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BBegeHue

YrneHocHble GopMaLn 3aHUMatOT OKoAo 15% TeppuTopUN KOHTUHEHTOB. Paspa-
60TKa MECTOPOXAEHWI NPUBOAUT K AerpagaLin NpakTnyecku BCex KOMMOHEHTOB 3KOCH-
cTembl yrneAo6bIBatOLLIX PANOHOB 1 CO3AaeT 3Koornyeckie Npobaemsl Ha 0OLLIVIPHBIX
TeppUTOpUSAX.

ABTOpaMV OblIV MPOAHANV3MPOBaHbl OCHOBHbIE MPUYMHbLI, 0OYCNOBAMBAtOLLE
PasBUTME HeraTMBHbLIX MPOLECCOB — Ha nMpumMepe KX3enoBCKOro yrosbHOro baccerHa,
PacrofoXeHHOro Ha BOCTOke [Mepmckoro kpas. [Jobbiya yrns sBenacsb 3gece ¢ 1796 1., B
OCHOBHOM MOZA3EMHbIM CMOCOOOM. B rOpHbIX BEIpabOoTKax MPpUpOAHbIe BOAbLI B3aVIMOAEN-
CTBOBaM C 6oratbiMu CynbQUAHOM Cepoit ropHsIM nopodamu (4o 10%) 1 npeobpaso-
BbIBaNNCb B knchble (pH 2-3) cynbdaTHble xene3o-antoMnHneBble HaTPUeBO-KanbLeBble
BOAbl C BBICOKVM COAEPXaHVEM MUKPONEMEHTOB. BOAOMPUTOKM B LWAXThl AOCTUTau
2000 M*/y, yeMy CNOCOBCTBOBANA NHTEHCUBHAS 3aKapCTOBAaHHOCTb TePPUTOPUN. 3a roj B
MOBEPXHOCTHbIE BOAOTOKM, MPaKTUYeCkM 6e3 04mcTkY, copacbiBanocs 6onee 100 MAH M3
Kncnbix (pH 1-3) CTOUHbIX BOZA. XMMUYeCKMA COCTaB BOZA B Masnbix pekax bacceiHa 3aya-
CTYHO MPUBAMXKANCSA K COCTaBY LLIAXTHbBIX BOA.

JIVKBUAAUMS LUAXT, 3aKOHYMBLUAACA B Havane 2000-x ., He peLunna 3konorv-
yecknx npobnem. Nocne BOCCTAHOBNEHVS YPOBHS MOA3EMHbIX BOZJ HauanucCb 13VBbI
KWCNBIX LIAXTHBIX BOA. B MX XMMMYECKOM COCTaBe Takxe 0OHapyXmBaeTCd BbICOKOe CO-
fepXxaHuve xenesa, aNtoMNHNUA, MapraHua, 6epunavsa n Ap., B COTHU 1 TeICAYN pa3 npe-
Bolwatouee MAK  npn pH 2-3. TMpy NoNagaHyin KNCIbIX WaxXTHbIX BOJ, B €CTeCTBEHHbIe
BOZOTOKV MPOUCXOANT yBennyeHne pH 1 BbiNaaeHve TeXHOreHHOro 0Cazka, COCTOSALLEro,
B OCHOBHOM, 13 MMAPOOKUCIOB Xene3a 1 antoMUHUEA C BbICOKMM COAEPXaHMEM MUKPO3-
NeMEHTOB, KOTOPbIA OKa3blBaeT Pe3ko OTpuUaTeNbHbIN SQGEKT Ha BOLHYHO 3KOCMCTEMY.
PacnpocTpaHasacs BHW3 MO TEYEHWUIO Ha MHOTME KMNOMETPbI, OH ABNAETCA NCTOYHNKOM
BTOPNYHOTO 3arpA3HeHNs.

Bknag B yxyALleHue 3KON0rMYeckoil CUTyaummy BHOCAT NOPO/AHble 0TBasbl, 0ObeM
TONBKO YUTEHHBIX 13 HUX cocTaBadeT 6onee 271 000 Thic. M?. CTOKM C OTBaNOB MO XMMUYe-
CKOMY COCTaBY BM3KM K LUAXTHbIM BOAAM.

CnTyauus, cnoxmslLaacs Ha Tepputopun KYBa, TpebyeT KoMnnekcHoro noaxoja K
MOVCKY METOZOB W NyTei ee peLleHuns.

B ocHOBY MOHOrpagu NONOXeHb! pe3ynbTaTel NCCIeA0BaHMI, BEIMOIHEHHBIX Ha
TeppuTopun K3enoBCKOro YyrofbHOro bacceliHa B TedeHe nocneannx 35 nert.

Komnnekc nonesblx, 1a60PaTOPHbLIX 1 KAMePanbHbIX NCCNeL0BaHNIA ANS OLEHKM
3KONOMMYECKOW CMTYaLMK peann3oBaH B paMkax bacCerHOBOro NoAxo4a, MpUMeHeHue
KOTOPOro ObYyC/IOBNEHO TeM, YTO pacrnpejeneHne 3arpasHALMX BeLecTs CBA3aHO,
B OCHOBHOM, C MOBEPXHOCTHBLIMW W MOA3EMHBIMIN BOAHBIMI MOTOKaMU. VccnesoBaHus
BKNKOUAV B Ce6A KapTorpapuuecknini MeTos, MPOCTPaHCTBEHHBIV aHaNN3 C UCMONb30-
BaHVEM COBPEMEHHbIX reoVHPOPMALMOHHbBIX TEXHOIOMWI, @ Takke MeToAbl MaTemaTu-
Ko-KapTorpadmyeckoro MoAennpoBaHuns (B TOM YMCIe reocTaTUCTMYecKoro), MeToabl
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aBTOMATV3MPOBAHHOWN TeMaTNYeCckon 06paboTKM AaHHbLIX ANCTAHLMOHHOIO 30HAMPO-
BaHNgA 3emIu.

B TeyeHne nocnegHunx 70 net paspaboTaHbl AeCATKM MPOEKTOB, HampaBAeHHbIX
Ha OYNCTKY LWaxXTHbIX BOJ, 13 KOTOPbLIX HA OAWH He Obln peanv3oBaH, B TOM Yucie 13-3a
OYeHb BbICOKOW CTOMMOCTW, 0BYC/IOBAEHHO BONLLLMMI OOBbEMAMMN BOA U YHUKANBbHbEIM
XVIMNYECKVIM COCTaBOM BOJA. pOBOAALLAACA B HACTOSALLEe BPeMSs pekybTMBaL/A OTBa-
NOB 6e3 yyeTa VX reoxXnMMnyeckolt Cneundurky, HecMoTps Ha bo/bLUMe 3aTpaThl, He CHU-
XaeT, a MoPOoW YBENUUMBAET MUTPALIMIO 3arPASHAIOLLIMX BELLECTB U3 HUX B OKPYXarOLLYHO
cpefy. Bcé 370 mokasbiBaeT, UTo HEOOXOA MM MOVCK HOBbIX MyTel ANs peLleHmsa KoMnaekca
HaKkoMMBLUMXCA Npobaem.

Ha ocHoBaHMM NabopaTopHbIX, MONEBEIX, OMBITHO-MPOMBILLNIEHHbIX PaboT 1 Npu-
MeHeHNA MIC-TeXHONOrnI, N3yYeHns OTeUeCTBEHHOIO 11 3apybexHOro onbiTa asTopamu
NpeAnoXeHbl HOBble BO3MOXHbIE MOAXOAbl K PELUeHNI0 CNOXHBLIX 3KONOrUYeCcKnx npo-
6nem Kn3enoBcKOro yronsHoro 6accerHa.

Ana MHOGOPMaLMOHHON MOAAEPXKM U MPUHATUA YNPaBAeHYeCKMX peLleHnii Ha
TEpPUTOPUV NNKBUAMPOBaHHOTO KYBa, KonnekTBoM aBTOPOB Obina pa3paboTtaHa «le-
03KON0Ornyeckas reoHGopMaLMoHHas cuctema Kr3enoBCKOro YronbHoro 6acceliHa»
(http://kub.maps.psu.ru/).

ABTOPbI BblpaxaroT 61arofapHoCcTb: MUHUCTEPCTBY MPUPOAHBIX PECYPCOB, NeCHO-
ro XO3AWCTBa W 3KONOrMK TepMCKOro Kpad, YpanbCkoMy LIeHTPY COLManbHO-3KoMorye-
CKOTO MOHWUTOPWHra yrienpoMbILLUNeHHbIX TEPPUTOPWI 1 TNYHO ero gnpektopy P. T. Ca-
duvHy 3a npegoctaBneHHyto nHGopmaumro, C. C. Motanosy (MHCTUTYT MuHepanorun YpO
PAH) 1 B. T'. WWnbikoBy (MOCKOBCKMIA rOCYAapCTBEHHBIA YHNBEPCUTET) 3a MOMOLL B M3y4de-
HWW COCTaBa OTBANOB N TEXHOreHHbIX JOHHbIX 0TAoXeHUI, C. b. XonoctoBy (KIBY «AHanu-
TNYECKMI LeHTP») 3a MOMOLLb B MPOBEAEHU 3KCMePUMEHTabHbBIX PAboT.

ABTOPbI NpU3HaTe/IbHbI KoieraMm 13 MNepmMcKkoro rocyapcTBeHHOro HauloHab-
HOro MCCNefoBaTeNbCKoro yHBepcuteta: P. K. AbaynnuHy, B. . benbTiokosow, O. A. be-
pe3suHor, C. M. banHosy, H. M. BonoxaHuHoBol, E. A. BopoHumxuHow, E. B. NybuHow,
A. 4. Jemenesy, A. B. [leHncosy, A. C. KaHaakosoli, B. M. KameHLukosow, M. B. Kutaeson,
3. E. Maneesy, E. A. MenbLurkosoi, O. FO. Meuepsakosoii, K. K. MaHekosor, A. M. CegnHn-
Hy, A. B. Tapacosy, E. A. XanpynuHoii, B. T. Xmypuuky, A. H. LLUnxoBy 3a y4actne B nonesblx,
NabopaToOPHBIX 1 KaMepabHbIX paboTax, a Takke MoAroTOBKE AaHHOIO Hay4YHOro Tpyaa.

OcHoBHa#dA YacTb poTorpaduyeckx Matepranos npegoctasneHa O. A. bepe3vHon u
H. I". MakcrmoBmyYeM, aBTopbl OCTanbHbIX GOTOrpaduii ykasaHbl B MOAMMCAX K HUAM.

Ocobo aBTOpPEI HRarofapHel rybokoyBaxaemelM peLieH3eHTam: B. V. Ocrnosy -
akagemuky PAH, Hay4YHOMy pykoBOAUTENtO MHCTUTYTa reoskonornn nm. E. M. Cepreesa
PAH; B. M. KnnwuHy - yneHy-koppecnoHaeHTy PAH, aupektopy MHcTutyTa yraa CO PAH;
C. I". dkoBYEHKO - 4. T. H., 3amecTuTento anpektopa OO0 «UWT» no Hay4yHoW paboTe 3a
LeHHble 3aMeYaHnsa 1 COBETbI, KOTOPbIe OB yYTeHbl MNPy MOATOTOBKE MOHOrpadumn K
neyaTu.

ABTOPbI BbIPaXatoT Hajexay, YTO U310XeHHbIe MU MOAXOAbl MO3BONAT HayaTb
peanbHble AeCTBUS ANA pelleHnd npobnem Kr3enoBckoro yronbHoro 6acceiHa, rae B
HacTosiLLee BpeMsi 3Konornyeckas cUTyaumsa 61mnska K KpUTUYeCckoi.



OBLLAA XAPAKTEPUCTUKA
TEPPUTOPNUN NCCNEAQOBAHNSA




1.1. OBLWWE CBEAEHMSA

KusenoBcknin yronbHbIi 6acceriH (KYB) pacnonoxeH B BOCTOYHOM 4acTu
Mepmckoro kpas (pvc. 1.1). B aaAMNHNCTPATMBHOM OTHOLLEHUM 6acCeliH HaxOAMTCA B
npesenax Knsenosckoro, MemMaumnHCKoro 1 YycoBckoro MyH1UMUNansHbIX paioHoB
1 Fy6axmMHCKOro ropoAckoro okpyra MepmMckoro kpas (puc. 1.2). B npeaenax rpaHu,
bacceliHa HaxOAATCA KPYMHble HaceneHHble NyHKTh (C ceBepa Ha tor): . CeBepHebIi

Pecny6nuka Caxa
(SAkyTua)

500 1000

1500 2000

KM

FpaHunLbl
rocyaapcrs

Poccuiickoin
deaepauum

cybbekTos PO
Mepmckoro kpas

MyHULNaNbHbIX
o6pasoBaHwuit
Mepmckoro kpas

obnactu
nccnefoBaHna

B e X o8 o0ouwvdoaan

cToNNLbI
rocyaapcrs

LeHTPbI
cy6bekToB PO

LeHTPbI
MyHULMNANbHBIX
obpasoBaHwuit

Kunsenosckuin
YronbHbIl
6acceitH

o s o
s Foh :
0 30 60 90120 = 0 10 20 30 40
[ ] A v
Prncyrok 1.1.

MecTononoxeHue Kn3enoBcKOro yrosibHoro 6acceiiHa
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Kocnawckwmi, n. Waxta, r. Kuzen, n. UeHTpaneHbii Kocnawckmuii, n. PygHNYHBI,
n. FOxHbIM Kocnaluckuia, n. Yrneypansckuid, r. ly6axa, n. HaropHcknia, n. Kobunen-
Hbl, N. LymMuxmnHCKAn, n. YceBa, 1. F'peMaumHcek, n. CkanbHbI 1 4p. HeratmeHoe
BAnaHne KYba Ha Tepputopunto MepmcKoro kpad pacnpocTpaHAeTCs 3HaunTebHO
Aanblle rpaHny bacceliHa (Tabn. 1.1). OCHOBHYHO POfib B 3TOM UrPatoT peku, nepe-
HOCALLME 3arpAsHNTeN Ha BoblIMe pacCToAgHNE. C HEKOTOPOW fONe YCNOBHOCTH
PErvoH, e CkasblBaeTCA HeraTBHOe BAVAHMeE, MokasaH Ha puc. 1.2. [pu 3Tom cne-

B rpaHunuax HeratusHoro BansHus KYba (uenosek)

Tabnuua 1.1.
YuncneHHOCTb HaceneHns MyHULMNaAbHbIX PalioHOB 1 NoceneHn

AAMWHNCTPATUBHAasS eAnHMLIa Bl lopogackoe Cenbckoe
HaceneHve

AnekcaHApPOBCKUIA MyHULMNANBHBI/A paioH 29353 26 023 3330
ANnekcaHApOBCKOe ropoAckoe noceneHme 13982 13353 629
r. AflekcaHapOBCK 13353 13353 -
Bcesos1040-BrnbBeHCKoe roposckoe 4954 2619 2335
nocenexvie
nrt Bcesonoao-Bunbsa 2619 2619 -
AVBMHCKOE rOpoACKoe noceneHne 10158 10 051 107
nrT ArBsa 10 051 10 051 -
CKOMKOPTHEHCKOE CebCkoe noceneHne 259 - 259
[PEMAUNHCKNA MyHULINANBHBIA ParioH 11319 9388 1931
[pemMsauHCKOoe ropoAckoe noceneHye 9011 9000 11
r. FpemMaymHck 9000 9000 -
YCbBUHCKOE CenbCkoe noceseHre 388 388 -
nrT YcoBa 388 388 -
LUyMMXIHCKOE CeNbckoe noceneHye 864 - 864
FOBMNENHUHCKOE CebCkoe noceneHne 1056 - 1056
Fy6ax1HCKNIA ropoACKO OKpyr 34586 32618 1968
r. lybaxa 20289 20289 -
nrT Yrneypanbeknia 9109 9109 -
nrT LWnpokoscknia 3220 3220 -
[lo6psHCKUIA MyHULMNANbHBIA palioH 56 458 46 104 10 354
[lobpsiHCKoe ropockoe nocenexve 33513 33083 430
r. lobpsaHka 33083 33083 -
MonasHeHckoe ropoAckoe noceneHne 13385 13021 364




Tabnuua 1.1 (NpogoxeHwue).

nrT MonasHa 13021 13021 -
BrnbBeHckoe cenbckoe noceneHne 1393 - 1393
Bricnmckoe cenbckoe noceneHue 1230 - 1230
[IMBBUHCKOE Cenbckoe noceneHmne 1932 - 1932
KpacHocnyAckoe cenbckoe noceneHne 2327 - 2327
Mepemckoe cenbckoe noceneHne 1461 - 1461
CeHbKMHCKOe cenbCckoe noceneHne 1217 - 1217
KnsenoBcknii MyHULMNanbHbIA paioH 20525 15572 4953
Krzenosckoe ropofckoe noceneHne 15578 15572 6
r. Kusen 15572 15572 -
CeepHo-Kocnatlckoe cenbckoe noceneHme 1278 - 1278
LleHTpansHo-Kocnaluckoe cenbekoe noceneHne 1352 - 1352
LLaxTnHCKoe cenbckoe noceneHne 924 - 924
FOxHo-Kocnallckoe cenbckoe noceneHne 1393 - 1393
YconbCKUn MyHULMNaNbHbIA paioH 14233 6236 7997
Yconsckoe ropofckoe noceneHne 8988 6236 2752
r.Yconbe 6236 6236 -
OprHCcKoe cenbckoe nocenexHne 2241 - 2241
POMaHOBCKOe cenbckoe noceneHne 1281 - 1281
TpowLkoe cenbckoe noceneHne 1723 - 1723
YycoBCKOW MyHMLMNAaNbHbIA paioH 68 073 53 448 14625
YyCcoBCKOe ropoAckoe noceneHne 49778 49762 16
r. Yycosoii 45 291 45 291 -
nrT JIaMr1Ho 4471 4471 -
BepxHekannHckoe cenbckoe noceneHve 2304 - 2304
BepxHeuycosckoe MOPOAKOBCKOE CeNbCkoe 2107 - 2107
nocenexvie

KanmHckoe cenbckoe noceneHne 2475 2070 405
nrT KanmHo 2070 2070 -
KomapuxrHckoe cenbekoe nocesieHne 2368 - 2368
HuknpopoBCKoe cenbckoe noceneHmne 1074 - 1074
Cenbckoe cenbckoe noceneHne 1216 - 1216
CkanbHWHCKOE Cenbckoe noceseHre 6751 1616 5135
nrT CkanbHbI 1616 1616 -
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PucyHok 1.2.

MyHMUMNanbHbIe palioHbl 1 noceneHus Mepmckoro kpas
B rpaHunLax 061acTu nccneaoBaHus
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LyeT YUNTbIBaThb, YTO 3arpAsHEeHNIO Takke NoABepXeHO KaMckoe BOAOXpPaHUNuLLe,
OZHaKO 3Ta Npobnema TpebyeT cneumansHOro NCCIeL0BaHMSA, BbIXOAALLErO 33 pam-
KV AaHHOW MOHOrpadum.

Kr3enoBckuid yrofibHbl 6acceliH BXOAMT B COCTaB 3anaAHO-YPanbCckoro
YroNbHOro baccerHa, B KOTOPOM BbILENSIOTCS, C CEBEpa Ha tor, TpW parioHa: Buwep-
CKui, Knsenosckui n YycoBcKow. B Buae y3kon NoAoCkl LUMPUHON A0 25 KM, OH Mpo-
TArvBaeTca Ha 150 KM BAOMb 3aMajHOro CkIoHa Ypana oT . AnekcaHapoBcka (Ha
ceBepe) A0 T. JIbicbBbI (Ha tore). Maowaab bacceiHa okono 1500 km?. OCHOBHbIMMN
MECTOPOXAEHUAMW baccelriHa ABNANOTCA: MeCTOpPOXAeHne [naBHoM Knsenosckown
aHTVKNIMHaNK, Kocnawckoe, KocbBrHCKoe, pemaynHckoe, CkanbHMHCKoe (purc. 1.3).

B cncrteme coBpemMeHHOro NoYBeHHO-3K0I0MMYECKOro PaiOHUPOBaHUA Tep-
putopunsa KYba oTHOCUTCA K 3anafHoMy NMPeArOpHOMY PAroHY TAXENOCYr IMHUCTBIX
NOA30/INCTbIX, AEPHOBO-MOA30/NCTLIX 1 3a00104eHHbIX MoyB [78].

CornacHo 60TaHuKo-reorpadmnyeckoMy paioHMPOBaHWIO paccmaTpurBae-
MbIA PaiOH OTHOCUTCA K CPeAHEe- 1 FOXXHOTaeXHbIM NPeAropHbIM MUXTOBO-e10BbIM
1 €N0BO-MNXTOBbLIM 1eCaM. XapakTepHO 60/bllee, YeM Ha PaBHUHE ydacTue Hemo-
panbHbIX BUAOB 1 60blIee pa3HOObpasme TpaBAHbLIX TMMOB eca. 34eck NOBbILe-
HO yyacTve CMBUPCKMX BUAOB, ObbIYHA MPUMECh TUCTBEHHNLUBI 1 Keapa. B uenom
3TO NIECHOV PalioH, HO BCNeACTBUE VHTEHCKBHbLIX PYOOK 3HAUUTENbHbIE MNOLIAAM
MOKPbITbI BTOPUYHbBIMU Bepe3HakaMy 1 CMeLlaHHbIMY necamn. Cenbckoe X03aicTBO
Pas3BUTO CNabo, AONS MCMONb3YEMbIX B CENbCKOXO3AMCTBEHHOM MPOU3BOACTBE 3e-
Menb He npesblwaeT 2,5% [130].

B dayHMCTMYECKOM OTHOLLEH OMMUCbIBaEMas TEPPUTOPUSA ABNSETCA Y4YacT-
KoM BoCTOUHO-EBpONEnckon NpoBuHLMKM 60peansHOro nprpoaHoro nosca. B ue-
JIOM bronoruyeckoe pasHoobpasme MO3BOHOUHbIX XMBOTHBIX 34eCb AO/KHO ObITh
NpeACTaBeHO BUAaMK, XapakTepHbIMU 419 TaeXHOW 30Hbl. O4HaKo B HacTosLee
BpPeMs OCHOBHLIM GakTOPOM, ONpeensroLLM BUAOBOe pasHoobpa3ne dayHbl, SB-
NAETCA TEXHOreHHoe NpeobpasoBaHme OKPYXatoLLeln Cpesbl, 13-3a Yero TUNUYHO Ta-
eXHble BUAbI XMBOTHbIX BCTPEYAOTCA AOBOBHO Peako, a Havnbonee LWMpOKO npea-
CTaB/eHbl TPUBKVA/IbHbIE BUAbLI Ha3eMHbIX MO3BOHOUHbIX.

BbipaxeHHoe BAuAHME Ha GOPMUPOBaHMe dayHbl Takke OKasblBaeT rMaposo-
rnyeckast ceTb pek ArBbl, KocbBbl, YCbBbI, BiibBbl U 11X MPUTOKOB.

B uxtnodayHe pek, He MCMbITbIBAOLLMX 3HAUUTENBHOMO 3arpsa3HeHy s, npe-
061a4at0T peodubHbIE BUABL €BPOMNENCKUIA XapuyC 1 PeYHON ronbsaH. B cpeaHinx
y4YacCTkax OTHOCUTENBHO KPYMHBIX pek HauHaroT BCTPeYaTbCs TUNnYHble 4a4a Mpw-
KaMb$i pPblObl: OKyHb, MAOTBa, NeLl, Wyka 1 ap. [56].

B rpaHnubl KYba nonagaroT 0Ccobo oxpaHaemble MpUpoAHble TeppuTopurm
(OOTIT) pernoHaneHOro 3HaveHusa — 11 NaMATHYIKOB MPUPOALI U OAMH OXPaHAEMbIN
naHAwaoT (tabn. 1.2) [132].
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dusKo-reorpaduyeckan xapakTepncTka U reonornyeckme yCaoBua pamoHa,
NMetoLLMe MepBOCTEMEHHOE 3HaueHVe AN MOHVMAHUS 3KONOrMYecknx npobnem
KYbBa, gaHbl B COOTBETCTBYHOLLMX Pa3jenax.

Tabnvua 1.2.
MNepeueHb OOMT Ha TeppuTopun KYba
MyHML"MDaanbm Tun OONT HassaHue OOMT
paroH

[amMATHVIK MpUpOoAbl benas ckana

MaMATHVIK MpUPOAbI Fy6axmHckas (MapurHckas) netlepa

MamATHVK NPUPOALI FybaxmHckoe obHaxeHne

MaMATHVIK NpUpoabI KocbBUMHCKasa kapcToBada apka
Fy6axuHCKM MaMATHVIK NpUpoabI KpemeHHOe obHaxeHwme

OxpaHsaemblii naHawadT | laaelHsi Slor

MaMATHVIK MpUpOAbI Cyxon Nor

MamATHVK NPUPOALI TemHas neLlepa

MaMATHVIK MpUpOAbI XonogHeln Jlor
[peMAY“nHCKNRA MaMATHVIK MpUpOoAbl KameHHbIV Fopos

B MaMATHVK NpUpoab! MONOBUHKVHCKMI KapCTOBbIV MOCT

YycoBckon

MaMATHVIK MpUPOAbI Fnyxne KamHn

1.2. \cToPMs OCBOEHWSI MECTOPOX/AEHUSA

3apoxAeHne yroabHOW MPOMBILLNIEHHOCTV Ha Ypane OTHOCUTCA K KOHLY
XVIII B.

B 1783 1., BO Bpems CTpouTensCTea NaoTUHbLI 417 K3e10BCKOro MeTanyprit-
4eCcKoro 3aBoja, ObiV OOHAPYXEHbl iBa MOLLHbIX MIACTa KAMEHHOrO YIS, a Tpems
rogaMy nosgHee ObIIV OTKPbITbI HOBbIE YrONbHbIE MECTOPOXAEHUS (3TO CObbITUE
CBA3bIBaOT C UMEHEeM KPemnoCTHOro KpecTbAaHHa, pyAo3HaTya Movcea KOroea) [26].
B 1796 r. Ha bepery KnsenoBckoro npyaa bei1a 3an0xeHa nepeas 3KCrnayaTaumoH-
Has BbIPabOoTKa Ha yronb — LUTONbHA «3anpyaHad». Ceiiuac Ha MecTe WaxTel «3anpya-
Has» YCTaHOBNIEH NaMATHbBIV 3HaK.

Mocne NoCTPoMKM YpanbCckom xenesHown goporn Mepmb — Yconee, B 1879 .
K3eNOBCKMIA YroNb BbILEN Ha LUMPOKNIA PBIHOK, YTO CMOCOOCTBOBANO Pa3BUTIIO
YrONbHOW MPOMBILLNEHHOCTY Ha Ypane. [lobbiBaembli B HEOONBLIVX KOANYECTBAX
Ha TeppuUTOpUM BacceiHa KaMeHHBIM YroJb MOAHOCTBIO PACXOA0BaCA Ha BCMOMOTa-
TeNbHble Hyx bl K1n3enosckoro, AnekcaHApOoBCKOro 1 YepMo3ckoro 3a80408. OCHOB-
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HbIM NOTpebUTenem K13enoBckoro yrnsa B 1880-1890-e . 6bin1a Xxene3Hasd 40pora;
GabpruHO-3aBOACKaA MPOMbBILLNEHHOCTb nokynana ot 17 ao 30% AobbiBaemMoro B
Knsene yrna.

B 1892 r., Mo odurumansHbIM AaHHbBIM, B K3eN10BCKOM YroibHOM bacceliHe aei-
CTBOBANO 22 LWaxThbl 1 LUTONbHW, Ha KOTOPbIX BbI10 A06LITO 253 ThIC. T yrad. Ha Bcex
LaxTax 6bi10 3aHATO 2392 ropHsaka, 13 Hux 1490 paboTann B Lwaxtax, 902 - Ha no-
BEPXHOCTY. TeXHNYeCKoe OCHaLLeHWe bacceiHa cocTosno 13 10 NapoBbix MaLLnH 06-
e MOLHOCTBI 257 noLanHbIX Cifl, HO 6OAbLUE MONOBVIHbLI LIAXT UX He nmeno [7].

SKOHOMMNYECKN KPU3KC Ha pybexe XIX-XX BB. TsKeno 0Tpasnaca Ha pas3su-
TUW POCCUIACKON MPOMBILLNEHHOCTN — 0OCOOEHHO CUABHO MOCTPaAANN METANNYPIUA U
CBSI3aHHbIE C Hell MPOM3BO/ACTBa, B TOM YKCAe U yraef00biva. YpanbCckie 3aBoAb! NC-
MbITbIBaV «TOMIVBHBIA FON0A» C CAMOro Havana XX B. U ObIN BbIHYXAEHbI MepeBo-
ANTb NPOVI3BOACTBO Ha MUHEPabHOE TOMIVBO, YTO CTUMYNIMPOBANO POCT CNpPOCa Ha
MECTHbIN KaMEeHHbIN YroNb, A06bl4a KOTOPOro bblna COCPefoTO4UEeHa B OCHOBHOM B
parioHe Kn3enosckoro baccerHa. Takke B ypanbCkoM yrie OCTPO HYXAaNNCh xenes-
Hble JOPOru BO BPeMst PYCCKO-AMOHCKOM BOWHbI. B pesynsTtaTe Ha Tepputopun 6ac-
CelHa pa3BepHY/NI0Ck CTPOUTENLCTBO HOBLIX LWaxT 1 K 1906 r. fobblua yraa gocTturia
667 TbIC. T. B 3TOT Nepunoj HaunHatoT BBOANTLCA TEXHUYECKUE YCOBEPLLIEHCTBOBA-
HWS, NPeANPUHMAKOTCA NepBble MOMbITKU MexaHu3aumn waxt. B 1913 1. Ypan gan
cTpaHe 3,1% Bcen fobblun yrasa, 20% Bcel BbIpaboTku uyryHa 1 16% - ctann. 3a 13
neT (1900-1913 rr.) B Knsenosckom bacceliHe 6b110 A06LITO 7,5 MH T yraa 1 passe-
[laHO HECKOIbKO HOBbIX MEeCTOPOXAeHWI [9].

Mocne OKTAGPLCKOM PeBOMOLMN, COMPOBOXAABLUENCA SKOHOMUYECKON pas-
PYXOW, f0bbIYa Yr1a Havana nocteneHHo BOCCTaHaBVBaTbLCA 1 B 1919 r. gocturna
45% poBOEHHOro ypoBHs. B 1924 r. Hauana paboty Kmuzenosckaa P2C - nepsad
paoHHaa 31eKTpoCTaHUMA Ha Ypane.

B nepvog nocne MepBoi MMPOBOM BOVHbI K3eNOBCKWIA YroNbHbI baccenH
no f06blYe YyrAa 3aHVMan NepBoe MeCTo CPeau YroNbHbIX 6acCceiHoB Ypana, AaB 3a
5TO Bpemsa CTpaHe MWIVOHbBI TOHH yrng. Benacb akTnBHad pa3seska Heap, CTPO-
NNNCb WaxTel Ha KOCMawCKOM MeCTOPOXAEHNI, BOLWAM B 3KCTIyaTaLUMIo LWaxTol
M. CepoBa, «HaropHasa» 1 ap. (puc. 1.4).

B koHue 1930 r. Ha4anocb CTPOUTENBCTBO HOMBLIOTO KOKCOXMMUYECKOrO 3a-
BoZa (pvc. 1.5). And yKpenneHusa CObCTBEHHOM 6a3bl MO MPON3BOACTBY CTPOUTENb-
HbIX MaTepuranoB bbln OpraHn3oBaH TpecT «Kr3enwaxtocTpor». Kusen, Fybaxa v
Yrneypansck NpeBpaTuanCL B KylbTypHble 1 61aroyCTpoeHHbIe ropoja, 1x Hacene-
Hne yBeIMYMI0Ch NOYTK B NMOATOpa pasa. B 1936 r. Ha waxte «Komcomonewly Ku-
3e/10BCKOro bacceiiHa, Brnepsble B UCTOPUN KAMEHHOYTOIbHOW MPOMBILLNIEHHOCTY,
6blna NpovisBefeHa 0TborKa yrng NocpeAcTBOM BOAb! (puc. 1.6).



PucyHok 1.4.
LaxTa «1-ag KanutanbHasa». 1930 r.

Prncyrok 1.5.
Bug Ha r. ly6axy. 1930-e rr. (MncTouHMK: www.gubaha.com)



B rog, npealectsyrolmin Hauany Benvikon OteyecTBeHHOW BOWHEI, Ypan 3a-
HAn TpeTbe mecto B CCCP no pa3mepam fobblun (nocne [JoHelkoro v KysHeLkoro
b6acceliHoB). Knsen gasan 38% Bcero yrns, 106bIBaeMoro Ha Ypane.

B rogsl Bennkon OTeyecTBeHHOWM BONHBI ThICAYN LLAXTEPOB YLV Ha QPOHT.
MecTa yleawmx 3aHANM NeHCNOHeEPbI, XeHLNHbI, CayXallne yupexaeHni, yda-
LLMeCH LUKOSI, YUYWL TPYAOBbIX Pe3epBOB, NOAPOCTKY. LLaxTocTpouTenm 3a rogbl
BOVIHbI BBE/W B 3KCMAyaTauuto 15 waxt, nponoxumam 40 KM IUHWUI anekTponepe-
fAayn, 30 KM LWOCCEeMHbIX AOPOr, 23 KM BOAOMPOBOAA U 79 KM XeNe3HOLOPOXHbIX
nytein [81].

B 1942 r. 6bln OpraHn30BaH CaMOCTOATENbHbIN KOMBUHAT «MONOTOBYrONb.
Takxe opraHumsyetcsa Tpect «Kusenyrnepassegkar. K mapty 1943 1. B Knsenosckom
baccerHe pacyeTHas MOLHOCTb LUAXT, BBeAeHHbIX B CTpon A0 1941 r., 6bina ocBoe-
Ha TONbKO Ha 72,3% [39]. [Ans yckopeHns npouecca 40bblUn yrasg CTanu WYPOKO Npu-
MEHATb MOA3eMHble BYPOB3PbIBHbIE PAOOThI, KOTOPbIE YBENNUMBAM CKOPOCTb Kak
NOArOTOBUTENBHbIX, TaK 1 OYMCTHBIX PAOOT, a Takxe CroCOOCTBOBaNN CHIXXEHWIO Ce-
6ectonmocti yraa. C 1941-ro no 1945 r. yaenbHblii BeC yras, 40ObITOro C MOMOLLHO
OypOB3pPbIBHLIX PaboT, yBenunnca B Knsenosckom 6acceriHe ¢ 21,9% no 52,7% [8].
B 1945 r. B NpOMbILLNEHHbIV pe3epB Obl10 CaHO 18 BHOBb pa3BeAaHHbIX LLAXTHbIX
nonen, B Tom uncne LLymmxmHckoe n KocbBMHCKOE MECTOPOXAEHS.

PucyHok 1.6.
Jlo6blya yrns B waxte «kKomcomonewy». 1936 r.
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Hacenerve r. Knsena ¢ 1941-ro no 1951 r. yBenmunnoce BABoe. Pa3snBa-
Nace MHPPACTPYKTypa, Oblan NOCTPOeHs!: [BopeL, KynbTypel, ApaMTeaTp, CTafNoH,
6ONBLWON KNHOTEATP, TOPHBIA TEXHWUKYM, CPeAHMe LUKOAbl, TOCTMHULE, BOAHAs
CTaHuUuA.

[Jobblya yras gocturna Makcumyma B 1959 r. (cBbile 12 MaH T). OaHaKo cTpo-
NTENBCTBO HOBbIX LLAaxXT BCKOPE MPeKpaTnaoch, MHOTe AeACTBYOLLME WaxXTel CTanm
3aKpbIBATLCS, YrNeobbiya Hadana NoCTeneHHo CHUXATLCA. Pe3ko yMeHbLWANC, a
3aTeM 1 BOBCE OblM MpeKpaLLieHbl reo10ropassefoyHble paboTel [26].

B aBrycte 1994 r. obbeanHeHve «Krsenyronb» 6610 NPeobpa3oBaHoO B ak-
LUMOHEepPHOe OB6LLECTBO MO A0ObIYe YIS C 0ObEMOM FOA0BOM A00bIUN 1545,5 ThiC. T.
CNoXHble rOPHO-Te0N0rnYeckmne YCNoBINS, BbICOKME NMPOV3BOACTBEHHbLIE N3EPXKN,
HM3KOe KauecTBO Yr1A CTanv OOBbEKTUBHbBIMU MPUYHAMK PE3KOTO YXYALIEHNS KO-
HOMMYeCKX MoKa3saTeneit yrnefobslium 1 HeobxoAnMMoCT ee NNKBUAALMN. B cooT-
BETCTBUM C YKa3oM [MpesngeHTta PO o1 21.06.93 . Ne 934 n MNMocTtaHoBNeHWeM [1pasu-
Tenbcrea PO o1 20.06.93 1. Ne 590 0 pecTpykTypu3aLmm yroneHom otpacav, B 1994 1.
Hauanca npouecc anmksmaaunn waxt OAO «Kusenyronb». Ha 1 aHBaps 1994 1. Ha
TeppuTopun Knsenosckoro 6acceliHa aeicteoBano 12 waxT. Ewe B 1993 r. 6bina
3aKpbliTa waxta um. Kpynckor, B 1996 r. - waxta «LLinpokosckas», B 1999 r. - WaxTa
«HaropHas», a 8 2000 r. 3akpblnCh WaxTbl «LyMnXnHCKas», «YcbBa-3» 1 um. 40 net
OkTa6ps [81, 122].

TeXHNKO-3KOHOMMYeCK/e 0O0CHOBaHNA NVKBUAALMN BCEX LWAXT ObIAN Pas-
paboTaHbl MPOEKTHLIM NHCTUTYTOM «YPanrmnpoLLaxT». JIMKBMAALMA LLAxXT MpOBO-
Anack COBMECTHO C aAMUHNCTPALVAMYM FTOPOAOB; NMPUOPUTETHBIMI HarnpasaeH-
AMU QUHAHCMPOBAHNA CTanu: NVKBUAALMSA TOPHBIX BbIPAbOTOK, PEKOHCTPYKLNS
06BLEKTOB COUManbHON MHGPACTPYKTypbl, NepeceneHvie rpaxaaH 13 BETXOro u
aBapUIHOIO XKNbs, obecrneyeHyie CoLManbHON 3aLLMTbl BEICBOHOXAaeMblx paboT-
HWKOB.

/13-3a HeraTMBHOr0 BO3AEMCTBINA Ha OKPYXatoLLyHO MPUPOAy, KOTOpOe OKa3bl-
BaNa A/VTeNbHasA 3KCNayaTaumna WaxT, 60bLloe KONNYEeCTBO eCTeCTBEHHbIX BOAO-
eMOB ObI/IO BbIBEAEHO M3 NOMb30BaHWA [1, 67, 68]. SkCnayataums WaxT nosneka
33 COBOV HapyLLleHe 3eMefb U 3arpasHeHrie aTMOCGEepHOro BO3ayxa, V3MeHeHne
pexnma NoBEePXHOCTHBIX 1 NoA3eMHbIx BOA [13, 80, 83]. PecTpykTypusauya Knusenos-
CKOrO YronbHOro 6acceiiHa MpeAnonarana CTpPOUTENBCTBO OYNCTHBIX COOPYXKEHWI
A9 OUNCTKW LAXTHBIX BOA, CTOKOB C MOPOAHbIX OTBAJIOB, @ Takke NMoBEePXHOCTHOro
CTOKa, PekyNbTUBALMIO HapyLUEHHbIX 3emesb. [Ana HabaAeHNA 3a KO0 MYeCcKoin
obcTaHoBkon B KYBe 6bi1 co3aaH LIeHTP 3K0N0rmyeckoro MOHUTOPUHIa, KOTOPLIZ B
HacTosLLEee Bpemsa NPOBOANT KOHTPO/Ib 38 KAYECTBOM MOA3EMHbBIX 1 MOBEPXHOCTHbIX
BO/J, U3/IMBOB LLAXTHbIX BOZ, CTOKOB C MOPOAHbIX 0TBaNoB [124].



1.3. KNMMATVNYECKVE OCOBEHHOCTU

dusnko-reorpadnyeckme yCNoBUA pervoHa OKasbiBatoT CyLLECTBEHHOE BIN-
AHVEe Ha GOPMMPOBaHLEe IKONOTMYeCcKon 0bcTaHoBKN KYba. 3HaunTensHoe Konmye-
CTBO 0CazaKoB (0kono 900 mm/ron), 13 kotopbix 30% MAET Ha MonoiHeHVe 3aMnacos
noAseMHbIx Bog [127], cnocobcTByeT GOpMMPOBAHNIO MHTEHCBHBIX U3/TMBOB U MPO-
MbIBHOMY PeXMnMy OTBaNOB LUAXTHbIX MOpoA. JoCTaTouHO pasBuTas peyHas ceTb,
Hanvume KapCToBbIX CyXOA0N0B BHOCAT CBOK Cneumduky B 3arpsasHeHne nosepx-
HOCTHOW rmapochepbl. YUYnUThIBAsA 3TO, KIMMATNYECKNA U FUAPONOMNYECKNA PEXMMBI
TEPPUTOPUM PACCMOTPEHbI MOAPOBHO.

Ana KYBa xapaktepeH yMepeHHO-KOHTUHEHTaIbHbIA KNMmaT. Knumatnyeckue
yCNI0BNS panoHa GOPMMPYHOTCS NOJ BAUAHMEM ODLLEN3BECTHBIX KNMMAaTO0bpasyro-
LLMX GaKTOPOB, TakmMX Kak paaviaUMOHHbIN pexuM, atMocdepHas UMpKynaumsa, pe-
Nbed 1 xapakTep NOACTUAAOLLEN NoBePXHOCTU. AnddepeHumnaumsa KammaTyeckmx
YCIOBUI MO TEPPUTOPUI ONpesensieTcs ee oporpadryeckmMm 0CO6eHHOCTAMY, Mpe-
XZe BCero MepuavoHanbHbIM MPOCTUPaHMEM FOPHbIX XpebToB Ypana.

CaMbIM XONOAHBIM MeCsLIEM SBNAETCA AHBapPb, CaMbIM TeMbIM — 1NHo1b. OTMme-
YatoTCH PaHHVE OCeHHVEe 1 MO3AHME BeCeHHMe 3aMopo3kn. CpegHeroaosas Temme-
paTypa Bo34yxa Bblle 0°C, NpeobnafatoT BETPLI FOXHOrO, FOro-3anagHoro 1 3anaa-
HOro Hanpas/ieHnn. CpesHerof0Boe KONMYECTBO 0CakoB cocTasngeT 800-900 mwm.
Knumatuyeckas kapTa npeacraBieHa Ha prcyHke 1.7.

PaduayuoHHbIU pexcum xapakTeprsyeTcs TakMMy MokasaTensimu, kak NpuTok
NPSMOW N PaCCeAHHOW paamaun, ansbea0 NOACTVNAMOLLEN MOBEPXHOCTY, pasraLm-
OHHbIV BaNaHC, MPOACIKUTENBHOCTL CONHEUYHOrO CAHMA [125].

Ha Tepputopun KYBba rogoBoi Npuxod NpsiMoit CONHEYHOW paavauun npu
CPefHMX YCN0BUAX 0B61aUHOCTU COCTaBAAET OkoNo 1824 MIX/M?, a MPUXOA pacceaH-
HOV paanaumu (Mpn Tex xe ycnoBusax) — 1894 MIx/M?, UTO HeCKoNbKO MpeBblllaeT
CYMMbI MPSAMOV CONHEYHOW pagmaunn. Fo40BOVI MPUIXO4 CyMMapHOW CONHEYHOW pa-
Anaumy, Takm 06pasom, coctasnsaeT okono 3700 MAx/m?. MakcrMym BO3MOXHbIX Me-
CAYHBIX CYMM PaAuaLmv MNPy CPeaHNX YCIOBUAX 001aUHOCT NPUXOAMUTCA HA NFOHb —
639 MX/M?, @ MUHUMYM Ha Aekabpb - 29 Mx/M?. B oTAeNbHble rojpl, B 3aBUCUMOCTY
OT 06/1a4YHOCTW, COOTHOLLIEHME MPAMON 1 PACCEAHHOW pasnaumn 1 NPUXOA CyMMap-
HOW pajmaumm MOryT 3HaUNTENBHO OTINYATBCHA OT CPeAHVX BEMYMH. [040BON pa-
ANAUVIOHHBIV banaHC AesTenbHON MOBEPXHOCTY MPU CPEAHNX YCI0BUAX 061aUHOCTH
coctaBnsieT okono 1348 MIx/m?. MNepuod C NONOXUTENbHBIM PaaaLVOHHBIM 6anaH-
COM ANnTCa 8 MecaueB. MNepexol paaraLioHHOro 6anaHca OT OTpPULATENBHOMO K MOo-
NOXUTENBHOMY MPOUCXOANT B MapTe, a 06paTHas CMeHa 3Haka 0TMeYaeTCa B OKTAOPe.
MakcrmansHasg cymMma paaralinoHHOro 6anaHca HabntoaaeTcs B8 UoHe — 344 MIx/M2,
HanbonsLumii oTpruatenbHbld paavauroHHbli 6anaHc oTMeYaeTca B Aekabpe 1 fo-
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cturaet 37 MIx/M?2. B oTaenbHble rofel U Mecsalbl MOTYT HabArAaTbCA OTKIOHEHNS
OT CPEAHVX MHOTONETHUX BENNYNH PAAMAELIMOHHOIO 6anaHca — B 3aB1MCMMOCTY OT CO-
YeTaHWs CyMMapHOW paamaLmy, SGGekTBHOrO 13nyyeHns (Onpesensemblx, raBHbIM
06pa3om, 061a4HOCTLIO) U anbbeao nosepxHocTH [179].

MPOAO/IKUTENBHOCTE COMHEYHOTO CUAHNA Ha AaHHOW TepPUTOPUN U3MEHA-
etcs o1 19-29 u B fekabpe o 280-290 4 B nroHe-umtone [136].

LupkynayuoHHslli pexcum ammocdepsl Haa Tepputopuen KYba xapakrepu-
3yeTcs NpeobnasaHnem 30HaNLHOMO NepeHoca BO3AYLLUHbBIX Macc. Yactoe nocTynne-
HWe BNaXHOro BO34yxa C ATIaHTVKM B COMETaHWUM C BANSAHNEM BapbepHOro 3ddekTa
YpanbCkux rop CnocooCcTByeT BeIMaeHNI0 60bLLIONO KONMYECTBAa OCaZAKOB 1 GopMu-
POBAHNIO APKO BbIPaXXeHHOr0 ryMUAHOrO TUMa KanMara.

Bempoeoll pexcum parioHa onpefensercd 0CO6eHHOCTAMN LPKYaUmmn aT-
Mocdepebl U penbeda MeCTHOCTI. B 3VMHMIA Neproz NpeobnagaroT toro-3anagHble n
3anajHble BeTpbl (MOBTOPSeMOCTb — 60%), NeTOM Yallle HabMtoAatTCA BETPbI 3aMaj-
HOro, CeBepo-3anagHoro UM CeBepHOro HarnpasneHu (NoBTOPAeMOCTb — 16-36%).
B nepexoaHble Ce30HbI, B CBA3M C MePeCcTPONKoi 6apnyeckoro noagd C NeTHEro pe-
XMMa Ha 3VMHWA 1 Ha0B0pOT, MPOMCXOANT CMeHa MPeobaaAaroLLero HanpasaeH s
BeTpa. B Lenom B TedeHme rofa npeobnafaroT HoxXHbIe, Foro-3anajHele 1 3anagHble
BETPbI.

CpeaHerozoBas CKOPOCTb BeTpa Onpefensercd NOKaJbHbIMU YCIOBUAMM
PacnoNOXeHNs MyHKTa HabntoaeHu. Tak, No AaHHbIM MeTeocTaHUmn ybaxa (Ha-
6Ar0aaTeNnbHas MoLLaAKa KOTOPOW PAacroNoxXeHa B Necy), CpefHEerofoBas CKopocTb
BeTpa CoCTaBngeT Bcero 1,6 M/C. ITO camMoe HU3Koe 3HaueHve 419 BCel TeppuTopunm
Mepmckoro kpad. B rogoBOM xOAe CKOPOCTV BeTpa BbIAENAOTCH OCHOBHOW BeceH-
HUA MaKCUMYM W NETHNIA MAHUMYM. BTOPUUHBIN MakcMyM CKOPOCTI BETpa OTMeva-
eTCA OCeHbIO, @ BTOPUYHbIA MVUHNMYM - B CeperiHe 31Mbl. [TOBTOPAEMOCTb LWTWei
MakC/MasibHa B MIOHe-1toNe, a Takke B gHBape [179].

B X0no4HbI Neproj roaa Ha Tepputopun KnsenoBcKoro yronsHoro 6accenHa
MOXeT Hab/toAaTbCa Takoe aBeHne, kak Kuzenosckasa 60pa: CUlbHbIV MOPLIBACTLIA
BETep BOCTOUHOI O HarnpaB/IeHNA, KOTOPbIN COMPOBOXAAETCA METENAMM 1 CHEXHbIMM
3aHoCaMK. bopa MOXeT HabMtoAaTbCA B MON0Ce OT I. J1bICbBbI A0 I. ANeKCaHApPOBCKa,
HO HanbonbLUelr CUnbl JoCTUraeT B parioHe . Knsena. C 1968-ro no 1987 r. B paiio-
He . Kv3ena 3adukcnposaHo 4 cnyyasn 6opel [131]. Hanbonee cunsHom 6opa bbina
8-9 nekabpa 1968 r., korga npv teMnepatype -32...-35°C nopbIBbl BeTpa A0CTUranm
35-40 m/c. B pesynbTaTe CHEXHbIX 3aHOCOB ObIIO MONHOCTLIO Mapanv30BaHO ABW-
XeHVie TpaHCnopTa, BETPOM COPBaHb! KPbILLIM JOMOB, MPEPBAHO 3/1eKTPOCHAOXEHNE.,
Bo3HMKHOBEHME HOPbI CBA3AHO C CUTYaLMeN, KOrAa CUIbHO BBIXOOXEHHbBIV BO34yX
CKanIMBaEeTCs B FOPHbIX KOTNOBMHAaxX 1 B 3aypaibe. B HuxHeM 500-meTpoBoM Cloe



BO3/yxa B MOAOOHOM C/lyydae CO34aeTCA HeyCTOMUYMBOE PaBHOBeCKe, bonee X0No4-
HbIN 1 6oNee TAXeNbIN BO3AyX B rOpax HaBMCcaeT HaZ OTHOCUTENbHO TeMabIM BO3AY-
XOM B 3anajHbIX MPeAropbax 1 CTekaeT BHW3 1o cknoHy [131, 173].

Tepmuyeckuli pexcum 8030yxa GOpMNPYETCA NOA BAVSHEM MaKpOMacLLTab-
HbIX 11 MeCTHbIX GakTopoB. K MakpomacLUTabHbIM GakTopam 0THOCATCS aTMocdepHas
LMPKYNALUS, PAAUALNOHHBIV DEXVM 1 Makpopenbed, K MECTHBIM YCI0BUAM — Me30-
n MnKpopenbed n xapaktep pactmTensHOro nokposa [136]. B uenom knmmar tep-
puTopun Kn3enoBCKOro yroNbHOro 6accerHa XxapakTepusyeTca NPOLOIKUTENbHON
XONIOAHOW 31MOI 1 KOPOTKUM YMEPEHHO-TeM/bIM eToM. KnnmaTtuyeckasa 3umMa (ne-
pUOL CO CpeAHeCYTOYHOW TeMnepaTypon Bo3ayxa Hxe 0°C) MpoAo/KaeTca B Cpea-
HeM C TpeTbel Aekafbl OKTSbpsa A0 Hauana anpens, To ecTb 160-170 aHelt. B cBoto
ovepeb, KIMaTuyeckoe NeTo (Mepuoj Co CpeHeCyTOUHOM TeMNnepaTypon BO3ayxa
Bblle +15°C) HaumHaeTca B cpesHeM nocne 15 MoHS, a 3akaHumBaeTca yxe k 10
aBrycra.

CpesHerozoBad TeMnepatypa Bo3gyxa coctasaaet ot 0 o +2°C (Mo Hopmam
1971-2000 rT.) 1, Kak 1 Mo BCeWn TeppuTopmn MNepMCcKoro Kpas, NoBbILL3ETCH C CceBe-
PO-BOCTOKA Ha toro-3anag. CambIM X0N104AHbIM Obi1 1969 T. CO CpeaHerooBo Tem-
nepatyport -2...-3,5°C, a cambiMn TenabiMmi — 1995 1 2008 rr. co cpeaHeroaosom
Temnepatypown +1,5...+3°C.

CamMbIM XONOAHBIM MecALeM rofa ABAAeTCA dHBapb, CPefHAA Temnepatypa
KoToporo cocrasngdet o1 -15 o -17°C (puc. 1.8). Ans 3VMHEro nepmoja xapakrepHo
NHBEPCMOHHOE pacnpejesneHre TeMnepaTypbl BO34yxa. Ha BO3BbILLIEHHOCTSX, CK10-
Hax 1 BEPLUNHAX rop CpeaHdan TeMnepaTtypa aHBaps Ha 1-3°C Bbille, YeM B MEXTOp-
HbIX AONIHAX, KyAd B YCIOBUAX aHTULMKIOHAABHOM MOroAbl CTeKaeT BbIXOJI0XEH-
HbI BO3ayX. ABCOMOTHEIA MUHUMYM TemnepaTypbl Ans Tepputopun Knsenosckoro
YronbHOro bacceHa cocrtasngdet -50...-52°C (0TMeyancs B KoHLe aekabps 1979 1),
a 3a nocnegHvie 30 neT camas HM3kaa Temnepatypa (-42,6°C) bbina 3adukcnpoBaHa
B Aekabpe 2009 r.

CaMbIM TenabiM MecCdaLeM rofa ABAgeTcd Wb (CpeaHds Temnepatypa
+16..+18°C, pnc. 1.9). ABCONOTHBIA MaKCMYM TemmnepaTypbl BO34yXa, MO AAHHbIM
MeTeocTaHuUmu y6axa, coctasngeT +34,1°C (3adumkcmpoBaH B vtone 2010 1.).

O6Las NPOAOMKNTENBHOCTE HE3MOPO3HOI0 Neprnoaa COCTaBNAET B CPELHEM
80-100 aHel. BeceHHMe 3aMOPO3KM OBbIYHO 3aKaHUMBAKOTCA K CEPeanHe NIoHS, a
OCeHHWe MOTyT peryaspHO HabAaTbCa CO BTOPOW MOAOBKMHbLI aBrycta. B peakimx
Cnyyasx cnabble 3aMOPO3KM OTMEUAOTCA U B UHONE.

C 1980-x rr. Ha TeppuTOpUM Kin3enoBCKOro yrolbHOro bacceriHa, kak 1 BCero
Mepmckoro kpas, Habnogaetca notenneHve kammarta. CpaBHeHVe cpeaHemecay-
HbIX 3HaYeHNn TemnepaTtypbl Bo3ayxa 3a 30-netHre nepuogbl (1951-1980 n 1981-



2010 rr.) NokasbIBaeT, YTO 3HaYMUTeNbHOE MOBbILWEeHVe TemnepaTypsl (Ha 1,5-2,4°C)
NpOV30LWANO0 B iHBape, deBpane, MapTe 1 OKTAGPE; B aBrycTe-CeHTabpe noTenneHve
66110 BbIpaxeHo cnabo. CpeaHeroAoBas TeMnepaTypa Bo3gyxa 3a 30 neT noBbiCK-
nack Ha 0,8-1,0°C. AHanornyHaga gviHaMvika noTenneHnd xapakrepHa 414 [MoBomKbA
1 3anajHoro Ypana B uenom [136].

Pexcum ammocpepHeix 0ocadkoe OnpefenseTcd 0CObeHHOCTAMU aTMocdep-
HOW LIMPKYNaLMK, penbeda MecTHOCT 1 NOACTUNAROLLIEN MOBEPXHOCTW. [104 BAVAHM-
eM bapbepHoro addekTa YpanbCckix rop Ha Tepputopnimn KnsenoBckoro yronsHoro
bacceliHa BbINaZaeT CyLLEeCTBEHHO 60/bLE OCAAKOB, YeM B CpeaHeM Mo MepMckoMy
Kpato. CpeaHerofoBoe Konm4ecTso ocaakos coctasndet 800-900 mm (pumc 1.10). U3
HX B XONOAHBIA Nepunos (HoAopb-MapT) BbinagaeT B cpeaHem 250-300 MM, ocTans-
Hble NMPUXOAATCA Ha Tenbln nepunog. Ocagky pacnpesensaroTCa Nno TeppuTopumn BeCh-
Ma HepaBHOMepHO (pvc. 1.11, 1.12). bonble BCEro 1x BbiNajaeT Ha HaBeTPEeHHbIX
3anaaHblx CkNoHax xpebToB benbin Cnon n PyaaHcknia Cnoii (6onee 900 mm/rog).

B rogoBOM X0f4e MUHMMYM KOMYEeCTBa OCaAKOB MPUXOAMTCA Ha deBpanb—
MapT, Korga BbinazaeT B cpegHem 35-45 MM 3a mecdl. Peskoe ysBennueHve Konu-
YeCTBa OCALKOB MPOUCXOAUT B anpene-mnoHe. OCHOBHOW MakCMMyM OCaAKOB B ro-
[IOBOM X0Ze npuxoanTca Ha nronb (90-110 MM 3a mecau). B otaensHble rogel (1994,
2007, 2015) neTom BbIiNagaeT 3a Mecal, 6onee 200 MM 0cafkoB. OceHHee ymeHblie-
HMe KONMYeCTBa 0CaAKOB BbIpaxeHOo C1abo. B aBrycre, ceHTAbpe 1 oKTabpe Bbinasa-
eT B cpeaHem 80-100 MM 0CaAKOB 3a MeCAL, U N1LLb C HOAOPS UX KONUYECTBO Haun-
HaeT cokpalLaTbCs bonee CyllecTBEHHO. HO B OTAENbHbIE FOAbl U 3UMOIN MecsayHas
CyMMa 0CazkoB MoxeT mpesblwats 100 MM [151].

CHedxcHell nokpos. Ha Tepputopun Kr3es0BCKOro yroabHoro 6acceiHa
YCTOMYMBBIN CHEXHbIV MOKPOB GOPMUPYETCS 0ObIYHO BO BTOPOW MONOBUMHE OKTS-
6ps, MO toro-3anagy ero - B Havane Hoabpd. PaspylleHne yCTOMYMBOrO CHEXHOMO
NMoKpoBa B cpeHeM (3a nepuog 1950-2009 rr.) nponcxognt 20-25 anpens. CooT-
BETCTBEHHO, MPOAOIXNTENBHOCTb 3a/1eraHNS CHEXHOrO MOKPOBa COCTABAAET OKOJIO
170 aHen.

MakcuManbHaga BbICOTa CHEXHOrO MOKPOBa W 3amachl BOAbl B HEM YBeVUN-
BarOTCHA OT FOro-3anaja K CeBepO-BOCTOKY PErnoHa. 70 CBA3AHO Kak C yBeNYeHeM
KO/IMYeCTBa 0CaZkoB XONOAHOI0 Meproaa, Tak U C MOHWXEHEM CPeAHeN Temnepa-
Typbl U yYBEIUYEHNEM MPOLOIXKNTENBHOCTU 3a7eraHna CHEXHOro nokposa. Hopma
MaKCVIManibHOW BbICOTbI CHEXXHOIO MOKPOBa COCTasaseT oT 70 CM Ha toro-3anaje Ao
100 cm 1 6onee Ha xpebTax benwlit Cnor n PyaaHckmi Cnoii (puc. 1.13, 1.14). Abco-
JIFOTHBIN MaKCMYM BbICOTbI CHEXHOIO MOKPOBa B [ybaxe coctasngeT 144 cm [152].

MakcuManbHbIM 3anac BoAbl B CHEXHOM MOKPOBE GOPMUPYETCH K KOHLLY Map-
Ta: ero BenuunHa nsmerHsaetca ot 200 MM Ha toro-3anage 40 300 MM 11 6onee Ha HaBe-
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TPEHHbIX CKNOHAX 1 BepLUMHax XpebToB. B oTaenbHble rofbl 3anac BoApsl B cHere (Mo
[aHHbIM CHErOMEpPHbIX CbEMOK Ha MeTeocTaHLWK [ybaxa) goctmraeTt 450-500 M.

OnacHele Memeoposozuveckue AeneHus. Ana Kn3enoBckoro yronsHoro 6ac-
CeliHa Hanbosnee xapakTepHbl Takve OnacHbele ABNEHVIS MOro/pl, Kak CUIbHbBIE MOPO-
3bl (2-3 AHA B ro4y C MUHUMaNbHOW TemnepaTtypor Bo3ayxa —35°C 1 Huxe), O4eHb
CUNbHble CHeronagbl (C KOMYeCTBOM OCaAKoB He MeHee 20 MM/12 W), CUIbHbIE
MEeTeNn, O4YeHb CUAbHbIE AOXAM (He MeHee 30 MM/12 u), LKBaNbl U KPYMHBIA FPag.
OCObEHHOCTLIO JaHHON TeppUTOPUL ABNSETCH OOJee BbICOKad, YeM B CPeAHEM Mo
MepmcKoMy Kpato, MOBTOPAEMOCTb CUIbHBIX OCaAKOB Kak B BUAE AOXAA, TaK U B BuAe
CHera. Ha meTeocTaHumu MNybaxa 25.06.2015 r. 6611 3aduKCpoBaH abCONOTHBIV Mak-
CYIMYM MONYCYTOYHOTO KOMMYecTBa 0cafkos (117 Mm) ana MNepmMckoro kpag.

1.4. TnaPONOrMYECKAS XAPAKTEPUCTUKA

Tepputopua KnsenoBckoro yrofibHOro bacceriHa nMeeT passuUTyro rMaporpa-
duueckyto ceTb. Bce 0CHOBHbIE peky, MpoTekaroLlmne Yepes faHHY0 MeCTHOCTb, AB-
NAOTCH TPAH3UTHBIMY, OTHOCATCA K bacceiiHy KaMckoro BoAOXpaHWUAMLLA.

BAvaHWio  feATenbHOCT YroNibHOM MPOMBILLINEHHOCT MOABEPXeHbl Tpn
bacceliHa neBobepexHbIX MPUTOKOB KaMcKoro BogoxpaHunmila: Arsel, Kocesel, Hy-
coBo. Tepputopurs Kn3enoBCKOro yrofbHOro bacceiiHa xapakTepusyeTca Mepuan-
OHa/IbHO BbITAHYTLIMY LUMPOKMMY YBanaMy, KOTOPbIe MepecekatoTcd B LUMPOTHOM
HanpasaeHnn r1yooKoBPe3aHHbIMU LONMHAMN OCHOBHbIX pek: KoCbBbl, YCbBbI,
FOX. BunbBbl, Buxas, bon. Kvuzena. JonvHel Manbix pek OpueHTUpPOBaHbl B CyoMme-
PUANOHANBEHOM HanpasneHun. BogHbIN PeXnM pek OTHOCUTCSA K YMepeHHOMY TUMY
N XapaKTepU3yeTCs 3HaUYUTENbHBIMY KONEOAHNAMM PAaCXOA0B BOAbI B TEUEHME roAa.
ICTOKM pek pacnonoxeHbl BOM3M OCEBOW YacTu Ypana, UTo OKasbiBaeT CyLLeCTBeH-
Hoe B/INAHME Ha 0COBEHHOCTN BOAHOMO pPexyma, — OHV UMEOT CPaBHUTENIbHO Bbl-
COKYH BOAHOCTb, YTO OOBACHAETCH OOMbLUMM KOMUYECTBOM BbIMaAaroLLX 0CajKoB
(800-1000 MM) 1 HE3H3UUTENBHOM BEANYMHOM NCNAPEHNUS.

Ha TeppuTopnn KnsenoBcKoro yronsHoro bacceiiHa, kak 1 Bcero lNepmcko-
ro Kpas, HabtoLaeTca yBeanyeHne MOLyNs CTOKa B HanpaB/ieHnn C toro-3anaja Ha
CeBepO-BOCTOK. ITO OBYCNOBNEHO Kak MPOCTPaHCTBEHHbBIM pacnpejeneHiem Beina-
[AFOLLMX OCaAKOB, Tak 1 oporpadryeckMm 0CObeHHOCTAMN MecTHOCTW. CpeaHero-
[IOBOV MOZyNb CTOKa M3MeHseTcst oT 10 n/cxkm? Ha toro-3anage Ao 20 1/CxXkm? Ha ce-
BEPO-BOCTOKE TeppuTopun. B cpeaHem no Bogocbopam pek KocbBbl, AMBbl 1 YCbBbI
MOZyNb CTOKa Takxe cocTaBndeT 1-20 n/cxkm? [6, 65].

Pekn K13enoBCKOro yroibHoOro 6acceriHa OTHOCATCA K MperMyLLeCTBEHHO
CHeroBoMy T1My NUTaHVs. B o6beme rogoBOro CTOKa Ha ero oK NMPUXOAUTCH OKO-
No 60% (4TO CyLLeCTBEHHO MeHbLUe, YeM B CcpegHeM no [lepMckoMy Kparo). Pexim



CTOKA PeK XxapakTepusyeTcs YeTKO BblPakeHHbIM BECEHHVIM NON0BOALEM, MHOMOUMC-
NeHHbIMN (4acTo CefyoLMMU OAMH 3a APYTVM) NeTHEe-0CeHHVIMIU AOXAEBbIMU Na-
BOAKAaMU, NIETHE-OCEHHEN MEXEHbBIO 1 A/INTENIBHOM YCTOMUMBOWN 3UMHEN MEXEHbLIO,
BO BpeMsi KOTOPOW HAbMHOAATCA MUHMMANbHbBIE PACXOAbl BOARI.

BeceHHee NONOBOALE 0ObIYHO HAYMHAETCA B TPETbEN Aekase anpens, B 3T0T
nepvoa HabAaeTCsa peskmii poCT PACXOA0B 1 YPOBHEW BOAbI B pekax. MakcMais-
Hble PaCXoAbl BeCEHHero NoA0BOABA Ha pekax Ycbae, ArBe, KocbBe B cpeaHem Gpop-
MVIPYIOTCA BO BTOPOW NATUAHEBKE Mag, Ha p. YyCOBOW — CyLLLeCTBEHHO paHbLue. [1o-
NOBOALE 06BIYHO MHOFOMMKOBOE, MPOAOIXNTENBHOE (B CBA3M C PA3HOBPEMEHHbIM
TagHVEM CHera Ha pasHbIX BbICOTax) 1 4OCTAaTOYHO BbICOKOE, Ha CMaje — C Haknaabl-
BarOLLMMMCS A0XAeBbIMM naBoakamn. Cnaj NoA0BOAbS 0ObIYHO AANTCA A0 WHOHS.
B cpeaHem Ha BeCeHHWI Nepunod NpuxoanTcsa okono 60% rogoBoro CToka. Xapakrep
BeCeHHero NoA0BOAbA, BEAUYMHbLI MAKCUMa/lbHbIX PAaCXOA0B U YPOBHEN BOAbLI Onpe-
[AeNANTCA CNefyOLLMMY OCHOBHBIMI GakTOpamMu:

* HaKoMNEeHHbIV 3aMac BOAbl B CHEXHOM MOKPOBE K Hauany CHeroTagHus;
* UHTEHCUBHOCTb CHEeroTasHus;

+ OCeHHVe Bnarosanachl 1 rnybrHa NpoMep3aH/is MoYBhl;

+ 0CafKv Ha Cnajge NnoioBOAbA.

B 3aBMCKMMOCTI OT pasHOro codeTaHud 3T1Mx GakTopoB W Npexzae BCero ot
MOrOAHBIX YCNIOBUI Nepmnoja CHEroTasHus, NoAoBOAbLE MOXET VMeTb OAWH WAn
HeCKOIbKO MKOB. B C/lydyae BO3BPATOB XONOAOB B Meproj CHEroTasgHuUa 0bblYHO
bopmupyeTca HeBbICOKOe, PacTaHyTOe MON0BOAbE, VMeroLlee HeCKOAbKO MMUKOB.
Takxe Hecko/bko MMKOB MOM0BOALS GOPMMPYETCA B Cyyae BbiMajeHVs 60AbLIOro
KONM4YeCcTBa OCaAKOB B Mepurod ero cnaja. pu oTCyTCTBUM BO3BPATHBLIX XON0A0B
1 BbICOKOW TemnepaType BO34yxa B Mepuros CHeroTasaHns HabaraaroTcs BbICOKME
OAHOMUKOBbIE MOIOBO/BS.

BbICOKMM MMKam MON0BOABA 0BbIYHO MPEALIECTBYET X0N0AHAA MOroja B anpe-
ne. Tpu Takmx yCIOBUAX CHEFOHAKOMNEHMEe Ha BOAOCOOpax MOXET MPOAOIXaTbCS A0
Hauana mas. Hanbonee BbICOKMe MUKN MONOBOAbLS Ha pekax K3enoBCKOro yronbHo-
ro bacceriHa Habaraance B 1979, 1998 1 2004 rr. OHM CONPOBOXAANNCH BbIXOLOM
BO/b! Ha MOVIMbI PeK 1 MOATOM/IEHNEM HaCeNeHHbIX MyHKTOB. Hanbonee noasepxe-
Hbl 3aTOMIEHNIO Tak/e HaCceneHHble NyHKTbl, Kak ropoaa YycoBon 1 AnekcaHapoBcK,
ArT SBa, nocenkn Meic 1 bobpoBska.

NeTHAS MexeHb Ha pekax, MpoTekatomx Yepes Tepputopuio KYba, aeadetcs
HeyCcTon4YVBON. B cnydae aeduumta 0CaZkoB B NETHWUIA MEPUOA MEXEHb BbIPaXeHa
XOPOLLO, MHMMAabHbIE Pacxodbl 1 YPOBHW BOAbI HAONHOAAKOTCA 0ObIYHO B aBrycTe.
Mpw 3HaUNTENBHOM N36bBITKE OC3AKOB B 1ETHWIM NEPUOL MeXeHb BblpaxeHa ¢1abo, v
[OXAEeBble MaBOAKM MOTYT C1e0BaTb OAVH 3a APYrUM.



B oTaensHbIX cnydaax AoXAeBble NaBOAKA VMEROT PaspyLUMTENbHbIA Xapak-
Tep. Hanbonee MOLLHBI JOXAEBOM NaBOAOK Ha pekax K13enoBCckoro yroipHoro 6ac-
cerHa Habnwgancs 12-14 noHa 1993 r. 11-12 noHA pasBUTNIO NaBOAKa NpejLue-
CTBOBaNV CUIbHbIE NIMBHM (A0 79 MM/24 4), a Takxke BbICTPOe TagHMe CHera B FOpHOW
4acTW BOJOCOHOPOB pek AMBbl 1 KOCbBbI. Ipy HANOXeHW AOXAEBOro MNaBoAKa Ha
3aKNOUNTENBHYHO (a3y BECEHHEro NOoM0BOALA NMPOM30LIEN Pe3KUM NMOLbEM YPOBHS
BOZbI B pekax Ha 2-4 M. B pe3synbTate HanonHeHusa LUMpoKoBCKOro BOAOXpaHvLLa
[0 KPUTNYECKON OTMETKM, COPOC BOABLI B HWXHWA Bbed rmapoysna bbin yBenmueH
[0 1850 M3/C, UTO COOTBETCTBYET pacxody BeceHHero nonosoabsa 0,1% obecneyeH-
HOCTW. B r. l'ybaxe MpoV30LWN0 3aTOMIEHNe TEPPUTOPUIA HACOCHON CTaHUmn MYTI
«BogokaHan», Kusenosckonn MP3C, OAO «[ybaxMHCKMA KOKC». bblna 3aTonneHa u
BblBeAEHa W13 3KCMyaTauuy WaxTta, Ha KOTopoi paboTtano 6onee 1000 yenosek.
MaTepnanbHbIn yLepb B pesynsTaTe A0XAEBOro NaBoka TONbKO B ['ybaxe cocTaBun
1 MApA pyb. B LueHax 1993 r. HaceneHHble MyHKTBl HXe NO TeyeHnto peku KocbBebl
Takxke NoABepri1Ch 3aToMaeHNo.

[Nt OCeHHEero nepuroja xapakTepHO yBenuyeHne oobemMa CToka B CBA3N C
yMeHblUeHVeM 1Cnaperus. B okTabpe 1 Hauane HOA6pA MOryT HabnroAaTbCsa Bbl-
COKMe CHerofoxaeBble NaBoAKM, CBA3aHHbIE C BbiNajeHeM NHTEHCNBHBLIX OCafKOB,
GOPMUPOBAHMEM U TaAHVEM BPEMEHHOMO CHEXHOMO MOKPOBA. B OTAENBHBIX CTy4asx
(Hanpumep, 01.11.2013 r.) MakcMMabHble Pacxofbl BOAbl CHErOAOXAEBbBIX MaBOAKOB
OKa3blBalOTCA BblLLE MAKCMMYMOB BECEHHEro NMo0BOALS.

B HOs6pe HauMHaeTCa Nepuros 3MMHEN MexXeH, KOTOpasa OTAMYAETCS YCTOW-
YMBOCTBHO, HV3KMM CTOKOM 1 HONBLLIOV MPOAOC/IKUTENBHOCTBIO (B cpeaHem 140-160
AHeR). Jona 3MMHero CToka coctaBasaeT B cpeaHem 14% rofosoro.

BogHbIN pexnm Manbix pek, bepyLLmX Hauano HeMOCPeACTBEHHO Ha TEPPUTO-
pvn Kn3enosCckoro yroneHoro 6accerita, oTn4aeTcs pagjoM 0CObeHHOCTeN. Bo-nep-
BbIX, KaK 1 Ha OONBLIMHCTBE MablX pek [epMCcKoro Kpasi, MakCUManbHble pacxozel
LOX/JEBbIX MaBOAKOB Ha HIX 0OBIYHO BbILLE MMKOB BECEHHEro NMoA0BOALS. Bo-BTO-
pbIX, B CBA3M C Tem, uTo KYB a9BnseTca panoHOM pacnpoCTpaHeHna KapcTa, NoseblLLa-
eTCca A0NA MOA3EMHOIO CTOKA B MUTAHNN Pek.

Jledoselli pexcum pek. 10 CPeAHUM MHOMONETHUM AAHHBIM HabNtoAeHU Ha
rMApONoCTax, NoABNeHVe 1efj0BbIX 00Pa30BaHWN B BUAE 3abeperos, cana, Wyri Ha
pekax K13enoBCcKoro yronbHoro 6acceriHa NpomucxoanT B nepuos 22-26 oktaops. Jle-
[,0CTaB Ha pekax yCTaHaBNMBAETCA K KOHLY MepBoW Aekadbl HOAOPS. TONLMHA NbAa
[AOCTUraeT CBOEro MakCMyma B KOHLe MapTa - Havane anpend. B cypoBsble 3VMbl e
MOXeT HapacTtaTb 4o 100 cM 1 6onee, a B Tenble — He npeBblwaTte 30-60 cm. Benea-
CTBME BONBLUNX CKOPOCTEN TEUYEHNA Ha nepekaTax Ha NMPOTHKEHNN BCel 31Mbl CO-
XPaHATCA NONbIHBN. [10 3TOW XXe NPUYMHE 3UMOI YacTO 06PA3yeTCH BHYTPUBOAHbIN



1N JOHHbLIV Nes, CNOCOBCTBYHOLLMA B BECEHHWI Nepro GOPMUPOBaHMIO 3aTOPOB B
MeCTax Cy>XeHWIA, OCTPOBOB, PE3KMX MOBOPOTOB pycna [63].

Mpoueccel BCKPBITUA 1 OYULLEHWSA PEK OTO 1bAa HaUMHAKOTCA Ha FOro-3anase
M PACMPOCTPaHAIOTCA Ha CeBEPO-BOCTOK Tepputopun. CpefHEMHOrONETHE CPOKN
BCKPbITNS PeK — KOHeL, BTOPOW AekaAbl anpens, ouliLieHrie OTO bja B CPefjHeM npo-
NCXOANT B MOCNEAHNX YMCaax anpend. BCkpbiTre pek ConpoBOXAaeTCA 06pa3oBaHu-
€M 3aTOPOB /ibJja B MeCTax CyXXeH W, Pe3kMx MOBOPOTOB pyC/1a 1y MOCTOB. JlefjoBble
3aTOpbl 06pa3ytoTCa y nocenkos Meic 1 bobpoBka Ha p. Ycbae. Obpa3oBaHme 3aTo-
POB COMPOBOXAAETCA PE3KMMU MOABEMAMN YPOBHEN BOAbI. B 4aCcTHOCTW, Ha p. Yyco-
BOW Y M. JIAMVHO NOABbEMbl YDOBHEN AOCTUraroT 4-5 M.

B LenoM, ryMuaHbIA TUN KNMMATa, XapakTepHbIv And Tepputopun Knsenos-
CKOTO YrofibHOro 6accerHa, CnocobCTBYeT VHTEHCUBHOW MUrpaumy XapakTepHbIX
AN LIAXTHBIX BOZ 3arpasHutenein (Fe, Al, Mn, TaXenbix MeTannos) B NPUPOAHON Cpe-
fe. V136bITouHoe aTMOChepHOe yBNAaXHeHWe obecneyrBaeT NOMOMHEHME 3aMacoB
NOA3eMHbIX BOA. HanbonbLUWN NPUTOK BOAEI B 3aTOM/IEHHbIE LLAXTHl XapakTepeH Ans
nepriozia CHEroTaaHVs, B CBA3M C 3TVM BECHO HabIOA3eTCa yBennYeHne 06bemMoB
M3N1BAKOLLMXCA HA MOBEPXHOCTb KMCbIX LUAXTHBIX BOA. B 3VMHWI neprog obbem
N3BAROLLVIXCA LLAXTHBIX BOA MEHbLLUE, HO KOHLEHTPaLVMA 3arpasHAOLLMX BeLLecTs
B HIX OKa3bIBaeTCA HECKOBKO BbILLE,

CTOK 3arpsisHeHHbIX BOJ, C OTBANIOB UMEET NEePUOANYeCcKii XapakTep, Hanoo-
Nlee MHTEHCMBHO 3TOT MPOLLECC MPOUCXOANT B NeproZ CHerotasHnsa. Jletom un oce-
HBHO MOBEPXHOCTHBIV CTOK C OTBANOB HabOA3ETCA SMN30ANYECKY, B CTyYae Bbina-
[eHNS 3HaUNTeNbHOrO KONMYeCTBa 0CaAKOB, a 3VIMOM MOMHOCTLIO OTCYTCTBYET.

KoHUeHTpaLUWa 3arpasHAroLLVX BELLEeCTB, XapakTepHbIX A9 LWaxXTHLIX BOA, B
MOBEPXHOCTHBIX BOAOTOKAX Takke MOAUNHAETCA Ce30HHOW 3aKOHOMepHOCTL. B ne-
PVIOZ, MPOXOXAEHVA MONOBOALA U JOXAEBbIX MaBOAKOB OHa PE3KO CHUXAaeTCs, B CBA-
31 C MHOTOKPaTHbIM YBEIMYEeHUEM PacxXOA0B BOAbl. MakcManbHasa KOHLEHTPaLMS
3arpA3HAOLLYX BELLEeCTB MOXET HabNoAaTbCs B MEPUOA NeTHe-OCEHHER 1 31MHeN
MEXEHN.

1.5. M'EONOrMYECKUE YCNOBUS

Kr3enoBCkuii KaMeHHOYrOMIbHbLIM BacceriH pacnonoxeH B npejenax 3anaj-
HO-YPanbCKOM 30HbI CKNAAYaToCTV, npunerarowert kK Npeaypansckomy KpaeBoMmy
npornby. MNpeobnagaowmMm GopMamMy TEKTOHVIKA parioHa SBAAOTCA CKNAAKK Me-
PUANOHANBHOIO N BAV3KOrO K HEMY MPOCTMPAHNS, MHOTAA BbITAHYTBIE Ha AECATKN
KunomeTpos. CkNaak OCIOXHEHBI MHOTOYUCIEHHBIMU Pa3PbIBHLIMY HAPYLLEHUAMMY,
KOTOpble B BONBLUMHCTBE C1y4YaeB MMEKT NPOCTUpaHue, CornacHoe ¢ MPoCTUpaHu-
emMm cknagyatoct [27]. Belgensercsa pasg Havbonee KpyrnHbIX CKAaZoK: aHTUKIUHA-
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- ThasHaa Kusenoscko-lybaxmHckas, KoceBuHCKas, PassensHas, Fopenosckas;
CUHKNMHaNN - LLymnxmHckad, Onbxosckag.

[na Kn3enoBckoro yrneHoCHOro panoHa XapakTepHbl C1eAyroLine TeKTOHN-
yeckme 0cobeHHOCTU:

* CMEHA FOpHbIX MOPOJ OT APEBHUX K 60ee MONOABIM MPOUCXOAUT MO Mepe

[ABVXEHWE C BOCTOKA Ha 3anaz;

+ neTporpaduyeckii’ CoCTaB ropHbelX MOPoA onpeaenaeT Gopmy Ccknagok. Tak,
Hampymep, O4HOPOAHbIE TONCTOC/IONCTbIE N3BECTHAKM, AONOMUTHI 1 necya-
HVKM CMATBI B KPYMHBIE CKNAAKM, B TO BPEMS KaK TOHKOC/IOUCTbIE MIVHUCTBIE
NopoAbl — B MeSIKMe CIOXHbIE OCTPOYrONIbHbIE;

MEPUANOHANBHO BbITAHYTbIE aHTUKAMHAAbHbBIE VI CUHKIMHAAbHbBIE CKNaAKM
OC/IOXHEHbBl MHOTOYNCIEHHBIMY Pa3PbIBHBIMY HapyLWeHVIAMI TUMNa HaaBW-
ros, B36pocoB 1 cobpocoB [47].

B reonorvyeckom cTpoeHun 6accenHa NpUHUMAlOT yyacTe OCaf0uHble
NopOZAbl Naneo30MnCcKoro Bo3pacra OT HUXHEro AeBoHa 40 apTNHCKOIO Apyca HUX-
Helt mepMK O6LLEeN MOLLHOCTLIO A0 3-4 kM. [opoabl NpeACTaBAeHbl necyaHvika-
MW, aprUANNTaMK, aneBpoOanNTaMU, U3BECTHAKAMW, CNaHLUaMK, YIaem, CyrinHKaMu,
cynecamn v ap. KapboHaTHble Nopoabl MHTEHCUMBHO 3aKapCTOBaHbl, 0COOEHHO B
BEPXHel YacTu paspesa. YeTBepTUYUHbIE OTNIOXEHWA NPeACTaBleHbl B OCHOBHOM
neckamu, CyrnMHKaMu, ravHamu, 4acTto ¢ 60NbLWNM COAEPXAHNEM FPaBns U raab-
KW. YrneHocHas TOALA, CIOXEeHHas kBapueBbiMU necyaHvkamu (40-70%), rnnHu-
CTeiMK cnaHuamy (10-33%), ramHncTeiMn necyaHukamuy (10-20%), n3BecTHIKaMn
(1-3,7%), yrnem (1,3-2,5%), OTHOCUTCA K BUW3ENCKOMY SipyCy HUXHEro kapboHa,
NMeeT CPeaH MOLWHOCTL OT 150 M Ha naBHOM Kn3enoBCckom aHTUKAUHANN [0
250 M Ha pemMaunHcKon cnHkanHany [25]. OHa coaepxmnT 40 20 NMH30BUAHbBIX
NaacToB KaMeHHOTO yraa MoWHOCTE 0,6-1,5 M, U3 KOTOPbIX 3 MaacTa ABAATCA
OCHOBHbLIMK 11 OTpPabaTbiBaAMCb Ha MNOAAX BONbLUMHCTBA WaxT [28, 66, 121]. Bce
NNTONOrYeckne PasHOBUAHOCTU MOPOA YroAbHOW TOALM BKAKOYAKOT Cynbbua-
HYH 11 OPraHWYecKyro Cepbl, CpefHee COAepXaHMe KOTOPbIX B yrnax CoCTaBndeT
5-8%, MakcumanbHoe - 12-15%. 3T0 UrpaeT BaxHelLwyro poab B GOPMMPOBAHNN
KUCABIX WaxTHbIX BOA [74, 75]. OCHOBHOW QOPMON HaxOXAEeHWA Cepbl ABNAETCA
MPUT, KOTOPbBIA HEYCTOMYMB B OKUCANTENbHbBIX YCI0BUAX. B necyaHvkax BCTpe-
YyaroTca cynbdaTel B BUAE NyUUCTBIX arperatos rinca [51, 135]. CocTas yrns npu-
BedeH B Tabauue 1.3. B cyxom yrne cpegHee COAepXaHUsa KPEMHUS COCTaBndeT
7,1%, antoMuHua — 5,6%, xenesa - 4,4%, kanbuna - 0,2%, marHna - 0,1%, kanvs -
0,3%, Hatpua - 0,1% [74]. CnefyeT OTMETUTb HKM3KOe COAepXaHWe Kanbund, no
CPaBHEHMIO CO CPeAHNM ero cofepxaHmem B yrnax apyrux 6acceiHos (0,6-3,8%).
Yrnv KusenoBckoro 6acceiiHa BeCbMa HacbhlleHbl MUKposneMeHTamu. CpeaHee



Tabnuua 1.3.
CocrtaB yrnsi Kusenosckoro 6acceiiHa [52]

M. 40 net 13 92 6 1 1 8
B/IKCM 11 77 15 5 3 23
Kocnawuckoe 13 92 3 4 1 8
«LnpokoBckas» 11 88 8 2 2 12
9 79 16 4 1 21
13 91 2 4 3 9
11 84 6 8 2 16
[naBHas niotiesckan 9 88 5 4 3 12
AHTUKNVHANb 5 82 9 7 2 18
«LleHTpansHas» E /4 13 E 10 26
11 93 4 3 - 7
VebBiHcKoe (V'D“K”T';%Op’;m 5 ) 4 2 2 8
LLyMUXUH- 13 71 18 9 2 29
«LymumxmHckas 1»
ckoe 11 81 13 5 1 19
MpemaunH- |« pemaurHcKas 13 87 10 2 1 13
ckoe 62» 11 89 7 3 1 11
13 84 9 4 3 16
CpegaHee no 11 85 10 4 1 15
nnacTam - 9 83 11 4 2 17
5 87 7 4 2 13
CpeaHee no

cogepxaHwne B yrngax Be, Sc, Ti, V, Co, Ni, Cu, Ga, Ge, Y, Zr, Ag NpeBbILLIaeT cpejHee 1x
cozepxaHne ana yrnen s CHI [74, 114].

3aHaTas 6acceiHoM 06nacTb 3eMHOW KOPbIl, ABAAETCS 3aMajHoM KpaeBol
HacTbto YpanbCkov reoCMHKAVNHANN, CTabUAM3UPOBaBLLENCA K Hayvany Me30304. Ha
NPOTSKEHNUM OUeHb ANVUTENBHOrO BpeMeHHn (0T cuiypa A0 MepMu) YacTb AnTocde-
pbl, COOTBETCTBYHOLLASA COBPEMEHHbIM KOHTypaM bacceriHa, Morpyxanacb noj ypo-
BEHb MOPSA 1 MOYTN HEMpPepbIBHO 3aM0/HANACh KaPOOHATHBIMY 11 06J0MOYHBLIMN
ocafkamy, AOCTUrLMMU MoLHocTH 4000 M. OnyckaHve 6acceriHa NPoLOIKanoch B
TeYyeHne NoYT BCero naneosos. CkNaayvaTtocTb NPosiBUaCL B MepBOV MONOBUHE
nepmMmckoro nepuoga [27].

MpornbaHe B 3HaUNTENbHON Mepe KOMMEeHCUPOBaNOCk OCaAKOHAKOMNEeHM-
eM. OHO 6bI10 HepaBHOMEPHbIM, C 3aMeaNeHVaMN, OCTaHOBKaMU 1 KPaTKOBPEMEH-



HbIMY MOAHATUAMN. C HENPOAOIKNTENBHBIMY BbIXOAaMV 061aCcT HAaKOMIEHNUA Ha
[IHEBHYO MOBEPXHOCTb B PaHHEKapOOHOBOE BPeMSA (KOHEL, TYDHENCKOro Beka) 6bl10
CBS3aHO 00OPa3oBaHMe YrneHOCHOM Toawm. OHO COMPOBOXA3N0CH COOTBETCTBYHO-
el CMeHoW maneoreorpaduyeckori 06CTaHOBKM C PasBUTMEM MPUOPEXHO-MOP-
CKMX, A€NbTOBbIX, PEUHBIX 1 OONOTHBIX GaLWi, T. €. CO34aHNEM KOHTVHEeHTaNbHOM
YrIeHOCHON GOopMaunn B OFPOMHOM MO MOLLHOCTW, NMPeyiMyLLIeCTBEHHO MOPCKOM,
0Cafj04HOM KOMTIEKCe CPefHero 1 BepXHero naneosoq [27].

HeraTvBHOe BO3feNCTBME Pa3spaboTK/ MECTOPOXAEHNS Ha re0N0rnMYeckyro
cpesy NpoABNAeTCs, B OCHOBHOM, B PaHULAX HUXHEro 1, oT4actu, cpegHero oT-
[1eN10B KaMeHHOYrobHON CUCTeMbl. 3aneraroLlmii HenocpeACcTBeHHO Moj, YraeHoC-
HOW TOJILLEN BOLOHOCHbLIV FOPU3OHT MPUYPOYeH K OTIOXEHVAM HUXHEro kapboHa
N BEPXHErO AeBOHA, KOTOPLIA MOAPA3AENSIeTcs Ha GaMeHCKU 1 QPaHCKLM Spychl,
CNNOXEHHbIE MPeNMYLLECTBEHHO V3BECTHAKaMN, NePeCcNanBatoLLMMNCA C TNHAUCTbI-
MU W 3BECTKOBO-TIVHUCTBIMI ClaHuamu. MOLWHOCTb ApYCOB paBHa COOTBETCTBEH-
HO 95-100 M 1 90-100 M. HVXHWIA OTAeN KapbOoHa BKIKOUAET TYPHENCKNIA, BU3EACKNIA
N CepnyxoBCknii apycbl. TypHeickuii apyc (Ct) nmeeT KapboHaTHO-TepPUreHHbIN
pa3pes, CNOXEHHbIA U3BECTHAKaMY, NecHaHnkaMy, aneBpoauTaMu U apruaanTamm
obLern MoLHoCTEH 350-450 M. B roxHOM YacTi bacceliHa paspes apyca BNseTca
NCKTKOUNUTENBHO KapboHaTHbIM. [ocneaHee 06CTOATeNbCTBO 0OYCI0BAMBAET (Takxe,
Kak y IeBOHCKMX OT/IOXEHMI) NOBLILLEHHYH A1t K3e10BCKOro 6accenHa 3akapcro-
BAHHOCTb TYPHENCKMX OT/IOXKEHNIA B BUAE KaBEPH 1 MoaocTen [28].

