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Npeauncnosue

Ipoekt «lcmonp30BaHNEe MOA3EMHBIX BOJ B Upe3BBIYaifHBIX cuTyauusx» (GWES) sBisiercss 9acThio NesTeNbHOCTH
MEXYHapOJHOM rHpoIorudecKoi nporpammsl, stan 6 (2002-2007), tema 2. Lenu u 3aga4u TeMsbl 2:

e OreHka Bo3zeiicTBUs KatacTpo® (MPUPOAHBIX M TEXHOTCHHBIX) M METOJBI, Tpe/iaraeMbie JUIs YMEHBIICHUS
HX MOCIECACTBUI

° Pa3pa60TKa OCHOB CTpaTEruu yYMCEHBUICHUA DSKOJIOTMYECKOIO M COLNHUAJIBHO-3KOHOMHUYECKOI'O BO3ACHCTBUS
TUAPOJIOTHYCCKUX CTUXHHHBIX 66[[0TBI/II71 (HaBOHHeHI/ISI, 3aCyXH, CCJid, JICAAHBIC 3aTOPHI, J'IaBI/IHI)I).

L4 AHaIu3 CTUXUHHBIX 6€HCTBHﬁ, OCHOBAHHBIM Ha HCIOJb30BaHUU Pa3JINYHBIX TUIIOB JaHHBIX (I/ICTopI/I‘{eCKI/IX
JAAHHBIX, NAaHHBIX HA3€MHBIX U CIIyTHHUKOBBLIX I/ISMepeHHﬁ) C LECJIBIO OOCTHXKCHUA 0oJjiee BBICOKOTO YPOBH:
MMOHUMAaHU NPUYINH CTUXHHHBIX 6€HCTBI/II71 B IMTPOCTPAHCTBE U BPEMCHHU.

3agaun ganHoro mpoekta (GWES) npuBeneHs! HKe B XKeNTOH paMKke. JJaHHBIA paMOYHBIN TOKYMEHT SIBIISETCS
HEepBBIM IIAaroM B IMOATOTOBKE OCHOBHOTO JOKYMEHTa MHpoekTa «PyKOBOACTBO 1O OOHApYKEHHIO M YIPaBICHHIO
CTpaTeTHYECKHMH pPecypcaMd TIOJ3€MHBIX BOA B MENAX MX  HCIONB30BAHUA B UPE3BBIYAHHBIX CHTYaIHsAX,
BO3HMKAOIINX B Pe3yIbTaTe CTHXUHHBIX OCACTBUI MITH KOH(INKTOB

Buenpenne npoekra GWES ocymectisiercst MexmynapogHoit Paboueit ['pymmoit, cocrosimeir u3 3kcriepToB
IOHECKO, MATI" (Mexmynapoanast acconmarus TuaposoroB), IGRAC (MexyHapoIHBIM IIEHTp 10 OIIEHKE PECYPCOB
MOJI3EMHBIX BOM) M JIpyTUX opraHuzauuii. Bunel nesrensHoctr U 3amaun GWES Obumn copmynupoBaHbl Ha 1nepBoit
BCTpeue paboueid rpymmsbl, npooausiueiica B mrtab-kBaptupe FOHECKO B ITapuxe (despains, 2004).

B kauectBe omHoro wusz pesynbtaroB mnpoekta GWES FOHECKO npeanokuna MNOATOTOBHTH PaMOYHBIN
noxyMmeHT. Ha mepBom pabouem coBemanuu B Ilapmke ObLIO IPOBEOEHO OOCYXKACHUE COJCPIKAHUS JOKyMEHTa U
YTBEPKACHO BpeMs JUIsl €ro MoAroToBkH. Bropoe coBemanue padboueii rpynmnsl npoxoauiio B opuce KOHECKO B [lenn,
Wunus (anpens, 2005). Bo BpeMs coBelanus ObUTO MPOBEIEHO JACTAbHOE 00CYKICHHE MEPBOTO BapuaHTa PaMOYHOTO
JOKYMCHTA W YTBCPIKIACHA €TI0 IIOCICOHSAST BCPCHS. B COBCIIaHUU TAKXKC y4aCTBOBAJIK CHCHUAIIUCTBI U3 HHZ[HFICKPIX
WHCTUTYTOB, 3aHUMAIOIINXCS MPOOJIeMaMy BOAHBIX pecypcoB, npeactaButend BO3 u FOHUCE®.

PamMOYHBII JIOKYMEHT OBLI IOJATOTOBIICH pabodvell Trpymmod COBMECTHO C  YYEHBIMH, IMPEICTABISIOIIMMHU
crenyromue crpanbl M WHCTUTYTH: Bum Ban nmep Jluamen (IGRAC-MexayHapoaHBIA LEHTP IO OIEHKE PecypcoB
nox3emMublx Bon), Kiayc-Ilutep Ceitnep (I'epmanust), An Cunap (Yemickast Pecry6muka), banbup Cunrx Cyxxus
(Uunus), banprazap Bepxaren (FOxnas Adpuka), Spocmae Bp6a (MAI- MexayHapoanas Accouuarus
Tunporeonoros), Pyma Woumka (Snouus), BenGun Koy (Kwurait). Marepuansl 1O HCCIEIOBaHHIO KOHKPETHBIX
ciyuaeB Obun npezncrasiensl J[ K. Yan6a, A.K. Cunxa u P.C. Ixeitn (IGRAC), Knayc-ITutep Ceitnepom (I'epmanns)
u bansrazapom Bepxarenom (FOxxnast Adpuka).

ABTOpBI JTaHHOTO TpoekTa BeipaxaroT OmarogapHocts FIOHECKO 3a ¢uHaHcHpoBaHHE TPOEKTa, a TakkKe 3a
TCXHHUYCCKYIO U aIMUHUCTPATUBHYIO TIOMOIb U MOAACPIKKY. OCO6yI-O MPU3HATCIBHOCTb MBI XOTEJIN 6])1 BBIPA3UTh I'-KC
Anmce Aypenu, MEHEIKEpY MO pecypcaM IOA3EMHBIX BOJ B CEKpeTapHaTe MeEXIYyHapOIHON THIPOTeOIOTHIECKOi
nporpaMmsl, B otaene BoAHbix Hayk, JOHECKO, koTopas npuHHMMalia aKTHBHOE Y4acTHE B peajM3alldH IPOEKTa
GWES u noaroroBke paMO4HOrO JAOKyMeHTa. Mbl Takke BblpaxkaeMm OnaromapHocts oducy IOHECKO B [lenu, B
ocobenHoctr r-Hy B.P. Heynany, skcmepTy mo mporpammam, KOTOPBIH OpraHH30BajJ COBEIaHWe padoyeld TpyIIbl
GWES B [enmu. MbI Takke BBIpakaeM IMPHU3HATEIBHOCTH THAPOJIOTAM H Tuaporeoioram u3 FOro-Bocrounoit Asum,
KoTopkIe BHecTH BKiIaf B mpoekt GWES.

Spocaas Bpoa BaabTa3zapom T. Bepxarenom
Peoaxmop pamounoco doxymenma GWES Peoaxmop pamounoco doxymenma GWES
Koopounamop npoexma



Moa3emHble BoAbI B YpPe3BbIYANHbBIX CUTYyaLMAX
MpoeKT 6-ro aTana MexxayHapogHoi Mfmaponoruyeckoii nporpammbl

Ha 15-i1 ceccun MexknpasutenbcteeHHoro Coseta MexayHapogHoi MApoiormyeckon nporpaMmmbl 6bi1 yTBEPKAEH
npoeKkT «Mcnonb3oBaHWe MNOA3EMHbIX BOZL B YPE3BbIYAMHbLIX CUTyaLMAX». ITOT MNPOEKT Obla BKAKOYEH B M/aH
BHeApeHua 6-ro atana MIP (2002-2007) nog, Ha3BaHuem «O6HapyKeHWe 1 ynpasBaeHne cTpaTerMyeckMmmn pecypcamm
NOA3EMHbIX BOA, C LENbl0 MX UCMONb30BAHWUA B YPEe3BblYaMHbIX CUTYyaLMAX, BO3HUKLUMX B pe3y/bTaTe CTUXUAHBIX
6eacteuii M KoHdAMKTOB». MpoekT GWES ocywiectBasetca B pamKax Tembl 2 «MHTerpupoBaHHble BOAOpPa3aenbl m
OVNHAMWKA BOLOHOCHbIX TOPU3OHTOBY.

OcHoBHas 3agava npoekta GWES coCToUT B U3y4eHUN NPUPOAHbLIX U TEXHOTEHHbIX KaTacTpod, KOTopble MOTyT narybHo
B/IMATb Ha 340POBbE M XW3Hb NtOAEN, U OBHApYyXKEeHUU NOTEeHUManbHO 6e30MnacHbIX NOA3EMHbIX BOZ, C HU3KUM
YPOBHEM 3arpsis3HEHWs, KOTOPble MOryT WCMNO/Ib30BaTbCA A1 BPEMEHHON 3aMeHbl MOBPEXAEHHbIX CUCTEM
BOAOCHAOKeHus. [nsa peleHua 3Ton 3agaun Tpebyetca ocobbit noaxon. HeobxogmMmo OTMETUTb, YTO OObIMHO
NPOEKTbI MO MCNO/b30BAaHMIO BOAHbIX PECYPCOB PACCMATPMBAOT CUTYaLMIO YCTOMUMBOrO MCMOJ/Ib30BaHMA PECYpPCOoB.
MpuvopnTeETOM B YpPE3BLIYANHON CUTYaUMW ABNAETCA yNpaB/ieHWe C AOMNYyWEeHWEM PUCKa C LEeNbilo NpesocTaBieHuns
nepBoM NOMOLLM NOCTPaAaBLUEMY HACEeNEHUIO.

OcHoBHble 3aaa4m npoekta GWES:

e Pa3paboTKka 3Q(DEKTUBHbIX METOLOB OBOHAPYKEHUA MOA3EMHbIX BOA, C BbICOKOW CTEMEHb 3aLUMLLEHHOCTU OT
YypesBblYalHbIX U/UAM KATaCTPOOUUYECKMX KAUMATUUYECKUX WM TEONIOTMYECKUX CTUXMIHBLIX GefcTBUi, a TakKe
TEXHOTEHHBbIX KaTacTpood.

e T[lpumeHeHne 3bPEKTUBHBIX METOAO0B MUCCNeAOBaHUA MNOA3EMHbIX BOL — TMAPOreos0OrMYEeckmX, M30TOMHO-
TMAPONOTMYECKUX, AUCTAHLLMOHHOTO 30HANPOBAHUA U APYIUX.

e [lpoBeseHWe MHBEHTAPMU3ALMKN NOA3EMHbIX BOZ, HEBOCTIPUUMUMBBIX K MPUPOAHBIM Y TEXHOFEHHbIM BO34,EWCTBUAM
B BbIOPAHHbIX MUIOTHBIX PErMoHax U NpeacTaBAeHNe PesybTaToB U3yYeHUA KOHKPETHbIX C/ly4aeB UCNOAb30BaHUA
NoA3eMHbIX BOZ, B KOHKPETHBIX CUTYyaLUAX.

o [y6anKauMa peKoMeHZaumit No obHapy»KeHUIo, UCCNeL0BaHUI0, pa3paboTKe M yNpaB/ieHUID CTpaTerMyeckumm
pecypcamu NoA3eMHbIX BOA, KOTOpble MOryT 6biTb MCMO/b30BaHbl B YPE3BbIYAMHbBIX CUTYaLMAX, BO3HUKWMX B
pesynbTaTe KAMMATUYECKUX U FE0NIOTUHECKUX CTUXMIAHBIX 6eACTBUI U KOHGBIMKTOB.
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1. BBEAEHUE

TpyaHo mpencTaBuTh, YTO BBl OKa3aluch B TaKOW CUTyallud, 4TO Bl MOXETe yMepeTh OT Kax[Ibl MM 4TO
Bamry >ku3Hb MOXKET CIIACTH TOT, KTO JacT Bam rnoTok Boxsl. st TOro 4roObl OKa3aThbCsl B TaKUX YCIOBHUSAX, HE
00s13aTeNbHO IpeNCTaBIATh cebe, 4To Brl momamu B CpenHHMe BeKa HIM OKAa3allCh B LEHTPE OTPOMHOH IyCTBIHH.
CoBceM HENaBHO JIIOAU HUCIHBITHIBAIM HEJOCTATOK HUTHEBOM BOJBI, BBI3BAHHBIM IPUPOAHBIMU U TEXHOTEHHBIMU
kaTacTpodaMy, axke B BBICOKO Pa3BUTHIX CTpaHax. B cilydae kaTacTpodsbl, cpasy mocie obecreueHus (pU3MUECKOH
6e3omacHOCTH 11 JItOAeHl, OCHOBHOH 3a/iaueii criacaTeslbHbIX CIIyXkO0 SABIIETCS 0OecleueHue IOCTPaJaBIINX IUThEBOM
BOJI0l. MBI 4acTo moiydaeM MH(GOPMAIMIO O TAaKUX YPE3BBIYAMHBIX CUTyallUsX, KOTOPbIE BO3HHKAIOT B Pe3yJbTaTe
HaBOJHEHUH, 3aCyX, BBI3BAHHBIX JOXKASIMH OINOJ3HEH, 3eMICTPACCHUIH, BHIOPOCOB 3arps3HAIOIIUX BELIECTB U APYTUX
IPUPOAHBIX U TEXHOT'CHHBIX KaTacTpod. (BcTaBka 1.1)

B takmx ciydasx gacto ObIBacT TPYHHO HAHTH 3aMEIIAIONIMI MCTOYHHK BOJOCHAOXKEHWs, KOTJa OOBIYHBIC
CHCTeMBI BOJOCHA0XEHMSI HapyIIeHBl WMIH TOBPEXACHBI B Pe3yIbTaTe NMPUPOAHBIX MM TEXHOTEHHBIX KaTacTpod.
BoccranoBneHne TpyOOTIpOBOOB MOXKET 3aHATH MECSIBI M TOMBL. J{j1s TOro 4ToOBI OPraHN30BaTh JOCTABKY BOABI B
LUCTEpHAX HIM JOCTaBKYy OOJIBINMX KOJIUYECTB OyTHUIMPOBAHHOM BOABI C LEJIBIO HPEJOTBPALICHHUA SIUAEMUH,
TpeOyeTcss HEKOTOpOe BpeMs 3TO HOBOJIBHO JOPOTOCTOSIMA M BpEMEHHBII cmoco6 cHaOxeHHs Bomoi. B
Ype3BbIUAWHBIX CUTYalMsAX B KaueCTBE JOJITOBPEMEHHOIO UCTOYHUKA BOABI MOKHO HCIOJIB30BaTh IOJ3EMHBIE BOBI
IIPOBEPEHHOI0 Ka4eCTBa, C OIPEJEICHHBIM BpeMeHeM 00pa3oBaHMsA M HEOOXOOUMON MH(PACTPYKTYpOoi Uit 1OOBIUM.
Hcnonb3oBaHue MOA3EMHBIX BOJ, IO3BOJISIET OBICTPO HONYUYUTh 3aMELIAONINI HCTOUHHK BOJbI, BMECTO IIOBPEXKIECHHOIO
IOCTOSSHHOTO MCTOYHMKA, M IIOBBICUTH 3(QEKTHUBHOCTh cHacaTelbHbIX omnepauuil. Heo0XxoaumMo mpoBOIUTH
UCCIIEIOBaHUs TaKUX PECYpPCOB H, €CIM BO3MOXKHO, 3aMOPaKMBATh HX HCIIOJIb30BAHUE M OCTaBJIATh B KadecTBE
PE3EePBHOTO0 UCTOYHUKA MUTHLEBOH BOABI, HCIIOJIB3YEMOrO B CIydae CTUXHHMHBIX O€ICTBHUI, YTO MO3BOJISIET MOIHOCTHIO
YCTpaHUTb WM YMEHBIIMTh BO3JEHCTBHE OTCYTCTBUSI HMHUTHEBOM BOABI B pailioHe karacTpo(sl. PaspaboTka Takoi
TOTUTHKA M CTPATETHH, KaK KPaTKOCPOTHOI, Tak M JONTOCPOYHOH, HApaBlicHa Ha MOBBIIICHHE YPOBHS 0€30MacCHOCTH
HaceneHus. Takwe neiicTBHS HEOOXOAMMBI JUI YMEHBIICHHS YPOBHS YS3BUMOCTH HACENCHHS, MPOKUBAIONIETO B
paifoHax MOIBEpP)KEHHBIX BO3NEHCTBUIO CTUXHMIHBIX O€ICTBHIl — B JNOIMHAX, JaCTO 3aJMBAEMBIX NMPH HABOAHCHHSAX, B
NpUOPEKHBIX pallOHAX, HA TOPHBIX CKIOHAX, B aPUIHBIX 30HAX MJIM 30HAX aKTUBHOM IPOMBIIUIEHHOHN JEATEIbHOCTH.

1.1 Tunbl cTUXUIAHBIX 6eACTBUIA, CBA3AHHbIX C BOAHbIMM pecypcamm, U UX pacnpegeneHue no
paiioHam 3emHoOro wwapa

50% Bcex CTUXMIHbIX BeacTBuit B mupe 3a nepuog ¢ 1990 no 2001 rr. 661710 BbI3BAHO HABOAHEHUsMU, 28% -
aNNAEMUAMM, BbISBAHHbIMU MIOXMM KayecTBOM BoAbl, 11% - 3acyxu, 9% - ononsum un 2% - ronoa.

35% Bcex CTUXMIMHbIX 6eacTBui Habaoganuce B Asumn, 29% - B Appuke, 20% - B HOxHoM 1 CeBepHoii Amepuke, 13%
- B EBpone u 3% - B OkeaHuun. CornacHo oOLLeHKaM 3KcnepToB rnobasnbHble SKOHOMUYECKME MOTEPU, BbI3BAHHbIE
3TUMM NPUPOSHbIMMK KaTacTpodamu, coctasuam B 1970r. noyt 30 muanmapaos gonnapos, a B 1999r sta uudpa
Bblpocna o 90 mapa. [oNnapoB. AHANOTMYHblE TEHAEHUMW NPOCNEKMBAKOTCA M A1 KOAMYECTBa /tofel,
NnocTpaZaBLUMX OT MPUPOAHbIX KaTacTpod 3a nocneaHue ABa gecatunetus: 147 munnmoHos B rog (1981-1990) n 211
MuaanoHoB B rog (1991-2000). Mo oueHkam BcemupHoro 6aHka (2000r.) 97% cmepTenibHbIX Cy4yaes, BbI3BAHHbIX
CTUXMIAHBIMU 6EeACTBUMAMM, NPOUCXOAUT B pPa3BMBAKOLLMXCA cTpaHax. 90% nwogeit, nornbawolwmx BO Bpems
CTUXMIHBIX 6eACTBUI, NOrMbaldT BO BpemA KAMMATUYECKUX KaTaK/IM3MOB (HAaBOAHEHWA, 3acyxu, yparaHbi),
KOJIMYEeCTBO KOTOPbIX YBENNYMNAOCHL B 2 pa3a No cpaBHeHuto ¢ 1996r. o KonnyecTsy cmepTenbHbIX UCXOA0B NepBoe
MECTO Cpeau CTUXMUHbIX 6eacTBMIM 3aHMMAlOT 3acyxu. Ha puc. 1.1. oTY4eTAIMBO BUAHA TEHOEHUUA YBENUYEHUS
KONMYecTsa NPUPOAHLIX KaTacTpod.

WUcTouHuK: Affeltranger, 2001, WWDR, 2003.




Puc. 1.1 TeHOeHyus yeesuyeHuUs1 Kosluyecmea npupoOHbIx Kamacmpogh 3a nepuod ¢ 1950 no 20002. (Boda dns
nrodell, 600a Osst u3HU,2003 2.)
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ITosToMy 0coOEHHO BakKHBIM acriekToM aesTenbHocTh GWES 1o mpuBiieueHHI0O BHUMaHHS MPaBUTEIbCTB,
OpraHu3alnil ¥ OT/AENBHBIX JIUI[ K KOHILEHIUKA TOTOBHOCTU CO3JIaHHS aJbTEPHATHBHBIX MCTOYHUKOB BOJIbI SIBISETCS
npeAocTaBieHne MnosHoMournid. OueHb YacTO MECTHOE HACEelICHHE OKa3bIBAeTCs OCCIOMOLIHBIM IOCIE CTUXHUIHOTO
OeCTBUS, OTPE3aHHBIM OT TPAAUIMOHHBIX HCTOYHUKOB BOJBI M HE UMEIOIIMM MOMOIIH W3BHE HEMOCPEACTBEHHO MOCIe
CTUXMUHOTO OencTBUsA. DTH (PaKTOpbl MPUBOIAT K JCCTAOMIH3AIMU CHUTYalMH M JEMOPAIN3AI[MA HACEJCHHS B TO
BpeMsi, KOTJa JIIOAN JOJDKHBI BOCCTAHABIMBATH CBOIO kH3HB. [lomHoMounst GWES mo3BonsioT M0AsiM MpOU3BOIUTH
JICHCTBHSI Cpasy Mocje CTUXUIHHOTO OSICTBHS, UCIIONB3YsI CBOM OMBIT U HH(PPACTPYKTYPY, BOCCTAHOBHTH MOJAYy BOJIbI
W3 OA3EMHBIX HCTOYHHUKOB, YTO CO3/1a€T OCHOBY JUIsl OOIIETO BOCCTAHOBJICHUS.



2. MNMoa3emHble BOAbI KaK pecypcbl,
ncnonb3yemble B Upe3BbIYaUHbIX
cuTyaumax

CoBpeMeHHas IHIPOreosIorus pa3BUBalach B CTpaHax ¢ OOIBLIMM KOJIMYECTBOM BOAHBIX PECYPCOB, L€ BOAA
b0 paccMaTpuBajach Kak MCTOYHHMK yrpo3bl Ul HACENCHHUs, JTM00 KaK CPeACTBO, KOTOPOE MOXKHO HCIIOIb30BaTh Ha
61aro mogeil. OnHaxko OomblIast YacTh HOBEPXHOCTU 3€MJIM HAXOAUTCSA B 30HAX C apUIHBIM KIMMATOM U CTpalaeT Kak
OT e(UIUTa BOJHBIX PECYPCOB, TaK U OT YIpO3bl HABOJHEHUH. B HacTosme BpeMs JIIOIM paccMaTpUBalOT BOJY, KakK
camblil BaxXHBIIl KOMIOHEHT 6uochepsl. Boga — 3T0 HCTOUHMK ONACHOCTU M HEOTheMIIEMast YacTh OKPY»Karollel cpeasl,
LIEHHBIH TOBAp, @ YacTO U CTPATETUUECKUH Pecype UL COLUATBHOIO U 3KOHOMUYECKOTO Pa3BUTHS.

3HaueHne Ka)I0i U3 COCTABISAIOMNX ABOWCTBEHHON POJIM BOJBI 3aBUCHT OT MECTHBIX YCJIOBHH. 3aCyNUINBHIE
paitions! bmmxuero Bocroka u CeBepHOro AdpHuKH, M3BECTHBIE OTCYTCTBHEM pECYpCOB IHTHEBOM BOAIBI, MHOTIA
CTpaJIalOT OT HABOJHEHUI, IPUHOCSIIMX OOJBIION yIIepO U YHOCSIINX MHOTO YeJIOBEYECKUX KHU3HEH. PaciBer u 3akar
rocygapcts B ucropun bmmknHero Bocroka ObUTM yacTo CBsI3aHbI C YMEHHEM YINpPaBiATh BOJHBIMH pECypcamu,
pacmpeneseHreM BOABI [UIs HyXX]J BOZOCHaOKeHUS U uppuranuy. 1 B HacTosIee BpeMs TOCyIapcTBa B 3TOM PETHOHE
CHJIBHO 3aBUCST OT BOJBI, OHA BIIMSET HA INOJUTHYECKHE M COLMAJIbHBIE COOBITHS B pa3HBIX YacTAX 3€MHOIrO Inapa.
(BcraBka 2.1)

2.1 NpupoaHOe u TEXHOreHHOEe BO3AENCTBUE HA BOAHbIE Pecypcbl

Bo Bpems TaK Ha3blBaeMOM U «XOJIOAHOW BOMHbI» HEKOTOpble CTPaHbl cobupanu MHGopmMaLMio No pecypcam
noA3eMHbIX BOf, KOTOpble MOFyT H6bITb UCNO/Ib30BAHbI B C/ly4ae BO3MOXHOIO Ha4yana BOEHHbIX AEUACTBUIA.

B Takmx o0630pax paccmaTpuBanucb rnybokue BOAOHOCHbIE FOPU3OHTbLI, COAepKalme Bogbl, 06pa3oBaHHbIe B
[OVCTOPUYECKYO 3MoXy. M3yyeHne naneoHTONOIMYECKUX BOJ, ABAAETCA OAHOM TemM UCCAef0BaTeNbCKUX
NPOEKTOB OTAena W30TOMHOM ruaponormn MexayHapoaHoro AreHTcTBa ATomHoM dHeprum (MATATI). B
nocnegHue roApl aHas0rMyecKkMe MpPOeKTbl MNOABUAUCL U B APYrMX areHTcTBax. HaBogHeHwe B LeHTpanbHoOM
Espone B 1997r. n 2002r. npuBenM K HEOBXOAMMOCTM 3aKPbITUA 3aTOMNEHHbIX KONO4LEB U CUCTEM
BOAOCHAOXEHMWA U NMOUCKY UX 3aMeHbl Ha BPeMs BOCCTAaHOB/EHUA. BMecTo HernyboKknx BOJOHOCHbIX TOPU30OHTOB
B paBHWHaX Mcnonb3oBanancb 6onee rnybokume HanopHble BOAOHOCHbIE FOPU3OHTbI, PACMONONKEHHbIE B HUMXKE
nexawmx nnacrtax. Jobblua He BO306HOBAAEMbIX PecypcoB NoA3eMHbIX BOA, ABAAETCA BNOHEe 060CHOBaHHbIM
pelleHMem ANA NOMYYEeHWA UCTOYHWMKA BOAblI B apUAHbIX PailoHax M yMeHblueHuAa narybHoro Bo3gencTeuA
3acyxu. [ina pa3paboTKmM pasHbiX TMMNOB BOAOHOCHbIX FOPU3OHTOB — BOAOHOCHBIX NIACTOB, PAaCMOOMKEHHbIX B
TBEPAbIX CKa/bHbIX NMOPOAAX B TFOPHbIX PANOHHbIX, MNOABEPXHEHHbIX AENCTBUIO 3eMIETPACEHWUIN, BOAOHOCHBIX
NAacToOB, PACMO/IOMKEHHbIX B 30HE UyHamMW, B NPUOPEXKHbIX paloHaX, B 30HaX OMOJI3HEN, KOTopble
COMpPOBOXKAAIOTCA yparaHamv W APYrUMU  aTMochEpPHbIMU  ABNEHUAMM, Hanpumep, yparaHamu SnabHuno,
Habnogalowmmmnca BAONAb 3anagHoro nobepexbs HOxHOM  Amepuku — NCMONb3YIOTCA  pas/InyHble
rmaporeonormyeckne metogpl. Ocoboro BHMMaHUA TpebyloT cnyyau TEXHOreHHOro BO3AEWCTBMA Ha BOAHblE
cUCTeMbl, Hampumep, BOEHHble AEelCTBUA, aTaku TeppopuCTOB, a TaKKe aBapwu, Bbi3blBalolWMe maclwTabHoe
NPOMbILLJIEHHOE 3arpA3HEeHME.

MosTomy Hawa 3ajaya COCTOUT B MPUMEHEHWW 3HAHWI B TMAPOreosIoNMW ANA PelleHUs KOHKPEeTHbIX 3aaad
nccnef0BaHUA UCTOYHUKOB MOA3EMHbIX BOJ, KOTOpble MOXHO WMCMO/b30BaTb B YPE3BblYalHbIX CUTyaLMAX U
pa3paboTKM OCHOBHbIX MPABUA UX SKCMAyaTaLUK.

IIpupoaHbie BOJHBIC PECYpChbl OOBIYHO SBISIOTCS BO300HOBIseMbIMH. OIHAKO MX BO30OHOBISIEMOCTH HE
SIBIISICTCS. HEOTPAHUYECHHOM, OHU BO30OHOBIISIEMBI TOJBKO B Cllydae OrpaHUYCHHBIX 00beMOB 100bI4M Boabl (Boma msst
moxaei — Boma i ku3HH, 2003). BO300OHOBISIEMOCTh MOA3EMHBIX BOJ HEOOXOIMMO pacCMaTPHUBATh B CIMHUIAX
MOTIOJTHEHUST 00beMa BOJBI B TOpHu30HTE. [IpH W3yYeHHH TMOA3EMHBIX BOJ B PErHOHAIBHOM MacuiTabe, a 4acTo W B
Macmrabe TEOoJOTMYecKOro BpEeMEHH, HEOOXOIUMO TPUHUMATh BO BHUMAaHHWE BCE BBINIC IPHUBEICHHBIC
XapaKTePUCTHKH. Y BEIMYEHUE 00BEMOB TOOBIBAEMON BOJIBI JIJIsI TOTPEOJICHUS B JIMUHBIX LEISX HACEICHHS, B CEJIbCKOM
XO34WCTBE M IMPOMBIIUICHHOCTH NPUBOJUT K YPE3MEPHON HKCIUIyaTallid PECYpCOB B pasHBIX YacTSAX 3€MHOro Iapa.
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Hapymen 6ananc Mexay IONOJHEHHEM BOIOHOCHBIX IIACTOB M U3BJICUCHHEM BOJHBIX PECYPCOB, U Ha OOLIMPHBIX
TEPPUTOPHSX HAOIIOJAETCS IIOHMKCHUE YPOBHS BOJIBL.

KoHuenuus ycTOHYMBOrO HCIIOJIB30BAHUS W YIPABICHUS pecypcaMu IOJ3EMHBIX BOJ Oblia pa3zpaboTaHa Kak
MIPOTHUBOJICHCTBHIE ONMCAHHON BBIIIE TCHICHIIUH.

OnHako B 4pe3BbIYAHHBIX CUTYalUsX, KOTJa B OIIACHOCTH JKU3Hb JIOJCH, a CHCTEMBbl CHaO)KEHUS NUTHEBOM
BOJIOI He paboTaroT, HEBO3MOXKHO CTPOTO CIIEI0BATh KOHLEIMH YCTONYMBOTO HCIIOIb30BAHUS ITOJ3EMHBIX PECYPCOB.
B Takux ciydasx BOIPOC O HEBO3OHOBIISIEMOCTH OTXOIHUT HAa BTOPOH IUIaH, U BO3HUKAET HEOOXOAUMOCTH IPOBEPKH
KayecTBa BOABI B IIyOOKHX BOJOHOCHBIX IIACTaX M Jlake€ HEBO30OHOBIISIEMBIX «HCKOIAEMBIX» BOJ| C LIEJIBIO JOOBIYH
TpeOyeMbIX 00BeMOB BOIbl. OHAKO Takoe BOJOCHAOKEHHE B UPE3BBHIYAMHBIX CHTYAIMSIX HENb3s PACCMAaTPUBAThH KakK
3aMEHHTENb TPAJAUIHOHHOTO BojgocHaOxeHus. OHO JOJDKHO HCIIONBb30BaThCS TOJBKO BO BpEMsl UYpPE3BbIYAMHBIX
CI/ITyaL[I/Iﬁ J0 MOMCHTA BOCCTAaHOBJICHHUA KOJIMYECTBA U Ka4€CTBA BOAbI B O6bI‘IHOﬁ CHUCTEMC BO,Z[OCH3.6)KGHI/I$[.

IIpu noObldue BOIBI B UpE3BBIYAMHBIX CHTYalUsIX YacTO BBIACHSETCS, YTO CUCTeMa JOOBIYM M3 BOIZOHOCHBIX
IUIACTOB IIOXO MOJTrOTOBJICHA JaXXe B MecTaX, IJIe BoJa JIETKO JAOoCTymHa. /loObua BOABI U3 MOJA3EMHBIX HCTOYHHUKOB
MOXET 6I>ITI) yCHCLHHOI‘/’I TOJIBKO, €CJIM NPECABAPUTECIIBHO IPOBCACHBI T'MAPOICOJOIrHIYE€CKUEC UCCIICIOBaHUA, MOHUTOPUHT
U KapTUPOBAaHHE PECYPCOB IMOJ3EMHBIX BOJl, YTO YAacTO BKIIIOYAET HCIOJb30BAaHHE TAKMX METOJIOB KaK W30TOITHAS
THAPOTeOJIOT s, Teo(pU3NKa, TUCTAHIIMOHHOE 30HANPOBAHNE U IPYTHE METOIBI.

OcHOBOH 1711 BBHIOOpPA CTpaTeTMH BOCCTAHOBICHHS DPETyJSIPHOTO BOJOCHAOXEHHWS BO BpeMs WM IOCIE
KaTacTpodbl SBISIETCS 3HAHWE PETHOHAIBHBIX THIPOTEOJOTHYECKHX YCIOBHH. Bo MHOrmx pailioHax TpyZHO HIH
HEBO3MOXKHO OOECIICUUTh aBapuifHOE BOJOCHAOKEHHE W3 IIOJHOCTHIO 3aMKHYTBIX BOJOHOCHBIX CHCTEM. B Takmx
ClTy4asix HeoOXOIMMO TPOBECTH THIATEIBHOE HCCIEIOBAHNE CYIIECTBYIOMEH CHCTEMbI BOJOCHA0KEHHS ¥ BOIOHOCHOTO
IUIacTa, YTOOBI ONMPENEeNUTh BO3MOKHOCTH €€ BPEMEHHOTO HMHTEHCHBHOTO HCIIOJIB30BAHUS BO BPeMs Upe3BBIYaHON
cutyanuu. YpesBblyaiiHas CHUTyauus, HAmpUMEp, METCOPOJIOTHYECKas 3acyXa, MOXKET MPUBECTH K BBICBIXaHUIO
MOJI3EMHBIX BOJI, OTCYTCTBHIO BOJBI B CKBOKHHAX, YTO MPUBOAUT K YBEIMYCHHIO HATPY3KH HA APYTHME CKBaKUHBI H
OKa3bIBaeT, B OOJIbIICH WIIM MEHBILIEH CTEeleHH, BIUSHUE Ha BOJOHOCHBIE TOPH3OHTHL. B 3TOM citydae MCHONb3yrOTCA
CIIEAYIOIIUE CTpAaTEruu: J00blYa BOJBI M3 PE3EPBHBIX W OXPAHSEMBIX CKBaXHH, NPOBEICHUE TEXHHUYECKOTO
oOciieoBaHusl 00OpYIIOBaHHMST M, €CIM STO BO3MOXKHO, yriyOneHue cymectByromux ckBaxuH (CSADC 2003).
Tl'ocynapcTBeHHbIE U MyHULUNANBHBIE OPTaHbl YIPABICHUS, OPraHbl TPAKIAHCKOM 0OOPOHBI M apMHs JOJDKHBI 3HATh
MeCTa, TZIeé MOXKHO IIOJYyYHTh JOCTYN K pe3epBaM IOJA3EMHBIX BOA B paiiOHaX YacTO IOJIBEP)KEHHBIX ACHCTBHIO
CTUXUIHBIX OencTBUil. BakHbIME (akTopaMu AT co3XaHUS MHQPACTPYKTYpHI, KOTOpas OBICTPO HPHBOIUTCS B
JeHCTBHE W HaJeHO (QYyHKIMOHUpYET B Cilydae CTUXMUHHOTO O€ICTBHUS, SBIAETCS IPEABAPUTEIHLHOE MPOBEACHHE
HaYYHBIX HCCIICOBAHUH U OAIEPKKAa MECTHOTO HaCeNICHUS.

«C 17133 DOJION — M3 cepliia BOH», «ECIH B IPOILIOM Toqy OblIa 3acyxa WM HaBOJHEHHE, KOTOPOe HaOIIo1aeTcst
pa3 B 100 net, To B cnexyromue 99 neT HUKaKUX CTUXWHHBIX O€JCTBUI HE MPOU30MAET» - 3TO 00BITHOE OTHOIICHHE K
CTUXUIHBIM OezxcTBusAM. CTHUXHIHOE O€JCTBHE HAI0 paccMaTpuBaTh Kak MPEAyNpeXIeHHe O HeoOXOIMMOCTH
MIOJITOTOBKM HACENICHUS, MECTHBIX BIJIACTEH, CHUCTEM BOJOCHAOXXEHUS M CTpaTerdil Uil paboThl B UpPE3BbIYAHHBIX
CHTYAIIHsX.

W3 BhIe npuBENEHHBIX (AKTOPOB MOXHO CZeaTh CJEOYIOIIME BBIBOABI: HEOOXOAMMO XOpOLIO 3HATh
PETUOHATIBHYIO T'HAPOTrCOJIOIruI0, HC TOJIBKO MECTa HUPKYJIAIUU IMOA3EMHBIX BOJ, HO TAaK)XE€ MECTa CTarHalluu, OTKYJa
MOKHO M3BJICKATh BOAY MPUEMJIEMOT'0 Ka4€CTBa B TCUCHUC HCTIPOAOJDKUTEIIBHOTO II€pruoaa, HCO6XOZ[I/IMO BBIXOOUTH 3a
PaMK TPpaJUIHUOHHOI'O IMOAXO0JAa IMPH MPOBECACHNN THAPOI€OJIOTUICCKUX I/ICCHCZ[OBaHI/Iﬁ " OLICHKH 3aI1aCOB IMOA3C€MHBIX
BO/I.
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3. lNMpoucxoxkpaeHue, 3aneraHue u
ABUXXeHUe noa3emMHbiX BOA,

HOZ[SCMHI)IC BOJIbI, OKCAHbI 1 aTMOCq)Cpa — OCHOBHBIC HUICTOYHHUKH BOIbI HA Halllel MIaHeTe — CBSI3aHEbI C Apyr €
JPYroM BOIHBIM IIMKJIOM, KOTOPBIH JlaeT BO30OHOBJSIEMYKO BOJY U JIoJed W 3kocucteM (BcraBka 3.1). B
COOTBETCTBUU C JAaHHBIMH, rTorydeHHBIMU [IukiaomanoBemM (1999r), B HacTosIe BpeMsi TOJJOBOM KPYTOBOPOT BOJHI B
npupone cocraisier 577 000 km® (puc.3.1), 3TOT BOIHBIN LMK BKJIHOYACT CYMMapHOE HCIApeHHe, KOTOPBIH
norsomiaet 1.1x1024 /] coTHETHOTO H3TyYeHMsI, TOCTYTAIONIETO BOAHOTO 1apa U CTOK.

3.1 PacnpepeneHue BoAbl N0 3eMHOMY LUApPY

1.386:109Km3 BoAblI HAXOAUTCA Ha NMOBEPXHOCTM AN Ha HeBONbLIOM rNybuHe Nog NOBEPXHOCTbIO 3eMnK, Honblias YacTb
3TOl BOAbI HAXOAWUTCA B KUAKOM COCTOAHWWM, HEKOTOPAsA 4acTb — B BUAE /ba W OYEHb HE3HAYUTE/IbHbIN 06beM BOAbI
Haxo4uTbCcA B ra3oobpasHOM COCTOAHMM. Bopgbl oKeaHOB coaepkaT 97,5% Bcell BoAbl Ha 3emse, a NpecHas Boga
COCTaBAAET OCTa/ibHble 2,5%.

MpecHasa Boga, B OCHOBHOM, HAXO4MTCA HA KOHTUHEHTAaX, U NOAPA3AeNAeTca Ha cneaytoLme rpynnol:

- 68,9 % BOAbI COAEPKUTCA B TIeAHUKAX

- 29,9 % BOAbI COAEPXKUTCA B NOA3EMHbIX BOAAX

- 0,9 % BoAbl coaepKUTCA B BUAE BAArn B MOYBE U BOAAHOIO Napa B atmochepe

- 0,3 % BoAbl COAEPKUTCA B MOBEPXHOCTHbIX BOAAX

O6BeM BeeX MOA3eMHBIX BOJ cocTaBiseT 8 300 000 KM, Kak H3BECTHO, OHU HAXOIATCS Ha Pa3IMYHBIX IITyOHHAX,
JIOCTUTAIOIINX HECKOJIBKO KMJIOMETPOB OT ITOBEPXHOCTHU CYIIH, OHH 00pa30BaIiCh B PE3yJIbTATE BBINAJCHUS JTOKIEBBIX
0CaJIKOB, KaK B COBPEMEHHBIH NEPUOJI, TAK M B JaJIEKOM IPOLUIOM (IIOMOJHEHHE 3armacoB). HekoTopble mon3eMHbIe
BOJIbI HAXOAATCS B BOJIOHOCHBIX TOPU30HTAaX C MOMEHTa 00pa30BaHuUs OTIIOKECHUH (PEIUKTOBBIC BOJIBI).

Pacnpenenenre 0ObeMOB IMOMOJHEHUs 3aMacOB IMOJ3EMHBIX BOJ HE SIBIISIETCS PABHOMEPHBIM JUIS Pa3IMYHBIX
HIMPOT, OHO 3aBHCUT OT KIIMMATUYECKUX MOSCOB, B3AUMO/ICHCTBHUS MEKIYy OKEAaHOM M aTMOC(EpOi, paCTUTEIBHOCTH, a
TaKxke pu3norpa@uuecKux ycioBuid. Pa3inyHbie 00beMbI MOTIOIHEHUS BOAHBIX PECYPCOB HAOIOAAIOTCSL:

e B IYCTHIHHBIX paiioHax (BepxareH u ap., 1979) rae 3ToT nporiecc UMeeT OOJBbIITNE PA3THYHs, KaK BO BPEMECHH, TaK
U B IIPOCTPAHCTBE, C OYCHb HU3KHMHU 00bEeMaMH MPUTOKA BOABI (<SMM/TON),

® B IIOJIyapHIHBIX U TPOIMHYECKUX PETHOHAX, IJIe PETHCTPUPYIOTCS Ooibinue (GiaykTyanun B 00beMax BbINaIAI0IINX
0CaJIKOB B TEUYEHHE T'0J1a, IPUTOK BOJBI cocTarisieT oT 30mMm/rox 1o 150mMm/rox,

. B palloHax ¢ BBICOKOH BJIKHOCTBIO, IJI€ IIPUTOK BOAKI cocTaBiser 300Mm/rozx,

e  JlaXe B pallOHaX BEYHOW MEP3JIOTHI, Iie Kak rmokazanun Muuen u @purn (1978r), nmomnoiHeHne MOA3EMHBIX BOJ
TOKE MPOUCXOAUT, XOTSI U B MUHUMAIIbHBIX 00beMax.

IIputok BOABI B NOA3EMHBIC BOJOHOCHBIE TOPU3OHTHI, a TaKXKe TEKTOHHYECKHE, MOp(dojoruyeckue u
9BTAKTHYECKHE CTPYKTYPHI COCTAaBILIIOT ABIKYLIYIO CHILY, BBI3BIBAIOIIYIO JIBIDKCHHE BOJBI, KOTOPOE MOXKET OBITH
CTaIlMOHAPHBIM HJIM HECTAIIMOHAPHEIM.

Cornacro ouenkam IllukomanoBa (1999r) u30bITOYHAs pasrpy3Ka 3K30pXEpPHBIX BOIOCOOPHBIX OacceilHOB
exeromHo coctapmsieT 44 880 km® (prc 3.1), 4TO SKBHBATICHTHO BKIAAy OKEAHOB B KPYTOBOPOT BOMBI HA KOHTHHEHTAX.
BemunHa 3TOT0 HM3OBITOYHOrO CTOKA Mana [0 CPaBHEHHIO C 00BEMOM MOM3EMHBIX Box — 8300000 kM’. Dto
HECOOTBETCTBHE ITOKA3bIBAET, YTO WIIM BPeMs KPYTOBOPOTA JUIS OA3EMHBIX BOJ] OUYEHB BEJIUKO, HIIM OHH PACIIPE/ICIICHBI
HEpaBHOMEPHO MO TiTyOuHe. M30TOmHBIE UCCIIe0BaHMs OKPYIKaoIIei cpelbl 1 YUCIeHHOe MojenupoBanue (puc.3.2)
IO0Ka3aJIo, YTO BO3PacT BOJBI MM BPeMs KPYTOBOPOTA 3HAUUTENHLHO YBEIMYMBACTCS C TITyOHMHOMU, M Aaxke HaOIronaeTcs
CKAQ4OK B YBEJIMYEHUH OTHX [ApaMETpPOB C TJIyOWHOH, BCIIEACTBHE PE3KUX HW3MEHEHHH B THIPaBIMYECKOH
MIPOBOJMMOCTH C TITyOUHOI.

Ecmu B34Th cpenHee riio0anbHOE 3HAYeHHE HM30BITOYHOTO CTOKA C KOHTHHEHTOB, KaK MAaKCHMaJbHBII
MUMEIOLIMICS B HAJIMYUK BOJHBIA PECYPC, U CPABHUTH ATy BEIHMYUHY C TJ100aIbHON MOTPEOHOCTBIO B BOJIE TUTIOC 00BEM
CTOYHBIX BOJ (3.2), CTaHET MOHATHO, YTO HAIlla IJIaHEeTa OJM3Ka K COCTOSIHUIO Je(pUIiTa BOABI WM yKE HAXOIUTCS B
TAKOM COCTOSIHUM. DTOT BBIBOJ| MOJATBEPIKAAETCSA HEAOCTATKOM BOJBI, KaK B KOJMYECTBEHHOM, TaK U B KQUECTBEHHOM
OTHOIICHHHM, BO  MHOTHX JKapKHX  CTpaHaX W  HEKOTOPBIX  CTpaHaX C  BIOXHBIM  KIMMaTOM.
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Puc. 3.1 rno6anbHbIli OkeaHU4Yeckuli U KOHMUHeHMarsnbHbIl Kpy2080pOmM 600bl U 83aUMOCESI3b MeXOy
HUMU (8ce eenu4uHbl 8 eGUHUUax KM3), LWuknomaHos (19992)

wen 44 800 dpennunn

65,200 902,800

CONTINENTAL

CONTINENTAL
EXORHEIC
WATER CYCLE

QCEANIC
WATER CYCLE

ENDORHEIC
WATER CYCLE

110,000 458,000

ll* 44.300 EEEEEEE

IMpumeuanue: onpenesieHUE «IHAPOXEUUECKUI» U «IK30PXEHUIECKUN» TaHO B IJIOCCAPUU

3.2 MNMoTtpebHoCTM YenoBeyecTBa B Boge (Ha Aylwy HaceneHus)

CymmapHas notpebHoCTb (BK/ItOYaeT BCe BUAbI AeATeNbHOCTM) cocTasasneT ot 1000 go 1500m3/roa, npuyiem
NnoTpebHOCTb B BOAE A1 XO3AMCTBEHHbIX Lienei coctasaseT ~50m3/roa,

a MMHUMabHbIM 06bEM BOAbI AN5 BbIXKMBaHWUSA cocTaBaseT 10m3 B rog,

O6wan NnoTpebHOCTb BCErO HACE/IeHUS 3eEMHOTO LWapa B BoAe B Havase 21 Beka coctasuia 5000-6000km3 Ha aywy
HaceneHus B rog, 4to 613Ko K BeanymHe 1000 m3 Ha Aywy HaceneHus. XoTa NoTpebHOCTb B Boge 6 MUAAMAPA0B
YeNoBeK MeHblle obbema eXerofHOro CToka BoAbl B OKeaH, HE06X0AMMO NOMHUTL, YTO Nto6oe UCnonb3oBaHNE
ronybovi Boapl (BOAbI COOTBETCTBYIOWEN CTAaHAAPTaM 34paBOOXPaHEHUA U TpeboBaHWAM K COXPaHEHWIo
3KOCMCTEM) NPUBOAUT K 06pa3oBaHMIO CEPOI (CTOUHOM) BOAbI.

IMnupunyeckn 1m3 HeouMLLLEHHbIX cepbix BoA obpasyeTcs us:

~ 9 m3 ronyboii BoApl, BblAENEHHOM HenepaboTaHHOM B OKPY»KatoLLyto cpesy

~ 3 m3 ronybon BoAbl, BblAENEHHOW Mocne GU3NYECKOW, XMMUYECKOM W OMONOrMYECKOM OYMCTKU, KoTopas
npoxoant apdeKTBHOE NPUPOAHOE OUYULLEHME.
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Puc.3.2 Bekmopbl (cmpesnku) no03eMHbIX MOMOKO8 CO CKOPOCMsIMU 8 M/OeHb U U30OXPOHHbIe JIUHUU
(nuHuu oduHakoeoz2o eo3pacma & 2o00ax) OnAa cucmemMbl B600O0HOCHbLIX 20PU3OHMax ¢
2udpaenuyeckolii nposodumocmsro 10, 107 u 10° m/c (ceepxy eHu3)

A. Heakcnnyamupyemasi cucmemMa u eesiuduHbl Kpy20eopoma eo0bl 8 mpex 000HOCHBIX Myacmax.
Bb. Cucmema, aHaso2u4yHasi cucmeme A, HO ¢ 06beMoM O06bIYU 271y60KUX MOO3eMHbIX 600,
cocmaensiroujux 35% cymmapHo20 npumoka no ecel naowadu 800oc60pHo20 6acceliHa.
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IIpuTok TMOA3EMHBIX BOJ TAaKKE HEPABHOMEPHO pacmpeneneH mo Beptukamu (puc.3.3). HepaBHOMepHOCTH
YCHJIUBAETCSl BCIEACTBHE PA3HBIX THIPABIMYECKUX CBOMCTB PA3IMYHBIX YacTeill BOJOHOCHOW CHCTEMBI. UmcieHHoe
MOJICTTUPOBAaHHE THITUYHBIX MOCIEACTBUI MMPABINYECKON IPOBOJIUMOCTH B BOJOHOCHBIX CHCTEMaX MOKa3bIBaeT, YTO B
cpenHeM 85% mpHUTOKa BOABI B BOJOHOCHBIM IUTACT BBITEKACT UYepe3 IPHUIIOBEPXHOCTHYIO 30HY (30HY aKTHBHOTO
rpuToka) u MeHee 15% mnpoxoauT dyepes riayOokue ciou (30Ha nmaccuBHoro npuroka) (Ceiinep u Jlunaep, 1995r). [ise
BBIIIE PACCMOTPEHHBIE 30HBI HAaXOMATCS HaJ 30HOW PEIMKTOBBIX BOJ, OHM NPHCYTCTBYIOT HA BCEX KOHTHHEHTAaX, BO
BCEX KIMMAaTHYECKUX 30HAX U BO BCEX THIAX MOPOJI.

Puc.3.3 bBnok — cxema eodocbopHozo 6acceliHa (2ny6uHoli 400M u wupuHoli 15000M), Nod KomopbIM
Haxodumcsi cucmema 6000HOCHbIX nnacmos. ugpbi 6e3 ckobok nokasbiearom cpedHee 3HayeHue,
uugpsbl 8 ckobkax Nokasbiearom MUHUMAILHOE U MakKcuMalslbHOe 3Ha4yeHue 6 MpoueHmax eesluyuHbl
Kpy2oeopoma npumoka e nod3eMHble niacmsi. dmu yugpsl 6binu nosyyeHb! € pesynsmame 100
8blyucsieHull no npoz2pamMmmMe € pasnudHbIMU pacnpedeneHussMuU 2udpaenudeckoll npoeoduMmocmu

¢
afcf?me;?f are s

Groundwater recharge

th = o O R

<15% (40-2%)  —_

MoasemHble BoAbl

®  30HA aKTMBHOIO MPWUTOKA — COAEPXUT mMonoable Boabl (<50 neT), Boapl yA3BUMbIE K BO34ENCTBUIO
3arpsA3HeHui, A0CTaTOYHO 6bICTPO AO0CTMraloWMe YCTOMYMBOrO COCTOAHMA, ecan p[o6blua  He
npeBbIlWaeT NoNoJIHeHUA NOA3EeMHOrO NaacTa,

e 30HA NacCMBHOro MPWUTOKa Bceraa coaepsKut 6onee apesHue (>100 nert) soabl; 6onee AnuTebHoe
npebbiBaHMe BOA, B BOAOHOCHOM ropu3oHTe obecrneumsaeT GOAbLIYIO 3alMTY OT 3arpA3HAOLLMX
BELLEeCTB, MPU YCA0BUKM, 4TO Npu A06bl4M BOA MPUHMMAKOTCA BO BHMMaHME pPasanyHble C/oU
BOAOHOCHOrO MAacTa, B NPOTUBHOM C/ly4ae MOMKET BO3HUKHYTb NepPexoAHblii rMApaBaMYecKunii MoToK
(nepeHoC maccbl C HEKOTOPLIMU BpeMeHeM 3a4epKKu (Puc.3.4.), KOTOPbIA MOMKET MPOAO/IKATLCA B
TEYEeHUEe HECKONbKMX [AECATKOB WAW COTeH fieT. DTOT 3anasAblBalowyii NepeHoc Maccbl MOMKHO
PerncTpMpoBaTh C NOMOLLLbIO CUCTEM PaHHEro npeaynpexaeHus.

®  30HAa NACCMBHOrO MPUTOKA MOXET UMeTb 60/ee BbICOKMIA YpOBEHb MUHepanu3aummn (6oaee Bbicokan
KOHLUEHTpauMa MOHOB), YeM 30Ha aKTMBHOIO MPWUTOKA, MHOr4A B HEW B ManblX KO/JMYeCcTBax
NPUCYTCTBYIOT PacTBOPUMbIE 3N1eMeHTbl (Hanpumep, As, |, F), uTo 06ycnoBaeHo 60/blWNM CPesHUM
NepuoaoM KpyroBopoTa, 3TO NPUBOAMT K 6onee mMeaseHHOMY BbILENaunBaHUIO, YeM B aKTUBHOM
30He.

TonmuHa akTUBHOM 30HBI MPUTOKA 3aBHCUT O CKOPOCTH IPUTOKA IMOJ3EMHBIX BOA U OT CIHOCOOHOCTU
MIOJIIOBEPXHOCTHOI'O CJI0A yIEPKHUBaTh BJIary. B yMepeHHOM KiIMMaTe B CLEMEHTHPOBAHHBIX, TPEMIMHOBATBIX OPOAAX
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TOJIIIMHA 3TOW 30HBI MOXKeT gocturath 100M, B HELIEMEHTHPOBaHHBIX MOPOAAX cocTaBiseT S0M M yMEHbIIAeTCs JI0
BeNMUYMHBl MeHblle 10M B MONyapuAHOM W XOJOJHOM KIMMaTe, B apUAHBIX PETHOHAX OHA CYIIECTBYET B BHAE
OTIENbHBIX oOJacTeld. ['paHuIly pasjgena MeXIy MACCMBHOW M aKTHBHOHW 30HOH NMPUTOKAa B BOJOHOCHOM TOPH30HTE
MOYHO OTIPEIETHTD C TOMOIIBIO PATHOAKTHBHBIX H30TOMOB C KOPOTKHM BPEMEHEM XKU3HH, Harpumep “H.

30Ha TACCHBHOIO TPHUTOKA MMEET HAMHOTO OOJIBIIYIO TOJIIMHY, YeM 30Ha aKTUBHOTO TNpHTOKa. [loatomy
pacTBOpeHHe (HampUMep, 3arps3HAIOMNX BENIECTB) B IIYOOKHX BOJOHOCHBIX ILIACTaX SBISETCS 0ojiee BBIPAKEHHBIM
3¢ deKTOM, YeM B MEITKHX TIacTax.

B nmonrocpoyHoM IiIaHE IMOIIOJHEHHWE 3aIlacoB IIO/3EMHBIX BOJ SIBIISIETCS JELIEBBIM M 3HEProcOeperaroum
PEryIUpYIOMUM (HaKTOPOM, CIOCOOCTBYIOLIMM TIOBBIIIEHUIO OJIarOCOCTOSIHUS M SKOHOMHYECKOMY Pa3BUTHIO PETHOHA.
YenoBe4ecTBO yke NpUOIM3HIOCH K TPaHHIIE, 32 KOTOPOi OHO OyJeT MCHBITHIBATH HEAOCTATOK BOABL. B KpuTHueckux
CUTYyallusiX, BOSHUKAIOIIUX IOCJIE CEPhE3HBIX aBapuil WM CTUXUIHBIX O€ICTBUIl B pailoHax C HepHULUTOM BOIbI,
€/IMHCTBEHHBIM MCTOYHHKOM BOJOCHAOXKEHUS SIBJISIETCS 30HA MACCHBHOTO IPUTOKA, KOTOPYIO MOXKHO OBICTPO BECTH B
JKCIUTyaTanuio 0e3 Kakux-TM00 HeoOpaTUMbBIX HM3MEHEHHH B KauecTBe noa3eMHbIXx Bon (Puc.3.4). Opgnako Takue
JIEHCTBYSI JOJDKHBI KOHTPOJIMPOBATHCS CUCTEMaMH paHHETo onoBemieHus (pazaenl0.2).

Puc. 3.4 [ob6biya nod3eMHbIx 800 ¢ 2iybuHbl 150M co3daem omeemHyr0 peakyuro 8 eude eepmuKaribHO20
nepemeuwjeHusi Maccbl 800bl 8 meyeHue decsimunemut unu cmonemuu

ccestant replesichemst Boutdssy Wemany =150 my

T, WATER RESTRACTION

obviua 600vt uz e6ooonocnozo naacma ¢ 20% Jlo6viua 60061 u3z 6000HOCHO20 naacma ¢ 5%
NPUMOKOM 6bI3bl6AEM HE3HAYUMETbHbIE USMEHEHUA 6  NPUMOKOM nOO3eMHBIX 600  NPUBOOUM K
U30XPOHHOM nojle MObKO uepe3 6, 3 jiem nocie 3HAYUMENbHOMY HPUMEHEHUI0 U30XPOHHO20 HOMOKA

Henpepbtenoﬁ OMKAauKu 60001, mak KaK nocie 00CmuiceHus ycmoﬁuueozo cocmoanuA.
Heycmanosusmuﬁcu nomok umeem HU3Ky0
CKopocmb.

16



4. YnpasaneHue puUckamu npu
UCNONb30BaHUU NOA3EMHDbIX BOA B
Ype3Bbl4aMHbIX CUTYALLUAX

IpuponHsle KaTacTpo(bl WIM Ype3BbIYaliHbIE CUTYallUH, BEI3BAHHBIC Pa3pyIIUTEILHBIMEI T'€0JIOTHYECKUMU T
KJIMMaTHYECKUMH TIpoLleCCaMM, MPUBOJAT K IOJHOW 3aBUCHMOCTH IIOCTPAIaBLIETO HACEIEHHUs OT IOA3EMHBIX BOII.
IlosToMy HEOOXOAMMO yCTaHaBIMBaTb MECTa 3aJleraHus IOJ3EMHBIX BOJ, TaM, IJ€ 3TO BO3MOXKHO, CO3/1aBaTh
HCKYCCTBEHHOE TOIIOJIHEHHE 3allacoB IOJ3EMHBIX BOJl, OPTaHM30BBIBATH HX OXpaHy, pa3pabareiBaTh BOJOHOCHBIE
IJTACTHI KaK HCTOYHUK BOJOCHAOXKEHUS U 00€CIIEUUTh BO3MOKHOCTD UX NPUMEHEHUS B YPE3BBIYAHBIX CUTYAIUIX.

Pa3pyminTenbHble TE€OJOTMYECKUE WIM KIMMATHYeCKUEe COOBITHS HWMEIOT TEHJACHIMH K IEPUOJHYECKOMY
noBTopeHuIo. [1o3ToMy M3 M3y4eHHs HCTOPHYECKUX 3alMCEN Ba)XXHO YCTAHOBHUTH YacTOTY MOBTOPEHUS CTHUXUIHBIX
OeCTBUI C ONpENeNIeHHOW MarHUTYJOH 3a OINpEACICHHBI MPOMEXYTOK BPEMEHH, YTO TO3BOJISIET OILCHUTH HEPHOJ
MOBTOPSIEMOCTH COOBITHH.

Karactpoduueckne coObITHS, BBI3BIBAIOLIME HAHOOJBIINE pa3pyLICHUS, MPOUCXOIAT HAMHOTO peXe, 4eM
COOBITHS, HAHOCAIINE MEHBIIMK ymepOd. JIpyruM BaKHBIM aCIEKTOM SIBIISIETCS TO, YTO TEOJOTHYECKHE U
KIMMaTHYeCKHe KaTacTpo(bl dYalle MPOHCXOMAT B ONpeleNieHHBIX paifoHax 3eMHOro mapa. Hampummep, xopomio
M3BECTHO, YTO HA TPAHHULAX TEOJIOTMYECKUX IUIMT HAOTMIOAACTCS MAaKCHMAaJbHBIN PHCK HOBTOPEHUS 3eMIICTPSCCHUH U
BYJIKAHHYECKHUX HM3BEp)KEHHH. XOpOIIO M3BECTHO, YTO Takue cTpaHbl kKak Smonus, Mpan, 3amagnas yacts CIIA,
Wranus, ceBepHO-BocTOUHAst yacTh MHanu u HoBas 3enanans UMErOT BHICOKHI PUCK BOSHUKHOBEHHS 3eMJIETPSICEHUN.
Bynkannueckas akTUBHOCTh 4acTo mposiBisieTcs B Smonuu, Munonesun, Hosoil 3enmanauu, Ha PuaunmnuHax, B
Wranun, Wcnmanouu m apyrux cTpaHaX. AHaJIOTMYHO HAa 3€MHOM IIApe €CTh PErHOHBI, KOTOPBIE BCIEACTBUE
METEOPOJIOTMYECKUX U TONOrpapUYECKUX YCIOBUH UMEIOT BHICOKUI PUCK BOSHUKHOBEHHS KIIMMAaTHYECKUX KaTacTpog.
K »1o0it rpynme crpan ortHocstcs banrmanem, ceBepo-octouHas yacth Wuamu u ror CIIA, stu Tepputopun
MOJIBEP>KEHBI BO3JEUCTBHIO HABOAHEHUH U yparaHoB. Taxoke Ha 3eMJI€ €CTh PallOHBI, I/I€ YaCTO BO3HMKAIOT LlyHaMH. 26
nexabps 2004 r. mpoucmiequiee Ha CymaTpe 3eMIIETPSCEHHME € MarHuTynoi 9,1 Oamna mpuBeso K OrpOMHBIM
paspymenusm, yaecum 300 000 xwu3Heit B toro-socrouHoit  Asun (Munonesus, Hpu-Jlanka u Unanus).

