTOSHHO JEHCTBYIOIHX MCTOUMHHKOB OaKTepHalbHOrO 3arpfs-
HEHHHA.

B GesnanopHbX BOJAOHOCHHIX TOPH30HTaX, a Takxe B HeranyboKo
3aJieraloMx HanopHEX MJAacTax, NEepeKpHTHX ceBepxy caabonpo-
HHOAEMBIMH OTJIOXEHHAMH (AByXcHofiHHe CHCTEMB), NpH Oonpeje-
JeHHH nonoxenna rpandusl 3CO 8 3aBHCHMOCTH OT GaKTepHAaJBHEIX
3arpsiaHeHuii uenecoobpasHo YUHTHIBATH BpeMs fp npocauHBaHHA
adarpAsHeHHBIX BOJ MO BEPTHKAJNH JI0 OCHOBHOrO 3KCNJAYaTHPYeMoro
nnacrta, T. €. l]:}HHHMETh

T, =To—1,. (7.2

Beanunna fo npuOnHXeHHo MOXeT OBITb ONpeJieieHa Mo Cc/efy-
10LHM dopMynaMm:

a) npH Manoi HHTEHCHBHOCTH MHQHJIBTpallHH 3arpA3HeHHbIX
BoAl & (e<ko, ko — KoappuumeHnt ¢HALTpAUHH NOPOA 30HH aspa-
LIHH), T. €. Korja HHQHILTPALHSA NPOHCXOAHT C HEMNOJHBIM HAaChl-
HIEHHEeM Nop BOJOMN,

- s il ST (7.3)
V ek,

6) npH 3HauMTENBHOI WHTEHCHBHOCTH HHdmJALTpaunu & (e>k),
T. €. NIPH NOJHOM HACHLUIEHHH MOp

t, ~ f;f'"i-; (7.4)
L]
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'B) NMPH ABYXCJOHHOM CTPOCHHH MJIacTa
2

""’mv""'n-‘.,‘L

koAH

B dopmynax (7.3)—(7.5) no M mp— nOpHCTOCTE H MOLLHOCTE
flopoJl Hajl SKCNAyaTHpPyeMBIM nJjactoM (B caydasx «a» H «O» —
3TO NOPOAL 30HH a3palliH, B clyvyae «B» — NOPOAL BEpPXHEro cJa-
Gonpouuuaemoro cnos), Al — pasnocts ypoeHeil BOAB OCHOBHOIO
H MOKPOBHOIO CIOEB (ANA CAYUAH «B»).

Meronuka ruapoaunamuuecknx pacderoB 3CO ocHOBLHIBaeTcs
Ha nmpHBeleHHHX Bbille PCLICHHAX 3a7la4 O MPHTOKE NMOAIEMHBIX BOJL
K BomozaGopam (cM. rii. 4) W 3alad MO NPOrHO3y MHrpauHH 3a-
rpA3HeHHii B BOAOHOCHBIX miacrax (cM, ri. 5 u 6). 3peck Takxe
B OnpefiefIeHHLIX YCJOBHAX MOTYT YYHTHIBATLCS npollecchl H3HKO-
XHMHYECKOr0 B3aHMOJEHCTBHH 3arpfA3HeHHBIX BOJ C YHCTHIMH NpH-
POAHHIMH BOJAaMH H MOpoAaMu miacta. B oTAeNbHBIX caydasix Mo-
eT O0KasaTbcsl UeNecoobpa3sHbM BHAGNATH 30HY JHCOEPCHH WM
AeopMalHH Ha rpaHHle pasfena 3arpA3HEHHBIX H YHCTHIX NMPHPOJ-
HHX Bof (cM. ra. 6).

Opnako npu onpegenennn 3CO, ocofeHHO Ha paHHHX CTaJHAX
NpoeKTHPOBaHHA BoA03aGopoB, clieflyeT HCXOAHTh H3 NMPeAnOCHJIKH,
4YTO B OCHOBHOM Ka4Y€CcTBO NOA3eMHHX BOJA, O0TOMpaeMuX Boposabo-
poM, onpejesfercd KayecTBOM H OTHOCHTENBHBIM KOJHYECTBOM BOJ,
NOCTYNAIOUWHX H3 PA3JHYHBIX HCTOYHHKOB NMHTAHHA Bofo3abopa.

HanHune HeKOHJAMUHOHHHX BOJ B-00nacTH 3axeaTta Bojlo3abopa
B rpanniiax 3CO ponyckaeTcs NHIUB B Clyyae, ec/iH B pe3ylbTaTte
CMEeIleHHs BCceX BOJI KadecTBO H3BJeKaeMoil Bon03alopoM BOIH
fyler 3aBeoOMO COOTBETCTBOBaThb TpebyemblM HOopMaM. JleOGHT BO-
nosabopa obecneyuBaeTcd CJACAVIOLIHMH OCHOBHBIMH HCTOYHHKAMH:

Q=0Q.+Q+Q,+Q (7.6)

rhe Qe — pacxoj NOA3EMHBIX BOJ, lIPHBJAEKdeMbIX B0J03a6OpoM H3
€CTeCTBEHHOr0 MoToKa; @y — eMKocTHBe (ynpyrue WK rpaBHTAallH-
OHHBlE) 3anackl Noja3eMHBIX BOM, cpabaTblBaeMue BoJo3abopoM;
Qp — pacxol pedHuIX BOJ, NMOCTYNAawIHX K BoAo3abopy; Qe— HH-
tunpTpalus armMocdepHHX OCAJAKOB H TIOBEPXHOCTHHX BOJI H3 pas-
pPO3SHEHHOI OBpPaxHO-06aN0YHOI CeTH, a TaKXe pPACX0A NOA3EMHEIX
BOJ, NPHBJEKAEMbIX H3 COCEJHHX BOJOHOCHHX TOPH3OHTOB.
Peaynbrupyioumas konuentpauusi Cp TNpH  CMEWIEHHH BOA H3
YKA3aHHBIX HCTOYHHKOB NMHTAHH: MOMeT ObTh HailAeHa no dopMyne

Qe+ Qy) Ce+ QpCyp + Q: C¢
G = y . pp T Re e (7.7)

roe Cp, Cp, Ce— KOHUEHTPAUHH TNpucJeXHBAEMOI0 KOMIOHEHTA
(vnu obLiasm MHHepanu3alMfA) B BOAAX, MOCTYNalOIKHX B Bogo3abop
H3 EﬂﬂTBETE"]'B}"]ﬂLU.I{H HCTOYHHKOB 1IIHTAHHH.

B cayuae, xoraa npn pacyerax 3CO MOMXKHO He yYHTHBATh Npo-

fy =

(7.5)
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HeccoB (PH3HKO-XHMHYECKOro Baanmopedcteus, Bennmunnu Ce, Cp B
Ce — XapaKTepH3yIOT KOHIEHTPALHIO BELUIECTE B KaXJOM HCTOYHHKE
nuTaHuAa BoA03abopa, He H3MCHAWILYIOCH N0 NYTH (GHILTPAIHH.

Ecnu B npepenax obsactH 3axsata pono3abopa BLISIBJICH yua-
CTOK 3arpfisHEHHBLIX HJIH Ype3MepHO MHHEpPAJIH30BaHHBIX BOMA, BMecTe
C €CTECTBEHHHIM MOTOKOM [ABHKYIIHXCH K BOAo3abopy, ToO ¢opmyna
(7.7) npuHHMaeT BHA

ol m{&—ﬂy}ﬂ‘e*{l+ﬁ}-g?e+f?:-1 CtQlptQC (74

rne l':; = KOHIECHTpalUuHA KOMIOHEHTAa HA 3ATPHAIHCHHOM VY4YAaACTKE,
o — JAOJS 3arpfasHeHHBlX Bog B obuiem pacxoie ecTecTBEHHOro mo-

b*
TOKa, NpHBJEeKaemoro BofosaGopom (o o) The b* — mupHHA

YYacTKa ¢ 3arpA3HeHHEMH BofaMu  (cM. pue. 56), 2d — oGuas
WHPIHZ 30HBL 3aXBaTa).

Pacemorpum teneps  npuOJHMKEHHBIE AHAJHTHYECKHE METOABI
ouepk 3CO 12718 HeKOTOpPHLIX NpoCTefuX ¢XeM BOAOHOCHHX MJia-
ctoB H BoaozabopoB, IIpw sToM
clnenyer yuyHTHIBaTh, 4TO pacyer-
Hble 3ABHCHMOCTH NAaOTCH AJST
HaMOPHHX MNACTOB, HO OHH MO-
ryT OBITh HCTIONB3OBAHBL TaKMe:
aasi Oe3HanopHLIX NOTOKOB MNpH
3dMEHe B HHX MOLIHOCTH m Ha-
NOPHOrO mnJaacta Ha CpelHion-
MOUIHOCTE Ge3HanopHOro nJa-
cTa hep.

Odunounste  cKeaxcuUHbL L
KOMNAQKTHBIC epynnet 63aumo-
JeticTeyrowjux cKeamun 6 yoa-
aAenuu or pex. Uaonwmposasn-
HH#i nxacTt. Meroauka onpe-
aeneHus pponta UABTpPAUMH H
NOCTPOEHHA KHHeMaTHYeCKOR
KAPTHHE TeYeHHR  [NIA TaKoMH
cXeMH OBII2 HAMH pacCMOTpeHa
panee (cm. ro. 6 w puc. 48, a).
3iech NPHBOOATCS JHUIE YOpo-
IICHHHEe 3aBHCHMOCTH TpPHMEHH-
TeNbHO K 3ajaue oOocHOBa-
wna 3CO.

Puc. 57. Cxemul duabTpaums K soacsabopy m
et S YAANCHHH OT PEKH:

e T a—nnan; 6 — pa3pe3 LAR WIOMHPORANHOTC

5 A, ) _-1 BAECTR: O == NAIMEY ANAT MNACTA © MU TeKa=
- 1 G L |
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PEIEI[E.'I!JHEH JJHHHA TOKA, G‘!EP‘IHBEEDH.[HH obsacTh 3AXBATA BO«
no3abopa, B JlaHHOM cCJyvac TEpPecekaer ocb X HH¥Ke Boaosabopa,
710 MOTOKY Ha paccTOAHHMH X, (pHC. ©7), onpenenseMoM MNo dopmMyJic
{(6.38) (xp=—0Q/2nge). Makcumanenana mupHHa ob1acTH 3axsarta

2d = Q/lg. (7.9)

YCTaHaBJIHBAGTCA B CpaBHHTEIbHO HeOOABIUOM YAAJICHHH OT BOAO-
3a0opa BBepX MO NOTOKY HA PaccTOAHHH

x>@+4)] %, (7.10)

IHIupuna oGjgacTH 3aXBaTa B CEYEHHH, NpoXofsiueM vepes
ueHTp BoAo3aGopa (x=0), onpepensercs nNpH 3TOM CAEAYIOLLHM
©ob6pa3om:

25:9:?‘::. (7.11)

[Tporamennocte 3CO BBEPX MO MOTOKY MNOA3CMHHX BOA OT
Bojo3abopa H BpeM# JBHMEHHS YacTHIl BOAH K BO#03abopy MOryT
GBITh HaﬁﬂEHH H3 YpaBHEHHS
E Ixl+R

F-"'pl

(7.12)

HJIH NO rpaqnm}r Ha pHC. 58.

Zng.r_ Zng.F

70

Rl 113
Puc. 58. I'padmrk cnpepeseHus BeinuMHid F AnA cxeM GHALTPALMM, NOKAIAHHMX WA pHC. 57
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Ilpr onpenenenuu pacctofiuus r Ao rpavvum Il mosca 3CO
BHH3 10 nmﬂﬂy HCMOJB3YETCA CAeayouas popmyJia:

pl—r
Ty= o (r+ 1% 02050 (7.13)
a Takxe rpadguk (cm. puc. 58).

pH OTCYTCTBHH OHTOBOIO MOTOKa NOA3EMHEX Boji, obnacre

3axpara BOJOpa3sfiesbHoro Boao3abopa B H3ONMPOBAHHOM NJacCTe
npeacrasyafer coboii OKpYXHOCTE PaaHyCcOM,

R=1/ o= (7.14)

i i pexcnoHHHB NNacT. Cxema TaKoro njacra HcciefoBaHa

Buie, B rnaee 6. O0mumit pacxon BogoszaGopa B paccMaTpHBaeMoil
CXEME paBeH:

Q = Q. + Queps 7.15)

rne Qe — pacxoji eCTECTBCHHOrO MOTOKA B 3KCIJAYaTHPYEMOM nJia-
cTe, nepexpatblBaeMblii Boflo3abopoM; Quep — pacxosi BOAH H3 CO-
CeJIHHX rOpH30HTORB,

N npHONHMKEeHHOH OUeHKH pacxoloB Qe H Quep M rpannu 3CO
MOXHO NMPHHATH, 4YTO KOHQHrypauusa oblactH 3axpata Bomo3abopa
B NaHHOM cayyae nofgoGHa of6jaacTH 3axpata B H30JHPOBaHHOM

NIacTeé H KOOPAHHATA Pasienbloii TOUKH Xp HAXOAHTCA B 3aBHCH-
MOCTH OT NMapaMeTpoB nepemxa:

?ﬂ%{l-l“ﬂ[ Vg K‘(pr])] (?-16)
roe B — napamerp nepereKkaHus
B ( T * {#m} ) .

(km)q w (km}g—nnnﬂnpnaﬂnnmncrh KCNAyaTHPYEMOro H cocef--

km
HEI'0 MJAacToB; v = :km:l; §e — MOrOHHBI pacxod ecTecTBEHHOro-
2

MOTOKA B IKCIJIYAaTHPYEMOM TropH3oHTe (NPHHHMAETCH, 4TO §e=
=const); KI=.(_;E_I.)—- ¢yukuusa Beccens Broporo popa, nepsore
NOpsfika OT MHHMOIO apryMeHTa.
Bennwyuna x, onpepensierca noabopoMm w3z dopmynu (7.16).
Kak yxe ykaswipanock pavee [cM. dopmynm (6.65) B ra. 6],
npH % < 0,2 BTOpOil unen B mpasoii uactH Gopmyan (7.16) Gnue

30K K e/LHHHIE H, CllefloBaTe]bHO, | X, | ~ L , T. €, TaKXe, Kak B
e |
H30JIHPOBAHHOM -MJIACTE; D AalHOM CJy4Yae OCHOBHYIO 4acThb ACOHMTA

Bofozabopa cocrapnsfer BeswunHa Q.. Hanpotus, npu Goablinx
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r a
3HaUCHHAX — (—;—- >33 5) paccMaTpHBaeMHii uneH GJHM30K K Hy-

Ji0 H |xp| = = {Q:E- % 4YTO ONpefendeT CyIECTBeHHYI0 poJib B
Jell ¥
Ganance Bofio3abopa nepeToKa BOJAB H3 cocefHero niaacta Quep;
BEJIHHHHA e€erQ0 3IaBHCHT OT COOTHOLUEHHHA BUﬂDﬂPGBU}IHMﬂETEﬁ ac-
HOBHOI'O M NHTAIOLLEro niaacTos.
B ofueM cnyvae cocraensiomas Bogo3abopa H3 ecTecTBEHHOIO

NoToOKAa

Q. = 2dq., (7.17)
NpHYEeM B COOTBETCTBHH ¢ MPHHATOH MpPeAnoChlKOi

d=n]%, |- (7.18)
Otcrona

Quep =Q—2n | xp | e (7.19)

Ilpn HcnoNb30OBaHMH BeNHYHHE Quep ANA OLEHKH KauyecTBa BO«
ns no dopMynam cmewenus (7.7) u (7,8) HeoOxoAHMO YUHTHIBATH
COOTHOIIEHHE YPOBHEN B 3KCMJIYATHPYEMOM H COCEIHHX BOJOHOCHEIX
niacTrax.

Ecni ypoeHH mof3eMHHX BOJ B- cocefiHeM (MHTaOLEM) ¥ 3Kc-
NJyaTHPyeMOM rOpPH3OHTax B Hava/bHBIi MOMeHT BpeMEHH, T. e, 10
HayaJla sxkcnayaTtauun sojposalopa, paBHbB WAH B MHTAIOLLEM ro-
PH30HTe YPOBEHB BHIIE, TO BeJHYHHA Quep mo (7.19) yuutHBaeTcs
NOJMHOCTLEID.

Eca ke B ecTecTBeHHBIX YCJIOBHSX YPOBEHb BOJAHI B BEpXHEM,
NHTAIOLEM MJacTe pacnosnaraercs Ha OoJiee HHIKHX  OTMETKaXx,
TO NefCTBHTENbHBIN PACXON BOAB H3 BEPpXHEro njacta Moxer OHTb
naiigen cnepyounum obpaszoM:

Qoep = Quep — -ﬁ“;ﬂﬂwﬂ (7.20)

rne AHq, —cpenusis B npeaenax obnacTH  3axpaTa pasHHlia B
YPOBHAX MEXAy NJacTaMM B HadalbHEA MOMeHT Bpeménn; F —
niaowaab obnacTH 3axsara.

[Npu Q*pep<(0 BOAW BEpXHEro NJACTa HE OKa3HBalOT BJHA-
HHSI Ha KOHUEHTPALHI0 TeX HJH HHBIX BeulecTB B Bome, or0mpae-
Moii BomozabopoM, H Qpep He JOMKHO YUHTHIBATECH B (OpPMYJax
cmewenun (7.7)—(7.8).

Hns pacuera anmunt 3CO BBepX No MOTOKY B ONHCHIBAEMOI
cxeme HCnonp3yworesa 3apHcHMOcTH (7.12)—(7.13) m rpaduk Ha
puc. 58, 4TO H ANS H3IOJHPOBAHHOro MJacTa, HO TNpH X, ONpeje-
anemom no (7.16).

Odunounsle CKBaMuHBL U KOMNAKTHBIE 2pynnet e3aumodedict-
syrowjux cksaxun 66ausu pex. OCHOBHBE = CXeMbl  (HIABTPAILHH
JUI 3TOTO Ciyvas NpHBedeHsl Ha puc. 59.
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Puc. 59. Cxemu duasTpanun K GeperosoMy nopozabopy:
8 — p6AKHAH rHApABAMYEcKH coecpuieniofl pexn npu GoawmoM pacxofe mopolalopa; 6 — sbam-
3H THApPABAHYECKH HecoBEpLIcAHON PCKH

CxeMa a Ha 9TOM PHCYHKe Aaetcs Ans BoposaGopa BOMH3H CO-
BepUIEHHOI ‘peKH, NpHYeM Tpeanojaraercs, uYto AeOHT BOAO3A-
6opa Q cyulecTBeHHO npeBbIAET ecTecTBeHHbl (ObTOBOH) mo-
TOK TIOA3eMHBIX BOM {e:

Q > e (7.21)

Ie6ur BonosaGopa B TAKHX cAy4asx CKAaJBIBAaeTCs H3 (HIb-
Eymum:-: peunslx Boag @p B GHITOBOrO MOTOKa MOA3EMHHX BOJX
e

Q= Qp + Qe (7.22)
npHuYeM

I 3
Qp = %El‘ttﬂ ?' e ?‘?eyﬂ

; (7.23)
Q.= = arctg x, + 29.4,

~Q

h=xnl 2 —1. (7.24)

Brpaxennem (7.21) ouenwBaercs wmupuna oblacty 3axpara
BoAo3abopa co CTOPOHH peKi, paBHas 2.
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C pepxoBoit cTOpoHb, T. €. B OTKpHTOH uyacth 3CO, MmakcH-
MaJlbHasi WHpHHA 06JaCTH 3aXBaTa, COCTABHT:

2d = 2y, + - arclg X, (7.25)

Bo Bcex npHBeAeHHHIX (OpMYJax MPHHATO Xo— paccTosHHE
Bojo3abopa oT pekH (Xe=Xo/lo).

Hlupura oGnacty 3axeata Ha JHHHH, NPOXOAsiLlel yepes CKBa-
#MHHY (X=Xp), B NaHHOH cXemMe COHM3MEpHMa ¢ MaKCHMallbHOH
INHpHHOM, onpenensemoit no (7.25), u, Takum o6pasom, 3CO
3/lech ¢ AOCTATOYHON TOYHOCTLIO MOMerT OBITh 3anpoeKTHpOBaHa B
BHAE NPAMOYTroJIbHHKa co cTopoHaMH L=R+r (r=x;) u 2d.

3aBHCHMOCTE JIJIf ONpejiesieHHsi BeJHuMHB R jna  paccMarpH-
BaeMOil cXeMH NPENCTaBJAETCs B CJAEAYIOUIEM BHIE:

A —
T, =" [R— o (1 -72) arctg-Ex:EI—] , (7.26)

& o T Ya

Ha puc. 60 nau rpadmk sroil popmyasl.

Puc. 80. Tpagux pan onpepeacnus  seamunuu K
Ha puc. 59, a And  cxeMW  QHABTPALKH, DOKA3AHHOH

Bpems Tyeq, B TEYEHHE KOTUpOro pedHas BoAa 3MECh AOCTHraer
BOJA03abopa, onpeeNisercs no cneayiouieii popmyie:
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1 2 =
Thea = ""“"‘”“( L an:tﬂxu—i)- (7.27)
Je

Ilpn oTrcyTcTBHH €CTECTBEHHOTO MNOTOKa TOA3EMHBIX BOjJ  1IH-
piHa oOmactH 3axsata Oeperosoro BofosaGopa 2d ycTaHaBliH-
BacTcd, HCXOOs W3 pa3Mepop ¢poHTa (QHIABTpallHH peyHbiXx BOM.

Hs rpaguxa, npueenennoro na puc. 49 (cm. ran, 6), BHAHO, 4TO
@CHOBHOe TNHTaHHe Bopo3aGopa (Gonee 80%) ocyulecTBisfercs HAa
yYacTKe peKH, paBHOM npHMmepno 6x,. [IlpoTsiKeHHOCTE  3TOrO
YyUaCcTKa MOXHO NPHHSATH B KauecTse WHPHHB 30HH 3aXBata BO-
noszabopa.

Paameptt 3CO B ray6Ge Gepera ot BoflozaGopa NpH OTCYTCTBHH
OBITOBOro TOTOKa ONpEAENAlTCA No paHee JAHHOMY COOTHOUIE-
vuio (6.53), KoTOpoe B NPHHATHIX 37ech 0003HAYEHHAX HMeEeT

BHI,

o Anmnxg [2+(M)=__3 m] R>x). (7.28)
P 3Q Xg *o

BpeMs npoaBHIKeHHs peuYHHIX BoA K Bojao3abopy no Kpartuafiuef

NHHHH TOKa (y&0)

9 Ammu'g

T en T 0 (7.28a)

Insi Geperosoro BojposaGopa BONH3H HECOBEpPIIEHHOHN
peKH, ecnn pgebHT Bono3abopa cpaBHHTENbHO HEBEJHK H LEJIH-
KOM obecneyHBaeTcsi ecTecTBEHHBIM HOTOKOM IPYHTOBHIX BOJ, CO-
XpaHsercs cxema QHIBTpalHu, H3oOpa)KeHHas Ha pHc. 59, a.

Pacyer 3CO npu 3170M MOXHO NPOH3BOAHTHL MO JAAHHLIM BHILE
YKa3aHuaM, HO AN y4yeTa HEecOBepUIeHCTBA PEKH B COOTBETCTBYIO-
IHX pacueTHHX 3aBHCHMOCTSAX cleayer NpHHHMAaTL BMecTo aed-
CTBHTEJILHOIO paccTofAHHa OT Bojgo3alopa 1o PEKH Xy HEKOTOPYIO
YCIOBHYIO BEJHYHHY Xy, NpHYEM

Xg = X+ AL,
AL = cth (2ba)/c, (7.29)

rape o — NnoKa3larTtelb HE{!EI-B'EP!].[EHETBE PERH, ﬂHpE,ﬂEJIHEMHﬁ no
ONMBITHEIM J@HHBIM; b — NMOJIOBHHA WHPHHE! pycia.

Ilps pByXciaoffHOM CTpPOEHHH PYCNOBON 30HB, KOrja B JHE
pexkH 3saneraer cnabonponHuaeMblit  sKpauHpylouHi choit  (3a-
H/IEHHBIH, KOJILMaTHPOBaHHKI) MOUIHOCTBIO My ¢ KOo3addHIHEHTOM
¢unbTpanMH Ry, napaMerp o Bblpa)aerca caeayiommuM — obpa-
3oM [eMm. opmyay (4.20) B ra. 4]

. Vo w

rae km — BOAONPOBOAHMOCTE HHMKe3aJeralulero OCHOBHOrO BO-
JOHOCHOTO TOPH3O0HTA.
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JlanHasa cxema geHcTBHTeNLHA NPH

Q < mxyfe, (7.30)

rae Q — nmo-npexHeMmy JAeGuT BONO3a6Opa, A Get — MOTOHHBIH
pacxof, ecTecTBEHHOro MNOTOKa MOA3EMHBIX BOJ K peKe Ha wyuya-
CTKe pacnoJio¥eHHs Bojgosabopa.

[lpr otHOCcHTENBHO GoONbIHMX pacxofax Bojosabopa cxema
TEUCHHA TOA3EMHBIX BOA TMpHHHMaer BHpa (cm. puc. 59, 6). 3ona
saxpaTa Bofosabopa 3snech BKMouyaer B cebs oba Gepera pekH.
Ilpu 3toM pacxop Boposabopa pasjensieTca Ha ClelyiollHe €O-
CTABNAKLIHE:

Q = Qu + Qs + Qg (7.31)

roe Qer ¥ Qez — pacxofs ecTECTBEHHOro NOTOKA, NPHBJIEKAEMOro
BopnosabopoM Ha ob6oux Oeperax; Qp— NPHTOK pe4YHbIX BOJ K
Bogo3zabopy. DTH pacxofibl MOMXHO I[EHHTb no cJelylollHM 3aBH-
CHMOCTHAM:

ﬂa] eCTECTBEHHBIf IOTOK Ha yYacTKe pacnojioKeHHs  BOJAO-
sabopa

Qu = 2 arctg 2 4 2,55 (7.39)
f Yo

G) jpacxon noToka ¢ NpOTHBONOJOXHOIO MO OTHOLUEHHIO K BO-
nosabopy Gepera pekH

_ =l
Qa="+ {2;] : (7.33)
1}} pacxon pevyHblx BOJ
Q= Q—Q[1 — 5] (734

B ¢opmyne (7.32) x, onpenensierca mno (7.29), a yo— TaK
e, KaKk B cjyuae coOBeplueHHON pexH, — no dopmyne (7.24) npu
3aMeHe B HeHl Xp Ha Xy.

Coornowmenns (7.33) u (7.34) nonyueHu B pesysbTaTe aHaM3a
DanaHca pacxofoB H CONOCTABJEHHS (HILTPALHOHHBIX CONPOTHB-
JIEHHH BOJIOHOCHOrO njacra B OEperoBuHX ero 4acTsix H TOoj PycJoM
PeKH,

CoOTHOLIEHHS] MeXAy PacXojaMH pedyHBIX BOJA H TNOJA3EMHBIX
BOJI, MOCTYNAUHX € NMPOTHBONOJOXKHOro Oepera, mpeAacTaBlfeTCH
B CNEAYIOLLEM BHIE:

Cp s 2
o = 23h*(0b). (7.35)

MakcumanbHas WHPHHA 30HB 3axBata Ha oOoumx Oeperax onm-
peaensierca opMyJiaMH:

2, = Qul9e;  2dy = Qua/gens (7.36)
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3nech MupekcaMu 1 B 2 o0603HayeHH BEJHYHHB  pa3MelleHHA
COOTBETCTBEHHO Ha OeperoBoM ywacTke BOA03abopa M Ha NPOTH-
BOTONO¥HOM Oepery.

Bpems peHmeHHs uyacTHil BOAu W nporsxenHocts 3CO Beepx
10 NOTOKY NOA3EMHBIX BoJ OT BOA03abGopa Moryr ObTh HallleHul
10 3aBHCHMOCTH, aHAJOrHYHON 3aBHCHMOCTH, NAaHHOji IJs COBCP-
wennol pekd [cm. dopmyay (7.26) n puc. 60), Ho Npu 3aMeHe B
HeH Xp Ha Xy no dopmyae (7.29).

Baxnoii ocobennocTbio AaHuHOl cxeMel (GHILTPalUHH ABAAETCH
TO, YTO 06GJacTh saxpata poaosabopa pacnpocTpaHAercs Ha npo-
THBOMOJIOKHB Oeper pekH.

H]}DTH}EEHHDCTI: ofnacTH 3axXBaTa H, CNeN0OBATE/IBHO, Pa3MEpHl
3CO na stom Gepery npubJaHKeHHO MOMKHO OLEHHTb MO CKOpPOCTH
€CTECTBEHHOr0 NOTOKA NOA3eMHBIX BOJL.

[Ipn sTom
AmnR, y FezTp
TF e Jeg Rﬂ e Amn : "? '3?}

Pacuer no stoii ¢gopMyse u Buaenenne 3CO na NpoTHBONO-
JIOXXHOM MO OTHOWEHHIO K Bojo3abopy Oepery pekH ciaelyer mpo-
H3BOJHTh NpPH H3JHYHH ONACHOCTH 3arpA3HeHHs NOJ3eMHHEX BO1
3/leck H OTHOCHTENbHO GoJblLUOK 3HAauYMMOCTH pacxona Q.= B 006-
ueM pacxone soposzabopa Q, 4to MoxeT OHTh YCTAHOBJEHO pac-
yeTaMH 1Mo GopMyJie cMeLleHHs.

Bodosaboper. 8 sude auwelnslx psados cksamud. Jluneiinule
pfAH CKBaXHH oObLIYHO ycTpaHBawtcs BOAH3H peK, T. €. OHH
npefctapanior cobofi Geperopuie BojosaGopnl, [lpH  3TOM, Kak
NPaBHJIO, NMPOTHHEHHOCTh JHHEHHBIX PANOB CKBAXHH 3HAYHTENLHO
NpeBLILIAET HX pPaccTONHHE OT PEKH W BCAEACTBHE 3TOI0 Ha
Gonplueit yacth obsactH BausgnHag sofosabopa saece  HMeeT
MecTo olHoMepHasn pHILTpaLHA.

Ha pue. 61 nokasanwl cxembl Geperomx BOfo3alGopop B BHJE
JHHEHHKX PSANOB CKBaXHH COOTBETCTBEHHO Yy COBEpLUEHHOrD H He-
COBEpILeHHOro BOAOTOKOR HJIH BOLOEMOB.

OTH cXeMBl COOTBETCTBYIOT TaKme OeperoBmm Bofosalopam B
BHJle FOPH3OHTAMBHBIX rajepei, ApeH H T. /.

B6am3n cosepilenHol pekH AeOHT JHHEHHOro psfla CKBAXHH,
KaKk H B CJlyyae OAHHOYHOrO rpynnoeoro BoAo3abopa, ckJajbiBa-
eTcsi H3 BOJ, (HALTpYIOHXCA U3 pekH (Qp) M co cToponn Gepe-
ra, T. e. H3 OnitoBoro noroka (Q.) [cMm. dopmyay (7.22)].

Pacxon n3 peku k Bonosabopy B AaHHOM clyyae OCYILECTBJS-
€TCH Ha yyacTKe IWHPpHHOH 2 Uy, npHyeM

Yo = )/ PP — x5+ 2xf ctg (2ng.1/Q) (7.38)
HNH, YYHTHBAS, 4TO [ ==Xy,
Yo =1 + xyctg (2ng,0)/Q). (7.39)
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Puc. 61. Cxemu pusanrTpanus K aunefinomy soaoaabopy:

a — nOAHaH FHApARAMYECKH CoREpienuoll pekH; O — ROAHIN FMUAPABNHYECKNH HeCOBEpLUIEHHOR
PEKH

B cooTBeTCTEHH C NnocJeHHM BheIpaxeHHeM pacxon H3 pekH

~ _ Zo_ 21 sin (2ngel/Q) _
G e ST L
H CO CTOPOHH Gepera
e 21 sin (2ng.1/Q)
Q= 2o ln[ S ] + 2g.. (7.41)

B npusenennmix dop™mynax: [-— nofoBHHa AJHHB psijla CKBa-
JKHH, Xo— pacCTOsiHHe OT PsAja J0 peKH; ocTaibHble o00603Ha-
yeHHs npexuHue. MakcHManpHas WHPHHA 30HE 3aXBaTa BOAO3a-
Gopa B BHAE JHHERHOro psijla CKBAXHH

2d = QJ/q.- (7.42)

Hns onpenenenns pasmepor 3CO ppBepx no NoToKy [0J3eMs
Hux Boa (ot sonosabopa B rayOp Oepera) MOXHO HCIOJNbB30BATb
Cneayoiyo npHOIHKeHHYIO 3aBHCHMOCTE (npH [>4Xp):

T, = NG [R - _"?ﬁ_arctg( RrR: = )] (7.43)
Q
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3neck MO-NpexHEMY, Kak M NpH JACHCTBHH KOMNAKTHHIX BOJO-
3abopoB, nepebIM YJEHOM B IPABOH YacTH XapaKTepH3YeTCs Bpe-
M JABHXEHHs YAacTHI BOABI B eCTeCTBEHHOM mNOTOKe, Ges yuera
Bojo3abopa, a BTOpPHIM — YCKOpE€HHEe 4acCTHL, HEMNOoCpeACTEEHHO
BOnKH3n Boso3abopa. ITa NOCJEHAA 30Ha OrpaHHYeHa, B CBA3H
C YeM NpH pacyeTax Ha JAJNHTe/bHEle MNEPHOAH BTOPHIM YJEHOM
NPaKTHYECKH MOXHO npeHebpeyb.

HPH pacnoio¥eHHH JIHHEﬁH-D]"E} pana BD,[[I_".IEEIﬁ-ﬂ]:IHHx CKBaX HH
BOJIH3H HeCOBEeplIEeHHON peKH CJAELYeT YYHTHIBATH BO3IMOMHOCTDL
NocTynaeHHs K Bogo3abopy NON3eMHBIX BOJ C NPOTHBONOJOMHOrO
Gepera. O6wnii Gananc poaosabopa npH 3ToM BHpaxaercs Gop-
MyJoii (7.31), B kotopoii BenwuHHa Q., onpenensietca no ¢op-
mMyne (7.41) npu samene B Heli Xp Ha Xy No coOTHouleHHio (7.29).

Beanunnel notoka c NpoTHBONoA0MkHOro Gepera Qe M H3 pPEKH
Qp Haxoasates no gopmynam (7.33) u (7.34).

lilupina 30um 3axBaTa A48 JHHEAHOro psana CKBaXMHH M
AJHHA ee BBepX 110 NOTOKY MOryT Onpeledarses no Tem. xé ¢op-
MyJiaM, uTo H B CJy4ae coBepuieHHuix pek [cMm. dopMmyam (7.42)—
(7.43)], no BMecTO Xo B HHX cJelyeT PHHHMATh Xg.

Bpemss nBHMKEHHsi 4YacTHH BOALI CO CTOPOHB NPOTHBONOJONK-
Horo Gepera BecbMa OPHEHTHPOBOYHO MOMKer OblTh OLEHEHO MO
dopmuyne (7.37).

Ilpn orcyTcTBHH OBITOBOro moToKka OCHOBHas (PHALTpaNHs NOMA-
3eMHBIX BOJI NPOHCXOAHT B 30He MexJAy Bojo3alopom H peKkoOH.
[Ipn 3TOM BpemMs NMOCTYMJEHHs peuYHBLIX BoA B BOAO3abGop paccuu-
THIBaeTcs no caenyouiefi opmyne:

Tpeq = 2Amnxyd/Q. (7.44)
[MpuTok nom3eMHBX BOA co cTopoHH Gepera 6yaer Becbma Mad.
CanHTAapHO-03J0pPOBHTE/IbHbBIE MEPONPHATHSA

HatepputopHu 3CO po 1l mosice Ha3HayalTCA C yYeTOM THA-
pOrec/IOrHYecKnX YCJOBHi, €cTeCTBEeHHON 3anMIleHHOCTH BOAOHOC-
HOrQ TIIAcTa H BHAOB BO3MOXHBIX sarpsisneHHd. LlenecoobGpasno
BHAENHTE TPH KOMIJIEKCAa CAHHTAPHO-O30POBHTCABHLIX MEpONpHs-
THil: NepBbiii — obA3areibHbie MEpONpHATHA, BTOPO M TpeTHi —
JONOJHHTELHEIE MEPONPHATHA, HaNpaBJcHHEIE TPOTHB XHMHYeC-
Koro H OHOJIOrH4YecKoro 3arpsi3HeHHs NpPH HeAOCTATOYHOH ecTecT-
BEHHOM 3a1[HILeHHOCTH BOJOHOCHOrO MJlacTa.

B nepsuiii koMnJekc BXOAST CAHHTAPHO-03JI0pPOBHTE/IbHBE Me-
ponpuaTHs, o0s3arejbHble MpH JIOGBIX THAPOreoJOrHYECKHX H XO-
3AHCTBEHHBIX YCJIOBHAX, HE3ABHCHMO OT BHJOB BO3IMOMHOro 3arpfi-
HEHHA H ECTECTBEHHOI 3aNMINEHHOCTH BOAOHOCHOro mJjaacra. ITH
MEepONpHATHS HasHayawTcs Ha Beeit Teppurtophu II nosca 3CO,
OrpaHHuYeHHON pasleNLHEIMH JHHHAMH TOKa H KOHTYpaMH, NpoBe-
JleHHEIMH HCXOASA W3 BpeMeHH Tp=25 JeT.
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K nepeoMy HKoMmnJieKcy OTHOCATCH cleiylouie o06s3aTeNbHLIC
MepONpHATHA H orpanHHyeHHs: 1) Bce BHALI CTPONTEALCTBA NpO-
BOAATCH C pa3speuieHHs OpPraHoB CAHHTAPHO-3NHAEMHOJOrHYeCcKoil
H THAPOreofiorHueckoi caym6; 2) sanpeuiaiorcs takuwe palotel B
3EMHBIX HE/Ipax, KOTOpble MOryT BLI3BaThb 3arpA3HeHHe 3KcnJya-
THPYEMOro BOJIOHOCHOrO ropH3oHTa (cOpoc H 3axXOpoOHeHHe CTOY-
HBIX BOJA, passefounsie paGorel Ha HedTh, ras u T. n.); 3) Gype-
HHe HOBHIX CKBAMHH JIONYCKAETCA NPH COMIACOBAHHH ¢ OpraHami
rHAPOrecJOrHyeckoil H CcaunTapHO-3MHIEMHONOTHYECKOH ¢y xKOwl;
4) auksuaupylotes OesgeiicTByouide, AedeKTHBE, HENPaBHJIbHO
IKCIAYATHPYyeMBle CKBEXHHB H rOpHbie BhIpaboTKH, BH3LIBAIOLIHE
ONACHOCTh 3arpA3HEHHs BOJOHOCHOTO TOPH30HTA; 3TO AOJMKHO [PO-
H3BOJIHTECA € BOCCTAHOBJIEHHEM MepBOHAYaJbHOR 3alHLLEHHOCTH
TOPH30HTAa MO YTBEPKAEHHOMY NPOEKTy IOA HAJI30POM CAHHTApHO-
ro Bpaya W rHAporeoiora.