Bunseiickuii apyc nogpasgenderca Ha Tpy MOABAPYCa, HUXKHUI U COeAHUI U3
KOTOPbIX MPeACTaBNeHbl TEPPUTreHHbIM OTNOXEHUAMU YINEHOCHOV TOJLLM, & BEPX-
HNN — KaPBOHATHBLIMK NMopodamMiy. MoLHOCTb apyca 320-350 M. BepxHeBu3elncknia
NOABAPYC CIOXEH U3BECTHAKAMM C MPOCI0AMY JONOMUTOB 1 AONOMUTNIUPOBAHHbIX
N3BECTHAKOB, y4aCTKamu 3TV MOPOAbl B Pa3HOW CTerneHn okpemHeHbl. K noabapy-
Cy OTHOCUTCA KapbOHATHasd YacTb KyPTbIMCKOTO FOPU3OHTAE, HIKHAS TeppureHHas
4aCTb KOTOPOrO BXOAWT B COCTaB YrNEHOCHOW TOALWM. MOLLHOCTb KapOOHaTHOW Ya-
CTN KyPTLIMCKOrO ropr3oHTa 25-30 M, OHa CI0XeHa MUHUCTBIMI OKPEMHEHHbIMN
N OUTYMUHO3HBIMY N3BECTHAKAMU, KOTOPbIE, MO AaHHbBIM OYPEeHNA MHOTX AeCATKOB
MOA3EMHbIX TMAPOreoNOrMYECKNX CKBaXMH, ABNSHOTCA MPakTNYeCK/ He3akapCToBaH-
HbIMW 1 HEBOZOHOCHBIMW. MowHOCTE nogbdapyca 150-200 M. CepryxoBCKUI ApycC
nMeeT MOLHOCTE 0ko10 100 M 1 NpeACTaBaeH TeMU Xe OTNOXEHUAMY, YTO 1 BepX-
HEBW3ENCKMI MOABAPYC, NCKNFYAA HVXHIOK Mayky nocneaHero [28].

CpeaHnii KapooH MpeAcTaBneH OalLKMPCKAM 1 MOCKOBCKMM sipycamn. balu-
KVPCKNIA ApYC MMEEeT HEMOMHbLIN pa3pes, HUXHAS ero 4aCcTb B OCHOBHOM pa3mebiTa.
OTnoXeHNs apyca npeacTaBieHbl M3BECTHAKaMMN C MPOCIOAMMN B OCHOBAaHWUN W3-
BECTKOBLIX KOHIIOMEPATO-6pekynin MOLLHOCTEHO 40-60 M. MOCKOBCKMIA SpyC NOA-
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PA3AeNAeTCA Ha BEPXHUIA U HUXHIWI NOABAPYChI. HXHWUIA CNOXEH B OCHOBHOM -
HNCTbIMY M3BECTHAKAMW U M3BECTKOBUCTLIMY aprUainTamMmm MOWHOCTEH 40 130 M,
ABNAOLLMMUNCA B BacCeliHe peroHanbHbIM BOAOYNOPOM; BEPXHUIA MOABAPYC Npes-
CTaBNeH N3BeCTHAKaMU 1 gonoMuTamuy. ObLLas MOLLHOCTL spyca 225-270 M [27].

BbIxO4bl Maneo30MCKMX MOPOA Ha MOBEPXHOCTb MepekpbiThl YeTBepTnY-
HbIMW AeNt0BUANbHO-3/H0BUANBHBIM OTAOXEHNAMU MOLHOCTBHO OT 5 A0 160 M,
nNpun XapakTepHblx 3HaveHWAx 20-40 M. MOWHOCTb MOKPOBHbIX 06PAa3oBaHWM Ha
nnoLlaAn Pa3BUTUA KaPOOHATHBIX MOPOA, BEIMOMHAOLLMX CPEAHUE YaCTW CUHKAW-
HaNbHbIX CTPYKTYP, B LIENIOM 3HAUMTENbHO 60NbLUE, YEM Haj BbIXOAAMU YrNeHOC-
HOW ToMILWW. [TpeACTaBNeHbl HeTBEPTNUHbBIE OTIOXEHNSA CYTIHKAMU 1 CynecaMm no
BbIXOAaM YIIEHOCHOW TOALLM, CYTIMHKAMM 1 TAMHAMW — MO BbIXOLAaM KapOOHaTHbIX
nopoa [27].

HakonneHune oCaflouHOro Matepuana byayuiet yrneHoCHOW ToAWM (necka,
FNVIHBL, TOP®a) MPONCXOAMNO B YCIOBUAX OTPOMHOM MAOCKOW U LUMPOKOV PEYHON
[enbTbl OYeHb OONBLUOW Naneopeky, TekyLleld B MenkoBoAaHoe Mope. TopdsaHKA
BO3HMKANV B HU3UHHbIX MAOCKMX HON0TAX; XapKuii 1 BAAXHbIA CyOTPONNYECKUiA Ku-
MaT, FOCMOACTBOBAaBLMI B TO Bpems, 6n1aronpusaTCTBOBaN 3apacTaHuo UX Npermy-
LLIeCTBEHHO ApeBECHOM 6ON0THOWM pacTUTeNbHOCTLHO. KaMeHHbI Yrob MponsoLen,
rNaBHbIM 06Pa30M, 13 CMOPOBOIO U CTebeBOro Matepuana Ha3eMHbIX PacTeHu.
B cnopagmnyeckn BO3HMKaBLUMX MENKOBOAHBIX, 3aCTOMHBIX BOAOEMaXxX MPOUCXOAMNI0
OT/IOXeHVe canponenei [28].

CyLlecTBeHHbIM MOMEHTOM B BOCCTAaHOB/IEHWNN YCIOBUIA HaKOMNEHNS yrie-
HOCHbIX OTNOXeHW Kn3enoBckoro bacceliHa ABAAeTCS onpeAeneHue Mectornono-
KEHWNS CyLLIN, CNYXVBLUEN B YIIeHOCHOe Bpems 061aCTbio CHOoca. 10 3ToOMy BOMpOCy
CyLecTByeT pasg MHeHWN. A, T, KapnuHcknia (1919) cuntan, 4to B KaMEeHHOYrO/lbHbIN
nepunoj Ypan npeactaBnan cobor Lienb 0CTPOBOB CPeayn OTKPbITOro Mops. OCTpoBa
N OTMENN HEOAHOKPATHO MEHSNV CBOE MONOXeHMe, 0byCNoBANBaA pa3HOObpasve
OZHOBPEMEHHbIX OTNOXEHNIA. B MpUOPEXHbIX YacTsx Takoro Mops B 3TO Bpems Mpo-
NCXOANNO0 HAKOMIEHME YTNEHOCHBIX OT/IOXEHNNA.

. B. HanvknH (1942) npeanonaran, Yto yrneHoCHble oTaoxeHVa Kr3enos-
CKOTO HbacceliHa ABNFHOTCA Ae1bTOBBIMY OTIOXEHVAMI BONBLLION peky, CTeKatoLen ¢
CnBUPCKOro MaTepuka, KOTOPbLIV B HUXHEKAaMEHHOYTObHYH) 3MOoXy CyLLLeCTBOBa Ha
MecTe 3anafgHo-Cnerpckon HU3MEHHOCTY 1 CMBUPCKOM NnaTdhopMblI.

H. C. lT'opogeLkas [36], M. B. MaxomoB [134] cumTaroT, YTO CHOC 0610MOYHOrO
mMaTepuana nponcxoann C 3anaja U ceBepo-3anaga, Co CTOPOHbI BocTtouHo-EBpo-
nerickor nnatgopmel. B. B. Epemees [51] ykasblBaeT, YTO OCHOBHbLIMY NCTOYHKAMN
CHOCa TeppureHHOro Matepuana yrneHoCHon Gopmauny beian raBHbIM 06pa3oM
[leBOHCKME NecYaHble NMopoabl.



CTpaTurpaduyeckmii paspes yraeHOCHbIX OTIOXeHWI, Hanbonee NonHbIA B
LeHTpanbHbIX YacTax AenbTbl (KN3eN0BCKMM ParioH), K KpaeBbIM HacTam TepaeT CBO
4eTKoCTb. [1py 3TOM BMeCTe C YyMeHbLUeHUEeM MOLLHOCTN YINEHOCHbBIX OTJI0XeHNIA
NPONCXOAAT daumanbHele ee N3MEHEHUS. DTN N3MEHEHNA COCTOAT B MOCTEMEHHOM
nepexoge HafBOAHbIX AeNbTOBbIX OTNIOXEHNIA B MOABOAHbLIE, a 3aTEM B MOPCKME OT-
noxerus [27].

Mocne KOHTUHEHTaNbHOIro MepUoAa HAKOMIEHWUA HIKHEKapbOHOBOW nec-
YaHO-T/IMHNCTON YTNEeHOCHOW TOMLLM, B CPeAHEBM3ENCKOe BpeMd CHOBAa HacTynaeT
ANUTENBHBIA HEMPepbIBHBIA MOPCKOW PeXnM, MPOAO/IKABLUNACA 4O apTUHCKOro
BPEMeHW. 3a Nepuoz OT BM3e A0 NO3AHEro KapboHa 1 CakKMapCKoro Beka BKAOUM-
Te/IbHO, HAaKOMMAAaCh TO/LLA N3BECTHAKOB. TOIbKO Ha CPaBHUTENBHO KOPOTKUM Mpo-
MEXYTOK BPEMEHW B CpeAHEeM KapboHe Mope CUIbHO MeNeno, 1 ero 4HO NoACTyNnano
6113K0 K JHEBHOM MOBEPXHOCTU. TO HALLIO CBOE OTPaxeHne B HakonneHun 40-me-
TPOBOW TOALLM M3BECTKOBO-TNHNCTO-NECUAHUCTbIX OCaKOB C MOPCKOW GbayHOM, 3a-
NeraroLLMx Cpeamn N3BEeCTHAKOB MOCKOBCKOrO Apyca. B TO BpeMsi HxXHekapboHoBas
YrNeHoCHas ToALWa 6blna NorpyxeHa Ha raybriHy okono 1,5 kM, mpeTepresas cooT-
BETCTBYIOLLME reoTemMnepaTtypHble nMeHeHnd [27].

Ha pybexe Mexzay CakMapCKkM 1 apTUHCKAM BEKaMU CMOKOMHbIN 3MeiporeH-
HbI KoNebaTeNbHbIN PEXM CMEHSAETCH PE3KVIMI U MOBCEMECTHBIMU V3MEHEHNAMMY,
BbI3BaBLUVIMW Pa3MblB paHee 0bpa3oBaBLUMXCA OC3AKOB U OTIOXEHWE apTUHCKON
TONLLM, CIOXHOW MO NUTONOMMYECKOMY COCTaBy, CO CBOeObpasHom dGayHon. K KoH-
Lly apTUHCKOrO Beka YrofibHble MAacTbl ObINM NOrpebeHbl Mog ABYXKIOMETPOBO
TOALLEN KapOOHOBBIX M3BECTHSAKOB WM HWXHEMepMCKX necyaHnkos. [anbHenwee
HaKOM/eHNe BEPXHE-MEPMCKUX MOPCKMX OTJIOXEHWNIA (KYHTYPCKUN, Ka3aHCKUA 1 Ta-
TapCKNN APYCbl) MPONCXOANNO B YCIOBUAX MPOAOIXKABLUNXCA FePLMHCKIAX TEKTOHM-
YeCcKMX ABVXEHW, NPy OAHOBPEMEHHOM MPOrnbaHn NoBEPXHOCTH. ITO NPUBESNO K
eLe 60nbLUEMY MOrPYXEHNUIO HUXHE-KapbOHOBO MPOAYKTUBHOW TONLLM A0 ry6u-
Hbl 3-5 KM, CyAs N0 AOCTaTOYHO BbICOKOV CTaAMM MeTaMOpPdr3Ma KM3e10BCKVX Yren
(B Avana3oHe OT ANMHHOMIaMEHHbIX 40 XUPHbIX).

3akntounTenbHele ¢pasbl repLMHCKOr0 OporeHesa Ha rpaHunue naneososn u
ME30305 3aBepLIMN CO3aHNe BCeX OCHOBHbIX CTPYKTYPHbIX GopM bacceinHa. [o-
cnesyollan AnvTensHasa AeHyaaLms npr ooLleM NOAHATAN Ypana yaannna MOLLHbIN
MOKPOB BbILLIENEXALLMX OTIOXEHNA KapbOoHa 1 NepmMY (BO3MOXHO, 1 Me30305) 11 Bbl-
BeNa NPOAYKTUBHBIA HVXKHWA KAPOOH Ha AHEBHYH MOBEPXHOCTb, OOHAXMB Yrob-
Hble MNacTbl B KPbIIbAX 1 3aMKaxX COBPEMEHHbIX CKIaZoK.

Mog BAVAHMEM NPOAOCIXKNTENBHOTO BO3AEACTBNSA aTMOCPEPHBIX areHToB ”
MOA3EMHbIX BOZ, MPOAO/IKABLIEroca napanienbHo C geHyaalner Co BpeMeHn Kam-
HO309, @ BO3MOXHO 1 C KOHL|@ Me30309, Yro/lbHble MAacTbl 1 BMELLaroLLe UX rTopHble



nopoabl NpeTepneni CyLLeCTBEHHbIE V3MEHEHNS Ha BbIXOLax B 30HE OKMCIeHWVd,
OMyCKatoLLEeNCa A0 ryONHBI HECKONBKMX AECATKOB METPOB, a Horaa A0 100 v bonee
METPOB OT JHEBHOW MOBEPXHOCTN.

Bbicokoe coaepxaHue cepbl 00yC/I0BAEHO LWMPOKVM PAa3BUTVIEM OLOXW-
MUYECKUX MPOLEeCCOB CynbhaTpeaykuuu, Hanbonee 6naronpusaTHble YCI0BUA
NS KOTOPbIX CYLLEeCTBYHT NpW TOPGOHAKOMNEeHUN B NPUOPEXHO-MOPCKON 30He.
VIMEHHO Cepa ABNAETCA OAHWM 13 TNaBHbIX aKTUBHbBIX 31eMeHTOB Yr/1IeHOCHOW
TONUWM, KOTOPbBIM B 3HaYNTENbHOW Mepe npegonpedenser pH n OKUCanTeNb-
HO-BOCCTaHOBUTE/bHbIE YC/IOBUA HAKOMNEHWA U M3MEHEHWA OCaAKOB, KOHLEH-
TpaLMo 31eMeHTOB Ha CEPOBOAOPOAHOM bapbepe 1 X BbilllenaynsaHue B 30He
okucneHns [113].

Taknm 0bpa3oM, COBpeMeHHble 3KoNornyeckne nNpobaemMsl BO MHOTOM 00y-
CNoBAeHbI GauranbHbIMN YCNOBUAMN 06PA30BaHNA YrAeHOCHON GopmMaLLn 1 Aasb-
HelLIen NCTOPKE TeoIorMYecKoro PassnTua 1 0CBoeHUA Tepputopumn [111].

CHOC TeppUreHHOro Matepuana 13 boraTon MeTanIoreHn4Yeckor 30Hb! onpe-
Zennn BbICOKOe cofepXaHue MKPO3NEMEHTOB B YIIEHOCHOW TOALLE — HanbonbLUee
B YronbHbIX 6accenHax obiBlero CCCP.

CMeHa KOHTUHEHTaNbHOIO pexmmMa nocie GoOpMIPOBaAHNSA YIIeHOCHOW TON-
LUK NpKrBena K 06pa3oBaHMIO AOCTaTOYHO MOLLHOW TOMLLM M3BECTHAKOB. Bbixoa ee
Ha MOBEPXHOCTb 1 3HAYUTENbHOE APOBNEHUE B NEPNOS rePLMHCKMX TEKTOHNYECKMX
[BVIXEHVI BO MHOMOM 0BYCNI0BUAN B ja/IbHENLLIEM Pa3BUTHUE KapCTOBbLIX MPOLECCOB,
KOTOpble ABAAKOTCA MPUUNHON 3HAUNTEIbHbIX BOAOMNPOTOKOB B NMEPUOL IKCMyaTa-
LMW LAXT, @ MOC/e X 3aKPbITUS — BbICOKUX AeOUTOB M3N1BOB.

Takoe coyeTaHmne HebnaronpUATHeIX GakTOPOB: O4eHb BbICOKOE CoAepXaHue
MVIKPO3/IEMEHTOB, Cepbl B BUAE CyNbOUAOB, Pa3BUTME KaPCTOBbIX MPOLIECCOB — He
BCTPEYAETCH HIN HA OLHOM U3 YrObHbIX MECTOPOXAEHWI MM1pa. PaspaboTka mMecTo-
POXAEHUA 1 ero 3akpbiTie 6e3 MpoBeAeHNA COOTBETCTBYHOLLMX MEPONPUATAN Npu-
BENN TEPPUTOPUIO MPAKTUYECKM K IKONOTMYEeCKo kaTacTpode.

1.6. IT'APOrEO/IOrNYECKVE YC/TOBUA

Ha paccmatpriBaeMor TeppuUTOpUM MOA3EMHbIE BOAbI CBA3aHbI C YETBEPTNY-
HBIMI 1 MaNe030ACKAMIN OTIOXEHVAMY. BOAbI YETBEPTNUHBLIX OTJIOXEHWIA NPUYPO-
YeHbl K aIlBUIO pek W SNH0BMaNbHO-AeM0BMaNbHBIM CYyMecaM W CyranHKaM. Aito-
BMa/bHbIe OTNIOXEHVd, MPeACTaBNeHHbIe TafeyuHVIKOM, TPaBleM 1 MeckoMm, VMerT
BECbMa OrpaHYeHHoe pacnpoCTpaHeHue B BUAE Y3KMX MOAOC MO pyc/iaM 1 nonmam
pek, a Takke COXPaHMBLLMMCA peyHbIM TeppacaM. MOLLHOCTb aitoBng COCTaBaseT
6-16 M [29]. BcneacTBme Manow NAOWAaAM pacnpoCcTpaHeHUs 1 HeboNbLLION MOLLHO-
CTW, NNHOBMANbHBIV BOAOHOCHbLIV FOPU30OHT 06N1aAaeT He3HaUYMUTeNbHbIMU 3anacamu
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N He 1CNOoNb3yeTca B bacceiHe Ans BOAOCHAOXeHWA. [maporeonoryyeckas kapra
TeppuTopun npeacTasneHa Ha puc. 1.15.

DNIHOBMNANBHO-AENI0BYA/IbHbBIE OT/IOXKEHNS MOKPBIBAFOT NMPAKTNYeCKn BCH Tep-
pUTOPUIO HaccerHa 1 Hag KapboHaTHbIMKU MOPOAAMKU AOCTUrar0T MOLWHOCTY B Ae-
CATKM MeTPOB. CNOXEHbBI OHW MPENMYLLECTBEHHO TINHAMM 1 CYr IMHKaMU C HU3KMM
GUNBTPALMOHHBIMI CBOUCTBaMW. BCiefcTBme HU3KUX GUAbTPALMOHHBIX CBOMCTB
SNH0BUNANBHO-AEMOBNANBHBIX OTNOXEHUN, N3MEHUMBOCTY MX MOLLHOCTU 1 INTONO-
MMYeCcKoro CoCTaBa, B 3TUX OTIOXEHUAX OTCYTCTBYHOT BblAepXaHHble BOLAOHOCHbIE
FOPM30HTBI CO 3HAYUTENBbHBIMI 3anacamn. [na AaHHbIX OTNIOXEHW XapakTepHbl
NOZ3eMHbIE BOAbI TVMa BEPXOBOLKM, MPUYPOHEHHbIe K IMH30BUAHBIM MPOCIOAM Cy-
necu, NuUTaroLLVe NepuoaMYEecKn AeNCTBYHOLLME UCTOUYHNKM C AebuTom ao 1,5 a/c.
Beuay BecbMa HebOMbLUMX PECYPCOB MOA3EeMHbIe BOAbI 3NH0BMaNbHO-AENt0BVab-
HbIX OTJIOXEHNIA He MPeACTaBNSIOT MHTepeca ANs LIEHTPan30BaHHOro BOAOCHabxe-
HW1. B TO Xe BpemMd, Camm 3T OTJIOXKEHNS BO MHOIMOM OMNpPeAenatoT yCI10BNSA MUTaHUA
HXeNexXallmx BOLAOHOCHBIX FOPU30HTOB B MOPOAax naneo30nckoro Bo3pacta.

B cootBeTCTBUM C rMAPOreonoryecknm parnoHnpoBaHem [57] BOCTOYHasA
YacTb MepMCcKOro kpast OTHOCUTCH K BosbleypanbCKoMy CNOXHOMY bacceliHy Kopo-
BO-6/10KOBBIX (M1aCTOBO-0/10KOBbIX) 1 M1aCTOBLIX BOA.

MoasemHble BOAbI B HacceliHe npeacTaBieHbl CNeAyroMu BOLOHOCHbIMN
KOMMeKCamu:

* TPeLUMHHO-KapCTOBble BOAbl KAaPHOHATHBIX OTNOXEHUI HXKHER NnepMn 1
cpeaHero KapboHa (BepXHMIA HaayroNbHbIN BOAOHOCHbBIA KOMMEKC);
TpeLIMHHO-KapCTOBble BOAbI HALLKMPCKOrO fpyca CpeaHero kapboHa u Bu-
3elCKOro Apyca HKHero KapboHa (HUXHUM HafyrobHbIM BOAOHOCHBIA KOM-
rnnekc);

* TPELUMHHO-MNACTOBbIE BOAbI YIIEHOCHOW TOLLM;

* TPELLMHHO-KapCTOBble BOAbl KAapOOHATHbBIX OTNOXEHWUI TYPHEMCKOro Apyca
HWXHero KapboHa v cpefHero AeBoHa (MOAyronbHbIA BOAOHOCHbIN KOMMIEKC).
Kpome 3T0ro, mocne 3atonneHnss 0TpaboTaHHbIX LWaxTHbIX MOfel B cocTaBe

YINeHOCHOW TOMLLM 06Pa30BaCs TEXHOreHHbIN FTOPU30HT WaxTHbIX BOA [58, 60, 61].
PaspabaTbiBaeMad yriieHOCHad TOALLA PACNONOXEHa MEXAY BOAOHOCHbBIMM KOMIMIEK-
CaMU TPeLLUMHHO-KapCTOBbIX BOZ KapbOHATHBIX OTAOXEH N, YTO 0BYCNOBUNO BbICO-
Kyrto 06BOAHEHHOCTb YroNbHbIX WaxT [140, 141].

Bon006/NBHOCTL BOAOHOCHBIX FOPV30HTOB Hax0AMUTCA B MPAMOI 3aBNCMO-
CTV OT KO3QOMUMEHTa 3aKapCTOBAaHHOCTM MOPOA, BEANYMHA KOTOPOro BapbupyeTcs
o1 0,5 A0 8%. BOAOHOCHbIE FOPU30OHTBI HALYrONbHbIX KAPOOHATHBIX OTNIOXEHWI Xa-
PaKTEPU3YIOTCA COTHAMY MUITIMOHOB KYBUYECKNX METPOB CTaTUYECKMX 3aMacoB MOJ-
3eMHbIX BOA. BoAonpuUTOKM B TOpHble BbIPAbOTKM GOPMMPOBANMCh, rMaBHbIM 06pa-
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PucyHok 1.15.

rmaporeonoryyeckas kapTa paiioHa ncciefoBaHUMi

YcnoBHble 0603HaYeHns

rnaporeosniornyeckmne noapasgeneHus

BOJOHOCHBIVi FOPU30HT YeTBEPTUYHbIX
anntoBranbHbIX 06pasoBaHuWii. Meckw, rpaBui,
rasie4yHuK C MpPoCIoAMU CYyr1nHKOB, MINH, cynece|7|

BOJOHOCHbIV FOPV3OHT LUELLIMUHCKNX OTN0OXEHWNIA
ydumMckoro sipyca. lNecyaHviku, aneBpoinTh,
aprunanThl, Meprenu, 3BecTHAKN

BOZOHOCHBI FOPU3OHT CONMKAMCKIX OTNIOXEHUI
YPUMCKOro sipyca. M3BECTHSIKM, Meprei, NecqaHmkm,
aneBpo/UTHI

BOJOHOCHbIV KOMMEKC OTNIOXEHWUIA KYHTYpPCKOro
Apyca. rl/ll'leI, AHTNAPUTBI, N3BECTHAKW C MPOC/10aAMUN
conew, meprenew, ruH

BOAOHOCHBIV KOMMeKc ACCeNbCKO-apTUHCKNX
OTNOXeHW. MecyaHnKn, aneBpoONNTbl, aprUANNTbI
C INH3aMun Meprenel?l, 3BECTHAKOB, KOHI1IOMepaToB

BOAOHOCHbIV KOMMAEKC CpejHero 1 BepxHero
Kap60Ha. |/|3BeCTHFIKI/I, AONOMUTbLI C MPOC/IOAMN
necyaHVKoB, aneBpoNNTOB, aprUANNTOB, Meprenein

BOAOHOCHBIV KOMMIEKC HVXXHEro 1 cpejHero kap6o-
Ha. VI3BECTHSIKY, A0NIOMUTLI C MPOCN0SIMU NMEeCUYaHNKOB,
aNeBpOINTOB, aprUIINTOB, KAMEHHBIX yrel

BOAOHOCHBIV KOMMAEKC Kap6OHATHbIX OTNIOXEHW
cpeaHero AeBoHa - HUXKHEro Kap6oHa. M3BecTHsiky,
AONIOMUTBI C MPOCNOSIMM NECYaHNKOB, aNeBPONTOB,
aprunanTos

BOJOHOCHbIV KOMMAEKC TEPPUTreHHbIX OTN0XEHWIA
A€BOHa. neCHaHVIKVI, aneBpoONnTbIl, apruninTbl,
TMNHNCTbIE N KPEMHUCTbIE CNaHLbl

BOAOHOCHBIV KOMMIEKC KAp6OHATHBIX OTIOXKEHWI
CUNYPa - HKHETO fieBOHa. VI3BECTHSIKY, 0NIOMUTLI
C NPOCNOAMU TNHUCTBIX Y KPEMHUCTbIX CNaHLEB

BOAOHOCHBIV KOMMAEKC TEPPUreHHbIX OTIOXEHNIA
BepXHero seHja. MecuaHwukuy, aneBpoONnTLI, aprnnnun-
Tbl, KOHFIOMEpPaThl

BOAOHOCHbIVI KOMMNEKC TeppureHHbIX

1 MeTaMOPPUUECKNX OTNOXKEHUI HUKHErO BeHAA.

CﬂaHL{bI, aneBpoONnTbl, aPriinTbl, NeCHaHNKN

¢ npocnosamu 3¢pdy3rBoB, 6azanbToni0B
BogonposiBneHus

KPYMHble POAHUKY (C AebuToM 6onee 10 n/c)

MeCTOpOXAeHWsi NpeCHbIX NOA3eMHbIX BOA

naoLwazn rpynn BoA006UAbHbIX 30H

BacceiiHbl MOA3EMHOrO CTOKa
(BCETMIHTEO, 1990, 1998)

BoctouHo-EBponelickas
cuctema bacceliHos

BocTouHo-Pycckuii

111-3 o o
CNOXHBbIN bacceliH
Kamcko-BaTckunin

I-3-1 o o
CNIOXHBbIN 6acceliH
O6BNHCKO-VIHBBUHCKWIA

11-3r-3r o
6acceiiH
TynsuHckas rpynna

111-3r-4 ynsn 24
6acceliHOB
BabKunHcko-NpeHbckuii

111-37-46 "’ P
6acceiiH

-7 MpeaypanbCkmii CNOXHBbI
6acceiiH
CeBepo-lpegypanbckuii

-7 A o
6acceiiH
Kamcko-Yycosckas

1-7A-1 yeos:
rpynna 6acceiiHos
3anagHo-Convkamckuia

-7A-1a Ar
6acceiiH

eHTpanbHo-Convkamekuii
7a6 | HeHTP:

6acceiiH

BoctouHo-Convkamckuia

I1I-7A-18 o
6acceiiH
Ydumcko-Yycosckas

1-7A-2 ¢ yeo
rpynna 6acceliHos
3anagHo-4YycoBckoi

111-7A-2a ARO-TY
6acceiH
BocTouHo-YycoBckoi

1-7A-26 HO-TY!
6acceiH

XI TaliMbIpo-Ypanbckas
cucTemMa bacceiHoB

X1-2 Bonblueypansckuii
CIOXHbIN 6acceliH
Ypanbckuii

XI-2A panscky )
CNIOXHbIN 6acceliH
CpesHe-Ypanbckuii

XI-2A-1 peane-Yp
6acceiH
3anagHo-Ypanbckuii

XI-26 AHO-SPanse
C/IOXHbIN 6acceliH
Knsenoscko-Apy>XMHUHCKMI

XI-26-2 oBcko-Llpy
6acceiH

FpaHunybl
Kvi3enosckoro yronbHoro
=TT  6acceiHa
rMAPOreonornyeckmnx
noApaszjeneHunia
e 00/12CTV CCNEA0BAHNA




30M, 33 CHET TPELLUMHHO-MNACTOBbIX BOZ YrNEHOCHO TOLLM U TPELLMHHO-KaPCTOBbIX
BOJ, HWXHEro HaZyrosibHOro BOAOHOCHOIO KoMnaekca [49, 127].

B13encko-apTHCKMIA  BOLOHOCHbLIM KOMIMIEKC TPELUMHHO-KapCTOBbIX BOZ
Ha naowaan KnsenoBckoro bacceriHa COCTOUT W3 ABYX BOAOHOCHbLIX FOPU30HTOB!
MOCKOBCKO-apPTUHCKOIO 1 BU3EMCKO-0aLLKMPCKOro, Pa3deneHHbIX pPervioHaabHbIM
BOAOYMNOPOM HWXHEMOCKOBCKOro noabapyca [47]. BansHue ropHeix paboT orpa-
HUYMBAETCA B OCHOBHOM BW3EMCKO-0aLLKNPCKNM FOPU30HTOM, KOTOPLII U ByaeT
paccMaTprBaThCa Hvke. [laHHbBIA FOpU30OHT ABAAeTCa Hanbonee BOAOOONIbHBIM.
YaenbHble AebuTsl BCKPbIBLUMX €0 CKBaXMH NpeBbILLatoT B cpeaHem 1 n/c. K ropu-
30HTY MpUypOYeH paa UCTOYHKKOB C Aebutom 6onee 100 n/c. TpeluHHO-KapCToBble
BO/b! TOPV30HTa B €CTECTBEHHbIX YCIOBUAX MMERT MMAPOKapbOHATHO-KabLIEBIN
COCTaB U MUHepanmsaunio 4o 0,5 r/am®. OHM NCNONb3YKTCA ANA BOAOCHAOXEH NS ro-
poaoBs Knsena v pemaumHcka, n. C. Kocnawcku,

Br3eicKo-6aLLKMPCKUA FOPU3OHT NPUHMMaN y4acTvie B 06BOAHEHWN 6ONbLUNH-
CTBa WaxT bacCenHa, CTaHOBACh Ha MHOMMX 13 HIX, BK/IFOYAA KOCMALLCKME LUaxThl, OC-
HOBHbIM NCTOYHMKOM GOPMUPOBaHNS LIaXTHbBIX BOZ [47]. B pe3ynbTaTe CpaboTky ecTe-
CTBEHHbIX 3aMacoB rOPU30HTa, YPOBEHb TPELLMHHO-KAPCTOBbLIX BOA Ha PAAE LLAXTHbIX
noset OCHOBHbIX MECTOPOXAEHNIA YA MOHWU3WUICA Ha COTHWU METPOB OT eCTECTBEHHOMO
[59, 61]. VickntoueHmeM ABnAeTCs [peMsaumnHCKOe MeCTOpOXAeH e, rae ropHble paboTbl
OKa3bIBaNM CPABHUTENBHO HEOONBLLIOE BAUAHME HA YPOBEHHBIV PEXIM BOAOHOCHOTO
ropvi3oHTa. Ha KocnaluckoM MecTopoxaeH/ YPOBeHb BOZ PacCMaTpyBaeMOro ropu-
30HTa MOHM3WICA OT eCcTecTBeHHOro nonoxeHua Ha 140 M Ha nongax waxt vm. 40 net
B/IKCM 1 «Kocnatuckag» 1 Ha 290 M Ha none waxTbl «LLInpokosckad». B pesynbTare Ha
BOCTOYHOM W FOXXHOM KPbIbsAX LWaxTbl «LLINpoKoBCKag» BU3eMNCKO-06aLLKMPCKINA BOAO-
HOCHBIV FOPU30HT BbI CAPEHVPOBAH rOPHbLIMY BbIPaboTKamMu MOAHOCTBLIO.

Takum 0bpa3oM, BCNeACTBME APEHNPYHOLLEro BAVAHUA MOA3EMHbBIX FOPHbIX
paboT Ha rMMAPOANHAMUYECKU PEXIM BN3ECKO-0aLLKMPCKOrO BOAOHOCHOMO Fropu-
30HTa, ABVXEHE NMOA3EMHbIX BOZ FOPU30HTa OKa3a0Ck HarnpaB/ieHHbIM He B CTOPO-
HYy eCTeCTBeHHbIX 0061acTen pasrpy3ku, a B HanpaBaeHN ropHbIX BbIpaboToK LLAXT.
Ha 0CHOBHbIX MECTOPOXAEHVIAX NCHE3M BbIXOAbI MOA3EMHbBIX BOJ, MPUYPOYEHHbIE K
[aHHOMY FOPW30HTY, B TOM YnC/ie rpyrnna MCTOYHUKOB Ha NnoJie WaxTbl M. JIeHnHa,
NCTOUHKK B pycne p. lNybalkm Ha KOCbBUHCKOM MECTOPOXAEHNN, UCTOUHUK prdOoH
Ha [PemMAYHCKOM MECTOPOXAEHN 1 UCTOYHWKN B MeXAypedbe pek Nonys. Knsen v
BocT. Knsen Ha KocrawckoM MeCcTopoXaeH M.

MPOAOIXNTENBHOCTL 3aTOMIEHUA LLIAXT, PACMONOXEHHbIX B Pa3HbIX Fe0N0M-
YeckxX CTPYKTYpax, pasnvyHa n namerdnacs ot 3 4o 10 net [55]. [1o Mmepe pa3suTng
npoLiecca 3aTONIeHNS, BeIUYHA Hanopa 1 06beM NpUTeKaroLLMX B BblpaboTaHHOe
NPOCTPAHCTBO MOA3EMHbLIX BOJ YMEHBLUAKTCA; COOTBETCTBEHHO MPOUCXOAUT 1 CHU-
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XeHVe CKOPOCTU MOAbeMa YPOBHS LUAXTHbIX BOA. Takim 0b6pa3om, Mocie MoaHOoro
33TOMNEeHNA BbIPabOTaHHOIO MPOCTPAHCTBA YPOBEHb MOA3EMHbIX BOZ, MOHVIXEHHbIN
B pesy/ibTaTe PaspaboTky MECTOPOXAEHNS, BOCCTAHOBUICA U MPUHSAA MPaKTUYeCckn
nepBOHa4anbHOE MONOXEHMe, a B 3aTOMIEHHOM BbIPAOOTaHHOM MPOCTPaHCTBE
00pa3oBanvCb FOPU3OHTbI 3arpPA3HEHHbIX LAXTHbIX BOZ CO CTaTUYeCKUMMN U A1Ha-
MUYEeCKMMI 3anacamyl, 06nacTaMu MUTaHUA 11 Pas3rpyskn, CBOUM MMAPOXUMUYECKIM
COCTaBOM. B 3aBNCMMOCTM OT KOHKPETHbBIX TOPHO-Te0NOMMYECKX YCI0BUIA 06BbEMBI
N3VBAROLLVIXCA LLAXTHBIX BOA COCTaBNAT OT 15 A0 80% BeNUMHEI BOLOMNPUTOKa B
LWaxTbl B Mepriog Ux skcrtyataumn [127].

1.7. KAPCTOBBIE MPOLLECCHI

OcobeHHOCTBI0 K13eN0BCKOro yroNbHOro bacceiiHa SBAAETCA NHTEHCBHAA
3aKapCTOBaHHOCTL ero Tepputopunn [5, 94, 158, 168, 177]. KapcTyrowmecd nopoael
3aHMMatoT bonee 75% nnowlaan parioHa [88, 89].

PasBuTre coBpemMeHHOro Kapcra BO3MOXHO TO/IbKO B nMpejenax CTPyKTyp C
AKTVBHBIM TEKTOHUYECKMM PEXMMOM, FAe B pe3y/ibTaTte MONOXUTENbHbBIX 4BUXEHW
KapCTyroLLMeca Nopo/bl OKa3blBatOTCA B 30HE aKTVMBHOIO BOAOOOMEHa. TekToreHes
HOBeWLLIEro 3Tana pasBUTVSA reOCTPYKTYP HaxOAUT OTPaXeHue B OCODEHHOCTAX pe-
Nbeda, MOLLHOCTI 30HbBI aKTUBHOIO BOAOOOMEHA 1 KapcToBaHWs. KapcT npoTekaeT
B 30He rmrnepreHesa 1 OTHOCUTCA K 3K30reHHbIM npoLeccam, 0byCnoBAVBaETCA He
TONIbKO a30HaNbHbBIMY CTPYKTYPHO-Fe0I0rMHeCK MU (TEKTOHKOW, KOHTPOMPYHOLLIEN
pacnpejeneHie KapCTyroLMXCA MOPOo4 Pas/InyHOro Bo3pacra U CocTasa), Ho U 30-
HabHbBIMU KNMMaTUYeCKMI YCIoBUaMA [34].

CornacHo panoHMpPOBaHUIO epMcKoro kpas, npeaioxeHHomy K. A, Topby-
HOBOW, TEPPUTOPUS OTHOCUTCA K K3e10BCKOMY KapCTOBOMY paioHy KapOOHaTHOro
KapCTa 3anagHo-YpanbCckoi CKNaa4vaTon 30Hbl, KOTOPbLIN NPOCTMPaeTcd ¢ cesepa, OT
BEPXHEro TeYeHns p. A3bBbl 1 MPaBobepexHOro baccenHa p. Buxanxu, Ha tor, Jo
MEXaypeubsa pek YCbBbl 1 Buibsbl, 1 UMeeT niollags B 5405,62 km?. Takke Teppu-
TopuA bacceliHa NPUXOANUTCA Ha YyCOBCKOW KapCToBbIN parioH (puc. 1.16) [32, 70].

Ha nccnegyemor TeppuTtopun Habmto4aeTcs YepeAoBaHye 3aKapCTOBaHHbIX
1 HE3aKapCTOBAHHbLIX 30H, CBA3AHHbIX C pasnynem JUTONOrMYECKOro 1 XMMUYeCcKo-
ro coctaBa nopog (puc. 1.17). Hanbonbllas 3akapCToOBaHHOCTb HabntogaeTcs B 60-
niee YnCTbiX (Mo XMMUYECKOMY COCTaBY) M3BECTHAKAX 1 AonoMUTax [17].

CoBpeMeHHas CTPYKTypa KapCTOBbIX MaCcCMBOB 3aK/1ablBanacb B eCTecTBeH-
HbIX YCIOBUAX ONNIOLEH-MUOLIeHa B pe3ynbTaTe AeATeNbHOCTY BOAHbBIX MOTOKOB,
HanpaBAeHHbIX MO NPOCTMPAHMIO TPELLMHOBATEIX M3BECTHAKOB K MyOOKO Bpe3aH-
HEIM PEYHBIM JONIMHAM, UTO 1 OBYCNOBUIO NX 3aKapCTOBaHHOCTL A0 My6uHbl 1000-
1100 ™ [46, 48].
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PucyHok 1.16.
YcnoBus 3aneraHuns KapcTyloLLMXCs NOpPoA B CKNaA4aTon 30He Ypana [28]
1 - KapbOHaTHbIE MOPOABI, 2 — TEPPUreHHbIE MOPOAbI, 3 — Pa3pblBHbIE HapyLLEeHNS

KapcrytoLypmecsa nopojel — M3BECTHAKN (TINHNCTbIE, OUTYMUHO3HbBIE, OKpeM-
HeHHble, JOIOMUTU3MPOBAHHbIE, C KOHKPELMAMU U YNCTbIE), AOOMATDI, a Takxe Mep-
resiv BCTPEUaroTCA BO BCEX YACTAX reoIorMyeckoro paspesa, 04Hako bonee passuTel
B €ro BepxHKX, KapOOHOBOW ¥ MEPMCKON, YacTaX. 34eCb OHW 06Pa3yoT 3HaUNTENb-
Hble MO MOLLHOCTM (200-600 M) TONLLYM, B KOTOPbLIX aKTMBHO Pa3BMBAarOTCA KapCTOBblE
npoLeccel. YrneHocHaa To/LWa CI0XeHa necyaHikamy, aneBpoanTamn, apruaanta-
MV U TANHUCTBIMU CIaHLaMK, € MPOCIOAMIN N3BECTHAKOB. BO BCEX UTONOMMYECKMX
Pa3HOCTAX MOPOZ TOMLLM LUMPOKO PacnpoCTpaHeHbl BKIKOUEHS TOHKOPACCEAHHOrO
NMPNTa, HO BCTPEYALOTCA M Xe/Baky, BECOM B HECKO/IBKO KuaorpaMmmos [37]. Hanu-
yvie B TONLWE CyNbOUAOB Xenesa UrpaeT BaxHeNWwy ponib B GOPMUPOBAHIN KNC-
NOTHO-arpeccnBHbLIX CBOVCTB BOJ, MPOCaYMNBAOLLMXCA Yepes Hee.

KapboHaTHble OTNOXEH NS BN3EICKOro 1 CepryXOBCKOro SpycoB Ha TeppUTo-
pyn K3enoBckoro bacceliHa OTINYarTCAa Havboee BbICOKOM 3aKapCTOBaHHOCTLIO.
o maTepranam Ypanbckor KapCcToBOW CTaHUMM, CPeAHNA OO BbEMHBIN KOIOOULINEHT
3aKapCTOBaHHOCTM 3TUX OTAI0XEHWIA cocTasnseT 4,67%, LoCTVUras B OTAENbHbIX CI1y-
yaax 20% n 6onee [17].

PasBuTVE KapCTOBbIX MacCMBOB MPVBENO K 06Pa30BaHNI0 MMAPOANHAMUYECKHN
CBSI3aHHOW KapCTOBOW APEHAXHOM CUCTEMbI, OObEeANHAOLLIE CNeAyHOLLINE SNEeMEHTLI:

* MOBEPXHOCTHbIE MarucTpanbHble BOAOTOKN (TPaH3UTHbIE KapCTOBbIE Peku);
* MPUTOKM MarncTpanbHeIX ApeH, MPUypoYeHHble K KapCTOBO-3PO3MOHHbBIM /10-
ram (Manble peku € NoA3eMHO-MOBEPXHOCTHLIM MOTOKOM)
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Kunsenosckoro yronbHoro 6acceiiHa
KapCTOBbIX PaiioHOB

061acTn NccneAoBaHvs

KapcTytowmecsa nopogbl

rNC, aHrNApPUT € Navykamn
V3BECTHSAKOB 11 J0/IOMUTOB

N3BECTHAKN

V3BECTHAKW, AONOMUTBI

V3BECTHAKM, JONOMWUTbI, MEpPrenu,
necyaHVKn, anesposnThbl,
FNNHUCTbIE CNaHLbl

KapcToBble palioHbl
I Yycosckoit

Il Knsenoscknit

Il Conukamckuii

IV MonasHeHckuit

Illupoxosckpe

Prncyrok 1.17.

KapcT Knsenosckoro yronbHoro 6acceiiHa [32]
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* NOA3eMHbIe BOZOTOKM, IOKaAM30BaHHbIe BAOb TNTONOMMYECKAX TPAHNLL, U Tek-
TOHNYECKVX AV3BHOHKTNBOB. [o3eMHas xnMmnyeckas geHyaauna (7-17 Mkm/roa),
BO3AEVCTBYE OPraHNYeCcKX KMCIOT TaeXHOM BUOMACChl W YrNeKNCI0TbI MOPOAbI
cnocobcTeoBanyt popmmnposaHmnio HCO,~Ca Bog ¢ MyHepanmsaumen 0,06-1,5 r/n
1 HEeNTPanbHOM cpeaon (pH 7,3-7,5) B kapboHaTHbIX ToALLax [69, 209].
ICTOUHWKM 13 KaPOOHATHbBIX OTJIOXEHWUI YINEHOCHOW TOLLM B 30HE BAIVAHNUS
LAXTHbIX MONeN OTHOCATCS K MepruoanYecki AeMCTBYHOLLMM. VIX 1e6UThl BO3pacTatoT
nocne foxaen, B page cnyvaes 40 50 1/¢, Npy MUHNMaNbHbIX 3HaueHnax 1-3 n/c. Am-
NNNTYyZa KoNebaHnin 4ebUTOB NCTOYHVIKOB B 001aCTV BbIXOAOB KAPCTOBLIX BOZ 33 TOT
NIV MHOW MEepUOL 3aMeTHO MeHbLLe ammnInTyA N3MEHEHUA PaCXOL0B MOBEPXHOCT-
HbIX BOAOTOKOB B 061aCTX MOMNOLLEHMSA 33 TOT xe Cpok [38]. MpUTokM MarucTpanb-
HbIX APeH OTIMYArOTCA CMEHOW MOBEPXHOCTHOIO CTOKA Ha NOA3eMHbI 1 Ha0b0pOoT.
KapctoBble MOTOKM CO CMeLUaHHbIM aTMOCPEPHBIM U MOA3EMHBIM MUTAHWEM, Pa3-
rPY3KOW B BIAE MCTOYHMKOB B KPYMHble KapCTOBble pekn ABNAHTCA BaXHbBIM 3BEHOM
B rMMAPOANHAMNYECKOW CCTEME KaPCTOBOrO MacCMBa B YaCTHOCTH, 11 3KOIOTMYECKOW
CMCTEMbI PervoHa B Lenom [69].

KapcT pervioHa, no knaccudukaumm . A. Makcumosmya [91], OTHOCUTCS K ro-
JIOMY 11 MOKPBLITOMY TUMAM, YTO ABNSETCH OAHUM 113 GaKTOPOB 3aBUCMOCTI pexmnmMa
KapCTOBbIX BOA 30Hbl akTUBHOW LPKYALMN OT pexmnma aTMOCGepHON LpKyAaumm
0CafkoB [32]. TeppuTOpUS NCCNEfOBaHUA XapakTepu3yeTca HauboNbLUNM KoanYe-
CTBOM aTMOCHEpHbIX OCaJKOB Ha Ypane, BbICOKOW BAAKHOCTLIO M ManbIM Mcnape-
Hurem. Okono 30% Bcex BbIMagaroLLxX OCaAKOB MPOHMKAEeT Ha rybuHy 6narogaps
NHOUNBTPALMMK, MUTAsA NOA3EMHbIE BOAbI. VICTOYHUKOM MUTaHWA KapCTOBbLIX BOZA, Ha-
pSdy C BbINaAAtoLWLMMM OCaAKaMU, ABNAKOTCSH MOBEPXHOCTHbIE BOAOTOKY, TepAroLLMe
NOMHOCTBIO UM YaCTUYHO CBOW pacxos Ha 61aronpusaTHBIX 419 BOAOMOMIOLWEHMA
yyacTkax cBOero TeueHus [38].

PacnpocTpaHeHHbIMKU GOpMaMI ABNAKOTCA BOPOHKM, KOTIOBKHbI, KApCTOBbIE
Cyxoz0nbl, mewepsbl (puc. 1.18) [31].

34echb 3aperncTpmupoBaHo okono 1500 kapcToBbIX BOPOHOK [115] pasnmuHbIx
bopwm: bntoaLeobpasHble, BOPOHKOODPA3HbIe 1 KONOALEe0bpa3Hble, ANaMeTPOM OT
2-3 po 30-40 m n 6onee [46]. CpeaHAs NNOTHOCTb BOPOHOK Ha MIOWAAMN Pacnpo-
CTpaHeHVa KapboHaTHbLIX MOPOA COCTaBAAET 3,8 GOPM/KM?, AN BU3ENCKMX N3BECTHA-
KOB OHa focTturaeT 6 dopm/km? [93]. IMond KapCTOBBIX BOPOHOK Yallle MpUypoYeHbl K
MOMIOTVIM CK/TOHaM BOZOPa3AenoB C HakNoHOM 1-20 rpasycos (C yBennyeHnem Kpy-
TU3HbI MOBEPXHOCTM CKJIOHOB, KONMYEeCTBO BOPOHOK YyMeHbluaeTcd) [89], K NVHUAM
TEKTOHUYECKVX PA3/IOMOB 1 KOHTAKTaM Yr1eHOCHOW TOJLM C M3BECTHAKAMU.

Bonee KpynHbIMM GOpMaMy ABAAKOTCSH KOTAOBUHbBI — AeNpeccin NNoLAAbH0
[0 HECKO/IbKUX KBaApPaTHbIX KUIOMETPOB [37]. 3HauMTebHaA 3akapCTOBaHHOCTb
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PucyHok 1.18.
KapcTonposiBneHus B 6acceliHe cpegHero TeveHms p. YcbBbl [30]

TEPPUTOPUM 0OYCNIOBAMBAET MOHXEHVE YPOBHS MOA3EMHbBIX BOJ, MO OTHOLLEHNIO K
pycnam Menkmx 60KOBBIX MPUTOKOB, YTO MPUBENO K MOTOLLEHMIO MOBEPXHOCTHOIO
CTOKa 1 06pa3oBaHMIO CyXO40N0B Ha pekax [32].

Cyxo40nbl B 60bLUVHCTBE C/lyYaeB NPeACcTaBNaoT CTaANt0 PAa3BUTUA PeYUHbIX
[AONNH, MOKMHYTbIX MOBEPXHOCTHLIM MOTOKOM, KOFAa MO HAMU MMEETCH TONbKO MOA-
3eMHbI CTOK BOZ, MOTNOLLEHHbIX NoHopamn [92]. CnefyeT pasninyats Cyx040/1bl-0B-
parn 1 peyHble CyxoAobl.

CyxoA0nbl, HaxOAALMECH Ha OBPaXHOW CTafAnn, Ha3blBalOTCA Ha Ypane Kap-
CTOBbIMM IOTaMu, @ Takke KapCTOBbIMM OBparamu. IT0 HadalbHasd CTafna passu-
TS 3PO3NOHHbBIX AONNH B KapCTOBBIX paiioHax, Korja elle He BCKPbITbl MOA3eMHble
BOAbl. OT 0BbIYHEIX OBPAroB 1 JI0r0B 3TW CyXOAObl OTANYAKOTCA TEM, UTO UX AHO, a
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MNHOrAa W CKIOHbI, OC/IOXHEHbBI KaPCTOBbIMY BOPOHKaMu. 10 CyLLecTBY, 3TO 3PO3MOH-
HO-KapCTOBbIe OBparu N nora. Passutne Takux JONNH MPOUCXOANT B OCHOBHOM 3a
CYET 3p03UK (M akKyMyIALMM) NPK yHacTum kapcta [92].

PeuHble CyxoLo/bl ABNAIOTCA KOHEYHOW CTanein passnTug 4ONNH B KapCTo-
BbIX parioHax [30]. OHM BO3HWMKAKOT TOrAQd, KOrAa, BCIEACTBME MepeBoAa MOBepx-
HOCTHOIO CTOKa Ha MOA3EMHbIV, BOAOTOKM MOKMAAIT PEUHYHO A0AUHY. [TpOnNCXoanT
3TO MOCTENEHHO, NpUYeM 0BbIYHO ANMHA CyXOro pyc/ia MepuoANYEecki, a 3aTeM 1 Mno-
CTOAHHO YBENNYMBAETCA OT YCTbA K BEPXOBbLH0. TaKOW perpeccrBHbIA NyTb pa3sBuUTHA
CyXOZ0N0B 0BYCNOBAEH TEM, UTO peKa WUav pyyer MMEeT HaubonbLLUNA 06bEeM CTOKa
B yCTbeBOW YacTtn [91].

MoA3eMHbIN KapcT NpeAcTaBaeH KPyrHbIMY MOAOCTAMN, KaBepHaMu 1 nopa-
MK, a Takxe newlepamu (puc. 1.19). BcTpeuatoTcd KaBepHbl OBafbHbIe, 3ANMCON-
fanbHble, TpybyaTble, HenpaBWabHON GopMbl. CTEHKI VX YaCTO MOKPbIThI KPUCTas-
Namu KanbUmTa. Hanbonee Mesknm 31eMeHTOM KapcTa ABAAKOTCA MOpPbI, B M300UNNK
BCTpeYaromeca B Cnoax AonoMuTa. g 1M3BeCTHAKOB xapakTepHbl eAvHUYHbIE
1 6onee KpyrnHble KaBepHb! 1 MOAOCTY, A9 AOSOMUTOB — CKOMIEHUS KaBEPH 1 Mop.
Pa3ssuTa TpellmHoBaToCTh [17, 155].

Ha Tepputoputo Kmn3enosckoro yronbHoOro 6acceriHa MnpUXoAMTCa OKOJO
30 newyep, MHOTME 13 HUX ABAAKOTCA NaMATHUKaMU NPUPOAbL! 1 MPEeACTaBAAT 3Ha-
YUTENbHBIN HaYYHBIA U KYNIBbTYPHBIA HTEpec.

37eCk HaxOAATCSH OAHN 13 CaMblX FTYOOKNX 1 MPOTAXEHHbBIX neLyep Mepmcko-
ro kpas - netepsl Knsenosckas (Buawwepckas) gnmHon 7600 m, Feonoros-2 — 4000 m,
TemHas — rnyouHom 132 M. Hanbonee n3secTHbIMU ABAAOTCS Nelepel Cyxoro Jlora.
YHVKaNbHbI KaPCTOBbI KOMMIEKC pacrofiaraeTcs Mexay nocenkamn LLymmnxmnHckuii
1 FOBUnenHbIn. Ha ydactke HaxoAdTCca AeBATb Nelep: HosorogHsas, leonoros 1, 2, 3,
Meuka, JleaaHas, Pebpuctad, be3rogosckas, MpuaopoxHaa 1 asa rpoTta: CTpensl v
TpeyronbHbIn. MNnowaas namaTHyika nprpogel — 0,4 km?. MNellepbl U3BECTHLI CBONMU
KanbLUTOBBIMN HaTeKaMV, B HUX OB OOHAPYXEHbI Pa3nnyHble OCTaTKV MIeKonu-
TaroLmx. KoCTHble oCTaTki Takke Obiiv HaliAeHbl B Apyrux nellepax Kusenoscko-
ro KapCTOBOro parioHa, Hanpumep, B nellepax Pacuk, Knsenosckon (Bualuepckoi),
Mepsexbeln [26].

OaHOW U3 JVHHEeNWMX nelep MNepMcKoro kpasd sBadeTcd newepa Poccui-
ckas (NpoTsaxeHHOCTb 1450 M), KOTopas HaxO4NTCA Ha AHE KapCTOBOV BOPOHKM B
cyxogone flageiHeln flor, B 5,2 kM oT p. Kocesbl (prc. 1.20). B neLlepe HanzgeHsbl
PasnYHbIe HaTeYHble 0bpa3oBaHVg, KpMoreHHble MHepansl. Heganeko, B 3,5 kM OT
p. KoCbBbI, HaxoaMTCa elle oaHa nellepa - ObBanbHana [19].

FopHoZOObIBatOLAA fedATenbHOCTb B KM3eN10BCKOM YIIeHOCHOM  palioHe
npuBena kK peskomy VM3MeHeHNIo 0bLLel rMAPOANHAMUYECKOW U MMAPOXUMMNYECKON



PucyHkn 1.19, 1.20.
KapcToBas newiepa Poccuiickas (poTo HO. LLypka)
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06CTaHOBKM PasBUTUA KapcTa, YTO MOPOAWIO LeNbli paa NpUYvH U MexaH3MOoB,
CNOCOBCTBYHOLLMX KaK ero akTUBM3aLIMK, Tak 1 cTabunusaynn [4, 33, 104].

o Hauvana 30-x rr. XX B. He HabNtoAaN0Ch 3HAUUTENbHbBIX BOLOMPUTOKOB B
LuaxTax, BblpaboTky pacnonaranucs B ApeHPOBaAHHOM 30He, MPY 3TOM BblemKa Yras
oCyLLecTBASANack € obpywennem kposan. C 1930-x . CTann 3aknafblBaTbCa BbIpa-
60TKM Ha OONBLUOW rNyOMHE: CHavana Ha COTHM METPOB, a No3xe - bonee 1 kM. 106bl-
4a yrng B MeCTOPOXAEHNN OCNIOXHUAACh 13-3a CUBbHOM 0BBOAHEHHOCTY 3aKapCTo-
BaHHbIX V3BECTHAKOB HaAyroNbHOW Tonww [32, 77]. Habnojanvce 3HaunUTeNnbHble
BOAOMPUTOKM B WaxTbl - 40 1000-2500 M*/4 1 6onee.

[o akcnayaTaumm yronabHbIX WaxT 60bLI0e KOANYECTBO PeK YacTUYHO UAn
MOMIHOCTBIO MOMIOWANNCE KapCTOBLIMY MonocTaMu (pp. Knsen, Bedwlep, Monyaex-
HeI Kuzen, Cyxon Kusen) [35]. Bce manble peku B MeXeHb MMen pacxodsl 40 He-
CKONBKNX UTPOB B CEKYHAY, a py4bl nepechixan nonHoCTbH. COPOChI LWaxTHBIX
BOJ B CyxOLOJIbl 1 JONIVIHBI PeK MPUBENV K 3aMONHEHUIO KapCTOBbIX MONOCTEN Tex-
HOreHHbIM 0CafkoM. B pesynbtate MHOTVE CyXOZO/bl B HACTOdALLEe BPeMS VMeT
MOBEPXHOCTHbIN CTOK 40 YCTbEB, 3 Maslble BOLOTOKN B 3UMHWIA U NETHUIA MEXEHHbIE
nepurozbl MUTAFTCA MOYTU WCKIYUTENBHO LWaxTHbIMU Bodamu [105]. BangHne
LIaXTHbIX BOA Ha KapCTOBble MPOLLECChl MOXHO HabMoAaTh HEMOCPEACTBEHHO B MNe-
Lepax. Tak, B psge newep KnsenoBckoro panoHa (Hanpumep, Xentslii [oHop) rbl-
6bl, Nexallye B pycne noAseMHOro noToka, MHTEHCMBHO KOPPOAMPOBAaHbI, MOKPbI-
Tbl Cnefamun-MrkpodopMammn KUCNIOTHOMO BhILLENauymBaHnsa. B 1o xe Bpemsa pycna
neLepHbIX pyYbeB YacTO OKpaLlleHbl, Kak 1 Ha MOBEPXHOCTW, B KpaCHOBaTble TOHa.
MHorve neLlepsl Y NOA3EMHble MONOCTK, MOTNIOLLABLUME LUAXTHbIE BOAbI, 3aMOaHU-
NIVICb XenesncTbiM 0CaZKOM U MpekpaTuan CBOe CyLLeCcTBOBaHMe Kak TakoBble (Ha-
npumMep, neuepa 301070l KaHbOoH) [4].

TakuM 06pasoM, KapCToBble MPOLECChl ABNAIOTCA OAHUM K3 TNaBHbIX Gak-
TOPOB, BAVAKOLLMX Ha GOPMMPOBaHVE 3KONOTMYECKOn 06CTaHOBKM B K3enoBCkoM
yronbHoM 6acceriHe [104]. VIHTEHCMBHAS 3akapCTOBAHHOCTb MOPOZA SBASETCH OC-
HOBHOW MPUUYNHOM 6OMBLLUNX BOAOMPUTOKOB B LUAXThI 1 0BYCNOBAUBAET HEOHXOAM-
MOCTb OTKAYKM 3HAUNTENbHBIX 0O BEMOB BOAbI. [TOC/1e 3aKpbITUA 1 3aTOMNEHNS LLAxXT
ChOpMMpPOBanacb MOLWHAA NPUPOAHO-TEXHOreHHaA BOAOHOCHAA CUCTeMa C KUC/bl-
MV LLAXTHBIMW BOAAMW, PA3rpyXatoLLMMUCA Ha MOBEPXHOCTb 1 KOPEHHbBIM 06Pa3oM
MEHSIFOLLMU SKONOTYECKYH0 0B6CTaHOBKY.



3KONOIM'M4YECKWME NPOBJIEMbI,
CBA3AHHbBIE C TEOXUMUYECKMW
OCOBEHHOCTAMW

YINEHOCHbBIX TOJILL,




2.1. TEOXMMUNYECKNE OCOBEHHOCTW MECTOPOXAEHWA

Cneundnka BO34eNCTBIS YrONbHOM MPOMBILLNIEHHOCTY Ha OKPYXatoLLYyHO Cpe-
[y BO MHOIOM OMpeAensieTcs reoxXnMMnyeckumMmn 0CoOeHHOCTAMI YIIeHOCHOW TOJ-
L [95]. 3HaHKMe 3aKOHOMepPHOCTeNn GOPMUPOBAHVA Fe010ro-reOXMMIMYeckmnx yCno-
BV TEPPUTOPUM B 3HAUNTENIBHON CTEMEHN MO3BOSET NPOrHO3MPOBaTb Pas3BMTVE
HebNaronNPUATHBIX C 3KONOTMYECKOM TOUKI 3PEHNS MPOLLECCOB 1 ABNEHUI KakK NMpwn
paspaboTke MeCTOPOXAEHNS, Tak 1 NOCae ero 3akpbltug [22]. Micnonbsys ncrtopu-
Ko-reonoruyeckuii noaxog [111], 61 NpoBeAeH aHanu3 3KON0rMYecKon cuTyaumnm
Ha TeppuTopUM KM3enoBCKOro yroabHOro baccerHa.

B npouecce popMnpoBaHng yraeHOCHOM GOpMaLIMv MPOUCXOANT CyLLeCTBeH-
HOe VI3MEeHEeHMe OKUCANTENIbHO-BOCCTAHOBUTEBHBIX, KMCNOTHO-LLENOYHBIX YC/10-
BUW, AaBNeHVd, TeMNepaTypbl U APYrux, YTO MEHSAET MOABUXHOCTb 1 OCOBEHHOCTN
KOHLeHTpaLuy 31eMeHTOB.

Ha sTane cedumermozeHe3a yrneobpasoBaHmne CBA3aHO C BO3HUKHOBEHNEM
1 3BOMOLMENR PACTUTENBEHOCTY. BelleCTBeHHbIV COCTaB TONLLM OnpesensaeTcd Tek-
TOHUYECKMMY 1 PaumanbHBIMU YCIOBUAMK, COCTaBOM MOPOZ cHoca. [Ana nnatpop-
MEHHbIX GOpMaLMii xapakTepHa XOpoLLas COPTUPOBKa MO MUHepansHOMY COCTaBy
Martepurana ¢ Mekon 1 CpefHeN 3ePHNCTOCTLIO, T. €. MeXaHNYeckne reoxnMmmyeckme
Hapbepbl XOPOLLO BblpaxeHsbl. [e0CUHKNMHaNBHBIE GOPMALMM OTANYAFOTCA 3HaUN-
TeNbHO xyalen anddepeHumaLmen MUHepanbHOro 1 rpaHyIoOMeTpUYeckoro cocTa-
Ba. MVHepanbHbIV COCTaB MeCHaHbIX OTIOXEHNA ONpeaensdeTcs, raBHbIM 06pa3om,
COCTaBOM MOpOZA obnacTelt cHoca. [na FAVHWCTBIX OTJIOXEHWIA 3Ta 3aBUCUMOCTb
BblpaxeHa cnabee, 34eCb BeAyLLY POMb MrparoT dalraneHble yenosua. na mop-
CKVX OB6CTaHOBOK XapakTepeH r’MAPOCNHOANCTLIN 1 TUAPOXIOPUTOBLIV MepBOHaYalb-
HBIV COCTaB. NS IMMHMYECKNX 06CTaHOBOK TUMUYHbI KAONMHUTOBEIE 1 KaONVIH-TU-
LPOCIOANCTBIE MNHBI [74].

B ceAMMEHTaUMOHHbIX 6acceliHax akTVBHO MPOTEKaKT reoxumuyeckme u
brioreoxmmnyeckre NpoLeccel. Hanprmep, pacTuTenbHble OPraHn3Mbl-TOPGooLpa-
30BaTesI U3BNEKAOT U3 PacTBOPOB CyNbPaT-MOH, cepa KOTOPOro MepexoanT B CO-
CTaB aMWHOKNCNOT, 6eKOB, LMCTENHA N METUOHMHA. Tak Hakana1BaeTcs NepBrYHan
KOHCTUTYLMOHHAaA cepa, KoTopas 6e3 M3MeHeHNs COAePXaHVA MePexonT B COCTaB
6yporo 1 kameHHoro yrneri [75, 180].

[JaneHelWwme Nnpecbpa3oBaHma YrneHOCHOW TONWM (Ha 3Tane duazeHesa)
XapakTepu3yroTca ciefyroLLmMmmy nprusHakamm [74]:

*+ BOCCTaHOBUTENBHON CPEeAON, BEICOKMM COLEPXaHNeM yrnekmncaoro rasa v op-
raHUYecknx KUCIOoT;

+ GOpMMPOBaHVIEM MVHEPabHbIX HOBOOOPA30BaHN;

* BbICOKOW COPOLINOHHOM aKTMBHOCTLIO OPraHnyeckoro BeLLlecTBa;
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* UHOUNBTPALMOHHBLIM MPVBHOCOM B TOJILLY 31EeMEeHTOB, MOABWXHbBIX B OKUCAN-

Te/IbHOWM 0O6CTaHOBKE;

* PasBUTMEM CyNbGaTpesyKLUM,

CynbdaTtpesykums B 6accenHax, CoaepxaLlx cynbGaT-moHbl, OCyLLeCTBNAET-
Cs Mo Cneayroulen cxeme [72]:

(0B—H")+50;" > H,5+200 kkan

rae OB - opraHuyeckoe BeLLecTBO.

Cnepyroliast CTagma yrneobpasoBaHNa — KamoazeHe3 - XapakTepusyercs
Pa3HOObOPa3HLIMU FEOXMMUYECKAMY YCIOBUAMIU 1 Npoueccamu. Npecbpa3oBaHue
0CafKOB MPOUCXOANT MPENMYLLECTBEHHO B HENTPanbHOW, pexe — C1aboKuCIon
NN CNaboLLeNnoYHOR, cpeje. BbiCOKaa BOCCTaHOBMTENbHASA eMKOCTb OTIOXEHW
00YyC/I0BNEHa 3HaUNTENbHBIM COAepXaHeM 3ak1MCHOrO Xenesa 1 opraHnkui. BoccTa-
HoBWTeNbHaA 06CTaHOBKa C BbICOKOW MOABVXHOCTbLIO ABYXBa/E@HTHOIO Xenes3a npu-
BOANT K €ro nepepacnpeseneHuto B nnactax — 0bpasyroTca CUAEPUTVSVPOBAHHbIE
FOPW30HTBI, BTOPNYHaA MMPUTMU3aLMA. XXeNe3o MOXET BEIHOCUTLCA 3a MpeAenbl yrie-
HOCHOW TONLLM, YTO BeAeT K OCBETNEHNIO NeCHaHbIX OTOXEHWM 1 GOPMNPOBAHMIIO
0CaZlOUHbIX XenesHbIX Py Ha ee nepudepun.

HabntoaaeTca kaonMHM3aumsa antoMOCUNKaTOB, BO3SMOXHbI PasvyHble Ka-
TareHeTUYecKe NpoLecchl OpyAeHeHe BCNeACTBYE TMAPOTEPMaNnbHON AesTens-
HOCTW, MOHTMOPWNOHUTV3ALIMS BYIKaHOFEHHO-0Ca04HbBIX MOpOoA. [lossnaerca
BbICOKas MOABWXHOCTb KaNbLMA U BbIHOC ero 13 TONLLW B pe3ynbTaTe 06pa3oBaHNs
6v1KapboHaTOB, OTMeYaeTCs LeMeHTaums Nopoj 0CaZ0UHbIMI KapboHaTaMu, Kpem-
He3eMOM, XeNe30M 1 X Nepexos B MUHePanbHyto Gopmy. CHIXaeTca Gr3nNKo-Xnmn-
Yeckasn akTMBHOCTb OpraHYeckor YacTu yrael, BCIeACTBME Yero yMeHbLUIaeTcs Co-
[iepxaHue 3NeMeHTOB, CBA3AHHbIX C OPraHMYecko YacTbro, MPOUCXOANT UX BbIHOC
NN NEPEXO] B MUHEPATbHYHO GOPMY.

B 30He paHHero zunepzeHe3za Npv NOABAEHNN CynbdaT-MOHA B MOPOBLIX
BOZlax BO3MOXHa ero peaykLusa 0 CepoBoAopoAa. B ntore noasnstotca cynsdusel
Xenesa — NUPUT, MapKasnT, BbINOSHAOLLIE TPELLMHBI B YrONbHEIX MAaCTax 1 BMeLLla-
FOLLIMX MOPOAAX.

Mo BAVSIHNEM MONOXUTENBHbBIX TEKTOHUYECKNX ABVKEHWUM U 3PO3UOHHbIX
NPOLECCOB YroNbHble MAacTel MOTYT MOMaAaTe B 30HY aspauuy 1 MoABepratecs
BO3AENCTBUIO BOJ, HECYLLIX OKMCAAOLLME areHThl, YTO MPUBOAUT K Pa3BUTUIO BTO-
PUYHBIX OKNCAWTENbHbIX MpoLeccoB. MeTaH W Apyrive rasbl rnyboko3aneraroLimx
YroNbHbIX GOopMaunl BCIEACTBME PaspyLUeHNs NepekpeIBatoLLIX TOMLL, HaYMHAOT
MUTPUPOBaTh 1, B KOHEYHOM CHeTe, BbIHOCATCS 113 YrONbHOM TOALLW. YTIeHOCHbIE OT-
NIOXeHWs NonaaatoT B 06CTaHOBKY, PE3KO OTINYHYIO OT YCI0BUIA X GOPMUPOBaHNS.

Mpoueccsl OKMCIEHWS, KOTOPbIE MOXHO PacCMaTprBaTh Kak Havano runep-
FEHHBIX V3MEHEHV TONLLM, COMPOBOXAAFOTCA BblAENEHNEM TeMN, MPOTEKAtOT CaMOo-



MPOVI3BOMIBHO W MPUBOAAT K YMEHbLLEHUO CBOBOAHOW 3Heprin cuctemsbl [3]. 3o0Ha
OKVCNEHVA B paae cnydaes gocturaeT rayouH 100 M 1 6onee. OCHOBHbIMI GakTo-
pamui, OnpeaenaoLLMMm1 MHTEeHCUBHOCTE MPOLECCOB OKNCNEHNS, ABAAIOTCA KAUMAT,
CKOPOCTb 3PO3MOHHBIX MPOLLECCOB, YCI0BKA 3a1eraHnsa Nopoj, CTaans MeTaMophums-
Ma yrnem, nx CoCTaB 1 TPeLLMHOBATOCTb.

B yrnax 1 BMeLLaroLLX Mopogax CoAepxaHe MHOMMX 31eMeHTOB NpeBsbiLlLa-
eT 1%. K HUM OTHOCATCA Yrnepos, BOAOPOL, KACNOPOA, a30T, KDEMHWIA, antoMUHNIA,
Xeneso, KanbLnin, MarHnin, KaNnin, HaTpWA 1 cepa. B yrnsx yctaHosneHo 6onee 50 ma-
NIbIX 3/1EMEHTOB, NMpuyem 12 13 H1MX UMeroT KoHLeHTpauun B 10-1000 pa3 npesbl-
watolme GoHoBble [22, 74, 75]. 13 nepeuncieHHbIX 3n1eMeHTOB HauboNbLLY POb
B TEXHOrEHHOM MPe0bpPa3oBaHNN reonoryeckor Cpespl rpaeT cepa, BXoaallas B
COCTaB Kak OpraHW4eckoro, Tak 1 MUHepanbHOro BellecTsa.

Cepa. CopepxaHue cepbl B yrofibHoM BellecTtse gocturaet 20%, cpegHee
ANS MEeCTOPOXAeHWI TeppuTopumn bbiBluero CCCP coctasndaet 1,5%, uto B 50
pas BbilLe ee knapka B 3eMHOM kope 1 B 10 pas 6o/blle CpefHero cogepxaHus
B 0CaA04YHbIX Mopojax. B baccerHax EBponenickoit 4acTn cpegHee cogepxaHue
cepbl coctaBnsieT 3,8%, Cnbunpun - 2,7%, KasaxctaHa - 2,0%, Mpumopesa - 0,4%.
Cepa HaxoauTca B cyNbQUAHONM, OPraHn4yeckor, cynbGaTHOM 1 3N1eMeHTapHOM
bopmax.

Ha nonro cyne®uAHON cepbl NPUXOANTCA OKONO MONOBKHbBI BaNIOBOrO ee Co-
fepxaHna. Hanbonee pacnpoCTpaHeHbl B YIax CynbGuabl xenesa — nuput Fes,,
pexe MapkasuT FeS, 1 TOHKoAUCNepCHasd MeTakoMNoVAHANA Pa3HOBUAHOCTE STUX M-
HepanosB - MebHNKOBUT. Cpean CyNbOUA0B BCTpeYaroTca chaneput ZnS, raneHuT
PbS, xanskonmput Cufes,, nuppoTuH FeS [180]. Cogepxanue cynbGpuaoB B yraax co-
craBnget 0,02-6,5%. MponcxoxaeHne cynbGUAHOM Cepbl CBA3LIBAKOT C AeATENbHO-
CTbto CynbGaTBOCCTaHaBAVBAOLLX DakTepwii [72, 184].

OpraHnyeckan cepa BXOAWUT B COCTaB MepPKanTaHOBbLIX, TMOGAHOBLIX U AN-
cynbduaHbIX rpynn. Banosoe ee cogepxanune coctasnget 1,1-1,6%.

CynbdaTtHas cepa HaxoAWTCA B OONBLUVMHCTBE ClydaeB B QopMe r1nca, pexe
bapuTa. CogepxaHuve ee B HeokmceHHbIx yraax 0,1-0,5%. B okucneHHbIX yrasx co-
AepXaHne cynbGaTHONM cepbl YBEIMUNBAETCS, 1 NOSBASHOTCA HOBble GOPMbI: SpO3NT
KFe* (SO, ),(OH), , cynbbaTsl xenesa 1 anomMuHms.

SnemeHTapHaa cepa yCTaHOB/IeHa Ha OTAe/IbHbIX MEeCTOPOXAEHNAX, Hanpu-
mep, B [loHbacce v Kysbacce. Ee coaepxaHue coctasnseT 0,03-0,2% [176]. Obpa3zo-
BaHMe ee CBA3aHO C AeATeNbHOCTbIO aHas3pObHbIX bakTepuii [72]:

6akmepuu
H,5% +FeSO, — H,S0, +S°
yrnepoa, BOZAOPOA, a30T 1 KNCZTOPOA BXOAAT B COCTaB OpPraHn4eckoro Betle-
CTBa yrne 1 BMeLLarLLVX Mopoa.



Yenepoo. CoaepxaHue 3TOro anemeHTa B yrne 65-95%. OcHoBy COCTaBNAOT
OpraHmnyeckmne CoeAnHeHNs 1 ero anemeHTapHaa Gopma (yrnepog, rpadmr). Heopra-
HMYeckmne coearHeHna C cogepxanuem 4o 2% yrneposa npeacrtaBieHbl B OCHOBHOM
cvaepntom (FeCO,) v kanbumntom (CaCo,).

Bodopod. CofepxaHie Bogopoaa B yrnsax — 0,8-6,2% v CHxaeTcd C yBenmye-
HMem cTeneHy MeTaMmopdriaMa. ITOT SNEMEHT NMPUCYTCTBYET B OPraHMYeckon Yactm
B BM/E BOZbl, B COPOUPOBAHHOM COCTOSAHNN — B BUAE METaHa.

Azom. Byrnax cogepxutca 0,6-2,5% a30Ta, UTo 3HaUMTeIbHO BhiLUE ero knapka
B 3emHo Kope (0,002%). A30T CBA3aH C Pa3INYHbBIMY OPraHUYeCcKUMY COeANHEHNAMMU.

Kucnopod. KoHueHTpaums kncnopoaa, coctaBnstollasn 1,2-2,5%, ysennumsa-
eTCsA C NOBbILLEHVEM CTeneHV MeTaMopdr3aLmv 1 NpY BTOPUYHOM OKUCNEHWN YIS,
B opraHnyeckor 4actu KUCI0POS HaXOANTCH B COCTaBe MMAPOKCUIbHBIX U Kapbo-
HWABHBIX TPYNMN. B MUMHEPanbHOM YacT OH CBA3aH B OKMCAX, CUVIKATaX, altoMoCK-
nnkatax, kapboHatax, cynbdartax 1 soge [74].

AFOMUHNIA, KPEMHWI, Xene30, KaNbLUnii, MarHum, Kaanin n HaTpuin NpeacTas-
NAOT MUHEPaNbHYH YacTb YrIeHOCHbBIX TOALL,

AntomuHut. CofepxaHune ranmHosema B Cyxom yrne gocturaet 0,5-10%.
bonblias YacTe ero CBA3aHa C MVHWCTBIMY MUHEPanamu: WAWT, raiyasuT
Al,(S7,0,,)(OH),(H,0),,  HoHTpoHMT  Fe)’ [(O/—/)2 Al S Si o -Om] -Na, -, (H,0),,
MOHTMOPW/IIOHWT,  CPeAM  KOTOPbIX — TUMOMOPOHBIM — ABNSETCA  KAONNHUT
Al (51,0,4)(OH), - Ha oTAenbHbIX MeCTOpOXAeHIAX BCTpedatoTes rmb6enT Al(OH, ),
anacnop A/O(O/—/), MENVANT (Ca,Na)z(A/,Mg)(S/’,A/)ZO7, JaBCOHUT NGA/(COS)(O/-/)2
1 Apyrue MuHepanbl. B 30Hax OKUCIEHNA yraern BCTPeYaroTca Kanmesble KBacLibl, any-
HoreH Al (S0,),-17H,0.

KpemHull, cofepxaHune KoToporo B yrnax gocruraet 1,6-12%, BxoguT, B oc-
HOBHOM, B COCTaB kBapua S/0, 1 ero pasHoBUAHOCTEN. B MeHbLLIEN CTerneHN KpemHe-
3eM KOHLIeHTPUPYETCA B BUAE MIVHUCTBIX MHEPasoB.

XKenezo copepxutcd B yrngx B konvyectse 0,6-3,8% mnpu cpegHeM 3Ha4eH
1,5%. OHO uUrpaeT 3HauNTeNbHYHO PO/b B OKUCAUTEIbHO-BOCCTAHOBUTEIbHBIX MPO-
Leccax, BIVAeT Ha MUTPpaLmo paAa 31eMEHTOB, ABNIAETCA KaTaamM3aTopoM MPoLLeccoB
npeobpasoBaHnsa opraHnyeckyx Bellects. OCHOBHas Gopma HaxoxaeHVs — MupuT
FeS, pexe mapkasuT FeS,, cnaeput FeCO,, opraHnyeckne coeanHeHns. MipuT, kak
NpPaBWo, MPUYPOYeEH K BacCenHaMm C BbICOKOCEPHUCTEIMU YINAMN, CUAEPUT — K HU3-
KO- 1 CpeAHeCcepHUCTbIM. B 30Hax OKUCNEHUA Yrner TUMNYHbIM Xene30CohepXaLiiim
MWHEPANOM ABAAETCA ApO3NT KFe3*(SOA)Z(O/-/)6, BCTPeYatoTCs 1 Apyrve cynbdarthl,
OKVC/bI Y TUAPOOKUCIBI XXenesa.

Kansyut, mazHuil. CoaepxaHne kansuma B yrngx coctasnaet 0,2-3,8%, mar-
Hua - 0,12-0,6%. B cocTas yrneit 3T anemeHTbl BXOAAT B BUAE KAPHOHATOB - KanbLm-
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Ta CaCO,, ponomvTa CaMg(CO,),, aHkeputa CaFe(CO,),, MarHesuta MgCO,, KoTopble
MMerOT, Kak NnpaBuio, BTOpUYHoe npouncxoxaeruve. Cynbdatsl (runc Caso, -2H,0)
BCTPEYaoTCsA pexe. B OypbIxX yraax 11 B 30HaX BTOPUUHOIO OKNCIEHNA Yrel KabLni
COAEPXUTCA B BUAE NYMaTOB.

Hamput u kanud. CofepXaHne 3TUX 371eMeHTOB B Yriax paBHO COOTBET-
ctBeHHo 0,1-0,9% wn 0,04-3,0%. Kanuii, B OCHOBHOM, CBS3aH aNtOMOCUAMKaTaMU.
HaTpuin npucyTCTBYET B MMHEPANbHOW 1 OPraHNYeckom Yactax yrinen, npuyem Ha
HEKOTOPbIX MECTOPOXAEHUAX OTMEYaeTCa CcodepxaHne HaTpua Ao 15%. MuHepa-
M3auns BOJ Ha Takmx MecTtopoxgeHuax goctmraet 10 r/n. HaTpuii opraHmnyeckomn
YaCTW yrier Haxo4MTCa B COPOMPOBAHHOM COCTOAHMI B BOAOPACTBOPYVIMBIX GOpMax
B Buae raanta NaCl, mmpabunnta Na,SO, -10H,0 [74, 180].

B kauecTBe MVKPOKOMMOHEHTOB B YI/19X OOHAPYXeHbl MOUTY BCE XMMUYECKMe
3N1EMEHTbI, KPOME MHEPTHBIX ra30B, METANIOB MAATVHOBOW rPYNMbl, HEKOTOPbLIX pPa-
LAMOAKTUBHBIX 1 peAKo3eMenbHbIX 3nemeHToB. ObLee cofepXaHiie MUKPOKOMMO-
HEeHTOB B YI1AX, Kak NpaBuo, He npesblwaeT 0,1%. ECTb MecTopoxaeHd, B KOTOPbIX
CofepXaHne MNKPOKOMMOHEHTOB B COTHWU-TBICAYM Pa3 BbILLe, YeM B 1X Kiapkax B
0CafloYHbIX Mopogax. Hanpumep, cogepxaHne nntng, ckaHana — B 550, 360 pas, a
TaHTana v pyonama - B 900 pas Bbille KNapkoBbiX. Takme 3n1emMeHTbl, Kak MbILLbAK,
pPTYTh, TOP, CBMHEL, MOMBAEH, XPOM 1 Apyrue Hanbonee onacHbl AN OKpyXatoLLen
cpegpl [153].

MpeobnasatoLLyto YacTe MUHEepPO/bHbIX BK/AYEHUl B YrNaX COCTaBNAOT.
cynbduapl (Mput FeS,, MapkasuT FeS,), okucnbl (rematnt a-Fe,0,, marHeTut Fe,0,,
KBapL, pyTunn), KapboHaTel (KanbUWT, ZONOMUT, CUAEPUT), CUANKATEl U aNtoMOKMCIO-
Tbl (KAOSMHUT, MOHTMOPWANIOHIT, WTAT, TMAPOCAKOAbI, MONeBble LWNaTthl), CynbpaTbl
(TMNC, poLeHUT U Ap.); B MEHbLUEN CTeneHu — OpraHo-MyHepanbHble CoenHeHNs
(3nemeHTOOpraHmnyeckme coeanHeHus, KOMnAekcHele rymatsl); xnopuasl (NaCl, KC)).

Hanpumep, ans yrnen 3kmbacTy3CcKoro 6acceiiHa XapakTepHO MpUCYyTCTBME
3NOMOCUNNKATOB (KAONMHWT), KBapLa, CMAEPUTa, MONEBBIX LIMNATOB (anbounT, OpTO-
Knas). AHaNOrMYHbIA COCTaB XapakTepeH And yrneit Kusenosckoro 6acceliHa, B KOTO-
PbIX OTMEeYeHO 3HaunTeIbHOEe KOAUYEeCTBO MUpuTa.

Bbicokoe cogepxXaHvie B YrNeHOCHbIX OTNIOXeHVAX xenesa (npexae Bcero B
bopme nupurTa) 06yCNOBAEHO NCTOYHVKOM GOPMUPOBaHNA 0610MOYHOTO MaTepu-
ana, KOTopbIM BbICTYMNany KOpbl BbIBETPUBAHNA Ha 0Ca04HbIX MOPOAAX U BbICTynax
KpucTanamyeckoro dyHaameHTa [51]. B ycnoBusx ryMMAHOro 0CafkoHakonaeHus xe-
ne30 MUTpUpYeT B Brae 3005 Fe(OH)' 11 B BUAE KONTIOUAOB XENe300praHnyeckiix
coesnHeHWN. [locne 3axOpOHEHNA B OCaAKaxX 3a CYeT CyLLeCTBOBaHMA MPOLEeCccoB
cynbdatpeaykumv, GOPMUPYIOLLMXCA MPU PA3NOXEHW OPraHYeckoro BellecTsa,
MPOUCXOAMI0 OCAXAEHNE XeNne3a Ha CEPOBOLOPOAHOM reoxMnyYeckoM bapeepe.



MNpUT B YrNEeHOCHBIX OTJIOXEHNAX NMpeAcTaBaeH AByMA reHepauuamu. Mn-
pUT MEPBON reHepaumyi NpUCYTCTBYET B BUAE TabAUTHATBIX KPUCTANNIOB U MUKPO-
KOHKPeLMI, MPUypOYeHHbIX K MOPOBEIM W 6a3anbHEIM y4acTkaM CPean MAVHNCTOrOo
BeLLEeCTBa, 1 Pa3BMBAETCA MO OPraHn4YeckM octaTtkaM. MMpuT BTOPO reHepaunn
Pa3BMBAETCA MO MVHWUCTOMY LIEMEHTY 1 3an0IHAET MOPOBbIe MPOMEXYTKM 1 y4aCTKN
LemeHTa basanbHoro Trna [51].

CpefHee cofepXaHne MHOTVIX MUKPO3NEMEHTOB B Yr/IdxX NMpeBblllaeT cpes-
HMe KOHLUEHTPaLMM MO YrofibHbIM MecTopoxaeHnsam beisluero CCCP (puc. 2.1). B pe-
3ynbTaTe 3TOro Ha TeppuTopuK KM3enoBcKoro yroabHOro 6accenHa NpOVICXOANT NH-
TEeHCMBHOE 3arpasHeHue oKpyxatoLLen cpejbl MMKpo3neMeHTamu.
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PucyHok 2.1.

KoadpopumumeHTbl KoHUeHTpauuii (KK) MmkposnemeHToB
B yrnax Kusenosckoro 6acceriHa n mectopoxxaeHuii 6eisiero CCCP
(no gaHHbIM [75])



2.2. [1PNYMHBI POPMUPOBAHUSA KNC/bIX LUAXTHBIX BOA
1 CTOKOB C OTBAJIOB

LLlaxTHble BOApIl, COrNACHO KIaCCMYEeCKOMY OMpefeneHnto — 3TO BOAbl, MOA-
3eMHble, MOBEPXHOCTHbIE U TEXHONOrnYeckmne, MoCcTynmBLLIMe B MOA3EMHbIE TOPHbIe
BbIPabOTKM. OCHOBHbIM VX MCTOYHIKOM ABAAIOTCA MOA3EMHbIE BOAbI, APeHMpyeMble
FOPHBIMY BbIPAbOTKaMK, @ AOMONHUTENBHBIM UCTOYHUKOM MOXET ObITb GUAbTpaLma
B FOPHbIe BbIPAOOTKM aTMOCHEPHBIX OCALKOB U MOBEPXHOCTHBIX BOZ 13 MPUerato-
LLX BOZAHBIX OO BEKTOB. XMMUYECKMI COCTaB LUAXTHBIX BOZ ONPeAenieTcd NCXOAHbIM
COCTaBOM GOPMUPYHOLLIMX X MOA3EMHbIX BOZA Y MOXET CyLLeCTBEHHO M3MEHATHCS.
LWaxTHble BOAbI GOPMMPYHOTCA MyTeM CMeLleHVs MOA3EMHbIX BOZ Pa3HbIX ropu-
30HTOB, B3aVMOZAEVCTBUA NX C PYAHNYHOM aTMOCPepOr 1 MOpOoAaMu, BCKPbITbIMY
rOpHbLIMY BbIpaboTkamu. POPMUPOBAHME UX XMMUYECKOTO COCTaBa CBA3aHO C OKMC-
NneHvieM, akTnsy3aumein BelllenadnsaHa ropHelX Nopoj, U3MeHeHnem rasoBoro u
bakTepmnanbHOro coctasa [44].

OCHOBHBIM GaKTOPOM, OMPEeAENSIOLLMM YCOBMS 1 3aKOHOMEPHOCTU Gop-
MVIPOBaHWA LLIaXTHbIX BOA, ABASETCS MCKYCCTBEHHO CO3AaHHas OKUCMTenbHas 0b-
CTaHOBKa, B KOTOPYH MOMaAatoT MoA3emMHble BOAbl. [locne NocTynaeHna B LaxTy,
BCNIEACTBUE HECKONBbKO MOBBILLEHHOW TemnepaTtypbl 1 XOPOLLEro NpoBeTprBaHmA
BbIPDAOOTOK, HAPYLUGETCA XO[ eCTeCTBEHHbIX XVMUYECKMX MPOLIeCCOB, BeAyLMX K
GOPMUPOBAHMIO ONpPeseneHHoro Ana COOTBETCTBYIOLMX ybuH cocTaBa BOZ4. Mu-
POBO OMbIT MOKA3bIBAET, UTO C MPOBAEMON KMCbIX LUAXTHbIX BOA 1 CTOKOB C MOPOA-
HbIX OTBa/IOB MPUXOANTCA CTanKkMBaTbCd noscemectHo [188, 192, 195,196, 219, 222].

B obiBwem CCCP Ha 400 WAaXTHBIX BOJA, OTKaYMBaeMbIX Ha MOBEPXHOCTb
(okono 1400 MaH M3/rog), Npuxoannacs NPYMEPHO NONOBKMHA 0bLLero copoca Npo-
MbllneHHbIX Bo4. Okono 90% nprxoannocb Ha BOAbl, ApPeHVpyeMble LiaxTamu,
10% - Ha TexHonorn4eckne BOAbI, UCMONMb3yemble B npouecce Aobblum yrag (npu
bypeHu LWNYpOoB, NblienogaBneHnn, rmapotpaHcnopTe) [2].