JlaHHBIC 10 BBHIMAJACHUIO JOXKJICH B mosyapuaHoii yacti Vumuu (puc.4.1) NOKa3bIBalOT, 4TO Kaxasle 4 rona
37eck HAOMIOAeTCs 3aCyXa, a Kaxaple 7 JIeT — HaBOAHEHHE.

Pucynok 4.1 Bpemennuwie paovt 0annwix no 00x4#coesvim ocaokam 3a nepuod 1901-96, meepowvie nopoowt, Hanzonoa,
Andpa Ilpadewr, Unous

— Ayerage Rantall (758 num)
DroughtYear (Every 4" vear on average)

® Swplus year (Every ™ year on average)
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Takum 00pa3oM, NMpHU PUCKOBAHHOM HCIIOJIb30BAHUH BOJHBIX PECYPCOB BO3HHUKAET HEOOXOAUMOCTh YCTAHOBHUTH
30HBI PUCKOB JUIS KIMMAaTHYECKUX M TEOJIOTHYECKHX KaTracTpod B KakmoW cTpaHe wim peruone. g ompeneneHus
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TaKUX 30H HEOOXOAMMO 3HAHUE MUHHMAJIBHOTO KOJIMYECTBA BOJbI HAa YEIOBEKAa M KOJMYECTBO JIFOACH, KOTOPBIE MOTYT
MIOCTPaJaTh B CIy4ae CTUXMHHOrO OeAcTBHs. 3aada pUCKOBAHHOTO MCIIONB30BAHHS BOJHBIX PECYPCOB COCTOHT B TOM,
4yTOObI CpPaBHHUTh 3TH JAHHBIE C PECypcaMH MOJ3EMHBIX BOJl, KOTOPBIE MOXHO HCIIOJb30BaTh B YpPE3BBIYAHHBIX
CUTyallUsiX, OLEHUTh KOJIMYECTBO, KaueCTBO M AJMTEIBHOCTh MCIOJIBb30BaHUSA PECYPCOB 33J0JII0 0 CTUXUIHOTO
0eCTBUS M KOHTPOJIMPOBATH COCTOSIHUE CHCTEM aBapHUHHOIO BOJOCHAOKEHNS.

HeobxomuMo pa3paboTaTh OCHOBHBIE NpaBHJIa U TEXHUYECKHE YCIOBHS HCIIOIB30BAHUS IOA3EMHBIX BOI B
Ype3BbIYAWHBIX CUTyallUsX, a TaKXXe OCHOBHBIC IPHHIMIBI PHUCKOBAHHOTO YIPABICHUS IIOJ3€MHBIMH BOJAMHU.
Hcnonb3oBaHue MOJ3EMHBIX BOJ C JOMYIIEHHEM PHCKa OCHOBAaHO HAa BPEMEHHOM HEYCTOHYMBOM HCIIOJIb30BAHUH
TI0JI3EMHBIX BOJ C LIEJIbI0 BPEMEHHOI0 CHa0)KeHHs HAaCeJIeHHUs, TOCTPAIABIIEr0 OT KIMMAaTHYECKUX MIH T'€0JIOTHYECKUX
CTUXMUHBIX O€ICTBUIL, M I 00eCHeYeHns! IPOBE/ICHHS CIIacaTeIbHBIX OIEPAIHid.

4.1 YnpaBneHue puckamum npu UCNOJSIb3OBaHUU
noAa3eMHbIX BoA4 B 30HaX HABOAHEHUN

HaBoaHeHnwust sIBISIOTCS Hanbosee pacpOCTPAHEHHBIM BHIOM KJIMMATUYECKUX CTHXUHHBIX OCJCTBHIA BO BCEM
MHpE, OT HHX CTpajaeT OoJibIlIe JIFOAeH W COOCTBEHHOCTH, YeM OT BCEX IPYTrHX CTUXUIHBIX OexctBuil. OmHAKO
HABOJHEHUSI TPOIIIE MPEACKa3aTh, YeM reoyioruueckuie karactpodpl. OOBIYHO HABOTHEHUS] BOSHUKAIOT M3-32 OOJIBIIOTO
KOJIMYECTBA BBIMABIINX JTOKAEBBIX OCAIKOB WM TasHUS cHera. HaBoqHeHHs darie BO3HUKAIOT B ONpPEAEIICHHOE BPeMs
rojia ¥ B ONpEJeNIeHHBIX paioHax. [y Toro uToObl He ObUIO mMepeboeB ¢ 0OecreyeHneM MUThEBOM BOJIOH BO BpeMst
HaBOJHEHUsI, HEOOXOIMMO BBISIBUTH MECTa, KOTOpBIE € OOJbIIEH CTENEHbIO BEPOSTHOCTH OKAXYTCS 3aTOIJICHHBIMH BO
BpeMs HaBoaHeHUs. HeoO0X0qiMo Takke OTIIMYATh TaKUe SBJICHHUS KaK JJIUTENbHOE (B TEYCHUE HECKOJIBKUX HeJleNb HITH
MECALICB) 3aTOILICHUE OOJIBIIMX IUIOMIaAeH OT KPAaTKOBPEMEHHBIX JIMBHEBBIX MABOJKOB, KOTOPBIC MPOAOJDKAIOTCS HE
Oosnee 24 yacoB. Bo BpeMs HABOJTHEHUIT pEKH MPUHOCAT HE TOJIBKO OTPOMHOE KOJIMUECTBO BOJBI, KaK [TOKAa3aHO HA PUC.
4.1.1, HO TakKe OOJBIIOE KOJIMYECTBO OTIOKECHUM, OTCTOMHUKHM OTXOJOB BBIMBIBAIOTCS BOIOM, 3aTOILISIOTCS
TIPOMBINIUIEHHBIE CKJIaIbl W MPOW3BOACTBEHHBIE IUIOMAAN, YTO NPHUBOJUT K 3arps3HEHHUIO TOBEPXHOCTHBIX BOJ H
HETJTyOOKHX TTO/I3MHBIX BOJIOHOCHBIX TOPH30HTOB.

Puc. 4.1.1 3amonneHHbIl xpam Cypama e 'ydxupame (UHOus)

L]

UroObl OOpOTHCSI ¢ MaryOHBIMH BO3/ICHCTBUEM HABOAHEHHWH, B IUIAHAX [0 PHCKOBAHHOMY HCIIOJIb30BAHHIO
CHCTEM BOJOCHA0XEHHS IOJDKHBI OBITH OTMEYEHBI BOJOHOCHBIC TOPH30HTHI, KOTOPbIE MMEIOT JOCTATOYHO OOJIBIINE
pecypchl M HE TOIBEPraroTCsl ACHCTBHIO HABOJHEHHH, JHOO BCIEICTBHE HAIMYMS BOJOYNOPHOTO IUIacTa, JU0OO
BCJIEZICTBHE TOTO, YTO MX 30HBI MUTAaHMUSA HAXOMATCS JAJIEKO OT MECT, IOJABEPKEHHBIX BO3JEHCTBHIO HAaBOJIHEHUIL.
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JlelicTBHA, KOTOpBIE HEOOXOAUMO MPEANPHHATH JUIS 00ECIeYeHHsI PUCKOBAHHOTO YIPABIICHUS MOJ3EMHBIMH BOJAMH,
MOXHO IIPEJICTaBUTh B BUJIE CIIEAYIOIIEH qUarpaMMBbl.

BrisiBiieHne pailoHOB/IIIONMaAeH, HOABEPKEHHBIX ACHCTBUIO
HABOJHEHHUH

OreHKa 9aCTOTHOCTH U Pa3MepOB HAaBOJHEHH HAa OCHOBE
HCTOPUYECKHX JaHHBIX U yniep0a OT MaBOAKOBOH BOMBI
(cTemneHsp 3arpsi3HEHMS)

OmnpeneneHre KOIUYECTBA JTIO/IEH, MPOKUBAIOIINX Ha
3aTOILLIEMOH TEPPUTOPHH, M IPOBEICHUE aHAIN3a yniepba

IIpuHsTHE TPEBEHTUBHBIX MEP I10 3aLIUTE JEHCTBYIOMINX
CPEACTB BOAOCHAOKEHHUS OT HAaBOJAHEHUH

Hcnonb3oBanue T'COJIOTHYCCKHUX, FeO(i)I/ISI/I‘IGCKI/IX, HU30TOIIHBIX
TUAPOTCOJIOTMIECKUX U APYTUX METOAOB JIA O6Hapy)KGHI/I)I
HNOTCHIHUAJIBHBIX BOJOHOCHBIX IIACTOB. P a3pa60TKa
CTPATCTUH PUCKOBAHHOT'O YIIPABJIICHUSA CUCTECMaMHU
CHA0KCHHSI TN ThEBOM BO)IOI71 BO BpEMA U IOCJIC HaBOﬂHeHHﬁ.

KauecTBeHHas: 1 KOJIMUYECTBEHHAS OLIEHKA PECYPCOB
MOA3EMHBIX BOJ, KOTOPBIE, MOXHO HUCIIOJIb30BaTh B CIIy4ae
HaBOJIHEHUM

Pa3paboTka maHa qedcTBUH COBMECTHO C
MIPAaBUTEIbCTBEHHBIMU U HENPABUTEIbCTBEHHBIMHU
OpTraHM3aLUsIMU U aT€HTCTBAMHU

4.2 YnpaBneHue pucKamMum npuv ncnosrib3oBaHuun
noA3eMHbIX BOA4 B paoHax, NoABepXKeHHbIX 3acyxe

CunbHast 3acyXa HpPUBOAMT K OOJibLIeMy Je(QHUUUTY BOIbI, YTO BBI3BIBAET TOJION, TOJOIHYIO CMEpTh,
TIepeMelCHUEe HACENICHUs M JIOMAIHETO CKOTa. 3aCyXH, TaKKe KaK HaBOJIHEHUS, UMEIOT TEHJICHIMIO MOBTOPATHCS B
OIpEJEeNICHHBIX MecTaX 3€MHOTO IlIapa, YTO BhI3BAHO reorpadueidl MECTHOCTH U CTPYKTYPOH LUPKYJISIUU aTMOC(EpHI.
OnuH U3 HauboJjee XOpOIIO HM3BECTHBIX MPUMEPOB CBS3HM 3aCyXH C aTMOC(HEpHOW LUPKYISIHMEH SBISACTCS HOKHAS
ocuuiusnus nb-HuHbo.

Heo0xoIuMO yCTaHOBUTH PETHOHBI, YacTO IOABEP)KEHHBIE 3aCyXe€, HAlpUMEp, 3TO CTPaHBI, PACIOIOKEHHBIE
BONMu3M nycteian Caxapa B Adpuke, ctpanbl biamkHero BocToka 1 MHOTO CTpaH FOKHOW A3HH, TIE TMEPHOTUUECKH
BBINIA/IaCT MYCCOHHBIE NOXaU (puc.4.2.1.). 3acyxa MpUBOJMT K AErpajiallid ¥ OMYCTHIHUBAHMIO MOYTH 1/3 MaxOTHBIX
3eMelIb BO BCEM MHUDE.

CyIecTBYIOT pa3jIMdHble CHOCOOBI pElIeHHs] MpoOJieM, CBS3aHHBIX C 3aCyXOH, C IOMOIIBIO HCIIOIb30BAHUS
rnoJ3eMHbIX BoJ. [log3eMHBIE BOJBI MOTYT MCIOJIB30BaThCs KaK IMPEBEHTHBHAs Mepa NPOTHB 3aCyXH, a TaKXKe Kak
cpeacTtBo ocnalieHus maryOHoro Bo3zmeHcTBUS 3acyxu. lIpeBeHTHBHBIE Mephl BKJIIOYAIOT JOJITOCPOYHOE
WHTETPUPOBAHHOE IIPaBJIIEHHE pPECypcaMd IOBEPXHOCTHBIX M IIOJ3EMHBIX IUIACTOB IIOCPEICTBOM  CO3ZAaHUS
(UIBTPAIIMOHHBIX MPY/IOB, 3alIUTHBIX 1aM0, HHAYIMPOBAHHOIO CTOKAa U JAPYrux crnocobos. Ha puc. 4.2.2. noka3zaHo,
KaK YCTpPOMCTBa MJIsi HMCKYyCCTBEHHOI'O IIONOJHEHHS IIOJ3€MHBIX IUIACTOB, HampuMep (WIBTPALMOHHBIA NPy,
MOCTPOCHHBIM Ha MyTH CTOKAa KPAaTKOBPEMEHHBIX MYCCOHOB, MOXKET OKa3aTh IOMOIIL B Oopnle ¢ 3acyxoil. B atom
ciyyae (UIBTPAIIMOHHBIN MPYJ TOCPEICTBOM HCKYCCTBEHHOTO MOIOJIHEHHS BOJOHOCHOTO IUIACTA JAeT MOBBILICHUE
YpPOBH:A BOJbLI Ha 5-6 M. BaxxHBIM 3J1€MEHTOM SBJISETCS HCIIOJb30BaHHE TpaguIIMOHHBIX 3HAaHUH M OIBbITA MECTHOTO
HaceNeHusI B 001aCTH COXPaHEHHUS 3a11acOB BOABI, HAIIPHMED, COOPYKEHHE HACHINEH U 3alpy.
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Puc.4.2.1 NNocnedcmeusi cunbHol 3acyxu & 3anadHoli MHAuu: ocmamku cKesemoe ymepuwux OoMawHux
JKUBOMHBIX U YUCMepPHbI ¢ Numbegoll 8000l Kak crnocob 6opb6bi ¢ nocnedcmeueM 3acyxu

Puc. 4.2.2 UsmeHeHue ypoeHeli Nod3eMHbIX 600 8 8000HOCHOM mJslacme, Pacrio/IOKeHHOM 8 2paHUMHbIX
nopodax eHU3 Mo meyeHUro om punbmpayuoHHo20 npyoda e Kaneakypmu do (1985-1986) u nocne
(1988-89) e2o co3daHus. B 200bI ¢ Kosluyecmeom ocadKoe, pasHbIM UU NpesbiwWarowWum HOpMY,
ypoeeHb 6800bl 8 CK8a)XKUHaX, PAacCIUIOKEHHbIX 6HU3y [0 Me4YeHuro, yeesnu4qusicsi Ha 5-6M, e
OCHOBHOM, 6nazodapsi ¢punbmpayuoHHoMy npydy, esusHue Komopoz2o Habnodaemcsi Ao
paccmosiHusi 500m eHU3 no me4veHuro (Cykxusi, 2005)
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I'my6oxwe, orpaHndeHHbIE BOJOYIIOPHOM, MM HEBO30OHOBISIEMBIE PECYPCHI MTOA3EMHBIX BOJ, €CITH TaKHE €CTh B
pEruoHe, SBJAIOTCS Hambonee OE30IaCHBIM HCTOYHMKOM IHUTHEBOHM BOJBI, OOBIYHO BOJABI XOPOIIETr0 KauecTBa, B
pErnoHax, MOCTPafaBIIMX OT 3acyxu. OIHAKO CIeayeT OTMETHTh, YTO HOOBIMAa BOIBI C OONBIION TIyOHHBI —
Joporocrosamuil nponecc. I1o3ToMy B KauecTBe albTEpPHATMBHOI'O MCTOYHHKA BOABI MOXKHO paccMaTpHBaTh BOAY B
OOBIYHO HEWCIIONb3yeMBIX BOJOHOCHBIX CHCTEMaX, a MMEHHO, MOA3EMHBIC BOJABI B TPEIIMHAX M pasloMax ¢ Ooiee
IIIyOOKOH LUpKyJALUed IMON3eMHBIX BOJ. XAapaKTEpUCTHKU TaKuX BOJ, IJIMTEIbHOE BpeMs HAXOAAIIUXCA B
BOJIOHOCHBIX ILIACTaX, ONPEAEIIAIOTCS B MOMOIIBIO PAAUOYIIIEPOAHBIX u3MepeHuil (puc.4.2.3.) Hanpumep, CKBaKUHBI
BH-1 n BH-3, mpoOypeHHbIe Ha CTBIKE XECTKHX MOPOJ, TAe HAaXOIATCS BOJOHOCHBIC IUIACTHI, ABILIOTCS Hamboee
IIPUTOJHBIMU UCTOYHUKAMU BOJBI B UPE3BBIUAMHBIX CUTyalUsX, TAKUX KaK 3aCyXa, TaK KakK BOJA B 3THX CKBa)KMHAX
HAaXOAUTCS B TEUCHUE MIMTEIBHOIO BpeMeHH. MHOrHe pas3ioMbl HMEIOT TIJIyOOKHE TPEHIMHBI C HOPUCTBIMHY,
IIPOHULIAEMBIMHU 711 BOABI CTPYKTYPaMH, HLIMPUHON 10 HECKOJIBKUX AECATKOB METPOB U JJIMHOW B HECKOJIBKO THICAY
MeTpoB. ONBIT HCIOJIB30BAaHUS TaKUX BOAOHOCHBIX ILIacTOB Ha bmkueMm Bocroke, B Adpuke M Apyrux permoHax
MIOKa3aJl UX JIOCTaTOYHO BBICOKYIO 3 (HEeKTUBHOCTS.

Puc. 4.2.3 KoHuenmyanbHasi 2udpozeosioeudeckasi modeslb, OCHO8aHHasi Ha OaHHbIX paduoyarepodHo20
aHanu3sa. Modenb npedHa3Ha4eHa 0ns1 o6HapyxeHusi 211y60kux 8000HOCHbIX M/1acmose ¢ 6osbLWum
epemeHeM ydep)KaHuUsi 800bl, MPU200HbLIX OJI UCMO/b308aHUs 8 Ype3eblvaliHbIX cumyayusix,
Hanpumep, 8 ciy4ae 3acyxu (Cukxusi u op., 2005)

~
e e,

! ;7
[ Surtace ﬁ “Cam: Mpdn Sheet Joints, “C age: Modem to 10 Ka (BP)

HC age: Modern

PuckoBaHHOE MCIIONB30BAHUE IIOJ3EMHBIX BOJ SBJIAETCS YacThiO IIPOrPaMMbl MEKAUCLHUIUIMHAPHBIX U
UHTETPUPOBAHHBIX UCCIENOBaHUN 1O OOpbOe C 3acyxoil. Paznumunble NeHCTBUS roCylapCTBEHHBIX OpraHU3alUil Ha
pa3JIM4HBIX YPOBHSAX (MECTHOM, PETMOHAIFHOM M HAalMOHAJILHOM) IO3BOJISIOT YMEHBIIUTH HOCIEACTBHUS BIMSHHSA
3acyxu Ha HaceneHue ([ymx, 2004). Pa3spaboTka HalMOHAIBHON MOJMUTHUKY IO 60pr0Oe ¢ 3aCyXoH, IIAHUPOBAHUE MEp
1o 60ps0e ¢ 3acyXOH, HallpaBJICHHBIX Ha MOBBIIEHNE 3 (QEKTUBHOCTU AEHCTBUI NPABUTENLCTBA B CIydae CTUXUMHOTO
0encTBUS — 3aCyXH, CHIDKCHUE MOCIIC/ICTBUN BIUSHUS 3aCyXH, HHTETPAIMS BCEX CEKTOPOB SKOHOMUKH, NTOJBEPKEHHBIX
JCHCTBUIO 3aCyXH, pa3padOTKa IOJUTHYECKHX Mep, HAIllPaBJICHHBIX Ha 3aIlUTy HACENICHHUs, COXPAaHEHHE CPEICTB
IPOIMTAaHUS, TOBEIIIEHHE YPOBHS 00pa30BaHUSA U COTPYAHMUYECTBO C MEXIYHAPOIHBIM COOOIIECTBOM — 5TO Hanboiee
Ba)KHBIE COCTABISIOIINE WHTETPUPOBAHHBIX MeEp, NPHHUMAEMBIX Uil OOppOBI ¢ 3acyxol. IlpuBeneHHas HMke
JMarpaMMa IOKa3bIBaeT, Kakue Mepbl HEOOXOIUMO MPENIPHHSATE U OCYIIECTBICHUSI PUCKOBAHHOTO HCIIOIb30BAHHS
MTOJI3EMHBIX BOJ BO BPEMsI 3aCyXH.

Hampumep, B Uaanu, mratel Pempkucran n ymkapar, rie yacto BOHHKAET 3acyXa, e€ MOCIeICTBHS ObLUIH
3HAUUTENIHO YMEHBIICHBl IOCPEACTBOM JOOBIMM BOABI M3 IIIYOOKUX BOJOHOCHBIX ILIACTOB, Hampumep, Jlatu
CanncroyH (3270 kM), TJie BO3PAcT BOJBI, COMNIACHO JAHHBIM panuoyrieponHoro ananusa, cocrasiser 7 000-10 000
JeT.
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BrisBnienue miuoniazei /pailoHOB, MOJBEPKEHHBIX JICHCTBUIO
3acyxu

Or1eHKa YacTOTH BO3HUKHOBEHHS 3aCYXH U €€ MOCIeICTBUI

Onpenenenne NOTpeOHOCTEN B MUTHEBOM BOJIE B pailoHax,
IIOABCPIKECHHBIX ﬂCﬁCTBHIO 3aCyxu

Wnentudukanus MHOTOJIETHUX U BPEMEHHBIX PeUeK, 03ep
(IpUpPOJHBIX U UCKYCCTBEHHBIX HCTOUYHUKOB)

YcraHoBieHHE pa3MepoB ITyOOKUX BOJAOHOCHBIX IUIACTOB U
PAa3IoOMOB ¢ INIyOOKO PACIIONOKEHHBIMU IIO3EMHBIMU BOJIAMH C
IIPUMEHEHHEM T'HAPOTe0IOTHYECKUX, TeODH3HIECKIX U H30TOMHBIX
THJPOJIOTHYECKUX METOJIOB

[IpoBenenne KauecTBEHHON M KOJIMYECTBEHHOM OIIEHKH PECYPCOB
mo13eMHBIX BoJ Ha ocHOBe [ MIC-KkapT ¢ 1enbio UX MCIIOIb30BaHMUs
B UPE3BBIYANHBIX CUTYAIMSIX

Pa3paboTka nmaHa neiicTBriA IO pacipeeIeHHI0 ITUTHEBOM BOIBI
rocyJJapcTBEHHbIMU opranuzaimsamu u HITO

Iociie mpoBeneHHs] OLEHKH PECypcoB MOA3EMHBIX BOJ C IPHMEHEHHEM THAPOTEONIOTHIECKHX, TeODU3MIECKUX H
n3otonHbIx MeTo10B (CGWB, UHaus) B 3ToM paiioHe 6bu10 IpoOypeHo okoito 30 CKBaXKHH.

4.3 YnpaBrieHne puckamu rnpum ncnosib3oBaHuUun
noAa3eMHbIX BOA4 B permoHax, noaBepXXeHHbIX
3eMNeTPACEeHNAM

OmHUM U3 OCHOBHBIX MOCIHEICTBHI 3€MIIETPSICEHHS SIBISIETCS TIOBPEXICHUE U pa3pylIeHHe HHPPACTPYKTYpEI,
BKJIIOYasi CHCTEMbI BOJIOCHaOKeHHs 1 KaHaiauzauuu (puc. 4.3.1). 3emnerpsicenue B Ko6o B 1995 r. (SInoHust) BeI3BAIIO
OoJbIIe TIOXKApBI, KOTOPHIE BBIIUIA H3-TOJA KOHTPOJIS, MOSBIEHHE OOJNBIIOr0 KOJIWYECTBA OOpYHIEHHH, OTKOCOB U
OIOJI3HEH, MHMpOKOMAacIITaOHOE pa3KMKEHHE TPYyHTAa W pa3pyLIeHHE BOJOIPOBOJOB, YTO CO3JAJI0 YCIOBHS JUIL
neduuuTa BOJbI U royoja. Hannyue ruiaHa NeicTBUiA, KOTOpbIe HEOOXOAUMO MPEANPHHATH BO BPEMs WIIM Cpa3y MOCIe
3eMJIETPSACEHNUS, a TAKXKE IPUHATHE IPEBEHTHBHBIX MEP IO3BOJISIET CIIACTH THICIYH KHU3HEH.

Bo BpeMsi HEKOTOPBIX 3eMIIETPSICEHUI HAOIIOJAUCh Pe3KHe M3MEHEHHUsI B ypoBHE noj3eMHbIX Boj (TokyHara,
19999). Hexotopblie mpuMepsl MOKa3bIBAIOT, YTO MPHU 3€MJIETPSICEHUN MOKET MPOUCXOIUTH PE3KOE MOHIKEHHE YPOBHS
BOJIBI B BOJIOHOCHBIX IIACTaX, PAaclOJIOKEHHBIX B TOHOrpadUYecKd H30JIMPOBAHHBIX XOJIMaxX WM HAropbsix, Tie
HaxoAsATCs HErMyOOKHe BOJOHOCHBIE IUTACTHI MECTHOTO 3HAUCHHS, THMAPOIOTHYECKH M30JMPOBAHHBIE OT BOZOHOCHBIX
IUIACTOB PErHOHAIBHOTO pa3Mepa. B HEKOTOPHIX cilydyasx MaJeHHue YpPOBHS MOA3EMHBIX BOJ MOXKET IPOIOIDKATHCS
Oornee rozia, 4TO BEI3BIBAET NPOOJIEMBI Y HACENECHHS, TIOTPEOIISIONIEro BOLy U3 HErTyOOKHX MOA3EMHBIX BOZOEMOB. JTO
SIBJICHHE YacTO CBS3BIBAIOT C PE3KUM MOBBIILIEHHEM YPOBHS BOJBI B PEKax M PyUbsX, MPHBOISMIETO K HEOONBIINM
HaBOJHEHUSM Ha PaBHUHAX U HU3UHAX, OKPYKAIOIIUX OTAEIHHO PACIIONI0KEHHBIE XOJIMBI H HATOPBS, YTO TAKXKE MOXKET
HaHECTH yniepd MECTHBIM CTPYKTYpaM.

Bonee rmyOoko 3anmeraromiye MOI3EMHBIE BOJBI TAKXKE IIOABEPraroTCs ACHCTBHIO 3eMIIETpACEHHH. XOpomo
W3BECTHO, YTO YPOBEHb MOA3EMHBIX BOJ B OIPaHMYEHHBIX BOJOYIOpaMH IUIACTaX H3MEHSETCS II0J JAEHCTBHEM
W3MEHEHUH B 00bEMHOM HAlpsDKEHUU B 36MHOW KOPE, BBI3BAHHBIX 3€MJIETPSICEHHEM.
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Puc. 4.3.1 Pa3pyweHue 30aHusi e palioHe 20p0odcKoli 3acmpoliku 8o epemMsi 3emsempsiceHusi e bxyu (UHOus)
26 sHeaps 2001 2. 3emsiempsiceHue npueesio K [MOJIHOMY pPa3pyweHUr 6ceX OCHOBHbIX
KOMMYHUKayul, ekiroyasi cucmemy e000CHabxeHust

BenuunHa wu3MeHEHHS YPOBHS TIOJ3E€MHBIX BOJ 3aBUCHT OT MArHUTYZAbI 3€MIIETPSACCHUS, PacCTOSHHA
BOJIOHOCHOTO IUIACTa OT SMMIEHTPa MCTOYHHMKA 3emierpsiceHus (pamka 4.3.1). B HEKOTOpBHIX ciy4yasx HOHMKEHUE
YPOBHS IIOJI3EMHBIX BOJ BCIEJICTBHE M3MEHEHHs HAlpsDKEHUS B 3€MHOW KOpE NPHBOAUT K IPEKPAICHUIO IEHCTBHUSL
TOpS/YMX MCTOYHUKOB — 3TO SIBJICHHE MOXKET HAONIONAThCS B TE€UYEHHE HECKOJIbKUX MecsleB. Takxke coolIanoch o
MOSIBJICHUU HOBBIX UCTOYHHUKOB I10CJIE 3EMJIETPSICEHUS, IPH STOM BBICKa3bIBAJIOCH MPEAJIOKEHHE 00 UX UCIOJIb30BaHUHI

KaK BPEMEHHBIX HICTOUHHKOB BOJBL.

B mo6oM ciyuae s TOro, 4ToObI YCTAaHOBUTH MECTOPACIIOIOKEHUE M HCCIIENOBAaTh BOAOHOCHBIE IIACTHI C
HU3KOH CTEIEHbIO YA3BUMOCTH, HEOOXOAUMO H3ydaThb I€OJIOTHIO, THAPOIrEONOTHI0 U TUIPOXUMUIO PETUOHA, yIemss
oco00oe BHHMAaHUE H3MEHCHHUSM, KOTOPBIE MOTYT IpPOM30MTH B pE3yJlbTaTe 3EMIICTPACCHUs. XapaKTePUCTUKU
OXXHJIAEMBIX 3EMIICTPACEHMH (3eMIIETpACEHHE CO CIBHTOM, OOBIYHOE 3eMICTpSICEHHe, OOpaTHBIH CABHT U €ro
MAarHuTyzia) TaKXKe IIOMOTaloT NPOTHO3UPOBATh IPOCTPAHCTBEHHOE pACIpeleieHHe H3MEHEHHS YPOBHS BOABI B
IyOOKHX BOJOHOCHBIX IIIacTax. Takke Kak M B CIydae APYTMX CTUXHIHBIX OEICTBHH, BOAA C BBICOKOH CTENCHBIO
3aIUIIEHHOCTH W3 TIYOOKMX BOJOHOCHBIX IIIACTOB MOXET OBITh HCIIONB30BaHA I BOJOCHAOXKEHHS HACEICHHS.
OnHaKko B 3TOM cIydae Kak 4acTb oOOpYyIZOBaHMS Ui PUCKOBAHHOTO HCHONB30BAHMS IOI3EMHBIX BOJ HEOOXOIMMO
UMeTh B HAIMYAM AW3CNbHBIC MIH OCH3MHOBBIC HACOCHI, TaK KaK IIOCIE 3EMIICTPSACEHMS OOBIYHO HapyIIaeTCs
anektpocHadxenue. Ha pucynke 4.3.1 noka3zaH BOJIOHOCHBIH Iu1acT ¢ 60abminM 00beMoM Bosl B mtate bxyit (Muaus),
MOCTpaJaBIIUi OT 3emierpsceHus B sHBape 2001 roma. B pesynbTate NpoBeleHHs THAPOTCONOTHYECKHX H
reou3nUeCKUX MCCIEJOBAHUM M pa3BeJOYHOro OypeHus ckBaxuH Ha niryouHe 150-170 M Obul OOHapy:KeH
BOJIOHOCHBII IJIACT B MECYaHHKE MEJIOBOrO MEPUOA, TOT IUIACT MOXHO HMCIOJIB30BaTh B KAUECTBE pPecypca B Cllydae
BO3HUKHOBEHUS UPE3BbIYatHON CUTyaLlUH.
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4.3.1 B3aMMOCBA3b MeXAYy peXMMOM noa3emMHbiX Bog B LleHTpanbHoii EBpone u
3emneTtpaceHuem B KOro-BocrouHoii Asum (Mocnuwwun, 2005)

B YewcKoli pecnybivKe HabaoaeHMA 33 NOA3EMHbIMUW BOAAMU NPoBOAATCA € 1974 r. Ha CKBaXkMHe rnybuHon 33 m.
CKBaXkMHa PacnosioXKeHa Ha rpaHuue mexay boremcknum maccrBom (EBponelickue FepunHuabl, meso-Espona) u
Anbnuiicko-KapnaTtckoit cuctemolt (Heo-EBpona) B TEKTOHMYECKOM CTPYKType, HasbiBaemol npea-KapnaTckas
BNaguHa.

Mccnepyemblli BOAOHOCHbBIN NAACT PACcNONOXKeH B NPOPe3aHHbIX FyOOKMMU TpelmHamMm U3BECTHAKAX, CBA3AHHbIX
TEKTOHWYECKOW CUCTEMON Pa3omMoB (MOAC Pa3NomoB?) C ry6OKMM, OrpaHUYEeHHbIM BOA0YNOPOM, BOAOHOCHbLIM
nnactom (Bospact Boabl 6onee 10000 net). MNepBoHayanbHasA 3ajaya COCTOANA B MOHUTOPUHIE pPeXMma
noA3emHbIX BOA, BOAOHOCHOIO MJiacTa PErnMoHaNbHOrO 3HAayeHMA, 3aTeM B CKBAXKMHE CTaNu MU3yyaTb BAMAHME
NPUANBOB U 3€M/IETPACEHUI Ha YPOBEHb MOA3EMHbIX BOA,. Ha pucyHKe NOKa3aHO M3MeHeHWe YPOBHSA MNOA3eMHbIX
BOZ B MCC/IeAyeMOM CKBaXKMHe nocne 3emneTpsaceHns B KOro-soctouHolt Asmm 26 aekabpsa 2004 r. BoicTpble U
3HauyuTe/IbHble M3MEHEHUA B pernoHe (C 3agepKKoi 12 MuH), 3aperncTpMpoBaHHble Ha pacctoaHun 6onee 10000
KM, MOKa3blBalOT BbICOKYIO YYBCTBUTENbHOCTb NOA3EMHbIX BOA K CEMCMUYECKOW aKTUBHOCTU. B CKBaXKMHe Gblan
3aperncTpupoBaHbl M ApyrMe aHa/lorMYHble M3MEHEHUA YPOBHA MOA3EMHbIX BOA, MNOCAE 3eMNETPACEHUMN,
npoucweawmx nocne 1974 r.

CKBaXKMHbl A1 MOHWTOPUHIa MOA3EMHbIX BOZ PACMOOMNKEHbl B FNYOOKUX TEKTOHWYECKUX CTPYKTypax Mexay
reosIorMyeckuMn 06pasoBaHUAMM (OpOreHNYecKkne nosca), OHM MOTyT CAYKUTb UHAMKATOPOM YyBCTBUTEIbHOCTU
NoA3eMHbIX BOJ K CECMMUYECKON aKTUBHOCTM M OKa3blBaTb MOMOLLb B PUCKOBAaHHOM MCMO/Ib30BAHWUM NOA3EMHbIX
BOJ, B palioHaXx, r4e HEeCKONbKO Pa3 NPOMUCXOANAN 3eMNETPACEHUA.

MoOHUTOPUHIrOBaA CKBaXXKMHa BJ8, CnatuHuua, Yewckaa pecnybauka.
BansaHue 3emneTpaceHuUA B Oro-BOCTOMHOW A3UK Ha GNYKTyaL UM YPOBHA NOA3EMHbIX BOJ, B re0/10rMY4eCKon
CTPYKType boremckuii maccus
(u3mepeHua ypoBHA NOA3EMHbIX BOA, NPOM3BOAUAUCL 26 aeKabpa 2004 r.)
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4.4 YnpaBneHue puckamum npu UCnosrb3oBaHUU
noA3eMHbIX BOA4 B pauOHaX BYJIKaHUYECKOMN
AeATEeNIbHOCTU

Kak m 3emireTpsiceHusi, M3BEPKEHHS BYJIKAHOB IPOMCXOIAT Ha TPAHUIAX TEOJIOTHYECKHX IUTHT, B YaCTHOCTH,
BJIOJIb TPaHUIIBI IUTUTHI B BocTouHOahpruKkaHCKoi prdTOBOM TONMHMHE U IPaHUI CXOSIINXCS IUIAT, HAIPUMED, TTOSCOB B
Tuxom okeane. HaumOomnee akTHBHBIE BYJKaHBI HaXOIATCS BJOJb IpaHul] cxoxsdmuxcs miut. Ha pucynke 4..4.1
1OoKa3aH ByJIKaH Maxamepy, pacnojoxeHHbli Ha SIBe B Mupone3un. OnacHOCT MpPU H3BEPKECHUH BYJIKAHOB
MIPEJCTABISIOT PACIIaBICHHBIE OPO/Ibl, Ha3bIBaEMbIe JaBa, MMPOKIACTHYECKUN HOTOK, CeJlb, HABOJHEHHS, BEIOPOCHI
00JIOMKOB HOPOJIBI, 3eMIIETpsiceHUs] ¥ IyHamu. Caxxa U rasbl, HHOT/IA SIIOBUTHIE, MOTYT IIOJHUMAThCA B aTMochepy 1o
BBICOTHI B HECKOJIBKO THICSIY METPOB, CO3/1aBasi HE TOJIbKO HEMIOCPEICTBEHHYIO YIpO3Y, HO U BBI3bIBas 1OJITOBPEMEHHEIC
KIMMAaTHYC€CKHE H aTMOC(I)CpHI)Ie HU3MCHCHHA. I[J'ISI TOTO, ‘1TO6I>I YMEHBIINTH OITACHOCTH HOCHCI[CTBPIIZ H3BCPIKCHUA
ByJIKaHa, HEOOXOIMMO 3HATh KaKHe MecTa HanOoJiee MOBEPKEHBI BYJIKAHMYECKOH ACSATENLHOCTH. DTy 3a/1ady MOXKHO,
M0 KpaHed Mepe, YaCTHYHO pELIUTh IOCPEJCTBOM JCTAbHOTO HW3YUYCHHS T'EOJOTHYECKHMX M Te0PHU3MYECKUX
0COOEHHOCTEH PalilOHOB, T/IE MTPOUCXOMASAT U3BEPIKCHHS BYJIKAHOB. VICTOpHUECKHE 3aNiCH O BYJIKAHUYECKOW aKTHBHOCTH
MTO3BOJISIFOT ONPEIETUTh YAaCTOTY IMOBTOPEHHSI M3BEPKEHH BYIKAHOB M UX MOCIEACTBUS. [IpeIBECTHUKH H3BEPIKECHHS
BYJIKAHOB MOT'YT IOMOYb B IIPOTHO3UPOBAHNH BYJIKaHHYECKON IEITEIHHOCTH.

IMocne w3BepKeHHs ByJKaHAa HEOOXOAWMO TPOBOIAWTH MOHUTOPHHI KauecTBa BOABI HE TOJBKO B OTKPBITBIX
03epax, OrOPOXKEHHBIX JaMOaMu 3ampy/Jax ¥ BOJOXPaHWIIMIIAX, HO TAKXKe B MEJIKUX U TIIyOOKHX CKBaKMHaX. B mMecrax
CHJIBHOTO BBINA/ICHHS TIeTIa HEOOXOIMMO CHATH IMOKPBITHE OT MeIlIa ¢ KPBIIT JOMOB M 3aKPHITh XPAHWIUIIA IS BOJIBL.
Ilocne BbIMajeHus TeIUIa U PacTBOPEHHS BYJIKAHMYECKHX I'a30B BOJA B OTKPBITHIX 03€pax M 3alpyaax MOXKET CTaTh
MYTHOH, €€ KayecTBO yXyIIIaeTcs (Harmpumep, NOBBIIIACTCS KHCIOTHOCTB). [lo3TOMY, €cii 3TO BO3MOXKHO,
HEOOXOJMMO 3aMEHHUTh OTKPHITUE HMCTOYHUKHM BOJBI IOJ3EMHBIMH BOAaMH. VICTOUHMKHM MOJ3EMHBIX BOJ JOJKHBI
UCIIONIb30BAThCS HA TIEPHO/ CYIIECTBOBAHMUS OMACHOCTH 3arps3HEHHs TAaKXKE B paiioHaX 3BaKyallMu HaceieHus. J{is
obecriedeHns1 CHa0KEeHMS MUTHEBOI BOJOI B UpE3BBIYANHBIX CHTYAIHUIX HEOOXOAUMO MTPOBOIUTE ITIOHUCK, UCCIICIOBAHHE
n pa3pa60TKy HanMCHEC YA3BUMBIX BOJOHOCHBIX T'OPU30HTOB. BO)JOHOCHLIG TOPU30HTHI, PAaCIOJIOKCHHBIC Ha
HEOONBIION TIIyOWHE, COOTBETCTBYIOT TPEOOBAHUSM, NPENBABIIEMBIM K HCTOYHHKY BOZBI, HCIIOIB3YEMOMY B
Ype3BBIYAHON CUTyalllH, TaK KaK OHHM OTJEJEHBI OT aKTUBHOW YacTH BYJIKAaHHIECKOH NEeSTENLHOCTH, BKITIOYAIOIIECH
IBIKeHHe MarMbl. OfHAaKO KadecTBO BOJBI B HETNIYOOKMX BOAOHOCHBIX IUIACTax TaKXKe MOXET IOCTPazaTrh oOT
M3Bep)KEHUS ByJIKaHa. BynkaHW4eckwil memen OBICTPO BCTyNaeT BO B3aMMOJACHCTBHE C KHCIOTHBIM IOXKAEM, a Ha
MECTHOCTH, OKDYXAIOIeH BYJIKAH, €CThb MHOTO TPEIIWH, yrIIyOJNeHWH, 0Opa3oBaHHBIX JIaBOW, U APYTUX CTPYKTYD
naamadTa, Io KOTOPHIM MOXKET ABUraThest BoAa. [103ToMy mocie BBITaAeHHs JOXKIS, Ka4eCTBO BOIBI B HETTTyOOKHX
BOJIOHOCHBIX IIIACTaX YXYALIAeTCs BCIEICTBHE WMH(MUIBTPALMM BBIMABIIMX OCAIKOB, KOTOPbIE B3aWMOIEUCTBYIOT C
BHOBb 00pa30BaHHBIM BYJKaHWYECKUM TeIUIoM. Bosa B Iiry0OKO pacrioyioxKEeHHBIX BOJOHOCHBIX IUIACTAX TAKXKe MOXKET
TIOJIBEPraThCs JEHCTBHUIO N3BEPKEHUS BYJIKaHA, TaK KaK JIETY4YHe BELIECTBA B MarMe MOTYT PacCTBOPATHCS B MOA3EMHBIX
BOJax, a MOBBINICHUE TEMIIEPATYPBI MOXKET IIPUBECTHU K YCUJICHUIO B3aHMOﬂ€ﬁCTBHH MCEXIY BO,Z[Oﬁ U nmopoaamu, 4To, B
CBOIO O4Y€pC/ib, MOXCT BbI3BaTh YXYIAIUICHUE Kade€CTBa BOJBbI. 06pasoBaH1/1e HOBBIX pPasjIOMOB MOJKET IPUBCCTH K
IPOHHKHOBEHUIO MOPCKOH BOJBI, B OCOOCHHOCTH Ha BYJIKAaHUYECKUX OCTpoBax. IlosToMy A yMEHBIIEHUS
BO3JEHUCTBUS Ha IHUTHEBYIO BOLY B MECTaX, IMOJBEPKEHHBIX M3BEP)KEHUSIM BYJIKAHOB, HEOOXOAMMO IPOBOIHUTH
MHTCHCUBHBI MOHHTOPHHI KOJMYECTBA M KauecTBa MOI3EMHBIX BOJX M OPTaHW30BaTh OTOOP HamboJiee 3aIlUIICHHBIX
MOA3EMHBIX BOI.
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Puc. 4.4.1 fbiMawulicst eynkaH Maxamepy Ha ocmpoee Slea e UHOoHe3uu. Pomozpaghusi cOenaHa XaHom-
MNMumepom Han (11 urons, 2004 2.)

4.5 YnpaBneHue puckamum npuv UCNosib30BaHUMU
noAa3eMHbIX BOA4 B permoHax, noaBepXXeHHbIX
AEeNCTBUIO ONON3HeN

OmomsHe U ApyTHe IepeMeleHus OONBIINX Macc 3eMIN MPECTABISAIOT OIMACHOCTh B XOJIMHCTOH MM TOPHO
MecTHOCTH. Ilo CpaBHEHHIO C 3eMIICTPSCEHHSAMH, OION3HH, B OCHOBHOM, IIPEJICTAaBIAIOT COOOH SBICHUS MECTHOTO
3HAUEHUs], OHU 00YCIOBIEHBI KaK IPUPOIHBIMY, TaK U TEXHOTCHHBIMU IIPHYMHAMU. B KauecTBE €CTECTBEHHBIX NIPUUUH
MOXHO Ha3BaTh IIPOAOJDKUTENBHbIE JOXKIHW, 3€MIETPICCHUs, KpPYyThle, HEYCTOHUMBBIE CKJIOHbBI (€CTECTBEHHAs
Tonorpadus), K TEXHOI€HHbIM NPUYMHAM, BBI3BIBAIOIIUM OIIOJI3HH, OTHOCATCS CTPOMTEIBCTBO AOPOI, COOPYXKEHHE
nam0, OSKCIUTyaTallus TPUPOAHBIX PECypcoB, Hampumep, BbIpyOka seca. OmomsHu HaHOCAT OonbInoil ymepd
UHGPACTPyKType (IOpPOrH, MOCTBI, CUCTEMBI BOJOCHAO)KEHHUS, XKUIble J0Ma, caibl, jeca, puc. 4.5.1), 4ro 4acTto
OPUBOAUT K XepTBaM M paspyuieHusM. OIOI3HU HapyIaloT HOpMalbHOE (YHKIMOHHPOBAHHE HH(PACTPYKTYPHI,
Pa3pymIaloT MECTHBIE CHCTEMBI BOJOCHA0KEHH, KOTOPbIE HEOOXOANMO BOCCTAaHABIMBATH IIPH MPOBEAECHUH PEMOHTHBIX
pabot. HexoTopble HCTOYHMKH MEpecTaoT (pyHKIMOHNPOBATh, BMECTO HIX MOTYT MOSBUTHCA ApyTHe. OMOM3HU TakKe
MOTYT BIIUSTh U HAa HETIIyOOKO PacIoNI0KEHHBIE MIACTHI MOA3eMHBIX BOJI.
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PucyHok 4.5.1 OnonseHb e nposuHyuu [)xuaHakcu, 8 r20-eocmo4YyHoM Kumae, 29 cenmsb6ps 2004 2.

Jisi MOArOTOBKM OpraHM3allid PHCKOBAHHOW JOOBIYM MOJ3EMHBIX BOJ B MeECTaX, IOJBEPKECHHBIX JEHCTBHIO
OIIOJI3HEH, HEOOXOAUMO MPUHATD CIIEIYIOIIUE MEPBIL:

1. HOATOTOBUTH AETANBHYIO KapTy 30HHPOBAHHS PalOHOB, IZie CYIIECTBYET yrpo3a ONOI3HEH, B KapTy IOJKHBI
OBITh BKJIIOYCHBI JAaHHBIEC JINTOTpa(uy, TE€OJOTHH, reoMOP(OJIOTHH, BBIBETPHBAHUS IOPOA, CTPYKTYPHBIX
HEOIHOPOJHOCTEH U YITIOB HAKJIOHA, TYCTOTHI THAPOTrPAapUIECKOl CeTH, 3eMIIETIONb30BAHMS H PACCTOSHHIE OT
OCHOBHBIX JINHUH Pa3jIoOMOB U JIPYTHX I'€OJIOTHUECKUX CTPYKTYp, UyBCTBUTEIBHBIX K ONOJ3HAM. JTa 3ajaya
JIOJKHA BBINOHATHCS. HH)KEHEPOM-TE0JIOrOM, M NIOTy4eHHas KapTa JOJDKHA UCTIONb30BaThCS B BU/IE HCXOAHON
KapThl, Ha KOTOPYIO OyJeT HAaHOCUTHCS BCSI OCIEAYIOIas HHPOPMAIHsL.

2. COCTaBHTb THIPOJOTUYECKHE KApThl M KapThl IOJ3EMHBIX BOJ IJISl MECT, HauboJIee MOIBEPIKEHHBIX IEHCTBHIO
OIOJI3HEH, Ha KapTaX HEOOXOIUMO OTMETUTh BOJOHOCHBIE ILIACTBHI, PACIOJIOAKEHHBIE IIyOOKO IOJA 30HOH
BBIBETPUBAHHUS, KOTOPbIE HE MOTYT IIOCTPaIaTh OT ACHCTBUS ONOJIZHEH.

3. IpOBECTH UCCIEA0BAHHE BOJAOHOCHBIX IIACTOB U OLIEHKY UX PECYpPCOB. DTU PECYypChl MOT'YT HCIOJIb30BATLCS B
cllydae HapylleHuil B paboTe MM pa3pyLIeHHs: OOBIYHON CUCTEMBI BOLOCHAOKEHUS B PE3YJIbTATE OMOJI3HSL.

4.6 YnpaBneHue pMckamu Nnpu UCNONb30BaHUMN
noAa3eMHbIX BOA B pauloHaXx, NoABepPKeHHbIX
AEUCTBUIO LlyHamMu

Llyramu — 3TO OONBINHE BOJHBI, OOpa3yroOIIHecs B MOpEe MIIM OKeaHe Ioj JelicTBHEeM IFo0Oro mporecca,
BBI3BIBAIOILETO IepeMelleHre OOIbUIMX MAacC BOJABL. TakuM SIBIEHHEM MOXET OBITh OOJIBIIOE 3EMIIETPSICEHUE HA JHE
Mops (¢ MarHuTy o Boime 7.0 Oawios no mxane Puxrtepa Ha riry6uHe <30 KM), OIOJI3CHb UM U3BEPHKEHHE BYJIKAHA.
BonHbl IIyHamMH ABUTaloTCsl ¢ OOJBLION CKOPOCTBIO M HECYT OOJBIIYI0 SHEPrHIO, OHU PaspylIaloT IpUOpEKHbIE
MIOCEJIKH, Pa3MbIBAIOT 3€MJIH, 3aHATHIC IIOCEBHBIMHU KyNbTYpaMH, YHOCAT Cyla JajleKo B MOpPE WM BHIOPACHIBAIOT Ha
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Oeper. OHM YaCTUYHO MM IIOJHOCTBIO Pa3pyllaroT HHQPACTPYKTypy, BKIIOYAs CUCTEMY BOJOCHAOXEHHS, 4acTo
TIOJTHOCTBIO TAPATIM3YIOT MMoauy Bosl (puc. 4.6.1)

PucyHok 4.6.1 PaspywumenbHoe UyHamu, komopoe obpywunocb Ha 6epeza lOzo-eocmoyHolU A3uu 26
Oekabpsi 2004 2., NMpuHecsI0 O2POMHbLIE pa3pyweHuss u xepmebl. Ha CHUMKe noka3aHbl
pe3ynbmamal pa3pyweHuli nocne npoxoxdoeHusi yyHamu e TamunHady (UMudus)

Takoe pa3pylIuTeIbHOE IyHaMU OOPYIIMIOCh Ha Oepera roro-BocToyHoi Asuu 26 nexabps 2004 r. (puc. 4.6.2).
OHo OBLIO BBI3BAHO 3eMIIETpsiceHHEM MarHutyznoit 9.1 Gamna y Geperos Muponesuu. I1o oleHKaM CrielUaiucToOB 3TO
iryHamu yHecno nouty 300000 sxuzHelt B MUunonesun, llpu-Jlanke u Maauu. IlyHamu 10BOJIBHO 4acTO HAOMIONAIOTCS B
Tuxom u VnauiickoM okeaHax, B pernoHax, BkiItodaromux Snonuto, TaiiBanb, Kutail, ®ununnunsr u Uunonesuro,
TaKXkKe I[yHaMH perucTpupoBanch B Bogax Uuiu u [lepy. B EBpornie myHamu ObuTH 3aperucTpupoBasbl B Bogax Mranuu
u [optyranuu. llyHamu, Kak ¥ HAaBOJHEHUsI, HAHOCST OOJBILION Bpe cUCTeMaM BOAOCHaOeHus. [lyHaMu pUBOIST K
3aTOIUICHUIO MPUOPEKHBIX CKBAXHH, CHIBHOMY 3arpsS3HCHHIO TIOBEPXHOCTHBIX BOJ B  HMCKYCCTBEHHBIX
BOJIOXPaHWIHIAX M TOA3EMHBIX BOJ B HEITIyOOKO pACIOJIOKEHHBIX BOJOHOCHBIX IUTACTAaX, BOJA CTaHOBHTCS
HETNPUTOTHOM JUIS TUTHS, DIICKTPUUECKHE YCTAHOBKH, MPHUBOJSAIINE B JCHCTBHE HACOCHI Ul JOOBIYM BOJBI, YacTO
BBIPBIBAIOTCSI C KOPHEM, UYTO TIPHUBOAWT K OTCYTCTBHIO IIUTHEBOW BONBI W OTCYTCTBHUIO BOJBI  JUIS
TPOTHBOOCTMOTHUYECKUX OMPECHSIOMINX PAaCTeHUH.

Jlnst ynpaBieHHsT pUCKaM¥ B Cllydae I[yHAMH, KaKk ¥ B ClIy4ae IPYTUX TEOJOTHYECKUX WM KIMMAaTHIECKUX
CTUXMUHBIX OencTBUH, HEOOXOAWMO IPOBOJWTH AHAJIM3 HCTOPUYECKUX JIAHHBIX, KOTOPBIA BKIJIIOYAET H3Y4YEHHUE
CEMCMHYHOCTH PETHOHA [yl YCTAaHOBJICHHS IIEPHUOJIa TIOBTOPSEMOCTH 3eMIICTPSCEHUH, IPOCTPAHCTBEHHBIX PACCTOSHUN
MeXJy MecTaMu HauboJiee CHIIBHBIX Pa3pyllIeHHH, CO3/1aBaeMbIX 3eMJIETPICEHUSIMH, UCIIOIb30BaHHE KOMITBIOTEPHOTO
MOJICTTMPOBaHMS JJIsl OLIEHKH TUIOLIAH, KOTOpas MOXET ObITh 3aTOIUICHAa B pe3yJibTare LyHaMH M CO3[JaHHE KapT C
YKa3aHHEM paiiOHOB, MOJBEPKCHHBIX ACHCTBUIO I[yHaMH, YTOOBI IUIAHHUPOBATh 3€MJICTIONB30BAHHE C YYETOM pPHUCKa
BO3HMKHOBEHUS IlyHaMH. [I[pyrUM Ba)XHBIM acCIEKTOM IOJMTHUKH YIPABJICHHs PUCKAMHU SIBJISETCS CO3IaHHE CHCTEM
OTIOBEIICHUS, TaKMX Kak THXOOKeaHCKas CHCTeMa OIOBEIICHHS, KOoTopas Haudaia padorath emie B 1940x romax. B
HaCTOfAIIee BpEMsSI yCTAHABIMBAETCS CHCTeMa omoBemeHuss B Muawmiickom oxeane. OmHAaKo Jake 3Ta CHCTEMa
OTIOBEIICHUSI UMEET OTPAHUUYCHHYIO O0JIACTh NMPUMEHEHHS — OHA MOMOTaeT CIACTH JIIOJCH, HO OCTABISET CIUIIKOM
MaJIO BPEMEHH JIJIS 3al[UThl HHYPACTPYKTYPHI, HAIPUMED, CHCTEMbI BOJIOCHA0KEHHUSL.

28



PucyHok 4.6.2 3nuyeHmp cunbHO20 3eMsiempsiceHusi 26 dekabpsi 2004 2., komopoe ebi3easio
paspywumesibHoe UyHamu

Undersea earthquake

Bo Bpems myHamum npecHas NOJ3€MHas BOJa B BOJOHOCHBIX IJIACTaX, PACIHOJOXKEHHBIX HENAIeKo OT
MOBEPXHOCTH 3€MJIM, CTAaHOBUTCS cosieHOM. Ilocie myHamu B TeueHHE HECKOJbKUX HEAeNb MPUXOJUTCS OTKAYUBaTh
3arpsI3HEHHYI0 BOAY M3 IOA3EMHBIX XPaHWIMIL, YTOOBI JOBECTH €€ KaueCTBO IO CTaHIAPTOB IUTHEBOI BOIBIL.
IIpocaunBanre MOpCKOM BOZBI, KOTOpasi OCTAETCsl B 3aBOMSX, O3€pax M APYTUX MecTax, NPUBOAUT K JalbHEHIIEMY
YXYALIEHUIO KadecTBa IMOI3EMHBIX BOJ B BOJOHOCHBIX IUIACTAX, PACIHOJIOKEHHBIX OJM3KO K MOBEPXHOCTH 3EMIIH.
T'mapaBnnyeckoe AaBiIeHHE TPAHCIPECCUH IyHAaMH MOXKET HAPYIINTh PAaBHOBECHE MEXIY IPECHOW M COJEHOW BOJOH,
YTO NPUBOAUT K MX MEPEMEIINBAHNIO, YXYAIICHHIO Ka4yeCTBa IPECHOM BOIBI U CMELIEHHIO BIIIyOb, B CTOPOHY CYIIH,
TPaHMIBl pa3fena MeXIy INpecHOW M coieHOH Bojoi. Kpome Toro, IyHamMM MOXKET HPUBECTH K 3arps3HEHHIO
BOJIOHOCHBIX TOPHU30HTOB, PACIIOJIOKEHHBIX OJIM3KO K MOBEPXHOCTH 3€MJIM, BCIEICTBUE MHPHUIbTPALUN XMMHKATOB,
TOIUTMBA, MECTHLUIOB W JIEKAPCTBEHHBIX BEHICCTB, TaK KaK CKJIagbl B NPUOPEKHBIX palOHaX YacTo HMEIOT
TIOBPEKACHUS TOCIIE I[yHaMU.

PacrionoxeHHple TIyOOKO MMOJ 3eMJIell NpHOpEeXHbIE BOJOHOCHBIE TOPH30HTHI C 30HOHM IIOMOJIHEHHS,
HaxoJsIelcs aajgeko oT Oepera He IOCTPaJalOT OT IyHaMH. Takue MOJ3eMHbIE BOJbI MOKHO HCIIOJIb30BaTh B KAYECTBE
WCTOYHHMKA TIMTHEBOM BOJBI B UPE3BBIYAMHBIX CHTyalusx. [103ToMy HE0OXOAMMO OOHApPYXKHTh TaKHE BOIOHOCHBIC
TUIACTHI, UCCIIE0BATh U OIICHUTh UX 3arachl WM Jake HadaTh pa3pabotky. Hampumep, B obnactu Kynnamop, Tamun
Hany, FOxxnas Muaus, paspyumieHHoit Bo Bpems umyHamu 2004 r., B KayecTBE MCTOYHHMKA NMUTHEBOH BOABI MOXKHO
HCIIONB30BaTh BOJOHOCHBIM TwiacT Kymmamop, 30Ha muTaHus KOTOporo Haxoawtcss Ha paccrosauu 30-40 kM oT
nobepexbsi. BooOHOCHBII utacT mpocTupaeTcs [0 NPHOPEKHOH 30HBI, OH MMEET BBICOKYIO BOJOIPOHHIAEMOCTH H
CKOPOCTb IOIOJIHEHMs, MOITOMY €r0 MOJKHO MCIOJIb30BaTh B TEUCHHE UIUTEIBHOTO BPEMEHHU IOCIIE CTUXUITHOTO
6encrBus (Cykxus u zip., 1996).
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Oco0oe BHUMaHME cIeayeT 0OpaTUTh Ha OCTPOBA, TAK KaK 3/1€Ch KOJIMYECTBO IPECHON BOJbI OTPaHUUEHO; OHA
COIEPXKUTCS TOJIBKO B IIECYaHBIX BOJOHOCHBIX IUIACTax Ha TIIyOMHE 4-5 M WM B KOPAJUIOBBIX M3BECTHSAKaX. Boxsl B
TaKUX TUIaCTaxX COACPIKUTCS MaJlo; M €€ Ka4eCTBO YacTO HE COOTBETCTBYET CTaHIapTaM JJisl MMThEeBOH BOJbI. B kadecTBe
IPEBEHTUBHOM MEpBl PEKOMEHIYETCSl PAcIlojaraTb OTKPBITBIE CKBaKMHBI HAa BO3BBIICHHBIX MECTaX, TAE JIMH3BI
MIPECHOW BOABI TOJILIE M OKPY>KEHBI BBICOKOM MPOYHOW ITapalleTHOW CTEHKOW, CKBRKHMHA JIOJDKHA OBITH 3aKphITa
KPBIIIKOM, YTO HE TO3BOJINT MOPCKOM BoJe momagaTh BHYTpb. OTKauka WM «CHSTHE» MOPCKOM BOJBI, MOMABIIECH B
CKB@XHMHY, MOXKET YJIY4YIINTh KauecTBO BOAbl. Bo BpeMsi CTUXHIHBIX O€ACTBHI yHOOHO HMCIOJIB30BaTh MOPTATUBHBIE
OINPECHUTENBHBIE YCTAHOBKH, KOTOPBIE MCIHOJB3YIOT 3arps3HEHHYIO BOJIY M3 OTKpPBITBIX CKBaXHMH. B KauecTBe
JOTIOJTHUTENHHOTO NCTOYHUKA BOJIBI MOYKHO HCIIOJIB30BATh POIHUKH.