Bo Bropoii koMniekc AOMMHE BXOAHTH AONOJHHTEAbLHbie CAHH-
TApHO-03I0POBUTE/ILHEIE MEPONPHATHA W OrpaHHYEHHs, Ha3Hayae-
Mple TIPH OTCYTCTBHH CCTECTBEHHOH 3AIHINEHHOCTH OT XHMHYECKHX
sarpsadennii. Oun BBOAsITCA Ha Beel Tepputopwu Il nosca 3CO,
C pasjeNIbHBIMH JIHHHAMH TOKA W KOHTypamu T,==25 ner, u BKJIO-
H3IOT CAEAYIOLHEe OrpaHnycHHsa: ) sanpewaercs CTPOHTEJNLCTBO
GHIALTPYIOIHX HaKONUTeNel, WenapHTesefi H OTCTOMHHKOB CTOYHBIX
BOJI, XBOCTO- H ILNAMOXpaHHAHLL, rHaposotooreanor TILL, noJeit
(HABTPAUHH NPOMBILIJIEHHEX H XO03AHCTBEHHO-GLITOBLIX  CTOYHBIX
BOJI; 2) 3anpeuaeTcs CTPOHTENLCTBO HOBHIX KPYNHBEIX NpeanpHATHl
¢ GONBIIHM KOJIHYECTBOM TEXHOJOTHUECKHX M CTOYHEIX BOJA, 3 TakK-
e rasoabMoOBHX BHOpocoB B arMmocdepy; 3) KOHTPOJIHpPYIOTCH pa-
Oora W H3MEHEHHe TEeXHOJNOrHH BeeX AEACTBYIOUIHX NpeAnpHATHI
ISl pefloTBpanleHls yTeueKk H HROHALTPAUHH HeouHlileHHbIX CTOY-
HEIX BOJI, PACTBOPCHUS OTXOJ0B H CHPLA ATMOCQEpHEIMH OCANKAMH,
NOCTYNJieHHsi B aTMocdepy BpelHHX ra30-ALIMOBHIX BHOPOCOB;
4) CcymecTBEHHO OrpaHHYHBAETCH H KOHTPOJHPYETCa NpHMEHEHH?
CeJBCKOXO03AHCTBEHHBIX MHHepaJblbix yAoOpenwii; 5) 3anpeutaert-
¢ NpHMEHEHHEe CeJLCKOXO3ANCTBEHHBEIX H JIECO3aMHTHHX SA0XH-
MHKATOB.

B Tpernil KoMniekc [O/MKHE BXOJHTL JONOJHHTENbHBEe CAHH-
TapHO-03I0POBHTE/IbHEIE MEPOIPHATHA H OFpaHHYEHHSH, OCYILEeCTB-
<IfeMEI€ TIPH OTCYTCTBHH eCTECTBEHHOH 3alHUEHHOCTH oT GHOMOrH-
YECKMX 3arpsisHeHHil, 3TH MeponpHsATHA Ha3HaualoTcs BOMH3u BoO-
nosaGopa no koHTYpYy Tp=200 cyr u Tp=400 cyt B 3aBHCHMOCT!I
GT MaCCHBHOCTH MHKpOOHOro sarpsisnenns, K HuM oTHOCATCS cJie-
nywoumpe Mepw: 1) 3anpeulaercs ycTpoHCTBO KOTJIOBAHOB, BbleMOK,
KapLepoB, HapyWawlunx 3alMTHBIA CJAOH Haj BOAOHOCHBIM rOpH-
J0HTOM, 8 TaKKe€ KPYNHBIX HBOTHOBOJYECKHX KOMNJIeKkcog, depm
H CROTHLHX JABOPOB, CKOTOMOrHJALHHKOB, 3eMJelle/IbYecKHX [oaei
OpoLienus; 2) OrpaHHYHBaeTCs TIPHMeHeHHe HABO3HBIX YAOGpenHii
Il 3anpelaercs HCNONbL30OBaHKe [/ OPOLIEHHS CTOYHBIX BOJ; 3) Or-
paimynBaeTCA OTBCJCHHE TEPPHTOPHH TNoOJ HOBHE HAaCeJeHHBEC
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NYHKTH H Je4eOHO-NpodQHIAKTHYCCKHe YupemaeHHs; 4) aaa npo-
MEBEITIIJICHHBIX HPE,B_HPHHTHE'{, HACeJICHHHEX NMYHKTOB H MXHJABIX 3.H.EHHﬁ
JONXHB OBITH NPEAyCMOTpEHBI: OPraHH30BaHHOe BofgocHabXeunue,
o0sszaTeqabHoe KaHasH3oBaHHe 3lauii co cOpocoM OYHIIEHHBIX BOJ
pHe TeppuTopHH II mosca 3CO, perynHpoBaHHe W oOpramusalks
OTBOMA 3arpsisHeHHBIX NOBEPXHOCTHHIX CTOKOB.

Hasnavenne omHOro HAH HCCKOJNBKHX KOMIJICKCOB CAHHTAPHO-
o3lopoBHTEeNLHBIX MeponpusaTHii Bo I nosice 3CO caeayer nposo-
AHTL B COOTBETCTBHH C €CTECTBEHHOH 3alIHLIEHHOCTbIO BOJAOHOCHO-
ro Ijaacta. B 3aBHCHMOCTH OT MECTHHIX CAHHTADHHEIX H XO3AHCTBEH-
HBIX yCaoBHH Ha TeppHTOpHH II nosica 3CO cocrae caHHTapHO-03-
JOPOBHTEJILHBEIX MepONpPHATHI MO npeAynpexieHHI0 3arpA3HeHHR
NOA3EMHHX BOJ H CBA33HHHIX ¢ HHMH TNOBEPXHOCTHHIX BOJ, MOMET
ObITH BHAOH3MEHEH H JOIMOJIHEH.

Heobxonumocte coaganus II1 nosca 3CO, Kak oTrMeueHo BH-
e, OnpejensieTcs 3ajla4aMH JIOJrOBpeMeHHOil OXpaHwb KayecTma
NoJA3EMHBIX BOMO, HCNIOJIB3YEMBX 117 Iﬂp}FﬂHﬂl‘ﬂ I.[EIITPHJIHSGEEHHG]‘G
BOAOCHADKCHHA.

IIT mosic 3CO uenecoobpasno ycTaHaBAHBATE JJH  KPYNHBIX
BOA03a00pOB NOA3IEMHBIX BOJ NPOH3BOAHTENbHOCTBIO Gosiee 50 ThIC.
MP/CyT B CAyyae, ecsiH THAPOreoJOrH4eCKHMH H CaHMTapHO-THrHe-
HHYECKHMH O0CJeIOBAHMSMH 3a npefle]laMy MpefnoNaraeMuy rpa-
HHl, Il nosica 3CO ycranoBiens OGBEKTH (NPOMBILLIEHHBlE, CeJib-
CKOXO3SIHCTBEHHBIC, JKUABE H Jp.), 3arpA3HHBLIHe BOJOHOCHHI ro-
PH3OHT WJH YrpOXMAKILIHE eMy 3ArpA3HeHHEM,

CanuTapHo-03M0POBHTENbHEIE MEpPONPHATHA Ha TEPPHTOPHH
Il mosca 3CO ponxkum 6biTE HaNpaBJeHs Ha JHKBHAALHIO HCTOY-
HUKOB 3arpsi3HeHHs NOA3EMHbIX H CBA3AHHBIX C HHMH MNOBEPXHOCT-
HHX BOJI, 8 TAKXe 11a JOKaNH3aluHK H JHEKBHAALHI OYArOB 3arp#3-
HeHH#, CO3AABLIMXCA B BOJOHOCHOM nJacTe,

Jletanbublii cocTaB W TEXHHKO-3KOHOMHYecKoe o00CHORaHHe:
STHX MEepPONpPHATHH, 3aBHCALIHE OT XapakTepa HCTOUHHKA 3arpssne-
HHA, MacliTa0a 3arps3HeHHs MOA3EMHLIX BON H CHApOreoJioriyec-
KHX YCJIOBHH, NOMKHH OHTbL pa3paboTaHu o CNEUHAJLHOMY Mpo-
EKTY.

B cocraBe mpoekra 3CO cnenyer npeaycMatTpHBaThL OpranH3a-
[HIO CeTH PeMHMHBIX HaOMIOfaTe/NbHBIX CKBAXHH, pacnojaraeMbix
M0 MOnepeyHHKaM OT OJHKANUIMX CylecTBYIOUHX, JHKBHIHPOBAH-
HBEX, NMOTEHHIHANABHO ONACHBIX HCTOYHHKOBR H OYATOB 3arpfa3HENHs
no rpanuy Il nosica 3CO, a B cayuae neoGxoaumocTH — Jlo rpa-
Hu1 I nosica 3CO.

Cocras n MeTonka HabJAIOLEHHII 33 PEKHMOM H  KayecTBOM:
NOAZEMHBIX BOA AO/KHB OHTH ONPEAC]CHBL NO CHELHAJBHOH Npo-
rpaMme, paspabaThiBA€MONi THAPOrCOJOTHYECKOH H3BICKATENbCKOI
OpraHH3sanued, NPOBOJHBIICH pa3BeIKy MOJIEMHBIX BOJ H COIJAaco-
BAHHOH ¢ OpPranamMH caHsMuacAyKOul.
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Fr1IABA &8

F’MAPOTEOJIOTHYECKHE HCCJIEAOBAHHA

H H3LICKAHHSA OJ11 OBOCHOBAHHA
MEPOMPHATHH MO 3ALLHTE NOA3EMHBIX BOJL
OT 3ATPA3HEHHA

THAPOTEOJIOrHYECKHE HCCIENOBAHHA
H H3LICKAHHA

NPH NPOEKTHPOBAHHH OBLEKTOB,
KOTOPBE MOTIY¥T ABHTBCHA HCTOMHHKAMH
3ATPASHEHHA

NMOA3EMHBIX BOL

Ilpsn npoexTHpoBaHHH O0OBLEKTOB, KOTOpble MoryT OHITh HCTOYHHKA-
MH 3arpa3He€HHs NoJA3eMHBIX BOO H CBA3AHHBIX ¢, HHMH HGHEPK—
HOCTHBIX BOJI, HapAAy ¢ OOHYHBIM KOMIJIEKCOM HHMKEHEPHO-I'e0J0-
THYECKHX ﬁBh!EHHHI{E', BLIMOJMHACMBIX OJIA BHﬁ-ﬂ'p.ﬂ KOHCTPYKUHH CO-
OpYXCHHIT, MeTOl0B NPOH3IBOACTBA CTPOHTENLHBIX pabor, obecrieyve-
HHA YCTOHYHBOCTH COOPYXEHHH MW BOJMOXO3SHCTBEHHBIX pacyeToB,
NOJHHB NPOBOAHTBLCH CrenHalbHble IHIPOreo/IOrHYECKHe H3BICKa-
HHA W HCCJEAOBaHHs, NpeAHasHauYeHHHeEe [Jf BBHIABJCHHs OMNACHO-
CTH 3arpfA3HeHHs TNOJA3eMHBIX H NOBEPXHOCTHBIX BOJ NPOMCTOKAMH
H ans obocHoBanls paspaloTKH 3aLUHTHBIX MEepOnpHATHI,

BuGop nnomagky nis pasMmenieHHs NPEANpPHATHS HWAH XpaHH-
JIHIA TpOMBILINEHHEIX CTOKOB JNOJIEeH NPOBOAHTHCH. ¢ YYETOM HC-
KJAIOYEHHS BO3MOMHOCTH 3arpsisnenis npupoiwwmx Bojn [4].

Ha vragum TeXHHKO-3KOHOMHuYecKOro. o6ocHOB a-
HHA [OAA 3TOro BHNOJUAIOTCH l:['lﬂp H dHAJH3 HMEKLHXCH JHTE-
paTypHblX H QOHAOBHX MAaTEePHAJIOB O MPHPOAHBIX YCJOBHSAX pai-
OHa, CYUICCTBYROUIHX H HaMeYydeMbiXx II]ZJU-MHUIJ']EHHH:{..TI[]E.II.[I[.IHHTH-
fX, @ TAKMKEe BOAHOM Xo3filicTee JaHHOra pailoHa — 3anacax [104-
3EMHHIX BOA H HX HCNOJMb30BAHHH, pa3MelleHHW BoNo3abopoB, CH-
cTeéM KaHaJH3aLUHH H T. 1.

Ecin uMelomMxcs MaTepHalOB HELOCTATOYHO, TO NPOBOAMTICH
peKortiocuHporouHoe o00csieloBanHe pakioHa, a npH HeoOXxoaHMO-
CTH — o0bJieryeHnble H3bICKaHHst — OypeHHe OTAEJbHBIX .CKBaMHH,
reopH3HYECKIE HCCNEJOBaHHA, H3IMepeHHe PACXOf0E BOAH B BOJO-
TOKaX, OnpeaeseHHe ypoBHell H XHMHYECKOro cocTaBa NOA3EMHBIX
H MOBEPXHOCTHEIX BOJL.

[Monyyennse MatepHanbl AJs KaMLOro BapHaHnTa pasMelieHHs
IIOMAJIKH NO3BOJAST OTBETHTb Ha CJACAYIOIIHE BONPOCH: BO3MOM-
HO JIH "31eCh 38rpsisHEHHE NOA3IEMHEIX W NOBEPXHOCTHHIX BOJ, Ka-
KHM 00beKkTaM OHO yrpoxaer (BonosabGopnl, pekM, o3epa), KaKoe
NpHMEpPHBI CPOK NPOABHMKENHs 3arpasucHHil K STHM o0LCKTAM.

ITpornosupyemuie ckopoctH (HALTPalMH sarps3HeHHil Ha Tiep-

175



BOM 3Tane onpeaesioTcss Jiis NpeAnojaraeMoil cxeMbl pasmelle-
HHA H THAPOIHHAMHYECKOro B3aHMOJEHCTBHA XpaHHAHUL, BOJAO3a-
OOpoB, PEK H JAPYrHX BOAHBIX O0OBEKTOB C HCMOJb30BAHHEM OpPHEH-
THPOBOYHLIX 3HAUYEHHH FHAPpOreoJIOrH4YecKHX napaMeTpoe IJacTta.

Bo mnalemande 3arpAsHeHys noJA3¢MHLIX BOJ NJOIAAKH IpoO-
MBILUJIEHHBIX NPeANpHATHH HAH XPaHHJHIL CTOYHBEIX BOA H OTX0DJA0B
cle/lyerT pacnojiarate Ha Yy4acTKax, Ifle NoA3eMHBEle BOJIbl 3allH-
LIEHE OT HHQHABTPAIHH 3arpA3HeHHd HaJeXHBIM BOJOYNOPHBIM
nepekputHeM. IlpH 3ToM HyXHO HWMeTh B BHAY, 4YTO peuYHble J0-
JIHHBl, CHNOMXMEHHBIC BOAONPOHHIAEMBIMH AJNNHOBHANEHLIMH HJH
CH/ILHOTPELIHHOBATHIMH KOPeHHBIMH MOpOJaMH, Kak MNpaBuJo, He
NPpHIOAHE  Ans  pasMewenns O0LEeKTOB C BO3MOMKHBIMH YTEYKa-
MH cTOuHBIX BOJ B IpyHTH. [lokpoBueie cynecyano-cyrjiMHHCTHE
OTJI0XKEeHHH, NepeKpHBalolHe 3TH NOPOAL, 0OBIYHO He TNpensATCTBY-
10T GHIBTPAIHH 3arpsi3HEHHBIX CTOYHBIX BOJ B BOJOHOCHBIH TOpH-
30HT.

He onpasamBarorcst Take HAaJedAH Ha 3aIUHTHHIH  3QQeKT
TOJIIH XBOCTOB, LIJIAMOB H JApYrHX OCAaJKOB, HAKANJHBaWOIUIHXCH B.
NpoMEIIJIEHHEIX Daccefinax.

I'Ipu HEJOCTATOUHOH ecTecTReHHOI 3alHILEHHOCTH BOJOHOCHOTC
FOpH30HTa NMPOMBILICHHHEe NJAOUAAKH CcNEAYET pacnojaraTe Ha
TAKOM ylalleHHH oT Bofo3aGopop NoJ3eMHBIX BOj, LIeHTpajH30BaH-
HOro BofocHaOMeHHs, Ha KOTOpOM [MOJHOCTBIO HCKJIOUaeTCs mno-
najaHHe s3arpAsHeHHil s .Boao3abop H NOBEPXHOCTHBIE BOJH,

Ecan cobGaoaedne 3THX YCJOBMIT HEBO3MOMHO, To 3ajaya o
pasMCIIeHHH pacCMaTpHBacMblX Dﬁ'hEHTﬂB A0JIXHE pellaThCa H4a
OCHOBC TEXHHKO-3KOHOMHYCCKHX pac4yeToB H CONOCTABJAEHHH C yue-
TOM EETPET Ha HE]III‘JI'[I_IHETHH Mo 3anHTe NoOA3eMHBIX H NOBEPXHOCT=
HBEIX BOJA H BOA03a00OpoB OT sarps3HeHHs, a OKPYMKAKIIHX TEppH-
TOpHIl — oT noaToNJeHHa H 3abonauHBaHHs.

Ins cocraBieddss TEeXHHYECKOIo MPOEKTA Ha YYacrT-
KaxX, BHIOpaHHBIX AJsi pas3MelleHHsi XPaHHJIHIL NPOMCTOKOR, noJef
(PHALTPALHH, NPOMNJOLIANOK NPeANpHATHH u Apyrux oOBEKTOR,
NPOBOAATCH cHNEelHalbHble THAPOre0JIOrHYecKHe H3LICKEHHS,

Hx wHasHauenHeM JOTKHO SBHTHCA YTOUYHEHHe TILIPOreoJiorH-
YECKHX }F{:HGBH]T[ Y4yacTKa, IEI['IPE.EE..’IEHHE OCHOBHBIX FH.II'.FEFEDJ'IE!I‘H-
YECKHX MapaMeTpoB H NOTepb NpOMBILIEHHBIX cTokOB Ha QHAbLTpaA-
LLHIO, COCTaBJIEHHEe MPOrHo3a O BCJHYHHE 30HBI PACTEKAHHA CTOKOB
H3 XpaHHIMHUIA, HANpaBJE€HHH H CKOpOCTH HX NOTOKa, OLUEeHKa CTe-
NEeHH H3MEHEHHS MHHEpaJH3alHH H COCTaBa MNOA3EMHBIX BOJ TO
NyTH QHALTPALHH H BJIHAHHA 3TOr0 H3MEHEHHd Ha JeliCTBYIOlUlHe B
paioHe Bogo3abopui noA3eMHBIX BOMA, BOJAOTOKH H BOJOEMEL, ane-
JACAANTCH TaKX¥e BC/JHYHHA noanopa rpyHToBelX BO/J B 30HE BIHHA-
HHA QHABTPAIHOHHOIO MOTOKA M3 XpaHHJHIIA CTOMHEIX BOJ H BCE
Apyrie HCXOJHBIC faHHBle AJs paspaboTKH NPOCKTa MCEPONPHSATHI
no 3amute BoA0330OPOB, a Takxe NOA3ICMHLIX M NOBEPXHOCTHHIX.
BOJL OT 3arpsi3HeHHA.
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Ha cragnu coctaeienns paGoynx wvepTemedl rHApOreoJorHyec:-
KHe H3BICKAHHA BEIMOJHAWTCHA AJMHA YTOYHEHHA OTAEJbLHLIX TEXHH-
YeCKHX BOMPOCOB, CBA3AHHBIX C NpOeKTHPOBAHHEM 33aLUHTHLIX Me-
PONPHATHH.

Ilpu coctaBieHHH NpOrpaMmbl M3BICKAHHIT JOMMHB HCHOJB30-
BATbCS MATEPHAJHl INpeABapHTEJNbHHX MPOEKTHHX npopaboTok, B
TOM YHC/JE CXeMa pacnooM¥eHHA NPOCKTHPYEMBIX COOpYMKEHHH C
ykazanHeMm Oauanexaimnx sopo3abopos, BOJAOTOKOB, BOJOEMOB;
AaHHble O Ha3HauyeHHH W KOHCTPYKUHH XPaHHJHUL MNpOMCTOKOR,
TEXHHYECKAs XapakTepHCTHKA 3THX OOBLEKTOB, KONHYECTBO H CO-
CTap NPOMCTOKOB, NOJAaBAaEMBIX B XpaHHJIHILe H oTOHpaeMBIX H3 He-
ro AJisi TeX HJH HHBIX LleJieH; OTMETKH H rpadHKH H3MEHeHH§ YpOB-
H§l NPOMCTOKOB B XpaHHAHILe.

'maporeonorHyeckHMH HCCNEI0BAHHAMH OXBATHIBAETCS MJOLLA/AE
NMpeANpHATHA HJAH XpAaHHAHLIA, & Takxe TIPHJIETAIOUlAH K HEMY
TEPPHTOPHA Mo OaMMaflIHX IpaHHL BOAOHOCHOrO TFOPH30HTAa WM
A0 YCIOBHBIX KOHTYpPOB, B MNpeflleflax KOTOPHIX MOXET OKa3aThCH
rHAPOreoJIOrHYecKoe HJAH THApOXAMHYECKOe BJHAHHC NOTCHIHAb-
HOrM0O HCTOYHHKA 3arpa3HeHHsi Ha NMOJA3€MHble H NMOBEPXHOCTHBIE BO-
Ikl H BOAosabopwl.

Coctae u 00BbeM HM3BLICKAHHI H HCCNELOBAHHA ONpeNeJsioTCs B
KAXJ0M KOHKPETHOM CJy4de NPHMEHHTENLHO K COCTABY H KOJHYE-
CTBY CTOYHBIX BOJA, KOTOpbl¢ MOIYT MOCTYNATH B BOAOHOCHEIR ro-
PH30OHT, 8 TaK#e K KJIHMAaTHUECKHM, riaporcoJloruyeckHM, recJo-
FHYCCKHM H THAPOJIOrHYECKHM YCJIOBHAM paHOHA.

[Tpu wanuuun CBASH MOA3EMHBIX W NOBEPXHOCTHBIX BOJ JOJKHEI
ObITE MpoOBejeHEl THAPOreoJorHYeckKne paGoTH, XapaKTepH3yIlHe
PeHHM NOBEPXHOCTHHX BOJ H HX KauyecTBO.

B npoextax XxpaHHAMUI NPOMCTOKOB H ApYyrHx oGLEKTOB, onac-
HLIX B OTHOLICHHH 3arpfA3HEHHA MNOA3EMHLIX BOJ, AOJMKHO ObITh
NpeayCcMOTpeHo YcTpolcTBo HabawojaartenbHoil ceTH Aia KOHTPOAS

3a BO3MOXHOH (QHJAbTpaNHel NPOMCTOKOB B NMOPOAB OCHOBAHHS W
BOJAOHOCHHIH rOpH30HT.

FTHAPOTEOJIOTHYECKHE HCCIIENNOBAHHA H H3bLICKAHMSA
B PAHOHAX BBISIBJIEHHOIO 3ATPA3HEHHUA
NMOA3SEMHBIX BOJ

HAKH 3arpA3HeHHs TOJA3eMHBIX BOJI, BO3HHKAaeT HeoOXoAHMOCTh B
JOKa/MH3alHH HAH JIHKBHJAIHH ovyara 3arpA3HeHHsi, a TaKxe B 3a-
HTe OTAeJNbHBIX OAH3KO pacnonoewHuXx o6bekToB — BoOj03abo-
pOB NOJA3EMHEIX BOJ, PEKH H T. IL

Has obocnoBanusi cocTaBa u 00bEMa 3ITHX MepONPHSTHi THA-
pOreoorH4YeCKHMH H3LBICKAHHAMH H HCCNeNOBAHHAMH B INEpPBYIC
oucpe/ib L0/ HB OHITH ONpefesenbl NPHYHHEL H XapaKTep yxe Bhbi-
SIBJIEHHOTO 3arpA3HcHis TMOJ3EMHBIX BOJ, a Takie CTeNeHn Onac-
HOCTH 3arpA3HedHs HX B aajoviefiem. C 37Ol Leablo NPOBOAATCS
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clop COOTBETCTBYHOUIHX JNTEPaTYPHHX W (OHAOBHX MaTCpHAJIOE,
obcnenopanie NoA3E€MHBIX M NOBEpPXHOCTHHX BOJA, Boaozabopor H
HCTOUHHKOB 3arps3nenis, oTdOp M aHaAH3 KOHTPOJIbHBIX mpob
CTOYHHEIX, NOA3IEMHEIX H NOBepxHocTHHX BoA. Ilpn anaamusax npu-
POJHBIX BOJ B HHX BLIABJIAKTCH CHelH@HYECKHe KOMIOHEHTHI, CO-
HepAalllHecs B CTOYHBIX BOAAX, OTXOAAX NPOH3BOACTBA, AAOXHMH-
KaTax W ynoOpeHusx, TIpHMEHseMHX B JIalHOM paiioHe.

Ha caenywoulein cragun npu Bbifope CXeMpl H NPOCKTHPOBaHHH
33IUHTHHX MCpPONPHATHR MoryT noipefoBarnes AONOJHHTENbHBIC,
fonee JerasbHble H3BICKAHHA, YTOYHAKOIIHE THAPOTreoNOrHIecKy
i THAPOXHMH4YeCKyl0 OOCTaHOBKY NeNnoCpeACTBCIHO Ha Y4YacTKax
PAcnONOMKEHHA HAMEUAEMBIX 3aIHTHHIX COOPYXKEHH{T (pa3BemovuHble
H ONBITHO-(PHALTP2UHOHHHE nosesule paboTel, nabopaTopHue MHc-
CJIEIOBAHNSA, XHMHYECKHEe AHAMH3W BOALL N TPYHTOB W AP.).

[Tpu cGope matepnanoB H 00C/ELOBAHHH BO3MOMHHX HCTOYHH-
KOB 3a8rpsi3HCHHs NOJI3eMHHX BOA B JAaHHOM paifione HeoOX0AHMO
OCBETHTH Ccheiyiulie sonpoce: 1) KoauuectBo norpebiseMBIX
IPEANPHATHAMH MOBEPXHOCTHRIX H MNOA3CMHHIX BOA, HaluuHe obo-
POTHOrO BOAOCH3GXeHHs, o0beM H XHMHYECKHI] COCTaR CyMMapHO-
I0 CTOKa H CTOKa OTACJbHHX NPOM3BOACTRE W LEeXoB, Mecta cOpoca
CTOKA; 2) QpPrasM3alia TpaHCnopTHPOBKH M CKA3JHPOBaHHA BOJO-
PAcTBOPHMOTO CHIpLS, TPOAYKTOB H OTXOJAOR TNpOH3BOJCTBA; rHApO-
FeoJIOrHYECKHe YCJIOBHA 3THX Y4aCTKOB, BO3MOMHOCTL PacTBOpPEHHA
OTXOA0B HAK CHpbA aTtMocepHBIMH OCAAKAMH H NOCTYNJAEHMA pa-
CTBOpPOB B MOJ3€MHBE BOAH; XMMHYECKHH cOCTap BO3Ayxa B paii-
oHe MpeAnpHATHA, HAKONHTeael, HCnapHureleli NpOMCTOKOB;, 3) co-
CTOSIHHE annapaToB, YCTaHOBOK, KaHaNH33aUHOHHON CETH, OTBOAHBIX
KaHaB H APYrHX CcOOpPYXEHHH ¢ TOYKH 3peHHs BO3IMOMXHOCTH YyTe-
YeK M3 HHX TEeXHONOTHYECKHX PACTBOPOB N NpOMCTOKOB; 4) HaJHuHe
OYHMCTHBIX COOPYMKEeHHH, HX XapaKrepHCIHKA, NPOHIBOAHTENBHOCTD,
YCAOBHsL paboTH H CTENEHb OYHCTKH CTOYHBIX BOA, ) YYacTKH M
paamMepsl cOpoca CTOMHBWIX Boji (B pekH, TPYAH, HakONHTEAH, Ha
nonsi GUALTPAUMH H T. A.) H Y4acTKH CKJAAHPOBZHHA MeJKO H3-
MeJIbYeHHBIX OTXOJIOB NpOH3BOACTBAa (rHAposojooTBadn, <«lensle
MOp#A», HLTaMOXpanHianilla H T. 11.).

Jlns Kaxaoro XpaHmAaHULA, HAKONHTEJs W JAPYrHx OacceiiHob
IIPOMCTOKOB JA0JIXHE OMThH BLfIBJACHH Ha3la4ycHue, NJOILajlb, KOH-
(purypaula H cONyTCTBYIOUHE COOpYMEHHS; KOHCTPYKIHA (BHICOTA
namo0, raybHuHa, HanHyHe 3KpaHa W T. I.); Bpems HAuajga sKkcnaya-
TALHH M PEMHM NOCTYNJACHHA CTOKOB,  H3MENEeHHe BO BpeMeni
ypoBHsi BOAM B OacceiiHne B cONMOCTABJEHHH C OTMETKaMH YPOBHA
nogbl B Onmxafiwnx Bono3abopax, BOMOTOKAX H BOAOEMAX; XHMII-
YecKHil cocTaB CTOKOB, noaasaeMux B Oacceifn; pasMep ¢puALTpa-
HHOHHHEX MOTEPL (MPOEKTHHI — Mo pacuery H (QaKTHYECKHIT — 1o
HaONWACHNAM); HaaHuHe nalOnlofaTeNbHLIX CKBaXHH M pe3yJbTa-
THl Habnawopennii 3a pacnpocTpaHeHHeM MPOMCTOKOB B MOA3CMHBIX
H MOBCPXHOCTHHX Boaax sOau3n OaccelHa,

Jonxue OuTE OXapakTepH3OBAHB TAKKe pasMepbl KOHTYpa
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3arpsa3HeHHs] MOA3EMHLEIX BOA M MO BO3MOMKHOCTH €ro H3MEHeHHSH
BO BpPEMEHH.

OGcnenoBann MNoANeXaT TakXkKe Bce BoA03a0OpHl H OTAENb-
Hble BOJ03a0OpHLIE CKBaXHHBI, PACMNOJOXEHHEe OT HCTOYHHKA 3a-
rpsisHeHds B paavyce 6—8 KM npH necuaHoMm BOJOHOCHOM MJacTe
H B paauyce 15—25 KM, ecsiH BOJAOHOCHBHII FOPH3OHT NpPEACTABJIECH
TPEUHHOBATHIMH H 3aKAPCTOBAHHLIMH TOPOJIAMH.

Co6patuble npH obciaelOBaHHH MaTepHaabl YacTo OKa3HBAIOT-
Csi HEJOCTATOYHHIMH JJisl TIOJIHOH XapaKTepHCTHKH pacnpocTpane-
HHSl 3arpsAsHeHHii H BuIGOpa 3alHTHEIX MeponpHATHI, B sT1OM
cllyuae OHH HCNOJb3YIOTCH JJIsi COCTARJIEHHs TNpOrpaMmel AaJjbHeli-
WwHx HaOAWAEeHHH HAH JONOJHHTE]bHHX H3BICKAHHI.

OcHoBHEIM Ha3HayeHHeM JONOJHHTENBHHIX, OoJee neTanbHBIX
M3BICKaHHH, NMPOBOAHMLIX B pailoHe 3arpA3HeHHs MNOJA3EMHLIX BOI,
ABINAIOTCA: YTOYHEHHE KOHTYpa 3arpssHeHHs NMOA3eMHLIX BOJ B TJa-
He H paspe3e BOJOHOCHOrO IOPH30HTA, H3YYeHHe COCTABa H KOH-
HEHTPALHH 3arpsa3HsAIONIHX KOMIOHEHTOB, a TaKXe YTOYHEeHHe I'H/-
poOreoJIOrHuecKHx H (PH3IHKO-XHMHUECKHX NapaMeTpoB NJjacra, He-
oOXOAHMBIX JJIi NPOTHO3HBIX PACYETOB CKOPOCTH  JIBHIKEHHH 3a-
rpsisHedHii ¥ AJ% NPOEKTHPOBAHHA 3alUMTHRIX MEpONpHATHI.

ONPENENEHHE NAPAMETPOB ®H3HKO-XHMHYECKOTO
BESAHMOIOEACTEHA 3AIPASHEHHHIX CTOKOB,
noroa H NOA3EMHBIX BOL

Jadauu u cxema uccaedosaruli. Ilns npornosa pacnpocTpaHeHHs
3arps3HeHHH B BOAOHOCHHEIX MJACTaX, ABASIOUIErocss HeoOXOAHMBIM
stanoM o6ocHOBaHHA 3aUIUTHHIX MEpONpHATHI, TpebylwTca rHApo-
AHHAMHYECKHe H (H3HKO-XHMHYeCKHe napaMerpw NJacrta, a Tak-
e JaHHble O COCTaBe 34ArpA3HEHHBIX CTOKOB, eCTeCTBEHHBIX NOJ-
3eMHHIX BOJA H TOpPHBIX MMOPOJ, CAAraOiHX BOAOHOCHBIH NJACT,
€I'0 KPOEBJK H NOAOLUBY.

K rHapoAunaMHuecKHM MapaMeTpaM OTHOCATCA BOJONPOBOLH-
MOCTh (PHIBLTPYIOLUHX NOPOA, NLE30INPOBOJAHOCTL, aKTHBHAaf MNOpPHC-
TOCTh, AEACTBHTEJNbLHAA CKOPOCThL (DHJILTPALHH B E€CTeCTBCHHBIX yC-
aosusix. Onpenenenne rHAPOAHHAMHYECKHX NapaMeTpOB BHIIOIHS-
CTCH I]]}H FHAPOreoJIOrHYeCKHX H3BICKAHHAX, BKJAWYAIONIHX ONBITHO-
(PHALTPALHOHHEIE HCCJEJ10BAHHA (nTKaqHH, HarHeTaHusa), reodu-
3nueckHe paboTel W HabalwoaeHks 3a peXXKHMOM TNOA3EMHBIX BOJ.
MeToan OLEHKH THAPOJAHHAMHYECKHX napaMeTpos XOpoOllo oCBe-
uensl B AHTepatype [8, 10, 58 u np.].

B pesyabTate H3BICKaHuil ropHble NOPOAB AOJMHH OBIThH, KpoO-
Me TOro, OXapakKTCPpH30BdHBI MO JIHTOJIOrHYECKOMY, XHMHUECHOMY,
rpaHy/IOMeTpHYECKOMY COCTaBy, a TakKye B OTHoWenHw ¢H3anye-
CKHX CBOHCTB H ycloeuit 3aneranus. Ilpw Heenenosannu xHMHYE-
CKOro coCTapa CTOYHBIX BOJA H TBEPABIX OTXOA0B, BHI3LIBAWOIIMX 38-
rpA3HeHHe MOJA3EMHBIX BOJM, AOJMHL OGBIThL ONpefiefleHs KOJHYeCT-
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BCHHO BC¢ OCHOBHEIC EEHHTE]}H{}-TH!‘HEHHUEEKHE MOoKa3aTeJIH, 4
TaK®e I{DMHDHEHT];J, CI'lElI_H{bH‘IEEEHE AJa npOH3BOACTBa, B XOAC
koroporo o0pasyloTcs JaHHBIe CTOMHHe BOAH W oTxoad. Cpean
ITHX KOMNOHEHTOB BHACAAKTCH B NEPBYH OQYEpPCELb TOKCHYHBIE,
KOJHYECTBO KOTOPHIX B BOAE XO3AHCTBEHHO-NMHTHEBOrQ HCNOJL30BA-
nus erporo nopmupyercs mo ITJAK.

KauecTBo NOA3eMHBIX BOJ B ECTECTBEHHHX YCJHOBHSX HX 3ane-
FaHHA TaKXe NO0JMXHO OLITE DJ{E{JEKTEFHSUEEHQ B [‘IEPE}’IG- oyepeib
OCHOBHBIMH CAHHTAPHO-THIHEHHYECKHMH NnoKasaTeAsiMH, K]}GLH‘.TG=
ro, B paje chaydaes uesaccoolpasHo yCTAHOBHTL NpHCYTCTBHe H
KoHuentpaunw ((QOHOBYIO, eCTECTBEHHYIO) Tex e CHelH(HYecKHX
KOMIOHEHTOB, KOTOpHe HMEIOTCH B CTOYHBIX BOAAX W OTXOAaX,

Bee 3T aaHHBle HCNOAB3YKOTCH AIA YTOUHEHHs NpPHMEHHTENL-
HO K H3y4YacMOMYy ﬂﬁ'bEHT}" METOAHKH ﬂﬂpEﬂEﬂEHHH I'IEI]EIMETFIDB
@HJIIHG-HHMHWECHDI‘D BSHHI‘dGﬂEﬁCTBHH 3arpAasHeHHpIXx BOJ C NOaac-
roMm. Ilpu HcenegoBaHHWH CTOUHBIX M NMOA3EMHBIX BOJ NOMHMO HOH-
HOT'O COCTABA KeNaTeJbHO TAKXKe BHSABHTH (OPMEI HAXOMIEHHA B
HHX TeX HJH HHHX KOMMOHEHTOB. YiKe OAHO TOJNBKO CONOCTaBJIE-
HHe XHMHYECKOro COCTaBa FOPHLIX NOPOJ, CTOYMHHX H NOA3EMHBIX
BOJ B pAje cayyacs NO3BOJMAET cyAHTb 00 OTHOCHTEJbHOH poJH
TEX HJH HHHX I[pOLeCCOB {:}HEIHHB-IHMI{HEER{)I'U E3EHMGEEﬁETBIIH,
KOTOpPBI€ CKaMKYTCH HAa MUrpalMM 3arpasHedHii Npd NOCTYINJIEHHH
CTOYHBIX BOJ B BOJAOHOCHBIA MJIACT.

Taxk, wa pacnpocTpaHeHHe OCHOBHHX 3arpasHAKIMHX  KOMNO-
HCHTOB CTOYHBIX BOJ COAOBOID NPOH3BOACTBA, COACPIKALIMX XN0-
PHABLI KanblHA, MAariHdg H HaTpHA, OCHOBHOC BJHAHHE OKa»er
KOHBCKTHBHLIII NEpPEHOC, OCAOMHeHHLINi TpaBHTALHOHHBIM  ¢akKTo-
POM B CBA3SH C BHICOKON MHHepaJiHsaluHell STHX CTOYHBIX BOL; No-
FAOLIEHHE 3aTrpA3HAKIIHX KOMIIOHEHTOB nopogamMH B JAaHHOM chy-
“ae OyfeT HMETh NOAUYHHEHHOE 3HAUCHHE.

Ilpy Gonee cnoxHOM cocTaBe IArpS3HSIONIHX BEIIECTB CJAey-
ET, KAk NpaBuj0, NPOBOJIMTE MNpefBapHTe/bHEE JabopaTopHuie
ONHTH, NO Pe3yibTataM KOTOpPHIX AENacTcd BHBOJ 0 BO3MOMKHEIX
B AaHHOM cayuae (GH3HKO-XHMHYECKHX JQIpOlleccax B3auMoaelicTBHA
H BHIAECNHIOTCH IJaBHble, BelyUlHEe TNPOIECCH, KOTOpLIE MOryr cy-
IeCTBEHHO OTPA3HTBCA Ha paclpocTpaHEHWH 3arpA3HeHuil B BOJO-
HOCHOM IlnacTe.