Ana CTOYHBIX BOZ OCHOBHBLIMU 3arpPA3HAIOLLMMY BELLeCTBaMU ABNAKOTCA Op-
raHnyeckre CoefnHeHNs, B3BeLLeHHble BellecTsa, HedpTenpoayKTel, MMHePanbHble
CONW, B TOM YUCNEe TAXENbIX METANNO0B. [1py 0UnUCTKe B NPYAax-OTCTOVHMKAX, Mpy-
[1aX-OCBETUTENAX CKAIMBArOTCA B3BELUEHHbIe YacTuLbl U KOMMOHEHTbI, 0CaxAato-
LLMeca 13 pacTBopa. HeoumLeHHble 1 YaCTUYHO OYMLLIEHHbIE BOALI COPachIBatOTCA
B rMApoCeTb, PUALTPYHOTCA B MOA3EMHbIE BOAbI U, TakMM 0OPa30oM, ABASAIOTCA Bax-
HbIM GaKTOPOM MUFpaLML BeLLeCTB B yr1eA00bIBarOLLMX paioHaXx.

CTOYHbIE BOABI MOMYT OKa3blBaTb HEraTMBHOE BANAHNE Ha OKPYXaIOLLLYHO Cpe-
4y v nocne npekpatleHua paspaboTok yrada. ViccneaoBaHns Ha TeppUTOPUN yronb-
HbIX 6aCCerHOB MOKa3bIBaKOT, UTO 3aKPbITHE LLAXT B PSAE C/TyYaeB Bbi3bIBAET yXyALle-
HMe 3KONOTVYeCcKor OOCTaHOBKYM B pe3y/ibTaTe HeKOHTPOAMPYEMOrO MOCTYNIeHNSA



3arpsA3HEeHHbIX NMOA3EMHBIX BOZ Ha MOBEPXHOCTb. B BennkobputaHum, Hanpumvep, Ha
TEPPUTOPUN VIOPKLLIMPCKOTO MeCTOpoXaeHUs yras 3a 300 NeT oTKauky NoA3eMHbIX
BOZ M3 LLaxT bbln 06e3BOXeH NacT Ha rnybuHe ot 150 go 600 m [230]. B HacTogLwee
Bpems, Nocae npekpaLLeHusa 4o0blYn YIS, Ha MOBEPXHOCTL C N3AMBaMM NOCTynaeT
cebilwe 100 N/C WaxTHBIX BOA, kKoTopble cogepxat Ao 100 Mr/n obulero xenesa u
opraHnyeckme selectsa [188].

B AnoHnn Ha o. Krocto yepes 60 neT nocie 3akpbiT1S YronbHOro bacceiHa
N3MBbI LIAXTHBIX BOJ Ha MOBEPXHOCTb CYLLECTBEHHO YXY/ALIArT Ka4ecTBO NoBepx-
HOCTHbIX BOAOTOKOB. CofiepXaHue obLLero xenesa B Hyx goctiraet 119 mr/n, a SOf1 -
1430 mr/n [218].

OCobeHHOCTH 06Pa30BaHUS YrAEHOCHbIX TOLL 1 UX COCTaB OMpeaenstoT oc-
HOBHble 3KONOrnYeckmne npobaemMsl yrobHbIX 6aCCernHOB, MOCKObKY 13BNeKaeMble
13 Heap BellecTBa M NPOAYKTbI X NepepaboTKu HEPEAKO XMMUYECKU HeYyCTOYBEI
B YC/IOBUAX 3€MHOM MOBEPXHOCTU. KOHTPACTHOCTb MPUPOAHBIX U TEXHOTeHHbIX reo-
XUIMUYECKNX YCIOBUIA MPUBOANT K MHTEHCMBHOW MUTPaLUMK BeLlecTBa 1 PasBuTUO
PA3NUYUHBIX XUMNYECKNX U QUIUKO-XMMUNYECKMX MPOLEeCCOB, KOTOpbIe CylleCTBeH-
HblM 06pa30oM MOryT MOBAUATL Ha CBOWCTBA MOPOJ, M3MEHNTb COCTaB MOA3EMHbIX
BOJ, BO3AeMCTBOBATL Ha NHXeHepHble coopyxenua [23, 32, 170, 207].

M3BneyeHme ropHbIX MOPOJ Ha MOBEPXHOCTb M3 30HbBI TOPHOrO AaBleHMA
N KMCNOPOAHOTO AeduLiTa CONPOBOXAAETCS akTUBM3aLMEN TakX MPOLECCOB, Kak
du3nyeckoe BbIBETPYIBAHNE, OKUCAEHME, pacCTBOPEHe, MMAPONS, TMApaTaLms 1 ap.
5TO 06YCNOBAMBAET BO3HWKHOBEHME PACTBOPUMbIX I HEPACTBOPVIMBIX MPOAYKTOB,
HeraTyBHO BAVAIOLLMX Ha OKPYXatOLLYHO Cpesly U HXeHepHble coopyxeHund [170].

OkucneHue. ObLLaa HanpaBJeHHOCTb MPOLECCOB NPeobpasoBaHNa Mopos
OTBA/NIOB OMNPeAeNAeTca CyLLeCTBEHHbIM M3MEHEHVEM OKUCINTENbHO-BOCCTaHOB-
TeNbHOro MoTeHUMana cpeabl — CMEHOW BOCCTaHOBUTENBHON OBCTaHOBKY, Xapak-
TepHOW ANa BONbLIEN YacT YINeHOCHBIX OTNOXEHNIA yXe Ha HeHONbLUION ryounHe,
OKUC/INTENBHOW MPY U3BMIEYEHNI X Ha MOBEPXHOCTb. BO3aencTBme KnCaoposa 1
BOAb! MPUBOANT K UHTEHCMBHOMY BbIBETPVBAHWIO MOPOA. [pOoayKThl 3TOro npoLec-
Ca TPAHCMOPTUPYHOTCA MOA3EMHBIMM U MOBEPXHOCTHBIMU BOAAMY Ha 3HaUNTENbHbIE
pacctoaHua [11].

OkncneHVto NoaBepratoTca Cynbduabl 1 Apyrne MmHepanbl C 3aKNCHbIMY
dbopmamu aToMOB.

DU3NKO-XMMMYECKas MOAENb CEPHOKMCNOTHOIO BbIBETPUBAHWSA MOXET ObiTb
NpeAcCTaBieHa B CefyroLLeM BIAE:

(1) 2FeS, +2H,0+70, - 2FeSO, +2H,50,

(2) 4FeSO, +2H,50,+0, » 2/—'@2(504)3 +2H,0

(3) FeS,+7Fe,(S0,), +8H,0—15FeSO, +8H,50,



CKOPOCTb OKUCNEHNA MPUTa OMNPefendeTca BTOPO CTaanel, KoTopasa 3aB1-
CUT OT CKOPOCTW MOCTYTIEHNA B PEAKLIMOHHYHO 30HY KMCNopOoaa (puc. 2.2).

B pesyneTate OKNCIEHWMA MMPUTa 00PasytoTcs CynbdaTbl ABYyXBaNeHTHOrO
Xenesa v cepHas kucaoTa. MNpu cogepxanuu nuputa 6onee 4% 1 OTCYyTCTBUAN MU-
HepanoB, CMNOCOBHLIX HENTPanM30BaTh CEPHYHO KMCNOTY (Hanpumep, KapboHaToB),
BOZbl NPUOBPeTaoT KNCIYH peakumto (pH 2-3) 1 cynbdaTHbIN cocTas. Beicokoe co-
LepxaHne cynbQUAHOM Cepbl, yBENNYEHe BOAONPUTOKA, BO3AYyXOOOMeHa 11 06bema
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PucyHok 2.2.
Cxema CepHOKUCNOTHOrO BblBETPUBaHMUA [23]



MOPOA, BOBIEYEHHbIX B FEOXMMINYECKME MPOLIECCHI, MPOBOLMPYIOT CEPHOKUCIOTHOE
BblBETpUBaHVE.

BosHuKatoLwmii CePHOKNCNOTHBIN MPoLece yBesnynsaeT NoABMKHOCTb MHO-
rAX 3NeMeHTOB (kenesa, antoMUHNG, MeAn 1 4p.). Mpy pa3rpyske CepHOKNCBIX BOA
Ha MOBEPXHOCTK 3eM 00PA3YTCA CynbdGaThl Kanvd, Xenesa 1 aatoMUHVISA B BUAE
MUHepanos: aposut KFe*(S0,) (OH) . anyHoren AL (SO,),-17H,0, pomGoknas
HFe* (SO, ), -4H,0 v ap.

Pa3paboTka MECTOPOXAEHNI YCUNNBAET PA3BUTE OKNCINTEbHBIX MPOLECCOB
B YI/IeHOCHbIX TONLLaxX. HanbonbLuee BAngHne Ha GOPMUPOBaHME TEXHOreHHO-reoX)-
MNYECKX OOCTAHOBOK OKa3bIBatOT 3/1EMEHTBI C BICOKMMM KOHLIEHTPALAMM B YroNb-
HoW ToAWe. Hannuve B rpyHTax CaCO, CHXKAET CKOPOCTb OKVCIHVIS MpUTa.

Fudpoaus. OCHOBHBLIM UCTOYHNKOM VOHOB BOAOPOAA, YHaCTBYHOLLMX B 3TOM
npouecce, CYXNUT CepHasa KNC10Ta. MeHbLUas 4acTb MOHOB H* 11 OH~ 0bpasyeTcd npu
Anccoumannm Boabl.

TexHOreHHbI TMAPOV3, Kak 1 eCTeCcTBeHHbI, NpoTekaeT CraaninHo. lpe-
001aJat0LLMMI ABAAKOTCS 3K30TEPMUYUECKMe Peakumn ¢ He6ONbLIM TEMIOBLIM 3¢-
dekToM. B nepsyto ovepess, rMaponvsy NOABEPraroTCA XA0PUT, anbbuT, aHOPTUT U
WNIUT, B MEHbLUEN CTeneHu — MUKPOKANH [169]. Hanpumep, rugponns ansbunta naet
no cxewme:

NOAISI,O, +6H" +2H,0 — 3K, . Al ,,Si, .,0,,OH + 10H,Si0% + 6K* +113.15 k/pk/MONb

B npouecce ruaponnsa obpasyroTca HepacTBOPUMbIe MPOAYKTEI, 1 MPOUCXO-
ANT 3KCTparnpoBaHme pacTBOPUMbIX COeANHEeHNIA. HepacTBopuMble MPOAYKThI peak-
UMM 06pasyroT Ha MOBEPXHOCTY MHepana bydepHbIli cnolt. OT ckopocTy Anddy3un
H* nnn OH™ yepes AaHHbIA CNOV 3aBUCUT CKOPOCTb MTMAPOAN3a, PACTBOPUMbIE COeAN-
HeHVs MUTPUPYHOT 3a NMpejesbl TEXHOTeHHbBIX TPYHTOB.

Memacomamo3s. MeTacomaTnyecke 3ameLleHna MNHepanos OCyLLecTBg-
FOTCA B MpoLecce 06pa30BaHNA HePaCTBOPUMBIX MPOAYKTOB OKMCAEHUS, TNAPOAN3a,
rmapaTaumy; Hanpumep, NMpKT 3aMeLLaeTca reTUToM, OpToKIas — KaoaMHUTOM. Me-
TacoMaTo3 BO3MOXEH MpPW BO3AEVCTBUM PacTBOPUMbIX MPOLYKTOB BbIBETPUBAHUA
Ha MUHepanbl rpyHTOB. o ®. M. TroTroHoBOW [169], B TEXHOTEHHBIX TPYHTax npeoo-
NajZlaeT aHNOHHOE 3ameLLeHue:

CaCO, +SO;” +H* +2H,0 — CaSO, - 2H,0 + HCO; +

CaMg(COB)2 +S0;” +2H" +2H,0 — CaSO, - 2H,0 + 2HCO; + Mg**

Pacmeoperue. Ha nepsoM 3Tane BbIBETPUBAHUA MO BANAHUEM aTMOCHeED-
HbIX 0CaAKOB PaCTBOPSHOTCA X0PUALI U HekoTopble cynbdaTsl. Mpn pH 5-6 pacTeo-
PAOTCHA 1 KapOOHaTbI MO CXeme:

CaCO, — Ca** +HCO;
CaMg(CO,), —» Ca™ + Mg +2C05



KucnomHoe pacmeoperue. [ogBneHve KMCIbIX NPOAYKTOB BbIBETPUBAHNS
N CHVXEeHMEe BOAOPOAHOrO Mnokasatend A0 3 ABASeTCH NPUYMHON pacTBOpeHVa He
TONIbKO KapboHATOB, HO W CUIKATOB:

Al(S1,0,,)(OH), +6H" — 4AP* +H,SI0, +8H,0

BelwenaqueaHue. /13BneyeHve 13 KpUCTananmyeckom peLleTkn aToMoB be3 ee
paspyLleHVd NpUBOAUT K M3MEHEHWO CBOWCTB MUHEPanoB. Hanprmep, npu BbiLLe-
NayunNBaHUV Kanus UAAUT NprobpeTaeT CMOCOBHOCTL K HAabyXaHM0. V13 xnopuToB Npu
pH 5-6 BbilenaumBaeTca Mg2', 1 OHV NPeBPaLLArOTCA B CMEKTNTBI.

Mopofp! WaxTHbIX OTBANIOB B pe3y/bTaTe MpPOLECCOB BbIBETPMBAHWA MPU-
0bpeTaroT 30HaNbHOe CTpoeHKe. BurrepnHr [228] yCTaHOBW 30HaNbHOCTL B pac-
npegeneHuy NPoAyKToB MeXaH4eckoro BbIBETP1BaHNA B 0TBasax Pypa. [poaykTbl
3amep3aHVs-oTTanBaHusa Yepes 3 roa 06pasyroT ropr3oHT MOWHOCTLIO 20 CM, Bbl-
ChIXaHWNA-YBNaXHEHNSA — 0 HECKOBbKMX CAHTUMETPOB.

. B. TproHep 1 B. C. Xya [202] 4ng yronbHbIX 0TBaNOB B LWaxTe VINanHOMC
(CLLIA) BbIAGNIVAN TP 30HBI TPYHTOB MO XapakTepHbIM PeakUMaM: BEPXHAS — 30Ha
npeobnasfaHVsa peakuui okKMCNeHs 1 TAPOon3a CynbGpaTos, CUANKATOB; CPeaHSsA —
30Ha BTOPUYHbIX PeaKLMA, TaKMX KaK KMCIOTHOE PaCcTBOPEHUE TNNHUCTLIX MUHEepPa-
NOB; HXXHAA — 30Ha peakumi HemTpanv3aunm CepHol KUCNOTbl KapboHaTOM Kaib-
LS MOACTUNAROLLMX MOPOA.

Mukpobuonozuyeckue npoyeccel. CUNTAETCH, YTO BakTepuasbHble COObLLe-
CTBA KUUIbIX LLAXTHBIX BOZ M CTOKOB C MOPOAHbBIX OTBA/IOB XapakTepm3yroTCa BeCbMa
OrpaHYeHHbIM YNCIOM BUAOB, BCIEACTBME MEHbLIEro KONMYecTBa MCMob3yeMblxX
AN bakTepranbHOro MeTabonm3Ma XMMMYecknx peakumii. B coctas coobluectsa Mo-
YT BXOAUTb reTepoTpodHble 1 aBTOTPODHLIE OKACIUTENN Xene3a 1 cepbl, aHa3pob-
Hble OKNCINTEeNN Cepbl U BOCCTaHoBUTeNV xene3a (II) [185]. VicchepoBaHvia nokasanv,
YTO COCTaB MMKPOOHbIX MOMYASAUMI KMCAbIX LAXTHBIX BOA BapbUpyeT Kak NpoCTpaH-
CTBEHHO, TaK U CE30HHO W OObIMHO KOPPENMpyeT C NOKANbHBIMN TeOXUMNYECKUMN
ycnosuamu (Eh v pH) [193]. B oTxozax, cogepxalumx cynsdunapl, 6110 BolgeneHo 60
LUTaMMOB Arthrobacter, pa3HOObpa3HbIX MO CBOUM CBOWCTBaM (YCTONUMBOCTA K aHTU-
BUOTVIKaM, YTUAM3ALMM NCTOYUHNKOB C 1 Ap.). Beino caenaHo npeanonoxeHve o and-
depeHUMaLM MPUPOAHON BakTePMANbHOM MOMYASUMM B OTBET Ha 3KCTPeManbHOe
3arpasHeHve metannamu [231].

PacCMOTPVIM POJb PasVYHbLIX FPYNMN MUKPOOPraHn3mMoB B GOPMUPOBaHUM
KNCAbIX LWaxXTHbIX BoA (KLLIB).

enezobakmepuu. YCNOBUA Pa3BUTUA 1 OKUCIEHNSA Xenes3a xenesobakrepu-
AMM B MPUPOAE W NabopaToOpHbIX KylbTypax CBUAETENLCTBYHOT O TOM, YTO 3TN MU-
KPOOPraHu3mbl ABNAKOTCA BaxXHEMLLMM 3BEHOM B KPYroBOpOTE Xefes3a B Npupose,
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re vx pofib CBOAUTCH K ObICTPOMY OKMCIEHUIO MOHa Fe?* 1 HaKoMIeHWo Ha CBOWX
CTPYKTYPax OKMCIEHHOTO Xenesa.

TepMUH «kenesobaktepun» 0bbeAVHAET 3HAUUTENbHO pPasnnyaroLLecs
rpynnel MUKPOOPraHM3MOB: aBTOTPOGHbIE MUKPOOPraHM3Mbl, OKNCNSIOLLE VIOH
Fe?* B kncnow cpeae (Acidithiobacillus, Ferroplasma, Ferromicrobium, Acidimicrobium,
Leptospirillum, Gallionella, Metallosphaera); MUKPOOPraHW3Mbl, UCNONb3YHOLLME
OpraHMYyeckyto 4acTb KOMMIEKCHBIX COoeAvHeHul xenesa (Seliberia  stellata,
Pedomicrobium, Naumaniella neustonica, Vibrio extrogenes v Ap.), 0CBOOOXAAFOLLMIA-
CS NPV 3TOM VIOH Fe?" OKUCASEeTCA XMMNYECKH; COBCTBEHHO xene3obaktepuy, obpa-
3ytoLLMe CKOMIEHNA OXPbl B YCI0BUAX HENTpanbHOW peakunn cpeqsl (Gallionella,
Siderococcus, Toxothrix trichogenes, Leptothrix ochracea) [10]. Hanpumep, yncneH-
HOCTb Acidithiobacillus ferrooxidans B ocafikax KNCAbIX 03€P 30Hbl AUTHNTOBBIX LUAXT
pocturana 108-107 kn/cm® [221].

B p. TvHTO (M6epUCKUA MUPUTHBIV NOAC, VICMaHKA), XapakTepu3yroLLecs KIC-
Novi pH v BBICOKMM COAepXaHneMm MeTan/oB, BbISBNEHO NpuUcyTcTBue: Leptospirillum
ferooxidans, Acidithiobacillus ferooxidans, Acidiphilium spp., Ferrimicrobium acidiphilium,
Ferroplasma acidiphilium, Thermoplasma acidophilium [201].

CKOpOCTb 06Pa30BaHNA KNCIbIX LWAXTHBIX BOJ YBENNYNBaeTCA 61aroAaps
LeATeNbHOCTU MUKPOOPTraHn3MoB. 1o 75% KMCbIX WaxXTHBIX BOA 06pa3oBanoch
BCNEACTBYE AEATENbHOCTN MUKPOOPraHusMoB. MukpoopraHusmsl KB moryt
BANATL U Ha CKOPOCTb OKUCNEHWSA CEPbl MPY PACTBOPEHWN TakMX MHEPANOoB, Kak
MUPUT, aPCEHOMUPUT, XanbKOMUPUT, MapkasuT, chaneput [185]. TunmnuHaa cko-
pOCTb OakTepranbHOro pacTBOpeHVa NMpUTa Haxoamnace B npegenax 10°-107
MOAb/(M?CeK), B TO BPeEMA KakK 3a CYET TOMbKO XVMMUYECKUX peakumin oHa 6bina
10107 Mmonb/(Mm?-cek) [194].

Obpa3oBaHMe WBepTMaHWTa B 0boralleHHbIX cynbGaTtamn Bogax npu pH
cpeapl B npesenax 2,5-4,5 HanpsaMyro CBA3bIBalOT C HakTepuanbHBIM OKMCIeHMEM
MOHOB Fe*". OcaxaeHne LBepTMaHNTa COMPOBOXAAETCA NOAKUCeHVeM cpespl. [Mpn
PH 2 Vi HXe VI MPW Hann4Ynn B Cpefie OAHOBANEHTHbIX KaTVMOHOB LBEPTMAHUT MOXeT
TPaHCHOPMMPOBATLCA B APO3NT [221].

Jeneszopedykmopel. CNOCOBHOCTb BOCCTaHaBAMBaTb WOHbI Fe" upo-
KO pacnpocTpaHeHa cpean retepoTpodHbIX aUMAOOUNbHbBIX OaKTepuUii, Haxoas-
LMXCA B YCNOBUAX NUMUTMPOBAHMA MO KMCNOPOAY, KOTOPble BOCCTaHaBAUBAIOT
NOHbI Fe" 33 CHeT OKUCIeHNst MONeKyIAPHOro BOAOPOAA WV OpraHnyeckmx se-
LecTs. MexaHM3Mbl BOCCTaHOBNEHUA MOHOB Xefe3a pPa3sHoObpasHbl, BKIKOYasA
BHEKNETOYHbIV MePeHOC 31eKTPOHOB, TPEOYIOLNA HENMOCPEACTBEHHOTO KOHTaKTa
KNeToK C OKCUAOM, UM BbIPabOTKY COEAVHEHWN — XenaTopoB MOHOB Xene3a 1



NMepeHOoCUYNKOB 3NeKTPOHOB (HanpuMep, XMHOHOB). Tak, B oTanune oT Geobacter,
Shewanella He TpebyeT HENOCPEACTBEHHOIO KOHTakTa C MOBEPXHOCTLIO MMAPOK-
cnaa xenesa [203].

BoccTtaHoBneHve OKMCHOrO Xenesa MOXeT OCYLeCTBAATECA MUKPOOPraHn3-
MaMV 1 3a CYET OKUCIEHUA COeANHEHWI cepbl. HekoTopble M1UKPOOPraHmn3mel Cro-
COOHbI NCMOMBL30BaTh He TONIBKO PaCTBOPEHHbIE NOHBI Fe**, HO Takxe 1 BXOAALLVE B
COCTaB M/HEePanoB - akareHuTa, reTuTa, Ap03nTa, HATPOSPO31Ta, MarHeTUTa, LBEpPT-
MaHuTa 1 amopdHoro rmapokcnaa xenesa [185].

Kpuctannnueckme okcuabl xenesa (Ill) - a-FeOOH, Fe,O, - Takxe MoryT BocCTa-
HaB/VBATLCSA HEKOTOPLIMI MUKPOOPraHmn3Mamy, Hanpumep, Shewanella. Mpun 3ToMm
CKOPOCTb bakTepuanbHOro BOCCTaHOBAEHNS OKCMAA Xefe3a BO3pacTaeT C yBeanye-
HMeM MOLAAM ero NoBepxXHOCTH, BHE 3aBUCUMOCTI OT CTEMeH KPUCTaam3aumm
NN CTPYKTYPHOM GOpMbI. Tak Kak aMOPQHbBIV BOAHbBIN OKCUA Xene3a MeeT Hanbonb-
LUYO M1oLWajb NOBEPXHOCTI (0Ko10 600 M?/T), TO ero BOCCTaHOBNEHME UAET Hanbo-
nee nHTeHcmBHo [200].

BoccraHoBneHne MOHOB Fe?', BXOAALLMX B COCTaB KPUCTaNNNYeCKnX pe-
LIeTOK MMNHEPanos, BeAeT K NX PaCTBOPEHUIO 1 Nepexoay B pacTBOp MOHOB Fe?'.
O4yeHb 4acTo KOHEYHbIM MPOAYKTOM BOCCTAaHOBIEHWA MOHOB Fe** pa3sHoobpas-
HbIMW MWKPOOPraHu3Mammn gBnsetca MarHetuT. OH 9Bnsetcd eAMHCTBEHHbIM
MPOAYKTOM peakuuu BOCCTaHOBAEeHUSs, ecnu Fe?'/Fe**meHee 0,5. [anbHenwee
HakTepranbHOe BOCCTAHOB/IEHWE MarHeTuTa 3aBUCUT OT pH 1 KOHLEHTPaLmK
BOAOPACTBOPEHHbIX MOHOB Fe?'. [pu yBennyYeHun COOTHOWeHNs Fe?'/Fe3, nnbo
npun Hannuum B cpede kapboHaTt- nnn ¢ochaT-MoHOB, B KavecTse NPoAyKTOB BOC-
CTaHOBNIEHNA MOTYT Takke 0b6pa3oBaTbCA Tak Ha3biBaeMmad 3e/1eHas pxaBuyliHa,
cvaeput unu snsranuT [200].

CKOpOCTb 06Pa30BaHNA MarHeTNTa Xene30B0CCTaHaBAMBAaOLLVIMI bakTepn-
AMK1 NprmepHo B 5000 pas Bblle CKOPOCTY 06Pa30BaHUA MarHeTTa MarHeToTakT -
yecknmu bakTepuamm [204].

Cepookucaumesnu. OKUCNEHNE Cepbl OCYLLECTBNAETCH, B OCHOBHOM, aBTOTPO-
dHbIMU MUKpoopranvaMamu (Acidithiobacillus ferrooxidans, Thiobacillus thiooxidans,
T. albertis, Sulfobacillus acidophilus). BO3MOXHO 1 OKUCNeHVe COeANHEHWI Cepbl B
AHOKCUAHBIX YCN0BUAX OHamu Fe?" (A. ferrooxidans, S. acidophilus) [185].

Cynepampedykmopel. OBBEIYHO OHM NPEANOYUTAIOT aHOKCUTeHHbIE YCNOBUA
C pH, BNN3KMM K HENTPANbHOMY, HO BB Takke 0OHAPYXEHbI 1 B OKUCAUTENBHbBIX
YCNoBUsX B KMCNon cpeae [197, 198, 199]. CornacHo anarpamme Eh-pH, MMeHHO B
STUX FPaHMLEaX BOCCTAHOB/IEHHOE XeNe30 HaxoANTCHA B YCTOMUYMBOM COCTOAHMM [85].
CynbdaTtpesykTopbl 6b111 0OHaPYXeHbI 1 B Pa3BUBLLENCA Ha MOBEPXHOCTW HaCkINM
MUPUTHOW PyAbl CIV3UCTON BakTepmanbHOM NneHke, B KOTOPOW OHM COCYLLeCTBOBA-



NN BMECTe C ApyrnmMuy bakTepuamn [186]. MpurcyTcTere cynbGaTpeaykTopos B MOPOA-
HbIX OTBasax He 3aBK1CceNo OT BAAXHOCT UAN COAEPXaHNSA OPraHnYecknx BeLLecTs,
a X YNCNeHHOCTb He npeBbiwana 107 CFU/gdw [199].

CynbdatpesyKTopbl CMOCOOCTBYHOT CHUKEHMIO KOHLEHTPaLmMu CynbGatos B
00PAa3sYIOLLMXCA KUCNBIX BOAAX, BbI3bIBAtOT N0KaNbHOE MOALLenavsaHe cpeasl U
CNOCOBCTBYHOT OCaXAeHUIO CyNbGUA0B METaNI0B (B OCHOBHOM xene3a). ObpasoBsa-
HMe MOHOCYNbOUAOB Xenesa (FesS) - BaxHad reoxmMmyeckas peakuns B HU3KOTEeM-
nepaTypHbIX cpefax, Beayllad k obpa3oBaHuto nuputa. ObpasosaHve cynsdnaos
Xenesa MOXeT BANSATb Ha PacTBOPMMOCTb Apyrux meTtannos (Cu, Zn, Pb, Cd vi ap.)
Yyepes peakuuu copbumm 1 coocaxaeHus [199].

AbroreHHas TpaHchopMaLma LBePTMaHNTa B reTUT CONPOBOXAAETCS yBe-
NNYEHVIEM KUCIOTHOCTU Cpedbl, YTO, MO-BUAMMOMY, WHIMOUPYeT feATeNbHOCTb
cynsdatpeayumpyownx bakrepuit. CkopocTb TpaHCGOopMaLMK BO3pacTaeT C yBe-
nnyeHviem pH cpeapbl (LLEeNoYHOCTH), BbI3BaHHOW MPOTOH-NOTPEONSIOLMMY NpO-
Leccamn, Hanpumep, bakTepuanbHOW cynbdaTtpesykuymer. B npvpoge 3T npo-
LecCbl MOTYT YpaBHOBELLNBATb APYr ApYyra, COXpaHad pH cpefbl Hen3MeHHO. Mpn
3TOM CKOPOCTb CynbdGaTpeaykumn byaeT AMMUTUPYIOLLEA ANa BO3pacTaHua pH,
onpejenas TeM CamblM CKOPOCTb MPOTeKaHWs TpaHChopMaumm LBEPTMaHNTa B
retut [221]. HekoTopble cynbdaTpeaykTopbl 06/1a4ar0T CNOCOOHOCTBIO K BOCCTa-
HoBneHWto Fe(lll), 1 X aKTMBHOCTE MOXET NPUBOAUTE K 06PA30BaHMIO KOHKpPeLnil
cangepwta [191].

JeHumpugukamopel. MPUCYTCTBNE N3OTOMHO NErkMx KapboHaToB B acco-
LMauvn C TOHKO3ePHUCTbIM MarHeTuTom (FeO-Fe,0.) CBUAETENbCTBYET O ero bro-
FeEHHOM MPOWNCXOXAEHNI (Yepe3 BOCCTaHOBNeHWe fe*'). MNpeanaraetca eule oAuH
NyTb 0O6PAa30BaHNA - Yepe3 okMCaeHue Fe** 3a cyeT bakTepuanbHOW AeHNTPUPU-
Kauuu [190].

Azomourcamopel. CunTaeTcs, Yto dukcauma N? B aapobHbIX 1 MUKPOA3PO-
dunbHbIX ycnosusax KLLIB BecbMa npobnemMaTvyHa BCIeACTBME VIHIMOMPOBAHUSA HI-
TpOreHasbl KUCNOPOAOM. YMepeHHbIV aunaodun Acidithiobacillus ferrooxidans pelua-
eT 3Ty Npobaemy VCnoAb30BaHVeM TeTpaT1oHaTa B KayecTse JOHOPa 3/1eKTPOHOB,
a NOHOB Fe*" - B KaueCTBe akLenTopa BMECTO KMCI0PoAa. A30TOUKCALNS B YCIOBUAX
HW3KNX 3HaYeHW pH HeMOCPeACTBEHHO He HabAAaNack, HO reHbl HUTPOreHasbl
661N 0bHapyxeHbl y Leptospirillum ferriphilum [185].

2.3. LLIAXTHbIE BOABI V1 N3NVBBI

LLaxTbl Kn3enoBckoro b6acceriHa B Mepuoz kCcnayatauyin 6uinv OgHVMA 113
CaMblXx OBBOJHEHHbIX B CTpaHe. JKCryaTaums WaxT B YCIOBMAX BOAOOOUILHOCTY
noTpeboBana CTPOUTENBCTBA BOAOOTAVBHBLIX KOMMIEKCOB At OTKAUKX LLAXTHbIX
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BO/, Ha MOBEPXHOCTb W 1X COpoCa B HAVXaMWNA BOAOTOK. OUMCTKA LLAXTHBIX BOA,
NPOBOAMNACH NN OT LLama 1 YaCTUYHO OT B3BeLLeHHbIX BellecTs [61].

MpekpalleHne paboTbl WAxXTHbIX BOAOOTIMBOB MOBMEKNO MOCTENEHHOE
BOCCTaHOBAEHME TMAPOAVHAMUYECKOrO PexnMa MOA3EMHbIX BOA, KOTOpPoe Oblno
HapyLWeHO ropHbIMKM paboTamu. MepBblii 3Tan 3aToOMAeHUs WaxT XapakTepuso-
BaNCA MOCTEMEeHHbIM 3arMoJIHEHWEM TOPHbIX BbIPabOTOK TPEeLLMHHO-KapCTOBbIMA
BoAaMu. Korga OTMETKM 33aTOMNEHUst TOPHbIX BbIPaboTOK CTanu NpUbAMXaTbCs K
YPOBHIO TPELLMHHO-KaPCTOBbLIX BOZ, Ha4Yanca npoLecc BOCCTAHOBAEHNS MMAPOAN-
HaMNYeCKOro pexunma BU3elcKo-6allknpckoro BOAOHOCHOMO Fopu3oHTa. Bonea-
CTBVE 3aTOMNEHUS FOPHbIX BbIPAabOTOK B OTPAOOTaHHbIX LLIAXTHbIX NOAsX chopMu-
POBaCs TEXHOMEHHbIN FOPU3OHT LUAXTHbIX BOA MOLIHOCTLIO A0 30 M. Pa3rpy3ka
STNX LUAXTHbIX BOA MPOUCXOANT Yepes ropHble BbIpaboTky B B1AE U3IMBOB, 3arpas-
HEHHbIX POAHVIKOB.

2.3.1. XAPAKTEPVCTMKA LUAXTHbIX BOZ, MNP PA3PABOTKE MECTOPOX/EH WS

MpupoaHble MOA3EMHbIE BOALI Ha TeppuTopuK Kn3enoBckoro bacceriHa 06-
NafAtoT BbICOKMM OKMCINTENbHBIM MOTEHLUMANOM U HEUTPANbHOW peakumer cpesbl
(pH 7,3-7,5), ruapokapboHaTHO-KanbLMeBbIM COCTaBOM (PUC. 2.3) 1 MUHepanmn3aLm-
en 0,06-1,5r/n [113].

B ropHbix BbIpaboTkax MpUPOAHble BOAbI B3aVMOAENCTBYHOT C 6orateiMum
CynbGUAHOM 1 OpraHUYeckor cepoit yrnem v ropHbIM1 Mopodamy 1 npeobpasyroT-
ca B kmanble (pH 2-3) cynbdaTHble Xeneso-antoM1nHNEBbIE HaTpUeBO-KanbLUeBbIE
BOAbl. MUHepanusauy g 1x MoxeT Bo3pacTtats 4o 35 /51 [98].

LaxTHble BOAbI GOPMMPOBaNMCL B OCHOBHOM 33 CYET TPeLLUHHO-KapCTo-
BbIX BOJ BW3eMCKO-HALLKMPCKOrO rOPU30HTa, B MeHbLLEN CTeneHn — 3a CYeT BOA
GpaHCKO-TYpHENCKOro 1 AeBOHCKOrO BOLOHOCHbLIX KOMMAEKCOB. BCaeACTBME BbICO-
KOW 3aKapCTOBAHHOCTK B LUAXThl MOCTYMNaan MOBEPXHOCTHbIE BOAbI, B TOM YnUC/Ie 1
Yyepes NpoBasibl MO BLIXOAAM OTPAbOTaHHbIX YrOAbHbLIX MAACTOB. Pexum Bogonpu-
TOKOB MMeN Ce30HHbIN XxapakTep: BO BPeMSA BECEHHEr0 CHEroTagHUs 1 0bUNbHbIX
aTMOChEepPHBIX 0CaZKoB 06beM BO/bl, MOCTyMNaBLUel B rOpHble BbIpaboTKY, yBeNN-
YnBanCs.

M0 faHHbBIM KOMMIEKCHBIX MMAPOreoNorMyecknx NccnefoBaHunii, NpoBeaeH-
Hblx B 1938 1., BOAONPUTOKM B WaxTel Kn3enoBckoro bacceiiHa gocturany 400 m3/y
(WwaxTa «KanuTaneHas») [71]. B cepeanHe 1960-x rogos, koraa b1 AOCTUMHYT AnK
[00bIYN YA, BOAONPUTOKM B LWaxThl gocTurany 1000 mM*/y (waxTa 38) 1 6onee, mak-
CManNbHbIV TOA0BOV MPUTOK LAXTHbIX BOA cOCTaBnn 14-15 Tebic. M3/4. B mocneayro-
LUVe roAbl LO6bIYA YIS 3HAUNTENBHO CHI3MAACh; HECMOTPSA Ha 3TO, CYLLLEeCTBEHHOO
CHXEHWA BENUYVHBI LAXTHBLIX BOAOMPUTOKOB He HabntoAanock. B roasl, npestle-
CTBYIOLLME 3aKPbLITUIO LUAXT, MakCMManbHble CpeAHerofoBble MOCTyrnaeHUa BOA B
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CocTaB NoA3eMHbIX U WaxXTHbIX BoA Knsenoeckoro 6acceiiHa [178]

ropHbIe BbIpaboTKy BB OTMeYeHbI B LLaxTax: M. J1IeHnHa (2751 m3/y, 1986 1), «Ce-
BepHas» (1732 M3/4, 1981 r.), uM. 40 neT OkTs6ps (1213 m3/4, 1990 r.), «KnroueBckas»
(1475 ™M3/4, 1990 r.). HaumeHee 06BOAHEHHOW CcuMTaeTca LaxTa «benbin Cnoy,
CpeAHEerofoBble MPUTOKM Ha Helt cocTaBnanm B cpeaHem 80 m3/4 [61].

MuHepanmnsaums copacbiBaeMblxX LLAXTHbIX BOA Ha OONbLUNHCTBE BOAOOTAN-
BOB foctvrana 7 r/n, pH n3meHanca ot 2,2 1o 3,1. ng HYx 66110 XapakTepHo Mno-
BbILLEHHOE COAepXaHue MOHOB Xefnesa U altoMuHuS (puc. 2.3). Habnwoganucs no-
BbILLEHHbIE KOHLEHTPaLMN TakmxX XUMNYECKX 3NeMEeHTOB, Kak KobanbT, HUKenb,
6epunanl, BaHaAN, LMPKOHWIA, CBNHEL, LIMHK, CKaHAWIA, 0N0BO, MapraHeL,. Makcu-
MaNbHbIe KOHLEHTPaLMM KOMMIOHEHTOB Oblav OTMeYeHbl Ha «LleHTpansHomy, «Knto-
YyeBCKoWy, «LLinpokosckom» waxtax [178].



B cepeanHe 1960-x cOpOC WaxTHbIX BoA A0CTUT 1371 400 M*/4, K KOHLLY XX Beka
3TOT NokasaTeNb cHM3nnca Ao 103 841 M3/4. 3a Neproz aKCnayaTaLmn LWaxT BoAb
cobpacbiBan1Cb B peky MpakTUyeckn 6e3 oUnCTkr, YTo 0B6YCNOBMAO MOCTYNNEHME B
MOBEPXHOCTHbIE 1 NoA3eMHble BoAbl Kn3enoBckoro bacceriHa 60nbLIOro Koamye-
CTBa CynbdaTOB, Xenesa, atoMUHNS U TAXeNbIX MeTan1oB.

2.3.2. 1311Bbl KUC/bIX BOZ MOC/E TNKBUAALW LLAXT

Nvksraauma waxt B 1990-X IT. He peLunna akonornyecknx npobaem. OTkauka
1 COPOC KMCAbIX LUAXTHBIX BOJ CMEHWAVCh VX U31MBAMU Ha MOBEPXHOCTb. Ha Teppu-
Topun Knsenosckoro b6accenHa BeayTCA 3aMepbl PACXOA0B M3IMBOB LUAXTHLIX BOA
Ha 12 waxTax (Tabn. 2.1).

Tabnvua 2.1.
M3numBbI WaxTHbIX Bog B KM3e/10BCKOM YyroibHOM 6acceliHe
. KonnyectBo
bacceliH LLlaxTbl
311BOB
. «benbln Cnow», UM. JleHnHa,

p. AriBbI 6
nM. Bonogapckoro, «Kocnatickas»
Mm. Kpynckon, um. 1 Mag,

p. KocbBbl 7 nM. KanuHnHa, nM. 40 net OkTa6ps,
«HaropHas»

p. YycoBoi 3 «TaexHasa», UM. Ykanosa, «YCbBa-3»

Bcero 16 12

MMAPOAVHAMUYECKUI PEXMM WN3IMBOB LUAXTHBIX BOJA HOCUT MepeMeHHbI’
xapakTep. OCHOBHadA 3aKOHOMEPHOCTb PexMMa MPOSBASETCA B CHUXEHUM AebuTa
N3VBOB B 3VIMHIO0, IETHIOI MEXEeHb U YBeNHeHN PacXoia B BECeHHe-OCeHH NI
nepuog. VIx cymMapHbIVi CpeaHeroA0BOV pacxos COCTaBASET OKONO 2,5 TeiC. M3/4. 1o
[aHHBIM MOHUTOPWHTA, 13 BCex 1311BoB KYBa Ha moBepxHOCTb MoCTynaeT 18 maH M2
LLIaXTHbIX BOJ B rOA.

TemnepaTypa BOAbl B TOYKax U31MBOB BapbupyeTca ot 3,2°C go 11,4°C. Ta-
Kag amMnanTysa no TemnepaTypHOMY PexXuMy LLAXTHbIX BOJ OBYCI0BNEHa pasany-
HBIMU TOPHOTEXHUYECKUMU YCIIOBUAMU LIAXTHBIX MONCA U Ce30HHBIMN M3MEeHEeHW-
AMU KIUMaTa.

HecmoTps Ha ANUTEeNbHbBIN MEPUOZ 3aTOMNIEHNS, LUaXTHbIE BOAb! Ha BbILLIeyKa-
3aHHbIX LLaxTax Mo-rnpexHemMy OCTaroTCa KMCIbIMY, C M1Hepanu3aymen 6onee 1000
MI/AM?. AHaNN3 faHHBIX MOHUTOPVIHTA MOKa3bIBAET, UTO Havbonee 3arpasHeHHbIMN
ABNAOTCA BOAbI, N3NUBALOLLMECH U3 LUTONbHU LLaxXTbl UM. KannH1Ha, TpYOHOro XoAKa
LaxTbl M. KpyrcKom, 13 BCMOMOraTesieHoro 1 8 CTBOMOB WaxTbl M. B. V. JleHrHa



N CEeBEPHOV LUTONbHM LWaxTbl «TaexHad». 34eCb OTMEeYeHO NpeBbILLeHVe npesenbs-
HO JOMYCTVMBIX KOHUEHTPaLWI (B COOTBETCTBUM C TpeboBaHWAMN ANA BOAOEMOB
XO3MUTBEBOTO U KyNbTYPHOr0-6bITOBOr0 BOAOMONL30BAHMA) ANS TakMX KOMMOHEH-
TOB, KaK MarHuii (B 4 pasa), xene3o (8200 pa3), antoMuHnin (620 pa3), bepunauii (218
pas), kKagMuin (2 pasa), kobanbT (5 pas), autnia (37 pas), Hukenb (40 pas), MapraHed,
(198 pa3), cBMHeL, (4 pa3a) (Tabn. 2.2).

Tabnuua 2.2.
XnMuryecknii coctTaB LLIAXTHBIX BOA B U3/1MBaxX Hanboiee 3arpsisHeHHbIX LLaxT
KvzenoBckoro yronbHoro 6acceliHa

Vim. JleHyHa 3,6 40,7 10685| 5767 | 20 | 430 | 233 | 164 |2466| 98

VIm. KanuHyHa | 2,95 278 7180 [ 4400 | 20 | 345 | 128 | 91 [1933| 49

Vim. Kpynckoi 3 15,3 6010 [3609| 20 | 194 | 67 | 80 |[1297| 123

«TaexHas» 3,15 9,15 3640 [ 2190 | 20 | 115 | 41 45 | 737 | 47

VIm. JleHnHa 0,044 | 0,0020 | 0,521 0945 | 0,789 | 19,857 | 0,039 | 0,307

VIm. KanuHrHa | 0,023 | 0,0013 | 0,215 | 0,578 | 0395 | 15293 | 0,039 | 0277

Vim. Kpyrickoi 0,025 | 0,0022 | 0343 | 1,116 | 0,648 | 9,691 | 0028 | 0813
«TaexHas» 0,027 | 0,0003 | 0,299 | 0394 | 0526 | 7,060 | 0019 | 0,193

Takum 006pa3om, Ha MOBEPXHOCTb MOCTynaeT B cpegHem 24 306 T xenesa,
1125 T antomuHug, 248 T mapraHua, 13 T Hukens, 8 T kobaneTa B rog. pn B3anmo-
LENCTBAN LLAXTHBIX BOJ C PeYHbIMI 0bpasyeTcs 0Cafok, YTO MPUBOAUT K 3arpsisHe-
HWIO PEK Ha MPOTAXEHWI 4eCATKOB KMIOMETPOB BrIOTb 0 CaMblX YCTbeB. 3TOro He
HabnroAaN0Ck Npy paboTe WaxT. LLaxTHble BoAbl mocTynatoT B 19 pek, 15 13 KOTOpbIX
npakTU4eckn BblBeAeHbl 13 BOLOMONb30BaHWA. bosee aeTanbHag xapaktepuctika
N3VBOB JjaHa B rnase 3.



2.4. Ponb OTBANOB B 3ATPA3HEHUW OKPY)AIOLLIEM CPEZABI

2.4.1. TPOLECCHI NPEOBPA3OBAHWS BELLIEECTBA B OTBAJIAX

OfHNM M3 UCTOYHMKOB 3arpa3HeHVs OKpyXaroller cpefpl ABAA0TCA TBep-
[ble OTXOAbl — OTBaNbl, 0bpasyroLLMecs Npu Aobblve 1 NnepepaboTke yras. Mopoasl,
naywme B 0Tean, OPMUPYIOTCA 3a CHET MPOXOAKM BblpaboTok (52%), X pemoHTa n
BOCCTaHOBNEHNS (48%); OHW CKNaAMPyrOTCH BOAM3M CTBOIOB LUAXT B BUAE TEPPYIKO-
HOB BbICOTOW A0 60-80 M 1 OTBaNOB XPebTOBUAHOW GopMbI (92%), a Takke NAOCKMUX
0TBanoB (8%). OTBasbl COCTOAT: U3 aprUANNMTOB Ha 60-80%, anesponnTos — 10-30%,
necyaHnkos — 4-10%, 13BeCTHAKOB — 40 6%, yrag - 6-20%, nuputa - 2o 10%; cozep-
XaT ApeBecuHy, MeTanInyecke npeameTsl (Tpybel, Mposoda 1 Ap.). [opoabl Heoa-
HOPOZAHbI MO rPaHy/IOMEeTPUYECKOMY COCTaBy, MMEHT pasMep OT MNHNCTbIX YacTuL,
[0 rNbib [2, 166].

/3BneyeHmne ropHbelX MOPOA Ha MOBEPXHOCTb M3 30Hbl TOPHOTO AaBleHNd
N KMCNOPOAHOrO AeduLMTa CONPOBOXAAETCS akTUBM3aLMeN Tak/xX MPoLeccoB, Kak
du3nyeckoe BbIBETPYBAHME, OKUCIEHWE, pacTBOPEHe, TMAPONNS, TnapaTauma 1 ap.
3TO 06YCNIOBNMBAET BO3HUKHOBEHME PACTBOPUMbBIX I HEPACTBOPVIMBIX MPOAYKTOB,
HEeraTMBHO BNAIOLLMX Ha OKPYXatOLLYH CPeay 1 IHXeHepHbIE COOPYXeHNS.

MepemeLLieHVie FOPHbBIX MOPOA 13 30HbI KUCNOPOAHOIrO AePULMTAE, PA3rpy3Ka VX
OT FOPHOTO AaBNEHNS CO34at0T YCI0BUS, MPK KOTOPLIX OCYLLECTBNAETCH MexH02eHHoe
gulgempusaHuUe. B 30He BbIBETPUBAHWA TEXHOTEHHbIE TPYHTbI C1edyeT paccmMaTpu-
BaTb KaK CJIOXHbIE CUCTEMbI, B KOTOPbLIX 006PasytoTca pacTBOpUMbIE 11 HEPaCTBOPUMbIE
NPOAYKTbI, BNAIOLLIE Ha OKPYXAFOLLYH CPeAy U MHXEHEPHbIE COOPYXEHVIA.

NHTEHCBHOCTE BbIBETPMBAHNA TEXHOTEHHbBIX TPYHTOB 3HaYUTENBbHO BbiLLe
eCTeCcTBeHHbIX. KpOMe reoXMMMYEeCcKoro KOHTPacTa 370 CBA3aHO C HEOAHOPOAHbLIM
rpaHy/I0MeTPNYECKUM COCTaBOM, HEBBICOKOW MIOTHOCTLIO TPYHTOB 1, Kak CIeACTBIE,
BbICOKOW MPOHWLIGeMOCTBHO 415 BOAbI U ra3a. PacCMOTPUM OCHOBHbIE MPOLLECChI, CO-
NPOBOXAatoLLe BbIBETPUBAHNE.

MexaHu4eckoe ebleempusaHue. PaspyLueHie 0610MKOB MOPOZ NMPOUCXO4NT
NoZ BAVAHUEM HArpy3Kn, BbllUeNexallyx Nopos, 3aMOPaXnBaHns, KpUCTanansaumm
CONeit, ropeHum. BbiCbIxaHne-yBNaXHEeHE Takxe COMPOBOXAAOTCA PaspyLUeHnem
MOPOA 3a CYET AaBNEHNS, BO3HUKAIOLLErO MNP HabyXaHMn 1 ycaake CNONCTbIX CUAV-
KaToB. B pe3ynbTate MexaHM4eckoro BbIBETPYBAHNSA YBENNYUBAETCA YaeIbHAsA Mo-
BEPXHOCTb OOIOMKOB, MOBbLILLIAETCA MIOTHOCTL, CHUXAETCA MPOHULIAEMOCTb.

Xumuyveckoe eslgempuearue. B rpyHTax nog BAUAHUEM KMCI0POAa, aTMOC-
GepHbIX 0CaZKOB M PYHTOBBIX BOZ OCYLLECTBAAOTCH MEPBUYHBIE TEOXMMUYECKUE
NpoLeccel: OKNC/IeHNe, PacTBOPeHMe, BbiLLenayiBaHe, MeTacoMatos, rMaposns,
rmapartaumsa.



Peakumn okncneHa nayT ¢ BblAeNIeHVEM Ternia U CONMPOBOXAATCA CaMo-
BO3ropaHnemM OTBasoB, OOXNIOM, NepennasneHeM nopos, GyMapoisHbIMK MPo-
Leccamu.

Mpu ropeHny BbIAENAIOTCA CEPHUCTLIV a3, OKUC/bl a30Ta, OKCUA YrNepoaa,
CepoBoaopos 1 Ap. KoHUeHTpauuu AMOKCUAA Yriepoda 1 OKCMAOB Cepbl Ha pac-
ctosaHnm 300 M OT ropsLLlero otTeana MoryT gocturats 125 mr/m® v 1,65 mr/m? coot-
BETCTBEHHO. MakC/ManbHbI YPOBEHb 3arpasHeHud oTMedeH B paauyce 2o 500 m.
Teepaasd dasa rasoBoro AbiMa NpesCcTaBaeHa caxel, KOKCOM, CUAVKATHBIMI LWapuKa-
MU, KpUCTanNamm rmnca 1 opraHnyecknmy octatkamyl, 0CaxaaroLnMINCca Ha nosepx-
HOCTb.

MOXHO BbIfeNNTE MEXAHUYECKYH, 800HYH, 8030YUWIHY 1 6U0/102U4eCKyH
MUTPaLIVIO BeLLecTBa 0TBaNoB. K MeXaHN4ecko MMrpaLmm OTHOCATCA OMnon3aHue
CK/IOHOB OTBa/IOB, Pa3BerBaHe Nopos, NepeHoc YacTuL, BPEMEHHbIMY 1 MOCTOAH-
HbIMI MOTOKaMK (MPK OTChIMNKE Ha MOMMY 1 B Pyco). [1epeHoc BeLlecTBa oCyLLecT-
BNAETCA B BUAE TBEPAbIX YacTuL,. YacTb KOMMOHEHTOB OTBasia NePeHOCNTCA BOAHbI-
MU areHTamu. Mpn GuabTpaumy Yepes OTBabl aTMOCHEPHbIE, MOBEPXHOCTHbLIE 1
NoA3eMHble BOAb! 000ralLaroTca MOHaMU 1 KOAIOWAAMU, KOTOPblE MEPEHOCATCA Ha
3HauMTEIbHbIe PACCTOAHWA. HacTb VX, HanpumMep rMAPOOKUCIbl Xene3a, MOXeT OcCa-
XAATbCA N MUTPUPOBATE MEXaHUYECKN.

K BO34yLHBIM MUTPaHTaM OTHOCATCA rasbl, BbIACNAOLMECA 13 OTBaI0B, OCO-
6eHHO MpK VX TOPeHnK. NPUYUNHON FTOPEHNA OTBAN0B BO MHOTMX CTy4aax ABAAOTCS
peakumm OKUCNEHNS OPraHNYeckor cepbl 1 MMpUTa B CynbGatel 1 C 00pa3oBaHVeM
CepHO KMCNoTbl. [ansHelllee okMCIeHe CONPOBOXAAETCA BblAeneHieM Ternia u
CaMOBO3ropaHmnem 0TBaoB. TePPUKOHbI 1 XPebTOBMAHbIE OTBasbl, B KOTOPbLIX 0be-
CNeYnBaeTca HeOHXOAUMBIN ANS TOPEeHNsS MPUTOK BO3AyXa, bonee NojgBepXeHsbl ca-
MOBO3ropaHuto, YemM Miockue OTBajbl. Ha ydacTkax ropeHud Temneparypa MoxeTt
pocturats 1000°C.

CpeaHwin ropanii oTean B TedeHve roga selgenset o1 620 go 1280 1 SO,
3000-5000 T CO, 230-290 1 H,S, 11-30 T NO,, 14 400 T CO, [2]. Okncnbl cepbl, B3an-
MOZEVCTBYS C aTMOCHEPHOI BNIaroi, 06pasyroT CEPHYHO KNCIOTY, KOTOpast BbinagaeT
C OCaZkaMV Ha 3eMHY0 MOBEPXHOCTb. [OpeH/e OTBa/I0B MOXET MPOAOIXKATLCA rOAa-
MW, NHOT @ — AeCATUNETUAMMU.

Mpvi ropeHnr 0TBaNOB MPOUCXOANT BTOPUYHOE MUHEPanoobpasosaHme. Mpn
N3yYeHN MNHEPANOorY FOPesbIX YroNbHbIX 0TBaNOB YensbuHCKOro yronsHoro oac-
celiHa b. B. YecHokoB ¢ coaBTopamu [176] BblAeNnsn cneayroLimne npoueccsl MHepa-
NoO0bPa30BaHNS:

* nepennasfieHe Nopoa W obpa3oBaHVe MUHEepanoB K1acCoB CUIMKATOB,

CynbONA0B 1 KaPOOHATOB, XapaKTEPHbLIX ANA MarMaTU4YecKiX Nopos;



* VIHTEHCWMBHOE abnoreHHoe okvcaeHe 1 GopMm1poBaHe MYHepanos knacca

OKCWAOB;

+ Aernjpataumsa BOAHbIX MUHEPanoB 1 00pasoBaHe MHeBMATONNTOB, MMAPO-

TEPM 1 MVHEPAoB 13 Kacca CyNbPaTos, XN0pnA0B 1 GTOPUAOB;

+ 00XUI 1 MepeKkpUCTanIv3aLIg MMHepPanos;
* BO3roHKa yro/sbHOro (opraH/u4eckoro) BeLLecTsa.

Mpu AeduumTe KUCNOPOAa MPOVCXOANT BOCCTaHOBEHME OKCUAOB U KPUCTas-
N3aumnsa 6e3BOAHbIX CUVKATOB, CyNbOUAOB 1 APYrux MyHepanoB. ObpasyoTca ba-
3aNbTOMOA0OHbBIE MOPOZLl, COCTOALLME 13 OCHOBHOMO MAarnoknasa, MOHOKIVHHOIO
MMPOKCeHa, O/IMBKHA C NMPUMECHIO NMPPOTUHA, TPOWANTa, MarHeTvTa Fe,0, , Camo-
POAHOrO Xenesa 1 Apyrux.

Tyronnaekve Mopofpl B o4are ropeHvst 1 H3KoMaaBkve B npuneratoLleit K
Hemy 30He MOABEPraroTcA 0OXMry (TEpManbHOMY MeTaMopdur3My); B npoLecce 0b-
XUra NPOUCXOAUT Aernapataund, NepekpucTanavsauns, BblaeneHne NeTyyumnx Kom-
MOHEHTOB.

APTrINTI, COCTOALLME U3 KAOAVHINTA, UINTA, XIOPUTa, KapboHATOB, KBap-
La 1 yrnepoanCToro BellecTBa, BOM3M 04ara npeobpasyroTcs B KAPMVHYHO-KPACHYHO
Nopoay, COCTOALLYIO 13 aHAaNy3nTa, LUNWHeNV, reMaTiTa, MarHeTTa 1 KBapLa; npu
6os1ee HK3KOW TemMnepaType OHW CTaHOBATCS BULLIHEBO-KPACHBIMU 1 NpeACTaBneHb
KOPAMEPUTOM, MYNIUTOM, FTEMATATOM 1 MarHETUTOM.

Cynbduabl Xenesa XMMnMYeck/ OKMCAAKTCA 1 MPeBPALLArOTCA B MarHeTuT, re-
MaTWT C BblAeNeHVIEM CEPHICTOrO rasa (MHeBMaToNNTa). Yroib 1 yrancTele noposel
B 3TOV 30He MPeBPAaLLArOTCA B «HepHble 610KM», COCTOALLME U3 LWYHTTA, rpaduTa 1
cynbdnaoB. TepManbHbIi MeTaMopdU3M M3BECTHSAKOB 3akaHUMBaeTCs 06pa3oBaHN-
eM NopTaaHAWTa, BTOPUYHOrO KanbLMTa; Npyu MeTamopduame 4o10MUTa 06pasyoTCs
nepyriknas, NOPTAaHANT, OPYCUT, BTOPUYHBIA KabLMT.

KOMMOHEeHTEl 0TBaNOB Y4acTBYHOT B OUONOMMUYECKOM KPYroBOpOTE XMMUYe-
CKMX 3neMeHTOB. CyLLeCTBEHHYK POJb UIPaKT MUKPOOMONOrMyeckne npoLeccs
NPV BbIBETPMBAHNM MOPOA OTBANOB. MOXHO roBOPUTL 00 akTMBHOW BUONOrMYeCKon
MUTpaLUMY 31eMeHTOB NPY CaMOMPON3BOIbHOM 3apacTaHui 1 pekynbTUBaLum oT-
Ba/IOB.

3a Bpemda paboTbl KYba 6onee yem B 70 0TBanax HakonneHo cabile 35 MaH M?
nopog [81]. MNMopofbl 0TBaNOB HEOAHOPOAHbI, UTO OMPeAendeTcd NUTONOreN yrie-
HOCHOV TOALLM, TEXHONOTMER A0ObIUN 1 CKN3AMPOBaHWS, BO3PacTOM OTBa/IOB.

N9 BbIABNEHWSA 3aKOHOMEPHOCTEN reoXMMUHeCK/X MPOLLECCOB B MOPOAHbBIX
oTBanax Knsenosckoro yronbHOro bacceriHa 6bi10 NPOBEAEHO V3yYeHne X Mu-
HepanbHOro coctaga. VccnegoBaHe NPoBeAeHO C MpUMeHEHMEM OMTUYeCcKoro,
PEeHTreHOCTPYKTYPHOr O, TEPMNYECKOTr 0, SNEKTPOHHO-MUKPOCKOMNYECKOro, MUKPO-
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30HOBOro MeTof0B. V3y4anncb NCXoAHbIE NPOOLI FPYHTOB OTBaNOB, OTAEe/bHbIe
KpUCTanabl 1 X arperatbl, MOHOPPAKLMN MUHEPANOB, KOPOYKM, PasanyHble Bbl-
uBeThl, MpUMasky. ONTUYeckoe nsyyveHre NPOBOANNOCH C MPUMEHEHUEM OVHOKY-
NApHBIX MUkpockonos MBC-9, MBC-10, nongpr3aLMOHHBIX MUKPOCKOMNOB [1os1am
P-112, Monam P-211. PeHTreHOCTPYKTYPHbIN aHann3 BeinoaHeH B. I, LLnbikoBbIM Ha
annapate APOH YM-18 nabopatopuu reonoruyeckoro ¢akynsteta MIY, a Takxe
onepatopamu 1. B. XoposbiM 1 T. M. PabyxmnHom Ha andpaktomeTpe [APOH-2.0,
CnKa-m3nyyeHvie B Nabopatopuvt KOMMAEKCHbBIX METOAOB UCCNeA0BaHNUA MUHEPa-
noB VIHCcTUTYyTa MmnHepanormn YpO PAH. Paclumdposka peHTeHorpaMm NpoBOAM-
Nacb No kaptoTeke ASTM peHTreHOBCKUX AaHHBIX MUHEPANoB. TepMnyecknin aHa-
NN3 OCYLLEeCTBASANCA Ha Kadeape NHXEHEPHON FreoNornn 1 OXPaHbl reonornyeckoi
cpeabl MIY 3. A. KprBoleeBOW 1 B VIHCTUTYTe MUHEpanori Ha gepvBatorpade
cnctemsl Maynnk v Spgent T. A. KOPHUNOBOKN. INEeKTPOHHO-MUKPOCKOMMYECKME 1NC-
cnefoBaHvda nposeseHsl B MIY J1. b. [paHOBCKMM Ha CKaHNPYHOLLEM 31€KTPOHHOM
MWUKPOCKOMe, COBMELLEHHOM C M1KpOaHan3atopom «KaHckaH», B. H. Cokonosbim
Ha «XuTtaum» 1 A. HO. CacoBbiM Ha «Jeol ism50A» Ha kadespe NHXeHEepHOR reonornn
1N OXpaHbl OKPYXatoLLer cpefpl, a Takke Ha CKaHVPYIOLLEM 31eKTPOHHOM MIKPO-
ckone LEO 1430VP, cHabxeHHom EDX cnektpometpom OXFORD, T. A. TnutoBbiM B
ONITM CO PAH (r. HoBocnbumpck).

Ha ocHOBaHMM NPoBeAeHHbIX UCCIe[0BaHNIA B MOPOAHbLIX OTBanax KYba ycra-
HOB/IEHO 0KOJ10 60 MVIHEPasoB, CpeAM KOTOPbLIX BblAe/IeHbl MePBUYHbIE, XapakTepHble
ANA YINEHOCHOW TOMLLM Y BMELLEKOLMX MOPOA: KAOAVHWT, UAANT, CEPULNT, MOHTMO-
PUINIOHUT, MyCKOBWT, KBapLl, XJIOPUT, MNPUT, MapKasnT, KaNbUUT, CUAEPWT, OSINTOKNE3,
OPTOKNA3, aparoHUT, MyacCaHUT, LIMPKOH, CTaBPONT, TMNePCTeH, PyTUA, SMUAOT, LIO-
N31T, TpaHaT, TYPMaauH, aHatas, KoOpyHA, XPOMWNUHENns, 6apuT, MarHeTUT, KCeHo-
TUM. BTOpUYHbIE MUHEPabl, 00PAa3yHOLLINECH B MOPOAHbLIX OTBaNax, NpeAcTaBieHb
Cepoi, reMaTUTOM, MarreMmToM, TPUAVMUTOM, KPUCTOOANNTOM, N3BECTBHO, MOPTIaH-
LMTOM, TETUTOM, TMO6CATOM, APO3NTOM, aNyHNTOM, SICOMUTOM, TMMNCOM, aHTNAPUTOM,
MEeNaHTePUTOM, CCOMOBHOKATOM, MeTaba3antoMUHUTOM, POLIEHNTOM, KOMManmMToM,
raoTPUXUTOM, BUNNHUTOM, MUKKEPNHIUTOM, KaVHNTOM, KaaMeBbIMK KBacLlamu, Cu-
[AePOTUIOM, YePMUTATOM, GIHOOPINNECTAANTOM, MynauTom [144, 145, 147].

MpviBesem onvcaHne psaa yCTaHOBAEHHbIX BTOPUUHBIX MHEPabHbIX 0bpa-
30BaHWI B ropebIX yronbHbIX 0TBanax Knsenosckoro yronsHoro 6accerHa B nopss-
ke, COOTBETCTBYHOLLEM OBLLEMPUHATON XUMUUECKOW KNacCUPUKaLmMM MUHEPANoB.

CamopoOHele 31eMeHmebl.

Cepa - a-S (pombuyeckaa cMHroHNs). AvnvpamuiansHele KpUCTanibl pasme-
POM 10 1 MM XXenTo-3e1eHOro LBeTa HalAeHbl B MOpoAe OTBaNoB WaxT UM. 40 net
B/IKCM, nmM. 1 Mag, «CeBepHag». B oTBane waxTel «Bnagnmmpckas» B dymaponax



HanAeHbl CBETN0-3e/1eHble KpUCTaaibl cepbl pasmepoM A0 1,5 cM. OnpeseneHve
MOATBEPXAEHO PEeHTreHOMEeTPUYECKN, M1aBHbIe IHWA Ha peHTreHorpamme: 3.85;
3.447;3.213; 3.110; 3.084; 2.847.

Okcudbl U 2udPOKCUObI.

Tpnanmnt - Si0, (rekcaroHanbHas CMHrOHWA). BCTpedeH B ropesibix 0TBanax
LWaxTbl «CeBepHas» B 000XKEHHOW MNHe B accoupaumm ¢ My/TNTOM 1 KprcToba-
NMTOM. MpoayKT 0bxKMra kBapua. [n1aBHble MMHWN peHTreHorpammel: 4.332; 4.103;
3.730.

Kpuctobanut - SiO, (TeTparoHansHas CUHIOHVS). narHoCTMpoBaH peHTre-
HOMETPMYECKM B acCcoLmaLmm C TPUANMUTOM U MyITUTOM B ODOXOKEHHOW KaOAVHN-
TOBOW rNMHe 0TBanoB WaxThl «CeBepHas». OCHOBHble auHWK: 4.103; 2.544; 2.192;
2.050.

Fematnt - o-Fe,0, (TpUroHaabHas CUHroHWS). OCHOBHOW MUHEPas ropesbix
NOPOAHbIX 0TBaNOB. 1PN BEICOKMX TemnepaTypax 0bpasyeT nceBAoMopdo3bl Mo nu-
pUTY, MarHeTuTy. BCTpeyeH B BUAe CNabOMarHUTHbIX LLAPUKOB Ceporo, KPacHOro
useta pasmepom Ao 0,2 MM. bneck Metannnyeckmin, YepTa BULLHEBO-KpacHasa. ToH-
KOAMCMEPCHbIA remMaTUT npuaaeT nopoAamM OTBaloB KUPMAYHO-KPACHYHD OKpPacky.
[NaBHbIE NMHUW peHTreHorpammel: 3.68; 2.698; 2.518; 2.207; 1.842.

Marremmt — y-Fe,0, (Kybnueckad CUHIOHNg). HalgeH B ropesbix nopodax
waxtbl M. 40 neT B/IKCM. [lnarHocTnpoBaH peHTreHorpaduyecku.

FeTnT — a-FeO(OH) (pombryeckas CUHIoHNS). HaliaeH B BUAE OXPUCTLIX Ha-
NETOB, MPVIMA30K Ha KyCKax 0BOXKEHHbIX MOPOZ, B aCCOLMaLIN C TUMCOM, ayHUTOM,
aMOPPHBIMN TMAPOKCUAAMN XeNe3a Ha 0TBanax LWaxT «LleHTpanbHag», UM. YPULKO-
ro, M. KannHuHa, nm. Ceposa, «CeBepHaa», «<Knrouesckaa». [NnaBHble TMHNW peHTre-
Horpammel: 4.95; 4.168; 2.453; 2.203; 1.717.

MMebent — A(OH), (MOHOKAMHHAA CUHTOHNA). OBHapyxeH B OTBanax LWaxTbl
M. 1 Mag, um. 40 net BJIKCM. AnarHoCTMpoBaH TepMMYECKn 1 PEHTIEHOMEeTpUYe-
CKn. [nasHble MMHWK peHTreHorpammel: 4.799; 4.340; 2.279. TTMK Ha TepMmorpamme
cooTsetcTByeT 355°C.

Cynepamel.

Aposnt - KFe* (504)2(OH)6 (TPUrOHaNbHasA CUHIOHWA). PacnpocTpaHeH-
HbI MUHEpas MOPOAHbIX OTBasIOB. LIBET CBETNO-XeNThlid 40 XenToro. Bcrpeyaetca
B BUAe HaNeTOB, KOPOYEK Ha MOBEPXHOCTU MOPOZA (OCOBEHHO apruanvTOB), Npu-
[,aBasA VM XenTyto okpacky. ObpasyeT Tabnntyatele, pasmMepom 40 5 MM (LaxTa nM.
Kpynckon), n nuctoBatele kpycTtanibl (prc. 2.4). OCHOBHbIE NHWW PeHTIeHOrpPaMMbl:
5.935; 5.710; 5.092; 3.115; 3.084; 1.980.

B ogHOM 113 O0TBanoB WaxTel M. CepoBa peHTreHoMeTpUYecky bel AvarHo-
CTVMPOBaH HaTPOSAPO3NT.



ANYHAT - /(/\/3(504)2(0/—/)6 (TPUrOHaNbHas CYHroHWA). HaligeH B BUge Ge-
NbIX HANeTOB Ha NOBEPXHOCTU MNOPOA OTBANOB WaxT «LleHTpansHas», VM. YPULKOro,
«HaropHas», nm. 40 net B/IKCM, «Kntouesckaar». ObpasyeT poMoosapuyeckmne Kpu-

CTannel. BcTpeyaetcsa B accoumaumm ¢
FAMNCOM, TeMaTUTOM. [aBHble NNHWN
peHTreHorpammbl: 4.959; 3.498; 2.990;
1.908.

fvnc - CaSO,-2H,0 (MOHOK/IVH-
Hag CMHIOHWH). BCTpeyeH Ha MHOrmx
OTBanax B BUAE CBETNIO-XEeNTbIX CKpPbl-
TOKPUCTANINYECKUX MACC, OTAENbHbIX
HecUBeTHbIX KPUCTaNI0B Pa3MepoM 40
3 CM 1 1X arperaTHbelx CpocTkoB. 061K
KpVICTannoB — OT TOHKO- 4O TONCTOTa-
6nMTUaTBIX (pUC. 2.5).

CnaiiHOCTb  CcoBeplleHHas o
(010). OCHOBHblE NIVHWUWN  pEeHTreHo-
rpammel: 7.56; 4.270; 3.793;, 3.062;
2.870; 2.682; 1.899. Accounvipyet C
aNlYHNTOM, B ropesblx nopogax — C aH-
rMAPUTOM, FTEMATUTOM.

Arrugput - CaSO, (pomburye-
ckas  CUMHroHWd). HalaeH Ha o6ro-
peBLMX Mopodax LWwaxT «CeBepHasy,
«KnroyeBckaa» B BMAE KOpOYek, «HaTe-
KOB» Xentoro useta. Obavk kpuctan-
NOB — OT TONCTOTAbAUTUATBIX A0 MPK-
3MaTnyecknx. BeposiTHO, obpasyeTcs
B pesynbTate Aervapartaumm  rmnca
no4 AencTBYEM BbICOKMX TeMnepaTyp
npy rTOPeHUN 0TBaNoB. ACCOLMMPYET C
FANCOM, KanbUmMToM. AnarHoctmpyercs
peHTreHorpaduyecky No CeayroLlmm
pedbnekcam: 3.51; 2.858; 1.855; 2.332;
2.090; 1.994.

Kanvesble KBacCubl -
KAI(SO,),-12H,0  (kybudeckas  CUH-
roHMg). HarjeHbl Ha MOBEPXHOCTU
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PuncyHok 2.4.
MnactnHYaTble KPUCTaNbI APO3UTa
c oTBana waxtbl «Knoyesckas»

PuncyHok 2.5.
Kpuctannel runca c otTBasna LuaxTbl
«KnroueBckaa»



0TBaNOB Ha wWaxTax UM. KanuHuHa 1 M. 40 net OkTabps. AnarHocTmpoBaHbl peHT-
reHomeTpuyecky. OCHOBHble MnHWUK: 4.296; 4.064; 2.950. Cynbdat kanvs 1 antomu-
HNS C MEHBLLIM KOMYECTBOM MMAPATUPOBaHHONM BOAbI — /(%\/(504)2 -6H,0 BCTpeueH
B OTBasax WaxT «Knrouesckas» 1 UM. KanuHHa. [naBHble IMHUM PEHTFEHOrPamMMbl:
4.66; 4.22; 4.06; 3.77; 3.68; 3.599; 3.170. PacTBOpATCA B Bode. bonee noapobHoe
OnncaHye Kanmesblx KBaCLOB OMNybnKoBaHO B CTaTke [146].

KanuHnt - KA/(SOA) -11H,0 (MOHOK/IMHHAA CUHrOHNA). HaliaeH B 30He ¢y-

2

MapONbHOW AeATeNbHOCTU B BiAE BONOKOH 0 1 MM A/IVIHOW COBMECTHO C MeaHTe-
PUTOM, YePMUTUTOM, KOMManUTOM Ha OTBasax WaxT «Bnagnmupckasn», uM. Kpyrnckoi.
[naBHble MMHWK peHTreHorpammbl: 9.55; 6.04; 4.81; 4.598; 4.323; 4.080; 3.773; 3.500;

AnyHorer — AL(SO,),-17H,0
(TPVIKNMHHAs CUHTOHKA). B 30He dyma-
pon Ha OTBanax LwaxTel «Bnagnmup-
CKas» B MeCTe B3aMMOZENCTBUS raso-
BbIX CTPY C 061OMKaMK KapOOHaTHbIX
Nopoj 06Pa3syrTCs KOPKK, Ha KOTOPbIX
pacTyT WroNoYk/ anyHoreHa 6eno-
ro M KpacHOBAaToOro Lpeta (puc. 2.6).
OCHOBHbI® NIMHUWN  PEHTreHorpamMbl:
13.4; 4.49; 4.386; 3.500; 3.360; 3.048.
HangeH COBMECTHO C MUKKEPUHIUTOM,
FanoOTPUXUTOM, OUANHWUTOM. PacTBo-
puM B Boje. B accoumaumn ¢ anyHore-
HOM OblNIi OOHAPYXeHbl COeANHEHUS:
Arperar KpUCTasIoB asiyHoreHa A/Z(SOA) 2HO; A/Z(SOA) 14H,0;
c oTBana waxtbl «Knouesckas» 3 3

Al,(SO,),-16H,0 . HekoTopsle wccne-
[0BaTe/IV CYATAKOT, YTO 3TW COAMHEHUA MOXHO CYUTaTb anyHoreHom. Ho Bce oHu
[,AF0T Pa3Hyro KapTUHY AMGpakLUMK, YTO CBUAETENLCTBYET 06 UX PA3HOW KpUCTanam-
YeCcKoW CTPYKType. [NaBHbIe IMHUM DEHTTEHOrPaMMbl COENHEH S A/Z(SO4)3 “12H,0
4.38; 4.31, 4.05; 3.898; 3.681; 3.014; 2.495. CoeanHeHuve A/Z(SOA)3-14HZO nve-
eT Ha peHTreHorpamme pednekcol: 6.01; 4.202; 4.05; 3.89; 3.681, a coeanHeHue
AL(SO,),-16H,0 umeeT cneayiolme MeXMNOCKOCTHbIE paccTosHus: 4.48; 4377
4.314; 4.05; 3.972; 3.90; 3.49. b. V. Cpebpogonbcknii [162] BblaeNseT Ux kak camo-
CTOATeNIbHbIE MVHEpPabl, BCe OHW PacTBOPMMbI B BOJE.

MeTabasantoM1MHNT — /‘\/4(504)(0/-/)WO (CMHFOHWSA He onpegeneHa). B Buae
HaNeToB, KOPOK 6eN0ro LBeTa ObHapyXeH B PymMaponax Ha oTBaje LWaxTsl «<Harop-
Hasi» COBMECTHO C KOKMMOWTOM 1 POLIEHNTOM. B 30HE HaxoxaeHns MuHepana oT-

PucyHok 2.6.



MeYannCb MoBbllLeHHas TeMnepaTypa Nopoj 1 BbIXOAb! ra3os. [NaBHbIe NMHNN Ha
peHTreHorpamme: 8.255; 6.746; 4.380; 4.330; 3.674; 3.470. PacTBOp1M B BOAE.

Yepmurut — (NH), AI(SO,),-12H,0 (kybudeckas CHIOHNS). HaliaeH B 30He
dyMaponbHON AeATENBHOCTI WaxThl «BragnMmpckas» COBMECTHO C MENaHTEPUTOM.
[naBHble NMHWK peHTreHorpammel: 7.07; 5.48; 4.994; 4.323; 4.079; 3.694; 3.060;
2.968; 2.736. PacTBOpUM B BOJE.

MenaHTeput - FeSO, 7H,0 (MOHOKNMHHaA CUHrOHWS). OnpeaeneH peHTreHoMe-
TpUYeck/ B yrneduLMpoBaHHON NOPoAe OTBaNa LIaxTel M. YPULKOro B accoLaLmm
C CCOMO/IBHOKMTOM ¥ MNPUTOM. Takxe BCTpeYeH COBMECTHO C KaJIMHUTOM, MUPUTOM,
YEepMUIUTOM B 30He GYMapONbHOW AEATeNbHOCTW OTBana LWaxThl «Bnagumupckasy».
[NaBHble NMMHWY peHTreHorpammel: 5.48; 4.89;4.01; 3.77;3.73; 3.21. PacTBOpMM B BOZE.

Cupepotnn - FeSO,-5H,0 (TpUkMHHaA CMHroHnA). HaiaeH B 30He Gymaposb-
HOM [eATe/IbHOCTM COBMECTHO C TafoTPUXUTOM, OGUAVHWUTOM, Al (504)3 -12H,0,
A/Z(SOA)3 -16H,0 Ha oTBane WaxTbl «Bnagumvipckas». [NasHble MMHAN Ha peHTre-
Horpamme: 5.80; 5.52; 5.04; 4.92; 4.56; 4.35; 3.94; 2.95; 2.84; 2.73; 2.08. PactBOpnM
B BOZe.

PoueHut - FeSO,4H,0 (MoHO-
KNVHHaA CUHIroHWS). HaliaeH B BUAe be-
NbIX MPUCBINOK MO MUPUTY Ha OTBanax
lwaxT «HaropHas», M. CepoBa, «Knto-
yesckas», UM. 40 net OkTa6ps. ObpasyeTt
[oulaTble KpUCTanibl pasmMepomM 40 1 MM
(pyic. 2.7). ThaBHble NVHUN PEHTreHo-
rpammbl: 6.88; 5.495; 4.777; 4.499; 4.00;
3.410; 3.240; 2.290; 2.970; 2.580, 2.430;
2.270. PacTBOPUM B BOJE.

CcomonbHokuT — fe50,-H,0 (Mo-
HOKIVHHasA CUHroHud). ObpasyeT npu-
CoIMkM Mo nnputy.  ArarHoCTMpoBaH
peHTreHoMeTpryeckn B accoumaymn ¢ PUCYHOK 2.7.

POLEHWTOM U NNPUTOM Ha OTBaNax LaxT MpuaMaTUYeckne KpUCTan bl

M. Ypuukoro, nm. KanuHunHa, «LleH- poLieHMTa Ha NOBEPXHOCTY NVpUTA
TpanbHas», «Knrovesckas», nm. Ceposa, c oTBana waxtbl «KnoueBckas»

M. 40 net OKTA6pA. [NaBHble AMHUK peHTreHorpammel: 4.877; 4.780; 3.460; 3.360;
3.290; 3.140; 2.583; 2.532. BepoATHO, 0bpasyeTcs Npu gernapaTaum poLeHuTa.
MeaneHHO pacTBoOpseTCs B BOJe.

Korwmanut - Fe**Fe;" (SO, ), (OH), -20H,0 (TPUKMVHHaA CHroHMs). ObpasyeT-
CA B MeCTax BbIxoAa GyMapon Ha NOBEPXHOCTb. HaliZeH B BUAE KOPOYeK Ha 0TBanax




WaxT umM. 40 net B/IKCM, nm. Kpynckoi,
«Kocnatuckaay». [laet yanMHeHHble Kpn-
CTaNNbl XenToro useta (puc. 2.8). Acco-
UMMpYeT C KOKUMBUTOM, FanoTpUXUTOM,
MUKKEPVIHINTOM 1 APYrMIA CynbdaTamu.
J1erko pacTBopsAeTCcs B BOAE, AT XeNTbll
pacTeop. pyn KOMHaTHOW TemrepaType
NOCTENEHHO NEePexoanT B KOKUMOWNT. u-
arHOCTVPOBAaH PEHTreHOMETPUYECKM, OC-
HOBHbIe MHKK: 9.13; 6.858; 6.109; 5.569;
5.340; 4.210; 4.025; 3.580; 3.516.
Kokumbut - Fe,(50,),-9H,0
(TpUroHanbHad CUHroHUA). HangeH B
PurcyHok 2.8. 30He OYMaposbHOM AeATeNBHOCTY Ha
Kpucranne! konuanura oTBanax Lwaxr uMm. Kpynckom v «Harop-
€ 0TBana wWaxThl MM. Kpynckoi Has». ObpasyeT MoukoBaTble arperatbl
XENTOro uBeTa. NeKTPOHHO-MUKPOCKO-
nnyeckoe nccnesoBaHve Mnokasano, YTo
3TV arperatbl COCTOAT W3 rekcaroHasb-
HbIx Tabnnyek (puc. 2.9). Mo aaHHbIM Ka-
YeCTBEHHOrO MMKPO30HLOBOro aHanu-
33, MVHepan CoCTOUT 13 Xenesa 1 cepbl.
XapakTepHble NVHUM PEHTTeHOrPaMMBbl:
9.47; 8.53; 8.29; 5.50; 4.61; 3.65; 3.37;
2.77. Nerko pacteopum B Boge. Obpa3y-
eTca Npu Aervapataumm Konvanurta uan

PUCyHOK 2.9. MHaBMAaTOIMTOBBIM TyTEM.

FekcaroHanbHble Ta6ANYKN BNANHNT - Fezﬂfez?’*(SO4 )4 -22H,0
KPUCTaNIo0B KOKUM6UTa (MOHOKANHHAA CUHroHus). HangeH B
C oTBaJsa WwaxTbl UM. Kpynckoii BWZE BOMIOKHUCTBIX KPUCTaNI0B B MeCTax

B3aNMOAENCTBUA CTPYI rasa ¢ KapboHaTHLIMM NOpoAaMy B accoumaum ¢ ranoTpu-
XUTOM, MUKKEPUHIUTOM, allyHOreHOM Ha OTBasle WaxThl «Knovesckas» 1 B dpymapo-
nax waxt «Bnagummpckasy», mm. 40 net BJIKCM, «LeHTpanbHas». [nasHble AnHNN
peHTreHorpammbl: 4.95; 4.31; 4.119; 3.500; 3.260; 2.890; 2.718. PactBOpKM B BOZE.
MukkepuHmAT — MgAL (S0,), -22H,0, ranoTpuxnt Fe**AL(S0,), -22H,0 (Mo-
HOK/IVHHAA CUHIOHVA). MeXay MUKKEPUHTUTOM W ranoTPUXUTOM CyLLIEeCTBYeT Hernpe-
pblBHAA cepusa N30MOPGHBIX 3aMeLLeHVIn MarHsa 1 xenesa. MmHepansl MMetoT BO-
NOKHNCTBIN 061KK (prc. 2.10). OHK BCTPeYatoTCA B BUAE PananbHbIX UAN CyTaHHbIX



PuncyHok 2.10.
Mopdonorns KpMcTanioB raloTpUxXMTa C 0TBaJIOB LLAXTbl UM. Kpyrnckoii (a)
1 WwaxTbl «KntoueBckasa» (6).

arperaToB UronbYaTbiX WM BONOCOBUAHBIX KPUCTANNOB, a Takxe B BUAE KOpo4ek
1 HaneTos. bonee TONCTbIE KPUCTaNNL! ObIBAIOT NOAbIMU. KpUCTansl MMEOT BEPTU-
KanbHYH LUTPUXOBKY. LIBET MMKKEPUHIUTA Benbili, ranoTpuxmTa — 6enblii, 3eneHoBa-
TbI. Jlerko pactsopumel B Bogde. ObHapyXeHbl B 0TBanax LWaxT «Bnaaummpckas», M.
40 net B/IKCM, um.Kpynckow, «KnoueBckas» COBMECTHO C BUIUHUTOM, KOMMAMUTOM.
XapakTepHble NVHUY PEHTIeHOrpaMMel NMnkkepuHrita: 9.78; 6.11; 4.98; 4.84; 4.33;
4.19; 3.79; 3.522; ranotpnxnTa: 9.60; 6.04; 4.799; 4.305; 3.770; 3.498; 2.851.
ProopIANeCTasUT ~ Cam[(504)3(5/‘04)3}6F2 (rekcaroHanbHast CUHIOHNS).
DTOPUCTBIV KOHEYHBIV YNeH NOArpyNnnbl dnnectagnTta. Gaoopannectagnt obHapy-
XEeH B KyCKax ODOXCKEHHOrO V3BECTHAKA B OCTaHLEe Creka Ha CKIoOHe Hekorga ro-
PSALLEro TeppYKOHa WaxThl «KtoueBckas». Kpuctannbl ero Npo3paYHsl, 3epHUCTbIE
arperatel MpOCBEYNBAtOT. TBEPAOCTE - 4: IHOOP3NNECTaANT OCTaBAAeT depTy
(He uapanuHyl) Ha dnroopuTe, a GNHOOPUT, B CBOKD OYepeb, OCTaBAAET YepTy Ha
bnroopannectagute, T. e. TBepAOCTM daoopuTa 1 GA0OpaNecTagnTa OaMHaKoBbI.
B HC/ cHavana cnabo BCKMMAeT, @ 3aTeM Mef/IeHHO pasnaraetca. [pu HarpesaHWn
40 1000°C ycTonume, HabAaeTCa AnLb C1abbl SHAOTEPMNYECKNA SPeKT npu
150°C. AndpakTtorpamma Npoaykta npokanaHua 1o 1000°C aHanormyHa TakoBom
AN QNOOP3NeCTafNTa. AHaNN3, NPOBEAEHHbIN Ha CKaHWPYHOLLEM 371eKTPOHHOM
mukpockone LEO 1430VP, cHabxeHHomM EDX cnektpometpoM OXFORD, nokasan cne-
Ayrollee coaepxaHvie 31eMeHToB B datoopannectaaute: F-10.84, Si-7.44,S - 6.93,
Ca - 19.56, O - 55.23 at. %. 'NaBHble AMHUW GAOOP3NNECTaAUTa Ha PeHTreHorpam-



me: 3.476; 3.091; 2.827; 2.797; 2.733; 2.647; 2.272. NMoapobHoe onucaHve Garoopas-
necragmta npusejeHo B ctatbe C. C. lNoTtanosa ¢ coastopamu [4]. MaTepuans! no
KanveBbIM KBacLam 1 GNroOpannectagnTy 13 Knsenosckoro yrofibHoro 6accenHa
BOLWAM B MOHOrpadwio E. B. benory6, E. M. LLepbakosoi v H. K. HnkaHapoBoii «Cynb-
daTbl Ypana» [14].

Mynnnt — AISI,0,, (pombryeckas CUHroHYVA). OBHapyxeH B ropesibix 1 nepe-
ropesLUMx oTBanax Waxt «Knrouesckaa», UM. 40 net OKTAGPS, UM. KannHuHa, «Ce-
BEpHas» B accoLMaLnn C KpUCTOBANUTOM. ABNSETCA MPOAYKTOM OBXUra KaoNnHNTA.
Obpa3syeT yepBeobpasHble 1 NpU3MaTUYecKne KpUcTanasl 6enoro, KpacHoOBaToro,
KOpWYHEBOrO UBEeTOB (puc. 2.11). Kpuctannnsyertcs B g4einkax 1 rnycroTax CuavkaT-
HbIX LLU1aKoB. [IMarHoCTMPOBaH PeHTreHoMeTprYecky. XapakTtepHble nuHnn: 5.354;
3.414; 3.381; 2.688; 2.544; 2.207; 2.122.

MonyyeHHble pesynbTaTbl 43T BO3MOXHOCTb CYAWUTE O MpoLeccax MUHepa-
N00OPa30BaHMA Ha ropenblX YrobHbIX OTBanax. HangeHHble MyHepansl 06pasoBa-
NNCb MyTeM BO3rOHKM YrONbHOIO BeLLeCTBa 1 CynbOUAOB (Cepa); NPy MHTEHCVIBHOM
BVIOreHHOM 1 abNOTreHHOM OKMCAEHUV (MENaHTEPUT, TETUT); B pe3ybTaTe abrorex-
HOro OKWCNIEHUA MPW BLICOKMX Temnepatypax (reMaTuT); MHeMaToanTo-rmapoTep-
MaNnbHbBIM NyTeM (KOMUanuT, OUAVHWT, KOKUMOWT, anyHOreH); Mpy Aernapataummn Bo-
AHbBIX MUHEPanos (KOKMMOWT, POLIEHWT,
CCOMOJIBHOKUT, @HINAPWT); B pesy/bTa-
Te 00XUWra 1 NepekpUCTanIn3aLmm Mu-
Hepanos (MyNINT, KPUCTOBANUT, TPNAN-
MUT, MarremuT, reMaTuT); Mpn NOHHbIX
3aMeLLeHUAxX (ranoTPpUXUT, MUKKEPUH-
TAT, APO3NT, aNyHUT).

TaknMm  06pasoM, MOPOAHbIe
OTBa/Ibl MPEACTaBAAT COOON CNOXHOE
FEOXMMMUYECKN HeyCToMUMBOe 006paso-
BaHMe, B KOTOPOM AOCTaTOYHO HBICTPO
npoTeKatT MpoLecchl, CyLLecTBeHHO
BAVAIOLLME Ha OKPYXaIOLLYHO cpejy.

Mpv B3auMmoOAeNCTBMM C aT-
MOCHEPHEIMI BOAAMU MPOVCXOANT NH-
TEHCMBHAA MUrpauma 3arpasHAroLLMX

KOMMOHEHTOB.
PucyHok 2.11. OTMEeTUM TaKxe, YTO MOPOAHbIe
KpucTannel MmynnvTa B nyctoTax OTBajbl CTUXUMHO WUCMNONb30BaAUCh U

CNeKLWnMXCca CUINKaTHbIX MopoA
M3 ropesioro oteana

NCMNONB3YHTCA B KadecTBe AOPOXHbIX



CTPOUTENBbHBIX MaTePUAaNoB (ANA OTCIMNKM AOPOT, MNAaHNPOBAaHUA TEPPUTOPUM U T. 1.).
B pesynbTate 370 NpUBOANT K MOMAAAHNIO B NMOA3EMHbIE BO/bI 3/1EMEHTOB, arpeccus-
HbIX K CTPOUTENBbHBIM KOHCTPRYKLUMAM, CHUXaA CPOK 1x 3kcrayataymn [100, 106].