4.7 YnpaBneHue puckamum npu Ucnosnb3oBaHUU
noA3eMHbIX BOA4 B permoHax, nogBepXXeHHbIX
AEeNCTBUIO yparaHoB

Hanbonee pa3pymmTenbHBIME aTMOC(HEPHBIMH SIBICHUSAME SIBISIFOTCS OYpH, LUKIOHBI, YparaHbl W TOPHAaJO.
Tpornuyeckue MUKIOHBI YacTo Habmonarores B Muauun, banrnanem n Gununnunax, a yparansl 1 TopHaao — B SInoHuu
u CHIA. Yparanas! u mropmsl (puc. 4.7.1) npuauHSIOT pa3nuanbii ymep6. [IpunrBras BomHa pu yparade Ha 3-15 m
BBIIIIE OOBIYHON BOJIHBI, OHA IPOHHUKAET Ha 15-25 KM BIiIyOb CYIIH, BBI3bIBAS pa3pyLICHUs, aHAJIOTHYHbIE Pa3pyIICHUSIM
mociie TopHano. CKOpOCTh MITOPMOBOTO BeTpa, cocTaBisieT oT 80 mo 250 kM B Wac, OH HaHOCHUT ymepO OepeBHSIM,
roceBam, 34aHUsIM U HHPpacTpykType. CHIIbHBIE JOKIH 10 U IOCIIE yparaHa Co3JIaloT pa3pyIInTeIbHbIe HABOIHEHHUS.

Tpaextopuu 21 1ukiIoHa, 0OPYIIMBIINXCS Ha HHAUICKOe noOepexxbe u banrnanen: 3a nepuof ¢ 1876 mo 1993 r,
rokasbIBaroT, 4to 10 u3 13 yparanos copmupoBanucs B beHranbckom 3aiuBe, Mexay 8-16 rpai. ceBepHOI IIMPOTHI 1
88-98 rpan. BocTOYHOH HONTOTHL. DTOT (DaKT MOKA3bIBAET BHICOKYIO MOBTOPSEMOCTh YparaHoB B JAHHOM PETHOHE U
HEeo0XOMMOCTb IPUHATHS NPEBEHTUBHBIX Mep, ONMCAHHBIX B JTaHHOW paboTe.

ITpuMepoM CHIBHOTO IMKJIOHA SIBJISIETCS MOIIHBIA TPOMMYECKUH IMKIIOH, OOPYIIMBIIMHCS Ha IHOOEpexbe
Opucca B Uaanu 29 oktadps 1999 r., ckopocTs BeTpa mukiona gocturaga 250 kv B yac. OH mapann3oBai KU3HbD
[IeJI0To IITaTa, ero >kepTBaMu ctanu 9887 yemoek. OrpomMHast IITOPMOBasi BOJTHA MTPOHUKIIA HA 15 kM BriayOs cymm. B
HEKOTOPBIX MECTax CyMMapHO€ KOJIMYECTBO BBINIABIIMX OCAAKOB cocTaBwio 60 cm. HazemHblii MOHHTOpPHHT,
npoBeieHHBIH WMHauiickum L{eHTpoM 1o Mmog3eMHBIM BOJaM, IOKa3al, yTo OoJbIlas 4acTh BBHIKONIAHHBIX KOJIOJIEB
Obula 3aToIUIEHA MOPCKOM BOJOH, YTO NPHBENO K 3HAYUTEIbHOMY YXYJIICHHIO KadecTBa BOJBI, TOTJAa Kak Ha
paccrossHur 20 KM OT TOOEpekbsi 3aMETHOTO YXYIIIeHHs KadecTBa BOJABI He HaOmojamochk. B Gomee riryOoknx
BOJIOHOCHBIX T'OPHU30HTaX COJEHOCTb BOJABI HE IOBBICHIach. Ha OCHOBE THMIpPOTE€OJIOTHYECKHX MCCIEIOBAHUN U
W3y4YeHHs MTOJ3EMHBIX BOJI, IPOBEICHHBIX MHANNACKIM LEHTPOM IIOJI3EMHBIX BOJI, B pailoHe, HOABEPIKEHHOM JIEHCTBHIO
yparaHoB, ObUIM YCTAHOBJIEHBI KOOPAMHATHI BOAOHOCHBIX IUIACTOB C MPECHON BOIOH M ObLIO npodypeHo 10 riyGokux
CKBaXXMH JUIS HCTIONIb30BAHUA B ClIyyae BOZHUKHOBEHUS IIUKIIOHA.
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Puc. 4.7.1 ®omoezpacpusi ypacaHa e wmame ®nopuda (CLUA), komopnbili ebizean cmuxuliHoe 6edcmeue,
co30aswee ype3ebiyaliHylo cumyayuro

S - Al _—
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5. U3bICKaHUe n uccnepoBaHue
pecypcoB noa3eMHbIX BOA ANA
UCNONb30BaHUA B Upe3BbIYaUHbIX
CUTYaLMAX

B naHHOU rIiaBe, B OCHOBHOM, pacCMaTpUBAIOTCA INPOONEMbl U3BICKAHMA M HCCIENOBAaHUS PECYPCOB
HOA3EMHBIX BOJ], UMEIOLIMX E€CTECTBEHHYIO 3aIlUTy OT BPEOHBIX HPUPOAHBIX U AHTPOINOTEHHBIX BO3JEHCTBUil. B
paMKax JaHHOTO IPOEKTa MpeJroaraercs, YTo TakKue Pecypchbl PacloIOKEeHbl B TIIyOOKO 3aJleralolX, B OCHOBHOM,
HAIlOPHBIX BOJOHOCHBIX TOPH30HTax C BO30OHOBJIIEMBIMH U HE BO300HOBISIEMBIMU PECYpCaMH IOI3EMHBIX BOJ.
Pa3Benka W u3ydeHHE pecypcoB MOA3EMHBIX BOJ TpeOyeT MNpPHUMEHEHHS TOYHBIX METOJOB M HCIOJIB30BAHUS
MEXIUCLHUIUTMHAPHBIX OAX0I0B. B Mcciie1oBaHMAX UCIIONB3YIOTCS CIOXKHBIE COBPEMEHHBIC IIPHOOPHI, TPUMEHIEMBIS
Ul ONIPEEIIEHHS] XapaKTEPUCTHUK I'€0JIOTMYECKOM Cpeibl U CTPYKTYP, 00pa3yIoKX BOJJOHOCHBIE TOPU30HTHI.
Krnaccuueckne MeTonsl MCCIENOBAHUS MOJ3EMHBIX BOJl — TEOJIOTHS, THIPOJIOTHS M THAPOXMMHS — HCIIOIb3YIOTCS
COBMECTHO C METOJaMu Ieo(U3nKu, M30TOMHOW T'MIPOJIOTHH, TUCTAHIIMOHHOTO 30HAMPOBAHMSA M MaTeMaTHYECKOTO
MoJenupoBanus. VHTerpaums 3THX METOJOB IO3BOJIIET pa3padoTaTh KOHIENTYalIbHYIO MOJENb ITOJ3EMHBIX BOJ,
OIIPEENIUTh PEXKUM JBHXKECHHS U IPOUCXOXKACHUE IIOA3EMHBIX BOJI, IPOM3BECTU JaTUPOBAHHE BOJ — 3HAHUE BCEX ATUX
XapaKTEPUCTHK HEOOXOANMO JUIS ONPEAEICHHs YCIOBUN SKCIUTyaTalluy MOJ3EMHBIX BOJI B UPE3BBIUAHBIX CUTyalUsX.
Juns  mpeAcTaBieHMS pe3YNbTaTOB KOMIUIEKCHBIX —HCCIEIOBAaHUM pecypcoB MOA3EMHBIX BOJ  HCIONB3YIOTCS
THIPOJIOTHYECKUE KAapThl, KOTOPbIE IOKa3bIBAIOT MECTa 3aJe€raHMs IOA3EMHBIX TOPU30HTOB, COJICPIKAIIUX IIPUEMIIEMbIE
JUISL KCTIOIb30BaHMSI TIOA3EMHBIE BOJIBL, @ TAK)KE KapThl YS3BUMOCTH I10JI3€MHBIX BOJI.

[IpencraBieHHble HUXKE pa3zienbl COAEPKAT OMUCAHUE METOI0B, UCIONB3YEMBIX Ul Pa3BEIKHU, UCCIIEAOBaHUS
U Pa3pabOTKH MECTOPOKICHUH, B OCHOBHOM, ITyOOKHMX IIOI3€MHBIX BOJA C HU3KUM YPOBHEM YSI3BUMOCTH JUIS
UCIIOJIb30BAaHNS B YPE3BBIYANHBIX CUTYaIHAX.

5.1Teonorus

I'eonornueckue ycinoBusi 00yC/IaBIMBAIOT 3aJIeTaHUE U JIBIJKCHHE IMOJ3EMHBIX BOJI, @ TAKXKE I'€0JIOTHYECKUE
pPHCKH (3€MIICTPSICEHUs], BYJIKAHMUYECKYIO0 aKTHBHOCTB, OIOJ3HM), KOTOpbIE KaKHM-JIMOO 00pa3oM MOTYT BJIHATh Ha
OKPY’KaloLIyl0 Cpeay M KOTOpas B CBOIO OYepelb BKIIIOYAET PECYpChl MOJ3EMHBIX BOJ, TAKUM 00pa3oM OKasbIBas
BIIMSHHE HA YEJIOBEUECKHE XHM3HU. 3eMJIsl Npe/ACTaBIseT COOOH AMHAMUYECKYIO, HBOJIOLMOHUPYIOUIYIO CHCTEMY.
BHemnuii cinoii IMTOCEps COCTOUT U3 HECKOJIBKUX TUIUT, KOTOPBIC IBUTAIOTCS 110 OTHOLICHUIO IPYT K JIPYTY.

Feonornyeckune PUCKHN

BonbmMHCTBO 3eMIIETPSICEHUI MPOUCXOJUT B TEKTOHWYECKH aKTHBHBIX PETMOHAX, IZie IUIUTHI JUTOC(hEphl, Ha
KOTOpbIE HAJIaraloTcs KOHTUHEHTHl U OKEaHCKHE OacCelHBbI, B3aMMOJICHCTBYIOT — TaKUX KakK BIOJb IO KOJIBILY Iosca
Tuxoro okeaHa, TOpHBIX 30HaX, MpocTUparomuxcs ot 3amnana Cpeauzemuoro Mops 1o Manoit Asuu, ot ['mmanaes 1o
WNunonesun u LlentpansHoit A3un. Cpeay NMEpBUYHBIX IOCIEICTBUN 3€MIICTPSICEHH MOXKHO Ha3BaThb paspylIeHHE
CTPOEHHH, COPOBOXKIAIOLIMXCS BTOPUYHBIMH MTOCIEICTBUSMH, TAKMMHU KaK I10XKaphbl, IlyHaMH, HABOJIHEHUSI, IPOCA]IKa,
HOAHSATUE TPYHTa, ONON3HU U M3MEHEHHE ypoBHeH rpyHToBbIX Box (Kemmep, 1976). Takum oOpa3oMm, OCHOBHOE
BHUMaHHE NPEII0KEHHBIX MEPONPHUATHH 10 CHACEHHI0O B paMKax CHUCTEMbl HCIIOJIB30BaHMS IOA3EMHBIX BOJ B
YpEe3BBIYAHHBIX CHUTYAIMAX JOJDKHO OBITh HAICJICHO Ha TEOJIOTMYECKH HECTaOWJIbHBIC 30HBI, B KOTOPBIX H3BECTHO
noBTopeHue 3emuerpscenuil. llynamu B ceBepHoil wactu Wunmiickoro OkeaHa, CIIPOBOIMPOBAHHOE IOJABOJHBIMU
3eMJIeTpsACeHUsAMH Henaieko oT octpoBa Cymarpa B jaekabpe 2004 roxma, ocraBwiio 3a co0Ood MpoOIeMBI
BOJOCHAOKEHHSI M CAaHHTapHUd B OIPOMHBIX MacmTa0ax. Tak kak ymepO ObUI OrpaHMYeH B OCHOBHOM HH3KO
PacHONOKEHHBIMH PETHOHAMH, DACIIOJIOKEHHBIMUA BAOJb INPUMOPCKOTO MOOEPEXbs,, OCHOBHOE BHHMAaHHE OBLIO
Y/IeNIEHO OpraHU3alliy aBapUITHOTO BOJOCHAOXKEHHS M3 PECYpCOB IOA3EMHBIX BOJ, KOTOpHIE HY)XKHO OBLJIO MCKaTh U
OpraHU30BBIBATh B OCHOBHOM B IIPUOPEKHBIX M CMEKHBIX C HUMH BOJJOHOCHBIX IIJIacTaXx.

Bynkanuyeckasi akTUBHOCTb SIBJISICTCS €IL€ OJHUM IPOSIBICHUEM I'€OJIOTHYECKHX MpolieccoB. Bynkanndeckas
AaKTUBHOCTh OTHOCHTCS K TekToHHMKe Iuiar. [lpubnmsutenbHo 80% BceX aKTHBHBIX BYJIKAHOB pAacIlOJIOXKEHO B
«OTHEHHOM KoJjblie», okaimistomem Tuxuil Oxean (Kemnep, 1976), MeHbpliee B INPOLEHTHOM COOTHOLICHUH
konuuecTBO — B ArinantnyeckoM Oxeane, CpenuzemaoMm Mope, Muauniickom OkeaHe u B npyrux mecrax. CoObitus,
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CBSI3aHHBIC C JEATEIHHOCTHIO BYJKAHOB, BBI3BIBAIOT THOENb JIIOJEH, pa3pylIeHHs OKpYKAroIleH cpeapl u yuepo
ypoXKaio, 3apakeHHE W YBEIHYCHHE KHCIOTHOCTH MOBEPXHOCTHBIX BOJ; paspylIaloT HHQPACTPYKTYpy H BCeraa
HAHOCAT YIIepO UCTOYHUKAM MUTHEBOW BOBI, KOTOpPBIE TPEOYIOT CKOpEHILIeH 3aMEHBI.

OnoJI3HM MOTYT HapyIIUTh MHPPACTPYKTYpPY, BKIIOYAsi CUCTEMBI BoJOCHaOeHHs. B ompexneneHHO# creneHuy,
WX MOKHO TIPOTHO3MPOBATh HA OCHOBAaHUU T€OJOIMYECKUX U TeoMOPQOIIOTHUECKUX YCIOBUH. OIOI3HA MPOUCXOMAT, B
OONBIIMHCTBE CIIy4aeB, Ha CKJIOHaxX W B pailoHaX, IAe HapylleHa CTaOMIbHOCTH 3eMHBIX Macc. OOBIYHO OHHU
MIPOBOLUPYIOTCS BTOPUYHBIMU (haKTOPaMH, TAKUMH KaK CHIIbHBIE JOXKIH, 3eMIIETPSCEHHUS. H BMENIATeIbCTBO YEIOBEKa,
4acTO B PETHOHAX, OTMEUYEHHBIX pPaHEE NPOU3OLIEAIINMH WIM «OKAaMEHENBIMH» OMNON3HAMH. MYHUIUNATUTEThI
I'Baremansl, Huxaparya u npyrux crpan Kapubckoro pernona, nmocTpaiaBIIMX 3a MOCJIEAHEE NECATHIIETHE OT
OIOJI3HEH, BBI3BAHHBIX yparaHaMH M CHJIBHBIMH JOXISMH, NPHU3HAIH HEOOXOJMMOCTh CBOEBPEMEHHOH 3aMEHBI
MIOBPEK/ICHHBIX CUCTEM BOAOCHAOKEHUSI.

Feonornyeckmne nccnenoBaHUsA U cocTaBrieHUue KapT

3aneranue, JBIDKEHWE M CBOWCTBA IOA3EMHBIX BOJ 3aBHCAT B 3HAYUTENLHOIH CTENEHH OT IETPOJIOTHYECKOTO
COCTaBa MOPOJ BOAOHOCHBIX IUIACTOB U TI'€OJIOTMYECKOM CTPYKTYpBI KOPBHI 3eMiH. IleTposiorndeckuii cocTaB MOPOJ
BJIMSET Ha (PU3NUECKHE M MEXaHWYECKHE CBOMCTBA, BKIIIOYAsl MX MOPHUCTOCTH M NPOHHUIAEMOCTb. OH TakXke BIUSET Ha
TEOXUMHYECKHUE TPOLECCHl U XUMHYECKHH COCTaB TMOA3EMHBIX BOJ. ['eonormueckas CTPYKTypa M HOBEPXHOCTHAsS
MOpP(OJIOTHS BIUSIOT Ha MPOCTPAHCTBEHHOE DPACIpEnENeHNe CHUCTEMBI ABIKEHHS MoA3eMHBIX Boa. O0a dakropa
HE0OXOJMMO HCCIICIOBATh UL OIPENCNICHUs] OCOOBIX CBOMCTB IOA3EMHONH YacTH THAPOJIOTMYECKOro IuKiIa. B
CPaBHEHHH C IIOBEPXHOCTHOW THIPOJOTHEH, IOA3EMHBIE BOABI MEPEABHIAIOTCS MEMIEHHO U JIeMOHCTPHPYIOT
JUTUTENIbHbIE TIEPUOALI NTPEOBIBAaHUS B OJJHOH CTPYKTYpE.

AHann3 TeoNIOTHYeCKON CTPYKTYpBI, B YaCTHOCTH, TpeOyeTcs Al MONydYeHHs OOmeld KapTUHBI TeKTOHMYECKUX
YCIOBHH W pa3sBUTHA (TEKTOHHYECKHX (ha3) M3ydaeMoro pernoHa. TpemmHbl B TBEpHOIl IOpOjAe, BOZHHKAIOIIME B
paHHHX TopooOpasyromux (azax, 4acTo 3aTBEPACBAIOT IOJ NEHCTBHEM BTOPHUYHBIX MHHEPAIOB U B CBS3H C OTHM
CTaHOBSITCSI HEMPOHUIIAEMBIMH, B TO BPeMsI KaK TPEIIMHBI, BO3HUKIIHUE [IOCIE TOPOOOPa3yIOIIEro Meproia, sSBISTIOTCS B
OOJIBIIMHCTBE CIIy4aeB OTKPHITHIMU W NMpPOHMIaeMbIMH. Ele OfHUM Ba)KHBIM (aKTOPOM SIBIISIETCS TO, HAXOISTCS JIH
CHCTEMBI TPEIIMHHOBATOCTH B C)KATOM HMJIM PACTSIHYTOM PETHOHAJIBHOM II0JIC HAIPSKEHUSI.

T'eosiormyeckue KapTbl U pa3pesbl, a TAKXKE CIIyTHUKOBBIE (oTorpaduu u a3poOTOCHUMKH HILTIOCTPHUPYIOT
TeOJIOTHYECKHE CBOMCTBA pernoHa. OHM MOTYT NPUMEHSATHCS KaK BCIIOMOTATEIbHBIH HHCTPYMEHT IPH HMCCIICIOBAHUM
PECYpCOB TIOI3EMHBIX BOJ] U CIIACATENbHBIX ONEPAIMSIX B PETHOHAX, MOABEPKCHHBIM I'€0JI0TMYECKUM HapyIICHUSIM.
I'eonoruueckast kapra JOJDKHA OTOOpa)kaTh COCTaB MOPOJ M T€OJOTHUECKYIO CTPYKTYPY MCCIEIYeMOrO PErHoHa. OJTH
(axkTopsl TOJDKHBI OKa3bIBAaTh ONpEeNIoiee BIMSHHE HA 3ajeraHHe MOA3EMHBIX BOZ, CHUCTEMY HX IBW)KCHUS U
9BONIOIMIO B TEOJOTMYECKOM IPOLUIOM. ['eonormdeckas KapTa IOJDKHA TakKe OTOOpaXkaTh TaKWe CBOMCTBA, Kak
POIHUKH, 00J0Ta, BIAXXHBIE MECTa, TOKPHIBAIOIINE 00pa30BaHUs; yKa3bIBaTh MECTa OKAMEHEIBIX OIIOI3HEH U MeCTa HX
MTOTEHIHATBHOTO TIOBTOPEHHUSL.

I'eosormyeckue KapThl SIBISIIOTCS TakKe OYECHb MOJIE3HBIM HHCTPYMEHTOM OLEHKH BIMSIHUS TEOJOTHYECKHX
COOBITHH Ha OKpPYXKalOIIyI0 Cpeny W, B KOMOWHAIIMM C AHAIN30M TEKTOHHYECKOW CTPYKTYpPhHl W HCTOPHYECKUMHU
JTAHHBIMH, YKa3bIBAIOT HA PETHOHBI, I10/IBEPKEHHBIE T€0JOINYeCKUM pUckaM. TeM He MeHee, HEOOXOJUMO OTMETHTh,
YTO 3EMJICTPSICEHUS] M BYJKAaHWYECKas JEATeNbHOCTb IPEJCTABIAIOT COOOH SIBJIEHHS, BBI3BaHHBIE IIPOLIECCAMH,
MPOUCXOAALUIMMH BHYTPH 3€MJIM, B TO BpeMs Kak, OIOJI3€Hb, XOTS HMHOIZA M IPOBOLHMPYETCS BBILICYKa3aHHBIMH
MIPUYMHAMH, TpPEACTaBisieT cOOOH Mpolecc, Ha KOTOPBIA BIMSIOT CHJIbI, JEHCTBYIOLIME Ha HOBEPXHOCTH 3€MIIH, B
OCHOBHOM, B BBIBETPEHHOM 30HE.

I'eonoruueckue KapThl COCTABISAIOTCS B Pa3HbIX MaciTabax. KapThl, Ha KOTOPBIX N300pakatoTCsi TCKTOHHYECKHE
30HBl C CEMCMMYECKOH AeATEeNbHOCTBIO, COCTaBIAIOTCS B MEJNKOM MacIuTabe, Tak KaK OHM IPEACTaBIAIOT COOOM
KPYIHBIE PETHOHBI U KOHTHHEHTHI, B TO BpeMs KaK KapTbl, COCTaBIECHHBIC Ul N300payKEHHUsI OCOOBIX SIBJICHUH, TAaKHX
KaK OIIOJI3HH, COCTABIIAIOTCSA B KPYMHOM Macmralbe ¢ LEeNbI0 IEeTadbHOTO IMPEICTABICHUS I'€OJOTMYECKHX SBICHUM.
KapTsl HOMWKHBI OBITH WIITIOCTPATHBHBIMU, HOHATHBIMH U COOTBETCTBOBATh NPEIBABISEMBIM TpeGoBaHuAM. OmHAKO
TeOJIOTUIECKHEe KapThl JOJDKHBI OBITh YHHBEPCAJbHBIMH M MOTYT OBITH JIONOJHEHBl CHEHAIbHBIMH KapTaMH,
OPHEHTHUPOBAaHHBIMU Ha 0coOBIe rraporeonorundeckue (Puc. 5.1.1), reoTeXHUIECKHE WM SKOJIOTHYECKHIE TPOOIEMBI.
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PucyHok 5.1.1. Yacmb 2udpozeonozuyeckoli kapmbl 8 mMacwmabe 1:200,000 (ucxolHbIl mMacwmab) pe2uoHa
cesepHoll boeemuu, Yewckoli Pecnybnuku
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Ipeobraoarowue cnou menooeo nepuoda 6 6acceiine NpedCmMAGICHbl 8 PA3HLIX OMMEHKAX 3e1eH020. Booonochwie naacmol
baccelina nOO3eMHbIX 800 MEN0B020 NepPuodd, 0OO3HAYEHHbIE CIMPAMUSPAPUUECKUMU CUMBOIAMU, Npedcmasisiiom cobou Hauboree
npooykmusHvle 8000HOCHble naacmbl Yewickot Pecnybauku. Kpucmaniuyeckue u 8yaKaHuueckue nopoovl, Npedcmagienuvle
SPAHUMOM U PUITUMOM, BbIOENEHbI COOMBEMCMEEHHO DUONCINOBIM U JCENNMBIM YEBEMAMU; NOPOObl 6EPXHE-NANIC030UCKO20 NePUood
— NeCUaHUKU U Menagupbl — 6bl0eIeHbl KaK 08e KOPUYHegble NONOCKU; MPemuiHble HeO8YIKAHUMbL 8blOCIEHbl 6 8Ude PUONETNOBbIX
VUACKO8; QNNIOBUANIbHBLE DAGHUHBI NPEOCMABNeHbl 6 CepoM ygeme; psiobl NPOHUUAEMOCTU 6000HOCHBIX NAACIMOE GblOENEeHbI
WMPUXOBKOUL PA3IUYHBIX YBEMO8, A U30NbeCMUuYecKue (PasHo2o 0asneHus) TuHUU 201y0020 yeema, KIOYAUUe KOHYCOOOPA3HYIO
6NAOUHY, BbI3BAHHYIO 00€360AHCUBAHUEM YPAH08020 pyOHuKa. Kpachvie kpyeu npedcmasnsiiom coboil cKeaxicunbl, a 201yovie Kpyeu —
DOOHUKU.

5.2 'mpporeonorus

Iox3eMHbIe BOIBI 3aJeTalOT M LUPKYJIHPYIOT B JUTOchepe M MPEACTABISIIOT cO0OI COBpEMEHHBIE H
HUCTOPUYECKHE THAPOJIOTHUECKHE LUKIBL. V3yueHne MOoA3eMHBIX BOZ TpeOyeT MEeXIUCUUIUTMHAPHOTO IOJXO0Ja ML
6oiee IrIyOOKOro NOHUMAHUS UX PEXUMA TEUEHUsI, 0COOEHHO Ul BO30OHOBISIEMBIX U HEBO30OHOBIIAEMBIX I1O3EMHBIX
BOJI B IIyOOKO 3ajleraloluX BOJAOHOCHBIX ILIacTaX. TeM He MeHee, 3HAHUE Ie0JIOTMYECKUX YCJIOBUI U TeKTOHUYECKOH
CTPYKTYPBL IPEACTABIAET COOON KIIIOUEBOM 3IIEMEHT B HCCIIEOBAHUU U Pa3pabOTKe pECYypPCOB MOA3EMHBIX BOJ.

3aneraHue u ABUXeHUe Noa3eMHbIX Bo B Pa3HbIX TOPHO-reoyiorn4eCckKnx ycnoBusax

ITonzemHBIC BOIBI 3aJIETAIOT B TOPHOM MOPOJIE B IyCTOTaX Pa3iM4YHOM (OPMBI, pa3MEPOB U MPOUCXOXKICHHUS.
Taxkum 00pazom, 3ajeraHue MoJ3eMHbIX BOJ, UX pa3Mep U JIBH)KEHHE 3aBUCST OT COCTaBa MOPOJ U UX THIPABINYECKUX
cBolicTB. CrOCOOHOCTh MOPOABI MepelnaBaTh BOAY Yepe3 MyCTOTHI HAa3bIBACTCS MPOHHLACMOCTHIO. [loTeHIMambHOE
CoziepKaHKe BOABI U IPOHHUIIAEMOCTh TIOPOA B OCHOBHOM 3aBHCUT OT HOPUCTOCTH HopoJ. Kak Ha mpoHHUIIaeMOCTh, TaK
Y Ha IOPHUCTOCTD BJIMSAIOT I€OJIOTHIECKHE (PaKTOPBI M MPOLIECCHI, KOTOPBIC BCET/Ia HY)KHO MIPUHUMATh BO BHUMAHHUE MPH
WM3YyYCHHUU CHCTEMBbI TCUCHUS MOI3EMHBIX BOJ (BcTaBka 5.2.1).

Turmer IIyCTOT B IOPOAEC ONPECACIIAIOT MOBCACHUC BOBI, 0COOEHHO ee JBWKCHUC.
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OnHaKko TOJIBKO B OZHOPOIHBIX (HAIpHUMeEp, B OCAJOYHBIX) T'OPHO-TEOJOTMUECKUX YCIOBUSX C IOPHCTOH Mopomoi
IPOSIBIISAIOTCS 3aKOHBI JABUKEHHS IIOJ3EMHBIX BOJI.

5.2.1 OcHOBHbIe TUMNbI NYCTOT B FOPHbIX NOpPOAAX

Mo rnapaBANYecKUMM CBOWCTBaAM M FeO/IOTMYECKOMY MPOUCXONKAEHWUIO BblAENAOTCA CAedylolme OCHOBHbIE TUMbI
NyCTOT B FOPHbIX MOPOAAX, KOTOPbIE CTAHOBATCA NYTAMU A1 TEYEHWUA U LMPKYAALMM NOA3EMHbIX BOg, (cm. prc.5.2.1):

e [lopbl, Hanpumep, NYCTOTbl MEXAy 3epHaMW HEeYNJIOTHEHHbIX, @ TaKXe MJOTHbIX O06/JIOMOYHbIX OTAOXKEHUN
(Hanpumep, OTNIOXKeHMI, cocToALMX U3 dparmeHToB, 0b6pa3oBaBLUMXCA M3 Bosliee CTapbix NMOPOA), UAW HENAOTHOro
BY/IKAHWYecKoro Tyda.

e TpewmHbl. TEPMUH TPELLMHA» UCNO/b3YyeTCA 34eCb B 3HAYEHUWM pPas3noMa WAM packona B MeCTe, rae Mmeetcs
yeTKoe pasfesieHne MeXay NOBEPXHOCTAMM.

e BnaguHbl, TO ecTb, KapCTOBble MYCTOTbl, BO3HMKAOLWME B PAcTBOPMMBbIX Nopoaax, obpasylowmxca B pesynbraTe
XMMUYECKOTO PACTBOPEHUS UM BbILLENAYMBAHMA U NPOCAaYMBaHUA BOAbI; U NaBoBble TPY6KKU (Nosble NpocTpaHcTea
HUXKe MOBEePXHOCTW 3aTBepAEeBaloLero NoToKa NaBbl, obpa3oBasluMecs B pe3y/bTaTe BbIXO4a pPacnaaBAeHHOWN NaBbl
nocne obpasoBaHUA NOBEPXHOCTHOM KOpKM (Feonornyeckuii cnosapb, 1980).

KapcToBble NycToTbl 06bIYHO BCTPEYAtoTCA B PACTBOPUMbIX KapbOHATHBIX NOPOAAX, B TO BPeMSA KaK /IaBOBble KaHasbl
NPUypOoYEHbI K BYJIKAHUYECKMM 06pa3oBaHUAM.

Puc. 5.2.1 OmarpaMMa, Ha KOTOPOM IMpPeICTaBJIEHH HECKOJBKO TMUIOB NYCTOT B TI'OPHEIX
nopofax, M COOTHOUNEHME MeXAYy TeKCTYpPOM M MNOPMUMCTOCTBRI (nmo ManHuepy, 1942)

e EEER
. _ )

(A) Xopowo omcopmuposaHHoe 0Ca00YHOEe OMJOMEHUE C 8bICOKOU cmeneHblo nopucmocmu (nepsu4Hol
nopucmocmeto),

(B) Maoxo omcopmuposaHHoe ocadoyHoe omsoxeHue ¢ HU3Kol cmerneHbio nopucmocmu,

(C) Xopowo omcopmuposaHHoe ocado4yHoe omsoxeHue, cocCmosAwee U3 2as6KU, Komopas cama no cebe Aasnsemcs
nopucmodli, Ymo desnaem omsoxeHUe 8 Yes0M 04eHb MopuCmesim,

(D) [lnoxo omcopmuposaHHoe 0CAO0OYHOE OMsOMeHUe, CmerneHb MOPUCMOCMU KOMmMOpPOo20 YMEHbWUAACL 8
pe3ysnemame omsaoxeHull MUHEpPAsa6HO20 8eujecmaad 8 mycmomax,

(E) Mopoda, cmaswas nopucmoli 8 pe3yabmame MPOHUKHOBEHUSA pacmeopa Usau Kapcmu@uyuposaHHAs nopooa —
8Mopu4Has nopucmocme,

(F) Mopoda, cmaswas nopucmoli 8 pe3yanbmame pacmpecKusaHus.

I'Ipouwuaemocn: OCHOBHbIX TUNOB FOPHbLIX NopoA4

U3BepkeHHass TopoJa (W3BEp)KeHHas, a Takke BYyJIKaHWYecKas) M MeTaMmopduueckas Iopoja sBISeTCS
TIpOHHLIaeMOM B0k TpeluH. C riryOuHOM TpeIMHBI 3aKPbIBAIOTCS U TIOPOJIBI CTAHOBATCS] MEHEE POHHUIIaeMbIMHU. 1Ipu
XUMHUYECKOM/MEXaHUYECKOM BBIBETPHBAHUM OOOTallleHHbIE KBaplieM MHOpojabl 00pa3yloT IMpOHHUIAEMBIE IIE€CUaHbIC
HaHOCHl y noBepxHOCTU. Iloponsl, He Gorarele KBapLeM, MOTYT PacHafarhCs IPH XMMHUYECKOM BBIBETPUBAHMU Ha
TJIMHUCTBIE MUHEPAJIbl, KOTOPbIE 00pa3yloT MeHee POHHUIIAEMbIE IPYHTHI U 3aKYIOPHBAIOT TPELIMHBI B OCTHIIAIONIECH
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KOpeHHOi nmopoze. Lupkysuus 6osee ITyO0Ko 3aIerallux MOA3eMHBIX BOJ IIPOMCXOIUT BAOJb NIyOOKHX pa3loMOB
B TEKTOHUYECKHX 30HaX, O UY€M CBHAETEIHCTBYIOT TEPMaJIbHBIC HCTOYHUKH.

Oca04HbIe TOPHBIE MOPO/BI CHIBHO OTIMYAIOTCS 1O cBoeMy cocTaBy. OHU IEMOHCTPUPYIOT BCE THIBI MYCTOT
(TIOpBI, TPEIIMHBI U KapCTOBBIE ITyCTOTHI), @ TAK)KE BCE TUIIBI MPOHUIIAEMOCTH. [IpH oLleHKe TedeHHs MOA3EMHBIX BOA U
TIOBEJICHNUS 3aTrPS3HAIONINX BEUIECTB M TPACCEPOB B TaKOi TOPHOW cpene HEOOXOIUMO PacCMaTpUBATH BEPOSTHOCTD
«IIBOWHOWY» WM JBOHCTBEHHOW (Hampumep, MEpPBHUYHON W BTOPHYHOI) IMOPUCTOCTH. BOJBIIMHCTBO 3HAYMTENBHBIX
BOJIOHOCHBIX IUIACTOB M 0acCeliHOB MOA3EMHBIX BOJ 00pa30BaHO B OCAIOYHBIX Mopojax. KapOoHaTHBIE MOPOIBI 4acTo
KapcTU(HULHUPOBAHBL.

CoBpeMeHHbIE PBIXJIbIe H HECBsI3aHHbBIe OTJIOXKEHHS BKIIOUAIOT Pa3IMYHbIC TUITHI TPABUSL, IECKa 1 TIIMHBI, HHOT A
coJepkaliue opraHudeckue BeniectBa. OHM BCTpEYalOTCS B BHJE HAHOCOB; O3€pHBIX, MOPCKUX U JIEJIBTOBBIX
OTJIO)I(CHPIﬁ; OTJIOKECHMI aTFOBUAIIbHBIX KOHYCOB MCXKI'OPHBIX BIIAAWH; U CI)J'IIOBI/IOFJ'ISII_II/IaHLHI)IX OTJ'IO)KCHI/Iﬁ, BBIMBITBIX
U3 JICJIHUKOBBIX MOpEH. HecBsfi3aHHbIE W MOIIHBIE OTJIOKEHHS HPEAPACIONIOKEHbl K CKATHIO U OITyCKaHHIO
IMOBCPXHOCTH B ClIydadX, KOorga AaBJICHUC IOP CHUXKACTCA B PE3YJIbTATC I[O6LI‘II/I HOZ[3CMHOFI BOJHI.

B peruonaspHOM Macmtabe THAPOTEOJIOTHs JOJDKHA pacCMaTpvBaTh OCHOBHBIE TEKTOHHYECKHUE CTPYKTYpBl H
COCPEIOTOUEHHBIE HEOTHOPOIHOCTH.

IIpn ucciaenoBaHNK M COCTABICHUN PETHOHAIBHON MOJENIH IBIKEHHS IOJ3EMHBIX BOA HEOOXOOUMO O00OpaTHTh
BHMMAaHHE U BKIIOYHUTH B HE€ HEPOBHOCTH TaKHUX CTPYKTYP, KOTOPbIE MOTJIM OBl BEICTYIIAaTh B POJIU MyTeH MK OaphepoB
JUTS TIOJ3EMHBIX BOJI.

Fmpporeonorunyeckasa cucrema

I'mpporeonornyeckass cuUcTeMa COCTOWT W3 HEHACHINICHHOW 30HBI (YACTUYHO 3aIlOJHEHHBIC IIOPHI) H
HaCLIHleHHOﬁ 30HbI (HOHHOCTLIO 3aIllI0JIHCHHBIC l'lOpLI) C IOCTOSAHHBIM IBMXXCHHUEM IIOA3CMHBIX BOJ B IIPOHHUIIACMOM
Marepuane. BOIOHOCHBI IUTacT ompenenseTcs Kak HachIIIEHHOE BOJOHOCHOE 00pa3oBaHHE, KOTOPOE MOXKHO
HCIIONB30BATh IS TOTyYESHUsI IPHTOHBIX 00BEMOB BOJIBL.

IToMHOCTBIO HACHILEHHBIH BOJOHOCHBIH TOPHU30HT C 3QJICTAIOLIMM BBILIC W HI)KE CBEPXIPOYHBIM BOIOYIOPOM
Ha3bIBAETCsl OTPAHUICHHBIM WITH HAITOPHBIM.

BosOHOCHBI TOPU30HT Ha3bIBaeTCS ApPTE3MAHCKUM, KOTZAa Ibe30METPUYECKUH  (HAropHBI) ypOBEHb
pacroyiaraeTcss BbIIIe MOBEPXHOCTH 3eMJIH. BOIOHOCHBI IAacT, coIepKalluii MOA3EMHBIE BOIBI CO CBOOOTHOM
ITOBEPXHOCTHIO, MJIM TOPU30HT TPYHTOBBIX BOJ, M IOJYYAIOUIMH NMUTaHUE 4Yepe3 HEHACBHIIICHHYIO 30HY, Ha3bIBAETCS
HCOI'paHNYCHHBIM HUJIA @peaaneCKHM. Be3Hanoprle BOJOHOCHBIC TOPU3O0OHT WUJIM IT'OPHU30HT Ha YPOBHE I'PYHTOBBIX BO/,
SIBJISIFOTCSL OYEHb YSI3BUMBIMU K BO3ZCHCTBHIO BHEIIHHMX YCJIOBHH M YEJIOBEKAa M YacTO IOJBEPTatOTCs 3arps3HEHHSM.
ypOBeHb YA3BUMOCTH FJ'Iy6OKO PAacCIIOJIOKCHHBIX BOJOHOCHBIX T'OPU3OHTOB, B IICJIOM, HHU3O0K. Takue BOJOHOCHBIC
TOPHU30HTHI TPEACTABISAIOT CcOOOW BaKHBIH HMCTOYHHK OE30MACHOM BOJBI, INPUTOAHOW, HANpPUMEpP, IS CHCTEMBI
HCITIOJI30BaHUA IIOA3€MHBIX BOJ B LII’)G?)BI)I‘«IaI\/'IHI)IX CUTyalusx. Bacceiinnl IOA3€MHBIX BOJ COCTOAT H3 BOJOHOCHBIX
TOPU30HT, TeOMETPHS (Pa3Mephl) U CIOKHOCTh KOTOPBIX 3aBUCUT OT TOPHO-T€OJIOTHIECKUX YCIOBHA M TEKTOHUYIECKOM
CTPYKTYpHl. I[IpuMep HamopHBIX M OE3HANOPHBIX BOJOHOCHBIX IUIACTOB (OacceilH apTe3MaHCKHX IOA3EMHBIX BOJ)
npeacTasiied Ha Puc. 5.2.2.

[Ipu moucke MOM3EMHBIX BOJ B KauecTBE aBapHHHOTO MCTOYHHMKA BAYKHBIM acleKTOM IOJDKHO OBITh KauyecTBO
TIOJI3EMHBIX BOJ.

Jnst 9T0# menmu OBUTO MPEAJIOKEHO HCIIONB30BaTh NPHOMMKEHHOE pa3ZeleHne TOPHBIX IMOPOJA Ha TPU TPYIIBI
(Meiizop, 1991):

1) mopojpl, B KOTOPBIX MPUCYTCTBUE CBEXEW IMOJ3EMHOM BOJBI SBISETCS HOPMAJIBHBIM SIBIICHHEM, TO €CTh, IOPOJbI,
KOTOpblE€ BHOCAT BKJaJ B BOJAYy B BHJIE YPE3BBIYAHHO MalbIX OOBEMOB COJHM (KPUCTAJUIMYECKHE OOJIOMKH;
BBILIEJIOYCHHBIH ECYaHUK),

2) xapOOHATHBIE MOPOABI, KOTOPhIE BHOCST BKJIAJ B BUJAE PACTBOPEHHOTO BELIECTBA, HO MOJJIEPKHMBACT XOpOIIee
KayeCTBO MUTHLEBOM BOJbI, U

3) mopoxsl, KOTOpBIE O0OTamIalOT BOAY 3HAYMTENBHBIMH O0BbEMaMH PAacCTBOPEHHOHM COJHM, YacTO INpeBpamas ee B
HENHUTHEBYIO (MOPCKOE OTJIOKEHHE; CO/IEPIKaIIIee IBATIOPUTHI).

YA3BMMOCTb NOA3EeMHbIX BO4

B nenom cunTaercs, 4To MoMOBEPXHOCTHBIE YCIOBUS 00CCICUHBAIOT HEKOTOPYIO CTEIIEHB 3alUThI IT0JI3¢MHBIM BOJIaM
OT BO3JIeicTBUI IPUPOBI U YesioBeka. HempouHOCTh 3TOM 3alMThl NPUBOAUT K YA3BUMOCTH MOJ3EMHBIX BOJI, KOTOpas
SBIISIETCS] OAHOW M3 BaKHBIX XapaKTEPUCTUK CHCTEMBbI MOJ3eMHBIX BOJ. OHa 3aBUCHUT OT B3aHUMOJICHCTBUS CUCTEMBI C
TEM, YTO €€ OKpY’)KaeT, BIMAHUS 4deloBeKa M Hpupojbl. OUEeBUIHO, YTO YSI3BUMOCTh JOJDKHA B HEPBYIO OYEpelb
paccMaTpuBaThcA Kak BaKHAs XapaKTEPUCTHKA ITOJ3EMHBIX BOJ, KOTOpBIE OYAyT HCIIONB30BAThCS B UPE3BBIYAMHBIX
cuTyauusix. Mbl JOJKHBI paccMaTpUBATh [[Ba MOKa3aTelsl YA3BUMOCTH IOJ3EMHBIX BOJ: CUCTEMY TE€UEHHsI IOA3EMHBIX
BOJI ¥ IPOJIOJDKUTEIBHOCTH ITPEOBIBAHNS ITOI3EMHBIX BOJ] B BOJOHOCHOM ILIACTE.
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PucyHok 5.2.2 YnpouweHHbIlU npumep apme3uaHckoz20 6acceliHa nod3eMHbIX 800

Flezomelric Pumped
lzvel groundwater
able
Not
; well Unconfined
< overflowing :
Recharge OZﬁT:i‘:;nQ siasiar aquiler
area well well Overflowing /
artesian / Discharge
Pumping well 7 ared
— Stream /' Saring

Ha pucynke noxasanvl 08a 6000HOCHbIX niacma (0ba 201y6020 yeema): 6epXHuil NIACM AGIAEMCS OE3HANOPHLIM,
3EPKAI0 NOO3EMHBIX 800 MO20 NAACMA HAXOOUMCS HA ANIHSUALbHOU pagHuHe. boiee 2ny6oKkuil 6000HOCHbII niACH
ABNAEMCS YNOPHBIM, €20 Nbe30MempUieckull ypogeHs UMeem HAKIOH Om 30Hbl NUMAaHUs K 30He pazepysku. CKeaicunvl
NOKA3aHbL  CMPENKAMU, HANPAGIEHHbIMU — 86epX (3Hax, obozmauarowuli O6ypenue). Poonux obecneuusaem
ecmecmeeHnblll CMoK cucmemsl n003eMHbIX 800. Creadicunvl 0151 00bINU 800bL U3 HANOPHO2O 20PUZOHMA AGTAIOMCA
apmesuaHckuMu, 600a 000bI8aemcs MemoooM CAMOU3NUEA, MAK KAK Nbe30MempudecKue YPOSHU HAXOOAMCA HA
noeepxrnocmu. Cxeagicunbl, 20e npu 000biue 800bl He UCHOTb3YEMC s CAMOU3NUE, HAZbIBAIOMCS CYO-APMe3UaHCKUMU.

VS3BUMOCTE W PEXKHAM TEUCHHS IIOJ3EMHBIX BOJ MOXXHO IIPOAHAIM3UPOBATH C MOMOLIBIO THAPABIMKH
MOI3¢MHBIX BOJ M M30TOIMHBIX METO/OB (pasaen 5.4). DTH METOABl IOMOTAlOT OLEHUTh CKOPOCTb TEYCHUSI M BpPeMs
npeObIBaHMS, a TAKKEe BBECTH TaKHE JOIOJIHHUTEIBHBIC aCleKThl B KJIACCHYCCKHN TMAPOIOTHICCKUI MOIXOA K OLCHKE
pECYypCOB TOI3EMHBIX BOJ M HMX 3alUTe KaK IyTH TPAHCIOPTHPOBKH 3arpsi3HAIOIIMX BEUIECTB M JOOaBICHHE
3arps3HSAIOIIMX BEIICCTB dYepe3 cMemmBaHue. [IpH MPOBENCHHH W3BICKAHHS PECYpCOB IMOA3EMHBIX BOJX IS
WCIIONIB30BAHUS B YPE3BBIUAWHBIX CHUTYyalMIX HEoOXOOHUMO OOpaTHTh 0co0oe BHHMaHHE Ha TIIyOOKO 3ajeraroiue
BOJIOHOCHBIE IUTACTBI, [IPU UCCICIOBAHIH KOTOPBIX Ba)XKHYIO POJIb MOTYT UTPATh H30TOITHBIE METO/IBL.

5.3 N'mppoxmmus

INToxzemHbIe BOJBI COAEPAKAT LENBIH PAJl PACTBOPEHHBIX TBEPABbIX BELIECTB B KOHIEHTPALUIX, KOTOPbIe 00BIYHO
HACTOJIBKO Majlbl, YTO OHHU JHCCOLMUPOBAHBI 0 MOHOB. ITo3eMHBIE BOJBI TAKXKE COLEPKAT HEOONBIIOE KOJIUYECTBO
OPraHMYEeCKUX BEINECTB U Tra3bl. XMMHUYECKUH COCTaB IMOJ3EMHBIX BOJ SIBJISETCS PE3YNbTaTOM OYEHb CIIOXKHBIX
THJPOT€OXUMHUIECKUX M OUONOTMYECKUX IPOLECCOB, MPOMCXOIAIIMX B CHCTEME IPYHT-NIOJ3EMHBIE BOJBI-IIOPOJA.
MoHHBIN coCTaB MOA3EMHBIX BOJ ONPEACNSACTCS, B YAaCTHOCTH: 1) XMMHYECKHM COCTaBOM JIOXKJICH, TaJoro CHera u
TMOBEPXHOCTHBIX BOJ[, MPOCAYMBAIOIINXCS MOJ] TOBEPXHOCTD, 2) CBOWCTBAMH TPYHTA U CPE/IOH, B KOTOPOU MPOUCXOIUT
JBIDKEHHUE IOI3EMHBIX BOJ, 3) MPOAODKHTEIBHOCTHIO M IUIOMIAJBI0 TOBEPXHOCTH KOHTAKTa MEXKAY IOI3EMHBIMH
BOJAMH M TEOJOTHYECKUMU MaTepHalaMH [0 ITyTH JABWKEHHUS, 4) CKOPOCTBIO TEOXMMHYECKHX (pacTBOpEHHE,
OCaXJCHUE, TUAPOIH3, aacopOIus/aecopOIrs, HOHOOOMEH, OKHCIICHHE/BOCCTAHOBIICHUE), (Pu3ndeckux (paccesHue,
aJBeKIus, GHIBTpanys), TEPMUUSCKUX H MUKPOOHOJIOTMUECKUX TPOIECCOB (MUKPOOHBIH MeTaboIn3M U pa3oKeHHe,
KJICTOYHBIN CHHTE3), KOTOPBIC MIPOMCXOIAT MO MOBEPXHOCTHIO, 5) KOHIEHTpAIHEeil paCTBOPEHHBIX T'a30B, B YaCTHOCTH,
KHCJIOpOJIa U YIIIEKHCIIOTO rasa.
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CyLIeCTBYIOT pa3jiniusi B XUMHYECKOM COCTABE MOJ3EMHBIX BOJ MO-TOPU30HTANN (30HBI ITUTAHUS/PA3TPy3KH) U
HO-BEPTHKATH (MEJNKHE 30HBI OKUCIECHHS/TIyOOKHE 30HBI BOCCTAaHOBJIEHHS), YTO, B YACTHOCTH, THUIUYHO JUIS
MOJI3EMHBIX BOJI B 0C3/IOUHBIX OacceliHax. B menom, moa3eMHble BOABI B 30HAX MUTAHUS U MEJIKUE BOJOHOCHBIC TUIACTHI
UMeIOT 0oJiee HU3KOE COJEepiKaHUE PAaCTBOPEHHOT'O TBEPIOTO BELIECTBA, YEM ITOJ3EMHBIC BOABI B 30HAX Pasrpy3KH U B
Ooree TITyOOKUX BOJOHOCHBIX IIACTAX.

VYBenuueHne OOLIEro KOJNMYECTBA PACTBOPEHHOTO TBEPAOTO BELIECTBA M ITOCIEAOBATENBHOCTH IPEBPAIICHHS
aanorHoB HCO3— > SO42> Cl- oTpaxaloT mepexoji W3 OKHCIUTEIbHOM cpeapl (MeNKas 30Ha) B BOCCTAHOBUTEIBHYIO
cpeny (riryOokast 30Ha) M JJOJDKHBI HAOJI01aThCs B BEPTHKAILHOM/BO3PACTHOM MPOQUIIE CUCTEMBI TOJ3EMHBIX BOJ, YTO
0510 BeIpaskeHO YeboTapeBsiM(1955) B ypaBHEHHH:

Travel along flow path =

CO-— HCO: +50,2 — S0, + — 40— A +502 — Cr
HCO — HCO +S0,2 SO + HCO — SOy 1 CI™ + SO, 1

Increasing age -

B kpucrauimueckod MM YMCTO KPEMHUCTOH OCAJO4YHOH IOpOJE, MOCIEA0BAaTENbHOCTE UeboTapeBa MOXKET
BBIIIOJIHSATECS JUISl OTHOIIEHUM MOHOB IO IIyOWHE, HO OTHOLICHHS KOHIEHTPALUi PacTBOPCHHBIX TBEPHBIX BEIIECTB
MOryT ObITh Haxxe oOpaTHbiMu (Bepxaren, 1992).

OCHOBBIBasICh Ha TIOCIIEIOBATEIILHOCTH TpeBpalleHnii aHnoHOB Yeborapesa, JJomennko (1972) onpenenui Tpu
OCHOBHBIC 30HBI B OOJIBIINX U TIyOOKHX OacceiiHaX MOJA3EMHBIX BOJ, TJE HAOIIOJACTCS KOPPEISIUs HMpEeBpaIleHui ¢
riryOunoi. IlocTeneHHple M3MEHEHHs B aHMOHHOM COCTaBE ITOJ3€MHBIX BOJI 3aBUCAT OT KOJIMYECTBA MHHEPAIOB H
HWHTEHCUBHOCTH MOJIEKYJIApHOH nuddy3un.

AKTHUBHAs LIUPKYJISALMS TOA3EMHBIX BO, 00jee HU3Kas TeMIlepaTypa U KpaTKOBPEMEHHBI KOHTAKT ITOJI3€MHBIX
BOJI C BBIIIEIOUYEHHBIMU M3 MOPOJAbI BEIIECTBAMH SIBJISAIOTCS TUIIMYHBIMU XapaKTEPUCTHKAMHU 30H Pa3rpy3Kd U CHIBHO
VS3BUMBIX BHYTPHUMATEPUKOBBIX BOJOHOCHBIX IUIACTOB, PACIIONOXEHHBIX OJIM3KO K IMOBEPXHOCTH. B 3THX 30HaX
NOJ3eMHbIE BOJbI MMEIOT HU3KOE OOllee COJep:KaHUE PAaCTBOPEHHOro TBepioro aemecrBa, a HCO; sBisercs
OCHOBHBIM aHMOHOM. B Oonee rimyOokuxX NPOMEXYTOUHBIX 30HAX TeMIEpaTypa, IaBIE€HHE, BPEMS U IOBEPXHOCTh
KOHTaKTa ¢ PEaKTHBHBIMU TOPHBIMH IOPOJIaMHU ITOCTEIIEHHO YBEJIMYHBAIOTCS 10 MEpEe YMEHBIIEHUS! CKOPOCTH TEUEHHS
HO3EMHBIX BOA. DTO BBI3BIBACT YBEIMUYEHHE PACTBOPEHHOTO TBEPAOrO BEIIECTBA C ITyOHHON M IpeobiIagaHue HOHOB
cynbdara. B cucremax TIiyOOKHMX IOI3EMHBIX BOJ NPH HE3HAUYUTENBHOH YSI3BHMOCTH, B KOTOPBHIX IIPOMBIBKA
HOA3EMHBIMH BOJAMH MHUHHMAJIbHA, XJIOPHU] IIOCTEIEHHO CTAHOBUTCS JOMUHUPYIOIIUM aHUOHOM, a IOJ3E€MHBIC BOJBI
YacTO MMEIOT BBICOKYIO KOHIIEHTPALMIO PAacTBOPEHHBIX TBEpAbIX BemiecTB. OJHAKO ONMHCAHHOE BHIIIE 30HAJIBHOE
pacrnpeneneHue MOI3eMHBIX BOA HE MOXKET IPUMEHSATHCS K MEIIKHM IPHOPEKHBIM BOJOHOCHBIM IIIIACTaM, B KOTOPBIX
COCTaB MOJ3EMHBIX BOJI YacTO MOJBEPKEH BIUSIHUIO COJICHOH BOJIBI.

Kak BOOHOCHBIE CIIOH CpeIHel ITyOUuHbI, TaK U TTyO0OKHe BOJOHOCHBIE CIIOU SBJISIOTCS BaKHBIMH HCTOYHHKAMH
TI0JI3EMHBIX BOJ JJISI HCIIOJIb30BAHUS B YPE3BBIYANHBIX CUTYAITHSX.

Ha Puc. 5.3.1 nmoka3zana nocienoBaTeIbHOCTh, OTpakarolas HOCTEIICHHBIN IIepeX0/] 10 HAIPaBICHUIO TEUCHHS
BOJIBI OT CBEXEH rHIpOKapOOHATHOH MOJI3EMHOM BOJIBI K CYJIb(ATHOM BOJE, a 3aTeM K MHUHEPAIN30BaHHON XJIOPUIHON
BOJIE.

MOoOHIBHOCTS TMOJ3EMHBIX BOJ B PA3IMYHBIX 30HAaX MOXKHO TPHOJIU3UTENBHO KiIacCU(QUIMPOBATh B
COOTBETCTBUM C BO3PAacTOM MNOJ3eMHBIX BoJ. B coorBerctBuu ¢ nanubiMu @puza u Yeppu (1979), B HEKOTOPBIX
0CaJI0YHBIX OacceliHaX MOA3EMHBIE BOABI B BEPXHEH 4acTH MOTYT UMETh BO3PACT OT 0JHOro A0 10 jeT, B To BpeMs Kak
B INIyOOKHX OacceiiHax BO3pacT BOJBI OOBIYHO COCTAaBIISIET OT HECKOIBKUX COTEH JIO HECKOJIBKUX ThIcAY JieT. CoseHas,
o0oTaleHHas XJIOPOM PENMKTOBas BOAa B TIIyOOKOH 30HE, OOBIYHO HMMEET BO3PACT OT HECKOJBKHUX THICSY 1O
HECKOJIBKUX MHJUIMOHOB JIET.

Conepxanre HCO; B moi3eMHBIX BOJaX B OONBIIMHCTBE CIIy4aeB 00yCIOBIEHO cojepxkanueM 6uorentoro CO,
B NIOYBCHHOW 30HE M PACTBOPEHUEM KaJbLIUTA U JOJIOMMTA, WIM PA3JIOKEHUEM IIOJICBOTO INIATa BYJIKAHHYECKOTO
MIPOMCXOXKICHHUS B 3aBHCUMOCTH OT TOpHO-TeoJorHueckux ycioBuid. CopnepikaHue cyinbdaTa B MOA3EMHBIX BOAaX
3aBUCHT OT NIPUCYTCTBHUS PAaCTBOPHMEIX cCyibdarcomepxkamux merammioB (tumnc, CaS04.2H,0, aarmppur CaSO, u
OTJIOXKCHHS KaJUHHBIX COJIEH), METAUIMIECKHUX CYJIbOHIHBIX MUHEPAIOB M OTIOXKEHUSI MOPCKHX adpo3oiieid. Beicokoe
coJiepikaHHe XJiopa B IIIYOOKHMX IIOA3EMHBIX BOAAX 3aBUCUT, B MEPBYIO OYepelb, OT HPUCYTCTBHUS XJIOPHIO-
coJiepKalliuX OCaJ04YHbIX mopoa, ux pactBopumoro ramura (NaCl) m comepxanust cuibBuHa (KCl), KOHUEHTpaIus
XJIOpa CUJIBHO 3aBHCUT OT ILIOLIAAX KOHTAKTUPYIOLIeil IOBEPXHOCTU U BPEMEHU HAX0XKIECHHS B 9TOH cpefe.

ITocnenoBaTenbHOCTh HPEBpalleHUH KAaTHOHOB B TPYHTOBBIX BOJAX AaHAJOTHYHA II0CIENOBATEILHOCTU
npespaiieHuil aHMOHOB YeOoTapeBa, OJHAKO €€ CIIOXKHO OIPENENMTb, TaK KaK KAaTHOHBI HMMEIOT OOJbIIE CXEM
npespamenuii. [IpucyTcrue ocHOBHBIX KatmoHoB (Ca’’, Mg?', Na" + K') cuipHO 3aBHCHT OT pacTBOPHMOCTH
UCTOYHMKA MHHEpAJIOB, a TaKxKe THNA, WHTCHCUBHOCTH W CKOPOCTH IIPOIIECCOB KATHOHHOTO OOMeHa.
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Pucynok 5.3.1 Illpumep cmpykmypsl OGudiceHUs, 803pacma u CUOPOXUMUUECKOZ0 COCHABA NOO3EMHBIX 600 (He
UIMEHAMb MACUIMAb, A0ANMUPOBAHO U3 MAMEPUATIOE 2€0102U4eCKUX uccnedoeanuii bpumanuu)
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Marrecc (1982) BBen cruenyroliee ONpeaelieHHe Uil BEPTHUKAIBHOTO THAPO-TEOXUMHUYECKOrO 30HHUPOBAHUS,
OCHOBAaHHOE Ha MPEBPAIIECHUIX KaTHOHOB:

Cal* — Ca’* + Mg2* — Na*

Buonornyeckue mpoLEecCchl YBETMYUBAIOT WHTEHCUBHOCTh M CKOPOCTh T'€OXMMHYECKHX IporeccoB. OHU
0COOCHHO MHTCHCUBHBI B CAMOM BEPXHEM CJIO€ IPYHTA, HA YPOBHE PAaCOI0KEHHS KOPHEH pacTeHUH B HEHACBIIICHHOM
30HE, Iie 00BIYHO MMEETCSl PaCTBOPEHHBIH KHCIOPOI, MOTTIONIAEMbIH OpraHM3MaMH, PaCIIEIUISIOIUMHA OPraHuYeCcKUue
BelecTBa. broxuMu4ecKkue mpouneccsl B IPyHTE MPOU3BOIAT OOJIBIIOE KOTWYECTBO HEOPTAaHUUECKUX M OPraHHMYECKUX
KHCIIOT, KOTOPBIE MIPEBPAILAIOT BOLY B arpPECCUBHYIO Cpey ¥ HHUIIMUPYIOT THAPOXHUMHYECKUE MPOLIECCHI.

W3picKanue W HCCIeNOoBaHUE MOA3EMHBIX BOA C HU3KMM YPOBHEM YS3BUMOCTH C LEJBIO MX HMCIOJIB30BAHUS B
Ype3BBIYANHBIX CHTYAIUsIX AOJDKHO OBITh B OCHOBHOM C()OKYCHPOBAHO Ha ITYOOKHX H CPEIHHX IO YPOBHIO 3aJleTaHHs
MOJ3eMHBIX BoAax. [log3eMHbIE BOABI B MEJKHX BOAOHOCHBIX IUIACTaX OOBIYHO BBICOKO YS3BUMBI K BHELIHHM
BO3JIEHCTBHAM, KaK NPHUPOTHOrO XapakTepa (HABOXHEHUS, 3aCyXH, MPOHUKHOBEHHUS COJIM), TaK M K aHTPOIIOTCHHBIM
BO3ICHUCTBUAM (3arps3HEHHE), M HX HEJNb3sl Ha3bIBaTh OE30IaCHBIM HMCTOYHHKOM IIMTHEBOM BOJ B pErUOHE,
MOJIBEPKEHHOM CTHXHHHBIM O€ICTBHSAM. YS3BUMOCTH Ooiiee TIIyOOKMX ITOJ3EMHBIX BOJ SIBISIETCS B OOJBIINHCTBE
CllyyaeB HE3HAYUTENILHOM, 3TH MOA3EMHBIE BOJIBI MaJIO YS3BHUMBI K BHEITHUM BO3IECHCTBUSAM, KaK MPUPOAHBIM, TaK U K
aHTponoreHHbpIM. OOBIYHO TO3EMHBIC TUIACTHI COJEPIKAT BOAY XOPOIIEro KayecTBa, KOTOPas MOXKET MCIIOJIb30BAThCS
6e3 mpenBapUTENbHOM 00pabOTKM WIM IOCIE HE3HAUUTeNbHOH 00paboTku, Tpedyromel MUHMMAIbHOIO
UCIIOJIb30BAHUS TEXHOJIOTHI, HANpHMEp, a’palyio, (QUIbTPAIIo, PEryJIMpPOBaHHE LICJIOYHOCTH, YTOOBI CIIYy)KHTH B
Ka4eCTBE MCTOYHHKA MUThEBOH BOJBL. OJTHAKO B HEKOTOPBIX CIIydasX IIyOOKO 3ajIerarolue MOA3EMHBIC BOJIbI MOTYT
COJIEpIKaTh BHICOKHE KOHICHTPAIMU XJIOPHUIOB, CYJIb(}ATOB WM APYTUX KOMIIOHEHT H HE COOTBETCTBOBAThH CTaHAApTaM
TINTHEBOW BOJIBL.