Ha ocuHoBaHHN Npe/BapHTENbHHIX ONBITOB TPHHHMAETCs peLie-
Hile o uenecoobpasHocTH OGojee AeTanbHOro H3yuYeHHs s Jabopa-
TOPHBIX H TOJEeBHX YCJIOBHAX BHJIENEHHOro Beayulero (pPH3HKO-XH-
MIMECKOTO mpouUecca H NpPpOBOAATCH COOTBETCTBYIOULHE SKCMepHMEn-
Tl JIA H3YUeHHS 3aKOHOMEPHOCTeli H ONpenesieHHs) NapaMmerpoB
paccmarpuBaeMoro npouecca. HanomeHHas cxema uayucHus M-
3HKO-XHMHYECKOro BIauMoaefcTBHA 3arpA3HeHHBIX W YHCTHIX nNOn-
3eMHHX BOJ NpHBejieHa B taba. 17.

ITpedsapureavnnie aaboparoprbie OnwiTer 0An BuLIABACKUR OC-
HOo6HbiX npoyeccos esaumodeiicTsun. Kak oTMevatoch panee, A0
NnpoBeieHNnnA HI]EJI.BEFHTE."H:HHI ﬂﬂ'ﬁﬂpﬂ‘l’ﬂpHHK ONBITOB  NOJIMCH
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TaGaruua 17

Cxema Maydenus u3HKO-XHMIMECKOr0 B3aUMONCHACTENA 3arpAIHEHHBIX

¥ NPHPORHKIX NOAZEMHEIX BOJ

Janayud HecAemOBEAHWR

Bun mcchnenopannfl

Henonepaoeanse pedyabTaTon

Hayuenmwe coctapa CTOMHHX

BON, OTXOOOB, MNPWPOI-
HLIX  HESATPR3HEHHBIX NoJ-
SEMHBIX BOJ,

Nayvenne CTpoSHHA, COCTa-
pad H CBOHCTBE mnopon Bo-
AOHOCHOTO TAAcTa

Busipaenye xapakrepa gHau-
KO- XHMHYEC KHX NPOLECCoB

XPMHYeCKHe anannanl. Pac-
qerT GopM  HAXOMAEHHS
KOMIIOHENTOE B BOjE

Munepanornueckui, rpany-
JOMETPHYECKHIT, XHMHYEC-
Kuil aHanmn3, elnme
BOAHO-(HEHYECKHX  CBOH-
cri. OnutHo-duALTpaLy-
OHHHE TOJIEBHIE  HCCIENo-

BaHIS
[pexpapureasiue  Aabopa-

TOpHEE HCCAENOBAKHNA B

[MpenpapuTe bHER CYHACHHS
0 BOSMOMHOCTH TNpOARJIe-
HHA W POl OTAEILHBIX
PHIHKO-XHMIYECKHX TpO-
LeCCoR

Buizenenne Beaywmx mnpo-
LECCOR  BIAHMOMEHICTRHE.

BIAHMOACHCTRMA  MEXAY | CTATHYCCKHX YCIOBHAX 3aKmouenne © Uenecoos-
CTOMHLIMH  BOJAMH, TpH- PasHOCTH  JATBHEHILEro
POAHBIMH NOA3EMHBEMH Gonee AETANLHOTO H3y4e-
BOMIEMH H TOPOSAMMH HHA
teHiwe  mapameTpor | JlaGopatoprme skcnepumer- | [lporsoz  pacnpocTpaHenis
$HINKO-XHMHYECKOTO B3a- | Tl B JMHAMHYECKHX YyC- |  3urpRanenwii # obocHoba-
mmogeficTena qopuAx. [Moneswtie wecae- |  HHe 3ALUMTHEX MEPOMpis-
NOBAHKA — 3anyck  Hefi- | THA
TpalbHHX  HHAHKATOPOR

HIH CTOYHEIX BOJ B BO-
AOHOCHETH MAacT

OHTL onpefe/leH XHMHYECKHi cocTap sarpasHeHHHX CTOYHEIX BOL,
MOA3EMHBIX BOJ H NOpPO4 BOAOHOCHOro miacta. B cocrase sarpsa-
HEHHBIX BOJ BHAENAIOTCA M B AaJibHEHIUEM MCCAEAYITCs TOJAbKO TE
KOMNOHEHTE!, KOTOPLIE MOTyT YXYALIHTL KayecTBo NOA3eMHBIX BOJXL
M B OTHOIUEHHH KOTOpHX HeOOXO[HM NpOrHO3 PacnpOCTPAHEHHA B
nnacte npH ¢uAbTpanHH. CTouyHble BOAB,, HCNOJAb3yeéMEe B OfH-
Tax, cjeiayer orOMpaTk Ha MECTax HX CKlajupoBaHus H ¢QuILTpa-
I1HH, ﬂEﬂ]}HMEp H3 HAKOMHTENeH H llIJ'IEiMI‘.]KpﬂHHJ'IH[]L, H3 KOMMYHH-
KallWit Ha TNpoMBlILNEHHBIX NJomaakax H T. 4. B Tex cayuasx,
KOrga NpoM3BOACTBO, AAKINIEe CcTOYHBIE BOJbI, elle HE COOpYIEHO,
JJR ONLITOB HPHKG.E[HTCH CNelHaNBEHO H3roTabBJHBATH lIEH}FCETBEH‘
Hbi¢ PacTBOpH, HMHTHPYIOUIHE NMOMHOCTBIO COCTAaB CTOMHBIX BOJ -
6o copepkamHe OTAeNbHEIE BellecTBa, Haubo/jee BaxHble ANA
MpOrHO3a KauyecTBa MOAIEMHEIX BOA NpH NOCTYNJAEHHW B BOJOHOC-
HHH IUIacT CTOYMHBIX BOJA. K HX uHC/ly OTHOCATCA BCe BelllecTBa,
HOHOCHTpAlHH KOTODHX B CTOYHREIX BOdaX OGAM3KH HAH FI]JEBI:II.LTH-
or [TJIK. OGpasisl ropubix nopoj A4s Onbitop 0TOHpaKTes H3
OypOBHIX CKBajXHH HJH WypdhOB Ha €lle He 3arpsA3HeHHBIX Yy4act-
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KaX BOJOHOCHOrO ropH3oHtTa. B oraelbHBIX cayyasix, HaTpHMep,
AAsi OIEHKH BO3MOXHOCTH AccopOilii 3arpA3HAKUIMX BELLeCTB Hc-
noseayiores obpasus Nopoj, B3ATHC Ha 3arpA3HCHHBIX yYacTKax
BOJAOHOCHOIO NJacTta.

[lpensapurenbuble ONLITH NPOBOAATCH B CTATHYECKHX YCAOBHAX
no TpeM OCHOBHLIM CXeMaM, B KOTOpHIX H3yuaercs BsaWmoneicr-
BHe: 1) cTOYHBIX H TMON3eMHBIX BOMA; 2) CTOYHBIX BOMA, NOpPOJ H noa-
SeMHBIX BOJ; 3) cTOUHBIX BOJL ¥ NOPOI.

[lepsas cxema. 3arpasHeHHAas cTOYHAfA BOAa M YHCTad
MOA3eMHad BOJAA H3BECTHOTO COCTaBa CMEIUHBAlOTCH B HECKOJNBEHX
K0on0ax B pazfHYHEX 00BLEMHBIX COOTHOLIEHHAX, C NOCTENEHHLIM Ie-
peEXolOoM OT cTOYHON K noasemuoit Boje. IIpuMepHble COOTHOILEHHA
o6bemoB BOEN Ver/Vion: 9:1,8:2, 7:3,6:4, 5:5,4:6, 3:7,
2:8 1:9.

Ilocne cMelneHus M KpaTKOBpeMEHHOro oTcTaMBanusa (OGes no-
cTyna BO3jlyXa) HccAedyeTcsl H3MeHEHHEe BO BPEMEHHM XHMHYCCKOro
COCTABAa CMeCH H MpPH BO3MOMHOCTH paccuHThiBaloTcsy GopMel Ha-
XOMJICHHA HcchenyemMblx kKomnoHeHToB., Hamensionieecss B onbiTe
COOTHOIIEHHE OOBEMOB CTOMHHIX M TOJA3EMHHX BOJI MOJAENHPYET HX
NMOCTENEHHOE CMEIUEHHe B MJjacte B 30He JHCNEpCHH, B TPELIHHAX
H NpocjJoax C NOBBILUEHHOH BOAONMPOHHIIAEMOCTEI) H T. IL Hnst
KaXJ10ro BHIENEHHOI0O KOMNOHEHTa, BAHAKIIIEro Ha KauyecTBO BOJLL
H Haxofsuierocs B Koaudectse, Oauskom ¥ [TJAK wam K canutap-
HO-THIHEHHYECKHM HOPMaM, NPOBOJAMTCS CONOCTABJeHHEe TPeX KOH-
ueHTpauHi: Cep — KOHIEHTPANMS KOMIMOHEHTa B CTOYHOH BOXE,
Cp.em — pacueTHas KOHIEHTPaIlksl U3 yCJA0BHH cmetuenus (pasbas-
JeHHA) ¢ noaseMHolt BoaoH: Cy; — hakTHyUecKas KOHUEHTpaiM,
onpejencHHas B PAacTBOpPC MNocJe CMEIUeHHs W B3aHMOJACHCTBHS
Boj. Pacuernas kouueuwtpauusi Cpoy onpeaensietcs no <opmyne
CMEILIEHHA

Cp.m = V'nﬂﬂ _}Vvﬂ"ﬂ.ﬂmn n {‘E.I}
=

rie Ver, Vion, Vewm — cOOTBeTcTBeHHO 06BeM CTOYHON, Mog3eMHOI
Boabl H 00bem cmecH; Cyop — KOJHYECTBO KOMIOHEHTA B YHCTHX
MOA3EMHBIX BOIAX.

Ecau Cpa Cpomy, TO KOMNOHEHT MOXKHO CUHTATL HEATPAJNBHBIM,
He B3auMojeficTBYOUMM ¢ nonaemuoit Boaoil. Ecan Cp<Chion, T0
MOKHO CIeNaTh BHBOM, YTO KOMNOHCHT B pe3yJbTaTe B3aHMOeii-
CTBHA BOJI*YIaJINETCA H3 CMECH W BHIMAZAACT B 0C2A0K.

Bropasa cxema. Aunanoruusas cepust ONLITOB TPOBOJAMTCH
B TIpHCYTCTBHH H3ME/ILYCHHOH HABECKH TMOPOAB B COCYAE, B KOTO-
poM NpOBOAKTCH  cMelleHHe. B atoM ciayuae u3 Kamaof cMmecH
CTOYHOH W TIOJ3eMHON BOJABI TOCAENOBATENALHO OTOHpaAWOTCH HE-
CKONBKO, npoG (uepe3 | Muu, 1 4y, | cyr W T. 4. MOCAe cMelUeHHS),
CMeCh MEPHOAHYECKH B3GaNTHIBACTCS HIH nepeMertHBaeTcs.

Ecnn Cosm~ Cpony TO KOMIOHEHT MOMHO CHMTAThL HefiTpaJibHHIM
MO OTHOILUEHHIO K MOPOJIe K MOA3EMHON Boje.
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Ecan Ce3>Cpen H NpH 3TOM H3YYAEMBI KOMIIOHEHT COAepiaJ-
<Al B NOpoJie, MOXKHO CcA€NaTh BBHIBOJ, YTO H3 INOPOJBI OH TNEpexo-
JHT B cMech (pacTBopsiercs, BbIlENayHBAaeTCH H T. 1)

Ecnu Cga<<Cpem, KOMIOHEHT «YXOMHT» M3 CMECH B pe3yJbTaTte
norJolleHHsa Nopollod JHO0 BelecTBHe BHINMAACHHA B OCAJlOK TNpH
B3aMMOAEHCTBHH ¢ nofsemHoit BofloH. ConoctaBlenHe NOCJaen0Ba-
TeJBHO B3SITHIX Npo6 MoXeT AaTh NpejcTaBJEeHHE 0 KHHETHKe 3To-
ro npolecca H EPEMEHH NOCTHAHCHHA PABHOBCCHH.

LlenecoobpasHo NMpOBECTH ONLITH NPH PAa3HLIX BEJHYMHE W CTe-
NEHH H3MEJbYEHHOCTH HABECKH MOPOMIHL.

Tperbsn cxema. B npoby cTouHOli BoAgw TIOMEHIAETCH M3-
MellbueHHas HaBecKa NOpoJiel, H nocne B30alTHBAHUA fOChenoRa-
TenbHO (uepes 1 Muu, 1 4, 1 cyT W T. 4.) oTOGMpaIOTCH HECKOJBKD
npob. CpaBHeHHe Cer 1 Cyy mozeonser CYAHTL O TOM, NOrJaollaeT-
CH JIH Hechaelyemblii KOMTOHeHT NMopofoit AW6Go NOSBASETCH B BOJE
B NONMOMHHTENBHOM KOJHUECTBE H3-33 pacTBOpCHHA mOpOABL. Hpu
GLICTPOM JIOCTHMEHHH PABHOBECHA OMBITHI ¢ Pa3/HYHONW HAYAJBHOM
KoHUueHTpaunei KoMmnonenta Cep B CTOUHON BOje MOTYT OXapakTe-
puzoBate HaoTepmy C=f(N):

N=C,—C,, (8.2)

rae N — KoswyecTBo BemecTsa, MNOMJIOWEHHOro mnopoAod; Cps —
KOHIEHTpalHA KOMMOHEHTa B pacTBOpe NOC]e JOCTHMEHHA pPaBHO-

Cra
BecHd. B wacTHOCTH, npH T:cnnst copOnHsl MOAYMHSETCA JIH-

HeHHol usotepme [enpu.

Ilpu samesnnenHom HaMmenenHn Cyz MOXHO TIPOCAEfHTH 3a Xa-
paKkTepoM KuHeTHueckoii saBucumoctd N(f, Cer). B nesom coso-
KYNHOCTb OMBITOB MO ONHCAHHBIM TPEM cXeMaM TNO3BOJIAET YCTaHO-
BHTb, OYAyT Au B3aHMoAEHCTBOBATEL CTOYHBIE BOJB ¢ BOJOHOCHBIM
TJIACTOM, H B NEPBOM NPHOJHKEHHH OLEHHTH Pe3yJNbTaThi 3ITOrO
B3AHMOACHCTBHA OTHOCHTEJLHO paccCMaTpHBAEMOro KOMINIOHEHTA.,
NpHBOASNIHE K YMEHLIUEHHIO HWJIH YECIHYCHHID Cro Eﬂ,ﬂ.E]:fHEIHHH B
CTOYHOH Boje NHGO B CMECH CTOMHBIX W MOA3EMHBIX BOJ.

[IpuMepsl HCNOABL3OBAHHS TIPEABAPHTENBLHBIX JaGOPATOPHHIX
ONBITOB 1711 BLIABJICHWH Xapakrtepa B3aHMOJEHCTBHH CTOYHHIX BOJ
¢ BOJIOHOCHBIM MJlacToM NpHBeAcHH B Tabu. 18.

M3 peayabTaToB ONbITOB, COOTBETCTBYIOWHX BapHauty 1, Mox-
HO caeNaTe BBIBOA, 4WTO B BOJOHOCHOM Tijllacte KOMMOHeHT GyAer
pacnpocTpaHiaTbCsl KaKk HEHTpajbHas «MeTKa®», [BHMKEHHe KOTOpOi
B flnacte Moxer ObiTb OCJHOMXKHEHO TOJBKO TI'MAPaBIHYECKOIl AMC-
nepcueli W 3afiepKOH B TYNHKOBHIX mopax nopoal. [lpu Bapuaute
2 xommnoneHT Gyaer MOrJoWATHECH NOPOAOI BCJEJICTBHE XHMHUECKOl
WA (puanyeckoid copOiiu. Bapuant 3 yKaswBaeT ma To, 4TO M3
CTOUHOH BOMABI, BCTYNawileii Bo B3aHMOASHCTBHe ¢ NOJ3EMHOJ BO-
N0H, KOMIIOHEHT YAaNAeTcs B PeayJbTaTe peakllMn OCaKACHHs HIAH
rasoobpasosanusi. B papuante 4, KpoMe TOro, NposSBASETCH TOrJ0-
liCHHE KOMIIOHeHTa NOPOAOH;, BapHaHT 5 CBHAETENbCTBYET O PacT-
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Ta6anua I8
Boamomyne pesyisTarsl NpefBapiTebHbX AaDOPATOPHMX ONWTOR

—

;g Pl:ﬁ'_i"nh‘l'l‘.lH ONBMoE M OTACABHBM CEREMaM
Ei Brnoakl O XapakTepe GiaHKD - XInigec -
oy 2. Croauan KO0 RIZHMOAeRCTERA HOMIOHERTA CTON-
gE [. Crownas |pops 4 nogsem-| 3. Crosmas HWX BOA ¢ BOROHOCHRM ILTACTOM
g §§ ”“:a;l‘ :f::"—"" HaA BOAA - no-|Bofa -+ noposa
ol g pona
a2
I | Cos=C, o Cos =Cp, | Cus==Cor | KoMnoment nefitpaien K mMonsem-
; HEIM BOJAM H nopoaad maacta i
2 | Coa=Cp, ) Cos <Cp 4] Cos <Cor | Kosmomenr nornoutserca mnopoaoit
3 | Ca<Cp ol Cra<Cp | Coa=Cer | KomnomenT npu cwewenin Bos
BHIIANIAET B OCaiOK WIH yAeTy-
YHBAETCA B BMJIE ra3a
4 | Co<Cp o Coa<Cp ] Cwa<Cor | Kovnowewr Bemapser B ocapok
NpH  CMELEHHH BOJ H TOCAo-
LaeTCA NoPoaoH
5 |Cy= G o Ca > Epr cul Cus > Cor | KOMIOHEHT MepexofMT H3 NOPOABE:
B CTOMHYW) BOMY B pe3yfibTare
pacTBOPEHHA HAH HOHHOTO 00-
MEHa

BOPEHHH Nopoabl croyHoit Bogoi nubOo o6 HoHHom oOGmeHe, Ilomu-
MO ONHCAHHBIX BO3MOMHBI H HEKOTOpble ApPYrHe BapHaHTHl PE3yJb-
TATOB [J11 ONHOrO W TOro ¥Ke KOMTIOHEHTa.

B ntore M3 yHcsa HECKOJMbKHX pPaccMaTpHBAeMBIX KOMINOHEHTOB
COCTABA OAHOI H TOH e 3arpA3HEHHOl BOABLI MO pe3yJbTaTam
npeasapHTenbHoro aaGopatopHoro onpobGoBaHKs BHAENSAIOTCH KOM-
MOHEHTH — HefTpanbHbe, HEB3AHMOAEHCTBYIOILHE W AKTHBHLIE,
B3AHMOAEHCTBYIOIHE ¢ BOJOHOCHBIM TIACTOM. B yscae noclegHHx
BHISBAAKTCA KOMNOHEHTH, yOhiBawliHe H3 CTOYHBIX HJAH cMellau-
HBX CO CTOKAMH NMOA3EMHHX BOJ, H KOMMNOHEHTHI, HAKaIlTHBA HOUIHE-
CA B 3THX BOJAX, T. &, YBCJAHUYHBAKIUHE CBOK KOHICHTPAIHIO no:
CPAaBHEHHK) ¢ HCXOJHOH CTOYHOI BOMOI,

Kak oTtMmeuyajochk panee, NpHYHHE, MNPHBOAANIHE K H3MEHEHHK
KOHUEHTPALUMHKH KOMIOHEHTA B 3arpA3HCHHOH BOAE NpH QHUILTPALHH,
MOryT HMCTb pasjiHuHyi0 (PH3HKO-XHMHYecKyl OCHOBY (copOums,.
BHINAJEeHHe B OCA/I0K, HOHHBIN oOMeH M Ap.), OAHAKO B AAHHOM
cllyyae BajKHO OTMETHTH HANPaBJEHHOCTL H3MeHeHHs (CHHXKeHHe
HAH YBEJIHYCHHE KOHIEHTpAaUMH) H OLUEHHTs KUHETHKY 3Toro 06o6-
HICHHOro npouecca, CBelAs ee K TOH HJH HHOH H3BECTHOH CXEME,
Tak, cHHXeHlle KOHUEHTPAUHH MOMKHO YC/HOBHO CUHTATL CJAEACTBH-
EM NOrJiouleHHd EKOMMNOHCHTa, a YBCJIHYCHHE HUHII,EHTPEHHH-—
cJIcACTBHEM pACTBOPEHHS NMOPOJBl, NOHHMAA B JAaHHOM ciyyae noj
«MOrJolleHHEM» H «pacTBOpPEHHEM» COBOKYINHOCTL Tpoleccos, MpH-
BOAAUIHX K pe3yJbTaTtaM, aHaJIOrH4HbIM NOCAENCTBHAM coOCTBEHHO:

copOLHH HIH PACTBOPEHHMS.
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®opma 3asHcHmocty C(f) xapakTepHsyeT KHHETHKY XHMHYECKOH
peaKuHH,

Ecnu B onMceiBaeMHX npefiBapHTeNbHBEIX CTATHYECKHX ONBITAX
C(f) B noctoaunoM obbeMe cMecH H3MCHACTCH BO BpEMEHH no 3a-
KOHY 3KCINOHEHTH, TO MOXHO cYHTaTh, 4t0 000OLlennas peawiius
NpOTEKAeT aHasorn4yHo HeoOGpaTHMoill pPEaKUHH TNEPBOro nNoOpfiKa
lem. dopuyny (2.8) B ra. 2). Jlpyroit xapaxktep sasHcumoctH C(f)
yKasbipaer Ha 0oJiee CNOMHBIA BHA W HHOM NMOPALOK peaKiyHi,

Kunetnueckne 3aBHCHMOCTH M NapaMeTpul (HPH3HKO-XHMHUECKOD-
ro B3aMMOLCHCTBHA, MOJYYEHHble B CTATHYECKHX OMNHTAaX, cAeayer
paccMaTpHBaTh Kak NPHONHIMKEHHBIE, NMOCKOJBKY, KaK NOKA3HBAKOT
HCC/IEIOBAHHSA, B YCJOBHAX JIHHAMHYECKOro B3aHMOJleficTBHA, T. €.
NpH QUALTPALHH, OHH MOTYT H3MeHAThbCA., B cBA3m ¢ 3TuM npepsa-
PHTCIALHOE H3yueHHe cOpOUHH peKoMeHAyeTcs TIPOBOAHTL HE TOJbKO
Ha H3MeJIbYCHHLIX HaBeCcKax MNopofikl, HO M Ha MOHOJHTHHX oOpa3s-
Ilax ee ¢ MOMOLULID TaK HaswBaemoro BanaHcoporo metofia. Cxema
NpOBEJIEHHA OonNbiTa H 00paboTKa ero pesynbTaToR AaHel B pabotax
[25, 78]. B wrore nna kamaoli HayanbHOH KOHIEHTPAIHH 3arpA3HEH-
Horo pactBopa Cy MoXHO onpeaennts KoaddHiHEHT pacupenene-
HHs npd copbunu (B) u pecopGumm (B’). Ilposops ananoruunbie
ONBITH HAa MOHOJNIUTE NPH APYrHX HAYAJABHBIX KOHUEHTPalUHAX pact-
Bopa Cp ¥ onpepenss COOTBETCTBYIOLUIHE HM KOJHYeCTBa COpOHpO-
‘BaHHOro BellECTBa, MOXHO nocTtpouth rpaduk N(C;) u onpene-
JIHTh XapakTep H napaMeTpsl H30TepMbl copOnuu. 3Jech, Kak #
panee, N — KoaWvecTBO NOrJOMICHHOrO BELIECTBa, OTHECEHHOE K
EAHHHIE MOPOBOro npoctpaHcTBa; Cp— paBHOBECHAR KOHIEHTpA-
W5l BEIIECTBA B pacTBope. B 3aBHCHMOCTH OT pesysibTaToB npej-
BAPHTEJNBHHX OMBITOB MPH JajbHEHLIHX WoclieloOBaHHAX onpejens-
0T TE HJAH HHble TNapaMeTpnl (DH3HKO-XHMHYECKOro BiaHWMopeiict-
BIA: NS HEHTPAJbHBIX KOMMNOHEHTOB — AKTHBHYI MOPHCTOCTH A
H KO3 OQHIHENT THApaBIHYecKOl AMchoepcHn D; anfa  aKTHBHBIX
KOMTIOHEHTOB KpoMme n 11 D — copOunonnuie napaMmerpsl (Kosddu-
UHEHT pacnpejeneHnst fi, KOHCTAHTY CKOPOCTH peakUWH )] KOH-
CTAHTY CKOPOCTH PACTBOPEHNA op H KOHUEHTPALMHI0 HACHIIEHHNA
Ci: KHHETHYCCKHE KO3(hHIHEHTH peakuMil BHINALEHHA B 0OCANOK
H Jp.

Hccneposanus nposofaTest B 1aGOPaTOPHLIX MW B NOJEBHIX Yc-
NOBHAX.

AKTHBHYIO MOPHCTOCTL M NAPAMETPH! JIHCHEPCHH NPEANOYTHTE b=
HO OonpeaensiTb B NOJEBHIX HCCAEIOBAHWAX, KOTOPHMH OXBaThIBa-
ETCHA ONpefe/leHHBIH YYACTOK BOJOHOCHOro TMJAacTa H B KOTOPHIX B
Gosbliedl Mepe, yem NpH Ja6OPAaTOPHLIX HCCJAEAOBAHHSIX, NPOABJS-
eTcsi PUIbTPALHOHHAS HEeOAHOPOLHOCTL MaccHBa. Jlng xapaktepuc-
THKH D W n TpemmuHOBaTHX NMOPOJ, Kak NpaBHIO, cleAyeT HCHOoMb-
30BaTh TOJILKO N0JIeBEIE SKCNEPHMEHTHI.

Hsyuenne copOumnu Beuieets npn ¢GHALTPAIMH B NOPOJAAX H3-32
CA0HHOCTH NOCTAHOBKH ONBITOB M HeoOXOAHMMOCTH HCNOJbL30OBAHHA
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CTOYHHIX BOJ H HCKYCCTBEHHBIX PACTBOpPOB 3aIps3HAIONIMX BellecTB
NPHXOAHTCS 0OBLIYHO NPOBOJNTL B Na00OPaTOPHBIX YCAOBHHAX.

Beiuncnenne ¢H3IHKO-XHMHYECKHX TIADAMETPOB B3aHMOAEHCTBHSA
3arpA3HCHHBIX BOJA H TOpPHHX NOpoa No pE3yjbTaTaM BH'I'_‘I']'EPHMEH"
TOB TPOBOAMTCHA ¢ HMcNOJb30BaHHEM aHANMHTHYECKHX peluenuit Aud-
(¢epeHnHaNbHEIX yPaBHeHHH, NONYYEHHHIX TIPHMEHHTENBHO K Olpe-
neneHHofi pacyeTHol cxeme mpouecca, Kak npaeuno, B 9THX cxe-
Max paccMaTpHBaeTcs MJealH3HpoBaHHad (QHIBTpYOmAs cpena,
OJIHOPOJHAS TIO NPOHWIIAEMOCTH, JHTOJOTHYECKOMY W XHMHYECKOMY
coctaBy. HeonnopopnocTs peanbHolt ropHoii  nopojsl NpHBOAHT
0OBIYHO K OTKJOHEHHAM BHEHEPHMEIITHJIBHHK TOYEK OT OXMHAacMbIX
3HauCHHH, XapaKTepHbIX ajs oaHopoAnol nopoas. [lpu stom BaMs-
HHEe HEOJHOPOAHOCTH HA Pe3yJbTaThl ONBITA CKA3HBaeTCH OOBIYHO:
B GoJblueil cTeneHH, yeMm xapakrTep rpaHHyHBIX YCJOBHiII Ha y/a-
JIEHHOM OT MeCTa 3anyckKa pacTBopa kKoHue onpoOyeMoro yvacTka
MOPOAH HJIH BAHAHHE NPERNOCHAKH 06 «OrpaHHYCHHOH» HJH <«He-
OrpaHHYeHHo» aanHe onpobyeMoro yyacTka H HEKOTOphle Apyrue
AeTalii pacueTHOW CXeMbl, NMpHBOASALIHe K IpOMO3JIKHM aHalHTHYE-
CKHM pelUeHHAM.

[TosToMy cxema onbTOoER H MeToAuKa Of6paboTKM HMX pesynbTa-
TOB JAOJIKHE OBITE 10 BO3MOMHOCTH [pOCTHMH, 0GecneyHBalouiH-
MH ToJyueHne o00DLEeHHBIX ycpeHEHHEX (PH3WKO-XHMHYEecKHX na-
paMeTpoB NpHMEPHO TOH e CcTeNeHH TOYHOCTH, KOTOpas BO3MOM-
Ha [Jf THAPOreoJOrHYeCKHX NapaMeTpoB, HCNONbL3YEMHIX (BMecTe
¢ (PHIHKO-XHMHYECKHMH MapaMeTpaMi) NpH NMPOrHO3HHX pacderax
pacnpocCTpaHeHHs 33Fpﬂ3HEHI]ﬁ+ B CBA3H ¢ 3THM pPEKOMeHnayeTCH
NpHMEHATHL Ja0OpATOPHBIE YCTAHOBKH H CXEMBI, MO3BOJSAIOLHe NPH:
onpeaenenns QHIHKO-XHMHYECKHX NapaMeTPOB HCNONL30BAThH aHa-
JHTHYECKHE peIUCHHSl ypaBHEHMi] MHrpalHu AaA MOCTOSHHOH CKO-
pocTH (HABTpAIHH, OAHOMEPHOro NoOJyorpaHHyeniioro (B rHAPOXH-
MHYECKOM OTHOLUEHHM) NOTOKa M IpH HauboJee NPOCTLIX rpaHHy-
HEIX YCJOBHAX Ha BXojie (UALTpAIHOHHOrQ TOTOKa B TIACT.

Kpome Toro, metonuka oOpaGoTKu ONBITHBIX JaHHBIX CYLUECT-
BCHHO YNpoulaeTcH, a TOYHOCTH ONpefe/IeHHs napaMeTpos — YyBe-
JIHYHBAETCH, €CJH ONBITH NMPOBOAATCA Ha (OHe HEHTpPaJbHOro KOM-
NOHEHTA. DTO MO3BONACT BHYHCAHTL MapaMeTpbl AHCIEPCHH OTAE/b-
HO, HE3ABHCHMO OT NapaMeTpoB JApyrux (GHIHKO-XHMHYECKHX Tpo-
11€CCOB.

JlabopaTopuule onweTe no Gonee cAOMHEIM CXeMmMaMm [eiecoob-
pa3Ho NpOBOAHTL JHIUL B CNENHANBHBIX UEAAX, HATIpUMEep, AJgq noa-
TBEPIKJICHHA TEOPETHUECKHX TIOCTpPOeHHiT W peIUeHHs 3ajay Macco-
obmena u AupdysHH, MOAYUEHHBIX NPHMEHHTENBHO K HEOMHOPO/-
HBIM FHAPOXHMHYECKHM H ttIHJIbT]JE.LlHﬂHHHM YCIAOBHHM,

Jlaboparoprubie metods onpedenerus napamerpos 83aumoleti-
CTBUA.

Kosdpduuuent monexkynsipuwoii auddysuu [lpn-
MEHHTE/IbHO K paccMartpuBaeMol dipolJieme 3arpssHeHHS TNOA3EM-
HHIX Boa onpeaencHue Kospduumenta wonexkyaspuoi AuddysHL
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D, npeacrasifer HHTEPEc B TeX c/Ay4YasiX, KOrjfla OMKHAAKTCH OYEHb
MaJibe CKOpOCTH (HALTpalHH, HAlpHMEp, B CBA3HW ¢ ONEHKOH BO3-
MOYKHOCTH 3arpAsHeHHs TIOA3EMHHEIX BOJ TOKCHUHBIMH BeUIECTBaMH
H3 XBOCTOXPaHWJHIL, HAKONHTENEH H APYrHx NpoMblllenHux Oac-
CeHHOB, IKPAHHPYEMBIX TJIMHHCTHIMH, cnaboNpoOHHIEAEMBIME TPYH-
TaMH.

Koadguunent mosexyaspuoit nuddysuu onpepensiior B 0TCyT-
-CTBHEe QHILTPANNH, YToOB HCKJAKYHTL BJHAHHE THAPOJAHHaAMHueE-
CKOH AMCNepCcHH.

Jnsi namepenuss Maabix KouueHtpauwuii peuects, auddynanpy-
10Hx yepes obpasen caabonpoHunaeMoro rpyurta, aabopatopHbiii
OnbIT MPOBOAHTCH Ha npuGope THna auddysHonHoi Adeiku [13, 86,
B HHXHeM Obede KOTOpOH TPOHCXOAHT HAKOINNEHHWe BelllecTBa.
B onbiTax HenonbsyeTcst HecopGupyeMmbiii HHAWKATOp, Jyulie Bee-
TO — paaHoakTHBHHH (pHc. 62). B wauane oneta oGpasely rpyHra

i
luFo

Prc. 62. Cxema YCTAHOBKM AAR HayueHHn Monexynapuol guddyaun:

£ — pepxunfl Oubed, sanoanmeEnsft pacTLOpoM  pPanHOAKTHEHOIO WHAgHKATOpa; £ — olpaaey
rpyATa; 33— HWwHRR Gwed; F — neeIoMeTpR; 5 — ypanuuTensuufl cocym; 6 — SAAcCTHYHAR
ntnfﬂ:hl-ra: 7 =~ KOANMMHPORANMBE aaTynk; & -« COBARHHTENLHMEE WAAKRCH, § = pepocucti il
npubop

FPHe, B3, 3Tan0MHAR B ONETHAR KpPHABLE C (t)—In 1

I — KDOPAMHATH STAAOHHOA KpHBOfi; 2 — STANONHAR KPHDAR; J = KOOPAWHATH ONHETHON HKpM-
‘gof; 4 — onMTHAR KpHBaA; § — cMellCHBE

n Opedbl 3anOAHAKTCH BOAOH. 3aTeM HHAHKATOpP B 3HAYHTEJNBEHOM
KONHYecTBe BBOJHTCS B Bepxuuil Obed ([1); npoanddyuanposapiunii
yepez obpasery rpyuta (Z) pajgHOAKTHBHEI HHAMKATOpP PerHcTpH-
pyetcst B HuxkHem Ovede (3). UtoOw nzbexat, duabTpaumu pact-
BOpa HHAWKaTtopa, B 00oux Obedax ¢ MOMOLIBLIO CRENHAJbHOro ycT-
polictBa (5) noanep}uBaeTcs paBeHCTBO HANOPOB, KOHTPOJHpYye-
Moe nhesoMetrpamu (4). Dnactiiynan membGpana (6) nepepaer nNaB-
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JieHHe H OJIHOBpPeMEHHO NpefoTBpallaeT BO3MOMKHOCTL NONAajaHHA
HHAHKATOpA M3 BepxHero Obeda B HHUXHHA. H3mepenHs akTHBHOCTH
(KOHNEHTPAIMH) HHAMKATOPA NMPOBOASATCA ¢ NOMOIBI KOJJHMHPO-
BaHHBLIX AaTunkoB (7) w nepecyernoro npubGopa (8).

Bo Bpems onbita KOHUCHTpalHa HHAMKAaTOpa B BepxHem Onede
MPAKTHYECKH He H3MEHAeTcA; B HiXkHeMm Obede, riae NpOHCXOAMT
HaKONJeHHe HHAHKATOpPa, OHa YBEJHYHBACTCA. 3aBHCHMOCTh C(l, 1),.
rae [ — navna obpasua, noJyyena ¢ y4eToM HAKONJIENHA HHJIMKA-
Topa B HuXHeM Gbede M umeer s [13]

ol e - T\ T
E‘[;‘i )= G mﬂerfc{?,}—Eexp[I+(ﬁ) ]eﬁ'c(l—bﬁ),
(8.3)
rae
. l oy NIF
2/ Dyijn ' w

3necy F — naouiaaes nonepeynoro ceuenus obpasua rpynra; W —
o6beM MHAKOCTH B HHXKHEM oTceke npubopa. Popmyna clipaBej-
nuea npu {=<0,25 £n/D,,.

Ilna onpenenenns Dy no pesy/ibTaTaM SKclepuMeHTa YAOGHO
BOCMOJNL30BATHCH METOJOM 3STANOHHOH KpHBOH B cJaenylollem no-
pAiKe:

1. lns n3MepeHHoro B onHTe (aKTHYECKOro 3HAYEHHWA | W He-
CKONILKHX 33aflaHHHX 3HauyeHHii A no ¢opmyae (8.3) crpoHtcs sTa-

nounas Kpusasi B koopaunarax C (v) —In Fo. 3necs Fo = a0

;EL; {— BpeMs OT HAaYana onwTa; fj— HEKOTOPOE HOPMHPYIOLLEe:
o _

Bpem#l, BulbHpaemoe NpoH3BoJbHO (Hanpumep, BpeMs nepBoro 3a-
Mepa KOHUCHTPalHH HHAHKATOpa B HHXHem Obede).

2. Ctpourcs (ua kannke) B koopanHatax C(z) u Int dakTHye-
CKaf KpHBa#, NOCTPOEHHas MO 3aMEpaMm KOHUEHTPAUMH HHAHKATO-
pa B nH:xkuem G6rnede (1) (puc. 63).

3. ®akTHYecKan H 3TaJOHHAs KpHBHe coBmematorces. Tlpu stom
ropuaoHTanabubie ocH In Fo u Int eMemalores Ha seawuuny In A=

—— Hﬂfﬂ
= In =+ TOCKOJBKY

D"I
ni? A ni?

s e ineesin
432

4. Hamepsietcs BenuunHa InA na ueprexe, nopcuuteiBaerca A
H 3atem Dy

Anl?
D= ,’: . (8.4%
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OnelT, npopefeHHBIl Mo TaKoil MeToanke, ¢ obOpaslloM cynecH
(nnothoere 2,68 rfem?, BaamuocTe eciectBeHHasn 19,8%, nopuc-
Ttocth 0,32, comepmanue uactuy pasmepom 0,00—0,01 mm 57,9%,
menee 0,01 mm 30,3%) nan anauenwe D,,=3,9-10-7 cm?/c.

Kosdpdpnuvent GHALTPAUMOHHON JAHCHEpPCHH
peuecte L) npu QuABTPALHK B NOpPOJax BOJOHOCHOrO IacTa Ie-
necoo0pasHo OUEHHBATR, Kak 3TO yxe OHJIO OTMEYEHO panee, No
pe3yinbTaTaM IMO0JEBHX ONBTHO-QUALTPAIHOHHBIX  HccJenoBaHHi.
B naGopaTopHuIX Ke yCJIOBHAX 3TOT {12paMeTp cleiyer YCTaHaBJH-
BATh JIHIUL B CBS3H C M3yYyeHHEeM COPOUMOHHHIX ABJIEHHH W APYIrHX
BH/IOB (HIHKO-XHMHYECKOTO B3aHMOACHCTBHA, Ha KOJHYECTBEHHYIO
OIEHKY KOTOPBIX B ONLITAX BJHAET THApPABJHYECKan JIHCIEPCHA.