MpviBeseHHbIE reoXMMMYecke OCOBEHHOCT OTBaNOB MOKa3bIBatOT, YTO
OHV TPebytoT 0COBOr0 BHVIMAHWSA MPW 3KONOMMUYECKON peabunutaummn TeppuTtopmm
KYBa.

2.4.2. XAPAKTEPUCTVKA CTOKOB C OTBAJIOB

CTOKM C OTBaNOB 0OPa3yrOTCS B pe3ynbTaTe B3aMMOAENCTBUA aTMOCHEPHbIX
0CafIKOB C FOPHbLIMY MOpOoAamMu oTBana. Hanbonee MHTEHCUBHO OHWU GOPMUPYIOTCA
BO Bpemst OOU/bHbIX AOXAEV NV BeCeHHero cHerotasgHua [11, 12].

B nopogHbix otBanax KYba akTMBHO pas3BMBatOTCA CEPHOKMC/IOTHBIE MPoLiec-
Cbl, VI CTOKI C HUX MO COCTaBY B/IM3KM K LLIAXTHbIM BOAAM.

BBuay HepaBHOMEPHOro MOCTYMNNEHNS OCaAKOB B TeYeHWe rofa, Haamymg
NPOAOCIKNTENBHOrO MEPUoAa C OTPULATENBHBIMY TemMnepaTypamy, 0bbembl CTOKOB
OYeHb HepaBHOMEPHBI. B OTAnYmMe OT LWAaXTHbIX BOA, KOHLEHTPALMA 3arpA3HAIOLLIX
BeLLeCTB MOXEeT CyLLeCTBeHHO BO3PaCTaTb B Ma/IOBOAHbIE MEPNOLbI.

[opeHre 0TBaNOB 1 CBA3aHHbIE C HUM MPOLLEeCChl Mpeobpa3oBaHMA BellecTBa
BHOCAT HEKOTOPbIE M3MEHEHUA B COCTaB CTOKOB.

BozHble BBITAXKN 13 TPYHTOB LLUAXTHBIX OTBA/I0B MMEKOT B OCHOBHOM CU/IbHO-
KUCNyto peakumro cpeapl pH 1,8-4,3, B 0TBanax, CoaepxaLymx kapboHaThel, BOAOPOA-
HbI MoKasaTenb yBennumBaeTca Ao 5,2-7,8. CogepxaHve cynsdaT-moHa gocturaet
91 r/n, Fe?* =1 r/n, Fe>* = 6 r/n; AP = 11 /0. Xumunyeckre aHan3bl BOAHbIX BbITAXeK
13 HEropenbIX rPyHTOB OTBANOB MOKAa3blBarOT BbICOKOE COAepxaHve CyNbpaT-nmoHa
(78,89%), »xenesa fByxBaneHTHOro (4,43%), TpexsaneHTHOro xenesa (8,89%), kab-
ums (3,03%), HaTpwd € kannem (2,43%); MuHepannsauma — 5699 r/kr, pH cpeabl — 2,8.
B coctaBe BOAHbIX BbITAXEK M3 FOPenbiX MPYHTOB OTBaNOB NpeobnaaatoT cynbhat-
NOH — 75,81%, kanbumii — 6,27%, HaTpwi 1 kannin — 5,91%, antomuHuiA — 5,54%, xene-
30 TpexBaneHTHoe — 2,54%, xene3o asyxsaneHTtHoe — 1,95%, marHu — 0,99%.

Taknm 06pa3om, B ropefibix MpyHTax OTBaNOB MOBLILLAETCS CoAepXaHue pac-
TBOPUMBIX CoenHeHnin AlB 15 pas, Na+K B 2 pa3a, Ca B 2 pa3sa; yMeHbLLaeTcs cosep-
XaHwve Fe?" B 2 pa3a, fe** — B 3 pasa.

YBenMyeHne CofepxaHva antoMnHNg, No-BUAUMOMY, CBA33HO C ero BbICBO-
H6OXAEHUEM 13 aNtOMOCUIKATOB B MPOLIecce ropeHns 1 0bpasoBaHemM pacTBopu-
MbIX Cynb®aToB (anyHuT KAL(SO,) (OH) , anyHoren AL(SO,),-17H,0, k-kBacupl
/(/4/(504)2 -12H,0 v ap.). YBennueHvie CoepxaHna Kanbuud, BO3MOXHO, CBA3aHO
C 0BXNTOM MN3BECTHAKOB M 06pa3oBaHMeM okncK Kanbumd (Ca0), He YCTOMUMBON K
BO34eNCTBUIO BOAbI. CHIXEHME KOHLEHTPaLMIM XeNe3a B BOAHbBIX BbITAXKAaxX 13 Mo-



POJ ropesbix 0TBANOB, CKOpee BCero, CBA3aHO C 06pa3oBaHMeM B MpoLIecce ropeHms
3HaUUTENBHOrO KoMMyecTBa reMatiTa Fe,0, — MVHepana, yCTonN4Y1BOro npu B3armo-
OEVICTBIM C BOAOW.

Pa3oBble NPOObI CTOKOB C OTBA/I0B MOKa3bIBatOT KPaHIOK HEPAaBHOMEPHOCTb
VX XUMWYECKoro cocTtaBa (tTabn. 2.3).

B otBanax 50-neTHero BO3pacta, MO CPaBHEHWIO C 5-NeTHUMK, CoAepXaHue
CynbGaT-MoHa B CTOKax yMeHblUaeTcs npumMepHo B 500 pas, a pH yBenMunBaeTca B 2
pasa (80 3,5) [129]. CTokm C 0TBanoB C1yXaT NCTOYHVKOM 3arpa3HeH/ s MOBEPXHOCTHBIX
1 NOA3EMHbIX BOA. VX MHOMALTPaLMS B 30HY a3paLn OTPAXaEeTCH Ha XMMUYECKOM CO-
CTaBe NOA3EMHbIX BOA, GU3MKO-MeXaHUYeCKNX 1 UNbTPALLOHHbBIX CBONCTBAaX MPYHTOB.
Boabl NpriobpeTatoT arpeccBHOCTL K 6eToHy. C 13BAeYeHeM MOPOZ Ha MOBEPXHOCTb
MHOT Ve 3/1eMeHThI 13-3a CBOeV HeYyCTONYMBOCTY B YC/IOBMSX 3€MHOV MOBEPXHOCTY Me-
PEXOAST B MOABVKHbIE GOPMbI U 1EFKO MUTPUPYHOT B BOAHBLIX PACTBOPAX.

bonee fetansHas xapatepucTuka CTOKOB NPUBOANTCSA B r1aBe 3.

Tabnunua 2.3.
XnMmnuecknii coctaB CTOKOB C 0TBa0B LWaxT KnsenoBckoro yrofbHoro 6acceiiHa

MecTo Copep>xaHune KOMMNOHEeHTOB, Mr/Kr MwnHe-
oTbopa panusa- | pH
(waxTa) S0,* | cr |Ca2+ Mg* | APt Na+K | NH | Fe** Fe** umns
1989-1991
«KntoueBckasi» 20653 [117,3]160,3| 60,8 497,5 - 2170 | 40,0 | 31579 [2,77
«LleHTpanbHas» | 99056 | 17,7 | 2485|2533 - | - - 0,0 874,9 | 11280,0 | 2,35
Mm. CepoBa 29971,2|106,4 2004 | 151,9 4203,5 - 302,0 [7348,0| 42283,4 11,79
2006
«TaexHasa» 3430,8 | 354 3006 91,1 175,3 | 3531 10 0,0 2373 | 46356 |2,75

«pemaunHckas» | 2039,9 | 46,1 |300,6 | 60,7 0,0 2004 | 1,2 00 |2094 | 28621 |244

«YcbBa-3» 57,64 | 255 |14,03| 3,6 - 15,1 0,0 0,6 0,2 1171|362

Vm. 40 net

9968,3 [ 140,3(460,9(1829| 3642 | 5758 | 3.2 27,9 11870,9| 136005 |2,20
OkTA6ps

«lymnxuHckas» | 26427 | 69,4 |340,6(279,5| 2091 | 6152 | 56 |17453|3351,0| 349355 |1,99

«HaropHas» 12981,7| 93,6 [460,9|413,1(133355| 9598 | 126 | 97,7 | 363,0 | 16720,1 |2,70

«UeHTpanbHaa» | 27819 | 99,2 |140,2| 850 | 267,1 | 2349 | 5/ 0,0 96,3 | 37114 |2,87

«Lvpokosckasi» | 5009 | 354 | 951 | 15/ 9,4 30,3 2,8 0,0 30,7 7213 12,90

«Kocnatuckas» 50999 | 53,8 [260,5| 729 | 2023 |3995| 50 | 3633|5864 | 7047,7 {239
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2.5. [1OHHbIE OTNOXEHWS

OpaHol 13 akonornyeckmx npobnem KYba aBnseTca HakonaeHne 3HaumTeNb-
HbIX OOBEMOB TEXHOreHHOro OCajka B OTNOXEHUSX pek 1 BOA0eMOB, GOPMUPYHO-
LIMXCS 3@ CYeT KOMMOHEHTOB KNC/bIX LUAxTHbIX BOA M CTOKOB C OTBasOB, @ Takxke
CMbIBa C MOBEPXHOCTW OTXOA0B A0ObIUM 11 0bOoralleHns yrng. lNepeHoc BOAOTOKaMM
TEXHOMEHHbIX OTNIOXEHUI BHI3 MO TEYEHWUIO 3HaUUTENIbHO YBEAUYMBAET 30HY Hera-
TVBHOrro Banarma Kyba, Briots 40 KaMckoro BOAOXPaHWUANLLE, MOCKObKY OHW AB-
NAOTCA MOLLHBIM UCTOYHVIKOM BTOPVYHOTO 3arpPAsHeH .

Ha 3arpsisHeHHbIX y4acTkax pek execyTOUHO 00pa3yroTCs AeCATKU TOHH Tex-
HOMeHHbIX AOHHbBIX OCaAKOB, MPEACTaBNAEHHbIX B OCHOBHOM aMOPQHbIMU MAAPOKCH-
[aMV Xenesa 1 antoMUHKA, C BbICOKM coaepxanunem Mn, Cu, Ni, Zn, Pb v ap.

[oHHble oTnoxeHus pek KYba, Bbllle Mo TeYeHWo 0T UCTOYHMKOB 3arpsasHe-
HWS, NPeACTaBNeHbl eCTeCTBEHHON MUHEPaNbHOW accoumaymen ¢ npeobnagaHmnem
kBapLa (70-80%), nonesbix wnatos (10-20%) W rvHUCTEIX MUHepanos. Cymma BO-
[lOPaCTBOPUMBIX CONEN ANA HIX He Benuka v cocTasngeT 0,3-0,6 r/kr. BoaHasa BbITAX-
Ka MeeT rmapoKapbOHaTHO-HATPYEBLIV 1 TMAPOKaPOOHATHO-KaNbLMeBbLIV COCTAaB, U
BOAOPOAHbIV MOKa3aTeNb OAU3KUIA K 7.

OCHOBHbBIM VCTOYHVKOM 3arpsA3HEHUS JOHHbIX OTNOXEHWI ABNAOTCS LIAxT-
Hble BOAbI 1 TBepable oTX04b! AeATensHocT KYbBa. MNpu pasbaBneHnm WaxTHbIX BOA
N CTOKOB C OTBaJIOB PEeYHbIMY BOLaMY, MPOUCXOAUT yBENYeHe BOAOPOAHOIO Mo-
KasaTensd 1 BbiMajeHVe renecbpasHbIX TEXHOreHHbIX 0CaAKOB, MPeACTaBAeHHbIX B
OCHOBHOM PEeHTreHOaMOPPHbBIMU TUAPOKCAAMK Xenesa — 40 90% 1 bonee. B pac-
KpUCTaNIM30BaBLUENCA Macce 0CaZKka YaCTo MPUCYTCTBYHOT SPO3UT U reTuT, MHoraa
NenuaoOKPOKNT 1 Apyrie BTOPUUYHbIE MUHepabl. COCTaB TEXHOreHHbIX 0CaAKOB KO-
PEeHHbIM 00Pa30oM OTIMYAETCA OT AOHHbBIX OTAOXEHWA pek Ha GOHOBBIX y4acTKax.
TexHOoreHHble 0CaZky COAEPXAT 3HaUMUTENIbHOE KOMYeCTBO BOAOPACTBOPVIMbIX CO-
ner - 5-25 r/kr. BuITsxka nmeeT cynbGaTHO-XeNesncTblli COCTaB W 4acTo — KUCAble
3HaYeHNS BOAOPOAHOro nokasatens. CoaepXaHue NoABMXHbBIX OPM 3arpasHuTener
B AECATKN U COTHW pa3 NpeBbllaeT GOHOBbIE KOHLEHTPALM 1 cOCTaBngeT (Mr/Kr):
cynbdatel - 16 700, AByxBaneHTHOe xene3o - 4550, TpexsaneHTHoe xeneso - 720,
MapraHel, - 280, antomuHu — 160, meab — 33, UMHK — 23, Hukenb - 18, kobanbT - 12
NT. 4.

OTBanbl YrofbHbIX WAaXT 1 OTXOAbl 0O0ralleHns yraa BAVSHOT Ha COCTaB AOH-
HbIX OTNIOXEHWI 33 CUeT 06PAa3YIOLLIMXCA KMCIbIX CTOKOB 1 Pa3MblBa MOPOA, 0CObeH-
HO NPV CKNaAMPOBaHNN Mo 6eperam pek. B rpybo06/10MOUHOM, MeCcHaHom 1 anespu-
TOBOW QPaKUMAX AOHHbBIX OTNIOXEHWI, HUXE YYaCTKOB CKNAAUPOBAHUA, COAEPXNTCA
3HauUMTENbHOE KOMMYECTBO YrofIbHO-MOPOAHBIX YacTuL, (40 22%) 1 APYTUIX TEXHOreH-
HbIX BKIOUeHUM. OCOBEHHO NHTEHCMBHO CMbIB MPOUCXOANT B MaBOAKOBbLIN NePUOA.



Bonee NoApPO6GHO XapakTepUCTUKA TEXHOreHHbIX AOHHbBIX OTNOXEHW BOAO-
TOKOB 1 BOAOEMOB, PACMONOXEHHbIX Ha TEPPUTOPUM NCCNeA0BaHVS, aHa B rnase 3.

TakuMm 06pa3om, akonornyeckne npodnemsl KYba BO MHOrOM 06yCn0BAEHbI
reoXMMNYECKMMN OCOBEHHOCTAMI YroNbHOW TOMLLW. BbiCOKOe cofepxaHue cepbl B
cynbduaHOM GopMe BbI3bIBAET pa3BUTHE CEPHOKWCIOTHONO NpoLiecca Kak B pa3pa-
6aTblBaeMOl TOLLe, Tak 1 B MOPOAHbLIX OTBanax. 13 GopMMPYIOLLMXCS KACIBIX BOA,
NPV NONajaHnu nx B peku, BbINaZatoT XXenesncTo-antoM1HMEBbIe B3BECY C BbICOKMM
COZEPXaHNeM MUKPO3/1EMEHTOB, KOTOPbIE Pa3HOCATCA Ha 3HaUUTEeNbHble PacCTod-
HVS. BoAbl peyHbIX CMCTEM MPMOBPETAOT arpecciBHble CBOMCTBA K KOHCTPYKLMAM
(MOCTbI, TMAPOTEXHNYECKNE COOPYXEHVIS 1 [P.), UTO YrpoXaeT X 6e30MacHOCTU.






3.1. METOAMKA AHANW3A 3ATPASHEHUSA PEK

Bo3aeicTBIIo OT 3aKkpbiThbix WaxT KYba noasepxeHbl 6accerHbl KpynHbIx ne-
BOOEepexHbIX NPUTOKOB Kamckoro BoAoOXpaHuvLLa — pek Ansbl, KocbBbl, YycoBoin
(puc. 3.1).

ANa XapakTepucTnK/ 3arpasHeHns peyHblX CUCTeM PanoHa WCcneAoBaHNin
1NCNONB30BaH H6ACCeNHOBLIV MPUHLMM, B OCHOBY KOTOPOIrO MOJOXEHO AeneHune Tep-
PUTOPUY Ha peyHble bacceliHbl, KOTOPbIE VIMERT YeTKre rpaHuLpl — BOAOPA3AeNtl,
ABNAOLLMECH NPUPOAHBIML Bapbepamu. Bofocbop ABNSETCH YaCTbo PeYHOro bac-
CelHa, pasBuTVe KOTOPOW onpesenseTcd CUCTEMOM SHePreTnYecks COMPaXeHHbIX
AMHAMNYECKMX MPOLIeCcoB. TexHoreHHoe Mnpeobpa3oBaHMe BOAOCOOPHbLIX MPO-
CTPAHCTB MPUBOAUT K TPaHCHOPMaLAN He TONBKO re03KoCMCTeMbl BOAOCOHOPA, HO 1
B Lie/IOM PEeYHbIX CNCTEM. ITO: U3MEHEHMEe BENNYUHBI CTOKa, HapyLUeHne rmapoxm-
MWYECKOro 1 TMAPONOrMYECKOro PEXMOB BOAHbBIX OOBEKTOB, YXYALLIEHVEe KauecTBa
MOBEPXHOCTHBIX BOJ, MepecTporika CTPYKTypbl BOAHbIX broueHo308 [21, 112].

XapakTepucTnka COCTOAHNA MOBEPXHOCTHBIX BOA U MCTOYHWUKOB WX 3arpss-
HeHVs (M3N11MBOB KMC/bIX LAaXTHBIX BOZ, CTOKOB C MOPOAHbLIX OTBANOB, 3arPA3HEHHbIX
NOA3EMHbIX POAHVIKOB) COCTaBfeHa Mo pesynbTaTaMm MOHWUTOPWHIE, MPOBOAMMOrO
«YpanbCkUM LIEHTPOM COLIMaNbHO-3KOM0MMYECKOro MOHUTOPUHIE Yr1enpoMbILLIeH-
HbIX TeppuTopnin» B Nepuog ¢ 2006-ro no 2013 T.

XapakTepuncTnka COCTOAHNA MOBEPXHOCTHBIX BOA U MCTOYHWUKOB WX 3arpss-
HeHMA COCTaBneHa Mo pe3ynbTaTam PaboT NabopaTopuv FeONOrN TEXHOEHHbIX
npoLieccoB EctecTtBeHHOHaYYHOro MHCTUTYTa [1epMckoro yHrBepcuteta ¢ 1984-ro
no 2018 r., JaHHBIM MOHUTOPWHIa, NMPOBOAVBLLErOCA «YPanbCKMM LeHTPOM COUM-
3NlbHO-3KONOMMYECKOro MOHUTOPUHIA YrAenpPOMblILLAEHHbIX Tepputopuii» B 2006-
2013 rr. Takxe 1cnonb3oBaHbl GOHAOBbIE 1 ONYONNKOBaHHbBIE MaTepuassl pesynsTa-
ToB nccnegosaHvin OO0 «MHUINSKO TIK» 1 apyrix opraHusauumii. Mpu obpaboTke
1 aHannse NHGOPMaLMM NCMONb30BaNNCh BOSMOXHOCTY [MC-TeXHONOrUI 1 pesy b-
TaTbl 06paboTKkM AaHHbIX [133.

B NepmMcKOM Kpae BCe MOBEPXHOCTHbIE BOAHbLIE 0OBEKTbI ABAAOTCA PbIOOXO-
39MCTBEHHBIMY OOBbEKTaMV; MPY aHaIn3€e IKONOMMYEeCKOro COCTOAHNA NMOBEPXHOCT-
HbIX BOAHbIX OOBEKTOB MCMOAB30BaNCA MepeyeHb HOPMATMBOB ANA PbIOOX03AM-
CTBEHHbIX BOAOEMOB (fanee — I'ILLKpX) [149].

YaenbHbIN KOMOUHATOPHbBIV MHAEKC 3arps3HeHHoCTH (YK M3B) Boabl bbi1 pac-
CUYMUTaH MO AEMCTBYHOLLEMY PYKOBOAALLEMY AOKYMeHTY 3a 2013 1. [157].

Ha ocHoBe 3HaueHu YK I3B noBepXHOCTHbIE BOALI AENATCA Ha 5 K1accos, B
3aBNCUMOCTM OT 1X 3arpasHeHHoCTW (Tabn. 3.1).

PernameHTUPYrOLWMiA Ka4ecTBO MOBEPXHOCTHbLIX BOZ MPOYero HasHa4deHud,
a TaKxe rnojsemHbix Bog, AokymeHT IH 2.1.5.1315-03 [148] (ganee - MNAK ) asunca



OCHOBOMO/IAratoLLMM N5 OLYEHKM 3arpA3HEHNS MOA3EMHbIX BOZ (POAHVKOB), COCTaBa
BOJ, M3NMBAROLLMXCHA U3 LLAXT U CTEKAFOLLMX C OTBA/IOB.

Mpn aHanmse COCTOAHUS AOHHbLIX OTIOXEHU MCMoNb30BaHbl GOHOBbIE
3HaYeHVs, Tak Kak HOPMaTMBOB A5 OLeHKM VX 3KONOrMYECKOro COCTOAHWS He Cy-
WwecTtByeT. ObpasLbl OblAM 0TOBPaHbI B aHANOMMUYHBIX MPUPOAHBIX YCIOBUSX U MI-

paHunupI BacceiiHbl pek
ES=== NepMcKoro kpas
P P . p. Aiiea
= = = = Kn3en0BcKoro yronsHoro 6acceliHa
e DaioHa UCCNEeA0BaHNIA p. Kocesa 0 10 20 30 40
EESSS GaccellHOB pek p. Yycosas — L

PucyHok 3.1.
MoBepxHoCTHbIe BoAbl Kn3enoBckoro yrosbHoro 6acceiiHa



HUMaNbHOM TeXHOreHHOM BO3AeNCTBMM [15]. ITUM yCnoBMaM oTBeYaeT npoba Ha
p. CeB. Kn3en, oHa 6bina 0TobpaHa B cpesHeM TeueHuU. Mpr aHanmse XMmMmnyeckoro
COCTaBa AOHHbIX OTNIOXEHNIA Takxke y4YTeHbl 0OLLMe NapaMeTpbl, XapakTepHble Ana
peK 1 pyybeB NepMcKoro kpas: rmapokapboHaTHO-KanbLUmeBasa dauns, coaepxaHue
coner meHee 1000 MI/KT 1 HOPManbHas KNCNOTHOCTb.
Tabnnua 3.1.
OLl.eHKa COCTOAHNA NOBEPXHOCTHBLIX BOA

1 YCNnoBHO vnctag Hopwma
2 Cnabo 3arpsisHeHHas Pnck
3 a 3arpssHeHHas
6 OyeHb 3arpssHeHHas
a [pasHada
Kpusmnc
6 [pA3HanA
4 B OyeHb rpasHada
r OueHb rpsasHag
5 SKCTpEMansHO rpsasHas KaTactpoda

3.2. BAccEiH Pekm HAiiBbl

3.2.1. KPATKAS ®U31KO-TEOTPA®UYECKASI XAPAKTEPUCTUKA

Peka fliBa 6epeT Hauano B ropax CeBepHOro Ypana (xp. KBapkyLy), BnajaeT B
Kamckoe BogoXpaHWnLLE Ha 879 KM OT yCTbA, 06pa3ya ANBUHCKNIA 3anmB. B Bepxo-
BbsX p. fMBa — ropHas peka ¢ MHOrOUnCcneHHbIMI Nepekatamu 1 noporamu. Béamsn
TyNyMCKMX MOPOrOB 3HaUNTENbHO YBENNUMBAETCA CKOPOCTE TedeHVd. B HxHewm Te-
YeHN ONNHA pekn Hernybokas, bepera NoKpbITbl €N10BO-MXTOBOW TaMror, COCHO-
BbIMI BOpamMy 11 6ON0TaMK; peka CMOKOKMHag, MorimMa WMpOoKas, YacTo BCTPeYaroTcs
OCTPOBa, MOPOCLLME KYCTAPHNKOM 1 AepeBbAMU. PYCNIO pekn OUeHb U3BUINCTOE, Ha
CBOEM MyTV OHa NPUHMMAaeT 60JbLLIOe KONUYECTBO NMPUTOKOB. OCHOBHBbIE TAPOrpa-
duyeckne xapakTepucTvki p. ABbl 1 ee MPUTOKOB MpKYBesAeHbl B Tabanue 3.2.

Crok p. SirBel B 1963 . 6611 3aperynpoBaH, 06pa3oBaBLUeecd BOAOXPAHNIN-
LLIe MCNONb3YeTCa ANS TeXHNYECKOro BoAOCHabXeHNs ArBuHckor MPIC.

XapakTepHble 3HauYeHMs CTOKa 3a MHOFONETHUIA Nepuros, HabaAaBLUNECS Ha
FMAPONOrMYeckoM NocTy A. JlyeHuule (1958-1968 rr.): cpeaHWn MHOrONETHUI pac-
X04 — 94 M3/, MakCUManbHbI pacxod — 108 M3/C, MUHUMaNbHbLIV pacxos - 72,2 M?/c.



Tabnuua 3.2.
OcHOBHbIe rnaporpaduyeckme xapakTepucTmku p. AiBbl 1 ee NPUTOKOB,
noABep>XeHHbIX BAUSAHUIO 3aKpbITbIX WwWaxT KYba

[nnHa BOAOTOKA, KM 304 24 107 4.8 17 51
Mnowaab Bojocbopa, km? 6250 260 1204 32 111 32
CPeAH#A BoiCoTa 315 347 263 296 393 385
BoAocbopa, M

CPeAHA yknOH - 418 36 36 2,6 2,6
BOZOCOOPA, rpaj

3abonoyeHHoOCTb, % <1 0 0 0 0 0
JlecncTocTs, % 88 73 94 67 85 85
O3epHocCTb, % 0,06 0,01 0 0 0 0,02
3aKkapcToBaHHOCTb, % - 67 - - 57 54
FycToTa peyHou cetn

no kapte 1:1 000 000, km/km? N 044 016 05 03 03

Ha p. AnBe pacnonoxeH pag HaceneHHbIX MyHKTOB, Hanbonee KpynHbI 13 HAUX — NIT
Aiea [126].

B npeaenax tepputopnr KYba Haxo4nTca VLU HOro-BOCTOYHAA YaCTb BOAO-
cbopa p. SvBbl (puc. 3.1). Hanbonee kpynHbln nputok 1-ro nopsazaka - p. Ces. Buibga,
ee A/IMHa coctaBngeT okoao 107 KM.

MpakTUyeckn BCe WCTOUHVIKM 3arpa3HeHuns, CBA3aHHble C J00bluer yrig,
pacnonoXeHbl Ha BOAOCHOpe Mpasoro nputoka p. Ces. Bunbsa - p. bon. Kusen, Ha-
UMHaKOLLercd OT MeCTa CnaHng pek Monya. Kusen n BocT. Kusen. MpoTsxeHHOCTb
p. bon. Kusen cocrasnger 24 KM, OCHOBHble MpuUToku: p. Monya. Krisen ¢ mpuToKoM
pyY. KpacHelin, p. BocT. Kusen ¢ nputokom FanaHoska, p. ViBaHOBKa, p. Man. lNonya.
Kuzen, p. Cyxom Kuzen, p. OnaneHHasa ¢ NpUTOKOM p. BeAllep.

3.2.2. OLEHKA 3KOJIOTMYECKOrO COCTOSAAHUS

Ha Bogoc6ope p. AMBbI 1 ee MPUTOKOB OCHOBHBIMM MCTOYHVIKaMM 3arpssHe-
HNA MOBEPXHOCTHbIX BOZ ABNSAIOTCA M3/MBbI LWAXTHbIX BOJ, 3arpA3HeHHble pOAHU-
K 11 CTOKM C MOPOAHBIX OTBaNOB. B 6acceliHe 3TOM peky pacnonoXeHbl 6 V311BOB
LWaxTHbIX BoZ, 20 MOPOAHLIX OTBaNOB 1 6 3arpasHEHHbIX POAHMKOB, 3a KOTOPbIMMA
BeAyTCs HabMoAeHUd. MyHKTbl HabMoAEHVS 38 MOBEPXHOCTHBIMY BOAHBIMN OObeK-
TaMy NoKasaHbl Ha pUCyHke 3.2.



57°30" 57°35" 57°40° 57°45" 57°50"

A- Bonoc6op p. Bon. Kusen
i

i

Lkana

BbICOT, M
BbllLe

0O6Las oLeHKa

rMAPO3KOIOTYECKOro

COCTOSIHVISI BOJOTOKOB
puick

KpU3nc ® NYHKTbI HabNtoAeHUSA

6eacTBMe ~== rpaHuubl bacceiiHoB

57°10" 57°15" 57°20° o
MepeueHb NYHKTOB HabnoAeHNIA

b= pidviBalyinmdisa 3a NOBEPXHOCTHBIMY BOAAMU

1 py4. KpacHsblit Huxe wypda Ne 63

2 p.MNonya. Knsen Beile pyy. KpacHblii
3 p. Monya. Knusen Huxe pyd. KpacHbli
4 p.Monya. Knsen Huxe poa. 028

5 p.Monya. Knusen Huxe poa. 031

6 p. Monya. Knsen Huxe pog. 030

7  p.Boct. Knusen Bbllle pogHUKOB

8  p.Boct. Knsen Huke poaHUKOB

9 p. bon. Kusen Bbliwe py4. MiBaHOBKa
10 p. Man. Nonya. Knsen

11 p. bon. Kvsen Bbllle pogHUKOB

12 p. bon. Kusen Huxe poAHMKOB

13 p. Besuep, ycTbe

14 p. Nonya. Knusen Huxe wypda 2-6uc
15 p. Ces. BunbBa, ycTbe

16 p.sinBa Bbilwe p. Ces. BunbBa

17 p. sinBa Huxe p. Ces. Bunbsa

18 p.SsiBa, ycTbe

19 p. Kama BbliLle ycTbs p. SHiBbI

20 p. Kama Huxe ycTbs p. SiiBbl

Bl-|piAiiBaiycrbe 0 1 2 3 4

PucyHok 3.2.
MyHKTbI HabNOAEHNS 3@ NOBEPXHOCTHBIMM BoAaMun B 6acceliHe p. ABbI
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Mo pesynbTatam pacyeta YK 3B 3a 2013 1. M0 14 KOMMOHEHTaM, CTeneHb 3a-
FPA3HEHHOCTN BOAbI B aHaM3MPyeMblx CTBOPax Konebanacb OT rPA3HON (4-1 knacc
«a») 10 CNab03arpssHeHHOM. 10 3TOMy NOKa3aTento ObI1O BblAENEHO HECKONBKO MPa-
[AUWl 06LLEro rmapo3KON0rMHeckoro COCTOSIHUA BOLOTOKOB: HOPMa, PUCK, KPU3NC,
6eacTaue (pyc. 3.2). HanbonbLuyo 40K B OOLLYH OLeHKY CTeneHV 3arpsa3HeHHOCTH
BOZbl BHOCAT COeANHEHNA Xenes3a, atoMUHVg, 6epuinug, IMTNS, Mapradua, Yto oT-
HOCUT 1X K KPUTUYECKMM MoKasaTtensam. Ha pucyHke 3.3 nprseaeHsl MakCMasibHble
npesbileHns MAK B nyHKTax HabaroaeHys; HanbonbLUne 3Ha4eHVs HabaroaatoTCs
Ha p. Monya. Knsen (Hwxe pogruka 030): Fe - 9450, Al - 639, Mn - 1118, Be - 56.
3arpsasHeHne MoBepxXHOCTHLIX BOJ MPOUCXOAMT MO Lenodke pek: lMonyg. Knsen,
bon. Knsen, Ces. Bunbsa, AiBa, BNoTb 40 KaMCKOro BOAOXPAHUANLLA.

Pekxa bonewot Kusen. Boza p. bon. Knsen B nepunog paboTsl WaxT 1 CHpo-
Ca LWaxTHbBIX BOZ, B MECTHYHO MMAPOIOTMYECKYH CeTb (OCHOBHbLIE UCTOYHVIKIA 3arpsa3-
HEeHUA BOJ NPMBEAEHbI Ha pUCyHKe 3.4), Ha BbixoZe C Tepputopui Knsenosckoro
MecTopoxzaeHus (Huxe ycTed p. OnaneHHo), obnagana KuCaom peakumer cpeabl

MecTa oT6opa npo6
MOBEPXHOCTHbIX BOA
KPaTHOCTb NpesbieHns MAK
XUMWUYECKUMU 3NeMeHTaMu

& ‘9'///5

<

BOAOPOAHbIN nokasarenb
0 5 10 15 20
! T I KM

PucyHok 3.3.
CxeMa rmapoxmmMmnyeckoro onpoboBaHms pek 6acceiiHa p. AiBbI NOC/e 3aKPbITUSA LLIAXT
M MaKCUMasbHble rnpeBbllUeHns I'I,ﬂ,pr n CaHlNwnH 2.1.5.980-00 (2006-2013 rr.)



(pH 2,8), cyxoi octaTok - 1430 Mr/am3, cogepxaHune xenesa - 4o 130 Mr/gm®, anromu-
HW1a - 2o 50 mr/am®. Mocne npekpaLyeHs copoca KMCbIX LAaxXTHBIX BOA NokasaTenb
pH noBbicnnca ao 4,2-5,8, cogepxanue xenesa cH3nNocb A0 7-20 Mr/gv3, antomu-
HKs - 10 0,5-8,5 Mr/am3, cyxoit ocTaTok He npeBsbiwan 420 mr/gm® [81]. HecMoTpst Ha
CHXEHVEe YPOBHS 3arpsa3HeHus, coctaB BOA p. bon. Kusen nocne 3akpbitua WaxTt
6bIN Aanek OT HOPMaTVBHbIX NOKasaTenell.

CuTyaumsa pesko M3MeHUNachb B XyALyro CTOPOoHyY B Mae 2001 r., korga Havars-
CA M3/MB BOJ U3 CTBOOB WaxTbl VM. JleHnHa (puc. 3.5).

/I3MeHeHme XMMMYEeCKOro CoCTaBa LaxTHbIX BOZ, MOC/e 3aTOMNAEHNS LLAXT, B
CTOPOHY POCTa MUHEPaNN3aLMn 1 COAEPXAHNSA ABYXBANIEHTHOIO Xesne3a nprseno K
3HAUNTENBHOMY YBEIMYEHHO MPOTAXEHHOCTY 3arpsA3HEHHbIX Y4aCTKOB pek, AaxXe B
CPaBHeHW C NeproioM akTVBHOM paboTkl bacceiiHa.
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Ellle 0AMH NCTOYHVIK 3arpa3HeH s — MOPOAHEIA OTBan LWaxTel UM. JIeHWHa,
pasmellleH Ha bepery p. bon. Knusen n neprognyecki 3atanamsaeTca BOAOW. Takoe
MECTOMOIOXEHWNE OTBaNa ABNAETCA OAHVM M3 CaMblX HeyAauHblX, Tak Kak co3gaer
YCNOBUSA ANS AOMONHUTENBHOIO MOCTYMIEHNS 3arPA3HUTENEN.

Bce 370 06yCNnoBANBAET CNOXHYH SKONOTYECKyto 06CTaHOBKY BOA p. bon. Ku-
3e/1 Ha BCeM ee MPOTAXEHUN.

Ana coctaBneHns XxapakTepUCTVKM WUCTOUYHUKOB 3arpasHeHus, BAUAIOLLMX
Ha p. bon. Knsen v ee nputoky, MpoaHanv3npoBaHel aHHble Mo CTOKaM C MOPOA-
HbIX OTBAJIOB W V3/IMBAM LLIAXTHbBIX BOA (PUC. 3.6), X XapakTepUCTVIKN NPeACTaB/eHbl
B TabnuLe 3.3.

CyMMapHbIi 06bEM LUAxXTHbIX BOA, W3NMBAKOLWMXCA HEMOCPeACTBEHHO B
p. bon. Kvsen (He cumtasg BoAOCOOpPa MpUTOKOB) — B cpegHem 302 m3/4ac, yto co-

MNepeyeHb NCTOYHNKOB 3arpsA3HEHNS MOBEPXHOCTHbLIX BOJ,

Ne Ha Ne Ha
Tvn HaumeHosaHue Tvun HaumeHosaHue
Kapre KapTe
1 M3nne Lypd Ne 2-6uc 19 Croku c otBanos | KMO waxTbl «PyaHUYHanA»
5 " LLypd Ne 63 LiaxTHOro yyactka 20 Croku c otBanos | MMO waxtbl Ne 9 «/lensHka»
3118
«benbii Cnovi»

21 Crokm c otBanog | KMO waxtbl «Kntouesckas»

3 M3nuns LLypd Ne 58

22 Croku c otanos | MMNO waxtsl «Kntoyesckas»

4 Nanue BenomoratensHbiii cTeon 23 Croku c otBanos | KMO waxtbl «OKTAGPEeHOK»
waxTel UM. JleHnHa

24 Croku c otanos | KMO waxTbl «CesepHas»
5 W3nne CrBo/1 Ne 8 WwaxTbl M. JleHuHa

25 Crokun c oteanos | MMO waxTbl «CesepHasn»
6 W3nns LTonbHs waxTel M. Bonogapckoro

26 Croku c oteanos | MMO waxTbl M. JleHnHa
7 Ctoku c otBanoB | KMO waxTHoro yyactka Ne 26-61c

27 Croku c otBanos | MMO waxTel M. Bonogapckoro
8 Croku cotBanoe | KMO waxTel «LLIMpokosckas»

3arpssHeHHbIl
9 Croku c otBanoe | MMO waxTsl «LLINpoKoBcKas» 28 PoaHvik 028
POAHVIK

10 Croku c otBanos | KMO waxtbl Ne 32 arpsiaHeHHbil

29 PogHwuk 030
17 Ctokum c otBanoB | MMO waxTbl Ne 32 poaHUK
12 Croku c otBanos | KMO waxTHoro yyactka Ne 38-6uc 3arpsisHeHHbIl

30 PoaHwuk 031
13 Croku cotanos | KMO waxTel «benbiii Cnoii» POARMK
14 | Croku cotBanoe | KMO waxTsl «Kocnatuckas» 3 | 3arprHenHbIi PoaHIK 027

POAHVIK

15 Croku cotBanoe | MO waxTkl «Kocnatckas»

3arpsi3HeHHbIl

32 PoaHuk 029
16 Croku c otBanos | MMO waxTbl Ne 41 POAHMK A
17 Croku c otBanos | KMO waxtbl Ne 42 3arpsHeHHbI

33 PogHuk 021
18 Croku cotBanog | MMO waxTbl «Bragnmupckas» poaHUK

McTouHnKM 3arpasHeHns

B V31UBbI LAXTHbIX BOJ —  Hanpae/eHve cToka C 0TBa/oB
A nopoaHble oTBasbl — rpaHnLbl 6acceiiHoB pek

©®  3arps3HeHHble NCTOYHNKM "7 waxTHoe none

PucyHok 3.4.

MCTOUHUKM 3arpa3HeHns NoBePXHOCTHLIX BoA p. bon. Kusen



HepelicTtByloLme
OUMNCTHbIE COOPYXKEHUS

Peka K
Bonpleii-Kmsen

- W3nnesl
. ¥@axTbl UM..JIeHnHa
/',l A X

e = 3 -

X . OTBO/, LUAXTHbIX BOZ ~
OtBanbl * 3 |/|3n|/|Ba'uJQXTb| nM. Bosiogapckore

axTbl UM. fleHnHa

PrcyHOK 3.5. I3nnBbI KNCAbIX LWAXTHbIX BOJ B 6acceliHe p. bon. Kusen
A - palioH un3nmBa cteona Ne 8 LWaxTel VM. JleHnHa
b - p. bon. Kusen B panoHe Lwaxt uM. JIeHnHa 1 nM. Bonogapckoro
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PucyHok 3.6.

M3n1mBbl KUCABIX LWAXTHbLIX BOA

A - BnageHne 13n1Ba oA cTeosa Ne 8 LwaxTel M. JleHnHa B p. bon. Knsen;

b, B - waxTta «benbirt Cnot»; I - WwaxTa UM. JIeHnHa, BCoMoraTebHbl CTBON;
[ - TpaHLwes ang oTeoza BOZ BCMOMOraTe/IbHOro CTBoNa LWaxTbl VM. JleHrHa

CTaBngeT NpUbAN3UTENBHO 25% OT roA0BOro CTOoKa pekn. OKoNo 89% 3arpsa3HeHHbIX
LIaxTHbIX BOA M3AMBAOTCA 13 cTBOMa Ne 8 LWaxTbl UM. JIeHHa, MakCUManbHbIV 3a-
dUKCMpOBaHHBIN pacxo - 587 m3/yac.

Pacxozbl BOAbI B V3/11MBaxX NMOABEPXEHbI 3HAUNTEIbHBIM CE30HHbIM KONebaH!-
AM, AVHaMVIKa CPeAHVIX 33 Nepuos HabNOAeHU PaCcXOA0B LUAXTHbBIX BOJ MOKa3aHa
Ha pucyHke 3.7.



Tabnuua 3.3.
O6beMbl N3IMBOB LUAXTHbIX BoA B p. bon. Kusen n ee nputokmn

BcnomoraTenbHblil

CTBOJ LLIAXThI VM. bon. Kuzen 21,2 86,0 5,0

JleHnHa

CrBon No 8 WaxTel | £ i ysen 268,0 587,0 94,0

VM. JleHVHa

WTonera Waxtel o) e 13,4 40,0 1,0

M. Bonogapckoro

Wypd 2-6unc waxtel | Monya,. K|/|3e/1 n 165,5 3370 4

«Kocnaluckas» pyd. KpacHbiin

Wypd ?3 LaxTl p. Monya. K|/|3e1u1 59,7 1470 220

«benbin Cnom» 1 pyY. KpacHbI

Toro 527,8 1197 164

M’/uac
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BcnomoratenbHbIn CTBOA LWaxThl M. JleHnHa — ======" CtBon Ne 8 WaxTbl M. JleHrHa
----- LTonbHA WaxTel M. Bonogapckoro
PucyHok 3.7.

Ce30HHas ANHaMMKa PacxoAoB BoAbl Ha U31MBaX LLAXTHbIX BOA, BANSAIOLLNX
HernocpeAcTBeHHO Ha p. bon. Kusen (2006-2013 rr.)



XapakTepHbln Ana Teppntopun Knsenosckoro yroasHoOro bacceriHa mak-
CMYM V3INBAIOLLMXCA BOJ B MEpUo/ BeCeHHero rnoaoBOAbA U NeTHe-OCeHHNX
NaBOAKOB, & MUHNMYM — B 3VIMHIOIO MEXeHb, XOPOLLO MPOC/ieXnBaeTca Ha 13iu-
Be 13 cTBona Ne 8 waxTbl UM. JIeHWHa, A5 KOTOPOro xapakTepHbl 04YeHb 60sb-
LWe pacxoabl. Ha AByX Apyrux U3NMBax oTMe4aeTcs C1abo BblpaxeHHbI Makcu-
MYyM OObEMOB M3IMBAOLLMXCA BOA B Meproj BeCeHHero noaosoabsa (puc. 3.8).
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Feo N 5320
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Ni . 20
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Fel I, 1267
1 10 100 1000 10000
MakcuManbHoe cogepxanue B gonax MAK
PncyrHok 3.8.
MakcrmanbHble KOHLEHTpauuy MUKpPO3/1IeMEHTOB B BOZaxX N3/INBOB,
nocrynatowmx B p. bon. Kusen (8 cpaeHeHnn ¢ NAK )
A - BCMOMOraTebHbIV CTBOA WaxTbl UM. JleHnHa, b - cTBon Ne 8 WaxTbl M. JleHrHa,
B - wroneHA waxTel M. Bonogapckoro

— 100 —



Ana HNX XxapakTepHa Kucnaa peakuma cpeasl (pH 3-4), cynbGaTHbIN COCTaB, Ypes-
BblYalHO BbICOKME KOHLEHTPALMN PAAa MUKPO3/IEMEHTOB, NMPexAe BCero xene-
38, aNtOMUHWA, MapranLua, 6epunnng, cogepxaHmne KoTopbix npesbiwaet MAK 8
COTHU U ThICAYN Pas3.

B cpeaHeM 3a roz HemocpeacTBeHHO B p. bos. Knsen (He cymtas 3arpsasHeH-
HbIX MPUTOKOB) nocTynaeT noytn 15 300 ToHH cynbdatos, 6000 TOHH xenesa, 400
TOHH aNtOMUHWS, 57 TOHH MapraHua; KOIMYeCcTBO APYTX 3arpasHNTeN e 3Ha4TeNb-
HO MeHbLlue. [narpaMmbl, AEMOHCTPUPYOLLME 0OBEMbl MOCTYNNEHNUA 3arpa3HuTe-
Nei, NpeacTaBneHbl Ha pycyHke 3.9.

Ha BocemMHaAuLaTy MOPOAHbLIX OTBanax MPOBOAATCA HabMOAEHMA 3a Obbe-
MOM 1 COCTaBOM CTOYHbIX BOJ, XapakTepuCTVKa KOTOPbIX NpeAcTaBaeHa B Tabnu-
ue 3.4.

MakcrManbHble BENNYMHBI 0ObeMa CTOKOB Hab0Aar0TCA C OTBAIOB LIaxT
M. Bonogapckoro v «Kocnawickasay, oHM coctaBnatoT 20 1 22 M?/4ac COOTBETCTBEH-
HO. CTOKM C OTBAJIOB XapaKkTepU3yTCA OYeHb BbICOKNM COAepXaHUeM 3arpa3Hato-
LUMX BELLeCTB 1 KUCNOoW peakunel cpeabl (pH MeHblle 3). B pesynbTtaTte UHOWb-
Tpaumy aTMOCPEpPHbIX OCAAKOB M3 MOPOAHbIX OTBANOB BbIMbLIBAOTCSH B OOMbLUNX

TOHH/roA,

10000

1000

100

AN
AN\
AN\

1 SO, Al Fe Mn
BcnomoratensHbin CTBON CtB0/ Ne 8 V LLIToNbHA waxTel
LWaxTbl WM. JleHrHa LWaxTel M. JleHrHa M. Bonogapckoro

PucyHok 3.9.
MocTynneHwe 3arpsisHUTeNen ¢ BOgamMn U3nMBoB B p. bon. Knsen
(6e3 yyeTa NpnTOKOB)
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Tabnuua 3.4.

O61BbeMbl CTOKOB € 0TBasIOB, NocTynatoLux B p. bon. Kusen
n ee npuToKmM (2007-2013 rr.)

m. NennHa Bon. Knzen NNOCKNN 2,5 15,0 58
VIm. Bonogapckoro | bon. Kuzen NAOCKNAIA 0,03 20,0 5,0
26-6uc Monya. Knsen KOHYCHbI - - 0,05
«LLlnpokoBckasi» Monya. Knsen KOHYCHbI - - 4,0
«LLInpokoBkas» Monya. Knsen MAIOCKNAIA 0,02 12,3 55
32-6uc Monya. Knsen KOHYCHbI 0,15 6,0 2,1
32-6uc Monya. Knsen NNOCKNIA 0,01 0,5 0,17
38 Monya. Knsen KOHYCHbIN 0,01 1,0 0,25
«benbin Cnoti» Monya. Knsen KOHYCHbI 0,03 1,6 0,54
«Kocnawickas» Monya. Knsen MAOCKUIA 0,1 22,0 7,9
«Kocnatuckas» Monya. Knsen KOHYCHbI 0,01 18,0 39
42 BocT. Knsen KOHYCHbI 0,02 1.5 043
g}_lf(MCMM)‘lO ner Boct. Knsen NAOCKNIA 0,01 7,0 1,6
«Knroyesckas» Cyxoit Knzen MNOCKUI 0,5 12,0 5,0
«KntoueBckas» Cyxom Knzen KOHYCHbI 0,85 4,0 2,2
«OKTA6pPEHOK» Cyxom Knzen KOHYCHbIN 0,01 1,0 05
«CeBepHas» Bballep NAOCKNIA 0,01 1,6 09
«CeBepHas» Bballep KOHYCHbI 0,08 0,5 03
Ntoro 4,34 124 46,14

KOHLEHTPaLMsAX Xenes3o, antoMUHIA, 6epuannin n MapraHed, ux cogepxanvie npe-
Boiwaet MAK B COTHM U ThICAYM Pa3, YTO NPUBOAWT K Aerpajaumn naHawadTos
(pnc. 3.10). B MeHblUeM KOMUYeCTBe, HO Takxke MOBCEMECTHO, 0OHapyXMBaroTCH
TAXeNble MeTa bl (KAAMUIA, KOBaNbT, HNKeNb). DMN30ANYECKM B NPObax BOAbI C OT-
Ba/IOB BCTPEYAIOTCH CBUHEL, U LMHK, MPeBbILUEeHNe MO KOTOPBIM COCTaBngeT OT 2
£o 70 NAK, .

Hanbonbluel cTeneHbo 3arpssHEHHOCTY OTAMYAROTCSA CTOKU C KOHYCHOrO
1 MAIOCKOTO OTBasIoOB WaxThl «Kocnawlckaay»: xeneso - 2083-6157 MNAK _, antomn-

xn’
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PuncyHok 3.10.
MopoaHble oTBanbI LWaXT, pacrnosioXeHHble Ha Bogoc6ope p. bon. Knusen
A - waxta «CeBepHas», b - waxra Ne 41

HW - 5245-10 955 MAK  maprarew - 250-880 NAK , nokasaTens pH - CTabuabHO
meree 3,0.

YyunTbIBasg NpUBeAeHHble MMAPOXMNYECKME XapaKTePUCTUKL, 3HAUNTENbHbIe
06BEMBI CTOKOB C MOPOAHBLIX OTBANOB W BbIHOC 3arpPsA3HUTENEN PEYHBIMIN BOLAMN,
MOXHO CAeNaTb BbIBOZ, YTO OHWM BHOCAT 3aMeTHbIV BKNaZ B 3arpa3HeHne Boj p. bos.
Knzen.

Boga B peke Bbilwe ycTbd p. MIBaHOBKM (MYHKT 9, pucC. 3.2) IMeeT peakumro
cpejpbl OT cnabokmcnon ao kucnon (pH 3,3-4,7). BenuunHa Cyxoro octatka M3me-
HaeTcs oT 685 o 2810 mr/am?. CpeaHee cofepxaHue xenesa paBHo 277,5 mr/am?
Npv MakCMManbHOM 3HadeHun — 458 mr/am® (4580 I'ILLKpX), antoMuHua - 9,7 mr/am?
(Makcumym - 13,5 mr/am® nan 337,5 I'I,ELKpX), MapraHua - 4,7 mMr/am? (Makcumym —
9,98 mr/am® vnm 998 I'Iﬂ,KpX), 6epnnaua - 0,0054 mr/am® (Makcmym — 0,0077 mr/am?
mnnn 25,6 I‘I,[I,pr). MpviBeAeHHble JaHHbIE MOKa3bIBAKOT, YTO B p. bon. Knsen (puc. 3.11),
BblLLE YyCTbdA p. VIBaHOBKY, HAaONHOA3ETCA SKCTPEMANbHOE 3arpa3HeHe No CoLepxa-
HIKO XXenesa, antoMUHNE, MapraHua.

Ha Tepputopuun Bogocbopa p. bon. Kusen perynspHele HabnogeH1s 3a pac-
XOA0M BOZbI 1 XVMHECKMM COCTaBOM MPOBOAVINCE Takxe Ha 5 poaHukax (pnc. 3.5.),
BCE OHW ABNAOTCHA B PA3HOM CTEMEeHN 3arpa3HeHHbIMN. VIX OCHOBHbIE XapaKTepucTyu-
KV npviBeAeHbl B Tabnuue 3.5.

B ntone 2007 r. ycTbe wypda 2-61c 06Bannn0Ck, YTo NPUBENO K NpekpalLie-
HNFO BbIXOAA LIAXTHbIX BOJ Ha 3eMHYH MOBEPXHOCTb Y 0BPA30BaHMI0 HECKONbKIX
pOAHMKOB: 028, 031 - Ha NpaBoM bepery 1 030 - Ha nesom bepery p. Monya. Kusen,
obLmmM febutom bonee 100 m3/yac. Kpome TOro, BO3HMKIO HECKONBKO POAHMKOB B
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Tabnuua 3.5.
OCHOBHbIE XapaKTepUCTUKN POAHUNKOB - 06EKTOB MOHUTOPUHTa
B 6acceiiHe p. bon. Kusen

027 6,5 15,0 1,0 3,6 18571 100,5 134
028 383 60,0 26,0 3,7 9635,3 22782 73,7
029 183,0 800,0 21,0 4,3 9761,8 19834 8,8
030 3,0 50 1,0 3,0 4793,6 1083,5 25,7
031 45,8 80,0 3,0 6,4 6148,9 841,4 1.7

pycne peku. PerynsapHble HabMtoAeHNS 33 PaCXOAOM BOAbI U ee XUMUYeCcKM COCTa-
BOM Ha JaHHOM y4acTke Obliv opraHmnsosaHsl ¢ 2010 T,

Boza 3TMX POAHMKOB MO COCTaBy 6/113Ka K BOAAM LLUaXTHbIX 1311B0OB. OHa
XapakTepusyeTca BbICOKOW MuHepanusaunein (4o 12 r/am3), KMcioi peakumen
(pH £0 2,4), Upe3BblvaiHO BbICOKVMU KOHLeHTpaumnamu xenesa (4o 9200 M4K ),
antomuHna (go 350 MA4K ), 6epunnna (4o 230 NAK ), mapradya (go 550 MAK ) n
HEKOTOPLIX APYrUX MKPO3NeMeHTOB. B 2012-2013 rr. Ha npaBoM bepery p. lMo-
nya. Knusen Ha yydactkax paccpefoTO4eHHOro BbIxoAa 3arpsa3HeHHblX MoA3eMHbIX
BOJ, OTMeYasoCb 3HaYUTeNbHOE yBeNYeHe naoain gerpagrpoBaHHbIX 3e-
Menb.

B p. BocT. Kusen nonagatot BoAb!I poaHVKoB 027 1 029, NpnypoOYeHHbIX K BI-
3e/CKO-6aLLKMPCKOMY BOLOHOCHOMY TOpY30HTY. COCTaB BOAbI POAHMKOB 3aMETHO
oTanyaeTcs. Bosa B poaHvike 029, pacnonoXeHHOM Ha neBobepexbe, 3HaUUTENbHO
3arpsA3HeHa: M1MHepann3aumsa B cpeaHeM cocTaBnseT 9,7 r/aM3, coaepxaHue xene-
3a - 6600 NAK _, antomnHus - 44 T1AK  cpegHee 3HaqeHve BOAOPOAHOro nokasa-
Tens 4,3 CoOTBETCTBYET CNabokucaon cpese. MNogsemMHble BOAbI C TakMUK MokasaTe-
NAMY PasrpyXatoTca Ha MOBEPXHOCTb CO CPeAHNM AebuTom 183 MP/uac, CTekaroT B
p. BocT. Kvsen, 3arpsasHag Ha CBOEM MyTy 3eMN U U3MEHAA MPUPOAHEIA NaHALadT.
BangHne 3arpasHeHHbIX BOA POAHVIKa 027 3aMeTHO MeHblLe.

PoaHMKY, @ Takke paccpefoTOYeHHbIe BBIXOAbl MOA3EMHbIX BOJ B O6OLLEM
obbemMe MOCTYNNeHNA 3arpa3HAIOLLMX BeLLeCTB B MOBEPXHOCTHbIE BOAOTOKU MMe-
FOT TEHAEHLMIO K CHUXEHNIO, UTO 0BYCNIOBIEHO HEKOTOPBIM YMEHbLLEHVEM eO1TOB.
MpV 3TOM KOHLEHTPaLMI XapakTePHbIX A5 LIaXTHBIX BOZ, 3arpsasHUTENen CTabnb-
HO BbICOKU.
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PucyHok 3.11.
Peka bon. Kusen B paiioHe r. Kusena

Peka CesepHas Busnbea. PekorHocLMpoBouyHOe obcnegoBaHune p. Ces.
Bunbea nokasano, Uto ee Boga HUXe yCTeda p. bon. Knusen ¢ npasoro bepera nprob-
peTaeT pXasblil OTTEHOK (pUC. 3.12), a 4epe3 500 M HVXe MO TeYEHNHO OH Pacnpo-
CTPaHAETCA Mo BCeWn WnprHe pekn. MameHeHre useTa Bog p. CeB. Bunbsa nocne
BMnajeHns B Hee p. bon. Kusen BUAHO Ha KOCMOCHMMKe (purc. 3.13). B npobe Boal,
OTOBPAHHOWN B 3TOWN TOUKE, HECMOTPA Ha AOMYCTUMYHO BENYMHY CyXOro octaTtka
(371 Mr/aM3) n BAK3KUIA K HeTpanbHOMY nokasatens pH (7,65), 0bHapyXeHO BbICO-
KOoe cofjepxaHue B3BeLUeHHbIX BellecTs (74,6 Mr/m?), npeBbllLeHns I'ILLKpx mno xene-
3y, aIFOMUHUIO, KOBANbTY.

KavecTso BoA p. CeB. BuibBa, COrnacHoO AeiCTBYROLLEN CUCTEME MOHNUTOPWH-
ra, Ha y4acTke BNaseHWs B Hee p. bon. Kusen, He KOHTPOVPYeTCH, HabMtoAaTeNbHbIN
MYHKT PacronoxeH B NpUyCcTbeBoi YacTu p. CeB. Bunssa (punc. 3.2). B TeyeHne nepu-
oga ¢ 2006-ro no 2013 1. kKa4eCTBO BOJ PeKM B 3TOM CTBOPE MOKa3ano MakCmaibHble
npesbllleHnd no xenesy (208 I'ILLKpX), antoMuHnto (57 I'ILLKpX) 1N MapraHuy (85 I'Iﬂ,KpX).

MHOroneTHsaa AMHaMuka CogepXxaHua OCHOBHbIX 3arpsasHuteneit (puc. 3.14),
oueHeHHaa Mo HaMBbICLLUVM 33 rof KOHLEeHTPaLMsaM, NMoKasbiBaeT, YTO KOAUYeCTBO
xenesa 1 antoMnHna B p. CeB. BunbBa nMeeT Cnabyro TEHAEHUMIO K CHUXEHMHO, CO-
[epXaHune MapraHLa — 0CTaeTcs Ha OAHOM YPOBHeE.
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PrcyHok 3.12.
Peka CeB. BunbBa B palioHe n. BceBonogo-BunbBa

PrcyHok 3.13.
MecTo BnageHus p. bon. Kusen B p. Ces. BunbBa
1 - p. bon. Kusen, 2 - p. CeB. BunbBa, 3 - p. CeB. Bunbea nocne snageHus p. bon. Knsen
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Prncyrok 3.14.
MHoroneTHsAa AMHaMMKa U3MEHEHWNS COAEePXXaHWUA 3arpA3HAIOLLMX BeLecTs
B p. CeB. BunbBa (npuycTbeBas 4acTb)

Taknm 06pasom, p. Ces. BuibBa NCMbITbIBAET HEraTVBHOE BAUAHVE CBOEro
npuToka - p. bos. Knsen - HUxe mecra ee BrnajeHns 1 40 CBoero ycrba. CteneHb
3arpsAsHenHna Bog p. CeB. BuabBa B 3aBMCVMMOCTI OT 0ObEeMa 3arpsisHUATeNeN, MOCTy-
naroLLMx ¢ Bogow p. bon. Knsen, n rmaponornyecknx ycnosuin N3mMeHaeTca B 3Hauu-
TeNbHbIX Npesenax.

Peka Aiiea. Peka $iBa, 9BNAACb OAHWUM 13 Hanbonee KpynHbIX NMPUTOKOB
p. Kambl, C 0HOM CTOPOHBI, NCMbITbIBAET 3arpa3HeHe OT pasanyHoro poja NcToy-
HMKOB, PaCMONOXEHHbIX Ha ee BOJOCOOPE, C APYrol — 061afaeT BbICOKOW CaMOOun-
LLatOLLieN CMOCOBOHOCTBIO.

CnCTEMOW MOHWTOPWHIa MOBEPXHOCTHBIX BOA KK3en10BCKOro YrofbHOro
bacceliHa NpefyCcMOTPeHbl peryndpHble HabMo4eHVs 3a COCTaBOM BOJ p. AiBbl B
YCTbeBOW YacTu, nepes BnajeHnem B p. Kamy, a Takxe o 1 nocse snageHus p. Ces.
BunbBa, KoTopad coctaBaseT okoso 10% OT rofoBoOro CToka p. AnBbl. PesynbTaThl
nccnefoBaHuii, NposefeHHbix ¢ 2006-ro no 2013 1., CBUAETENLCTBYHOT O HaANYmnn
HeratMsHOro BavaHug p. Ces. BunbBa, KOTOpOe MPoCnexmnsaeTca BrioTb 40 Braje-
HKa B p. Kamy (puc. 3.15).

Bogaa p. fiBbl, B CTBOPE BhIle p. CeB. BUnbBa, MMeeT HenTpanbHyo cpeay (pH
BapbupyeT B Npeaenax 6,6-8,6) 1 3HaueHve cyxoro octatka (50-510 mr/gm®) cooT-
BETCTBYOLLEe MPUPOAHOMY; Pekne U HecyLecTBeHHble NPeBbILLeHUd HOPMaT1BOB
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Prncyrok 3.15.

MecTto BnageHus p. Ces. BunbBa B p. By

1 - p. inBa po BnageHus p. Ces. BunbBa, 2 - p. flinBa nocne BnageHus p. Ces. Bunbsa,
3 - p. CeB. BunbBa

oTMeueHbl no cynbdatam (go 1,7 I'ILLKpX), aMMOHWA-MOHY (80 1,6 ﬂﬂpr)l KobanbTy (40
1,8 I'ILLKPX), Hukento (Ao 3,1 I'ILLKpX), cBuHUY (zo 1,8 I'ILLKpX). [oBbILLEHHbIE KOHLEHTPA-
LMK CTabUAbHOMO XapakTepa NPOCAEXMBArOTCA MO TPEM KOMMOHEHTaM: Xenesy, anto-
MUHWIO 1 MapraHLy. HamebICLLIMe 1 CpeaHne 13 HazBaHHbIX 3HaueHW B Aonax MAK
nokasaHbl Ha prcyHke 3.16.

Boza p. AMBbl B yCTbEBOW YacTy NpecHas (Cyxon OCTaToK B CpeAHEM paBeH
287,6 MI/aM3), IMeeT HeMTpanbHYy peakumto (CpeaHas BennynHa pH 7,58), B NOH-
HOM COCTaBe NpeobnajatoT rmApoKapbOoHaThl, KaNbLWIA N HATPWI, YTO COOTBETCTBYET
NPUPOLHBIM XapakTepUCTUKaM. B MKPO31eMEHTHOM COCTaBe UMEETCA PSZ OTK/IOHe-
HWI, 04HaKo CTeneHb npesbileHs MK - MeHbLUe, Yem B paHee onmcaHHOM CTBO-
pe. PasbaBneHns 4nCTbIMK BOLaMW MPUTOKOB M CaMOOUMLLAIOLLEA CMOCOBHOCTH
pekn BbIN0 HeAOCTAaTOUHO, YTODLI 40 HOPMATUBHbIX 3HAYEHUIA CH3UNOCh COLepXa-
H1e Xenesa, antoMVHVA, MapraHLa, Kom4ecTBo KOTOPbIX B YCTbEBOW HacTu p. AnBbI
B Pa3HOM CTeneHK, HO CTabuNbHO NOBbLILLIEHO.

px
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PrcyHok 3.16.
AnHaMunKa cofep>kaHUs OCHOBHbIX 3arpsisHUTesNei No ganHe p. iBbl
A - MaKcumMasbHble KOHLUEeHTpauuu, b - cpegHne KoHUEeHTpauumn

napoxmmmnyeckne HabaaeHNs 3a COCTaBOM BOZ P. SiBbl, KOTOpble MPOBO-
AVANUCE B Tpex CTBOPax, MO3BONANT BbIABWTL 3arpasHeHVe pekn B MHOMONETHEM
acnekTe. OLEHKa BbINOAHEHAa NyTemM CPaBHEHWA MakCUMalbHOW M3MEPEHHOW KOH-
LeHTpaumm 3arpAasHAroLLX BeLLEeCTB 3a pasHble rogsl (pyc. 3.17).

AHanM3 LaHHbBIX MO CTBOPY, PaCroNOXKEeHHOMY BbIlLE 3arpA3HAIOLLErO BANA-
Hns p. CeB. BunbBa, NOKasbIBaeT, UTO HamMBbICLLVE 3a TOJ KOHLEHTpaunun xenesa,
ANFOMVIHIS, MapraHua CTabuabHO BbILLE YPOBHS I'ILLKPX, TEHAEHLNN K CHUXEHMIO KO-
NNYecTBa 3arpsisHUTeNen He npocnexnsaeTcs (puc. 3.17 A). Hanbonslivie oTknoHe-
HNS OT HOPMAaTMBHbIX 3HAYeHUIA OTMEYAIOTCSH MO MapraHLy, MakCcmanbHoe comep-
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PucyHok 3.17.

MHoroneTHAsA AMHaMMKa CofepXXKaHnsa 3arpasHAIOLLNX BeLLecTs

B p. AliBe A0 1 nNocne UCTOYHMKA 3arpsisHeHNs

A - cTBOp - BbiLLe yCTbs p. CeB. BunbBa, b - cTBOp - HUXKe ycTbsA p. CeB. BunbBa,
B - cTBOp - yCTbeBas 4acTb
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XaHWe KOTOpPOro 6610 3adprkcpoBaHo B aBrycte 2011 r. 1 coctasuno 0,615 mr/am?
(nnn 61,6 I'ILleX).

Apyragd KapTMHa W3MEHEHUS MakCMMaibHblX KOHLEHTPauUuiA xapakTepHa
AN CTBOPA, PAaCMoONOXeHHOro Huke yctba p. Ces. BunsBa (puc. 3.17 b). Obpalla-
eT Ha cebs BHUMaHVe 3aMeTHOe yBennyeHe COAepXaHUsa BCEX aHanu3npyemblx
KOMMOHEHTOB, OCOOEHHO Xene3a. /IMeHHO MO 3TOMY KOMMOHeHTYy B CTBOpe Ha-
6MH0AA0TCA HaMBbICLIVE MNpeBblEeHNS HOPMATUBHOMO 3HadeHus. Ecav B CTBO-
pe Bblle ycTba p. CeB. BunbBa HamBbICLIME KOHLIEHTPALUMM 3TOrO KOMMOHEH-
Ta 3a nepuog HabnogeHnid gocturanm 0,88 mr/am® (nam 8,8 I'ILLKpX), TO B CTBOpE
Hxe yctesa p. CeB. BuibBa MakCManbHas KOHLEHTpaLMsa Xenesa CoCTaBuia
5,47 mr/am® (nnn 57 I'Iﬂ,pr). AVHamMyKa MakcMManbHbIX KOHLEHTPaUWiA Xenesa, anto-
MWHWS, MapraHLla BO BPeMEHHOM MacluTabe MoKa3biBaeT CNabyto TeHAEHUMIO K X
CHVIXEHNHO.

Takvm 06pa3om, OCHOBHas peka paccMaTprBaeMoro bacceriHa — p. fsa mnc-
MbITbIBaeT BO3AENCTBME NCTOYHNKOB 3arpsa3HeHns, pa3MeLLeHHbIX Ha ee BOA0Cbope,
HEeCMOTPS Ha TO, YTO 3TN NCTOYHUKI YaaneHbl Ha COTHM KIOMETPOB W OrpaHuyeHbl
MEeCTHbIMV BoAOPasaenamu. OCHOBHOE HeraTBHOE BANSAHE X OCYLLECTBAETCS Ye-
pe3 npuTtok — p. Ces. BuibBa, B KOTOPYHO BNaAatoT 3arpasHeHHble BOAb! p. bon. Kusen.

3.2.3. XAPAKTEPUCTUKA MOWM W AOHHBIX OTJIOXEHUIA

B noiimax 1 pycnax pek bacceliHa p. Bkl HAKOMWAUCH ThICAUM TOHH TEXHO-
FEeHHBIX JOHHBIX OTNIOXEHWI, NPeACcTaBNeHHbIX B OCHOBHOM aMOPOHBIMUN FUAPOKCH-
[aMV Xene3a 1 alloMNHNG, UMEROLLMX XapaKTepPHbIA peiknii ugeT (pyc. 3.18), mecTa
NX aKKyMyNAUUM XOPOLLO PasNnNYMMbl Ha KOCMOCHMMKe (puc. 3.19) [116, 117, 119,
133, 211].

C ofHOWM CTOPOHEI, NPV CE30HHOM 3aTOMJIeHN MOVMbI pek MoABEpratoTca
3HaYUTENIbHOMY 3arpA3HEHWIO, MPOUCXOANT HaKoMAeHe TeXHOreHHbIX 0CafKoB, a
FPYHTbI MOWM HACbILLAOTCA 3arPA3HEeHHbBIMU PeYHbBIMY BOAaMK, C APYrOA CTOPOHbI,
MPOUCXOANT CMbIB Y€ OTJIOXMBLUEroca 0Ca/ka, YTo NPUBOANT K YBEINYEHWIO 30HbI
pacnpocTpaHeHns 3arpasHerns [205]. ng oueHkn 3arpa3HeHns normM MCNoib30Ba-
NCb KOCMMNYECKME CHUMKM CO CNyTHWKOB cepuii LANDSAT 3a nepros MakcimaneHo-
ro NOLBEMA YPOBHS BOAbI MPW MPOXOXAEHWV BECEHHErO NON0BOABS (Obl1 NCMOb-
30BaH CHMMOK 3a 23 mas 1998 r). ng NOCTPOEHMSA «<MacK» BOAb! Obl MCMOAb30BaH
ANropuTM HeynpasasemMoit knaccudrkaumm cHumka IZODATA, no 6avxHeMy 1 cpes-
HeMy MHGPaKpacHbIM KaHanaM (B KOTOPbLIX BOAHAA MOBEPXHOCTb YCMELHO OTAeNd-
eTCcA OT BCex 06bekToB CyLun). Mowaab, 3aHMaemMas pycioMm pekn B NeTHNIA Me-
pYOA, OLeHMBanack Mo Tonorpaduyecksm kaptam macwrtaba 1:1 000 000. Mytem
BbIUMTAHWA MIOWAAN BOAHOV MOBEPXHOCTU B BECEHHWIN 1 IETHWUI Nepuopl Obina
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PrcyHok 3.18. TeXHOreHHbI 0cafoK B pyc/aax 1 nommax pek
A, b - pyu. KpacHbli4, B - p. Bon. Knsen
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onpezeneHa 30Ha Ce30HHOro 3atonneHud (pyc. 3.20). ObLlaa ee nnoLLlajb COCTas-
nset 34,7 km?, 13 HUx 9,71 kM? NpuxoamTca Ha noimy p. Ces. BunbBa, a ocTanbHas
4aCTb OTHOCUTCA K nomMe p. ArBbl. 1o p. bon. Knsen v ee nputokamMm aHanornyHele
pacyeTbl He MPOBOAWMINCE, MOCKOIbKY MIOLLAAb 3aToMNNeHUs B nome p. bon. Knsen
He3HauMTeNbHa, U He MOXET OblTb 06BLEKTUBHO ONpeseNieHa Mo CHUMKY C MPOCTPaH-
CTBEHHbIM pa3peLueHnem 30 M.

B 30Hax Neproanyeckoro 3aTONAeHNs KUCIbIMU BOZaMN HAabNOAAETCA yrHe-
TeHVe pacTUTeNbHbIX COOBLLECTB, MPOUCXOASALLEE, BEPOATHO, BCIEACTBME NOAKMCe-
HWUS MOUYBbI; HA OTAENBbHbIX YYacTKax HabNtoaaeTcst rnbens NecHoW pacTUTeNbHOCTH
(puic. 3.21).

Pe3ynbTaTel PEHTreHOCTPYKTYPHOIrO aHann3a, XMMMNYeckoro coctaBa BOAHOM
BBITSXKKN 1 COAEPXaHNE MUKPOIIEMEHTOB B MOABVIXHOM GOpMeE JOHHbLIX OT/IOXEHNIA
pek bacceliHa p. SArBbl (pnc. 3.22) nprBeAeHbl B Tabanuax 3.6-3.8.

AHanM3Vpya Tabauubl, MOXHO MPOCAeANTb YETKYH LIenouyky pacnpocTpa-
HEHUA 3arpaA3HEHNA U B AOHHbBIX OTNOXeHWAX pek: Monya. Knsen, bon. Knsen, Ces.
BunbBa, ABa, BNAOTL 40 KaMCKOro BOAOXPaHWAMLLA.

TANHWCTBIE AOHHbIE OTNOXeHNsA p. Bon. Knusen 6onee vem Ha 90% cocTodat
N3 PEHTreHoaMoPOHbIX TMAPOKCUAOB Xenes3a n altoMUHNG; NMPUCYTCTBYeT Spo-
3UT - 40 4%.
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PrncyHok 3.19.
30HbI aKKyMYnsILMW TeXHOreHHoro ocagka p. Ces. Bunbsa

YcnoBHble 0603HaueHUs

—— peKu 1 pyubm
I «pynHble pekn 1 BoAOXpaHMNLLa [ |
I «BapTanbl HaceNEeHHbIX MyHKTOB | / ( Y

I 30Ha 3aTonneHus \ . i

Lkana
BbICOT, M
— Bbllle
— 500
— 400
M 300
M 200

150

 Hnxe

eBonogo-Buntaa

Kaphép-UasecTHak

Pncyrok 3.20.
30Ha Ce30HHOr0 3aTOMNIEHNS 3arpsi3HEHHbIX peK B 6acceiiHe p. AliBbI
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3arpsi3HeHHble y4acTkn
C yrHeTeHHO pacTUTebHOCTLI0

PucyHok 3.21.
YuacTKn necHbIX HacaXAeHWA, NornbLunx BcaeacTeme noaToneHns
B AilonvHe p. BocT. Kusen u p. Monya. Knsen KNCnbIMU LWAaXTHbIMW BOAaMu
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CocTaB BOAHOW BbITSXKA [LOHHBIX OTIOXEHUM OTPaxaeT CyLLeCTBYHOLLYHO
TEXHOTEHHYIO Harpy3ky: BbITAXKa VIMeeT CynbGaTHO-KaNbLIMeBbIV COCTaB, BbICOKOE
CoLlepxaHne BOAOPACTBOPUMbIX COoMelt (9,3 /Kr), HEMHOIO CABVHYTBIA B CTOPOHY
kmcnotHocT pH (6,07), cylecTBeHHble MpeBbileHVs Hag GOHOM MO Xenesy, am-
MOHWA-MOHY, HATPATaM, HUTPUTaM 1 HEKOTOPbLIM APYrM KOMMIOHeHTam (Tabs. 3.7).
Copepxarue noasuxHbix ¢opm Li (0,29 mr/kr), Cu (26,85 mr/kr) u Zn (19,74 mr/kr)
3HaUMTeNbHO NpeBbllaeT GOHOBbIE 3HaYeHWA (Tabn. 3.8).

HeraTnsHoe BAMAHME PaCNONOXEHHbBIX MO 6eperam NOPOAHbIX OTBANOB BY-
3yaNbHO MPOCNEXMBAETCS MO COAEPXAHNIO B FPYO00OIOMOYHON GpakLmm AOHHbBIX
OT/IOXEH WA MOPOA OTBANOB, a TakkXe Ha OTAE/bHbLIX Yy4acTKaxX BCTPEYaroTCA HeCMbl-
Tble B MaBOAOK MUHUCTbIE OTNIOXEHUA IMMOHNTOBOIO COCTaBa, KOTOPbIE HaYMHAtOT
MOCTeneHHO MOKPbIBATLCH PAaCTUTENBbHOCTLIO (pUC. 3.23).

OcCobblii HTEpeC NPeACTaBAAOT JOHHbBIE OTJIOXEHNS CMYLLEHHOro Npyaa Ha
p. bon. Knsen B panoHe r. Knsen, KOTopbI 6bin co3gaH B 1786 r. C MOMEHTa co3za-
HWA OH NMOABEPranca 3arPA3HEHIIO: CHa4ana 31O ObINM CTOKY C Xene304enaTebHOro
3aBOJa, 3aTeM — MeNKMX YrofibHblX WaxT. OCHOBHOE 3arpsa3HeHne CBA3aHO C pas-
BUTUEM Yreo0biBatoLLEel MPOMBILLIEHHOCTY. Bcero B pasHble rogbl depes Kuse-
NOBCKUI NPYA NPOXOAWA MOTOK 3arpA3HAOLLIMX BellecTs ¢ 17 waxT. LLlaxTHele Boabl
MOCTynanu kak HemocpeACcTBEHHO B MPYA, Tak U C 3arpsa3HeHHbIMY BOAaMU NpUTO-
KOB, KOTOPbIE, B CBOKD OYepesb, TOXe Dbl MPUEMHVKaMI LLaxTHBIX BOA. B Havane
1950-x rr. npy4 6bin cnyLyeH (pyc. 3.24).

MccnepoBaHvie AOHHBIX OTNOXeHW K3enoBCkoro npyaa obi1o NposefeHo
B 2001 r. @Iy MHWN3KO T3K. MpoTaXeHHOCTb y4acTka C HakomaeHHbIMY Ocajka-

Tabnunua 3.6.
Pe3ynbTaTbl peHTFeHOCTPYKTYPHOr0 aHanM3a A0HHbIX OTNI0XeHU pek 6acceliHa p. AiBbI
MuHepanbeHbIl cocTas, %
Ne Npo6bl Peka
KBapy, | Mnarvoknas | SAposut letut PAB*
39 Ces. Kusen 52 23 - - 10
40 Monya. Knsen 15 - - 2 77
41 Bocr. Knsen 13 - - 15 68
43 OnaneHHad 25 7 3 2 49
44 bon. Knsen 5 - 4 - 91
46 Ces. BunbBa 15 - 11 9 55
47 Cyxoit Kusen 36 10 - 7 39

MpviMeyaHne: * PeHTreHoaMopdHOe BeLLEeCTBO.
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MV COCTaBNsAeT 2 KM, 3aH1maeT naollage okono 0,3 kv LLInprHa ero sapsupyeTt B
npegenax 70-320 M. MOWHOCTb M3MEHAETCA KaK B MOMEPEYHOM CeYeHWY, Tak 1 Mo
anviHe. HavmeHbLluas MOWHOCTL (0,5 M) COXpaHAeTCa B BEPXOBbE Npyaa 1 BAOb be-
peroBoi AnMHUK. o Mepe NPUBAVXKEHUA K MAOTUHE, MOLLHOCTb HaKOMIeHHbIX 0Caa-
KOB MocTeneHHo yBennumsaetcs, gocturasd 0,9 m Ha pacctogHni 200 M OT MAOTUHBI
n1,5M - HenocpeACTBEHHO Y MNOTWHEL. [10 Mepe yaaneHus oT bepera, B KaXAoM no-
nepeyHoOM CeYEHNN MOLLHOCTb OCafKOB YBENUNBAETCH, 4OCTUras MakcuMyma npu-

57°30" 57735 57°40" 57745 57°50"

Lkana
BbICOT, M
BbllLe

MepeyeHb Touek HabnwAeHNIA
3a AOHHBIMW OT/IOXKEHNSIMUN

Homep MecTononoxeHune

Ha KapTe

35 p. Man. Monya. Kusen, yctbe

39 Ces. Kvizen, ¢poH, gopora

40 Monya. Kusen, sbiwe ycTba p. Ces. Kusen
4 Bocr. Kusen, yctbe

42 WBaHoBKa, NpyA

43 OnaneHHas, yctbe

44 Bon. Kusen

46 CeB. BunbBa, 500 M Huxe ycTba p. Bon. Kusen
47 Cyxoli Kusen, ycTbe

TPV TTVTOTD

A TOYKM HaBOAEHWIS 33 AOHHBIMY OTJIOKEHVSAMMN o 1 2 3 4
" rpaHuubl bacceliHoB

I
i___) waxTHoe none

PucyHok 3.22.
MyHKTbI HabNOAEHWSA 3@ AOHHBIMUW OT/IOXKEHUAMM B bacceliHe p. SABbl
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MEPHO Ha cepeanHe npyaa. ECM MakcumanbHaa MOLLHOCTbE B BEPXOBbE ObIBLUErO
npyaa He npesblwaeT 0,75 M, TO fanee no NpOoCTUPaHNIo yBeInYmBaeTcsa 40 4-5M n
B 200 M OT NNOTUHBLI cocTaBngeT 6,5-7,0 m.

MpoBeseHHbIe 3amepbl MO3BOIIN PACCHUTATE CPEAHION MOLLHOCTL JOHHbIX
0cazikoB Kn3enoBCKOro Mpyaa: B BepxoBbe OHa paBHa 0,6 M, y gambbl - 4,7 M. To-
NyYeHHble AaHHbIe MO3BOUN BbINOMHUTE pacyeT 0bbemMa HaKOMIeHHbIX OCaAKOB,
KOTOPbIN cocTaBnseT 1,2 MaH M2,

Tabnvua 3.8.

CopeprkaHvie MUKPO3/1eMEHTOB B NOABUKHOM popme
B JOHHbIX OT/IOXXEHUAX peK baccelHa p. ABbl

39 p. Ces. Knzer, 012512710090 [171,8 0,832 | 2,09 | 1,134 2,79
doH, gopora

44 5&5&’06”' Knzen, 0161(0,823(0.291| 19,0 |26,85]| 2,95 |0,574|19,74

46 P- Ces. Bunesa, S00M 1) 435 | 69751 0,254| 11,4 |3348| 2,73 | 1,106| 22,65
HKe yCTbd p. bos. Knusen

PucyHok 3.23.
TexHOreHHbI 0CaAoK B noime p. Besalep
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30Ha BAVAHNA
LOHHbBIX OTNOXEHM

PrncyHok 3.24.
30Ha BAVSIHWUSI HaKOMJIEHHbIX JOHHbIX OT/I0XKEHWIA cnyLueHHoro Krusenosckoro npyaa

CoCTaB HaKOMNEHHOW TOALWWN AOHHbLIX OTAOXEHWA NpyAa XapakTepusyroT, B
nepByt ouepesb, BeNNYMHA BOAOPOLHOIO NOKasaTensd BOAHOW BbITAXKM, COLepXa-
HVe Xenesa, antoMUHUA U APYrX MUKPOSNEMEHTOB.

BepxHue cnon HakonneHHbIx ocagkos (0-0,6 M) XapakTepursyroTca BbICOKON
KUCNOTHOCTBIO (PH BOAHOW BbITAXKN 2,25-3,83). TIpoCNexBaeTcs TeHAeHUns yBe-
NNYEHNS KUCNOTHOCTY C MPUBAUXeHMeM K NMNoTuHe. CHIKEHNE KMCIOTHOCTU OCaa-
KOB OTMEeYaeTcs Ha rnybuHe 1,2 M - 34eCb BOAOPOAHbBIV MOKa3aTeNb HeCkoNbKO Mo-
BbllLlaeTCd, HO He npeBbllaeT 4,3.

[loHHbIe OTNOXeHWA Npyaa OTAMYAOTCA BbICOKMM COAEPXaHVeEM Xenesa (40
22%), KOTOpOe ABNSAETCA OCHOBHLIM KOMMOHEHTOM B coCTaBe npob. CogepxaHue
Xenesa B IOHHbIX OTIOXEHNSX M3MEHAETCA Kak Mo rybvHe, Tak 1 No npocTupa-
HWUIO Npyza. BepxHune cnon cogepxat 6onblue xenesa, C ryonHoOM oTMeuaeTcst ero
yMeHbLUeHVe. 10 NPOCTUPaHUO NpyAa KOHUEHTPaUMM Xene3a yMeHbLUArTCs npu
YAANEHN OT MAOTVHbI, HANbONEe NHTEHCVBHO 3TO MPONCXOANT B HIKHEN NOI0BW-
He 6bIBLLErO MpyAa. ECv 0KONO NNOTUHBI COAePXaHKe Xenesa, B 3aBUCMOCT OT
rnybuHbl 0Tbopa Npob, konebnetcs B npegenax 16-20%, 1o B 650 M OT MAOTUHBI
YMEHbLLIAeTCH NMPUYMEPHO B 2 pasa 1 coctasnseT 9-11%. B BepxHel nonosmHe npysa
(650-1600 M OT MAOTUHbBI) MPOAOIKAETCH CHIKEHME KONNYECTBa Xenesa (B 0bLLeM
obbeme OHO He MpeBbIlaeT 2%).

BTOpbLIM MO COLEPXAHNIO KOMMOHEHTOM ABASETCS antoMUHKI (80 5,5%). Co-
AepXaHue antoMUHUA Mano U3MEeHSeTCs 1 No rybuHe, 1 MO NPOCTVPaHUIO Npyaa,
BK/IHOYas BepPXOBbe, 1 cocTaBndeT 4-5%. AHanornyHag ctabunbHOCTb COAePXaHnaA
NPOCNEXMBAETCA MO KaNbLMIO U MarHNo.
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[paHynoOMeTpUYeckmii COCTaB AOHHBLIX OTJIOXEHNA B OCHOBHOM MpeACTaB/eH
Yactruamy mMeHee 0,1 MM. AHann3 JaHHbIX MO rPaHyNoMeTPUYeckoMy COCTaBy Mo-
Ka3an, YTO OH U3MEHHAETCA MO MNYObUHE 1 MO MPOCTUPAHMIO. NCNepcHOCTb 0CaAKOB
YBENNYMBAETCA MO Mepe NpUbAnXeHns K naoTuHe. C yBennyeHnem rnyouHbl 3ane-
raHns cogepxaHve TOHKOANCMNEPCHbBIX YaCTUL, CHUXaeTCH.

[oHHble 0cafky, ocTaBluMnecs Ha Mecte Kn3enoBCkoro rnpyaa, ABastoTcd no-
TeHUManbHbIM UCTOYHUKOM 3KONOTNYECKON OMacHOCTU ANA OKPYXatoLLern cpefpl U B
HacTodLLee Bpems (puc. 3.25).

B rAvHWCTON dpakumm AoHHbIX 0TnoxeHW p. CeB. BunbBa (Touka Habntoae-
HWNA — HXKe YCTbd 3arpasHeHHon p. bon. Kuses) coaepxmntca 3HaunTensHoe Konmye-
CTBO BTOPUYHbBIX MUHEPANOB BOAHbIX MMAPOKCAOB W MMAPOKCUACY1bGATOB Xene3a
VI antoMnHMA (Tabn. 3.6).

BozaHas BbITAXKa AOHHbBIX OTNOXEHWI UMeeT CynbdaTHO-KanbLIMEBbIA CO-
CTaB, HENTPaNbHYH PeakUMto cpesbl, MOBbILLEeHHbIE OTHOCUTENBHO GOHa KOHLIEH-
Tpaumu cynbdaTos, xenesa (tabn. 3.7). CogepxaHue BOAOPACTBOPUMbIX CONel
coctasnaeT 4,3 r/Kr, 4TO HUXe MOYTK B 2 pa3a Mo CPpaBHEeHWIO C AOHHbLIMY OT/10-
XeHNamn yctea p. bon. Knsen, Ho 3aMeTHO Bblllie YCIOBHbLIX 3Ha4veHnin. Cogepxa-
Hne NoABWMXHBLIX GOPM OMnpefenseMblXx MUKPOINEMEHTOB HECKOIBKO HIXE, YeM B
ycTbe p. bon. Kusen; nckitoueHre coCTaBnaroT Meb W UnHK (33,5 Mr/Kkr v 22,7 mr/kr
COOTBETCTBEHHO), KONMYECTBO KOTOPLIX B AECATKM Pa3 Bbille GOHOBBIX 3HaUEHWI
(tabn. 3.8).

3arpssHeHne p. CeB. BunbBa BM3yanbHO NPOCNEXMBAETCA 4O CaMOro YCTbd,
rAe Mpy HeKOTOPOM MOAMNOpe HabMtoAaeTCsa 3HaUNTeIbHOE HaKoreH e 3arpasHeH-
HbIX JOHHbIX 0CaAKOB, CMbIB KOTOPbLIX MPOUCXOANT B MOIOBOALE.

OTcyTCTBME HabMtoAaTeNbHbIX NMYHKTOB He MO3BONIAET NPeACTaBNTb XapakTe-
PUCTKKY COCTaBa JJOHHbIX OTNIOXEHNIA p. ABbLI 1 OLEHNTL BAUAHWE Ha HVX NOCNes-
CTBUI yrneAooblun. VIMeroLmecs e AaHHble O JOHHbIX OTIOXEHNAX . ANBbl CBUAE-
TeNbCTBYOT O TOM, YTO BOAHAA BbITAXKA AOHHbLIX OCAfKOB HVKHEro TeydeHWsd peku
(c. PomaHOBO, 4. BonoanH KameHb - faneko 3a npegenamu yroibHOro MeCTopoxae-
HWA) XapakTepusyeTcsa MecTpbiM COCTaBOM (OT MMAPOKapOOHATHO-KabLMEBOro A0
CyNbGaTHO-HaTPMEBOT0), HEMHOIO MOBBILLEHHBIM, OTHOCUTENBHO GOHA, COAEPXaHN-
eM coneit (662-1073 MI/Kr), HOPManbHOW KMCIOTHOCTLIO (7,0-7,8); obLuee Konunye-
CTBO Xenesa cocrtaBnsaetT 3,2-3,5 Mr/kr.

30HOW akkyMynaLMM 0Cazka, no gaHHbIM A. M. KpacasuHa [81], ABnsaeTcsa npo-
TEXEHHbIN Y4aCTOK p. ABbI C HAUMEHbLUNMY YKIOHaMM — Hxe yCTba p. Ces. Bunsaa,
[0 Kamckoro sogoxpaHuamLLa. MNpu 3ToM 30Ha MHTEHCMBHOMO 3arPA3HeHNs LJOHHbIX
OTNIOXEHNA MOXET NPOABUHYTLCA K KaMCKOMY BOAOXPaHUAULLY. MHOroKpaTHoe pas-
BaB/eHVIE Y MHOXECTBO MIECOBbIX YYaCTKOB C HU3KMMM CKOPOCTAMU TEYEHUS CMo-
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PucyHok 3.25.

