NMPEANCNOBWE

Bo,u,a —.U.PGTOU.GHHHVI Aap npupoasl, oGecne- MoTpe6neHne BOAbl KM3
YMBaKOLLMIA XN3Hb HA 3em/ie. ECTecTBEHHOE pac-
npegeneHune ee 3anacoB He 04eHb YA06HO ANns ye-
noseka; 60/blUY0 YacTb BOAHOW Macchl cOCTaB-
NAIT COMleHble MOPSA U OKeaHbl. MNMpecHas Boja
[OCTYyNHa Ham Aaneko He BCA: 3HauYUTeNbHas ee
YyacTb «3aKOHCepBMpOBaHa» B BMAE Nbfa Unn Ta
nTCS rNy6oKo nof 3emnei. Jnwb 4ONW NPOLEH-
Ta 3eMHbIX PecypcoB MPeCcHbIX BOA UMEKTCS B
HaweM pacrnopshkeHun. MonoXeHne OCMOXHSA
eTcsA TeM, YTO BCe 60/bLUe pacTeT NOTPE6HOCTL B
BOAE 1 BCe 6osblUe ee pacxogyeTca. B 1900 rogy
noTpe6neHne Bogbl B Mupe coctaBnsano 400 km3.
Mo nporHo3sam Ha 2000 rog noTpebneHne BOAbI
focTurHet 6000 km3(puc. 1.1).

HeyanBnTenbHO, YTO HapacTaroLee pacxogo-
BaHWe 3TOro0 BaXHOr0 MPUPOLHOr0 KOMMOHEH-
Ta BCepbe3 6eCcnoKonT yenoBeyecTBo. CerogHs
Mbl SIBCTBEHHO OLLYLlaeM MCYepPNaeMocCTb BOJ,
HbIX 3aMacoB.

Mpob6aema pasyMHOro OTHOLIEHWUA K NPUpPO-
[le 1 NCNO0Nb30BaHNA ee pecypcoB npuobpeTaeT
HanMb0NbLUYK OCTPOTY CpeAn BaXKHEeWLWnxX npob
NeM HayKmn n TexXHUKn. OTTOro, HaCKONbKO one-
paTMBHO W BEpPHO OHa byAeT pellueHa, 3aBUCUT
3[10p0Bbe U 6/1aroCOCTOAHNE HbIHE XUBYLLUX W
6y,£l.yI.I.I|I/IX NOKONEHUM’ I'IIO,qu‘/JI. Puc. 1.1. lMoTpe6neHune npecHol Boabl B MUpe
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UTO TAKOE BOJA

Kak nosiBusiacb BoAa U CKOMbKO ee Ha
Halwleli nnaHeTe

«T060M HacnaxpaalTca He Beaast, uTo Thbl Ta-
Koe», —o6palanca keoae AHTyaHe CeHT-IK-
3tonepu. TOT camblii, UTO Hanucan npekpac-
HYI0 CKa3Ky 0 ManeHbKoM npuHue. W Tam Boga
nrpana He NOCNEAHIO PONb: MPUHL, NOCTOSAH-
HO MOMHWA, YTO HAA0 NOMMBaTb CBOK €AUHCT-
BEHHYI0 P03y, OCTaBfIEHHYIO Ha Janekon poj-
HOI1 NnaHeTe.

Mbl He MOXeM NPOXUTb 6e3 BOAbl 1 HECKO/b-
KUX AHE. Mexay Tem floNnrue CToneTus noau
He TO/NIbKO He 3Ha/n, YTo oHa co6oii npeacTasns-
T, HO He 3Hanu Jaxe, CKoNbKo ee Ha 3emne. U
yXXe COBCEM 6bIN0 HEACHO, Kak MosBKUIach OHa
Ha nnaHeTe.

Bopga 6bina ewe [0 NOABMAEHUA YenoBeka:
€CTb BCe OCHOBaHWA nonaraTb, YTO XW3Hb BO3-
HUKNa B BOAHON cpefe. A A0 BO3HWKHOBEHUS
XU3HN?

Bofda —aKTUBHbIii co3ngaTenb Halleid nnaHe-
Tbl, OfJUH N3 €8 OCHOBHbIX «CTPOUTE/IbHbLIX MaTe-
puanoBs».

Mwunnnapgbl neT Hasaj B XONOAHOM ra3onbi-
NeBOM 06M1aKe, CO BPEMEHEM CrycTUBLUEMCS, Y-
NOTHWBLUEMCS W CTaBlIeM 3emneild, yxe cogep-
)anach Boga. Ckopee Bcero, oHa 6bina B BUfE ne-
AAHOW NblAn. 3T0 MOATBEPXKAAOT UCCNeAoBa-
HUs BCeneHHoN. YCTaHOBNEHO, YTO MUCXOAHbIE
3NeMeHTbl ANs 06pa3oBaHns BOAbl —BOAOPOJ,
KUCNopoa —B Halleil ManakTuke NnpuHagnexar
K LWeCTU cambiM PacnpoCTpaHeHHbIM BeL|ecT-
BaM KocMoca.

CKonneHnsa MoneKyn BOAbl U TMAPOKCUAHBIX
pagvkanoB o6Hapy>eHbl 3a npegenamu ConHeu-
HOI cucTembl. B cosBesgmax Kaccuonen n Opu-
OHa HalfeHbl 06/1aka, COCTOoALLME U3 MOEKYN
BOAbl. PasMmepbl 06M1aK0B Kon0CCaNbHbl — UX

NPOTsHXKEHHOCTL B 40 pa3 MpeBbillaeT paccTos-
Hue oT ConHua go 3emnun. Hepegku cnyvaum na-
[LeHUsA Ha 3eM/I0 OCTaTKOB KOMETHbIX filep —
«MOCNaHLeB» fanekmx MMpoB. Yalle BCero oHu

npefcTaBnsftOT co60l rMraHTcKue rnbibbl Nbaa,

CMep3Llerocs ¢ MeTaHOM, aMMWAaKOM U MUHe-
panbHbIMK YacTuLamu. Bec gocturwux 3emnu

NefsHbIX TNbl6 MOXET AOCTUraTb COTEH KWUNO-
rpaMmMos.