Merosnka onpeaenennsi Kosdduuuenta AHCIEPCHH H3JN0MKEHA B
pabotax [25, 77, 85, 126, 129, 131 u ap.].

Hns oneltoB ynobua yctawoBka [25] (puc. 64), noszpoasiomas
noAfepKHEaTL NMOCTOAHHYID CKOPOCTh (HALTpalHH, MEeJaTeNbHOs

¥
'

L 1
= ol

b

Prc. 64. Cxema aabopatoprofl ycranoskn fam waydenns dwanTpansonnoll gMcnepers:

i— lummmpﬂc rpyuTOM; .!'.I’r ¥CTpoRcTRO AAA ODOAEYH PACTROPA HAM RODH.

— KPAH AN NONCPEMCHHON NoAaYH BOAK HAH pacTeopa; 2 — QHALTP; J — TPYOKN ANA oTlo-

ra duawtpara; 4 — kppnuka; §— yorpollcTRO anA nogiepmanwd NOCTORMHOMD YPOBIHR; § =

.:luprlnﬁ'r!:m; 7~ nopava popw waM pactoopa; 8 — came aOnToumoll MMaxocTH: 9 — PEIHHODLIE:
i H

OJIM3KYI0 K CKOPOCTH (MIBTPallMH Ha PacCMaTPHBAEMOM Y4acTKe:
BOJ/IOHOCHOTO MNTaCTa B €CTECTBEHHBIX YCJAOBHAX MM ¢ yyeToMm GHJb-
TpallHH H3 HCTOYHHKAa 3arpPA3HEHHA W APYTHX AONOJHHTENBHBIX THA-
POAHHAMHYECKHX BAHAHMIA,

OGuuHo Ans pacueta MCNONBL3YIOT BHIXOAHHe KpHBbie G(I), mo-
JAy4YaeMble IPH BBITECHEHHH H3 obOpasna Nopofs YHCTON BOAW BO-
Jl0ii, conepkatueir HeiTpansHoe BeulecTBo («MeTKy»). Buumcnenne

NPOBOMTCS PA3NHUHBIMH MeToaaMu: nyTem AWpdepeHiuposa-
HHA BBLIXOAHOH KPpHBOH H BuhiYHcaenuss D no oadoii Touke =05
[137], mo 2—3 toukam BuIXOAHOH KpuBOil [77, 126]) Han ¢ MCNOMB3O-
BaAHHEM BCEX TOYEK BBHIXOJHOH KpHBOH, uTo gaer HauboJee NMOJHBIN.
VieT BCeX IKCTepHMEHTaNLHBX AaHHBIX (pHc, 65).
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B nocnegnem cayuae pacuer [ BHIMOJNHAETCA NMyTeMm JHHeapH-
saunu Kpupoi C(f) no rpaduxry £(f), rae

E =V1 arcerf (1 —20). (8.5)
Torna
D = V¥4n ig*B,
(8.6)
D = nx*/4B*,

rae V — cropocte duabTpaumn; p— yron naknaona npamoi E(f)
K OCcH {; B — OTpe3oK Ha OCH OpJAMHAT, OTCEKAaeMulil 37Ol npaMoil.

H3 971X e ONHTOB ONpeAeNsiOT AKTHBHYK MOPHCTOCTH I1O-
poak:

v

n= T !Eﬁﬂpﬁ " {B.ﬁﬂj

3nech lz_gs — BpPEMS, MpH KOTOPOM KOHUEHTPAUMs HCCAEAYEMOTO
KomnoHenta B ¢uaptpate cocrapaser C=0,5 (3a =0 npHHuMa-
€TCsi MOMEHT BXOJIa 3arpsA3HeHHON Boid B obpasenl nopoam); € —
oTHOCHTeJbHAs KoHUeHTpaumsi: C=C/[Cyy, rae C — KOHUeHTpauus
BellectBa B ¢puabTpaTe; Cyx — BXOAHAA KOHIEHTPAallHA BellecTBA —
Ha BXoJie pacTBOpa B ofpasell nopoaH.

ITapamerpu nmoraomeunnsn Jlaas obneruenws obGpaGot-

KH 3IKCTIEPHMEHTAJbLHHX AaHHBIX NpH (HIHKO-XHMHYECKHX Hccie-
JIOBAHHAX H3y4YeHHe KHHETHKH cOpOuHH

¢:=]J"i_nr::rf{f—zﬁ B JIHHAMHYECKHX YCJAOBHSX YacTO CTpe-
MATCA TPOBOOHTBE TaK, 4TOOH NpOLO.Jib-
N Hasi JIHCIIEPCHS BelllecTBa OTCYTCTBOBA-

. na [42].
B Onuako npH QuabTpauuH pacTBOpa
i yepea obpa3zer, NOPOAL TIPOACABHAH JIH-

= CNEPCcHsl, KaK MNpaBHJIO, TMpPOABJISETCS.

[losromy uedecooOpasHo HCNOALIOBATH

TAKYI0 METOAHKY mpoBeleHia H obpa-

OOTKH pe3yJbLTATOB JHHAMHYECKOrO OIEI-

T4, KOTOpas NO3BOASET BHABHTL KHHe-
Puc. 65. Tpadux sammcwmo- MATHKY H napamerps copbunm npu oj-
e £ (1) HOBPEeMeHHOH AHCIEPCHH PaCTBOPEHHOIO

perlectea. HaunbGonee npocro (m TouHo)
9TO moayyaerca B TOM cayuae, ecaH (HALTPYWLIHICA yepes mno-
POAY PacTBOP COMEPHHT Kak HcecJeAyeMBlil copOHpPYeMBIil KOMTIO-
HEHT, TaKk M HecopOHpyemulii nopofoii KomnoHweHT (Hanpumep,
Xnop-noH). OnwiTHas ycTaHoBka (cm. puc. 64) M TmpoBefeHHe SK-
‘cnepHMeHTa onHcaHel B paborax [25, 78 u np.].

[lo peaynbratam anasuiza nocsefoBaTenbHBlx npo6 GUABTpaTa
MPOBOAHTCHA MOCTPOEHHE BHIXOAHLIX KPHBBIX OTHOCHTENbHOH KOH-
sentpannu C¢(1) u C¥, rje MHAEKCAM «C» H «HC» COOTBETCTBYET
copOHpyIOIEecss 0 HecopOUpYIOLIEeCs: BELLECTBO,
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Ilo suxomHofl KpuBeii CY¢ (f) onpepensior, Kak 3to OBIO OMHca-
HO Bhille, Ko3pdnuuent aucnepcun ) M aKTHBHYI0 MNOPHCTOCTL M.

dopma BhixogHoli KpHBO# copOHpyiolleroca BenilectBa C°(f)
34BHCHT OT COCTaBa H CTPOEHHS NMOPOAB, AJHHBLI 06pa3sna, cKOPOCTH
(PHALTPALHH, AKTHBHOIN MOPHCTOCTH TOPOAM, KoadduuHMenTa AHc-
nepcHH W MapaMeTpoB copOIHH.

AHanorHuHble ONBITHI ¢ TOH 2Ke MOPOAOH, HO Npu APYroi MJH-
He obpasna, no3BOJAIOT NOJYYHTH HECKOJBKO BBIXOJAHBIX KpPHBHIX.
Ananns kpusbix C¢(f) npu dukcHpoBaHHOM X W KpHBhiXx C¢(x) Ha
OAHO H TO e BpeMs [ MO3BOAAET yCTAHOBHTHL Xapakrep norjoule-
s, BoaMomHB cheayioilHe OcHOBHBIe cavyaun (pHe. 66).

.
£

i

|
I
Z T

E-H—cﬂ‘ Fﬁi Tpadmxu E{x} n C({) npH  GHALTPALMHH COpOHPYWLLErocH BelecTea: a—C‘{H:
X P

{—pans weliTpasekoro HecopGHPYIOIErOcs BenyecTea; 2 — npd pandopecHoR copGrem; 3, 4 —
npu_uenalﬂuﬂmmn copBiHu; flb—HpEHﬂ npoxoxaenidn dpowta GHIBTPaOEH B Touke x5

.t'd,- nonoxenne gpoita GHALTPALMK HA BpeMs i

[. Boixonnoie kpuBole C"e(f) u KpHeBoe CPC(x) aHaJOrHM4HBL
COOTBETCTBYIOLIHM KPHBBIM JANA HecOpOHPYEMOro KOMIIOHEHTa, T.e.
copOHpyemBlit 1 HecOpOHpPyeMBIH KOMNOHEHTH HMeT B (GMJILTpaTe:
OAMHAKOBYK) OTHOCHTEJILHYK KOHUEeHTpauMi. B stom cilyyae Be-
I"IECTBO MOXKHO CYHTaTh HENOIJIOULAaeMBIM, T. €. Takwe HefiTpaib-
HEIM.

2. Buxoaunas kpusas C°(f) nmo opme aHAaJOrMyHa KpHBOIL
Aas HecopOHpyeMOro KOMMOHEHTA, HO «CABHHYTa» BO BPEMEHH Ha
BeJHYHHY Af. DT0 yKasbiBaeT Ha paBHOBECHBIN XapakTep MNOrJolle-
HHSI H NO3BOJIAET BHYHCJIHTL NapaMerp B nyTeM CpaBHEHHs BH-
XOAHBIX KpHBHX ANf copOHpyeMoro W HecopOHpyeMOro KOMNOHEH-
ToB. H3BecTHO, YTO CKOPOCTH ABMMKEHHF B TOPOAE TOUKH ¢ KOH-
ueHTpauneii pacrsopa C=0,5 6yner: ans HecopOHpyloUlerocs KoM-
NoHeHTa ' (HanpuMep, XJAOPHAOB)

V™ =utz, . (8.7y
18 copOHpYIOILEerocs KOMMNOHEHTA
Vie =l t%:ﬂ. 5* {E*+E.]-'*
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3nech [ — nauna o6pasua; fg_o 5 H Ig_p s — MOMENTHI nosie-

Jenus B GHAbTpaTe NONORMHHOIN KoHuentpaumn (C=0,5) cooteer-
cTBenHO JJs HecopOupyemoro m copGupyeMmoro Komnonentos. H3
(8.7) u (8.8) cnepyer, uto HHTEpBan BpeMeHH Af («CABHMKA»)

ME}KH‘F t%:—ﬂ.ﬁ H t%nﬂ.ﬁ PﬂBEH

1 1
At=t(<e— i) (8.9)

Huns wecopbupywolllerocs KOMNOHEHTa CKOPOCTHL JABHMKEHHH TOY-
kH C=0,5 cooTBeTCcTByeT cpefiHell CKOpPOCTH NOTOKA:

Ve — Vin. (8.10)

Ckopocts aeuxenns toukn C=0,5 copGHpylOUIErocs KOMIOHEH-
ra ceAzaHa ¢ V¢ cnenytommnm oGpazom [94]:

Vq:c - I,um: ﬁ X E.Il
14-p ( )
ChenoBaTenbHO,
At = IJ(V*~p) = an;‘ (8.12)
Kosdmunent pacnpeneneHHs cOOTBETCTBEHHO paBeH
= A
p= VR (8.13)

Ilo BmixopHON KpuBoii copOHpyemMoro KOMIIOHeHTa pacuyer Ko-

spduunenta pacnpejiesieHns NpH paBHOBecHoil copbunH MOXKHO
TAKHKE CACJIaTh N0 BhpaHeHHIO

1 v rl;,_:,,z;l)_l_

b nx \ Lp—&

3nech t, u f; — apa mMoMmenTa BpeMenH; C H C2 — COOTBETCTBYIOLLHE
HM KOHLEHTpalHH HAa BLIXOAHOH KPHBOMH; [; H [z ONpefesiorcs mo
(8.5). Kosdduument aucnepcHH cOOTBETCTBEHHO BHIUHCASETCH M0
¢opmye

L T e By 8.1
“ 4n I+E') ;3_;'1). (6.19)

TTockosbKy mpn pacuere B no «cABHxKe» man no ¢opmyne (8.14)
HCMONB3YETCA TOJNbKO OJHA HJK JIBe TOYKH BBIXOJHOH KpPHBOMH, 3TO,
Kak OTMEYaJloch patee, MOMeT NPHEECTH K OlIHOKam B Oonpenese-
HuH B u D, Tlosromy Asis onpenesienHss 3STHX TnNapaMeTpos-lpej-
NOYTHTENbHEE HCNONABL3OBATH OMHCAHHBIA BHIe rpadoaHanHTHYeC-
KHil MeTol JHHeapusalmm kpupoit C(f), npu KOTopoM paccMaTpH-
BAIOTCS BCE OMNbITHHIE TOYKH. B

3. OTtHocHTENIbHAN KOHUEHTPAUHs HcedleayeMoro BeulecTBa C°
B JoGoe BpeMs { HHXKe OTHOCHTENbHOH KOHUEHTpalHK HecopOHpye-

(8.14)
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MOro Komnouwenta CU¢, npHueM 1o MpoLIECTBHH HEKOTOPOro BpeMe-
HH B Kax/0il TOYKe X YCTAHABJHBAETCA TMOCTOSHHOE BO BPEMEHH
aHayeHHe €€, H3MEHsOLULeeCH JHIL Tlo NyTH (HUALTpPaNHH, T. €. OT
BXOJIHOTO ceyelns B riy0p KOJIOHKH, Mo 33aKOHY 3IKCMOHEHTH. B sTom
Cllydae pacyeT KOHCTAHTHI CKOPOCTH Mponecca y NpPOBOAMTCH MO
BHPaXKeHHIO

v [(1- 2522 ] -

3nece V — ckopoeTe ¢HAbLTpanuu; D — napaMeTp AHCHNEPCHH; A —
AKTHBHAA MOPHCTOCTh; C; — OTHOCHTE/bHBE KOHUEHTPAUMK Belle-
cTtBa € Ha BuIX0J€ H3 KOJNIOHOK Pas/IHYHOi AJHHBI X.

Kpusele Biga 3 (cM. puc. 66) xapakTepuu Ans NpoUeccos pac-
najpa, OcCa)<JeiHs BELIEeCTBA M3 pacTBopa NpH XHMHYECKHX peak-
MAX, a Takxe s copbuuu npu oueds GoJibloi (HEOrpaHHueH-
HOM) eMKOCTH NOpOoAH,

4. Tlpn orpannyennoii copGUHOHHONR EMKOCTH TOPOAB, KOIAz
Hapaay ¢ copbuueit npoucxoaut aAecopOuHs BeulecTBa, 3aBHCH-
mocTH CC(x) Ans pasuoro BpeMeHH [ HMeOT BHI KpHeofi 4 Ha
puc. 66. C TeuenneM BPEMEHH B KaMJIOM CEYEHHH X KOHUEHTpallHs
GyaeT yBeaHuHBaThes Ao CC= 1.

B stom cayyae, kak oTrMeyasoch BHIIlE, TEOPETHUYECKas 3aBHCH-
MocTh C°(x, f), nmpeacTaBAsioOllas pelleHHe cHcTeMmb AHddepen-
LUHaNbHBX ypaBHeHHii KOHBEKTHBHOH OHQQy3HH H HecTauHoHapHON
copOuMu, UMeeT KpailHe CIIOXHBIT BIL

Haa oOpaGoTkH 3KcepHMeHTAJAbHLIX AAHHBIX H rpadoaHanuTH-
YECKOro pacyera copOIHOHHBIX NapaMeTpoB % W  MOXKHo HCTIOJb-
30BaTh pelleHHe YKa3aHHoH CHCTEMB YPAaBHCHHWI MOc/e NpHMeHe-
HHSl K HHM onepaumonioro npeobpasoBanus Jlanaaca {78, 81]. Ilpu
9TOM KpHBasx C(x, {) TpanchopMHpYeTcs B KpHByIWO ajis sn3zobpa-
wenusi» U(x, p).

[lapameTpu pacteBopeHHA PacTeopeHHe TBEPAHX CO-
Jdeit npH GuabTpanny B NOpoAax, Kak NnokKasaHo Belllle (cM. ra, 2),
ONUCHLIBAETCH YpaBHEHHeM KOHBEKTHBHOH aubdysun ¢ A0N0JAHH-
TeilbHbBIM YWIEHOM, YYHTBIBAIOIHM KHHETHKY pacTBOpeHHsi. B wact-
HOCTH, MPH CYIULECTBEHHO H3MeHslledAcs NOBEPXHOCTH pacTBOpsie-
MBIX YACTHIL COJIH ypaBHEHHEe KHHETHEHM Oymer uMerts BHg (2.15), e
KoTopom N — KOIHYECTBO BEUIECTBA, BHIHECEHHOE MPH PacTBOPEHHH
H3 eAHHHLB o0beMa nopounkl (r/fcm®); o pacTBOpPEHHs COJAEpPHA-
Jock Ny conedl. ITH BeHUHHE MOMHO BHIPa3HTh TaK:

Ny =1vlo, N=1v,(t0—), (8.17)

rie Ye — MIOTHOCTL PAacTBOPHMOro BelecTBa (cosH) B r/em?; §
H ' — HauaabHOE M TEKYluee yaedbHoe 00beMHOe CONEPXKalie Be-

LHECTEA B JOJAX €MHHHILEL.
Jlas XapaKTepMCTHKH NpoOllecca pacTBOPeHHs coJjeil H3 NMopojas

0pn PUALTPAUHK HYXKHO 3HATHL HAYaJbHoe yaeabhHoe o0beMuoe ;ﬁ
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H HayaJbHOE yjejabHoe BecoBoe {7 (r/r) KOJHYECTBO PACTBOPHMO-

ro BEllecTBA B MOPOJAE, MAKCHMAaJbHYH) PacTBOPHMOCTb COMEpPHd-
Lerocs B Nopojie TBEPAOro BELLECTBA B NMPHPOJHBIX TOA3EMHLIX BO-
23X Cyape (r/feM®) u mocTynalommx B MOPOAY CTOYHBIX  BOAAX

wexe (T/CM®), a TaK)Ke KOHCTAHTY CKOpOCTH pactBopetns (koaddn-
IIHEHT BHILlleJlayHBaHHA BEllecTBa nopoaws) ap 1/c.
BecoBoe cojepmanne B nopojie Toro WAH HHOMO PacTBOPHMO-

ro pemectea Lo (r/r) ompenensiercs ¢ MOMONILIO XHMHUECKHX Me-
TOJOB HCCJAEN0BAHNN — BAJIOBOr0 XHMMHYECKOTro AHAJIH3a, aHa/iH3a
BOJIHHIX, COJISHOKHCIILIX H APYTHX BHITSAMKEK,

MeToanka KoJHYECTBEHHOTO ONpEneeHHs BOJAOPACTBOPHMBIX CO-
neit (xnopuaw, cyawdate n kapbonatm Na, Ca, Mg) uanoxena B
paGote [80].

VaeanHoe oGbeMHOE cOAepanHe BelecTBa B nopoje Ly  (ao-
JH e/IHHHILLI) paccunTHBaeTca no Lo

0 n
=101 —nk, (B-lo
C
rae yn — NJOTHOCTL HEBBLILEJOYEHHOH MOPOAB;, N — NOPHCTOCTL He-
BHILIEJIOUCHHOH MOPOLL; Yo — MAOTHOCTEL COJIH.
Ecnu _nnotaocTe nopoawl 6ulJla onpeaedaeka nocde nodHoro yaa-
JIEHHH H3 Hee PACTBOPHMOro BELIECTBA, TO

P (el 1 (8.19).

Ye + Eﬂ(?:l_?_ﬂ) .

ri€ Yn— MJIOTHOCTD NPAKTHYECKH HEPacCTBOPHMOI 4acty MOPO/H.

MHHEHMEHBH]'[G PHETBGI}HMDETI: cojlepxallerocs B nopoje TBEP-

JOTO BelecTBa B NPHPOAHBIX Cyaxe H CTOUHBIX BOJAX oxe  Ofl-

peaeNfAloT ONbLITHBEIM nyTeM. JlJas 3Toro MeJIKO HM3MeJbUeHHyK Ha-
BECKY TMOPOJAL 3aJHBAIOT H3MCPEHHBIM OOBLEMOM [PHPOJAHOIN HIH
CTOMHOR BOABI H CMeCh NMOMelldlT B annapaTt JJisi BCTPAXHEAHHA
Ha 1—2 cyT, ¢ NepHOAHYECKHM OMNpefefieHleM KOJIHYECTBa pacTBO-
pAIOLIErOCs BELLeCcTBa.

O6paboTKy NOPOJH BOAOH NPOAOJIMKAIOT [0 AOCTHEHHA MAK-
CHMaJIbHOIO co/lepXaHusa B Boje 3Toro BeulecTBa Cuape-

Jlns onpeaesieHHs KOHCTAHTH CKOpPOCTH pacTBopenus =, (l/c)
NpoBoAST (UALTPAUHOHNIEI ONBIT HA YCTAHOBKC, ONHCAHHON B pa-
Gote [76] (cm. pue. 66).

IKcnepHMeHTaNbHble JaHHble oOpabaTHiBaloT B BHJe BBIXOJAHBIX
KPHBBIX éj{r), rne C — kKonuentpauns B GHALTpaTe pacTBOpAOLLE-
rocs Benlectsa B r/cw®, [ — BpeMs OT Havana NOSBIAEHHA 3TOro
BELlECTBA B QHAbLTpATE.

OnwiT enaTelblo NPOBOJAHTL BIJOTH [0 NOJHOro Bhiloca pa-
CTBOPEHHOTO BElIeCTBa, OAHAKO (NpH oOuYeHL MEAJEeHHOM BbIHOCC)
er0 MOXHO MPEKPaTHTL Noche OoJiee HAH MCHEE 3aMETHOro CHIHC
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HHUS COLEpHAaHHs BeulecTBa B uantpate €. Ilns paciera KOHCTaH-
THl CKOPOCTH %p MOMAHO HCTIOJL30BAThH pELleHHe CHCTEMBb! ypaBHe-
HHil, oTpamawllel KOHBEKTHBHLIH NepeHoc ¥ PacTBOPEHHE B NOJY-

; ac
orpanvyerdnom Tene npi D=0 n 5 =0 [33].
Bo Bropoii cTtagMM pacTBOopeHHsi, KOrja BO BXOAHOM Ce4YeHHH

chopMHpOBanack BullLeNOYeHHAs 30HA, paclipeje/eHHe KOHLEeH-
Tpauui B pacTBOPE NOAYHHAETCA ypaBHenHio [33]:

Cesil e ‘ :
sawe — (Caance Jm‘[ﬂ—ﬂ]mp]/;'ﬂ_fﬂ’]

3necv [ — nnuua oOpasua, cm; V — ckopocTe ¢uabTpaunH, cm/c;
«1 — CKOPOCThL BblllleJIJAYHBaHHA BelllecTBA W3 NoOpoAd, cmfc, ompe-
JlensieMas no caefyiolemy Bouipamennio [76]:

= ‘C";:"” : (8.21)
Cole

(8.20)

i

rne Cp— HauaJbHOe COMEpHAaHHe BCILECTBa B Boj€, MOCTyNaKueH
B ofipasen (Cp MoxeT ObITH PABHO HYJIHO).

Ha (8.20) xKosgduunenTt cKopocTw pacTBopeHus =, Oyner pa-
BEH:

o 6
Uy = —== arth V ——=0_. 8.99
. }/ fg (I — at) V{-uaut—l‘:, ( )

Ilas pacuera «p no (8.22), ¢ BuXoaHo#i KpHBOfI Ha YYacTke,
< 0,6, GepyT HECKOJBKO Map COOTBETCTBYIOLIHX SHaYeHHil

The
MaKe

f; n C;, no kotopbiM cTposT rpaduk ¢(f), rae g = arth'E—E' .
¢ EH-'H:E_CI!
KoshGHUHEHT cp HOACHHTHBAIOT 110 BhIPAXKEHHSM:

dy= T B23) wm o= DD (8.24)
! Vﬁu a)/ &

3nect B — orpe3ok, oTccKaeMulii npaAMol ¢(/) Ha OCH OpAHHAT:
tgt — yrnoeoit koadduuuenT 370it npaMoil.

MoxHo onwiT no pacTBopelHio NMPOBOAHTL OJAHOBPEMEHHO M
ABYX-Tpex 00pasluoB OJHOH H Toil e MNOPOALI Pa3JH4YHON AMHHSI
4y, Iz, I3, Ho npu oaMnakoBoit ckopoctH duabTpaukn V H ¢ oano-
BpemMenHBIM oTGopom npo6 (umabTpara. dto NosBoaser Aas aw0bo-
ro BHIOpaHHOrQ MOMEHTa BpeMeHH [ MoCcTpPoMTL 3aBucHMocTh C(I),
[“:ﬂTﬂpHH B COOTBETCTBHH C }FPHBHEHHEM CKOpPOCTH pHCTEDFEHHH
TBEPJOrO TeNa A0NXHa uMeTh Buj [76]

(8.25)



Kos¢gdunnenr ap B 3TOM clyyae onpelensieTcs Aas KamaoH
napu 3Havennit C; n Iy

oy, o L (8.26)

I

H3 meckonbKHX, onpefe/leHHBIX B OTACNbHEX TOYKaX, 3HAYEHHI
op NOACYHTHIBAKT Cpej/lHee A5 oNbiTa 3HAYEHHE op.

[Ipn weusmensiouiefics NOBEPXHOCTH PACTBOPHEMBIX. YaCTHIL CO-
JIH ypaBleHHe KHHETHKH BHpa)Kaetcs B BHie (2.14). B stom cay-
yae /s onpeaeneHHsi KHHETHYECKOro NapaMeTpa ap, MOMXHO HC-
nonL3oBaTh peluenne (5.67), Koropoe oTpa)aer COBMECTHOE BAHS-
HHE PACTBOPEHHs H JHCNEPCHH Ha BHIXOAHYI KpHBYK. [lna Bro-
poii cTaguu npouecca {12}7]:} OHO HMEET BHJL

E‘=e:-:p [-—ﬂ%—;ﬂ(]/ 14 45;2D — I)-‘ (8.27)

YuutbiBaf, uto [=al u obbuio D<KV, Bmecto (8.27) momuo 3a-
NMHCATh:

C =exp [_ﬂ’%g.‘ﬂ. (E_F':D)T — exp [._ ﬁ%m & i%] . (8.28)

IKenepHMenTanbible AaHoble obpabaTtnBalor B BHle rpadmka
InC(f). KnneTuyeckuii napaMerp pacTBOPEHHs ap TNPH 3TOM Bbl-
YHCJSAETCH 110 IHHe 0Tpe3ka B Ha ocH opAHHAT:

ap =LV (8.29)

X

an6o no Tanredcy yraa 0 npsamoit InC(f) K ocn aGeumce:
e, = Vigb/a. (8.30)

3J'I.EEh {1 — CKOpPOCTEH BHINENAUYHBRAHHHA ]]E'ETBI'JPHMDI"G REMECTBa H3
nopoas, onpefeaseMas no (8.21).

[Tonressie meTodsr onpedenserun napamerpog 63aUMoJelcTeUN.
B nosneeslx yc/NOBHSX napaMeTpH B3aHMOACHCTBHA  ONpeNessioT
nNyTeM 3anycka HHAHKAaTOpa B MOTOK MOA3EMHBIX BOJ — eCTCCTHEH-
HHH H/IH HAPYLIEHHHHA OTKAYKOH (HArHETaHHeM) — M MPOCTeXH-
BAHHA H3MEHEHHH KOHLCHTPAUHH 3TOro HHAMKATOpPA B BOJE B TOUKE
Habawaenns. B kKavectse HHAHKATOPOB MPHMEHAIOT paJHOaKTHR-
Hble BELIECTBA, JEKTPOAHTH H Kpacurteau [119]. [lan onpepenenus
AKTHBHOH MOpPHCTOCTH n H Ko3pdpuuuchra ancnepcHu D neoGxou-
MB, KaK MpaBHJjo, HecopOHpyOllHecs NMOPONaMH HHAMKATODHL.

B cBA3SH ¢ TeM, yTO peaJibHblil XapakTep HEOAHOPOAHOCTH NO-
poA Ha yuacTke onpoboBaHHs B NOJHOH MEpE NPakTHYECKH He Mo-
#eT OhTh yuyTeH, B MOJIeBLIX ycJoBHAX ellle B Ooabllef crerncuw,
ueM B NabOpaTOPHBIX ONEITaX, HeoOXOAMMO NPHMEHATL Haubonee
NpoCcCTHE CXEMK '&HEI’IEPHMEHTDH H METOILK le-ﬂﬁpEﬁDTi{H.

H]JH 3TOM MOMHO HCXOAHTE H3 HEKOTODBIX ﬂpHﬁ.’lHH{EHIIHH
NpeAnOCh/IOK, HANpHMCpP NpH Olpeie/elHy @8KTHBHOH NOPHCTOCTH
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n NpHHUMATL, 4T0 GpouT PUABTPAUHH ((PPOHT MOPUIHEBOro BHTEC-
HEHHA) TNPH MAKETHOM 3aNycKe cOBNajaetr ¢ OTHOCHTEJbHOH Mak-
cHMalbHON  KoHUueHTpauuell Cuyawe HHAHKATOpa, NpHUIEALLEro B
touky Habnwpennsa. B coorBercTBHH ¢ 3THM pas pacuetra n A0-
CTATOYHO YCTAHOBHTL BPCMA NOABJEHHS YKasaHHOTO MaKCcHMalb-
HOI'o 3Ha4YeHHs KOHUEHTPAUHH Cuaxe-

Ilpn onpepencuun Kosdpduumenta aucnepcun D, xkoraa npen-
CTaBARET MHTEpec psia 3Hauennii C(f), NpHHAMAIOTCS ApYyrHe npes-
NOCHLJIKH, B YACTHOCTH, YTO YYACTOK 3alycKa HHAHKatopa BOJIM3H
Hﬂl‘HETEITE‘JII:-HDﬁ HJH OTKAYHBAEMOH CKBAMHHBI MOMHO ﬂxﬂpﬂi{TEpH-
30BATb OJHHM YyCpeJHEHHWM 3HauenHem D, xoTs B AeficTBHTENBLHO-
CTH 3JleCb M3MEHAETCH HE TOJNbKO CKOpocTh ¢miabTpauuu, no u D.

OGocHoBanue AONYCTHMOCTH Takoro npHOaMiKeHns NaHo B pa-
Gotax [20, 25, 77].

CopOumus 3arpsisHenuii npu $HUALTPALHH B BOJOHOCHOM MJacTe
naubosiee MoaHo MoweT OBITH N3yYeHa MpH 3aNyCKe CTOYHLIX BOL
H pacTBOPOB B CKBa){HHbi, OJHAKO B CBA3H C TPYAHOCTAMH OCY-
necTsieHus nojlo6Horo onbita o0BIMHO MOMHO OrpaHHYHTBCH 3a-
MyCKOM pACTBOpa, COJAEpPHAlUero oAHH-ABA 3IArpfA3HAIOUIHX KOMIO-
HeHTa H HecopOHpyeMmuifi KomnouenT. [lpu 3anycke Takoi KomGu-
HHPOBaHHOH METKH KO3(uLHeHT pacnpeneseHis NpH paBHOBECHOH
copbumH B nerko onpenensercs no «ciABHxKe» kpuwx C(f) ans
copGupyeMoro u HecopOHpyeMOro HHAHKATOpPOB [cMm. dopuyay
(8.13)]:1u60 no dopmyine

- (8.31)

p*__ pe’
rae D¢ w D" — gosdpunmentsl ancnepciu copGHpyeMoro u He-
copGupyemMoro KOMNonen1om, onpeaeJieHHble no nabaiojeHasn 3a
BpeMeHEM MpPOJABHMKEHHS W KOHLUEHTpallHell COOTBETCTBYHOLLIX KOM-
NOHCHTOB B BOJIOHOCHOM NJiacTe.

B NOJEBBIX ONBITAX, KaK npﬂHH.i'l-D, HPEJ].]TD“.[[THETCFI NarKetTHax
cxemMa nmoaayH HHAHKATOpA, HGEH{].JIE:H}-‘ ,B.ﬂETEJIhIIl:If{ HEﬂpEphIHHHﬁ
3anyck Tpebyer GoJIbIUMX KOJNHYECTB HHJAHKAaTOPa M TEXHHUYECKH
TPYAHO OCYULECTBHM.

B KayecTBe OCHOBHBIX MOMKHO PEKOMEHAOBATHL TPH CXEMH MMOJe-
BEIX ONBITOB (pHc. 67).

Cxema 1. 3anyck HHANKATOpPAa B CKBAXHHY B
YCIOBHAX €CTECTBEHHOTroO NOTOKAa NOA3IE€EMHBX BOJ
(puc. 67, a). 10T ONHIT BO3MOMKEH JIHIUL TPH 3HAYHTENLHOl CKO-
POCTH €cTeCTBEHHOro MNOTOKAa MOA3E€MHBIX BOJ, NO3BOJASAIOLLCH 3a-
BEePLINTL ONBIT 33 CPABHHTENLHO KOPOTKHIT cpok. Jlns npeapapu-
TCABHOTO pacuera JUIMTENLHOCTH ONBITA H ONpeaeielus notpebHo-
Fo pacCTOSIHHA X MEXJy NYCKOBOH u HaOJ0OAaTeNbHBIMH CKBAMKN-
Hasm HCITUJIhE}'ET-E.‘FI BHIpaieHne

§f — M Jl:'ﬂ
g (8.32)
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PHe. 67, Caesipd AOoNEpMx ONBTOR N0 ONPEAENENHID NAPAMETPOR PHIMEO-XHMHY4ECKDID BIAWMD-
AeficTemn:

4 — JANYCK HHAHKATODA B CKBAWHHY B YCIOBHAX AHAUHTEABHON CKOPOCTH BCTECTBLMEOMD NO-
TOKS NOAICMHIX B0 ﬁ— HAHETAHHC® (H.BHL:II'I] HHAHK3ITORG B CEBIRHHY @ = QTREAYKS HI
CKBAMHHE NpPH 3aNycke uun.n:-:a‘n:}pu n HalaIaTEARRVID CERARUHY.

d — ToYKH 3aNYCKa HNaHEatopa; 2 — Habnogareabibie TOykH; & — HAMMCTATCABHAR CKBaMUHA

rjie / — rpajMent Hanopa HJAH YKNOH [M0TOKA, OnNpefesseMbiii no
KapTe ruapoHsontes (rHApoH3orHNCc); R -— Huacquuneu'r duabpa-
IHH; N — OPHEHTHPOBOYHOE 3HAYEHHe AKTHBHON nopucTtocth (Oe-
percs Mo JHUTepPaTyPHbIM JAHHBIM).

Ilpu GwicTpoM ¥ paBHOMEpHOM paclpefefieHHn HHIHKaTopa B OT-
KDBITOM HHTCpPBAJIE CEKBaMXHHDbI AcHCTBHE BO3HHKAKOUIEro MIHOBEH-
HOTC COJIeBOI0 HCTOYHHKA ONHCHIBAETCH YPaBHEHHEM

_(x- Vifn)=

L1 Qe 40t/n
Cix, i) = EmadVHD_n e : (8.33)

3pech C — KOHUEHTpallnsi HHAHKATOpa B M0G0l MOMeHT BpemenH
B Boje B HabmopaTesNbHON TOYKE Ha PAcCTOAHMH X OT MYCKOBOH

(4]
CKBAaXHHH, TrfcMm¥, — — cpeanssa JeficTBHTe/bHAS CKOPOCTh ABH-
n

HECHHA TNOA3EMHHIX BON B HanpaBJEHHH X, NpHHHMaeMaH MNOCTOHH-

P Puc. 65, Fpadue C (f) » wmabawaarcasHoR

l CERAMMHE NPH IANYCEE HHANKATOPHOrD ®TE-

‘r RETA®
MERE

Luep

Ly han 4

Hoii, cmfc; Q¢ — KoJm4yecTBo Macchl HHAHKATOpa, 3aflylleHHOro B
ckBa:uHy, r; D — koadduuHenT AHCNEpcHH B HanpasBJeHHn X,
cm?/c; m — AAHHA OTKPBITOro WHTEpBAJa CKBaXHHbL d — AHaMETp
CKBaMHHL, & — KOS(dHIHENT, VUHTHIRAIOUIHI HCKPHBJIEHHE JHHWI
TOKA B CKBAXHHE H 3aBHCHUIHIT OT KOHCTPYKIIHH BOJONPHEMHONH 4a-
ctv; no H. A. OruneBr (cMm. [25]) e==0,3—4. HaGaionennn 3a n3-
MEHEHHEM KOHIEHTpPaIHu copbupyemoro u ‘HecopGHpYeMoOro KOMIoO-
HeHTOB B HalusiofaTte/nbHOH CKBaxHHe, pacnofaraemoii HHMke 00
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NOTOKY (HanpaBienne NOTOKa A0MKHO ObITL onpepedeHo OTAe/L-
HO), MAal0T COOTBETCTBEHHO JIBE 3KCNepuMeHTanbHble Kpuebie C.({)
n Cye(f), Ha KOTOpHIX BBIAEJAAIOTCH MaKCHManbHas KOHILGHTpAaLHA
Cuave H® BpeMs ee noaxola K HabmolaTelbHON CKBaMHHE
{vane, OTCUHTHBAEMOE OT MOMEHTa 3afnyckKa HHAHKaTtopa B CKBa-
AHny (puc. 68).

Yacto BeTpeuaercs HecHMMeTpHunas dopma Kpueoii C(f) c¢
«pAaCTAHYTOl» Bp BpeMeHH BTOpOIl ee 4YacTblo, YTO YKa3bIBaeT Ha
NPHCYTCTEHE HAPANY C OTKPHTHIMH H «TYUHKOBLIX® NOp, YAaJcHHE
pacTBopa H3 KOTOPBHIX NMPONCXOAHT MeAJieHHo, a Takmxe Ha copOilM-
CHHBlE ARACHHA.

OGpaboTKy Kampoll H3 ABYX 3IKCNEpHMEHTAJbHLIX KPHBBIX ITpO-
BOAST B caAeaylollem Nopsjike fi’ﬁ, 40].

a) C kpusoit C(f) Gepyr Heckoabko 3Hauenwit C u { (B TOM
uiicte Takke Cyane W fuaie) H 10 HHM CTpoaT rpaguk B chAeayo-
UIHX KOOPJAHHATAX: HA OCH OPJIHHAT OTKJANHBAIOT

Y — InGxe Visaxe | (1 tuske)
cVi 2f ;
A Ha ocH abcice
X = Y= vaxe)”
{

Toukn 20JXHB PACNOAOKHTLCS Ha NPAMON, TaHrexc yraa Ha-
KJAOH2 KOTOpOii (npm OAWHAaKoBOM Maclutale BEJANYHH, OTKA3abl-
BACMHX Ha 0OCHX) CcocTapJasner y.

0) Onpeaensitor 3nayenne D*:

D* - . : :
4 [wfm - -rﬂ“-] | S

2

I’I[‘I‘I{Lﬂlﬂﬂﬂ-ﬁ!liﬂ? JIBYX KPHBbIX Ce(f) n Cyue(f) naer coormerct-
E€HHO Y¢, Yue, D¢, Dic.