I'mapoxuMudeckue MCCIef0BaHHs ¢ MPUMEHCHHEM MHOTOKAaHAJIBHOTO PaJHOM30TOIHOTO aHaium3a (Harpumep,
*H, "C, *°Cl), mo3BonsoT ompeseTHTh MPOIECCH, NMPOMCXOMANINE B MOI3EMHBIX BOXAX PasIHYHOrO BO3PACTA.
HepannoakTHBHBIE H30TOITBI HCIONB3YIOTCS IS OTIPEAEIICHNUS IIPOUCXOKISHHUS MO3eMHBIX BoA. [locienoBaTenbHOCTD
9BOJIIOIMM TIOJ3EMHBIX BOJ W 30HHPOBAHHE IMOI3EMHBIX BOI MOTYT HApyIIaThCsl B TEOJOTHYECKUX CTPYKTypax,
M3MEHUBIIHNXCS TI0J JSHCTBAEM CMEIICHHWI B 36MHOM KOpe, M BBI3BABIIHMX IEpeMEINMBaHHE BOJAOHOCHBIX ILIACTOB,
CoJieprKallluX BOJY Pa3IMYHOTO NMPOMCXOXKICHUS U Bo3pacTa. B aToMm u npyrux aHamoruyssix cirydasx @ummrc (1989)
u Bepxaren (1991) npeanoxunu 6osiee MMPOKO UCIIONB30BATH U30TOIHBIE METOJIBI s Oosiee IEeTaIbHOTO U3yUYECHUs
CHCTEM BOJIOHOCHBIX IUIACTOB, COCTOAIIMX W3 OoJiee YeM OJHOIO THUIAa MOA3EMHBIX BOJ, a TAaKKe Ul KaluOpOBKH
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BpCMeHHOﬁ IIKaJIbI OJIA IMTOA3CMHBIX BOJ. W3otonubie METOABI U TECXHOJIOTUH, IPUMCHACMBIC B TUAPOJIOTHN ITOA3EMHBIX
BOJI, OTIMCAHKI B pa3zene 5.4.

5.4 UsoTonHaga rupgponorusa

Jis Toro 4to0Bl TIOHATH TMOBEICHHUE TTOA3EMHBIX BOJ, KJIACCHYECKas TMIPOTeOJIOTHs N3y4yaeT THAPABIMYECKYIO
peaKuo WIN JBWKEHHE TOTOKAa B BOJOHOCHOM IUIACTE TOJ BIMSHUEM €CTECTBEHHOTO WM WHAYLHPOBAHHOTO
TUIPABIMYECKOTO TpaiueHTa. Takoe TeueHre MOKHO MPOCIIEAUTD C IIOMOIIBIO HHIUKATOPOB.

[Ipu ucnonb30BaHMM METO/A PACTBOPEHMS B OTAEIBbHOW CKBa)KMHE, MHIMKATOp (HampuMep, OpoMHIHAS WIN
XJIOpHJIHAs COJIb) PAaBHOMEPHO pPa3MEIIMBAECTCS B KOJOHHE CKBR)XHUHBI CO CTOSYEH BOMAOH, a 3aTeM KOHLEHTpPAIHs
WHJIMKATOpa W3MEpSIeTCS TPH OIYCKAaHWHM COOTBETCTBYMOIIEro nartdynka. CKOpPOCTh, ¢ KOTOPOW KHUAKOCTH Oyner
pacTBOPSIThCA WIN BBIMBIBATHCS M3 KOJIOHHBI C BOJOM, MO3BOJIAET OLEHUTH INPOHMIIAEMOCTh BOJOHOCHOTO IIacTa M
OTpEeNTUTh U3MEHEHNE MPOQHIIeH TEUCHHUS C TIyOUHON HEAAIeKO OT CKBAXKUHBI.

C 1enbio UCClIeIOBAHUS IBUKEHHS BOJIbI B BOJOHOCHBIX IJIACTaX, B TOUKE A BBOJUTCS paJlMOAKTUBHAS COJIb HIIH
JIpyro pajvOaKTUBHBIA WHIMKATOp, KOHICHTpAIMsS KOTOPOTO OIpEAEseTcss B TOYKE B3ATUS TNpoObl B,
pacIooKeHHOM BHU3 IO Te4eHHI0. Takue HCClIe0BaHNA UMEIOT psii HEAOCTATKOB: MCCIIEI0OBAHUS MOXHO IIPOBOIUTH
TOJBKO JJIsi HEOOJIBIINX PACCTOSIHUM, U TPOXOXKICHUS HMHAMKATOpPa MOXKET IOTpeOOBaThCA CIUIIKOM OOJBIION
IPOMEKYTOK BPEMEHH, HHAUKATOP MOXKET OBITh MOTJIOIIEH BOJAOHOCHBIM IUTACTOM; MOXET OBITH CIMIIKOM pa30aBieH
WIN TPOMTH MUMO TOYKHU CHATHS NPoO.

HenaBHo pa3paboTaHHBIH METOA UCIIOIB30BAHMS IPUPOIHBIX H30TOIOB B THAPOJIOTHUH MO3BOJISET MIPEOI0IETh
GOJIBIIMHCTBO, €CIIM HE BCE, IEPEUNCIICHHBIC BBIIIE HEAOCTATKH.

Mouemy npupoAHble U3oTonbl?

MpupogHble M30TOMbI MOMNAAAOT B NOA3EMHbIE BOAbI MO, BO3AENCTBUEM MPUPOAHBIX UAN AHTPOMOFEHHbIX
npoweccos. YacTo BO3HWKAeT HEO6X0AMMOCTb MPOBECTU aHaU3 TO/IbKO 0A4HOro Habopa Npob, B3ATLIX B
pAAe TOYeK B cMCTeME — «M30TOMHbIN CHUMOK» — A/1A NOYYEHUA NPeacTaBieHns 06 OCHOBHBbIX
TMAPOIOTMYECKMX MpoLLeccax. ITOT METOZ, MOXHO UCMO0/1b30BaThb Kak A1 HeOOoNbLIMX BOAOEMOB, TaK U ANA
BCcero BogocbopHoro 6acceiiHa. TPaHCMOPTHBIV NOAX0A, KOTOPbIV OTIMYAETCA OT KNAacCUYECKoro
TMAPABANYECKOTO NOAX0Aa, NO3BOAET NONYYUTb HE3AaBUCMMYHO OLLEHKY CYLLECTBYHOLLEN KOHLEeNTyanbHOW
rmgporeonornyeckon mogenu (boke 5.4.1), u npegnaraeT MoAeNb, B KOTOPOW HE UCMO/Ib3YIOTCA Takue
[aHHble, KaK BEIMYNHA NUTAHUA U HEMPEPBLIBHOCTb NOTOKA, UrPatoLLME BaXKHYIO POJb B YUCNEHHOM
mozenu. MpupoaHble N30TOMbI, B YaCTHOCTM, LIMPOKO NPUMEHSAIOTCA AN OLEHKU CUCTEM, KOTOpble
NAaHUPYETCA UCNOb30BaThb ANA aBaPUIMHOTO BOAOCHabXKEHNA, B 0COBEHHOCTH, rNyBOKO PacnoNOKEHHbIX
CUCTEM; OHM MO3BONAIOT NMOYYUTb YHUKA/IbHYIO MHGOPMALMIO MO AMHAMUKE (4BUNKEHUIO),
NPOUCXOXKAEHWUIO U MPUPOAHBIM YCIOBUAM MUTAHUA BOAOHOCHbIX NJIACTOB, BK/OYAA NaNeo-ycnosus, n
nepemeLLIMBaHUIO NOA3EMHbIX BOA,. Mcnonb3oBaHMe NPUPOAHbIX M30TOMOB B rMAPON0rMK BCe 6obLue
paccmaTpuBaeTCs Kak He06X0AMMBIN UHCTPYMEHT A8 ONpeaeneHUn XapaKTePUCTUK CUCTEM NOA3EMHbIX
BOZ, WX YA3BMMOCTU U YCTOMUYMBOCTH.

5.4.1 T'mppoamnHamuyeckue moaenu

Ana vHTepnpeTauuy M30TOMHbIX AAHHLIX HEOOXOAMMO PacCMaTpPUBaTb FUAPOAMHAMUYECKME MOAENM
OBUXKEHUA NOA3EMHbIX BoA. Tpu Takue (MAeanusmMpoBaHHbIE) Mogenu npeacrasneHsl Ha Puc. 5.4.1. Ona
OrpaHMYEeHHOro BOAOHOCHOIO NiacTa C OrpaHUYeHHOW N/IOLWAAbI0 NUTAHUA NpeAnonaraeTcs, YTo YacTuLbl
WUAW 3neMeHTbl 0b6bema ABUratoTCcA C O4MHAKOBbIM BPEMEHEM NepeMeLLeHNA BAOAb NapannenbHbIX IMHUA
NOTOKa [0 TOYKM 0T6opa NPob — MoAeNb C MOPLIHEBLIM PEXMMOM ABYX($a3HOro NOTOKA.

KoHueHTpaumna paguMoHYKAMAOB Ha BbixoAe OnpefenAaetca TO/NbKO CKOPOCTbIO PaAMOaKTUMBHOIO pacnaga.
Bpema npebbiBaHMA MOA3EMHbIX BOJ B FOPU3OHTE PAaBHO BPEMEHW MepeHoca BOAbl Yepes cucTemy u
pagnomeTpuYecKomy BO3pacTy Npob noA3emHoI Boabl. ECIM M3BECTHO paccTOAHME OT 30Hbl MUTAHUA, TO
MOXHO ONnpeaennTb CKOPOCTb TeYeHUa Boabl. Ansa GppeaTmyeckoro BOJOHOCHOMO NiacTa MOXKHO NPUMEHUTb
mogeNb NOJHOCTbIO CMELaHHOro Bogoema. KoHueHTpauma paguoHYKAMOOB Ha BbIXOAE W3 CUCTEMbI
onpefenfeTcA CMECbl Pas3/IMYHbIX JIMHUA MNOTOKA C Pas3/IMYHBbIMK  33JEP’KKaMK, KOTOPble MOMKHO
NPeACTaBUTb Kak CPeHEE BPEMA HaXOXKAEHNA B ropu3oHTe (MRT).

3To, B CBOK O4yepenb, 3aBUCUT OT IKCMOHEHLMANbHOW, ANPPYINOHHOM WM Apyrnx GYHKUMI BpemeHu
nepeHoca. Koraa orpaHn4YeHHbI BOAOHOCHBIN NAACT MHTEHCUBHO 3KCMIYaTUPYETCA, ero Mbe3oMeTpuyeckoe
[OaB/IeHNe NIOKa/IbHO CHUXKAETCA, YTO NO3BOJIAET BOAE M3 MENKOro BOAOHOCHOrO NaacTa Uan NOBEPXHOCTY,
coflepKalleit TPUTUIA, NPOHUKHYTb B TFOPWU3OHT —MoAenb WHOUAbTPALMKU (MHbeKLUK). [poueHTHoe
coAepiaHWe BBEAEHHOro 3/MemMeHTa MOXHO onpegenuTb no 6anaHcy maccbl ABYX PaAMOHYKANAOB
(Hanpumep, [ONTOKUBYLLNIA PAAMOAKTUBHBIN YINEPOS U HEA0MTOXKUBYLLUIA TPUTUIA).
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PucyHok 5.4.1 Cxemamu4eckue ce4YyeHUsl, NOKa3blearowjue mpu pa3Hbix 2u0poduHaMu4eckux mooenu
dsuXXeHusi M003eMHbIX 800: MOOesIb C MOPUWHEBLIM PEXUMOM IMOMOKa (HanopHbIU
8000HOCHBIU niacm); Modesib pe3epayapa C MoJsHbIM NnepeMewueaHueM u Moodesb
uH¢unbmpayuu (ymeyku)

Piston - flow model
infiltration

borehole

Injection (infiltration) model

infiltralion borehale

B nanHOM KpaTkoM 0030pe, pacCMaTpHBAIOTCS TOJNBKO M30TOMBI Jerkux anemenToB: H, C u O — Haubonee
MIMPOKO HCIIOJIb3YyEMBIE Ha MPAKTHKE HIN «paboure» N30Tomnbl. KpoMme BhIIenepedncIeHHbIX H30TONOB, B THAPOIOTHI
TAKKE HCIIONB3YeTCS APYrHe KaK HEepagHOAaKTHBHEIC WM craOmmbHble m3otombl “N/YN, **S/2S, ¥7Sr/*Sr, tak n
pamoaxTuBHble u3oTombl ~'Cl, ¥Kr, ?Rn OHM MMEIOT pa3siMuHOE BPEMs KH3HH: OT HECKONbKHX IHEH 10 COTeH
TBICSYENICTUI.

PagnoaktuBHbIe usotonsbl

Jnst mepexona B yCTOHINBOE COCTOSIHUE HECTAOWIIBHbIE HIIH PaiOaKTUBHBIC HYKIHMABI CIIOHTAHHO H3ITy4aloT
OJIHY WJIH O0Jiee YacTHIl WIIK KBAHTOB.
OTOT nporiece SBIACTCA CIydaifHbIM MIPOLECCOM, B KOTOPOM HHTEHCHUBHOCTD M3JIy4eHUs NIPOIIOPIHOHAIbHA
KOJINYECTBY paJIMOaKTUBHBIX aTOMOB. JlaHHBIN pacmaj MOKHO OIHMCATh CIEAYIOIUM yPaBHEHHEM:

N=N, e ht [ypaBuenue 5.4.1]

F;[e N — KoIM4YecTBO PpaarOaKTUBHBIX aTOMOB B MOMCHT BpPEMCHHU t, NO — KOJIMYECTBO PAJAMOAKTUBHBIX aTOMOB B
MOMEHT BpeMeHu t = 0; €~ M _ nocrosHHas pacniaza. lanHas pyHKIUS MpejcTaBieHa Ha pucyHke 5.4.2. Kornma ocraetcs
TOJBKO IOJIOBHHA PAJAMOAKTUBHEIX aTOMOB, To ecTb N/No = 1/2, mpomrenmiee BpeMs OymeT Ha3bIBaThCs IEPUOIOM
rmojrypacnana, ty .
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Tputuii 3H. TpuTuii, unu paanoaKTUBHEIA BOIOPO, 00pazyeTca B aTMocdepe MO NeHCTBUEM KOCMHUUYECKUX JTydeH,
okucnsercs 10 "H'HO M CTaHOBMTCS yCTOWYMBBIM HHIMKATOPOM JOAKIEBON BOIBI C €CTECTBEHHBIM OTHOIICHHEM
*H/'H, paBubiM 5x107 man 5 TU (exummn Tputus). M30mmupoBaHHas 0T aTMOC(EPHOr0 HCTOUHMKA JOYK/IEBAS BOJAA
[oCclIe ee MOMaJaHus B IOA3EMHBIC BOABI Oojiee HE IOJIy4yarOT HOBOHM «HOPLUM» TPUTHSA, U €ro KOHLEHTpPAIHs
YMEHBIIAETCS B COOTBETCTBHM C XapaKTEepHBIM IEpHOAOM TMoiypacnaza 12,32 jer, 4To MO3BOJSET MOIYYUThH
MHGOPMAIMIO O CPAaBHUTENHHO HEJaBHEM IIOMAaHWM JIOXIEBOW BOIBI B TOPH30HT MM BO3PACTE «MOJOIOI»
T10JI3€MHOM BOJIBI.

PaguoakTupHeiii yriepox '*C. PaiuoakTHBHEIA yrimepon Takke obpasyercs B atMochepe  MOA AeiiCTBHEM
KocMuUeckux Iyueit. Oxucissck 10 '*CO,, pajHOaKTHBHBIH YIIIepO CTAHOBUTCS YACThIO aTMOC(EPHOTO YITIEKHCIOTo
rasa, ero koHuenrpanus coctasisier 100 (pMC) npoueHTOB OT COBPEMEHHOTO yriepoaa. ATMOCQEPHBIA YIIeKHCIbIHA
ra3 SBJIAETCS MPOAYKTOM (POTOCHHTE3a PACTCHUH, OH BBLACIACTCS IMEPErHOEM M KOPHSMH PAacTEHHH U PacTBOPSETCS
BCJEACTBUE MHOWIBTPAMM B IOA3EMHON BOJE, YTO NPHUBOIUT K OOpa3sOBaHHMIO PACTBOPEHHOI'O HEOPTaHHYECKOTO
yraepoaa (PHY) C. YmeHblIeHue KOMTHIECTBA TPUTHS BCIEACTBUE pacraja C mocne MOCTYIUIEHUS B MOJ3EMHBIE
BOJIBI TI03BOJISIET ONMPEAETUTh BPEMsI HaXOXIACHUSI TPUTHUS B TIOJ3€MHOM ropH30HTE. broreHHoe cooTHolIeHne Mo/t e
MOXHO U3MEHHUTHb XUMHYCCKU BO BPEMS MUTAHHUA TMOA3CEMHBIX BOJA, HO AAaJIE€ €ro0 MOXXHO HPUHATH KaK IMOCTOSHHYIO
BennunHy (Bepxaren u ap., 1991). Tak kak paJroakTHBHBIN YTIJIEpOJl UMEET HAMHOTO OOJBIINK MEPUOJ MoTypachaa,
coctapnsitonuii 5730 JeT, OH SIBISETCS OCHOBHBIM PaJMOAKTUBHBIM HPUPOIHBIM HHIUKATOPOM OoJiee JPEBHUX
HOA3EMHBIX BOJ M €T0, B YaCTHOCTH, MOXKHO HCIIOJB30BATh JUIS MCCIECIOBAHUH OOBIYHO Oosee ITyOOKO 3aJeraloIiux
pecypcoB Il aBapUITHOTO BOJOCHAOKEHHUS.

PucyHok 5.4.2 OkcnoHeHUyuanbHasi Kpueasi pacnada, [Oka3blgaloujasi OMHoOuwleHUe Kosuyecmea He
pacnaswuxcsi paduoakmueHbix amomoe (N) Kk ucxoOHOMy Kosiudecmey paduoaKmueHbIX
amomoe (No) kak ¢pyHKUUs1 epeMeHU 8 eQUHUUax epeMeHuU noJsiypacnada ti

N/No 1
0.9
0.8
0.7
0.6
05 F======-\li2
0.4
0.3
0.2
0.1

=
-
%]
[

4 5 &

time in half lives

Cpe,que BpemMs I'IPEGI:IBaHVIﬂ n NnuTaHne BOOOHOCHOroO nnacTta

Cpennee Bpemsi npeObiBanns (MRT) B BOZOHOCHOM IUIACTE MpEACTaBIsseT co0OW TOKa3aTeldb MOOWILHOCTH
MIOA3€EMHBIX BOA WJIM OTHOIICHHEC O6’b€Ma HOCTyHaIOLHCﬁ BOJBI K O6T>CMy BOJbI B BOOOHOCHOM IIJIAaCTE. 3Ty BCJIMYUHY
MO>KHO OTIPEAETUTh Ha OCHOBE (KOHLENTYAJILHOM) MOAEIN COCPEIOTOUCHHBIX ITapaMETPOB, OICHIBAIONICH IBIKEHHE
BOJIBI B BOJOHOCHOM IUTACTe, C HCIOJIB30BAaHUEM JIAHHBIX M0 TPUTHIO M/MIIM PaJloaKTHBHOMY yriepony (ManomeBcku
u Ily6ep, 1996) — cm. 5.1.1. 3Hanme MRT mo3BONSET OIpPEICTUTh TAaKHE BAaXKHBIC MapaMeTphl, Kak 00beM
nocTynaromen Boasl R:

_ (nxHR)
~ MRT

R [ypaBHenue 5.4.2]

rac H= rny6m-1a HACBIILIEHHOU 30HBI, II€ NPOU3BOAUTCA 0T60p l'[p06, n = NOPUCTOCTb BOJAOHOCHOTO IJIaCTa
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Hepaﬂl’loaKTVlBHble WNK1 cTabunbHbIe U30TONbI

Pa3nuume Macc U30TOMOB M MOJICKYJI, COCTOSIIMX M3 PAa3HBIX H30TOIOB, BIHSACT HA XUMHICCKHE U QUHMICCKHEC
MIPOLIECCHI, YTO BBI3BIBACT HEOOJIBIINE PA3INYHs B X KOHIICHTPALMH WK PACIIPOCTPAHCHHOCTH.
D70 pasnuyre MOXKHO BBIPa3UTh B BUIIE OTHOCHTENBHBIX €IUHUII, B MpoMUILIe (%) MO OTHOMICHHIO K CTaHIAPTHOMY
o6pasny (Knapk u @puti, 1997), u npocneuTb U3MEHEHHE 3TOTO OTHOILICHHS B CUCTEME MTOJ3€MHBIX BOJ:

8 = [(Rs/Ry) — 1] x 1,000 (%) [ypabHenne 5.4.3]

rae Ry u R, npencrapisiior o060t OTHOIISHHUS KOJIMYECTBa H30TONOB B Mpode W cTaHZapTHOM oOpasie. OTHOmEeHHe
184 /16(y. 2p7/1

HM30TOIOB B MOJIEKyJie Boibl, R coctaBnsier O/ °0O; “H/'H, B kauecTBe 3TaioHHOro 0Opasiia ucnonb3yercs SMOW

(Standard Mean Ocean Water - CtanapTHast 0OObIYHAS OKEaHCKasi BOJIA).

OTHOMIEHHS KOTMYECTBA TSHKEIBIX H30TOMOB Bogopoxa “H u kucopona 'O k sranony SMOW B ucrapeHus,
TTOJTHUMAIOIUXCS C TIOBEPXHOCTH OKEaHa, MMEIOT OTPULATENIbHbIC 3HAYEHHS 10 CPABHEHHIO C ATUMH OTHOIICHHSIMHU B
MOpCKOH Bozie. B noxeBbIX ocankax, 00pa3oBaHHBIX U3 BJIard UCIApUBIICHCS B IOBEPXHOCTH OKEaHa M JIBUTAFOLIIXCS
B HAIpaBIICHUU MaTepUKa, OTHOILCHHUE KOJMYECTBA M30TOINOB K CTAHIAPTE CLIe YMEHBINAECTCS, KaK MOKa3aHO Ha TaK
Ha3bIBAEMOM «JIMHUM TJI00anbHOrO 1MKIa atMochepHoi Boab»y (GMWL; PucyHok 5.4.3). Mcnapenus: ¢ mOBEpXHOCTH
03€pa WIK PEKU JIeNaloT BOLY B PEKE WU 03epe 0OOTalleHHON TSHKEIBIMHU M30TONAMHU, 3TU 3HAUCHUS! COOTBETCTBYIOT
JUHUM C YIJIOM HakiloHa < 8 — JMHUS HCHapeHHs. DTa 3aBHCHMOCTh COXPAHSAETCS M Ul HPOCAaYMBAHUS IO
HOBEPXHOCTh. TakuM 00pa3oM, KOHIEHTpAIHs CTaOWIFHOTO H30TONA B MOA3EMHBIX BOAAX TAaeT MH(OOPMAIMIO O €ro
MPOUCXOXKIEHUU U TO3BOJIIET OTIMYATh BOAY M3 OJHUX MCTOYHHKOB OT BOIBI M3 APYTHX HCTOYHHUKOB B BOJOHOCHOM
IacTe, a TakKe HICHTU(HUIUPOBATH IMAJCOHTOJOTHYESCKHE BOJBI, M3YyYHTHh INEepEeMElINBaHUE BOJ, HENPEPHIBHOCTH
MIOTOKA, ¥ APYTUE XapaKTEPUCTUKH.

PucyHok 5.4.3 [uazpamma A 5 2H-s"0 (%0 SMOW) nokasbieaem 3agucumMocmsb 2106a51bHO20 Yukna
ammocgbepHoli 800kl (GMWL), y2on HaknoHa 8, u Kpueyro ucrnapeHusi, y2os HakioHa < 8

OTHONIEHHE KOJMYECTBA CTAOMIBHBIX H30TONMOB yriepoma ~C/'’C usMeHsercs B OHONOTHUECKHX M
THIPOXUMHUYECKUX TIPOIeccax, U BhIpaKaeTcs Kak oTkiIoOHeHHe § (YpaBHeHue 5.4.3) OoT 3Ha4eHWH Ul CTaHAAPTHBIX
00pa3uoB 0a3bl JaHHBIX IPOLECCOB. DTO HaeT AONOIHUTENBHYI0 HH(OPMAIUIO0 OTHOCHTEIBHO IIPOUCXOMKACHUSI
WCTOYHUKOB MHUTAHHSA, WHTEPIPETALMH JaHHBIX 110 PaJHOaKTHMBHOMY YIJIEPOAYy M HACHTU(HUKALUU HCTOYHUKOB
OpPraHMYECKHX 3arpsA3HSIOIINX BEIECTB.

CM. mpuMep IIPUMEHEHHS IPUPOAHBIX U30TOIIOB: UCCIIE0OBAHIE KOHKPETHOTO cityyas, paszzaen 10.
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5.5 N'eophusuka

Teodusnyeckne MeTOAbl MO3BOJSIOT HM3YyYHTh HAXOMAIIMECS IIOJ ITOBEPXHOCTBIO 3€MJIHM TEOJIOTHYECKHUE
00pa30oBaHusl, 3HaHHE KOTOPHIX HEOOXOIUMO JUIS HCCIEIOBAHMS CTPYKTYPHI IOA3eMHBIX BoJA. OMHAKO AJISI MOTYYeHHS
Oonee HarIAAHONH KapTUHBI THIPOJOTHYECKOTO pPEXHMa MOA3EMHBIX BOJA, HEOOXOIMMO TaKKe HCIIONb30BaTh
JIOTIOJIHUTEIIbHbIE JaHHBIE, a HE OTPaHMYMBATHCS TOJBKO JAHHBIMHM T€OJIOTMYECKHUX HcclienoBaHuid. I'eodusnueckas
pasBellka XpaHWIMIL ITOJ3EMHBIX BOJ OCHOBBIBACTCS HAa M3MEPEHHM pa3IM4YMii WIM aHOMAaIMd B (U3HYECKUX
XapaKTepUCTHKaX (HallpuMep, IUIOTHOCTb, OJJIEKTPHUECKOE YJENbHOE CONPOTHBICHUE, MAarHeTU3M W JIpyrue
XapaKTePUCTHKH) 36MHON KOPBHI.

Hcnonb3oBanne reodu3NYEeCKUX METOAOB B pa3BElKE IOI3EMHBIX BOJ CTAaHOBHTCS Bce Ooyiee BaKHBIM
WHCTPYMEHTOM IPH TaKMX YPE3BBIUAMHBIX CHUTyallMsAX, KaK 3acyXa, KOIZla MEJKHE MOA3EMHBIC BOJbI IOJHOCTHIO
UCIIOJIb30BaHBI, U BO BPEeMsl HABOJHEHHH, KOT/Ia MPOUCXOIUT CUIIBHOE 3arpsi3HEHUE IOBEPXHOCTHHIX BOJ. HazemHble
reodu3nyecKrue METOIBI MTO3BOJISIOT HE TOJIBKO OBICTPO MOMYYHUTH HH(POPMALHIO O HATHYUH HOA3EMHBIX BOJI, HO TaKXkKe
OIIpeAeNIUTh INIyOUHY HX 3ajeranus. I'eopusnueckre MeTOpl, IUPOKO HCIIOIB30BaHHBIE B PAa3BeIKe MOA3EMHBIX BOJ,
BKJIIOYAIOT OMpENENeHUE DJIEKTPUUECKOTO YACIBHOTO COMPOTHBICHUS, IPEIOMICHHUS CEHCMHYECKHX BOJH,
TPaBUTALIOHHOTO TIPHUTSDKCHHS, BEIMYMHBI MAarHUTHOTO MO, M KapoTaX. MHOTOKAaHAJbHBI —aHaIM3aTop
moBepxHOCTHBIX BoH (MASW) u MeTon mpoToHHO—MarHuTHOTO pe3oHaHca (PMR) sBusrorcs HOBBIMEH MeTOmaMHu,
3 GEeKTHBHOCTH KOTOPBIX €Ille HaXOIUTCS Ha CTaIUH OLUEHKH JUI UX IPUMEHEHHUS JUTS UCCIIEIOBAaHM ITO3EMHBIX BOJI.
Bo BpeMs upe3BBIYaiHBIX CHTYaLUi, B OCHOBHOM, IPOBOJIHUTCS MOKMCK TTyOOKHX MOA3EMHBIX BOJAX C TIOMOIIBIO CAMBIX
MIPOCTBIX METO0B, TAKMX KaK U3MEPEHHE YAEIbHOTO AIIEKTPHUECKOTO CONPOTHBIICHUS.

Heo6xoa1Mo0 MOMHHTE, YTO re0(hU3NUECKHE METOIbI IAI0T HHPOPMAIIHMIO O Te0JIOTMYECKUX CTPYKTypax/Iacrax,
B KOTOPBIX MOT'YT HaXOIMThCS MO/A3eMHbIE BOJbI. IIpH MOMCKe MecTa 3ajieraHusl MOJ3EMHBIX BOJI yCIIEX UCCIICIOBAHUM
3HAYUTENIFHO YBEIMYUBACTCS IPU HCIIOJNB30BaHUM Treodusndeckue meroispl. OIHAKO BCE BBIILIEPACCMOTPEHHEIC
Mmeronel, kpome IIMP, KOTOpbIi Bce elle HaxOJWTCS Ha CTaJWU pa3pabOTKH, HE MJAlOT HEHNOCPEACTBEHHYIO
UH(OPMAIINIO O MECTE 3aJIeTaHus II0OA3EMHBIX BOJI.

MeTop namepeHus yAenbHOro 3fieKTpnu4eckoro conpoTtuBrieHnsA

JanHblil MeToj; OoJjiee 4acTO NMPUMEHSETCS ISl pa3BEelIKH IOA3EMHBIX BOJl, YeM JpPYyrHe Treopu3nyYecKue
METOJBI, YTO OOYCIIOBICHO OOJBLIONH YYBCTBHTEIHLHOCTBIO YIENBHOTO CONPOTHBICHUS K Pa3HBIM CTPYKTypaM H
pa3HBIM CTENEHSIM HACBHIEHUs BOAOH. YAEIbHOE CONMpPOTHUBICHHE ONpEAesieTcs KaK CONPOTUBICHUE, OKa3bIBaeMOE
€IMHNYHBIM KyOOM BeIecTBa IIOTOKY TOKa, HEPIIEHINKYIIIPHOMY K ero oBepxHocTH. Ecmu L — ninHa npoBoanHuka, A
— IJIOMIAJIb IONEPEYHOI0 CEYEHHsI, TO COPOTUBIICHUE PABHO:

R=pL/A

I'me p - mocTosiHHAs TPOMOPIMOHATBHOCTH, KOTOpasi Ha3bIBaeTCsl yAenbHOe comportuBieHune. B cucteme MKS,
€IMHULICH U3MEpPEeHHUsI CONMPOTHBICHUS siBisieTcst oM-MeTp (Om-Mm). OOpaTHas BeJMYMHA CONPOTHBIICHHS HA3bIBACTCS
MPOBOAMMOCTBIO, OHA 0003HAYACTCS P U U3MEPSETCS B P /M.

Hawubounee yacto m3MepeHns] CONPOTHBIEHHS POM3BOIATCS 10 MeToxy Berepa wmm LInmymbeprepa Koraa 2JIeKTpOABI
HOTPY’)KalOTCSI B TPYHT. B ciydae HEoXHOpOOHOW cpenbl H3MepseMOe CONPOTHBICHHE HA3bIBAETCS KaKylleecs
yIenpbHOe compoTHBiIeHHe. Kaxyimeecss yAeNbHOE CONPOTUBIICHHUE TI'EONIOTHYECKOH CTPYKTYpPHl PaBHO HCTHHHOMY
Y/I€IIbHOMY COIIPOTHBJICHUIO (PUKTUBHOM OJHOPOIHOW M M30TPOITHOM cpebl. Y AeTbHOE COMPOTUBIIEHHE TOPHBIX MTOPOJ
nMeeT OOJBLION MHTEpBal 3HAaUeHWI; OHO 3aBHCHT OT BEIECTBa, ILIOTHOCTH, IIOPHCTOCTH, pa3mepa U (HOPMBI 1op,
COJIep)KaHMs U KauecTBa BOJBI U TeMIiepaTypbl. [l yAEIbHOro CONMPOTHUBIICHUS pa3HBIX MOPOJ HET YCTaHOBJIEHHBIX
MIpeJIeTIOB; 3HAYEHUs Ul ITOPOJ BYJIKAHUYECKOTO HMPOUCXOXKACHUS M METaMOP(HBIX MOPOJA M3MEHSIOTCS B Ipeaenax
10%-10° OM-M; 151 OCAOUHBIX H PHIXIBIX HOpoa B mpexenax 1-10* Om-m. TIpu HaneceHnu Ha rpauK 3aBUCHMOCTH
BCJIMYUHBI KOXKXYIICTOCSA YACJIBbHOI'O COMPOTHUBIICHUSA OT PACCTOSIHUSA MEXKAY IJICKTPOAAMHU, MbI IIOJy4acM I/IH(i)OpMaI_II/IIO
O CJIO€ HU3KOI'O COIIPOTUBJICHUSA, 3Ta BCJIUYUHBI IMO3BOJIACT OIPEACIUTH FJ]y6I/IHy 3aJICraHusa MNOJA3€EMHBLIX BOJ B
BOJIOHOCHOM ILIACTE.

V3mepeHne CONpOTHBIICHUS HA OONBIIMX IITyOMHAX SBISETCS XOPOIIO 3apEKOMEHIOBABIIUM Ce0sl cocoOoM
YCTaHOBJIEHHSI I'paHULl Ooyee TIIyOOKMX BOJOHOCHBIX IUIACTOB B OCAJOYHBIX OTJIOXKEHHAX, OMPENCISeMBIX 30HAMH
HHU3KOTO CONMpOTHBICHUS. OCHOBBIBAsSCh Ha MAHHBIX HCCIIENOBAHMS COIPOTHBICHHUS TEONOTHYECKHX CTPYKTYp B
oJIBEp)KEHHOM 3acyxam okpyre bapmep, Pamkacran(Munust), 6bUT0 yCHIENIHO MPOBEACHO OypeHHe CKBaKUH HA IIECTH
y4acTkax, ckBaxuHbl 1aioT oT 2000 o 10000 ramioHoB muTheBo Boaw! B 9ac(CuHrx u ap., 1990).

IocTpoeHne W300pakeHHsT CpeIbl C IOMOIIBIO JJIEKTPHYECKHX WIIM  JJIEKTPOMArHUTHBIX METOJIOB.
YCcoBepIIEHCTBOBAaHWE METOAOB ONPEACICHHUS COMPOTHUBICHUS CPEIbl C HCIIOJIB30BAHUEM MHOTO3JEKTPOIHBIX
YCTAaHOBOK ~ TIO3BOJIWJIO YCOBEPLICHCTBOBATh HCIIOJB30BAHME JIICKTPHIECKHX METOMOB JUI HWCCIEAOBaHHN TMOJ
nioBepxHocThio 3emin  (I'pudpurc u TépuOysr, 1985; I'pudbdurc u np., 1990; bapkep, 1992; I'puddurc u bapkep,
1993). Takue uccienoBaHus OOBIYHO MPOBOAATCS C HMCIOJIB30BAHHEM OOJIBIIOTO KOJMYECTBA 3JIEKTPONOB, 24 win
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Oonee, COCAMHEHHBIX  C OJHMM OONBIIUM MHOTOXWIBHBIM KaOeneM. M3MepeHMs KaXKyIIErocsl YyIEIbHOIO
CONPOTHBIICHHS 3alMCHIBAIOTCSA IOCIENOBATENBHO, OTACNBHO JUIi KaKAOTO YETHIPEX-TIOJMIOCHOTO  3JIEKTPOAa
(37€KTPOABI TOKA W HANPSHKCHUS) HA MHOTORJIEKTPOJHOM yCTaHOBKE. AHAIM3 JAHHBIX JIByXMEPHOTO CONPOTHBIICHUS,
MOJYYCHHBIX C TIOMOIIBI0 MHOTOAJIEKTpoAHOH ycTaHoBku (MER2D), mpoBoaWTCS € TIOMOIIBIO MPOrpaMMHOTO
obecniedennss RES2D, 4to aet 3HaUueHHE MONEPEYHOTO CEUSHUsI yeTBHOTO CONPOTHBIEHHS. DTOT METO] ITO3BOJISIET 32
KOPOTKHH MPOMEXYTOK BPEMEHHU C BHICOKHM pa3perieHreM H OOJIBIIOI IIIOTHOCTEIO 0TOOpa Mpo0 MOTyYUTh 3HAYECHHS
TICEBI0-CEYCHUH KaXXyIEToCs YIEIbHOTO CONPOTHBIEHM 10 TryOrHBl 100 M. DTO mMO3BOIIsET NeTalbHO U3YIUTh 2D
pacrpezeneHue IByxMepHoro compotuBienus B rpyHre (Jloyk u Bapkep, 1996). Ha puc. 5.5.1 mnoxa3zana
MHOTOJICKTPO/IHAS YCTAHOBKA IUISl ONPENENeHHs KaKyIIerocsl yIelNbHOrO CONPOTHBIICHUS Ha MeCTe IPOBENCHUS
HU3MEPEHHH B IOJIE.

XO0Tsl METOJIBI OTIPEICTICHUS YACIBHOTO COMPOTUBIICHUS SBIISFOTCS CAaMBIMHU PaclpOCTPaHEHHBIMU METOJIAMHU IS
pasBelKH TMOJ3EMHBIX BOJ, OHHM HMEIOT OIpEelieHHble OrpaHHuYeHHs. B Merone 30HIUPOBAaHUS YIEIBHOTO
COIIPOTHUBJIECHUS BEPTHKAIBHOE pPa3pellieHHe OrPAaHUYCHO, OHO YMEHBIIACTCS C NIYOMHOH M Ul HU3MEpeHHsS
COIPOTHUBJICHUSI Ha OOJBLIMX INIyOHH TpeOyeTcsl OUeHb CHIIbHBIH TOK.

PucyHok 5.5.1 MHo203nekmpoOHasi ycmaHoeka Onsi  u3mepeHuss 0OeyxmepHo2o (2D) ydenbHoz2o0
conpomuesieHusi Ha Mecme rnpoeedeHus usamepeHul e noiie.

Taxxe YBCINYCHHUC COJICHOCTH IMOA3EMHBIX BOJ MNPUBOAUT K YMCHBUICHUIO YACJIBHOI'O COIIPOTUBJICHUS IIOPOX, B TO
BpEMsI KaK CTCIICHb HACBIIICHNA CUJIbHO BJIMSACT Ha COIIPOTUBJICHUE.

CencMmmnyeckum meton
MeTO).ILI CefICMPI‘IeCKHX HpeJ'IOMJ'IeHHI)IX BOJIH ABJISIFOTCA OYCHB IIOJIC3HBIMHM M TOYHBIMU METOAAMH JIs1

MIPOBCACHUS I/ICCJ'IG,HOBaHI/Iﬁ Ha HEOOJIBIION 1"J'Iy6I/IHe Ha Yy4acCTKaxX TBEpAbIX IIOPOA. I[aHHBIfI METOA OCHOBaH Ha
Pa3sHOCTH CKOPOCTHU aKyCTHUYCCKUX BOJIH B BO)IOHOCHOIjI 30HC M NPUMBIKAIOMHUX IIaCTax. B stom METOAC 3BYKOBBLIC
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BOJIHBI TPOU3BOJATCSA JIMOO MEXaHMYEeCKH, JIMOO TIOCPEeACTBOM B3pbiBa. JlaTuumku, Ha3plBacMble Teo(OHAMHU,
pa3MelaoTcs Ha PaBHBIX PAcCTOSHHUAX IPYr OT Jpyra Ha OJHOM JHMHUM C MECTOM B3pbIBA; OHM DPErHCTPHPYIOT
MIEpBUYHBIC BOJIHBI MOCIIE MX MPEJIOMJICHUS Ha TpaHuIax IuactoB. I1o BpeMeHH NPHOBITHS 3TUX BOJH K JaTYHKaM,
PacIoJIOKEHHBIM Ha Pa3HOM DPAcCTOSIHUM OT MCTOYHHMKA, MOXHO IOCTPOUTH KPUBYIO 3aBUCHUMOCTH PacCTOSIHUS OT
BPEMEHH NPOXOXJEHHUSA 3TOr0 PACCTOSHMA. OJTa KpHUBas IIOKa3bIBA€T HAIMYME CIIOEB DA3IMYHBIX CKOPOCTEH, H,
COOTBETCTBEHHO, II03BOJISIET OIPENENIUTh PACIOJOKEHHUE BOJOHOCHBIX ITacToB. CeiicMUuYecKHe METObl HaXOIAT
OIMPOKOE TPUMEHEHHEe IIpH ONpeleleHMd MECTOIMOJIOKEHUsT MOA3EMHBIX BOJ, TIyOMHBI KOPEHHOHW IOPOIPbI,
BOJIOHETIPOHUIIAEMOI'0 CJIOS U €ro KOHGHUrypauuu, OOHapyXeHHs CKPBITOTO pyclla U pas3lIOMOB, KOTOPBIE MOTYT
JIeHCTBOBATh B Ka4eCTBE OapbepoB IS MTOI3EMHBIX BOJI.

MHorokaHanbHbIW aHanNU3aTop NOBEPXHOCTHbIX BOJH (MASW)

MHoroxaHalbHbI aHAIM3aTOP MOBEPXHOCTHBIX BOIH (MASW) mMpOKO HCHONb30BalCs B I€OTEXHUYECKUX
UCCIEA0BAHUAX, HO JIO CUX HOp HE ObLIO MOMNBITOK HCHOJIB30BaTh €r0 A8 COCTaBICHHSA KapThl MOJNOBEPXHOCTHBIX
CTPYKTYp, KOTOpasi Obl yKa3blBajla 30HbI BBICOKOM INPOHHMIIAEMOCTH (HM3KOH CKOPOCTH) M MOIVIA HCIOJIb30BaThCs JULL
OIIpEe/IeJICHUs] TOPU30HTOB IOJ3EMHBIX BOJA. DKCHEPUMEHTHI C HCHONb30BaHMEM MeTona MASW B Bomopaszene ¢
TBepoi noponoi B Aunpa Ipagem (MHaus) nokaszanu NOTEHIUAT HCIOJIb30BAaHHUS CKOPOCTH CEHCMUUECKON BOJIHBI
IPH ONPEAENEHUH I'PAHULl ITTyOOKHX TPEIMHHBIX 30H. CKOPOCTh CeHCMUYECKHUX BOJH B TIIyOOKUX TPEIIMHHBIX 30HAX —
9TO MOTEHIHAJIHHBIA HCTOYHHUK IOA3EMHBIX BOJ— HAaMHOTO HIDKE CKOPOCTH B 30HAX C IUIOTHOM TBepaoil moposoi. Ha
puc. 5.5.2 moka3aHbl IPaHUIBI TPEIIUHHBIX 30H, OTyYeHHbIE IIPH UCIONb30BaHUU MeToga MASW.

PucyHok 5.5.2 Memod MASW, npumeHsieMbili Onsi ycmaHOEJIeHUsI 2paHul, mpewjuHHbIX 30H. 3esieHbll u
Jenmbil ygema coomeemcmayrom CJ/I0IM C HU3KOU CKOpPOCMbIO CeliCMUYeCKUX 80JIH (30Ha
eblgempueaHusi U 30Ha mpeuwjuHHosamocmu), 6enbili yeem yka3bieaem Ha Cs/10l C 8bICOKUM
ypoeHeMm celicmMu4yeckol ckopocmu (mMaccue 2paHuma). BypeHue nodmeepdusio Hanu4ue
MmpeuwuHHbIX 30H 8 ckeaxkuHax MW-1 u OB-1 u Heany6okoli ebieempeHHOU U MNJI0MmHolU 30He ¢
meepdoli nopodoli 8 ckeaxuHe OB-2
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MHOroKaHajbHBIH aHAINW3aTOP MOBEPXHOCTHBIX BOMH (MASW) HIMPOKO HCHOJB30BAJCS B T€OTEXHUUECKHX

HCCIIEI0OBAaHMAX, HO JIO CHX IOp He OBIIO HOMBITOK HMCIOJBb30BaTh €ro Ul COCTABIEHMS KapThl MOANOBEPXHOCTHBIX
CTPYKTYp, KOTOpasi Obl yKa3blBajla 30HbI BHICOKOW MPOHHUIAEMOCTH (HM3KOH CKOPOCTH) W MOTJIa MCIOJIB30BATHCS JUIS
OIIpe/IeNICHNs] XPAaHWINI TOI3eMHBIX BOA. IIpoBeneHne reopasBefkd € HCIOIB30BAHHEM HOBOTO TIeo(U3MUecKoro
HWHCTPYMEHTa B Bojiopaszene MxemBapaM, B OJHOM M3 pernoHoB AHnpa Ilpamem (Muaus), cocTosIMX U3 TBEPIBIX
HOPOJ, MOKA3aJI0 BO3MOKHOCTB €TI0 MPUMEHEHUS IS ONpeIeNIeHHs] IITyOOKHUX TPEIIMHHBIX 30H.
I'myGokue TpeuMHHBIE 30HBI UMEIOT 00Jee HU3KYI0 CKOPOCTh PAaCHpOCTPAaHEHUs CEHCMUYECKHX BOJH, YeM 30HBI C
IUIOTHOM TBEpPIOW TOpPOJOH, YTO TO3BOJIIET OOHAPY)XUTh NOTEHUIHUAJIbHbIE XPAHWIUILA IOJ3EMHBIX BOII.
HccnenoBarenbckie SKCIEPUMEHTHI, IIPOBEICHHBIE B Bogopaszaene B AHnpa Ilpazxemr ¢ TBeproi mopomoi, mokasany,
YTO AAHHBIM METOJ TA€T XOPOLINE PE3YIbTATHI.

MeTopq rpaBUMeTpUYECKOWN pa3BenKu

MCTO[[ I‘paBHMeTpH‘IeCKOP‘I pa3BE€aKH, KOTOpLIﬁ, B OCHOBHOM, INPUMCHACTCA ISl U3YUCHUS T'C€OJIOT'MYCCKUX
CTPYKTYp, TaK)K€ HAXOAUT CBOE MPUMEHEHHE U B THAPOTrEOJIOTHYECKUX HUCCIIEOBAHUAX: (a) OMpeIeNieHne TITyOHHBI 110
reosioruueckoro (yHaaMeHTta u ero penbeda, (0) ompesereHHe COCTaBa KPYIHBIX OCAIOYHBIX MOpOJ OacceliHa C
MOIIHBIMA [POHULAEMBIMH 30HAMH, (B) JIOKaIH3alMs M OOO3HAUCHHE TPAHUIl JPCBHHX, CKPBITHIX MOWM pEeK H
HPOHUIIACMBIX KaHAJIOB B aJUTFOBHAIBHBIX (hOPMAIIHSIX.

IIpumeHeHne MeTOAa TIpaBUMETPUUECKON pa3BEAKH OTPaHHMYCHO HEOJHO3HAUYHOCTSIMU B HHTEPIIpETaluu
pesynbraToB. OOUH M TOT XK€ T'PaBUTAHOHHBIA 3PdEeKT MOKeT OBITh 00YCIIOBIEH OECKOHEYHBIM KOJIHYECTBOM
KOMOMHALMI IUIOTHOCTH U OO0BEMOB HccieqyeMoro ooObvekTa. OHmHMOKM MOXXHO YMEHBUIMTH TOJIBKO Ha OCHOBE
TIpeIoNIoxKeHui o popme mim Gu3ndeckux CBOHCTBaX 00bEKTa.

Merton rpaBUMETPUYECKOll pa3BeIKH ObLT MCIOJIB30BAH U OMHPEeNCHUs TPAaHUIIBI CKPBITOI HOMMBI peku B
CackaueBat, Kanaga (Xomn u XamkHan, 1962). I'paBuTaninoHHbIE aHOMAIUM Ha COCTAaBICHHOW KapTe HpeNCTald B
BUJC YUIMHCHHBIX BO3BBIIIICHHOCTEN U HU3UH, OUCpYUBasi BHEUTHUHN BUI TTOUMBI PCKU.

MarHuTHLIN MeToq

MaruuTtHsIe METOAbI OCHOBAHBI Ha Ha6J'IIOZ[eHI/II/I aHOMAaJIMM B MarHUTHOM IIOJIE 3C€MJIM, BbI3BaAHHBIX pasnnqnoﬁ
MarHUTHOH BOCIPHMMYHBOCTBIO pa3IMUHBIX MOpoA. Tak Kak JoJepuTOBble (1Maba30BbIe) IAMKK MIMPOKO
pacmpocTpaHeHbl Ha TEPPUTOPUU C TBEPAOH MOPOJON H SBISIFOTCS BAKHOW CTPYKTYPOH IS TIOTOKOB MOA3EMHBIX BOJI,
JaHHbIE METOIBl MOXKHO INMPOKO HCIIONb30BaTh B TPAaHUTHBIX IIOPOJAX, B KOTOPBIX YacTO IPUCYTCTBYIOT
BEPTHKAIBHBIE MM ITOYTH BEPTHKAIBHBIC JAMKH, U1 ONpEIeNICHUs] TPaHUIl JaKe CKPBITBHIX NaikoB. sl mpoBeaeHns
MarHUTHBIX HCCIIEIOBaHHUI MCIOJNB3YIOTCS pa3INuHble HM3MEpHUTENbHBIE YCTPOHCTBA, HAapHMep, ycTaHoBKa [lIMunra
WM KOMITEHCAIIMOHHBIE YCTPOMCTBA,  TaKkHMe KaK HCIONB3YIOTCS BO BpAaIIaTENbHOM MarHeTOMeTpe; a Takke
MHIYKIHOHHBIE WHCTPYMEHTBL: HMHAYKIMOHHBI MarHUTOMETp, TPOTOHHBI TPELECCHOHHBI MarHUTOMETD,
MarHUTOMETp C ONTUYECKUM MOTJIOUIEHUEM HIIM BEICOKOYYBCTBUTENBHBIN aTOMHO-PE30HAHCHBII MarHUTOMETP.

OCHOBHBIM TPEMMYIIECTBOM METOJa IIOBEPXHOCTHOTO IPOTOHHOTO MarHuTHoro pesoHanca (PMR) mno
CPaBHEHUIO C IPYTUMHU reo(pU3NUECKUMU METOIaMHU SIBIISIETCS TO, YTO M3MepeHue curaana PMR oT monekysn Boxbl Ha
MOBEPXHOCTU TapaHTHPYET YTO STOT CHIHAN 0Opa30BaH TOJIBKO IMOJ3EMHBIMH Bojaamu. Vnes TpaHcdopMupoBaHUS
H3BECTHOI'O IIPOTOHHOI'O MAarHuTOMETpa B HpI/I60p JUIsT U3BICKaHUA BOJbI C TOBCPXHOCTU 3E€MJIM HNPUHAIJICIKUT
P.H.Bapuany (Bapuan, 1962). /lannas uznes Obuia janee paspaboTaHa M NMPUMEHEHA HAa MPAKTHKE HAMHOTO TO3XKE
TPYyHHoN pycCKuX y4deHbIX moja pykooacTBoM A.l.Cemena. OCHOBHOM NMPHUHIMN ACWCTBUS MarHUTHO-PE30HAHCHOTO
30HOUPOBAHHUS WM BBIMICYIOMSHYTOIO METOAa IIOBEPXHOCTHOTO IIPOTOHHOTO MAarHUTHOTO pe30HaHCa JuIs
UCCIIEIOBAaHNH TTON3EMHBIX BOJ aHAJOTMYCH IMPUHLUITY NEHCTBUS NMPOTOHHOTO MarHWTomeTpa. IIpuHImm aeicTBus
000HX YCTPOWCTB OCHOBAaH Ha PErMCTPAIMH MarHUTHO-PE30HAHCHOTO CHTHANA OT JKUAKOCTH, COJeprKaleld IPOTOHBI,
HarpuMep, BOJABI MM YIJIEBOJIOPOJOB. B MPOTOHHOM MarHHUTOMETpe Mpoda KUAKOCTH MOMEINAETCS B MPUHAMAIOIIIIA
COJICHOHJ, ¥ H3MepseTcss TOJbKO dYacrorta curHama. B merome PMR merns w3 mposoioku 100M B muamerpe
HCIOJIB3YETCSl B KauecTBE Iepearollel/IpueMHO aHTEHHbI, a BOAA MOJ| 3eMJIeld BBICTYHAaeT B POJHM MPOOBL. DTOT
MeTox ObUT OIpoOOBaH B 30HAX OCAZOYHBIX OTIOKEHHH, HO BCE €llle HAXOAUTCS Ha CTaluH A0PaOOTKU JJIs IPUMEHEHHS
K BOJIOHOCHBIM IIJIACTaM B TBEPJIOW TIOpOJIE.

MeTon camonpousBoanoﬁ nonsapusaumm

Merton caMONpPOHU3BOJNILHOW MMOJSPU3AllMd OCHOBAH Ha HCIHOJB30BAHMM JIOKAIBHBIX JJIEKTPUUECKHX MOJEH,
KOTOPBIC BO3HHUKAIOT B TI'COJIOTMYECKUX MOpPOAax BCJICACTBUE OKHUCIHUTCIbHO-BOCCTAHOBUTCIIBHBIX, LLI/I(l)be?)I/IOHHO-
aICOPOIMOHHBIX U (GrIbTpaioHHBIX siBeHnH. 3HaueHns CII yBennunBaroTCs B HaNpaBJICHUH IOTOKA MOA3EMHBIX BOJ
(ITatanraii u np., 1981). B paiioHax ¢ u3pe3aHHBIM peibedoM, Tlie MOTCHIUAIbl (DUIBTPAIIMU JOBOJHHO BEJIUKH,
HaOJIIOAIOTCSI OTPHULATENIFHEIE AHOMAIMHM. B 30HaX NHUTaHUS M B TaKUX MECTaX, KaKk MOJIMHBEI (MECTa CTOKOB),
Ha0II0JAI0TCSI TTOJIOXKUTENbHBIe ToTeHIanbl (OrmuBr, 1967).
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IIpumenenne merona CII orpaHn4eHO HM3-3a BBICOKOTO YPOBHs IIIyMa, BBI3BAHHOI'O TEJIyPUYECKUMH TOKaMH,
Tonorpaduei, MONApU3aLUEH 3JICKTPOAOB, CMELICHWSMH BCJICICTBHE M3MEHCHUI TEMIEpaTyphl, XHMHUYECKHM
COCTaBOM TMO4YBBlI M COACPKAHHUCM  BJIaru, KOTOpLIﬁ HC TIIO3BOJIICT BBIIBUTH AaHOMAJIUU. HpI/IMeHCHI/IC
HETOAPU30BAaHHBIX ~ JJICKTPOAOB  IO3BOJSIET  CYLIECTBEHHO CHHM3UTH YPOBEHb IIyMa MpPH  [POBEIECHHU
KpPaTKOBPEMEHHBIX H3MEPEHHH BCIIEACTBHE MOJSPU3ALUKE DIEKTPOIOB. J[pyrdM Ba)KHBIM HEIOCTATKOM METOJa
SIBIISICTCS] OTCYTCTBHE KOHTPOJIS INTyOHHBI B HHTepIpeTanun namepennii CI1.

MeToa BbI3BaHHOM Nonspusauum

JlaHHBI METOJI OCHOBaH Ha M3MEPEHUM IOTCHIMANOB, HAOIIOJAEMBIX B IE€OJOTMYecKUX (opMalusax, NpU
MIPOIYCKaHWHU 4€pe3 HUX IOCTOSHHOTO TOKa. IIpM HEOXXMIAaHHOM OTKIIOYEHMH TOKA, Pa3sHOCTH IOTEHIHAIOB MEXITY
HU3MEPUTETIBHBIMU JJIEKTPOJAaMH HE MCY€3a€T MTHOBEHHO, a MOCTENEHHO YMEHBIIAETCS B TE€YEHHE HECKOJIBKUX CEKYHI
win MuHyT. [loneBble M3MEpeHHs] aHAJIIOTHYHBI U3MEPEHMSAM, KOTOPBIE UCIIONIB3YIOTCS NPHU ONPEAEIEHUH YAEIBHOIO
conporuBieHus. B ocHoBHoM Meron BII ucnomesyercs nias pas3BeAkd CynbGHIHBIX pyA, Ipadura U yIs.
Hcnonb3oBanne Meroga BII uMmeeT HekoTOpble NpPEeHMYIIECTBA NPH INPOBEJCHUM H3BICKATENBCKUX padOT Ui
BOJIOHACBHIILEHHBIX TIOPOJI, COAEPKAIMX PECHYIO ¥ MUHEPAIM30BaHHYIO BOJY, ONIPEAEIEHUH YPOBHS ITOJ3EMHBIX BOJ,
OLICHKE THPaBIMYECKON IIPOBOJIUMOCTH BOAOHOCHBIX IUIACTOB U APYTUX Pa3BENOYHBIX paboTax.

Mleodmsnyeckmne nccnenoBaHusa B CKBaXMHaxX

Jnst TOYHOTO BBIOOpA KOHCTPYKIMH CKBaXXHH M IMOHMUMAHHMS TOJ3EMHBIX YCIOBHH IS NaJbHEHIIEro OypeHHs
CKB&XXHH B OOpBOE C 3aCyXOil MOYET MCIOIB30BaThCs METOJ] TeO(H3HIECKOTO KapoTaxka. B TaHHOM MeTole JaTYHKu
OITyCKAlOTCSI HEMOCPEICTBEHHO B CKBAKUHBI JUIS M3YUSHUS U3MEHEHHH (PU3MUECKHX, XUMHYECKHX U MEXaHHYECKHX
rapamMeTpoB IIPH yBEIMYEHUH T[IIyOMHBI. JTO JaeT BO3MOXKHOCTH IOJydYaTh Oojiee TOYHYIO MH(OPMALUIO, YeM IIPH
WCIIOJIb30BaHUN TIOBEPXHOCTHBIX METO/IOB, TaK KaK HM3MEPUTENbHbIC JIAaTYMKH HAXOAATCS B HEMOCPEICTBEHHOM
KOHTaKTe C M3ydyaeMbIMU Toponxamu. Hanbonee BakHY0 MH(OpMaLUIO JAIOT IUarpaMMbl 3JEKTPHYECKOTO KapoTaxa
(moTeHIMan caMONPOU3BOJILHOM TOJIIPU3AIMH, TOYEYHOE COIIPOTUBIICHHUE, YICIbHOE CONPOTHBRIICHUE), TAMMa-KapOTax
Y KaBEpPHOTPaMMBI.

JlarpaMMBI SJIEKTPUYECKOTO KapOTaXa, B LIEJIOM, HCIOJIBb3YIOTCS C IEIbE0 KOHTPOJIS Ka4eCTBa BOIHBIX CKBAKUH
JUTSL B3aUMOJEHCTBUS MEXIY CKBOKHHAMH, pa3AesieHHs THIIOB IIACTOB, ONPEISIICHUS] MOIITHOCTH IIJIaCTa U pa3aeeHus
IJTACTOB MPECHO U COJIEHOM BOJBI.

I'aMMa-kapoTak OCHOBBIBAeTCS Ha OOHApYXXEHHH DAJAMOAKTUBHBIX MUHEPAIOB M YCTAHOBJICHHH MAapKUPYIOIIUX
IUIACTOB, 3TOT METOJI UCTIOIB3YETCS IS ONpPEeeH s IPaHuIl IIECYaHbIX (BOJOHOCHBIX IDTACTOB) U TNTHHUCTBIX ITOPOJT
(BomoymopoB). JluarpamMmbl HEHTPOHHOTO KapoTaka MalOT HHQPOPMAIMIO O COJCpKAaHUM BJIATM HaJ ypPOBHEM
TPYHTOBBIX BOJ 1 OOIIEi IOPUCTOCTH HIKE YPOBHS TPYHTOBBIX BOJ.

JuarpammMel cTonOoB (uitonna B CKBaKUHE, B OCHOBHOM, HMCHOJB3YIOTCS JUIS HMCCIIJOBAHUS MCTOYHHKOB BOJBI
OIpe/IeNIeHUs] IBIKEHHS BOJBI B cTosIOE (urona. KaBepHOrpaMMBI HCIIONB3YIOTCS VISl H3yYESHUSI U3MEHEHHH THaMeTpa
CKBa)XUHBI, BBI3BAHHBIX U3MEHEHHEM TBEpPJOCTH NPOOYPEHHOTO IUIACTa, U ONpENENIEHHS MECT pa3iOMOB U TPEIIMH.
OHH TaKKe UCTIONB3YIOTCS JIJIsl KOPPEKTUPOBKH APYTHX JHarpaMM KapoTaxa.