MHOrofeTHUMMN MUCCNef0BaHUAMMN Teonoruye-
CKMX NPOLECCOB, NPOUCXOAALLMUX Ha Hallel nna-
HeTe, akageMnk AH YkpaunHol H.IN. CemeHeHKO
YCTaHOBU/I, YTO UMEHHO BOJA W COCTaBNAOLWMe
€e 3N1eMeHTbl Mrpanu Onpefenstolly ponb BO
BCei reonornyeckoin nctopun 3emnun. Nccnegys
cojepXaHue Kucnopofga B COCTaBe 3eMHOW
KOpbl, YYeHbIA cenan BbIBOA, 4TO B 06pa3oBa-
HUW NPOTO3eManlyyacTBOBaIN rPOMagHble KO-
nnyecTtBa BoAbl. MOMUMO 3TOr0, €e 3NeMeHTbI
BXOAWN B COCTAB OCHOBHbIX KOMMOHEHTOB WC-
X04HOro obnaka: BOAOPOA —B COCTaB rMapuLoB
MeTansioB, KNCNOPOS —B COCTaB OKCUOB.

CornacHo Teopuu akagemuka A.l. BuHorpa-
[0Ba, NPOTO3eMHOe 06/1aK0 NOCTeNeHHO ynaoT-
HAMOCb W camopas3orpeBanocb. ICTOUHNKOM He-
06X04MMOWA IHEPTUM CNYXWUN NPOLLecChbl pagmo-
aKTMBHOIO pacnaja v ynaoTHEHUA NepBUYHOTO
BewecTBa nnaHetbl. C He3anamATHbIX BPEMEH B
Hefpax naaHeTbl MPOUCXOAAT FNYBUHHbIE HU3N-
KO-XMMUYeckue npoweccbl. Tam pasBuBaloTCs
YyJOBULLHbIE JABIEHNA N TeMnepaTypbl; UCXOS-
Hble BellecTBa NPU 3TOM MUCMNbITbIBAKOT CNOX-
Hble npeBpalieHnsa. B pesynbtate obpasytoTcs
napo- u rasoobpasHble COeLWHEHUA, MPUYEM
60bLWNHCTBO M3 HUX COCTOMT U3 BOAbI WU CO-
CTaBNAILLNX ee 3/1eMEHTOB.

CornacHo reoXMMu4Yeckoii MoAenn Hawlew
nnaHeTbl, co3gaHHoi H.M. CeMeHeHKO, 3eM-

MpoT(0)... [rp. preies nepBblii] —nepBas cocTaBHas 4acTb CMOXHbIX C0B —1) 03Havalo L as: nepBoHayvanbHblii, NepBbIii,
HanpumMep, NPOTOTUM; 2) COOTBETCTBYHOLLAA NO 3HAYEHMIO CNOBAM «BbICLIUNI», «CTAPLWNii», «NaBHbIi», Hanpumep, NpoTouepeit.
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Has Kopa, COCTOALLAA M3 OKWUCNEHHbIX MOPOA,
ABNAETCA CBOEOOPa3HbIM KMCNOPOLHLIM KapKa-
COM, a AP0 MNaHeTbl cnaraldT rUApuAabl He-
CKO/MIbKMX METann0B M YacTUYHO Kapbup xene-
3a. B 30Hax cambiX BbICOKMX faBNeHnit 1 TeMne-
paTyp BblAenstOTCA, NPeNMYLLEeCTBEHHO, BOJO-
POA 1 yrnesofopoabl. [anblie oT LLleHTpa nnaHe-
Thbl 3TV BeliecTBa B3aMOAENCTBYIOT C OKNCEH-
HbIMW nopofaMn —o6pasytoTcs BOAAHON nap u
YrNeKUcAblin ras. TN COeMHEHUS NOCTOAHHO
BblJeNIATCA Ha MOBEPXHOCTb Yepes Xepna By-
KaHOB, Yepe3 BCEBO3MOXHbIE Ha3eMHble 1 MOA-
BOJHbIE TPELLMHbl W pa3fioMbl 3eMHOW KOpbl
(puc. 1.2).

Mo nopcyetam H.M. CemMeHeHKO, 3a BCHO UC-
TOPUIO CYLLecTBOBaHUA 3eMnuM Ha ee MoBepX-
HOCTb TakuM 06pasoM BbI4e/MN0OCb OKO/O
3,4-109km3B0oAbl. TpeTb 3TOro KoamM4yecTsa B na-
poo6pa3HOM COCTOAHWM NOKWHYNa NOBepX-
HOCTb MiaHeThbl, a nof Bo3gelicteuem ConHua
3HauuUTeNbHaa yacTb poToguccoynmnposanalHa
BOAOPOA W KUCNOPOA,.

OcTanbHas macca BOAbl, 04eBUAHO, MocCTe-
NMeHHO cocTaBmna rugpocgepy. MosABMBLINCH
Ha MOBEPXHOCTW MNAHETbl TAKMM CAOXHbIM My-
TeM, BOJa He CTana WHepPTHOW, NaccUBHON cpe-
[Loi. BmecTe ¢ napamu BOAbl BblAeNsnnch He
TO/IbKO OKCUfbl YTNIEPOAa, HO 1 COefJUHEHNS a30-
Ta, pocopa, cepbl, KOTOPbIE BMECTE C KNCI0PO-
[LOM, yrnepofom 1 BOLOPOAOM COCTaBAAT XMU-
MUYECKYI0 OCHOBY XW3HW. Hanbonee 6naronpm-
ATHble YCNOBUA AN1A NOABMEHUA N PA3BUTUSA X U3-
HU co3janucb B BOAHON cpede. «/IMeHHO Bojda
rngpocdepsl SBUNach Toi 0653aTeNbHON, Hesa-
MEHWMOW cpepoli, B KOTOPOI NMPOUCXOAUNO
thopmunpoBaHue Hanboee CNOXKHbIX OpraHnyec-
KUX COeAUHEHWW, NMOCNY>XWBLWMNX B AaNbHe-
lWeM MaTepuanom ANs NOCTPOEHUS TeN XMUBbIX
cylecTs. Bofa u ceiluac aBnseTca HaunpocTeli-
WWM, HO KONUYeCTBEHHO npeobnajatolwum Xu-
MMWUYECKUM KOMMOHEHTOM <«XKMBOW MaTepum» —
BCeW COBOKYMHOCTW OPraHM3MOoB, HaCceNsoLWmnX
Hally nnaHeTy», —TaK OLEeHWUBaeT Po/ib BOAbl B
BO3HWKHOBEHWN 6Guochepbl 6GMOXUMUK
A.N. OnapuH.