B) Onpefeasiot cpeinio AefiCcTBHTEALHYI0O CKOPOCTh JIBHAKE-
HHA BOAB:

V¥ e B e P (8.35)
r) IlogcunTrBalOT CpeaHIon AKTHBHYIO MOPHCTOCTL M:
n = V/V*, (8.36)

1ae V — ckopoeTe QHALTPAUMH NOA3EMHBIX BOJ, ONpeieasieMas no
yKJOHY NMOTOKa H BOAONPOHNLAEMOCTH BOAOHOCHOIO NJAacTa.
nc) Onpexeasor napamerp copbuun B (no (8.31).

xema 2. Iarnmerawume (HaAuMB) HHAHKaTOpa B
ckBaxHny (cM. puc. 67,6). dra cxema ONBITa HCNOAL3yeTCH
B Tex CJyuasX, KOrda CKOPOCTh ECTECTBEHHOrO MOTOKA NOAZeMIIHX
RO mMana. Bokpyr narneratesibHoll CKBaMHHE no 1—3 NyyamMm pas-
mculaloTes HalgoaaTeabHble CKBaXHHEM M0 2—3 HA Kay oM JVye.
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Paccrosinua no HabawaaTe bHLX CKBa#HH r; OPHEHTHPOBOYHO Of-
peleasiioTest 3apaHee ¢ TeM, uToOw obecneyuTe yAOOHYW AJHTE/b-
HocTe HaOmwieHui, Jlng 3TOoro MOMHO HCNOAL3IOBATE 3aBHCHMOCTD

Jumn f'?

3 — Wwm r;=VQiamn, (8.37)

e
" a

rne (Q — pacxon HarHeraeMore B CKBaXKHHY pactBopa; ri— pac-
CTOSIHHe N0 HaOAWIATCALHOH CKBAMKHHBI, {— BpeMsi; Ml — MOLIL-
HOCThL NJACTa; N — AKTHBHAA MOPHCTOCTH (MPHHHMAETCA MO JHTE-
patypHeiM AaHHLIM OPHCHTHPOBOYHOE 3H34YCHHe NOPHCTOCTH HCCae-
Ayemblx nopon). Pacxom ckpaduHel Q A0MMKeH ObLITH 3HAYKTEIb-
HBIM:

Q > (50 - 60) g,r, (8.38)

IAC e — NOrOHHBIH pacxol CeCTCCTBEHHOro noOTtoka, r— pacCTOdHHC
A0 AajbHeil HaOMAaTe sHOH CKBAMHHBI, PacnofOXeHHOH no no-
TOKY.

Ycaosue (8.38) obecneuuBaer (ropMmupoBanve BOAH3H CKBanin-
Hbl TJAOCKO-paiivaabHore noroka. Ilas yTO4YHCHHs rHAPOAHHAMIIME-
CKHX napametrpoB njaacrta (k, Am) B nyCKOBYK CKBAaXHHY BHAya.e
HaTHeTAT YHCTYI0 BOJAY C MOCTOAHHBIM pacxofoMm @ no mocTHAE-
HH5I KBa3HyCTaHOBHBILErocs COCTOAHHA (0 YEM MOMHO CYAHTH MO
Xapaktepy H3MeHEHHsi HanopoB B HalJw0AaTe/bHbBIX CKBAaMHHAX).
3areM ¢ HeKOTOpOro MoOMeHTa, npHHHMacMoro 3a f=0, Ges nepeo-
PeIBd B HarHeTaHHH B CKBaXHHY B TCHCHHe BPEMCHH In nmonawT ¢
TeM e pacxofiom Q CTOUHYIO MKHAKOCTE MJIH PAacTBOp, COMEpHa-
WK copOMpyeMblii MHAMKATOP, nocjae yero, Toxe Oed nepepuiBa B
HarHeTaHHH H C TCM ¥C pacxojioM, B CKBaXHHy ONATL NOJACTCH
YHCTasi Bola BNJOThL A0 OKOH4YaHus onbiTa. [locne 3anycka nakera
no vaOGawaaTeNbHBIM CKBaXMHHAM MNPOBOAAT 4YacTule ONpPeIc/JCHHA
KOHUEHTPaUHH B BOJAC HHAHKATOPOE HJAH OTACABHLIX KOUOMIOHCHTOB
cTouHH X BOA. UroOe orfop npob He BLIZBAA 3aMETHOIO CHHMKCHHA
YPOBHA B CKBAaMHHAX, HAMCPEHHA KOHUEHTPAUHH MXCAATENLHO MPO-
BOJHTbL HENOCPECACTBCHHO B CKBaAHHAX,

Ecnu HHAHKATOP NOAAETCA  HEMOCPEJCTBEHHO B HCNLITYEMBII
yulicTok naacra (B (HABTP CKBaHHB), TO Bpems =0 OTCUMTEH:-
Baercs ¢ storo MoMmcHra. [lpy nogave MHIHKaTOpa C NOBEPXHOCTH
H Ooaboll ray0HHe CKBaXXHHBI HYXHO BBOIHTHL NONpaBky [p Ha
BEITECHCHHC BOOH, He L‘ﬂI[EpHiHlIJ.EI'{ HHAHKaTOopa, H3 CTBOJIa CKBd-
KHHBIL:

2
fyoom TOOOTN, (8.39)
35cch rg — pajanyc cKkpaxuuu; A, — BecoTa croaba «yHCTOl»
BONM B ckBaxune. OkonyanHe onuiTa NPHYPOUHBAETCH KO BpeMeHH,
Koraa B HaOmwonateJbHOR CKBaXHHe OYAET NpocjexeHa BCs MM
Goanwian yacte Kpusoi C(f).
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Mo kamxaoi HabGawaaTe nLHoli cKBaxuHe Ha KpuBoi C({) orme-
YalT BpeMsl NPOXOHIACHHA MAKCHMAALHOH KOHUCHTPAUMH fyanes
KOTOpas B BOAOHOCHOM MJacTe H3-3a PasMBITHA NakKeTa HHKOrAa He
AocTHraeT BeJHulHe C=1.

Uem MeHbLIC NaKeT, T. €. YeM MeHLllle ero o0BeM H AJHTEb-
HOCTb 3anycka fy, TeM Huxe 3HaueHHe Cyape. ITO 06CTOATENBCTBO
c/leAyeT YUHTHIBATh, BulOHpas pasMepsl nakera. OHH AOJXHB OHTb
AOCTATOMHBEIMH AAA BLUOJHEINHA HALEKHOIO ONPereseHHs KOHIEHT-
pallH HHAHKATOpPa B TOuKe Hal0JeHHs.

Cpennsin a®THBHas NOPHCTOCTb TJ1ACTa HA Y4YACTKC MeXay 1y-
CKOBOIl ¥ HabGAOAATENBHON CKBaMHHAMH NOACYHTHBAeTCH no Bpe-
MEHH NPOXOMACHHA MAKCHMAaJbHOH KOHUEHTPAUHH HecOpOHPYCEMOro
HHAKWKATOpA:

n—= Suaxe (8.40)
mumr?
JT0 BHpaxecHHe AOCTATOUHO TOUHO TIpH ¢<0,05,
rae

P = ty/lyane: (5.41)

B cBfizu ¢ sTHM Aas BuGopa f; npeaBapHTE/NLHO pacCyHTHIBAIOT
OPHEeHTHPOBOYHOe 3HaueHHe fygue No (8.37).

Koshduument nucnepchun D onpeneasiercs N0 BHPaKCHHIO
[25]

D % Q “I'I{‘r.l = lt‘ll.lﬂhili;. (8.42}

"tr'lm 'HHHE

rae fpep — BPEMS, COOTBETCTBYioWiee Touke nepernfa kpusoit C(t)
(cMm. puc. 68); @ — pacxoa marneraeMoro pacteopa.

[Ipu npoBeneHun onelTon ¢ lecopOHpyveMuM M copOHpyeMBIM
HHAHKATOpaMu no Belpaiendio (8.42) wmoxuo onpeneauts De H
D, u 3arem koadduuuentr pacnpenenenus B (cm. dopmyay
(8.31)].

Cxiema 3 OTkauka M3 CKBaKHHL NPH 3anyckKe
«METKH» B HaOAWRATECABbHYW CKBaX¥HHYy, [lpuOauxen-
HOe onpejfie/icHHe aKTHBHOI NOPHCTOCTH n B AAaHHOH CXeMC, Kak H
B paHec PacCMOTPEHHMWX CAy4anx, NMPOHU3IBOJMTCH NO BPeMeHH Npo-
XOWJIEHHA MaKCHMaJbHOH  KOHUEHTpalllH MeTKH B OTKa4yeuHoil
CKBaXHHE,

Jlnst ymeHblleHHA BJAHAHH] QHCNEPCHH H CCTECTBEHHOTO MNOTOKA
noJi3eMHLIX BOJ, PacCTOAHHe MeXAy HaOAwAaTe/JbHOH H OTKavey-
HOM CKBawWHaMu BuiOHpaercs neGoabmmym (ne Godee 10—20 m),
a pacxoi oTKauuBaemoii BoAau () N0 BO3SMOMHOCTH 3HAUYATE/bHBIM
| cm. orpannuenns no gopuyne (8.38)].

[lpn wmcnoapzoBanun 1aA onpelefenta AKTHBHON NOPHCTOCTH
ONLITHHX KVCTOB «MeTKa» MOMENaeTcA B OTKPHTHI HHTCpPBan Ha-
O I01aTeNbHON CKBaXKHHLI, OJHMKalel K UeHTPaJsHOH CKBaxKHHe.

C sToro MOMeHTa HeNpcpuLiBHO (HKCHPYIOTCA  KOHUEHTpauMm
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«MeTKu» C B OTKauHBaeMmoji Bojle H Ha rpaduke C(f) ormeuaercs
fuar:u-

B zaBucHMOCTH OT YCGIOBHII pasMellleHHsi OTKauYeuHOil CKBamH-
Hihl B NJacTe BHYHC/ACHHe aKTHBHOH NOPHCTOCTH M NPOBOAHTCA NO
CACAYVIOIIHM BLIpaXeHHAM.

a) Ecan oTKaueyHas CKBaMHHA PacnofoxeHa BAaJH OT PEeKH
M OT JPYrHX TFPaHHi NJacTa, pacuer BHNoJAHAercs no ¢opMyne
(8.40), rme r— paccroshiive or HabMIOLATENLHOR JI0 OTKaueuHok
CKBa H{HHHI,

6) Ilpu pacnosoxeHHH OTKAa4c4yHOH CKBaX{HHH BOJIM3H pekd,
HMeoulell TCCHYIO0 THAPaBJAHYCCKYI CBA3b ¢ naactom (puc. 69),

. L —
n= = (8.43)

mum [ﬂ (a—x) _l-_.';i::“]

B) Ecan oTkaueuwast CKBa)XHHa pacnojoxena BOAH3H pekH,
HMEIOLIeH HecOBCPUIEHHY THAPABIHYECKYIO CBA3b C MJACTOM, pacs

Puc. 69. CxeMa PACNONOMEHHN ChBaMHEH NPW

7 z 2 JANYCKE HMHAHKATOPpA =B HabaoaaTeasHysr
i '-n-.__‘u_ ,L Chifid MHHY NpH OTKaAYEE I-ﬁ..']_l'l-!ﬂ PEEH:
By T = 3 | — ckpaxHKa 3anyeka; 2 — uabaoiateab-
"’.E s 3, B HEE CHEREIHRHHB H OTEANCUHAR CchBAKHHA
b -g____ﬂ_._._;,-...[ o

YeT BLMOAHAETCH Takike no (8.43), HO BMeCTO a4 MNOACTARJSETCH
(a=AL), rne

AL = ]/*’::‘" .

3neck @ M X— PacCTOAHHA OT ype3a PCKH COOTBETCTBEHHO M0
HeHTPaJAbHOR H HabMOAATENBHON CKBaMKHH, npHyem HaAOMWOAATENb-
Haf CKBaXKHHa MOMeT OHTh pacnoJioMeHa Kak Memly pPeKOH H
HCHTPAJIbHOI CKBAMKHHOH, TaKk H AaJbllie OT PeKH, yem LeHTpalb-
Haf CKBaX»HHA.

FTABA 9

OCOBEHHOCTH BO3HHKHOBEHHHA

H PASBHTHSA OYATOB NMPOMBILJIEHHOTO
3ATPASHEHHA NMOIA3EMHBIX BOJ.
MNPHMEPBI

s BoicHeHI'st NPHYHH H Xapakrepa pacnpocTpaHeHHsi NPOMbiuI-
JIEHHOTO 3arpA3HeHHs NoJ3eMHBIX BOJ 0O0ABLIOJ HHTepec npelcTas-
JIAKT MaTepHann HATYPHBX Habnwolendii H ucchenoBavii, BHIMOMA-
HEHHEIX B CBA3H C 3allMTON NOJ3EMHLIX BOT H BOL03a00pOB,
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Hitike npHBelicHb HEKOTOpPHe NPHMEPH BO3IHIKHOBEHMs H pas-
BHTHA OYAroB NMPOMLILIEHHOro 3arpA3HcHHs B palOHAX C pa3jHy-
HEIMH TI[.EI]-UFE‘HHHI‘H*IECH]I!'.‘IH }'CJ'ICIBHHHH H EGEHﬁETBéHII{}ﬁ ﬂﬁETﬂ-
HOBKOI,

[ITpumep 1. B xsocroxpanuamue (puc. 70), cozzannom B J0-
JHHe pekH, colupalTces TBepable OTXOAW H CTOMHLlE BOALI NPOME-
BOYHON H MarHHTHo-oOoratHTeabHOli GalbpHKH KeJe3HOro PyaHH-
ka, [lyawna, nopaBaemas B XBOCTOXPaHWJHILE € PpacXonoM
65 000 m3/cyT, conepmut 6—7 Y TBepALIX BEUlECTB.

0 e K

Puc. 70. PHARTPALHA NPOMBINACAHEX CTOYNLIX BOA M3 XBOCTOXPAMMAKULA MATHHTHO-obora-
THTIEALHOR SHabpHER NEALIHOrD PYAHHES:

I — xpocroxpannamue; 2 — nagtana; I - poaoxpadianmge; 4 — FHAPOMIOTHACH] 5 — KICIMHINIE
SNANCINT MECTROOTH TPYUTODMX BOJ, Mr-3KDMa: 6 — HIOAHHMH TEMNEPATYPM FPYHRTOBMX BOJ
§— el AnIaTeIbHEE CEBRMHH

Crounse BOAB MarHnTHo-oforaTnteabHolt ¢abpuki 3arpA3HeHL
¢daoTopearcHTaMn, B TOM UHCJAe KCaHTOrenatoM OGYTHAOBLIM
(8 mr/a), cochoBum Macaom (11 uirfa), kpemucdTopucThM HaTpH-
em H ap. Obulas MHHepaan3auMsi CTOYHLIX BOJ B CcpelHeM paBHi
1,46 r/n. XBoctoxpanuanllle pacnoaaraercs B 1,5 km OT BoAOxpa-
HHAHUA, HCNOABIYEMOro B KauyecTBE HCTOMHHKAE  XO3fICTBeHHO-
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NMHTHEBOrO BojOcHaOGMeHun paiioda, B srtoit cBfsad OwliM nposele-
HHl HCCJEQOBAHHA AN YCTAHOBJEHHS HAJHYHA H BJAHAHHA (PHIbLT-
PauMH NPOMBILIMEHHEX CTOYHHIX BOJA HMX XBOCTOXPaHHIHILA HA Ka-
YeCTBO NOJA3CMHEIX H TIOBEPXHOCTHHIX BOJ.

Yyactoxk pacnoNoeHHs XBOCTOXPAHHJIHUIA CJAOMEH TPELLHHO-
BATEHIMH KBapUeBBIMH AHOPHTAMH; HANpPaBJeHHe WX TPOCTHPaHHA H
npeobnafaiwouiei; TPeuHHOBATOCTH cnocoOCTBYeT CBA3H paccmar-
PHBaeMBIX BOIOEMOB,

CrasabHule NOpoALH TIPHKPHITE CBepXy /10BHeM (apecBaHo-uiele-
HHCTHIMH TPYHTaMH, CYNEecUYaHbIMH H CYTVIHHHCTHIMH CanpojJHTaMi)
H JeNOBHAJBHHMH CYIJAHHKamH, O6niag MOLHOCTE 3THX OTJOMXeE-
uuit 10—30 M, a koahduuwent puabTpauun namensiercs or 0,01—
0,4 mfeyt( B cyraHHKax, canpoaurax, pyxaskax) no 4—5 Mfcyr
(B npecBsiHO-UIeOCHHCTEHX TPYHTax M TPCUIMHOBATHIX JIHOPHTAX).

XBOCTOXpPaHHJAHLULIE YAaCTHYHO 3aN0JHCHO IIJAaMOM, MOULHOCTD
KOTOpPOLO MakcuManbHa y nJoTHHH (28 M) H yOmniBaer K Bepxo-
BOil 4acTH BOAOEMA; B COCTaBe [IMaMa — necyaHule, NeleBaTHe H
TAAHHHCTBE YACTHILEL

O6pa3oBaBIlMiCA H3 IIJAaMa 9KpaH y NJOTHHE HMeeT IIHPHHY
okoso 100 m. OH cHuxaer ¢HALTPALUMOHHBIE TOTEPH B HHMKHHI
6ned M JlaerT BO3IMOXKHOCTL OTOOPa N3 XBOCTOXpaHWaHUla obopoT-
HOfi BOAL B KoawucctBe 60 Tehic, m3/cyT, onHako He obecneuHBaeT
NOJHOI H30JALHH 3arpA3HCHHBIX CTOYHBIX BOJI OT MOA3CMHBIX, KaK
3TO Mpeanosarajock NPH COOPYIKEHHH XBOCTOXpaHHJHILA,

CyutectsoBanie (HALTPAUHOHHOTO NOTOKA H3 XBOCTOXPAHHJIH-
1Ia B BOAOXPAHWJIHUIE NOATBEPXJlaeTcH KapToii THAPOM3OrHNC, a
Tak#e HAOMIOJeHHAMH 32 TCMNEePaTypoil H MecTKOCTLIO NOJ3EeMHBIX
H noBepxHocTHHX Boa (cM. puc. 70). HecMoTps Ha TO, uTo pacxon
GHABTPYIOUIMXCH 3arpA3HeHHHX CTOYHBIX BOJ, OMpEeSCcHHHIT Oa-
JIAHCOBHIM METOAOM H MO KapTe THAPOH3OIMHNC, HEBCJAHK NO CpaB-
HEHHIQ CO CpelHeroloBbiM NMPHTOKOM PeYyHEIX BON B BOJAOXPaHH/IH-
ue (cocrapasier okono 3%), olHAKO B CBA3H C BLICOKOH TOKCHYHO-
erbto nortopearentoB 1 Huskdmu [LJAK nas nux (no kcaurorena-
1y — 0,001 mrf1, no cocHoBomy macay -2 mrfa) Tpebyercs OYHCT-
Ka CTOMHLIX BOA OT (oTopeareHToB no cOpoca HX B XBOCTOXpa-
HHJIHLLLE,

[Mpumep 2. Hakonnrtens TBep/iux OTXOAOB NPOH3BOACTBa M-
TANNYPrHYECKOro 3aBojia pacnosaraerTcsi Ha BTOPOH HaAnOHMeHHOT
Teppace, CJI0MEHHO{T HeTBEPTHYHO-HEOTCHOBLIMH  a//II0BHAIBHLIMH
NecYaHO-TAHHHCTHIMH OTAOMEHHAMH MOULHOCTBIO 0KO.10 50 M; HHie
3a/1eral0T BOJOHOCHLIC TPEUINHOBATHIE M3BECTHAKH M Mepresnd ne-
BOHCKOro Bo3pacra.

[Top HakonHTeJeM CBepXy BHH3 3aJ€rakdT: novuBeHHO-PACTHTENb-
uwii caofi (0,1—2 M); cpennHe H TAMKEABE CYTJAHHKH (10—15 M)
C JHMH3IaMH MEJKO3epHHCTHX Neckor (A0 4 M), neckH cpeiHesep-
puctHe (20--29 M) ¢ HeBHEPKEHHLIM 10 MOULHOCTH NPOCAOEM
cyranukoB (a0 7,5 M); neckH cpeflHe- H KPYNHO3EPHHCTHIE C rpa-
pueM (10—18 m); rannp - (0,26 M); H3BECTHAKH 1T MCPreJiu.
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lNonzemuble BOAE B aJJI0BHAJBHEIX OT/J0MEHHAX 3aierapt Ha
rayGune 10—I14 M oT noBepXHOCTH.

Hakonuteas HMeeT BHJ NPAMOYroJbHHKA ¢ pasMepaMd B Mia-
He 200300 M, orpaHHYeHHOro HAaCLIMHBIMH NecYyaHbIMH aamOaMH
BBEICOTO 0 4 M H pa3ic/IeHHOro Ha cekKuuH. JIHO H OTKOCH HaKo-
NUTeNs 3KpaHHpoBaHbl ynjaoTHeHHod ramuoft (0,5), npHKpHITOR
cnoem necka (0,2 m). Hakonurens skenayatupoBasncs Bcelo JHilb
4 ropa. 3a 3TOT NepHOA B YacTb cekuHil Owo coOpomweno 19 Teic. T
NONYXKHIAKHX H TBEPABIX OTXOAOB — 5MYJbCHH, MaceJ, KHCJABX CMO-

JOK, wnamMa, pycoB, B HX cocTaBe HMEIOTCS TOKCHYHHIC, B TOM YHC-
Je netyuue, semecrsa (tabua, 19).

TaGawua 19
Coctar noAyRMAKHX ¥ TBEPAMX OTX0OA0B

CD.EE'I}JH-E.I-I“-E DEULECTRS B OTXORAX
TRIECTA B TBEpABX, KD B RMOKHX, Mrfa
Denonm 0,1-5,2 0,35—335,0
Llsannan 0,040,115 0,005—1.25
[upransoBWe OCHOBAHKHA 0,.83-0,91 1,67—5000

Konu4yecTBO YrjeBOAOPOJIOB B OTXOMax COCTABJSACT OT JoJeH
no 169;.

Huhuabrpauua TaiblX BOJ H3 HEHCNONb3YEMBIX CeKLHH HAaKO-
NUTeNsi Bbi3BaJa MNPeAnoJodeHHe O NJOXOM KadecTBe H3OMALHH
JHA HaKOMHTedAd, B CBA3H C 4yeM OJid BHEHABJEeHHA BJAHAHHA HaKO-
NUTENA HA NOJA3eMHBIC BOAH OGLINH NPoOBEAcHB IHAPOreoJOrHYCCKHE
HAKICKAHHA.

Ilo konutypy Hakonutedss Ha paccrofiuun 30—40 M ot nam6 Obi-
JH npobypeHsl 7 CKBa)HH, a H3 OJIHOH H3 HHX NPOBEJIE€HA ONBIT-
Hag otkauka, CojepxaHHe XapaKTePHBIX KOMNOHEHTOB CTOYHBLIX
MHIKOCTEH H OTXOMOB BHIe YPOBHS NOA3€MHEIX BOJA Onpefcnfifioch
N0 BOAHLIM BHITSI2KKAM H3 IPYHTOB, HHXe YPOBHS TOA3eMHBIX BOI —
no anaausdam mpod soab. KoHueHtpauHs ¢eHona B NOA3EeMHEX
BOJlax BOJMH3W HAKONHTENA BO MHOMHX TOYKax BOAOHOCHOR TOJILULH
0Ka3a/1aCkL BHILIe npepeacio gonyctumoit  (IIIOK denona=
=0,001 wmr/n), nocruras 0,014 mr/n. MakcumanbHOe coneprkKaHue
desona orMedeHo BBEPXY, B NOYBEHHO-PACTHTENbHOM CJ0€, OJIHAKO
deHoNbHOE 3arpAi3HCHHe OXBATHAO BCKO YeTBEPTHUHYIO TOJULY HOT-
Medeno Ha raybune OGonee 60 M OT NOBEPXHOCTH — B TPEUIHHHBIX
BO/IaX H3BECTHAKOB,

Conep*aHde TOKCHYHBIX LHAHHAOB B FPYHTaxX H NoOJA3eMHBIX BO-
nax we npesuicuno [JK (0,1 mr/a), oauako abcodioTHHE KOH-
neHTpalki Bee e 3nayntedsdst (o 0,05 mrfa). Oun yMenblua-

WTCA NO F.H}-‘ﬁHHE nopoji; B BOJOHOCIHBEIX H3BECTHKAX KOJIHYECTBO
uvaunnoe cocrasaser 0,0015 mr/a.
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KoHueHTpauua pojiaHuioB Bo MHOrHx npo6ax npessiwiaer TLIK
(0,1 mr/n), mocruras 0,5—0,6 mr/n; NpH STOM TOBLILIEHHBIE KOH-
u-‘:quaum: OTMEYaTCA Kak B BepPXHeH, Tak H B HHMHCH 4YacTH
necyaHol ToawH. B H3BeCTHSIKAX coAcpMaHHe PpOAAHHAOB 10
0,05 mr/a. TlpHcyTcTBHe B rpyHTax H B BOMde Macjia ¢ KOHUEHTpa-
useii po 0,8—4.48 mrfn ormeuaercs BO BCeli ToJuUle BOJAOHOCHOrO
aJNI0BHS; B BCKPHITOH BCPXHeH 4acTH H3BECTHAKOB Ha raylOuxe
b6oaee 60 M ono nocturaer 0,44 mr/n.

B xo01e ortkauku HabAK0AaJ 0Ch YBEJHYCHHE KOHUEHTPpallui uHa-
uunos (¢ 0,001 mo 0,003—0,004 mr/n) u pomannpoe (c 0,042 no
0,085—0,108 mr/a). Bce 310, a Takike yBeJHYCHHe 3arpsA3HeHHS
B BepXHe# 4acTH rPYHTOB OCHOBaHHS H NPH OTKauke, KOT/ld K CKBa-
HHe TPHBJACKAJHCL NOA3EMHble BOJAH CO CTOPOHLI HAKONHTEJA,.
MOKa3elBacT, Y4TO cO3/aHHe 3KPaHa H3 NOJYMEeTPOBOro CJOf TJIHHH
HE MOrJ0 MOJHOCTBI) HCKJAKYHTE (PMHARTPAINHKD B MOACTHAAWILILHE
CYXHE TPYHTH OCHOBaHHA. ECAH npeanojoXurh, YTO NOCJe YKaTKH
rauubl ppuodpean koshppuudent ¢uastpauud 1007 cMfe; To npu
MOLLHOCTH C0S ¥WHAKHX OTXONOB B HakonHtene ~0,5 M, npocauu-
BAHHC CTOKOB' 4Yepe3 SKpaH MOrJAo NPpoH30ATH yXKe npHMepHO depes
noJarojla — roj.

JanvHeiilwana WAGHABTPAlLHA CTOKOB Yepe3 CyXyl Tec4YaHo-cy-
FJAHHHCTYIO TOJAUlYy Ha NOBEPXHOCTHL TPYHTOBHIX BOj TNPOHCXOJAHNA
yiKe ¢ OOABUIHMH CKOPOCTAMH, 4TO M OMPEAC/HAC B HTOre 3arpfa-
HeHHe TNOJA3eMHBX BOJ, BHIABJCHHOC yepe3 4 roua nocae Hadana
9KCNJyaTallHl HaKOMHTe A,

JlonosiHuTebHOE 3arpasHeHHe Nof3eMHBX BOA B 3TOM paiioHe
CBA33aHO TaKXKe ¢ MHTCHCHBHBIM 3arpa3HeHuem aTmocdeps npu M-
NapeHUH MHAKHX H NMOJAYTBEPAbIX OTXONOB, CKJAanHPyeMBIX B HaKO-
finTeNce.

[Ilpumep 3. 3aBoa, HIrOTOBJAWUIMA CaXy H3 HedTenpoiyk-
TOB, PacnojioXkeH Ha BHICOKOH HaJANOIMEHHOH Teppace PCKH aMEH-
y IIByMsi OBparaMu (puc. 71). Hedrenpoaykts (3eneHoe macdo,
TEPMOrasoifb, ra3ofjs) B TCUCHHC MHOTHX JeT XPaHHJHCL B 3eM-
AaHblx eMrocTax. H3-3a muorosetrnel yreukH HedTENpoAyKTOB H3
§THX eMKocTel, a TaKMe aBapHil 3anopHOH apMartypel Ha crjaaje
XPE&HCHHA CLIPLA BOJOHOCHBIC TPYHTHI Ha TEPPHTOPHH 3aBoAa H
BHC €ro OKa3alHcCh HacHUleHH HepTenpojiykTaMmH, KOTOpLie BMe-
CTe ¢ TPYHTOBBIMH BOJIaMH BLICAYHBaJHch B oBpark n Ha Oepery
PEeKH, YTO NPHBOAHJO K eec 3arpasHenH. Hedrenponykru, obna-
NAOlHC OrHeoNacHLIMH cBoiicTBamMi, ObIH OGHAPYIKEHH TaKKe
B nofBajax H norpedax HJAOro noceaka, pPacnoJioKeHHOro xK-
Hee 3aBojia,

Ha teppunTopuu 3asona no rayOuHsl ~ 10 M 3aneraloT BOJIOHOC-
HEle AMMI0BHAJABILIE MECKH C MNPOCJOSMH  CYTJHHKOB W cyneceil
(puc. 72).

HanGoaslwylp MOUHOCTE NECKH HMEKOT B UCHTPC YuacTKa: no
Hanpapaenno K peke H K Kopennomy Oepery nx MOWHOCTh 3aMeT
HO YMeHbIIAETCH,
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Prc. 71, CxeMadTHYECKAA KAPTA FHAPOHIOTHNOC B pafiode CAMEBOro 3aBofa:

I — KOMTYP TEPPHIOPHH 3aboAA; 2 — DONIEMHAR E€MKOCTh AAA XpaHeHHA chpbd; 3 — Oaxw
HedrespaHuaxila; 4 — MMAPOH3OrHNcH; § — paspenoyHbic CKBAMHHE

AnnwoBHaJIbHBIE OTJAOMEHHS [OACTHALITCH - MOPEHHEIMH BAJYH-
HBMH TJHHaMH H cyraunkamu (10—15 M), npuueM HepoBHas KpoB-
Jifi MOPEHHHX OTJIO¥eHHIl HMeeT YKJIOH K peke.

Huxe s3aneralor ranHbel H Nieckd MenoBoro pospacra. Hanopubiit
BO/IOHOCHBIH TOPH3OHT B MEJOBLIX NECKax HONOMbL3YeTCA AR BOAC-
CHaDMeHHN,

Ilo paHHBIM H3bCKaHMj] 30HA 3arpA3HCHHS OKOHTYPeHa AHHHEN,
rie KoJaH4yecTBO He(TCNPOAYKTOB B IPYHTax He MpeBullUaeT cOTHIX
Aoaeil Mmr Ha 1 Kr cyxoro rpyHTta. H3 puc. 73 BHAHO, 4TO 3arpfsHe-
HA NPaKTHYeCKH BCS TCPPHTOPHs 3aBOJa, BOJOTL 0 OBpPAroB, Ko-
TOPLIC YACTHUHO JPEHHPYIOT NOTOK FPYHTOBHIX BOA.

HanbGoneeé BeicokWe KoHueHTpauuHn HedTenpoayktoB — no 50—
70 r Ha | Kr cyXoro rpyita — orMeuyeHn BOJH3H noa3eMHOH eM-
KOCTIl JINA XPaHCHHS CLIPbs, NByx OaKoB-uedreXxpaHuauly, BOJH3H
HehTenpoBOAOB, CAHBHON 3CTaKajJbl, HACOCHOM CTAHLHH, a TaKkKe
Ha 3acTOIHLIX Y4acTKax, ra¢ CKOpocTH (GHALTPALHH TPYHTOBLIX BOi
HHUTOKHB. CyMMapHOe KOJHYecTBO He(hTENPOAYKTOB B TPYHTax 30-
HHl 3arpsisHeHHs no pacuety coctasaser 5200 1. B paspese Hedre-
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Puc. 73. Copepmanne wedTenpoAyKTOB B rpyHTax (r/Kr Macce cyxoro rpysta):

I = KOHTYP TePPHTOPHM, Z — KOHTYP 3ArpA3dHeHH OOA3ACMHBEY BOM H FPYHTOBR HO@TENPOOYK-
TaMi; J — NOAZCMHER CMEOCTE A0 XPaSHcHHA chipbfa; 4 — Gaxkd — soefTexpaHnnnila; 5— paz-
BCICWUNIIC CRBEMHIR 6 —— H3I0IHITHH COCpAaHHA HE‘:}T'EHIJDII]TKTHB b FpyHTax

MPOAYKTH BCTPCYEHB TIO BCeH MOIIHOCTH NECKOB; B MOPEeHHEIX OT.J0-
JEHHAX 3arpA3HeHbl TOJbKO BepxuHe 20—50 cm.

[lepenBurasick BMecTe ¢ TPYHTOBEIMH BOJaMH MO KPOBJe MopPeH-
HBIX OTJAOMeHu, nedTenpoykTel BHICauUHBalOTCA Ha KpyToM Gepe-
ry BOAH3H ype3a pekH n B oBparax. OcoGenHO 3aMeTHO 3TO fABJe-
HHe B NMABOJIOK, MPH NOBLIUEHHBEIX YPOBHAX NOJA3eMHEIX BOJN, Koraa
NPOHCXOANT HX Ppasrpy3ka n3 3sacroiinplx yuvacTkoB, Ilo naHHeIM
GOBTHHIX OTKaucKk # HarHeTanwi 3arpaAsHentile HedTenponykra-
MH NCCKH MMEIOT HH3kHe KosthpruHenTto uactpaunu (no 1 s/cyT)
I MaJVIo BOJOOTAAYY.

HspaeueHHe HaKONMHBUIKMXCA B TPYHTax HedTenpoiyKTOB H3
CKBaMHH OKA3aJ0Ch 3/1eCh TPYAHOBHEINOJHHMO H3-33a HH3KOIl BOMAO-
npoHnuaemoctTd rpyHros. TlosToMy jas npeKkpalleHHs CTOKa 3a-
rDASHEHHWX BOJL B PEKY H NOCTENEHHOr0 H3IBATHA He()TeNpoAyKTOB
i3 TPYHTOB BIOJEL PCKH H OBpPAaroE Ha yyacTKax, riae raybuHa 3a-
JeTaHMs BOJIOYVIOPHHX [MIHHHCTWX NOPoj] ABJAfIETCA MHHHMAaJLHOMN,
ANPOCKTHPOBAN NePeXBatuBaollliii TOPH3oHTAAbHBIH ApeHan. OH
OCYLICCTBISIETCH B BHAC OTKPBITOf KanwaBw ¢ ycTpoHcrsom obpar-
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HOro pHaALTpa Ha ee oTKocax. [lpeHakHule BoAL GyAYT OUHILLATLCA
OT HePTENpOAYKTOB H HCNOABL3IOBATHCA [ TEXHHYECKOro BOJO-
cHaOeHns. HameueHn Takie MepPONPHATHS 10 NNAHHPOBAHHIO
TEPPHTOPHH H OPTaHH3AUHH NOBEPXHOCTHOTO CTOKA € TEPeXBaToM
JHBHEeBLIX BOA. Tlo-HHOMY OmIna pelueHa 3aflaya JHKBHAALHH 3a-
rpA3HEHHs HeTeNnpoOAVKTAMH BOLOHOCHOrO TOPH30HTa Ha JpyroM
YYacTKe — B TPEIHHOBATHX rpaHofAHopHTax, o006,1anallHx BHCO-
KOii BOAONPOHHLAEMOCTbIO; 3f1ech HeTeNnpoAYKTH 3ajeralH Ha no-
BEPXHOCTH TIPYHTOBHIX BO4d B BHAC JIHH3H, HHEID].[I,E'FI MOIILHOCTh
0,1—0,8 m nipu nnowagu 7800 M2,

A1 [in]z [2at)s
W4 [+ HorE=je )7 e [« 7 [e |7 [ = )7

Puc. 74. 3arpsavciuc TPCUMHHO-OAZCTORLX BOA HEQTCNPOMYKTAMM:

f — cynecu; 2 — necok: 3 — rpaHoOAMOPHT, BHBETPEHHMA A0 COCTORHME pYXasks; 4— rpaio-
AHOPHT € HHTCHCHRHOR TPEUlHHOBATOCTRIO, § — FPAHOAMOPHT MOHOAMTHMI; 6 — ypoBelb Ipyk-
TOBMX Bof; 7 — HIOAHHMH MomHocTell cnost wedrenponykTos: ¥ — KOHTYp RAoUlaAH pacnpo-
cTpatenns HedTenpoAYETOR: 9 — PAIBCACHHEC M HAGMOAATEARNHC CKBaXHHLG 10 — cKBa:Ku-
HH AA8 OTKAYKH BOAL; [/ — cKBaMuiM AR OTKANKM HedTenpoaykToR
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Jlng AMKBHAAUMH 3arps3HeHMs HaMeueHO co3aTh O0IWHPHYIO:
JlenpeccHOHHY0 BOPOHKY, K HeNTpy KoTopoii 6yayT cTekaTh Hedre-
NPOAYKTH, HMCHOLULHe MeHbWYIO MJAQTHOCTE NO CPaBHEHHIO ¢ BOAOH.
Ot6op BOAW W HedTenpoayKTOB GyAeT NPOBOANTECH PasiefibHo, ye-
pe3 CKBAMHHH COBEPIIEHHOTO H HECOBEpIUEHHOrO THNA, Y4TO NO3BO-
AuT H3leXaTs, OUMCTKH BOABI OT Hedrenpoaykro (puc. 74).

[Ipumep 4. XumHueckHil 3aBoa  NPOH3BOAHT  KPHOJHT
(NazAlF) —— npoaykrt aas anioMHHHeBOI npoMmHiuieHHocT. B croy-
HBIX BOJAAX M OTXOJAax 3aBojla, a TaKmke B rasoibMOBHX BeGpocax
conepxHTeH pTOop.

[locne neckoabkux gecATHneTHH paboTel 3aBoja NOJA3eMHHE M
NOBEPXHOCTHBIC BOJBI PaiioHa OKa3ajuch 3arpsA3HeHHHMH (TOPOM B
KOHueHTpauusx, npeesiuanomux IJAK (puc. 75, a).

XHMHYeCKHi] 3aBOJ pacnofoeH B paHoHe PasBHTHA JIHCJAOLH-
PUBAHHHIX MeTaMOpP(HYeCKHX W H3BEPIKEeHHHX TNOPOA, MOKPHTHX
aJJIOBHANBHO-IENIOBHANBHEIMH  CYIJIHHKaMH M cyneciMu  (puc.
75, 6). PHX/He OTJOMEHHs, 8 Takxe BEPXHAS TPElUIHHOBATan 30HA
KOPEHHHIX TOPOJ] BOAOHOCHE, HO MNOM3eMHHe BOAH AAf BOAocHaO-
JKCHHA 3[1eCh He HCNOAL3YKTCA H3-3a Madoil BoA00OHIBLHOCTH NO-
poa (kosdpduumentu duasrpauyu cocrasasior or 0,1—0,5 po 6-—
7 mfeyT).