5.6 MeTtoabl ANCTAaHLUOHHOIO 30HANPOBAHUA

JlMCTaHIIMOHHOE 30HANPOBAHKE, KOTOPOE MO3BOJISIET HOMYIHUTh JaHHbBIE C IPOCTPAHCTBEHHBIM, CIIEKTPAIbHBIM U
BPEMEHHBIM Da3pelicHUEeM, a Taloke JaHHBIE 1O OONBINUM IUIOMIAASAM M HENOCTYIHBIM paioHaM, SBISIETCS OYECHb
9 PEeKTHBHBIM MHCTPYMEHTOM JUIsi OOHApy»KEHHs, OLEHKH M MOHUTOPHHIa MOA3EMHBIX BOA. CIlyTHHKOBBHIC NaHHEIE
OBICTPO  NIPENOCTABJISIOT  OCHOBHYIO  HEOOXOAMMYI0O  HMH(OpMAIMIO [0  THIPOJIOTHYECKMM  Iapamerpam,
KOHTPOJIPYIOUINM 3ajeraHve U IBwkeHue mom3eMHbIXx Bop (Kymap, Tomap, 2002). M3o00paxeHus B BHIUMOM H
UH(PaKPACHOM CIIEKTPE MCHOJIB3YIOTCS Ul KapTHPOBAHMS JIMTOJIOTHYECKUX XapaKTEPUCTHUK, ITOYBBI, PACTUTEILHOCTH
U Te0JOTUYECKUX CTPYKTYp. sl KapTHpOBaHUS CTPYKTYP W BIIQXKHOCTH IOYBBI HCIOJB3YIOTCS paJapHbIC JaHHBIE.
Metonbl JUCTAaHIMOHHOTO 30HAMPOBAHUS YCIEUIHO NPHMEHSIOTCS JUIS HCCIIEOBAHUS PECYpCOB IMOJ3EMHBIX BOJ B
Pa3JIMYHBIX T€OJIOTHYECKHUX Cpelax.

B pBIXJIBIX OTJIOKEHHSAX METOJbl AMCTAHIMOHHOTO 30HAMPOBAHUS MO3BOJIIOT OOHAPYXHUTh CTPYKTYPBHI
¢wibTpanMy, NOA3EMHBIE pPEKH M KaHajbl. J[MCTaHIIMOHHOE 30HAMPOBAHME TAKXKE TMO3BOJIICT OOHAPYKUTh
CYILECTBOBABIINE B JPEBHOCTH KaHAJbI 10 COACPIKAHMIO BIATH B MOYBE M MICHTH(OUINPOBATH NMOA3EMHbIE KaHAJBI 10
HaXOJSIIEICS Ha TMOBEPXHOCTH CTPYKType pacTurenbHOCTH (puc. 5.6.1). JlucTaHIMOHHOE 30HIMPOBAHHE MO3BOJSET
OIIPEACNIUTh TUAPOTEOIOTHIECKHE MapaMeTpPhl, KOTOPhIE BIMSIOT HAa PEXUM IOA3EMHBIX BOI: CTPYKTypa ApeHaxa,
THITBI TI0YB, BIQKHOCTH ITOYBBI, CHCTEMBI Pa3JIOMOB, T€OJIOTHIECKHE CTPYKTYPHI, pelbed) 1 aHOMAIIbHBIE PACTUTEIbHbIC
30HBL. J[MCTaHIIMOHHOE 30HAWPOBaHME TAaKXKe IMO3BOJISIET OTIMYUTH (DalMyl aJUTIOBHAIBFHOTO HATIONHEHHs, HalpHUMep,
KaHalbl, W 3aTalUlMBaeMble paBHUHBL boproBas anekTpoMarHuTHas ycraHoBka (DOMY) wucnonesyercs Uit
oOHapy»XeHUs pa3jIoMOB; OHA JaeT IOJIE3HYI0 MHPOpMAIMIO Uil 00HApYKEHUs] ¥ TOYHOTO YCTaHOBJICHUS Pa3MEpPOB,
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COJICHOCTH M JPYTHX XapaKTePUCTUK IPEBHHUX KaHaoB (Akiana, Xautep, 2002). 30HbI JBMXKEHHS MOA3EMHBIX BOJ,
TOKPHITEIE HAHOCHBIMHU TIOPOJIaMH Ha TOTy3aCyIIIMBBIX Y9ACTKAX, MOXKHO OOHAPYKHUTH MO M300paKeHNM BIAKHOCTH
HOYBBI B HH(PAKPaCHOM CBETE, TAK KaK TaKHe MECTa UMEIOT 0ojiee HU3KYIO TEMIIEPaTypy. 30HbI MUTaHUS U PA3TPYy3KU
HOJI3EMHBIX BOJ MOXKHO YCTaHOBHTB ITO CHIMKaM B BUAUMOM U HH(PPAKPACHOM CIIEKTpe

PucyHok 5.6.1 KomnosumHsbili cHumok Landsat TM Band 641 RGB nokasbieaem noeepxHocmHbie U OpeeHue
KaHasbl Ha ceeepe niamo 3pdoc e Kumae. TeMHO-cCUHUM y8emoM fnoka3aHbl M108epPXHOCMHbIe 800bl, 20/1y60U
yeem coomeemcmayem nod3eMHbIM 8odaM. CmpesikaMu rMoKa3aHO pacrosioxeHue uéeHmuguyupo8aHHbIX
3acbinaHHbIX OpPeeHUX KaHaslo08.

IlycTbIHY, B CBOEH MPEIBICTOPUH, HMEI MHOTO BIaXHBIX (ha3. [loBepXHOCTHBIEC BOJIBI IIPOCOYIIINCEH B TIOUBY B
pe3ynbTaTe APeHaXka; CTPYKTYpa HEKOTOPBIX KaHAJIOB BUJHA M B HACTOSIEE BPeMs, a APYIHe KaHaNbI TOKPBITHI CII0EM
30JI0BOTO IecKa. [IpoHuKaromias ciocoOHOCTh pajiapa MO3BOJIIET OOHAPYKUThH HETTyOOKHE TOPU30HTHI IOJ3EMHBIX BOJ
B TOKPBITBIX CJOEM IIOYBBl KaHajlaX W TOiMax y HOAHOXbS Top. VcHonb3oBaHWE METOJOB JMCTAHIIHOHHOTO
30HJUPOBAHUS U1 COCTaBICHMS KapT KOH(UTYpaluu PEeYHOH CeTU UIpaeT BaXKHYIO pPONb B OIEHKE NOTEHIHUAala
MOJ3EMHBIX BOJ B 3THX pernoHax. ERS (MckyccTBeHHBIN CIyTHUK, NMpEeIHA3HAYCHHBIA JUIS W3YyYCHUS MPUPOIHBIX
pecypcoB) u Radarsat mo3BoJIsIOT MONy4aTh pajJapHble HM300pakeHMS AOCTATOYHO Xopoluero pasperenus (Apypwy,
Hennep, 2002).

B Mecrax 3ameraHus TBEpAbIX MOPOJA HU(POBBIE adPOCHUMKH M KOCMHUYECKHE CHUMKH HCIIONB30BAIUCH IS
COCTaBJICHUS KapT TPEIIUHHBIX 30H (puc. 5.6.2). OHU TaKKe UCIIOIb30BANUCH JIJIsl OTIPENICNICHHUS MECT B TPEUIMHAX, TIe
MOTYT HaXOAUTHCS M JIBUTAThCS MTOJ3EMHbIE BOJBI B XpaHWIHIIA B TpeMIMHAX. I OLIEHKH IMOTEHIIHAIEHOT0 00bheMa
BOJIBI B TPEIIMHAX HEOOXOIMMO 3HATh B3aHMOCBSI3b MY APEHAKHOM CEThIO M CTPYKTYpOi TpemuH. (CeitHT-kuH 1
Cunrxpo#t, 2000). ['eocraTrueckue KapThl (KapThl TPEIIMH W MX IEPECeYeHH) MOXKHO TOJYYHTh TpU 00paboTke
n300paxeHuil qUCcTaHIMOHHOTO 30HpoBanus (Dngoynu, 2000).

JluTonornyeckre XapaKTEepUCTHKU M CTpaTHrpaduueckoe IOJIOKEHHEe OONBIINX MMOTEHIHAIBHBIX TOPU30HTOB
MOJI3EMHBIX BOJ MOXXHO YCTaHOBHTh HAa OCHOBE aHalIW3a MYJIbTHCHEKTPAJIbHBIX JAHHBIX JMCTaHIMOHHOTO
30HAUPOBAHUA. PacturensHOCTE OTPaXXaCT JIUTOJOTUYCCKHUC XaPAKTCPUCTUKHU ITOYBBI. I[I/ICTaHHI/IOHHOC 30HANPOBAHUC
0Ka3aJI0Ch OYEHb I0JIE3HBIM HHCTPYMEHTOM ISl pPAH{OHOB I'yCTO MOKPBITHIX PACTUTEIBHOCTHIO, TAK KAK PACTUTEILHOCTD
TMMO3BOJISICT ONPEACTIUTD TUIIBI TIOPO/JI, Ha KOTOPBIX OHA MPOU3PACTACT, NIOTCHIUAJIIbHBIC TPECIIUHBI, Pa3JIOMbI U CKJIaJAKU B
CTPYKTypax Ioj HoBepxHocThio 3emin (Apynu, Hemnep, 2002). JanbHeilnee nccieIoBaHHE TPEIIUH W KapCTOBBIX
HOPOJ C LIENBIO ONpEEIeHHs] MOTCHIUANBHBIX 3allacOB MOA3EMHBEIX BOJ IIPOBOJUTCS Ha 3€MJIE C UCIOJIb30BAHUEM
reo(pU3MYECKUX METO/IOB U pa3BeI0UHOTO OypeHUs.

Merto yCTaHOBIEHHS KOHTYPOB TMEpPECCUSHUs] pPAa3JIOMOB M TpPEIMH C IOMOLIBIO JAUCTaHIHOHHOTO
30HAUPOBAHUS U PaJapHOW TEXHHKH IIO3BOJISCT OIPENCIHTh MecCTa 3ajJeraHus Oojee TIIyOOKHX IOI3EMHBIX BOJX
(Bndoynu, 2000, Maxmy, 1996).

KoHTyphl MOKa3bIBalOT PacIOIOKEHHE OCHOBHBIX CIIAa0bIX 30H B JHUTOC(EpE, U OTPAXKAIOT MECTOINOJIOKEHHE
OCHOBHBIX TPaeKTOPHH BBICOKOW MPOHUIIAEMOCTH, KOTOPbIE MOTYT CYIIECTBOBAaTh B TEUSHHE JUIUTENHHBIX MEPHOJOB
Te0JIOTHYECKOTO BpPEMEHHM, B OCOOCHHOCTH, B HAlPsDKEHHBIX TPEIIMHOBATHIX IMopoaax. KapTupoBaHHE KOHTYpOB
TPEIMH (Pa3IOMOB U MECT CThIKAa) MOXHO BBIIOJIHUTH HA OCHOBE MYJBTHCIEKTPANbHBIX M300paKEHUH MPaKTUUECKH
JUIs JII000H JUTMHBI BOJIHBL. JTOT BHJ KapTHPOBaHHS WIPAaeT BaXHYIO DPOJIb B MCCIIEJIOBAHUM IOJ3EMHBIX BOJ B
MeTa(bOpMI/I‘ICCKI/IX 1 HU3BCPKCHHBIX NOpOoAax, TaK Kak 6OJ'ILIHO€ KOJIMYCCTBO BOAbI HAXOAUTCA B6J'[I/I?>I/I TpEeIuH,
KOTOpBIC TIPEACTABJIAIOT C060ﬁ CAUHCTBCHHBIC TIOPUCTBIE MECTa, I'J€ BOJAAa MOXCET IIPOHUKATH BFJ'Iy6I), HMXKC
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TIOBEPXHOCTU 3€MJIH. yZ[OBJ'ICTBOpI/ITCJ'ILHLIC PE3YyJIbTaThI 110 06Hapy)KeHHIO MOA3C€MHBIX BOAOHOCHBIX 'OPHU30HTOB OBLTH
TOJYYCHBI C IIOMOIIBIO HA3€MHOI'0 paaxapa, 3TU PE3YyJIbTaTbl MOTYT OBITh TIOATBEPKACHBI JaHHBIMUA CKBa>XWH,
PaACIOJIOKCHHBIX HEJAJIEKO OT MECTa MMPOBCACHUS HCCIIeIOBaHU.

PucyHok 5.6.2 Cmpykmypa mpewjuH 8 nopodax eys/ikaHU4eCKo20 MPOoUCX0XOeHUsl M0 KOMMO3UMHbIM
cHumkam TM 741 Ha roze 6acceliHa Tyxa, XuHOxaHe, Kumai. TeMHo-cuHue u cepble y4acmku
codepxam 6onbuwue 06LeMbl M003eMHbIX 800.

JlaHHBIE JTUCTAHIIMOHHOTO 30HAMPOBAHUS MCIHONB3YIOTCA Kak MCXOAHBIM MaTepuan I TpOBeNeHHS
JATBHEUIINX Ha3eMHBIX HccienoBaHui. OHH MOMOTAIOT CHU3UTh CTOMMOCTH TNPUOPUTETHBIX HCCICIOBAHUH st
COIIMAIBHBIX Ielel (HampuMep, HCKIIOUHTh U3 OOBEKTOB HCCIEAOBAHWN PAaHOHBI, TAe HeT AeduimTa BOABI, WIH
paiioHBl ¢ O4YeHb HU3KOW IUIOTHOCTBIO HACENICHHS) W ONPENSIUTh HMHIUKATOPHI IOTEHIMAIBHBIX MOJ3EMHBIX BOI.
OO0paboTka KOCMOCHHMKOB, OCHOBaHHBIX Ha JaHHBIX JUCTAHIMOHHOTO 30HAMPOBAHHSA, THAPOJIOTHYECKHE
HCCIeNoBaHus, Teodu3Myeckas pa3BeIka M OJKCIEPUMEHTAIbHOe OypeHHe CKBRKHH II03BOJISIET ONPEACIUTH
MIPUOPUTETHBIE 00sIacTh. B maeansHOM cilydae, AUCTAHIIMOHHOE 30HIMPOBAaHKE JOJDKHO HCIIONIB30BATHCS KaK IMEpBBIi
miar B MPOBEJICHUH HAay4HBIX HccienoBaHuil. OCHOBBIBAsACH HA JTAHHBIX JAWUCTAHIIMOHHOTO 30HAMPOBAHUS, THUIPOJIOTH
MOTYT OIIGHUTH IOTEHIIMAIbHBI O0BEM ITOJ3EMHBIX BOJ M OIpPEAEIUTh MecTa Juisi Hauboliee pa3yMHOH M0ObIYH,
XpaHEHUS U pacrpeeNIeHNs! TTI0I3MHbBIX BOJI.

5.7 Pa3paboTka KoHuenTyanbHOU MoAenu CUCTeMbl
NnoA3eMHbIX BOS,

BakHBIM STanoM pa3pabOTKM ¥ yIpaBIeHHA CHCTEMOH IIOJ3EMHBIX BOJ SBIAECTCA MEPBOHAYAIBHOE
TIOHMMaHUE TIOBEICHNUS CUCTEMBI: CO3JaHHe KOHIIENTyalbHOH Monenu. KoHrentyamsHas MOJeNs JOIDKHA ONpEIeNiTh
OCHOBHBIE (haKTOpHI (IIPUPOAHBIE M TEXHOTEHHBIE), OKAa3bIBAIONIVE BIMSHIE HA CHCTEMY, ONPEIENATh SBISACTCS TN
Ha0JII01aeMOe TOBEICHHE IPOTHO3UPYEMBIM U MOKHO JIM HCIIOJIb30BAaTh MaTEMaTUUECKUE IPUOIMDKEHNUS U1 OIUCAHUS
noBesieHus: cucteMsl (MakMaxoH u zp., 2001). Pa3paboTka KOHLENTyalbHOM MOJENH SIBJISETCS BaXKHBIM 3TAIlOM, Kak
JUISL JeACTBYIOIIUX CUCTEM BOJOCHA0XKEHNUS, TaK U ATl CUCTEM, PE3EPBUPYEMBIX AT Upe3BbIYalHBIX CUTyalUil.

HpaBI/IJ'II)HOCTI) mo0oit KOHL[eHTyaJ'II;HOﬁ MOJCIN  OO0JIKHa OBITH IpoBEpEHA OKCICPUMCHTAIBHO.

CJ'ICJIOBaTCJ'ILHO, mobas KOHICNTYyaJlbHasg MOJCIIb JOJDKHA OBITH HE IMPOCTO KOJUYCCTBEHHBIM OIMMCaHUEM HCCHCZ[yeMOﬁ
CHUCTEMBI, OHa JOJDKHA ONMCBIBATH HCOIPEACICHHOCTH B MOBCACHUU CUCTEMBI U CO3JaBaTb OCHOBY JUISL ONPCACICHUA
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TpeOOBaHUI K JAHHBIM U THUIly HCHOJNb3yeMOIl MaTeMaTuueckod Mmopenu. IIpeaBapurensHoe TECTUPOBAHHE MOJEIH
cllelyeT NMPOBOJWUTH C IOMOIIBIO BBIYMCIEHHH oOImmiero OamaHca BOIBI, OanmaHca Macchl M MPOCTHIX aHATHTHYECKHX
COOTHOULICHUH. B 1aHHOM ciyyae HEO0OXOIMMO YYHMTBIBaTh, YTO BOJA AJIS IieJiel BOJOCHAOXKEHHUS B YpE3BBIYAlHBIX
CUTyallUsIX M3BJIEKAETCS M3 PACIOJIOKEHHBIX JAJIEKO IOJ 3eMileil pe3epByapoB IMOJ3EMHBIX BOJI, ITOITOMY IOIBITKH
TIPOBE/ICHNS BBIYMCICHUH B paMKax JAaHHOW MOJENH MOTYT CTOJIKHYTHCS C IPOOJIEMOH OTCYTCTBHS HEOOXOAMMBIX
JTaHHBIX.

Pa3paboTka KoHUenTyanbHOW moaenu

B uneanbHOM ciydae pa3paboTKa KOHLENTYadbHOW MOJENH JOJDKHA MPEACTAaBIATH COOOW HMTEpallMOHHBIN
IPOLECC, BKIIOYAIOIINI MTOCTOSIHHOE OOHOBJICHUE NPU IOCTYIUICHUM HOBBHIX JAHHBIX. DTO HEBO3MOXKHO CHETATh UL
Cllydasi BOZOCHA0KEeHHUSI B UPE3BBIUYAMHBIX CHTYAIMAX, TaK KaK SKCIUTyaTalysl © MOHUTOPUHT TaKUX TTOJ3EMHBIX BOJ HE

HPOBOJUTCS IIOCTOSHHO. B 3TOM citydae He0OX0AMMO BHEIPATH YCHICHHBIH KOHTPOJIb U TIIATEIHHOE INIAHUPOBAHUE.

5.8 MatemaTtnyeckoe mogenmpoBaHue

Vcnonb3oBaHue pecypcoB MOJA3EMHBIX BOJl B HYPE3BBIYANHBIX CUTyalMsX TpeOyeT NEeTaIbHOTO 3HaHHS 3THUX
pecypcoB, Kak B OnmkaifieM, Tak 1 OTJaJICHHOM OyayIeM, U MPOBEICHHUs KOHTPOJISI MacCOOOMEHA C MPUMBIKAIOIIUMH
(B OOJIBLIMHCTBE CITy4aeB BBILIEICKAIIMMH ) BOJOHOCHBIMH TUIACTaMU. J[JIs OJTy4eHUs TaKOH OI[CHKU He00X0IUMO:

e  V3yuurth paziuyHbIC CIEHAPUH PA3BUTHS CUTYallUH C TOMOILBI0 METOAOB MaTEMAaTHYECKOTO MOJICITHPOBAHMS;

e Pazpaborarh cTpaTeruu yrnpapieHHUs U OXPaHbl PECYpPCOB MOI3EMHBIX BOJ;

e Pazpaborarh cucTeMy paHHEro ONOBEINEHMS s YJIYYIIEHUS KOHTPOJIS TUAPABIUYECKHX H3MEHEHUI,

BBI3BaHHBIX J0ObIYEH OA3EMHBIX BOJI B YPE3BbIYAHBIX CUTYAaIUIX.

Pazpaborka 100601 MaTeMaTH4ecKOl MO/IENN OCHOBaHA Ha KOHIENTYalbHOW THAPOAMHAMUYECKOH MOZIEH (CM. pa3ien
5.7), KOoTOpast onpeAeNnsIeT reOMETPUIECKUE XapaKTePUCTHKH, B3aUMOJICHCTBIE MEXK/Ty BOJIOXPaHIIHIIAMH,
MEXaHH3MBI TIOTIOJTHEHHS M PasTPy3KH HOA3EMHBIX BOA M THAPABINYECKHE TapaMeTphL.

Tak Kak pe3yJbTaT pacueToB MO0 MaTEMAaTUYECKONW MOJIENN 3aBHCUT OT MHOTHX (DAaKTOPOB — KOHIIETITYaJILHON
MOJIEJH, BXOAHBIX JaHHBIX, CTEIICHH a0CTparupoOBaHUs IPH MEPEXo/e OT KOHIENTYaIbHOH K MaTeMaTHUecKOH MOIen
7 BBHIODAaHHOTO aNrOpUTMa — ISl OOJiee TOYHOH OLEHKH TOYHOCTH PE3yJbTATOB MOJIESIHPOBAHUS HEOOXOIUMO
YUUTBIBaTh HEONpENeNeHHOCTH. [ ompenenceHus BEpOSTHOCTHOTO pa3dpoca pe3ylbTaToOB NPUMEHSETCS METOX
Momnre-Kapio.

Bce maremarnueckue MOJENH, OINPEAEISIONINE KOJIWYECTBO BOJBI, OCHOBAaHBI Ha BBIYMCIEHHHM MAacCcOBOTO pacxoja
BOJIBI WJTH PAcxoja BOABI C HECKOJIBKIMH y3JIaMU 1 OajlaHca SHEpTHH B COOTBETCTBHHM ¢ QyHKIMAMH NOTOKa Jlammaca u
TTOTEHIIUAJIOM.

v, vy av - CTaHOBHBLIEECS MK TIEPEXOTHOE
(byHKIMS TOTOKA L +—L=D.0r-5 (v pexon
dx.  dy  adz dt COCTOSIHHE)
2 -7 2
CTAQHOBHUBLIEECH WIIM TIEPEXOTHOE
NOTEHIHATbHAS HYHKIUS k o’ H Lk 2 H +k oH _ 0. or-S, dH (v pexol
® ol L Z o D4t cOCTOsIHHE)

rac H- FI/IZ[paBJ'II/I‘{eCKI/Iﬁ Hariop, K- TUapaBInYCCKas MpOBOAUMOCTD, So - yZ[eJ'II;HI:IfI I(O3(1)C])I/ILII/I€HT HaKOILICHUA.

Juns  ompeneneHus KOJAMYECTBA BOAbI K MaTeMaTH4eCKOH MoJenu HeoOXOoOuMO 100aBUTh [JaHHbIE IO
THAPOAMHAMHYECKON IUCIEPCHH, (HU3MYECKHM, XUMUUYECKHM H MUKPOOHOJIOTHMYECKMM pPEaKIUsIM CHEeIUaIbHBIX
PacTBOPOB U COOTBETCTBYIOLINE KUHETUUECKNE YPABHEHNUS.

)2 2 2 :
d=C a-C d-C dC a5 dRe aC

D —+Dp—+Dp—5—-v TR %3 b =—
T P T ot ot

rne D — koaddunment aucrepcun, C — KoHIeHTpanusi, R — 3amepikka, S — WieH, COOTBETCTBYIOIHN CTOKY HIIH
HUCTOYHUKY, Re — peakTHBHOCTb.
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MartemaTtuyeckme moaenum UCNO/b3yloTCA

e [1nA aHanM3a 4yBCTBMTE/NILHOCTM, KOTOPbIN NO3BOMAET ONPEAENUTb YacTOTy U TOYHOCTb NpoBeseHus cbopa
[JaHHbIX B NO/EBbLIX YCNOBUAX;

e [lna onpepeneHus o0651acTM NONEBbIX WMCCNEAOBAHUA MpU pa3paboTKe HaAAEKHOW KOHLEeNTyasbHOM
TMAPONOTMYECKON MOAENM;

e [lnAa npoBepKM OAHOPOAHOCTU U COTNAacOBaHHOCTM B10Ka AaHHbIX

e [lna pa3paboTku cTpaTerMm ynpasiaeHUa 1 oXpaHbl BOAHbIX PECYPCOB MOC/E 3Tana NPOBEPKU U KasMbPOBKM
moaenu;

e [lna OUEHKM NoBeaeHUsA UCCAeQYEMOM CUCTEMbI B ByAyLLIEM NPU U3MEHMBLLMXCA YCIOBUAX;

e B KayecTBe MHCTPYMEHTa PaHHEro OMOBELLEHWUA NMOCAE ONTUMANbHON KAaAMBPOBKM MOAENN.

Moaenu onpeaeneHnsa KonnyecTtea BoAbl

B 3aBHCHMOCTH OT KOJHMYECTBAa COOpaHHBIX IAHHBIX MOXKHO MPUMEHATh OAWH M3 TPEX TUIIOB  MAaTEeMaTHYECKUX
MoJIeNei:

e  Mozenu cocpenoToueHHbIX mapameTpoB (Maocsescku u 3ybep, 1996)

e KamepHble MOIENH U

e Jluckpermupytromme monenn (Kunzenbax, 1986)

Mozenb COCpeAOTOYEHHBIX IapaMETPOB HMMEET MUHHMMAJIBHOE KOJMYECTBO IapaMeTpoB, AUCKPETHU3HPYIOLIas
MOJIENIb UMEET MaKCHMaJIbHOE KOJIMYECTBO HapaMeTpoB. Iyl Kax1oW MOJENH CYIIECTBYET OIPOMHOE KOJHYECTBO
BApUaHTOB MOJEIH,  pa3pabaTbiBAEMBIX B COOTBETCTBHM CO CICHHMAIBHBIMH 3aJ@aHUAMH ¥ HCIOJIb3YEMbIM
MaTeMaTUYCCKUM aJITOPUTMOM.

Pa3zpaboTka MareMaTHYeCKHX MOJENIEH Ompe/eNieHHs KOJMYECTBa BOJBI HAXOJHUTCS Ha JOCTATOYHO BBICOKOM
YPOBHE, OJHAKO HMEIOLIMECsS AaHHBIE HE BCErJa COOTBETCTBYIOT TPEOOBAHHAM MOJEIH, IO3TOMY MaTeMaTHUECKOe
MOJIEJIMPOBAHNE YacCTO BKIIOYAET HCIONb30BaHHME Merona Monre-Kapno mns onpenenenus HaubOosee BEPOSTHBIX U
CIIy4aifHbIX COOBITHH. BBHIY OTMEUYEHHOW BBIIIE MPOOJEMBI, JUIS MOJYyYEHHS JOCTOBEPHOTO0 Habopa HaHHBIX
HpUMEHseTCsl 00paTHast, a He MpsiMasi MOJIa MaTEMAaTHIECKOTO MOJEINPOBAHHSI.

Mopenu onpegeneHua Ka4ectea BoAbl

Mopenu ompesenieHus] KOIMIEeCTBA BOJIBI MPUMEHSIOTCS M AL ONpeeNieH s KauyecTBa TOA3EMHBIX BOJ, IUISL 9TOH
IIeTIM TIPH PeIeHNH ypaBHeHHs Jlamnaca HeOOX0AUMO TaKKe yUUTHIBATh

e TuapomuHamuyeckyto aucrtepcuro (Opun, 1975)
[MaprmanpHbie KOAGPUIUEHTHI ¢ yueToM U 0e3 yuera kuHeTuku (Mepkens u [Tnanep-Opunpux, 2002)
IMTapameTpbl XUMUYECKHX PeakLuii ¢ yueToM u 6e3 yuera kuneTuku (Mepkeins u [Tnanep-@punpux, 2002)
MuKpOOHbIE peakIuy 1
Uzmenenwne cpensr oouTanns Mukpooprann3MoB (Haymanu u ap., 2004).

[IpuHrMas BO BHMMaHHE HETOYHOCTH M3MEPCHHUI B MOJEBBIX W Ja0OPAaTOPHBIX HCCIEIOBAHHUAX MOXKHO CHENaTh
BBIBOJI, YTO JUIl NPAaKTHYECKUX Lieled Hanboyiee NPHEMIIEMON SBISETCS MOJENb C MUHHMAJIBHBIM KOJHMYECTBOM
napamerpoB. ns pemieHuss (yHAaMEHTAIBHBIX 3a7a4 HCKIIOYUTENIBLHYIO POJIb MOTYT CBHITPaTh MOZEIH C OOJBIIUM
KOJIMYECTBOM ITapaMeTpPOB, TaK KaK OHM IIO3BOJISIIOT 0ojieeé TOYHO BHIOPATh HANPABIEHHE W YCKOPHUTDH BBHINOJHEHHE
HayYHBIX UCCIIEOBaHUM.

5. 9 Neorpadnyeckme nHpopmMauMOHHbIE CUCTEMbI

T'eorpapuueckue nHpopmarmonnsle cucrembl (I'MC) crann He3aMeHMMBIM HHCTPYMEHTOM B 00paboTke u
aHaJIM3e THAPOTeOJIOTMYECKUX NaHHBIX. B Hacrosiiee BpeMs yKe HEBO3MOXKHO IIPEICTaBUTh THIIPOTEOJOTHYECKHE
uccnenoBanust 6e3 ucnonp3zoBanust [MIC. DTo Takke OTHOCHUTCS K HCCIEIOBAHUIO PECYpCOB IOJ3EMHBIX BOJ,
pe3epBUPYEMBIX s upe3BbIYaliHbIX cuTyanuid, rae ['IC Takske MOXKEeT ChIrpaTh BayKHYIO POJIb.

IT'YIC 00b1yHO BKJIIOYAeT WM CBSi3aH ¢ 0a30i JaHHBIX, COJEpIKallleil OCHOBHBIE JTaHHBIE MO XapaKTEPUCTHKAM,
KOTOpbIE MOTYT OBITh NPEJCTABJICHBI Ha KapTe WJIM 00pabOTKa KOTOPBHIX JaeT HEOOXOIUMYIO THIPOTEOJOTHYECKYIO
uapopmanmio. B xauecTBe mpuMepa MOXXKHO PaccMOTpPETh OOBEIMHEHHE JaHHBIX MO CKBaXKMHAM C Te0()HU3HUECKUMHU
JAHHBIMH JJISl TIOCTPOCHHS KapThl, IOKA3bIBAIOIICH TITyOMHY WM TOJIIMHY BOJOHOCHOTO IUIACTa, HAMEYEHHOTO JIIS
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UCIIOJIb30BAHUSI B YPE3BBIYAWHBIX CHTyauusx. JlaHHble 00pa0aThIBAlOTCS C IMOMOIIBIO CIHEIMANBHBIX (DYHKIUHA
yrpaBiieHHuss 6a3aMy JaHHBIX WM ¢ ToMmoliblo GyHkuuit ynpaenenust [C. V3ameHenus B 0a3e NaHHBIX, Hapumep,
TMIOSIBJIEHUE HOBBIX CKBa)KMH MOXKHO HerocpencTBeHHo BHocuTh B ['UC.

Hpyrum npeumymiectBoM ['MC siBisieTcs: BO3MOXHOCTh COEAWHATH KapThl Pa3iIMYHOTO THMA ISl TOJXYYECHHUS

HOBOW TeMaTH4eCKON KapThl. B KkauecTBe mprMepa MOXXHO MPHUBECTH OOBEAMHEHHE KapT IO 3E€MJIETIONB30BaHUIO,
WCTOYHHMKAM 3arps3HEHUS MOYB, I'€OJIOTHM W TIYOMHE 3aJleraHus TOJ3EMHBIX BOJ C IEIbIO TOJYYCHHUS KapThl
3arpsI3HEHHOCTH TIOJ3€MHBIX BOA. Takoe HaloKeHHE KapT MOXHO OCYIIECTBHTH C ITOMOIIBIO MOJUTOHANBHBIX HIIH
pacTpOBBIX JaHHBIX.
Ewme ogno npenmyinectBo ITMC — 370 BO3MOXKHOCTh 00pabaThiBaTh OOJBIIHE MACCHUBBI T'€OJOIMYECKUX TaHHBIX (pHUC
5.9.1). TUC mno3Bosisier nerko 00pabOTaTh NaHHBIC I HECKOJNBKHUX ThICSY Todek. Omaum u3 asnementoB ['UC
SBISIFOTCS  CTATHCTUYECKME METONBI, Hampumep, Meroj KpuruHra, 3TH METOABI MOXXHO HCIIOJIB30BATh IS
HWHTEPIOJSIMKA THIAPOTEOJIOTHYECKUX I1apaMeTpoB,  HAlpHMeEp, BBICOTHI IOBEPXHOCTH HaJl YPOBHEM MOpPS HIIH
TONIIUHBI BOgOHOCHOTO ItacTa. [ MIC Takke Mo3BOJSIET MPOBOIUTH SKCTPAIOISIMIO THAPOTEONIOTHIECKUX JaHHBIX U
JUIS OTPAaHUYEHHOT'O MacCHBa JIaHHBIX

Puc 5.9.1 Mpumep ucnonb3oeaHuss Habopa pacmpoebix 0aHHbIX Onisl onpedesieHuUsi 8bICOMbI
nosepxHocmu Haod ypoeHeMm Mopsi. [JaHHbIe 6biiu Mosiy4eHbl U3 moYyeyHol uHghopmayuu
8bICOKOU MI0MHOCMU C MOMOWbI0 pacmpoeo2o Memoda u o6pabomaHsi ¢ npumeHeHuem FT'UC u
crneyuasnbHbIX CMamucmMuYyecKux npoapamm 0Ons1 ycmpaHeHusl wyma (UCKycCmeeHHble
o6beKkmsl, Hanpumep, 30aHusi) u dob6aesieHuUeM GaHHbLIX MO MECIMOMOJIOKEHUIO U YPOBHIO
noeepxHocmMHbIx 800 (Ucnosb3ysi 0aHHbIE 10 KOHMYpPaM M08epPXHOCMHbIX 800HLIX 06BEKMO8).

Start data set . After nolse removal End result

B Hacrosimee BpeMsi ruziporeosiornueckas HHGOpMalMoHHas cucTteMa, ocHoBaHHas Ha ['MC, u umeromas cBoio 0a3sy
JIAHHBIX, SIBJISCTCS OTKPBITOH CHELMATU3UPOBAHHON CHUCTEMOHM JUIs XpaHEeHHs W 00palbOTKM NaHHBIX (puc. 5.9.2).
[IporpamMmel i OOMeHa, MPOBEPKHM WM TIPE3CHTAIMH JaHHBIX B BHAE TPadUKOB WIM TAONUI BHECEHB B
MHGOPMAIMOHHYIO CHCTEMY ITOCPEICTBOM CTAHZAPTHOTO MPOTPaMMHOTO oOecredeHHs. ITO MO3BONAET 3HAUYUTEIBHO
HOBBICHTH JOCTYITHOCTH M B3aNMO3aMEHAEMOCTh THAPOIOTHYECKHUX JaHHBIX.
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Puc 5.9.2 [Mpumep 3D-u3obpaxeHusi, nony4yeHHo2o ¢ nomowibto IUC OdaHHbIx. Ha pucyHke noka3aHa
monoepadgbusi, 1003eMHbIe C/IoU U XapaKmepucmuKu 20pU30HMoe nod3eMHbIX 800

T Netscapo

B macrosmiee Bpemsi ucmonb3oBanHe ['MIC He orpaHmdeHo HH(pOpMAIueH, HAKOIUICHHOH HA MECTHBIX
cepsepax. I'MC oObruHO ycraHaBnuBaeTcs Ha opucHbIX [IK 1 MOXET OBITh COEIUHEH C CEPBEPOM JaHHBIX B JIHOOOM
MeCTe 36MHOI'0 IIapa. JTO MO3BOJIAET MOMYYUTh JOCTYI K CaMbIM HOCIESIHUM KapTaM U JaHHBIM JI3, KOTOpble MOXHO
UCIIOJIb30BATh I BOCCTAHOBIICHUS pealbHON KapTuHbI coObITHH. Hanpumep, depes HECKOIBKO AHEH MOCIE IlyHaMU B
nexkabpe 2004 r. MOXXKHO OBUIO YBHZETH KapTy, IOKA3bIBAIONIYIO IOCTPAJaBIIME PailoHbI, MOJYyYECHHYIO HA OCHOBE
aHaJIM3a JaHHBIX [0 BHICOTE HAJl YPOBHEM MOPSI U CILyTHHKOBBIX JaHHBIX (puc. 5.9.3).

Puc. 5.9.3 [lpumep nony4yeHHO20 CO CMymMHUKa U306paxeHusl, MokKa3biearouje2o yu,epb, HaHeCceHHbIl yyHamu
(dpomozpagpusi npedocmaeneHa TuxookeaHCKUM UeHMPOM Kamacmpodgh)

Meulaboh, Indonesia: Pre-event : Meulaboh, Indones|a; Post-event
May 18, 2004 = QuickBird Jan. T, 2005 - QuickBird

[Pan-sfarpened (Fan-gharpsn

Pa3pabotka I'MIC TexHOIOTHI TO3BOISET MOIB30BATEIAM MONYIUTh JOCTYI K THAPOTCOIOTHUESCKUM JaHHBIM Ha
Pa3IMYHBIX YpOBHAX. Ilonb30BaTeny, KOTOpblE TOJIBKO XOTAT BUAETh U MPOU3BOAUTH COOP JAHHBIX, KAaK MEHEIXKEPBI,
nonb3ytorest I'HC ¢ nomomsio 6paysepa. OHE MOTYT UMETh TOJIBKO NPOCThIE (DYHKIIUU B CBOEM PACIOPSDKEHUM U HE
myxjatorcda B I'MC-nuuensun ana nomydenus unpopmauuu ¢ moboro ITK. Drta TexHonorus npuMmeHsercs A
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pacrpoCTpaHCHUs NaHHBIX C HAallMOHAJIbHBIX 633 JAHHBIX WK KapT MEKIYHAPOIAHBIX CITacaTC/IbHBIX onepaum‘/'l (pI/IC
5.9.4).

[onb3oBaTenu, KOTOPBIM TPEOYIOTCS O0Jiee COBPEMEHHBIE HHCTPYMEHTHI, Heroib3yoT [ YIC 1 6a3bl JaHHBIX Kak
OCHOBHOW MCTOYHHUK WH(OpMALuK 1jsi 00pabOTKU JaHHBIX, HAPUMED, ISl 00paOOTKH JaHHBIX 10 TOA3EMHBIM BOJaM
JI0 W TIOCIie TIPOBEIEHHS MOAENbHBIX pacyeToB. MHcTpymeHTHl i ucnonb3oBaHus [MC naHHBIX MOXHO JIETKO
J00aBHUTh B BUJIC TUIIOBBIX JIEMEHTOB (plug-ins) ¢ MOMOIIBIO CTAHAAPTHOT'O IIPOTPAMMHOTO 00ECTICUCHUSI.
Mmoroo6pasue npumenenuit [ UIC tpynno nepeonenuts. [ MC o6pasyeT BaxHYI0 4acTh HHCTPYMEHTOB, HAXOSIIUXCS
B PacHOpsDKEHUH COBPEMEHHOTO THAPOJIOra M SBJISETCS YacTbiO JHOOOro MCCIeJOBaHHUS PECYPCOB IOJ3EMHBIX BOJ B
Ype3BbIYaWHBIX CUTYaILUsX.

I'IC umeer ocoOble penMyIIecTBa MpH pelieHn: IpodieM cTuxuitHbix 6eactBuil. [IC MOXXHO HCIIONIB30BATh
JUIs YIIPABIICHUS CIICHAPUSAMM PA3IMYHBIX CTUXMHHBIX O€ICTBHH, pa3paOOTKH MOJAENEH CTUXMHHBIX OCICTBHH, JJIS
KapTHpoBaHus M  Ooyee TiIyOOKOro NOHMMAaHHMS BO3JCHCTBUS 3E€MIIETPACEHHH Ha pecypchl IOA3EMHBIX BOJ,
KapTUPOBAaHUs OINOI3HEH U ompesnesneHus yiepoa, HAHECEHHOIO 3€MJIETIONb30BAHUIO U CHCTEMaM BOAOCHAOXKECHUS, a

TaK)Ke JJIs1 pCIICHUA MHOTUX APYI'UX 3a4a4, CBA3aHHBIX C UCIIOJIB30BaHUEM PECYPCOB IIOA3EMHBIX BO/ B ‘{pﬁ3BBI‘IﬂI71HI>IX
CUTyalusX.

Puc. 5.9. 4 [lMpumep kapmbi Ons npocmMompa e UumepHeme (kapma npedocmaeneHa IGRAC)

T GGLS MNP - Micmsolt Inkermet Explores =100
e VmM Faorim . Teok Heb | & |

Global Groundwater Information System

|EJS #9138 Zowats | choose srawrawarer g delss e

i e : : o
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I O rean annus :jf‘f_l.i"lMlBI'
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6. TpeboBaHUA Kacalowwmecs
WHCTUTYLMOHA/IbHON U TEXTHUYECKOMU
6a3bl

BHeapeHHe IUIAHOB CMSTYEHHS IIOCIENCTBHH — KaracTpod M IUIAHOB YIIPABICHHS BOJHBIMH pECypCaMu
MPECTABIsACT COOOM CIOXHBIN TPOIECC, KOTOPBI SIBISIETCS OYCHb 3aBUCHMBIM OT CTENCHH Pa3BUTHS
HHCTUTYLHOHATIBHOM U TEXHUYECKO# 0a3bl CTPaHBI H OT TOTO, HACKOJBKO IMOCICIOBATEIBHO 3Ta 0a3a MCIIOIb3yeTCsl.
3HAYUMOCTh  CO3[aHHsS HWHCTUTYIMOHABHOH M TEXHUYECKOW 0a3bl Uil  YCIEIIHOTO pEIICHUs BOIPOCOB
MPeIOTBPAILEHHUsI KaTacTpod, TOTOBHOCTH K HUM, PEaripoBaHus HA YpPE3BbIYAaHbIC CHUTYAIMH, BOCCTAHOBIICHHE TIOCTIC
HUX U OTPaHUYCHUE MX OMACHOCTH OBLIO TeMoi o0cyxaeHus BeemupHoit KoH(epeHInn mo yMEHbIICHHIO OMIACHOCTH
katactpod (Kobe, Xéro, Snonus, 2005). B obuiem 3asBiieHHHN CrICIaIbHON CECCHUH KOH(EPEHIINH, yIeIUBIIEH ocodoe
BHUMaHHe Katactpode B WHIMICKOM OKeaHe, MOJYEPKHBACTCS HEOOXOIMMOCTh CHIYKEHHS YPOBHS PHCKA DPajad
6e3onacHoro Oyaymiero.

6.1 CozpaHue MHCTUTYLUMOHarIbHOM 6a3bl

MexaHu3Mbl KOHTPOJISI, YYPCKACHHBIC NPHUPOJOOXPAHHBIMH M YIPABISIOIIMMH BOJHBIMH peCypcamu
MIPAaBUTEILCTBCHHBIMU OpPraHU3allMsMY, HAMpPaBICHbI B OCHOBHOM Ha 3allUTy BOMHBIX pECYpcoB OT yiuepoda,
MIPUYUHSAEMOTO JEATEIbHOCTBIO YelloBeKa. I[IOCTOSHHBI KOHTPOJIb MPOMBINUICHHBIX W CEIbCKOXO3SHCTBEHHBIX
MIPEANPUITHHA, TPOU3BOASAIINX KUAKAE M TBEPAbIE OTXOIbI, MPEANPUITHI IO OYUCTKE CTOYHBIX BOJA M MepepadoTKe
OTXOOOB SBJIACTCA BaXXHBIM JDJIEMCHTOM BOZ[OOXpaHOﬁ MOJINTUKA MHOI'MX CTpaH, 6a31/1py}0u11/1MC$1 Ha NOpUHOUIIAX
«GarpsiBHAIOIIMNA OKPY)KAIOLIYI0 CPely JODKSH 3TO KOMIICHCHPOBATH» U «OCTAHOBHUTH 3arpsA3HCHHE Ha HAYALHOM
sTane». CHCTEeMBbl MOHUTOPHHTA U IPEIYHIPEKACHUS IPEIOCTABILIIOT JaHHBIE O IPUPOAHBIX U TEXHOT'CHHBIX (aKkTopax
pucka ans 3GQPEKTUBHOTO (QYHKIIMOHUPOBAHUS MEXaHH3MOB IIPABUTEIBLCTBEHHOTO KOHTPOJIE M OOECTICUYCHHS
6e3omacHoctd. CoXpaHEHHE COBPEMEHHOTO COCTOSIHHS BOJIHBIX CHCTEM, PETYJIHPOBaHHE BOJHOTO MOTOKA PEK U
KOHTPOJIb 3CMIICTIONB30BAHUS B PETHOHAX, MOABCPIKCHHBIX 3aTOIUICHHWIO, a TaKKe B O0OJIACTAX BOCIIOJHEHHS
BOJIOHOCHBIX IUIACTOB — BCE 3TO BaKHEHIIHE CTPYKTYPHBIC MEphI 10 OOECICYCHHIO OOJBLICH 3alUIICHHOCTH
HACEJICHUSI B CIIy4ae CTHUXHMIHBIX OCACTBHIA, M BCIICACTBHAC 3TOTO OHH JOJDKHBI OCYLICCTBILITHCS MO PYKOBOJCTBOM
COOTBETCTBYIOIIHMX TOCYAAPCTBEHHBIX MIIM MYHHIUNAIBHBIX OPTAHOB.

Kaapbl cnenmanmMcToB, BHICOKOKBATH(HIMPOBAHHBIE, C OINBITOM pPabOTBl M BBICOKOH MOTHBAIMEH,
COOTBETCTBYIOIIUM 00pPa3oM IOATOTOBJICHHBIE IMPEACTABIIOT COO0H Ba)KHEHIIMX HE-CTPYKTYpPHBIH KOMIIOHEHT Ha
BCEX OJTamax JMKBUAAIMU IIOCJIEACTBUA NPHPONHBIX KaTacTpod, 3aTpOHYBIIMX BOAHBIE pecypchl. Ha cragum
MIPOTHO3MPOBAHUSA M TPENyNpexIeHus Haubojiee Ba)KHON SABISIETCS pPOJIb CIELMAINCTOB HH)XEHEPHBIX CIYXO,
HalpuMep, THAPOTe0IOroB, THAPOJIOroB, OTBETCTBEHHBIX JIUII, YIIPABIISIOUIMX BOIHBIMU PECYpCaMH, CIEHAIUCTOB MO
IUTAHUPOBAHUIO 3E€MJICTIONIB30BAHUS, IOPUCTOB, NMPEACTaBUTENECH PYyKOBOIAIIMX OpraHoB. Ha craaumu newcTBus cuil
CTHXHMH OCHOBHAS POJIb IPUHAIJICIKUT CIICIIMAIBHBIM KOMaH/IaM criacartelieil, 00yueHHBIM JeHCTBHUAM B UpE3BbIYaHBIX
CUTyallUsiX, CWJIAM TPaKAaHCKOH OOOpPOHBI M CICIMAINCTaM I10 CTUXMHHBIM O€ICTBUSAM, BpadaM U JpyroMy
MEIMIMHCKOMY  TEepCOHaly, IICHXOJIOraM, KOHCYJIbTaHTaM [0 KauecTBy BOJIbl M  JOOpOBOJIBIIAM U3
HETPaBUTEIILCTBEHHBIX OpraHu3anuii. Ha craguu NUKBUAAIMM MOCIEACTBUN CTUXUHHOTO OEACTBHS Ha MEPBBIN IUIAH
BBIXOZST TaKHe CIICHUAIHNCTBl, KaK CTPOUTENIM M AapXUTEKTOPHI, CICIHAIUCTBI B O0JACTH  IUIAHUPOBAHHS
3eMJICTIOIb30BAHUS, YIPABJICHUS] BOIHBIMH pECypcaMH, THAPOJOTHM M THAPOTeOJOrH, a TaKXkKe MperCcTaBUTEIN
PYKOBOZSIIMX OPTraHOB, IOCKOJBKY HMX pOJIb SIBJISETCS BaKHEWIIEH NPH NMPOBEJCHUH BOCCTAHOBHUTENIBHBIX PadoOT,
PEKOHCTPYKIMH TOBPEXKICHHBIX CHCTEM BOJOCHAOXKEHHs, a TaKKe OpraHMu3allid CUCTEM pPacIpelesieHHs BOABI U
CaHUTAPHO-NIPO(MIAKTUIECKUX MEpOIpPHUIATHH. MHorre crmabo pa3BUTHIE CTPAaHBI HUCHBITHIBAIOT HEXBATKY JIOACKHX
pecypcoB, HEOOXOAMMBIX Ul BBIIOJHEHUS HPOTPaMM NPENOTBPAINEHUS CTUXUHHBIX O€ACTBUI M JIMKBHAAMH HX
MOCJICACTBUI M TPOBEACHUS HEOOXOMMMBIX MEpPONPHATHI TIOCNE pa3pyLIMTENbHBIX sBIeHHHA. [loaToMy, Kak
npenaraercs B XErcko AeKiapanvyd, BaKHEUINelW 3ajadeid MpU CO3MaHUU YCIOBHU UIS OOJNBIIEH YCTOWIHMBOCTH
Pa3BUBAIONIMXCS CTpaH K KaTacTpodaMm SBISETCS OpraHH3allMs HporpaMM OOYdYeHHs B OOJACTH YMEHBLICHHS
OIIaCHOCTHU KaTacTpod IS TAKUX CIENUATHCTOB, KaK IPOEKTHPOBIIUKH, OPTaHU3ATOPBI SKCTPEHHBIX MEPOIIPUSTHI B
YCJIOBUSIX UpE3BBIUAIHBIX CUTYaAlUI U IPEACTaBUTENIN IIPAaBUTEILCTBEHHBIX OPIaHOB.

AKTHBHOe y4YacTHe IIMPOKOii 001IecTBeHHOCTH, MH()OPMHPOBaHHE HACElIEeHHs M OOydeHHEe B 00nacTa
NPEeNOTBPALICHHs MM YMEHBIICHUS NOCIECACTBHH NPHUPOJHBIX WM TEXHOTEHHBIX KaTacTpod — 3TO HanbHEHIue,
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KpaiiHe BajKHbIE, MEPBI B PaMKaX I'OCyJapCTBEHHOM MMOJIMTHKHU, HAIPABICHHON Ha YMEHbIIEHHE ONACHOCTH KaTtacTpod.
VYyacTre pa3nuuHbIX OOBEAMHEHHWH M MECTHBIX BIACTEH B IOJIrOTOBKE W IUIAHUPOBAHUM JCHCTBUI Ha Cilydait
Ype3BbIYANHBIX OOCTOSATENLCTB, a TAKKE B OBICTPOM U 3((GEKTHBHOM yCTpaHEHUHU HOCIESACTBHN UpE3BBIUAHHO BAaXHO.
B neMokpaTHYeCKHX CTpaHaX ydacTHe OOLIECTBEHHOCTH B JEATEIBHOCTH MO YMEHBIICHNIO OMACHOCTH TeXHOTEHHBIX U
MIPUPOJHBIX KaTacTpod, IUIAHUPOBAHUIO 3eMIICHIONB30BAHMS, YIPABICHUIO PUCKAMH BOJOIOJB30BAHUS, HapOJHOTO
o0pa3oBaHUs, a TaKkKe IpYrHe aTPUOYTHI Y9acThsl OOLIECTBEHHOCTH B IOJUTHYECKOM JKHU3HM 3aKpEIUICHBl B
3aKOHOZATEeNbCTBE. TeM He MeHee, B HEKOTOPBIX CTpaHaxX HaOII0JaeTcsi OTCYTCTBHE CBSI3H MEXIY YHPABIISIOIIMME
OpraHaMu, OTBETCTBEHHBIMHM JIUIIAMM U OOILECTBEHHOCThIO. Pa3BuBaromuMcs CTpaHaM IPUXOMUTCS CTaJIKUBATLCS C
po6JaeMoil HHM3KOrO YpOBHSA TI'PaMOTHOCTHM HACeNeHHWS M M3BICKHBATh pAa3JIMUHBIE CHOCOOBI JUIL TOTO, YTOOBI
“H(GOPMUPOBATH, IIPOCBELATh, MOTUBUPOBATh MECTHOE HACEJIECHHE U NPUBIEKATh €0 K y4acTHIO B OCYILECTBICHUM
Mep 10 YMEHBIIEHUIO OIIACHOCTH KaTacTpod U UX MocieAcTBUi. JIpyroif BaxkHOH 3aaueil pa3BUTHIX CTPaH, B KOTOPBIX
UMeeTcsl MOBBIIIEHHAs! ONACHOCTb CTUXMUHBIX O€JNCTBUM, sBIAETCS yIiIyOleHUe 3HaHUU: pa3paboTka oOydaromux
IporpaMM M cucteM uH(opManuu B 00JacTH MPENOTBPALCHUs M yMEHbIIEHHs omacHocTu Karactpod. CormacHo
BeemupHoit Opranmzanuu 3apaBooxpaHeHuss (BO3), ocHOBHbIe 3HAHMS HAaceleHHsS O BO3MOXHBIX KatacTpodax
JIOJDKHBI BKJIIOUATh: MIOHUMAHUE CTEHNECHU pucKa (MHbOpManus 0 NPUYMHAX U TEYEHUU KaTacTpO(UUECKUX SIBICHUN),
MPOTHO3BI U IPeIyIPEKIAONIYI0 HHGOPMAIHIO, 3HAHHS O CII0c00ax YMEHBLIEHHs OITaCHOCTH KatacTpod (cBeneHUS O
Mepax MO MOJrOTOBKE K OTIACHBIM SIBIICHUSM, HAIPUMED, 3allliTa CHCTEM CHAOXEHUS TIUTHEBOM BOIO#), O BO3/ICHCTBUM
OTACHBIX SBJICHUH (MHCTPYKTHPOBAHUE O ACHCTBUSAX, KOTOPBIC IOMOTYT YMEHBIINTD YIIEPO W CIIACTH JKU3HH JIFO/ICH) a
TaKKe PEKOMEHJALMH O TOM, KaK CIeIyeT BECTH ce0sl B IEepHOJ I0cie OKOHYAHUs JIEHCTBUS OINACHBIX SBICHHH.
Heckonpko myoOmukamumii IOHECKO, BemymenHsix B pamkax MexayHaponuoit Ilporpammer mo [mmpomoruu,
MOCBSIIIEHBl POJIM HACENEHUs B MOJUTHKE M CTPATETHH YMEHBINEHHUS OITACHOCTH KaTacTpod M 3alUTHl BOIHBIX
pecypcoB (Addensrpanrep, 2001, Lymk, 2004. u npyrue).

6.2. CozgaHMe TeXHU4YeCKoOn N Hay4Hou Ga3bl

VYcenex co3naHus TEXHHYECKOW W HaydyHOH 0a3bl 3aBHCUT, B YaCTHOCTH, OT aHaJHM3a COCTOSIHUSI CHCTEM
IMOA3EMHBIX BOI, onpeﬂenennﬂ TIOTCHIUAJIBHBIX HJIM UMCHOIIUXCA HCTOYHUKOB 33.Ip$[3HCHI/I$I, OITAaCHOCTHU l'lpI/IpOIlHLIX
KaTacTpod, BHEAPCHUS W HCIIOJIb30BAaHHS CHUCTEM DPaHHErO MPEAYHPEKACHHS, MPOBEICHUS MEKIAMCIHUIUTMHAPHBIX
HayYHBIX HCCIIEIOBAHAN M PACIIpOCTPaHEHNsI 3HAHUH.

AHa/IN3 COCTOSIHMSI CHCTEM TMOJ3eMHBIX BOJ SBISICTCS BaXKHOW 4YacThio Tpolecca (opMupoBaHHS

TEXHUYECKOU W Hay4dHOH 0a3bl. VcciienoBanue moa3eMHBIX BOA JOJDKHO MPUHIMATH BO BHUMaHHE KaK CYIIECTBYIOIINE,
TaK U MPEANIECTBYIONINE THAPOIOTUIECKIE ITUKITEI.
Coznanre KOHIENTYaJIbHOW MOJENH u3ydaeMod obmactu (cM. TiaBy 5.7)  Gasupyercs Ha oOmNpefelieHHH |
HCCIIEIOBAHUM PECYPCOB IOA3EMHBIX BOJI, KOTOphIE OyIyT MCIIONb30BaThCS B YPE3BBIUAMHBIX CUTYalMsAX, a TAKXKe Ha
OLIEHKE YS3BUMOCTH W YIPaBJICHUU PHCKaMH PECYPCOB MOJ3EMHBIX BOJ B PETrHMOHAX, ITO/IBEPKEHHBIX BO3MOXKHOCTH
CTUXMUHBIX OencTBuil. HayuHbIi M TEXHHYECKMH BKJaJ, HEOOXOIMMBIA JUIi aHaIM3a CHCTEM IIOA3EMHBIX BOJ,
HOAPOOHO ONHUCHIBAETCS B ITIaBE 5.

Omnpenesienne W COCTABJIEHHE MePeYHs] BO3MOKHBIX CTUXHIHBIX 0eICTBHIl M MCTOYHUKOB 3arpsi3HEHHS
noa3eMHbIX BoA. CocTaBieHHE MEpedyHs M OLEHKA HCTOPHUYECKMX JaHHBIX O IPHPOJAE, pa3Mepax, 4acToTe H
BO3/ICHCTBUH CTUXHIHBIX OCICTBUI B PETHOHAX, IJIC HIMEETCS OMACHOCTh MPHPOJIHBIX KaTacTpod, MPEACTABISIOT COO0M
Ba)KHBIC DJIEMCHTHI TOJUTUKUA YMEHBIICHUS OIMACHOCTH U TOCJIEACTBHH KatacTpod. M3ydeHue CyIIeCTBYIOIINX
HCTOYHHMKOB 3arpsi3HEHUS MOJ3EMHBIX BOJ (TIPOMCXOXKICHUE U pa3Mephl), a TAKXKe OIICHKA U 0TOOpa)KeHHEe MPUPOIHON
YyBCTBUTENBHOCTA TIOJA3E€MHBIX BOJA K TOTSHIMAIHHOMY 3arps3HEHUIO B PaBHOW Mepe CIyKaT LM TMOJUTHKH
3aIIUTHl PECYpPCOB MOJ3EMHBIX BOI M ympaBieHus uMu. OqHako, 0OBIMHO BHUMaHHE 3a0CTPSETCS Ha CYIIECTBYIOIINX
WCTOYHHUKAX 3arps3HEHUs, U B MEHBIIEH CTENeHH — Ha MOTEHIHMAIBHBIX MpoOiieMax 3arps3HeHus. BrlsBieHwe,
KapTUpPOBaHWE M MOHUTOPHUHI PETHOHOB, IOJIBEPXKEHHBIX HABOJHEHHSAM, 3acyXaM, OIIOJI3HAM, 3EMIIETPSCEHUSAM U
paiioHOB BYJIKAaHWYECKOW AaKTUBHOCTH COCTAaBJIIOT Ba)XKHYIO YacTb JESTEIbHOCTH, HAIPABICHHOM Ha IOIIEPKKY
TIOJIMTUKY NPEJOTBPAILEHHs KaTacTpo(] U yMEHBIIEHHS MX ITOCIIEICTBUI Ha BCEX YPOBHSX YIIPaBJICHUSL.

VYupeskaeHne U UCIONb30BaHNe MOHUTOPUHIOBBIX CUCTEM PAaHHETrO MPEAyNPEKACHHs, B paMKaX KOTOPBIX IPOBOAUTCS
HaOJIIOJICHUE 3a CTENEHBIO BO3ACHCTBHSA NPHUPOIHBIX M TEXHOTEHHBIX KaTacTpPOd SBISETCS BKIAJIOM B IOJUTHUKY
yMCHLIHCHI/Iﬂ OITaCHOCTHU KaTaCTqu) U B ACATCIIBHOCTD 110 OI‘paHI/I‘ICHI/l}O ux HOCHCHCTBHﬁ.

YactoTa ¥ MacmTaObl pa3pyIIUTEIbHBIX SBICHUH BO3pacTaroT BO BceM Mupe. ClieaoBaTenbHO, CYHIECTBYET
HACTOATENIbHASS ~ HEOOXOJAUMOCTh  HWCIOJNB30BAHUSI ~ WHTETPHPOBAHHBIX  MOHUTOPUHIOBBIX  CHCTEM  paHHETO
MPEAYNPEKACHHUS U cOOpa M pacTipoCTPaHEHHs JaHHBIX, TPEOYIOIUXCSI IUII CBOCBPEMEHHOTO BBISIBICHUS U JIYUILIETO
MOHUMAaHHs TPU3HAKOB BO3MOXKHOW KaTacTpodbl M ee BO3JCHCTBUS Ha HacCeleHHE M OKpyKawuryko cpeay. K
COXKAJIGHWIO, TaKW€ CUCTEMBl B HACTOAINEE BpPEMs SBISTIOTCS PEIKOCThIO. OTHOCHTENBHO XOPOIIO Pa3BUTHI CETH
MOHHTOpPYHTA TOBEPXHOCTHBIX BOJ, ACWCTBYIOIIME BO MHOTHX OacceifHaxX peK, pAacIlONIOKEHHBIX KaK BHYTPH
TOCY/apCTB, TaK U HAXOISIINXCS B COBMECTHOM IOJF30BAHUH PA3INYHBIX CTPaH, a TAK)KE MOHUTOPHHTOBEIE CHCTEMBI
paHHETO TPEeXyNPEeXICHUS B CEHCMOOMACHBIX PETHOHAX W pallOHAaX BYJIKAHMYECKOW akTHBHOCTH. CeTH MOHUTOPHHTA
MIOJI3EMHBIX BOJ] Pa3BUTHI Xyke. MecTHbIE CHCTEMbl MOHUTOPHUHTA BOJIM3M UCTOYHUKOB 3arpsSA3HEHMs, OTCIIC)KUBAIOIUE
HaIpaBlieHUs JBWOKCHUs IUieida 3arps3HeHus u 3((EKTUBHOCTh 3aIIUTHBIX Mep, ObUIM CO3/1aHBIl B OCHOBHOM B
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WHJIyCTPUAIILHO Pa3BUTHIX CTpaHaX. B riioGasbHOM MacimTabe MOHUTOPUHIOBBIE CHCTEMbI PAHHETO MpPEAyIpPEeKACHHS
Pa3BUTHI €11a00 ¥ KOOPAMHALNS HX AESITEIFHOCTH 9acTO OTCYTCTBYET.