B HacTosllee BpeMA NOACYET KONUYECTBA BO-
Abl Ha 3eM/ie BbINOMHEH CO BCE TOUHOCTLIO, A0-

CTYMHON COBPEMEHHON HayKe. 3Ty paboTy yue-
Hble NMpofenanu B pamkax nporpammbl Mexnay-
HapoA4HOro TMAPONOTNYECKOTo AecATUNeTUs
1964...1974 rr. Pe3ynbTaTbl 3TOW paboTbl onyo6-
NINKOBaHbl B MHOTOTOMHOM Tpyfe «MupoBble
BOJHble pecypcbl U BOAHbIA 6anaHC 3eMHOrO
wapa».

YCTaHOBMEHO, 4YTO rmapocgepa — OKeaHbl,
Mops, peku, o3epa, 60n0Ta, aTMocdepHas Bnara
—U3MepAeTCA BHYLWNTENbHON BeINYUHON —
1,385-109km3B0ogabl, nnn 1,4-10191. Tpu yeTBep-
TV NOBEPXHOCTW NAaHEeTbl MOKPbITO BOAONA.

KocMOHaBTbl HEOJHOKPATHO OTMeYasu, 4To
13 Kocmoca 3emns BbIFAAUT rony6oil nnaHe-
TOW C OTHOCMTE/NIbHO HEBONbLLMMU BKpaNneHUs-
Mu cywun. Fony6as nnaHeta? Moxanyi, He nna-
HeTa, a TO/NIbKO ee TOHKas o6onouka. Ecnm pac-
npefennTb BCKO BOAY PaBHOMEPHO MO MOBEPXHO-
CTV 3eMHOTO Lapa, CPefHUIA pagumyc KOTOpOro
6370 KM, NOAYYMTCS NAEHKA TONLLMHON MeHee
3 KM. He MHOro BoAbl B 06LemM 06beMe niaHe-
Tbl. K TOMY )K€, OCHOBHY 4YaCTb Hallero BofHO-
ro noTeHumMana cocTaBnseT BOAa, KOTOPOU He Ha-
MbeLWbCA, He UCMNOJIb3YeLlb HU B MPOMbILINEHHO-
CTW, HW B CENbCKOM XO3fWACTBE, HU B ObITY.
97,75% nnn 1,338-109km3 —A3TO COJIeHble BOAbI
OKeaHOB M Mopeir. OcTanbHble 2,25% —npe-
CHble BOAbl, OlHAKO, MON0BNHA UX —24-106KM 3
—«3aKOHCepBMpPOBaHa» B BUAE NeAAHbIX TUraHT-
CKUX WanokK AHTapKTUabl, ApPKTUKKN, [peHNaH-
VW, BbICOKMUX FOp B pasfnyHbIX paiioHax 3em-
nn. TIpMepHO CTO/bKO Xe Boabl —23,4-106KmM 3
—CKpPbITO OT NOACKNX Na3 B TO/LWE 3eMHOW
KOpbl. 3TO NOA3EMHbIE BOAbI.

O6bem AOCTYNHON NpecHOl BOAbI UCUUCNNAET-
CA YXXe He MUNNOHaMK, a ThicA4yaMu Kybuuec-
KUX KWNOMeTpoB. Bonbllue BCero NnpecHoi BoAbl
Ha 3eMHOW NOBEPXHOCTM HaKOM/EHO B 03epax —
176,4-103kM3 Ecnn Ha MrHOBEHWe 3afiepXaTb
TeYeHue BCEX PeK 3eMHOr0 LWapa, ToO 0Kas3anoch
6bl, UTO B MX pyCnax O4HOBPEMEHHO HaXxoAMUTCA
2120 KM3BO/bI.

MicTOKM MHOXeCTBa pek, 60/bLWNX N ManblX,
HaxogaTca B 6onotax, KOTopble cofgepxat
10300 km3 npecHoi Bogbl. 13000 T BOALI COaep-
XNUTCA B BAMKAMLWINX K 3eMHOM MOBEPXHOCTMN
cnosix atmocdepbl. Ha BbicoTe 40 1 KMKOHLEHT-

1 Aunccoumnauuns [nat. éisszeciaiie pasbegnHeHune, pasfeneHne] —xum. pacnag MoneKyn Ha COCTaBHble YacTu.
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pauus BOAAHOrO napa B BO3JyXe B CPefHEM CO-
cTaBnset 2%.

BoT, noxanyii, u BCA BOfa, Ha KOTOPYL MO-
XeT peasbHO paccuUMTbiBaTb YE€/I0BEYECTBO Te-
nepb 1 B 6vKaiwem byayLiem.

Taknu npocTa Boga

«MpocTeiilee ycToiiunBOE COEANHEHWE BOAO-
pojda C KNCNopoaoM», —Takoe onpejeneHue Bo-
Abl faeT KpaTkas XvMUUecKas sHUMKnoneaus.
Bce BEpHO, TONbKO NpoCTeiillee B XUMUN —3TO
[aNeKo He NpocToe.

o XIX Beka 04N He 3Hanu, 4to BoJa —XMU-
MUYecKoe coefjHeHue. Ee cuntann 06blYHBIM
XUMUYECKUM 3nemMeHTOM. Jluwb B 1805 rogy
AnekcaHgp F'ym6onbaT n XXosed Jliym Meir-Noc-
CaK yCTaHOBW/K, 4YTO BOZa COCTOUT U3 MONEKY,
KaXKjas U3 KOTOPbIX COAEPXUT [Ba aTOMa BOJ0-
pofa n 04WH KICI0PoAa.

Mocne 3TOro CBbILLIE CTa IeT BCE U BCIOAY CUU-
Tanu, 4To BOAa — WHAMBUAYa/lbHOE COefuHe-
HUEe, OMUCbIBAEMOE EAMHCTBEHHO BO3MOXHOIA
topmynoii HD.

HefoCTaTOYHOCTb 3TOr0 MNOM0XKEHWUA BbIACHN-
nacb nuwb B 1932 rogy. Mup obnetena ceHca-
Lu1s: KpOMe BOAbl 06bIYHO, B MPMpOAe CyLlecT-
BYET ellle 1 TsXKenas Boja. B monekynax Takoin
BOJbl MECTO BOAOPOJA 3aHWMAET ero TAXesbli
N30TON —AenTepuii.

Tskenyto BOAY OTKPbIIN aMepuKaHckue (u-
3ukun Mapanbg KOpu n 3nbb6ept OcbopH. B 1933
rogy amepukaHew, Fepb6ept JIbloNC COBMECTHO C
Puyapgom MakgoHanbfoM Bnepsble BblAennmnm
ee B UNCTOM BUJE.