CnyLieHHbIV NpyA Ha p. bon. Knsen

A - BUJ Ha NpyA c ceBepo-BOCTOKA, b - TeXHOreHHbIN ocafok,
B - 0T60p NpO6bLI TEXHOreHHOro ocajka
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COGCTBYHOT OUULLIEHWNIO P. AMBbI (UTO MONOXMTENIbHO CKa3bIBaeTCA Ha COCTaBe [OH-
HbIX OT/IOXEHWI), 1 B HIKHEM TeYeHUU, B pailoHe A. BOryska, 3arpasHeHne pekn
3aMeTHO CHMXaeTCs.

BbIMONHEHHbIe NCCIef0BaHWA MOKA3aam, YTO Ha yHacTKax pek, pacrnofioxeH-
HbIX HUXE MO TeYEHUIO OT NepeyUnCieHHbIX NCTOYHNKOB 3arpa3HeHNs, n3MeHaeTca
MWHepPabHbIA COCTaB Kak aNeBpUTO-MIUHUCTBIX, TakK 1 Nec4aHo-rpaBuiiHbIX OT/10-
KEeHNN.

Mo cpaBHeHWIO C QOHOBBLIMM Yy4YacTKaMK, HABAOAAETCA CHUXEHVEe COAep-
XaHWA OCHOBHbBIX MVHEPanoB eCcTecTBEHHOW MUHEPaNbHOM accoumaumn: 3a cyet
yBenMyeHus cofepkaHns peHTreHoaMmopdHoro Bellectsa (PAB), BTOPUYHbLIX MUHE-
PanoB (AN aNneBPUTO-TIVHUCTBIX OTIOXEHN) N TEXHOTEHHbBIX BKIHOYEHWI necya-
HO-TPaBUIHON Pa3MEPHOCTW.

Tak, ANt aNeBPUTO-TIVHUCTBIX OTJIOXEHWUI CoAepXaHue KBapLia CHUXaeTcs C
52-77% po 4-34%, nonesbIx WNaToB - € 4-23% o 0-12%. YBenmumBaeTca CoAep-
XaHve, MMbo NOSBASHOTCA HOBLIE BTOPUYHbIE MUHEPasbl TEXHOMEHHOO MPOUCXOX-
feHvisa. CofepxaHne reTuTa, KOTopoe Ha GOHOBLIX yYacTkax coCTaBageT okono 1%,
MOXeT BO3pacTaTb A0 15%. MNoaBnatoTca NennaokpokuT — 40 4% v aposnT - 20 11%.
Ha oTaenbHOM yyacTke C ONTVMalbHbIMK YCIOBUAMM 06PA30BaHMA ApO3MTa ero Co-
fAepxaHue fgocturaeT 45%. B eAnHUUYHBIX NPO6ax 0bHapyXeHbl 6azantoMnHIT (8%) v
Konmanut (2%).

CopepxaHue PAB yBennumsaetcd ¢ 10% (doH) o 39-91% Ha 3arpasHeHHbIx
yyacTkax. [10 AaHHbIM TEPMUYECKOro aHanu3a, B reeBnaHbIX 0Cagkax spko-pbixe-
ro 1 pxaBoro useta PAB npeactaBneHo cMecbo 3-x $as: MOAHOCTBIO aMOPPHbIi
renb Fe-O-OH - peppurnaput (no @. B. Hyxposy); «npotoruaporetnt» a-FeOO0H-nH,0,
B KOTOPOM HaMeYaloTCA KPUCTa/VIM3aUVOHHbIE  CBA3V;  «MPOTONEMULOKPOKNT»
y-FeOOH-nH, 0. ®a3a peppurngpurta aBHO NpeobaajaeT 1 CoCTaBAeT 0kono 65% ot
CYMMapHOTro COAepPXaHVa MMAPOKCAOB Fe.

3HauMTENbHAA YaCTb rPyO00HBNOMOUHbBIX TEXHOreHHbIX MPOAYKTOB MOCTY-
naeT B a//IOBMANbHbIE OT/IOXEHVA 3a CHET HeMOCPeACTBEHHOrO Pa3MbiBa MOPOL,
0TBaN0B, OCOOEHHO MPW CKNaAMPOBaHUN X NO beperam pek. B necuaHo-rpasuii-
HOWV GpakLUMKU AOHHbBIX OTNIOXEHWI NCCNeA0BaHHbIX Pek, HUXe Y4acTKOB CKNaau-
POBaHNSA, COLAEPXNUTCA 3HaUMTENbHOE KOMIMYECTBO YroNbHO-MOPOAHBLIX YacTuy,
(80 22%), wnakoB (8o 3%), ruaporeTuta (40 4%), MarHeTMTa U MarHNTHbLIX chepyn
(80 1%).

Takm 06pasoM, Ha VCCedyemMolt TeppuTopun NpomncxoanT GopmMrpoBa-
HVe HOBOIo FeHeTn4yeckoro MoATVMa OCaAKOB — TexHOreHHOo-aIrBYanbLHOro,
ABNFOLLEroCA CyLeCcTBeHHbIM UCTOYHUKOM BTOPUYHOMO 3arpA3HeHns peyHblxX
cucTeMm.
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3.3. BacceiH Pekn KocbBbl

3.3.1. KPATKAA ®UBUKO-TEOrPAGPUNYECKAA XAPAKTEPVICTUKA

Peka KocbBa 6epeT Hauano Ha 3anage CBepAnOBCKOM 06nacTy, B CeBEpPHOW
dact CpefHero Ypana, Ha 3anafHoM ckioHe y KoCbBMHCKOro KamH#A, 0T KOTOPOro OHa
1 NoayYmna cBoe HasBaHuve [76]. Obpasyetca oT CnAHUA AByx pek — bon. KoceBbl 1
Telnada, ee AnvHa coctasnget 283 kM. KocbBa - TUMNMYHAA ropHaa peka C A0BOJIbHO
BbICTPBIM TEYEHMEM, NepekaTamMm 1 MOPOramu; XapakTepu3yeTcsa ALLKOOOPa3HON 40-
NNHOM, C KAaMHAMU-60LEAMY; YKIOHBI BOAOCOOPA MHOrAa A0CTUrArT BeanymH 60%o.

B cpeaHem TeyeHmn p. KoCbBbI pacnonioxeHo LLnpokoBckoe BOAOXPaHUAN-
Lie, oobemom 0,53 kM, ncnonbsyemoe Ans BOAOCHabxeHuA ropodos Nybaxa n Kusers,
a TakKe NPOMbILLNEHHbIX MPeANPUATNA. OCHOBHBIMY MPaBOOEPEXHBIMI MPUTOKaMU
p. KocbBbl ABNAIOTCA peku Teinal, Teinbin, Moxsa, Hap, Hrop; neBobepexHbiMu - bon.
OcnsHka, bon. KoceBa, Brea, Bunbsa, /lanHckasd Paccoxa, Kelped. MpuTokn LLymunxa,
Fybawka, flagenHelin Jlor, bepectaHka 1 KameHka, Ha KOTOPbIX PACMON0XeHbl OCHOB-
Hble UCTOYHWKM 3arpsa3HeHs), SBASHOTCS O4eHb ManbIMV pekaMu, Ux rmaporpadude-
CKVe XapaKkTepucTnK/ npriBeaeHsl B Tabauue 3.9.

3HaueHNs CToka 3a MHOroneTHUM neprog (1932-1937, 1956-1984, 1987 rr.),
HabNtoLeHHbIE Ha TMAPOAOrMYeckoM nocty A. OCTaHWHO, COCTaBAANT: CPeaHNi
MHOIONETHNA pacxosd — 86,3 M3/C, MaKCMManbHbIA pacxog — 122 M3/¢, MUHVManbHBbIN

Tabnnua 3.9.
OcCHOBHbIe rnaporpaduyeckme xapakTepmuctTmku p. KocbBbl 1 ee NPUTOKOB,

rnoABep>XeHHbIX BAUSHUIO 3aKpbITbIX WaxT KYba

[nviHa BOAOTOKA, KM 283 4,75 16 15 10 18
Mnowazgs Bogocbopa, km? | 6300 9,8 19,2 35,7 12,6 53,7
;g:é‘?ggp?;om 404 336 360 362 256 335
nron | - | 24 | o6 | s | a2 |
3a00/104eHHOCTb, % <1 0 0 0 0 0
NecucTocTs, % 78 96 85 87 100 92
O3epHocTb, % <1 0 0 112 0 0
3aKkapCToBaHHOCTb, % - 85 85 55,36 74,3 75,2
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pacxos - 53,1 M3/c. Ha p. KocbBe pacnonoxeH psj HaceneHHbIX MyHKTOB, Hanbonee
KPYMHBIV 13 HUX - T. [ybaxa [126].

PaiioH, Mo TeppuToprv KOTOPOro npoTtekaeT p. KocbBa, xapakTepusyeTcs pas-
BUTbLIMY KapCTOBbIMM MPOL,eccaMy, BOAOCHOP 3akapCToBaH Ha 28-29%. [ToBepxHOCT-
Hble GopMbl KapcTa MpeACTaBNeHbl BOPOHKaMY, KOTA0BVHAMY, KAPCTOBEIMM OTraMu.
BcTpeuatoTcs Takxke newlepsl v nog3emMHble peku. NoBepXHOCTHbLIN CTOK YaCTUYHO
NN MONHOCTBIO MOTOLWAETCA KapCTOBLIMY BOPOHKaMK, 06pasysd CyxOAObl Ha 3Ha-
YUTeIbHbBIX y4acTKax JONNHbI, CeZys MO KapCTOBbIM MOMOCTAM, BO/bL! Pa3rpyXaroTca
B BVAE VCTOYHMNKOB B AOIVIHE DEKM.

Hanpuwmep, p. /lagenHsivi Jlor, pacnonoxeHHasd B Mexaypeybe pek KOoCbBbl
1 YCbBbIl, 06pasyeT Camblili MPOTAXEHHbIV B [1epMCKOM Kpae KapCTOBbIV CyXOA40N —
NagenHbin Jlor, KOTOpLIV ABAAETCH 0COO0 OXPAaHAEMbIM MPUPOAHBLIM NAHALLAPTOM.
MoApOBHO XapakTepUCTUKa STUX 06bEKTOB NprBeaeHa B pa3aene 3.3.4.

3.3.2. OUEHKA 3KONOMMYECKOrO COCTOSAHNS

Ha Bogocbope p. KocbBEl 1 ee MPUTOKOB PaclONOXeHbI U3IMBbI LLAXTHBIX
BOZ, POAHVIKI 1 CTOKI C MOPOAHbBIX OTBANOB, ABNAOLLMECH OCHOBHbBIMU CTOUYHUKaMM
3arpssHeHnd (puc. 3.26).

Mo pesynbTatam pacdeta YK M3B 3a 2013 r. no 14 KOMMOHeHTaMm, CTe-
NeHb 3arpa3HeHHOCTV BOAbI B CTBOPax p. KoCbBbl kKonebanacb OT 3arpA3HeHHON
(3-7 knacc «a») Ao cnabo 3arpsisHeHHOM. Ha Bogocbopax MpUTOKOB, rAe pacrnonara-
FOTCA OCHOBHbIE NCTOYHWKM 3arpa3HeHid, CTBOPbl OTCYTCTBYHOT (puc. 3.27). Vimetro-
LLMeCsa faHHble MO3BONAIOT MPOCIeANTb YETKYH 3aBUCUMOCTb MPEBbILLEHUI 3HaYe-
HUI I'ILLKpx No CoeANHEHUAM Xene3a, antoMUHUA, 6epunang, NUTUa, MapraHLa nocne
BnageHns pek LUymunxa, Nybaluka, lagenHelii Slor, KameHka, bepecTtanka (puc. 3.28).

MakcrmaneHele npesbileHns MAK HabNrOLAKOTCA B MyHKTE 2, MOCae MOCTYy-
naeHua B p. KocbBy 1M31MBOB LWAaxT UM. KannHuHa, M. 1T Mad 1 BbIXOAa BOJ LLAaxXTbI
nm. 40 net OkTsbps: Fe - 363, Mn - 85, Al - 39; MMHMaNsHOE, 3adUKCMPOBaHHOE B
5TOM CTBOPE, 3Ha4eHVie BOAOPOAHOro nokasartens - 3,8.

PaccMoTpuM 3KON0rMYeckoe COCTosHVE MPUTOKOB P. KOCbBbI, MOABEPXEH-
HbBIX BAVAHWNIO Yr1ef00bIuN.

Peka [llymuxa ABNAETCA NE€BbIM MPUTOKOM p. KoCbBbl. Ee gonvHa, npoTsa-
XKEHHOCTbIO 4,75 KM, MMEeeT 3p03MOHHO-KapCToBoe nponcxoxaeHre. B 50-e rogbl
XX BeKa, [0 COpOCa LWaxTHbIX BOA, BOAHbBIM MOTOK OTMeYancd TONbKO B BEPXHEN Ya-
CTV AONWHBI, MOrNOWAACs OAHOM M3 KapCTOBbIX BOPOHOK. 3aTem MOBEPXHOCTHEbIN
MOTOK MPOXOANA MOA LONVHOW p. LUymuxu 1 pasrpyxanca B p. KocbBy B BiAe NCTOY-
Huka feduntom 150 n/c [87]. B HacTodALLee BpeMd peka MMeeT NpernmyLLEeCTBEHHO No-
BEPXHOCTHbIV CTOK.
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5115 51z 512 51730

I'Iepel-leHb WCTOYHUKOB 3arpsisHeHsi NOBEPXHOCTHbLIX BOA LWkana
BbICOT, M [

1 W3nne LUTONbHA WwaxTsl M. KanvHuHa Bbille

2 M3nus Tpy6HbIV XOA0K LWaxTbl M. Kpynckoi 600

3 W3nus HaknoHHbI cTBON WaxTbl «<HaropHas»

4 M3nue LUToNbHA WwaxTsl M. 1 Mas

5 W3nus LUTONbHA WwaxTbl M. 40 neT OKTA6PA 500

6 M3nns LLypd Ne 17 waxTbl M. 40 net OKTA6PA

7 ZEN] LWypd Ne 56-62 LwaxTbl uM. 40 neT OKTA6ps 400

8 Croku c otBanos | MMO waxTel UM. YpULkoro

9 Croku c oTBanos | KMO waxTel «LleHTpansHas» 300

10 Croku c otBanos | KNO waxTel um. Ceposa

1 Crokm c otBanos | MMO waxTel uM. Kpynckoit 200

12 Croku c otBanos | KMO waxTbl «HaropHas»

13 Croku c otBanos | MMO waxTel M. 40 net OkTA6PA 150

14 Croku c otBanos | MMO waxTbl «LLlyMuxnHckas»

15 Croku c otBanos | KMO waxTel «fopenosckas»

16 Croku c oTBanos | OTBan waxTtbl «<HoBas»

17 Croku c otBanos | PogHuk 407

0O6LLas oueHKa
rVMAPO3KONOrNYECKOro
COCTOSIHVISI BOZLOTOKOB

puck

Kpm3nc

6eacTeme

NcTouHnKM 3arpasHeHns

B V3MBbI LWAXTHbIX BOA —> Hanpas/eHV e CToka C 0OTBasioB
A NOpoAHble OTBaNbl e rpaHuLbl 6acceliHoB pek
POA panmy P 0 15 3 45 6
®  3arpAsHeHHble NCTOYHUKM "”77  waxTtHoe none [o— {7

Y

PrncyHok 3.26.
VICTOYHMKM 3arpsa3HEHUsI NOBEPXHOCTHbIX BoA 6acceiiHa p. KocbBbl

MOHUTOPWHF 3a COCTosHVIEM BOZ He BegeTcd. o gaHHbIM 2005 r., Boja oT
MCTOKa Z10 YCTbA OCTaBanacb KUCNow (pH 2,4-3,4), pycno 1 6epera MoKpbITbl C10em
TEXHOTEeHHOro 0cafka. Peka Ha BCeM MPOTAXEHWV VMeEeT MOBEPXHOCTHBIA CTOK.
CoaepxaHne MUKPOINEMEHTOB (NUTWIA, MapraHew, 6epwinvi, BaHaaui, KobanerT,
LMHK, HVIKeNb 1 4p.) B ee BOoZax NnpesblllaeTt I'I,D,Kpx B AECATKN U COTHW pas. ExerogHo
¢ BoZamu p. LWymnxn B p. Kocbay noctynaet He meHee 70 TOHH Xenesa 1 50 TOHH
anroMuHKS. JleBbln 6eper p. KocbBbl, Mpy BNageHnn B Hee p. LUymMuxm, NokpbIT Tex-
HOreHHbIM OCaZKOM. HecMOTpsA Ha MpekpalleHne copoca LWaxTHeIX Bog, p. Lymmxa
OCTAEeTCA 3HaUUTE/IbHBIM UCTOYHVIKOM 3arpasHeHna p. KoceBel. B HacTodLee Bpema
MOCTOAHHBIM NCTOYHVKOM 3arPA3HEHVA PeKN SABAAETCA LIaMOHaKoMUTeNb, 0bopy-
[0BaHHBIV B ee pycne. AnnHa ero 960 m, winpuHa - 100-300 M, MOLLHOCTb LWnama -
1o 4,7 M; nnowaasb Hakonutenst coctasnseT 20,0 ra, oobem — 127 400 m* [81].
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Wkana
BbICOT, M -
Bbille

MepeyeHb MyHKTOB HabnoAeHUS
3a MOBEPXHOCTHBIMY BOAAMMU

p. KocbBa, y LLinpokoBsckoit MC

p. KocbBa, HUXe LWTOoNbHM WaxTel UM. KanuHnHa
p. KOCbBa, HYXe LWTONLHY WaxTsl UM. Kpynckoi
p. KocbBa, Huxe c. Mepemckoe

p. Kocbea, ycTbe

0O6Las oLeHKa
FMAPO3KOIOrMYECKOro
COCTOSIHVISI BOAOTOKOB

puck

———  Kpu3unC

6eactBre

®  NyHKTbI HAGNKAEHNS

rpaHuLbl bacceiiHoB pek

0 15 3 45 6

PucyHok 3.27.
MyHKTbI HabAOA4eHNS 3a MOBEPXHOCTHLIMU BoAaMu B 6acceiiHe p. KoCbBbI
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MecTa oT6opa Npo6
NoBepPXHOCTHbIX BOA

Fe 14| KpaTHOCTb npesblweHuns MAK
Mn 20 | xumuueckumu snemeHTamm
BO/IOPO/AHbI NokasaTens

0 5 10 15 20
[— e J)

PucyHok 3.28.
CxeMa rmapoxmmmyeckoro onpobosaHms pek 6acceiiHa p. KocbBbl nocnie 3akpbiTUA
LIaxXT U MakKcrMasibHble NpeBbllLeHNs I'I,CI,Kpx (2006-2013 rr.)

3a ponrve oAbl NPOU3BOACTBEHHOW AeATeNbHOCTU WaxTbl «LLymMnxmH-
CKasg» NPOoK30LW/I0 HaKoMIeHre 4OCTaTOYHO MOLLHOIO C/I0A TEXHOTeHHOr0 0Caj-
Ka, 3arpA3HEHHOr0 COeMHEHUAMM Xenesa, aNtoMUHNGA 1 LWAaMOM 060raTuTeNb-
HOW yCTaHOBKM.

Ellle oAVH MCTOYHMK 3arpA3HEHNa — MAOCKWI MOPOAHbLIV OTBan (MmaoLa-
Abto - 21,9 ra, BbICOTOM — 23,8 M, 06beMoM — 1227 TeiC. M3) WwaxThl «LLyMyXHCKasy,
Haxoadwmncsa B BepxoBbax peky, B 300 M 3anagHee nocenka KObunenHblin. CTokn
C Hero nocTynatoT B pycno p. LLymnxn n ganee - B WnamoHakonntens (puc. 3.29).

O6bem cTokoB BapbupyeTcst oT 0,3 f0 3,0 M*/yac. 1o AaHHbIM HabAAeHWA,
CTOKM C MOPOAHOrO OTBaNa XapakTepusyroTca Kak Kucable (pH 3), uMeroT cynbdat-
HbIA aJIFOMUHNEBO-XEeNe3NCTbIV COCTaB, OT/IMHAIOTCA BbICOKMM COAEPXaHnem xene-
3a - 432 Mr/n v antoMnHng = 1194 mr/n, uto npesblwaeT MAK B AeCATKN ThiCAY pa3
(puc. 3.30). CoaepxaHve 6epunvg, NNTUgG, Mapradua 1 Apyrnx 3n1eMeHToB MpeBbl-
waet MAK B fecatkn 1 cotHM pas. CyMmmapHas naoLa/b 30Hbl HeraTuBHOMO BAVIS-
Hna oTBana - 21,25 ra.
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—P HanpaneHue CToKa C oTBana
|:| NOPOAHBIA OTBaN
|:| NPOMBbILLEHHAs NaoLLaAKa

LaamMoxpaHumnnie

PucyHok 3.29.
NcTouHUKM 3arpasHeHuns p. LUymuxu
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MakCManbHoe coaepxaHue B gonsx MAK,

PrcyHok 3.30.
MakcrmanbHble KOHLEHTPaLMy 3/1eMeHTOB B CTOKaxX NOpPoAHOro otTeana
waxTbl «LLlyMUX1HCcKas», B cpaBHeHuu ¢ NAK (2007-2013 rr.)

Peka lNy6awka ABNAeTCA NpaBbIM NPUTOKOM P. KOCbBbI. AnnHa ee 16 kM, OHa
NpOTEKaeT B HaMpaB/eHWU C CeBepa Ha tor Mo TeppuTopun NybaxmHCKoOro parioHa
(pnic. 3.37), NICTOK PaCcroNOXeH ceBepHee Nocesnka Yrneypanbckui. lonnHa pekn pac-
NONOXeHa BAO/b 3aMaZHOro Kpblna KOCbBUHCKOW aHTUKAVHANW, B PaiOHe pPasBuTua
N3BECTHAKOB CPefHero KapoboHa, MHTEHCMBHO 3aKapCTOBaHHbIX Ha AaHHOM y4acTke.

B ectecTBeHHbIX YCNOBUAX Peka, 0 COPOCa B Hee LLAXTHbBIX BOJ, MOMHOCTLHO
nornoLanacb KapCToBO BOPOHKOW B 7 KM OT yCTb4, y . CTapas [MonosuHka. B goau-
He, No gaHHbIM E. A. KpoTosoW [86], oTMeyeHO 20 BOPOHOK, MPUYPOYeHHbIX KO AHY 1
6opTaM. BopoHkI KOHYCO0bpasHoW 1 6at0aLeobpasHolr dopmMbl, riybuHor ot 0,3 A0
7,5 M, anametpom oT 1 40 21 M.

B npegenax Bogocbopa p. Mybalky HaxoanTCa 0bbeAnHeHHoe nose WaxT
«LleHTpaneHas», M. CepoBa 1 M. YpuLKoro. LLlaxTHOe none 3kcnayaTmpoBanoch C
1907-ro no 1996 r. Certyac UCTOYHMUKAMU MOCTYMNNEHUA 3arpa3HALLX BeLeCTB B
p. FybaLLKy ABAAKOTCS CTOKM C MOPOAHbLIX OTBANOB 3TVX LLAXT (puc. 3.26).

OtBan waxtsl M. CepoBa HaxoAMUTCA Ha NpaBom bepery p. ybaiwky, B 100 M
OT ee pycna, 3aHMMaeT Niowaasb 1 ra v umeeT obbem 6 TbiC. M3, [10 AaHHbIM HabHo-
LEHNIA, CTOKM, PaCcXoA0oM OKONMO 1-2 M3/4, XapakTepu3yroTca Kak CyNibGaTHble Xenesu-
CTO-KanbLmesble, pH 2.

Huxe no TeueHWIo B peky MOCTYNaroT CTOKM OTBana LWaxTbl «LleHTpansHas»,
00BbeMOM B cpegHeM 1 M3/Y, meroLme CynbGaTHbIN XenesncTo-antoMUHUEBBIR Co-
CTaB 1 pH 2.
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Ha paccToaHmm oKono 2 KM OT ee pycia pacrnosioXeH NopoAHbIV OTBas Lax-
Tbl M. YPULIKOrO, CTOKM KOTOPOrO MOMIOLLAKTCA KapCTOBOW BOPOHKOW (puc. 3.32).
CpeaHuiA pacxoA CToka, Mo AaHHbBIM HabAtoAeHWA, COCTaBAAET 2 M3/Y, XUMNYECKNIA
COCTaB cynbdaTHbIN KanbLeBO-aNtOMUHVEBIR, pH 3.

KoHLeHTpaumm xenesa v anfoMHNS B CTOKax MOPOAHBLIX OTBANIOB LWaxT rnpe-
BblWatoT MAK | B ThiCAYM pa3, bepunava 1 MapraHua - B COTHY pas, KobabTa, INTVS,
LMHKa - B AeCAaTKM pas (puc. 3.33).

Peka bepecmsHka C neBbIM NPUTOKOM P. KameHKol. Ha BOAOCOOpHOM naoLLa-
An p. KameHky HaxoAanTca WwaxTta «HaropHag», pacnonoxeHHaa 8 500 M ceBepo-BoC-
TOYHee nocesnka HaropHckuid, LaxTta gencreosana ¢ 1956-ro no 1999 r. Jobblyua
YN8 Benach B YCNOBVAX 3HAYNTENbHbLIX BOAOMPUTOKOB, AOCTUrAIOLLMX 268 M3/yY.

B mae 2013 1. 3aTONNeHwe LaxTbl 3aBEPLUMIOCE, B MECTE IMKBUAVMPOBaHHOM rop-
HOW BBIPAOOTKM HAKNOHHOTO CTBOA MOSIBUICA M3MB LLIAXTHBIX BOZ — X PAaCXOJ B MecTe
BbIXOZa AocTuraeT 83 M*/4. Ha cknoHax ora bbl10 OTMEYUEHO MOABNEHNE POLHMKOB.

Bogabl M3nnBa cynbdaTHO-xenesncTsle, Kucable (pH 3-4), KoHLeHTpaLum xene-
3a v antommnHng npeseiwatoT MAK 8 8000 v 2250 pas cooTseTcTBEHHO. Coepxa-
Hve Mapranua, IMTVs, 6epunanug 1 4pyrinx MUKPO3NEMEHTOB B A€CATKN U COTHW pa3
npesbiwaet MAK .

PucyHok 3.31.
Peka lNy6aluka B palioHe 0CTaHOBOYHOro NyHKTa N'y6axa-BepxHsas

— 131 —



[lopoAHbIA oTBaN
LLIaXTbl WM. YPULKOro

Kapcrosas

BOPOHKa \
)

PrcyHok 3.32.
MopoaHbI oTBan LWaxTbl UM. YPULIKOro

B nepuoa ¢ 1945-ro no 2000 r. B 6baccelHe p. KameHku 6bin OTCbINaH OTBasn
LWaxTbl «HaropHas» obbemom 248,5 Teic. M> 1 naowaasto 3,9 ra. OTBan MMeeT KOHU-
yeckyto popmy, B BbICOTY gocTnraeT 40 M. B 2009 r. 6bina npoBeaeHa pekynbTrBaLms,
ceryac oTBas YacCTUYHO MOKPbLIT PACTUTENBHOCTLIO, MPUCYTCTBYIOT Cefbl FopeHns
(pnc. 3.34). OAHAKO 1 Ha CEroAHALLHNIA MOMEHT CTOKM C OTBafa OCTatoTCa KMCIbIMU —
pH 2-3.

MOMVYMO  3arpA3HEHHbIX LUAXTHBIMW BOAaMK MPUTOKOB, HEMOCPeACTBEH-
HBIM VICTOYHMIKAMW 3arpasHeHns p. KocbBbl ABASKOTCA M3A1MBbl WaxT M. 1 Mag,
M. Kpynckom 1 06befHEHHbIN U3IMB WaXxXT UM. KanuHWHA, M. YpuLKoro 1 «LeH-
TpaNbHas» (BbIXOA LUAXTHbBIX BOA OCYLLECTBAACTCA Yepes LUTONbHIO LaxTbl M. Kanw-
H1Ha) (puic. 3.35, 3.36, 3.37, 3.38). PacxoAbl U3MBOB MOABEPXEHbLI 3HAYUTENBHEBIM
CE30HHbIM KONebaHVIAM.
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PrcyHok 3.33.
MakcnManbHble KOHLLeHTPaLmn 3/1eMeHTOB B CTOKaX NOPO/AHbIX OTBasIOB,
HaxoAaLmxcsa B npegenax sogoc6opa p. Nybaluku

Ha pucyHke 3.39 npeactaBieHbl MakcManbHble KOHLEHTPaLMM MUKPO3/e-
MEHTOB B COCTaBe V3/11BOB Ha Tepputopmnn baccenHa p. KocbBbl. VoHbI Xenesa -
80 11520 NAK , antoMyHng — go 948 MAK , 6epunans - o 237 MNAK , mapraHua -
Ao 379 NaK .

Havbonee BbICOKUIA ypOBEHb 3arpsA3HeHUs XapakTepeH ANA W3IMBOB 13
wmosnsHu waxm um. Kpynckot u um. KanuHuHa. B COCTaBe M31MBa U3 LWTONbHN
LUaxTbl M. Kpynckom KOHLEHTPaLMN OCHOBHbIX 3arpa3Hu1Tenell KonebntoTcs B cie-
AyROWMX Npeaenax: NoHbl xxenesa - 4o 2156 Mr/am?, antoMmHng — o 189,6 mr/am?,
6epunavsa - Ao 0,047 mr/am3, mapraHua - 40 22,5 Mr/ame.

xn’ xn’ xn’
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B coctaBe mM3nMBa WTONbHW WaxTbl UM. KannHUHa HabAroAaroTCA MakCw-
MasbHble 414 6accelita p. KocbBbl koHLeHTpauuv xenesa (4o 11 500 MAK ) n map-
radua (8o 348 MNJAK ). Pacxodbl U3aMBa V3 WTONbHN WaxTel UM. KannHHa — 0HY
13 Camblx 6ONbLUIMX Ha TeppuTopun Bogocbopa p. KocbBel (B cpegHeM 395 M3/yac),
YTO MPUBOANT K MOCTYMNEHWIO B MECTHYHO TMAPOCETb 3HAUUTENBHOIO KOANYeCTBa
Xenesa, MapraHua v Apyrux KOMnoHeHToB. Ha prcyHke 3.40 nokasaHbl cpejHue, 3a

¥ »
PuncyHok 3.34.
CTOKM C oTBana WaxTbl «HaropHasa»

A - otBan, b - TpaHLes Ans oTBOAA CTOKOB € OTBana

CToKIK ¢ 0OTBafIOB
.. m

Y3A1B WaxTbl
. IME KannHnHa

V3nvB axab!
M. +Masi

n311Bbl

PucyHok 3.35.
VICTOYHMKM NOCTYNNEHUS 3arpsA3HAIOLLMX BeLecTB B p. KocbBY B paiioHe r. l'y6axu
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PucyHok 3.36.
MN3nmBbl KNCNbIX BOA. A - WaxTbl UM. 1 Mas, b - waxTtbl M. KannHuHa
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p. KocbBa

PuncyHok 3.37.
MN3nmB waxTtbl M. KannHuHa

PrcyHok 3.38.
Peka KocbBa B paioHe n3nuBa Bog waxtbl M. 1 Mas
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7-NeTHWIA Neprnos HabaAeHW, 06beMbl MOCTYNAROLLMX 3arpasHuTener. SlaHawadpTt
BO3/1e 3TOr0 131MBa UMeeT cneundryeckie TEXHOreHHble YepTol.

Pasrpyska TpeLyHHO-KapCTOBBIX BOJ, BM3ENCKUX OTIOXEHWI NPUypoYeHa K
yyacTky nepeceyeHvd p. KOCbBOW TEKTOHMYECKMX MONOXUTENbHbBIX CTRYKTYP (pan-
OH . [y6axu). B mecTax, rae noA3eMHble BOAbl MOABEPXEHbLI BAVAHWIO 3aTOMNEHHbIX
LLIaXT, OTMEYaKTCA BbICOKME KOHLUEeHTpaumn CynbGpaTos, Xenesa, aAtoMUHNUS, Map-
raHua, I1Tns, H1kens, bepnnaug, kobansta. OBO6LLEHHAA XapakTePUCTIKa pexmnma
POAHVKOBBIX BOA A0NMHbI P. KOCbBbLI NpeacTaBneHa B Tabnuue 3.10.

Ponb POAHNKOB B 0OLLEM ObbeMe 3arpasHAKLLNX BELLEeCTB, MOCTYNatoLLMX B
p. KOCbBY, 3aMeTHO HIXe, YeM U3IMBOB, MPU 3TOM COCTaB BOA POAHMKa 407 oTanya-
eTCa 0T APYrMX POAHNKOB. [1py MUHEpanM3aLnm Noa3eMHbIx Boa MeHee 400 Mr/am3,
B COCTaBe BOJ OTMEUYatoTCA BbICOKME KOHLIeHTpauun xenesa (B cpeaHem 61 MAK ),
MapraHua (8 cpeaHem 9,2 T1AK ), NoBbILeHHAas KUCNOTHOCTb (pH 4,8).

MOCTOAHHBIM NCTOYHMKOM 3arpAasHeEHUA ABNSAOTCA MOPOAHLIE OTBaslbl, Pacro-
NOXEeHHbIe Ha beperax BOLAOTOKOB, HanpuMep, MOPOAHbIV 0TBas LWaxThl M. Kpynckori
Ha bepery p. KocbBbl (puc. 3.41).

HecMmOTps Ha CpaBHUTENbHO HeboblIMe 06beMbl CTOKOB C MOPOAHbLIX OT-
Ba/IOB, NX COCTaB XapakTepu3yeTcs OYeHb BbICOKMM COAEPXAHMEM 3arPA3HAOLLX
BeLLeCTB U KUCIOM peakuven cpefpl. MNokasatens pH n3MmeHseTcs B npegenax 2,0-
3,1. Cyxoi ocTatok BapbupyeT oT 1850 80 27 264 mr/am3. CoaepxaHuve xenesa - 40
7280 MAK , antoMnHng - 40 15 250 NAK |, 6epvnnna - 4o 1785 MAK |, mapraHua - 40
555 4K . B MeHbLueM KoM4eCTBe, B COCTaBe CTOKOB C MOPO/HbLIX OTBANOB, MPUCYT-
CTBYHOT KaAMUIA, KOBANbT, HUKeNb 1 ApYriie MUKPOKOMMOHEHTHI.

AHann3 pesynbTaToB HabArAEHWI 33 COCTaBOM BOA P. KOCbBbI BbIABASET
30Hbl HEOAHOPOAHOCTU TUAPOXUMUYECKOrOo COCTaBa. Boausm LWupokosckon MC
BOAb! Xxapaktepusyrotca pH 5,9-7,7, MuHepannsaumsa coctasnget 50-104 mr/am?.

Ha y4actke VHTEHCUMBHOMO BANAHVIA M3IMBOB LUAxXTHbIX BOZ4 (p1c. 3.42), 3a-
rPSA3HEHHbIX POAHMKOBBIX BOZ, CTOKOB C OTBA/IOB, BOAbI P. KOCbBbI XapaKTepyr3yroTca
CTabUNbHO BLICOKMM COAepXaHVeM xenesa (40 363 FI[LKpX), MOBbILLUEHHbBIM COAepXa-
HeM antoMUHUA, 6epUNKA, MapraHLa 1 Apyrnx MKpo3n1eMeHTos, pH 3,8-6,3.

3a cyeT HOKOBOW MPUTOYHOCTN YNCTLIX BOA M CaMOOYMLLAOLLLEN CMOCOBHO-
CTV PeKku, B YCTbeBOW YacTu p. KOCbBbI MPOCNEXMBAETCS YyULLEHUe KayeCTBa BOA;
CyXOW OCTaToOK M3meHsaeTcsa B npegenax 64-390 Mmr/am®; KMCNOTHOCTb CHUXAEeTCA
(pH 6,2-7,9); KOHUEeHTpau M xenesa yMeHbLLIaKTCH, 0CTaBadCh BbilLe AOMYyCTUMOro
ypoBHs (0,5-3,2 mr/am® v 5-32 I'ILleX) (puc. 3.43).

B p. KocbBe AMHammKa KOHUEHTPALMI OCHOBHbIX 3arpsisHUTeNelt (keneso,
ANFOMVIHINIA, MapraHew) B 3aBUCMMOCTU OT dasbl BOAHOIO pexyvma He NpoCaexmBa-
etcd (puc. 3.44). B TeueHe rnaponormyeckoro roja 0TMeYaeTca HeCckoIbKo MyKoB
MaKCVIMabHbIX 3HAUEHNI CHKEHUA KOHLEHTPALMI KOMIOHEHTOB.
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PucyHok 3.39.

MakcumanbHble KOHUEHTpaunun MMKpPO31€MEHTOB
B BOJe LLUAXTHbIX U3/1MBOB 6acceiiHa p. KocbBbl

cpefHee nocTyrnaeHue,
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LLITonbHS Tpy6HOro LToNnbHA V LUTONBHA WaxThl
X0fKa WaxTbl M. Kpynckow waxtbl M. 1 Mag 2 M. KannHnHa

PucyHok 3.40.

MocTynneHvie HEKOTOPbIX XMMMNYECKUX 3/IEMEHTOB OT LUAXTHbIX M3/INBOB
Ha Bogoc6op p. KocbBbl
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Tabnuua 3.10.
XapakTepucTnkm pogHuKoB B 6acceiiHe p. KocbBbl (2000-2013 rr.)

[ebuTt, M*/yac CpeaHwne 3HaveHns
Howmep W

pOAHIKa AT cpes- | mMakeu- | MuUHK- " Cyxoii | Fe, mr/ | Al, mr/

Hee MyM MyM P ocTaTtok | Am3 am?
01 nm. Kpynckort | 63,0 79,0 15,0 7,79 168,7 0,28 014
643 nm. Kpynckon | 71,0 156,0 1,0 7,63 149,8 0,18 0,20
407 M. T Mas 1279,1 | 1907,0 | 708,0 4,83 399,5 18,5 0,32
05 nM. KanuHmHa | 659,6 | 1892,0 1,0 713 307,2 0,33 0,56

MopoAHbIA oTBan

p. Ko@sBa

PucyHok 3.41.
PalioH oTBana waxtbl M. Kpynckoii
A, b - nopogHbIii oTBan Ha 6epery p. KocbBbl; B, I - cTOKM € oTBana
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PuncyHok 3.42.
BnaaeHune nsnmea waxrtbl M. Kpynckoii B p. KocbBy
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Mn

. p. KoceBa, y LWnpokosckoi MC E p. KocbBa, 30Ha BANAHWA LIAaXTHBIX BOZ, ’/ p. KocbBa, ycTbe
£

PrcyHok 3.43.

MakcrmanbHble KOHLEHTpaLMm XxapakTepHbIX 3arpsisHuTenein
rno gnuviHe p. KocbBbl (B AonsAxX I'Iﬂ,pr)
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HecMmOTpA Ha OTCYTCTBME YETKOW Ce30HHOW 3aKOHOMEPHOCTV V3MEHEeHN
KOHLEeHTPaLMI KOMMOHEHTOB, MOXHO OTMETUTb, UTO B 30HE BAVAHMUA LUAXTHBIX BOA
MUHMMa/bHbIE KOHLIEHTPALMM Xene3a npuypoyeHsl K Neprosy BeCeHHero noioso-
apA (puc. 3.44 B), Koraa NponNCcXoauT VHTEHCMBHOe pa3basieHre TanbiMy BOAAMU.
CofepxaHue xenesa, antoMHUA, Mapradua B p. KocbBe, M3MeHAACH B 3HaYNTEb-
HbIX Npeaenax, B Te4eHne pasinyHbix ¢as BOAHOMO PeXrMa NOCTOSTHHO 0CTaBanoCh
B pa3Hoi cTeneHy Boie MK .
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PrcyHok 3.44.
KoHueHTpauun 3arpsasHsowmx Bewects B p. Kocbse (2006-2013 rr.)
A - ctBop okono N3C, b - cTBOP B 30HE BANSHUSA LUAXTHbIX BOJA
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MHOroneTHas AMHamMKa 3arpasHeHns BOLOTOKOB bacceriHa p. KocbBbl OLje-
H1Banacb NyTeM CPaBHeEHUA MaKCMalbHOW N3MEPEHHOW KOHLEHTPaUmUn 3arpasHa-
FOLLIMX BeLLecTB 3a Nepuog HabnroaeHwn (2006-2013 rr).

AnHamuka 3a nepuro HabAeHNA NOKa3bIBaeT, YTO YPOBEHb 3arpssHEHNA
BOZ OCTaeTCst CTabuabHO BbICOKUM, TEHAEHUMS K CHUXEHUIO MakCUManbHbIX KOH-
LeHTPaLIMI 3arpasHAIOLLX KOMIIOHEHTOB He npociexBaeTcd. [ogobHaa cntyauma
CBUAETENBCTBYET O MOCTOAHHBIX MCTOUHMKAX 3arpA3HeHUs, NHTEHCMBHOCTL KOTO-
PbIX He yMeHbLUaeTCs C rogamu (purc. 3. 45).

XUMUYeCKNI CoCTaB BOZA P. KOCbBbI U ApYruX pek C KUCIbIMY BOAaMU OT-
pPULATENBHO CKa3blBAeTCA Ha COCTOAHNN Xene300eTOHHbIX U MeTalInyeckmnx
KOHCTPYKLMIA MOCTOBbIX COOPYXXeHUIA, nepecekatoLyx peky. B 2010 r. 6bin0 npo-
BeJleHO 0bCesoBaHMe MocTa (moctporikk 1957 r.) yepes p. KocbBy Ha aBTOAO-
pore n. lMepBomaiickuin — BepxHaa ybaxa, B NybaxuHckom paroHe [16]. MocT
npeAcTaBngeT Cob0oM TPEXMPONETHYHO OaNOUHYIO CTanexene3nbeToHHYH Hepas-
PEe3HY CUCTeMy. B nonepeyHoM ceveHuUn Kaxablii MposieT COCTOUT 13 YeTblipex
COCTaBHbIX MeTanInyeckyx 6anok ABYTaBPOBOroO CeYeHUs U Xene3006eTOHHOWN
NAUTBI Npoe3xelt YacTn. beperosbie 11 MPOMeXyTOUHbIe OMOPbl MOCTA Xene3obe-
TOHHbIE, MaCCUBHbIE.

B xone ob6cnefoBaHns 6bi1v 06HapYXeHbl AedekTbl, 0Ka3blBaroLLMe HeraTue-
HOe BVAHVE Ha 0NTOBEYHOCTb, 6€30MacHOCTb U FPY30NOABEMHOCTL COOPYXEHWS.

* BollenaumBaHe 6eToHa 13 NANTbI NPOe3Xer YacTu, ¢ 0bpasoBaHWeM CTa-
NaKTNTOB, Pa3pyLleHme 3aLUMTHOroO C1osa 6eToHa (Ha 80%) HKHel noBepx-
HOCTW MAUTBI MPOE3Xel YacTu Ha rNyouHy 10 5 CM, C OroNeHMEM 1 KOppOo3uei
paboyer apmaTypbl.

BbiMbIBaHME LEMEHTHOrO pacTBopa 13 Tesa OMnopbl 1 paspyLueHe 3aLimT-
HOro CNost 6eTOHa NPOMEXYTOUHbBIX 1 KDANHMX OMOp B 30HE NMEePeMEHHOro 1
MOCTOAHHOrO YPOBHS BOAbI Ha ryouHy A0 7 CM, C OFONeHVIEM U KOPPO3nei
paboyel apMaTypbl.

CnioWwHas, NOBEePXHOCTHasA 1 M1acTOBast KOPPO3UA MeTanna 6anok Nponet-
HbIX CTPOEHUI, TONLLMHA NPOAYKTOB KOPPO3UK 6-20 MM.

BckpbiTve 3almMTHOrO 1o 6eToHa, AN9 YCTaHOBAGHNS HaAU4mMg KOppo3nm
apMaTypbl BHYTPY Hepa3pyLUEHHOro 6eToHa NANTbI MPOe3Xen YacTy, BbIABM-
N0 Hannume ocnabneHnss KOppo3ner NoNepeyHoro ceveHVs paboyeit apma-
Typbl Ha 20%.

113-33 UHTEHCMBHOW KOPPO3UM MeTanna 6anok NPoeTHLIX CTPOEHW, B Me-
CTax CoeAHEHUA MOMOK CO CTEHKaMU, Y MOHTAXHbIX 6/10KOB MPOU30LLIIO «Bbl-
ny4nBaHve» COeAVHNTENbHbBIX HAKNALOK U pa3pyLleHe 3akKnenoYHbIX Coean-
HEHW.
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PucyHok 3.45.

MakcrmanbHble KOHLEeHTpaLumm 3arpasHALWmMX BeLecTs B p. Kocbse (2006-2013 rr.)
A - cTBop okono Lnpokosckow MNAC,

B - cTBOp B 30He BAUSAHUSA LLAXTHbIX BoA, B - cTBOp B ycThe
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[No ApKo-OpaHXxeBOMy OKpacy 6eTOHa NMPOMEXYTOYHbIX OMOP OTYETINBO BUAEH
YPOBEeHb Mepenaja Bo/bl B peke B CTBOPe MOCTOBOIO Nepexo/a, B Npesenax KoToporo
3adVIKCMPOBaHbI MaKCMMalbHble PaspyLLeHnsa 6eToHa 1 apmaTtypsl (puc. 3.46).

Mo pe3ynbTataM 06CNeA0BaHNS MOXHO CenaTb BbIBOA: COOPYXeHMe Haxo-
ANNOCb B aBapUHOM COCTOSIHWK, @ FPY30MOABLEMHOCTE COOPYXEHUS CHUKEHa Ha
20%. OCHOBHas 4YaCTb UMERLLUMXCA AePeKTOB ABNAeTCA CeACTBMEM pPa3pyLLeHns
Xene3obeToHHbIX 1 METANNYECKNX KOHCTPYKLMIA MOCTa 13-3a BO3AEUCTBNS KNCbIX
LUaXTHbIX BOJ COpacbiBaeMbIX B peky.

PrncyHok 3.46.
ABTOZ0POXHBIN MOCT Yepes p. KocbBY B paiioHe n. MepBomMaiickuia

3.3.3. XAPAKTEPUCTUKA MOVM W JJOHHbIX OTNOXEHW

B normax u pycnax pek 6acceinHa p. KocbBbl HaKOMUAOCh OrPOMHOE KOYe-
CTBO TEXHOTEHHBIX AOHHbIX OTNIOXEHWNIA, MPeACTaBNeHHbIX B OCHOBHOM aMOPdHbIMA
MMAPOKCUAAMI XXeNe3a 1 antoMUHNS, VIMEROLLVIMI XapaKTePHbIN PEIXWI LIBET, — MecTa
X aKKYMYIALMM XOPOLLIO PasinyMbl Ha KOCMOCHKMKe (prc 3.47).

30Ha Ce30HHOro 3aTonneHusa B bacceriHe p. KOCbBblI MOKa3aHa Ha pUCyHKe
3.48. Obwasa nNiowaab TeppUTopnK, NOLBEPXEHHOM 3aTOMNEHWIO 3arpPA3HEeHHbIMM
BOZamu B baccerHe p. KocbBel, coctasnset 770 ra.

B bacceliHe p. KocbBbl BAVgHVE yraef00bluy OTMEYaeTCa Ha A0HHbIE OTIOXe-
HWS ee NPUTOKOB - pek LLlymuxa, Iy6awka, JladeliHbili Jloe, KameHka, bepecmsaHka
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PrncyHok 3.47.
3arpsisHeHHast TeXHOreHHbIMU ocagKaMu ycTbeBas YacTb p. KocbBbl (anpesb)

n camy p. Kocegy. Inst oueHkn cTeneHu BAVSHWSA Obil U3yYeH COCTaB OTIOXEHNIA 1
BOAHbIX BbITsXKeK 13 HMX [110, 116, 117, 118, 119, 210]. Cxema onpoboBaHvs nprse-
[leHa Ha pucyHke 3.49.

Peka LWymuxa, fO COpoca B Hee LWaxTHbIX BOA, ABNANACH KAPCTOBbIM CyX0A0-
NIOM; Mocne cbpoca — NPOM3OLLA 3aKynopKa KapCToBbIX KaHanos, GpopMmpoBaHue
MOBEPXHOCTHOrO CTOKA 1 HAKOMAEHME TEXHOreHHbIX OTAOXEeH . KpoMe copoca Knc-
NbIX BOA, NCTOYHMKOM HEeraTyBHOrO TEXHOrEeHHOro BO3AeNCTBUS ABAAETCA LLAaMO-
HakonuTenb oboratnTensHoM Gabpuiku.

oA BO34eNCTBMEM KUCIbIX BOA CyLLEeCTBEHHO W3MEHWCS COCTaB OT/O-
XEHWNI NPUPYCNOBOWA 30HbI pekn. BogHbIe BBITAXKM AOHHbLIX OTNOXEHWI, 1cCne-
[OBaHHbIe B NMepuroj BofooTamea (1992 r.), umenn kncayro cpeay (pH 3,4-2,85),
MOBLILLIEHHOE coAepxaHue coneit (1963-4426 mr/kr), cynbdaTHbI Xene3o-anto-
MWHNEBO-HATPVEBBLIV COCTaB, BbICOKME KOHLEeHTpauun xenesa (20 318 mr/kr),
antoMnHKa (8o 169 mr/kr), cynbdatos (40 3845 mr/kr). Hanbonsliee HakonaeHune
3arpsAsHUTeNeit 0TMeYeHO Ha PacCToAHNK 1-2,2 KM OT BOAOOTAMBA. 3arpasHeHne
LOHHBIX OTNOXEHUI MPOCNEXeHO A0 yCTba p. LymMunxuy, rae oTMeueHo 1x Haw-
bonblee 3akmcneHve (pH 2,85).
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PucyHok 3.48.
30Ha Ce30HHOro 3aTOoMNJIeHNs MOMM 3arpsA3HeHHbIX pek B 6acceliHe p. KocbBbI

OTobpaHHble 13 LWnamMoHaKonuTensa Npobbl AOHHbBIX OTA0XEHWA, MOKa3biBa-
FOT BbICOKYHO CTEMeHb X 3arpasHeHnd: K1ncasg peakuna cpepl (pH 2,62), coaepxa-
H1e BOAOPaCTBOPUMbIX conelt — 27 090 mr/kr, cynbdatos - 19 212 mr/kr, xenesa -
6215 Mr/Kr, anfoMmnHNS — 155 Mr/kr. B HacTodALLee BpeMd 3TN OTJI0XEHUA SBAAIOTCA
MOCTOAHHBIM UCTOYHMKOM 3arpasHEHUSA OKPYXatoLLen cpeasbi.

[paHy/IOMeTpUYeCKIA COCTaB WaaMa OTAUYaEeTCA MO MPOCTUPAHWUIO U MO
rnyéuHe. OCHOBHasa YacTb LWnama npeacrasneHa dpakuvert 2,0-1,0 MM, B Bepxo-
Bbe NMpeobnagaeT bonee kpynHas dpakyms — 5,0-2,0 mM. MNokasaTtens pH BoAHOW
BbITAXKW cocTaBnsdeT 4-4,5, coaepxaHue MOHOB Xxenesa konebnerca B npeaenax
3000-3800 mr/am?, antoMuHmns — 400-600 mr/am® [81].

Mo AaHHBIM PEKOrHOCUMPOBOYHOro obcnesoBanHma (1992 r.), nnowaab K-
NbIX 3arpA3HEeHHbIX TPYHTOB p. LWymnxn coctasngna 7,8 ra. B gonnHe peku otmeda-
Nacb ferpasaumsa pacTmTenbHOCTY, BbIMUPaHue neca.

MiccnefoBaHe BOAHOW BBITAXKA AOHHBIX OTNOXeHWM p. LWymunxmn B 2001 .
nokasasno, 4To necyaHas GpakLng COCTONT U3 YroNbHO-MOPOAHBIX YacTuL, (95%), B
HEeBONBLLUNX KONUYeCTBax NPUCYTCTBYHOT LAk U MarHUTHble cdepynbl (40 0,9% n
0,17% COOTBETCTBEHHO). YTOIbHO-MOPOAHBIE YaCTNLI KOHLIEHTPUPYIOTCA B COCTaBe
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21 p. LLymuxa, OTCTONHWK (LleHTp)

50" 20 p. LLymuxa, OTCTOMHUK (Ha4ano)
33 p. Wymnxa, yctbe
34 p. ly6aluka, GoH, Bbile a/4 Ha n. LUnpokoBckuit
27 p. ly6aluka, ycTbe
25 p. NageliHbiii Slor, ycTbe, pasrpyska 13 KapcToBOrO UCTOUHMKA
17 p. NlajeiiHblii Jlor, poH
16 p. NajeliHeiii Jlor, MecTo UcHe3HOBEHUS B KapCTOBOM BOPOHKe
22 p. KameHka, poH
23 p. KameHka, cT. Ny6axa-Maccaxvpckas
31 p. KameHka, ycTbe
32 p. KocbBa, hoH, n. LUnpokosckuii

845" 26 p. Kocbea, 100 M Bbilue KapCTOBOro MCTOUHYIKA T. SlageiiHol

28 p. KockBa, 50 M HUXe a/a MocTa
29 p. KocbBa, y /A MocTa
48 p. Kocbea, c. Mepemckoe

A TOYKM HabnrAeHVS 33 ZOHHBIMUN OTNOXEHUSAMN
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PucyHok 3.49.
Toukun HabnoAeHNA 3a AOHHBIMU OTNOXEHUSAMMN B bacceliHe p. KocbBbI

— 147 —



KaK Nerkow, Tak 1 tsxenon ¢pakumm [119]. B coctase Taxenon pakumm (M1oTHOCTb
6onee 2,9 r/cM?) Ha HUX OTMEYaeTCsa XenToBaTbIV HaleT, UTO MPUAAET UM BblpaXeH-
HbI NONyMETaNINYecknin 61eck — 3TO CBA3aHO C MPUCYTCTBMEM MUPUTA (YeM 1 0Ob-
ACHSAETCS X boNee BbICOKasa MNOTHOCTL). Cpean eCTeCTBeHHbIX MUHEePabHbIX 3epeH
oTMeYeHbl kBapL, (3,6%) 1 Tanek (0,9%).

BoaHaa BbITAXKA AOHHbBIX OT/IOXEHWNA OTPaxXaeT CyLLEeCTBYHOLLYK TEXHOIreH-
HYHO Harpysky: cynbGaTHO-XeNnesncTbi COCTaB, CoAePXaHVe BOAOPaCTBOPMMBIX CO-
newt - 5,4-27 r/kr, BOAOPOAHBIA MOKasaTeNb V3MeHseTca oT 5,4 (BepxOoBbe LU1aMo-
HakonuTtens) 4o 2,62 (LeHTpaibHaa 4acTb LUIaMOHAKONMUTENs). B BOAHON BbITSHXKE
NPUCYTCTBYET 3HAUNTENBHOE KONMYECTBO MOABXKHBLIX GOPM Cy/TbPaTOB, Xenesa, ato-
MUHWA, aMMOHWIA-MOHA. [JOHHbIE OTNIOXEHUA YCTbeBOW YacTu p. LLymnxn cogepxat
3HaUNTENIbHOE KONMYECTBO PEHTIeHOaMOPGHbIX MMAPOKCMAOB Xenes3a U antoMuHNSA
(31-52%), a Takxke BTOPUYHBLIX MVHEPaNOB (6a3antoMUHUT — 8%, ApO3UT, reTut — 1%).

B yCTbeBO YacTu pekn cofepXkaHne BoAOPacTBOPUMbIX COMeN — MOBbILLIEeH-
Hoe (349 Mr/Kr), NPUCYTCTBYET 3HaYMTEeNbHOE KOANYeCcTBO CynbdaTtoB (2025 mr/kr),
xenesa (807 Mr/Kr), aMMoHUIM-MoHa (179 mr/kr), chabokucnasa cpega (pH 5,44). Mpu-
BeAEHHbIe MOoKa3aTeNu, XxapakTepu3yroLLe 3arpsa3HeHne JOHHbIX OTIOXEH W OT Mo-
CNeACcTBUM Yyrnefobbluy, B YCTbe 3HAUUTENbHO MeHbLUE, Yem B LUIaMOHakonuTesne,
HO Janeku OT MPUPOAHbIX (Tabn. 3.11-3.13).

Takum 06pa3oM, COPOC KUCAbIX LUaxTHbIX BOA B p. LLymunxy, koTopas B ecTe-
CTBEHHBbIX YCIOBUAX SBNANACE CYXOAON0M, CNOCOOCTBOBAN GOPMVPOBAHNIO 3arpsa3-
HeHHbIX LOHHbIX OTNOXeHU. OBOopYAOBaHHbLIV Ha peke B Mepuoj Ao6blun Yras,
LNaMOHakonuTenb NpeacTaBngeT cobor A0BOAbHO MOLLHBIA CNOM 0CaAKOB, KOTO-
pble 3HAUNTENBHO 3arpsA3HeHbl Xene3oM, aatoMUHNEM U LLIAMOM 000raTUTeNbHOMN
YCTaHOBKW. DTU 0CaAKM BbIIN 11 OCTArOTCA 3HAUVIMBIM UCTOYHMUKOM 3arpsa3HeHUs Npu-
pPOAHOW Cpefpl. B HacTodALLEee BpeMsd BOAOOT/IMB He MPOV3BOANTCH, OAHAKO peyHasn
BOAa U AOHHbIE OT/IOXEHUA 3arPA3HAKOTCA CTOKaMI C MOPOAHbBIX O0TBaNoB. [ocnea-
CTBUSA yrnefobblun (kak B MUHEPanbHOM COCTaBe, Tak M B COCTaBe BOAHOW BbITHXKM)
NPOCNEXMBAOTCA HE TONBKO Ha TEPPUTOPUM ObIBLLETO LLNAMOHAKOMUTENS, HO 1 pac-
MNPOCTPaHATCA A0 YCTbA p. LLymuxn.

MICTOUHMKaMK 3arpsa3HeHNs JOHHbBIX OTAOXEeHNA p. Tyballky B HacTodLlee
Bpems ABNSHOTCA LAXTHbIe OTBasbl, PACMONOXEeHHble Ha ee BOLOCOOPHOM NNoLAAM.
Kpome 3TOro, B paioHe yCTbsa peku, Ha OTAeNbHbIX y4acTKax C MpPaBoro 6opTa, obHa-
PYXEHO BblCauMBaHMe KNCIbIX LAXTHBIX BOA.

Pe3ynbTaThl NCCNEA0BAHNUI JOHHBLIX OTAOXEeHNA p. My6aLLK/ (MpoBeAeHbI B aB-
rycte 1992 r.) mokasanu, Yto B ee BepxoBbe (Mpy4 LWaxTel «LleHTpansHag») cogepxa-
HMe pacTBOPUMbIX Conelt aocTnraeT 335 Mr/kr, COCTaB OTNOXEHW — TMAPOKapboHaT-
HO-KaNbLWEBbLIV, peakuns cpelpl — cnabokmcnas (pH 5,5). Hxe copoca LwaxTHbIX BOA,
Wwaxtbl M. CepoBa, AOHHbIE OTAOXEHMS P. [yDaLLKM XapakTepy30BaAnChL CynbGaTHO-
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Tabnuua 3.13.

Pe3ynbTaTbl pEHTFeHOCTPYKTYPHOIO aHaiv3a
JOHHbIX OTNOXeHWT p. LLyMuxm

20 15 1 1 14 15 2 np. 3 1 - 1 47
21 20 - - 9 15 1 np. 3 - - - 52
33 27 8 2 3 10 9 - - 1 8 1 31
MpvimeyaHne:

10 AaHHbBIM TEPMUYECKOrO aHanM3a, B reneBraHbIX OCagKkax ApKo-PbIXero 1 pXasBoro LseTa peHTreHoaMop-
dHoe BellecTBO (PAB) NpeacTaBneHo cMechbto 3-x $as: a) NoAHOCTEI aMopPdHbIN renb Fe-O-OH - deppuru-
aput (no ®. B. Hyxposy); 6) «npoTorvaporeTt» a-FeOOH-NH,0, B KOTOPOM HaMeyatoTCH KpUCTaNN3aLMOH-
Hble CBA3M; B) «MPOTONEMNUAOKPOKAT» Y-FeOOHNH,O.

da3a a) ABHO NpeobnajaeT v cocTaBageT okono 65% OT CyMMapHOro CoaepXxaHus rMapokc1aoB Fe.

KaNbLVEBBLIM COCTAaBOM, COAEPXKAHME CONEN YBENNYMUIOCH, MO CPABHEHWIO BEPXOBLEM,
B 2 pa3a, BOAOPOAHbIN noka3aTenb CHM3MNCA 40 4,17. Huxe BOAOOT/IVBA LWaxTbl «LleH-
TpasbHag» COCTOAHME LOHHbBIX OTAOXeHWN yxyawaetca: pH 2,55-4,03, cosepxaHne
coneit 7395-9665 Mr/kr, cocTaB - cynbdaTHbIV Xene3o-antoMUHUEBO-HATPUEBBIN, CO-
fepxanve xenesa 645-1010 mr/kr, antoMuHNa — 58-356 mr/kr (Tabn. 3.14).

Nccneposarng, nposefeHHble 8 20071 1., nokasanu, YTO AOHHbIE OTNOXe-
HUS BepXOBbS P. Myballkm 6AN3KN K MPUPOAHBIM MOKasaTensaMm: cogepxaHve Boao-
PacTBOPMMbIX BELLECTB COCTaBaAno 250 MI/Kr, coCTas BOAHOW BBITAXKM — MApO-
KapbOHaTHbIV HaTPVEBO-KaNbLMEBLIV, KOAUYECTBO MOABMXHBIX GOPM Xenesa u
anroMuHNSa Hesenrko (1,45 n 0,55 Mr/kr COOTBETCTBEHHO), peakLms cpeabl 6/1113ka
K HopManeHoW (pH 6,26) (Tabn. 3.15). CocTaB AOHHbLIX OTNOXEHWIA YCTbeBOW YacTn
p. Nyballkn XxapakTepusytoT CneyroLLie nokasaTenun: CojepxaHne BoAopacTBopu-
MbIX BeLecTs - 2,4 r/kr (nout B 10 pa3 60/bLUe, Yem B BEPXOBbE B 3TOT Xe Nepunoga),
COCTaB - cynbdaTHO-KanbLVEBbIN, cogepxaHue xenesa - 15,1 mr/kr (8 10 pa3 60/1b-
LUe, Yem B BEPXOBbe) 1 antoMuHug — 0,15 Mr/kr, nokasatens pH HeTpansHbli (6,86).

Peka bepecTaHka (puc. 3.50) 1 ee npuTok p. KameHka, A0 cOpoca B HUX LAxXT-
HbIX BOA, ObINN CyXOA0NaMM, X CTOK YaCTUYHO MPOXOAN MO MOA3EMHbLIM KapCTOBbIM
MONOCTAM. B Mepurog, Korga 3Tv peky aBadancb NprUemMH1KaMin BOAOOTAMBA LWaxThl
«HaropHas», OHU 1IMeNy MOBEPXHOCTHBIA CTOK Ha BCEM MPOTSKEHWUW, YTO CMOCOO-
CTBOBANIO HAKOMIEHMIO TEXHOTeHHbIX [OHHbLIX OTIOXEHWA, KOTOpble COAepXan
60/1bLLIOE KONMYECTBO 3arpsasHuUTeNen.
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B HacTosuee Bpems B p. KameHke 3arpasHeHvie JOHHbIX OTNOXeHU Gop-
MUPYHOT CTOKM C MOPOAHOro OTBasla W LLaxTHble BOAbl M31MBa LWaxTel «<HaropHad»
(Tabn. 3.16).

BavaHe 3arpsasHeHHbIX BOA MPUTOKOB Ha P. KOCbBY U ee JOHHBIE OT/IOXEH S
AEeMOHCTPUPYIOT AaHHble, NpuBefeHHble B Tabanue 3.17.

ccneposarvia, nposegeHHble B 2001 1., MO3BOMAKOT PacCMOTPeTb MU3Me-
HeHVe COCTaBa LOHHbLIX OT/IOXEHWI Peky OT TOUKM, PaCrONOXEHHON Bbille Mo Te-
YEHWIO OT y4acTka pa3paboTku yronbHON 3anexu (GoHOBas Touka — HUXHWN bbed
LLIMpOKOBCKOro BOAOXPAHMANLLA), O TOUKN HABMOAEHUS, 3aN0XKEHHON HIXe Teppu-
TOPUX YrONIBHOIO MeCTOPOXAeHVd (C. [epemckoe).

B ¢poHoBOM ToUKe HabaroaeHNs (32, puc. 3.49) B cocTaBe necyaHorm Gpakumn
[OHHbBIX OTIOXEHU, Ha GOHe AOMUHMPYOLLEro kBapLa (69,1%) 1 3HaunTeNbHO-
ro cogepxaHvia kapboHatos (11,4%), HabnOAAETCA NPUCYTCTBUE 3epeH X/opuTa
(2,0%), amodnbonos (1,8%), annaota (1,4%), xpomnta (0,9%), nupokceHos (0,9%),
rematuta (0,5%), rmaporetnta u nernkokceHa (0,2%). BoaHY0 BbITAXKY XapakTepu-
3yHOT MMAPOKapPOOHATHO-KaNbLUMeBbIN COCTaB, COAEPXaHe BOAOPACTBOPYIMBIX CO-
neri - 0,6 r/kr, pH 7,6. Xenesa v antoM1HNS He 06HaAPYXEHO, MMBO NX KONUYECTBO
He3HaunTeNbHO.

PucyHok 3.50.
Peka BepecTsaHKa B pailoHe 0CTaHOBO4YHOro nyHkTa lNy6axa-Maccaxunpckas
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[JoHHble oTnoxeHVa p. KoCbBbl, B TOUKe HabarogeHVsa Bbilwe p. JlagenHelin
Jlor (26, pyic. 3.49), C1oXeHbl KBapLEeBO-MNOAeBOLLNAaTOBbIMU MHEpPanamu (66%), co-
AepXaHne peHTreHoaMopPHOro BeLecTBa — 22%. BoAHas BbITAXKA UMEET YepThl,
CBOWCTBEHHbIE KapCTYIOLMMCA MOPOAAM: COLepXaHne BOLOPACTBOPUMBIX COMei
2,03 r/Kr, COCTaB BbITAXKM — CyNbdaTHO-KanbLMeBbIi, pH — HeTpansHbI. Onpeaene-
Hbl CefyroLime CogepXaHna NoaBUXHBIX GOPM MUKPO31emMeHToB (Mr/kr): Cd - 0,071;
Co-0,049; Li-0,722; Mn - 29,9; Cu -2,34; Ni - 0,607; Pb <0,050; Zn - 2,73.

YuacTok p. KocbBbl, B paioHe r. [ybaxu, xapakTepusytoT TOYKI HabtoAeHnaA
28 (NnepeceyeHyie peku 1 aBToA0pOr Ha Conmkamek) 1 29 (nepeceyeHne pekm 1 x/4
Ha Conrkamck) (puc. 3.49). B cocTaBe AOHHbBIX OTIOXEH NI MPOCIEXUBALTCA BANSAHME
noCNeAcTsui yrnefobelun. Cpean MMHEPanoB MPUCyTCTBYeT BOMbLLIOE KONMHECTBO
pPeHTreHoaMOpdHbIX MMAPOOKUCIOB Xenesa 1 antoMuHug (65-66%), KBapLeBo-Mno-
NIeBOLUNAaTHbBIX MOPOL (22-24%), TNIHUCTBIX MUHEPanoB. MNpoBeseHHOoe B TOYKe Ha-
6nt04eHMA 29 1ccne0BaHe NeckoB NPYPYCIOBOV OTMENV NMOoKa3ano, YTo Hapagy C
3epHaMM ecTecTBeHHbIX MVHEPAaNoB, B 3HAUNTEbHbIX KOAUYeCTBax MpPUCyTCTBYHOT
06pa3oBaHVg, 00yCN0BNEHHbBIE OCOOEHHOCTAMN TEXHOIE@HHOMO BO3AENCTBUA: Yro/b-
Ho-nopoaHble (19,8%) 1 LWnakoBble (6,5%) YacTulbl, MarHUTHbIe chepynbl (1,1%). Mu-
HepanbHble 3ePHa MOKPbIThI PbiXer PybaLLKOW rMAPOKCUAOB Xenesa.

Cpeay LWNaKoBbIX YacTuLL, NPeACTaBAAOLLVX CODOW MOPUCTLIE YrIoBaThlie 0bpa-
30BaHNA, BbIAENAKTCA CTEKIOBUAHBIE I METANNOBUAHbIE 06Pa3oBaHNd. MeTannoBua-
Hble LLUNaKK 06NafatoT BblPaXeHHOM MarHUTHOCTBRO. MarHnTHele Chepynbl MEOT BUA
TEMHO-CepbIX 00PA30BaHNIA C LLEPOXOBATOW UM TNaAKOM MOBEPXHOCTLH, aHANOMVUHbI
LUMPOKO PACMPOCTPAHEHHBIM B JOHHbBIX OTIOXEHNAX Pek Ypana B 30HaX TEXHOreHHOro
BO3ENCTBIS; OHW COCTaBAAOT 0kono 70% Tsxenon gpakumm. Vx obpasoBaHme CBs-
33aHO C Mpoueccamy CKUraHns YrobHOro TOM/VBa, 3a CYET MUHEPabHbIX BELLECTB,
OCTaOLLMXCA NP ropeHnn. OHU ABAAKOTCA COCTaBHON YaCTbHO TOMANBHbLIX 3071 1 LWAa-
koB. Cdhepynbl MO MUHEPasbHOMY COCTaBYy OTBEUAKOT MarHETUTY, FTeMaTuTy U MarremuTy.

ANEBPUTO-TNNHUHNCTBIE OTAOXEHWSA p. KOCbBEI, HIXe . [ybaxu, okpalleHbl B
YepHbIA LBET - 3a CHeT BbICOKOro COAePXaHMa yrobHO-MOPoAHbIX YacTul,. Ha Tep-
PUTOPUV TOPOAA OHW XapaKTePU3YHOTCA MPUCYTCTBMEM 3HAYUTEIbHOMO KOMMYeCTBa
peHTreHoaMopPdHbIX BeLLecTs (66%).

CopepxaHue BOAOPACTBOPUMBIX COMEN B JOHHbBIX OTJIOXeHnax p. KocoBbl,
Huxe . Ty6axu (Toukn 28, 29, puc. 3.49), coctaBndaeT 2,05-4,6 r/kr, 4To B 3,3-7,6 pa3
BblLLe GOHOBOrO. BbITAXKa MMeeT CyNbdaTHO-XeNnesncTbii 1 cynbGaTHo-KanbLie-
Bblil COCTaB, BOAOPOAHbIV NMoKasaTtesb COCTaBnseT 6,2-6,7. CogepxaHe NoABMKHbIX
bopm xenesa 1 antoM1HWA Bblcokoe - 94-691 mr/kr n 0,65-1,0 Mr/Kr cOOTBETCTBEH-
HO. o CpaBHEHWIO C POHOBEIM, TaKXe 3aMETHO YBEVUMBAETCS COAEPXaHNe Noj-
BVXHBIX GOPM MpakTUYecky Bcex onpegensemblx MnkpoanemeHTos: Cd - 8 1,5 pasa;
Co-14,4, Mn-9,5 Cu-20; Ni-92; Pb-16,2; Zn -1,2.
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MocneacTsna yrneAo0blUn NPOCNEXUBAFOTCA MO COCTaBY AOHHbBIX OTNIOXEHW
p. KOCbBbI Ha 3HaYUTENBHOM YA3NEHUWU OT TeppUTOPMKM Kn3esoBCKOrO YroabHO-
ro 6accenHa, 4To NOATBEPXAIKOT Pe3yNbTaTel ONPObOBaHNA pekn B C. [epemckoe
(Touka 48, puc. 3.49). 3aeCb MMHEpanbHbIM COCTaB AOHHbBIX OTAOXeHUA Ha 90%
NpeAcTaBaeH peHTreHoaMopPOHLIMI TMAPOKCUAAMI Xenesa opaHXkeBoro LBeTa, 1x
3arps3HeHne BUAHO NpW BU3yanbHOM HabntogeHun (puc. 3.51, 3.52). CogepxaHue
BOZOPACTBOPVMBIX CONen coctasnseT 4,6 r/kr, 4to B 7,6 pa3 Bbile GpOHOBOro. BblI-
TSXKa MMEET rmapoKapboHaTHO-CybGaTHO-KaNbLMeBbIV COCTaB, BOAOPOAHbIA MoKa-
3aTeNb — HelTpanbHbli (7,3). MpUCyTCTBYET 3HAUNTENBbHOE KONMYECTBO CyNbdaToB U
xenesa. B JOHHbIX OT/I0XEHVAX YBENMYEHO COAepXaHue paaa MUKPO3IeMeHTOB, He
TONBKO MO CPaBHEHMI0 C GOHOBOW TOUKOW, HO 1 B CPAaBHEHMM CO CTBOPOM, Pacrono-
XEHHbIM HUxe . [ybaxn (Tabn. 3.18, 3.19).

Tabnnua 3.18.
CopeprkaHre MUKPO31EMEHTOB B NOABMKHOM GOopMe B AOHHbIX OT/I0XKeHUsAX p. KOCbBbI

26 | 100MBBIWe M3VBA WaX- | ¢ 1 () 049 | 0,722 | 29,00 | 2,338 | 0,607 | <0,050 | 2,731
Tol VM. 40 net OKTAGPA

Okono x/a MocTa Yyco-
Bo-Conmkameck

48 | Ceno lNepemckoe 0,219(8,030 (0,379 (274,882,714 {13,292| <0,050 | 22,91

0,109]0,706 |0,070 [283,62|4,593 | 5,614 | 0,808 | 3,260

Tabnnua 3.19.
Pe3ynbTaTbl PEHTreHOCTPYKTYPHOrO aHaNn3a JOHHbIX OT/IOXKeHUIA p. KocbBbI

26 58 8 3 5 1 1 1 an <1 22
28 20 2 1 - 4 5 3 - - 65
29 20 4 1 - 3 3 2 - <1 66
48 10 - - - - - - - - 90
MpumeyaHve:

10 AaHHBIM TEPMUYECKOro aHanmsa, B renesraHbIx 0caZkax ApKO-pbiXero 1 pXasoro LseTa peHTreHoaMop-
dHoe BeljecTBO (PAB) NpeacTaBneHo cMecbto 3-x $as: a) NONHOCTEI0 aMOPHbIN renb Fe-O-OH - deppuru-
apuvT (Mo @. B. Yyxposy); 6) «npotorugaporetut a-FeOO0HnH,O, B KOTOPOM HameyarTCs KpUCTanam3aLmoH-
Hble CBA3M; B) «lPOTONENUAOKPOKUT» Y-FeOOHNH,O.

®a3a a) ABHO NpeobnasaeT 1 COCTaBseT okoao 65% OT CyMMapHOro COAePXXanHuWs rnmapoKCnaos Fe.
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PucyHok 3.51.
TexHoreHHbI ocafiok B pycne p. KocbBbl HUXe T. Ny6axu

PucyHok 3.52.
TexHOreHHbI HaneT Ha anloBUaNbHbIX OTA0XKeHNAX p. KocbBbl
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3.3.4. TEXHOrEHHOE BO3/ECTBYVE HA KAPCTOBBIE CYXO/0/1bl HA NMPUMEPE J1AAEHOrO J1orAa

Bo3zencterie Ha OKpyXaroLyto cpesy yrnefodbiun Ha Tepputopumn KYba B
psze cnydaeB NprobpeTaeT CBOEOOPA3HbIE YepTbl, 0OYCIOBAEHHbIE UHTEHCUBHbBIM
Pa3BUTVIEM KapCTOBbIX MPOLECcCoB. OAHUM 13 MHTEPEeCHbIX 06bekToB ABNseTCs Jla-
AeViHbIn J1or — caMblil MPOTAXeHHbIV (12 KM) B [lepMCKOM Kpae KapCToBbIV NOr-Cy-
XOZ0/N B N3BECTHAKAX, ABNAOLLUNICA OCOBO OXpaHAEMbIM MPUPOAHBIM NaHALAPTOM
pernoHanbHOro 3HaveHns [132]. PaccmoTtprym ero 6onee NogpobHo.

Jlor mpeacTaBnseT Coboi Cyxoe pycano OAHOVMEHHOW peku — NeBoro npu-
Toka p. KoCbBbI, C pa3HOObpa3HbIMK KapcToBbIMU Gopmamu penbeda: BOPOHKaMK,
KOT/IOBNHAMW, NCHYE3AIOLLVIMK PYYbAMI, a Takxe nellepamu. B BepxHen 1 cpeaHeit
Yactax fSlageiHbld J1or MMeeT LUMPOKOe AHO, KOTOPOe MpOope3aHo Noramu riybu-
HoWM 20-30 M. Ero HUXHAS YacTb, MPOTAXEHHOCTLHO OKOIO 2 KM, OTIMY3eTCA pes-
KM yriaybneHmnem Ha 1 CUMMETPUYHBIM CyXeHWeM LONNHbIL. 34eCk N3BECTHO OKO/0
30 KapCToBbLIX NeLLep, B TOM Yncae netlepbl Poccninckas (MpoTaxeHHOCTsH0 1450 M)
n O6BanbHaga (500 m). B /lageriHom Jlory onucaHo 6onee 100 BOPOHOK, OCHOBHasA
4aCTb KOTOPbIX MPUypOYeHa K ero AHy. MJI0THOCTb BOPOHOK cocTaBngeT 25 Ha 1 kM2,
BopoHku 6at0aLeobpasHor 1 KoHycoobpa3Hoi Gopmbl MeroT raybuHy 0,75-1 M n
2-18 M COOTBETCTBEHHO; AMAMETP KOHYCOObPa3HbIX — OT 5 40 76 M. B HXHeN Yactn
CyX0Z01a BOPOHKM BCTPEYUAKOTCA 1 Ha CKIOHAX.

Mo aHy cyxopona J1agenHelii Nor, B ero BepxXHen 4acTu, npoTekaeT pyyel, Ko-
TOpLI Aanee BnajaeT B Paxmamynesckuli eodoem (puc. 3.53). B palrioHe ceBepo-3a-
NafHOro OKOHYaHWA BOZOEMa, TAe V3OBITOK BOAb! MepenvBaeTca vepes Aamby, no
[HY Nnora npoTekaeT, MO HanpaBneHuto k p. KocbBe, ee MpuTok — p. JladeliHeli Jlo2.
Yepes 1,2 kKM ee BOAbI MCYE3at0T B KAPCTOBOW BOPOHKE, Y Ha MPOTAXEHUM Cefyto-
lwrx 10 KM OHa MMeeT NoA3eMHoe TeyeHve. 30Ha HUxXe y4acTka NoBEPXHOCTHOrO
CTOKa XapakTepunsyeTcd COXpaHeHVeM ecTeCTBeHHOro pexnma 1 NpeactaBnseT co-
6011 Cyx0oA0N. Pasrpyska BOA KApCTOBOW CUCTEMbI MPONCXOAUT B p. Kocssy (puc. 3.54).
PaxmaTynbCkuin Bogoem 0bpa3oBancd B Hadane 1970-x rr. B pesynbTaTe cbpoca Knc-
NbIX BOZA WaxTbl M. 40 neT OKTA6PS B KapCTOBYHO BOPOHKY; MPW B3aVUMOAENCTBUM
KUCNbIX LLAXTHBIX BOZ C HENTPaNbHbIMN NPUPOAHBIMI BOLaMM MPOV3OLNO OCax/e-
HMe rmapOOKNCIOB Xenesa 1 antoM1HUE.

ObpasoBaHue 0Caka Bbl3Ban0 3aKyrnopKy KaPCTOBbIX KaHaN0B 11 OPMMPOBa-
He BoAOEMa NMPOTAXEHHOCTLIO OKOO 1,7 KM 1 LWMPUHOW 40 250 M.

Ha cxeme (puc. 3.55) npeacrasneH npoLecc BO3HVKHOBEHNS TEXHOTeHHOro
PaxmaTynbCkoro BoAOEMa, MyTem COMOCTaBNEHUA AaHHbBIX TOMorpaduyeckmx KapT
macwTaba 1:25 000 1950-1960-X IT. 1 KOCMUYECKOro CHUMKA CO CNyTHKKa Landsat-8,
nonydeHHoro s 2014 r. [64, 150]. C TeyeHneM BpemMeHu NOABASANCE HOBblE NCTOY-
HWUKW 3arpa3HeHns. BaiecTBre HakonneHns ocajka B KapCTOBbIX BOPOHKaX U He-
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30Ha pasrpysku
LIAXTHbIX BOA,

ropmsoHTann
—— oTBan

— ~NOA3EMHbI CTOK
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A oTBanbl
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PucyHok 3.53.

VIcTouHMKM 3arpasHeHus JlageriHoro Jlora
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MpPepbIBHOTO MNOCTYMNAEHWSA KUCIbIX LUaXTHBIX BOA, 0ObEM TEXHOreHHOro Paxmatyb-
ckoro Bogoema (1abn. 3.20, 3.21) 3akoHoMepHO Bo3pacTan (puc. 3.56).

B HacTosLllee Bpema nnollajb BojoemMa OCTaeTcd OTHOCUTENbHO MOCTOAH-
HOW 11 cocTaBnseT okoo 0,31 KM?, He3HauMTeNbHble ee N3MeHeHUA OTMeYeHbl B Mne-
PVIO/bl BECEHHEr0 CHeroTasHusa 1 0onnbHbIX aoxaen. CpeanHas rnyorHa cocTaBnseT
5 M, MakcumManbHasg - 13 m (puc. 3.57, 3.58).

Ha nosepxHOCTV BOAOEMa MUHEPanun3auua BOAbl MMeeT 3HaveHnd 490-
670 mr/n. CopepxaHue xenesa gocturaet 250 I'ILleX, antoMnHmnga - 300 I'ILLKPX. B npwu-
[JOHHOM C/10€ MUHepann3auusa ysennymsaetcd 4o 12 000 Mr/n, cofepxaHue xenesa
HaxoauTca B mpegenax 4o 32 000 I'ILLKPX, antoMnHmng - 2500 H,[I,pr. KoHueHTpaumm
6epunnna 1 MapraHLa B COTHW, LIMHKa 1 KagMns — B A€CATKM pa3 MpeBbILLIatoT NAK,,.
B HeckonbKo pas npeBbilleHbl KOHLEHTPALMM MO HUKESH, KObanbTy, 6aputo, IUTHLO,
TUTaHY 1 CBUHLY [113].

SKCnAyaTaLms LWaxTHOro nons senacs € 1954 r. 40 pecTpyKTypr3aumm 11 OKOH-
YaTebHOro 3aKpbITVS LWaxTel VM. 40 neT OkTsabps (2000 r). o 1989 r. waxTHble BoAbl
XapakTepu3oBanicb kak CynbhaTHble Xenesncro-kanbuyessle, kncasle (pH 3,6). KoH-
LeHTpauud xenesa B 2350 pas npesbiwaeT MAK , antoMiHng - 8 1813, MapraHua -
B 315, UMHKa, H1Kend, KobansTa, bepunnna — B AeCATKA Pas.

p. KocbBa

PrcyHok 3.54.
Pasrpyska Bog JlageiiHoro Jlora B p. KocbBy (BbiLwe r. Ny6axm)
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PucyHok 3.55.
M3meHeHMe MoppoMeTprnUeCcKNX XxapakTepucTuk p. JlageliHeiii Jlor
1 KapcToBoro cyxogona JlageiHsiii Jlor
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PrcyHok 3.56.
N cToUuHMKM 3arpsa3HeHns PaxmaTynbckoro Bogoema v p. JlageiiHbiii Jlor

Mo AaHHBIM XUMUYECKUX aHanun3oB, nposedeHHbIX ¢ 1990-ro no 1993 1., B
nepunog paboTel LLAaxXTel BOAbI, M3NMBAKOLLMECA Yepes LUTONbHIO, XapakTepr30Baancsy
Kak cynbdaTHble Xenesncro-HaTpreBo-kanmesble, kucasle (pH 2,9), KOHLEeHTpauumsa
xenesa v antoMnHna npesblanu MAK B COTHW pas.

B HacTodLlee BpemMa OCHOBHOE 3arpasHeHyvie peky MPOMCXOANT 3a CHeT Mo-
CTYMNEHNS KNCIbIX BOA W3 LUTONbHW WwaxTel M. 40 net OkTaopd, wypdos Ne 17 n
No 56-62. Takxe 13BECTHO, UTO B BOAOEM MOCTYMNAtOT KUC/Ible BOAbL! 13 GOHTaHVIPYHO-
LEN CKBaXMHbI.

Mo gaHHBIM McCnefoBaHVa, npoBoamslUeroca B neprio ¢ 2000-ro mno
2003 r., WaxTHble BOAbI, U3IMBAKOLLMECH U3 LUTONBHN 1 WypdoB Ne 17 1 Ne 56-62,
nmeroT pacxod o1 180 M3/4 (B MexeHHbI neproa) 1 Ao 400 M3/4 (B Neproa foxae-
BbIX NaBOAKOB) [113]. BoAbl N31MBOB XapakTepy3yroTCa Kak CyNbdaTHO-Xenesncrole,
C KMcnom cpefoi. CaMbii HA3KUI BOLOPOAHbLIV MOKasaTenb UMEOT BO/b! LUTONbHN —
2,8. MakcmanbHaga KOHLEeHTpauus xenesa bulna obHapyxeHa B Bogax Lwypda Ne 17
(npesblwerve MNAK B 4876 pas), MUHVMAaNbHasA KOHLEHTPALVS — B V3/INBE LT b-
HY (786 NAK ) (pyic. 3.58). Boabl, M3nnBatoLmnecs 13 CKBaxyiHbl, Obii 0TOOPaHb! B
2002 r.; Mo faHHBLIM XUMUYECKOrO aHanmn3a OHN UMEIOT CyNbGaTHO-XeNe3UCTbIN CO-
CTaB W KUCNYHO peakLnto cpefpl, CoAepxxaHme xenesa B 4468 pas npesbituaet MAK .
Bbicokue KoHUeHTpauuy Maprarua (3460 MAK ) 6biav 0bHapyxeHb! B wypde Ne 17.
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CopepxaHvie bepunnng, KobanbTa, HUKeNs, UMHKa B M3AMBax Takke MnpeBblllaeT
NAaK, B aecatkm pas.

Hanbonblwunii Bknag B 3arpsa3HeHne pekn BHOCUT n3nvs wypda Ne 17: ero
obbembl gocturatoT 3640 Teic. M3/roa. C Bogamu Wwypda Ne 17 B peky 3a roz noctyna-
et 1420 ToHH Xene3a, 34 TOHHbl aNFOMUHNE, 22 TOHHbI MapraHLa, o4Ha TOHHa LIHKa
N apyrvie xummnyeckne sanemeHTsl (puc. 3.59, 3.60). MuHUManeHble 06beMbl OTMeYe-
Hbly Wwypda Ne 56-62 - 43 ThiC. M3/rog,

CyMMapHsbIn 06bEeM LLIAXTHBIX BOA, MOCTYNatoLLMX B PaxmaTynsCkuii BOAOEM,
coctaBnsaeT 4586 TbIC. M3/roa. KonmyecTBo xenesa, pacTBOPEHHOrO B BOAAX W3U-
BOB, gocturaet B rog 1500 TOHH, antoMnHUA — 47 TOHH, MapraHLua - 23 TOHHbI, Takke
Ha MOBEPXHOCTb eXerofHO MOCTYNaroT ThICAYM KUNOrPaMMOB KObanbTa, MNTUS, HI-
Kensa v LU/MHKa, COTHW KNIOrPaMMOB CBUHLA 1 bepunnud (Tabn. 3.22).

Bo Bpems BeCeHHero cHerotagHua 1 0bunbHbIX AOXAeN, B PaxmaTynbCcknii
BOZOEM MOCTyNatT CTOKM C MOPOAHbIX OTBaNOB LWaxT «openosckaa» 1 M. 40 net
OkTs6p4. [laHHble PEHTreHOCTPYKTYPHOrO aHan3a nokasbiBatkoT, YTO B MUHEPasb-
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YcnoBHble 0603HaYeHs
KYB7/02 npob6a Boabl 1 ee HOMep

7+  TOUKa Mpomepa ry6uH 1 ee HoMep

PucyHok 3.57.
PacnpegeneHune rny6uH no npodpunsam B PaxmaTynbCKoM Bogoeme
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HOM COCTaBe rpyHTOB OTBasa WaxTel M. 40 neT OKTAOPS B 60/bLLIOM KOAU4YecTBe
MPUCYTCTBYHOT CepOCOfepKaLLie MuHepansl — apo3nT (5%), KaueCTBEHHO 0bHapyxe-
Hbl BOAHblE CyNbdaThl Xenesa 1 antoMUHUSA — FaNN0TPUXAT, aNyHOTeH, MAKKEPUHTIAT,
rnc, NupnT (Tabn. 3.23). Mo aaHHbIM 1990-1992 rr., XMUYECKMNA COCTaB BOAHOW
BbITSKKI FPYHTOB Cy/IbGATHO-KeNe3nCThI, OTMeUeHb! BbICOKOEe COAepXaHVe antoMu-
H1g (1171 MI/KT), cuabHOKMCNaA peakums cpedbl (pH 3,09), BblicoKad MUHepanun3auma
(7870 mr/kr). MHOroneTHee Ck1aAMpoOBaHMe Nopos LWaxTsl MPUBeNo Kk GpopmmpoBa-
HWIO 3arPA3HEHHO 30HbI BOKPYT 0TBana naolaasto 20 ra. pyHTbI 34eCh VIMERT KM1C-
NIYIO Peakumio BOAHOW BBITAXKN, @ Takke MOBbILUEHHOE COAepPXaHMe 3ar PA3HAROLLNX
KOMMOHEHTOB, MO CPaBHEHUIO C GOHOBLIMY 3HaYeHVAMN (Tab. 3.24).

Mo AaHHBIM MOHWTOPWHIA, CTOKM C OTBana wWaxTel uM. 40 net OkTabpsa xa-
PaKTEPU3YIOTCA Kak CyNbGaTHO-KaNbLMEBO-KeNe3ncTele, KMCI0M peakumen cpeabl
(pH 2,7) v BENNMYMHOM Cyxoro octatka Ao 4995 mr/n. CoaepxaHuve xenesa Aocturaet
44500 MAK _, antommnmna - 3037, mapranua - 1187. CogepxaHne 6epunnng, kobasb-
Ta, NTKA, Hkenda npesblaeT MK B AecATki pas, CogepxaHune LnHKa - B COTHN.