Hy6munckas Kongepenuus no Boxusim Pecypcam u Oxpyxaromein Cpene (1992) ormernina OTBETCTBEHHOCTb
IPaBUTENBCTB 32 MpOIAraHay HEOOXOAMMOCTH M oOecHedeHHe YCIOBHH ISl OpraHu3aliy M (pyHKIHOHUPOBAHUS
MOHUTOPUHIOBBIX CHCTEM pAHHErO0 MPEAYNPEeKACHUs W COOTBETCTBYIOIIMX IHporpamMM. Bompoc co3maHus
MOHHTOPHHTOBBIX CHCTEM PpAaHHETO NPEOYyNPEXICHUS ¢ Lelblo obecredeHHs OBICTPBIX W CKOOPAMHHPOBAHHBIX
JICHCTBHI B Cllyyae yrpo3bl WM BOSHUKHOBEHHS YPE3BBIYAHHBIX CHTyaluil BKiIoueH Bcemupnoii Kongepenuuei mo
YMEHBIIEHHIO yrpo3bl KaTacTpod (2005 r.) B uncio npuopureTHbix Ha nepuox 2005-2015 rr. Kondepenuus Bbipasuia
CBOIO MOJIEPKKY Accoruanun rocynapcts FOro-BoctouHoil A3uu B CBA3U € €€ COTIacHeM, BBIPAKEHHBIM Ha BCTpede
B Jlxakapre (2005 r.) yupeauTh pETHOHAJIBHYIO CHUCTEMY paHHEro IpeaylpexAeHus, Harmogobue PernonanabHOrO
Lenrtpa Pannero IlpenynpexaeHuss o npuOIMKEHUHN IyHAMH Ha noOepexxbe WHaumiickoro okeana u B Bocrouno-
A3HaTCKOM perroHe.

MexaucuuninHapHble Hay4YHbIE HCCICAOBAaHUS W PACIPOCTPAHEHHE 3HAHMW W OIbITa HEOOXOIUMBI JUIS
OOHOBJICHHSI, YCOBEPUICHCTBOBAHUS M Pa3BUTHUS METOAOB OOECIEUCHUS PAHHErO TPENYNpeXICHUsS H METOJ0B
MPOTHO3UPOBAHUS M OIICHKH PUCKA TPHUPOJHBIX KaTacTpod. DTH METOABI MO3BOJAT AOCTUYD JIYYLIETO MOHHUMAaHHS
MPOLIECCOB, CBSA3aHHBIX C 3apOXKICHHEM CTUXUHHBIX OSICTBHH M JydIIEro IMPOTHO3MPOBAHUS TAKUX SBJICHHH, a TakkKe
CHIeNaOT YIpaBJeHHE PUCKaMH, CBI3aHHBIMH C HCIOJIB30BAaHHEM BOJHEIX pecypcos, Ooiee s¢dekruBHbIM. Co3nanue u
UCIIONBb30BaHNE TJIOOANBHBIX CeTeH paHHEro IpeAyNpeKACHHs W MOHUTOPHHIA OKpPYXKAIOIIEH Cpenbl, CHCTEM
TOTOBHOCTH K CTUXHUHHBIM O€JCTBUAM, 0OMEH JaHHBIMH O IJI00ANBHBIX THAPOJOIHYECKUX IUKIAX W PACIpOCTPaHEHUE
TaKUX JAaHHBIX SBJIAIOTCS BaKHBIMH MHCTPYMEHTAMM HAy4YHOW Pa3paOOTKH IOJUTHUKU M CTPATErMU IPOTHO3UPOBAHUS
TIPUPOAHBIX KaTacTpod M OTpaHUUCHMs MX BO3/AeHCTBUSA.«JleKnapalys o HayyHbIX MCCIEJOBAaHUAX M HCIIOJIb30BAHUH
Hay4HbIX 3HaHUi», npuHATas Ha Bceemupnoit Kondepenumu nmo Hayke FOHECKO/MCHC (1999), nomuepkuBaet
Ba)XHOCTb MEXJUCUHUILIMHAPHBIX HAYYHBIX HCCIIEIOBAHUM, pe3yJbTaThl KOTOPBIX MOTYT OKa3aThCsl 3HAUYUTEIbHBIM
BKJIAJIOM B o0ecneyeHne 3KOHOMHYECKOTO pOCTa W YCTOHYMBOIO pa3BUTHS, CHIDKEHHMS YpPOBHS O€IHOCTH H
YMEHBIICHHS ONTACHOCTH Pa3JIUYHbBIX KaTacTpod.

Heckonbko npyrux opranmuzauunit npu OOH noanepXuBaroT HayyHYIO AEATEIbHOCTh, MIMEIOLIYI0 OTHOIIEHUE K
W3YUYCHHUIO YPEe3BbIYaHBIX CUTYAIUH, CBSI3aHHBIX C BOJHBIMU pecypcaMu. BecemupHnas KoHepeHus no yMeHbIICHHIO
omacHoctn katactpod (2005)  ykaszama, 4TO pacmpoCTpaHEHHE 3HAHWH, TEXHOJOTHH M OMbITA YBEJIUYMBACT
BO3MOXXHOCTH CHIDKECHHS puca karactpod, oOMeHa HayYHBIMH JaHHBIMH, CBEACHHUSAMH 00 YUTCHHBIX HEZOpaOOTKaX U
HanOosee 3)(YEKTUBHBIX MPAKTUUECKUX JICHCTBHSIX.
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7. lMpepoTBpalieHne U ymeHblueHUe
nocneacTBUiA NPUPOAHbLIX U
TEeXHOTreHHbIX KaTacTpod

Hdymx (2004) mpeanoxuil MOApa3IeiuTh KatacTpodbl Ha 5 cTaguii — NMPOTHO3UPOBAHHUE, NMPEIYIPEXKICHHUE,
BO3JEHCTBUE, NPEKpalleHHe ACHCTBHSA M BOCCTAHOBJICHHE JUII MECT, HEPHOJMYECKH IOJBEPralOMIUXCsl CTHXHIHHBIM
OencTBHSAM, — BHE3aHBIM KaTacTpOQHUYECKUM TIPHIMBAM BOJABI (HABOJHEHHMsS), T'EOJIOTMYECKHM KaTacTpodam
(3eMIteTpsiCeHus], N3BEP)KSHNUSI BYJIKAHOB) FJIH BO3JIEHCTBUIO TAKHUX SIBJICHHH, KaK IyHaMH, OMOJ3HHU H CEJIEBBIE TIOTOKH.
I'maponormdeckas 3acyxa, Jnb-HUHBO, BHE3aIHbIE IUBHU U yparaHbl Takoke KIACCHOUIUPYIOTCS KaK IIEPUOANIECKH
MTOBTOPSIOIIIECS KaTacTpoduueckue coObIThs. KitmmaTomornaeckas 3acyxa MOKET OKa3aThCsl JIUTEIBHBIM OCICTBHEM,
BEAYIIUM K THJIPOJIOTHYECKOH 3acyXe MM Jake K BOHHE 3a BOJHBIE PECYpChbl WM PETHOHAIBHBIM BOOPYKEHHBIM
KoHQuUKTaM. Takue sSBIEHUS MOTYT IJIUTHCS ronamu, npumep — 3acyxu B Caxene. Bce Buapl xaractpod BIEKyT 3a
co0OHi cepbe3Hble COLHUAJIbHbIE, HKOHOMHYECKHE W OKOJOTMYECKHE IOCIEACTBUS JJIsI MECTHOTO HAaCEJICHUs.
Ilepeuncrnennsle HUXe IEHCTBUS TOJDKHBI OBITh NPEANPUHATHI Ha OMNpENeNeHHBIX (a3ax pa3BUTUS HPHPOIHBIX
KaTactpod.

7.1 ®a3a nporHo3npoBaHus

Hanbonee BakHBIMH HEHCTBHAMH B (ha3e NPOTHO3MPOBAHHS IS CIY)XO OOecrieueHus] MHUTHEBOH BOIOM
SBJISIETCSL ONpelNeNICHHe W OIEHKAa IOTEHIMAJIBHOTO PHCKA M YSI3BHMOCTH CYIIECTBYIOIIMX CHCTEM BOJIOCHAOMKEHHS
(MCTIONB3YIOIINX BOAY KaK MOA3EMHBIX, TAK U Ha3eMHBIX HCTOYHUKOB), 00ECTIEUNBAIOIINX MOCTYIUICHHAE BOJBI, KaK JUIS
TEXHHUUYECKHX HYXI, TaK U JUIs OBITOBBIX LieJiell, a TakKe BbISIBICHUE, YCTAaHOBJEHHE I'PAaHUIl U OLIEHKa PECypcoB
MOJI3EMHBIX BOJI, YCTOWYMBBIX K JCHCTBUIO MPUPOAHBIX CHJI. OTH IIard TPeOYIOT MEXIUCHUILUIMHAPHOTO
COTpYIHHMYECTBA THUAPOJIOrOB, THJIPOTEOJOTrOB, CHEIUAINCTOB II0 YIPABICHUIO BOIHBIMU pPECypcaMH, IO
3eMJIETI0JIb30BAaHHIO, IOPUCTOB, CIIEIIUAIMCTOB MO YPE3BBIYAHBIM CUTYAIUsIM, IIPEJICTABUTEIICH PYKOBOISIINX OPTaHOB,
U B OCOOEHHOCTH — y4acTHs MECTHBIX BJIACTEH M HaceNeHUs. 3eMIIETIONb30BaHUe, U B OCOOEHHOCTH €T IUIAaHUPOBAaHUE
B ropoaax u CEJIbCKOH MECTHOCTH SBJISETCS BaKHBIM aCIICKTOM, KOTOpLIfI MOXCT CbhII'paTh 3HAYUTCIBHYIO POJIb B
NPEAOTBPAIICHUU 4Ype3BbIUaiiHBIX cUTyaluid. B pasBuBaromuxcs cTpaHax HacelleHHE 4acTO IPOKUBAET B palioHaX
HEIUTAHOBOM 3aCTPOHKH TOpOfa, HaXOASIIMXCS HIDKE YPOBHS 3aTOIUICHHS NPH HABOAHCHWSX WIM Ha IOAHOXHUIX
BynKaHOB. [l10X0€, HEYyCTOWYMBOE HCIIONB30BAaHUE 3eMeNb (HallpIMeEp, CBEACHUE JIECOB) MPHUBENO K IPO3UH MOYB H
YXYALUIEHHIO MUKPOKINMAaTa BO MHOTHX PETHOHAxX IO BCEMY MHpY, UTO B CBOIO O4Yepedb CTAIO NPHYNHON OonbIIei
YSI3BEMOCTH 3TH PETHOHOB B CIydae 3acyXH, HABOJHEHHS HWIM OMON3HA. KapTel, oTpaxkaromye reojoruuecKue,
THIPOTEOJIOTHUECKUE YCIOBHS, YSI3BUMOCTh BOIHBIX PECYPCOB, YCIOBHS 3€MJICTIONB30BaHMS M YIIPABICHUS BOAHBIMA
pecypcaMu B COUYCTAHWHM YKa3aHHUEM pPHUCKa CTUXHUHHBIX OCACTBHH M BO3MOXHBIX ITOCIEICTBUI SIBIAIOTCS BaXKHBIM
MHCTPYMEHTOM OIPE/ICNICHNS] W BBUIBICHUS PECYPCOB IMOI3EMHBIX BOJ, YCTOHYHMBBIX K BO3JCHUCTBUIO MPUPOIHBIX
KaracTpod U TEXHOTEHHBIX (pakTopoB. OmHAKO, TAKUX KapT IMOAXOMAIIEro MaciuTaba W colepXaHHUs Yalle BCero Her.
CrnenoBaTenbHO, HEOOXOMMO 3aIlJIAHUPOBATH IPOBEACHUE COOTBETCTBYIOIIUX I'€0JIOTMYECKUX, THIPOTEOIOTHUECKHX,
WU30TONHBIX THIPOJIOTMYECKUX M JAPYIHX HEoOXOoIuMMBIX paboT (CM. riaBy 5), TakKke HEOOXOAMMO IPOBECTH OLEHKY
CTOMMOCTH TaKHUX pa60T. Takue MCPBI MPEAOCTOPOKHOCTHU CIIC HE 6I>IJ'II/I MPUHATBI BO MHOTHUX OIIAaCHBIX PEruoHax.
Taxoke He ObLIN pPa3pabOTaHbI IUIAHBI YIPABICHUS PHCKAMU, IMEIOLIIMMH OTHOIIEHHE K BOJHBIM pecypcaM, U He ObLIO
IPOBE/ICHO U3BICKAHKIE PECYPCOB MOA3EMHBIX BOJ, IMEIOLIMX XOPOILYIO €CTECTBEHHYIO 3aIUTY.

7.2. ®a3a npepynpexaneHus

TeCHyIO CBSA3b C ONMCAHHOM BBIIIC ACATCIIBHOCTBIO MMECT CO3JaHUC U HCIOJIb30BAHUC MOHHUTOPUHTOBBIX
CHCTEM paHHEro MPERyNpexICHHUs O Pa3IMYHBIX YIpo3ax KIMMAaTHYECKOTrO, THAPOIOTUYECKOTO WIIM T€0JOTHYECKOro
xapaktepa. CHCTEeMBI Te0JOrHYeCKOT0 MOHHTOPHHTA JIEHCTBYIOT BO MHOTHX CEHCMOOIACHBIX PErHOHAaX W B paloHaxX
BYJIKAaHMYECKOH aKTUBHOCTH, OHH IIOMOTAIOT NPEACKA3bIBaTh OINACHBIC SBIECHHS M OTPaHUYMBATh MX IOCIEICTBHSA,
CHI)KAaTh COLMAJBHYI0 W OKOHOMHYECKYIO YS3BUMOCTh HACENEeHUs M OCYILECTBISATH paHHEE OIOBEICHHE O
HEOOXOIUMOCTH CBOEBPEMEHHOH 3BaKyaruy. TeM He MeHee, 9acTO OTCYTCTBYIOT HHTEIPHPOBAaHHBIE CHCTEMBI THAPO-
KIIMMaTHYECKOTO MOHUTOPHHTA U CUCTEMBI paHHETO MPEAYNPEKICHHS O 3aCyXaxX U HABOTHEHHSX.
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CucreMbl MOHHTOPHHTA MOJ3EMHBIX BOJ|, B 33J]a4y KOTOPBIX BXOJHT, B YaCTHOCTH, HAaOJIOJICHUE 32 XOPOILO
3aIIUIIEHHBIMU PESKIMaMH, B HACTOSIIEE BPEeMs ABJIAIOTCS PEAKOCTBIO, TAKXKE KaK M JaHHbIE 10 TITy0OKO 3aJ1eraromimM
BOJIOHOCHBIM TOpPU30HTaM, B OCOOCHHOCTM B pa3BUBAIOIIUXCS cTpaHax. OmnpeneneHrne HaJEKHBIX IPU3HAKOB
HaJBHUTAIOIIETOCST O€NCTBHUS, YSI3BUMOCTH PECypCcOB IOI3EMHBIX BOJ M (YHKIHOHHPOBAHHE CHUCTEM PAaHHETO
MIpeAyNpPEKACHHsT SIBISAIOTCS BaXHBIMH 3JIEMEHTaMH (asbl mpenynpexaeHus. JIedcTBus B 9Toi ¢aze NOIKHBI OBITH
HaIlpaBJICHBI Ha IPUHATHE 3aIIUTHBIX MEp M OTpaHUYEeHIE MAacIITab0B BOSMOXKHOTO yuiepoa.

7.3. Pa3bl BO3AeUCTBUSA U NpeKpaleHusa fencTtBus

@a3pl BO3NCHCTBUS U NpPEKpaIleHus AeHcTBUSA TpeOYIOT B OCHOBHOM YCHJIMH, HAallpaBIEHHBIX HAa CIIAacCEHHE
MOJBEPrIIMXCs ASHCTBUIO CTUXUM BO BpeMs U IOcie KaTacTpodudeckoro codbTus. B atux daszax take Tpedyercs
HEeMeJUICHHasl BHEIIHsSA oMollb. OHUM U3 IPUOPUTETOB HA AAHHOM 3Talle SBJISIETCS paclpesieieHue MUThEBOH BOABL,
HIOCKOJIBKY CYIIECTBYIOIHE CUCTEMbI BOJOCHA0XKEHH OOBIYHO HE JEHCTBYIOT, a HOBEPXHOCTHBIE BOJBI U HETIyOOKO
3ajIeralone BOAOHOCHBIE TOPU30HTHI 3arPsI3HEHBL. B TeX MEeCTHOCTAX, TAe 3apaHee ObLIM BBIABICHBI BOJHBIE PECYPCHI,
3aIlUIIeHHble Onaromapsi NPUPOIHBIM OCOOEHHOCTSIM M KOTOPBIE MOTYT OBITh HCIIOJNB30BaHBI B UPE3BBIYAMHBIX
CHUTYalHsX, ISHCTBUS TI0 OKa3aHHUIO HKCTPEHHOH ITOMOIIH, B YaCTHOCTH - pa3ziada MUTHEBOI BOABI, OyIAyT OBICTPBIMH U
a¢dexTuBHBIMU. Takol KOHIENTYalbHBIH MOAXOA ObLI MPUMEHEH TOJILKO B HECKOJNBKHX cTpaHaX. IlocTpanmaBiiee
HaceJieHue 0ObIYHO cHaOXxaeTcs OyTbUIOYHOM BOJIOW, MPUBE3EHHOM M3 JAPYTMX MECTHOCTEH WMJIM IPUBO3HOW BOJOH M3
LUCTEPH. JTO B JyYIIEeM CIy4ae BpPEMEHHbIE MEpPbI, OHU TOJBKO MOJYEPKUBAIOT 3aBUCUMOCTD HACEJICHUS OT BHEIIHEH
riomomty. /Iy BEDKMBaHUS B T€UEHUE HeJOoIroro neproaa tpedyercs 30 JuTpoB BoAbI B A€Hb Ha yenoBeka: 10 1uTpos
i muths U 20 nutpoB — ais npurorosnenus numy (BO3, 2005). BoccraHoBieHHE M OYHCTKA MOBPEXICHHBIX
CKBaXXMH 4acTO IPeJCTaBILIIOT co00i fonruil mpouecc. Boxa MoxeT ObITh 3arpsi3HEHa XUMUYECKUMU BEIECTBAMU WU
CTOYHBIMHU BOJAMU, M YUCTKA CKBXXUH U yIaleHHE 3arps3HEHUs TpeOyroT OONbIIUX 3aTpaT U MPUMEHEHMs CIO0XKHBIX
texHosmoruii. Tam, rae ObUIM IIPEABApUTENBFHO BBIBICHBI BOAOHOCHBIE IIIACTBI, YCTOIUMBBIE K BO3AEHCTBHIO
IPUPOAHBIX KaTacTpod, MMEIoTCs OypoBbIE YCTAaHOBKM M JICHEXKHBIE CpPeAcTBa U3 (POHIOB, 3ape3CpPBHPOBAHHBIX HA
cllydail 4pe3BBIYaHBIX OOCTOSATENBCTB, MOIYT OBITH OBICTPO IPOOYPEHBI HOBBIE CKBa)KUHBI IS JOOBIYM BOABI B
ype3BblyaliHON cutyaruu. OHaKo, IPU OTCYTCTBUH TaKHX 3HAHUM M TOTOBHOCTH, MEPOIIPUATHS MO OKAa3aHUIO TOMOIIH
MOT'YT OKa3aTbCsl KpailHe 3a1031aBIIMMU.

7.4 ®a3za BocCTaHOBINEHUSA

B ¢aze BoccraHOBIeHUS 0OecriedeHNEe MUTHEBOW BOJION OOBIYHO SABIISIETCS MPOOJIEMOH B T€UEHHE JIIUTEIHHOTO
cpoka. BoccTaHOBIIEHHE CHCTEM BONOCHAOXEHHS W MH(PACTPYKTYPHI paclpeleNieHUs BOIBI MOXKET IMPOIOIDKATHCS
HEJIeNN WJIK MECALbl, BOCCTAHOBJICHUE 3arPSI3HEHHBIX HCTOYHHKOB BOJIBI MOXKET MOTPEeOOBATh HECKOJIBKUX JieT. OTHUM
n3 2(PDEKTUBHBIX, W YACTO OBICTPBIX PEIICHUI, YMOMSIHYTBIX BBIIIC, SBJIACTCS WHTCHCHBHAsS OTKayka W3
CYHIECTBYIOIINX TIJyOOKUX CKBaXWH - HCTOYHUKOB BOJIBI, IIOCTYIAIOIIEH B BOJONPOBOJIHYIO CETh U3 TIIIyOOKO
3aJICTAIOIIMX BOJOHOCHBIX IUIACTOB, HE TIIO/IBEPXKCHHBIX BO3ACHCTBUIO NPUPOIHBIX SIBJICHUM, WK pa3pabdoTKa
MaJIOYSI3BUMBIX TNTyOOKHX BOJOHOCHBIX TOPU30HTOB B TE€X OOJIACTAX, IIE€ OHM YK€ ObUIM pa3BeJaHbl M MX CBOWCTBA
U3y4YeHBbl. DTO OOBIYHO HEBO3MOXKHO ISl PAa3BHUBAIOIIMXCS CTPaH, a MHOTJA JaXe W Ui MHOTUX pa3BUTHIX. J[pyrum
Ba)KHBIM MOMEHTOM SBIISIETCS TOCIEAYIOIIasi OLCHKa Bcex (ha3 Ipolecca CHACeHUs] HAaceJIeHHs, MOATOTOBKA IIIAaHOB
BOCCTAQHOBJICHUS, BKIIOYas IUIaHBI yNPaBICHHS BOJHBIMH PECypcaMy, a TakKe OIEHKAa BCEX JKCTPEHHBIX 3aTpar.
Pa3paboTtka Gosee 3(peKTHBHON MOJUTHUKH, HANPABICHHOW HAa yMEHBIICHWE OMACHOCTH KaTacTpod M CHHKCHHUE
YPOBHSI COLMAIBHOW M DKOHOMHYECKOH YS3BUMOCTH HAaceJeHHs Ha OCHOBE OIIEHKH IPOIUIBIX KaTacTpod, ocraercs
oueHb Oombmioit mpobnemoii. Kak 6puto ykazano B IIpussiBe k neiictBusm Ha mepuon 2005-2015 rr., mpuHATOM Ha
KkoH(pepeHIH B XEro: HeoOXOOMMO CO3JaHHe YCIOBHH YCTOWYHMBOCTH K KaracTpodaM rocymapctB W cooOmiecTs. B
JOCTVDKCHUH ITOM 11T OTPOMHYIO POJIb C TOUYKH 3pEHUST YMEHBLICHHS CTPaJAaHuil HacelIeHUs B OyAyIIUX KaTacTpodax
JOIDKHO CBITPaTh TPUBIICUYCHHUE MECTHBIX BIIACTEW W HACeleHHs K MpoleccaM MpeIOTBPALICHHs KaTacTpod,
YMEHBIIEHHS UX ONACHOCTH U K paboTe M0 BOCCTAHOBJICHUIO ITOCJIE€ CTUXUIHOTO OENICTBUS, a TAKXKE K IUIAHUPOBAHHIO
Mep 10 OOECIEYEeHHIO 3alllUThl HMCTOYHMKOB MHTHEBOW BOABI M K pa3pabOTKe IUIAHOB YIPABJICHUS PHCKaMU
BOJIOTIOJIb30BaHUS.

7.5 MnaHbl CHUXKEeHUA pUCKa KaTacTpod 1 nnaHbl
yrnpaBneHusa puckamm Boaonosrb3oBaHuUA

[Lnans yOopaBJICHUA pPUCKaMKU BOJOINOJIB30BAHUA B ClIy4dac CTUXUMHBIX 6EZ[CTBI/II>II SABJIAKOTCA 4YaCTbIO
KOMIUIEKCHOM CTpaTeruu 110 pa3pa60TKe IJIaHOB CHHMJKCHUS pPHUCKaA KaTaCTpO(b, MOCTPOCHHBIX Ha MNPHUHIOHUIIAX
OTBETCTBCHHOCTH MECTHBIX BJ'IaCTefI, MECCTHBIX COO6H.I€CTB, COIIMAJIBHBIX TPYIIIlI U OTACIBHBIX JIMI B OTHOIICHUU
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JEHCTBUIA 10 CHIDKEHHIO PUCKA Ype3BBhIYaiiHbIX cuTyaruid. OLeHKa prucKka HAaCTYIUICHUsS KaTacTpo(uueckoro coObITus,
COIIMAIBHOM M SKOHOMHWYECKOH YS3BUMOCTH HACEJICHUS! M TOTOBHOCTH K CTUXUHHBIM O€ICTBUSM NPEACTABIAIOT COOOH
Ba)KHBIC DJIEMEHTHI TUIAHOB M MOJUTUKU NPEJTOTBPALICHUS KaTacTpod W yMEHBLICHUS MX MOCIEACTBUUA. [IpuHIUIEI,
JIe)Kale B OCHOBE MOJMTUKHU YIpaBieHus: katactpodamu omucanbl dymkem (2004), Hapsmy ¢ APyTMMH aBTOpaMH,
takumu, kak IDmedt (2003), Addensrpanrep (2001). SIar um ap., (1994) u brueiiku u ap. (1994), a Ttakxe
chopMyITUPOBaHBl B JOKyMEHTax pa3nuuHbix opraHuzanuii OOH. OTBETCTBEHHOCTh MPABUTEILCTB 32 O0CCIICYCHHE
3aIIUTHl CBOMX TPaXJaH OT NPUPOIHBIX KaracTpod M HEOOXOOMMOCTH OCOOOr0 BHUMAHMS K cdepe ynpapieHHS
pHCcKaMH KaracTpod, 3aTparMBaroIlMX BOJHBIE pecypchl, Obula B LeHTpe BHHUMaHui KondepeHunu OOH mno
OKpykaromieit cpene u pasutuio B Pruo (1992), [yomuuckoit KondepeHnuu mo BOAHBIM pecypcaMm M OKpYKaromen
cpene (1992), Iporpammsl 21 u npyrux noxkymentoB OOH u pesosmonuii ee I'eHepanbHOil Accambien.

Vokoramckas Ctparerus 6opsObI 3a Gosee Ge3omacHblii MUp: JIMPEKTHBBI 110 MPEIOTBPANIEHHIO TIPHPOIHBIX
KaracTpod M OrpaHHYECHHUIO MX IOCIeNCTBUH, a Takxke [lnan [leiicTBuii, npunAThii Ha Becemupnoit Kongepenunu no
YMEHBIIECHHIO ONACHOCTU TNPHPOAHBIX KaracTpod (1994) sBuiMCh BaKHBIMH ILIaraMd B HANpPaBICHHH BHEIPCHHS
HOJINTUKY U IPAKTUKU CHIKEHMs pucka katacTpod. Ha mporspkenun MexayHaponsoro ecatunetus YMeHbIICHUS
Pucka Ilpupomusix Karactpod (1990-2000) ycunus OOH MHOrokpaTHO HampaBJSUIUCh HA MOBBIIICHUE YPOBHS
3aIIUIIEHHOCTH HAceJIeHHsl OT BO3IEHCTBHS CTHXUIHBIX OCICTBHH M NPUBJICUCHHE OOIIECTBEHHOCTH K AKTUBHOMY
YYacTHIO B AEATENLHOCTH 110 MPEAOTBPAILCHUIO KaTacTpo(d M YMEHBIIEHHIO UX nocieacTBUH. Cpenu KIFOYeBhIX Leei
B [exmapammmu Teicsuenetnst (2000) yka3piBaeTcsi yKpeIUIGHHE MEXKIYHAPOAHOTO COTPYOHHYECTBA B IIEISX
YMEHBIICHHS YHCIa TPUPOTHBIX H TEXHOT€HHBIX KaTacTpo( M CMATYEHHsS MX MOCIeNCTBUI. BecemupHbii CaMMuUT 1O
YCTOHYHBOMY pasBHTHIO, COCTOsBIIHMICSA B MoxannecOypre (2002), B coeM Ilnane Peanusamuu oTMETHI CIeAyIONHe
nerictBus: «KOMIUIEKCHBIH, YYUTBHIBAIOIINI pa3iW4HbIe ONMACHOCTH, WHKIIO3MBHBIA IOAXOA K PELICHUIO IpobiiemM
YS3BUMOCTH, OIIGHKM PUCKOB M YIpaBlIeHHs KaTacTpodamy, BKIIOYAIOIIMX B ce0s BOIPOCHI HpEIOTBpAlICHUS,
orpaHuyeHusi cepbl BO3JIEHCTBHUS KaTacTpod, IMOATOTOBKM K HHM, pEarMpoBaHHs M BOCCTAHOBIECHHUS IOCJTE HHX,
SIBJISIETCS] BAXKHBIM 3JIEMEHTOM JIEATENILHOCTH, HalleJICHHON Ha TO, 4TOOBI clienaTh MUp Oojiee Oe30omacHbIM B 21 Bekey.

Beemupnas KondepeHuus 1o yMEHBIICHUIO ONACHOCTU KaTacTpod, KoTopas cocrosinack B TI. Kobe
(ITpedexrypa Xéro, Anonus) B ssHBape 2005 roma, ObLIa TpPOBEAEHA BCKOPE IMOCIE OMYCTOIIMTEIBHOTO I[yHaMH B
I0ro-Bocrounoii Aszum (mnexkadbpp 2004). B Jlexmapamyu Kondepenuun (Xérckas [exnapauusi) Oblia BHOBB
MOJTBEPIK/ICHA )KU3HEHHO BakHas pob cucteMbl OOH B yMeHbIIeHHH omacHOCTH KatacTpod). CTpaTernueckue 1eiu
obutn copmynupoBanbl B Xérckom IlpusbiBe k JelictButo Ha mepuon 2005-2015 rr.: HEOOXOAMMOCTH CO3/IaHHS
YCIOBHH YCTOMYMBOCTH K KaTacTpodaM rocyAapcTB U cooOmIecTB OyaeT BOILIOMICHA B KOHKPETHBIE AEHCTBHS Ha BCEX
YPOBHSIX C IIEJIbI0 CHIDKEHHS PUCKA KaTacTpod M ySI3BHMOCTH HACEIICHHS U HCIOJIBb3YEMbIX UM PECypCOB, B TOM YHCIE
BOJHBIX. BOIPOC CHMKEHUS YyBCTBUTENBHOCTH K IPUPOJHBIM KaTacTpodaM pa3BUBAIOIINXCS CTPaH, PaclioOKEeHHBIX
Ha HEOOJIBIINX OCTPOBAaxX OOCYKAalcs B paMKax AUCKyccuu 1o IIporpamme nefcTBHUI MO JOCTHKEHUIO YCTOWYHBOTO
pa3BUTUS B HEOOJIBIINMX PAa3BHUBAIOIIMXCS OCTPOBHBIX I'OCYIApPCTBAaX Ha MEXKIYHAPOIHOM BCTpede, NPOBEICHHOW Ha
Maspuxkuu (2005).

Heckonbko mpoekToB, OCYHIECTBIEHHBIX B xofe mecrtod ¢a3sl  (2002-2007) MexayHapoaHOi
Tunponoruyeckoii IIporpammsr (MITI), xoopaunupyemoit FOHECKO, Obuiv HampaBiieHbI Ha pelieHue Ipodiiem
VIpaBIICHNs] 3eMEJIbHBIMH pecypcaMy IpU YpEe3BBIYAHHBIX CUTyalMsX. B OCOOEHHOCTH 3TOMY BOIPOCY YAENSIOCH
BHUMaHHe B pamkax Tewmbl 2: Heckonpko mpoextoB no teme «O6uwmii Bomopasmen n JIunamuka BomoHocHBIX
T'opu3oHTOB» OBUIM OCYLIECTBJICHBI C LEnblo: 1) co3maHust 0a3bl A YMEHBLICHUS COLMO-KOHOMHYECKOW WU
9KOJIOTHYECKON UyBCTBUTENBHOCTH K BO3JEHCTBHUIO THAPOJIOTHYECKUX COOBITHH 1 2) aHaNn3a Ype3BbIUAMHBIX CUTYaLHH
IIyTEM CBEACHUS BOCIMHO IAHHBIX PAa3IMYHBIX WCTOYHUKOB (MCTOPHYECKHX, HMOJYYEHHBIX C MOMOILIBIO MPHUOOPOB, CO
CIyTHHKOB) IJIsI JOCTIOKEHHUS 0Oojee TOJHOTO MOHMMAHUS JTHX SBJIEHHH B IPOCTPAHCTBEHHO-BPEMEHHBIX paMKax.
IMpoext «Iloa3emHble BOABI Ui upe3BbIUaiiHbIX cutyanuity - «(GWES)» - omun u3 wimoueBbix npoektoB MITI B
pamkax MesxmysapogHoro JecaTunetus YMenpimenns Pucka Ipuponusix Karactpod u MoxanrecOyprekoro ITnana
BoruTomeHus pemeHuii Bcemupraoro Cammura o YcroitanBomy Pazsuturo.
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8. 3AKJ/IIOYUTE/IbHbIE 3SAMEYAHUA U
BYAYLLEE

Pamounslii  noxyment GWES mnomguepkuBaer posib  MOA3E€MHBIX BOJA B  YPE3BBIYAHBIX CHUTYalMsX,
CKJIQ/IBIBAIOLIMXCS TIOCHE KJIMMATHYECKHUX, THAPOIOTHYECKHUX U TEOJOTHUECKHX KaTacTpod, KOTOpPHIE OKA3BIBAIOT
BO3JEHCTBME HAa COTHH MWJUIMOHOB JIIOZICH €XerogHo. B 0COOCHHOCTH B pa3BHBAIOLIMXCS CTpaHaxX (H3MUecKas,
COIMANbHAS M SKOHOMHYECKAs YS3BUMOCTh HACENEHHs B CIydyae CTHXHIMHBIX GEICTBHil OYeHb BelMKa. Mokoramckas
ctpareruss U [lman GopbOBI 3a Ooyiee Oe3o0macHBIi MHp, NpHHATHIE B 1994 Tomy, MpeaycMaTpUBAIOT BHEAPCHUE
MPaKTHKA Ooniee d(P(HEKTHBHOTO CHWKEHWS pUCKa KaracTpod. HeoOXoamMocTh TakoiW MNpakTHKA Oblla BHOBB
nomuepkayTa B Xérckom llpmspmBe k [leitctBusm Ha mepumon 2005-2015 romom, mpuHsTOM Ha BcemupHoit
KoHdepeHun Mo yMEHBIIEHHIO OMAacHOCTH KaTactpod, mpoBeneHHO# B SAmonuu B 2005 romy. Pa3Butie 0a3bl st
CHIDKCHHUSI YPOBHSI 3KOJIOTHUECKOH M COIIMO-IKOHOWYECKOW YSI3BUMOCTH IPH CTUXUHHBIX OCICTBUSX TAKKE SBIISETCS
YacThl0 JEATEIbHOCTH B pPaMKaxX OIIPENeNICHHBIX IIPOEKTOB B IIecTOH (ha3ze peanusauud MexIyHapOJHOM
T'unponoruyeckoii [porpammer (MITTI).

COepexxeHne NHUTHEBOW BOIBI ISl IOCTPAJAABILETO HACEICHUS SIBISETCS OJHUM M3 IIPUOPUTETOB B XOJE
pa3BUTUSl KartacTpobl M Cpa3dy NOCIe ee OKOH4YaHus. JTa 3aaada JexuT B ocHoBe mnpoekta IOHECKO/MITI
«ITomzemunie Bonpr mnst Upesswrdaiinpix Cutyanuuii», €ro rJIaBHOM 3ajadei sIBISETCSl aHAJIN3 METOJOB BBISBICHMS
3alIUIICHHBIX BOJAHBIX PECYpCOB, METOJOB MX HCCIEIOBAaHUsS, OLIEHKH PUCKOB M YIpPaBJIEHHs MMH. Takue MEeTOAbI
MIEPEUUCIICHbl B pAMOYHOM JIOKyMEHTE, a Tak)Ke B HEM OIpe/eeHa pojb MHCTUTYLMOHAIBHOM U TEXHUUYECKOH 0a3bl
JUISL CHIDKCHUWSI YPOBHS PHCKa M YMEHBIICHHS YHCJIa JKEPTB, MOCKOJBKY OHA JOJDKHA OOECHEUHTh HaJIexaliee
HCIOJIb30BaHNE PECYPCOB MUTHEBOH Bobl. HO 3TO BCero iMIb mepBblii mar B OCYIIECTBICHUN IpoekTa. OpraHuzaris
CHUMITO3MyMOB ¥ CEMHHAPOB, IIOCBSIIEHHBIX NIPOOJIeMaM HCIIOIb30BaHHS IT0JI3EMHBIX BOJ B PA3JIMYHBIX YPE3BBIYAHHBIX
CUTyaIusIX, sIBIISIETCS cleayiomeld BaxkHod Temod mpoekta GWES. Psag Takux cuMITO3MyMOB yKe OBUT IpOBEIEH.
IlepBblii - mo mpobieMaM HCIOJB30BAaHHUS IOJ3EMHBIX BOJ B 4YpE3BBIYAWHBIX cuUTyauusx B lLleHTpaipHO —
AMepuKaHCKOM peruone, Obul opranumzoBaH B Mexuko (2004) B pamkax pabotsl Konrpecca MexayHapoaHoit
Accouuanuu I'uaporeonoros.

B xone BcTpeun paboueit rpynnsl npoekta GWES B Hbto-Jlenu (2005) cocTostiach MI0A0TBOPHAsS JUCKYCCHS C
MECTHBIMH CIEIHAIUCTAMH 10 BOIIPOCaM yuiep0Oa, MIPUYUHAEMOro IyHaMU ¥ CBS3aHHBIM C HUM IPOOJIeMaM, HMEIOIIUM
OTHOILICHUE K MOJA3eMHBIM BoAaM. Jlpyrue cummo3uymsl OyIyT IPOBEIEHBI BCKOpe Iocie IMyOnukanuu Pamodnoro
nokymeHTa GWES, KOTOpBI TOCITYXHT OCHOBOM Jjisi OOYYCHHUS W IpOBeICHHsS TPEHUHroB. CaMbIM Ba)KHBIM
pe3ynbTaToM BbINONHEHUs mpoekta GWES craner myOnukanus METOAWYECKHX PYKOBOJICTB, HOAKPEILICHHBIX
KOHKPETHBIMH IPUMEpaMy M IepedHeM 00BEMOB MOA3EMHBIX BOJ, HE MOJABEPKEHHBIX MPUPOJHOMY M TEXHOTCHHOMY
Bo3zeiicTButo. OHU OyAyT BBISBIEHBI B OTJENBHBIX, MPEABAPUTEIBHO BBIOPAHHBIX AKCIIEPUMEHTAIBHBIX PETHOHAX,
MPEANOYTUTENIFPHO HEOJHOKPATHO IOABEPraBIIMXCS BO3AEHCTBUIO CTUXUH, Takue Hampumep, kak Oro-Bocrounas
Azpns. O4eHb IIEHHBIM Ha 3TOM 3Tarie OyIeT MpoaoJpKaroleecs COTPYIHHYECTBO ¢ MexXTyHapoJHbIM eHTpoM OLeHKH
Tomzemubix Box (IGRAC). Ha 3akmrouutensHoi craguu npoekta GWES Oyzer mpoBeseH MexXIyHapOHBIH
CHUMITO3UYM Ul OOOOIIEHUS M pPacHpOCTPaHEHHs IOJYYEHHbIX 3HAHWUI W OIBITA BBISABICHUSA, HCCICIOBAHUS H
VIpaBIICHUSI pecypcaMu MOJ3EMHBIX BOJ|, NPHUIOIHBIX JIS UCIIOJIB30BAaHHS B Ka4eCTBE MCTOYHHMKA IMHUTHEBOH BOJBI B
YpEe3BBIYANHBIX CUTYAIHSX.
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10.UccnepoBaHUA KOHKPETHbIX CaiyYaes

10.1.Ponb  M30TONHOM rUApPOSIOTMA B  BbIABNEHUMN
Ge3onacHbIX pecypcoB noa3eMHbiXx Boa B HOXxHoOM
Adpuke

B.T. BepxareH

Lllkona reonoruyeckux Hayk, YHuBepcuteT YUTYyOoTepPCIHA,
MoxaHHecbypr, FOxHo-AdpukaHckaa Pecnyb6nuka

BBepeHue

Heriy6oxo 3aneraromuil 6a3anbToBblI BOJOHOCHBI TOPU3OHT OBUI MCCIEIOBaH C LEJIbIO BBIABICHHUSA €r0
YCTOMYMBOCTH JUId CHaOkeHHs Bojgod 26 naepeBeHb B mnpoBuHUuM Jlummono, Oxnas Adpuxa (Puc.10.1.1).
IlepBoHa4anbHbI MOAXOA OCHOBBIBAICS Ha KOHIENTYaJIbHOM IOJYKOJMYECTBEHHOM TI'MAPOJIOrHYEeCKOM MOAeNHy,
IPEIUIOKEHHOH JecATbio rojamu paHee. COIacHO 93TOH MOJENH, MOXKAEBBIE OCAAKU BOCIOJHSIOT HErIyOOKO
3aneratomuil ppearudeckuii 6a3anbTOBBIM BOJOHOCHBIA TOPH30HT, HOACTWIAIONIMN PaBHUHY ILIoLIanbio ~ 600 KM,
ITonzemHbIe BOABI CTEKAIOT B CEBEPHOM HAlpPAaBICHUH, YAAISISACh OT TOPHOTO BOJOpA3jiesia Ha I0re€ B CTOPOHY 30HBI
60nbIIOr0 pazioMa UHICH, BEICTYNAIONIETO OAHOBPEMEHHO KaK B KaueCTBE BOJIONPHEMHHKA, TaK M CTOKA ITOJ3EMHBIX
Box m3 3toi obmactu (Puc. 10.1.2.). INoactunaromue YIUIOTHUBIIKECS OTJIOXKEHUS, TPEJCTABICHHBIE B OCHOBHOM
NecYaHHKaMH, BCTPEYAIOIIUMHCS MPH MPOOHOM OYpEHHH BJIOJb 30HBI Pa3ioMa, OOBIYHO OKa3bIBAIUCH BOIOHOCHBIM
TOPU30HTOM C HEOOJIBIIUM J€OMTOM B MECTAX, TJI€ MOPObI BHIXOST Ha IOBEPXHOCTb.

PucyHok 10.1.1 Kapma, omo6bpasarousasi pacrnosioxxeHue uccsedyeMo20 y4yacmeka

SOUTH AFRICA

CAPE TO PORT ELIZABETH
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PucyHok 10.1.2 MepuduoHanbHbili 2eosio2udeckuli paspes C-HO uccnedyemozo pezuoHa. O6pamume
8HUMaHue Ha 20pbl Ha ro2e u peKy Yunucu Ha cesepe
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ITosToMy BomocHaOkeHUE paifoHa OCYLIECTBISIETCS B OCHOBHOM M3 30HBI Pa3iioMa, a MOTEHIMAN JTOOBIUM IIOJ3E€MHBIX
BOJI OLICHMBAETCSA Ha ypoBHe 1x10°M° Ha KHITOMETp MPOCTHPAHHS PA3IOMa B FO.

HoBoe wuccnenoBanue (Bepxaren u gap., 2003) Ha HayaJbHOM 3Tane NPOBOAWIOCH B 30HE pasnoma. U3
9KCIUTyaTallMOHHBIX W Pa3BEJOYHBIX CKBAXHH, NMPOOYPEHHBIX, B OCHOBHOM, B 0a3aibTe, OTOMpAINCh OOpa3Lbl A
aHaM3a COJEP)KaHUs TPUPOJHBIX HM30TONOB M ONpeleieHHus THAPOXUMUYECKOTO COCTaBa. BHocnencTBuu U3
MHOTOYHCIICHHBIX CKBOKHH Ha paBHUHE TOXKE OBUIM OTOOpaHbl 0Opasipl. B CBA3M C MpoOBEJEHHEM H30TOIHBIX
WCCIENOBaHNI B pa3BelIOYHBIX CKBa)XKMHAX, KaK Ha 3alajHOW, TaKk M Ha BOCTOYHOH CTOpOHE pasioma, OBLIO
YCTaHOBJICHO, YTO pa3jioM UMeeT OoJiee CI0XKHYIO CTPYKTYPY, YeM IPEJIoIaraioch paHee.

[aHHble No nsotonam: N3MeHeHne KOHLenTyanbHON moaenu

3Ha4yeHus 1A CTaOMIBHBIX M30TONOB ™180 HaxomdTcs B Ipeenax y3KOro JUana3oHa ~ —5%o ¢ HAKJIOHOM JIMHUH
perpeccuu 5,5. B noxnaesoii Boge uzoronsl ™180 Habmomarorcest B auanasoHe oT —12%o 10 —2%o. Taxum oOpaszom,
PETUOH MMECT AOCTATOYHO OJHOPOIHBIC YCJIOBHUSA NUTAHUSA TPYHTOBOT'O T'OPU3OHTA, IPU 3TOM aHAIU3 HUCHAPCHUSA
MOBEPXHOCTHBIX BOJI, HAKAIUIMBAIOIIMXCS HA IJIOCKOW paBHUHE Mepe]l MPOCauiBaHUEM, ITO3BOJISIET YCTAHOBUTH OOIILYIO
KapTUHY COJEpXaHUs CTaOMIIBHBIX M30TONOB B IPYHTOBBIX Boaax. CTpykTypa 0a3aabTOBOrO BOJIOHOCHOTO TOPH30HTA
XapaKTepH3yeTcs BHICOKHMH YPOBHSIMH COICP)KAaHHS PAAMOAKTHBHOTO M30TOIA YIJIEpOJa, 3HAUCHUS KOTOPHIX, B
OCHOBHOM, HaxoxsaTcs B nuanazone oT 80 mo 100 pMC (IIpoIieHTOB OT COBPEMEHHOT'O YPOBHS yIiIepoaa), B COUeTaHIH
¢ tputueM B nuanasone 0-3 TE (tputueBsix enunmi; Puc. 10.1.3).

OueHKa NUTaHUS TPYHTOBOTO TOPH30HTA MOXKET NPOU3BOAUTHECS HA OCHOBAHMH PACCUUTHIBAEMBIX II0 YPOBHIM
M30TOIOB 3Ha4yeHHi cpernHero BpeMeHu npeObBanus (CBII), a Takke TIiIyOMHBI M HOPUCTOCTH 30HBI HACHIICHUSL.
CBeneHHSI O THOPOTEOJOTMUECKUX —XapaKTEPUCTHKaX 0a3albTOBOrO BOJOHOCHOTO TOPH30HTa MPAKTHUECKU
OTCYTCTBOBaJIM. BcrencTBre HEOAHOPOJHOCTH MAaTPHIBl BOZOHOCHOTO TOPU30HTA, XaPAKTEPUCTHKU TAKOTO BAXKHOTO
rnapamerpa Kak MOpPHCTOCTh HMPUXOIMIOCH OIPENeNsATh, OCHOBBIBAsICh HAa pe3yJibTaTax NMpHONMKEHHOH oueHkH. [Ipu
3TOM OBLIO OYEBHUJIHO, YTO JIAXKE 110 pe3ysIbTaTaM OLIEHOK, OCHOBAHHBIX Ha CAMBIX ONTUMUCTUYECKUX HPEAOI0KEHHSIX,
ONpeaAcisICMbIC C y‘{éTOM BpPEMCHHU HpC6I>IBaHI/I$I TIOKa3aTeIi IMATaHUA T'PYHTOBOI'O T'OPHU30HTa AOCTUTAIUM B JIyYIIEM
ciyqae 10% ot HabmoIaeMbIX B XOJ€ HCCIEJOBaHUM, IPOBEAEHHBIX paHee. bosee Toro, 6ombmioil pa3dpoc 3HaUeHUI
mapaMeTpOB U30TOMHBIX U TUAPOXUMUYCCKUX HCCHCHOBaHHﬁ, HOJIy‘ICHHI;Iﬁ Ipu BCKPBITUU 30HBI pasjioMa, IMMO3BOJIACT
IOCTAaBUTh MOA COMHEHHE KOHIEMNLHUIO CIUIOIIHOW PETHOHAIBHOW 30HBI APCHUPOBAHUS. BHYyTpHCKBaXKHHHBIC
BUJICOHAOTIOACHHS MTPOJEMOHCTPUPOBAIN CHIFHO aHU3OTPOIHYIO NMPUPOLY HMOpUCTOCTH Oazanbra. IIpoOEl, B3sTHIE B
OJIHO# 9aCTH HCCIeAyeMOil 061aCTH, JAI0T COOTHOMmEeHHs m3oTomoB 'C u *H (3oma A, Puc. 10.1.3), moarBepiaaomme
pacuéTHble TaHHBIE KCTIOHCHIINAIBHOM Moienn niepeMemmmBanus (3yoep, 1993).
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PucyHok 10.1.3  [uacpamma 14C-3H, onucbiearowas xapakmepucmuku 2pyHmoebix o0 pezuoHa Taubow c
noMowbro0 KpuebIX 3KCMOHeHUyuanbHOU Modesniu u coomeemcmayrowux 3Ha4yeHuli cpedHez20
epeMmeHuU npebbieaHusi. A: 3Ha4yeHusi, coomeemcmeyrouwue modenu; B: «3anpewéHHbie»
3HayeHusi

1000 500 100 50 20 MAT (yr)

. 3§~ Typical error bars
20 .

0 1 2 3 4
34 (TV)

Besne, rae konuentparus ‘C >100 pMC npu 1OdTH HyNeBBIX 3HAUYEHHUSX TPUTHA, TOTYYEHHBIE PE3YJIbTATHI
HAONIOJICHUIT TOMEIIAITCS B «3anpemHHyo» 30Hy wMozaenu (3oHa B). IlogoOnas komOuHaius TpeOyer
npoHUKHOBeHHs1 OnoreHHoro CO, B 30HY HACHINICHHS HJIM NMPUMBIKAIOMINE K HEH Y4acTKH, IPOLEeCC, KOTOPBIH MOXKET
MPOMCXOUTH TOJBKO KaK MEPEHOC Yepe3 KOpHU PppeatoduToB.

Bricokoe comepkaHHE HHUTPATOB SBISIETCS OOWIEH XapaKTepHCTHKOW TPYHTOBBIX BOJI  0a3albTOBOTO
BOJIOHOCHOTO TOpPH30HTa B JaHHOM peruoHe. [Ipeamonmaraemas riyOuna seyieneHus CO, W3 KOpHeW pacTeHHMH,
pa3NMYHBIE TUIPOXMMHYECKHE M W30TOIHBIE KOPPEISLUH, HanpuMep, Mexay Si um NOs;, a Takke Mexmy OO0OHMH
BBIIICYIOMSHYTEIMI PACTBOPEHHBIMH BeIeCTBAMH H '*C, CBHICTEIBCTBYIOT O TOM, YTO HCTOYHMKAMH (OPMHPOBAHHS
HUTPATOB SIBJISIIOTCS (DYHKIIMOHAIBHOE pa3jiokeHHe (THHEHHE) KOpHeH u MuHepanusanus azora (Bepxaren u batnep,
2004).

[ony4eHHbIe JaHHBIC MO THUAPOXMMHYECKMM W H30TOIHBIM XapaKTEPUCTHKAM MOKAa3ald, YTO HCCIIEAYEeMBbIH
PETHOH SIBISIETCS Topa3no 0oJee CI0KHBIM C (THIPO)re0TOTHYECKON TOUKH 3pEHHS, YEM IIPEINOoIaraiock 10 3TOr0 MpH
pa3paboTKe MEepPBOHAYAIBHOM KOHIENTYadbHOH MOJEIH. ADPOMAarHUTHAs pa3BeAKa pErHoHa OOHApyXWIa psij
0CcOOEHHOCTEH, MOYTH HE M3BECTHBIX paHee, BKIIOYAs JIMHEAMEHTHI, NEPEeceKarollne yYacTKH Pa3oMOB, KOTOpPHIE
TaKk)Ke MOTYT CIIOCOOCTBOBAaTh YaCTUYHOMY pa3leleHHI0 0a3albToBOro BomOoHOCHOTrO ropm3oHTa (Pmc. 10.1.2). C
yuéToM umeromielicss uHpopMalyu, Oblla pa3paboTaHa HOBas MNPOrpaMMa TOHUCKOBO-Pa3BEAOYHOTO OypeHus,
HalpaBJIeHHAsl, B YACTHOCTH, Ha MCCIIEIOBAaHHE COCTaBa MOPOI, PACIIONOKEHHBIX HIKE 0a3aIbTOBOTO UIACTA.

O6HapyxeHne HOBbIX 3anacoB

B pamkax HOBOH mporpammbl OypeHus Hoj 0Oa3anbToM ObUI OOHApyXeH OOMIMPHBIM IOTy3aMKHYTbIH
BOJIOHOCHBIIl IUTACT HecYaHMKa JBOHHONM MOPHUCTOCTH, OOECIEUMBAIOIIMN BBHICOKOKAYECTBEHHYIO IPYHTOBYIO BOIY,
MECTaMH C BBICOKOM HNPOAYKTUBHOCTBIO, B OTJIMYME OT NECYAHHKA C IUIOXMMH XapaKT€PUCTHUKAMH, BBHIXOAAIIETO Ha
HOBEPXHOCTh HA pa3jioMax. 3HaYeHHs KOHIIEHTPALMH PaJH0aKTUBHOIO H30TOIMA YIIepo/ia B IECYAHUKOBBIX IPYHTOBBIX
Bojgax cocraBimaan A0 50 pMC, cBuIETENbCTBYsS O NPUCYTCTBMM 3KOHOMHMYECKM 3HAYMMOIO MHHUTaHWA. YPOBHU
CTaOMIBHBIX HM30TONOB HE IPOJEMOHCTPHPOBAIM IPH3HAKOB HCIAPEHHs, IPUCYTCTBOBABIINX B 0a3albTOBOM
TOPH30HTE, CBUCTENBCTBYS O TOM, YTO IUTAHHE TPYHTOBOIO FOPH3OHTA MECUaHUKA IIPOUCXOJHT, TIABHBIM 00pa3oMm,
myTéM MHGHUIBTPAIIMN BOJBI, CTEKAIOMIEH ¢ TOP, B ITOYBEI KAMEHHCTHIX CKJIOHOB Ha fore pernoHa. OOIMpHbIE Y9acTKH
KaJIBIIUKPUTOB BIOJb 3alaJHON YaCTH 30HBI Pa3oMa yKa3bIBaIOT HAa MECTOHAXOXJCHHE OOJIACTH BBIXOJa TPYHTOBBIX
BOJ, YTO IIOATBEPXKIAeTCS HU3KMMH 3HAYEHHSAMH KOHIICHTPAlMH PaAMOaKTHBHOTO H30TOMa yriiepona (OOIbIImit
BO3pacT 3armacoB BOABI) M 0oJee OTPUIATENBHBIM IOKa3aTelneM CTAOMIBHBIX H30TOMOB. TakuMm oOpasoM,
IIPE/ICTABIISACTCS Pa3yMHBIM IIPEAINONOXKHUTh, YTO B IIACTE NECYaHMKAa OOHAPY>KEHbl 3HAYUTENbHBIE IIOTEHLUATIBHO
YCTOMUUBBIE 3allachl IPYHTOBBIX BOA; MPUUEM HEPEKPHIBAIOIINM 0a3aJIbTOBBIN ILIACT, O CUX HOpP OBIBLIMI LEJIEBBIM
00BEKTOM UCCIEA0BAHUS, COAEPKUT JIUIIb YaCTh YKa3aHHBIX 3anacoB. Pa3paboTKy 0OHapy>KEHHBIX PECYpPCOB CIEIyET
IPOU3BOAUTH KpaiHE OCTOPOXKHO; BO3MOXKHO, 3TO JOJDKHA OBITh COBMEIIEHHAs pa3padoTKa OO0OMX BOJZOHOCHBIX
IUIACTOB, OCYIIECTBIIIEMasi HA OCHOBE JAHHBIX U30TOIIHOI'0, XHMUYECKOTO U THAPOTe0I0rHYECKOr0 MOHUTOPHHTA.
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BbiBogbl

HccnenoBanne OKpyXaromiel cpeapl C HCIOIb30BAHHEM HM30TONOB W THAPOXMMHYECKHE HCCICTOBAHUS
MPOJIEMOHCTPHUPOBAIH, YTO HETITYyOOKO 3ajeraroliuii 6a3ainbTOBbIi BOJIOHOCHBIH IJIACT, KOTOPBIH SBIISJICS MPAKTHUECKH
€IMHCTBEHHBIM OOBEKTOM HCCICIOBAHUS C LEJNbI0 HM3yYCHUS BO3MOXKHOCTH pa3pabOTKH MECTHBIX 3alacos,
XapaKTepH3yeTcss OTPAaHWYCHHON YCTOWYMBOCTBIO M HE ITOCTOSHCTBOM KauecTBa BOJIBI, a TAaKXKe SBISETCS JIETKO
VSI3BEMBIM TIPH M3MEHEHHH XapakTepa 3emienoib3oBaHus. C yd4€ToM BbINIEyKa3aHHOTO, ObUIO HPHHATO PEIICHHE O
IIPOJIOJKEHUU [TOUCKOBO-PA3BEI0YHBIX PaboT.

B pesynbrare panpHEHIINX pabOT ObLI OTKPBHIT BBICOKOIPOLYKTHBHBIM BOJOHOCHBIM IIACT II€CUAHUKA,
COZIepKaIlUM BHICOKOKAUECTBEHHYIO IPYHTOBYIO BOJY. DTOT BOJOHOCHBIH ILIACT HOCTOSHHO BOCIIOIHAETCSA U aKTUBHO
MOJNUTHIBACTCS, TIaBHBIM 00pa30oM, 3a CUeT IPOCAYMBAHUS BOJBI Uepe3 MOYBBI KAMEHMCTHIX CKIOHOB IOp Ha Iore
peruoHa. Chv' XapaKTCPpUCTUKU ICJIA0T paCCManHBaGMLIfI IUIacT NneCHYaHWKa CaMbIM MNOAXOIAIINM PEruOHaJIbHBIM
HCTOYHUKOM BOJIOCHA0)KEHHUS B UPE3BBIYAMHBIX CUTyalUsIX. Bmecte ¢ TeM, ero pazpaboTka JOKHA NPOU3BOAUTHCS C
0c000#1 TIIATEIFHOCTBIO U OCTOPOXHOCTBIO, YTOOBI OIPaHUUYUTh NPOHUKHOBEHHE I'PYHTOBOH BOIBI 00jee HU3KOrO
KauecTBa M3 3aJIETalOIIEero BbINIE IUIacTa 0a3aibTa W, TaKUM 00pa3oM, MPEeZOTBPATHTh BO3MOXKHOCThH 3arps3HCHUS B
Oynymem. He ouenr maBHO HaGumiojanack upes3BblUaiHas CHTyalus, KOTAa HaJ OJIM3IEKallM TOPOAOM HABHCIA
yrpo3a Tspkénoro nedunuTa BONOCHAOXKEHWS IO NPHYMHE POCTa HACENEHHS W JUINTENLHOHW 3acyxu. Bo BHOBB
OOHapy>XCHHOM BOJIOHOCHOM IUIACTE IECYaHHKa OBUIM MPOOYPEHBI HECKONBKO JKCHEPUMEHTAIBHBIX CKBAKHH JUIST
obecriedeHrs] BpEMEHHOTO BOJIOCHA0KEHHSI.
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10.2 Pa3paboTka cuctemMbl paHHero npeaynpexaeHus
O  yYype3BblYaMHbIX  CUTyaUUAX, CBSsI3aHHbIX C
npoueccamm MHUNbLTPaLMM Ha Geperax pek

K.-M. 3ennep

HauunoHanbHbIN nccnegoBaTeNIbCKUNA LIEHTP 340POBbA U OKpYyXaroLen cpeabl
(GSF),
FepmaHus

TpaﬂI/IHI/IOHHbIe MCTOAbl MOHUTOPHHI'A TIOA3CMHBIX BOJ YACIAIOT OCHOBHOC BHUMAHHUC aHAJIU3y KaduCCTBa BOJbI
B OKCIUTyaTallMOHHBIX CKBakMHax. Ecnu comeprkanue Mo00ro N3 XMMHYECKUX KOMIIOHEHTOB B CKBaXKHHE I 0TOOpa
HOA3EMHBIX BOJ IIPEBBHIIAET YCTAHOBJICHHBIE [OPOTOBBIC 3HAUCHMS, MPEANPHHUMAIOTCS JIONOJHHUTEIbHBIC
npo(UIaKTHUECKUE MEPHI, B TOM YHCTIE, Pa3IHYHbIE MEPONIPUATHS IO BOCCTAHOBIICHHIO KauyeCTBA MIIM OYMCTKE BOJBI B
YCHOBHSX in Situ/ex situ, WIN DKCIUTyaTallMs CKBa)XMHBI NpeKpamiaeTcs. BMecTo MOHHUTOpPHHIA MPOHUKHOBEHHS
3arps3HUTENCH, MOYKHO TaKKe YCTAaHOBUTH KOHTPOJIB 32 THAPABIMYECKIMHI H3MEHEHUSIMU MEXIY 00JIacThIO TIUTaHUS U
obnacTei0 OypeHHsl ¢ MOMOIIBI0 HEPEaKTUBHBIX MHIMKATOPOB OKPYXKAIOIIEH Cpeabl, YTO OOECIeurBaeT IOCTOSHHOE
MTOBBIIICHAE TOYHOCTH HCIIOJNB3YEMBIX MAaTEMaTHYECKUX MPOTHOCTUYECKHX MOJeied Uil MONTyYeHUs MaKCHMaJIbHO
JIOCTOBEPHBIX IIPOTHO30B.