B He60MbLWIMX KONMYeCTBax TsHXenas Boja no-
CTOSIHHO W MOBCEMECTHO MPUCYTCTBYET B Mpu-
POAHbIX BOJAX, BHELIHE COBEPLUEHHO He 0T/IMYa-
fCb OT 06bIYHOW BOAbI. PasnnunTb MX MOXHO
AUWb N0 (U3NYECKUM XapaKTepucTmkam. B mo-
NeKyny TSXeNoh BoAbl BXOAAT aTOMbl He N1ETKO-
ro sogopoga —npotusa (H), a ero usotona —
fentepusa (B), aTOM KOTOPOro Ha efuHMLY TS-
Xenee NpoTMEBOro, CNefoBaTeNlbHO, MONEKYNAp-
HbI/i BeC TAXeN0N BOAbl HAa 2 e4NHULbI 60/bLLUE:
20,aHel81

dopmyna Taxenoin soasl 620. OHa Ha 10%
NA0THEe 00bIYHON, ee BA3KOCTb Bbille Ha 23%.
OHa kunut npu 101,42°C, a 3amep3aeT npu
+3,8°C.

Takne 0COGEHHOCTM NO3BONIAT MOHATL He-
PaBHOMEPHOCTb COAEPXaHUs TsHXKENoi BOoAbl B
TeX U UHbIX NPUPOAHbLIX Bogax. Hanpumep, B
3aMKHYTbIX BOJOeMax ee 6ofiblue, Tak Kak no
CpaBHEHUI0 ¢ 06bIYHON BOAOI OHa ucnapseTcs
MeHee WHTEHCMBHO. [M0O3TOMY TsXenoi Bofbl
60/blle B MECTHOCTSIX C XKApKWUM K/MMaTOM.
O6orauaeTca AeiiTepremM 1 NOBEPXHOCTb OKea-
Ha Ha 3KBaTope ¥ B TPOMMKax, TeM 6onee 4yTo
CBOI NeNTy BHOCAT YacTble aTMOCHEPHbIE 0caj-
KU, Npu 06pa3oBaHMM KOTOPbIX MAYT NpoOLLecchl
KOHAeHcaLuuyn BOAbl U3 NapoBoi dasbl (CM. fa-
Nnee), aTsHKenas Boga KOHAeHcUpyeTcs GbicTpee,
ueMm nerkas, cnejoBaTeNbHO, OCafku oboradle-
Hbl TXenol Bogoi. OfHaKO A8 OKeaHCKOW no-
BEPXHOCTW NOBbILEHHOE COAEPXaHue TAXeNoi
BO/bl XapaKTEPHO NINLLb Ha HU3KMX LLINPOTaX.

B61131 NOMHOCOB CBOM 0COGEHHOCTU. B BbICO-
KUX HOXKHbIX WnpoTax (B AHTApKTUKE) OKeaH-
CKUe BOfbl 3aMETHO «/1erue». B 3TOM CcKa3blBaeT-
A BNNSHWE TabIX BOA aHTapKTUUeCKMx aiic6ep-
roB, KOTOpPbIE OTNNYAKOTCSA Han6oee HU3KUM CO-
JepXaHueMm feiiTepus Ha nnaHerte.

HeBenuka gons feiitepms u Bo nbaax IpeH-
NaHAWMW, TEM He MeHee, OKeaHCKMe BOfbl BbiCO-
KUX CEBEPHbIX LUMPOT 060ralleHbl TSXenoii Bo-
[0ii. TyT cKa3biBaeTCsA TasgHME «THKENbIX» apKTU-
UECKNX NbJ0B.

CobcTBeHHO Taxenasd Boga b2 B npupoge
Haxo4MTCHA B HUYTOXHbIX KONUYeCTBaX-BMU-
NNOHHbIX foNnax npoueHTa. Mpeobnagaert ee pas-
HOBWAHOCTb, COCTaB KOTOPOI MOXHO Bblpas3uTb
hopmynoi H3I0.

Tsenas Boga —O0YeHb BaXXHOE MPOMbILLEH-
HOe Cbipbe, 3PHEKTUBHbIN 3amMeannTens GbICT-
pbIX HEATPOHOB. MM03TOMY YXe ceiluac ee LWNPO-
KO MPUMEHSIOT B Pa3fIMUHbIX PEAKTOPHbIX yCTa-
HOBKax. A B Gyayliem Tskenas Bofa MOXeT
CTaTb CbIPbEM /11 TEPMOSIAEPHOW 3HEPTeTUKN:
1r geiiTepus npu TepmosfepHOM pacnaje gaet
B 10 MAH. pa3 6onblue aHepruu, Yem 1r yrns

1 MOI‘IeKyI'IﬂpHaR Macca, 3HayeHne mMmacCbl MONEKY/bl, BblpaXXeHHOE B aTOMHbIX eAUHMNLAaX MaccChbl. OAHa aTOMHaa eqnHMLa Macchbl
paBHa 1/12 maccbl Hyknupga yrnepoga I2C, uto coctasnset 1,66-10°Zkr.
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Puc. 1.3. BbDKMBAeMOCTb OPraHM3MoOB B Boe, coaep>kauleit aeitepuii

npu cropaHun. B MuUpoBOM OKeaHe COAEpPXUT-
ca 1015roHH HBO.

OTKpbITMS MOCNeAHNX NeT Nnokasanu, 4To TA-
Xenas Bofja UrpaeT Hemanyt ponb B Guonorunye-
CKMX npoueccax. ATO U NOHATHO, Beflb OHA fABNS-
eTCA MOCTOAHHOW U MOBCEMECTHOW MPUMECHIO
NpMpoaHbIX Bof. CUCTeMaTUYecKoe U3yyeHue
ee BO3eiCTBUS HA XXKMNBOTHbIX N pacTeHUs Hava-
TO CpaBHWUTENbHO HeAaBHO. Pa3nunuHble ucche-
[0BaTeN He3aBUCMMO APYT OT Apyra YCTaHOBU-
NN, 4TO TSXKenas Bofa AeliCTBYET 0TpULLaTENbHO
Ha XM3HeHHble (YHKL NN OpraHn3MOoB; 3TO Mpo-
UCXOAUT faxKe MPWM MCNONb30BaHUU O6bIYHOW
NPUPOLHON BOAbLI C MOBbILIEHHbLIM COAEPXaHM-
eM Tskenoi soabl (puc. 1.3).