Ha npaBom 60pTy nora HaxoAMTCA MOPOAHLIV OTBaN WaxTel «FopenoBckasy,
CTOKM C KOTOPOro MOCTYMarT B PaxMaTtynbckmin BogoeM. OHW XapaKTepu3ytoTcs

PucyHok 3.58.
PaxmaTynbckuii Bogoem
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PucyHok 3.59.
MakcrManbHble KOHLLeHTPaLmn 3/IeMEHTOB B U3IMBaX BOJ,
B palioHe waxTtbl M. 40 neT OKTA6pPSA

KUCNOW peakumen cpeabl (pH 2,9), BenurHa Cyxoro octatka focturaet 3845 mr/n.
CopepxaHue xenesa B CTOKax HWUXe, MO CPABHEHWIO C OTBaNOM WaxTbl M. 40 net
OxTa6ps, v npesbiwaet MAK B 629 pas, Tor4a kak KOHLEHTPauMs aatoMnHNA 3Ha-
4nTeNbHO Boliwe 1 npesbiwaet MAK B 5620 pa3. CogepxaHune n1tvs, 6epuning,
k0banbTa, HVKend coctasnset gecatku MAK |, MapraHua v usHKa - COTHN.

B 1,2 kM BblLLe YCTbdA 1OTa HAaXOANTCA OTBas LWaXxXThbl «HOBas», CTOKM C KOTOPO-
ro MOCTyNnaroT B p. JlagenHelin Jlor. Mo AaHHbIM nccnegosaHni 1990-1991 rr., peHT-
FeHOCTPYKTYPHbBIM aHaAM30M B €ro rpyHTax Hbi10 O6HAPYXXeHO BbICOKOe CoAepxa-
HWe NnpuTa, Apo3nTa 1 rnnca. JaHHble XMMUYeCKoro aHan3a BOAHOM BbITAXKA 13
FPYHTOB OTBasia MoOKa3bIBAKOT, UTO OHW 0613Aat0T CUABHOKMCION peakumer cpeabl
(pH 3,5), copepxarue B HUX coner coctasnset 20 700 mr/kr. KoHUeHTpauns oblLie-
ro xenesa gocturaet 337 Mr/kr, 4o npesbiwaeT MNAK 8 3370 pas, KoHUeHTpaLVs
anomuHna coctasnaet 48 325 MAK . Mo gaHHbiM 2000-2013 rr., cToku C oTBana
NMeroT CynbGaTHO-HATPUEBO-aNtOMUHNEBBIN COCTaB, CUABHOKMCAYIO peakLnio cpe-
abl (pH 2,8), BbicoKoe coaepxaHue xenesa (452 MNAK ), antomnnna (2043 14K )
(puc. 3.61).

B pesynbTate coOpoca LWaxTHbIX BOA CYLLECTBEHHO V3MEHWUNCA TMAPOXMMUYe-
CKU pexuM p. JlagernHbii J1or. 10 aHHbIM XMMUYECKMX aHan30B, MpoBeAeHHbIX B
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1992 1., eCTeCTBEHHbIV COCTaB BOAbI B peke rmapokapboHaTHO-KaNbLVEBbLIN, C MUHE-
panvsaumeit 95 Mr/n, peakuma cpesbl cnaboulenoyHas (pH 7,8), coaepxanune xenesa
He npesbiwaet 0,2 Mr/n.

Ha y4acTke n3nmBa LWaxTHbIX BOA B PaxmaTynbCknii BOAOEM, MHEPANV3aL/g
yBeMUMBaeTcs A0 3HadeHnn 640 mr/n. CocTaB BOAbI CTAHOBUTCA CyNbGaTHO-xenesu-
CTO-KaNbLMEBbIM, COAEPXAHME Xene3a v alfOMUHNS B COTHW pPa3 NpeBbILLaeT ”.ﬂpr-
BofopoAHbIA MoKasaTesb COOTBETCTBYET CUNbHOKMCIONW cpede (pH 2,9). B wme-
CTe nepennea BOJ PaxmaTynbCkoro Bojoema uepes Jamby v B BOPOHKE, MOrao-
LLatoLLen 3TW BOAbl, MWHepanmsaums cHuxaetcs A0 522 mr/n, BoAa OCTaeTca
cunbHokMcnol (pH 3), cynbdaTHO-KanbLmMeBO-xenesncTon. KoHueHTpaums xenesa
CHIXAETCH, HO MO-NPEeXHeMy NMpeBbILLaeT I‘I,ELKpx B COTHW pas.

Ha y4acTke nora Huxe KapCTOBOV BOPOHKM, MOMNOWAROLLEN KUCIYHO BOAY,
BOZa B Py4bsx XapaKTepusyeTcs Kak yNbTpanpecHas, ¢ MuHepanmsauven 47-64
Mr/n. BoAOPOAHbIN NoKasaTenb HaxoauTca B npegenax 5,0-6,3.

OnpoboBaHe NCTOYHMKA B MEeCTe Pa3rpy3ku LLaxTHbIX BoZ B p. KOocbBy noka-
3blBaeT, UTO MPOLECC HeNTPaM3aLMm NP KOHTAKTEe KNCI0M BOAb! C KapOOHATHbLIMY

PucyHok 3.60.
OTBOJ KMCAbIX BOA, n3nmsaroLwmxcsa ns wypea Ne 17 waxtbl M. 40 net OKTa6ps
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Tabnuua 3.22.
Xnmunyecknii coctas BoA p. JlageliHblli Jlor ¢ usnneamm WwaxTbl M. 40 net OKTA6ps

Cyxol ocTaTok 73 6993 680 7746
SO, 20 3221 432 3673
cl 08 90 19,7 110,5
NH +NO,+NO, 0,02 37 03 39
Ca 2,6 500 31,8 534,4
Mg 0,7 150 88 159,5
K 04 51 1,8 53,2
Na 0.2 24 11 253
Al 0,03 34 13 47
Fe 7 1420 73 15004
Mn 0,094 22 1,76 23,85
Be 0,00003 0,021 0,006 0,03
cd 0,00007 0,002 0,0003 0,002
Co 0,001 06 0,099 0,7
Li 0,002 0,52 0,078 0,6
Ni 0,002 0,76 013 09
Zn 0,002 1,28 0,41 1,7
Pb 0,0002 0,0002 0,002 0,002
Tabnnua 3.23.

MwuHepanbHbI/ COCTaB rPYHTOB OTBasa LWaxTbl UM. 40 neT OkTa6ps (1992 r.)

903 11,4 - - - 7,1 13,0 -
904 36 04 - 12,8 0,1 - 76,3
906 4,5 - 14,5 - 03 6,9 68,2
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PuncyHok 3.61.
MakcrmanbHble KOHLeHTpaLMmn 3/1eMeHTOB B CTOKaX C OTBaJOB,
B gonax NAK (2000-2013 rr.)

NopoAaMuN UAET MELNEHHO, CKOpee BCEro, 13-3a MOKPbITUA MOBEPXHOCTN KapboHa-
TOB MMAPOOKMCNaMN Xene3a. Boga nmeeT cynbdaTHO-HaTPMEeBO-KaaMeBbIV COCTaB,
CUNIBHOKUCAYIO peakumto cpefpl (pH 3,8). MuHepanmsaud coctasnget 2517 Mr/n, a
KOHLeHTpauyd xenesa B 50 pa3 npessbillaeTt I'I,D,pr.

B nepuroa pa3paboTku MecTopoxaeHns B p. SlagenHbl J1or ocyuwlecTBASANCA
BOZOOTAMB, YTO 0BYCI0BUNO GOPMUPOBAHME LOHHbLIX OTIOXEHNIA, 3arpA3HEHHbIX
KOMMOHEHTaMM, XapakTePHbIMI ANS LWAaXTHbIX BOA. Ha yuacTke copoca LWaxTHbIX BOA
B 1992 1. NpoCNexrBanoch CyLLeCTBEHHOE 3arpsa3HeHme OTIOXEHWI NPUPYC/I0BOA
30Hbl. CofiepxaHue coneit 34ecb COCTaBNAno 4681 Mr/kr, antoMmHng — 171 Mr/kr, xe-
nesa - 347 mr/kr, aMMoHua - 38 Mr/kr, pH coctasnan 2,93. B ¢BA3M C NOCTynaeHn-
emM CTOKOB C OTBa/a LWaxTbl «HOBasA», OTMeYEeHO 3aKkucaeHne otTnoxeHun (pH 3,05)
N pe3koe BO3pacCTaHWe xapakTepHbIX ANA LWAaxXTHLIX BOA KOMMOHEHTOB (aFOMUHWUIA,
xeneso, cynbdatsl) (Tadn. 3. 25).
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MlccnepoBaHuA AOHHBIX OTNOXeHWN p. flageriHbii Jlor, npoBeAeHHble B
2007 r., NOATBEPAVAV 3arpAsHEHME [OHHbBIX OTIOXEHWI, KOTOpOe HepaBHOMEPHO
PacnpoCTpaHAETCA Mo ANHe peku. B BepxoBbe, Bbille MO TEYEHWHO OT UCTOYHMU-
KOB 3arps3HeHns (GoHOBas TOUKa), AOHHbIE OTOXEHNS CIOXEHbI MPenMyLLECTBEH-
HO KBapLeMm W MoneBbIMY WNaTamn (Tabn. 3.26); cOCTaB BOAHOV BbITAXKM MApoO-
KapbOoHaTHbIN HaTp1eBO-KanbLMeBbI C CoAepXaHMem BOAOPaCTBOPUMbIX COMen
515 Mr/kr, BOAOPOAHbBIV MOKa3aTeslb HelTpanbHbIl (7,2), NOABMKHBIX GOPM xenesa n
aNtOMVHNA He 0BHapyxeHo (Tabn. 3.27).

[loHHble oTnoXeHVa p. SlagerHbid Jlor, Huxe PaxMaTynbCkoro BOZOeMa, B
MeCTe MOr/IoWeHMA MOBEPXHOCTHOIO CTOKA KAapCTOBOWM BOPOHKOM, MpeacTasle-

Tabnuua 3.26.
Pe3ynbTaTbl PEHTrEHOCTPYKTYPHOr0O aHanM3a JOHHbIX OT/IOKEHW
p. NageriHbi Jlor

16 68 17 6 1 1 <1 4 3 -
25 30 12 4 2 1 2 2 3 44
Tabnnua 3.27.

XMUYeCKnii cocTaB BOAHOM BbITSXXKU JOHHbIX OT/IOXKeHWUI p. SlageliHbli Nlor
(aBryct 2001 r.)

17 ®oH 2746 | 721 [3190( 7,45 | 0,20 | 451 | 27,4 | 483 | 75 | H.o. | HoO. | HO. 5144 719
Yuactok
nornote-

16 HUS 39,7 (3122|178 | 124 | 015 | 782 | 31,6 | 19,6 | 12,7 | H.o. | H.0. | 0,65 5249 4,65
KapcToBoWt
BOPOHKOM
Ycrbe,
pasrpyska

25 13 Kap- Ho. |8789( 426 | 12,7 | 0,10 |2044| 492 |540( 29 |Ho.| 03 [183 12643 | 4,03
CTOBOrO
NCTOYHMKA
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Hbl KBapLeM, NonesbIM LWNataMu 1 FIUHUCTBIM MUHEpanamy, NpucyTCTByeT re-
T™IT (3%) (Tabn. 3.26). Peakums cpeabl — cnabokmncnas (pH 4,65), coaepxaHvie antomm-
HUA - 0,65 Mmr/kr (Tabn. 3.27).

[loHHbBlE OTNI0XEeHWd, B MecTe Bbixoda p. JlafenHbi JTor Ha MOBEpPXHOCTb,
cofepxaT 3HauMTeNbHOEe KONMYEeCTBO PeHTreHoaMopdHbIX MMAPOKCUAOB Xene-
33 1 antoMUHKA (44%), KOTOpble OTANYAET PXaBbll LUBET; MPUCYTCTBYET reTUT (40
3%) (Tabsn. 3.26). CogepxaHe BOAOPACTBOPUMBIX CONern coctasndeT 1,26 r/kr, 4to
B 2,5 pa3a Bbile GOHOBOrO. BbITaxKa MMeeT cynbdaTHO-KanbLMeBbIn COCTaB,
BOLAOPOAHbIV mokaszaTens Huskmi (4,03). CozepxaHue antoMmHUA CoCTaBadeT
18,3 Mr/kr, uto B 28 pa3 bonblUe, Yem B MeCTe MOrNoLleHNs CToka KapCTOBOW BO-
pOHKOM (Tabn. 3.27).

Taknm 0bpa3om, KapCToBbIM CyxOA0N JlagenHbl Slor noasepraeTca Cylle-
CTBEHHOW TpaHCchopmMaumm B pesynsTaTe yrnefobbiun B 3TOM panoHe. MNpogonxe-
He V3IMBa KNCNbIX LWAaXTHbIX BOA MPUBEAET K 3aMO/IHEHMO BOPOHOK 1 KaHanos Ha
[He n0ra, 0bpasoBaHMI0 TEXHOreHHbIX BOAOEMOB U YHUUTOXEHUIO YHMKANbHOMO
KapCTOBOro naHAwadTa, BKIKYas neLlepsl, 1 AerpagaLiy 0ocobo oxpaHaemor npu-
POAHOM TeppuTopUn (pUc. 3.62).

e —— e

J

PrcyHok 3.62.
Tmbenb neca B paioHe LWaxTbl M. 40 neT OKTA6pA (PpoTo B. JIAryLiKmHa)
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3.4. BAccEVH PEkM YycoBol

3.4.1. KPATKAA ®UBUKO-TEOTPAGPUYECKAA XAPAKTEPVICTUKA

Peka YycoBas - KpynHbI NeBobepexHbI MPUTOK p. Kambl, BMajatoLLmi B Hee
B 18 km oT 1. [Nepmun. OHa bepeT CBOe Hayano OT CAUAHUSA ABYX pek — [oaaHeBHOW
1 3anagHor YycoBoii, Ha BOCTOUHOM CKI0HE YpanbCkoro xpebTa, npoTekas no Tep-
putopun YenabuHckon, CBepAnoBCko obnacter 1 MNMepmMckoro kpas. AnvHa pekn —
592 kM [79]. bonbluasd yacTb bacceriHa p. YycoBol pacnonoxeHa BHe BANSHNS Kin-
3eN10BCKOr0 YronbHOro baccenHa; pemsaunHckoe 1 CkanbHUHCKOe MeCcTOpOXAeHWs
NPUYPOYEHbI K €r0 HXXHEeN Yactu (puc. 3.1).

OcHoBHbIe Tnaporpadryeckme XapakTepuctTukn p. Yycosor 1 ee MpUTOKOB, Ha
KOTOpbIe OKa3blBatOT BAVISIHIE 3aKpbiTble WaxTbl KYBa, npuBeaeHbl B Tabanue 3.28.

XapakTepHble 3HaYeHNs CTOKa, 38 MHOrONETHUIA Nepurog (1882-1955 rr.), Ha-
6Nt0AEHHbBIE Ha MMAPONOTYECKOM MOCTY 4. HukHMe LLansirn, CoCTaBnstoT: CpeaHui
MHOTONETHNIA Pacxos — 226 M*/C, MakCManbHbI pacxos — 389 M3/C, MUHVMaNbHBbIN
pacxod - 113 M*/c [126]. Ha p. YycoBOW pacrnonoxeH psaj HaCeNeHHbIX MyHKTOB, Han-
6onee KpymHble 13 HKX — . PeBaa, r. MNepBoypansck, r. Hycosoii.

3.4.2. OUEHKA 3KONOTMYECKOTrO COCTOSIHUSA

Ha Bogocbope p. YycoBoli 1 ee MPUTOKaX OCHOBHBLIMW NCTOYHMKAMW 3arpsi3-
HeHVIst MOBEPXHOCTHBIX BOZ SBNSHOTCS M3MBbI LUAXTHBIX BOZ, 3arPsi3HEHHbIE POAHW-

Tabnuua 3.28.
OCHOBHbIe rnaporpaduueckme xapakTepucTuku p. YycoBoii 1 ee NnpuToKoB

[nvHa BOAOTOKA, KM 592 266 170 133 6,8 17 3,6

Mnowaab Bogocbopa, km? | 23000 | 6170 3020 67,6 14,6 51,8 -

CpefHss BblcoTa
BOZOCOOPA, M
CpeaHnii yknoH
BOZOCOOPA, rpaj.

356 46 391 301 319 340,6 -

3ab0N104eHHOCTb, % 0 0 0 0 0 0 -
NecucTocTb, % 88 83 92 90,6 84 72,35 -
O3epHocTb, % 0 0 0 0 0 0 -
3aKkapCToBaHHOCTL, % - - - 77,7 7915 | 74,83 -




58°45"

58°15

KN 1 CTOKM C MOPOAHbLIX OTBaNOB. B 6acceiiHe peky pacnonoxXeHsl: 3 13MBa LWaxT-
HbIX BOZ, 5 MOPOAHbLIX OTBaNOB M 4 3arpsA3HEHHbIX POAHMKA, 338 KOTOPLIMW BeAyTCS
HabnrofeHVs (prc. 3.63). MyHKTbI HAbNOAEHNSA 33 MOBEPXHOCTHBIMI BOAHBIMI 00b-
eKTamm MoKasaHbl Ha pucyHke 3.65.

ST

06LLas oueHKa Lkana
rMAPO3KONOrMYecKoro BbICOT, M
COCTOSIHVISI BOOTOKOB BbILLE
purck
Kpu3nc 500

6eacTBLe 450

MNepeyeHb NCTOYHMKOB 3arpsA3HeHNs NOBEPXHOCTHBIX BO/J,

Mznne CeBepHast LUTO/IbHSI LLaXTbl «TaexHas»
Uznne LUTONBHS LIAXTHOrO y4acTka «YcbBa-3»
Uznne LToNbHS «KameHka» WaxThl v, Ykanosa

M3nne LWtoneHs Ne 1 («Knaausi»)
Croku c oTBanoB | KMO waxTel «FpemavnHckas»
Croku c otBanos | MMO waxTel Ne 65

Croku c otBanoB | MMNO waxTbl «3anagHas»
Croku c oTBanos | KMo waxTbl «TaexHas»
Croku c otBanos | MO waxTsl «CkanbHas»
3arps3HeHHbIl

©ONOUTAWN =

10 POAHMK PoaHuk 1591
3arps3HeHHbIl

11 POAHMK PoaHuk 04
3arps3HeHHbIl

12 POAHMK PoaHuk 635

13 3arpasHeHHbIN POAHYIK 636
DOAHVK

NcTouHUKM 3arpasHeHns

B CamoV3NVIBbI LAXTHBIX BOA —>  HarpaBneHue CToKa C 0TBanoB

A nopoAaHble oTBanbl “==  rpaHunupl bacceriHoB pek 0 2 4 6 8

®  3arps3HeHHbIe POAHVIKN ""71  waxtHoe none [ e LU
PrcyHok 3.63.

VICTOYHMKW 3arpsi3HEHNS NOBEPXHOCTHBIX BOA,
6acceiiHa p. YycoBoii
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Mo pesynsTatam pacyeta YK 3B 33 2013 ., Mo 14 KOMMOHEHTaM CTerneHb 3a-
FPA3HEHHOCTM BOAbI B aHaM3MpyeMblx CTBOPax konebanack OT rpasHon (4-1 knacc)
[10 CNabo 3arpsisHeHHO (2-11 knacq).

Ha pricyHke 3.64 npusejeHbl MakCMManbHble NpesbileHya TAK B nyHkTax
HabnrofeHVA. Havbonblune 3HauYeHns oTMeYaroTcs Ha p. bon. Mpemayas, Huxe 13-
NMBa BOJ WaxTbl «TaexHasny: Feom - 8018, Al - 1236, Mn - 706; MUHUManbLHOe, 3aduK-
CMPOBAHHOE B 3TOM CTBOPE, 3HaYeHVe BOAOPOAHOro nokasatend - 2,8. OcHoBHas
YaCTb 3arpPA3HAIOLLMX BELLECTB MOCTYyNaeT C BOAOCOOPOB Manbix pek: bon. pemauas,
PyadHka, MNonosuHka, nyxas.

Pexa Ycbea. HeratnsHoe BAnsHve KYba Ha kauecTBO BOAbI B . YCbBe Habntoa-
€TCA Ha ABYX y4acTkax. [epBbii pacroNoXeH B PANOHe N3IVBOB BOA LLAXT M. Ykanosa
1 «YCbBa-3» 3arPA3HEHHOr0 NPaBoro NPUTOKa — P. PYAAHKN 11 DOAHKOB, BTOPOW — pac-
MONOXEH BHW3 MO TeYEHNO, NMpY BnageHun p. FOX. Biunbea, B 4 kKM OT yCTbA (pyc. 3.66).

Boza p. YCbBbI, Bbile y4aCTKOB MOCTYM/IEHNS 3ar PA3HAROLLMX BeLLecTs, COOT-
BETCTBYET HOPMAaTVBaM MpPakTUYeckn no BCEM KOMMOHEHTaM. Hixe Mo TedeHuto oT

e  Mectaot6opanpot ;7 8 g\g 15
NOBEPXHOCTHbIX BO4 prem— SOZ 96
KpaTHOCTb npesbileHus MK Al 52 :Ie %63
Mn 20 | ypumnyeckumm snemenTamm :\)/l: ;.4 Vi 2551
pH 6.4 | BogopoaHsIii nokaszatens Ni 165
< |Pb 5
0 5 10 15 20 . SloH 41
C . . <M oCT., 5 Fe 16
0§20 § owsss A 18
Fe 8018 \3/ B
Al 1326 0% o o
Be 102 1
W BEPL¥YF o
% Ni 49 P
Co 34 4 2
Zn 28 503 2
Pb 4 B o
Mn 706 07 2 a8
pH 28 Fe 426 N 4
Bl 2 Zn 34
Mn 57
Fe 15 Co 3 pH 44
Al 7 Ni 10
Mn 17 Zn 4 |\o
H 73 Mn 57 =
2 8 pH 53| &
10
S
g Fe 184 Fe 6
Al 9 Al 8
)
i 4 Mn 6 Mn 15
pH 6,9 pH 7,5
Q

PucyHok 3.64.
CxeMa rmapoxmmmyeckoro onpobosaHus pek 6acceiiHa p. Yycosoii
nocsne 3aKpbITUSA WWaXT U MakKCUMaJsibHble NpeBbiLLeHNs I'ILI,KpX (2006-2013 rr.)
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Lkana
| BbICOT, M
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450

MepeueHb NYHKTOB HabnAeHNs
3a NOBEPXHOCTHLIMU BOAAMMU

p. Bon. Tpemsiyas, Bbillie N311Ba CeB. LUTONLHM L. «TaexHas|
p. Bon. Tpemsuas, HrXe N3N1Ba CeB. WTONbHN W. «TaexHas»
p. 0. BUnbBa, Bblille ycTbsa p. bosi. pemsyas
p. FOX. BunbBa, HUxe ycTba p. bon. Mpemavas
p. FOX. BunbBa, ycTbe
p. YCbBa, Bbillie U311Ba WTObHY «KameHKa»
p. YcbBa, HIXe U3NMBa WTONbHN «KameHka»
p. YcbBa, ycTbe
p. Yycogas, Bbile ycTbs p. YcbBa
HUKe

v NoUAWN =

o

061Lu3as oLeHKa rMApPoIKOOrNUECcKOro

COCTOSAHMSA BOAOTOKOB
®  NyHKTbl HAbAOAEHS

puck
rpaHuLbl 6acceiiHoB pek

Kpuauc L P 02 456 8
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PrcyHok 3.65.
MyHKTbI HabNOAEeHNS 3a MOBEPXHOCTHLIMU BoAaMun B bacceliHe p. YycoBoii

MepBOro y4acTka Ka4ecTBO BOAbI PE3KO YXYALLIAeTCA: COAepXaHe xenesa Bo3pacTa-
et o 56 NAK,,, aniomyHna - Ao 135 TAK . Tlepes BnajeHviem B p. Hycosyto, BOAa
p. YCbBbI MPeBbILLaeT HOPMaTVBLI MO COAepXaHue xenesa A0 28 I'ILI.KPX, ANFOMUHNA -
00 25 I'I,D,pr, MOBLILLAKTCA KOHLIEHTPALMW INTNS, MapraHua, Mean 1 umHka [81].
Peka PydsHKa OTHOCUTCS K OYeHb MafblM BofoTokaM. CoCTaB BOA B MCTOKe
COOTBETCTBYET HOPMATMBHBIM 3HaYEHUAM MO BCEM MOKa3aTeNaMm, 3a NCKIYEHeM
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PrcyHok 3.66.
Peka YcbBa HMKe N31MBOB BOA LLAXT UM. YkanoBa 1 «YcbBa-3» ($poTo B. JlarywikunHa)

pH 4,0-5,8, UTO CBA3AHO, BEPOATHO, C eCTECTBEHHLIMY GakTopaMm — NCTOK pekn 3a-
60104eH. B pe3ynbTate NOCTYNNEHUS KACIbIX LAXTHLIX BOA, COCTaB peku npeTepne-
BaeT CyLleCTBEeHHbIe M3MEHEHNS, MPUOAVXKAACh K COCTaBy LAxXTHbIX BOA: pH CHUXa-
etcd 40 2,8-3,0, cogepxaHune xenesa ysenmymsaetcd 10 5800 I'IAKDX, ANKOMUHNA = A0
500 ﬂ,ﬂ,pr, LLlaxTHble BoAbl COCTaBAAOT 40 70% OT CTOKa p. PyAsaHKM.

CpesHul CyMMapHbIM pacxoj U3NMBOB LAXTHBIX BOJ COCTaBaseT 83,4 M3/uac,
HanbOoNbLUMI pacxos HabNoAAeTCs V3 WTONbHN LWaxTel «YCbBa-3» (Tabn. 3.29, puc.
3.67,3.68).

Pacxog BoAbl B V31VBax LLUAXTHbIX BOA MOABEPXKEH 3HAUNTENbHBIM CE30HHBIM
KonebaHvam (puc. 3.69.) - B BeCeHHee MO0BOAbE NMPOUCXOANT ero yBennyeHve, B
MeXeHb — YyMeHbLeHNe.

LLIaxTHble BOAbI LUTONbHW LLAXThl «YCbBa-3» 1 LWaxTbl UM. YkanoBa 613Ky No
COCTaBY, MMHEPanu3aums WaxTHbIX BOA 1 COAepXaHve cynbGaToB HeBbICOKO. Bogo-
POAHbBIV MOKasaTesb nsmeHaeTca ot 2,5 40 4,3. MakcmasnbHble NpeBblileHs oTMe-
YaKTCA MO COAEPXAHNIO Xenesa, antoMNUHNUS, BepPUNIVE U APYrAX MUKPO3IEMEHTOB
(pvic. 3.70).

B cpeaHem 3a rog B p. YCbBY C M31MBAaMU LLAXTHbIX BOA MOCTynaet 276,2 T
cynbdaTos, 63,8 T xenesa, 18 T antoMUHMUA.
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PrcyHok 3.67.
BrnageHve nsnmea waxTbl «YcbBa-3» B p. PyaaHKy

B npegenax paccmaTprBaeMoro BoAocbopa nepuomyeckis M3nmBatoTca
BOAb! WTONBHNM Ne 1 - o6bemoM o 200 m3/yac. HecMOTpsA Ha HEMPOAOAXNTENb-
HbIi MepuOA V311Ba, 33 NoIMecaUa B p. YCbBY noctynaet 14 T xenesa 1 5 T anto-
MUHNA [81].

Ha Oepery p. PyadHky pacnonoxeH MOPOAHbIN OTBan LWaxTbl «YCbBa-3»
(puic. 3.71).

OTcyTCTBME PEryNaApHbIX HAbAOAEHUI 33 CTOKOM C OTBafla He MOo3BOAS-
eT COCTaBUTb MOJHYKO XapakTePUCTUKY 3TOrO UCTOYHMKA 3arpsasHeHud. Pasosoe

Tabnnua 3.29.
Pacxof, U3N1BOB LLAXTHbIX BOJ, Ha TeppMUTOpUM Bogoc6opa p. YCbBbI U p. PyAsHKN

o MakcmanbHsbIi MuVHUManbHbIN
MecTto nsnvea CpeaHwuin pacxog,
o 8 pacxog, pacxog,
LLIAXTHOW BOAbI M3/4ac 8 8
M3/4ac M3/4ac
LUTONBHA WaxTbl «YCbBa-3» 71,9 270,0 4,0
LUTONbHA «KameHka» LwaxThl 115 33,0 0,01
VM. YkanoBa
MToro no baccenHy p. YcbBa 834 303,0 4,01
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OTBan
LWaXThl «YCbBa-3»

M311B LWaxTbl «YCcbBa-3»
3nuB 13 wtonsHn «Knasams»
LaxTbl YcbBa-3

¢
p. PyaaHKs

P

M3a1B 13 LWTONBHIY «KaMeHka»
LaxTbl UM. YkanoBa

PrcyHok 3.68.
M3nmB WwaxTtbl «YcbBa-3»
A - paiioH nsnuBa, b - p. PyasHka, B - BnageHue p. PygaHkum B p. YcbBy
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PrcyHok 3.69.

26.10 —

Ce30HHOE N3MeHeHne pacxoAoB U3NTINBOB LWaxXTHbIX BOA Ha Bop,oc60pe p. YcbBbI

Co N -
co T 27
1 10 100
MaKkCUManbHble KOHUeHTpaunn B gonax MAK,,
PucyHok 3.70.

MakcrMasbHble KOHLIEHTPaLUM MUKPO3JIEMEHTOB B BOZe LUAXTHbIX U3/IMBOB
B npeaenax 6acceiiHa p. YCbBbI
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obcneposaHme (Monb 2007 r.) MoKasano, UTo CTekarole BoAsbl OTAnYaeT HeBbICoKas
MUHepanmsaunsg, cynbdaTHbI COCTaB, K1cnas peakuusa cpeael (pH 3,98), 6onbloe
KONMYECTBO antoMnHng — 294,6 MK | noBblleHHOe cojepxaHve mapradua - 17,2
MNAaK, . v xenesa - 2,3 TAK .

B npenenax Bogocbopa p. YCbBbI BEAYTCA HAOMNOAEHNUS 33 3arpa3HeHHbIMN
poAHukamu (Tabn. 3.30).

Hanbonee BbICOKOAEOUTHBLIM ABNSETCA POAHWK 1597 (B cpeaHem 9,3 m3/4ac).
YCpeaHeHHOe, 3a Neprnos HabNtoAEHUI, COAEPXAHNE 3arPA3HAIOLLMX BELLECTB B HEM
B 60/IbLINHCTBE CNyYaes He npesbiwaeT MAK

[ebnT poaHnka 04 HeBbICOK — B cpeaHeM 1,9 mM3/yac. OaHaKko COCTaB pasrpy-
KAMOLLVXCSH BOA NMPUHLMNNANBHO OTANYABTCA OT APYrX NCCNeA0BaHHbBIX POAHVKOB.
Boabl poaHnka 04, Kak 1 U31MB LWaxThl «YCbBa-3», OTIMYAOTCA HEBLICOKOW MUHepa-
nnsauven (B cpeaHem 447,3 Mr/am®) n OTHOCUTENBHO MalbiM COAepXaHVeM Cyb-
datoB (B cpeaHem 238,5 Mr/am3), 3HaueHVe BOAOPOAHOIO Mokasatens sBapbupyeT-
ca o1 3,8 40 4,4, copepxaHne antoMnHus n3mexHgaeTcs ot 18,5 MAK - go 248 MAK
Konnyectso oCTanbHbIX KOMMOHEHTOB HEBLICOKO: COAEPXaHWe Xene3a B CpedHeM
paBHo 0,14 mr/m? (B npefenax MNAK ), mapraHua -14,4 14K , antus - 14,3 TAK
Gepunava - 21 MNAK . PesynbTatel HabtoAeHW 3@ COCTaBOM 3arpA3HEHHbIX BOZ
poaHvka 04, B TeUeHMe paccMaTprBaemMoro rneproa, nokasbiBakT CHIMKEHWE KOH-
LeHTPaLIWI 3arpsa3HArOLLIAX BELLeCTB.

B npeaenax ydactka waxTbl M. YkanoBa BefyTCa HabAAEHNS 338 POAHNKOM
636, TaKke NMErTCS HeKoTopble CBeAeHWs O AebuTe 1 cocTaBe BOA PoaHvKa 635
(prc. 3.63). MnHepanusaumsa 1 cogepxaHne cynbdatoB B HUX HEBBLICOKM, COAEPXa-
Hve antoMnHns - o 1,8 TIAK , KOHUEHTPaLM OCTalbHbIX KOHTPOANPYEMBIX KOM-
MOHEHTOB B0 V3MEHAITCA B Mpefenax HOPMaTUBHbIX 3HaYeHUI, b0 HecyLe-
CTBEHHO OT/INYAOTCA OT HUX.

Tabnnua 3.30.
OCHOBHble XapaKTepPUCTUKN POAHNKOB B 6acceliHe p. YCbBbI
(B TOM uncne p. PyasHkn)

1591 93 19,0 2,0 571 73,8 0,11 0,31 0,04
04 1.9 4,0 0,05 398 | 4473 | 014 27,7 1,44
636 6,5 30,0 1,0 7,62 192,66 | 006 | 0,073 |0,0039
635 59 16,0 15 573 68,7 0,14 0,18 | 0,013
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PucyHok 3.71.
OTBan waxTbl «YcbBa-3» Ha 6epery p. PyasHkun
A - nopogHblii otBan, b - p. PyaaHka
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HabntoaeHVa 3a COCTaBOM MOBEPXHOCTHbLIX BOZ PaccMaTpriBaemMoro baccei-
Ha BbIMOJHAIOTCA B CTBOPAX, PaCrofIOXeHHbIX Ha p. YCbBe: Bbllle U HUXe NCTOY-
HWKOB 3arpssHeHUA (M31MBbLI 13 LWTONbHW «KameHKa» WaxTsl UM, Ykanosa n yCTba
p. PyasHkn) n B yCTbeBOW YacTu (puc. 3.72).

CTBOP, PaCnoONOXEeHHbIV B YCTbEBOW HacTu P. YCbBbI, KOHTPOAUPYET BANAHNE
NCTOYHWKOB 3arpsA3HeHMs, PaCnoNoXeHHbIX Ha Bogocbope p. FOx. BuabBa. KauecTso
BOJ PeKu B ;laHHOM CTBOpPE xapaktepusyetcd no YK V3B kak rpg3Had, 1 0OTHOCUTCA K
3-My knaccy (puc. 3.64).

B cocrtase Boj p. YCbBbI, 33 CYET MOCTOAHHO AEUCTBYOLNX NCTOYHIKOB 3a-
rpasHeHus, B TedeHue neprioga 2006-2013 rr. cogepxaHuve xenesa, antoMUHNG U
MapraHua obi10 CTabuabHO Bbile NAK,,.

Peka HoxcHasA Bunbea aBNsSeTCa NeBbiM MPUTOKOM P. YCbBbI. Ha Bogocbope ee
MpaBoro NpuToKa, p. bosn. pemayas, pacnonoxeHo HeCKoNbKO UCTOYHUKOB 3arpss-
HeHVs — MOPOAHbIe OTBasbl 1 M3NMB BOZ LWaxThl «TaexHas». [1o copoca LWaxTHbIX BOA
peka ABNANacb KapCTOBbIM CYXOA0NI0M, VIMeNa y4acTKn C NoA3eMHbIM TeyeHueM [81].
LLIaxTHble BOAbI CMOCOOCTBOBANN 3aMONHEHWIO MOA3EMHEIX MONOCTEN CyXO40Na TeX-

nonv MNAK, nonv MAK,,
30 A 12 B
25 10

20 8
15 6
10 4
5 2
0  Bblwe wronbHu Huxe WwronsHn Yctee 0 Bbiwe wronbHW Huxe wronsHm Ycrbe
«KameHka» WwaxTbl  «KameHka» WwaxTbl «KameHka» waxtbl  «KameHka» WwaxTbl
nm. Ykanosa 1M, Ykanosa M. Ykanosa M. Ykanosa

. Fe E Al % Mn
PucyHok 3.72.

M3meHeHue KOHLI,eHTpaLI,I/IVI XapaKTepHbIX 3arpﬂ3HMTeﬂ9I7l B CcOCTaBe BO/J p. YCbBbI
A - MaKcuMasibHble KOHLUEeHTpauuu, b - cpeHne KoHUeHTpaumn
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HOreHHbIM OCaZKOM W CYLLLECTBEHHO YBENYMBAAU MOBEPXHOCTHbLIN CTOK, KOTOPBIA
npocexnBanca A0 yCTbd. [locne Hadana 13nmMBa BOZA LLaxThl «TaexHaa» B 1999 r.,
B YCTbEBOW YacTu pekm nokasatesnb pH cHn3unca fo 2,7-3,0, cofepxaHue xenesa
Bo3pocno go 2060 MAK ., antomuHng - go 410 NAK . B mMecTe n3nnsa 06pasosancs
HebOobLLOM BOAOEM, U3 KOTOPOTO LWaxTHasd BOAa NepenvsaeTca s p. bon. pemavad.

Coctas BOA p. FOX. BiibBa, BbliLLe 30HbI BAVAHVA U3/111BA LUAXTHBIX BOA, OT/IN-
YyaeTcsa Manon MuHepanmsauveit (50-80 mr/am3), HeliTpansHoW cpeaon (pH 6,9-7,0),
HebONbLUMM MpeBbILLeHVEM COAepXaHWa Xenesa v antoMnHua. ocne BnageHua
p. bon. Tpemsauyas cuTyaums pesko yxyalaetcs. bonee nogpobHO 3KON0rMyeckoe co-
cToaHve p. FOx. BunbBa paccMoTpeHo B pasgene 3.4.4.

Peku Inyxaa u [lonosuHka. Peka Tnyxas GepeT Hayano B OKPECTHOCTHAX
n. CkanbHbIM, Yepe3 6 KM MOMI0LaeTCs KapCTOBOW BOPOHKOW, 1 Ha MPOTAXEHUN
5,5 KM mpeAcTaBnseT cobor cyxofon. Pasrpyska BoZ4 MPOVICXOAUT B BUAE BOCXOAA-
LLIero MCTOYHMKa (BOK/HO3a) [01y60e 03ep0o, KOTOPOE ABNAETCA MMAPOreo10rMYeckm
NaMATHVKOM Npupoasl MNepmckoro kpas [26, 32, 132]. lonyboe 03epo pacnonaraet-
CA Ha TEPPUTOPUN NAHALAGTHOTO NaMATHVIKE NPUPOAbLI PETVIOHaIBHOMO 3HaYeHWS
Fnyxmne KamHu. CBOe Ha3BaHVe BOK/O3 MOYUNA 33 LiBET BOAbI C FONYObIM OTTEHKOM
B MePUOA NeTHel MexeHn. KOTnoBrHa 03epa NpeACTaBseT COO0M YCTbeBY BOPOH-
Ky, pa3paboTaHHyr0 KOpPO3Mert BOCXOAALLEro CTOUHMKE, MUTAFOLLEroCsa U3 No4BO-
[IHOW nelepbl, B 30He BePTUKaNbHOM Pa3rpyskn KapCToBbIX BOA (puyc. 3.73) [26, 54].

MlccnefoBaHve NOABOAHOW YacTy 03epa Hadanock 8 1979 r., koraa C. C. EB-
[AOKVIMOB MOrpy3uncd Ao rnybuHsl 23 M. Mo3gHee, B utoHe 1987 I, OH Xe A0CTUr
rnybuHbl 56 M (pekopaHon, cpean NoAobHbIX norpyxeHun, ana CCCP B To Bpe-
ms) [45]. B 2017 r. Fonyboe 03epo mccaefosana komaHaa Bnagumnpa ®epoposa -
YA3NOChb JOCTUMHYTE AHA W YCTaHOBUTb HOBYHO 1ybuHy: 88 M. TemnepaTypa BOAbI
B MOBEPXHOCTHOM Cnoe 03epa 6-7°C, Ha rnybuHe 6-8 M - 5,5°C. B X1MU4ecKoM Co-
CTaBe BO/bl 03epa NPeobnafatoT VOHbLI-TMAPOKapOoHaThl (36-73 Mr/am3), cynsdatel
(36-53 mr/am®) 1 kanbuwii (18-32 mr/am3). Obulas M1UHepanu3aums 13MeHseTcs oT
142 po 166 mr/am®. Kpome TOro, Fonyboe 03epo UCKNHOUUTENBHO NHTEPECHO MO CBO-
1M BUONOTNYECKM XapaKTePUCTIKaM: 34eCb CHOPMMPOBANCA YHIKaNbHbIA broLje-
HO3, 6narofapsa Yemy OHO He MMeeT aHaNoros Ha 3anaaHoM Yparne.

B npeaenax BoA0C60poB Masnbix pek [1yxoii 1 FNonoBYHKM paspabaTbiBanocs Me-
cropoxeHne CkanbHNHCKOe — LWaxTon «CkaneHad». [MOpoAHbIA OTBas LWaxTbl B HACTO-
dLlee BpeMa ABNATCA eANHCTBEHHbIM MCTOYHKOM 3arPA3HEHNA MOBEPXHOCTHBLIX BOA.

B nepuog paboTbl WaxThl «CkanbHas» B p. [yxyto OCyLWeCTBAAACA COpOC
LIaXTHbIX BOJ, YTO HeratBHO OTpaxasoCb Ha kavecTse BOA B peke. OHM xapak-
TEepU30BaNUCh KUCIOW peakumen cpeabl (pH 3,0), NOBBILIEHHOW MUHepanm3aunei
(1900 ™mr/gm3), BbICOKMM COAepxaHveM xenesa (ao 2400 FI[LKDX), antoMuHmng (1625
Hﬂpr) N PALa MNKPO31EMEHTOB [26].
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PuncyHok 3.73.
lony6oe o3epo. A - 3MMHWI BUA Ha BOKA103, b - cxema BO3HMKHOBeHUA [ony6oro osepa

Mocne 3akpbITUS WaxTbl KayecTBO BOA P. [NyxoM 3amMeTHO yaydlnaoch.
B 2000-e rr. Ha y4acTke bbIBLLIEro BOAOCOPOCA LWaxXTHbIX BOA peakuusa cpeipl ctana
HelTpanbHoOW (pH 6,25-7,5), HOPManM30Banca Cyxon octatok (290 mr/am?), 3ameTHO
YMEHbLLNIOCE KONMYeCTBO xenesa (4o 100 I'Iﬂ,KpX) W antoMmnHusa (o 105 I'Iﬂ,pr).

Mo HekoTopbIM fAaHHbIM, MPOTrHO3VPYETCA M3NMB BOA LaxTel «CkanbHas»
B paiioHe p. MonoBnHKK. B Ciyyae ero BO3HUKHOBEHVIA, Ka4eCTBO BOAbI B P. [TyX0oW
YXYALWNTCS. VI3AMB LWaxTHbIX BOA MPUBEAET K BbINaAeHMIO Xene3ncToro ocajka 1 3a-
FPA3HEHUIO AOHHbBIX OTNIOXEHUI. HakonneHme ocafika B KapCTOBbIX MOMOCTAX MOXET
BbI3BaTb MOSABIEHVE MOBEPXHOCTHOIO CTOKa P. [NyxoW, B panoHe 3arpa3HeHns oka-
XYTCA Takve NamAaTHVIKM NPUPOALI, Kak nyxue KamHu 1 Fonyboe 03epo.

BennuyvHa pacxofoB CTOKOB C KOMOWHMPOBAHHOMO oTBana WaxTbl «Ckanb-
Has» (puc. 3.74) B neprog 2007-2013 rr. 6bina Hebonbwor - 0,01-0,8 m3/yac, npu
cpeaHeM 3HadeHWK 0,18 M3/yac. Mx cocTaB OTMYancs o4ueHb KUCI0W peakumeli cpe-
[bl 1 BBICOKUM COAEPXaHMEM 3arPA3HAOLLX KOMMOHEHTOB.

B TeueHye paccmaTprBaeMoro neproja BOAOPOAHbIN MOKa3aTeb CTOKOB C
MopoAHOro oTBana beln okono 2,5. CoaepxaHve xenesa M3MeHANoCk B npejenax
53-2850 MAK , amomuHng - 95-1595 MAK , mapraHua - 18-43 NAK | 6epunavia -
27,5-165 MAK , cyxol octatok coctasnan 3114-7576 mr/gm. Kpome Toro, B CTeka-
FOLLIMX C OTBANOB BOAAX MHOMO CyNbdaTOB, HUKENs, TV, Kaamusa 1 ap. OTcyTcTBuMe
perynspHbIX HabaAeHNN 3a COCTaBOM BOZ, pek [Nyxor v MNonosuHKK He Mo3BonseT
OLEHUTb VX BANSAHME Ha KaueCTBO BOJ p. YyCOBOM.

Peka Hycoeasa. Havbonbluee HeraTBHOE BAVAHME OKa3bIBAtOT CTOKM C MO-
POAHBIX OTBAaNOB W M3MB, KOTOPbIE HAaxOAATCA Ha BOAOCOOpe p. bon. Mpemauad.

xn’

— 184 —



PrcyHok 3.74.
OTBan waxrtbl «CkanbHasa»
A - nopogHbIii otBan; b, B - ctoku c oTBana

3arpsAsHsaroLLve BeLlecTBa, HeCMOTPA Ha Pa3baBaeHue BOAAMY YUCTBIX MPUTOKOB,
MUTPUPYHOT BHI3 MO TEYEHWNIO U AOCTUraroT p. Yycoson (puc. 3.75). Tnapoxmmmye-
CKNIA NPOdUIb AEMOHCTPUPYET BO3AENCTBIME U3NMBA LUAXThl «TaexHas» 1 NPOCTPaH-
CTBEHHOE PACMPOCTPaHeHe 3arpA3HAOLLMX BELLEeCTB Ha paccTodHne 6onee 50 km
OT BepPXOBbS p. bon. pemayas 4o p. YycoBOM — HUXeE YCTbA pP. YCbBbI. 1K pe3koro
yBeMyeHWsd KOHLeHTpauUu xenesa, antoMUHUg, MapraHua u Ap. npuxoanTca Ha
y4acTok BrnageHua p. bon. pemsadagd.
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Huxe BnageHva p. YCbBbI, COAepXaHue Xese3a, aNtoMnuHUA, CBUHLA, LMHKa, B
pycne p. YycoBo Nepnognyeckn MeeT 3HaUYeHNs Bbllle NAK,.

Hanbonee 3aMeTHO 3TO BO3AENCTBIE BbIPaXaETCA B yBEIMYEHNI KOHLEHTPa-
L XXenesa, cpeHee 3HadeHne KoToporo Bo3pacraeT B 3,6 pasa (puc. 3.76).

V3meHeHue cofepxaHus B p. YycoBol xenesa, 3a nepuos HabaoaeHnn
2006-2013 rr., MOKa3aHO Ha pucyHke 3.77.

MaKCcMManbHOe cofepxaHue
B aonax MAK,,

10000
1000
100 e
‘h-....
’ ~“"A..,

10 54 Az e

0 Sesm——

"
'O
0 f | | | | | |
p.Bon.Tpemauas,  p.Bon.Mpemauas  p.Gon. Mpemadas p.tOx.Bunbea  p. FOx. BunbBa, p.YcbBa, ycTbe p. Yycosas Hixe
BepxoBbe BbllLE U31MBa HWXe n3nmea HWXe yCcTbsa ycTbe ycTbsa p. YcbBa

p. Bon. pemsyas

Fe  wnsnnus Al mmme- Mn
PuncyHok 3.75.
rmapoxmmumyecknii npodpunb coaepxaHNsi OCHOBHbIX 3arpsisHUTenemn

oT BepxoBbs p. bon. Mpemsivas go p. YycoBoi
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PucyHok 3.76.
MakcnmanbHble KOHLLeHTPaLum xenesa, antoMUHUS, MapraHua B p. Yycosoii

BbILLIE N HUXKE YCTbA P. YCbBbI
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MaKCMManbHOe CoAepXaHune
B aonsx MAK,,
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PuncyHok 3.77.
3arpsisHeHue p. YycoBoii
A - CTBOp BblILLE YCTbA P. YCbBbI, b - CTBOP HMXeE yCTbs p. YCbBbI

3.4.3. XAPAKTEPUCTUKA MOVM U JOHHbIX OTNOXEHW

Mpy Ce30HHOM 3aTOMIEHNN NMOWM PeK Ha HX HaKarnaMBarOTCA TeEXHOTeHHble
OT/IOXKEHNS, B KOTOPbIX COAEPXUTCA 3HaUUTEbHOE KOMMUYEeCTBO 3arpasHuTenen.
30HbI CE30HHOr0 3aTOM/EHNS MONM pek baccerHa p. HyCoBON MOKa3aHbl Ha PUCYH-
ke 3.78. ObLasa nnowasb TePPUTOPUN, MOABEPXKEHHON 3aTOMNEHUIO 3arPASHEHHbI-
MU BOAamu B baccenHe p. YycoBol, coctasngdeT 5405 ra, n3 Hux 605 ra npnxoanTcs
Ha normy p. FOX. Bunbsa, 1325 ra - Ha norMy p. YCbBbIl, OCTaNbHaA 4acTb — Ha

nownmy p. Yycosown.

Ha KOCMUYeCKMX CHUMKAX, MOAYYeHHbIX B MepUo/ NeTHEN MEXEHN, B pycie 1
noviMe p. FOX. BunbBa, HvXe MecTa BnaZeHVs B Hee p. bon. [pemsiuas, XopoLLo pas-

T
2013

JMUYNMBl TEXHOTEHHbIE JOHHbIE OCaJKM, MEKOLLe PbIXIA LBeT (pyc. 3.79).
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Ha pucyrke 3.80 nokasaHo ycTbe p. YCbBbl 1 €€ JOHHbIE OT/IOXEHNSA pbikeBa-
TOro ugeta. KocMryecknii CHUMOK MOKa3sbiBaeT, YTO AOHHbIE OTIOXEHNSA P. YCbBbI 3a-
rPA3HEHb! MO BCEN /IVIHE PeKV; OHW ABMISHOTCA BTOPUYHBIM MCTOYHMKOM €e 3arpss-
HeHVs. Ha prcyHke 3.81 nokasaHa 30Ha CMeLEeHUA PeYHbIX 1 KNCBIX LUaXTHbIX BOA

57°408 57°508

YcnoBHble 0603HaYeHs

—— peKu 1 pydbun

I «pynHble pekv 1 BOAOXPaHUAULLA
- KBapTa/bl HaceNeHHbIX MyHKTOB
I z0Ha 3aTonneHns

PucyHok 3.78.
30HbI CE30HHOrO 3aTOMN/IeHUS NoliM pek B 6acceiiHe p. Yycosoii
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B p. YCbBe - flanee NponCcXoAnT 06pasoBaHmne 1 OCaxXAeHe TeEXHOreHHOro 0cajka,
COCTOSALLLErO B OCHOBHOM U3 MMAPOOKMUCIOB Xee3a U aNtoMUHUA.

B koHuLe 1990-x - Hauane 2000 rr. 66110 BBINOAHEHO KOMMIEKCHOE UCCNe/0-
BaHWe AOHHbIX OT/IOXEHWI B pekax, MPOTeKatoLLyxX B 30He BauaHnsa KYba (pnc. 3.82)
[15,109, 116,117,118, 119, 133].

Peku Bunevea u boavwas [pemavas. A XapakTepucTky AOHHbBIX OTAOXe-
HW, BHe BAUAHNA KYBa, Oblnn oTobpaHsl GoHOBbIE NPObLl Ha p. bon. pemsayasd,
BbILLE MO TEYEHVIFO OT 3aKPbITbIX LWaxT U I. peMaynHcka. 10 JaHHBIM PeHTreHOCTPYK-
TYPHOr0 aHanu3a, OHW NpeACcTaB/IeHbl B OCHOBHOM KBapLEM M MOJIEBbIMU LLINaTaMu,
Ha X 4oNt0 NpuxoanTcs 6onee 90% M1HepanbHOro coctasa (Tabs. 3.31). B Hebonb-
LLIOM KOSIMYeCTBEe NPUCYTCTBYHOT MIUHUCTBIE MUHEPasbl, MPENMYLLECTBEHHO — CMeK-
TUT, elle MeHblle BTOPUYHbBIX MUHepanoB (Tabn. 3.31). BoaHas BbITAXKa AOHHBIX
OTNOXeHN p. bon. pemsayas, B QOHOBOW TOUKE, XapakTepusyeTca NpenMyLLecTBeH-
HO TVAPOKapOOHATHO-HATPUEBBLIM COCTAaBOM, CYMMOW BOOPACTBOPUMbIX CONEN
225,8 Mr/kr, BOLOPOAHBIM MoKasateniem 6,57; 34eCb OTMEYaeTCH HeCKOJIbKO MoBbl-
LLEHHOe CoAepXaHye ABYXBaIEHTHOI O Xene3a — 6,6 MI/Kr 1 NpUCYTCTBME antOMUHUA
(tabn. 3.32), uTO, MO-BMAVMOMY, CBA3AHO CO CTUXMIHbBIM 3arpsisHeHeM TeppUTOpPUM
KYBa oTxogamn yrneaobsium.

PucyHok 3.79.
Pycno p. FOx. BunbBa, 3arpsisHeHHOe TeXHOreHHbIMU OTI0XKEHUSAMN
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PucyHok 3.80.
MecTo BnageHus p. YCbBbl (AOHHbIE OT0XXEHMNSA 3arpA3HEeHbl TEXHOreHHbIMW
OT/IOXXEeHMAMU) B p. Yycosyto
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PucyHok 3.81.
30Ha CMeLLeHUs peYHbIX U KMUC/bIX LWAaXTHbIX BOA, P. YCbBa, HUXXe BnageHus p. PyasHKu

ECTecTBeHHYIO MMHEpanbHY0 acCouMaLko MeckoB MPUPYCIOBOM OTMeN
p. FOX. Bunbea (GOHOBBI CTBOP - Bbille yCTbs p. bon. pemsiyas) npeacTaBnaoT
(B %): kBapL, (67,7-82,1), obnomkn nopos (8,3-15,8), Tanbk (3,5-9,4), nonesble WNathbl
(2,0-2,9), xnopuT (1,8-2,0), MuHepansl rpynnsl anuaoTa (0,5-3,8), amduroons (0,5-1,4),
nunpokceHsl (0,2-1,2), nerikokcersl (20 0,4), rnaporetnt (0,2-0,5), marHeTut (0,1-0,7),
aktnHoNMT (0,1-0,4), rematnt (0,04-0,5), xpomnT (0,06-0,13), nneMenHnt (0,02-0,3)
(Tabn. 3.34).

[NHNCTBIE OTAOXeHNs p. FOX. BuabBa, B OHOBOM CTBOPE, MpeACTaBAeHbl
NpenMyLLLeCTBEHHO KBapLEeM 1 nonesbIMY WnaTtamu (0kono 90%), a Takxe rnHUCTbI-
MV MUHEepanamu rmapoCIOANCTOrO 1 MOHTMOPUINIOHWTOBOIO cocTasa (Tabn. 3.31).
BogHYH0 BbITSEXKY AOHHBIX OTNIOXEHNA GOHOBOM TOUKM XapakTePN3yroT rmapokapbo-
HaTHO-HATPMEBBIN COCTaB, HEBLICOKOE COAepXaHue coner (288 Mr/kr), HopmanbHasa
KMCNOTHOCTL cpefpl (pH 6,6) (Tabn. 3.32). B AOHHbLIX OTJOXEHNSX ONpeseneHbl CoAep-
XaHVs 8 MUKPO3NEMEHTOB B MOABWXHON GOpMe, KOTOpble MPUHATbI 3@ YCNOBHbIN
GOH CoCTaBa AOHHBIX OTAOXeHUI p. FOX. Bunbea. ObpallaeT BHMMaHMe NoBbllLeH-
HOe cofepxaHue MapraHua - 68,9 mr/kr (Tabn. 3.33).
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Hixe yyacTka BANAHNUSA LLAXTHBIX BOZ MPOCAEXMBAIOTCA CyLLEeCTBEHHbIE 13-
MEHeHs Kak B M/HepanbHOM COCTaBe, Tak 1 B COCTaBe BOAHOW BbITSXKM JOHHbIX
OTNOXeHNN p. bon. pemsayas. ObHapyXeHbl BTOPUYHbIE MUHEPabl — APO3UT, KO-
anuT, retuT. Tak, CoOAepPXaHne Apo3nTa B 30HE PAsrpy3ku LLIAXTHBIX BOZ MOXET fO-
cTurath 45% (tabn. 3.31, puc. 3.83). [JOHHble OTAOXEHNS, Ha y4acTke 13MBa WaxThl
«TaexHas», XapakTepusyrTcs 3HauYUTebHBIM KOAMYeCTBOM PeHTreHoaMOpPOHbLIX

LWkana
BbICOT, M
BbllLe

MepeyeHb Touek HabnAeHNI
3a JOHHBIMM OT/IOXKEHUAMM

tOx. BuneBga, ycTbe

Tnyxas, oH

Tnyxas, HXe LWaxTbl

HOx. BunbBa, mocT

Bon. Mpemsvas, poH

Bon. Mpemsuas, BbIXOZ NOA3EMHbIX BOJ
Bon. Ipemsiuas, Huxe UsnnBa

tOx. BuneBga, poH

PyasiHKa, doH

PyasiHKa, ycTbe

14 p. YcbBa, 300 M Huke ycTba p. PyasHka
15 | 18 p. YcbBa, doH

58°20™

fo
PPTPPTTTTTD

A TOUKMN HabBNOAEHVS 33 JOHHBIMY OTNIOXKEHUAMUN

rpaHuLbl bacceilHoB pek 0 2 4 6 8

fm=mm [ = =Y
\____lwaxTHoe none

PrcyHok 3.82.
Toukun HabnoAeHNA 3a AOHHBIMU OT/IOXKEHUAMU Ha Bogocbope p. Hycosoii
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MMAPOKCNAOB Xene3a 1 antoMuHua (75%). BogHas BbITAXKa LOHHbBIX OT/IOXEHNIA
npuobpeTaeT CyNbPaTHO-XENE3NCTbIV COCTaB, COAEPXaHNe BOAOPaCTBOPUMBIX CO-
ner, No CpaBHeHMIO ¢ GOHOBbLIM, BO3PACTaeT B A€CATKM pa3 1 AocTuraeT 8893 Mr/kr.
3HauveHne pH cHxaeTca 40 3,26. OCHOBHbIMI 3arPA3HNTENAMN AOHHbBIX OT/IOXEHWI
ABAATCA CyNnbdaThl, Xene30, aMtoMUHWA,  UX KONMYeCTBO AocTuraeT 5816,5 mr/kr;
819,5 mr/kr; 50,5 Mr/Kr COOTBETCTBEHHO (Tabs. 3.32).

B AOHHbLIX oTA0XEeHMAX p. FOX. Bunbsa, HUXe yCTba p. bon. 'pemayad, npo-
CNeXMBaETCH PAS HEraTMBHbIX V3MEeHeHWn. B nx necuaHom ¢pakuymm oTMeyeHo
NPUCYTCTBME YrONbHO-MOPOAHBIX YacTnl (40 0,11%). MuUHepanbHble 3epHa Mo-
KPbITbl TOHKOW Py6alKOn MMAPOKCUAOB Xenesa. MMnH1NCTag Gpakumsa noytu Ha
90% npeaAcCTaBNeHa peHTreHoaMopdHbLIMY TUAPOKCUAAMW Xene3a pbixero LseTa
(tabn. 3.31, puc. 3.84). CosepxaHne BOJOPACTBOPUMBIX CONEN B HUX COCTaBAS-
et 7404 mr/kr, uto B 26 pas npesbllaeT POHOBbIE 3HaYeHUA. COCTaB BbITAXKN
CynbGaTHO-KanbLMeBbI, BOAOPOAHbIN NokasaTens - 6,4. CoaepxaHue cynsdaTos
(4135 mr/kr) B fecatkn, a xenesa (215 Mr/kr) B COTHM pa3 npesblilaeT GoHOBbIE

Tabnuua 3.31.
Pe3ynbTaTbl PEHTreHOCTPYKTYPHOIO aHain3a JOHHbIX OT/IOXKEeHWU
pek HOx. BunbBa n bon. Npemauas

11 | FOx. Bunesa, dpoH 701181 - [15] 5 Tl -14|-]-[<1|on| -
5 | HOx. Bunbsa, MmocT Wl-1-1-1<1]-1-1-1-1-11 - |88
1 | HOx. BunbBa, ycTbe 4| 3 |en*| - - -l - -1-1- 1-2190
7 | Bon. pemsauas, GoH B[ 53 |- <t | -|1|5]2]-1]1 - | -
g |Don Tpewadan, 33| - |- 1 |- r]as]-|-|- |15
BbIXOZ MOA3EMHbIX BOJ,
10 | bon- Tpewndas, sl -2 -2 ]-]2]2|-|2|-|-]7
HUXe 1311Ba
Mprimeyanne:

10 AaHHbBIM TEPMUYECKOrO aHan3a, B reneBnaHbIX 0Caakax spko-peiXero v pXaBoro LipeTa peHTreHoaMop-
dHoe BelecTBO (PAB) NpeacTaBneHo cMecbto 3-x Gas: a) NONHOCTLIO aMOPHbIN renb Fe-O-OH - deppuru-
aput (no ®. B. Hyxposy); 6) «npoTorvaporeTt» a-FeOOH-NH,0, B KOTOPOM HamMeyatoTCH KpUCTanNN3aLmMOoH-
Hble CBA3M; B) «MPOTONENUAOKPOKAT» Y-FeOOHNH,O.

®a3a a) ABHO NpeobnasaeT 1 COCTaBNseT okoao 65% OT CyMMapHOro COAePXXanHuWs rnapoKcnaos Fe.
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3HauveHus (Tadbn. 3.32). CoaepxaHune antomMnHua coctasnaet 1,3 Mr/kr. B myukpoane-
MEHTHOM COCTaBe AOHHbIX OTIOXEHWI, MO CPaBHEHUIO C GOHOBLIM, MOBLICUIOCH
CoLepXaHme NoABUXHbIX GopM Mean - B 3,8, Hukend - B 2,4 pasa, cBuMHUa - B 1,8
pas (Tabn. 3.33).

B yctbe p. KOX. BunbBa (okono 40 kM HUxe yCTba p. bon. pemayan) B co-
CTaBe NeckoB MPYPYCI0BOM OTMENV MPUCYTCTBYIOT MarHuTHele cdepynbl (20 0,25%)
(Tabn. 3.34). 34ech, Kak 1 B AOYCTBEBOWN YacTW, MUHEPaNbHble 3epHa MOKPbIThl TOH-
KOW pybaLluKon rMAPOKCMAOB Xenesa, u rHnctas ¢pakuma Ha 90% npeactaBneHa
pPeHTreHoaMOPOHBLIMY TMAPOKCMAAMY Xenesa. VI3 packpuCTanan3oBaBLUENCa YacTn
MOXHO OTMETUTb COAepXaHve A0 2% NennaokpoKMTa — BTOPUYHOIO MHEpana,
OKCUMMAPOKCMAA XXenes3a opaHxeBoro ugeta (t1abn. 3.31).

CoCTaB BOAHOW BbITSXKM JOHHBIX OT/IOXEH I yCTbeBOW YacTy p. KOX. BunbBa,
MO CPaBHEHNIO C Mpe/blAyLLert TOUKOM HabMAEHNS, HECKOBKO YIyYLLAeTCH C KO-
NOTNYECKOW TOYUKI 3PEHUSA, HO Janek oT GOHOBOro. 34echb CcofepXaHune Bogopac-
TBOPUMBIX BELLECTB, MO CPaBHEHWIO C MPeablayLiM CTBOPOM, CHUXAeTCA MoYyTh
B 2 pa3a, o4Hako mpeBbilaeT GoHOBOe 3HaueHve B 14 pa3. BogopoaHblin nokasa-
Tenb coctasnsaeT 7,1. CoCTaB BbITSXKM CynbGaTHO-MMAPOKaPOOHATHO-KaNbLMEBbLIN.
Copepxarye cynbdatoB coctaBnget 1449 mr/kr, 4to B 22 pasa npesblllaeT GoH.
CoaepxaHue xenesa CHUXaeTcs A0 5,7 Mr/kr, antoMmHusa — 1o 0,6 Mr/kr (tabn. 3.32).
BycTtbe p. KOX. BuibBa HabntogaeTcs 3HaunTenbHoe yBenmyeHe NogsuxHbIX Gopm
NpakTU4eckn BCex onpeaensemMbix M1MKPO3NeMeHTOB, OCOOEHHO BENVKYM KOHLEHTPa-
umu mapraHua - 137,5 mr/kr, Hukens - 18,3 Mr/Kr, UnHka - 15,3 mr/kr, kobaneTa -
12,2 Mr/kr (tabn. 3.33).

JloHHble omuaoxceHUsA p. PydaHku, Bblle BAUAHWSA W3N11MBA BOJ LLAXTh
«YCbBa-3», XapakTepunsyroTCa BbICOKMM COAEPXaHMeM KBapla 1 MoaeBbIX LWNaToB
(80 82%); rNHNCTBIE MUHEPanbl, NPeACcTaBieHHble TMAPOCIOAON W KAONVHUTOM,
COCTaBnAT 8%. B HEOONbLUMX KONMYEeCTBaxX MPUCYTCTBYHOT reTuT (1%) 1 peHTreHoa-
MOpdHOoe BelllecTBO (8%) (Tabn. 3.35).

Peku Ycbea u PydsHka. CofepxaHe BOAOPACTBOPUMbIX conelt B GOHOBO
npobe AOHHbLIX OTAOXEHWUA P. PyAAHKM HEeBbICOKO (479 MI/KT), COCTaB BbITSXKM —
cynbdaTHO-HaTprEeBbIV. BOAOPOAHbLIN NoKasaTenb 56 COOTBETCTBYET C1IabOKUCION
cpese. CoaepxaHue xenesa coctaBngeT 22,5 Mr/kr, antoMuHnga — 0,4 mr/kr, cynbda-
TOB - 2271 Mr/Kr (Tabn. 3.36). MNpoba MOXeT cunTaTbCst GOHOBOW C ONpeAeneHHo’
CTeneHbHo YCIOBHOCTU, Tak Kak Bbille MO TeYeHWto, Cyad MO COCTaBy BOAbI U AOH-
HbIX OTNIOXEHUI, NPeANONOXUTENBHO MMEETCH MCTOUHUK 3arpA3HeHNs, CBA3aHHbIN
C yrneaobslyei.

[loHHbIE OTNOXEeHUA B YCTbe P. PyAsHKN XapakTepu3yoTcs NPUHLUANANBHO
APYTVMW MoKasaTenamu. B HUX COAepXMUTCA BOMbLLOE KOMMYeCTBO peHTreHoamop-
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CopepykaHVe MUKPOI/1EMEHTOB B NMOABWKHOW popme
B JOHHbIX OTNI0XXEeHUAX p. FOX. BunbBa

Tabnuua 3.33.

11 | p. tOx. Bunesa, poH | 0,055 | 1,068 | 0,047 | 68,94 | 0,569 | 1,172 | 0,821 | 1,630
5 p. FOx. Bunesa, mocT | 0,053 | 0,247 | 0,034 | 46,10 | 2,156 | 2,769 | 1,492 | 1,519
1 p. FOx. Bunbsa, yctee | 0,108 | 12,21 | 0,340 [ 137,50 | 1,119 | 18,34 | <0,050 | 15,32
Tabnuua 3.34.
MunHepanoruyeckmii coctaB NeckoB NPUpPYCc/IoBoi oTmenu p. FOx. Bunbsa
(ppakuus 0,25-0,1 mm)
Keapy, 67,67 82,13 75,05
Moneseble WNaTbl 2,89 1,96 -
Xnoput - 1,96 1,75
Tanbk 9,40 391 3,49
KapboHartsl - - -
MuiHepanel rpynnsl 3NnaoTa 0,96 0,51 3,82
AKTVHONNT - 0,11 0,38
AMPUOONBLI 0,60 047 1,40
MnpokceHsl 1,20 0,18 0,51
JlelikokceH - - 0,38
naporetut 0,18 0,20 0,51
MarHetnT 0,66 0,13 0,38
Fematut 0,48 0,04 0,13
Xpomut 0,06 - 0,13
NnbmeHut 0,18 0,02 0,25
MarHuTHble chepynbl - - 0,25
YroNbHO-MOPOAHbIe YaCTULb - 0,11 -
LLnak - - -
0O610MKM NOPOA 15,78 8,27 11,56
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PrcyHok 3.83.
MN3nmB WwaxTbl «TaexXHaa»
A - TexHoreHHoe MnHepanoobpasoBaHue, b - TeXHOreHHbIA 0CafoK B KaHane n3nnBea
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PrcyHok 3.84.
TexHoreHHoe BO3eNCTBNE KNC/bIX LIAXTHBIX BOA Ha pekn bacceiiHa p. Yycosoii
A - Xene3uncTblli HaneT Ha aNNloBUaNbHbIX OTI0XEHUAX, b - TeXHOreHHbIN 0cafoK
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Tabnuua 3.35.
Pe3ynbTaTbl PeHTreHOCTPYKTYPHOIO aHaimn3a JOHHbIX OT/IOKEeHWUI
p. YCbBbI U p. PyasaHK®

12 | PyasHka, oH 77 | 4 1 4 -4 | <1 - - 1 8

13 | PyasaHka, yctee 27 | 1 1 3 - 6 2 1 - 1 |58

18 | YcbBa, doH 66 | 5 2 2 3 1 1 - - 2 |18

14 ;’CC:::}) ?(SSA“QHHK”J‘Q 153 <] 5 | 23]2]|-1]1]|15]67
MprimeyaHne:

10 AaHHbBIM TEPMUYECKOTO aHan3a, B reneBnaHbIX 0Caakax ApKo-peiXero v pXaBoro LjBeTa peHTreHoaMop-
dHoe BelecTBO (PAB) NpeacTaBneHo cMecbto 3-x Gas: a) NONHOCTBIO aMOPGHbIN renb Fe-O-OH - deppuru-
aput (no ®. B. Hyxposy); 6) «npotorvaporeTtt» a-FeOOH-NH,O, B KOTOPOM HamMeyatoTCH KPUCTanNM3aLMOH-
Hble CBA3M; B) «lPOTONEMNUAOKPOKAT» Y-FeOOHNH,O.

®a3a a) ABHO NpeobnasaeT 1 COCTaBAseT okoa0 65% OT CyMMapHOro COAePXanHus rmapoKcnaos fe.

GHBIX TMApoKCMAoB xenesa (58%), MpUCYTCTBYIOT KBapL, 1 nonesble WnaTbl (29%),
FAVHNCTBIe MUHepansl (10%) (Tabn. 3.35). BbiTaxka AOHHbLIX OTAOXEHUI Nprobpe-
TaeT CyNbGaTHO-XeNe3ncTeli COCTaB W KMCIY0 peakumto cpegsl (pH 2,9). B AOHHbIX
OT/IOXEHNSAX YCTHEBOW YacTu pP. PyAsaHKM pe3Ko yBeNUYMBaeTCa pAd MnokasaTeneil:
COfepXaHue BOLOPaCTBOPMMBIX COMe Bo3pacTaeT Ao 7463 mr/kr (B 16 pas Bbille
doHa), xenesa - go 950 mr/kr (B 42 pasa Bbille GoHa), antoMuHNa — 40 152 Mr/kr (8
380 pas Bblwe ¢oHa) (Tabsn. 3.36).

Pexa Ycbea, B OHOBOM CTBOpe Yy M. [POMOBOW, XapakTepu3yeTcs ecTe-
CTBEHHOW MMHEepanbHOM accoumaLmert necHaHom Gpakumnm JOHHbIX OTIOXEHNIA,
TUNUYHOM Ans 3Tol obnacti. OHa NpeACTaB/ieHa B OCHOBHOM kBapLem (85%),
obnomkamn nopog (5%), Tanskom (3,9%), nonesbIMU LWNaTamu (2%), X10pUTOM
(2%), amounbonamm (0,9%), mnHepanamn rpynnel annaoTa (0,6%), NMpokceHamu
(0,3%), rmaporetntom 1 mMarHetutom (0,14%). B He3HauMUTeNbHbBIX KOMMYEeCTBax
(0,07-0,04%) npuncyTCTBYIOT rpaHaTtel, PyTWa, NIENKOKCEH, FemMatuT, WIbMeHUT
(Tabn. 3.37). Ans ravHUCTON dpakumm Takxe XapakTepHa ecTeCTBEHHasd MUHe-
panbHas accouvauus, ¢ mpeobnagaHvem kBapLa, noneBblX WnaToB 1 FNHNCTbIX
MuHepanos (Tabn. 3.35). CogepxaHne BOAOPACTBOPVIMbIX COMER B AOHHbLIX OT-
NoxXeHuAx p. YcbBbl coctanget 0,2 r/n. BoAOpOAHbI nMokasaTenb paBeH 6,76,
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COCTaB BbITAXKM — TMAPOKAPOOHATHO-HaTPMEBLIN, XeNesa 1 aftoMUHNA — He 06-
HapyxeHo (Tabn. 3.36).

B cocTaBe mec4aHom Gpakumy LOHHBIX OTAOXEHUN P. YCbBbI, HIXE YCTbA
p. PyaaHku (pyc. 3.85) oTMeYeHO nosiBieHne yronbHO-MOPOAHbLIX YacTuy, (40 0,5%),
MarHUTHbIX cdepyn 1 wnaka (40 0,15%) (tabn. 3.37). TAMHUCTaA pakLmMs AOHHBIX OT-
NOXeHWM Ha 67% COCTONT 13 peHTreHOaMOPPHbIX BeLLeCTB. MprCyTCTBYOT BTOPUY-
Hble MUHepanbl — Apo3unT, reTut. ObLLee cofepxaHne KBapua, NonesblxX LWNaTos 1
FNNHUCTBIX MUHEPAOB, KOTOPbIE XapakTepHbl A5t GOHOBEIX MPO6, COCTaBAAET OKO-
N0 30% (Tabn. 3.35). CosepxaHe BOAOPACTBOPUMBIX CONEN, MO CPABHEHNIO C GOHO-

Tabnnua 3.37.
MwuHepanornyecknii coctaB NeckoB MPUpPYCIOBOA OTMENU p. YCbBbI
(ppaxuus 0,25-0,1 mm)

KeapL 84,91 68,49
MoneBble Wwnatbl 1,93 3,7

Xnoput 1,93 2,78
Tansk 3,86 3,7

MuHepanel rpynmnsl 3N1AoTa 0,56 1,34
[paHatbl 0,07 0,07
Pytun 0,04 0,07
AKTVHONNT 0,11 0,3

AmMOVB0bI 0,81 0,97
MnpokceHbl 0,28 0,45
JlerkokceH 0,07 0,37
fmaporeTnT 0,14 0,67
MarHetnT 0,14 1,04
Fematnt 0,07 0,15
NnbmeHuT 0,04 0,22
MarHuTHble chepybl - 0,15
YronpHO-MOPOAHbIE YacTLbl - 0,51
O610MKM MOPOA, - 5,05

— 201 —



PucyHok 3.85.
Peka YcbBa HUXe ycTbsl p. PyasiHKM

BbIM, BO3pacTaeT B 27 pa3 (40 53671 MI/Kr). BbITsxka MeeT cynbGaTHO-XeNne3ncroli
COCTaB W BOAOPOZAHbI MokasaTens 5,8. B npobe MpucyTCTBYeT 3HaYUTENbHOE KO-
4eCTBO CyNbdaTOB, XXenesa v antoMUHKUS (Tabn. 3.36).

OTcyTCTBME HAbMOAEHNA 38 COCTaBOM [AOHHBIX OTNIOXEHUA p. YyCcOBOW He
MO3BONAET NPeACTaBNTL XapakTEPUCTVKY VX COCTaBa W MPOBECTWN OLEHKY BIVSHNA
NOCNEACTBUI yrNeaobblyu.

3.4.4. TuaPOXUMWNYECKAS XAPAKTEPVCTKA MOBEPXHOCTHbIX BOJ,
HA NPUMEPE P. FOXHAA BunbBa

PaccmoTpuM 6onee NoAPOBHO 3KONOMMYECKYH CUTYaLIMIO Ha TEPPUTOPUI BO-
focoopa p. FOx. Bunbsa. Ha ee npaBoM nputoke - p. bon. pemayas — pacnonoxeH
eANHCTBEHHbIV M3/11MB BOA CEBEPHOW LUTONbHU LWaxTel «TaexHad» (puc. 3.86). 3TOT 13-
NIMB OT/INYAETCH 3HAUUTENBHBIMY PACXOAAMU: CPEAHAA X BeNnYMHa — 487,3 m3/4ac,
MakcMManbHoe 3HadeHue - 886,0 M3/uac, MuHMMansHoe - 168,0 M3/4ac, 4To B Cpea-
Hem cocTaBnseT okono 85% obbema BCex 13MBOB, PaCnONOXeHHbIX Ha Bogocbope
p. Yycosowm.

Pacxofibl M3N11MBaOLLMXCA LWAXTHBIX BOZ MOABEPXEHb! 3HAUUTE/IbHBIM Ce30H-
HbIM KOEO3HVAM: KaK MPaB1Io, MakCUManbHEI 00beM MpUypoYeH K neprojam se-
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CeHHEro NoN0BOABA 1 OCEHHIX MABOAKOB, @ MUHVIMYM MPUXOAMUTCA Ha NePUOL 3VMHEN
MexeH. Ce30HHasA ANHaMVIKa CpeaHVX 3a Nepuos HabMtoAEHWI PACXOA0B LLUAXTHBIX
BOZ Ha TeppuTopui Bogocbopa p. KOx. BunbBa nokasaHa Ha rpaduike (puc. 3.87).
M3nmnBatolyecs Ha NoBepxHOCTb M3 CEBEPHOWN LUTOMbHM WaxTbl «Taex-
Has» BOAbI, MEKT MUHepanmlauuro 3,7-5,8 r/am?, kncnyto cpeay (pH 2,8-3,6),

PrcyHok 3.86. PalioH nsnmBa waxTbl «TaeXXHas»
A - N3/11B CeBEePHOW LUTONbHM LWaxThbl «TaeXHas», b - p. bon. Fpemsayas HUXe n3nmBea,
B - BnageHve nsnmea waxtbl «TaexHaa» B p. bon. 'pemayasn
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BbICOKME KOHUEHTPaLUUM NOABMXHbBIX QOPM psija MUKPO3/EMEHTOB: Xenesa, Co-
Aepxanvie kotoporo seiwe MAK a0 3780 pas, antomnnnd (436 NAK ), 6epunnng
(215 NAK ), mapraHua (150 MNJAK ). CogepxaHue oCTanbHbIX MVUKPO31EMEHTOB
(HVKeNb, NUTNIA, KOBanbT K AP.) MPeBbILIAeT HOPMATMBHbIE 3HAYeHUA HecyLle-
CTBEHHO (pnc. 3.88).

B cpeaHem Ha Tepputopuio BoAocbopa p. KOX. BunbBa TONBKO U3 M311Ba
LwaxTbl «TaexHas» B rof nocTynaeT okono 3650,6 Txenesa, 230,3 T antoMuHNg, 34,2 T
MapraHLa v Apyrix KOMMNOHEHTOB.

Ha Bogocbope p. FOX. BribBa Haxo4AaTcs yeTbipe MOPOAHbIX OTBana, pery-
NSipHble HAbNOAEHMA 33 OO6BbEMOM 1 COCTABOM CTOYHbIX BOZ MPOBOAATCS Ha Tpex.
Bce oTBanbl pacnonoxeHbl 0koo pycna p. bon. Mpemsyas. Hanbonee HeyaauHbIM
PACMONOXEHVIEM OTINYAETCA OTBa/ LUaxThl «PeMAUNHCKAs» — B NePrOA BbICOKMX
BOZ OH YaCTUYHO 3aTanavBaeTcs (puc. 3.89).

BennuvHa obbemMa CTOKOB C MOPOAHbIX OTBANOB M3MEHANAcb B Npejenax oT
0,01 o 4,0 M3/4ac, B 3aBUCMOCTM OT CBOWCTB OTBAIOB W YCI0BUI YBAAXHEHNS. Hau-
60/blUMe 0bbeMbl CTOKOB MOCTYNatOT B MECTHYH MMAPONOrMYECKy CeTb OT KOHYC-
HOro OTBana LWaxTbl «3anaaHas» (Tabn. 3.38).

CTOKM C OTBaNOB OT/INYAOTCA BbICOKVIM COAEPXKAHUEM 3arPA3HAFOLLIMX BELLeCTB
N KUCNOW peakupel cpeabl (3,6 4o 2,1). CogepxaHie xenesa B CTOKax 66110 CTabuibHO

M*/yac
1000

800
600
400

200

17.10 —
27.10 —

01.03 —
11.03 —
21.03 -
31.03 -
10.04 —
20.04 —
30.04 —
10.05 -
20.05 —
30.05 —
09.06 —
19.06 —
29.06 —
09.07 —
19.07 —
29.07 —
08.08 —
18.08 —
28.08 —
07.09 —
17.09 —
27.09 —
07.10 —

10.02 —
20.02 —

PucyHok 3.87.

Pacxoghbl M31MBa LWWaxXTHbIX BOA U3 CEBepHOFI LUTOJIbHU LLUAXTbl «TaeXXHaa»
n ero cesoHHada gUHaMunKa
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BbICOKMM — OT 27,2 a0 1843,0 mr/am® (90,7-6143 MK ), KOHLEHTpauuy altoMUHS
coctasunn - 9,4-544,4 wr/av? (47-2722 NAK ), 6epuvnnng - 0,0018-0,0867 mr/am?
(9-433 NAK ), maprarua - 0,88-13,4 mr/am® (8,8-134 MAK ). MpesblLLeHVe KOHLEH-
Tpaumi HabNoAAETCS 1 MO COAEPXAHMIO CONEN, MOHOB CybPaTOB, TKENbIX METANIOB
(MUTWIA, HUKENb, KaAMWIA, KOBaNbT, UMHK). HanbonbLuen 3arpsisHeEHHOCTBHO OTANYAKOTCS
BOZbl, CTEKatoLLIMe C OTBaNOB LUaXxT «3anagHas» 1 « pemMayrHCKas».

Ha Bogocbope p. KOx. BunbBa BeayTca HabaoLeHUA 3@ TMAPOXUMUYECKIM
COCTaBOM MOBEPXHOCTHbIX BOZ — B MATU CTBOPAX, ABa 13 HUX HaxOoAATCca Ha p. bon.
[pemsayad (pnc. 3.65).

ro I 750.0
A ;-
e ;5
e ;o

B

L

Co I ¢
o
Fo [ 1 ©
5 M5
1 10 100 1000 10000
nonn MAK,,
PrcyHok 3.88.

MakcmanbHble KOHLEHTpaLM MUKPO31eMEHTOB B BOJE N3/IMBa CEBEPHOM LUTO/IbHA
LaxTbl «TaeXHasa»

Tabnuua 3.38.
O61BbeMbl CTOKOB C 0TBaJI0B, PacrnoioXKeHHbIX Ha Bogoc6ope
p. FOx. BunbBa n bon. N'pemsvas

«pemaunHckas» | KoHycHbIM 0,01 35 0,74
Ne 65 Mnocknin 0,03 1.5 0,54
«3anaaHas» Mnockuin 1,0 4,0 19
«TaexHas» KOHYCHbIN - - -
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HeratneHoe BAUAHME U3ANBaA LWaxXThl «TaexXHas» MPOCAEXMBAETCA C MOMeHTa
ero BosHunkHoBeHUA B 1999 r. KayecTBo BOA p. bon. Ipemayasn, Hxe 1n3nmnsa, pesko
yxyalaetcs. Jo n3nmBa peyHble BOAbl XapakTepu30BaanCh: HEMTPAIbHOW Cpesoi
(pH 6,1-8,5), Manon MuHepanmsaumein (Cyxon octatok Ao 330 mr/am?). KoHLeHTpaLumm
Xenesa n3MeHANNCb, 0T HOPMaTVBHbIX, 40 33 I'I,LLKDX, antoMmHmng - ot 1 ao 97,5 I'I,LLKDX,
MapraHua -ot 2 40 117 I'IAKPX, bepunnng - 4o 2,7 ﬂﬂpr-

ConocTtaBneHve cpeaHux (3a Nepunog HabaLeHn) noka3atenen coctasa
BOA p. bon. Mpemsayad, Beile 1 HXe V3/1MBa COOTBETCTBEHHO: BOAOPOAHbIV MOKa-
3aTeslb C / CHWXAaeTCa [0 3,2, CpeHee CoAepxaHye xenesa so3pacraeT ¢ 221 I'ILLKpx
00 3677 I'Iﬂ,pr, aMmomMuHmng - ¢ 57,3 H,[I,pr 0o 602,5 I'Iﬂ,pr, MapraHua - ¢ 32 I'I,ZLKpX
no 355 I‘ILLKDX.

FopoAHbIV 0TBaN
* LaxTbl «pemMaunHckas»

PucyHok 3.89.
MopoaHbIli oTBan WaxTbl «FpemsumHcKas» Ha 6epery p. bon. pemayvas
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3arpasHeHHble BoAbl p. bon. pemdyan okasblBatoT BAVAHME Ha p. HOX.
Bunbea. Huxe mecta BnageHns 3arpasHeHHbIX BoA p. bon. pemayaa HabaaaroTca
CTabuNbHO BbICOKME KOHLIEHTPaLmu xenesa (4o 426 I'ILLKpX), antoMmHmng (40 33 I'ILLKpX),
MapraHua (57 I'ILleX), nepuoanYeckn — bepunavs, KaaMUs, HUKeNs, BOAOPOAHOr0 No-
KaszaTens (puc. 3.79). Ha KOCMOCHMMKE YeTKO BblAeNdeTca y4acTok BnageHus p. bon.
[pemavad B p. FOX. BuibBa: Mo xapakTepHOMY pXaBoMmy OTTeHky (puc. 3.90).

B yctbe p. HOX. BunbBa, yaaneHHoMm oT p. bon. 'pemadaa Ha paccTosHue
30-40 KM, NPOCNEXMBAETCA CHIKEHME 3arpsa3HeHVid, 04HaKo, MPeBbllUeHNs HopMa-
TVBOB B [JeCATKM Pa3 COXPAHATCA. VI3MEHEHNE MaKCMabHbIX KOHLIEHTPaLMI OC-
HOBHbIX 3arpsa3HnTenen, No aavHe p. FOx. Bunbsa, MOKasblBatoT MMApOXMMUYeckme
npodunn (puc. 3.91).

V3nnB BOA
LaxTbl «TaexHasa»

p. FOx: BunbBa Ao BnageHns
B p. bon. pemayasn

YcTbe
p. bon. F'pemadas

PucyHok 3.90.
MecTo BnageHus p. bon. 'pemsayas B p. FOX. BunbBa
A - ICTOYHUKM 3arpa3sHeHuns, b - p. FOX. BunbBa nocne BnageHus p. bon. Npemsayas
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PucyHok 3.91.
rmapoxnmunyeckme npodunm p. FOx. BuibBa No 0CHOBHLIM 3arpA3HAIOLLIMM KOMMOHEHTaM
A ->kene3o, b - mapraHeu, B - antoMnHui
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Ha purcyHke 3.92 nokasaH rofoBo X04 U3MeHeHUA KOHLEeHTpaLWi 0CHOB-
HbIX 3arpsa3HnTener (xeneso, antoMUHWUIA, MapraHel, bepunnunii). MNocne Bnajge-
HuA p. bon. Tpemauas B p. FOX. BunbBa, ee 3koN0rMyeckoe COCTOAHME pPesko
YXYALIAETCA, YTO MOATBEPXKAAELTCH Kak XUMUYECKMMU aHaNn3amu, Tak 1 BU3yalb-
HO (puc. 3.93).
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PrcyHok 3.92.

Ce30HHasA AMHaMMKa KOHLIEHTPaLMK 3arpsasHAOLLMX BeLlecTB B p. bon. Fpemsivas n
p. FOX. BunbBa. A - p. bon. 'pemsvas HUXXe No TeYeHUIo OT N3NNBA,

B - p. FOx. BunbBa Hxe ycTbs p. bon. Mpemsvas
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PrcyHok 3.93.
Peka FOx. BunbBa B paiiloHe aBTOMO6U/IbHOrO MOCTa
A, b - MmeXeHb, B - nonosoabe
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Taknm 06pasoM, MOXHO OTMETUTb, YTO COPOC KUC/bIX LUAXTHBIX BOA B MO-
BEPXHOCTHbIE BOAHbIE 06bEKTbI B TEUEHME AIUTENBHOrO Neprosa, BO Bpems pabo-
Thl LLAXT, OKa3an pe3ko oTpuLaTenbHbIr 3QdekT Ha peuHble cucTemsl. B HacTodLwee
BPeMSs 3a CYET V3/IMBOB LLAXT, KMC/IbIX CTOKOB C OTBA/I0B M 3arPA3HEHHBIX POAHMKOB
BOAA B 3TUX peKax MMeeT YCTOMUMBYH KMCIYH PeakUmio Cpelbl 1 BbICOKYH MUHe-
pPanu3aLVio, CoAepXaHne CynbdGaToB, Xenesa, atoMNHNS, LHKA, MapraHua, Meau,
6epunnvg, CBUHLA, TUTAUS, KObanbTa, XpOMa U ApYrMx MUKPO31EMEHTOB NpeBbILLaeT
I'ILLKpX. MoMBI pek 1 X AOHHBIE OTJIOXEHUA TakKe 3arpAsHeHbl, YTO AeflaeT HeBO3-
MOXHbIM UX MCMONb30BaHVE 63 MPOBeAEHMA KOMMAEKCa MEPOMPUSATUN, BOCCTaHaB-
JIBAROLLMX IKOCUCTEMY.



KOHLLENLA 3KO/TOMMYECKOWA
PEABU/TNTAL N TEPPUTOPUI




4.1. HEeoBXxoAMMOCTb HOBbIX MOAXOA0B
K PELLEHMIO 3KOJIOTMYECKNX MPOBJIEM

MoNbITKA HaWTW MyTW peLleHns 3Konoruyeckux npobnem KYba npeanpu-
HUMaNNCb [OCTaTOYHO [aBHO, OAHAKO (GakTU4ecku He ummMenn ycrexa. HauuHaa
€ 30-x rT. XX B., B «[naByrne», a 3ateM B «Hapkomyrne» pa3padateiBaancCb Meponpu-
ATNS N0 6opbbe C KUCIbIMK LIAXTHBIMKU BoAamu. B To Bpema npobnema nvena He
5KONIOTNYECKUN, @ B OCHOBHOM TeXHNYECKNA 1 SKOHOMUUECKUI acnekTbl — HacoChl
N TPyboNpOBOAbl OBICTPO M3HALLMBANNCL, U A1 OTKaYKX Takmx BOA TPebOoBanoch
[OpOrocTosiLiee KMCNOTOCTOMKoe obopyaoBaHue [41].