Jlrobas pa3paboTKa BBI3BIBACT HAPYIICHWE €CTECTBEHHOIO T'HIPABINYECKOro paBHoBecHs. (OCHOBHbIE
THIIPaBIMYECKUE JaHHBIE, B OCHOBHOM, IPEJICTABIIAIOT COO0M CKOopee pe3ysibTaThl OTAEIbHBIX H3MEPEHHH, YeM JJaHHbIE,
MHTErPUPOBaHHBIC 110 BPEMEHH U NMPOCTpaHcTBY. COOTBETCTBEHHO, BCE MATEMAaTHYECKHE MOJEIH, UCTIONB3YyEMbIe JUIs
MPOrHO3UPOBAHUS TUAPABINICCKUX PI3M€H€HHI>1, HUMCHOT HEKOTOPBIC HCTOYHO ONPEACICHHBIC BCINYHHBI. Yka3zaHHbIe
HETOYHOCTH MOXXHO YCTPAaHUTh MOCPEACTBOM KOPPEKTHPOBKU HCIIONB3YyEMOH MAaTEeMaTHYECKOH MOJIENU ¢ yd4&Tom
JaHHBIX, MHTETPHPOBAHHBIX IO BPEMEHH M MPOCTPAHCTBY, COOP KOTOPHIX BeNETCS IO pe3yjibTaTaM aHalu3a
MHIUKATOPOB OKpy>Karomeil cpexsl. Takum oOpa3om, mpenmonaraercs, 4YTO B paMKaX MOHHUTOPHHIA 3arps3HHUTENCH
CllelyeT TaKkKe INPOBOAUTH AHANM3Bl HAa COJACP)KAaHHWE B IOJ3EMHBIX BOIAX HEPEAKTHBHBIX MHKPOAIEMEHTOB
OKpY’Karomel cpenpl, YTO CHOCOOCTBYET YIYUIICHHIO OLCHKH T'MAPABINYECKHX HM3MEHEHWH, BPEMEHH 3aIEpKKH U
PacTBOPEHUs 3arps3HSIONIMX BEIIECTB Ha IyTH IBIDKEHHS BOABI OT OOJIacTH MHTaHUS K oOjactu OypeHms. s
JNOCTYDKSHHUSI ITOW el Pe3yJbTaThl aHAIM30B MOBTOPHOTO MOHHUTOPHHTA HHIMKATOPOB OKPY)KAIOWIeH Cpeibl
HCTIONB3YIOTCS. AL TIOCTOSIHHOW KOPPEKTHPOBKH YHCIOBBIX MOZENEH C IeNbl0 IMOJTydeHus 0Ooljiee ITOCTOBEPHBIX
MIPOTHO30B TH/IPABINYECKIX U3MEHEHHH U MOBEACHUS 3arps3HUTENeH Ha My TH JBM)KEHHUS BOJABI OT 00JIaCTH IMUTAaHUS K
SKCIUTyaTHPYEMOH CKBaXXMHE. JTO SBJISETCS OCHOBOW TE€X H3MEHEHHH, KOTOpBIE IPEAJaraeTcsi BHECTH B METOMbI
YIpaBIICHNS] Kaue€CTBOM HOA3EMHBIX BOJI C II€JIbI0O FAPAaHTHPOBAaHHs 0E30II1aCHOr0 BOJOCHAOKEHUS U MPeNOTBpPAIlCHHS
TMPOHUKHOBCHUA 3an5[3HI/ITCHeﬁ B BOJOHOCHBIC ITUTACThI, KOTOPBIC B €CTCCTBCHHBIX YCJIIOBUAX Ha[lé)KHO 3allUIICHBI, KaK,
HaIlpuMep, NIyOOoKo 3aJleraloue HoA3EMHbIE BOJIBL.

CyHlCCTByCT JIBa OCHOBHBIX METOJIa MOHUTOPUHI'A ITIOA3EMHBIX BO/ C UCIIOJIb30BAHUEM €CTECTBCHHBIX HHANKATOPOB!

e  MoHHUTOpHHT ¢ Oepera pekH, KOTOPBIH PACIOJIOKEH NMapajuIeIbHO JIMHHUAM MOTOKA; TAKMM 00pa3oM, pacceuBaHHe
nuieiia HampaBIeHO BAOJIb JIMHUN MOTOKA OT UCTOYHHMKA JIO CTOKA. DTOT IUIeH( OmNpenenseT CpeiaHee Bpems
MIPOXOK/ICHHUS PACCTOSIHUS U pa30aBIcHUE.

o EcTecTBeHHbIi MOHUTOpHUHIa WJIX MOHUTOPHUHI C HCIOJIB30BAHHMEM €CTCCTBCHHBIX HWHAWKATOPOB, IIYTEM
HaOJIIOACHNS TIOTIOHEHUSI TPYHTOBBIX BOJ, KOTOPOE SIBISAETCS NEPHEHANKYISIPHBIM MOTCHIMAIBHBIM JIMHUAM H
TakMM 00pa3oM CO3/aeT TOPU3OHTAIBHYIO CTPAaTU(HKAINIO HHIUKATOPOB B CHCTEMAaX BOJOHOCHBIX ILIACTOB.
JIro60oe n3MeHeHue B HallPaBJICHUH MTOTOKA MOA3EMHBIX BOJI, BEI3BAHHOE OOBIYEH IMOJ3EMHBIX BOJ B HEPABHOBECUH
C €CTECTBEHHBIM IIOJIEM ITOTOKA, ITOCTEIICHHO HapyIIaeT 3Ty TOPH30HTAJIbHYIO CTPaTU(QUKALUIO; 3TO SBICHHUE
PETHCTPUPYETCSI C TOMOIIBIO HHIUKATOPOB M UCTIONB3YETCs U BHECEHHS H3MEHEHHH B pacyeTHBIE MOJIEITH.

Ucnonszosanue “H, ¥Ar, “C, ?H, 0, Cl wm TPaHMIBI COJICHUI/TIPECHONH BOJBI B KayeCcTBE HMHAWKATOPOB
COCTOSIHHMS OKPY’KAroLe Cpeibl UrpaeT BaXKHYIO POJIb B pa3padOTKE CUCTEMBI PaHHErO OIOBEIICHHS; 3TO MO3BOJISET
CBOEBPEMEHHO IIPEJCKa3aTh BO3MOXKHOCTH IOCTYIUICHHS 3arpsi3HSIONIET0 BEHIECTBa B JIOOOW AKCILTyaTallMOHHBIN
y4dacTok. Takue cuCcTeMbl paHHETO OIOBEIleHHs ObUIH pa3paboTaHbl Il KOHTPOJIS JOOBIYM TITyOOKHX MOA3EMHBIX BOJ
(TepryT u ap., 2001), a Takke KOHTPOII UHPUIBTPALK OEPErOB PEK, ITOT Mpolecc OYAET pacCMOTpPEH Jalee.
Pa3zHOCTh B MOKa3aTelnsiX Mbe30METPUUECKOTO HAIopa B PeKe U MOA3EMHBIX BOJIaX IMOKa3bIBACT, YTO JIMOO pe4Has BoJa
IpOCauMBaeTCsl B MOJ3eMHbIe BOAbl (MHGMIbTpamus Oepera peku), JuOO TOI3EMHBIC BOJbI IPOHHUKAIOT B
noBepxHocTHbIe BoAibI (Prc.10.2.1); 06a 3TH mporiecca Ha3bIBAIOTCS POCAYHBAHHUEM.
st 1r0060r0 MCTONIBb30BaHUs Tpolecca MHOUIBTPALUU Oepera peKd B LENAX CHaOXKEHHS BOJOW HEOOXOAUMO, YTOOBI
MHUHHMAaJIbHAS TOJIIMHA BOJOHOCHOTO IUIACTa COCTAaBIAIa 5 M B TPaBUHHOM MOYBE M NPEBHINIAia 3TO 3HAYEHHE B
MECUYaHbIX MOPOJAAX, YTO IMO3BOJIIET MOJYYUTh BBICOKMH YPOBEHb BOJOOTHAYM C YMEPEHHBIM ITOHIKCHHEM YPOBHS
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BOJIBI B utacTe. [103TOMy OONBIIMHCTBO MH(PHIBTPALMOHHBIX YCTAaHOBOK IPUOPEKHON 30HBI Pa3MEIICHO B KPYITHBIX

JOJINHAX C TPyOO03ePHUCTHIMI TONMUHHBIMH OTJIOKEHHUSMH YE€TBEPTHIHOTO TIEPHO/A.

IIpuMeHeHHE METO/MOB aHalk3a C HCIOJb30BAHMEM ECTECTBEHHBIX H30TONOB MpPU OLEHKE NPUHYAUTEIBHOM

nHOUIBTpanuy Oepera peKd OCHOBAHO Ha CICIYIOIUX MOKa3aTeNsX:

e 3aTyxaHHe U CIOBHT (a3 MEPEeMEHHOTO CUTHAJIa U30TONa C TEUCHHEM BPEMEHH B PeKe 10 CPABHEHHIO C CHTHAJIOM B
HaOronarenbHol ckBakuHe (Puc.10.2.2), 9TH TaHHBIC TIO3BOJSIOT ONPENCIUTh CKOPOCTh MOTOKA WIIM CpEIIHEe
BpeMsI ABI)KEHHUS H30TOIA OT PEKH JI0 JI0O0H HAOMIOAaTeTbHON CKBa)KHHBL.

e CpenHss KOHIEHTpaIMs M30TONA B PEKE, MECTHBIX IO3EMHBIX BOJAX M CMECH PEYHBIX M IOJ3EMHBIX BOJ,
coorBercTBeHHO (Puc. 10.2.3), 3T [naHHBIE WCIOJB3YIOTCS Ui OMNPEACICHHUS BEIWYHMHBI pPa30aBICHUS H
KOJIMYECTBA MOCTYMNAIOIIEH PEYHON BOJBI.

PucyHok 10.2.1 WHpunempayusi Ha 6epezax peKk 8 ycrio8usiX HOPMasibHO20 MpocavdueaHus,
06800HeHUs1 u NpuHydumesnbHOU hubmpayuu, a makKxe 8 eepxoebsix pek 6e3
HenocpedcmeeHHO20 KOHMakKma ¢ nod3eMHbIMU eodamu

PucyHok 10.2.2 ™180 e peyHoli eode u coomeemcmeyrowjuli ypoeeHb ™180 e 6nu3snexauwjux
nodsemMHbIx 800ax; CHUXKeHue 3Ha4eHuli ™180 o6ycsi0e/1IeHO masitHuUeM cHeaa 8
siemHut nepuod
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_____________________________________________________________________________________________________________________________________________________|
PucyHok 10.2.3 lpouyeHMHbIe COOMHOWEeHUs1 pe4yHoU 800hbI, mocmynarujell 8 Nod3emMHbie 800hbl,

8 ecmecmeeHHbIX Y/CJ108UsIX (I0)KHasl Yacmb) U 8 YCJI08USIX UCKYCCMB8eHHOoU
UHguIbMpayuu (ceeepHasi 4acma)

OrnpernesieHne CPeHEro BpeMEHH JIBIKCHHS M pa30aBiIeHKs BOJBI HA ITYTH OT PEKH 10 MecTa 0TOOpa MOA3eMHOM BOJIBI
OCYILECTBIISICTCS HAa OCHOBAHWH M3MCHCHHH YPOBHEH H30TOIOB, OLICHUBACMBIX B PaMKaX MOJENCH COCPEIOTOYCHHBIX
apaMeTpoB, pazpaboTaHHbIX MainoxxeBckuM u 3ydepom (1996).
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C 6b1x00 = C 6x00 g(t’)
YpoBeHb CMEIIMBaHKS PEYHOU BOJIBI M TIO/I3EMHBIX BOJI PACCUUTHIBACTCS C IOMOUIBIO YPABHEHHS CMEIINBAHHS:
(CQ) peunas + (CQ) noozemnvie 800vt = C cmeut. 86o0vl (C peun. + Q noosemn.)
rae C — KOHIeHTpaus u30tomna, 1 Q — CKOpoCTh OTOKA.

IMTocne KOPPEKTHPOBKH CYMMAapHBIX 3HAYEHHH MOMIENHM COCPEIOTOUYCHHBIX IapaMeTpoB MyTEM OIpeieleHHs
¢yHkIuy g(t’), MOJeIb MOXHO HCIIONb30BaTh [UIS YCTAHOBIEHHS HOPOTOBOM BXOAHON KOHLEHTPAllUU H30TOINOB B
BOJIC, CMEIIIMBAaeMOH ¢ peuHoi Boaoii (CBX., HOporoBas), KOTOpask pa30aBIsieT 3arpA3HUTENH, COAEPIKAINECS B PEUHON
BOJIE, I0 MAaKCUMAaJIbHOU JOIyCTUMOI KOHLIEHTPAlUU B CKBaXKUHE A7l 0T60pa (CBBIX., IOMYCTUMAas) B COOTBETCTBUU C
caruTapHbiMu Hopmamu BO3 (1996). Tak kak HOTOK BOJIBI OT PEKHU 0 TOOBIBAIOIIECH CKBaKMHBI IPOXOUT depe3 (a3bl
pa30aBieHNs U 3a/ICPXKKH, BPeMsl KOTOPBIX 3aBUCUT OT CKOPOCTH OTOOpa, B UpE3BBIYAHHBIX CUTyalMsX (HABOIHEHUS,
aBapI/II/I) HUMECTCA AOCTAaTOYHOC BPEMs [UIsl YMCHBUICHUSA 00BEMOB HIIH MpEeKpalicHus Z[O6I>I‘{I/I IOA3€MHBIX BOJ BO
n30exaHne HaHeCEHHs yIiepoa 30POBBIO MITH )KIU3HU HACETCHUSL.
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10.3 YpesBblyaMHble cuUTyauuMm B AenbTax pek:
HupgepnaHabl

Bum BaH pgep JivHaeH

MexgyHapoAHbIM LEHTP UccrneaoBaHUsi IPYHTOBbIX Boa, HuaepnaHabl

UpesBbl4aliHble CUTYyallUH B AEIbTaX PEK MOTYT IPUBECTH K BPEMEHHON HEAOCTYIHOCTH W OTCYTCTBUIO ITOIOHEHUS
3armacoB 1noja3eMHbIX Boj. B Hupnepnannax ¢axTudeckn HET HEMCCIEJOBAaHHBIX 3alacoB HOA3EMHBIX Bo. [IpecHble
TPYHTOBBIE BOJbI HAXOMATCS Ha OTHOCHUTENBHO MajloW riryOMHE, B TO BpeMs KaK IUIaCThl MHHEPAJIN30BAaHHOW BObI
3aJIeraoT 1oJ HUMHU.

BopocHabxeHue 3a CHeT MOJ3EMHBIX BOJ B CIIydYae Ype3BbIUYANHHBIX CUTYAIIMH MOXKET OBITh OPraHU30BaHO TOJBKO B TEX
Cllyyasix, KOrJia pecypchl MOA3EMHBIX BOJ HE MCHOJB3YIOTCS WM IPH HAIWYHAU pa3pelieHusl Ha J00bIYY BOJBI CBEPX
IPEeyCMOTPEHHBIX HOPM M3 (ONM3NIEKaNINX) pecypcoB MPH YCIOBHU NPEAOTBPAILCHNS MUHEPAIN3aLIH BOZOHOCHBIX
TOPU30HTOB W OOECTICUCHHUS NajbHEHIIEro IOMONHEHUs MoA3eMHBIX BoxA. Curyamus B Hunepnanmax sBisercs
XOPOILIUM [IPUMEPOM HCIOIb30BaHUS TIOA3EMHBIX BOJ B JIETIbTAX PEK.

FpyHTOBLIE BoaAbl B HnaepnaHpax

B Hugnepnanpax mHoa3eMHBIC BOABI A CHAOXEHWS HHTHEBOW BOABI IJIaBHBIM 00pa3oM NOOBIBAIOTCS M3
NPEUMYIIECTBEHHO  IIECYaHBIX OTJIOXKEHHMH B  JIOHaX, B BBICOKO  3aJETalOIINX  IUICHCTOICHOBBIX U
IUIEHCTOIEHOBBIX/TOJOIEHOBBIX IIACTaX Ha BOCTOKE CTPaHBI M U3 3ajexell Ha Oeperax pek. JlaHHBIE MO JOCTYIHBIM
00beMaM MPECHBIX MOA3eMHBIX BOJI, COCTABIISIONIMX NPUMEPHO 2 MIJLIHApAa KyOOMETpPOB B rofl, OBUIM MONTyYEeHBI HA
ocHoBe nenenus Hunepmannos Ha ruaponorndeckue equaunbl (Pucynok 10.3.1). Cymmaphas daktudeckast BemnInHa
TIOTIOJTHEHUSI HUTM KOMIIEHCAIIMU TIPOCaYHBAHUS TTIO3EMHBIX BOJ B BOZOHOCHBIX TOPH30HTAX BCEH CTPAHBI OLICHUBACTCS
pUMepHO B 2,6 Muiuapaa kyoomerpos B rox (dydop, 2000).

PucyHok 10.3.1 Pac4émHbili 06EM npecHbIx nod3eMHbix 600 e HudepnaHdax Ha pe2uoH ¢ 200
(UcmoyHuk: Ministerie van Verkeer en Waterstaat, 1985)

Volume Tresh groundwater availabla in milien m? par year
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B 2003 romy 61% notpebHOCTH B IUTHEBOM Boae B Hunepnannax, wiu 0,98 mummmapaa KyooMeTpoB
(Ministerie van VROM, 2004) 6bu10 00ecrie4eHo 3a cYeT MOA3EMHBIX BOJ, BKIIFOUasl TPOCAYHBAIOIINECS
HIOBEPXHOCTHBIE BOABI B MPUOPEKHBIX 30HAX; OCTAILHOM 00beM OBIT MONyYeH U3 TTOBEPXHOCTHBIX BOJ — ITIABHBIM
o6pa3om u3 pek Maac u PeitH. OGbeMbI HCTIOIBb30BaHHS ITO3EMHBIX BOJ B IPOMBIIUICHHBIX HITH
CEbCKOXO3SMCTBEHHBIX [ETISIX JOCTOBEPHO HE N3BECTHEI 10 IMIPUYMHE OTCYTCTBHS TIIATEIBHOTO KOHTPOJIS U
00s13aTeNbHON FOCYIapCTBEHHON PETHCTPALIMHN CIydaeB IOTPEOJICHHUS STHX BOJI CEIbCKOXO3IHCTBEHHBIMU M YAaCTHBIMHU
MIPEANPUITHIMH.

Hydop (2000) omenun obiiee mOTpedICHHE MOA3EMHBIX BOJ B MPOMBIIUICHHBIX M CEIBCKOXO3SHCTBEHHBIX
nensx Ha yposHe npumepHo 0,5 u 0,3 Muutnapna KyboMeTpoB, COOTBETCTBEHHO. LIM(phl MOKA3bIBAIOT, YTO YPOBEHb
oOmieit moObum B pasmepe 1,8 Muwmapna KyOOMETpOB HE HAMHOTO HMXKE, YEM pacyeTHbIC JIaHHBIC OOILEro
JOCTYITHOTO 00bEMa IIPECHBIX IIOA3EMHBIX BOJI.

B 3acynummBblii rog 100bIYa MOA3EMHBIX BOJA KOMIIAHHMSMH I10 BOJOCHA0KEHHIO U CEIbCKOXO3SIHCTBEHHBIM
CEKTOPOM BO3PAacTeT U MOXKET JOCTHYb YPOBHS JOCTYIHOIO O0OBEMa MM IPEBBICUTH €ro. BO3HUKHYT mpoOJIeMBl,
CBSI3aHHbIE C M30BITOUHOM JOOBIYEH BOJABI, OCOOEHHO B TAKUE CyXHE JICTHHE IEPUOIBI C OTHOCUTEIHHO OOJBIINM
JIeUIMTOM OCagKOB, YTO MOXKET IPHUBECTH K JIOKATFHOMY CHIYKEHHIO YPOBHS I'PYHTOBBHIX BOJ M HAIopa, YCHIIMBAs
HETaTUBHBIC TIOCIIEICTBHS JOOBIUH ITOI3EMHBIX BOJI Ha 3alIOBEHBIX TEPPUTOPHSIX ¢ OosoTHCcThIME OnoTonamu ([ydop,
2000). Onanako, BO30OHOBIICHHE YPOBHSI MOJ3EMHBIX BOJ MPOHMCXOAUT OBICTPO M, KaK TPaBHIO, OOBEMBI U YPOBHH
MTOJI3EMHBIX BOJ BOCCTaHABJIMBAIOTCS OJIaro1apsi BOCIIONHEHUIO B 3UMHHI IEPHOI.

L‘|pe3BI:-I‘-IaI»7IHI:Ie cuTyauumm

B Hunepnannax upes3BbluaiiHble CUTYaIlMH, IIPU KOTOPHIX BOJOCHAOXKEHHE W3 MCTOYHHUKOB MOJ3EMHBIX BOJ

MOJET OBITh 3aTPYAHEHO WJIM MPEPBaHO, MOTYT OBITh OOYCIIOBJIEHbI HABOJHEHUSIMH, 3aCYILIMBBIMUA NEPHUOAAMH HIIH

3arps3HEHUSMH BOJIBI:

e  CoTHH JIeT Ha3a] HABOJHEHUS B pPe3yJbTaTe IMOBPEXKACHUS PEUHBIX MM MOPCKUX JaMO OBUIH pacIpOCTPaHEHHBIM
SIBICHHEM B O0JIaCTSX, PACIIOJIOKEHHBIX Ha HU3MEHHOCTH, HO B TIOCJIEJHEE BpEMS 3TO CTalO PEIKOCTHIO.
IMocnennue oOmupHBIE 3aTOINICHUST MOPCKOM Bofoil mpousonutn B Hunepnannax B 1944 roxy, xorna Bo Bpems
BOIHBI Benach OoMOapaupoBka nam0, u B 1953, xorna namMObl OOpYIIMIIMCH BO BpeMsl CHIILHOTO IITOpMa. B
LIEJIOM, BO BpeMsI HaBOJHEHMII pecypchl IPYHTOBBIX BOJ 3aTparuBalOTCs HE3HAUUTENILHO WM HE 3aTparuBaloTCs
COBCEM, MIOCKOJIBKY 3amachl IPECHBIX MOA3EMHBIX BOJ, HCHOJIB3YEMbIX IS BOJOCHAOKEHNMS, HAXOMATCs Ha Ooiee
BO3BBIIIEHHBIX TEPPUTOPUAX (HANpUMeEp, B JAIOHAX), KOTOpbIE HE MOJBEPraroTcs 3aTOIUIEHHI0. OTH PEecypchl
CTaHOBSATCS OoJee WM MeHee JOCTYIHBIMH BCKOpE Iocie criaja naBojaka. CHaOKeHHe MPECHON BOABI BO BpeMs
HABOJHEHHI HapyIIaeTcs MPEMMYIIECTBEHHO 110 IPUYMHE MOBPEXICHHH HHPPACTPYKTYPBI BOZOCHAOKEHUS.

e 3acyxu ObIBAIOT B JICTHHE INEpPHOAbI TNpH Oonbiiom aeduimre ocaakoB. JloOblua MOA3EMHBIX BOI W3
riTy0OKO3aJIeraoIuX HAIOPHBIX BOJOHOCHBIX FOPH30HTOB, KaK MPaBWJIO, HE HapylIaeTcs B TaKUX CUTyalUsiX H
MOJeT OBITh MPOJODKEHA, HO J00BIYa MOJ3EMHBIX BOJ M3 HErNIyOOKHX Oe3HalopHBIX BOJAOHOCHBIX I'OPHU30HTOB
MOXET OBITh BEIHYXIeHO cokpameHa (Pucynok 10.3.2). JloObra Ui CeTbCKOXO3SIMCTBEHHBIX HYXJ, TaKKe
[JIaBHBIM 00pa3oM U3 HENTyOOKO 3aJleralolIdX pecypcoB, 3adacTyl0 JOJDKHA OBITh yMEHbLIEHA WM
MIPUOCTAHOBIICHA B COOTBETCTBUH C TPEOOBAHUSIMH 3aKOHOJATENBCTBA B O0JACTH OXpaHbl OKPYIKAIOIIEH Cpembl.
DTO NpHUBEIET K CHW)KEHHIO 00BbEMa CebCKOX03IHCTBEHHOTO IPOU3BOJICTBA 10 MPUYMHE OTCYTCTBHS BOJBI JUISA
OpOLICHUS Ha MPOTSHKEHUHU TEX MECAIEB, KOTAa MOTPeOHOCTh B BOE HanboJiee BHICOKA.

e  MajoBOJHOCTb peK BO BpeMs 3aCyLUIMBBIX IEPHOJIOB MM 3arpsi3HEHHE MOBEPXHOCTHBIX BOJA MOXKET BBIHYIHUTH
KOMIIaHHH N0 BOJOCHA0XKEHHIO K IPUOCTAHOBJIICHHUIO MOTPEOJIEHHS MOBEPXHOCTHBIX BOJI, HUCHOJB3YEMBIX JUIS
opouieHus (K nmpumepy, komrnanus Amcrepram Yorep Caruaid UCIonb3yeT BOAY, BhIKauMBaeMyto u3 Peiina, s
opouieHus atoH). OfHAKO, YpPOBEHb 3aacOB JIOCTYIHBIX I'PYHTOBBIX BOJ B II€JIOM JIOCTAaTOYEH JJISl TOTO, YTOOBI
00oiTHCh 0e3 UHPUIBTpalK Ha TPOTSHKEHHH TIEPHO/Ia JUTUTEFHOCTBIO KAK MUHIMYM JIBYX MECSIICB.
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PucyHok 10.3.2 PacnonoxeHue mecm 006bi4uU M003eMHbix 600 Onfi KOMMYHallbHO20
eodocHabxeHusi 8 HudepnaHdax, knaccughuyupoeaHHbix MO0 munam 006bIvu
(UcmoyHuk: RIVM, 1992)

= -
]
a
LT '
& . &
‘ _/" & - = L
L - : -
% Ll
we L] .. ..' | -
- ; b
:b. a1 l.I " ..', 3
as w /B -9 : .Ig -'I'.'
qf— u* Il".h-""' ‘-'
* . o S s
d L e 'l ™ L] l.l-
f'll:a -l o 0&.' . . .
l“ " . |' L I -
LTS ] S
N awmC RN S
L} ) a T
. . " - -.._
il."' Fage » a =
[ -- = ..-. ..."‘
. 4%
r.
L . an
o B Em 1‘£

o 3aI'pH3HCHI/IC NMOA3CMHBIX BOJ MPOMBIIIJICHHBIMHA CTOYHBIMUA BOJaMH MOXKET CACJAaTh 3allaCbl IMOA3EMHBIX BOI
HEIPUTOMHBIMK ISl  BOJOCHAOXKeHMs. BO3MOXHBIH pPHCK CBOOMTCS K MHHEMyMy Oiarojaps Mepam
peaAOCTOPOKHOCTHU, IPUHUMACMBIM B ITPOLICCCE Z[O6]>I‘II/I MOA3E€MHBIX BOI, U OGLHBHCHI/IIO 9TUX MECT OXpPaHHbBIMHU
30HAMH, I/IC 3aMPEIaeTCs JIF00ast IeITEeNbHOCTD, BEAYIas K 3arpsi3HCHHIO.

e 3arps3HeHHE MOA3EMHBIX BOA B pe3ysibTare OOJBIIMX KaracTpod, TakWX, KaK aBapuM Ha SACPHOM OOBEKTE,
TpeOyeT MHOTO moaxona. ['ocyAapcTBEHHBIN TUIaH JUKBUIAIMU sACpHBIX aBapuil (Ministerie van VROM, 2002)
OITHCHIBACT JCHCTBHS, KOTOPBIC JOJDKHBI OBITh IPEAMPHHSITH TS 3aIITH 1 BOCCTAHOBJICHHUSI BOJHBIX pecypcoB. B
LEeJIOM He TMPEe/rojaraeTcsi HeMmOCPEACTBEHHOE 3apakeHHe 3aIllacoB MOJ3EMHBIX BOJI, HO PHCK MPOCAYUBAHUS
PaanOaKTHBHBIX BEIIECTB TPEOyeT MPUHATHS OCOOBIX MEp O MOHHTOPHHIY M KOHTPOIIO HErTyOOKO 3aJerarommx
no3eMHbIX Bo. CKopee BO3MOXKHO 3arpsi3HEHHE IIOBEPXHOCTHBIX BOJI, U IIPOLIECC BHIKAYMBAHMS MTOA3EMHBIX BOJ C
MPOCOYHBIIUMHUCS OCPErOBBIMH BOAAMH, BO3MOXKHO, TIPHETCS BPEMEHHO IIPHOCTAHOBHUTb.

Mepbl

Tunbsl BO3MOXKHBIX Ype3BBIYaiHbIX cuTyaunii B Hunepriannax He TpeOyroT MOMCKAa HOBBIX JONOJIHUTEIbHBIX
pecypcoB. BONBIIMHCTBO UYpe3BBIYAMHBIX CHUTyalMil JIATCS He Ooiee YeM HECKONBKO MeCsLeB, W JIMOO 3amackl
TPYHTOBBIX BOJ UMEIOT AOCTATOUHBIN 00BEM IS MPOJOIDKEHUS T00BIYH, 00 BOIOCHA0KEHHE MOXKET OBITh HaJaXEHO
3a C4eT HEUCHONb3yEeMbIX UM HEAOCTATOYHO MCIOJNIb3YEMBIX pecypcoB Onuanexxamux obnaactedl. Ha cimydail 6onbmmx
KaTacTpod, TaKUX, KaK sJEpHble aBapuy, MOATOTOBJICHBI IUIAHBI MEPOIPUSATUIH 1O KOHTPOIIO M YCTPaHEHHIO
3apaxeHus. DTU MEPOIPUATHS IUIAHUPYIOTCS IPEUMYIIECTBEHHO JUIS HOBEPXHOCTHBIX BOJ U CUCTEM BOAOCHAOMKECHUS,
U B MEHBIIIEH CTENEHHU NIPEJyCMATPUBAIOTCA AJIs 3aLIUTHI TIOA3EMHBIX BOJ.

HexoTopble KOMIaHUU IO BOJOCHA0XKEHHIO PACIIONAraloT aBapuiHBIM 000pYyIOBAaHUEM UL UCIIONb30BAaHUS B
4pe3BblYaiiHbIX cuTyauusx. K mpumepy, B I'aare umerorcss aBapHiiHble CKBaXKMHBI AJISI UCIIOJIB30BAHUS B CIIydasXx,
Korja oObIYHasl CHCTEMa IO0Jauy BOIBI IepecTaeT QyHKIMOHUPOBATh. 3aAeHCTBYIOTCS CKBAXKHHBI, COOPYKEHHBIC UL
JIOOBIYM TOA3EMHBIX BOJ B IPUTOPOJHON 30HE, KOTOPHIE IPHU HOPMANIBHBIX YCIOBHSAX HE UCIIONB3YIOTCS IS HOMyYEHHS
NHUTHEBOH BOIBI. DTO MOXKET PEIIUTH MPOOJIEMBI ¢ BOJOCHAOKEHHEM, HO Ka4eCTBO BOJBI BBI3BIBACT 03a00YEHHOCTD,
MTOCKOJIBKY, KaK U B IPYTHX FOPOJax, 3arps3HeHIe MO3eMHBIX BOJI HAOII0JaeTCsl HA MHOTUX YYacTKax.

Mopenu moBeIeHHsT MOA3EMHBIX BOA SBILTIOTCSA 3P (EKTHBHBIM HHCTPYMEHTOM B UPE3BBIYAMHBIX CHUTYaIHsIX
JUIS OLIEHKM BJIMSIHMS TIOBBIIIEHHOTO YPOBHS JOOBIYM TOJ3EMHBIX BOJA Ha YCJIOBHS B IOJ3EMHBIX TOPH30HTAX WIIH
MIEPEHOC 3arps3HAIOIINX BELECTB. PernoHanbHOE BO3JEHCTBHE HA IOTOKM IOJ3EMHBIX BOJ MOYKHO OLIEHHUTH IIPH
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IOMOIIY HAIMOHANBHONH MOJENN TPYHTOBBIX BOJ, paspaboranHoii RISA (MHCTHTYT 1O paunuoHaIbHOMY
WCTIOJF30BAHUIO BHYTPEHHHX BOJ M OYHCTKE CTOYHBIX BOJ|) WM PETHOHAIBHBIX Mojenel, paspaboranHbix TNO
(MHCcTHTYT NpUKiIaaHbix Hayk o 3emuie Hunepnannos — ['eonoruueckas Cirysx0a), Wi MpH MTOMOIIY JAPYTUX MOJIENEH.
JlokanbHble MOCIEACTBUS, HAIPUMED, BOKPYT HACOCHBIX CTAHIMH, MOKHO OLICHUTH C IMOMOIIBIO MOJIENCH MOJ3EMHBIX
BOJI, HCIIOJIb3YEMbIX KOMIIAHUSAMHU TI0 BOAOCHAOKEHUIO

CTpaTtervyeckue 3anacbl FpyHTOBbIX BOA

B 1988 roay HanmoHallbHOE NMPaBUTENIBCTBO BHECIO HA PACCMOTPEHHME KOHLEMIUIO CTPATETMYECKUX BOJHBIX
pecypcoB, B cBsizu ¢ 3TuM OHreneHoM (1990) ObuIO HPOBENEHO HCCIIENOBAHUE, LIENBIO KOTOPOro OBUIO M3y4YEHUE
JOCTYIIHOCTH CTPAaTErMYECKUX PECypcoB IOA3EMHBIX BOA. VccienoBaHWe NMPHUBENO K 3aKIIOYEHUIO, YTO I0A00HAas
KOHIIEMIMST MOXET OBITh pa3pabdoTaHa TOJBKO TPU KOMIUIGKCHOM TMOIXOAe K TpeOoBaHHSIM (KOMMYHAJIHHOTO)
BOJIOCHAOKEHUsI, JaHAMA(PTHOrO IUIAHUPOBAaHHMS W  YCIOBUI OKpy)Karomied cpenbl. Pecypchl MOI3EMHBIX BO[,
3ape3epBUPOBAHHBIC Ul CTPATETMYECKUX IeNieid, He MACHTH()UIMPOBAINCH B 3TOM HCCJIEJOBAHHU, HO OBLIM JIaHBI
PEKOMEHJAlIMM COXPAHUTh 3aIachl TIYOOKO 3aJIEralolluX IMOA3EMHBIX BOJ, YBEJINYUB HCIOJIB30BAaHUE MOBEPXHOCTHBIX
BOJI, M YCOBEpIICHCTBOBATh aJIMHHUCTPATUBHBIC, IPAaBOBblE M (PUHAHCOBBIE MHCTPYMEHTHI IS YJIyYIICHUS
OpraHHU3alliy CTPATErHYeCKOTO UCTIOJIb30BAHUSI BOJHBIX PECYypCcoB. PekoMeHIalu UCCIIeTOBaHUs HEe ObLTH BBITOTHEHBI
BJIACTSIMU TIO TIPHYUHE BO3PAKCHHUH, HCXOIUBIIUX OT TI0JIb30BATENICH MOI3EMHBIX BOJ, U B HACTOSIIEE BPEMS TOJIBKO
TTOBEPXHOCTHBIC BOJIBI DiiccenMepa B IICHTPE CTPaHbI MPU3HAHBI B KAYECTBE CTPATETMYECKOTO BOJHOTO pe3epBa.

BbiBOoAabI

TToucK JOMOTHUTEIbHBIX HCTOYHHKOB IOJ3EMHBIX BoJX B Humepnangax He MpeAnoNaraeT HCCICIOBAHHUM
HEpa3BEJAaHHbIX BOJOHOCHBIX TIOPH30HTOB, IIOCKOJIBKY TaKMX BOJOHOCHBIX IUIACTOB HE CyILIECTBYeT. JloCTymHbIE
3aIachl IPECHBIX MOA3EMHBIX BOJ U3BECTHBI, U Oojee IiryOokoe OypeHHe CKBaXKUH HE 00eCHEeYUT OONBIIUX 00BEMOB
IPECHON BOJBI, TaK Kak HIpKe yOMHBI 50 MeTpoB Ha 3amajge ¥ a0 300 MeTpoB Ha BOCTOKE CTpaHbI 3aJIeTaloT
MUHEPAJIN30BaHHBIC TTOA3CMHBIC BOJBI. HNmerorcs JO0CTATOYHBIC OG’LCMLI HEIKCIUTYaTUPYCMBIX TOA3E€MHBIX BOJ IJIsA
TMOKPBITHA HOTpe6HOCTI/I B HEJOCTAaTKE BOJABI B TCUCHHC OTHOCUTCIBHO KOPOTKUX IEPUOAOB BPEMCHHU, BBI3BAHHBIX
IeUIMTOM TONOJHEHUS BOJOHOCHBIX IUIACTOB HJIM HpOOJEeMaMH C 3arps3HEHHEeM. Taroke B HATMIMH HMEIOTCS
COOTBETCTBYIOIIME TPAHCIIOPTHBIC CPENICTBA ISl 00ECIIeUeHUs o0acTeil, octaBuInxcs 6e3 CHaOXKEHUS IUTHEBOI BO/IOM
32 CYET peCcypcoB ONM3NIEKAIIMX paidoHOB. [Ipy camMoM HeOJArONpUSTHOM pPa3BUTHH COOBITUH MOXKET OBITh
OpraHM30BaHa JOCTaBKa MUTHEBOH BOJBI B UCTEPHAX HJIH MPHHSATHI IpyTHE BPEMEHHBIE MEPHI.
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10.4. YnpaBneHne puckamu pecypcoB Noa3eMHbIX BO4
BO BpeMms 3eMneTpsiceHus B bxyaxe
(26 sauBapsa 2001 roga)

O.K. Yagxa
MeTtoabl PeweHusa MobanbHbix M'Maporeonornyecknx NMpobnem, UHans

A.K.CunHxa
LlenTpanbHbin CoBeT YnpaBneHusa Pecypcamu NMoasemubix Boa, UHans

P.C. xanH
LUeHTpanbHbin CoBeT YnpaBneHusa Pecypcamu NoasemHbix Boa, UHaua

BBepeHue

26 suBaps 2001 roga Ha MHAMHACKOM KOHTHHEHTE HMPOM3OIUIO 3€MIIETPSICEHUE CHIION 6,9 Oaia mo mkaie
Puxtepa cormacHo naHHeIM [lemaptamenta Meteoponorun Munun, u cunoil 7,9 G6amiga HO OIEHKE I'e0JOTHYecKOn
ciryx0b1 CILIA, ¢ 3MUIEHTPOM K CEBEpPO-BOCTOKY OT ropojaa bxymx Henanexo or Ampacapa (23° 4' ceBepHOil IMPOTHI U
70° 28' BocTouHOM A0nr0oTHI) B paiioHe Kyru mrara ['ymkapart. [locieacTBus 3Toro 3emiueTpsceHust HaOloaamich BO
MHOTHX 4acTax crpabl (Pucynok 10.4.1). Paition Kyrtu xapakTepu3yercs B OCHOBHOM 3aCyIUIHBBIM KJIMMAaTOM H
KpaliHe BBICOKMMH Temmeparypamu, nocturaromimMu 50° C, cOnpoBOKAAIOINUMHCSA OOJBIIMMHU IMOTEPSMH BJArd B
pe3ynbrate ucnapeHus. JloXKIeBble OCaJKH HEMPOTHO3UPYEMbI M COCTABISIOT B cpenHeM 350 mMm B roa. OGmacTb
XapaKTepHU3yeTcsl Kak MOABEPKeHHas 3aCyXaM, IOTPEOHOCTH B ITUTHEBOW BOZE YAOBIIECTBOPSIOTCS B OCHOBHOM 3a CUET
pecypcoB MOA3EMHBIX BOJ, a HAaKOIUIEHHBIE B IIUCTEPHAX U IIPYyJax 3amachl J0KAE€BOH BOIBI UCIIOJIB3YIOTCS Ul BCEX
ObITOBBIX HyXkI. C IreosIornyeckoil TOUKH 3peHuns 00J1acTh MpecTaBIeHa MOPoiaMH Kak MOPCKHUX, TaK U IPECHOBOIHBIX
(dopmanmii, Bo3pacT KOTOPBIX Konebnercst oT KOpckoro meprona 10 COBPEMEHHON reoJoTHUeckoi S1oxu. PenbedHbie
MIOPOABI MPEACTABICHbI KPYITHO-36PHUCTHIMH NIECYaHUKaMHU (OT CPEIHEro A0 HU)KHEro Mmena), JlekaHCKUMH Tpannamu
(OT BepXHEro Mena 70 S0LEHOBBIX 0a3alIbTOB) U MIECUAHUKAMU HIDKHETO TPETUUHOro nepuosa. Ha Teppuropuu umeercs
Pl  pa3lIoMOB, CMeEINAIOMMX pasauuHble ¢opmanuu. Ilog3emHble BOIBI B 3TOM 001acTd B OCHOBHOM
MHUHEpaJIM30BaHHbIE WU CIa0OMUHEPAJM30BaHHBIE IIOYTH BO BCEX TE€OJIOTHUECKHX (OpMALUAX 32 HCKIIOYEHUEM
ME3030/CKHX IEeCUaHUKOB B paiioHax bxymxka m Kankora u TpernuHoit popmaumm Manyapa. Kytu pacnonoxeH B
CEMCMHMUYECKH aKTHMBHOW 30HE V U INEpeXH HECKOJIbKO 3eMIETpsceHMH pa3znudyHoi cuibl. [Ipu Takux ycinoBusx
OKpY>Karolliel cpensl 3Ta 00acTh TpedyeT 0co00ro Hay4yHOro IMoAX0/a MPHU IUIAHUPOBAHUY €€ PA3BUTHUS, B TOM UYHCIIE
MPOBEICHHUS PAa3BEAKU MPECHBIX MOA3EMHBIX BOJ, HEOOXOAUMBIX ISl yCTOHYMBOTO Pa3BUTHS 3TOTO paiioHa.

3emierpscerne 2001 rosa pa3pymuiio BCIO CTapyro 4acTh TOpo/ia U OOJBIIYI0 YaCTh MHOTOATaXKHBIX 3IaHHUH B
ropone bxymxk, a ropoma Anmxap, Anmxou, bxaway, UayOapm, [ymxau, KabOpaii, Pamap, PatHan Opum mouTtn
TIOJTHOCTBIO pa3pylIeHbl. Panee B 3TOi 001aCTH MPOU30NIIO HECKOIBKO 3EMIIETPSICEHHUI CHIION CHuIoi oT 4 10 8 6aioB
mo mxkame Puxrtepa. 3emmerpsicenne «byHnm Ammaxa» 1819 roma Obuto OYeHb pa3pymIUTENHHBIM H TPHUBETO K
00pa30BaHUIO 3HAYUTEIBHON Malie0-CEHCMUYECKOH CTPYKTYpPBI, U3BeCTHOW Kak «IInoTuHa Anaxa» M pa3pyLInIo
Oepera pexu Hapa, nputoka Muna, Boxsl KoTopoii 3atonmnu obnacts (Pucynok 10.4.2.). B nocnenyromue roast 66010
3aperuCTPUPOBAHO HECKOJBKO 3eMIICTPSICEHHMH, HanOoyiee M3BECTHBIE M3 HUX — AHIDKapckue 3emuerpsicenus 1940,
1956 u 1991 roznos u 3emnerpsicenue B bxymke B 1996 rony.
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Pucynox 10.4.1. Snuyenmp u ooaacmu, nocmpaoasuiue Om 3emMaempaceHus
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(a) Bbixo0 noozemuuvix 600 Ha noéepxHocmy

MakcuMalibHOE BO3JICHCTBUE 3eMIIeTpsICEeHHsl HAOMoIaIoch B obnacti banu, riae oOpa3oBaiics psjl pa3ioMoOB.
IIpocaunBaHe TOA3EMHBIX BOJ HAOJIIOAIOCH B ONPENeNeHHbIX MecTax Jaxe crmycts 20-25 mHell. DTo MpOHCXOIMIIO,
K Tmpumepy, Hemopmaneky ot HWuawmiickoro mocta k ceBepy oT ocTtpoBa Ilatgam (Puc. 10.4.3), moOGmm3octu oT
Hxapamnypa 1 Ymenmnypa B paiioHe banu. [TomzemMHBIe BOIBI BBIXOAMIN Ha MOBEPXHOCTH 4Yepe3 OOJNbIIHE KpaTepebl,
00pa3oBaBIIKeCs BAOJb PAa3IOMOB. B HECKOIBKUX APYTHX pa3oMax HaOII0JaIiCh MHOKECTBEHHBIE MUKPO-KPATOHHBIC
OTBEpPCTHsL. JTO HUMENO MECTO Ha YEeTBePTUYHOH (opmamuu BaHH, pacmoioXeHHOUW MEXIy MATEPUKOBOW YacCThIO
CTpaHBI U CEBEPHBIMHU OCTPOBAMH.
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Pucynok 10.4.2 H3meneunan zeomopghonozusn oonacmu Kymu nocne zemnempsacenun 1819 2ooa
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Pucynok 10.4.3  Bobixo0 na nogsepxnocmov OKpauteHHbIX NOO3EMHBIX 600 Yepe3 Kpamepvl, Omeepcmus u

eamozm;t Henodaﬂeﬁz om Hnouiickozo mocma.
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B 2 kM k 3anany ot AMpacapa B okpyre bxauay oueHb 3aMeTeH psJ] SJUIMNTHUECKUX Pa3IoMOB (IUIOIAIbI0 75
M B IIUPHHY U 125 M B [UIMHY) CO CMELICHHUEM B 2-3 CaHTHMETpa B MOCIEAYONIMX BHYTPEHHHUX pa3iioMax. [Toxoxue
OoublKe pa3noMbl ObUTH OOHAPYIKEHBI B 8 KM K 3amaay ot aepeBHU Yaybapu.
Brixox moa3eMHBIX BOJ Ha IOBEPXHOCTb Yepe3 HeOONbIINE OKPYIVIbIE MIIM JUIMITHYECKOH (OpMBI OTBEpPCTHS OBLI
3aperucTpupoBal B Heckonbkux wmectax (Puc. 10.4.4.). B OypoBbIX W TpyO4aThIX CKBa)KMHAX ITOBPEKICHUM
oOHapyeHO He OBUIO, OJHAKO B HEKOTOPBIX CilydyasX TaM, TIJe HPUMEHSINCh LEMEHTHbIE KOHCTPYKLHH,
00HapyKHBAJIOCh, YTO OHU OBUTM cMelIeHBl. JIMHHU BOJOCHAOXEHUsI OBUTH TTOBPEXICHBI M Pa30pBaHbl B HEKOTOPHIX
MecTax, KpoMe TOT0, ObUTH ITOBPEXKAEHBI IMHUMU 3JIEKTpoIiepeiad 1 HACOCHBIE CTaHIIUH.

Pucynox 10.4.4 Ilpocauusanue noozemHnuix 600 uepes psao OKPy2iblX IAURMUYECKUX OMEEPCMUil

(0) Ilonbem/nageHue ypoBHs TPYHTOBBIX BOJ.

udposbie naT4unku, GUKCHPYIOIINE YPOBEHb TPYHTOBBIX BOJ, OBLTH MOMEIIEHBI B TbE30METPHYECKUE TPYOKH
JUISL TIOCTOSIHHOW PEruCTpalii HOPMAaJIbHBIX KOJIEOaHHH YPOBHS IPYHTOBBIX BOJ € 6-4acOoBBIM HHTEpBIIOM. L{idpoBbie
JAaTIMKH 3apETUCTPUPOBAITN OABEM/TIaIeHHE YPOBHS TPYHTOBBIX BOJ JI0, BO BPEMS H ITOCTIE 3eMIIETPSICEHHS.
Iloxa3arenu IByX U3 TaKMX JaTYMKOB MpHBECHBI Ha pucyHkax 10.4.5 u 10.4.6

(B) U3MeHeHMe KayecTBA MOA3EMHBIX BOJI

Boga, u3BepraBuiasicsi Ha HOBEPXHOCTh U3 KPATEPOB U Pa3IOMOB Ha paBHHHAX PaHH u BaHu Obuta BRICOKO
MHHEpann30BaHHON. OHAKO HUKAKNX 3HAYMTEIbHBIX H3MCHCHHUI KauecTBa BOJBI B 00pasnax n3 MIaXTHBIX KOJIOALEB U
TpyOUATHIX CKBaXKHH, PACIIOJIOKEHHBIX B PA3IMYHBIX TEOJIOTHIECKIX HOpMaNusIxX, 00HapyKEeHO He OBLIO.
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Pucynku 10.4.5 u 10.4.6. Bhusanue 3emnempsacenus Ha ypo8eHb NOO3EMHBIX 600

Composite Hydrograph of Mandwvi (41F1B05)
Aquifer Alluviom/Tertiary Sandstone

I8 Earthguake dala I B DatadWiL

L Wave Magnitude

Winter | mue

Time Index

Composite Hydrograph of Batanpus khadic (111004)
Aduifar Jurassic S5andstone

B Ea thguake Dala WYL Datalwi.)

Water Level (mhbrmp)

SGLSTT -

O6HapyxeHune u paspaboTka HOBbIX BOAOHOCHbIX NJ1acToB
B LCIAX pa3sBEAbIBAHUA HOBBIX BOOOHOCHBIX CUCTEM, PE3CPBBI KOTOPBIX MOTYT OBITH UCIIOIB30BAHEI JUIA

BO300HOBJICHHS BOJIOCHA0XKEHHS, OBUIO MPEINPHHATO ITUpOKOMacITabHOe OypeHHe 1 TIPOBEICHBI XUMUUECKUE
aHaJIM3bl 0TOOpPaHHBIX 00pa3oB BoAbl. OOnacTh ObUIA H3ydeHa C IPUMEHEHHEM METO/I0B JIMCTAaHIIMOHHOTO
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30HJUPOBAHHUS, T€OJIOTMYECKOTO KapTUPOBAHUS U AETANbHOM reo(hU3UIecKOll CheMKH MECTHOCTH VISl ONPEeIeHUs
y4acTKOB OypeHHs TpyOUaThIX CKBa)KHH.

Jist GbICTPOro BOCCTAHOBIIEHUS BOJOCHA0XKEHUS 9 OYPOBBIX YCTAHOBOK JJIsl POTOPHOI0/ pEBEPCHO-POTOPHOTO
OypeHust ObUIM IOCTaBICHBI B OKCTPEHHOM IIOpAAKEe B paiioH KyTd s coopyKeHHs TpyOdaThIX KOJOILEB.
CoopykeHre KOJOAIEB OBUIO NPHUYPOUYCHO B OCHOBHOM K OOJACTSAM, IOJCTHIAEMBIM MEJIOBBIMH (ME3030HCKHMHU)
necyaHukamu bxypka. B 1ienom, kauecTBo BOJIbI B JAHHOM BOJIOHOCHOM TOPU30HTE OBLIO XOPOIIUM 10 r1yOuHbI 150-
170 M, HO Ha Gouiblieii TIyOMHE Boja OblIa MUHEpaau30BaHHOW. OOIIee YUCI0 MPOOYPEHHBIX TPYOUATHIX KOJIOIICB
paBHAIOCH 55, ux riyOuHa cocrasisiia ot 70 10 156 M. Tonbko 45 TpyOUaThIX KOJIOALEB ObLIM OCHAIIEHBI, IOCKOIBKY
B JIDYTHX Ka4eCTBO BOJBI HE COOTBETCTBOBAJIO YCTAHOBJICHHBIM TPEOOBaHUAM WIIM JEOUT OBLT HEJOCTATOYHBIM. TakuM
00pa3oM, Ha HayaJlbHOM JTane OblLIa JOCTUTHYTa BO3MOXHOCTb 3aJMBaTh B LUCTEPHBI I MOCIEAYIOLIEeH 10CTaBKU
macenennmio 20 000 M’ BOAB eKedHEBHO. B JanmbHeiiieM OBPEXICHHbIE TPyGuaThie KOTOAUBI  OBUIH
PEKOHCTPYHPOBAHBL U BOAOCHAOXKEHUE BOCCTAHOBIIEHO.

BbiBoabl

OmnycrommurenbHoe 3emierpscenne 26 sHBaps 2001 roga mosHOCTBIO paspymmiio ropox bxymk u 800
JIepEBEeHb, PacIONOKEHHBIX PAAOM. Bblla MONHOCTBIO HapylleHa BCsl CHCTEMa BoJOCHaOXkeHHs. [ cracaTenbHbIX
onepanuii B Lemsix oOecHedeHHs HAceNeHMs NMUTHEBOH BOAOH OBLIM HCIOIB30BaHBL 9 YCTAHOBOK MM TIIyOOKOrO
Oypenus, ObUTH IPOOYPEHBI 55 TPyOUaThIX CKBaXKHH, U3 KOTOPBIX 45 OBUTH OCHAIICHBI U o0ecriedmnn o0muil 1eOuT Ha
ypoBHe 20 000 M BOIBI B JCHb. JTH Mepbl JIaJId BO3MOXKHOCTh BPEMEHHO 00ECHEeUYHBATh HACEICHHE BOAOH B TOT
MEPUOJ, KOTOPBI MOTpeOOBaJCs Ha BOCCTAHOBJICHHUE BCEH CHCTEMbl BOJOCHAaOKEHHS. bBBICTpBIE W XOpOIIO
CIUTAaHMPOBAaHHBIE 1€ CTBUS TOATBEPAMIN BaKHYIO POJIb MOJ3EMHBIX BOJI IIPH YPE3BBIYANHBIX CUTYaLUIX.
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10.5 BospgeuctBue uyHamu 26 pekabpsa 2004 ropga Ha
noasemMHble BoAbl Nobepexbsa UHAUM n cTpaTerus
3KCTPEHHbIX OEeNCTBUM no nuKkBugaumm
nocneacTtsuun

Awok K. Kewapu
[JenapTtameHT rpaxaaHckoro ctpoutenncTBa, L.I.T. Oenu, Uuaua
AJl. PamaHaTaH
Bbicwas LLkona 3konorum, , J.N.U., Uugnsa
B.HownnaH
IOHECKO
BBepeHune

Iynamu npencrasiser coboil BoiHy, obnanaroniyro OoniblIoil sHeprueil, kotopas oOpasyercs B pe3yibTare
3eMJIETPSACCHHUS WIIH OTIOJI3HA B Mope. J[JIMHa BOJIH IlyHaMH U MHTEPBaJ MEX/y UX TOSBJICHHEM 3aBUCAT OT MEXaHU3MOB
BO3HMKHOBEHUS M CUJIBI MOPOJMBUIMX MX COOBITHH. VIHTEpBai MeXy MOSBIEHHUEM BOJIH MOXKET COCTaBIIAThH OT 5 10 90
MUHYT. [[nuHa TpeOHS BOJHBI MOKET IPEBBILIATH THICAYY KUIOMETPOB, a PAcCTOSHHE MEXIY BOJHAMH MOJXET
COCTaBIIATh OT HECKOJIBKUX JI0 O0Jiee YeM CTa KHJIOMETPOB BO BPEeMSI HX JBIDKEHHUS B OTKPHITOM OkeaHe. CKOpOCTh BOJIH
I[yHaMH BO3pacTaeT ¢ [NIyOUHOM MOps U MOXKeT pocTurath cBeime 800 km/gac. Obnactu B npepenax 1,6 km Geperopoit
JIMHUM ¥ HaXOJSLIMECs Ha BhICOTE 15 M Haj ypoBHEM MOpS MOJBEPraroTcs HauOOJbIIEMY PHCKY IPH BO3HHUKHOBEHUH
IyHaMHu. MopcKasi BOIa MOXET BTOPTHYTbCS B HA3€MHbIC HAKOIUTEIbHBIC KOJOIIBI M BOJAOEMBI U TPOCOYUTHCS O]
3emutr0. CUTyalusi CTAHOBUTCS OCOOCHHO CEpPbE3HOM, KOT/Ia MOPCKasi BOJa MPOHUKAET B BOJIOHOCHBIN TOPU30HT. MOryT
MIPOMTH TOJIbl, U J1aXKe NECSTWIETHs, TI0Ka B PE3yJIbTaTe CE30HHOTO BBINA/IEHHUs 0CAJAKOB IPOU30MIET BHIMBIBAHUE COJIEH
U3 TI0YBBI, BOJOHOCHOTO TOPU30HTA WK MOPoA. MHOTAa 3T0T mporiecc TpedyeT ere 00bIIero BpeMeH!. B HeKoTophIx
ClIy4asiX PyCJIO PEKH MOXKET IOCIYKHTh IyT€M IPOXOXKAEHHS I[yHaMH, YTO IPUBOAMUT K 3aTOIUICHHIO OIPOMHBIX
TEPPUTOPHHA, PACIIOI0KEHHBIX TAJIEKO OT TTOOEPExKbs.

B  nmamnO#t paboTe paccMaTpHBArOTCS HETaTHBHBIE TIIOCIEACTBHA IfyHamMu 26 nexabps 2004 rona,
OTpa3MBLIMECS Ha pecypcax IMOA3eMHbIX Bojx MHamiickoro mnoOepexps M MpeIaraloTcs Mepbl JIMKBUIALUH
MOCJIEACTBUI B MOJOOHBIX cuTyauusx. OcoOblii HHTEpeC B paMKax JaHHOTO MCCIEIOBaHMUS MPECTABIIIIO IPOBEICHUE
OLIEHKH TUJIPOTEOJIOIHYECKUX XaPAKTEPUCTUK U PUCKA, KOTOPHIM IIOJIBEPraloTCs MPUOPEKHBIE BOJOHOCHBIE TOPU30HTHI
B HEKOTOPBIX paiioHax mTara TaMuiaHangy B oro-BocrouHoi Munum.

LUyHamu 26-12-2004

26 nexabps 2004 roga 3emierpsceHue cuiod 9,3 OGayiua mo mkane Puxrepa HaHecsio yaap IO aKTHBHOM
CyOIyKIMOHHOMH 30He BJOJIb BOCTOUHOro kpas Muauiickoil murocdepsl y 6eperos Cymarps! B Mugonesun. IIpumepHo
Yyepe3 [Ba uaca BOJHBI LyHaMH pocTUriau Mupawmiickoro mobGepexss. BomHa nocturina AHJaMaHCKUX OCTPOBOB,
BocTtoyHOro nodepexns lpu Jlanku u mrata TamunHany, noWas no Opwuccsl, U ABHHYJACh Jajiee Ha CeBep BIOJb
BOCTOUHOr0 nodepexbs. Korna BoHBI IyHaMH NPHOIIKAIOTCS K MEJIKOBOJIBIO BIOJIb OEPEroBOH JIMHUM, UX SHEPIUsL
TPaHCPOPMHUPYETCS B SHEPTUIO OYCHBb MOIIHBIX MPUIMBHBIX BOJH 007610 BBICOTHI (10-30 M), obnanaromunx 60ibIIoit
pa3pyILIUTENbHOM CHITOH.

OnucaHune uccnegoBaHHoOM obnacTu

Beperopas nuuus MHauu uMeeT MPOTSHKEHHOCTh mpuMepHO B 7 500 xmmomerpos (5 700 kumiioMeTpoB Ha
MaTEepUKOBOM YacTH CTPaHBl) U OTPAaHUYHMBAET O0IACTH JCBATH MPUOPEIKHBIX MITATOB, IBYX I'PYII OCTPOBOB U YETHIPEX
COIO3HBIX TEPPUTOPHH. DKOCHCTEMBI TOOEPEKbs OTINYAIOTCS OONBIINM Pa3HOOOpa3seM — OT HECYaHBIX IUIDKEH u
MAaHTPOBBIX 3apociiell 10 KOpaUIOBBIX PU(OB M CKAIHUCTHIX OeperoB. IlpumepHO onmHa msrtas HaceneHus VHaun
IPOXHBAET BHOJIb NMoOepexbs. IOro-socrounas yacts nmobepexps mrata TammiHangy, oT o3epa Ilynmkar mo Mblca
Komopwun, obmeit mpoTspkeHHOCTRI0 992 KM MOABEPTiIach pa3pymUTeTbHOMY yaapy IyHamu 26 nexadbps 2004 roga. B
HACTOSIIEM HCCIEIOBAHMN PAaCCMATPHUBAIOTCS MOCIICICTBUS BO3ACHCTBUS IIyHAMH HA PEXHUM MOA3EMHBIX BOJ C TOUYKH
3peHHs] TUIPOTEOIOTHIECKHX XapaKTepPUCTUK M KayecTBa M KOJNMYECTBa BOABL bBblia coBepiieHa O3HaKOMHTEIbHAsS
10€3/1Ka, MPOBEJCHbl AaHAJIM3bl U IIOJyYEHbl JAaHHBIE M0 THUAPOXMMHM IOA3EMHBIX BOJl, a TaKXe IPOBEAEH HX
moHuTOpuHT. CucrteMa riobanpHOTrOo Mo3unuoHnpoBanus (GPS) Opura wmcmonb30BaHa i COOTHECEHUS MOTyIEHHBIX
JAHHBIX C TeorpaguyeckuM pacrnoyiokeHneM o0bekToB. CTerneHb MHMHEpalnM3alMy Obula OIpeesieHa W OIUcaHa
Pamanatanom u np. (1997) OrneHka pecypcoB MOJ3EMHBIX BOJ C YYETOM CTEIECHH WX MUHEpaTU3alldd B HETrIyOOKO
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3ajierafonux (GIIOBHATBHBIX BOJOHOCHBIX TOPU30HTAX M WX MpOTsuKeHHOCTh B IloHmuiiepe u Kymmanope (paiione B
mrate TamuiHany) nana B paborax Tonaumyty (1994), Kemaana (1996) u Kemapu (2005). B aTux uccienoBaHusx
MOYHO HalTH OYeHb XOpOIue 0a30BbIe JaHHBIC, TTO3BONSIONINE POBECTH CPABHEHHUE C YCIOBHSIMH, CIIOXKUBITUMUCS
IOCIIE TIPOXOKICHHS yHAMH.