MoAONbITHLIX XXMBOTHLIX NOUNK BoAoM, 1/3
YyacTb KOTOPOW 6bina 3aMeHeHa BOAOW coCTaBa
HBO. Yepes Heponroe BpemMs HauMHanochb pac-
CTPOCTBO 06MEHA BELLECTB XWMBOTHbIX, paspy-
Wwanncb NoYku. MNpu yBENMYEHUWN [ONU TaAXKe-
NOIA BOAbI XXMBOTHbIE MOrn6anu.

Ha pa3BuTre BbICLINX pacTeHUii Tsxenas BO-
[a TaKxXe AeliCTBYeT yrHeTalolle; ecnv UX nonm-
BaTb BOAON, Ha MONOBUHY COCTOSLLENR N3 TaXKe-
noii Boabl, pocT npekpauyaetca (puc. 1.4).

MOHUXEHHOE cofepXaHue genTepns B Boge
CTUMYNUPYET XWU3HEHHbIe npoueccbl. Takue
faHHble nonyuunn 6.U. Poaumos n .. Topo-
nos. OHKM fonroe Bpems Haba04anu 3a pacTeHu-
AMU W XWUBOTHbIMU, NOTPE6GNABWIMMYU BOLY, B
KOTOPOIi cofepxanoch gentepuns Ha 25% Huxe
HopMmbl. OKasanocb, 4YTO, NOTpebnAs Takylo
BOLY, CBUHbW, KPbICbl Y MbIWW fanu NOTOMCT-

BO, ropasfo MHOFOYMCNEHHEE U KPYyMHee 06bly-
HOro, ALEHOCKOCTb Kyp MOAHANach BABOE,
nweHunya cospena paHblie U gana 6onee BbICO-
KWii ypoxai.

MepBble pe3ynbTaTbl U3yUeHUs TAHKENOoN Bo-
Abl MOKa3biBAOT, CKONbKO HEOBbIYHbIX CBOWCTB
TanTTakoe 06bIKHOBEHHOE BELLEeCTBO, KAKBOAA.

OTKpbITUE TSXENoN BOAbI MOCAYXUNO TONY-
KOM K BbISICHEHUIO (pPaKLMOHHOTO cocTaBa
BOAbl. Bckope 6bina 06HapyXXeHa cBepxTsxenas
Boda T2. B ee cocTaBe MecTo BOAOPOAa 3aHNMa-
eT ero NpupoAHbIA M30TOM, ele 6onee Tsaxe-
Nblin, yem genTepuin. 1o TpuTKin (T), OH paguo-
aKTMBEH, aTOMHasa Macca ero paBHa 3. Tputuii
3apoXjaeTcs B BbICOKMX CMOsX aTMocepbl, rae
UAYT NPUPOAHbIe AAEPHbIe peakuun. OH ABNseT-
€Sl OfHUM W3 MPOAYKTOB 60MGapAMPOBKM aTo-

Puc. 1.4. BnusiHue KOHUEeHTpauuun geTepmsa Ha
POCT BbICLUNX PaACTEHU
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MOB a30Ta HeliTPOHAMM KOCMUYECKOr0 n3fyue-
HUS. EXXEMUHYTHO Ha KaX/Ablii KBafpaTHbIA caH-
TUMETpP 3eMHOI MoBepxXHOCTU NagatoT 8...9 aTo-
MOB TPUTUS.

B He60nbWINX KONMYECTBAX CBEPXTAXKENas
(TpuTuesas) Boga nonagaeT Ha 3emMnt0 B CcOCTa-
BE 0CaAKoB. Bo Bceli rmapocdepe 0g4HOBPEMEH-
HO HacuuTbiBaeTca Wb 0kono 20 kr TD. Tpu-
TWeBas BOfJa pacrnpefjeseHa HepaBHOMeEpPHO: B
MaTepUKOBbIX BOJOeMax ee 60/bLUe, YEM B OKea
Hax; B MOMIAPHbIX OKEaHCKUX Bojax ee 60nblue,
4yeM B 3KBaTOpManbHbIX. M0 CBOMM CBOWCTBaM
CBEPXTsXKenas Bofa elle 3aMeTHee 0T/iMyaeTcs
0T 06bIYHOM: KUNUT npu 104°C, 3amep3aeT npu
4...9°C, umeeT nnoTtHocTb 1,33 r/cm3.

CBepXTSXENY BOAY MPUMEHSOT B TEPMO-
A0epHbIX peakunsax. OHa ypobHee pelitepue-
BOI, TaK KaK YyBCTBUTE/IbHEE B ONPEAEIEHUN.

MepeyeHb N30TONOB BOAOPOAA HE KOHYaeTCA
TPUTNEM. VICKYCCTBEHHO NONYYEHbI U 6onee T4-
Xenble n30Tonbl 4H 1 HH, ToXXe pagnoakTUBHbIE.

Takum 06pasom, BO3MOXHO CYLLECTBOBaHME
MONeKy/ BOAbI, B KOTOPbLIX COfepXaTcs Nobble
13 NATW BOAOPOAHbLIX M30TOMNOB B N1t060M CoYe-
TaHuu.

3TUM He MCcYepnblBaeTCsA CMOXHOCTb U30TOM-
HOro coctasa BOAbl. CyLLeCTBYIOT TaKXe M30TO
nbl Kucnopoga. B nepuogunyeckoi cucteme xu
Muyeckunx anemeHtos .. MeHfeneesa 3HaunT-
CS BCEM U3BECTHbIN Kucnopog 1. CyuecTByoT
eLle fiBa NPUPOLHbIX n30TONa KMcnopoga —I10 un
18. B npupogHbIX BOAAX B CPESHEM Ha KaxAble
10 TeicAY aTOMOB M30TONa 1 npuxoautca 4 ato-
ma nsotona I0 u 20 atomos nsotona 1.

Mo usnyeckum CBONCTBAM TAXENOKWUCNO-
pojHas BOAa MeHbLUe OTNMYaeTCA 0T 06bIYHOA,
Yyem TAXKenosogopogHas. MonyyakT ee B OCHOB
HOM NeperoHKoW NPUPOAHONA BOAbI M NCNOJb3Y
10T KaK UCTOYHMK NpenapaToB C MeYeHbIM KuC
NopoSOM.