B AanbHelilleM MaclUTabbl HEraTVBHOrO BO3/ENCTBMSA Ha OKPYXaKOLLYHO cpesy
CTann OLLYTVIMO YBENNUYNBATLCH, OCBOEHME BCe Hosee r1yooK/X FOPU30OHTOB MPUBOAN-
N0 K yBEVYEHNIO 06 BEMOB OTKauVBaeMbIX BOA. 3a BCe robl paboTel LWaXxXT BOAbI Copa-
CbIBaNNCh B MMAPONOTMHECKYHO CeTb 6e3 ouncTkn [128]. PocT o6beMa NopoaHbIX OTBa-
NIOB YCUNA 3arpsi3HeEHIe, MPexze BCero, MOBEPXHOCTHBIX BOA 11 aTMOCdepb!. 3akpeiTue
LLaXT 1 NOABNEHNE N3MMBOB NMPUBENO K YXYALLEHNIO CUTYaL — B OCHOBHOM 3a CYeT
MN3MEeHEeHV COCTaBa BOA B XyALLYHO, C 3KOMOMMYECKOM TOYUKM 3peHUs, CTOPOHY [114].

OCHOBHOW MPUYNHON, MOYeMy 3KON0rnyeckie NpobaemMbl He pelleHbl K Ha-
CTOALLLEMY BPEMEHN, ABNSETCA OTCYTCTBME KOMMIEKCHOrO NMOAX0Aa, HEMOHMMaHme
NPUYMH 1N MaclTabos 6eaCTBMA. B TeueHne nocneaHnx 70 net paspaboTaHsl je-
CATKM MPOEKTOB, B OCHOBHOM Harpas/IeHHbIX Ha O4NCTKY LWaxTHbIX Bo4. Ho camo
no cebe 3TO MepoMpUATME He VMeeT HONbLIOrO CMbIC/a 63 OUNCTKM pycen pek OT
MUIVIOHOB TOHH HaKOMIEHHbIX TeXHOTeHHbIX AOHHbIX OTIOXEHNA, ABNAIOLLMXCA
NCTOYHMKOM BTOPUYHOTO 3arpsasHeHyd, a Takxe 6e3 pelueHua npobiembl O4NCTKN
CTOKOB C OTBanoB. Peky/bT1BaLMA OTBaNOB B TOM BU/AE, B KOTOPOM OHa MPOBOAN-
Nack, HECMOTPSA Ha bObLUME 33TPAThl, MPaKTUYECK He CHIXaeT MUMPAaLMIO 3arpss-
HAIOLLUX BELLeCTB 13 HNX.

AHaNN3 CNOXMBLUENCA K HACTOALLEMY BPEMEH FOPHO-TEXHUYECKOW, reoso-
FNYECKOW, TMAPOre0N0rMYecKOr 1 3KON0TUHYECKON CUTYaLnK, OTeHeCTBEHHOTO U MU-
posoro oneita [43, 62, 82, 84, 90, 154, 163, 164, 165, 167, 220, 225, 226], a Takxe
N3yyeHre OCHOBHbIX HEeOCTaTKOB BbINOJHEHHBIX paHee 417 KYBba npoekTos, no3so-
NNV NPEANOXUTE ONTUMAbHbBIN BAPNAHT TEXHUHECKUX PelleHWi ANg yaydlleHns
Ha 3TOW TeppUTOPUIA SKONOTMYECKON 0OCTaHOBKM. HekoTopble 13 HIX AOCTaTOYHO
NpopaboTaHbl 1 MPOLUAV OMbITHO-MPOMbBILUNEHHbBIE UCALITaHWA, Apyrie — TpebytoT
AeTanvsaumm 1 OLeHKM BO3MOXHOCTY MPUMEHEHUA B KOHKPETHBIX YCIOBUAX.

OueHnBada Npobaemy B LiesI0M, MOXHO CKa3aTb, UTO peasbHbIX MEPOMPUATIN
MO YNyYLLEHINIO 3KONOrMYeckoi cutyauymmn B KYbe He NpoBOoANNOCE Ha MPOTSHXEHNN
BCEro BPeMEeHV ero paboTbl 1 MOCe 3aKpbITUA. DTO MPUBENO K KpariHe TAXesbIM
NOCNeACTBUAM W HEODXOANMOCTH BIOXEHNS KONOCCaNbHbIX CPEACTB ANS ee HOpMa-
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Avizaumn. s CHUXeHUs 3aTpaT HeobXoAVMO MUCMO/Ib30BaTh CreuvanbHbie HecTaH-
JapTHbIE NOAXOAbI K PEeLLEHNIO HaKONMBLUVIXCS Npobnem [96].

4.2. MyH/MM3ALUMA OBBEMOB W3/IMBOB LUAXTHbBIX BOZ

HecmOTpsa Ha 0YeBUAHOCTE MEPOMPUATUM MO CHKEHUIO 06 BLEMOB BOA W3-
NNBOB, CEPbE3HON NPOPabOTKOM 3TOro BOMPOCA MPAKTUYECKN HUKTO He 3aHVMan-
cs. B ropHOM Aene paspaboTaHbl W LUMPOKO MPUMEHSIOTCA METOAbI TaMMOHaxa A1s
MNaHOBLIX 1 aBapUliHbIX PaboT. MNoAobHbIe 3a4aun YCnellHO pelanmcs 1 ana bonee
CNOXHbIX FOPHO-Te0N0rYecknx ycnosuii [42, 73, 112, 139, 143].

BonblnHCTBO 13nvBoB KYba cBA3aHbl C 3a06pOLIEHHBIMY 1 He TIMKBUAVPO-
BaHHbLIMY TOPHbBIMW BbIPabOTKaMM: CTBONAMY, LWUTONBHAMM, Wypdamm 1 T. 4. Tam-
MOHaX 1X CNOCOBEH CyLLECTBEHHO YMEHBLUUTL UM CBECTU K HYI0 O6beMbI U3NMB-
LUXCSA BOZA 1, COOTBETCTBEHHO, IKONOrMYeCcKUl yLepb 1 3aTpaThl Ha 3KCMayaTaumio
OUNCTHbBIX COOPYXEHWN. [TPUHLMNMAaNbEHAA CXemMa TaMMOHaXa LWTONbHY MOKa3aHa Ha
pucyHke 4.1. Ha HeEKOTOPbIX y4aCTKax Takie MeponpusaTua MoryT ObiTe peani30BaHbl

Bogoynop

]

LTonbHa

CTOK LLaXTHbIX BOZ, JlonroepemeHHas
M3011pyroLLL,as nepemblyka

Prncyrok 4.1.

MpuHUMNManbHas cxemMa ycTaHOBKM f0/ITOBPEMEHHO N30MpYyLoLLel NepeMbIUKn Ha
nsnmee 13 wrtonbHM (poto: https://immrill.livejournal.com/tag/%D1%88%D0%B0%D1%
85%D1%82%D0%B0)
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B Camble KOPOTKME CPOKY, YTO MO3BOAUT MONHOCTLIO MPEKPaTUTb N3IUB LLAXTHbIX
BOA. Hanpumep, B panoHe waxTel M. 40 neT OKTa6pa OAMH U3 N3AUBOB NpeaCTaBs-
NseT cobon CKBaxumHy, KOTOpas, Mo HEKOTOPbLIM AaHHbLIM, bblna NpobypeHa kak Ha-
6nrofaTenbHas. 3aTpaTtel Ha ee TaMMoHaX HeCOMOCTaBMMO MeHbLUe, YeM O4MCTKa
MOCTOAHHO U3VBAOLLENCH BOAbI.

Ha HekoTopbIX y4acTkax, rae Hanopbl MOA3EMHbIX BOA HEBEVIKM (HECKOBKO
METPOB), BO3MOXHO 00BasoBaHMe y4acTkoB 13IMBOB. BbiCOTa Aambbl 06BanoBaHmA
[O/MKHA NpeBbIlaTh MakCMManbHYr OTMETKY HanopoB 13auBoB (puc. 4.2). MNofob-
Has cMcTema ycnewHo paboTaeT Ha y4acTke NpoBana Ha NepsoM bepesHrKOBCKOM
KanuMHOM pyaHMKe. 34eCb, MOCae 3aTOMNeHVs PyAHVKa, 06pa3oBanca Nposas, u3
KOTOPOro 4epes HeKoTOpOoe BPemMdA HayasiCs U3NVB 3aCONEHHbBIX MOA3EMHbIX BOA.
CTponTensCTBO AaMbbl BOKPYT MpOBasa, Ha BbICOTY, MPeBbLILIAtOLLYHO Harnop NoA3em-
HbIX BOZ, MPMBENO K NPeKpaLLeHVto 1311Ba 1 NPeAoTBPaTUIO 3arpasHeHve Kamcko-
ro BoZoxpaHunnula (puc. 4.3). BO3MOXHbI 11 Apyrne TexHuyeckre peLleHusa Niam nx
KOMOBUHALMW.

dOpMMPOBaHMeE 3aMacoB BOJA B BbIPabOTaHHOM MPOCTPAHCTBE LIAXT BO
MHOFOM CBSi3aHO C BEUYMHOW VHOUABbTPaLMmM aTMoCchepHbIX 0cajkoB. Paspa-
60TKa MEeCTOPOXAEHNS BeeT K OCefaHNt0 3eMHOM MOBEPXHOCTH, YBENNUYEHNIO
TPELWMHOBATOCTM MaccmMBa, MOABAEHUIO MPOBANOB U APYrUX OTpULATENbHbIX
dopm penbeda. B npegenax KYba fOCTaTOUHO MHOIO CTapbIX FOPHbIX Bbipabo-
TOK, BbIXOAALMX Ha MOBEPXHOCTb. BCe 3TO CyLleCTBEHHO yBenn4nsaeT MHGUb-
Tpauuto.

CnepyeT OTMETNTb, YTO BbICOKAsA 3aKapCTOBAHHOCTL (CM. pasa. 1.7) kapboHart-
HbIX MOPOA U X HTEHCMBHASA [00bIYa Takke CrOCOOCTBYIOT MHTEHCUBHOW MHGWb-
Tpaumm atMocdepHbIx 0caakos [97, 142].

Tepputoputo KYba oTavyaer A0CTaTOYHO 60/bLIOE KOAUYECTBO OCa/KOB,
B TOM YuncC/e B BUAe cHera (CM. pasg. 1.3). 1o HekoTopbiM AaHHbIM [41], 13 BbiNagato-
LUMX TaM OBUbHbBIX OCAAKOB (B cpeaHem A0 750 MM B roa), 40% yxoauT Ha ucnape-
Hue, 40% - Ha MHGUNBTPALIMIO 1 MOrAoLeHne 1 ToNbko 20% — Ha MOBEPXHOCTHbIN
cTok. Cnesyert yuntbiBaTh, YTO GOPMMPOBaHME KUCbIX BOZ BO MHOIOM OBYC/IOBIEHO
MOCTYNNEHMEM KUCIOPOAA C aTMOCHEPHbBIMI OCaZKaMU.

MeponpusaTna Mo yMeHbLUEHUIO MHQUNBTPALN OCaAKOB YCMEeLHO NPOBO-
annnce B 40-e rr. XX B. Npn paboTe waxT. Ha puc. 4.4 nokasaHo HabntogasLLeecs
B 1939 r. n3meHeHue BeNNUYNHbBI MPUTOKOB PYAHUYHbLIX BOZ Ha BEPXHEM ropu-
30HTe WaxTbl UM. KanunHrHa. B Havane mas 1939 r. NpuTOK BOAbI Ha 3TOW LWaxTe
BblpoC co 150 m*/uac go 1200 m3/yac, T. e. B 8 pa3. B 1940 r., korga 6bina npous-
BeZieHa OKOMka NMpoBanoBs, NPUTOKN BOAbI BECHOW BO3pacTanu He 6onee yem B
3-3,5 pasa [40].
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CxeMa 06BasloBKM M3/1MBa BOA U3 CTBOJIA LUAXTbI

PucyHok 4.3.
YcneLHbl npyMmep 06BanoBKV U31MBa LLAXTHbIX BOJ, U3 npoBana nepsoro bepesHu-
KOBCKOro pyaHuka (poto Vnbm JiunuHa: https://properm.ru/news/region/90966/)
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Prncyrok 4.4
M3meHeHMe NpuToKa Ha waxTe um. KannHuHa

B moHorpadum A. B. n J1. C. lokykuHblx, Beilweaweid 8 1950 r. [41], noapo6HO

PaccMOTPeHbl MePOMPUSTAS, KOTOPble PeanbHO MO3BONSKOT CHU3UTL MPUTOK aTMO-
chepHbIX 0CAAKOB B rOpHbIe BbIpaboTKM:

06BaNoOBaHVe BbIXOAOB TPeLLMHOBATLIX MOPOA, MPOBAaNOB W TPELLMH Ha Mo-
BEPXHOCTY, MONYHAROLLVXCA MOZ BAUAHUEM TOPHBIX PaboT;

YCTPOMCTBO CTOYHbIX APEHAXHbIX KaHaB, OTBOAALLMX MOBEPXHOCTHbIE BOAbI
OT MPOBANOB, TPELLMH, BbIXOAOB TPELIMHOBATbIX MOPOA W YCThEB LLYPHOB U
CTBONOB;

MPOKNAZAKa XeNob0B B YCTbAX PydbeB, CTEKANOLLX Yepe3 MeCTa, HapyLLeHHble
FOPHbLIMK PaboTamu, VY BbIXOA0B TPELLUMHOBATLIX MOPOA HaZyrONbHOM CBATHI;
yTpaMboBaHe rVHOW TPELLMH, BEIXOAALLMX Ha MOBEPXHOCTb NOJ BANAHNEM
CLABWXEHWSA TOPHbBIX MOPOA U PACMONOXEHHbBIX B MECTax CTOKa BECEHHMUX U
NOXAEBbIX BOJ, a TakXe B NMorMax BOAHbIX HACCENHOB;

YCTaHOBKAa Ha MOBEPXHOCTN CrelnanbHbIX HacoCoB 1 TPYybOMPOBOAOB ANA
OTKaukM BOAbI 3 BOLOEMOB, 0OPa3yOLLMXCS NOA BAVNAHUEM BECEHHX BOA U
LOXAEN 1 PACNONOXKEHHbBIX B PaiOHe BbIXOA0B TPELLVHOBATLIX MOPOA, Yro/b-
HOW CBUTBI WV B MECTaX, MOABEPXEHHbLIX CABVXEHWNIO FOPHbIX MOPOJ Moj
BANAHNEM BeAyLLMXCA B LUaxTe pabor.
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Mpu HanUuUM BHAN3K LLAXTHOTO NOAA TPELLWH OT CABUXEHUSA TOPHbLIX MOPOS,
WM KapCTOBBIX BOPOHOK A0/MKHa MPOBOANTECA X MINHU3aUMA UK 06BaNoBKa, npe-
[OXpaHAoLLasd OT NonagaHna NOBEPXHOCTHBIX BOA.

MoaobHbIE MEPONPUSATISA, BO3MOXHO, AaZyT HEKOTOPbIA 3GPeKT 1 B HACTOSA-
Lee Bpemsa. OZHAKO OHM MOTYT MMeTb TONbKO BCMOMOraTebHbIV XxapakTep 1 Tpeby-
FOT LOMONHUTENbHBIX 060CHOBaHWUN.

M311BbI LWaxXTHBIX BOZA COOPMUPOBANNCE, B M3BECTHOW CTENeHW, CTUXNIAHO.
B csoe Bpema K. K. v A. K. MimariknHeiMy [61] 66111 NpeanoXeHbl MeponpusaTusa no
ONTUMU3ALMN PEXMMOB MOA3EMHbBIX W LUGXTHBIX BOJ Ha TEPPUTOPUN MeCTOPOXAe-
HMA. KoHLenuua co3gaHa, NCXOAA 13 TAPOreoiornyeckinx YCI0BUA 1N NMEROLLIXCA
TEXHOTEeHHbIX UCTOYHKOB Ha KOHKPETHBIX Y4acTKax, 1 He TpebyeT 60abLUMX 3aTpaT.

4.3. OuncTkA BO/J B BbIPABOTAHHOM TMPOCTPAHCTBE

Mocne nKBMAaLMW LAXT 1 UX 3aTOMNEHVA MOA3EMHbBIMY BOAAMW B MaccmBe
Pa3BMBAOTCA Pas3fIMUHbIE MPOLECChl, HauHag C 0bpyLLEHUA KDOBAY A0 GOPMIPOBa-
HMA cneundnyeckx TUMNOoB NOA3EMHbIX BOZ,. BbiBLUME LLaXTbl MPeACTaBAAT COO0W
LPEHVPYIOLLVIE CUCTEMBI MOA3EMHOrO CTOKa, CMOCOOCTBYIOLLME YCUNEHWIO BOAOO00-
MeHa B Maccmee [50]. 9TO BO MHOTOM CMOCOBCTBYET MOCTYMIEHUIO B HEFO OKMCASAHO-
LLMX areHTOoB 1, Kak B cnydae KYba, PoOpMMPOBaHIIO KUCIbIX BOA, FIaBHBIM 06PasoM,
33 CYeT OKVUCNIEHUA MNPUTE YTI@HOCHON TOALLN.

BbipaboTaHHOe MpPOCTPaHCTBO LesecoobpasHo MCMoNb30BaTb Kak ecTe-
CTBEHHblE eMKOCTV AN OUNCTKM LUaxXTHbIX BoZ. CnefyeT OTMETUTb, UTO, MO pacyeTam
H. ®. ®eTncoBoii [172], npouecchl ocaxaeHVs B BbIpaboTaHHOM NPOCTPaHCTBE MO-
YT IPOUCXOANTE Ha Y4aCTKax CMeLeHMs yxe COOPMMPOBABLUMXCA KACBIX LAXTHBIX
BOZ Y3 MOA3EMHbIX BOZ, YrONbHON TONLLM U BM3EACKO-6ALLKMPCKOrO BOLOHOCHOTO
ropusoHTa, nmeroumx HCO,-Ca-Mg, HCO,-Ca, B MeHbLUel cTeneHuy — HCO,-50,~Ca-
Mg coctaBbl 1 3Ha4eHns pH 6an3Kve K HelTpasbHbIM. LLaxTHele BOABI MO aHWOH-
HOMY COCTaBYy UCKNHOUUTENBHO CyNbdaTHble. B KaTVMOHHOM COCTaBe BOJ Ha Nnepsebilii
NNaH, HapALy C KanbLMeM, BbIXOAAT XeNe30 1 antoMnHKI. MpeobnasatoLiMy reoxm-
MUYeCKUMN TNamu 3aecb aBadtoTcs Boael SO,-Fe, SO,-Fe-(a, SOA—Fe—A/, 50,-Fe-Mg,
50,~-Ca-Fe 1 apyroro KaTMoHHOro cocTaBa (pH 3).

LaxTHble BOAb! B YC/IOBUAX KMCIOW Cpefbl He PaBHOBECHbI C KapOOHATHbIMM
MUHEpanamn. B 3aBUCMOCTI OT BENNUNHBI PH LWAXTHbIE BOAL!I AOCTUMIN paBHOBe-
CUA C APO3UTOM, BIN3KM K PABHOBECUIIO C AXYPOAHNTOM. 3arpsa3HeHHble Noj3eMHble
BOZb! BN3ECKO-0aLLKMPCKOrO ropr30HTa GOPMUPYHOTCA B pesy/ibTaTe CMEeLLNBaHNA
C LWaxTHbIMW BOAAMUW M B3aUMOLENCTBNA C MUHEPaNaMin BOAOBMELLAIOLLMX Kapoo-
HaTHbIX MOpoA. OHY HeAOoHAaCkILWEeHb! MO OTHOLUEHWIO K KanbLMTY U AOJOMUTY, HO
HacbILLEHbl K CUAEPUTY, BCIEACTBME Yero MponcXoauT ero ¢opmmupoBaHume. Boael

— 219 —



LOCTUTIN PaBHOBECKS C TMMCOM, KOTOPbIV HAUMHAET BbINaAaTb U3 PaCTBOPA, U Haxo-
ASTCA B BOMbLUEN CTeNeHN HaCbIWeHWS K CyNbGaTHbIM MUHEepanam (Spo3unTy, AXyp-
BAHNTY 1 aNyHUTY), YeM KICAble WaxTHbIe BOAbl. B 3TUx ycnoBuax (pH 6) NponcxoanT
N OCaxaeHne rmapookncnoB Fe n Al (rmbocnt) [172].

Ha yuacTkax 1M3nmBa LWaxTHbIX BOA Mbl Habmtogaem GopMrpoBaHMe Spo3nTa
N TNAPOOKUCIOB Xesesa.

Mpw paboTe WaxT, B page cyyaes [41, 115], nogsemMHoe NpoOCTPaHCTBO MUC-
MO/Ib30BanoCh ANA OYUCTKN LLAXTHBLIX BOA. B MOA3EeMHbIX YCI0BUAX MPOBOANIOCH
OTCTaVBaHMe BOA ANS OYMUCTKM OT B3BELUEeHHbIX 4YacTuiy, obe3sapaxwusaHue, pea-
reHTHaa ouncTtka [115]. ViMeeTcs MONOXUTENbHbIM OMbIT OUNCTKY BOZ C MOMOLLbH
reTepoTpodHbIX MUKPOOPraHnM3MOB B YrObHOW LWaxTe B Xakacuu [62].

Ana HelTpanMsaumm B LWaxTax KUCablx Bog, elle B 1950-e rT., pekoMeHao-
Bas0Cb 1MCMOMb30BaTh 13BeCTb (Ca0), n3secTkoBoe MoNoko (Ca(OH),) nan kayctmde-
Ckyto cogy [41]. HenTpanusaums KMCNoi BOAbl MPOM3BOANNACh B AepPeBAHHbIX Xe-
Nobax, yNoXeHHbIX B palioHe OKONOCTBONBHOMO ABOPA, B KOTOPbLIE CACTEMATUYECKM
noAcCkINanach N3BeCTb.

OCHOBHOW MPOBIEMOV MNPV peanm3aLv 3TOro MeToaa SBN41acb HeobXoau-
MOCTb YAANEHNA 3HAUMTEbHBIX 06 bEMOB 06PA3YIOLLErOCs 0CaZKa, 3aCOPEHMS CTOY-
HbIX KaHaB 1 3ymnada.

MpriBeAeHHbIE MPYMEPbLI MOKa3blBatoT, UTO Aaxe B AEMCTBYHOLUMX LUaxTax
eCTb BO3MOXHOCTb MPOBOANTbL O4YUCTKY BOA. locne 3akpbitva KYba 3azava Bbl-
FNAANT 3HAYUTENBHO MpoLLe. 19 3TOro Yepes CKBaXWHbl B 3aTOMIEHHbIE LLIAaXTh
MOXHO 3aKauyBaTb LLEN0YHbIe peareHTsl, HanpumMep, nyabry 13 0TX040B COAOBOTO
MpPOoV3BOACTBa (pnC. 4.5), YTO MO3BONAET PeLLUTb HEeCKObKO 3ajad. Pe3ko ymeHb-
LWWTb KONNYECTBO 3arpsasHuUTeneit, MOCTynaroLMx Ha NOBEPXHOCTb B MeCTax U3nu-
BOB LUaxXTHbIX BOA. OBpasyroLLmMiica 0casok byaeT TaMnoOHMPOBaTb BbipaboTaHHOE
MPOCTPaHCTBO W, TEM CaMblM, ByAeT MOCTENEHHO YMEHbLIATLCA KONMYECTBO U3U-
BarOLLMXCA BOA — A0 MOJIHOTO MPekpaLleHua 13nnBoB. 3akauky ciesyeT npom3Bo-
ANTb B COYETaHNN C TaMMNOHMPOBaHEM FOPHbIX BbIPAboToK (CM. pasg. 4.2). 3a cuet
CBOEObHPAa3HOW 3aKknaaky BblpabOTaHHOrO MPOCTPaHCTBA B KaKOW-TO CTEMEHM MOXET
YMEHbBLUNTLCA 0CeaHNe NMOBEPXHOCT.

PeanbHOCTb JaHHOTrO NOAX0Aa MOKa3bIBatOT MPOLECChI 3arOHEHUA KapPCTOBbIX
MyCTOT, HAXOAALLMXCS MOJ CyXOA0NaMM, B KOTOPbIE MPOVCXOANT COPOC KUCIbIX LLIAXT-
Hbix Bog KYBa (M. . 3). V13 371X BOA, NPy B3aMMOAENCTBUM C KAPOOHATHBIMW MOpPOAa-
MU 1 MPUPOAHBIMY BOAAMM, BbINAAAET 0CaZOK. [1oc1e 3anonHeHNs MyCcToT NOA3EMHbIN
CTOK MPaKTNYeCKM MPeKPaLLaeTCd, U LaxTHbIe BOAb! CTEKAtOT MO MOBEPXHOCTY.

Mpesnaraemblil METOA He TPebyeT 3HAUNTENbHbBIX KanuTanbHbIX 3aTpaT, Npu
3TOM pellaeTcs Npobaema Co CkaarpoBaHneM 06pa3yoLLEroca NPy OYNCTKe LWaxT-
HbIX BOJ OCajKka — B C/ly4ae, eC/v ee NMPOBOANTL HA MOBEPXHOCTW.
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4.4, OuunCTKA BOJ, U3NBOB

[N 0UNCTKM BOA M3NMBOB MOCeAHee AecATUNeTVIE Pa3pabaTeIBarOTCA Tex-
HONOrK, MpesnonaratoLlie CTPOUTENBCTBO KNACCUYECKMX OYNCTHBIX COOPYXEHN.
Pa3pabaTbiBaemble MPOeKTbl BPAA M MOTyT ObITb peanvsosaHbl B ycioBusax KYba
BBW/Y SKOHOMMNYECKN He 0OOCHOBAHHEbIX 3aTPaT Ha VX COOPYXEHUE 1 BbICOKON CIOX-
HOCTW X CTPOUTENBCTBA W 3KCMNyaTaLnn.

B 37O cuTyaumm NpakTUYeckn eanHCTBEHHbIM MyTem pelleHVs Npobaem sB-
NAETCS MOMNCK MPOCThIX CMOCOO0B OUNCTKM, B OCHOBE KOTOPbIX MOXET NexaTb CO34a-
HMe TEXHONOMMIA C MCMOJb30BAHNEM UCKYCCTBEHHbBIX FeOXUMNYECKVX 6apbepos [99,
113,212, 214].

B ocHOBY nmpef/siaraeMoro Metoza O4YNCTKA BOZ U3IVBOB ObIIU MONOXEHbI
MpOLLeCChl, BCTpeYaroLLecs B MPUPOAE, KOTrAa HeMTpanm3aumsa NoTOKOB KNCbIX BOA
MPOVICXOAUT MPY B3aMMOAENCTBUM C KapboHaTHeIMK nopogamu [137, 213]. Hanpu-
Mep, Npu okucneHnn cynsdunaos Tydonasosoi dopmaLmy Kapnat, pe3ko Bo3pac-
TaeT MnHepanmsauma sog (2o 50 r/n), pH cHwxaetca fo 1,0 1 HUXe, B BoZax pacteT
COAEPXaHwme xenesa, antoMUHUS, CBUHLA, MeAn 1 Apyrix MeTannos. o nepudepum
YHaCTKOB, Ha KOHTaKTe KapboHATHBIX MOPOZ C CEPHOKUCIBIMI BOAAMU, Ha LLLENOYHbIX
reoxXnMmYeckmx bapbepax 0opasyroTcs BTOPUUHbIE PYAONPOABAEHNA CyNbGaToB xe-
nesa - apo3nt KFe*(S0,),(OH),, cBuHUa - aHrnesnt Pb(SO,) v apyrix metannos [181].

FO. B. BaHbWwwnHbIM [20] paccMOTpeHbl NpoABaeHUs CePHOKNCIOTHBIX MPO-
LLeCCOB U MX HENTpanmM3auma B NPUYPOAHBIX YCIoBMaX HikHero MoBomxes, rae Ha
NOBEPXHOCTV NMPUTCOAEPXaLLVie FopCKVe MVIHUCTbIE MOPOAbI KOHTAKTUPYHOT C Kap-
H6oHaTamn. ATMOChepHble 0Cafky, PUABTPYACh Yepes MMNHUCTBIE MOPOAb!, U3MEH:-
FOT XMMUYECKUI COCTaB 1 KUCNIOTHOCTL 33 CYET OKNCNeHWs CynbGraoB Npu yyactim
TNOHOBbLIX bakTepuii. B3anmogencreme KUCbIX CynbGaTHEIX BOA, COAEPXaLLMX aHO-
ManbHble KOHUEeHTpauun Al n Si ¢ kapboHaTaMi, NPUBOAUT K GOPMMPOBAHNIO re-
TUT-annoGaH-rmbOCUTOBON MIHEPANTBLHOW accoLaLn.

HeliTpanu3aumsa 130bITKOB cepbl C MOCNeAyroLLMM MMAPOAV30M OCHOBHbIX
CONen xenesa 1 antOMUHUA B OBCTAHOBKE LLIENOYHOTO reOXMMUYEecKoro bapbepa,
COMPOBOX/atoLLaACA 06pa3oBaHVeM B Ka4eCTBe BTOPUYHbBIX MPOAYKTOB r1mnca, spo-
3UTa, TMAPOKCUAOB XeNnesa 1 antoMUHNS, BeIFAANT CeytoLm 06pasom [23]:

CaC0,+H,50, +2H,0 — CaS0O, - 2H,0+ CO,
Fe,(S0,); +6H,0 — 2Fe(OH), +3H,S0,
ALL(SO, ), +6H,0 — 2AI(OH), + 3H,S0,
Kpome Toro, Taxensie metannsl (Cu, Zn, Pb, Cd v ap.) 06pasytoT TpyaHOpac-

TBOPMMble KapbOHaTEl, MPOV3BeeHIEe PaCTBOPUIMOCTY KOTOPBIX 3HAUNTEBHO HIXe
MO CPaBHEHWIO C KAPHOOHATOM KanbLys — OAHUM U3 Hanbonee pacnpocTpaHeHHbIX
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B NpYpoAe MVHepanos. BcneacTBre 3TOro, MpW B3aMMOAENCTBUM PacTBOPEHHbIX
GOPM THXKENbIX METANNOB C KAPOOHATHBIMI MOPOAaMY, MPOUCXOANT OCaxAeHve Ha
KapboHaTHOM reoxmmuyeckoM bapbepe [160]:

Me** +CaCO, = MeCO, +Ca**
rae Me* = Cu, Zn, Pb, Cd, a Takxe XxeMOCOpPOLUMOHHOE yaaneHve 13 pacTeopa B
dopMe NOBEPXHOCTHbLIX KOMMIEKCOB

MeCO,Me** +CaCO, =MeCO, +Ca™*

Me** +CaCO, = MeCO, +Ca**

13BeCTHBI MpuMepbl CO34aHVA MOAOOHbBIX WCKYCCTBEHHbLIX MEOXVMNYECKMX
6apbepoB C 1NCMO/Bb30BaHMEM KAapOOHATHLIX MOPOA. And NpeaoTBPaLLeHUs BbIHO-
Ca 3arpA3HAOLWLMX BELLeCTB 1 MOCTYNAeHWS KMCI0poaa B Cynbduaocoaepxallme
XBOCTOXPaHWINLLAG, Ha MeAHO-LMHKOBOM MeCTOPOXZAeHUM Ha cesepe LLseLmn npo-
BOAMNOCK 3aTOM/IEHNE C 3BECTKOBaHEeM BOAHOM cpeabl [182, 217]. BsaumogzencTsue
N3BECTW 1 PaCTBOPEHHOW B BOAE YrNekuCI0Tbl MPUBOAUT K 0O6Pa30BaHMIO kKanbumTa
1 rnca. Peskoe noBbllleHve pH BOAHOW cpedbl 40 9-12 NpyBOANT K 0OPa30BaHMO 1
OCaXAEHVIKO MMAPOKCMAOB Xxene3a U MapraHua. Obpasyrollmecs B pesynbTaTte ykasaH-
HbIX PeaKLM KanbLumT, TUMC, TUAPOKCUALI Xese3a 1 MapraHLua ABAArTCa MMHepab-
HoW $a3oM, akTMBHO 3axBaTbIBatOLLEN PaCTBOPEHHbIE B BOAe MeTannbl. OcaxaeHne
HOBOOOPA3YHOLLENCA MVHEepanbHOM $asbl 00YCIOBANBAET 3HAUNTENBHOE CHUXEHWE
KOHLLEHTPALMIM METANNIOB B BOAE 1 X 3aXOPOHEHME B AOHHbBIX OTI0XEeHUAX [182].

icnonb3oBaHve KapboHaTHBLIX MOPOA ANS UMMOBUAV3ALMA TAXENbIX MeTan-
OB 66110 NprMeHeHo B. M. Cepreesbim v ap. [159, 160] AnA OUUCTKM CTOYUHBIX BOZA
C BbICOKMM COLEPXaHWEM PacTBOPEHHOMO OpraHiyeckoro BeLecTsa, C KOTOpPbIM TA-
Xenble MeTanbl 06pasyroT MPOYHbIE KOMMIEKChI, UTO CHXAET COPOLMOHHYIO aKTVB-
HOCTb TSXXeNbIX MeTaNNoB. B kayecTBe NpUPOAHOro kKapboHATHOro MaTepuana Umm
MNCNONb30BANCS KaNbKAPUHNT, COAePXaLL/i 60bLIOE KONMYECTBO KaNbLnTa U A010-
MUTA. DKCMEePUMEHTbI MOKa3a/K, YTO KalbKapUHUT CMOCOOEH NHTEHCBHO 13BNeKaThb
Cu, Zn, Pb v Cd 13 BOAHbLIX pacTBOPOB, BK/IHOUAS PaCTBOPLI C BbICOKUM COAEPXaHMUEM
OPraHM4eckoro BeLLlecTsa.

Xapakmepucmuka omxodoe AO «bepe3Hukoackuii codoeslii 3a800» (6C3).
B koHue 1980-x rr. H. . MakcMoBMYeM BbiN0 NPeAnoxeHO 1NCMob30BaTb B Ka-
YyeCcTBe peareHTa AN OYUNCTKN KNCIbIX LAXTHBIX BOJ LLENOYHble OTXOAbl COA0BOMO
MPOM3BOACTBA, MUMIMOHBI TOHH KOTOPbIX HAaKOMWAUCL U MPOAOIXKAIOT MOCTYNaTh
B WnamoHakonutens 6C3 (puc. 4.6). MNMpoBeaeHHbIe B Te rofbl 1ab0paTopHble 3KC-
MePUMEHTbLI MOoKa3ann BbICOKYHO 3QPEKTNBHOCTL 3TOr0 peareHTa, KOTOPbIN MOXHO
MCNONBb30BaThb He3 cneunduyeckor NoAroTOBKN. YTUAM3aLMA 3TVX OTXOA0B (Tak Ha-
3blBaeMbIX «Be/bIX MOPE»), PACMONOXEeHHbIX Ha bepery KaMckoro BOAOXpaHWAMLLE,
yXe B TO Bpems MpeAcTaBasna Cepbe3Hyo 3KON0rMYeCKyto Mpobaemy.
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OTxo4amu NPON3BOACTBA KaNbUMHUPOBAHHOM COAbI aMMMaYHbIM CMOCOOOM
ABNAETCH ANCTUNNAPHAS CyCneH3nd, 0bpasyroladcsa B konmyectse 8-10 M* Ha 0aHY
TOHHY COZbl. ITa CyCNeH3nsa NPeacTaBAseT cobon ANCNEPCHYHO CUCTEMY C COOTHOLLe-
HUem Xuakon 1 Teepgor das 85:15. Xuakas dasa cycneHsum - pacTBop XJ10pnA0B
KanbLWs U HaTpUS, TMAPOKCUAa 1 cynbdaTa KanbLms C 06LLel MUHepanm3aLmert oko-
no 180 r/n [120].

Mocne pasmeLLeHNs ANCTUANAPHOM XNAKOCTU B LLUIaMOHaKOMMUTESb 13 Hee Oca-
XpaeTca 1Bepaas Gasa, CoCTOALLAA 13 KPUCTANNYECKOrO 1 CKPbITOKPUCTANNNYECKOrO
KanbLTa, C MPUMECHIO KBapLa, KaMEBBIX MOEBbIX LUNATOB. KpoMe KabLTa B Llame
B HEOONBLUMX KOAMYEeCTBaxX NPUCYTCTBYIOT Apyriie KapboHaTkl (aparoHUT 1 AONOMNT),
KOTOPbIe MOTYT Takke MPUHATL y4acTue B HEMTPaNM3aLn KMCabIX BOA (Tabn. 4.1).

Otxogpel BC3 0THOCATCA K 5-My Knaccy onacHOCTU. ONTUManbHbIMU 419 Hel-
Tpanvsauum CoCTaBOM 1 CBOMNCTBaMY 0b61aZaeT NPOMbITIV aTMOCHEPHBIMIA OCaaKa-
MU LWam BepxHero 1,5 M 109 CTapoi KapThbl WaamoHakonutens (puc. 4.6, 4.7). OH
6onee yem Ha 90% COCTOUT 13 TOHKOAMCMEPCHOrO KapboHaTa kanbuusa. Boaopoa-
HbIl MOKa3aTeslb BbITAXKN COCTaBnseT 9-12.

CopepxaHye BOAOPACTBOPUMbIX XN0PUAOB, CyNbGaToB, HATPUS B 3TOM COe
B 37-54 pasa HKXe, YeM B OTXOAax AeNCTBYHOLLEeN KapTbl. CoaepXaHue MUKpO3/e-
MeHTOB He npesblwaeT MK BanoBoro cosepxanHus 8 noysax (Tabn. 4.2). BpeaHbix
OpraHnyecknx nprMecer B LWname He obHapyxeHo. Obbem LwnamMa, roToBOro K 1c-
MONb30BaHWIO B KAYECTBE peareHTa Ans OUNCTKM LLAxXTHbBIX BOA 6e3 kKako-n1nbo noa-
FOTOBKM, MPeBbIWaeT T MAH M°.

[na npoBeaeH s OMNbITHO-MPOMBILLIEHHbBIX PAOOT MO HEMTPANM3ALMM LLAXT-
HOW BOAbI C NMpYMeHeHreM 0TxX0A0B bC3, 6biN BbIOpaH M3AMB 13 LUTONbHW LWIAaXTh
M. 40 net OKTABPA, Ha BOCTOYHOM CKNOHe yBana PyaaHcknin Cnon, B Mexaypedbe
pek KoCbBbl U YCbBbI.

B nepvios npoBeaeHUsA paboT pacxoj LWaxTHbIX Bog cocTasnan 180-220 mM3/y,
B NepUOA AOXAEBbIX NaBoakos — 300-400 m3/4. Boaa 13n1Ba 3a BeCb Nepros Habto-
LEHWNI MEeeT CUNbHOKUCAbIE 3HaYeHua pH 2,6-2,9. MuHepanunsauma 13meHdeTcd oT
385 po 875 wmr/n. Cocta BOAbl — CynbdaTHO-Xene3ncTo-kanbumessiri. CoaepxaHne
CyNbdaToB M3MeHAETCA B Npedenax 292-660 Mr/n, xenesa TpexBaneHTHoro - 22-109
MI/n, amtoMnHNg — 8-23 mr/n. CoAepXaHne ABYyXBaNEHTHOIO Xese3a MOXeT AOCTU-
rate 11 mr/n. B TedeHne rofa MmHepannsauma Bodbl U311MBa MEHAETCA. B NeTHIOK
MEXeHb MUHepanmsaums coctasnseT 750-875 Mr/n, coaepxaHie cynbhaTtos - 520-
660, xenesa (cymmapHo) - 97-117, antoMnHnga — 13-23 Mr/n. B meprios oceHHero
[LOXAEBOro MaBoAka MMHepanmsauma cHuxaetcd Ao 385-600, copepxaHue Cynb-
daToB ymeHblIaeTca Ao 292-450, xenesa - Ao 22-56, antomuHng - go 10-14 mr/n.
Hanbonblilee KONNMYECTBO PaCTBOPMMBIX BELLECTB, BbIHOCKMBIX LLIAXTHBIMU BOAaMM
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Prncyrok 4.6.
LLnamoHakonutens AO «bepe3HNKOBCKN COA0BbIN 3aBOA»

Cks.1 CkB.2 CkB.3 CkB.4
M
'y [A
| 3 5 A g Al
o
[ 47 210
A6 A9
MacLTabbl: ropusoHTanbHbIi 1:10000 BepTuKanbHbIi 1:200 0 100 200 m

EE OrpaxaatoLas Aamba, cocToaLias 3 WebHs 1 Apecsbl KapboHaTHLIX MOpos,
|:| Lnam BC3, MArko-NnacTUYHOV KOHCUCTEHLMM C BNAXHOCTbI0 20-62%
|:] LLinam BC3, Tekyye-NNacTU4HON KOHCUCTEHLMM C BNaXHOCTbIO 54-66%

|:| LLnam BC3, Tekyyeli KOHCUCTEHLMM C BNaXHOCTbIO 71-76%
Mecok KBapLeBbIN, CpejHe3epHNCTbIN
Mpo6bl wnama

Prncyrok 4.7.
Paspes (no nnHum 1-1) cTapoii KapThbl LWLIAMOHaKonuTens
Bepe3HMKOBCKOro co0B0ro 3aBoja
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NCCneayemMoro 13nMBa B OKPYXatoLLyo cpeay (puc. 4.8), NOCTynaeT Nocie BeCeHHero
CHerotadHus, B Havane neta - 230-290 kr/4. B NeTHIO MexeHb 1 Nepuoj 0CeEHHEro
MaBOAKa KOIMYECTBO BbIHOCUMbIX BeLLecTB cHkaeTcs 4o 130-180 kr/u.
B M1KpO3N1eMEeHTHOM COCTaBe LUaxXTHOV BOAbl bepUnuii 1 MapraHew, B AecaT-
KW, @ INTUIA, HYIKE/b, KaAMWIA, KOBabT 1 6apuii B HECKO/bKO pa3 npesbiwaroT MAK .
Bozga noctynaet B PaxmaTyNbCkii BOLOEM TeXHOreHHO-KapCTOBOro Mpounc-
XOXAeHNS (NOAPOOHAas ero xapakTepucTiika NpuBedeHa B pasd. 3.3).
JlabopamopHsle uccnedoeaHus. KONMYECTBO peareHTa, HeobxoAMMOro Ana
OYMCTKN LUAXTHbIX BOA, PaCCUUTLIBANOCh Ha OCHOBaH NN N1abopaTopHbIX NCCaes0Ba-
HWiA. Boaa ans nabopaTopHbIX 3KCMEPUMEHTOB bblNa 0TObpaHa U3 LWTOAbHM LWaxTbl
M. 40 net OKTAOPS B NETHIO MeXeHb. B 3TOT nepuroa AN Hee XxapakTepHbl Makcu-
MaNbHbIe 3HAYEHNS MUHEPANM3aLMM 1 KOHLEHTPALMK 3arpsa3HnTenei.
lccnenoBaHns BKIKOYaAW CEpUM OMbITOB MO ONpejeneHuo OnTManbHO-
ro KOMMYeCTBa pacxofa peareHTa 1 BpeMeHu, TPeOyroLerocs Ang HemTpanmsaunm
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e CYMMa PACTBOPEHHBIX BELLLECTB, BbIHOCUMbIX LUAXTHBIMY BOAAMN
PucyHok 4.8.

KonnuecTBo pacTBOpeHHbIX BeLLLeCTB, BBIHOCMMOe BOJamMu U31nBa
waxTtbl M. 40 net OKTA6pSA
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LUaXTHOW BOZbl. JKCMEPUMEHT MO OMNpeAeneHVo ONTUManbHOro Koinyectsa pea-
reHTa UMUTUPOBaN YCI0BUA HEWTPann3aLmnm, KoTopble, No JaHHbIM NpeasBapuTesb-
HOro obcnefoBaHNs, OyayT CyLLeCTBOBaTb B peanbHOM m3nmee. Ans atoro k 0,5 n
LUAXTHOW BOZAbI A0baBAANaCk onpefeneHHasd HaBecka 0Tx040B bC3 1 MHTEHCMBHO
nepemellnBanachb B TeveHvie 5 M1H. Flocie 3Toro Boga oTcTanBanack B TeveHvie 20
MVIH, 1 MPOM3BOANNOCE N3MepeHve pH. MpoBefeHbl ABe CepUM OMbITOB C LLAXTHOWN
BOZOW. Pe3ynbTatel 3KCMepyMeHTa NMpeAcTaBieHbl Ha pucyHke 4.9. YCTaHoBeHO,
YTO OMTUMaNbHOE KOMNYeCTBO 0TX0408 bC3 Ana NoBbIlLeHVA pH LaxTHOM BOAbI 40
3HaveHun 6,5-7,0 coctasngdet 1,2-1,5 r/n.

MuHepannsauma BoAbl 40 HelTpanmsaumm coctasngana 801-867 wmr/n, Bo-
AOPOAHbIA NokasaTens - 2,8-2,9. CogepxaHue cynspatos npesbiwano MNAK s 1,2
pasa, xenesa - B 326-372 pasa, atoMnHng - B 36-37 pas. B pesynbTaTe HelTpanu-
3auMKM NpownsoLWwIo noseleHne pH fo 6,4-7,0. CogepxaHve xenesa v antoMnHng
Haxoantca B npegenax MK . TosblweHne cogepxaHng cynspaTtos, XN0prA0B, coe-
[VIHEHUI a30Ta He HabArAaeTCs, B0 BbIN0 HE3HAUNTENBHO [94].

TakMm 06pasoMm, MpoBeAeHVe 1aboPaTOPHEIX SKCMEPUMEHTOB MOKa3ano, YTo
ANA HerTpanusaumm 1 M2 WaxTHOM BoAbl Heobxoaumo 1,2-1,5 kr otxoaos bC3, npu
STOM MPOUCXOANT NOBbILLEHWE pH [0 HENTPaNbHbIX 3HAUEHWI, OUNCTKa BOAbI OT Xe-
nesa 1 antoMnHUA.

Pe3ynemamel onbImMHO-NPOMbIWAEGHHbLIX UChsiMaHUl. s OUNCTKA LIaxT-
HeIX BOZ 6bINa MPUMEHEeHa NPOCTasd TeXHONOrMYeckas cxema. PeareHT f06aBnsanca
B MOTOK M3/11BAaBLUENCA LLAXTHOW BOZbI, 3 00Pa30BbIBaBLUMECS HEPACTBOPMMbIE Be-
LecTBa 0ocefanu B Kackaae oTCToMHKyKoB. CoBMecTHO € A. b. XonoctosbiMm 11 B. H. ba-
COBbIM, OfHMM 13 aBTOPOB Oblia pa3paboTaHa cneunanbHas YyCTaHOBKa, MO3BOJIVB-
Lag roToBUTL NyAbMy ONpeAeneHHOM KOHLeHTpaummn 13 otxogos bC3 n LwaxTHon
BOZbl 11 BbIIMBaTb €e HernoCpeACTBeHHO B kaHan CTOKa M3/11Ba: B KOMYeCcTBax, pac-
CYMUTaHHBIX B 3aBMCMOCTM OT Pacxosa 1 coctasa Boabl (puc. 4.10) [101, 102].

lpoBefeHHble PaboTbl MOKasany, YTO PH LUAXTHOW BOAbI MOBBILIAETCA C
2,6-2,9 [0 HeNTpanbHbIX 3HaYeHnn. B xofe UCnbITaHWii CyMMapHOe cofepXaHue
xenesa ¢ 30-40 cHu3nnock Ao 0,2-0,3 mr/a, uto He npesbiwaet MAK . Mocne Hei-
Tpanvsauuy, antoM1UHAUA B LLAXTHOW BOAE He ObHapyxeHo, Torja kak 4o 3TOro ero
cogepxanue coctasnsano 10-14 mr/n. CogepxaHue 6epunnng, NINTUS, HUKeNs, Kaj-
MVISt, KOBaNbTa 1 TUTaHa, KOTOPLIE B LUAXTHbIX BOA3X MPEBbILLIANN HOPMATVBHbIE KOH-
LieHTPaLUWK, CHXAETCA 0 3HaUeHVI, He npesblwatoux MNAK - HelTpanisosaHHas
BOZa noc/ie 0TCTavBaHWA yaoBaeTsopaeT TpedosaHuam MAK (puc. 4.11).

Mpu cMemnBaHN LLAXTHOM BOZAbI CO WiaMamMi bC3 MponcxoanT NoBelLLeHme
pH 3a cyeT B3aMMOAENCTBUA C KapObOHATOM U MMAPOKCUAOM KaNbLWg, KOTOPble ABN1S-
FOTCA OCHOBHbLIMU KOMMOHeHTamMn 0Txo40B bC3. Mpn 5TOM MPONCXOANT HacTnYHadA
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PucyHok 4.9.

Vi3meHeHMe BOAOPOAHOro NokasaTesns BoAbl U31MBa WaxTbl UM. 40 neT OKTA6pS:
A, b - npun fo6aBneHUN PasINYHOIo KoInYecTBa peareHTa

B - npu fo6aBneHNn oNTMManbHOro KoanyecTea peareHta (1,35 r/n),

B 3aBUCUMOCTM OT BPEMEHN
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CmecuTens ansa Mnowazaka
NPUroTOB/IEHNS peareHTa cknaavpoBaHus oTxozos BC3

Mogaya waxTHon
BO/bI B CMecuTenb

3arpyska
0TXO/0B
pH~2,8 A 30Ha NpeABapyTeNLHOO
On > OTCTanBaHUs ocadka —

Hacoc 3oHa peakuuid

B3BeCb, pH~7 Boga yaoBneTBopsieT Tpe6osaHus MK,

PH=7 (B0 HeliTpanusauun pH=3)

ocagok

Josauus peareHTa
B CaMOU3MB

CyuecTsytoLmin
TeXHOreHHsbIli 0cazok

Y3en civBa PaxmaTyNbCKuit BogoeM

PucyHok 4.10.
06LL,as TeXHONOrMYecKkas CXemMa OUNCTKU KUC/bIX LUAXTHbIX BOJ,
Knsenosckoro yrosbHoro 6acceiiHa (waxta nm. 40 net OkTA6psa) oTxogamm bC3
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== == [laxTa um. JleHnHa = ===== LWaxTa nm. 40 net OkTA6PA

WaxTa «LleHTpansHas» — [llaxTa «YCbBa-3»

Prncyrok 4.11.
M3meHeHuns pH BoA pas/iNYHbIX LLAXT OT Maccbl peareHTa

Macca peareHTa, r
I I
25 30

------- LLlaxTa «TaexHas»

OYMNCTKa BOAbI OT Psifia 3arpsisHUTENel, KOTOPble XOPOLLO MUrPUPYIOT B KMCNOW Cpe-
[ie Y ManonoABMXHbI B HEATPANbHOMN U LLEN0YHON. K HUM OTHOCATCH 6ONBLLNHCTBO
KaTVMOHOIeHHbIX METaNN0B, Takmx Kak Fe, Al, Mn, Co, Zn, Cu, Ni, Pb, Cd, Ti v apyrue. MNMpn
NOBbILLEHUM pH PacTBOPOB, B KOTOPbIX MPUCYTCTBYIOT MOHbI 3TUX METasI0B, MPouC-

XOANT X OCaxeHne B Bnae rmapoKCnioB.

[nst Kaxa0ro 13 MeTanIoB XapakTepHbl ornpeeneHHble 3HaueHusa pH cpeasbl,
BblILLIE KOTOPbIX HAUMHAeTCa ocaxaeHne X rnapokcuaoB. B Tabnunue 4.3 nprseaeHsl
PpH Hauana ocaxaeHvst rmapoOKCA0B METANNO0B, KOHLIEHTPALIN KOTOPbIX B LUAXTHbIX
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Tabnuua 4.3.
3HauveHust pH Havana ocaxxaeHnsi TMAPOKCUA0B 13 pa3baBneHHbIX PpacTBOPOB cosel
1 npoussegeHune pactsopumoctu (MP) rmgpokcngos npu 25°C [137]

pH 14-161 248 | 41 52 53 54 55 57 6,0 6,7 6,8 9,0
™~ o ©0 o n <

2l g || 2 lsl2lzlglel ]|z

np Tl Y|el el TS| o
o o = < o = <~ o o = - =

S - SN n \ o Q. - - ™~ M -

— <~ — <~ M~ — ~ — ™~ ee) — <~

Bosax KYba npesbiwatot MAK . lNpriBeseHHbIE AaHHbIE MOKa3bIBAtOT, YTO MpW Mo-
BbILLEHNN pH LLIAXTHOW BOZAbI, B MEPBYIO 04epe/b, B 0CaA0K BbINaAaroT MMAPOKCIAbI
TTaHa, TPEXBANEHTHOrO Xene3a u antoMuHUA. Fe* 1 AP* aBNaoTCa OCHOBHbIMA 3a-
FPS3HUTENAMM BOAbI, U3NMBAOLLENCS 13 LUTOAbHM WaxTel M. 40 neT OkTs6ps. Mpn
JaNbHeleM NOBbILWEHUN pH 113 pacTBOPa NOCNeA0BaTe/IbHO OCaXAAr0TCHA MUAPOK-
cnabl Zn, Cr, Cu, Fe, Be, Pb, Ni v Co.

CyLlecTBeHHble KOPPEKTMBLI B OUNCTKY LLUGXTHOW BOAbLI MOMYT BHOCUTL MpPO-
Lecchbl copbummn. 3HaunTenbHasa YacTb 06pasyoLLeroca NPy HemTpaav3aumm ocaska
npeAcTaB/ieHa refnem ruapokcnaa xenesa. Konnonasl Fe(OH), 06134at0T BbICOKMMM
COPOUMOHHBIMI CBOMCTBAMM, UYTO MOXET MPUBOANTL K COBMECTHOMY OCaXAEHWNHO C
FMAPOKCUAAMU Xene3a APYrUX 3N1eMeHTOB.

B page ciydaes, Korga NCXOAHaA MUHEpanu3aumnd LWaxTHbIX BOZ 40CTaTou-
HO Be/VIKa, ee COCTaB NMpu HeMTpan3aLUmm MOXET PerynpoBaTbCs CNOCOBHOCTLIO K
PaCTBOPEHMID BELLECTB, MOHbI KOTOPLIX HaxOAATCA B pacTBOpe.

LaxTHad BoAa MOXET COoAepXaTb 3Hau4MTeNbHOe KOAMYeCTBO CynbdaT-1o-
HOB, B HEKOTOPbIX CyYaax — 40 17 r/n. Npn HeNTpanM3aumm WaxTHbIX BOJ B PaCTBOP
NOCTYNatoT MOHbI Kanbuud. BogHblid cynsdat kanbuna vin runc (CasO,2H,0) oTHO-
CATCH K ManiopacTBOPVIMBIM CoefjHeHnAM. Ero pactBoprMOoCTb B BOAE COCTaBnser
0KONO 2 r/n. [pn OTCYTCTBUN B HENTPANIM30BAHHOW LLAXTHOM BOAE 3HaUNTENIbHOIO
KOMYeCTBa Kakux-nnmbo Apyrux MOHOB, COBMECTHOE HaxoXaeHne cynbdaToB 1 1o-
HOB KanbLusa ByAeT perynMpoBaThCs PaCTBOPUMOCTbLIO CybdaTta kanbums. V36bITou-
Hble MoHbI SO,% 1 Ca* OyayT BbiMafaTb B 0CAA0K B BMAE r1nca. IT0 MOATBEPXAaeTCs
PEHTreHOCTPYKTYPHBIMU NCCIeA0BaHVAMN OCazka.

Takum 06pasoM, npu ONpeAeneHHbIX YCNOBUSAX MPOUCXOAUT YacTUYHanA
OUNMCTKA LAXTHOM BOAb! 0T SO,2.
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O6pa3yroLmiica 0CaAok NpeACTaBaAeT CObOM CMeCb TOHKOAVCMEPCHbIX YacTuL,
rMAPOKCUZAOB Xenesa 1 rnca, YacTUYHO He MpopearnpoBasLUero kapboHaTa Kanb-
ums. OH VIMeeT HeMTpanbHyto peakumto cpeabl. NoABVXHBIX GOPM Xenesa, aNtoMNHIUS,
MapraHua, CBUHLA U APYriX SNeMeHTOB NPakTNYeck He 0bHapyXeHo, T. . 0CafoK He
ABNSETCH UCTOUYHMKOM BTOPUUYHOMO 3arpsa3HeHns BOAHbIX 06beKTOB (puc. 4.12).

Mocne ycnewHoro npoBeAeHsa OnbITHO-MPOMbILLUIEHHOrO UCMbITaHNSA Npej-
NaraeMoro Metoa Ha waxte uM. 40 net OkTAGPA, Oblna NpoBejeHa OLEeHKa Heob-
XOAMMOrO KONMYeCTBa PeareHToB ANsd U3INBOB LWaxT UM. JleHrHa, «LeHTpanbHasny,
«YCbBa-3», «TaexHaa» [174].

13y4eHa 3aB1NCMMOCTb M3MEHEHNS KOHLEHTPaLMM NOHOB BOAOPOZA B LLAXTHOM
BOZE OT BpeMeH 06paboTkm peareHToM. s Kaxao/ Npobbl LaxTHOW BOAbI Onpese-
JleHa 3aBUCMOCTb CTEMEHN HeNTPpanM3aumm BoApl OT MacChl peareHTa (puc. 4.11).

Pe3ynbTaTbl 3KCMEPUMEHTOB MO HEMTPANM3aLMM OTXOAa LWAXTHbIMU BOAAMM
PasUYHOro CocTaBa 0bpaboTanu B BMUAE 3aBUCUMOCTEN NPOn3BOAHOW d(pH)/d(m),
ABNAFOLLUNXCA KPUBBIMU TUTPOBAHNS KUCIOThI (LUAXTHOW BOZAbI) LLENIOYHbIM peareH-
TOM. TTonyyeHbl KMHeTUYeckne 3aBNCUMOCTY COAEPXKAHNSA OCHOBHBIX KOMMOHEHTOB,
MO KOTOPLIM PacCHUTaHbI KUHETUYEeCKEe YPaBHEHA:

d(pH)/d(m)
25
2.0
1.5
4
'l
'O
'l
1.0 o
g
"
05 /
7 pH
0 \ - e \ \ o \
2,8 38 4,8 58 6,8 7,8
= = |laxta vm.JleHnHa ~ ~  ===e=- LWaxTa nm. 40 neT OKTAOPS ~ wessees WaxTa «TaexHas»

WaxTa «LeHTpanbHad» — lllaxTa «YCbBa-3»

PucyHok 4.12.
3aBMCMMOCTb NPOM3BOAHO KOHLEHTpaL M1 MOHOB BOAOPOAA MO Macce peareHTa
B 3aBMCUMOCTU OT pH
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pH =0,0049x% + 0,2561x + 2,8831

CFe, =0,1857%x* - 8,4396x + 91,904

C cynbd. = 0,3582x% - 15,449x + 596,06,

rae x — BpemMda OT Hadana B3anmogeicTeng, Yac; C Fe
TpaL KOMMOHEHTOB B LLIAaXTHbIX BoAaX, Mr/n [175].

Ha nonyyeHHbIX KpnBbIX (pUC. 4.12) Ang BCeX LWaxTHBIX BOZ 3apUKCUpPOBaHbI
TPW MakKCMyMa: NepBbl MakCcuMym - 3,80-4,33; BTOpo Makcumym - 4,68-5,70; Tpe-
TV MakCUMyM - 6,25-6,56, 4TO COOTBETCTBYET VIOHHbLIM PaBHOBECUAM B3aUMOZeN-
CTBVS KapOOHaTa KanbLUMa 1 pazbaBaeHHbIM PACTBOPOM CEPHOMN KMCNOThI.

MpennoxeHa MoAenb HeTpanu3aumy cnaboro ABYXOCHOBHOTO OCHOBAaHUA
(oTxopoB BC3 KMCNOTOW LWaxXTHOW BOAbI). B Hauane npouecca HeMTpannsyeTcs camo
OCHOBaHWe [0 rMAapokapboHaTa, 3aTem r’MAPoKapooHaT — A0 YrONbHOW KACAOThI, 1
yXe Ha TpeTben CTagnm TUTPYETCA KMCA0Ta MO BTOPOW CTyNeHN.

Mo pesynbtatam JaHHOW Cepun 3KCNepUMEHTOB YCTaHOB/IeHbI 3aKOHOMep-
HOCTW OMNTVMaNIbHOIrO KOMYeCTBa peareHTa (y) 0T OCHOBHbIX NMapamMeTpOB LLUaXTHOW
BOAbI. BbIpa3nTb VX MOXHO CneayroLLMm YpaBHEHUAMN.

YpaBHeHVe 3aBUCMOCTY KONMYECTBA peareHTa OT CoAepXaHns CynbdaTos B
LaxTHoW Boge (X):

¥ =584 1In(x) + 8,76 (KoadpdnumeHT MHOXeCTBEHHOW Koppenauun = 0,97).

YpaBHeH/e 3aBUCUMOCTI KONMYECTBa peareHTa oT M1uHepanmnsaLmm (u):

¥ =527141n(u) - 29,18 (Ko3bdMLMeHT MHOXECTBEHHOW koppensuun = 0,95).

BelnonHeHHbIe MCCNef0BaHNS MO3BONNAN OLEHUTL HEOOXOAMMOE KONnYe-
CTBO OTXOZ0B COA0BOr0O NMPOU3BOACTBA ANA OUNCTKM BOZ 3TUX U3NVBOB. Pe3ynbTatsl
npeacTasneHbl B Tabnve 4.4. Icnonb3ys faHHble Mo 00bemMy 1 COCTaBy BCEX U3/U-
BOB, BbINOMIHEH pacyeT 0OLLEero KoAM4ecTsa peareHToB 1 06pasytoLleroca ocagka
Ans Bcex 13nnBoB KYba (Tabn. 4.5).

[JONONHUTENBHBIM MIFOCOM [aHHOMO MeTofa ABNAeTCA NCMOob30BaHne And
OYMCTKN LLIAXTHBIX BOJ OTXOLOB COAOBOrO MPOV3BOACTBA, XPaHeHWe 1N yTUaM3auna
KOTOPbIX MPEACTaBAAET CEPbe3HYH0 3KON0rnYeckyto mpobaemy.

Takvm 06pasom, MpoBeAeHMe OMbITHO-3KCMEPUMEHTaNbHbIX PAbOT Mokasano
MepcnekTMBHOCTL VCMOBb30BaHNA OTXOL0B COLOBOIO NPOV3BOACTBA ANA PeLleHns
OYUCTKN BOJ, U3NVBOB. lNpeACTaBaeHHbIn MeTO/ MO3BONAET KOMIMIeKCHO PellnTb
PAL KONOTMYECKNX MPOOaeM PETrVIOHE, K KOTOPBIM OTHOCATCS: OUMCTKE KAC/BIX LUAXT-
HbIX BOA, PeKy/IbTUBALMA OTBANOB YrOMIbHbIX LLAXT U CHYKEH e 3arpa3HeH s npuno-
BEPXHOCTHOW rnapocdepsl, CHUXEHNE BblAeNeHVst MapHUKOBbLIX ra30B 13 OTBasOB,
YTUAN3aLME OTXOL0B COLOBOMO MPOW3BOACTBA (CM. pa3a. 4.5).

Cnesyet OTMETUTb, YTO BO MHOMMX Cay4asax, Npy peannsaumm npruposoox-
PaHHbIX TEXHOMOMMA MO OXPaHe OKpYXartoLlen Cpejbl, OKasblBaeTca HeratusHoe

souy C CYNIbO. — KOHLEeH-
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Tabnuua 4.4.

OpVIEHTVPOBOYHBI pPacxog peareHTa
1 KONINYECTBO 06PasyHOLLLErocsi 0CaAKa A/ HEKOTOPbIX U3/MBOB

VM. NleHnHa 41 23959 4747 6,6 26,0 29 4,06

«LleHTpanbHas» 33 15546 4433 6,5 22,3 54,9 76,86

VM. 40 net OkT6pSA 29 801 97 6,6 51 35 4,9

«YcbBa-3» 31 418 39 7.2 45 0.2 0,28

«TaexHas» 3,6 6530 1390 6,5 14,0 153 21,42
Tabnnua 4.5.

Heobxopmmoe KkonnyecTBo peareHTa Ansa Bcex nsnmeos KYba

O6pasyeTcs 0cafok 214,7 TbiC. T B TOA

Heobxoanmas nnolaze ANst pasMeLLeHnst 0cajka Npy MOLLHOCTY C10S 2 M 2,6rasroj

BAnsiHVe. OBPasyroTca HOBble OTXOAbl, MPOU3BOAATCA BbIOPOCH B atmocdepy n
COpochl B ruapocdepy, CO34at0TCs LWyM, BUOPALMS, 3N1eKTPOMarHUTHbIe 1 Temnio-
Bble MoNg.

MpeAnaraeTcs TEXHONOMMA NPAKTUYECK NNLIEeHHad 3TNX HeAocTaTkoB. Kpo-
Me TOro, 3Hepro3aTpaThl Ha ee peann3aumnio MUHUMaNbHbI, Y4TO Takke ABNAeTCH No-
NOXUTENBbHBIM MOMEHTOM C TOYKM 3PEHVIS OXPaHbl OKPYXatoLLelt cpeas.

4.5, OUnNCTKA CTOKOB C OTBAJIOB

Kak 6b110 Moka3aHo BbilUe (CM. r1aBy 3), CTOKM C OTBANOB BHOCAT CyLLECTBEH-
HbIV BKNaZ B 3arpasHeHe okpyxaroLlein cpeabl KYBa. CTOokM C OTBa/NOB XapakTrepu-
3yrOTCA HEMOCTOAHHBIM O6BEMOM U XMMNYECKUM COCTaBOM, KOTOPble MOTyT Cylije-
CTBEHHO MEHATLCA KaK B TeYeHUe roAa, Tak 1 B TeyeHre BpemeH CyLLeCTBOBaHNA
oTBasa. Ha MHOMMX OTBasax CTOKM UMEROT HEMOCTOAHHbIN XapaKkTep W CyLLECTBYHOT B
Nepriog CHeroTagHNs U ObUNBHOrO BbINAAEHWS OCaLKOB.

Ha Teppntopun KYba yuteH 31 oTBan, B AENCTBUTENBHOCTY X 3HaYUTENBHO
60AblUe, Tak Kak Npv paboTe 6acceriHa MHOIME OTXOAbl Yrnefobblun CknaaupoBa-
NNCb CTUXUIAHO.

HeratnsHoe BO3AeCTBME CTOKOB 3aK/IHO4aeTCH B 3arpa3HeHI MOBEPXHOCT-
HbIX 1 MOA3eMHbIX BOZ. CTOKM NMEKT HEOPraHW30BaHHbIN XapakTep, kaHasbl CTOKOB
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He BblpaxeHbl, BCIGACTBME Yero 3HayuTeIbHble MO MAOLAAN YYacTK/ 3EMHON Mo-
BEPXHOCTV MOABEPratoTCA 3arPA3HEHUIO.

MepcnekTnBHbIMM HanpasaeHNaMI NPefoTBPaLLEHUA HEeraTUBHOMO BAUAHNA
CTOKOB C OTBa/I0B ABNAOTCA KakK O4NCTKa MOBEPXHOCTHOMO U MOA3EMHOr0 CTOKa, Tak
N pekyNbTUBaLIMG, BKIFOUAtOLLAA BO3AEUCTBE Ha MOPOAbI OTBANOB ANA CHUXEHUA
MUTPaLIN U3 HIX 3arpasHuTeneid. lns 3Toro MoryT UCMoAb30BaTbCs, MONyYmBLLVE B
nocneAHee Bpems 60/1bLLIOe PACNPOCTPaHEHVe, TEXHONOTN Ha OCHOBE UCKYCCTBEH-
HbIX reoxummnyecknx bapobepos [113, 214, 215].

O4ucmka nogepxHOCMHO20 CMOKA ¢ omeasoe. Npobnemy OUNCTKA CTOKOB C
0TBa/IOB MOXHO YacTUYHO PeLlVTb C MOMOLLbIO JOCTAaTOYHO MPOCTLIX COOPYXEHWUI.
Ha myTu CTOKOB C OTBaNOB COOPYXaeTcs amba, 1 0byCcTparBaeTcs COOPHMK CTOKOB.
[amba 11 noxe COOPHMKa CTOKOB BbIMOMHATCA 13 KaPOOHATHbIX MOPO4 (pyc. 4.13).

B kauecTBe maTepuana LenecoobpasHoO MCMoAb30BaTb OTCEBBI KapbepoBs
KapbOHaTHBIX MOPOJ, KOTOpble pacnonoxeHsl B npeaenax KYba nav B Henocpes-
CTBEHHOW 6an3ocTn (puc. 4.14). O6bem 0TX0A0B B 06Pa3yHOLLMXCH MECTOPOXAEHNSAX
TONbKO 3a 2016 1. coctaBun 1,9 MAH TOHH.

Ana  oueHkn 3PeKTMBHOCTM MpejnaraeMoro MeToAa, COBMECTHO C
B. M. CepreeBbIM, BbIMOJHEH KOMMAEKC N1ab0PaTOPHBLIX NCCIeA0BaHNN, Lenbio KO-
TOPbIX ABNAN0CE ONPeAeneHrie BO3SMOXHOCTU UCMONb30BaHNS GUbTPa 13 kapbo-

Ocagku

Cnoii noysbl
1 pacTUTENbHOCTE

&

pH34 /
A A KNCD D — - - - I-_ . —

A gOTceBN - - -
A 3BECTHAKOBbLIX A A A
7’ B [
57 :(apt_.epos

BogoHenpoHuLaemblii cioi
A 2 FNVNHUCTBIX MOPOZ,

/

pH67 [,

LLlenoyHble peareHTsi
(OTCeB N3BECTHSKOBbLIX KaPbEPOB, OTXOAbI COAOBOTO MPOU3BOACTBA,
0CazoK, 06PasyHOLLMIACS MPU OUNCTKE LLIAXTHBIX BOZA)

PucyHok 4.13.
MprHUMNManbHas cxemMa 0UMCTKN KMUC/IbIX CTOKOB C OTBaJIOB C UCMO/Ib30BaHNEM
OTCEeBOB M3BECTHAKOBbIX KAPbEPOB U APYruX LLLeSIOYHbIX peareHToB
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HaTHbIX MOPOA A5 OUNCTKN KUCNbIX CTOKOB. 119 SKCNeprMeEHTOB NCMO1b30BaNNCh
Kucable Boabl € pH 1,55 1 pasnnyuHble dpakumm 0TCeEBOB N3BECTHAKOBOrO Kapbepa
(tabn. 4.6).

KapboHaTHble mopogsl MoMellanvcs B TPyoKy, Yepes KOTOpyt MpOonycka-
NNCb KUCTble BOAbI, MPW 3TOM WCMOAb30BaHWe Hacoca-403atopa Mo3BOMAN0 pery-
NMPOBaTb CKOPOCTb MOAAYM 3TOW BOAbI. Ha BbIXOAe OTOMpanncb Npobel, B KOTOPbIX
duKcnpoBannce M3meHeHUa pH. B xonde KaXAoro 3kCneprMeHTa onpesensnach
YAENbHas MOBEPXHOCTb YaCTNL, KaPOOHATHOM KPOLLKM, 3anonHaAtoLLen Tpyoky. Kpo-
Me 3TOro, onpejendnace 3aBUCUMOCTb BEANYVHBLI PH OT CKOPOCTK MPOXOXAEHNA
Kucnor Boabl B dunsTpe. IOGEKT OUUCTKM CUUTaNCs AOCTUMHYThIM, KOraa pH pac-
TBOPa gocturan 6. Mpuv Takmx 3HaueHUAX ocaxgaeTcsd 60NbLIMHCTBO 3arpasHuTeneit
KNCNbIX BOA (CM. pa3a. 4.4).

CNOXHOCTb pelleHns MOCTaBAeHHOW 3aZayl 3akitoyanack B TOM, YTO Ha
n3meHeHve pH OAHOBPEMEHHO OKa3blBatoT BAMAHME KaK BeUYMHa YAe bHON Mno-
BEPXHOCTY YacTUL, PUNbTPA, Tak U BPEMSA KOHTAKTa LLAXTHON BOAbI C MOBEPXHOCTEHO
GUABTPA. IKCNEPUMEHTbI MPOBOAWAMCE B LUMPOKOM AManasoHe CKopoCcTen puabTpa-
umm - o1 0,0004 cm/c ao 0,02 cv/c. Ans Kaxaon 13 MCMoab30BaHHbIX GpakLmi onpe-
AeNAnca Ko3QPULMEHT GrnbTpaLmnn.

B xoze nposefeHVs akCcneprmMeHTa GUKCMPOBanoCh BAMSHNE PacTBOPEHUS
KapbOHAaTOB Ha M3MeHeHVe NPOHULIaEMOCTY GUAbTPa.

Micnonb3yemble Gpakumn MMerT KO3GnumeHTsl GunbTpaumm 1 BEANYMHbI
YAENBHOW NOBEPXHOCTH, MPefCTaBaeHHble B Tabnnue 4.6.

Mpy CHXEHWW BENVYHBI YAENBHOMO pacxoa A0 3HaveHnn 0,6 CM?/MUH 1,
COOTBETCTBEHHO, CKOPOCTY 2,36+1072 CM/C, 3HaYeHMe pH Ha BbIXOLe CTaHOBUTCA PaB-
HbIM 6,0 1 OCTaeTCA HeM3MeHHbIM Noce NPonyckaHKa Yepe3 dunsTp 500 06bLeMOB
MOpPOBOro MPOCTPAHCTBa. 1P 3TOM MOABNALLAACH B3BECb HE OKasblBaeT Cylie-
CTBEHHOTO BAUAHVISA Ha M3MEHEHWEe MPOHVLLAeMOCTN GUbTPA.

MccnepoBaHVst 3aBNCUMOCTI M3MEHEHWA pH OT pasmepa ¢pakumn (CooTseT-
CTBEHHO, MOBEPXHOCTN GUABTPA) U CKOPOCTN GUABTPaLMK ObIAV BEIMOAHEHBI B aHa-
NOTNYHOM OnbITe ANd dpakumi pasmepamut 1-2 MM, 2-3 1 3-5 MM. 3Tu nccnesosa-

Tabnvua 4.6.
BennuuHbl Ko3pdunLmeHTa dunbTpaLum
M yAenbHOM NOBEPXHOCTU ppakumia
Pasmep ppakunia, Mm
Mokaszatenb
0,5-1 1-2 2-3 3-5
BenanuwnHa K, m/cyt 80 290 750 900
BennuynHa yaenbHol NoBepxHOCTH, CM3 241 12,03 7,21 4,52
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PucyHok 4.14.

MecTopoXAeHNs U3BECTHAKOB 1 A0/I0MUTOB B palioHe KYba
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HWNA NO3BONNIN YCTaHOBUTE CKOPOCTY GUALTPALAN VI BDEMS KOHTaKTa LUAXTHbLIX BOA
NpY UCNONB30BaHUW KaxXAol 13 Gpakumii. B Tabnnue 4.7 faHbl cKopocTu duabTpa-
LMK 1 HEOBXOAMMOE BPeMS KOHTakTa C GUAbTPOM LLAXTHbIX BOA, 0becneymBaroLLme
noBblLlLeHne pH [0 3HaveHnd 6,0.

MonyyeHHble faHHbBIE MOTYT ObITb MCMOABL30BaHbI A1 pacyeTa NapaMeTpos
GUNBTPa 1 TEXHONOTUN €ro NCMob30BaHNA B MPOM3BOACTBE (0ObeMbl GUABTPA,
rpaaveHTbl Hanopa n T. 4.).

Ans npyMepa BbINOAHEH BapyaHT pacyeTa ANA YCNoBWS, KOrja TpebyeTtcs
obecneynTb NOBbILEHME pH KUCIbIX BOA C BOAOMPUTOKOM 3 1I/C.

[ns 0becneyerrs NoBbILeHWS pH 20 6,0 Mpy NpUTOKe KUCAbIX BOA 3 N1/C, Tpeby-
eTCA Pa3NNYHBIV Ha4anbHbIM 06BbeM GUALTPA, B 3aBUCMMOCTM OT KPYMHOCT GPaKLymn.
370 yC10BMEe OMNpeAenseTca BpeMeHeM KOHTakTa KUCIbIX BOA C KapOOHATHOW KPOLLKOW
N HEOOXOAMMOCTBIO ObecneyeHna PUAbTPaLIAN BCEro CyTOYHOro NpuToka BoA. B Ta-
6nnLe 4.8 NprBeaeH HEOOXOANMbBIV 0OBEM FPYHTa ANA KaxXA0n GpakLmm, 06 bEM KIC-
NbIX BOZ, ANS KOTOPbIX ByAeT nonyyeH pH He meHee 6,0, 1 Bpems cpaboTkm dunsTpa.

[Ana obecneyeHus 3GdeKTVBHON paboTbl AaHHOT0 GUAbTPA HEOOXOAMMO Bbl-
NOMHWTb YCNOBKE, O KOTOPOM YMOMWUHANOCh BhILLE, T. €. 06ecneynTb Bpems KOHTaKTa
KUCNbIX BOZ C MOBEPXHOCTBI GUABTPa. ITO AOCTUIaeTCa MyTeM onpegeneHns Heob-
XOAVMOrO rpagneHTa GuabTpaLmn.

MprBesem NpuMep pacyeTa 3Ha4eHUN rpagueHTa GunsTpaLmn Npu NCnonb-
30BaHUKM dpakumy 0,5-1 MM.

ViImeeM NpnToK KNCABIX BOZ 3 N1/C, UTO cooTBeTCTBYeT 259,2 M¥/cyT. Kak cnesy-
eT 13 Tabnnubl 4.8, He0bXoANMbIA 06beM GUNLTPA, 06eCNeUNBaLOLLMIA EXXECYTOUHYHO
HeMNTPanM3aLmMto LWaxTHBIX BOA C AaHHbIM BOAOMPUTOKOM, COCTaBUT ANA Gpakumn
0,5-1 MM = 21,9 M2 TpumeM ToNWmMHY GunsTpa pasHyro 1 M. Torga, NpyHAB, YTO
Q - cyToYHbIV pacxos - 259,2 M3 S - ceyeHue dunbtpa - 21,9 M3 - Bpems dunbTpa-
LM — 1 CyT, MOXeM OnpefennTb CKOPOCTb GUNbTPaLMA V N3 BbIpaxXeHNs:

v =£=1 1,8 m/cyT
Sxt
Tabnuua 4.7.
PacyeT onTyManbHbIX YCI0BUY U NapaMeTpoB KapboHaTHbIX GUNLTPOB
Pazmep ppakumii, Mm CkopocTy GunbTpaLum, cM/c Heobxoanmoe BpeMs KOHTaKTa, cyT
0,5-1 2,8610° 0,035
1-2 143107 0,069
2-3 0,86:10° 0,116
3-5 0,52:10°3 0,191
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Tabnuua 4.8.
PacueT ycnosuia akcnnyataumv ¢puabTpoB

O6beM rpyHTa, 06bemM BoAbl (M3),
Pasmep o ” . Bpewmsi cpaboTku
GpaKLT, MM obecneyvBatowii 3a 1 cyT HenTpanv30BaHHO SMNLTRE,
[PElEYAT, HenTpanusaumio Bog, m* 2,0 pH 6,0 pa, cyT
0,5-1 219 4380 17
1-2 43,2 8640 33
2-3 72,6 14500 56
3-5 118,6 23720 92

Otctoga rpagveHT duabTpaumn, npu KospouumeHTe GuabTpaumn AaHHON
dpakumm 80 m/cyT (Tabn. 4.6), coctasut 0,148.

Takm 0bpasom, nepenaj HanopoBs, Mexay YPOBHAMU BbILLE 11 HVXE MAOTUH
13 KapPOOHATHOrO MaTepMana, LOMKEH COCTaBNUTb 15 cM. Mpr 3TOM LO/IKHO ObITh CO-
61t0eHO yCNoBMe CBOBOAHOrO MPOMycka BOAbl Yepes BCE ceveHre GuabTpa npu
[AHHOM rpaaveHTe.

VIMeHHO TakoW nmepenaz HanoposB 0becneynT HeobXoAMMoe BpeMa KOHTakK-
Ta KNCABIX BOA C QUABTPOM W MPOMYCK BCero obbema copacbiBaemblx BOA Yepes
ounbTp. B Tabavue 4.9 npusefeHbl BENNYVHEI TPAANEHTOB MPWU PasNNYHOR TON-
LUVHE 1 pa3HbIX pakLmax KapboHATHOM KPOLLKK. DTa TabavLia No3BONSET BbibpaTh
ONTUMaNbHbIA BapnaHT KOHCTPYKUMM GUABTPA, C y4eTOM 0COBeHHOCTen penbeda n
TEXHUYECKX BO3MOXHOCTEN,

Takm 06pa3oM, BbINMOMHEHHbIE PAbOTLI MOKa3bIBAOT, YTO MPOBAEMa OUMCTKN
CTOKOB C OTBa/IOB MOXET ObITb pPeanbHO pelleHa npu UCMoib30BaHMM OTCEBOB W3-
BECTHAKOBbIX KapbepoB.

B ciyyae 60nbLLUMX 06 BEMOB CTOKOB C OTBaN0B, BO/Abl B 06pa3oBaBLIeMCs OT-
CTOVIHMKE MOTYT OYMLLTECA peareHTHbIM CNocoboM. MpodunnsTpoBaBLLMECA Yepes
MNOTUHY BOZAbI MOTYT AOYMLLIATECSA Ha bronnaTo [123], Kak, Hanpumep, Ha MecTopo-
xaeHnn Kynb-tOpT-Tay B balukmpun.

Oyucmka nodsemHo20 cmoka ¢ omeasos. OTBabl ABAATCS UCTOUHMKOM
3arpA3HeHNa He TONIbKO MOBEPXHOCTHbIX, HO U MOA3EMHbIX BOA,. B 30He BAVSHNA OT-
Basa CO343eTCa apean KMCIbIX MOA3EMHBIX BOJ, KOTOPbIE PAasrpyXatoTca B OAMXaN-
Lyto apeHy. B npegenax KYba MaclTabbl 3TOro §BAEHWA MPaKTUYECKN He U3YYeHbI,
O[JHaKO ero posib MOXEeT 0Ka3aTbCA AOCTaTOUHO 3HAUNTENBHON.

Ana 0UnCTK 3arpa3HeHHbIX NOA3EMHbIX BOZ ObINO MPe/IOXEHO MCMOb30-
BaTb UCKYCCTBEHHbIE LLIENOYHbIE reoxmuyeckne bapbepbl. OnbiTHbIE PaboTel NPO-
BOANNCE Ha Y4aCTKe, PacnoNoXeHHOM BOIM3M OTBaNa WaxTbl Ne 4 (paiioH ybaxw),
HVXe MO MOTOKY MOA3EMHbIX BO,
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MNapameTpbl $pnbTPa U3 KapbOHATHOM KPOLLKM

Tabnunua 4.9.

Pa3me Koapguument Obwem TonwmHa Heobxoavmelii
°p dnnbTpaumn, | KapboHaTHOM = Mnowazb, M? A
dpakumin, Mm MicyT KpOLLIKY, M3 dunbTpa, M rpagveHT
1 21,9 0,15
0,5-1 80 21,9 2 10,9 0,30
3 73 0,45
1 43,2 0,02
1-2 290 43,2 2 21,6 0,04
3 14,4 0,06
1 72,6 0,005
2-3 750 72,6 2 36,3 0,01
3 24,2 0,015
1 118,6 0,0002
3-5 900 118,6 2 59,3 0,0004
3 39,5 0,0006

Ana co3faHng bapbepa B kavecTBe peareHTa 1Crnoib30BavCs OTCeBbl 6u-
XalLMX N3BECTHAKOBBIX KapbepoB.

Mof3emMHble BOZbl B 30HE BAWAHMA OTBasa PacnpoCTpaHeHbl B CyrivHKax
C BKIOYEHVAMI APECBbI 1 LLEeOHA KBapLEBOro aneBponnTta Ha rnyonHe 0,3-0,4 wm.
M0 AaHHBIM PEXVMHBIX HAbNOAEHWI, BOAA Ha y4acTKe A0 Hauana OMbITHbIX paboT
nMena cynbGaTHO-KeNnesncTo-HaTpyeBbI COCTaB, cCogepxaHue cynbGatoB AOCTUra-
no 19,7 r/n, xenesa - 5,3 r/n. MnHepanusaunsa nsmeHanacs ot 17 4o 28 r/n, pH Haxo-
avnca B npeaenax 1,7-2,1.

Ana 04ncTKN NOA3EMHBIX BOZ, OTCEBbI (KapboHaTHag KpoLLUKa), be3 npeasapu-
TeNbHON 00pPaboTKM, YKNaAbIBaIUCh B TPaHLLE, MPOMAEHHYO A0 BOLOYNOPa, KO-
TOPLIM ABNAETCS YepHas NAOTHadA MMHa, 3anerarollas Ha rnybuHe 1,0-1,2 M. Beilwe
N H/XEe MO MOTOKY OT KaHaBbl MPOXOAWAUCH Wypdbl AN HabAAeHNs 338 COCTaBOM
noA3emHbIx Boz (pnc. 4.15) [98].

B pesynbtate npumMeHeHUA MeToAa, BOAOPOAHbLIV MokasaTenb MOA3EMHbIX
BOZ noBblcunca € 1,8 [0 6,8 1 COXpaHAN BAM3KME 3HAUEHNS B TeyeHVe roja Ha-
H6NH0AEHU. XMMNYECKMI COCTaB BOAbI CMEHWUACA Ha CyNbdaTHO-TMAPOKaPOOHATHBIN
Kansumesbin. CyLLeCTBEHHO CHU3WANCE MHepanv3aLmng Boasl — € 28 A0 3 /1 1 Co-
[lepXaHue OCHOBHbIX 3arPA3HAFOLLMX KOMMOHEHTOB.

10 AaHHbIM PEHTreHOCTPYKTYPHOIO aHav3a, B COCTaBe CYrIMHKOB MPUIKOHTAKT-
HOW 30HbI 06HapPYyXeHbl: reTUT — 7-32%, apo3nT - A0 41%, rnc - 4o 8%, rematuT - 20 4%.
Ob6pasyroLLMACa 0Caf0K 3aMOHAET MOPOBOE MPOCTPAHCTBO, YTO 3aTPYAHAET GUAbTPa-
LMIO U LIEMEHTMPYET IPyHTLI. B pesynbTate 3TOro M3MeHUMch Takke gedopmaLiioH-
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1,8 — pH — 6,8

28 — MuHepanusauyns — 3,5r/n

17 — S0,-17 — 1,61/n,

46 — Fe — 0,001r/n,
046 — Al — <0,0005 r/n

Prncyrok 4.15.
Cxema npoBeAeHNs 1 pe3y/ibTaTbl OMbITHbIX Pa60OT MO OUMNCTKE CTOKOB
C nopojHoro oTeana

Hble CBOWCTBA CYrMHKOB. 10 AaHHbBIM KOMMPECCVIOHHBIX UCMbITaHWR, Moaynb Aedop-
MaLyn rPYHTOB yBEIVYMNCA B ABa W bonee pa3. Peanv3oBaHHasd TexHoAorM4yeckas
CXema NpoCTa B UCMONHEHW 1 MPaKTUYECKN He TpebyeT SKCr/yaTaLMOHHbIX 3aTPpaT.

CHUMCeHUe 8bIHOCA 302PA3HAOUJUX KOMNOHEHMOo8 U3 0measo8 8 xode pe-
Kynemueayuu. B HacTosALee BpeMA ANA pAfa OTBaNOB MPOBEAEHa YaCTUUHAaA pe-
KyNbTVBaUMS, OAHAKO NPV 3TOM HE YUMThIBAINCh UX FeOXMMUYecKe 0COBeHHOCTN
(cm. pasa. 2.4).

TexHM4eckas, a Ha HeKOoTOopbIX OTBanax — bronornyeckas, pekynbTuBauus
He OCTaHaB/IVBaEeT reoXnMMYeckre npoLeccsl, BeayLmne K GoOpMUPOBaHNIO KACbIX
CTOKOB. B HEKOTOPbIX C1y4asx Npu pekynbTUBaLmnmn HabntoaaeTcs 0bpaTHbIn dGdekT.
MNaHnpoBka OTBANOB YBENNYMBAET NX MAOLAAb M COOTBETCTBEHHO MOBEPXHOCTb
KOHTaKTa C KMCIOPOZAOM. PekynbTrBaLma Nopoj OTBaNOB MPOBOAVNTCS MyTeM CO3/a-
HWSA TAVHNCTOrO 3KpaHa 1 HaCkIMK/ NOBEPX HEro MAo4OPOAHOrO MOYBOrPYHTOBO-
ro cnos. B 6onbLUMHCTBE CydaeB MONOXUTENbHbIE pe3ynbTaTbl peann3aummy Takmx
MPOEKTOB PeKybTNBALIAN HEMPOAOIXUTEbHBI: CO3AaHHbIN CIOM ObICTPO PaspyLua-
eTCs, N HeraTMBHble MPOLECChl BHOBE aKTUBM3NPYIOTCA [24]. DTO MHTeHcndnumpyet
NpOoLEeCChl BEIHOCA 3arpA3HAOLLMX BELLECTB.

PekynbTVBaLVs OKHA MPOBOANTLCA C y4eToM CreLndurky oTBanos. OCHOB-
Hble YCUANA [O/MKHBI ObITh HAaNPaBAeHbl Ha YMeHbLUEeHe KOHTakTa Mopos 0TBa/0B
C KUCNOPOAOM, CHIKEHME KonyecTBa QUAbTPYHOLLIMXCS Yepes HUX 0CafKOB, CHUXe-
HWe KMCIOTHOCTY NMOpPo4,. B HacTodLLee BpeMs aBToOpamy NpopaboTaHbl HEKOTOPbIe
BapMaHTbl pelleHrd NOCTaBAeHHbIX 33434,
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MepcnekTBHBLIM HanpasneHuem ABaseTcd 0o6paboTka OTBaNOB C MOBEPX-
HOCTW LLEeNOYHbIMY peareHTaMmn. BO3MOXHOCTb MCMONb30BaHUA 0TX040B bepes-
HVKOBCKOrO COLOBOIO 3aBOAa A/1A PeKyNbTMBaUM OTBAIOB NCMbITaHa Ha MOpPOo-
[lax 0TBanoB yeTblpex waxT [108]. [eTanbHaa XxapakTepucTika OTXO40B AaHa B
rnase 2. JKCNepMMeHT OCHOBAH Ha TMAPOXMMWYECKMX MpoLeccax KOHTaKTUpy-
FOLLUMX CMecCelr Mopoabl C peareHTOM B Pa3inNyHbIX 0ObeMHbIX COOTHOLUEHUSX.
B xoge unccnefoBaHu NoayyeHsl AaHHble, KOTOPbIE MOKasann, YTo M3MeHeHne
KOHLUEHTPaLMM 3arpasHAOLLMX BELLeCTB W pH AN BCeX MOPOAHbIX OTBaNOB 6n3-
kn. ng npuMmepa npurBefeHbl pesynsTaTel ANd MOpoAbl WaxTtel M. 40 net OkTd-
6ps (Tabn. 4.10).