X03sHCTBEHHO-TIHTEEBOE  BoaocHabxeHHe 3aBojda o OaH3Jerma-
Eero ropofaa ocyulecTBAsieTcs M3 PeKH, TeXHHuYecKoe BoJocHabxe-
HHC — H3 PeK, 3aperyJHpoBaHHEIX CHCTEMO NPYIOB,

BGawn3an 3apona nHaxoIHTCA MeAHOKOMYEAaHHOC MEeCTOpPOMKeHNC.
HenpepuBHBi BOAOOTAHB M3 rayDOKHX AXTHHX BHPaGoOTOK C
pacxofom 300—400 m?u obycaoBun cosfanke OOWMPHON aenpec-
CHOHHOH BOPOHKH, K KOTOPOIl NPHBJAEKAIOTCH NOA3EMHBIE H TIOBEPX-
HOCTHHE BOJAK €O BCell MPHAeralolleil TEPPHTOPHH,

HApOrecNorHuecKHMH H3HCKAHHSMH H ob0cneloBaHHAMH OHLO
YCTAHOBJEHO, YTO OCHOBHHIMH MPHYHMHAMH 3arpAsHEHHs MOJ3CMHLIX
Bo1 ¢GTOpPOM cayKaT: PHALTPALHA H3 WNAMOXPaHHIHLLA, B KOTOpPOC
chHpacHBalOTCA CTOYHHe BOJAL € cojepanmem ¢ropa po 100—
150 mr/n: GHALTPAUHS® H3 OTCTONHHKOB CTAHUHH HelTpajiH3auHH
CTOMHBIX BOJ, B KOTOPHX KoHueHTpanus ¢ropa nocturaer 1500 mr/a;
HaceilleHHe atMmocepHBMH OcalKaMH OTBAJOB NPOH3BOACTBEHHBIX
OTXOLOB, cofepaaulux rnnc M (GTOpHCTHE COEAHHEHHst (BbICOTA
oteanos 10 20 m); ras’oasiMoBele BHIOpOCH 3aB0Ja, 3arpA3HANOILHE
GTOpoM CHeroBHe H AoxaeBwe ocaaku (Ao 1 mr/n drTopa) u nou-
BCIHO-PACTHTeILHH CNOH.

B noaszeMubix BOAAX pailoHa cojepiaHHe (pTopa H3MEHSeTCHA OT
20— 28 mr/a BOIM3M HCTOUHHKOB 3arpsa3Henns a0 2—4 wmr/a B yaa-
denun or HHUX., B BoJdoHAcLILIEHHOR TOJUle OTBAMOB CcOjepiKaHue
thropa nocturaert 16 rfa.

3arpasHennsie HTOPOM NOAIEMHBIE BOAL JAPEHHPYIOTCH PEKOMN H
NpvAaMH, OQHAKO CYMMapHHIT NOJI3EMHH{ CTOK B HHX CPaBHH-
TEABLHO HCBEINK H OCHOBHOE 3ATPS3HeHHe 3THX BOJOTOKOB H BOJOC-
MOB TIPOHCXOJAHT BCACACTBHe HenocpeicTBeHHoro cOpoca B HHX He-
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Puec. 75. 3arpravéHHe NOBEPRXHOGCTHEE H NoAIEMHHE Boa $TopoM B palione XHMHEYECKOTO
SABOAAS

¢ — NaaH; O — paspes.

I = TeppUToOpHA 38B0AA: 2 = WAAMOXPAHHANLLIC: & — OTEAAM OTXOAOR NPOHARGACTEA, 4 — KO-
TV MOAICMHLIX MopHbeX eubpaGoTok; 5 — OTCTORMHEN cTamws welirpasuaaiinmn; =9 — apyiaid;
I — cnari, I'l[rl:I¢I1-I|:IH'TH, A HOPHT R H — sA0BHAABHO-ACTIONHAA W CYILINKH.  CYynecy o
FAHHE € Apecpoil W webnes KopenHux nopoa; 12 — smpaMopi ¥ MPEMOPHIOBAHKLC HIBCCT-
HAKH; 15 — YphoBCins NOAICMHEREX B0 OpH HI2XTHOM BOAOOTANEE
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OYHIIEHHEX HAH HENOJHOCTBIY OYHMILNEHHBIX NPOMBIIJIEHHBIX CTOKOB
3aBojla, a Takie cOpoca waxTHEIX BOA, (DOPMHPYIOLIHXCA H3 3a-
rpasHeHHblx ¢GTOpOM NOMA3eMHBIX M MOBepXHOCTHHIX BoA. B BOomax
1AaXTHOMO BONOOTAHBA Ha cOpoce B npyn cofaepxaHHe ¢Topa co-
crapafier H—7 mr/a; B OTAeNAbHBIX WAXTHBIX BbpaboTKax KOHLEHT-
pauus GTOpa B PYAHHYHBIX Boflax jpoctHraer 20—60 mr/n.

Takum oOpasom, 3arpA3HeHHBle LIAXTHBHC BOJALI B JaHHOM CJHY-
Yae SABASIOTCH HCTOYHHKOM BTOPHYHOrO 3arpfA3HeHHs NOBEPXHOCT-
HHX BOJ, 4YTO B pPe3yJbTaTe CO3laeT «KpPYroBOpoT» (pTOpa B CHCTE-
M TOJ3eMHEE — MOBCPXHOCTHEIC BOJHL.

B sopoeme 7 copepxanne ¢ropa cocrapaser 11-—20 mr/n, B
ycTee pekd — 14 mr/n. B peke, koTopas clAyHT HCTOUHHKOM XO3AH-
CTBEHHO-NTHTBEBOr0 BOAOCHADMKEHHA  HHMKEJeXalllHX [0 TeYEeHHIO
paitoHoB, KoHueHnTpauHs ¢Topa eue He npepniuaer [1J1K, Ho B cBf-
3H ¢ OCYLIECTBJAAIOIIHMCS PpaclilHpeHHeM 3aBOlla H COOTBETCTBYIO-
ilHM yBesHuYeHHeM 00beMa CTOYHBIX BOJ H OTXOMAOB KOHUEHTPAaLHF
dTopa B peke MOMeT BO3PACTH,

Ilpumep 5. Ha obwupHoit nnouiaan nesobepexHoil NOHMH pe-
KH Me/KIy rAaBHEIM ee pycnom H pykasom (pue. 76) pacnpocrt-
paHeH BOAOOOHNBHEIT TFOPH3OHT FPYHTOBHEIX BOA B TOJIlle aJIOBH-
ANbHEIX BaJYHHO-raJICYHHY, rpaHiiHo-raJeyHBXx M necyaHblX OTAO0-
HEHUI HEOreHOBOTrO H YeTBEPTHUHOrO BO3pACTA.

INoacTHaaeTcs BOAOHOCHHIT TFOPH30HT HEOreHOBHIMH CYTJIHHKA-
MH, MeprenfiMH, CUeMEHTHPOBAHHBIMH raJieiHHKaMH, KpOBJsi KOTO-
PHX NMOHHMKAETCH C CeBCpO-3anafa Ha oro-poctok, B sToM ke Ha-
NpPapJeHHH COOTBETCTBEHHO BO3PAaCTaeT MOULHOCTL BOAOHOCHHIX OT-
JnoxeuHit —or 10—15 m Ha cepepo-socToke a0 100 m H Gonee uHa
wro-zanaze. Kosdpduument (uabTpaunn sepxHeii, Hanbosee BOJO-
NpoHNLAaeMoil YacTH BOAOHOCHOI ToAmM coctasaaer 170—340 m/eyT,
B HHMNen yactn — 20—40 m/eyT.

3HayHTeNLHas MOILHOCTE H BBICOKasg BOJAONPOHHLAEMOCThL YeT-
BEPTHUHLIX OTJIOMEHHiT co3anT GnaronpHATHLEE YCAOBHA A18 (op-
MHpPOBaHHSl TIOTOKA FPYHTOBHIX BOJ, OCHOBHBEIM MHCTOYHMKOM THTAa-
HHSI KOTOPHIX CAYKHT (PUAbTPaUHA PeuHOli BOAKN H3 rAaBHOTO pycia
PeKH, & TaKKe H3 peK, PacnoNoMCHHHIX CceBepHee paccMaTpuBae-
Moro yyactka, Haubonee HHTEHCHBHO JIPOHCXOJAHT MOCTYIJIEHHE
pPeuYHHX BOJ B AJJIOBHII B nepHOAsl BECCHHHX H JETHHX NAapBo/JKOB.

M3 saperyauposanuoro nepobepeXHoOro pykaBsa, pyc/io KOTO-
poro 3akoabeMaTHpOBaHO, (QHIBTPALHA NPOHCXOAHT B BHAC <«10MK-
nesatns», Pexum NOA3CMHLIX BOJA PAcCMATPHBAEMOHN TEPPHTODHH
TECHO CBA2aH € THAPOJOTHYECKHM DeXHMOM H KayecTBOM MNOBEpX-
HOCTHEIX BOJL.

B uactosillee BpeMs NOA3eMHBIe BOALI HCNOJB3YIOTCA TpeMA
rpynnoBuMH Bofosabopamu (cM. pHe. 76), MMEWOLIHMH NPOH3BO-
auteasnocts ot 100 go 500 nfe, a Takxe MHOMOYHC/ICHHBIMH OT-
NeqbHBIMH CKBaXKHHAMH. 3Jlech Pa3BelaHpl JHAYHTENBHBIC 3anack
NOA3eMHEX BOA W HAYaTO CTPOMTENLCTEO BOA03a0OpoOB Ans LEHTpa-
JH3I0BAHHOTO X03ffCTBEHHO-NMHTHEBOTO BOJOCHAGKEHNA.
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3¢ dexTHBHOMY HCNOAL3OBAHHIO NOA3EMHLIX BOJ pailona npe-
NATCTBYET, OAHAKO, WX 3arps3HeHHocTb, oOHapyKeHHas B paitole
nedrexuMuyeckoro koMGuuaTa, a TakKxe BAONL PEKH H ee JIEBO-
GepeKHOro pykKaBa, HHX<e TOpoja.

b

) @) 5 71 B3r e 2707

Pitc. 76. 3arpuincHHe NOAICMHBIX RO HeG TENPOAYETAMH:

I — teppuTopia HeGTEXHMHUCCKOTO NPeAnpHATHA, 2 = rpynnoesic  BoAo3IA00pH DOAICMILLD
BO1: § — rHApPONIOrNNCH; 4 — HANPEEJICHWE NOTOKA FPYHTOBHX Bof; § — KOJOAUL H CKBa¥-
HH HAGmOnATeARNON CCTH, B KOTOpLX ofHapysehl  Hedmenpoaykte (@ — Goaee 1 wrfla
6 — Gonee 0.1 mrfa, 8 —menee 0,1 mrfa); & — crBaXHii H KOADAUH, ‘B KOTOPHIX He Ten
AVETE He obHapy®ens; 7 — 0J0ouafds 3arpAIHCHHA NoA3cMUEYX BOA

Hedrenpoayktsl # XMMHuecKlle OpranHueckHe BellecTBa apo-
MaTHUECKOTO Psiia MOCTYNAlT B BOAOHOCHHI NAacT NpH (PHALTPA-
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1HH PeulbiX BojA rJaBHeiM o0pasom u3 JaepoDepemHOro pykasa, B
KOTOpHIiT cOpacHBaloTcad BCE CTOYHBE HEAOCTATOYHO  OYHLIEHHBIE
BOJK € TEPPHTOPHH Topojla, B TOM YHCJE€ C NMPOMBIUJIEHHBIX Tpea-
npuaTHil — HedTeXHMHyeckoro KOMOHHATA, XHMHYECKOT0 H 3JeKT-
poTexHHYeckKoro 3asoja. B cTounmix Bojax HepTexXHMHYECKOro
npoussofictea, cOpacbiBaeMbix ¢ pacxonom 250 nfc, conepriaHHe
HedTenpoAYKTOB H3MCHAeTcs B TedueHHe cyTtok ot 300 po 5400 mr/i.
XINMK —or 420 po 550 mr Og/n; B CTOMHHX BOAAX XHMHYECKOro
zapoaa XIIK paeno 500—1000 mr O.fn; coaepxaunecyibdhaTop—
Gonee 2000 mr/n; pacxonm sTHx Box Ha cOGpoce B peKy COCTaBlisAeT
600 n/c.

[MosTomy B peunbix BOAax B pailoHe TOpoja H HHIKE ero oTrMe-
yaeTcs 3HAUHTE/NbHOE KoJHYeCTBO HeTenponiyKTOB H ApPYyrHX op-
raHiyeckHX H HeOpPraHH4yeCKHX BellecTB, a Takxke OakTepHajbHasn
aarps3veHHoeTh. [ToBrIeHHOe KOMHYeCTBO HeTenpoayKToOB B MOA-
3eMHEIX BOJax YCTAHOB/JEHO Ha TIOLIaAKe HepTeXHMHUYCCKOr0 KOM-
OHHATAa B CBA3H C YTEUKAMH CTOYHHX BOI0 H TEXHOJOTHYECKHX
pPacTBOpPOB.

3arpasHentsle NOJA3eMHBe BOAB C STOA TEPPHTOPHH YacTHYHO
NepexBaThiBAIOTCH BTOPHM BOA03a00OpoM, Boja KOTOPOro H3-3a
ITOr0 HCNOJL3YETCHd TOJALKO A8 TeXHHYecKHX HyxA. B stom e
sopo3abope Ouinn obOnapymenwm Gaxrepun Sphaerotillus, uto cBu-
HeTeAbCTBYeT O MOCTYMJAEHHH B BOJOHOCHHIH MiacT 3arpasHeHHLIX
NOBEPXHOCTHLIX BOA H3 JepobGepexknoro pykasa. Henonwsosanne
3arpA3HeHHBIX MOJ3EMHEIX BOJ JJIA OpPOLIEHHs BJjeyeT 3a coboil
NONONHUTENBHOE YXYILIeHHe KauecTBa TPYHTOBLIX BOA, B KOTOPBIX
YBEJIHUIIBACTCA KOHUEHTpauHa cyasdatos, XJOpHAOB, HHTPAaTOB,
HATPUA H NOABAATCA HePTENPOLYKTH.

[lo naupsiM KOHTPOJALHOTO ONpOGOBAHHA CKBAXIH H KOAOIUEH
3arps3HeHHe yie pacnpocTPaHHIOChE B BOAOHOCHOM MJAACTC HA He-
CKOJBKO KHJIomeTpoB. OTMeYeHO MpPH STOM, UTO PACTBOPEHHLIE Hed-
TeNPOAYKTH COAep»aTtcs no Beeil MOUIHOCTH nJjlacTa, a 3MyJbri-
poBaHHble (Macna) coOMparTcs B BepPXHEH HacTH NJacta M HaZ
ypoBHeM FpyHTOBBIX BojA. Ha paccmarpHsBaeMom yuacTKe NOMHMO
MeponpHaTHil obllero XapakTtepa, npeaynpexiarllHX aanbHeiluee
floCTYIJIeHHe 3arpA3HeHHi B NOA3CMHLIE BOJH, 3aNpOCKTHPOBAHL!
cnenuanbHble 3alHTHHIC MEeponpHATHA, B Tom vyHene: 1) oTKauka
yepe3 CKBamHHBI CHIPOil HedTH, CKOMHBUIEHCA Ha NOBEPXHOCTH
rPYHTOBHIX BOA HA TEPPHTOpPHH HedTeXHMHyecKoro KomOHHaTa,
2) yeTpoiicTBO € BOCTOMHOI CTOPOHH TEPPUTOPHH He(pTEXHMHYe-
ckoro KomOGHHara ApeHa)kHoil 3asecul W3 20 ckBaMHH, pasieibHO
oTOHpaloulix HanGojec 3arpsisHeHHble BOJAW  (CcBepxy) H MeHee
sarpasHeHHsie BoAn (cHH3y) B KomnyectBe 600—800 n/c; sona Oy-
feT NCMONbL30BATBECA AJA TEXHHYECKHX HYIKI M OpolleHHs, 3) yCT-
pOIlCTBO MO KOHTYPY 3TOIl e TCPPHTOPHH HA NPOTHAMEHHH D KM
BePTHKANLHOI BOJAOHENpOHHLUAEeMOll  3asech, 3arnybnennoii 1o
NpakTHYECKH BOAOYNOPHEIX ciaoep; 4) yerpoiicTso BHOAL JeBobe-
PERHOTO PYKaBa peku JAPeHarkKHOil 3apechl, COCTOHLICH H3 CKBAKHH
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AEHCTBYIOWEro BTOporo Boao3aGopa H 15 HOBHX ckBaxuH. Cym-
MapHbiit 0T60p BOAW NO MpOEKTy cocTaBHT 3flech 450 afc.

[Ipumep 6. Mertannypruueckuii 3aBojl, HMCIOLHIT KOKCOXHMH-
YeCKOE H a30THOTYKOBOE MPOH3BOACTBO, pacnojiaracTcd Ha IIHPO-
Koil nesobepexxHoi Teppace peku (pue. 77).
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Puc. 77. 3arpasierse NOAIEMNBX BOL B PAfOHE METAAIYPIHYECKOTO 3amoma:

[ = TEpPPHTOPHA 3aBoia; 2 — crapufi OTOAR ¥ CBAAKS NPOH3ADOACTBONNLY OTROAOE F o OTETON-
HHE MPOMCTOKOB M YCAOBHO-SHCTHX BOA; 4 — BoAcaabop NOAICMHMX DO § — noctosmmo g
CTRVIINAA POAONOHUIHTEARNAR YCTAHOBERL 6§ — FHAPOHIOMMACK; 7 — HaOpagicHue NoToRS
NOTIEMHBIX BOA: 8 — CKpaMuHe: CECPXY—EHH3 NPHBEACHD CoaCpManné B NOAIEMHEX BOLLAX
r]‘.runna, UHAHNHACE H POQDHHIODE B Mr}n: Q= conepHanne ﬂJEII-D.‘IH B CHETD B lrlrf.ﬂ

31eck ¢ NOBEPXHOCTH 3aJeralwT 4YeTBepTHYHO-HEOreHoBwle an-
JIOBHAJBHBE MecyaHble OTJIOMEHHS, a2 HHXKe — M3BeCTHSKI BepxHe-
JAepoHcKoro poapacta. [lof3eMHble BOALI aJIOBHAJALHBIX OTJOHE-
Hilit M H3BECTHAKOB BHAYAJC HCMOONL3OBAMHCHL AAA XO3#ICTBEHHO-
MUThEBOrO BOLOCHADMKEHHS,, HO NO3XKe H3-332 3arpasucuns Qexoaa-
MH BOA& CTajJa NPHMEHATHCA TOJLKO A5l TEXHHUYECKHX HYZKI.

B neiicteyloniem Bojo3aGope NoA3eMHHX BOJ cojiepxatine Qe-
sona nocthraer 1.5—2,2 mr/a. 3arpasuenne sojozabopa mnponso-
0 B CBH3H € noctynaendem (PeHoJOB ¢ y4acTKa CTaporo 3axo-
pOHEHHs! TPOH3ROJICTBEHHBIX OTXO/10B 3ABOJIA.
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Ha octanbhoit TeppnTOpHH B MNOA3ECMHEIX BOAaX KOHUEHTpAaLHHA
desonos coctapasier 0,002—0,005 wmr/n, unmanwgos— go 0,005—
0,006 mr/a. CyulecTBeHHBIM OOCTOATENLCTBOM  ABIAAETCA TO, UTO
deHoNL H UHAHHAH B NOA3EMHBIX BOjaax OOHApYMeHB BHILIE 110
NOTOKY OT NMPOMIVIOMLAJAKH Ha 3HAaYHTENBHHIX pacCTOAHHAX OT 3a-
BOfa. IJTO CBA3aHO ¢ 3arpasHeHHem atMmocdepsl ra3ofbiMOBBIMH
phiGpocaMi, B 0cOGEHHOCTH NPH MOKPOM TYLEHHH KOKCa IPOMBILL-
JIEHHBIMH CTOYHHIMH BOAaMH, coflepxawumin Ao  300—400 mr/n
¢enonos. Ilpu obcaenosanun OCGHAPYMMJIHCL 3aMETHLIE KOJHYeCT-
Ba (pevona B cHery. llpu TasHuu chHera Boia ¢ ¢eHONaMM MOCTYNa-
eT B NMNOYBH, & 3aT¢M H B BOAOHOCHHRIE NMOpOJABI, HE HMCKOULHE BOIO-
YNOPHOH KpOBJIH.

ITpumep 7. Xo3AllCTBeHHO-NHTbEBOE H TeXHHYECKOE BOINO-
cHaGieHHe NPOMBILLJEHHOH 30HB H ropoja OCHOBAHO HAa HCMOaL-
S0BaHHH NOA3CMHBIX BOJ NecYaHO-rPABHHHO-TANEUHHKOBOrO &J1J10-
BHY, 3aNOJHAKILErNo COBpeMeHHYH H JApeBHIOW OOJHHBI PEKH
(puc. 78).

MouHOCTE BOLOHOCHOrO AJJIOBHA 3ABHCHT OT CJA0XKHOMO pebe-
da nua nonHHE W coctaBasier 2—I15 M (B COBpeMeHHOH N0JiHHE) H
25—30 M (B ApeBueil JonHHE).

Koshpduunent ¢uastpanun anmosus papen 50—90 m/cyr, B
cpentem 70 MfcyT, BOAONpoBOAHMOCTL KoJeGnerca ot 390 no
2000 m¥/cyrT.

[Monzemubie BoAL B JpecBHEll H cOBpEMCHHOH AOJHHAX, obpa-
3YIOLIHE EHHBI BOJOHOCHLIT KOMIJIEKC, MECTaMil OTAC/eHu Hpyr
OT ApYyra noJocoil Buixola AOYCTBePTHYHBIX TJHH, NOACTH/IAIOUIHX
ANMOBHAJLHBIE OTNOHEHHS. B nepHoa BCCCHHCIO MNMOJAOBOABH H
MHTEHCHBHHX J0Meil peKa W e¢ NPHTOKH NMHTAIOT ajioBHANbHLI
BOAOHOCHBII TOPH3OHT, B JICTHIOW H 3HMHIOK MeXKEeHb peKa JApeHi-
pYCT aJNIOBHANLHBEIE BOAKL.

[To xHMHYECKOMY CcOCTapBy NoOA3eMHBE BOINE OTHOCATCH K XJ0-
PHAHO-CYNL(ATHO-THAPOKAPOOHATHOMY M XJOPHAHO-THAPOKAPDO-
Hathomy Tthny. OOmas MHHepanu3auna BOAbl  H3MEHHACTCA OT
06—1,2 rfn (B npHpeunblX y4yacTKax aoauHs) a0 1,5—3 rja (s
HHKHell yacTH anamopua H BONH3M KOHTaKTa ¢ AOYCTBEPTHUHBIMH
CAHHAMH).

B ecTecTBEHHBIX YCJAOBHSIX JI0 CTPOHTEbCTBE  BOA03alOpOB
MOTOK NMOAZeMHHX BOJ B almoeun 6B HanpaeideH BAONbL [OJHHB
< ykaonom 0,0006—0,0007. IMocie ycTpoHCTBA Bonozabopos, &
Takme CTPOUTEJNbCTBA MOJACH (PUALTPAUMH  Pas3HYHBIX TpeAnpHs-
THIl, WJIaMOHAKOMHTEAA H THAPO30J00TBaNa NOBEPXHOCTb TPYHTO-
BhIX BOJl OCJIOKHHIAach HA 3STHX yvacTKax OTAeNLHBIMH [enpec-
CHOHHBIMH - BOPOHKaMH M «ByrpaMi» pacTekalolkxes (uiabTpa-
uHonnex Boa (puc. 79). Ha tepputopin npoOMHILIEHHON 30HL pac-
NoONaralTcd XHMHYecKHil 3asojl, BepabartbiBalolllpii XpOMOBHE
coeannennsn, a takwe TOLl w OpyrHe nNpeanpHATHA. 34eCh Xe Ha-
KOAATCA MATH ACHCTBYWOUIHX B0A03a00pOB MOJA3EMHBIX BOA C Mpo-
H3BONHTEABHOCTLIO 32 ThiC. M¥fCYT.
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Bee st Bopo3aGopul oKazaduch 8 TOI HJAH NHOI MEpe 3arpas-
HEHHBIMH LIECTHBAJNEHTHBIM XPOMOM, COAEPAKALLUMCS B TeXHOJAOri-
YECKNIX H CTOYHBIX BOJax XHMHYECKOTrO 3aBOjia, TAK KaK 3aBoja I
CTapHlii WJaMoHakonuresab, B KoTopelili cOpacwiBaauncs 1500 m3/cyt
CTOYHBIX BOA ¢ cofepxandenm xpoma 10—12 rfn, 6uinu pasmelleHs
Ha a1 TI0BHAJBHOI Teppace.

B nepBeie roawl nociie nycka 3aBoia NpoHCXoAnan  Haunbogee
WHTCHCHBHBIE YTEUKH TeXHOJOTHYeCKHX pPacTBOPOB Ha MPOMILIO-
uianke W (PHALTPALMA CTOYHBIX BOA H3 LWJIAMOHAKONHTENN, B pe-
3yJbTare Yero BCKOpe NosABHJACSH B Boaozabope XpoMm B KOJHYECTBE
no 100—200 mr/n.

B HHXHER ‘4acTH BOJOHOCHOTO ropusonTa BOAH3H UTAMOHAKO-
nHTeds cofepanie xXpoma B Bode gocturano 1000—2500 mr/n.

Yepes HeCKONBKO JeT, KOrja LAaMOHAKONHTeNb OblJl JIHKBHIN-
pOBAH M MOCTPOEH HOBHII Ha kopenHom Gepery (cam. puc. 78), cio-
JHEHHOM JOYETBePTHYHBIMH TAHHAMH, 00beM NOCTYIJEHHA XPOMCO-
Jepalllix CTOKOB B NOA3eMHbIC BOAH yMeHbwHiacs. Onnako 3a-
rpsi3HEHHOCTH BOJOHOCHOTO TOPH30HTA ocTaBaljlack BHICOKOH, OHa
noanep:<HBanacek BeIMbIBAHHEM XxXpoma arMocdepHBIMH OcCagKaMH
H NOJA3¢eMHLIMH BOJAMH H3 TPYHTOB B OCHOBAaHHH CTAporo ULamo-
HaKOMITeAsl, @ TaKKe NPOAOMMKAWIIHMHCA yTeYKaM#H TeXHOJoTrH4Ye-
CKHX H CTOYHBIX BOJL H2 TEPPHTOPHH 3aBOJA.

3arpasHcHHEIe XpOMOM NOA3eMHBIE BOAB B 3HAUHTCABHOR Mepe
nepexpaThiBaloTes BopozaGopoM, He goctiras  pekn. [locnennee
0GCTOATENILCTBO, 8 TaKMe OTCYTCTBHE APYIHX HCTOYHHKOB TexXHHYe-
CKOro BOAOCHAGMEHHA 3aCTaBHIH NPOJOJIMHTL IKCITYATAUHIO BO-
nozaSopa W NOAABAThL XPOMCOAEPXKAlLYI0 BOAY Ha TEXHHUYECKOe
sonochabkeliHe TILL Ilocae Henonb3oBaluA 3TH BOAH 6e3 O4YHCT-
KH BHayane cOpackiBaJHCh B DYCJAO BPEMEHHOTO BOAOTOKa, Bha-
Zialolllero B PeKy, HO 3TO BH3BaJ0 MNOABJEHHE XpoMa B peKe Ha
npoTsiKeHHH 15 km Huke nmpom3onsl. ITostomy nos:e orpaboran-
Hue oAbl ¢ T3ILl cOpachiBaanck B rHAPO30J00TBAN, pazMellleHHbIH
Ha NepeBoil HaanofiMeHHoil Teppace. [10CKONBKY KOHUEHTpaUHA Xpo-
ma B orpaboTaHHBIX BOZAax cOCTaBAAJga NEcATKH Mr/a, THAPO30.0-
OTBaa npeppaTHacs, Takum 06pazoM, BO BTOPHYHLIN - HCTOUHHK
3arpA3HeHNns MOJ3eMHBIX BOJ, BHI3BABIINIT 3arpsA3HeHHEe XPOMOM
Bofoszabopa. KpoMme Toro, cknajgipyemas B THApPO30n00TBalle 30-
.a, copepxaulasi Goablloe KOAHYECTBO XpOMa, B TENJBIH NEpPHOR
roja pasBeBajlack BeTPOM Ha GONbUIHE PacCTOAHHA, H 3TO CNYHHIO
NpHYHHOIT AONOJMHHTEILHOrO 3arpa3HeHHs NOA3eMHBEIX BOA H MNOYB
Ha yyacTKaX, yAaJeHHEIX 0T XHMHYECKOro 3apoja.

Pre. 7R PacnpocTPAHEHHE XPOMA B AAJAKBHAABHOM BOADHOCHOM TFOpPHIOHTE B pafione XHMH-
‘Heckui0 3aBona (Kapra M npoduas A—E)

J — peficteyoilufl HoBRA  MAAMOHAKONKTEAR XHMIEMCCKODO 3aBO0a; 2 — poas GEHALTRALNHW
MEcnRoMOHnETa; F =— cTapull mMAAMOHAKONHTEAR XWMHYCCKOTD 38B0aa; 4 — TePPUTOPHA XHMI-
AecKOFG 3ABOAAL & — FHAPOAONOOTRAN; & — poaoantopsl NOAICMIEEY BOI; ¥ o= HOMCD DBOIOIA-
Lopa: & — pazpcaouno-walaIaTEARHAR CKRAMHHE, § — FpaHMua BHX01A2 KOPCHHEIX FIHE E
LopT apcenefl poawnin; 0—I15 —oGaacTH © COnEpMAHICM B MOIICHMHHX BOAAX WELTHBANGHT-
sioro xpoMa B Mrja; [0 —Gonee 30, M —or 10 go 30, [2—ot 1 20 10. [3—o0OT, 0.l 2o L.
34 — mentee 0,1 mrfa. 15 — xpou He obORapymsen
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Prec. 79, InapopuvaMuyeckan CeTHA QHALTPALMH NOAMMHEBX BOA B PAAOHE XHMHNECKOID 33-
BOAA TPH OAHOBPEMEHHOR SKCOAYaTauMd soaosdabopos,. runpolofooTBana M nodell uanT-
P M

{ — HOBLH AefCTBYOUINA WASMOMAKONUTENL XHMBYECKOrD 3anoas; 2 — nons uALTpain xa-
corouMOnHATA; J— cTapmil WAAMOHAKONHTEAL XHMHYCCKOID 3RR04a; 4— TePpHTOPHS SHuHye-
CROTO 3aRCAA; § — FHAPOIOACOTREAN; § — BoA03alopE NOIEMHEEY BOL; T — HOMOD BOA0ZA0OPA
NOAFCMHBX BOZ; H-— rpaiuila REXoA8 KOPeHMULIX TAHN o GOpT Apeancll A0AWHE B = rugpos
HICrHnce;, 0 — nHHMW TOKa
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ITlo panublM H3LICKaHHH coflepiaHHe XpoMa H3MeHAeTcH Mo
rayGHHe BOAOHOCHOIO IJacTa, NpHYeM MPH OYeHb BBICOKOM COAep-
MAHHH OH CKANJIHBAETCA B HHJKHeR yYacTH BOJOHOCHOrQ IJjacra, a
npu copepxannn ao 10—15 mr/n BcTpevaercs H B cpefHeil 4acTH
naacra. [To Bceit MOLHOCTH BOMNOHOCHOINO rFOPH3OHTA XPOM pacrpe-
AeneH pOJIH3H CTApPOro LJAMOHAKOMHTENd; B BEpXHeil 4acTH nnaa-
cta — BGan3n poposabopa.

B nogzeMHEIX BO#AX XpOM HAXOAHTCA NPeHMYUECTBEHHO B ule-
CTHBAJEHTHOIl (opMe, T. €. B TAKOM e BHIE, KAK H B NPOMBIULACH-
HEIX cToKax. TpexpaneHTHBIHi XpOM BCTpeyaeTcs KpaiiHe peaxko H
B MaJbiX KOJHYECTBaXx, YTO CBHOETeNbLCTBYET O TOM, HYTO BOCCTAHOB-
JeHHe XpoMa B BOJOHOCHOM MNJacTe NPOHCXOAHT B OYeHb MAaJbX
MacuiTabax.

Pacnpocrpanenne XxpomMa B NOA3eMHHIX BOgaX paHoHa B Nnaane
NpHBEACHO HAa pHC. 78 Mo pgaHHWM onpoboBaHHA MHOTOYHCACHHEBIX
CKBaj)KHH. 3arpsisHeHHble NOA3CMHBIE BOAL PAaCNPOCTPAHHJHCL Ha
naouiaan oxkoyio 12 Km®% npuyem HanGoJbIIee KOJNHYECTBO XpoMa
B BOAOHOCHOM IJIaCTe HAaXOAHTCA Hd TePpPHTOPHH XHMHYCCKOrO
3apojla, CHAPO30JOOTBANA H CTAPOro LIIAMOHAKonurTeas. J3jech
B OTAGNBHBIX CKBaHHAX Boja comepxut mo 2500 mr/fn  Xpowma.

B ckpamunax Boposabopa cofepmanHe XpoMa H3MEHsieTcd BO
spemeny ot 0,2 mo 113 mr/n u noclie cMelleHHA BOABI M3 BCeX
CKBa)HH B cpeaHem cocrasiaser 25 mr/a. B soposabope comepika-
HHe xpoma coctaeniao 1,3—2,2 mr/n.

B poposaGope, naxoasilemcss Ha npasom Gepery pekd, nose-
Jenne xpoMa B Koauuectee a0 0,015 mr/a cBA3aHO ¢ npHBJACYeHHEM
3arpA3HeHHON BOAB H3 PCKH H ¢ MOCTyNJeHHeM Xpoma B atmocde-
Py H NOYBH BCJEACTBHE pAacnBACHHA 3046 H3 THAPO30J00TBAaNA.

OO6wee KoNMHYeCTBO XpoMa, HAKOMHBLUCTOCA B NOA3EMHBIX BO-
Aax, cocrasiaser no pacueram okoao 1500 T1. Tlpuecyrereve B noa-
3eMHBIX BOAAX LIECTHBAJCHTHOrO XpoMa HCKAKYaer BO3MOKHOCTb
HCNOJMB30BAHHA BOM03ab0pOB IS XO3AHCTBCHHO-MHTLCBHIX HYHA H
3aTPYAHACT TAKMKE, a HHOTAA [eNacT HEeBO3MOMHBIM HCMNOJB30RA-
HHEe B TeXHHYecKHX uenasx. Fmeercs OnacHOCTb pacnpocTpaHCHHA
3arpA3HeHHbIX XpOMOM BOJ N0 BOAOHOCHOMY [J1aCTy Ha HOBHIC
YUACTKH — HHIKe 10 MOTOKY OT FHAPO30J00TBAJAE.

Hannukwe XpoMa B YCJOBHO-YHCTHIX BOAax, cOpacbiBaeMblX BO
BpeMeHHBI BOgOTOK B Koamuectse 0,03—0,7 mr/n, morao ckasatb-
cfi HAa HOBOM HH(PHALTPAUHOHHOM BOMO3abope, HAXOAALWEMCS HH-
e NpoM30HbB Ha nepoM Gepefy pekH H HeaONYyCTHMO MO yCJOBHAM
puifoBoacTiea.

B Texnuko-3kOHOMHYECKOM OGOCHOBAHHH NPOCKTA JIOKAJNU3ALHH
Quara 3arpA3HCHHA MOA3CMHBIX BOL XPOMOM HaMCY€HO B Ka4yecTBe
OCHOBHOTO MepONpPHATHA — CTATHBAHHE KOHTYpa 3arpa3HeHHLIX BOL
npH ux otkauke. HanbGosee zarpsasieHHble XpOMOM BOAB B KOJH-
yectBe ~8 thic. M3fcyr OyayT ouHuleHn M o0eccosieHBl Ha chneln-
aqbHOll ycTanopke. OuHlleHHHe H 00eCCO/ICHHHI¢ BOJAH, a TaKMe
KOHUEHTPHPOBAHHBIE PACTBOPH, OCTAIOLWHECHA nOC/Te OYHCTKH, [IC-
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NONB3YIOTCA AJAR TEXHOJOTHYECKMX HYIKO; OCTaJdbHBe pacTBOpL!
cOpacueaoTc B HeunbTpyowWMili  ucnapurenb. OrtkaunpBaeMbie
cnabo 3arpAsSHEHHHE BoAW B KOJHuyecTBe ~27 THC. M¥jcvT
OyayT oOuMlleHH — pearcHTHBIM — CNocOBOM € HCHOAL3OBAHNCM
OYHIICHHO Y BOABW A48 NPOH3BOACTBCHHOIO pOnOcHaOXKeHN,
WAaMbl, OCTAIOWHECH MOC]Ae OUHCTKH, cOpacHBaTCi Ha HCQHIBT-
PYKLHE UlTaMOHAKOMHTEH,

Hameucna rtakmke JHKBHAAUHA ACHCTBYOUCTO THAPO3OA0OTBANA
N YCTPONCTBO HOBOro HedHALTpYIOWICro THaposojooTBana. Ba-
PHAHTHl JHKBHAAIHH OTKAYHBACMBIX 3arpasHCHHBIX BOL  NyTeM
BEHINAPHBAHHA, HCNAPCHHST HJAH [yDOKOro 3aXOpoHeHHs ObliH OT-
BEPrHYTH H3-33 BBICOKO CTOHMOCTH 3THX MEPONPHATHH, a8 TaKMke
B CBfA3M ¢ aeduuHToM 0bulero sogaroro Gananca paccMarpHBacMo-
ro paiioHa, B 0cobeHHOCTH NedHUHTA TEXHHYCCKOH BOJH.

Pacuetn cKOPOCTH H BpPeMEHH [IBHMCHHA, KOHUCHTPAUWH H KO-
JIHYeCTEa XpPOoMad, H3IBACKAcMoOr'o MNpH OTKaYkax npH TOM HJH HHOM
pacnoNOKeHHn JAPeHaX<HHX CKBAa)KHH MpOBeACHH M0 THAPOAHHA-
MHYECKHM CeTKaM, MNOJyYeHHLM NyTeM ModelHpoBanHs (QHuALTpA-
11MH NOA3SCMHBIX BOJ Ha aHaJIOTOBOH CETOYHOM MOJENH.

[MpeapapHTeabHO € LEJLID YTOYHCHHA PAaCYeTHOH cXeMbl QuibT-
paunsu H NPOBEPKH €€ COOTBETCTBHS MPHPOAHBIMM THAPOreoJorHYC-
CKNM ycaoBusim:Ha Mogean Obiiia pewieHa obparnasi 3amava. [lpw
MOACJHPOBAHHH (GHIBTPALHH YUHTHIBAJHCE H3MEHCHHE BOJONpO-
BOOAMMOCTH BOAOHOCHOTO mJaacra, nNocTynjcHHe QHILTPAUHOHHEIX
BOJ Ha Y4YacTKe FHAPO30Jo0TBana M noJeil Quiabtpaunt, orbop Bo-
nel aeficTBYONIHMHE BOR03a6OpaMH M HAMEYAeMbLIMH APEHAMKHBIMI
CKBa)XHHAMMH, eCTEeCTECHHBIH NOTOK NOJA3eMHBIX BOA B AOJHHE H HX
THAPABIHYCCKANA CBA3b C PEKOH.