MoMUMO NPUPOLHBIX, CYLLECTBYIOT U LUECTb
WCKYCCTBEHHO CO3[aHHbIX W30TOMOB KWUCNOPO
fa. Kak n ncKycCTBEHHbIE N30TOMbI BOAOPOAA,
OHW HEe[0NTOBeYHbl U PafN0aKTUBHBI. M3 HUX:
1D, W B —nerkue, D un D —TsXKenble, a
CBEPXTSHKENbIA n3oton —20 nony4veH B 1970
rogy.

CyluecTBOBaHME NATW BOLOPOAHBIX U AEBATH
KWCNOPOLHbIX NU30TONOB FOBOPUT O TOM, YTO 130
TOMHbIX Pa3HOBUAHOCTEN BOAbI MOXET ObITb 135.

Han6onee pacnpocTpaHeHsl B npupoge 9 yc-
TOYNBbLIX PA3HOBUAHOCTEI BOAbI:

"2 'HO2I® 121
'H"O Hin2ID ‘020
"N2® 'HOZB B2®

OCHOBHY0 Maccy NpUpoAHOI BOAbl —CBbILLEe
99% —cocTaBnseT npotuesas Boga —IH2®. Ta-
XEeNOKNCNOPOLHbIX BOJ HaMHOF0 MeHblUe:
H2® —pecATble 40M NPOLEHTA.

H2[0 —coTble 40NN OT 06LLEr0 KONNYecTBa
NPUPOAHLIX BOA. TONbKO MUANWOHHBIE [O/N
npoLeHTa cocTaBnseT Tsxenas soga b 20, 3aTo B
thopme H B0 TsXenoit Boabl B NPUPOAHbIX BO-
[laX COAEPXUTCS yXKe 3aMeTHOe KOJIMUYeCTBO.

Ewe pexe, yuem b D, BCTpeyarTCa U LeBATb
pafnoaKTUBHbIX ECTECTBEHHbIX BUAOB BOAbI, CO-
LepXalmnx TpUTnit:

T280 HT® OTHD
120 HTIb oTId
T2 HT® nTw

Co BCeli Hay4HOW CTPOroCTbi0 KNacCn4ecKom
BOLO cnefyeT cuntaTh NpoTueByto Bogy H21B
B YNCTOM BMAe, TO eCcTb 6e3 mManehwmnx npume-
ceil ocTanbHbiX 134 W30TOMHbLIX Pa3HOBUAHO-
cTeli. N xoTa cofepxaHue NpoTUeBON BOAbI B
npupoje 3HaYMTENbHO NPEBOCXOAUT COfepXa-
HWe BCeX OCTa/lbHbIX BMECTE B3ATbIX BUAOB, YNC-
TON H2) B eCTeCTBEHHbIX YyCN0BUAX HE CYLLeCT-
ByeT. Bo BCceM Mupe Takyl BOLY MOXHO OTbl-
CKaTb NNLWb B HEMHOIMX ChneynanbHblX nadopa-
Topusax. Ee nonyyaloT 0YeHb CIOXHbLIM MYTEM 1
XPaHAT ¢ BeNM4anwmMu npesocTOPOXHOCTA-
Mu. Ang nonyyeHus unctoli H21B) BeayT O4eHb
TOHKYI, MHOFOCTaAUNHY OYUCTKY NpUpoS-
HbIX BOZA WU CUHTE3NPYIOT BOAY M3 UCXOLHbIX
3anemeHToB H2un 18, KoTOpbIE NpeABapUTENbHO
TLWATENbHO 0YMLLAIOT OT U30TOMHbIX MPUMECEIA.
Takylo BOAY NPUMEHAOT B 3KCMEpUMEHTax U
npoweccax, TPebyLWnX NCKNIUYNTENBHOR Ync-
TOTbl XUMUYECKNX PEAKTUBOB.
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dopManbHO MPOTUEBYHD BOAY MOXHO 6bifo CUMTaTh TAXKENOWN HacToAW el BOAOW, hakTuyec-
6bl Ha3BaTb Nerkoi BoAol, Ho uuctas H2IB) — KU 3aMeHsieTCA CMeCblo pa3HOBUAHOCTEl BOAbI
peaKocTb. MMo3TOMy paboymm 3TaNoOHOM NIErKoi C NOCTOAHHOI BOLOPOLHOI YacTbio (34echb 3TO
BO/bl CUMTAIOT CMeCb Pa3HOBUAHOCTE BOfbl CO-  AeiTepuii) U ¢ cofepxaHuem U30TOMOB KWUCNO-
ctaBa H200, H2ID n IH28), B3ATbLIX B TOM Xe pofa B COOTBETCTBUW C WM3OTOMHbLIM COCTABOM
COOTHOLIEHUM, B KOTOPOM MPUCYTCTBYIOT B BO3-  BO3AyXa.
Ayxe COOTBETCTBYIOLIME M30TONbI KUC/TOPOAaA. BOT Kakoe HeMpPoCToe 3TO «MpocTeiillee co-
MonyyaeTcs, YTO, LUNPOKO ONepupys NOHATUEM eAMHeHneM —Boga. B ganbHeiiwem, rogops o
«fierkaa sofia», Mbl He MOXXEM NpeAcTaBUThL ee BO/AE W HasblBas ee 06|_|_|'er|p|/|H;|Ty|o q)opmyny
0f{HOPOAHON (hOPMYNOii. HD, 6ygem MMeTb B BUAY, YTO COCTaB BOAbI, Aa-

TepMUH «Tsxenas Bofa» Ha NPakTUKe Takxe XK€ MOSIHOCTbIO 0CBOBGOX/AEHHOW OT MUHEpasnb-
He MMeeT 3KBMBaneHTa. Boga, oTBevatowasn op-  HbIX U OpPraHUYeckKUXx MpuUMeceil, CNOXeH K
myne B2, koTopyt Kak pa3 u cnefjoBano 6bl MHOroo6paseH.

© HunT, 1999
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HEOBbIKHOBEHHbI/ MNP

CTpoeHue MoneKysn BoAbl N Nx
accouuatbl

«Mup Yapylowmnin n paHTacTuyecknin», —Tta-
KUMU cnoBamu naypeat Hob6enesBckoii npemun
AnbbepT CeHT-[bepAbMn XapaKTepuayeT owyuie-
HWA WccnefoBaTeNs, U3yyarLlero CTPYKTypy +
BOAbl. Pe3ynbTaTbl TeM CUbHEE BMeYaTAAoT,
4TO 0YeHb YK 06blYeH CaM 00BLEKT U3YUeHMS.