BnusiHMe Ha KauecTBO NoA3eMHbIX BO4

IlyHamu oka3ano BO3AEHCTBHE Ha CHCTEMBI MOJ3EMHBIX BOJl B HU3MEHHBIX MPHOPEKHBIX pallOHaX, a TAKXkKe B
paifoHax, pacIoI0KEHHBIX BIOJIb ITOOEPEXbsl M NMEIOIIUX IIOXYI0 €CTECTBEHHYIO 3aIUIIEHHOCTh M ¢ HEAOCTATOYHBIM
pacTutensHBIM MOKpoBoM. Pucynok 10.5.1 moka3piBaeT OJUH M3 TaKUX pPallOHOB, B KOTOPOM 3aTOIUICHHE, BHI3BAHHOE
IyHaMH, HaHecTo yiiepO modepexpio mrara TaMuiIHady.

Ipencrarienre o MacmTabax IyHAMH MOXXHO MOJYYHTh MO OTMETKE ypoBHs Boabl Ha crteHe (Puc.10.5.2),
KOTOpas TOKa3bIBaeT, YTO BOJAa NMPH HABOJHEHHWH MOJHHUMAanach 1o 1,5 M Hax ypoBHeM Mops. CTENeHb CHIDKEHHS
Ka4ecTBa IMOJ3EMHBIX BOJ 3aBHCHT OT MECTHBIX THAPOTEOIOTHIECKHX YCIOBHH, OUYBSHHBIX XapaKTEPUCTHK, CTEIICHH
MHOWIBTPALUH, JJIUTEIBHOCTH 3aTOINICHHUST MOPCKOH BOJIOM U TIOTOJIHBIX YCJIOBHM BO BpeMsl CTUXUIHOTO O€ICTBUSL.

B xozme uccnenoBaHuii ObUT MPOBEAEH MOHUTOPHHI YPOBHSI TPYHTOBBIX BOJl B HECKOJBKHX MECTHOCTSX U
C/IeIaHO CpaBHEHHE MOJTYYEHHBIX pe3yJIbTaToOB C JaHHBIMH, IIOJIyYeHHBIMH B 00JIee paHHUH NepHOJ.

Pucynox 10.5.1. Bmopoicenue 600HbIX MACC UYHAMU Uepe3 Ca00 3auiuieHHble 30Hbl NPUOPENHCHDBIX OIOH.

Pucynox 10.5.2 Ommemka ypoensa 600bl, NOKA3b16AI0W4AA bICOIY 3ANONIEHUSA 60JIHAMU UYHAMU
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Pucynok 10.5.3. mokassIBaeT, 4YTO NOCJIE BO3AEHCTBUS L[yHAMH BO MHOTHX MECTHOCTSX TIIyOMHA 3ajieraHus
BOJIOHOCHBIX IUTacToB yMeHblnmnach Ha 0,5-5,5 M. IloBbllieHHe ypOBHSI 3ajeraHusi OIPEIEJICHHO CBS3aHO CO
CTPYKTYpOH TOTOKa MOJI3EMHBIX BOJ M MX MHHepanu3aiueld. BropkeHHe BOTHBIX MaccC, MPUHECEHHBIX I[yHAMH Ha
Cylly BJIOJIb HauOoliee MOCTPaIaBIIETO FOro-BOCTOYHOTO mobepexbss VHanm nokazaHo Ha pucyHke 10.5.4. Ha stom
PHUCYHKE BHIHO, YTO BOJIHBI IlyHAMH MPUBEJIM B HEKOTOPBIX MECTaX K MPOHUKHOBEHHIO COJICHOW BOJIBI BIIyOb CYIIIH Ha
paccTosiHue 10 2 KM. DTO TPHUBENO K IMOBPEXKIECHHI0 MHOTHX COOPY)KEHHH M YCTPOMCTB, BXOOWBIIMX B COCTaB

MHPPACTPYKTYpPbI, 00CCIEUMBABIICH BOJOCHA0KEHHUE BJIIOJb OTO-BOCTOYHOTO MOOEPEkKbS, B TOM YHCIE PYYHBIX
HACOCOB B CEJIBCKOI MECTHOCTH.

Pucynok 10.5.3 Ypoenu noozemnuix 600 00 u nocie yynamu

— —

Groundwater level {m bgl}

indira | Panjala | Kattur | Kitcha
Beach |Kuppam Nagar | Puram Kuppam

Village

O Befare Tsunami @ After Tsunami
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Pucynox 10.5.4  Pacnpocmpanenue Ha cyuwty HA60OHEHUA, 8bI36AHHO20 UYHAMU 600J1b 1020-80CHIOUHO20
nooepesicess Unouu

| Marina Beach
Muttukkadu g,
‘ New Kalapakkam §
Semmankadu E
e i 5
Tarangambadi g
Karaikal Beach :ﬂE-*
(.
Vellangani =
I l Fpeny ?;
| Indira Nagar E’
Pudukuppam g
: Manakudi

2500 2000 1500 1000 500 0
Inland Inundation (m)

Tem He MCHEEC, BOJIa B HCKOTOPBIX CKBAKWMHAX U KOJIOAIIAaX OCTajlaCh HpeCHOﬁ JaXXe MOCJIC MTPOXOXKACHUA IYHAMU.
Takoe siBIeHHE UMEET ABHYIO CBA3b C THAPOrcOJIOrNIYCCKUMH, TOHOI‘pa(l)I/I‘ICCKI/IMI/I W IIOYBCHHBIMHU YCJIOBUAMU, CO
CTCIICHBIO 3alINUIIEHHOCTH IMTOYBBI PACTUTCIbHBIM IIOKPOBOM Ha Y4aCTKaX BOKPYT CKBaXXHH. Bcee atu YyCJ10BU IOBJIUSIIA
Ha MPpOCavYMBaHUC COJICHBIX HJIN caabo MHUHCPAJIN30BAHHBIX BOJ M HA ATUHAMHUKY B3aMMOICUCTBUS HpCCHOfI W COJIEHOM
BOJIBL. Puc. 10.5.5 moka3pIBaeT BO3MOXKHBIA MEXaHH3M MUHCpaAJIU3aliu l'IpPI6pe)KH0171 CUCTEMBI MOA3EMHBIX BO.

(Mcrounuk: http://igrac.nitg.tno.nl/tsunami2-i.html).

Pucynok 10.5.5 Cxemamuueckoe uzoopasiceHue npeononazaemozo Mexanuma 6030elicmeus yyHamu na
RPUOPEIHCHYIO CUCHIEMY NOO3ZEMHBIX 600

Befare the Tsunami After the Tsunam)

Broprimmecs Ha cymry mMacckl MOPCKOM BOABI 3aJIMBalIUCh B OTKPBIThIE KOJOALBI M CKBAXKHMHBI, 3aIIOJIHSIIN
BIIAJIMHBI, IPUBOJIS K MPOCAYMBAHUIO COJICHON BOJBI B HEITYOOKO 3ajeraroliue BOJOHOCHBIE TOPH30HTHI JaXe MOCie
OKOHYAaHMS HEHCTBHA IyHaMH. 3aTOIUICHHE NPHOPEKHBIX paiOHOB MPHUBEIO Takke K PaCIpOCTPaHEHUIO
3arpsA3HAIOIINX BEIIECTB U3 PA3JIMYHBIX aHTPOIIOI€HHBIX HCTOYHHMKOB. Bee 3TO MpuBeno K TOMy, YTO ITO/A3€MHbIE BOJbI
CTaJ HENPUTOJHBIMHU IJISI TOTPEOJICHHUS YENIOBEKOM, a TaKkke K ymepOy, HAHECEHHOMY CEeIbCKOXO3IHCTBEHHOMY
MIPOU3BOJICTBY B IIPHOPEKHBIX paiioHax r0xHOW NHIHH.
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Crtparerus yctpaHeHus ywepba

Cy1miecTByeT HacTOsTENbHAs HEOOXOAUMOCTb Pa3paOdOTKU M BOIUIOIICHUS CTPATETHH YCTPAHEHHUSI HAHECEHHOTO
ymep0a, TTOCKOJIbKY MOPCKasi BOJIa 3arpS3HIIIA OTKPBITHIE CKBaKMHBI M BOJAOXPAHWIINIIA, CACNAB UX BOAY HETIPUTOJHON
Ui muThst. OfHAKo 3TO OEICTBHE BBI3BAJIO TAaKKe ApYyTHE MPOLECCH, Takue, Kak aucnepcus U auddysus coiel, a
TaKKe eCTECTBEHHYIO KOHBEKIIHOHHYI0 MUHEPAIN3AIMIO [10]] BO3ACHCTBHEM Pa3HUIbI B IJIOTHOCTHU. [[jIs mpekparieHus
W KOHTPOJIS TIpoliecca MUHEPAIH3alul COJCHYI0 BOJY HEOOXOIMMO OTKA4MBATh Ul YMEHBIICHHUS MPOHUKHOBEHHS
MOPCKOH BOJIbI B IPUJICTAIOIHE MAcChl IPECHOM BOJIBI.

CkBaxMHa, pacnojiokeHHas B 23 M OT Mops B ropoie YeHHail Obuia nepBOHAYAJIbHO IPECHOBOJHOM
CKBR)XMHOHM, HO NOCJIE IIyHaMH BOJa B HEH cTajla COJICHOH. MeCTHbIe KUTEIH COOOIIAIOT, YTO 3arps3HEHHAs BOAA
CKB)XMHBI OTKaYMBAJIACh B TEUEHHE MeCAIa B CPEIHEM B TeUeHHE 8 yacoB B JieHb. B pe3ynbTare mokaszatenu oOIero
coJieco/iep)kaHus B BOJE 9TOH CKBaXMHBI CHU3WINCH 10 900 mr/m. XoTs Bojga M3 ATOM CKBaXXMHBI JI0 CHX IIOp HE
HCIIOJIB3YETCA B  Ka4CCTBC HHTLBBOﬁ, OHa HCIIOJIB3YETCA [JId OpPOLICHHUSA NPUIICTAIOIMINX HHaHTaHI/Iﬁ n
CeJIbCKOXO3AUCTBEHHBIX yroauil. OTkauka oOKa3aja MOJOXKUTEIbHOE BO3AEHCTBHE Ha pETyJIHMpOBaHHE Ipoliecca
MUHEpan3allui BO MHOT'UX 6J'II/I3J'IB)K3,]_I_II/IX CKBa>XHHaX.

BbiBogbl

3aToruieHue MOPCKON BOJOM B pe3ynbTaTe IyHaMH HETaTHMBHO MOBJIHMSUIO HAa KauyeCTBO IMOJ3EMHBIX BOJ M UX
o0beMbl. KpoMe Toro, uto mocrpajano KauecTBO IMUTHEBOW BOJbI, MPOM3OILIA JACTpajalus CeIbCKOXO3SHCTBEHHBIX
3eMeJib B PE3YJIbTATe MX 3aTOIUICHHS COJICHOM BOJOW. Bo3/elicTBHe Ha HUX MOPCKOH BOJbI OBUIO YCHUIIGHO BBICOKUMHU
HOpMaMH UCTIapeHHs B 3TOM pernoHe. HekoTopoe onpecHeHre MUHEPAIH30BaHHOW BOABI OOBSCHSIETCS €CTECTBEHHBIM
BOCIIOJTHEHHEM, HO 3TOT IPOILIECC MOXKET IIOTPEOOBATH HECKOIBKHUX CE30HOB MyCCOHOB.

HesarpoHyThle OeICTBHEM IMOA3EMHBIE BOIBI CHITPAIN BAKHEHIIYIO POJIb B HEMEIUICHHOM YyIOBIECTBOPEHUH
MOTPEeOHOCTEH MECTHOTO HACEJICHHUS B TUTHEBOW BoJie. TeM He MeHee, OoJiee YHOPSJ0YCHHBIH MTOAX01 HEOOXOIUM IS
pa3BeNbIBaHUsl PECYPCOB IMOA3EMHBIX BOJI, YCTOWYMBBIX K BO3JIEHCTBHIO I[yHAMH M MOJOOHBIX SBICHUH B LEMSIX HX
WCIIOJIb30BaHUSl B KaueCTBE PE3ePBHOI0 MCTOYHHMKA NMHUTHEBOM BOIBI B UPE3BBIYAWHBIX CUTyalHUsX. DTO M SBISETCS
nenpto GWES: wucciienoBaHne eCTECTBEHHO 3alllMIIEHHBIX BOJZOHOCHBIX TOPH30HTOB, pa3pabOTKa IHPEKTHB IO
COOPYKEHHUIO KOJIOJALEB Ul OOLIECTBEHHOTO MCIIOJIb30BaHMs, IPOBEICHUE KaMITaHUH 110 MPOCBELICHUIO HACEJICHUS U
OIpEJENICHNE CTPATETHYECKUX MEp I10 BOCCTAHOBICHUIO CKBAXXHH M PETyJHUPOBAHHIO MPOLIECCOB MUHEPAIH3ALNH.
CymecTByeT HE0OXOIMMOCTh CO3[aHUSI CUCTEMBl MOHHTOPHHIA KadeCTBa ITOJ3EMHBIX BOJ, ONPEIETICHUS TOYHBIX
FCOXUMHUYCCKUX XapaKTCPpUCTUK PEruoHa, INOABCPTIICTOCHA BO3I[€I7[CTBI/IIO CTUXHUIHOTO 6CZ[CTBI/I$I U OLECHKH €ro
OTHAJICHHBIX MOCIEICTBUH, CIIOCOOHBIX OKa3aTh BIMSHHE Ha KayeCTBO IMOJA3EMHBIX BOZ IMPUOPEKHBIX BOIOHOCHBIX
TOPHU30OHTOB. CJ]CZ[yCT OTMETUTb, HYTO O3TU MCPbBI IMOMOTYT TaKX€ IPOBECACHUIO MOHUTOPHUHIA IIOCTYIJICHUA
0CBOOOIUBIINXCSL HATPATOB M (JTOPHUIOB B IIPECHYIO BOAY.
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11.Tnoccapum

MpuBeAEHHbIN HUXKE MepedYeHb TEXHUYECKMX TEPMUHOB Obll B3AT B OCHOBHOM U3
MexayHapogHoro rugporeonormyeckoro rnoccapusa  (FOHECKO-BMO, 1992), HekoTopble
TONKOBaHWUA bOblAM 3aMmcTBOBaHbl Yy beitca m [OxekcoHa (1980) u detrepa (1980). Bonee
cneundmnyeckne gedUHULMN, OTHOCALWMECS K NPUPOLHBIM KaTacTpodam, aaHbl B | Joknage OOH
06 OcBoeHnKn BoaHbix Pecypcos Mupa (2003).

,D,06b|qa: N3BneyeHne Boabl 13 Nt060ro NCTOYHUKA Ha MOCTOAHHOM UK BDEMeHHOVI OCHoOBe

AnnoBmnanbHaa paBHUHaA: paBHVIHHbIVI Y4aCTOK Ha AHe OO0/InHbI, nepnoanyeckm no,u,seprarou.mﬁcn
3aTonneHuto Npun pasanee BOAHOINO NOTOKa.

Bogoynop: HacbliWweHHasa popmauma ¢ HAU3KOM rmapaBaANYEeCcKoil NPOBOAMMOCTbIO, KOTOpan nogaeT
He3HauYuTeNbHble 06beMbl BOAbl B CTOKM, KONOALbI, UICTOYHUKU U PYYbMU.

BOAOHOCHDI FOPU3OHT: NPOHMLAEMas, coepiKallasn Body dopmaums, cnocobHana obecneynBaTb
nocTynjeHue Boabl B 06beMax, L0CTaTOYHbIX 417 ee A06bI4YM B NPOMbILAEHHbIX MacLTabax.

CnabonpoHuuaemblit Bogoynop: ¢opmauua C HWU3KOM MAPaBANYECKON NPOBOAUMOCTbIO,
KOTOpas MpOoMnyckaeT BoAy B O4YeHb Manbix o6bemax NO CpaBHEHUO C obbemamu BoAbl
BOA,0OHOCHOIO rOPU30HTA.

O6nactb BAMAHUA (cMH. 30Ha BAMAHKMA) ObnacTb BOKPYr BOA03abBOPHON WM HarHetaTesibHOW
CKBaXMHbl, B KOTOPOW YpOBEHb NOA3EMHbIX BOA, (6€3HanOpHbI BOLAOHOCHbIN FOPU3OHT) Nan
Nbe3omeTpuYecKkasn NoBepxHOCTb (HAaNOPHbIA FOPMU3OHT) NOBLILIAETCA UAWN NOHUMKAETCA 3a CYeT
OTKAYKM UM HarHeTaHus.

ApTE3MAHCKUIA BOAOHOCHbLIN TFOPU3OHT (CM. TaKKe HaAMoOPHbIN BOAOHOCHbLIN TFOPU3OHT):
BOOOHOCHbI TOPU3OHT, Mbe30MeTPUYecKas MOBEPXHOCTb KOTOPOro PacrnosioXKeHa Bbllle
NoBEPXHOCTUN 3EMIN.

ApTe3naHcKana cKkBaXxKuMHa: CKBaXKMHa, BCKPbIBAOLWAA HAaNOPHbIM MW apTe3MaHCKNI BOAOHOCHbI
FOPWU30OHT, B KOTOPOM CTAaTUYHbIN YPOBEHb BOAbI HAXOAUTCA Bbille NOBEPXHOCTU 3EeMIN.

OuuweHne OT 3arpAsHeHwuit: [pupoagHoe CBOMCTBO NOPOA M MNOA3EMHbIX BOA, MOHWMMKATb
coaepsKkaHue, yaanaTtb, PacTBOPATb WA 3aMeaNATb NPOHUKHOBEHME 3arPA3HAIOWMX BELLLECTB
NMOCPeACTBOM  C/OXMHbIX  QU3UYECKMX, XUMUYECKMX U BMONOTMYECKMX  MPOLLECCOB,
NMPOUCXOAALLMX B CUCTEME NOYBA — MOPOAbI - NOA3EMHbIE BOAbI.

Ba3uCHbI NOTOK (CMH. BasucHbIM CTOK): YacTb CTOKA, KOTOPbIM NUTAaeTcA M NOCTynaeT B Pycio
BOZOTOKa B OCHOBHOM 3a CYeT MOA3EMHbIX BOJ, HO TaKKe MOXET MMETb CBOMM UCTOYHUKOM
03epa M NefHVKMU BO BPEMA AIUTE/bHbIX NEPUOLOB OTCYTCTBUA OCAAKOB WM CHErOTasaHMA.

fony6aa Boaa: Boga c ectecTBEHHbIMU PUINYECKUMU, XUMUYECKUMU U MUKPOBMOOrNYECKUMMU
CcBOMCTBaMMU.
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paHUuHbIe ycnoBuA: KoMNAeKc ycnoBu ansa pelleHus auddepeHuManbHbIX ypaBHEHMIA Ha
rpaHuue (BKAOYMAA  rpaHUUYy KMAKOCTUM) 06n1acTU, B KOTOPOM A[O/KHO ObiTb MOAYy4YeHO
peleHue.

CnabomuHepanusoBaHHaa Boga (cMH. MuHepanusoBaHHasA BoAa): Boga, cogepkaliana conu B
KOHLEHTPaLMN, 3HaUNTENbHO MeHbLLIEN, YeM KOHLEHTPaLMA conen B MOpCcKon Boae. 3HaueHus
KOHUEHTpaLUMnN BCex PacTBOPEHHbIX conel obblMHO HaxoasaTca B npegenax 1000 — 10 000
mr/n.

KanunnapHaa Kaiima: 30Ha, pacnofioXKeHHas HenocpeaCcTBEHHO Hafj YPOBHEM TPYHTOBbLIX BOA, B
KOTOPOW BCE NYCTOTbI 3aMO/IHEHbI BOAOM, HAaX0AAWENCA Noa faBAeHMEM HUKe aTMOCPEPHOro.

Knumatuueckue nsmeHeHua: 3HaumTeNbHble U3MEHEHUA, HabatodalolWmMecs B KAMmaTe pernoHa
Mo OTHOLWEHWIO K MepUoay, C KOTOPbIM MPOBOANTCA CPaBHEHME.

BopoHKa genpeccun: [enpeccus ypoBEHHOW MAM Nbe30MeTPMUYECcKo MOBEPXHOCTU MOA3EMHbIX
BoA, B GOpMe KOHyCa C BOTHYTOW MOBEPXHOCTbIO HAaMpaBJAEHHOW BBEpX, KOTopasa onpeaenser
061aCTb BAUAHNA CKBAMKMHbI.

HanopHblii BOAOHOCHDLIN TOPU3OHT (CM. TaKKe apTe3MaHCKMI BOAOHOCHbLIA TFOPU3OHT):
BOAOHOCHbIA TOPU3OHT, MepeKpbliBaeMblit HenpoHMLAeMOW MAM MOYTU HenpoHMLaemoi
dopmauueit.

HanopHble noasemHble Boabl (cyb-apTesMaHCKMe NoA3eMHble BOAbl): BOALbl, MOJSHOCTbIO
3aMO/IHAKOWME HAMOPHbLIN BOAOHOCHbLIA TFOPU3OHT, MbE3OMETPUYECKUA YPOBEHb KOTOPbIX
pacnonaraeTcs Bbile rpaHuLbl C OrPAaHNYMBAIOLWMUM C/IOEM.

PenukToBas Boga: BoAa, MPOHMKLLAA B MYCTOTbI OCaZ0O4YHbIX NOPOA B Neprog Ux 06pasoBaHmA U C
Tex Nop He MMeBLLaA BbIxoAa B Buocdepy.

3arpasHeHne (Ccm. TaKke 3apaxeHue): [POHWKHOBEHME B BOAy /OBbIX HeKenaTeNbHbIX
npumecen, o6bIMHO He NPUCYTCTBYIOWMX B BOAE, HaNpUMep, MUKPOOPraHN3MOB, XMMUYECKUX
BELLECTB, OTXOAOB M/AWM CTOYHbIX BOZ, KOTOPble MOTYT cAenaTb BOAY HENpPUrogHon Ans
MCNO/Nb30BaHUA B TeX LLenax, 418 KOTOPbIX OHa npeAHa3Havanach.

3aKoH [lapcu: 3aKOH, BbIParkaloWMM 3aBUCUMMOCTb CKOPOCTM NaMWHapHOW GUAbTPaALLUM
HEeCXKUMaEMOM KUOKOCTU CKBO3b NOPUCTYIO Cpeay OT rpaZMeHTa Hanopa.

BaHK paHHbIX: ONHbIN HAbOpP AaHHbLIX NO AAHHOW TemaTuKe, 0ObIYHO XpaHAwWMMcA Ha 3Y ¢
NPAMbIM LOCTYMOM.

Cuctema cbopa paHHbIX: cOrnacoBaHHaa cuctemMa cbopa AaHHbIX, NONYYEHHbIX B pe3ynbTaTte
HabnoAeHWIN, B TMAPONOIMYECKON CETU U UX Nepesada Ha YCTPoMCcTBa 06paboTKM AaHHbIX.

O6paboTKa paHHbIX: nNpeobpasoBaHWe [AaHHbIX HabAloAeHWA ANA  UCMNOJIb30BaHUA B
onpeaeneHHbIX Lensx.

Katactpo¢a: CepbesHoe HapylleHWe HOPMAJIbHOWM KM3HW HaceneHuAa uam obuiectsa, KOTopoe
BNeYeT 3a Ccob6O0lM LWMpOKOMacwWTabHble 4esoBeYEeCKUe, MaTepuasibHble, 3KOHOMMUYECKME
notepu W npuuMHeHue yuwepba OKpy:KaloWel cpeae, HaxodalMecs 3a MNpeaenamu
BO3MOMKHOCTEN NOCTPajaBlero HaceneHusa/obwectBa cnpaBuUTbCA C  NOCAEACTBUAMMU
cobcTBeHHbIMU cunamn. KatacTpodbl YacTo KnaccudpuumpytoTca B 3aBUCUMOCTM OT CKOPOCTHU
MX pa3BuTUA (BHE3anHble WAM MO3TanHble), WAW B COOTBETCTBUM C MOPOAMBLUMMU WX
npuUYnHamm (NpupoaHbie NN TEXHOTEHHbIE).

Debut (cuH. pacxoa): Konnyectso Boabl, NocTynawllee B eANHULY BPEMEHU U3 eCcTecTBEHHOro
WA UCKYCCTBEHHOMO UCTOYHMKA.
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Boaopasaen (MOBEPXHOCTHbIX MM TPYHTOBbIX Bo4): J/IMHUA, BAO/Ib KOTOPOW BOAbl HAXOAATCA B
CBOEM BbICWIEN TOYKe, NO 06euMm CTOPOHamM 3TOW JIMHUM MPOUCXOAUT CTOK B ABYX
NPOTUBOMONOMKHbIX HaNPaBAEHUAX.

DpeHupylowmii 6acceiiH (cMH. BogocbopHaa naouwaab, bacceH peku, BoAocbopHbIN bacceliH):
O6nacTb, umetoLw,an obLW M BbIX04, A1 CBOErO NMOBEPXHOCTHOTO CTOKA.

MoHu}KeHne ypoBHA NoA3eMHbIX Bog,: CHUKEHUE YPOBHA rPYHTOBbIX BOA UM Nbe30METPUYECKOM
NMOBEPXHOCTU, BbI3BAHHOE M3B/IEYEHMEM MOA3EMHbIX BOJ C MOMOLUBbID OTKAYKM, MOA
AENCTBUEM apTEe3MaHCKOro Hamopa M3 CKBa*KMHbI, UM B pe3y/bTaTe MOABIEHUSA UCTOYHMKA,
BbIXOAALLEr0 Ha NOBEPXHOCTb M3 BOLOHOCHOTO NJacTa.

3acyxa: [JnutenbHoe OTCYTCTBME UM ABHAA HEA0CTAaTOUYHOCTb BblNaAeHMA 0CafKoB.

Cyxoii rog,: 3acyWwnunBbIf rog, B Te4EHME KOTOPOTO BbiNageHMe 0CaAKOB MW BOAOTOK PEK U APYruxX
MOTOKOB HaXxo04ATCA Ha 3Ha4YUTe/IbHO 60/1ee HU3KOM YPOBHE, YeM 06bIYHO.

Cuna 3emnetpaceHus (marHmTyga): MNokasaTtesb CUbl 3EMIETPACEHUA, UM SHEPTUM HAMPANXKEHUA,
BbICBODOKA2EMOM MM, COrNACHO AaHHbIM CEMCMMUUYECKON pa3BeaKu.

3Kocuctema: Cuctema, B KOTOPOW B pesynbTaTe B3aMMOAEWCTBMA Pa3/IMUHbBIX OPraHM3MoB U
OKpY»KatoLei cpeabl, NPOUCXOAUT LMKANYECKUIA B3aMMOOBMEH BELLLECTBA M SHEPTUMN.

3¢ deKTnBHaa nopuctoctb: O6bEM MNOPUCTOrO BELLECTBA, Yepe3 KOTOPOe MOXKET MPOHUKaTb
MUAKOCTb. OHa BbIPaXKaeTcA Kak COOoTHOWeHUe o6bema B3aMMOCBA3aHHbIX MYCTOT K 06Lemy
06bemy NOPUCTON cpeapbl, BKAOYAIOLLEMY NYCTOTbI.

BeccTouHbIlt 6acceitH: bacceiH, B KOTOPOM NPOUCXOAAT NOTEPU BOAbI B pe3yabTaTe CyMMapHOro
MCNapeHUsn, HO HE UMEIOLLLMIA CTOKA B OKeaH

Opr)Kal'OIJJ,aFI cpepa: O6o6u.|,a+ou.|,ee NOHATUE, OTHOCALLEECA KaK K eCTeCTBEHHbIM YC/I0BUAM, TaK
N ycnosmam, cos3gasBlLIMMCA NoAa, BO3,£],€VICTBVI€M 0eATeNIbHOCTU YenoBeKa, KaK Ha NOBEPXHOCTU
3eMJIM U TaK No4 ee NOBePXHOCTbO 40 ypOBHel\/'l, Ha KOTOPbIX MOXET CyLeCcTBOBaTb Kakan-nnbo
B3aMMOCBA3b C NOBEPXHOCTbIO.

dpo3una: PaspylieHne 1 NepemeLLeHne NoYB, 0CaZoUYHbIX U CKa/lbHbIX MOPOA BOAOW, IegHUKaMK,
BETPOM WJIM BOSTHAMM.

MUcnapenume: Mpouecc obpa3oBaHWA BOAAHOrO Mapa Hag, OTKPLITOM BOAHOW MOBEPXHOCTbLIO Npw
TemnepaTypax HUXKe TOUYKU KUMEHUA.

dBanoTpaHcnupauua: [lepeHoc BoOAbl C MNOBEPXHOCTM 3eMauM B aTmocdepy B pesynbTarte
MpPOoLEeCcCoB McnapeHuUa 1 TpaHCIMpaLMm pacTeHUIA.

CTouHbIi 6acceitH: bacceiH, UMeloLW Mt CTOK B OKeaH.

MNaBoAgokK: MNoBbIlWeHWe, YacTO KpPaTKOBPEMEHHOE, YPOBHA BOAbl B pPeKe A0 HauBbICLIEN OTMETKM,
OT KOTOPOW 3aTEM MPOUCXOAMUT €ro Me/IEHHOE CHUXKEHME.

[DonvHa 3atonneHus: [loyTM pOBHas MOBEPXHOCTb 3EM/W, PACMNONIOKEHHAA BLONb PEKM,
3aTon/iAemMasn TO/IbKO B Te€X C/yyasx, Korga ob6bembl PEYHOrO CTOKa MPEBbIWAOT MNPOMNYCKHYHO
cnocobHocTb pycna.

Mckonaemas Boga: Boga, NpocoymBLUAsCA B BOAOHOCHbLIN FOPM3OHT B PAHHWE reosornvyeckme
nepuogbl (>10 000 net), Korga KAMMaTUYECKMe U reomopdonormyeckne ycnoBus oTaNYannCb
OT COBPEMEHHbIX, N HAXOAALLAACA C TEX MOP B STOM FOPU3OHTE.

TpewMHHaa nopuctocTb: opucTocTb, 06pasoBaBLIAACA B pe3y/ibTaTe MOABAEHUA OTBEPCTUN
BC/leAcTBME APO6AEHUS UK paspyLUEHUs NOPoa,
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paHMLUA NpecHO M coneHoii Bogbl: MNOCKOCTb, pasaenaowan Maccbl NPecHOM U CONOHOBATOM
WAV CONEHOM BOAbl, PAcNosOXKeHME KOTOPOI OTHOCAT K 06/71acTU NepexofHOM 30Hbl MeXay
3TUMM ABYMSA KUAKOCTSMM.

MNpecHas Boja: npupoaHaa BOAa C HWU3KOW KOHUEHTpauuewn conen, wmaum Boga, OObIYHO
cynTaoLanca npurogHom ana gobblum n NocaeayroLEero UCNob30BaHUA B KayecTse NUTbeBOM
nocne cooTseTcTaytollein obpaboTtku (1ISO/6107).

MotoK, npuobpertaowmii nogzemHbie BoAbl: [MOTOK, MUTAOWMIACA NOA3EMHbIMWU BOJAaMM,
NOCTYNaloWUMM U3 30HbI HACIWLEHWA MW U3 BEPXHUX BOJOHOCHbIX TOPU3OHTOB.

3eneHas Bopa: Boaa, KoTopasa MOXKeT 6bITb M3B/I€YEHA U3 NOYBbLI PACTEHUSMMU.
Cepas Bopa: CTouHble BOAbI.

MNop3semHble Boabl: MoANOBEPXHOCTHbIE BOAbI, 3aHUMAIOLLME 30HY HACbILLEHUSA.
0O6wmii BogHbI 6anaHc 3eMmHOro wapa: BogHbili 6anaHc cywiv u Mmopel NaaHeTbl.

bacceiiH noasemHbix Bopg: DusMKo-reorpadmyeckad eauHuUa, cofeprKallas oAuH 60/bLIOM
BOAOHOCHbIN TOPU3OHT MM HECKO/IbKO COEAMHEHHbIX WAW B3aMMOCBA3aHHbIX BOAOHOCHbIX
ropuU3OHTOB, BOAbI KOTOPbIX BbITEKAIOT U3 €4UHOI0 BbIXOAHOIO OTBEPCTUA U pasrpaHMYMBatloTcs
rPYHTOBbLIM BOZOPa3ae/0M.

DatuposaHne nopsemHbix Bog: OnpedeneHve nepuoga BpPemMeHW C MOMEHTa NOCTynAeHuA
aTmocdepHol Bfarn B BOAOHOCHbIN FOPU3OHT U BpemeHem oTbopa 0b6pasyoB.

TeueHue Nnoa3eMHbIX BOA,: ABUXKeEHMe BOAbl NO BOAOHOCHOMY FrOPU3O0HTY.

ypOBEHb noAasemHbIx Bopg: BbicoTa YPOBHA NnoA3eMHbIX BO4, UAN TUMAPOCTATUYECKOro Hanopa B
BOAJOHOCHOM ropn3oHTE B onpeaeneHHble nepnoabl BpemeHn 1 B onpeaesieHHbIX MecTax.

[o6blua pecypcoB NoA3eMHbIX BOA: (B y3KOM 3HauYeHUK): NMocTosHHasa fobblya Noa3eMHbIX BoZ, B
obbemax, MpeBbilaoWMUX exerogHoe nononHeHue. (B wnpokom 3HadeHuu) — locToAaHHOe
yMeHbLUEeHWe 3anacoB Nog3eMHbIX BOA, B pe3ybTaTte gobbIuu.

YpeamepHas 3Kcnayatauua nog3emMHbiX BOA: M3BneueHwe BOAbl M3 NOA3EMHbIX TOPU3OHTOB B
obbemax, NpeBbllLAOWMX CpegHMe HOPMbl MonoaHeHuA (cm. Takxke: [dobblua pecypcos
NnoA3eMHbIX BO4,).

CoxpaHeHue noa3emHbIx Bog,: (cvH. OxpaHa noasemHbix Boa): Moaaep*kaHue ruapasanyeckon u
rMAPOXMMMNYECKON LLEJIOCTHOCTU CUCTEMBI NMOA3EMHbIX BOA,.

3awmta noasemHblXx Boa: Mepbl, HanpaBieHHble Ha 3aWmTy NOA3EMHbIX BOA OT
HebnaronpuMATHOro BO3AEWCTBUA CO CTOPOHbI YeNoBeKa WAM NPUPOAHLIX npoleccos (Hanp.,
UCTOLLLEHMA, 3arpA3HEHUsA) U OCYLLeCcTBASeMble KaK B BOMAOHOCHbIX FOPM3OHTax, Tak M B
BblleneXallmx CNoAX UNU Ha NOBEPXHOCTH.

CTOK nopg3emHbiX Bog: YacTb MOBEPXHOCTHOrO CTOKA, KOTOpas MpPW MPOHMKHOBEHWW B TPYHT,
npespalLaeTca B NOA3EMHble BOAbl W CTEKAeT B PYc/NO NOTOKa B BWAE POLHUKA MM
dUNbTPaALUMOHHOM BOAbI.

3anac rpyHToBbIX BOA,: Konnyectso BOAbl B 30HE HaCbILWEHWA BOLOHOCHOrO NaacTa.

YA3BMMOCTb FPYHTOBbIX BOA,: [p1poAHOE CBOWCTBO CMCTEMbI MOA3EMHbIX BOA, CTEMNEHb KOTOPOro
3aBMCUT OT YYBCTBUTE/IbHOCTM 3TOM CUCTEMbl K TEXHOrEHHOMY BO3AEWCTBUIO W/UK
BO34eNCTBUIO NPUPOAHbIX GpaKTOPOB.

Teepable NopoAbl BOAOHOCHOIO ropu3oHTa: Kpuctanauyeckme ropHble Nopoabl, MPOHULAEMbIE B
OCHOBHOM BA0/1b TPELLMH.
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Yrposa: MMoTeHuManbHO onacHoe ¢u3MYecKoe SBAEHWE WAM COBbITUE, KOTOPOE CMOCO6HO
NPUYMHUTL Bpea NIOAAM UAM MUX BNAarocoCTOAHMIO. Yrpo3a MOXKET 3aKNouaTbCA B CKPbITbIX
ABNEHUAX WM YCNOBMAX, B KOTOpble B Oyaywem MOryT pa3BWUTbCA MO BO34ENCTBUEM
NPUPOAHbBIX AN TEXHOFEHHbIX NPOLLECCOB.

fmppaBnnuyeckas nposBoaumoctb (KoadpouumeHt ¢unbTpauumn): CBOMCTBO HACbIWEHHOM
NoOpUCTOI cpeabl, KOTopoe onpeaenaeT COOTHOWEHME MeXAY YAe/NbHbIM PacxogoM BoAbl U
rMAapaBANYECKU MPagUeHTOM.

fmapasnanueckuiti rpagueHTt: B nopucton cpege: CHUMKEHME Nbe30METPUYECKOro Haropa Ha
eMHU1LY PacCTOAHMNA NO XoA4Y ABUKEHUA NOTOKa.

Fu,qporeonomqecxaﬂ rpaHuua: FpaHmu,a mexay pasindyHbiMmn reonorm4eCkMmim Beullecteami,
O3Ha4dalouwaa nepexon OT MPOHUUAEeMOro matepumazla BOOOHOCHOro c€noA K matepuany co
3HaYUTE/IbHO UHBbIMU TUOPOreocIorM4eCKUMHn CBOMCTBaMMU.

fmpaporeonorusa: Pasaen reonornu, B paMKax KOTOpOro M3y4atoTca nog3emHble BOAbl.

fmagponoruuecknini uukn: MocnenoBaTesibHOCTb CTaauiA NOCTYNAEHUA Bogbl M3 aTmocdepbl Ha
3em10 1 06paTHO B aTmocdepy.

fmpponornuyeckan cetb: COBOKYMNHOCTb MMAPOIOTMUYECKUX CTAHLMA U Habalo4aTeNbHbIX NYHKTOB B
npeaenax onpeaeneHHon obnactu (bacceliHa, BOAOHOCHOIO rOpM30HTa, agMUHUCTPATUBHOWM
eaouHuLbl), obecneymBalollan cpeacTBa M3yvyeHUA FMAPOSIOTMYECKOrO PEXMMA MOA3EMHbIX
BOA.

rMpaponoruueckuii pexkum: MameHeHMUa COCTOAHUA MAU XapaKTEPUCTMK BOAHbIX Macc, KOTopble
MMEIOT NEPUOAMYHOCTb BO BPEMEHU U NPOCTPAHCTBE M NPOXOAAT Yepes onpeaeneHHblie dasbl,
Hanpumep, CE30HHbIE U3MEHEHUA.

fmpponoruueckuii roa: Nepmog oAnTeNbHOCTbIO 12 mecAuEeB, He COBNAZAOWMI C KaleHAaPHbIM,
KOTOpPbIA BblbMpaeTca TakMm obpa3om, yTobbl M3MeHeHMA B obbeme MNoA3eMHbIX BOA B
BOAOHOCHOM FOPU30HTE BbIIN MUHUMANbHBIMM.

UcKyccTBeHHOe BOCNOMIHEHME: M3BieuyeHMe NOoA3eMHbIX BOZ B MECTHOCTW, MNpwierawowen K
BOAHOMY MOTOKY W/IM BOAOEMY TaKMM 06pa3om, 4YTobObl MOHUKEHUE YPOBHA TPYHTOBbLIX BOZ,
BbI3Ba/I0 NOCTYMN/IEHME BOAbI U3 PEKU UM BOLOEMA B BOAOHOCHbIE NAACTbI.

MpocaunsaHue: NPOHNMKHOBEHME BOAbI C 3€MHOW MNOBEPXHOCTM B MOPUCTYIO Cpeay.

MHuNbTpaUMOHHOE npocaunBaHue: [BMKeHWEe TPaBUTALMOHHON BOAbl B 30HE a3pauuu oT
NOBEPXHOCTU 3EM/IM B HanpaB/IEHUM FTOPU30HTA FPYHTOBBIX BOA,.

O6nactb nuTaHuAa: (CMH. 061acTb NononHeHUa): 0O6nacTb, U3 KOTOPOW NPOUCXOAMUT MOCTYNAEHUE
BOAb! B BOLOHOCHbIN FOPU3OHT MyTEM HEMOCPeACTBEHHOrO NMPOCAYMBaAHUA UM B pesy/bTaTe
CTOKa M nocneaytoLLero npocaynBaHums.

MexayHapogHble noa3emHble BoAabl: (TpaHcrpaHuyHble 6acceliHbl): MNoa3emHble Boabl, 061acTb
pacnpocTpaHeHUa KOTOPbIX pPasfenserTca rocyAapCTBEHHbIMM TPaHULAMKU, WU cucTema
TEKYLWMUX MOBEPXHOCTHbIX UM MOA3EMHbIX BOZ, Pa3/IMUHble 4YacTM KOTOPOM HaXxoAATCA Ha
TEPPUTOPUMN PA3ANYHbIX FOCYAAPCTB.

M30TONbI: ATOMbI OAHOrO 3/1eEMEHTa, PAAMOAKTUBHbIE UM YCTOMUYMBbLIE, C Pa3HOM Maccoi aToma
uan agpa. PasHOBMAHOCTM aTOMOB (M A4ep) OAHOrO XMMWMYECKOro 3/1eMeHTa C PasHbiM
KONIMYECTBOM HEUTPOHOB
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®paKuMoHUpOBaHME U30TONOB: /I3MeHeHWEe COOTHOLIEHUS Pa3/IMYHbIX WM30TOMNOB B €AMHOM
Maccuse noj, BAUSHMEM U3MEHEHUA GU3MKO-XMMUUYECKUX MapameTpoB BMeLlatolen cpeabl,
Hanpumep, usmeHeHnn ¢asbl, pacCeMBaHUA UAN XUMUYECKON peakuum.

M3oTonHbIi uMHpuKaTop: WcCKyccTBeHHbIM  (gobaBneHHblt B BOAYy) WAWM  NPUPOAHBIA
(npucyTcTBYIOWMIA B BOAE) PaAMOaKTUBHbBIN UHAWKATOP, ABAAIOWMIACA M30TONOM OZAHOMo M3
3/1eMEHTOB, COAEPKALLMXCA B BOLE.

KapctoBasa ruaponorua: Pasgen ruaposiornm, 3aHUMarLWMNCA PacTBOPUMBIMU F€0I0TMYECKMMM
dbopmaumamMK, codepsKallMmMM TPelMHbl U KaHalbl PacTBOPEHUA, OeNalolWMe BO3MOMKHbIM
ABUXKeHUe 60/1bwnX 06bEeMOB NOL3EMHbBIX BOA,.

JlTamuHapHbI NOTOK: [BUMKEHWE KUOKOCTU, MPU KOTOPOM CWAbl BA3KOrO COMPOTUBAEHMUA
ABNAITCA Npeobnagaowmmm (He TypOyeHTHbIN NOTOK).

OnonseHb: O6WMIA TEPMMUH, OXBaTblBAlOWMUN UENbl pAag PasHOBUAHOCTEN CMELLEeHUA TOPHbIX
nopoA 1 NpoLLeCcCoB, CONPOBOXKAAEMbIX NEPEHOCOM BELLLECTBA BHM3 MO CKAOHY NOA AeNCTBUEM
CUANbl FPaBUTaLMK, ABUKEHUE BObLLIMX MacC NOYBbI U NOPOA4,.

MepeTok: MOTOK BOAbI, BTEKAOWMIA B BOAOHOCHbIN FOPU3OHT WAWN BbITEKAKOLWMA M3 HEro Yepes
noAcTUNaloOWMeE UM NePEKpPbIBatOLWME NONYNPOHNLAEMbIE CIOMN.

MoToK, TepAawowmii Bogy: MOTOK, M3 KOTOPOro MPOUCXOAMT yTeyKa BOAbl MOJ MO4YBY, KOTOpas
NOCTYMaeT B 30HY HaCbIWEeHWA.

MuHepanbHaa Boga: Boaa, coaeprKallas 3HauyuTeslbHble KOAMYECTBA MUHeEpanbHbIX conen (>1
r/n). BOAbI, KOTOPbIE XapPaKTEPU3YIOTCA HaIMUMEM OnpeaenEHHbIX COMEN U APYTUX XMMUYECKUX
coeINHEHNNA.

MoHutopuHr: [poBeseHWe HEMPEPbIBHbIX WAW  MNEPUOSUYECKMX  CTaHAAPTUINPOBAHHbIX
U3MEPEHNN N HabMIOAEHUI 33 OKpYMKaloLWEeh cpedoi, YacTo B LEnAx npeaynpexKaeHus u
KOHTpOAS.

Cenesoii NnoToK: MOTOK BOAbI, C TaKoW HONbLLIOK KOHLEHTpauuen noysbl U 0BNOMKOB FOPHbIX
nopoA, YTo ABWMNKYLLLAA Macca CTAHOBUTCA I'YCTON UK BA3KOM.

HabnopatenbHaa cKBa)KMHA: CKBaXkMHA, MCNOAb3yemas ANA onpegeneHus GU3UYEecKUx uau
XMMMUYECKMX NapamMeTpOB NoA3EMHbIX BOA,.

OTTOK: MOTOK BOAbI, BbITEKAIOLLMI U3 peKu, o3epa, bacceiHa , BOJOHOCHOIO ropn3oHTa U T.4,

OTKauyKa cBepx rapaHTMpoBaHHoro geburta: O6bem BoAbl, U3BJEKAEMbIN U3 CUCTEMbI BOAHbIX
pecypcoB Ha ypOBHE, MPEBbILWAOWEM ONTUMaAbHble 06beMbl 406bIUN.

MpoHunuaemoctb: CBOMCTBO MM CNOCOBHOCTb NOPUCTbLIX MOPOA, OCAA0UYHbIX OT/IOKEHUA UAM NOYB
NPONycKaTb XUAKOCTb: ABNAETCA MEPO OTHOCMTENIbHOM NErKOCTU ABUMKEHUA XUAKOCTM Npwu
HepaBHOM AaBJ/IEHUM.

MopBeleHHble rpyHTOBble BoAbl: Macca nogsemHbix Bog, 06blMHO HebobLWOro pasmepa,
noadepxusaemaa  BOAOYNOPOM  MAM  CNabonmpoHULEeMbiM  BOAOYMOPOM,  KoTopas
pacrnonaraetca mexay ppeaTmyeckumm noa3eMHbIMM BOSAMKN M 3EMHOM NMOBEPXHOCTbIO.

dpeaTtnueckune Boapl (CvH. besHanopHble noaszemHble Boabl): Moa3emHble BOAbl, 3a/1eratolume B
30H€e HaCbILWEHNA 1 UMeloLLME 3ePKano Boa,

Mbesometp (gocnoBHO - npubop Ana u3mepeHus gasneHus) CKBarKMHA, NpobypeHHas B
(HanopHOM) BOAOHOCHOM TOPU3OHTE, YPOBEHb BOAbI B KOTOPOM fBAAETCA MNOKasaTesem
[AaB/IeHUA B BOLOHOCHOM FOPU30HTE.
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MbesomeTpuuyeckMin Hanop (CMH. r’MAPOCTaTUYECKMIA Hanop): Bbicliana Toyka, 4O KOTOpoOM BoAa
NogHWMETCA B Nbe30METpe, COeAMHEHHOM C OnpeaeneHHOM TOYKOW B BOLOHOCHOM
rOpU3oHTE.

3arpasHaowee Bewectso: BellectBo, KOTOpoe AenaeT HeBO3MOXHbIM MCMO/Nb30BaHMe BOAbl B
TexX Lensx, ANA KOTOPbIX OHa NpeAHa3Havyanaco.

NopucrocTtb: OTHOLWEHME 06bemMa NyCTOT K 0b6Lwemy o6bemy Nopoabl.

PaguoaKkTMBHOe patupoBaHue: MeTtoa onpegeneHMs BO3pacTa TOPHbIX MOPOA Ha OCHOBE
pPaAMoaKTMBHOIO pacnaga U30TOMOoB.

PaanoaKTMBHOCTDb: poLecc camMonpom3BOIbHOMO NPeBpPaLLEHMA HEYCTOMYMBbIX aTOMHbIX A4ep B
A4pa APYrMx PaaMoaKTUBHbIX 3/1IEMEHTOB, COMPOBOMKAAOLMNCA NU3TYYEHMEM.

MuTaHue noaszemHbix Bog, (cuH. NMononHeHMe noa3emHbix Boa): Mpouecc, nocpeacTBOM KOTOPOro
AONO/IHUTEIbHbIE 06BbeMbl BOAbl M3BHE HEMOCPeACTBEHHO MM 4Yepe3 apyryto dopmayuio
NOCTynawT B BOAOHOCHbIA TOPU3OHT.

DOuctaHunoHHOe 30HAMpoBaHMe: [poBegeHWe WM3MEPEHUMIA WAWM nosydeHue uHopmaumm o
HEKOTOPbIX CBOMCTBAX 0ObLEKTa, palioHa WAM ABJAEHWA C MOMOLLbIO 3aNUCbIBaOLLEro
YCTPOWMCTBA, HE WMMEIOLWEro HenocpenCcTBEHHOrO KOHTaKTa C M3y4aemMbiM OOBEKTOM WAM
ABNEHUNEM.

Bpemsa npebbiBaHUA (cMm. Takxe Bospact): Mepuoa, B Te4yeHMe KOTOpOro BoAa MM BeLLEecTBO
OCTAEeTCA COCTABHOM YacTblo TMAP0I0MMYECKOTO LIMKNA.

CroK: HYacTb aTMOCd)eprIX 0CaaKoB, CTeKawan B Buae BOAHOINo NOToKa.

PucK: BeposaTHOCTb BpedHbIX MOCNEACTBMIA WUAM NpeanosiiaraemblXx MoTepb (MU3HKM, OMacHbIX
paHeHuli, ywepba CcOBCTBEHHOCTM MWW  OKpyKalolweh cpege, notepu cpeacts K
CYLLECTBOBAHMIO UAM HaPYLLEHUA XO3ANCTBEHHOW AeATeNbHOCTU) B pe3ynbTaTe BO3AEWCTBUA
NPUPOAHbIX UAN TEXHOFEHHbIX ABAEHUIA Ha yA3BUMble cucTemMbl. OBLLENPUHATO onpeaenaTtb
CTeneHb PUCKa C MOMOLLbIO YpaBHEHUA:

Puck = OnacHoctb X YA3BMMOCTb.

OueHKa puUcKa: onpeaeneHne BO3MOMKHOMo yuiepba, KOTOpbI MOMKET ObiTb NMPUUMHEH NHOAAM,
OKpy»KatoLwen cpege 1 MHPPaACTPYKType OMacHbIM NPUPOAHBIM MU TEXHOTEHHBIM ABAEHUEM.
OueHKa BK/OYaeT B cebs aHa/M3 OMNacCHOro ABNEHUA WAWN ABAEHWUWN, UX BEPOATHOCTU U
CUEHapusa pasBMTUA; aHanu3 yA3BMMOCTU (du3myeckol, OYHKUMOHANBbHOW U  CoUMO-
3KOHOMMYECKOM); a TaKKe MMEIOLLUXCA CPeacTB U MEXAaHWM3MOB, MNO3BONAIOLWMX CNPABUTLCA C
nofobHbIMM aBAeHUAMKU. OueHKa pUcKa no3BonseT chbopmMmnpoBaTb Heobxoaumyto 6asy ans
pa3paboTKM mep No YMEHbLUIEHWIO ONACHOCTU KaTacTpPod M NoArOTOBKU K HUM.

MuHepanusauma: YpoBeHb KOHLLEHTPALMM PAacTBOPEHHbIX CONEN, B OCHOBHOM X/I0pMAa HATpUA B
CONIEHOM U MOPCKOW BoAeE.

ConeHaa Bopga: Boga, B KOTOPOM KOHLEHTpaUMA CONeit OTHOCUTENbHO BbiCOKa (Bbiwe 10 000
mr/n).

NHTpy3uA coneHoit Boabl: iBNeHNe, MMEeloLLLee MEeCTO B TexX C/ly4anX, Koraa Maccbl CONeHOM Boapbl
BTOPratoTCA B Maccy MPecHoW BoAbl. ITO MOMKET MPOMU3ONTU C MAacCamMU KaK NMOBEPXHOCTHbIX,
TaK U NOA3EMHbIX BOA.

30Ha HacbiweHuA: YacTb BOAOCOAEp’Kallero matepuasna, B KOTOPOW BCe MYCTOTbl 3aMOJIHEHbI
BOJOMN.
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Mogynb noasemMHoro croka: CpeaHuW CTOK NOA3EeMHbIX BOA Ha eAMHULY BOAOHOCHOrO
ropM3oHTa uam bacceiHa NoA3eMHbIX BOA,

YAenbHbilt Aebut: [1e6UT CKBaXKMHbI HA EANHULLY NOHUMKEHWUA YPOBHSA BOAbI B CKBAXKMHE.

PoAHMK, UCTOUYHMK, KAloU: MecTo, rae BoAa M3 BOAOHOCHbLIX MNACTOB €CTECTBEHHbIM 06pa3om
BbIXOAUT M3 FOPHbIX WAM OCaJ0YHbIX MOPOA Ha MOBEPXHOCTb 3eM/IM WM B NMOBEPXHOCTHbIE
BOAbI.

Ycrtoitumsbii usoton(bl): M3oTon(bl) anemeHTa, KoTopble He MNpPeTepneBaloT PaAMOaAKTUBHbLIN
pacnag,.

3anac: O6bem BOAbl, COXPAaHUBLUMIACA B NyCTOTax BOAOHOCHOM dopmaLmu.

Bypa: [ponAvBHOM [OMAb, CWAbHbLIA CHEronag WAM rpaj, COMPOBOMAAMIMECA WAWU He
COMNpPOBOXAaloWMecs BETPOM, accoummpyemble C cenapabenbHbIM  METEOopPONOrMYEeCcKUM
ABNEHMEM.

CrpaTturpadua: HayuHas gMcumMnanHa, 3aHMMaloLWanca U3yyeHMemM NAacToB ropHbIX Nopoa,

BoaHblii noToK: O6Wwmii TepMUH ana 0603HAYEHUA MOTOKOB BOZbI, TEKYLLMX B PyCNe PEKU UK
py4bA.

YcrtoitumBoctb: CnocobHOCTb YA0BAETBOPATH MNOTPEOHOCTM KMBYLLMX B HacTosliee Bpems
noKoneHui 6e3 HaHeceHMA yuepba BO3IMOMKHOCTAM ByAyLWMX NMOKONEHUI YAOBNETBOPATbL UX
notpebHoCTMN.

MHauKaTop: Jlerko OTC/ieKMBaeMblii MaTepuasn, KOTOpbIA MOMKHO [406aBUTb B HEeHOAbLUMX
KO/IMYECTBaX B NOBEPXHOCTHbIE MW MNOA3EMHbIE BOAbI A/1A NONYYEHUA KapTUHbI UX ABUMKEHMA
WAM B LENAX OnpefesieHMa TaKMX XapaKTepPUCTUK, KaK CKOPOCTb, BPemMsa MPOXOXAeHus,
BO3pacT, CTENEHb Pa3BeAeHUA U T.4,

BogonpoBogumocTtb: CKOpPOCTb, C KOTOPOW BOAa NPOXOAMT 4epes eAUHULY MOLLHOCTU
BOAOHOCHOIO TrOPW30HTa MPU eAuHMLE T[MAPaBAMYECKOro rpaameHTa. Bbiparkaetca Kak
npoussefeHMe rMApPaBAMYECKON MPOBOAMMOCTM W MOLWIHOCTM  HacCbllLEHHOW  4acTu
BO/J0OHOCHOIO rOPM30HTa.

Bpemsa npoxoxaeHusa: Bpema, Heobxogmumoe ans nepemelleHma BoAbl BAOJb MOTOKa OT 04HOIO
NyHKTa 4o Apyroro.

LlyHamu: OrpomHas mopckasa BosIHa, 0bpa3oBaBLIasca B pe3y/ibTaTe NOABOAHOIO 3eMeTPACeHUA
AN U3BEPIKEHMA BY/IKaHA.

be3HanopHbliA BOAOHOCHDbIM FOPU3OHT: BOAOHOCHbLIA FOPU3OHT, MOBEPXHOCTb FPYHTOBbLIX BOZ,
KOTOPOro MAEeHTUYHA Nbe30MeTPMYEeCcKoMy Hanopy.

HeHacbiweHHasa 30HA (30HA aspaumm): 30Ha MeXay NOBEPXHOCTbIO 3eMJIM U MOBEPXHOCTbIO
noAsemHblx BoA. OHA BKAOYaeT B cebsa KOpHeobUTaeMblt CNOM, MPOMENKYTOUYHYIO 30HY U
KanuAnAapHyo Kaimy. MpocTpaHCcTBa NOp COAEePKaT BOAy, KOTOPAs HaXoAMUTCA NoA AaB/eHnem
HUXKe aTMOCdepHOro, TaK e KaK BO34yX M Apyrue rasbl.

Ya3BUMOCTb (NpW BO3AEWCTBMM OMNACHbIX SBAEHUN): DYHKUMA [eATebHOCTM W MOBeAEeHMUA
yesioBeKa, onpefenstol,as creneHb, B KOTOPOM COUMANbHO-IKOHOMMYECKAss CUCTEMA
YyBCTBUTE/IbHA K BO34EMCTBUIO Ype3BblYaliHbIX COObITUN.

Bagu: KaHan, obpasoBaBlIniicA B pe3yabTaTe 3p03MM NOYB, KOTOPbIN OCTAETCS CYXMM B TeYeHUe
BCErO roAa W 3ano/iHAeTCA BOAOMN TO/IbKO B CE30H AOMXKAEN.
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CTouHble Boabl: Boga, coaep)kalias oOTXoAbl, Hanpumep, KUAKME WUAM TBepable BeLLecTsa,
cbpoLueHHble Kak becnosiesHble B X04e NPOU3BOACTBEHHOrO Npouecca.

OxpaHa BOAHbIX pecypcoB: Mepbl, NPUHMMaeEMble AN CHUXEHUA Pacxoha BoAbl, noTpebasemol
B M10BbIX Lenax n/unu ana 3aWwmnTbl BOAHbIX PECYPCOB OT 3arpA3HeHus.

YnpaeneHne BOAHbIMKM pecypcamu: [11aHOBOEe pas3BUTME, pacrpefesieHne M UCMoJ/ib3oBaHue
BOAHbIX PECYPCOB.

Monutnka BOAONONb30BaHUA: KOMMNEKC 3aKOHOAATE/IbHbIX aKTOB, UX TOJIKOBaHWM, pelleHuit
NPaBUTENIbCTBEHHbIX  OPraHOB, BEAOMCTBEHHbIX HOPMAaTMBOB, a TaKXKe peakuusa
06L1eCTBEHHOCT, KOTOPbIMM PYKOBOACTBYETCA MPaBUTEIbCTBO CTPaHbl B CBOMX AEWCTBMAX,
MMEIOLLMX OTHOLIEHME K KAYecTBy M KONMYECTBY BOAHbIX PECYPCOB.

BoaHble pecypcbl: Boga, KOTopas 4OCTYNHA, UAN MOKET CTaTb AOCTYNHOM, ANA UCMONb30BaHUA B
[LOCTaTOMHOM KO/IMYeCcTBe NpWu ee yAoB/IEeTBOPUTE/IbHOM KayecTBe B AaHHOW MEeCTHOCTU U B
nepuoga, BpemeHM, 0CTaTOYHbIN AN YA0BNETBOPEHNA NoAAatoLWmMXCA y4eTy noTpebHocTeN.

YpoBeHb NoA3eMHbIX BoA:: Boobparkaemas NNOCKOCTb B 30HE HacblleHUsa ¢peaTnyeckoro
BOAOHOCHOTO FOPM30HTa, AaBneHue Ha KoTopyto paBHO atmocdepHomy
(annpoKkcMmMUpoBaHHOMY MO YCTOMUMBOMY YPOBHIO BObI B CKBaXKUHE).

BopaoToK: CrcTema NoBepPXHOCTHbIX M NMOA3EMHbIX BOZ, COCTaBAAOLWAA egMHOe LUenoe U obbl4HO
OBUMKYLLASACA NO HAaNpaBAEHUIO K eAMHOMY KOHEYHOMY NYHKTY B pe3ysibTaTe ux ¢puanmyeckoro
B3aMMOeNCcTBUA.
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