B kauecTBe OCHOBHOrO MokasaTens 3arpsa3HeHVss BblopaHa KOHLEHTpauus
MOHOB BOAOPOAa (pH), Tak Kak OHa bonee HarNsaAHO XapakTepusyeT N3MeHeHUs, Mpo-
ncxogaLime B akcrnepmnmenTe (puc. 4.16).

MonyyeHsl KUHETUYECKME 3aBUCUMOCTY M3MeHeHWd pH BO BpemeHu. KnHeTtn-
Yeckoe ypaBHeHVe nMeeT BUA

C= COeO,OW34t ,
rae t - Bpems OT Havuana B3anMOAENCTBISA, MeC.; C,~ HavaNbHasd KOHLEHTPaUWsA 1o-
HOB BOAOPOZa, € — KOHLIEHTPALMA MOHOB BOAOPOAA C TeYeHVIEM BPEMEHMU.

SKCNepyIMeHTa/IbHble 1 paCHeTHble AaHHbIe XOPOLLO YKNaAblBaroTCA Ha OAMH
rpaduk. OcTanbHble NOPOAHbIE OTBabl UMERT KMHETUYECKME 3aBNCUMOCTI Takoro
Xe Tmina.

Tabnnua 4.10.

Xnmunyecknii coctaB puabTpaToB NOPOJ OTBAIOB
waxTbl M. 40 net OKTA6PS Npy Ao6aBNEHN K HAM peareHTa

nopoda 6e3 peazeHma
1 19 250 oTCyTCTBME 3916 160 1,97
coomHouweHue nopooa/peazeHm 10:1
6711 247 67,9 321 5,01
5833 341 50,4 397 523
4589 432 43,6 432 577
coomHouweHue nopoda/peazeHm 5:1
2790 551 11,2 564 587
1911 654 6,8 690 6,16
1633 721 2,3 721 6,75
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Ana nonyyeHHbIX 3aBNCUMOCTEN NPeA/IOXEHa KMHETMYeCKaa MOAe/b reTepo-
FEHHOr0 B3aNMOZLENCTBYS TBEPAOro KAPOOHAaTa KaNbLa C MOHaMV BOAOPOAA B XMA-
Ko da3e. [eTeporeHHbI NPOLIECC COCTOUT N3 HECKONbKMX CTaAuI: 4OCTaBka MOHOB
(H*) n3 pacTBOpa K MOBEPXHOCTW TBEPAOro peareHTa (CaCo,), COBCTBEHHO XMMUYe-
CKasd peakuma Ha MOBEPXHOCTY TBEPAOro Tesa 1 OTBOJ MPOAYKTOB peakuuu OT ro-
BEPXHOCTW BrNyOb pacTBopa. Kaxaas 13 3TUxX CTafnii MOXET ObITb NTMMUTUPYHOLLIEN.
B faHHOM Ciyyae IMMUTUIPYIOLLEN CTaaner npoLiecca ABNsSeTcd A0CTaBKa BellecTsa
K peakLVOHHOM rpanuLe ¢as, 3a cueT anddysun. Anddy3ns ocyLlecTBNSeTCd 3a CUeT
rpagveHTa KoOHLUeHTpaLmnn.

SKCMepUMEeHTbI MoKasanik, YTo COOTHOLUeH e rnopoaa/peareHT 1:10 1 MeHbLue
ABNAETCA BMOSHE OMNTUMabHbIM. [P TaKOM COOTHOLLEHUW 3a PaBHble MHTepBabl
BPEMEHW AelCTBMEe peareHTa AOCTaToOuHO. Hanpumep, 3KCNeprMeHT C COOTHOLLEHN-
em nopoga/peareHT 10:1 yepes 6 MeCcaLeB NMoKasblBaeT, YTO yBenYeH e KOHLEHTPa-
LMV peareHTa B 2 pasa yBeNnmumBaeT CKOPOCTb HeNTpanm3aLmm He 6onee yem Ha 10%.
Pe3ynbTaTel 3KCNEPUMEHTOB ObiN MONOXEHbI B OCHOBY BbIOOPa OMTUMANLHOMO Co-
OTHOLLeHNA nopoja/peareHT. OLUEeHOUYHasa NPOLOMKUTENBHOCTE AEVCTBYA peareHTa
NPy ONTVManbHOM COOTHOLIEeHUM 5:1 - 5,5 neT, B TeUeHue KOTOpbIX Mpov3oiaeT dop-
MMPOBaHME MNOYBEHHOTO MPYHTa, MPUIOAHOMO A/1A MPOLLEeCCOB caMo3apacTaHng [108].

Takum 06pa3om, NPoBeAeHHbIE 3KCMEPUMEHTLI MOKa3an NPUHLMNVANbHYO
BO3MOXHOCTb MOATOTOBKM MOBEPXHOCTW OTBANOB 19 BUONOrMYECKON pekynbTVBa-
UMM 1 YMEHbBLUEHNA KACNOTHOrO NnoTeHLUana OTBasoB.

pH
7,0
6,5
6,0

55 (@)

50

Bpems, MecC.

45 | | | | | | | | | | | | | |
0

COOTHOLLIEHWE MOPOAbI U peareHTa

PucyHok 4.16.
3aBNCUMOCTb pH OT BpeMeHn Ans oTBana LWaxTbl M. 40 neTt OkTA6psA [108]
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YCnewHsblid ONbIT pekyNbTUBaLMM yYacTka WwaxTHoro nong KYba ¢ ncnone3o-
BaHMEM LLENOYHbIX peareHTos peannsosaH B 2003-2005 rr. [24]. Ero pesynbTatsl
No3BOWAM Pa3paboTaTb anropuTM 3QGeKTNBHOM Mennopaumy, BKIKYAroWMIA no-
CnefoBaTesibHoe BbINOoNHEeHVEe NPUeMos:

* PasBasioBKy TEXHOreHHbIX GOPM C MOHWXEHMEM BbICOTbI 1 GOPMIPOBAHMEM

YyCTOMYMBOro penbeda;

* MecKoBaHWe BepxHero c1os C OAHOBPEMeHHbIM BHeCeHneM 13BeCTu B 03aX,

HEeOOXOAVMBIX A/1A MOralleHUs 136bITKa akTyanbHOM KMCIOTHOCTY;

* PbIXNIEHNE NOBEPXHOCTM 1 MOCEB TPaBOCMeCel C CUAEPOPUNBHEIMU 11 AePHO-

BVHOOOPA3yHOLLMMIN CBOMCTBAMU.

Pekynemueayus omeasoe ¢ NoMOWb 0CAOKa, 06pasyrouje2oca npu
oyucmeke 800 u31U808. OLHOWN 113 NPOHBAEM, BOZHMKAIOLLMX MPU OUNCTKE LLAXTHBIX
BOZ LLENOYHBIM/ peareHTaMu, ABAAETCA 06Pa30BaHNe 3HAUUTENbHOIO KOANYeCTBa
0Cafka, TPebyroLLEero CKNaAMpoBaHNa 1 yTUAM3aummn. NepcnekTnBHbIM Hanpas/e-
HMeMm ABNAETCA UCMONb30BaHVe ero Ana pekynbTUBaLMI MOPOZ LWaxXTHLIX OTBA/OB.
ViccnepoBaHvie BBIMONHEHO Ha MpriMepe 0cajka, 0bpa3oBaBLUErocs npu Hemtpa-
N3aunn U3NMBOB WaxTbl M. 40 neT OKTAGPSA OTXOA4aMU COAOBOrO MPOV3BOACTBA.
Ocazok COAepPXNT HEMPOpPearMpoBaBLUNA LLIEOYHOM KOMMOHEHT. [leTanbHada xapak-
TepUCT1Ka ocafka AaHa B pasgene 4.4.

[Nnst V3y4eHns NpUrofHOCT 0OPasyoLLerocs 0Cafka A1 MOCeNeHNns, pocTa
N Pa3BUTUA pacTeHn MPOM3BOANAN OnpedeneHne ero GUTOTOKCUYHOCTH. PUTOTOK-
CNYHOCTL — 3TO peakuVd pacTeHW Ha YCI0BUA VX Pa3BUTUA U COAepXaHVie Hexerna-
Te/bHbIX UHIPEeAVEHTOB B Cpese 0OUTaHuUA.

OnpeaeneHne GUTOTOKCUYHOCTU BbIMOAHEHO B. M. KaMeHLMKoBOM Ha yB-
NAXHEHHbIX 0 NMOIHOW BNAroeMKOCTV NAACTUHAX U3 CefyoLLMX Cy6CTpaTos:

* 0CafoK, 0OPa3’0OBaBLUMACA MPU OMbITHO-MPOMBILINEHHON HelTpanm3aumm

BOAbI 13n1vBa oTxodamm bC3;

*+ 0Caf0K, CMeLlaHHebl B mponopuynn 3:1 ¢ nopodamMu CeBepHOM YacTy 0TBana

waxtel M. 40 net OKTa6pS, C NPeobaaAatoLLMM Pa3MepPOM YacTuiy, OT 2 [0

5 MM 1 KMCNOW peakumer BOAHOW BbITSXKM (pH 2,8);

© TeXHOreHHbI 0CafoK, HaKOMMBLUMIACA B PaxmaTyNbCkoM BOZOeMe  (CM.

pasa. 3.3).

B Lenax co3gaHuna 6onee 61aronpuATHOrO MUTATENbHOrO PEXMa PACTEHNIA
A9 KaXA0ro 13 CybCTpaToB, B OMbIT Obl1 BBEAEH AOMNONHUTENbHbBIN BapUaHT C BHe-
CeHVieM YA0bpeHin. Ya0bpeHns BHoCUAWCh B Buge 0,2% BoaHoro pactsopa KNO, v
K,HPO,.

KOHTpOBHEIMI 06pa3sLamu CIyXnam BoAa, PacTBOPbLI MYHepPanbHbIX yAobpe-
HWIA, a Takxe MecTHag NoYBa — epHOBad, CYrIMHUCTasA, C HETPaNbHBIMY 3HaYeHVs-
MV pH 11 COAepXaHeM OpraHnYeckmnx BeLLecTs okono 8%.
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B onbITax nCnonb30oBanncb CemMeHa 31akoBbix (TVModeeBka, OBCAHNLA, Mbl-
peit) 1 6060BbIX (NHOLIEPHA) TPaB B TPaBOCMECK, a Takke HAKMOHYBLUMECA CeMEHa
NeHVLbl, BeCbMa YyBCTBMTENbHbIC K YCI0BUAM Cpelbl. B TeueHve 10 gHen npo-
N3BOAMNCA MONNB NMAacTuH. Yepes 10 CyToK NPOV3BOAWICSA BU3YasbHbIN KOHTPO/b
Pa3BUTNA MHOTONETHVX TPaB, a Takxe 3amep A/NHbI 1 BeCa Ha3eMHOW 1 MOA3EMHON
yacTer NweHnUbI.

YCTaHOBNEHO, UTO B CybCTpaTe, MPeACTaBNeHHOM CMEeChHo 0Cazka, 00pasyto-
LLlerocs Mpuy HelTpanm3aLummy KMCbIX LWaxTHBIX BOZ C MOPOAAMK O0TBana, CyLLecTsy-
0T Hanbonee ONAroNPUATHBIE YCIOBUS AN MHOTONETHVX TpaB. PassuTue pacTe-
HWIA, OCOBEHHO ANA BapuaHTa C yA0OpeHWeM, CPaBHNMO C KOHTPOBHOW MOYBOWA
(pvic. 4.17).

AHanornyHble pesynbTathl 415 3TOr0 Cy6CTpaTta NoyyeHsl Npu onpeseneHnm
GUTOTOKCUYHOCTM Ha MPOPOCTKAaX MLUEHWLibl. BBICOTa Haf3eMHOM YacT/ pacTeHW 1
nx uTOMacca, B BapmaHTax 6e3 yiobpeHui, NpeBbILaroT KOHTPOIbHbIE BapyaHThl
«BOZa» 1 «BOAA 1 ya0bpeHus» (puc. 4.17). YaydlleHne NUTaTeNbHOro pexyma nytem
BHECEHNA YA0OPEHNA MNONOXNTENBHO CKa3blBAETCHA Ha BbICOTE U HapacTaHum GuTo-
MacCbl HAA3EMHOWM YacTX PaCcTeHWI, UTO NPUBAVXAET STOT FPYHT MO POCTOCTUMYM-
pyroLemy 3¢dekTy K HOpManbHbIM (KOHTPOIBHBIM) MOYBaM.

Ha ocagke 6e3 npumecelt pa3BuTMe pacTeHnin MpPONCXOAWUIO HECKONBKO
MesneHHee. MPUYMHON ABNAETCA TO, YTO OH COCTOUT 13 TOHKOAMCMEPCHbBIX YacTu,
YTO HECKOBbKO 3aMeANAeT pPa3BUTME PAaCTEHUI U MPOABNAETCA B CHVKEHNN Beca U
MeHbLUEM HapacTaHVM HaA3eMHOW GUTOMACChI A0 6%, MO CPABHEHWIO C KOHTPO/Ib-
HOW nouBoW. BHeceHue ya0bpeHniA Ana 3TOro CybcTpaTa NOBLILLAET BLICOTY U BEC
pacTeHnin, YTo AeNaeT ero CpaBHVIMbIM C KOHTPOIbHOW MOYBOIA.

SKCNepUMEHTBI C 0BPA3YHOLLIMCA B pe3y/ibTaTe HeMTpanmn3aLmm ocaakom no-
Ka3anu, 4To OH 3apacTaeT MHOrONETHUMM TpaBaMu (TUMOGeeBKa, OBCAHMNLA, MbIPEN,
NFOLLEPHA) NPAKTUYECKM TaK Xe, Kak 1 KOHTPOIbHble 0bpa3Lbl Noyssl (punc. 4.18), T. e.
€ro MOXHO 1CMOAb30BaTb ANA PEKYNbTUBALMN LWaxXTHbIX OTBaNOB. [1py 5TOM cnegyet
OXWAATb YMeHbLUeHVS 11X Pa3BerBaHNA U BblAeNeHVA U3 HUX MapHKOBLIX ra3os, a
Takxke CHUXEHUA NHQUABbTPALIML aTMOCPEPHbBIX OCaAKOB U CTOKOB C HIX.

MpviBeseHHbIE NPUMEPbI BO3MOXHOCTM YAYULLEHNS SKONOrMYecKon 0bCTa-
HOBKM MOKa3blBaOT HEOOXOAMMOCTb KOMMIEKCHOrO MOAXOAA K PELLEeHNIo 3KON0ru-
yecknx npobnem. Ha puc. 4.19, Ha nprumepe WaxTel M. 40 neT OKTA6PA, NoKasaHbl
BO3MOXHbIE MyT/ ero peannsaumm.

CeBepo-BoCTOYHee rpaHuL, KYBa, B 44 KM, HaxoANTCS akLMOHepHoe oblLLe-
CTBO «bepesHMKOBCKIMI COA0BLIN 3aBOA», KOTOPOE ABNAETCA OAHUM U3 KPYMHENLLIX
NPeANPUATUN XUMNYECKon oTpacav PO.

MpOoV3BOACTBO KaNbLMHVPOBAHHON COAblI COMPSXKEHO C 0bpa3oBaH/eM He
TO/IBKO LLNaMOB, HO W APYrvX OTXOAOB B 3HaUMTENbHbBIX OObemax: LWaaMa COA0BOro
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pH 1-3

M 50r/n
S0,730r/n
Fe 8r/n

B npegenax NAK

MopogaHbIli oTBan

Prncyrok 4.17.

Pe3ynbTaTbl 3aceBa 0cazKa, Mosly4eHHOro Npu HelTpannsaLumn LLaXTHbIX BOJ,
A - peKynbTUBaL s OTBaNIOB U TePpUTOPUM LWaxXThl, b - cmeck ocagka,
NoJsly4eHHOro Npy HeTpanmMsaumnm LaxTHOWM BOAbI, C NopoAamMu oTBana,

B - 0cafoK, MONyYeHHbI NPy HEATPanM3aLum LWaxTHON BOAbI,

I - TeXHOreHHbI 0CafloK, 06Pa3yHOLLMIACA Ha ydacTKax cbpoca KMC/bIX BOj,
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MPOM3BOACTBA, MMHEPaNsHOro MPOAyKTa COAOBOIO MPOU3BOACTBS, M3BECTN Heralle-
HOW KOMOBOW, MONIOKa M3BECTKOBOrO (Tabn. 4.11). OAHVM 13 KOMMOHEHTOB CbIpbA
ABNSETCHA V3BECTHAK, KOTOPbLIV A0ObIBAETCS B VIBakMHCKOM kapbepe (B 20 kM ceBep-
Hee); Mpu ero [o6bi4e 06pPasyeTcs 3HaUUTENBHOE KONMYECTBO LLENOYHbIX MPOAYK-
TOB: LLEebHSA 13 FOPHBIX MOPOJ, CMeCU LLebeHOUYHON, BCKPbILLY.

Kak nmokaszanu 1abopaTopHble 1 OMbITHO-MPOMBILLNEHHbIE NCMbITaHK, OTXOZb! 1
npoaykTel AO «BC3» MOTYT LUMPOKO VCMO/B30BaTLCA A5 PELLEHA SKOMOTNYECKMX Mpo-
6nem KYba. CBeieHns 0 HanpaBAeHNAX 1X NCMONb30BaHVS NpUBeLeHbl B TabnnLe 4.12.

BbICOTa

HaA3eMHon

yactm 0cagok ¢

pacTeHuit, cm nopoaamu BeC pacTeHuit, mMr
oTBana

24 noysa 300

ocagok

20
250
16

12
200

TeXHOreHHbI 0CafoK

150

(pa3BuTVIe pacTeHWi OTCYTCTBOBANO)

paxmaTynbCKoro Bogoema

100

TeXHOreHHbIN 0CafoK

50

(pasBWTVe pacTeHmii OTCyTCTBOBANO)

paxmaty/ibCKOro BogoemMa

16
ANVHa

noAsemHon 0 vagzemmian vacrs [ nogsemmas vacts
yactn

pacTeHuii, cm

PucyHok 4.18.
Pa3mepbl HaA3eMHOW 1 NOA3eMHO YacTel U pUTOMAacChl MLLEHNLbI,
BblpalleHHoM B TeyeHue 10 gHeli Ha pasnYHbIX cybcTpaTax
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YCTaHOBKa Mo 04mcTke PekynbTnBayms OuncTka Bo4 PaxmaTy/ibCkoro Bogoema
LLIAXTHBIX BOA C UCMO/Ib30BaHNEM C UCMONb30BaHNEM 0CaAKa, 0TX0ZaMu COA0BOIO MPOV3BOACTBA
0TXOZ0B COA0BOrO MPOU3BOACTBA 06pa3syroLLErocs MPY OUUCTKE 1 KOHCEPBALMS KNCIbIX JOHHbBIX OTNOXEHNI

G xS A s o =
. Peka ﬂaAeI/IHhII/I Nor PaXMaTyﬂbCKVII/I KapcToBbIN BOgOEM I'Iornou.|eHv|e CTOKa KapcToBO/ BOPOHKOU
" “

PucyHok 4.19.
KomnneKkcHbI/i NoAXoA K O4NCTKE KNCNbIX BOJ, N3NBOB
1 UCMONb30BaHMe 06pasyoLLerocs ocajka Ans pekynbTuBaLmumn

Elle oAMH MUHepanbHbIA MPOAYKT, KOTOPbI MOXHO 6yAeT 1MCNoab30BaTb
[ANA PELLEHUS IKONOrYecknx npobnemM Ha Tepputopun KYba, no coctaBy 6amM30K K
Lnamy COA0BOIr0 MPOM3BOACTBA: MAacCoBasd A0NA KapbOHATOB KalbLMA U MarHvis, B
nepecyeTe Ha kapboHaT KanbLsg, - He MeHee 60%, MaccoBas JONS Bnarvi — He 6onee
35%, MaccoBasa AoNs XN0pPUA-MOHOB B BOAHOW BbITSXXKE — He bonee 4%, MaccoBas
n0ons cynbdaT-MoOHOB B BOAHOW BbITsKKe — He 6onee 0,5%. HaunHas ¢ 2021-2022 rr.
Ha AO «bepe3HVKOBCKUY COA0BBIY 3aBOA» MIAHMPYeTCA 3amyck YCTaHOBKM MO Mpo-
N3BOACTBY MUHEPANbHOro Npozykta Ha OCHOBE OTXOAOB COLOBOrO MPOW3BOACTBA.
OpneHTNPOBOYHbIE 0OBEMbI M3rOTOBNEHUA MPOAYKTa OleHnBaroTca Ao 200 ThiC.
TOHH B roz.

MNpoBeaeHHble NabopaTopHble NCCNef0BaHVA MOATBEPAUAN BONee BbICOKYH
3GPEKTVBHOCTL MPUMEHEHUS MUHEPANbHOro MPOAyKTa COAOBOrO MPOM3BOACTBA
NP HEMTPANM3ALMM KACTBIX LUAXTHBIX BOA U CTOKOB. Ha pucyHke 4.20 npeacTaBieHo
N3MeHeHre pH KNCbIX BOA NPpU 11X 06PaboTKe LWenoYHbIMU peareHTaMu.

MOMUMO BbICOKOM 3QGEKTUBHOCTM NPU HENTPANN3ALMN KUC/IbIX BOZA, BaXXHbIM
NpevMyLLLECTBOM MUHEPAIBHOIO MPOAYKTa ABNIAETCA MPOCTOTa ero TPaHCNopTPOB-
KU 11 CKIaAMPOBaH NS,

— 250 —



(YMHIXOU10

XIGHHOY XIGHHIHEBAIE 11 XTeI0 OJOHHIIOHXDL
s1NesdadHoY) ¥od WaLdMIONE dUHILEOHELID0g -

auHegoduHouweL 013 1 ag1oHedodu WoH
-WREOL WOHHeLOGed IS8 8 708 XIGHLXEIM BALVAO -
90Ueg10 XI9HaroJA unesuLaufiad -

OU HohMIOUBHY

WVEHBLDAD STV8 8 WOSHIIPH BDLIKLERLI0] | ¢WT/1 781 010Z-72£59205 2080X1098€U
S9HBN SH OJOHEVILIE BUTISUEY BTVDNO BUOY 8PE0DIB|A -Gh-€ELT AL 0OUO
(BUNesyred1aHOY) BX1DMhOOT BENHOL SUdNh nisoHgadiou oy
, 93109 3H BUHJEW
WOL 8 'ege130D 010Q0iLr 708 X1auwduy suneenredLyaH %0¢ 9 ' 1007-47595705 | segonoy senamelan
1 Brngues goleHogde I9WWAD BLOT BES0IIBN ‘969 7 AL B
99HIN SH BIMALEN MDVNO YOHEWLIe BLOT KBS0 vezie
1a7odou
gowsorog W0HgaAL0U Ol W 009 oF unmedd 9Fodou siqHLeHOgdEN — HOL €102-72€59205 m_M_InEmv_uv
1 39d ex7ed0 0JOHHIIOHXSL 010UV BMeadadHOY -B120 ‘960G 93L0Q SH XEXWOX 8 I9HUL BUOT 8PE0DJB|A -7S-€VLS AL emiadng
g0UegL0 D §0%01) U 708 XiqHLxem unnesmuedL
-/19H BUT eLHa1e3d ¥e) N1DIEV WSNHPEOEALOLIDU
WUMOIATSUO0U D 91238€EM BH BIMXQO BUT Badigd
98199hEY 8 SVHEEOESUOLIV — ULIOWNTOXQ0aH 1d|| - %01 23109 S NI Q-0 MU
80uea10 9Hoyed 8 08 XITHWIETOL BYLOVhO - OH XENNOY 8 I9HNL I BUOT BEE0DIBIN ‘0578 99HDW SH - -fedd ‘BeHhOHI9aM
gonaotros BIHIBIN 1 BUNSUeN 80LeHogdey Kol Begodde| LeLLS AL EREIN)
1 39d exTeI0 0JOHHIIOHXSL 0JOLIMY BrNeadadHoY - HHOL D191 00€ Off
GOMOLD XI9uauy nnh
-eenredLyaH woiahde WiGHHIWad80IWOT O Lxem
XI9HAV0A govealo uidoimddal eH unismduodan
XIgHHOMMean19uAYad eXXaUUWOY anHaTagod] | - 0458 99HAW 9H Anted ou ‘Bd1aAdnndoH YO0Z-ZE59705 Fodou
80UegL0 D §0)0LD U SH BUHJIEW 1 BMTISUEY PLEHOQRY BLOT KE80IIEW xiqHdoJ €n
708 Xi9HLXem suneenredLyaH (seghdy) seHnmadsy - ‘950 | 9909 SH XENNON 8 IGHIL BUOT Be80IIB GEQ-LLLS AL GHRQATT]
egLorosenodu
(1120 2) 7ol - q 705 A X 510¢ N_Mmomoo 01080702
SOUPELO I HOXOLD 1 08 XISHLXEM XIFUAMN BAIIMAQ) - & HHOL 91 007 Off eg1oYosenodu 01080705 AWeLT X oenug Age120d o) | -FE€-617| AL A8E1D0D rodu

vigHaredaHU

HHOL HUW | O

96G'0 93109 BH

WKBLI9E VIOHT08 8 80HOW-LedaurAd BLoT Kegodden
‘06t 991/0Q OH NXKBLIAE YOHIT08 8 8oHOU-Tdoux
BUOT BPEODIBI ‘0GE 9909 SH NIPUE BUOT BEEOIIBN
‘9509 @9HIW BH BUNGeX LeHogdeY BH 9Lahdadau

8 BUHIBW 1 B1NAuey goLeHogdey BIol segode |y

200¢-875£00€065
-L0-€206 AL

BUHIHAWMAL X1 19gmnLIauddau («g)g» QY 1970xLo 1 I9IATodu a19HRho3YT]

'L Ly ennuge]

egloogenodu
0108070> Weum]

— 251



19749 oedo voymmoikeedgO 9g.10Hedoodu
'g19Mmag xumoisHesdee HIXEEYD O9IToNOoU D LXer enisodu enLog NOHWSETOLI
NNedInn OIMHIXMHI Y L1ios og1oHed1>0du so0HHeL0gedI9g -edeed ‘yrHeLIqUOK xIgHAALEH 1 WOHHeLogediqag
-ndu olh ofedo vd1akeedgo g 19u9uAu amsa g ewiArodu xiaHdoLedogev ‘srHegoduuaron «€J9» QY| 8 Toa xiqaHLxem
7os nunesvredivan ndl eXhEMPE BILBBUELIIMAIO - HHOL HUW 7’| off snHaTag0dU OWKTOXQOsH | 19Arodu 1 wew eXLONhO
2JoUeHe eH
eg1dYosenodu oJog BVHegoauooM sigHdotedogel | S0NEHLDIEEN BUH
-0702 UWEWBLTT D NIOUEHE Of - HHOL DI9L 00€ O | @1aHauaindestsdu Haasod| ||  -avgody 1983010
BUHE8OETLOLDU
1q7oxoed anmgo qimiedyod (J120Z| X¥ MLOOHXOWEOS AIHMO BH XIGH
OHH813MAD LMIOgEoU OLh 3 704 8 HHOL D19L | -HawgedUeH ‘VIMHeLIUIU XIGHHSL
‘ynismnduodaw xianwnrogodu 007 OF - oHhogodKL -miawodu-oHLiquo v xi9HdoLed
NLDOHEULSGE BMHIMIGg0U -Hando) migoHeLdA | -0gel avHaesodu OWNTOXgOaH
BUT MY8EQOT 98.139heN 8 2g19ua1vodid ndu ‘29, WargodL XVNIShNIOLONE eglorosemodu
HEE0EUOLDY 9LI99 LIXOW eglorogenodu olog yviHamad xiaHL¥0du smHamad sul ewiArodu 91d0H | ologood wATodu (ninee
WiATOdU MISHHBUE0L0ITOL | | -OF0d MWeWeLTT > NIOWEHE Of - 10 nonmdmges g | -gniiauddau 01400198 BeSIGLNnhA yiaHsredaHnpy ANMHIN XU U
gansdam g yuisnduodan
migoHe1dA ealdauaLnodid yod) B1HaTag0du
UNHIKADOOD XIGHLIVIRO XMHIBhID SU20U SV
el egldquaLlvodid ¥d1akgadL WoL g) goanen
goweg.1o nineauniauiiad sut? OH WOLE nd| | Fog xigHLxem vog exnnO
BIL9AEqUOLIN WaMYRHAVeY 8 1 NIOURO BUT UMIOUOHXSL YOHHEY
3o’edo g aviHareuida i | smHYoLdL10-TAdU 8 vd1aedngod BVHRHaWMdU q1d0HEMLYBLddaU
-oxonmodu woLe nd ‘gsoweum JOTedQ "BNUEN BXOLD UEHPY 8 gefmoterxdaalifou ‘MWsMnesnHel
VNINBLHIHOLWOY VINISHEOHIO | OHHa810Tadd0UsH 99 dLeanuids -do swadi9Len eenidaudde sewmnd
BdLoiBlal a1adoLoy ‘Bunaley 1 19708 VIOHLXeM 1 BWeUT €x -1geEaH eHaTagod| | ‘sdorLIO Lol
womooding n wolenogded | MUNMHILIVIHON YOHHAWSTadUO OF "WV I9LXEIM SEUUEV BH BUHEL
2 BUELOVSTONMEES 1ah) AuauAu qivgoLol Lasrogsol -I9UDM SIGHHALMIGNOdU-OHLIGLO
e€ Hd aVHaMIGgoL LUTox exgoHe LA seHHeLogedsed 1 a19HdoLredogel aiqHmaudA
-unodu nweweum 0d 19708 OHguennau) 19708 YOHLXem Yol 8 19HaYag0dU '€90€67 3N SWH egloogenodu
VIOHLXeM nnHeaumawd vd| SOL0U 8 BILaKLERgOY WeU[T] | HHOL 9L €G] HHOL HUW | Off -912dQoEn eH LHaLeU HahALO| 01090702 Wew[T

eq O ndornddal eH wawrgodu XmMMdahMIorodE BUHBMd KLY
ealdfogsmodu o0109070d 907ox10 1 goATOdU BUHEIOEALOLDU NLIOHXOWEDY

Ly ennuge]

— 252 —



eH youo LATelreod Fodou
XILIVIHUL 9XEL B '«€D9» OV
goiArodu v g07ox10 92D
‘ymnismduodaw xigHHedxoorod
-ndu xi9Wna153mA0 oHaread
€/ WHTO BDLaBU/al exredo
0JOHHIJOHX3L BMMEeadadHO
‘(W 00G 9909 LaBLER1D0D
‘OinHaHerd Jee KOXVMIdasTou
“Yad a100HHXBLOdU) I9nWa0i70g
1 iad eH 708 XISUOUY BUELD
-/197€08 QRLITIDEN KESIALURA

LIXOW YNHIKOLLO XIGHHOT
XIGHHIIOHXaL BMNEadadHOY
‘MWero8 NWIGHhad

D BLMPLHOM LO YMHIXOWLO
XIGHHIIOHXSL BUMBLOEM BeH
-AUeINMINEIN BDLIBLIEE NOQOD0LD
‘TBUIES MeH BH ‘WIGHH81DHWT]
‘Yshelee YONa

-emadaH WdahuLiedu KdLaBUEE
svHegoduiTewsd 30HIPLIOEIY X1
AHEL B '8ONTEI0 BIXMMENLIONEH
39d HUUOT €M SUHBhLEE))

sad

W% 00G 93109
LoiHeRdee
V720 BI9HHD.
-OHx3] "Loged
XIGHIUELHIN
-ndaudse-ondoL
-edogel BUHAT
-2g0du auoou
EHaHROLA
ALI99 LOXOW
q1ooHgadLol]

BUHELIAUIU
a1l9HdoLedogel aiaHRradau
19Haag0du ‘miLogedeed nnireld
BH BILTOXEH BNIOUOHX3 ]
‘VoueHe a19Hxa09Adee I9HaRAE)]

90Ws0708 1 ad extredo
OJOHHIOHX3L 0JOLIUY BMNEadadHOY

eg/

nndoinddal eH mololos g
708 XI9UdU SUHILLALIOL GLes
-0dVIEMIWVHWIN LNFOSEOL 80U
-eg10 xi9Hrodou vmndotnddal
syneaniauiiad seHanIsdde

XBVIHIMOHL00D
XIGHW39.90 XIqHhMeed g rneL
-H3.ead MWIAHROUSTM 3 I9Fodou
11929 XMMoiAdMLIBLHON
Xe323M10dL XMNISRUNNX0] BH
HEEOHDO0 MILONhO WENHEBXI|N

g0LedL0 WI4Q0
9798 BH HHOL
191 00/ OUOXO

191HaWMdaUNE

SI9HdALEH 1 BMHEEOTBLIOM SI9H
-quelsl IINMTOoXgoaH "go0LHalead
XIGHhOUST WaWHES0ESOLOM D
293 BUOL OJOHLXeM exL1enk
nuneanLauAad Liquo MiIsHMaudA
8199V xieL ‘Ixem xadi9Lan
gowegLo Fodou adsnwmndu eH
eg1oogenodu 0108070 eweum
NSMHEEOETLOLIDM D §OUPE10 N
-egunLguAiad ou 1atHanmndaLdNE
ai9HdoLedogel IaHaTag0d| |

gouegLo xiaHTodou suneanLauiag

sologediag

xi9HdoJ WanHegodviHouweL
5 UMHELBhO) 8 Lnrossvodu
AAREMNPE MDD OHHIG020
‘goguVEN srHamedsadu 0JoH
-Uou oY ‘Fos ydxumotesnuen
09193nVILOM BIFLEMIHIWA
OHHaUa1d0U LalAg ‘Wiawed
WaL ' ogLoHed1d0dU S0H
-Helogediag 9LegodvHoLINEL

‘71 1annugeL avHaxuvorod|

— 253 —



eq .y ndoinddat

eH Wawgodu XVXD3h1IOL0NE
oiHamad ou toged axauu
-NOY 8 YnHaLaeduPH XISHILDL
-BEBOO EN WWHTO BDLaBUEK
708 XIGHWNIETOU BALINhO

nweLHalead MNIaH

-hOL3M BILIKBHLOLEE 1 BamHedL
go1oegiadias 'wog xiIaHWaEToU
A¥0L0U oL ‘BLegLo 10 EVHG

g0daqdey XIGHLIBIN S0NBHLII8EN
BYHALQOdT MNeSad10 J BUHEL
-19UDM SI9HHBLMIAWOdL-OHLILO
1 aigHdoLedogey igHsagod| |

g0uegLo
aHoued g 708 XISHWSETOU BXIDUhO

euegLo 9100Hxdagou eH
aoded0 xiaHdadoowLe anHer
-euou 2oWsdU YMMoIBHTAd Lee
‘nowd Lakdunwdod?d soredo
BoumMmeegoeedgo e ‘soregLo
xiqHT’odou 197add yoLow
sunesurediyaH miroxovodu
edosgioed nnnediaumd ndyy

Waoud
WIGHSU31MLed-0HHIghOU 1
Fodou XI9LIVIHULI W0 WISWNS
-ennHodusHOT08 ‘MNeOXLO N
-I9HROL3IT HEUIGDLO G110 LOXON
reg.Lo uvaLdrsooug ‘ereaLo 1o
NLDOENLG NOHHI8LOadd0UaH

9 X80HeLIA YoHALennaLd
oiqmowou J BdLMrogenodu
1H3e3d "80.LHa.ead 08103hM1LOY
SO0WNTOXgOaH WiMexdarod
‘wodos1oed govegLo exiogedgQ

g0Ueg10 W39.90
9798 BH HHOL
9L 00/ OUOAO

g0L/eEL0 D SONOLD XIGUOM
nmneenued1naH ou BUHBLIALIW
ai9HdoLedogel IaHaTag0d| |

80Ueg.L0 D g0301D eXLOUhQ

nvinesdadHoN Diadde qLes
-NLMIA LITAQ OLh '0I91D0%NS
VIOHSU3LVIREHE 0 §OULPLaIN
XIGUDKEL MNELHI9A0D BILOA
-BU'8E BYHOXOUL0 3I19.DUHNL
‘0JoL awody ‘nauaLnHesdlee
nunedivw LegogoLsuadu
197Ag YI19dOLON ‘UMHBXOLLO
XIGHHOY V1D0Hxdagou

307820 YIGHHII0HXBL BAdna
-daoHOM ‘Mad OHY BH LO1ETSD0
1 woxoLou ¥d1kdoHeed ‘miad
oudAd 8 ¥dLEDOHE 19LHalead
=17 "L ¥ MLDOHUAAY 'A8103RMLON
ou g0Lahded XIGWNTOXQOsH
BMHaTas0dU awo] ad oudAd
g 911MD0HE OWNTTOXQ0aH Fodou
XIGLIVMHUL L XL B «€D9» OV
goLiATodu 1 8070XL10 938D
"VINELHIHOUWOY UNIGHROUS
02 YUMHIXOULO XIGLONHWL
XIaHTodndu €v 01923ND BULISdN
-adau walAu Bd9LBIa1d3MA0

‘71 1annugeL avHaxuvorod| ]

— 254 —



pH
7.0

6,5

6,0
55
50
4,5

4,0

Bpems, MVUH
| | | | | | |

3 0 10 20 30 40 50 60

PucyHok 4.20.

3P PeKTUBHOCTb PasNNYHBbIX LLEIOYHbIX peareHToB NpY HEATpann3aLmm KUC/bIX BOA
A - MYHepanbHbIA NPOAYKT COA0BOrO NPOV3BOACTBA

b - Wwnam cogoBoro NnponsBoAcCTBa

4.6. HEATPANU3ALMS TPYHTOB U NOA3EMHbBIX BOZ,
ATPECCVBHBIX K CTPOUTE/IbHbIM KOHCTPYKLIVSIM

B xoge 200-netHelt vuctopun paspabotkn KYba Ha 3HaumTensHoW Teppu-
TOPUN CTUXNAHO CKNaAMPOBANVCE OTXOAb! A00bIUM U MepepaboTkn yraa. OTeanbl
YrOIbHbIX LaXT UCMONb30BaANCh MPU MIaHNPOBKE TEPPUTOPUN, CTPOUTENLCTBE A0-
por, Aamb, 06paTHOM 3ackbiNky GyHAAMEHTOB, MpYYeM 6e3 OLEeHKM X arpecCUBHbIX
CBOWCTB MO OTHOLUEHUIO K CTPOUTENbHBIM KOHCTPYKUMAM. KpoMe TOro, 3Tu rpyHTb
ABNAOTCA NCTOYHMKOM 3arpa3HeH s OKpYXaroLLen cpesbl.

B cuny reoxnmMmnyeckrx 0CobeHHOCTEN rpyHTLI 1 GOPMUPYHOLLMECHA B HIAX MOA-
3eMHble BOZbl 0613at0T CyNbGaTHOM M KUCNOTHOM arpeCcBHOCTLHO.

Kopposuist 6eTOHa ABAAETCA Cepbe3HO MPobaeMOo MPY 3KCMAyaTaLmMm KOH-
CTPYKUMIA 1 COOpPYXeHNn. B Poccun exerofHelii yuwepb oT KOppo3nm npesbillaeT
25 Mnpga pybnen. B pa3BuTtbix CTpaHax OH AocTiraeT 4% BanoBOro HauMOHaNbLHOIoO
nposykTa. PekomeHayemble HOPMaTUBHBIMW JOKyMeHTamn [161], MeTOAb! 3aLyMThl
MOA3EMHbIX KOHCTPYKLMI OT KOPPO3UM CBOAATCA K MOBLILLEHWIO XUMNYECKOW YCTOM-
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YMBOCTU MPUMEHSEMbBIX MAaTEPUANOB 1 HaHECeHWHO aHTVKOPPO3NOHHbLIX MOKPLITUN.
HOTAa NPOM3BOANTCA 3aMeHa arpeccnBHOrO MPyHTa WAV CHIKeEHVE YPOBHS MOA-
3eMHbIX BOA. 3TV CMOCOOLI TPEBYHOT 3HAUUTENbHbIX 3aTpaT, W 00MbLIAA UX YacTb
He NpYMEHKMa B Tex Clyyasx, Korja arpeccrBHble cpeasl CGOPMUPOBaNnCL B Xo4e
3KCNyaTaumm COOpYKeHNi. B CBSA3M C 3T1M, HEOBX0AMMa pa3paboTka HOBbIX MOAXO-
[10B K Mpobieme 3aLmThl MOA3EMHbBIX KOHCTPYKLMIA OT arpecCcuBHbIX Cpej, C y4eToM
3KOHOMUYECKOW 1 TeXHONOrMYeCKor LienecoobpasHocti. OgHNUM 13 MeTOAOB, Mo-
3BOIANOLLMX PeLUUTL 3Ty MPOBAeMy, ABNSETCA reOXnMMMYeckoe BO3AeCTBIE Ha CaMy
arpeccyBHble cpeapbl [18]. B 3ToM ciyyae arpeccBHble KOMMOHEHTLI OyayT B3anMO-
[eliCTBOBaTh CO CreLvanbHO BBOAVMbIMY B FPYHTOBOM MaCC1B peareHTamu, a He C
NOA3EMHbBIMI KOHCTPYKLUAMMN.

Takor Noaxos 6bln NprMeHeH Ha OAHOM 13 06bekTOB B I. [ybaxe (Mepmckii
Kpalt) ans 60pb6obl C CyNbGATHOM arpeCCMBHOCTBIO K HETOHHbLIM KOHCTPYKUmAM [103].
Ha ykasaHHOM 0b6bekTe Mpy MAaHNMPOBOYHbBIX paboTax 1 GOpPMUPOBaHUM Hackinein
NCMOb30BaNMCh MOPOALI 0TBaN0B KM3eN0BCKOrO YroNbHOro 6accernHa, Xxapakrepusy-
FoLLIMeCs BbICOKMM cofepXaHueM cynbdaTHOM 1 cynbGuaHON (MMpUT) cepbl (80 8,7%).
3HauMTEeNbHOE ee KOMNYECTBO BXOAMT B BOAOPACTBOPUMbIE COeanHeHnsa. Coaepxa-
Hve SO,%, No AaHHbBIM aHaN13a BOAHOW BbITAXKM, MOXET AOCTVraTb COTEH rPaMMOB Ha
Kunorpamm rpyHTa [208]. B yC10BMsX 3eMHOM MOBEPXHOCTY MOPO/bI BbIBETPUBAOTCSA,
YTO COMPOBOXAAETCA OKUC/IEHNEM NPUTAE, 06pa3oBaHviem 1 nepexogom SO,* B Nog-
3eMHble BOAbl 1 CHUxXeHuem pH o 3 [107]. B pesynbTate NOATOMNAEHUA MI0LLAA0K, B
HaCbIMHbIX FPYHTaxX Ha OTMETKax Bbille 3a10XeHNs GyHAaMEHTOB COOPMMPOBANUCH
arpeccmBHble K 6ETOHY MOA3EeMHble BOAbl. PexuMHble HabAAeHVa nokasanu TeH-
[AEHUMIO K yBENNYeHWIO CyNbaTHOM arpeccnBHOCTM BoA. ColepxaHuve cynbpaTos B
psge cydaes A0CTUrano 4,1 r/n, 4to COOTBETCTBYET CUIBHOW CTEMEHN arpeccyBHO-
CT BOA ANa 6eToHa Ha noptnaHalemeHTe no FOCT 10178-85. Kopposua 6eToHa B
Cynb®GaTHbIX Cpefax AOCTaTOUHO YacTo BCTPeYaeTCs B NpakTike. B HacTosiLee Bpe-
MS OCHOBHOW CMOCO6 3aLLMThl 6ETOHOB OT CyNbGaTHOM KOPPO3UK — YMEHbLLEHME CO-
AepXaHusa antoMUHATHON dasbl B LieMeHTax, BXOAALLMX B CTPYKTYPY STTPUHIUTA, UTO
OrpaHMYMBaeT ero PocT 1 0becneynBaeT 4OCTaTOUHYHO JONrOBEeYHOCTL 6eToHa [171].

Bbicokoe cogepxaruie SO,* 06yCnoBIHO B3aVMOAEACTBNEM MOA3EMHbIX BOJ
C NOPOZAaMM LLIAXTHbIX OTBA/OB, UTO NOATBEPXAEHO 1a00PATOPHBIMY SKCMEPVIMEHTa-
MU. BckpbiTve QyHAaMEHTOB 1 NpoBejeH/ie paboT MO aHTUKOPPO3UOHHON 3aLLnTe,
B YC/IOBUAX AENCTBYHOLLEro MPOV3BOACTBA C HEMPEPLIBHBLIM LIMK/IOM, MPaKTAYeckn
HEeBO3MOXHbI. BOLOMOHMXEHVE 1 3aMeHa MPYHTOB B CyLLIECTBYHOLLMX YCIIOBUSAX TakxXe
HenpriemMaembl, U UMEHOT O4eHb BbICOKYH CTOMMOCTb. Anga cBasbiBaHna SO,* BO3-
MOXHO MCMO/b30BaTb PacTBOPUMbIE COEAVHEHNS Bapns:

SO,*+ Ba* = BasO, (6apuT)
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Peakuna ocaxaeHva SO,* B BUAe 6apyTa NPONCXOANT NMPaKTUYECKV MTHOBEH-
HO 1 He 3aBUCUT OT pH cpeabl. B kauecTBe peareHTa LienecoobpasHo NpuMeHAThb
FMAPOKCUA ¥ XNopua 6apus. Xnopua 6apns MMeeT BbICOKYH PAaCTBOPVMOCTb B BOAE,
YTO MO3BONIAET VCMOb30BaTh KOHLIEHTPYPOBAHHbIE PacTBOPLIl. PacTBOPNUMOCTL TU-
APOKCWAA BapKnsa Ha MOPSAOK HUXe, OAHAKO, MPY ero NCNoNb30BaHWK, HENTPan3y-
eTCa KUC1as peakums cpedbl U B NoA3eMHble BOAbl HE BHOCATCA AOMONHUTEIbHbIE
aHVOHbI. OBpasyroLLMINCS 6apUT NPaKTNYeCcKn HEPACTBOPUM W He PaspyLLaeTca npu
BbIBETPUBaHNN. OH He TOKCUYEH, UCNONBb3YeTCs B BypOBbIX PACTBOPAX, MOXET Npu-
MEHATLCA KakK HaNoNHNTENb BETOHa A8 NOBbILLEHNS ero CynbdaTocTonkocT [156].

OnbITHbIE PaboTbl MO HENTPaNM3aLMK arpeccnBHbIX Cpes MPOBOANNCH Ha
ABYX y4yacTkax (puc. 4.21). Ha nepBoMm, rae noAseMHble BOAbl 06nagany CUabHOM
CyNbGaTHON arpeccMBHOCTBIO (C y4eToM cogepxanns HCO*) [161], 6binn Npoby-
peHbl ABe CKBaXMWHbI: OAHa — ANS 3aCbiNKW peareHTa, Apyras — ANng HaboaeHus
(pnc. 4.21 A). Mocne 3acbINkK x10praa bapud BoAa B HAbMOAATENBHOW CKBAaXUHE
B CKOPOM BPEMEeH CTaHOBWaCk HearpeccnBHOM MO OTHOLLEHUIO K 6eTOHY. K KOH-
Ly YeTBepToro mecsua HabaogeHnii KoHueHTpauma SO, - cHmsunacs B 10 pas
(pnc. 4.22). BTOpoWi OMbITHBIN y4acTOK CO cpeAHel cynbdaTHOW arpecCBHOCTBIO
(CpeaHee Mo yeTbipeM CkBaxuHam cogepxaHue SO, coctasndet 1,22 r/n) BKIKO-
Yan KaHaBy 419 3acCbiNkM peareHTa (MMAPOKCMAa U xaopuaa bapug) n YeTeipe Ha-
6ntofaTeNbHble CKBaXMHbI, PaCNONOXEHHbIE HUXE MO MOTOKY MOA3EMHbIX BOA (pUC.
4.21 B). [Mocne 3acbinkm peareHTa, B TeUeHne 6onee Yyem ABYyx 1eT BO BCEX CKBaXW-
Hax NpocaexmnBanacs TeHAeHLVA K yMeHbLLeHNIO cogepxaHua SO,%, Boja NoTeps-
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PucyHok 4.21.

CxemaTuyeckuin paspes yvactka 1 (A) u cxema onbITHOro yyacTka 2 (b)
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Nla arpeccrBHOCTb. Ha 3aBepLuatoLlemM 3Tane HabNtoAeHWI CpefHee coaepxaHue
S0O,* coctasnano 0,04 r/n (puic. 4.23).

MpoBeaeHHble paboTel MOKa3any, YTO MOZ3EMHbIe BOAbI, 0bajaBLUne Cpea-
Hel 1 CUNBHOW CynbGaTHOM arpeccMBHOCTBIO, CTAHOBUAVCE HearpeccyBHbIMK MO
OTHOLLEHUIO K 6eToHyY. CofepxaHue xN0puAoB U pH Ha NPOTAXEHUM BCEro nepuoja
HabNtOLEHUI HIKE 3HAYEHNA, KOTOPble Obl fenan BOAbl arpeccMBHbLIMN MO 3TUM
nokasartenam [161]. Ang oCTUXeHNS NONOXUTENBHOMO 3ddekTa Mo YeTbipeM CKBa-
XMHaM Ha yyacTke 2 NoTpebosanochb Ha 1 M3 rpyHTa 29 kr xnopuga 6apusa nnv 22 kr
rmapokcnza bapud. BcneacTBrie BHECEHNA peareHTOoB CyLLECTBEHHO U3MeHWach re-
OXVMUYeCKasd akTMBHOCTb FPYHTOB. 10 pe3ybTaTaM aHann3a BOAHOW BBITSXKN, 06-
LLiee cofiepXaHne pacTBOPUMBIX COEN B FPYHTE Ha BTOPOM y4YacTke yMeHbLIUIO0Ch B
2,5 pasa, cogepxarve SO,* - B 3 pasa.

O6bpaboTka MaccrBa PacTBOPUMBIMW COEANHEHVAMN Oapns NPUBOANT K 13-
MEHeHII0 MNHEepanorM4eckoro coctaBa u CBOMCTB rpyHToB. CO [Ha KaHaBbl, B KO-
TOPYH 3acbiNanicb CoeanHeHnst 6apus, Hbln 0TObpaH XenToBaTo-b6enbii 0Cajok
PeHTreHoMeTpuYeckne NCCAe[oBaHNA MOKa3ann, YTo B COCTaB OCafka BXOAAT: ba-
pnT = 24%, Kanbumt - 15%, Buteput - 30%, kBapy, - 30%, rmnc - 1%. [pyHT B CTeHKax
N HXHEeN YacT KaHaBbl cLieMeHTpoBaH. Obpa3osaHve BUTepUTa cneayeT paccMa-
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CocTaB BOAbl B HabntoAaTeNbHOM CKBaXKMHe Ha yyacTke 1
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TPMBATb Kak MONOXUTENbHbIN GakTop, MOCKOALKY B CyYae MOCTyrnaeHns B 06pabo-
TaHHbIN SO,* MaccuB, OH ByJeT ocaxaaTbCs B Buae bapwTa:

BaCO, + SO,* =BaSO, + CO,*

3TO 00YyCNOBAEGHO TeM, YTO MPW HaAMUMK B pacTBope CynbdaT-noHa uaet
peakuus 0bMeHa, Tak Kak pacTBOPUMOCTb bapuTa HaMHOrO MeHblUe, YeM PacTBO-
PUMOCTb BUTepuTa [138, 189]. ®PopmmnpoBaHne bapuTa, BUTEpPUTA W BO3AENCTBME
LLIENOYHOTO KOMMOHEHTa Ha MPYHT BeAyT K MOBBILLEHMIO ero NpoYHOCTU. Mogynb ae-
dopmaunm 06paboTaHHbIX CYyrIMHKOB yBennmumnBaeTca B 1,5 pasa. 3anonHeHne nop
COeHEHVAMI Bapyst CHUXAEeT BOLOMPOHWLIAEMOCTb MPYHTa — 3Ta OCOBEHHOCTb
NCNONb3YeTCs, HanmpuMep, NpV CO3AaHNKU MPOTUBOPUABTPALMOHHbLIX 3aBec. lpn
BBeAEHNN B FPYHT X1opnaa 6apusa 1 cynbdGaToB KanbLus 1 MarHus, ero kosdduum-
eHT GunbTpaunn ymeHbLACa B 240 pas. Yka3aHHble Nob6oYHble 9BNEeHUA CneayeT
paccMaTprBaTh Kak MONOXUTENbHbIE, MOCKONBKY YMeHbLUeHVe BOAOMNPOHMULAEMO-
CTV FPYHTa 1 UHTEHCUBHOCTY BOAOOOMEHA CHIXAET BO3AENCTBME arpeccuBHbIX BOJ
Ha 6eTOHHble KOHCTPYKUMK [161], @ yBeNnMYeHne NpoYHOCTY FPyHTa NOBLILAET Ha-
[EXHOCTb OCHOBAHWI COOPYXeHWA. NpoBeaeHHble OMbITHbIE PabOThl MOKa3bIBAtOT
NepcnekTUBHOCTL AaHHOIO MOAXOAa K 3alliuTe BeToHa U ApYrux MoA3eMHbIX CTPO-
NTENBbHBIX KOHCTPYKLMIA OT arpeccnsHbIX Cped. [eoxmmuyeckoe BO3AeNCTBME Ha

Mr/N
1400

0
CpeaHas 5

N R AR AR R R AR E AN EEAREERARREEARERREERREARERRRRRR R

1200

1000

800

600

400

200

Bpewmsi, cyT

0 | | | | | | | | | | | | | |
0 7 14 22 37 54 76 86 114 327 451 461 523 773

PucyHok 4.23.
CpegHee cogepxaHue SO, N0 YeTbIpeM CKBaXKMHaM Ha yyacTke 2
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arpeccuBHbIE CPedbl MOXET BbITb MPUMEHEHO Ha ApYrix ydacTkax KYBa, npu 3Tom
peLUaroTCs 3KoNormyecke NpobaemMsl 3a CHET CHUXEH WS MUMPaLIn 3arpsisHUTenei.

4.7. BOCCTAHOBNEHUE 3KOCUCTEM 3ATPA3SHEHHbIX PEK

Mpv NonazaHny KNCbIX LWaXTHLIX BOZ, B €CTeCTBeHHbIe BOAOTOKM KakK Mpu BO-
LOOT/IVIBE BO BpemMd A06bIYM YIS, Tak 1 M311BOB NOCne 3akpeitna KYba, a Takxe cTo-
KOB C MOPOZHbIX OTBaNOB, NPV NOBLILWEHNN PH 33 CYET Pa3baBaeHUs, MPOUCXOANT
00pasoBaHVe mexHozeHHo20 ocadka. OH COCTOUT B OCHOBHOM W3 MMAPOOKVCIOB
Xenesa v antoMUHUA C BbICOKUM COAEPXaHNeM MVIKPO3/1EMEHTOB 1 OKa3biBaeT pes-
KO oTpuuatenbHbIi 3GGekT Ha BOAHble skocncTeMbl [183, 220, 222, 224, 227, 229].
B JOHHbIX OT/IOXEHNAX PeK Takxe BCTPeYatoTCA YacTuLbl 0TBaNOB. JoHHbIe OT10Xe-
HWNA COAepXaT BbICOKME KOHLEHTPaLM NOABVXHbBIX B BOAHOW Cpeje KOMMOHEeHTOB
N ABNAIOTCA NCTOUHWKOM BTOPUYHOIO 3arpa3HeHns pex.

KomrnekcHbIX MCCnefoBaHNn TEXHOTEHHbBIX LOHHbBIX OTJIOXEeHWUA Ha Teppu-
Topun KYba He MpoBOAVNOCE, OLEHNTL X 06beM 1 MacllTab 3arpasHeHua AocTa-
TOYHO CNIOXHO. MOWIHOCTb 0CaZika Ha PasHbIX y4acTkax BOAHbIX OOBEKTOB Pa3nny-
Ha - OT TOHKOrO HajeTa Ha rajabke, caratoLleit AHO BOAOTOKOB, 0 7 M Y MIOTUHbI
cnyweHHoro Knsenosckoro npyga (CM. pasg. 3.2). B pacnpegeneHi TeXHOreHHbIxX
OTZIOXEHNA 3HaUNTENIbHYIO POJIb UrpaeT BOAHbLIN pexum pek. B nepunos BeceHHero
MONIOBO/ABA 13-38 PE3KOrO MOBbILLIEHWA PACXOAOB 1 CKOPOCTEN BOAbB! MPOVCXOANT Mne-
pPeHOC OCajika BHW3 MO TEYEHUID, NMPY 3TOM YBENUMNBAETCA 30Ha €r0 HeraTMBHOro
BANAHUA.

[MpOTAXEHHOCTb pek, MOABEPratoLLMXCA 3arPA3HEHNIO, MO NPeABapUTebHbIM
oLeHKaM, coctaBnaeT okono 817 kM. B mx pyciax 1 Ha noiMax HakoraeHsl MAINO-
Hbl TOHH TEXHOreHHbIX 0CaAKOB, COAEPXALLMX 3arPA3HUTENN B MOABIXHbBIX GopMax
(cm. rn. 3). MpeacTaBneHre 0 COCTOAHMUM IKOCUCTEM pek AaeT Tabnumua 4.13.

BoccTtaHoBneHve 3koCcMCTEM pek, 0COBEHHO MpuV ANNTENBHOM U Hemnpekpa-
LLaroLLeMCH B HaCTosILLLee BPeMS BO3AEVCTBUW, ABNSETCA CIOXHOM 3a4adel, Tpeby-
roLLiert 60nbLIMX 3aTpar.

Cnocobbl BOCCTaHOBNEHWS 3KOCUCTEM PeK, 3arpA3HEeHHbIX KUCIbIMU LLAXTHbI-
MV BOZaMM 1 CTOKaMM C OTBaI0B, MOXHO Pa3AeNnTb Ha akTVBHble U naccuBHble [206,
223].

AKTVIBHbIE CMOCOOLI — 3TO YAyYlLLEeHe KaueCTBa BOAb! C MOMOLLBIO METOAOB,
KOTOPble TPEBYHOT MOCTOAHHOIO BHECEH NS XMMUUECKMX (BUOXMMUNYECKX) PeaKTUBOB
M COMPOBOXAZKTCA MOCTOAHHBLIMI 33TPaTaMW. YUMTbiBad MacLUTabbl 3arpAasHeHNs
peuHbIx c1cTem KY6a, 3TO NpakTUYeckn HeBO3MOXHO. MPOBOK OMbIT MOKa3bIiBaeT,
YTO MACCVBHbIE METOAbI, OCHOBAaHHbIE Ha CTECTBEHHbIX BUONOMMYECKX, FTEOXUMMN-
YeCckNX 1 QU3NYeCKMX NpoLIeccaX, 3a4acTyto MPeBOCXOAAT aKT1BHbIe.
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Tabnuua 4.13.
Knaccudunkaumsa BogHbix 06bexkToB KYBa no cteneHu 3arpsasHeHUs

1 YCNoBHO YucTad Hopwma - -
Yycoag, KocbBa,
Cnab
2 f1abo Pnck YcbBa, Mnyxas, Mono-
3arps3HeHHas
BUHKa
a 3arpssHeHHas .
3 ABa, KocbBa, CeB..
6 OyeHb 3arpsa3HeHHas Bunbsa, FOx. Bunbsa,
a IpsiHas Monya. Knsen, Mar.
Kpusnc Monya. Knsen, Cyxon 271
4 6 IpAzHas Kuzen, ViBaHOBKa,
B OueHb rpasHas OnanerHas,, Besllep,
PyasHka
r OuyeHb rpasHas
pyd. KpacHelii, bon.
Kusen, BocT. Kvisen,
KCTpemManbH Monya. Knsen, Nybatu-
5 KCTpEMaNBHO beacrene oMYA uaev y6a 196
rpsA3Han Ka, llageVineln for,
Bon. M'pemavad, Kocas,
LLymixa, KameHka

PaccmoTpuM 6onee NoAPO6HO MPUMEPHI UCMOAb30BaHKS METOA0B, KOTOPbIE,
Ha Hall B3r144, ABNA0TCA Hanbonee 3GPekTBHBIMU 419 peLleHna Npobiem Ha Tep-
puTopnn KYba.

B CLLIA pobaBneHve B pycno pek Ha paje 06bekToB 13MenbYeHHOro A0A0MN-
TOBOMO WM YUCTOrO M3BECTHSKA MPW BOCCTaHOBUTEbHbBIX PaboTax Ha BOAOTOKAX,
B KOTOpble MOCTYMakT KUCAble WaxTHble BOZAbl, MOKa3ano, YTo 3TO 61aronpusTHO
BANSET Ha XMMUYECKUA COCTaB U MPUBOAWT, B KOHEYHOM UTOre, K BOCCTAHOBNEHNIO
sKocucTeM. [ecok nepepacnpefensaerca BCIeACTBME SHEPI MOTOKa BHU3 MO Teye-
HWIO, HEMTPaNM3ys KNCble LaxXTHbIe BOABI.

Annanayckmii KAMEHHOYTONbHbBIV BaccelH, rae NCNoAb30BaNCcsa 3TOT METOZ,
pacnonoxeH Ha Boctoke CLUA, Ha TeppuTopumM WTaToB Anabama, KeHTykku, Bup-
rMHUA, 3anagHaa Buprununsg, Oraino, Mapunera, MeHcnnbBaHng 1 ABNSETCA OAHNM
N3 KpynHerwnx B Mupe (naowadb — okono 180 TeiC. kM?). MMpoTekarolime 3aech
peKyn 3arpAasHeHbl KUCIbIMY LAaXTHBIMK BOAAMU U MOABEPXEHbI BAVAHWIO APYTrinX
OTXOAO0B yrnefobblyn. B nx BOAaX MOBLILLEHO COAepPXaHME Xenesa 1 atoMUHNA 1
HW3KUIA pH [185, 187, 228].
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B wrarte 3anagHag BuprmnHua fobasneHune M3BECTHAKA MPUMEHANOCh ANA
BOCCTAHOB/IEHVA HECKOIBbKMX PEYHbIX CNCTEM, MPOTAXEHHOCTLIO OKOMO 450 KM.
Hanpuwmep, B p. Middle Fork 6bin0 gobasneHo 500 T nM3MenbYeHHOro M3BECTHSKA
C VHTepBanoM 3 Mecaua. BoAOPOAHbIN MoKasaTeslb NOALEPXMBACA Bbile 6, B pe-
3ynbTaTe Yero 6bin BOCCTaHOBAEH MpoMbicen dopenn. McClurg [216] n3yyan cocTaB
BO/b! B peke Cpa3y noc/ie 3acbinkn n3Meb4YeHHOro n3sBecTHaka. Hebonboe yenu-
YeHwue xenesa 1 kanbLms Habaoaanoce Mnwb B npegenax 100 M oT mecTa 06paboT-
KU (puc. 4.24).

B toro-3anagHon MeHcnnbBaHWM B KNCIbIA BOLOTOK Bear Run, Henocpes-
CTBEHHO B pycno, bbino gobasneHo 20,9 T, 22,7 T v 22,7 T U3MeNbYEHHOrO 13BEeCT-
HAKOBOrO Mecka (COOTBETCTBEHHO B MtoHe 1997 ., ntoHe 1998 1. 1 Hauane ceHTAOPA
1999 r). PeareHT coctosin 13 kapboHaTta kanbLma (93,3%), kapboHaTa marHns (1,2%),
HEepacTBOPVIMbIX MUHEPaNoB (3,8%), TakMxX Kak AVOKCUL KDEMHUA, OKCUAA altOMUHUA
1 okcnga xenesa (1%), AMaMeTp HYacTuL, KOTopbIX He npesbiwan 9,5 mm. [Mocie roga
MOHWTOPWHIa BbIN CAeNaH BbIBOA, YTO A0baBNEHME V3BECTHAKA 3HAUUTENBbHO YayY-
LLI3ET BOLAHYH 3KOCUCTEMY.

OaHoW 13 Npobnem Npu MPUMEHEH W 3TOr0 MeToAa ABASETCA NOKPbITHe Ya-
CTUILL V3BECTHAKA MMAPOKCAAMU XeNnes3a U CHIKeHMe CKOPOCT peakuny HermTpani-

PucyHok 4.24.
Jlo6aBneHne n3MenbUYeHHOro N3BECTHAKA B 3arpsA3HeHHble BOJO0TOKM [13]
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3aumn. OfHaKo YCTaHOBNEHO, YTO MOTOK BbI3bIBAET NepeMeLLleHe 1 OUNCTKY U3BeCT-
HSKa 1 BOCCTaHOB/IEHWE ero peakuMOHHOM CMOCOOHOCTU.

Mccneposateny 13 MHCTUTYTa 3anafHon BUPrMHWKM NpULLAK K BbIBOAY, YTO
30 PEKTUBHOCTb MCMONB30BaHNA JaHHOrO MeTOAa B OO/bLIE CTeNeHN 3aBUCUT OT
pasmepa YacTuiL, U3BeCTHAKa, Yem oT cogepxaHua CaCO,. PesynbTaTtbl rMApoOXMMmnye-
CKOro OMpoboBaHWA BOAOTOKa, 06PaboTaHHOr0 TOHKOAMCMEPCHBIM N3BECTHAKOBLIM
neckoM, nokasanu 6osiee BblCOKy 3GGeKTVBHOCTL MpW MOYTU MOAHOM PacTBOpe-
HUW N3BECTHAKA.

Ha Haw B3rna4, NoAO6HbBIE MEeTOAE! BMOMHE MOAXOAAT ANS BOCCTAHOBNEHNSA
skocucTem pek KYBba. MNprUMeHeH e LenoYHbIX peareHToB LIenecoobpasHo AN Hell-
TpanMsauum KUCIbIX TEXHOTEHHbIX OTNIOXEHNIA 1, COOTBETCTBEHHO, CHIXEHNA MOA-
BVKHOCTU Xene3a, atoMUHUA U TAXENbIX MeTannoB. B ciyydae 60AbLLOM MOLLHOCTA
TEXHOreHHOro 0CaZka MOXHO roBOPWTbE O €ro KOHCepBauuy — nyTeM nepexkpeiTma
LLENOYHBIM PeareHTOM U CO3AaHVeM CBOEObPAa3HOro reoXmMMMYeckoro bapbepa,
NPEenaTCTBYIOLWEro BTOPNYHOMY 3arpasHeHnto pek (pnc. 4.25).

OCHOBHEIM peareHTOM, KOTOPbIA LIenecoobpasHo MCMoab30BaTe ANA 3TUX
Lesieid, MOryT CYXUTb OTCEBbI M3BECTHAKOBBIX KapbepoB, KOTOPble pacnoiaratoTca
Ha TeppuTopun KYba nnn B HeMoCpeaCTBEHHOW 6AM30CTH OT Hero. O6beMm LLenoy-
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PuncyHok 4.25.
BoccTtaHoBNEeHMe 3KOCMCTEM peK
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HbIX OTXOZ0B, 00Pa3yrOLLMXCS Ha STUX MECTOPOXAEHWSAX, TONbKO 3a 2016 I. coCTaBmA
1,9 MAH T (OHM NPaKTNYECKM He PeanvsyroTca W, Kak NpaBuio, HakanamBakoTCs BO-
Kpyr kapbepos) (pyic. 4.26).

PucyHok 4.26.
OTceBbl M3BECTHAKOBbIX KapbepoBs B parioHe KYba
A - IBakuHCcKni Kapbep, b - YTecoBcknii kapbep
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HauaTb peabunuTaLuio BOAOTOKOB LienecoobpasHo ¢ pek LLymuxu n MNybatu-
K1, Ha BOZOCOOPax KOTOPbIX HET V3/IMBOB LUaXTHbBIX BOJ, HO KyAa OCYLLECTBNANCA
BOZOOTMB NpW paboTe WaxT. [poBeseHHble NpesBapuTenbHele paboTel Mokasany,
YTO MONOXUTENBHEIV SPGEKT AOCTUraeTCA MPY COOTHOLLEHNM TEXHOTEHHbBIX 0CaAKOB
1 13BecTHAKa 1:40. YCI0BHO MPUHAB MOLLHOCTb TEXHOFEHHOIO 0Cazka AN 3TUX pek
B 10 cm, Ana ero Hentpanmsaymmn notpebyetca 200-300 TOHH kapOOHATHbBIX MOPOA.
FAMHWCTBIE YacTWLbl, Kak MPaBKI0 CoepXalllecs B OTCeBaX, ABNSHOTCA cCOpbeHTaMm
THXENbIX METANN0B CO 3HAUNTENBbHOM eMKOCTBH, UTO OyaeT CHVXaTb 3ddGeKkT BTO-
PVIYHOIO 3arpA3HEHNSA PEYHbIX BOJ,

Anst nosblWeHVa 3QGEeKTVBHOCT METOAA BO3MOXHa ,00aBKa B OTCEBbI Ma-
NOBOCTPEHOBaHHbIX TOBapHbIX MPOAYKTOB 1 OTXOL0B COAOBOrO MPOM3BOACTBA WA
APYTUX LLENOYHbBIX KOMMOHEHTOB.

TakM 0bpa3oM, HerTpanvsaumns KUCAbIX AOHHBIX OTAOXEHWNA U CHVXeHMe
MUTPaLMV 3arpasHUTENer NoOCTENEHHO NPUBELYT K BOCCTaHOBNEH IO SKOCUCTEM pek
KYba.



3aK/iloyeHue

BbinonHeHHoe KOMMAEKCHOe MCCNeA0BaHNe, Ha NpYUMepe 0AHOro 13 Harbo-
nee HebNaronpPUATHBIX C IKONOTNYECKON TOUKM 3PEHNS YTONbHbIX MECTOPOXAEHWUI,
nokasano, YTo OTCYTCTBME MPaBUIbHO BbICTPOEHHOW CTpaTerun B 061acT OXpaHbl
OKpYXatoLLern cpeabl MPYBeo K OUeHb HEraTUBHBIM MOCNEACTBUSM.

Skcnnyataumsa KYba Ha npoTaxeHun 6onee 200 net chopmmpoBana, no
CyTW, 30HY 3KONIOTMYECKoro 6eactsunga Ha naowaan okono 10 000 km2. Mocne 3a-
KpbITns B KOHLEe 1990-x — Hauane 2000 rr. 6acceiiHa 1 3aTONNEHNS LUAaXT, Kapau-
Ha/NbHO M3MEHUNCH TMAPOANHAMUYECKUIA N TUAPOXNMNYECKN PEXNM MOL3EMHbIX
BOA. YPOBHM MOA3EMHBIX BOA, APEHUPOBAHHBIX MPY BEAEHUM FOPHbLIX paboT, BOC-
CTAHOBWAMCb, YTO MOBAEKNO 33 COOON U3NMB KNCAbIX LUAXTHBIX BOA Ha 3eMHYHO
NOBEPXHOCTb Yepes ropHble BbIPabOTKM U TPeLLVHbl B Maccuee. 10 CpaBHEHM
C NepuroaoM 3KCMayaTaumy WaxT, KOHLeHTPpauMda xenesa, MapraHua, antoMUHNg,
cynbdaToB 1 APYrux 3arpasHStoLLMX BeLLeCTB B LWAxXTHbIX BOAAX yBeaMymnace ot
2 10 12 pa3s. Xeneso npucyTCTByeT B BOLAX N3MBOB MNPEenMyLLIECTBEHHO B [iByXBa-
NeHTHOM GopMe, B TO BpeEMS kak MpY paboTe LLaxT B OTKaumMBaemblx BOAaxX Npeoo-
Najano TpexBaneHTHoe. Bo3aelicTBMe VM3NMBOB Ha MOBEPXHOCTHbLIE BOAbI MPUOO-
peno pernoHanbHbeln MacwTab. Mpu CMeLleHn C peYHbIMI BOAAMN 1 YBENYEHNUN
pH, Fe** ponblue, yem Fe** NpeobpasyeTca B 0CaA0K, M 3TO MPUBENO K 3arPSA3HEHNIO
pek. Boabl 311BOB NOCTynaroT B 19 pek, 15 13 KOTOPbIX NPakTUYeCcky BelBeeHbl 113
BOAOMONb30BaHMA. CpefHerof0Boe cofepXaHye xenesa B pekax gocturaet 1200
I'ILleX, MapraHua - 50 I'Iﬂ,pr, ANKOMUHUS - 45 I‘ILLKPX, bepunnns - 58 I'Iﬂ,pr, KOHLEH-
TPaLUUM HUKENS, Mean, LUHKa W APYrMX 3N1eMEHTOB TakxXe NpeBbILLaroT ﬂﬂpr. Haxe
ANS KPYMHBIX pek MOCTOHHO HabMAATCSA BbICOKME 1 3KCTPEeMalbHO-BbICOKME
YPOBHW 3arpsA3HeH s BoAbl MO KOHLEHTpaumy obulero xenesa. lNepeHoc BOAOTO-
Kamu TEXHOTEHHbIX OT/IOXEHVIA BHI3 MO TEYEHIO 3HAUNTE/IbHO YBENYMBAET 30HY
HeraTuBHOro BangaHng KYba (BnnoTb 40 KamCKOro BOAOXPaHWANLLA), MOCKObKY
OHW ABNAIOTCA MOLLHBIM NCTOYHMKOM BTOPUYHOIO 3arpasHeHus. MNpr 3ToM nocTy-
naeHve 3arpasHUTeNen B peki PervoHa 3a CHeT U311MBA LWAXTHLIX BOA UMEET TeH-
LEHLNIO K YBEIMYEHNIO.

CyllecTBeHHbI BKaA B 3arpsa3HeHme OKpyXarollen cpeabl BHOCAT CTOKW C
MOPO/AHbIX OTBA/OB, MMeroLe pH 2-3, BbICOKME KOHLIEHTPALIMM Xenesa, antoM1HUA
N TAXENbIX MeTannoB. Bo3aencrame N1MKBUANPOBAHHOIO MECTOPOXAEHNS NMPUBENO K
BbIBOZY 13 XO3AMCTBEHHO-MUTLEBOrO NCMOIb30BaHNS Pek 0bLLel MPOTAXEHHOCTHIO
750 km, B npegenax 380 HaceneHHbIX MyHKTOB, U HaKOMJeHU COTeH TOHH TeXHO-
FeHHbIX 0CafKOB, KOTOPble ABNAKOTCA BTOPNYHBIM NCTOYHUKOM 3arpa3HeHna peyHbIxX
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sKocmcTem. Bee 370 yxyALaeT coumanbHble 1 SKOHOMUYEeCKMe YCI0BNS MPOXMBAHNS
HaceNeHNA Ha 3HaYNTeNIbHOW TepPUTOPUN.

Ha ocHOBe TeMaTMyeckoro AeldpupoBaHna MHOTONETHUX AaHHbIX (1987-
2017 rr.) ANCTaHUMOHHOrO 30HAMPOBaHUS 3eMau, bbln Brnepsble MoayYeHbl Mpo-
CTPaHCTBEHHbIe OLeHKN BAnAHUA KYba Ha okpyXartoLLyro Cpesy, BKIYasd HBeHTa-
PU3aLMI0 MOPOAHbBIX OTBAIOB U V3/IMBOB LUAXTHbIX BOJ, OLLEHKY 30H NMepUoANYeckoro
3aTOMIEHUA KACTBIMU BOAAMMN, TAE HADNHOAAETCA YyrHETEHUE N TMBeNb pacTUTeNbHbIX
COObLLECTB (Ha obulei nnowaan bonee 20 ra). Takke cpeactBamu [VIC-TexHonorni
NpoBefeH OOBbEKTVIBHbIV aHaNN3 Ce30HHOCTY 3arpPA3HEeH NS BOAHbIX OOLEKTOB.

OCHOBHOV MPUYMHOW, MOYeMy 3KON0rMYeckre NpobaemMbl He peLleHs! K Ha-
CTOALLEMY BPEMEHW, ABNAETCA OTCYTCTBME KOMIMIEKCHOMO MOAX0Aa, HEeMOoHMMaHme
MPUYMH 1 MacLLTaboB 6efCTBUA.

ABTOpamn CHOpPMMPOBaAHA HOBaA KOHLENUMA YNyYLLEHNS 3KONOrMYECKOn
CUTyauUMK, KOTOPYHO MOXHO MPUMEHNTb 1 Ha APYrnX TeppuToOprnax, NoABepPXeHHbIX
HeraTVBHOMY BNAHWIO Kak OT yrneAo0blun, Tak 1 MOCe ee 3aBepLlleHys.

KoHuenums ynyyeHna 3KoA0rn4eckor cutyaumy B JaHHOM paiioHe BK-
YaeT B Cebd CneAyroLlvie HanpaBaeHUs 1 CreLnanbHble HeCTaHAaPTHbIE MOAXOAbI K
peLUeHM0 HaKoMMBLLUMXCA MPOBeM, B TOM YMCe C UCMOb30BaHeM TEXHONOMMIA Ha
OCHOBE reoxXMMUYeckyx bapbepos:

* YMeHbLUEeHNe 06BbEMOB N3NNBLUMXCA Ha MOBEPXHOCTb LIAXTHBIX BOJ,
* OYMCTKa BOZ B BbIpabaTbiBaeMOM NMPOCTPAHCTBE LLAXT;
* OYMCTKa BOZA M3/VBOB C MOMOLLbIO OTXOAOB MaNoBOCTPEOOBAHHbBIX LLEN0Y-

HbIX MPOAYKTOB U OTXOA0B;

* pekynbTMBaLIMA 1 OUUCTKa CTOKOB C OTBAJIOB;
* BOCCTaHOBJIEHVE 3KOCUCTEM 3arPA3HEHHbIX Pek.

MpepnoxeHHas 06LaA KOHLENUMA peLleHVs 3KONornyecknx npobneM Ha
N3yYeHHOW TeEPPUTOPUN MOXET SleHb B OCHOBY MPOrpaMmbl KOHKPETHBLIX Meponpug-
TWIA He ToNbKO KK3eN0BCKOro yroibHOro 6acCenHa, Ho 1 PasvyHbIX PaioHOB yrie-
[,00bIYV 1 APYTX MONE3HbBIX MCKOMaeMblx B POCCUM 11 33 pybexomM.

ABTOPbLI HAZEHTCH, UTO AaHHAA MOHOrpadud BHECeT onpefeneHHbIn BKNag,
BK/IHOYAs METOAON0MMYECKne acnekTbl U KOHLENTyabHble MONOXEHNS, B M3yYeHne
NOAOOHBIX CNOXHBIX MPUPOAHO-TEXHOTEHHbBIX FEOCUCTEM, KaKOBBIMU, MO CYTW, ABNSA-
FOTCA TEPPUTOPUM C BBICOKOW CTeMneHbo 3arpA3HeHU.
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06 aBTOpax

Makcumoiny Huikonaii FeopPrvesmy

B 1978 r. okoHUMA reonoruyeckuii dakynsteT Mockos-
CKOrO roCyfapCTBEHHOro yHMBepcuTeTa Mo CreuransHOCTK
«[MAporeosnorna 1 nHxeHepHaa reonorna». B 1984 r. Tam xe 3a-
LWATUN ANCCepTaLmio Ha COMCKaHMe yYeHoM CTeneHn KaHavaaTa
reosIoro-MMUHepPanornyecknx Hayk. ABnseTca 3amectuTenem Au-
peKTopa Mo Hay4HO-UCCAe[0BaTENbCKOV PAabOoTe 1 3aBey LM
CO3JaHHOW M NabopaTopueit reonorny TeEXHOreHHbIX NpoLec-
coB EcTecTBeHHOHaY4YHOro MHCTUTYTa epMCcKoro rocyjapcraeH-
HOro HaLVOHaNbHOro NCCNeA0BaTeIbCKOro yHnsepcmteta. B 2016 r. npncsoeHo 3BaHne «3a-
CNYyXeHHbIV 3konor Poccninckon desepaLinimy.

OCHOBHbIE Hay4YHble NHTEPECH CBA3aHbI C PELLeHMEM SKONOTMYeCcKnx Npobaem B reo-
NI0rnK, BOMPOCOB MMAPOreonorm, NHXeHepHOM reoNornm, reOXMMNm, KapCTOBEAEHNA 1 Crese-
0Norvn. AKTMBHO Pa3BUBaET TEOPETNYECK/ e OCHOBbI I BHEAPAET B MPaKTVKY METOAbI CMO/b-
30BaHVA UCKYCCTBEHHBIX TEOXMMNYECKMX 6apbepoB ANA PELLEHNA 3KONOMMYECKMX NPOOaeM.
M3y4aeT posib MUKPOOPraHW3MOB B Me0IOrMYecKmx npoLeccax 1 BO3MOXHOCTI yrpaBneHns
MMV C MOMOLLIbEO GUOTEXHONOT WA

MccnepoBaHna npobnem TeXHOreHHOW reoxnMmnm NpoBoavanCE B K3enosckom u Ye-
NABVHCKOM YroibHbIX 6acceliHax, Ha XonbboAKMHCKOM YronbHOM paspese (bypsaTtus) n KATIKe
(pa3pe3 «bepe3oBckui», KpacHOAPCKWA kpalt). BoINOAHANNCE paboTel MO CHXEH MO 3arpsa3He-
HUA HedTenpoayKTaMmn NOA3EMHbIX BOZA B [1epMCcKoM Kpae 1 pecnybnmke bawkopTtocTaH. og
ero pykoBOACTBOM BeNCb paboTel Mo obecneyeruio 6e3onacHoCT Kamckor 1 CaHrTyAnHCKo M
M0TVH, B OCHOBaHWM KOTOPbIX 3a1eratoT pacTBOpYIMble MOPOAbL. [TpOBOAUAVCH UCCIeA0BaHNS,
NO3BONAIOLLME 0BECNEeUNTb SKONOTMYECKYD H6e30MacHOCTE OOBEKTOB MO YHNUTOXEHWIO XM-
MUnYeckoro opyxusa (KypraHckas o6, Yamyptckas Pecnybnimka). OcylwecTBNstOTCA paboTel Mo
YMEHbLLEHWIO 3KONOrMYECKX PUCKOB MPY GYHKLMOHUPOBAHNW CNIOXHbBIX MPOV3BOACTBEHHBIX
KOMMNEKCOB XMMUYECKON, HeQTEXMMNYECKOW 1 0OOOPOHHOM MPOMBILLNEHHOCTY [epMCcKoro 1 Xa-
6apOBCKOro Kpaes, XaHTbl-MaHCUINCKOro aBTOHOMHOMO OKpyra. BeayTca paboThbl MO CHUXEHMIO
3KONIOrMHeCKOn Harpysku Ha BepxHekaMckoM MeCTOPOXAEHWN KaMNHO-MarHUeBbIX CONeN.

ABTOP 11 COaBTOP 535 HayuHbIX PaboT, 3 y4ebHbIx N0cobwii, 14 MoHOrpaduii (B TOM Ymc-
Ne 3apybexHsbIx), 1 aTnaca, 4 Hay4HO-NONYAAPHbIX KHUT 1 paaa nybamkaumin B nepruoamnyeckoi
neyatn. ABTop 10 MaTeHTOB B 06/1aCTV MPUPOLOOXPAHHbBIX TEXHONOMMIA. MNaBHbIN pefakTop
COOPHMKa HayYHbIX TPYAOB «[leLepbl». YneH HayUYHO-pefakLMOHHbBIX COBETOB XypHanos «eo-
puck» 1 «BectHuk MHNMY. MpriknagHaa 3konorua. YpbaHncTunka». HayuHbli pykoBoAMTeNb Ye-
ThIpex KaHAMAATOB HayK. [TpOLIeN CTaxXMPOBKM B BeAYLLMX Hay4YHbIX LieHTpax [epMaHny, Hosow
3enaHann, Cnosaknn, CnoseHuY 1 PpaHLmK.

HayuHbln pykoBoanTens 15-TW 1 y4acTHUK 9 rpaHToB, NoAAepXaHHbIX POOK, OLIM,
PIrO, MMHWUCTEPCTBOM 06Pa30BaHms 1 Hayku PO 1 ap.

YneH HayuHoro coseta PAH no npobnemam reoskonornm, HXeHepHOM reonornm v
rnaporeonorun. YneH Poccuiickor HaumoHaneHOM rpynnsl MexayHapoAHOM accoumaummy no
NHXEHEPHOW reoiormn 1 OxpaHe oKpyXatoLLe cpeabl. IkcnepT PAH.

HarpaxaeH mefansro opeHa «3a 3acnyri nepes OtedectBOM» |l cTeneHu, HarpyAHbIM 3Ha-
KOM «[oYeTHbI paboTHYIK BbICLLErO MPOGEeCCOHanbHOro 0bpa3oBaHms Poccuiickor desepaLiiny.

E-mail: nmax@psu.ru
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Mbaxkos Ceprei BacunbEBUY

B 1992 r. OKOHUMA MeXaHVKOo-MaTeMaTnyeckuin dakynb-
TeT [epMcKoro rocyAapCTBeHHOro yHBepcuTeTa no creumans-
HoCTW «TpuKnagHas MaTemaTvika» (kadedpa Teopuu BeposTHO-
CTV ¥ MaTeMaTUHeCKOV CTaTUCTUKN). KaHANAAT TEXHUYECKIX HayK
(2006 r., Poccuincknin rocysapCTBeHHbIN MMAPOMETEOPONOr NYe-
CKnid yHuBepcenTeT, r. CaHkT-MeTepbypr), LOKTOP reorpapuyeckmnx
Hayk (2015 r., KasaHckuii (MpuBoaxckuit) desepansHbIi yHUBEP-
cuteT, 1. KasaHb). MNpodeccop no HayuHoW crneumansHoCTH «Kap-
Torpadusa» (2018 r.). B 2012 r. co3gan v Bo3rnasun kadeapy kaptorpadum n reonHGopMaTmkm
reorpaduyeckoro dakynsteta MNrHAY.

OCHOBHbIE Hay4YHble MHTepechl CBsA3aHbl C CO34aHVEM HOBbIX METOAOB MaTemMaTu-
KO-KapTorpadpu4eckoro MoAeMpOBaHNa reocncTem U NpupoAHO-TEXHOrEHHbIX KOMIMIEeKCOB,
pasBUTVIEM COBPEMEHHbIX reOUHPOPMALINOHHBLIX TEXHONOTMA 1 METOAOB TeMaTUyeckoin ob-
PabOTKN AAaHHbIX ANCTAaHLMOHHOMO 30HANPOBAHWA 3eMAV NPpK peLleHnn GyHAaMEHTaNbHbIX 1
NpUKaAHbIx 3a4a4. MOAroTOBUA TpexX KaHANAATOB Hayk.

ABTOP 1 coaBTOP 203 Hay4HbIX, HAYYHO-MOMYNAPHBIX 1 Y4ebHO-MeToANYeCKrX paboT,
M3 HWUX: 7 MOHOrpadui, 2 atnaca, 21 paboTta 13 cnmcka 3apybexHbix xypHanos Web of Science
nnn Scopus, 27 paboT 13 cnucka BAK, 17 - B MHbIX XypHanax u3 cnncka PVIHLL, 69 matepranos
KoHpepeHUWii, 10 y4ebHO-MeToANYeCKMX PaboT, a Takxke nHble Nybankaumm. ABTOp 1 COaBTOP
4 CBUAETENLCTB O rOCYAAPCTBEHHON perncTpaumm 6as AaHHelx 1 10 CBUAETENBCTB O PerncTpa-
LMK paspaboTky NPOrpamMMHbIX CPeACTB, 3aperncTpypoBaHHbix B OPAl 1 OPEPHMO. 13 19
rPaHTOB, NojaepxaHHbIX PO®U, PTH®, PIO, rpaHToB MUHUCTEPCTBA 06Pa30oBaHNS 1 Haykn
P®, MUHMCTePCTBa 00Pa30BaHNA 1 Haykn NepMckoro kpas, B 13-TW ABNSACA HayUHbBIM PYKO-
BOAMTENIEM.

UneH yuebHO-MeTOAMYECKOro coBeTa No HanpasaeHuto «KapTorpadus 1 reonHpopma-
Tnka» desepanbHOro y4ebHO-MeToANYeCKoro obbeArHeEHUA MO YKPYNHEHHOW rpynne cneum-
aneHocTel 1 HanpasneHnin 05.00.00 «Haykn o 3emne» MUHUCTEPCTBa 0OPA30BaHMA 1 HayKM
P® (2015 r.). IkcnepT Poccniickor Akagemun Hayk (PAH) PO (2016 r.). DkcnepT PoCcunCKoro
®doHaa PyHAaMeHTanbHbIX nccnegosateneit (POON) (2016 r.). YneH AnccepTauMoOHHOro coBeTa
Kasamckoro (Mprsonxckoro) esepansHoro yHneepcmteta (2016 r.). YneH SkcnepTHOro cose-
Ta BbicLel aTTecTaynoHHOM KOMUCCMM MUHCTEPCTBA Hayky 1 BbiCLLEro 06pasosaHna PO no
«Haykam o 3emne» (2018 r.).

YeTblpexzabl HarpaxzgeH lMovetHon rpamoTon MIHKY (2004, 2009, 2015, 2016 rr.),
MoyeTHOM rpaMoTo MUHMCTEPCTBa 06pa3oBaHNsa 1 Hayku PO (2006 r.), bnarogapcrBeHHbIM
nuceMom MonHomouHoro lMpegctasutens MNpesngeHTa PO B MO (2012 r.), bnarogapcreer-
HbIM MCBMOM PYKOBOAMTENd YrpasneHun Pocpeectpa no lMepmckomy kpato (2016 r.), MouveTt-
HOWM rpamMoTon MUHMCTEPCTBA MPUPOAHbLIX PECYPCOB, IECHOTO XO34MCTBa U 3konorumn Mepm-
ckoro kpas (2016 r.), Avnnomom naypeata koHkypca MMHWY B 0bnact reorpaduryeckmnx Hayk
3a NyULLYt0 Hay4YHO-MCCneAoBaTebCkyto paboty B 2013 1. cpean BedyLmx yueHblX, [oyeTHon
rpamoTort reorpaduyeckoro dakynbteTa (2016 r.) 1 «CepebpaHoin Megansio 3a reorpaduye-
ckve nccneposaHus» (2016 r.).

E-mail: pyankovsv@gmail.com
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