MTak, monekyna Bogbl (H2®) coctouT m3
JByxaTomoB Bogopoga (1H) u ogHoro atomMa Kuc-
nopoga (18). Oka3sbiBaeTcs, UTO eiBa N He BCe
MHOroo6pasme CBOWCTB BOAbl U HEOOLIYHOCTb
UX NPOSIBNEHNS ONpefensieTcs, B KOHEUHOM cye-
Te, Pr3nMyecKoi Npupoaoi 3TMX aTOMOB, CNOCO-
60M X 06beMHEHNSA B MOIEKYNY U TPYyNNMpPoOB-
KO 06pa3oBaBLINXCH MONEKY.

B oTgenbHO paccmMaTpuBaemMoi Monekyne BO-
[bl aTOMbl BOLOPOAA W KUCNOPOAa, TOUHEE WX
A4pa, pacnonoXeHbl Tak, 4To 06pa3ytoT paBHO-
6efpeHHbI TpeyronbHUK. B BeplwunHe ero —
CpPaBHUTE/NIbHO KPYMHOE KUCNOPOAHOe A4po, B
yrnax, npunerawwmnx K 0CHOBaH1O, —M0 0JHO-
My a4py Bogopofa. Mogenb MONeKynbl BOAbI,
npeanoxeHHas Hunbcom bopom, nokasaHa Ha
puc. 1.5.

B COOTBETCTBUM C 3N1EKTPOHHbBIM CTPOEHUEM
aTOMOB BOA0POJa M KUCNOPOAa MONeKyna Bogbl
pacnonaraeT NATbIO 3/1EKTPOHHbLIMW Napamu.
OHn 06pa3yloT 3neKTpoHHOe o6nako. O6nako
HEOLHOPOAHO —B HEM MOXHO pa3NuyuTb OT-
LenbHble CTYLLEHNS U paspexeHuns. Y Kucnopos-
HOro fgpa co3faetca M3BbITOK 3NEKTPOHHOM
NAOTHOCTU. BHYTPEHHAA 3N1eKTPOHHAA napa Ku-
cnopofa paBHOMepHO obpamnseT fApo: Cxema-
TUYECKN OHa npefcTaB/ieHa OKPYXXHOCTbIO C
ueHTpom —aapom 0 2 (puc. 1.5a). YeTbipe BHeLW -
HUX 3N1eKTPOHA rPYyNNUPYyTCS B ABE 3N1EKTPOH-
Hble napbl, TATOTeOWMe K AAPY, HO YACTUYHO
He CKOMMNEHCMpOBaHHble. CxemaTU4yeckn cym-  Puc. 15 CTpoeHue mosekybl BOAbI
MapHbIe 3/IEKTPOHHbIE OpGUTaNN 3aTUX Nap noka- yron mexay casssmm O-H:
3aHbl B BUAE 3MNUNCOB, BbITAHYTbIX OT 06Lero 6 - PACNONOXEHNE NONIOCOB 3apAAA;
ueHTpa —sagpa 02~ Kaxablii 13 ocTaBLimxcs B - BHELIHUI BUA 3M1EKTPOHHOTO 0611aKa MONEKY bl BOAbI.

© HunT, 1999
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[BYX 3/IEKTPOHOB KMCopoAa o6pasyeT napy c

0AHMM 371eKTPOHOM BO/JI0OPOAA. ITU Napbl TaAKXKe

TATOTEIOT K KUCNOPOAHOMY Aapy. MM0o3ToMy BO-
[AOpPOAHbIe AApa —MPOTOHbI —O0Ka3bIBAKTCS He-
CKO/IbKO OT0/IEHHBLIMU, ¥ 3[ecb HaGNoAaeTcs He-
[OCTaTOK 3/1eKTPOHHO NNOTHOCTY.

Taknm 06pa3om, B MONEKyne BOAbl pa3nnya-
10T YeTbipe MoNtOca 3apsafoB: fBa OTpuuaTeNb-
HbIX (M36bITOK 31EKTPOHHOI NIOTHOCTM B 06/1a-
CTU KWUCNOPOAHOrO fApa) W ABa NONOXUTENb-
HbIX (He[0CTaTOK 3N1eKTPOHHON MAOTHOCTU Yy
[ByX BOAOPOAHLIX fgep). ANns 60nbluei Harnaa-
HOCTM MOXHO MpeACTaBUTb, YTO MOMKOCA 3aHU-
MalT BepWUHbl AehOpPMUPOBAHHOTO TeTpasj-
pa, B LLEHTpe KOTOPOro HaxoAguTcs siApo KUCo-
poga (puc. 1.56).

OO6wunin BNA 3NEKTPOHHOTro 06naka MOneKy-
Nibl BOAbI MOKa3aH Ha puc. 1.58.

MouTu wapoobpasHas MONEKyna BOAbI UMeeT
3aMeTHO BblpaXXEHHYI0 NOMAPHOCTb, TakK Kak
3NeKTpUYecKne 3apsafbl B Hell pacnofioXeHbl
acMMmMeTpuyHo. Kaxpjas mMonekyna BoAbl ABMfA-
eTCA MWHWATIOPHbIM AUNOMEM C BbICOKUM AW-
nofbHbIM MOMeHTOM — 1,87ge6aal MNopg BO3-
feicTBMem gunonein Boabl B 80 pa3 ocnabesaroT
MEXaTOMHbIE NN MEXMONEKYNAPHbIE CUMBI HA
NMOBEPXHOCTU MOTPYXXEHHOr0 B Hee BelyecTBa.
MHaye rosops, Boaa MMeeT BbICOKYI AMINEKT-
pPUYeCKYH MPOHULAEMOCTb, CAMYHO BbICOKYIO 13
BCEX WU3BECTHbIX HAM COeANHEHUA.

Bo MHOrom 6narogaps aTomy, Bofa NnposiBns-
eT ce6s KakK yHUBepcanbHblll pacTBOpuUTens. Ee
pacTBOpsitOLLEeMY AeCTBUIO B TOW UAN MHON Me-
pe NoABNACTHbI U TBEPAbIE TeNa, W XXUAKOCTU, 1
rassl.

MoCTOsIHHO COnpMKacasch CO BCEBO3MOXHbl -
MU BellecTBaMu, BoAa haKTUUeCKu BCeraa npes-
CTaBNfeT co60ii pacTBOP PasIMUHOro, 3a4acTyto
0YeHb CMOXHOr0 COCTaBa.

[axe u3 cBexeBbinaslUeli A0XAEBON BOAbI
MOXHO BbIAENNTb Pa3iniHble MUHEPANbHbIE U
OopraHuyecKue BeLLecTBa, PacTBOPEHHbIE B Hel
(B0 HECKONbKUX [eCATKOB MWNINTPaMMOB Ha
nmTp).