[NporyosHas rHAPOAHHAMHYCCKASA cxeMa (HAbTpAaUHH I8 O1-
HOTO M3 BAPHAHTOB, NpelyCMaTPHBAWIIHX HHTCHCHQHKAUHIO oT6o-
pa NOA3CMHBIX BOJ Ha AEHCTBYIOUIHX BOA03abOpax H AONOJHHTE.b-
Hylo OTKauky nauboJice sarpsisHeHHHX BOJ Ha TCPPHTOPHH XHMH-
YeCKOro 3aBOjia, MPHBCAEHA Ha pHC. 79,

KOHUCHTPAUKA M KOJHYCCTBO XpOMa, KOTOpHii GyAeT H3BjeveH
HAMEUACMHM JONOJHHTEJBHHIM ApeHareM, nokasauo Ha puc. 80.
[Mpono/HTeNbHOCTL H3BJCUCHHS XpoMa MoJyHyeHa pacuerom no
KapTe 3arpssHCHHsi M THAPOJAHHAMHUYECKOH CeTKe H3 yCJaoBHH, YTO
HOBHIX MOCTYIJIEHHil XpoMa B BOJMOHOCHBIF TOPH3OHT He Gyner.

Mpumep 8 Heounuennbie NPOMBILUJICHHBIC CTOYHBE BOALI 3a-
BO1a CHHTETHUECKOTO Kayyyka B Teuenue 18 sier manpapisiHch Ha
noas GHALTPAUHH, pa3MellcHHbe BONH3H pekH Ha nepobepexHoi
HH3KOi1 anmopnadsHoit teppace (puc. 81). OcHOBHEIMH OpraHnuc-
CKHMH NpHMeCSIMH, 3arpAsHAKIHMH CTOYHHC BOABI LEXOB BHIAC/E-
HHA KAyuyKa, SIBAAIOTCH HeMOJHOCTbIO MpopearHpoBaBuiHe W HC
NOJHOCTBIO YAANCHHBIC H3 JATEKCa MOHOMEpH H T1aBHBIM obpa3zom
pasaHulble 3MYJbFaTOpH.

Hekotopble 3Myabratopsl (KHPHOKHC/IBIC MbiAd, LWEIOHHHE CO-
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Pec. 50. EKouMUeéHTPAUHM H KOJAHYECTED Xpo- ]"r",T

Md, HIEACKACMOr0 NROCKTHPYEMBIM 33 LIHT- y;
HHM APEHAMEM HA TEPPHTOPHH XHMHYECKOro [
3andia:z
C — KoMuenTpalus xpova o mrja; V—konu- KT f',r.u;.-"h &7
YeoTeo 1'I:'|.H::Ha B TOHMAX, HIBNEKIEMOID 38 H - J’éf
b roa: W — cyMMapuoc KoAnyecTEO XpoMa B
TOHHAX, HIBNEKAEMOE 3a mpexs [ B roaax, 40
¢ MOMCHTa paboTh Apouasa #74- £
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2
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A CMOJIAHBIX KHCNOT mMOaH(HUHpoBaHHON KaHudoAnm W Ap.) B on-
Peie/ieHHHX ycJIOBHAX CNOCOOHB K GHOXHMHUECKOMY OKHCJIEHHIO,
aApyrie e (HeKadab, Jefikanoa W Ap.) He NOAAAITCH GHOXHMIUC-
CKOMY pacnafy.

XumuueckHii coctas oOBLIETO CTOKA 3arpPs3HCHHBIX BOL, Hanpas-
JAAEMBIX Ha NOAR QUALTPALHH, H3MEHAETCA B 3aBHCHMOCTH OT BHAA
H KOJHYeCTBA' BEINYCKAEMON NPOAYKUHH, OT COCTABA MPHMCHACMBIX
IMYJBraTopoB, JOKaJbHOI OYHCTKH CTOKOB B OTACABHBIX [@Xxax,
pasfapleHHA MPOMCTOKOB XO3ANCTBEHHO-OBITOBHIMH CTOUHLIMH BO-
AaMHM H APYTHX MPHYHH,

Cpeannii cocTaB cTOUHBIX BOA XapakiepHayeTcs CleLylOuiHMI
MOKA3aTeJAMH: B3BClUeHHble peulectea 60 M]"/fl, MJAOTHHH OCTATOK
2300--3500 mrfa, nepmaHranatHan okucasemoctb 100—500 wmr/a,
XK (itopatHas okucasemocts) 400—2200 mrfa, BITK (noawnas)
500—800 mr Og/n, asor ammouMiiHbil 3—100 mr/a, xjnopuas 350—
1900 mr/n, cyabdare 500—620 mr/a, wekaas 70—520 mr/a, ctupoa
|—180 wmr/n, anppernan 30—40 mr/n, xKupHHe KHcnotel 80
90 mrfa, apoMatHueckume yraesopopombi  15—40 wmrfa, cymma
CMOJNIAHLIX H XKHPHHX KHeaot 76—262.

[Tpn ycrpoiictse noneir GuaAbTpaUHH NPEeANOAATaNoch, YTO CTOY-
HBle BOAB 31eCh NOABEPrHYTCA €CTecTBEHHOIl GHONOrHueCKoil O4H-
CTKe, OINHAKO, KaK nokasa/ln HabMoAeHHsA, CONepMAllIecs B
CTOYHBIX BOJax XHMHYecKHe Bellectea 6e3 CyilleCTBCHHOIO H3nmeHe-
HHA CBOETO COCTABA NOCTYNAnH B BOAOHOCHBI MOPH3OHT M pacnpo-
CTPaHANNHCL B HanpaeicHHu K ponoszaGopam H pexe. OuHcTKa 3a-
TPYJAHAJACH TEM, 4YTO HArpy3Ka Ha Kaptd 0OOJdeH ¢HALTPAUHH
cocrasasna 200—300 m*ra B cyrkn Bmecro 73 mifra B cyrkiu no
npoekty. ['MaBHoe NpensTCTBHE 3aKAKYaNOCh, OAHAKO, B TOM, 4TO
B COCTABC CTOMHEIX BOJ HMEJHCh MJOX0 OKHCASKIHECA BelllecTsa
H B LenOoM MHHEpPAIH3aUMA CTOKOER Oblflda NOBLIlLIEeHHOM.

B paione noJieit QUALTPALMH C NOBEPXHOCTH 3ajeract MoOlUHAa#
(45—50 M) TosWIAa ANNOBHAJBHBIX W (IIOBHOTAAUHAJIBHEIX NECKOR:
YETBEPTHYHO-NCOreHOBOrD BO3pacTa, coaepikallasi Ha rayOHHE OKO-
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Jo 20 M noaseMHble BOAB B HE HMEIOILAS BOAOYNOPHOH KPOBJH:
(cm. puc. 81).

Kosdduuuest ¢uaprpaumy pepxHeil 4acTH necyaHoil TOMIIH
(mo tay6uns 20—25 M oT nopepxHoctH) paeen  18—20 mfcyT,.
HHMKHeH yactH — 30—40 m/feyr. OT HuMenemalHx OTNONKeHHH Oe-
BOHCKOTO Bo3pacTta (H3BECTHAKH, NCCYAHHKH, TJAHHBI) HCTBCPTHUHO-
HCOreHOBAS TNeCHYaHAA TodwWa OTheJeHa MAJOMOUIHBIM  TMPOCaoeM
rJIHH, KOTOpHlE, OAHAKO, MEeCTaMH pa3MbiThl, u4t0 oOneryaer Ha
3THX YYaCTKax CBsizb OOOMX BOJOHOCHHX IOPH30HTOB. Jlas Xo3sii-
CTBEHHO-MHTHEBOTO H TeXHHYECKOT0 BOAOCHAGMKCHHS H3 YCTBEPTHY-
HO-HEOTCHOBOTO BOMOHOCHOTO TOpH3oHTAa B paiiode orbupaioT
okono 400 teic. M3/cyr. Henocpencrsenno s6an3n nodeit ¢uabrpa-
IHH pacnojaralTca Nath Boaosadopos.

INoTox noaseMHBIX BOA HaXOAHTCA 3/lech NMOL BIHAHHeEM JABYX
KpynHBX BojosaGopos. B nepHon nHTeHCHBHOTO cGpoca CTOUHBIX
BOJ Ha nods (uIbTpauHl ypOBEHb NOA3EMHBIX BOA MOA MNOJSMH
dbuakTpannH nopsiuaics Ha 3—4 M, H 3nech cosfasancs «Oyrop»
pacTeKawluMxCH BOL.

PaspuBy CNJAOUIHOCTH TEUEHHA -1 «OMACBAHHA» CTOUHBIX BOJA
yepes 30HY aspauuu cnocobeTBOBANA KOABMATAIMA MECKOB B OC-
HOBaHHH MoJell (HALTPAUNH B3BelUEHHHIMH H 3MYJbIHPOBAHHHMH
BelecTBaMi MpH (UABTPAINI CTOMHHX BOX uepes Bepxuue 10—
15 em necuanoi Toafun. Idto obcTosiTENBCTBO OHIJIO 3aMCUYEHO NpH
OypeHHs W Npoxogke 1wypdos N0 H3MEHEHHIO 1BETA NECKOB H HX
koaduumenta GUALTPAIHH, ONPEAeNeHHOrO ONBITHLIMH HaJHBAMH
B WypdHL.

B paiione noseii ¢puasTpaunn cdopmuposanca 6oabliol apead
3arpAsHCHNs TIOA3CMHEBIX BOJ, KOTOPBIil BBIILIE] AAJNEKO 3d [peaebl
noneit ¢uabTpanuy. B pesyabrate 3T0r0 NpHULIOCH JHKBHAHPOBATH:
3aBoACKHe BOA03abophl; YXYAUIHIOCE KayeCcTno BOALL H B TOPOA-
CckoM BOno3aGope, PacnojiOXKEeHHOM Ha NpPOTHBOROJOXKHOM OGepery

CKH.

; B pesynnrate H3HWCKaHHWil H Habaio0lcHHIl NOJyUueHa XapaKTepH-
CTHKa 30HBI 3arps3HCHHSA MOA3CMHBLIX BOA NO oO0ueH MHHepaaH3a-
IHH, @ TAKMe CONCPMAHHIO OTAEJbHBIX KOMIOHCHTOB CTOYHBIX BOJ
B MJaHe M B paspe3de BOAOHOCHOrO naacra (cm. puc. 81).

B paubonblueli cTeneHn 3arpsi3HCHHLIMH OKa3ajHCh NOA3eMHLIE
BOJBl, HAXOMSUIHECA HENOCPeACTBCHHO MO nojsfmMu (HIABTPAUHH H
BOJIH3H HHX. 3jeck BCS NecuaHas TOJULA COAEPIKHT CTOYHEIE BOJAH.
O6man Munepaansanusi goctiraer 3500 Mr/a, KOHUCHTPAUHA XJIO-
pijos — 1300 mr/a, cyaspator— 600 mrfa. Tlossuance, Kpome
TOTO, CrneiH(HYeCKHe KOMIMOHEHTHl CTOYHBIX BOA NPOH3BOACTBA CHH-
TETHYECKOTO KayuyKa: NMOBepPXHOCTHO-AKTHBHOE BeUlecTBO (HEKalb)
300—500 mr/a, aeiikanoa, ctHpoda, Tpuaol b w ap.

BuiCOKHe 3HAYCHHST Cyxoro ocratka (40 2 rfn) CcOXpamnsiorcs
B HIKHE] uaCTH BOAOHOCHOM NecYaHoil TONUH BIJOTH A0 MOHMEH-
HOIl YACTH JOJHHE H NCPeXoAsT Ha mnpasblii Oeper pekH, riac Ha-
XONHTCA AEeHCTBYIOLLHI ropoAcKoil Bono3abop.
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OruernuBo nposeiiace ruapoxumuyeckas aHddepenunanis
NOJSEMHBIX BOJ B BEPTHKANBHOI MJOCKOCTH: HanuGonee 3arpaA3HeH-
HHE BOMAbI € BBHICOKOH MHHCPAJH3AUMEN H COOTBETCTBEHHO Gonpiueil
TJIOTHOCTBIO OMYCTHJAHCH B HHAHIOKN 4YacTbh BOAOHOCHOH  TOJILLM
(taGa. 20).

TaGauma 20

"H:!IEHEIHIE XHMHYCCHOND COCTABRd NMOA3eMHBIX BOD MO I'-l'ljl'ﬁﬂll! BOAOHOCHONO MAACTA

IayGuna omhopa Bo i Conepaanne TTAR, CHHCResOC TS, TMnorwsi OCTaToe,

OT MOEEPXHOCTH, M Mrin mrl}, la mMr/a

18,5 118 3.8 512
23.5 200 Ti.2 2448
32,0 370 120,0 2362
33.5 425 132 .8 2430

OcHoBHas 4acTh CTOUHBIX BO1 MepeMellanach OT MOAedl GHALT-
pauHH nNo CpefaHeil H- HHMHell YacTAM DBOAOHOCHOTO TJiacTa; Bepx-
HSIl YacTb MOTOKa, Kotopasn Qopmupyercs raasHaa obpasoMm B pe-
3ynbrate HHpHALTPaunn arvmocepHbX OCANKOB, HE CMELHBalo-
mHXcA ¢ Oosiee TAKEILIMI HIGKeIeRKaUHMH 3aTpA3HeHHBIMH BOJA-
MH, 3aMeTHo onpechena (cyxoii octatok 120—200 mr/n).

HauGonee untencussoe pacrnpocrpanenie 3arpsi3HcHHIl B BOAO-
HOCHOM MJlacTe NPOHCXOAHAO © Hanpasachuy K Oamxaiiwemy BO-
No3abopy 1 K pexe, APeHUpYIOULell BOAOHOCHYIO MeCYAHYID TOJILY.

Cxematnueckuil ruapoxuvuueckuii npopuan (cM. pue.  81)
HWILTHCTPHPYET MHTPALHIO NMOBEPXHOCTHO-AKTIRHOTO BellecTBa (He-
Hﬂ-&"llﬂ_[) B NOTOKE MOA3CMHEIX BOJL.

PH TOCAEAYWOUINX N3BICKAHUAX B 3TOM paioHe, NPOBEJAEHHBIX
ans o6OCHOBaHHS BO3MOMHOCTI ycTpoiictBa nosoro sogozabopa
NOA3EMHBIX BOA B 0—6 KM K 101y OT noneit ¢puabtpauns, 6uu10 yera-
HOBJICHO, 4TO Ha BCeM 3TOM [POTAMKeHHN, T. €. BuIle [0 MNOTOKY
NoAseMHBIX BOA, B HuX coaepsatcst [MTAB. 310 Mmoxer 6uiTh cRA3a-
HO € MHOTOJICTHHM 3arpasiediieM atmocepHEX OCAaAKOB Hcmape-
HHAAMK € MOBEpPXHOCTEIl noaeil ¢puabTpaunn, Fln AAHHBM N3LICKaHMIT
H HCCNeNOBaHHil cocTapaen 0a1aHC  3arpAsHeHHil B BOMLOHOCHOM
Topusonte. [lpuxodnas uacts Gaianca onpeaeasiercs o6BEMOM H
COCTABOM CTOYHHIX BOI, NMOAAHHEIX Ha NoafA (UABTPAUHHM 3a BecCb
nepHoa HX Henoab3oBaHus. PacxojHas yacTe COCTOHT M3 3arpasHe-
HHI: a) H3BJIEYCHHBIX H3 (1acTa BOA03a00OpOM H COPOLIEHHBIX 3a-
TeM B peKy; 0) MOCTYNHBIWHX C TPYHTOBBIM MOTOKOM B  pPeKy;
B) HAXOAFILUHXCH HA Mepuo;l H3bICKAHUI B Miacte B PAacTBOPCHHOM
H B copbuposannom coctosinii. Pacxoib KOJAnyecTBa Heka.ds co-
crapuam 15, 4—6, 14 w 1—2 THIC. T COOTBCTCTBEHHO.

Kaxk ormeuasnock puiwe, 5 Gmkaiiwme k noasm GuabTpanHi
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3aBOACKHe Boo3albopnl 3arpAsHcHHble BOAB NPHILAH OYeHb OwICT-
po. Toponckoii BofosaGop Ha npasom Gepery pekH BCTYNHA B 3K-
cnayataunw yepes 6 jer nocic Hayaaa geficTBHA noaeil ¢uiabTpa-
unn, a nociae 14 Jer ero paboTel B UEHTPAJNBHBIX CKBAXHHAX
NHHEHHOro psana, 3arayOJieHHHX B JACBOHCKHE H3BeCTHAKH, OB 0O-
HapyseH HeKallb B KonuuectsBe no 1,5—2 mr/a. [lepexony sarpss-
HeHHil Ha npapwii Geper cnocoGeTpoBaan: 1) OTKMWUEHHe BOAO-
3aGopa BOAH3H noJiell QUABTPaLME MW HHTEHCHEBHasA OFKayKa H3
npapobepexHoro sogosabopa, 2) OTcyTCTBHe pasfefifiolero npo-
CAOA TJIHH Ha <NOA3¢MHOM BHCTYMNE» H3BECTHAKOE BOJIH3H  pekw
(cMm. puc. 81); 3) MoBHIIEHHBIC CKOPOCTH JBHKCHHS BOAL B H3BECT-
HAKaX, obJlafaolHy MeHbLUed AKTHEHOII MOPHCTOCTLIO NO CcpaBHEe-
HHID € neckami; 4) noBHlUeHHBE TpagHeHTHl Hanmopa Ha yYacTke
MeXAY noaaMH  (uABTPauHH M npaBolfepexHuM  Boao3abopoM;
5) ycraHoBleHHOE ONHTHHIMH pafoTaMH 3aMeTHOE «HeCOBEpLIeHCT-
BO® CBfi3H BOJOHOCHOTO FOpPH3OHTA C PeKOH H3-3a LIHPOKOro pasbH-
THA TAHHHCTHX OTNOMEHHH B pycie H Ha nofiMe u cnalboli Bpe3KH
PeKH B a/VIIOBHAJbHBIE OTJOxeHns. Bee sto GaaronpHaTcTBOBano
«MPOCKOKY®» 3arpfA3HeHHbIX NOA3eMHHX BOA MN04 pPYC/IOM  peKH
CHayaJaa no H3IBeCTHAKAM, a NMo3xe H No aJAJKBHIO.

Ians nokaidm3auuu oyara sarpsisHeHHs NOA3EMHBIX Boj, ofpaso-
Baplierocs noj noasMH (QUALTPAUHHM 3aB0OJla CHHTETHYECKOro Kay-
YyyKa, NPeAyCMOTPEHA HPCHAMNHAS 3alHTa € OTKAuKOil H NOCHefyio-
el OYMCTKOM 3arpf3HCHHBIX MOMA3CMHBIX BOM OT MNOBEPXHOCTHO-
AKTHBHBIX BenlecTe. C uenpl0 ONpefieicHHA MecTa pacnofoxeHHs
ApeHaXKHBIX CKBAMKHH, HHTCHCHBHOCTH I MJHTEIbHOCTH OTKa4KH,
KOHUEHTPALHH 3arpASHCHHI B OTKAaYHBaeMoi BOAe 1POBEACHO Mone-
aupoBanne (HALTPAUHH NOA3CMHLIX BOJ B YCJOBHAX NPOAONMKEHHST
sKcnayatanuH JesobepexcHoro BoaozaGopa n paboTH JpPEeHAMNHBIX
CKBaXHH, pasMeniaeMblX TeM HJIH HHBLIM obpazom B paiioHe OhlB-
wnx noJaedt gpuarTpaHH. »

Hcnonwsys AeTalbHYI0 THAPOXHMHYECKYI0 KapTy paiona, noct-
POEHHYK) Ha OCHOBE HAaTypHBIX HAGMOACHHI 3a XHMHUYECKHM CO-
CTaBOM MOASEMHBIX BOJ, ¥ THAPOAHHAMHYECKHE CCTKH (HJILTPaLHH,
noay4yeHHBIe MOAENHpOBaHHeM s CeMH BapHAHTOB PacnofoxenHs
3alHTHOTO fApeHaxa, rpadoaHannTiyecKHM Meroaom ObiiH mpo-
BeeHbl pacyeThl CKOPOCTH, BPEMEHH IABHAKCHIR H KOHUCHTPELHH
3arpA3HeHHil B MOA3SEMHBIX BOAaX, OTKAYHBACMBIX JpCHaMHBIMH
ckpamuuaMu (puc. 82). 3ammuTHHIL apeHaik HaMeueH B BHie MJO-
IAMHOf CHCTEMH CKBaXXHH HAa YYacTKe 3arpssHeHHoro sojosabopa
B6H3H nodeit GuAbTpaunn ¢ pacxonom 20 THC. MYCYT.

BuiGop BapHaHTa pacnofoXeHHs H yciaopHil padoTel ApeHaxa
BHINONIHeH W3 coobpaxenuit mMakcHvaibHoro orfopa 3arpAsHeHHH
B MepBble TO/IW IKCIJAYyaTAUHH JpeHara, HanGogaec KOpOTKOro cpo-
Ka CHHKEHHSI KOMHUCCTBA 3arpaAs3HeHHi B BOAe |1 MHHHMAJBHOTO
pacxofia OTKAa4yKH.

[lpumep 9. Komnaexe XHMHYECKHX IpON3BOICTB, notpebasnio-
Uik GOMBIIOE KOJHYECTBO TEXHHYECKOH BOAH, Oma  pasMelleH B
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Prc. 52, MporHoIHpyeMoe HAMEHEHHE
KORUEHTPALHN  NOBEPXHOC THO-AKTHE- “E"rf “

HEX BCUECTE B APCHAMHLEX BOAAX W 1
EOAHMCCTBD HIBAeKAcMMWX TTAB ® %%
OT BHSBACHHEX 3aNacoB. C—KOWLEHT- S
panma wexans; M — papneqdenue He- o
kand oT oflero KoaHYecTEa B RAACTE; L
{ — NPOROAKHTEABHOCTD OTHAUKM
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JlofinHe pekH ente © Konua XIX B . llpeanpusTia NpousBoOOAT aHH-
JHHO-KPACOYHYI0 MPOAYKIHID, aMMHaK, yaioOpeHH H AJO0XHMHKATHI
JUIt CeNBbCKOro XO03AHCcTBa, NAacTMacchl H MHOTHe JApyrHe opraHH-
YeCcKHe W HeoprasHuyeckve npoaykthl. CoJloBwlii 3aBOA BLINyCKaeT
KaJabIlHHHPOBAHHYK H KAYCTHYECKYI cOiy, XJOpPHCTHIT aMMOHHH
" ap.

[IpoMuunennsle npeAnpHATHA, 4 TAKMe HX OYHCTHHIE COOpYIKe-
HHA, WJAaMOOTCTOHHHKH, HAKONMHTENH, cOpPOCHBIC KaHalbl pacnofo-
MEeHB HA NOHMe M HH3KOH ajiBHANLHON Teppace Jeporo bepera
pexkn (puc. 83).

3neck NOJ nMecyaHeIM ajanwobBHeM MomiHoctbio 10—15 M 3anera-
eT TpeulHHOBATH MeJ BepXHCMeJIOBOrO BO3pacra; aljioBHi Me-
CTAMH OTHEeJeH OT Mefla HeBLICPHAHHLIM cloeM caabonpoHHLae-
MOro riHHHCTOIO 3MIOBHA.

B anmoeun u B Bepxneii HanboJsiee TpeLIMHOBATOH 30HE Mena,
MOIIHOCTE KOTOpO#H cocrapiaser 25—50 M, coacpiatcs MOA3CMHLIC
BOALl, WHPOKO HCNodb3yeMble A8 XO3ANCTBEHHO-MHTBCBOTO BOOO-
cnabxenHa NpeAnpHATHII H TOPOAOB PaHOHA.

OcHoBHOII HCTOYHHK TNHTAHHA NOO3CMHHIX BOJ — aTtMocdepHble
ocajlKil, KOTOpHe MOrJIOULAamTCcH HA Beell niowlanakd oOHaKeHHOro
MeNla HJAH MOCTYNalT 4Yepe3 MOKPHBAIlIHE MeJ MecYyaHue BOAO-
NpoHHUAaeMBlc OTJMOMKenHsl Ha Teppacax. Ha npupeunwx yuacTkax
B TEPHOM MAaBOAKOBHIX PasliHBOB PEKH H 3aTOMJEHHA MOHMB BOLO-
HOCHH{1 KOMIJICKC NONOJHAeTCH PCUHBIMH BOJLAMH.

[NogseMHBe BOAB 3IKCOAyaTHpylOTCA 30eck 15 Bomosabopamu,
HMelOUHMH MPOH3BOAHTENILHOCTL OT 25—60 Thic. M3/cyT (Ha noime
H HaanoiiMeHHOH Teppace) mo 15—25 the. mPfcyt (na Gosee BEl-
COKHX Teppacax).

C}'MMEPHHH MpOH3IBOANTE/IBHOCTD pacCMarpHBacMBIX  BOQO34d-
Gopos cocraBasier 282 Teic. MP/CyT, OHAKO H3-38 3arpPs3HEHHOCTH
NOA3CNHBIX BOL NPOMBIILAEHHBIMH CTOKaAMH H OTXOlaMH B HACTOHA-
lice ppeMsa He BCA NOJYyHacMdH BOAA MOMCT OLTE HCMNOJMB3OBAHA
No cooeMy MpAMOMY Ha3HaYeHHID 8 XO3AHCTBCHHO-MHTLEBBIX
HY 7 1.
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M3 ykasanumx na puc. 83 popozaGopoe Ttoabko nsate (11, 22,
23, 24, 25) paotT uHCTYIO BOAY; B ueThipex soposzaGopax (14, 15,
17, 18) Bona HMeer cllenbl 3arpsisHeHHA, a B OCTAJbHBIX LIECTH
HACTONBKO 3arpsi3HeHa, YTO HCMOJAB3YeTCH TOJNBLKO [N TeXHHYECKOo-
ro popocHaGmenns (12, 13, 16, 19, 20, 21). ¥VxyaweHue KauecTtBa
NMOA3EMHBIX BOA B AAaHHOM pailoHe Hayanoch OJHOBPEMEHHO C
3KCIIyaTalHeii XHMHYeCKHX MNpeAnpHATHH, KOria npoMblllJeHHbe
CTOMHBIE BOMbl, HE3aBHCHMO OT HX TOKCHYHOCTH, cOpaceiBanuce B
PEKy N0 OTKPBITHIM KaHajam, MpofoMeHHHM B Meckax, a TBepisle
OTXOfibl 3@XOPOHAJHCL HeNnoCpPeiCTReHHO Ha TeppHTOPHH 3aBOAOB
HAH BOMN3N HUX.

B tpuauarsx ropax ana 3THX 3aBOJOB OHJAH MOCTPOEHBI HAKO-
nutenn (4, 5, 6), H3 KOTOpBIX CcTOYHBle BOAH cOpacbiBajick B peky
B naBogaok. Bce 3t Hakonutenn OwsH coopyeHwl ©e3 NMpoTHBO-
(uABTPaLHOHHBIX MepOonpHATHIL.

Haxkonurenrs 4 pacnosaraerca Ha MNoHMeHHON Teppace, Ha cjoe
IMOTHH X CYIJITHHKOB MOULHOCTBLIO OKOJO 5 M, MOACTHIAEMBIX aJLAID-
BHa/bHbIM nNeckom (9—10 M) H HHM¥e — TpellHHOBATHIM MEJOM,
Yacte naollagl HakonHTe s OHJA MOKPHTA CYrJHHHCTHIM 3KPAHOM
ronmuuoi 0,5 M, Ha aHe Hakonutens obpasopaics cJoit uurama
MoutHocTeio okono 1 M. Hecmorps Ha 3tH (ectecTBeHHBIt H HCKyC-
CTBEHHHI1) 3KpaHel, GUABTPALHONHBIE TOTEPH H3  HaKOMHTENs
cocragasioT 149 or obbeMa HAXOASIIIHXCA B HEM CTOYHBIX BOMI.

B cocrapbe mocjqeAHHX COAepMaTcA TPYLHO NoAfaiollHecs pas-
noxennio oprannueckie seuiecrsa (XITK=>5000—12 000 mr/an Og):
KOHIlEHTpalHa asora aMMOHMitHoro cocraeiaser 750—850 wr/n,
cynbdatos — 19 000—20000 wmr/n, xeneza 80—220 mr/n, aMHHO-
coefilHeHHil (B mepecyere Ha anuanH) 300 mr/a, HUTpOCOEAHHEHHH
(B nepecuere Ha HHTpOxAopGenson) 26—45 mr/a, d¢eHonop 25—
30 mr/n, pryta 4,5—13,5 mr/n, mean 13—15 mr/a, mouwbaka 0,12—
0,26 mrfn. Cyxoil ocTarok CcTOYMHBHIX BOJ B HAKOMNHTENE COCTaBJAET
okoJ10 40 000 Mr/n.

B wmnaMonakonuteJab 5, npeaHasHavaBlinica BHavane TONBKO
ana uyxa TIL, cOpaceBalotcs KpoMe 30J0WIJAAKOBOH  NYJIBIBI
CTOYHBIE BOAB XHMHYECKOTO MpeanpHATHA, colepxallie HOHH THA-
MeJHX MeTaJIoB, Macja, aMMHAYHYIO CEJHTPY, YKCYCHYIO KHCJOTY,
CONMH AMMOHHS, 4 TaKMe LJam Nocle HedTpanH3allH NpPoOH3BOM-
CTBEHHHX CTOUHBIX BoA npeanpuaTHA. CyXoll ocTaTOK BOJAL B HAKO-
nutene cocrapaser 1500—3300 mr/a.

B nakonurens cofoporo 3asoga 6 cOpaceBaloTc wijiaM H o M-
CTHJJIAPHAS XKHAKOCTh, ofpasylollasaca npu NpoH3BOACTBE Kalblii-
HHPOBAHHOIT cOAH ammHauhbiy Meromom. Oma comepxkut CaCls,
NaCl, CaS0y, CaCO;, ammuak, ¢denon. B nakonurene obinas . MH-
Hepanu3alllsa CTOYHOI JKHAKOCTH COCTaBMAseT 14—16 r/n, conepma-
nue xmnopupop 85—96 r/n, natpHa u Kajud 21—25 rfa, KanbuHA
30—34 rfa, pH=10,5—11,5.

OUALTPAIHOHHBE MOTEPH H3 3TOr0  HAKOMHTENS COCTABJIAIOT
okono 10 teic. m3/cyT, npuueMm ¢HABTpaUHA MPOHCXOAHT TJTABHHIM
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ofpaszoMm uepes orpaxpaiouipe aamOu. PHABTPALHOHHBIE TOTEpH
H3 kanana (9), mo xKoropomy cOpacweaercs go 100 teic. m3fcyr
YCIAOBHO-YHCTHX CTOMHH[X BOA, COCTaBasfioT okono 15 the. M3yt

BenencteHe QHALTPAUHOHHHEIX MOTEPL TOJBKO H3 TpPeX, Ha3paH-
HHX HaKOMHTeNell H KaHala B Noj3eMHble BOABI H IPYHTH BHOCHT-
cA B cyTKH Gonee 1600 T XHMHYECKHX BeLLeCTB, B TOM YHCJ€ XJOpPH-
nos 968 T, HaTpHsa M Kanda 238 T, xaneuna 342 T, cynbdaros 22 T,
ammuaka 0,8 T, amunonpoaykros 0,126 1, denonos 0,081 T, Hurtpo-
npoaykroe 0,016 T.

Bonblloe 3sHauenHWe B 3arpA3HeHHH NOA3eMHHIX BOJA paccMaTpH-
BaeMOro paiioHa HMEKT, KpOMe TOro, MpPOJHBE TeXHOJOTHYECKHX
PACTBOPOB H YTEYKH MPOMCTOKOB H3 KaHalH3alUHOHHBIX ceTeli Ha
npomnaomankax (f), (2), (3), pacreopenne 3aBOACKHX OTXONOB
Ha yuyacTKax cTapeix 3axopoweHuit (7) u (8), rasoanmoBbie BhIG-
pochbl MPOMHBLIJIEHHBIX Npearn pHATHIIL.

C rasogmiMoBeIMH BHIGpOcaMu B aTmocdepy 30eck mnonajaer
okosio 1000 T B CYTKH pasfiiuHbLIX BeLIecTB, B TOM 4YHcCle C NpoM-
nuaoianku 3 okodao 100 T B cyTkH, ¢ npomnaowaaku | Gonee 22 T
XHMHYECKHX BellecTB, B ToMm uHchae cyabut H cymnbdat HaATpHA,
CEPHHCTHIIT aHTHOpHA, XJAop-OeH3on, MeTaHoJs, HadTaNHH, aMMHAaK,
okHich yraepoga W Ap. C mpeanpuaTHA Ha npasoM Oepery pekH B
atmocthepy nocrynaer 860 T BeulecTs B CYyTKIH.

[To pacyeram Ha TMOBEPXHOCTH 3€MJIH H3 rasoibIMOBHIX BhIOpO-
COB BHINajaeT okoso 48 T peulecTs B CYTKH (OCTallbHHE YleTyuH-
palotca). B sarpsissennH npubpexHux BonosabopoB, KpoMe TOro,
Gonpiiyio pofiib HrpaeT TNpPHBJeueHHe PevyHbIX BOM, TaKke 3arpss-
HeHHBIX NPOMBINLIEHHBIMH CTOKamH, cOpacHBaeMbIMH Ha paccMmar-
pHBaeMOM H BEIIENEMNAUIHX yYacTKaX peKH.

[To panHbelM H3BICKAHHA OHJIM MOCTPOEHH KapThl o0llero 3a-
rpA3HEHHs TON3eMHBLIX BOJA BepXHeMenoBoro ropusonta (puc. 84,
tabn. 21) H annioBHs, a TakMXKeé KapTol COJAeprKaHNiA B MNOJA3EMHHIX
BOAAX OTAeJEHHX KOMIIOHEHTOB CTOYHHIX BOM, XapaKTepH3yIOLLHX
cTeleHb 3arpsa3HeHdst no oO6Llell MHHepalH3aUHH, XJOPHIAM, CYJb-
daram, NO;, apomMaTH4eCKHM aMHHONPOH3IBOAHHIM H HHTPONPOH3-
BoAHBIM H np. B paiione mpoMnaonlajaok npeoGianaer 3arpsasHenie
OpraHHYeCKHMH KOMIOHEHTaMH, B paifione HaKonutens 6-— wmike-
panbHbIMK  KoMronenTamH. Ilpn sTom opraHiyecKHe 3arpasHeHns
KOHIleHTpHpYloTCA B HanGodee BOAONPOHHIAEMOH HaCTH KOMILJIEKCa
Ha rny6use no 20—30 M OT NOBEPXHOCTH, BLICOKOMHHEPAJIH30BaH-
Hble pacTBOphl ¢ GoJbLIOH MJOTHOCTBIO, (PHALTPYIONLHECH H3 Ha-
gonuTeNs, onyckatorcs Ha rayGuny po 80—90 M oT nopepXHOCTH
H pacTeKalTcd BO BCE CTOPOHBI OT HAKONHTE/S.

[To paHHBIM 3J€KTpopasBeikn TPaHHLA 30HB COJEHHIX BOA C
Munepanu3anueil Gonee 3000 mr/n cmellaeTcs BO BCeX Hampan.ie-
HHAX OT HaKOMHTeNs co ckopocthio ot 50—60 pno 170 m B TOA.

AHaNH3 CHIPOTeoJOTHYecKoii - 00OCTAaHOBKH MOKasblBaeT, YTO
ecTeCTBEHHBIMH (hakTopaMH, crnocoGCTBYIONIHMIT PA3BHTHIO 3drps3-
HEHHA MOMN3EMHEX BOM, 3/ech SABIAKTCA «OTKPHTOCTb», HE3AULH-
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Puc. B4. CxeMarHyeckas Kapra 3JarpsineHHs NOAICMHBX BOJ BEPXHEMEAOROrG BOSOHOCHOrD
TOPHIOHTA:

a — nnau; & — paspea.

J — QYHCTHE BOABI ECTECTBCHHOIO COCTaBa; 2 — BOAM €O CAeNaMM 33TPEIACHMA; J — Jarpasnen-
HEE BOAL;, 4-— CHABHO JArPAIHCHHBIE BOAM; 5§ — MAKCHManbilo 3arpRamcHibe BOOM: & — HA-
KOMHTCRH €TOUNLIX Bol; 7 — AnnoBMantHpe neckH; 8 —sawpedl mena; 9 — TpeuiHnopaThifl
Men, N — gHEHAA  rpaneua  CHABHOTPCIHHORATOre Mena: [l — ypoBenls mOgseMublX BOML:
12 — HIOMHMKHE MHHEPANHIAIME MOASEMHEIX BOL B Mr/n

LIEHHOCTh BOMOHOCHOID KOMMOJeKca Ha Goabliodl nioulagH mnecya-
HHIX Teppac, JHIIEHHBIX TJHHHCTOrNO MOKpPOBa, 4 TakXe MaJIoMOLll-
Had, ¢ «OKHaMH», cnabonpoHHuaeMast Kpoeas mena. B 3THX ycho-
BHAX BCe 3arps3HeHld, KOTOpHle 3aXBaThIBAalOTCA aTMmochepHBIMH
OCagKaMH H3 BO3[yXd, MOYBH H TPYHTOB 30HH aspallii, MonNaaaloT
B BOADHOCHBIH TOPH3OHT H 3arpsisHsior ero. HanbGonee HHTEHCHBHO
HAET 3TOT mMpolecc B pailOHe NPOMNAOIANOK H HA ydacTKax (HALT-
palHH CTOYHHX BOA B BOJAOHOCHHIL TOPH3OHT. 3TO NOJNOXKEHHE
ycyryGasiercs HaluuHeM TecHOil THOpPaBJAHYECKOH CBASH aJJlIOBH-
aJIbHOT'O M BEpPXHEMEeJOBOIO BOAOHOCHHX FOPH3OHTOBR Mexay cobofi
H C peKoH.

PacnpoctpanenHio 3arpsisHeHHili B BOJOHOCHOM TOpPH3OHTE 3a
npejenaMd KOHTYPOB MPOMIJIONIAKIOK 1 HaKonuTteseii cnocoberso-
Banl DoAooTOOp W3 ISKCIJAYATALHOHILIX CKBa)XHH, pPacnoJOMKCHHLIX
B pailoHe O4arop 3arpAs3Henis, a Takme MNOBHIIEHHbIE YPOBHH
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Tatanua 21

Mokasare il HHTEHCHBHOCTH SArpASHEHHA NOAIEMHBIX BOA NPOMBILIACHHBIMH CTOKAMH M

OTXONAMH
Mpegens COpEpMARER KoMNOBeHTa, wrfa

XapaMTePHCTHER JArPRIHEHHOCTH MOASCM-

e cI— s0; NO, NO,
Unctue Bofu ectecteennoro cocresa | 10—100 | Crequ — 50 | 0—10 0—0,1
Boan co clefaMH SarpR3HeHHA 100-—350 50—-500 | 10—15 | 0,1—-0,3
3arpa3neHnRe BOAK 350—750 | 500--750 | 15—50 | 0,3-1
CunbHO sarpAsseHHHE BOJH 750—1000{ 750—1000 | 50—100 | 1—10
MakcHvanbio 3arpAsHesnbe BOB = 1000 = 1000 =100 =10

Tponomxenwne Taban. 21

IMpegentl CONEPXANMA KOMTOBEHTA, M/
Enmmmma AArpASHeNBOCTH IOJL3EM - : A H
= i | e, | e, | ooen
Uncrpe Boge ectecteentoro coctasa | 0 — Crenm 0 0
Bomu co caegaMit 3arprR3BeHHS Cnenm — 1 |0,01—0,1{0,01—0,5/0,01 0,1
HHHE BONE : 1—5 0,1--0,5] 0,5—1 | 0,1—-0,3
CHIBHO 3arps3Hefibe BOJL 5—10 0,55, 1-25 | 0,3—1,0
MaKcHMabBo 3arpASHEHHEE BOJL =10 >5,0 =25 =1

MOA3EMHBLIX BOJ, Ha y4acTKAax HHTeHCHBHOH HHOUALTPAUHH CTOYHBIX
Boj, («Kynona pacteKkahuas). IIpPOHHKHOBEHHIO 3arpH3HeHHH B Me-
JIOBOH TOPH30HT cnocoGeTeyer, KPOMe TOro, OcyileHHe ajJioBHA B
paitone pomosaGopos Ha 3aBOACKHX mioimankax. Bee 310 co Bpeme-
HeM TPHBEJNO K 3arpsisHeHHID HECKOJIBKMX JeHCTBYIOLIHX Bol03abo-
pOB, a Ha yYacTke, rje Moj3eMHble BOIBl JIPEHHPYIOTCA peKoH, —
H K JOMOJHHTENBHOMY 3arpa3HeHHI0 PeKi.

B paccMmaTtpHBaeMOM paiioHe B TeueHHe TOAd MPOHCXOAMT, Ta-
KHM 00pasoM, KPYroBOpPOT CTOUHBIX BOA (cOpOC MPOMBIINEHHBIX
CTOKOE B HaKonuTteNnH, (HIALTPALHA CTOKOB B BOAOHOCHBIH TOpH-
30HT, H3BJedeHHe 3arpsA3HeHHHIX BOA BOAO3abopaMH ANf TeXHHye-
CKHX HY#J, OnATh cOpoc B HAKONMTENH), YacTHYHO 3aBepiuaro-
[Hiics B NaBOAOK cOpocOM CTOKOB H3 Hakonutencil B peKy.

[Mpi 3TOM COXpaHsieTcs 3arpsisHEHHOCTb PeKH H NOA3EMHBIX BOL
pafioHa W NPOHCXOAMT paciiMpeHHe OYarop 3arpA3HeHHs B BOJO-
HOCHOM TMJacrte, Yyrpoarmliee COXPaHHOCTH OCTABIIHXCA YHCTHIX
BO03a00pOB.

B cocTaE KOMMJIEKCHOrO MMpOeKTa JIOKaiudaiud H JHKBHAALHH
oyaroB 3arpsi3HeHHsi B JaHHOM pafioHe BOIIH CHELYIOUHE MEPO-
npusTHA: 1) OTKauKa 3arpasHeHHHIX BOA H HX OYHCTKA [ocie He-
NONB3OBAHHS U TeXHHYECKOro BOJIOCHAOMXeHHs; 2)  H3OJALHA
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CYLIECTBYIOIIHX LIJIAMOXPaHHAHIL, HaKONHTeAeH, CTapeHlX 3axopo-
HEeHHH ¢ NoMolllbI0 TpoTHROGHABTPALHOHHBIX CTeHOK, 3arnybJeH-
HBIX A0 Bogoynopa; 3) OTKAYKa H3 ChelHaNdbHBX  JApeHaXHbIX
CKBaXHH AJf 3allHTH YHCTHIX Bojgosabopos; 4) sakauka B rayGo-
Kileg MoAd3eMHEIE [‘EIPIIEUHTH I'IPEIHHHI.I]EHHHK CTOYHHIX BOA CO CHNOM-
HLIM COCTABOM 3arpssHeHHil, He HMEWILLIHX B HacTosllee Bpems
IKOHOMHYECKH OoNnpaBlldHHBIX METOLOB OYHCTKH, H Ap.
dddekTHBHOCTL Pas3HYHEIX BapHAHTOB MPOCKTHPYEMBIX MEpO-
NpHATHI olNpefeNaNack CPOKaMH <«CTATHBaAHA® KOHTYypa 3arpss-
HeEHHEIX BOI C }"'-IETCIIL'I CTelneHH ﬂECGPﬁ'lL]{H H3 TPYHTOB OTAENBHBIX
BHOOB EHI‘[IFISHEHHﬁ, a4 TaK¥e KOoJIHYyeCcTBa H COCTaBa OTKAYHBaeMBIX
3arpA3HeHHbIX BOM, TPeOylouHX YTHAH3AUHH HJIH OMHCTKH. Y4HTHI-
Bajloch, Kpome TtOro, tpebopaHue obecneueHHs COXpaHHOCTH Kave-
CTBa BOAH B YHCTHIX Bopozabopax, BAHAHHE ApEHAXHBIX CKBaXHH
Ha TPOH3BOAHTENbLHOCTh JefcTBYIOUHX BoA03abopoB H Ap.
{DHEBTPHHHE}IIHHE PaCUETH ['I]".IQBD,ELHJIHCI; AHaAJIHTHYECKHMHE Me-
TOAAMH W MOAEJHPOBAHHEM Ha CeTOYHOH MonenH. TeXHHKO-3KOHO-
MHUYeCKHe pacdeTsl MOKAa3biBaloT BHCOKYIO CTOHMOCTb MepOrpHaTHH
Mo JIOKaJH3allH W JHKBHAALHH 3arpA3HeHHH MOA3EeMHBIX BoA B
paccmaTpHBaeMoM pafione. BenHKH Takke 3aTpaThl Ha OYHCTKY
OTKauHBaeMulX 3arps3HeHHblX poa. [IpH 3TOM noAHOe H3BJNeueHHe
MpH OTKauke NOA3EMHBIX BOJA H CTAIHBAHHE KOHTYpa 3arpH3HEHHHA
MorytT OBThH MPAKTHYECKH BHINOJHEHH TOJBKO 3a JUIHTEJBHBIH Te-

pHOLL

VeranopneHHele Ha BceX ykasaHHblx o0bekrax HenocpeacTBeH-
HEE MPHYHHL 3arpsisHeHHS MOA3eMHBIX BOA ABJAIOTCA THNHYHBIMH.
HeiictButenbHo B GONBUIHHCTBE CNyyaeB 3arpsisienne MNpoH3OLWJIO
B pesynbTate (UJABTPAIHH CTOMHBIX BOJ H3 HakonuTteneii, xpocto-
H uaMoxpanuanil, «06esibix Mopeds H JAPYTHX KpYMHHX MPOMBILI-
nenHblx GaccefiHOB, M3-33a yTeyeK CTOUYHBIX BOL H TEXHOJOIH4YeCKHX
pPacTBOPOB H3 KOMMYHHKalHi H 1leX0B, a TaKie H3 MeCT CKJlaaHpo-
BaHHA XHMHYECKOrO CHIpbH Ha TEPpHTOpPHH CaMHX NpOMNpeanpHs-
THH.

3arpA3Hente Noj3eMHbIX BOA OHAO BHI3BAHO TaKMe MOCTyIe-
HHeM B TPYHTH M BOJOHOCHHE NJacThl aTMocdepHBIX OCaJlKoB, 3a-
rPsi3HEHHBIX Ta30ABIMOBHMH BeIGpOCAMH H TMPOAYKTAMH HCMapeHns
C MOBEPXHOCTH mnoJiefl ¢HAbTPALHH H HAKOMHTeJel CTOMHBX BOA H
OTXO0LO0K.

Benenersie 3T0r0 3arpA3HeHHBIMH OKas3anuCe MOA3EMHEIE BO-
[B HA TEPPUTOPHSAX, pasMepH KOTOpPHX 3HAYMTeNbHO OOJNblie MJIO-
afM HCTOYHHKOB 3arpsi3Hennsi  (GacceiiHoB, NpPOMILIONLALO0K),
npHYeM €O BpeMeHeM oOvarH 3arpsisHeHHs B BOJOHOCHOM mJjacte
yBE.IIH‘IHH.’EIIﬂTEH+

BeckMa Ba)HHM fpaseTcs T0 o6CTOATENLCTBO, WTO MPH 3arpas-
HEHHH TOA3eMHMX BOA NouThH Becerga oOHapyxuHBaeTcd 3arpasHe-
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HHe HGEE]'}KHQCTHI:]I Eﬂlﬂ,HH}{ HCTOYHHKOB H BCeH ﬂHp}'}I{EIﬂlilEn Cpe-
It B uenoM (3arpsisHeHHble MOYBL, YTrHETEHHAasl PacTHTENBHOCT,
sarpa3ienHasa atmocdepa H T. A.). BbinojHeHHBle HcCTenOBaAHHA
nokasaJii, 4TO 3arpA3HeHHe NMON3eMHBIX BOI NMPHBOMHT K HCKJKOYH-
TeJIbHO HeOGNaronpHATHBIM MOCJAEACTBHAM: BHIXOOAT H3 CTPOA BOJO-
zabopbl NOA3EMHBIX BOJ, Hapywaercda popocHabeHHe HaceeHHBIX
NYHKTOER H NpOMBILLJeHHEX HpEJ[l'IPHHTHﬁ, 3aTpaiHBalOTCH C[}E_H,CT‘
Ba Ha H3BICKaHHe HOBHIX BO03abopoB H T. .

Hapsiny ¢ 3THM BHISIBUJIOCH, 4TO MpeKpalieHde Hayapulerocs
sarpa3HeHHs B TeMm OGonee JHKBHAALHA 3arpsasHeHHSA MNOA3eMHBIX
BOL H ero nocledcTBHH — OUeHb CNOXKHAA B TeXHHYECKOM OTHO-
WeHH 23agava, Tpebyoulasa A48 CBOEr0 OCYUIECTBJEHHS MJIHTE ] b-
HOro BpeMeHH H GONBLIHX MaTepHAJLHLIX 34TparT.

B oraeavHelX, HanboJlee TAMENHX CcAy4YyasX 3arpAsHeHHe ToA-
3eMHEIX BOJ OKashiBaercss HeoGpariiMbiM mpoueccod. [lostomy
BamHefilllee 3HayeHle HMeeT NpO(UIAKTHKE 3arpsA3HeHHs MoA3eM-
HEx BoA. Ha Bcex paccMOTpeHHbIX OOLEKTax BHIMOJIHEHHEIE CBOe-
BpeMeHHO TNpodHAaKTHYECKHe MepOnpHATHA N0 npeaynpexaenHio
3arpsa3HeHH# HeCOMHeHHO OKa3aJHChb (4] 8] B ?EKHHRG-&HGHHMH‘IECHQM
orHowennyu Goaee BHromHeIMH, yem OGopwba ¢ sarpasHenneM noju-
3eMHBHIX BOA NOC/e TOT0, KaK 3arpsasHeHHs yKe MOCTYNHJAH B
BOAOHOCHHEIH MJACT.

Ilns oGOCHOBAHHS HeOOGXONHMOCTH M CXeMBl MEPONpHATHH 10
3AUHTe NOA3eéeMHBIX BO4 - OT EHTFHEHEHHH BdAAHOE SHaYeHHe ['I[?Hﬂﬁ-
peTaeT NPOTHO3 CKOPOCTH W BpeMeHH pAaclpocTpaHeHHs 3arpsasHe-
HHIT B TOM HJH HHOM HHTepecymllleM HanpasJeHHH M TpOrHos
BO3MOMKHOIO H3MEHEeHHS KayecTsa NOA3eMHHX BoA. ITH BONPOCH
BOZHHKAIOT MpH pa3MelleHHH HOBHIX TPEANPHATHA  XHMHYECKOI,
nedrefobupaouieii, nHeprenepepabaruBaloliell, MeTalnyprHuecKol
W APYrHX oTpacieil NMPOMHILJIEHHOCTH, @ TaKie Npi pasBeike H
NpPOEKTHPOBaHHH HOBBIX BOA03a6OPOB - NOA3EMHBIX BOIL. [Mporuos
HeobXOAHM TakKe npH paspaboTke MeponpHATHI MO 3aummkTe aei-
CTBYIOLLHX BOA03a00OPOB -H BOAOEMOB H MEpPONpPHATHI 110 JIOKann3a-
IHH H JHKBH/IALHH CYLECTBYIOUErO BarpsisHeHHs TOA3eMHBbIX BOJ.
~ OcuopHHe 3a7a4H H HANpapieHHA HCCAEA0BAHHIl /IS THIPOreo-
JlorHyeckoro oOOCHOBAHHSA 3aUHTHHX MepOnpHATHIL H NpOrHO3a
H3MeHeHHs KayecTBa BOIBI MOTyT ObiTb OfpejelieHbl B CBA3H C
OCHOBHHIMH BHIBOOAMH, KOTOpHe CJAeNyIOT H3 aHanH3a MaTepHalloB
HATYpHHIX HaGJIOfeHH H [eTaJbHBIX H3LICKAaHHA Ha ydyacTkax 3a-
rpA3HeHHs MOA3eMHBIX BOJ.

Tlpexkpe Bcero HeoOXOAHMO OTMeTHTb, YTO 3arps3HeHHe TIOA-
3eMHBIX BOA OOBIYHO CBA33aHO € HeNpaBHJLHEIM, HeJ0CTAaTOUHO 000-
CHOBAHHBIM TO TeOJOrHYeCcKHM H THAPOreoNorHYecKHM YCIOBHSAM,
BLIOOpPOM MecTa PacnojoxHeHHd npoMnpeAnpHATHI H [J0X0i Op-
raHH3anieii HWJIH OTCYTCTBHeM HeOOXOAMMEIX THAPOTeONOrHYECKHX
naGmonennit Ha o0beKTax, MOTEHUHAJbHO ONACHHIX B OTHOWEHIH

BO3MOMXHOIO 3arpA3HeHHA.
B cEA3H C 5THM 3arpA3HeHHe MOAZeMHbLIX BOA 0OHApYKHBAJNOCH
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BCErga C 3ano3gaHHeM — KOT/la 3arpAsHfAlolliHe BellecTBa noaoll-
JH yXe K B0oA03a0OpHBIM CKBa)XXHHaM HJH KoJioglam, Yacto yaa-
NEHHBIM OT HCTOMHHKA 3arpsi3HeHHs Ha Gonbuioe paccTofHHe, T. €.
Xorna M3-ia OonelIOH TMAOHIAAH BarpA3HEeHHBIX MOJZ3eMHBEIX  BOJ
JIHKBHIALHA 3arpsA3HeHHA H ero nocfe[cTBHI TpeppaTHiach B
CJOHYIO 3ajavy.

BmecTo ¢ Tem craenyer OTMeTHTBH, YTC BbIfIBJIEHHE TNpPHuYHH, YC-
JIOBHiI H XapaKTepa 3arpsA3HeHHs TnoAzeMHuXx Bog TpeGosano
NIOCTAHOBKH THAPOTeoJIOTHYeCKHX H3bCKaHHil .M Halmozenni, or-
AHyailHXca no oObeMy H MeToaHKe OT OOBIMHBIX, BBHIMOJHSEMBIX
MpH HHMKEHepHBIX H3bICKAHHAX [Jfi CTPOHTENBCTBA, Me HOpaIHI
3eMesib MK BoAocHabGxeHHsa. 3Jto onpenensaer HeoO6XoaAHMOCTH
pazpaboTKH MeTOAHKH CrelHaJbHbIX TCHOPOre0JOTHYECKHX Heede-
JOBaHHII B CBA3H C 23aLiHTOR MofgzeMHBIX BOJ OT 3arpssHeHHs.

Bo Bcex paccMOTpeHHBIX chyuasax sarpAsHeHHo Owln nofiBep-
JKeH BepXHHil BOJOHOCHBIT TOpPH3OHT, He 3AlLHUIEHHBI C MoBepx-
HOCTH 3eMJIH BOLOVINOpPHOH Kpoeieil. Bo3dMowHO TakkKe VXyalieHue
KayecTBa Bofbl H B Gosee rayGOKHX TOPH3OHTAX MPH NOCTYNJEHIH
3arpAs3HeHnil 13 BepPXHEro ropH30HTa Yepes <«JIHTONOTHYECKHEe OK-
Ha» B BOAOynopHoil Kpoeae. B paje ciyuaeB B BOOOHOCHHIL MJAACT
TIPHBAEKAIOTCH 3arpssHeHHble peuHble BOLL.

B 3amulleHHslil BOAOHOCHHITT MAACT NpPOMBILUIIEHHBIC, XO03801CT-
BeHHO-OHITOBHE 11 CEIbCKOXO3AIICTBEHHBIE 3arpaA3HeHis, Kak npa-
BHJ0, He NOCTYNnawT (3a HCKTIOYeHHeM YYacTKOB  PacioaomkeHHs
HEHCHIPABHHEX WJH  HENPaRiLIbHO  IKCIVIVATHPYEMBIX  CKBAMHH M
ropublx BepaboTok). O1HAKO Kpynhble npeinpHsaTHs-norpebHTE N
Hoabiiix o06beMOB TEXHIUECKOH BOAHW H COOTBETCTEEHHO HCTOUHHKIN
GOoNbUIOT0 KOJHYECTBA CTOYHBIX BOA pasMenialorca oObYHO B peu-
HUX gonHHax uai pOaH3H o3ep H BOAOXPAHHJHIL, TAe NMpHPOAHHE
BOAK He 3alllpllleHn oT 3arpsisHeHis. Buecre ¢ TeM HMeHHO 3/lecCh,
B MeCyaHO-rpaBHIlHEIX H TajJeYyHHKOBHIX aJlloBHAJbHBIX obGpasoBa-
HHAX pPeYyHHX AOJHH, KaK YKasHBaJoch HaMH, QOpPMHpyeTcA 3HauH-
TeJabHAH 4acTb PECYPCOB MOI3eMHBIX BOJ, HCNOJb3YEMHIX B HACTOH-
niec BpeMA B HAapoOAHOM XO3AACTBE. JTOMY CnocoGCTBYIOT TecHas
THApABNHYECKAd CBA3k €  TMOBEPXHOCTHBHIMH  BOLOTOKaMH H
BOJIOEMAaMH, a TaKMkKe OTCYTCTBHE BOJOYNOPHOI KpPOBJM Hajx MNoi-
3¢MHBIMH BOJAMH H BO3MOKHOCTb, TaKHM o0pazoMm, HHTCHCHBHOIO
NUTAHUS NMOASEMHEIX BOA B NMAaBOAKH, NMpH CHerotasHuH, npH obnib-
HHX aTMocepHBIX ocaakax. ITH e 0CODEHHOCTH — He3alllHINeH-
HOCTH BOJMOHOCHOTO TOPH30HTA € MOBEPXHOCTH 'H TecHafd CBA3bL C
PeKoit — ABJAAIOTCH MPHYHHOI YXYALIEHHA KayecTBa  MOA3EMHBIX
BOJL MpPH HHGHILTPALHK 3arpsA3HeHHBIX CTOMHBIX BOA M armocdep-
HHX OCAJIKOB, a TakKye MpH NPHBIEYEHNH B MAACT 3arpsisHeHHbLIX
peurbiXx Bof. CBA3b nmoAseMHBIX BOA € pPEKOH, MpHBOAfLlAad 3ava-
CTYIO K €KpYroBOpOTY» 3arpssHeHHil MeXALy HHMH, NOJDUKHA Y4H-
THIBATHCH NPH COCTABJEHHH pacyeTHHIX CXeM - H BeiGope mMeTOaa
NPOrHO3a KauecTBa NOJA3EMIBIX DBOJL HA 3arpA3HEeHHBIX npubpex-
HEIX yyacTKax n pazpaborke 3alHTHBIX MEPONPHATHH.
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HauGonee wpynuole no naowlain 3arpA3HeHHA NOJA3€MHEIX BOJL
OBIMH CO34aHH B pe3yJtibTarte LJANTEJAbHON (QHALTPALHH 3HAYHTE b-
HOTO O0beMa CTOUHBIX BOJA M3 HakonuTendeil, nojei QHILTpaiun,
.‘.'CH'DCTUEPHHHJIHIIL H ApPYTHX NPOMBILINTEHHKX OacceilHOB. EI CBA3H C
3THM MpOoMHIUJeHHBIe OGacceillibl  A0JKHE  PaAcCMaTpHBATBCA He
TOJLKO KaK HCTOUHIKH 3arpsisHeHuil, HO i KAK aKTHBHHE B THApO-
JAHHAMHYECKOM OTHOWeHNN oObekthl. MX BjinsiHHe HAa Hanpapienue
H CROpPOCTE JABHAEHHH Noa3eMHBX BOMI, a Ti'EIHHH{E Takuwe ocobeHuno-
CTH, Kak DOonblias naouane, HerJyDOKHiT Bpe3z B BOAOHOCHBIH
naacT HAM HOpPOAB 30HBI A3pauiii, HAJAHYHE HCKYCCTBEHHHIX HJH
ECTECTBEHHBIX SKPAHOB B OCHOBAHHH, KOJeOaHHS BO BpeMeHH YpPOB-
HH CTOYHHIX BOJA H YBeJHUeHHEe TOJAIHHHE CJ0A OcalKOB, NOJMHHH
VUHTHBATLCS MPH OnpejeneHHll CKOPOCTH H BpeMeHH pacnpoctpa-
HCHHA EHFPHEHEHIIﬁ B BOOOHOCHBLIX NNACTaX.

PacnpoctpaHeHnio 3arpssneHilili B BOJOHOCHBIX nyactax cnocob-
CTBYIOT BON03aGOpH TON3EMHHX BOA, BOAONOHH3HTENbHbiE H Npe-
HaxKHHle COOpPYIKEHHH, WAaXTHbIl BOACOTIHE H ApyrHe BHAH BOIO-
orGopa, YBeNHYHBAKLUIETO CKOPOCTh [BHMeHHA 3arpAsHeHHil.

Bonetine ckopocti ¢uAbTPaUNN 3arpA3HEHHOro MOTOKAa mNOA-
3eMHHIX BOA HAOMONAWTCA TaK:ke B BOAOHOCHHX TOPH3OHTaxX TPH
BEICOKOH BOLOMPOHHLAEMOCTH MOpPOJ W 3HAYHTEJBHEIX YKJIOHaX.

Habnopenns nokasslBaloT, YTO COAepHAaHHE 3arpssHeHHi B
NOA3eMHEX BOMAX OOEIMHO YMEHLUIAGTCHA C ydalleHHeM OT HCTOUYHH-
Ka 3arpfA3HeHns, XOTH B OTOCJAbHLIX ciyuasx (B pafoHe «Genbx
MOpei») H  Ha 3HAYHTEJBHOM OTAAJEHHH KOHUEHTpalls sarpsisHe-
HHIl B BOME MOXeT OCTABATLCH BHICOKOIl. OnpesensioniiiMH B 1aH-
HOM c/lyuyae sIBJIAKOTCA BHJ H XapakTep 3arpsaiHeHuHs, a Takie BO3-
MOMHOCTL CMEleHHH H pﬂHﬁEIB.'IEHIIH 3arpasHeHHBIX BOA C YHCTEI-
MH NMOA3EMHBIMH BOJAMH.

B 32BHCHMOCTH OT COCTABA H KOHLIEHTPAaIlHH 3arpA3HAIONIEro pe-
NecTBa, a TAKM¥Ee OT Xapakrepa ero nocTynAeHHs B BONOHOCHHH
naact (HenpepHBHOE, MepPHOAHYECKOe, pas0BOe) 3arpsasHeHHe B
TOH HAH HHOH Mepe 3ajepxHBAeTCsd H pacceéHBaeTcd B BOAOHOC-
HOM IJiacTe B pe3yabTate pasHoOOOpasHHX (H3HKO-XHMHYECKHX
npoueccos B3aHMOAGHCTBHA ¢ MOPOJAMH M TNOA3eMHBIMH BOJIAMH,
MOTPYKAETCH B HHIKHIOW YacThb MJIacTa, pacnpejensercs mno of-
nenbHEM, HanbGosee (GUABTPYIOWHM AN Hanbosee copOHpYHOLIHM
npocnosim H T. A. Hemanopamuuim 06CTOATENBLCTBOM CJYKHT MpH
3TOM HEOAHOPOAHOCTL CBONCTE BOAOHOCHOIO MJ4aCTa — HE TOJBKO
B (GHALTPAUHOHHOM, HO H B THADOXHMIMECKOM OTHOLICHHI.

[Nostomy B cocrase CHAPOTeOJOTHYECKHX H3BICKAHHM, CBA3aH-
HBEIX C 3alHTOi NMOA3eMHBIX BOA OT 3arpAsHeHHH, MOJMHE OHTDH
NnpenycMOTpeEHH HeaeHanpaeJeHHee ncchnenosaniys rHApOXHMHYE-
cKOit 06CTAHOBKH B eCTeCTBeHHHX } HAPYUIEHHHX YCJIOBHAX, H3yye-
HHe 3alMHIEHHOCTH BOAOHOCHHIX TMAACTOB OT 3arpA3HeHHs, a Tak-
e OcBelueHHe TeXHONeHHBIX H_."IIiHIII[r[ Ha rHIPONHHAMHUCCKYH)-

o0CTaHOBKY H KAYeCTBO NoA3eMHBIX BOL
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Npuanoxenune 2
Swavennn Gynkm @ (2), erfc(2), ierfc (2),7i* erfc(2), Io (3), I (2), Ko(2), Ky (2)

@ (z) |eric(2) | ieric(z) | iterfe (2) Is (2) I, (2) Kq (2) K; (2)

L]

0,0000( 1 0,5642 | 0,2500 | 1
0,0113]0,9887|0,5542| 0,2444 | 1|
0,0226|0,9774|0,5444 | 0,2438 | 1
0,0338 |0,9662|0,5350| 0,2335 | 1
0,0451 {0,9549|0,5251 | 0,2282 | 1
0,0564 [ 0,9436 |0,5156 | 0,2230 | 1
0,0676|0,9324|0,5062| 0,2179 | 1
0,078910,921110,4969| 0,2129 | 1
0,0901 ﬂ'Ei[rEi‘El 0,4878) 0,2080 | 1
0,1013}0,8987|0,4787| 0,2031 | 1
0.1125]0,8875(0,4698 | 0,1984 | 1
'I] 1236 | 0,8764 |0,4610| 0,1937 | 1
1
]
|
I
1
1
1
]
1
I
I
I

oo ]
0,0050 | 4,7212 | 99,9739
0,0100 | 4,0285 | 49,9547
0,0150 3,6235 | 33,2715
0,0200 | 3,3365 | 24, 9?33
0,0250 | 3,1142 | 19,9097
0,0300 2,0329 16.553?
0,0350 | 2,7798 | 14,1710
0,0400 2.6475 | 12,3742
2,5310 | 10,9749
0,0501 2,4271 9, 8538
0,0551 | 2,3333 #,9353
0,0601 | 2,2479 8, 1688
0, 0651 2, 1695 7,5192
0,0702 | 2,0972 6.9615
0,0752 | 2,0300 6,4775
0,0803 1,9674 6,0553
0,0853 1.9088 5.6784
L0081 0,0904 1,8537 5.3447
L0090 | 0,0954 1,8018 5,0456
L0100 | 0,1005 | 1,7527 4,7760
0,2335|0,7665(0,3789| 0,1518 = 0, 1056 1.7062 4,5317
0.244310,7557 | 0,3713| 0, 1481 d 0.1107 1,6620 4,3092
0,2550 | 0.7450 | 0,3638| 0, 1444 L0133 3'5'53 1,6199 4, 1058
0,1

L ] - - -

0,1348]|0,8652|0,4523| 0, 1892
0, 1459 ﬂ 8541 |0,4437 ] 0, 1847
0,1569 |0, 8431 | 0,4352] 0, 1803
0,1680 | 0,8320|0,4268 | 0,1760
0,1790|0,8210]0,4186 | 0,1718
0,1900]0,8100]0,4104 | 0,1676
0,2009]0,799110,4024| 0,1635
0.2118 0,7882(0,3944| 0,159
G.EEET {},:-'??3 0,3866| 0, 1557

SFEE R R
2

EEEE-‘J3EEEE'EE%%ﬂ%‘%fﬁ%ﬂgﬁﬁﬂﬁﬁﬁﬁﬁﬂﬁaﬁzEEIEE:EEEEEEEEEE"

0,2657 | 0,7343|0,3564 | 0,1408 | 1,0144 209 | 1,5798 | 3,9191
0,276310,7237 10,3491 0,1372 | 0,0157 300 | 1,5415 | 3,7470
0,2869(0,7131|0,3419| 0,1338 | 1,0170 | 0,1311 1,6048 | 3,5880
0,2974|0,7026(0,3348| 0,1304 | 1,0183 | 0,1362 | 1,4697 3‘44&5
0,3079]0,6921 | 0,3278| 0,1271 1,0197 | 0,1414 | 1,4360 | 3,3033
0,3183]0,6817(0,32101 0,1239 | 1,0211 | 0,1465 | 13,4036 3,1775
0,3286|0,6714|0,3142| 0,1207 | 1,0226 | 0,1517 | 1,3725 43,0560
0,338910,6611(0,3075| 0,1176 | 1,0242 | 0,1569 | 1,3425 2, 9441
0,3491]0,6509|0,3010| ©0,1145 | 1,0258 }-0,162] 1,3136 2,8390
0,3593]0,6407 |0,2045| 0,1116 | 1,0274 | 0,1673 | 1,2857 2.?4{]9
0,3694|0,6306 |0,2882| 0,1087 | 1,0291 | 0,1725 | 1,2587 2,6470
0,3794 10,6206 | 0,2819| 0,1058 | 11,0309 | 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, ,081310,2579| 0,0950 | 1,0384 | 0,1987 | 1,1367 2,2518
0,4284 D,ETIE 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
0,447510,5525]0,2409| 0,0875 | 1,0446 II}.EHT 1,0721 2,0390
0.,4569|0,5431|0,2354| 0,0852 | 1,0468 | 0,2200 | 1,05]8 2, 0006
0.4662 | 0,5338 |0,2300| 0,0828 | 1,049 | 0,2254 | 1,032] 1, 9449
0,4755 ﬁ 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 I.S#D:‘:
0,4938 ﬂ,EﬂEE 0,2144| 0,0762 | 1,0584 [}.E‘dlﬁ 0,9761 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
U.E.Eﬂ-ﬁ 0,4795(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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a=rar

L]

@ (z) |erlc (2) | ierfc{z) | {® erle (2) I 12) Iy (z) Kg (2)

0,554910,4451 |0, 1811 0,0623 | 1,0742 | 0,2800 | 0,8614

0,1
0,5716 10,4284 3,1?24 0,0588 | 1,0799 | 0,2911 | 0,8321
I

-

0,54
0,56
0,58 |0,5879]0,4121|0,1640] 0,0555 | 1,0859 | 0,3024 | 0,8042
0,60 |0,6039]0,3961]0,1559| 0,0523 | 1,0920 | 0,5137 | 0,7775
0,62 |0,6194]0,3806|0,1482 ] 00,0492 1,0984 0,3251 0,7520
0,64 |0,6346 (10,3654 (0,1407| 0,0463 | 1,1050 | 0,3367 | 0,7277
0,66 |0,6494]0,3506|0,1335] 0,043G | 1,1119 | 0,3483 | 0,7043
0,68 |0,6638]10,3362]0,1267] 00,0410 1, 1190 0,3600 | 0,6820
0,70 {0,6778|0,336210,1201| 0,0382 1,1260 0,3719 | 0,6605
0,72 10,6914 10,3086 |0,1138] 0,0362 | 1,1339 | 0,3838 | 0,6399
0,74 {0,7047 § 0,2953|0,1077| 0,0340 | 1,1417 | 0,3959 | 0,6202
0,76 |0,7175]0,2825|0,1020| 0,0319 i, 1497 0,4081 0,6012
0,78 |0,7300)0,27000,0965| 0,0299 | 1,1580 | 0,4204 | 0,5829
0,80 10,7421 0,2579|0,0912| 0,0280 | 1,1665 | 0,4329 | 0,5653
0,82 |0,7538|0,2462 | 0,0861 | 0,0262 1,1753 0,4454 0,5484
0,84 |0,76510,234910,0813| 0,0246 | 11,1843 | 0,458] | 0,5321
0,86 |0,776110,223910,0767{ 0,0230 | 1,1936 | 0,4710 | 0,5164
0,88 |C,7867 1 0,2133]0,0724] 0,0215 | 1,2032 | 0,4840 | 0,5013
0,90 |0,7969 |0,2031 |0,0682]| 0,0201 1,2130 | 0,4971 0,4867
0,92 [0,80680,193210,0642| 0,0087 | 1,2231 | 0,5104 | 0,4726
0,94 10,8163 |0,183710,0605] 0,0175 | 1,2334 | 0,5239 | 0,4591
0,96 |0,825410,174610,0569| 0,0163 | 1,2440 | 0,5375 | 0,4459
0,98 |0,834210, 1658 | 0,055 | 0,0152 1,2549 | 0,5512 0,4338
1,0 |0,8427]0,1573]10,0503| 0,0142 | 1,2661 | 0,5652 | 0,4210
1,1 10,8802]0,1198]0,0365| 0,0099 | 1,3262 | 0,6375 | 0,3656
1,2 10,9103]0,0897|0,0260] 0,0068 | 1,3937 | 0,7147 | 0,3185
1,3 10,9340 0,0660 |0,0183| 0,0046 | 1,4693 0,7973 0,2782
1,4 |0,9523]0,0477]0,0127| 0,0030 |-1,5534 | 0,8861 | 0,2437
1,5 {0,966110,0339|0,0086] 0,0020 | 1,6467 | 0,9817 | 0,2138
1,6 10,9763 |0,0237 10,0058 0,00]13 1,7500 1,0848 | 0,1879
1,7 10,9838 10,0162 |0,0038]| 00,0008 1, 5640 1,1963 0, 1655
1,8 |0,9891(0,0109]0,0025| 0,0005 | 1,9896 1,3172 | 0, 1459 |
1,9 |0,9928|0,0072|0,0016] 0,0003 | 2,1277 | 1,4482 | 0,1288
2,0 |0,9953|0,0047 |0,0010] O,0002 2.2796 1, 5906 0,1139
[Ipnnoxenne 3
3uavensa unterpanos [, u I,
f; w1 npu y-. PaBHOM
= 0 0,1 0,4 10
Iy Iy I, I I Iy ‘ Iy Iy ‘ Iy Iy ‘ I
b=0,01

0,01 ]17,697)0,29416,236]0 4,924 10 4,041]0 1,867 0
0,1 6,246 0,090 5,943|0,04914,919|0,062 | 4,042 | 0,001 | 1,868 0
0,2 5,604 (0,045 5,501(0,039)4,839(0,01 |[4,031)0,002}1,870 0
0,4 |4,945]0,0244,916]0,023|4,612]0,012|3,982]|0,004 | 1,873 0
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YBAXAEMDbBIH TOBAPH LI

B napareanctee « Heppa»
roTOBATCA K NEYATH HOBBIE KHHIH

FEOTEPMHYECKHE meToan HWcCHefOBaHWil B FHaporeonoruu/
Pponos H. M., ®omun B. M., Hleenos IT. @. u np. 18 8., 1 p. 30 k.

B KHHre NogROAATCA HTOTH HCCNeAOBAHNHA B HOBOR obAACTH HCNOML-
30BEHHA eOTEPMHUECKHX METOA0B INA PeleHHs TEOPeTHYECKHX H MpHK-
AAAHHIX 3afay ruaporecaorit. PaccmoTpent Teopuu sueprooGyena s rua-
POTCORAMHAMHYCCKHX CHCTEMAX, METOAN MOACANPOBANNS NPOUECCOR TENA0-
H MaccooGmena Ha SBM, ABM n ALIBK, nansue narypHux Hcchefosa-
HH N0 H3YYEHHED NPOCTPancTBeHHO-BPEMEHHMX 32KOHOMEPHOCTEN pacnpe-
ACTCHNA TEMNEPaTypH B BEPXHHX CAOAX 3eMHOA KODH, METOAH pPelleHHs
NPHEAAANMX H TEOPETHYECKNX 33Zay B o6MacTH FHAPOTCONOIHH, 3 TaKme
TEPMOMETPHYECKARA o TeNAodNInYecKan anmaparypa.

Kxura cocraeseng GoOMeIny KOAICKTHEOM CNEIHAIHCTOB HA OCHOBE
mareprasos BcecowsHoro Hay4HO-TEXHHYECKOrO CORCLWIANHA N0 reoTep-
MHYECKMM METONAM MCCACAORAHNI B IMAPOresIoriy ¢ ydeToM nocaefiHx
OTeCCTREHHHWX H 3apybexuux nyGaukaunfi. OHa NpefcTaRAfeT HATEpPEeC
AJH WHPOEOTD KpYra YyYeHUX ¥ npakTHEOR — FHAPOrecAcr on, rectaoros |
reopHIHKoB.

K¥JIHK B. A. Npukaaansie pacyers na IUBM  paaronepenoca s
30He aspaumm. 10 a., 55 K.

B ®ure onican npocTeiunnii KOMAJEKC METOAOB. MPHMEHAIOWNNCA
npu asaanse ® pacuere #a ILBM murpaumn BAard B ycloBHAX HEMoOANO-
ro HacHIleHHn rpyuToB ponofl. PacemarpHealores npocTefilupe MaTeMaTH-
YECKHE MOJEAH NPOLecca, YNPOLCHHAA MCTOAHKA onpeaencHus ruapodimn-
ANYECKHX XAPAKTEPHCTHE IPYHTOR, AATOpHTME!, NPHMEHASMHE O0R BHIYKHC-
aennit na Manux n cpeannx JLBM. Ha xorkpernux npemepax nokasans
BO3MOMHOCTH HCNOJLIOBAHHA pacueToR AR YCOBEPLIEHCTBORAHHA METO-
AnkH Habmogenuh, u3ncKamih, anaania B ppHKAaguux pacyetor. Onnca-
HH crniocobul cpasneHus pacueros Ha ILIBM ¢ maGmwoaennsaMu u 3apncu-
MOCTL TOMHOCTH PacueToB OT KawecTBa HCXOAHMX ganuux. Hanomenne
STOT0 MATepHana BefercA ¢ MHHNMAALHBMM HCOOMLIOBAHHEM MaTCcMaTh-
4ECKOTO &nnapaTta H TepMHHOI0THIL

Kuura paccuMiTana ma rugporeosoros, reodHsikoB B CnelMalncToB
evexHux npodeccuil. Ona Moxer 6uTe TAKKE HCMOJAL3OBAHA NpPell0faBa-
TEAAMH Il CTYACHTaMH.

Hurepecysomne Bac kunrn Bu Mmosete npHoGpecTit B MECTHHX KHIIK-
HEIX MarasgHax, PEcnpoCTPAHAKIAX HAYYHO-TEXHHYECKYID JHTCPaTypy,
HIH 3aKa3ATL HEPE3 OTHET 'H:I"-r..I1I[Zl'iZ'I—-—!'H':Ill-l‘:li.'.ll-lill MAErasHHoBe:

Ne 17—199178, Jlemuwrpaa, B. O, Cpepannh npocnexr, 61,

Ne 50—127412, Mockna, Kopoensckoe mocce, 20

HapatenawvctTBeo cHcopgpax
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