B npecHbIX NpupoAHbLIX BOJaX — PEYHbIX,
03epPHbIX —cofepXaHWe PaCTBOPEHHbIX Be-

wecTB 06bIYHO He npeBbiwaeT 1r/a. OT He-
CKONMbKUX eAUHUL A0 LeCATKOB rpaMMOB Ha
NNTpP Konebnetcs cofepXkaHune conein B MOPCKO
BOZe: Hanpumep, B banTuiickom mope nx He 6o-
nee 5r/n, BYepHom —18, aB KpacHom mope —
okono 40 r/n. B cpeaHeM B 171 OKeaHCKOW BOAbl
pactBopeHo 34..35 1 coneir. O6liee KONMYecT-
BO WX HACTO/IbKO BE/INKO, UTO, BblAENEHHbIE U3
BO/bl, OHW MOKPbIN 6bl NOBEPXHOCTb 3EMHOIO
Lapa c/loeM CTOMETPOBOW TOMLLNHbI.

ConeBoWi cOCTaB PeYHbIX 1 MOPCKUX BOA pas-
NNYEH He TOMbKO KO/IMYECTBEHHO, HO W KayecT-
BeHHO. Ha 89% MopcKue coin COCTOAT U3 XJ0-
puaoB (NPenMyLecTBEHHO — HaTpUA W Kaib-
umsa), Ha 10% —n3 cynbdatos (HaTpuA, Kanus n
marHusa), Ha 1% —wu3 kapboHaToB (HaTpua u
KanbLua), a TakxKe He3HaunTeNbHbIX KONNYECTB
Apyrux coneidi. B npecHbix Bogax Habop MUHe-
panbHbIX MpuUMecei BbIFNAAUT MHade. bonblie
BCEro 3/ecb kapboHaToB (HaTpua 1 KanbLma) —
[0 80%. CynbtatoB (HaTpusi, Kanbuums U mar-
HMA) —oKono 13%. OcTanbHble 7% NPUXOAATCH
Ha xnopuibl (HaTpusa M Kanbuma) u apyrue
conu.

M3 rasoB B NpecHbIX U MOPCKUX BOAax Han6o-
Nee WWNPOKO NpefCcTaBneHbl KNCA0POS, asoT, yr-
NeKucnblii ras, cepoBoAopof. B umcTbix xonog-
HbIX UCTOKaX FOPHbIX PEK COfepXaHune KNCnopo-
[a MOXeT focTuratb 6 Mr/n. B rny6uHHbIX cno-
AX UepHOro Mops BbiCOKa KOHLEHTpawuns cepo-
Bofopogaa —pao0 100 mr/n. STOT SA0BUTHIN ras
NPUCYTCTBYET M B HMXHUX CNOAX HEKOTOPbIX
o3ep.

B NpecHbIX U MOPCKUX BOAax B HEGOMbLIUX
KONMYECTBaxX UMEKTCH U pa3HOO6pasHble opra-
HWYECKNE KOMMOHEHTbl —PacTBOPMUMbIE COEAN-
HeHus Tuna 6enKoB, caxapoe, CMUPTOB, YI/1E€BO-
[IOPOA0B W T.M. ITO NPOAYKTbI XXN3HEAEATENbHO-
CTW 1 pacnafa XnBOTHbIX N paCTUTE/bHbIX Opra-
HM3MOB, HacensawLW X BOAOEMbI N UX Gepera, a
TaKXXe OTXO0Abl MPOMbILLIIEHHOCTU U CeNbCKOro
X03AicTBa.

MonApHOCTbL MOMEKYN BOAbI, HANUUME B HUX
YacTMYHO HECKOMMEHCUPOBAHHbIX 3MEKTPUYEC-
KUX 3aps40B MOPOXAAeT CKNOHHOCTb K rpynnu-
pOBKe MO/MEKYN B YKPYMHEHHbIE «CO061ecTBa»

[ebaii —BHecHcTeMHas efnHULLA 3N1EKTPUYECKOTO ANMONBHOTO MOMEHTa MoNieKyn, o603Havaetca [l. 14 = 1-10 eg. CrCa =

3,33564-10-DKn-m.

10
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~ Kucnopog
~  Bopgopogp

— -XMunyeckas cBasb
,,,,,,,, -BogopoaHas cBA3b

Puc. 1.6. Cxema o6begUHEHUSA MOJIEKY /T BOAbI

—accoumnatbl. OKasblBaeTCsa, NOJHOCTbLIO COOT-
BeTCTBYeT hopmyne HD nuwb BoAa, HaxoasAwa-
Acs B Napoo6pa3HOM COCTOSHMUW. DTO NoKasanu
pe3ynbTaTbl ONpefeneHNs MONeKynsipHoii mac-
Cbl BOAAHOrO napa. B TemnepaTtypHOM UHTepBa-
ne ot 040 100°C KOHUEHTpaLus oTAeNbHbIX (MO-
HOMEPHbIX MOJIEKYN) XWUAKON BOAbI HE NpPeBbl-
waeT 1%. Bce ocTanbHble MONEKY bl BOAbl 06be-
LVHEHbl BaccoumnaTbl pa3fiMuyHOl CTENEHN CNOX-
HOCTU, 1 1X COCTaB ONuUCbiBaeTcs o6Leit hopmy-
noin (HD)x

HenocpeaCcTBEHHON NpuYyuHOW o6pas3oBa-
HUS accoLMaToB ABNSOTCA BOAOPOSHbIE CBA3N.
OHW BO3HMKAIOT Mexay ffpamu BOfOpoAa 04-
HUX MOMNEKYN N 3NeKTPOHHBIMU «CrYLLEHUAMU»
y afep Kucnopoja Apyrux Monekyn sogbl. Mpas-
[, 3TN CBA3M B AeCATKM pa3 cnabee, YeM «CTaH-
[AapTHbIE» BHYTPUMOMEKYNSPHbIE XUMUYECKME
CBA3M, U JOCTATOYHO 06bIYHbIX ABVMKEHUI MONe-
Ky, 4TOG6bI pa3pywunTb nx. Ho nog BAusHUEM Te-
NAOBbIX KONe6GaHU TaK e Nerko BOZHUKAOT 1
HOBble CBA3M 3TOro TUna. BO3HWKHOBeHUE U
pacnaj accoLMaToB MOXHO Bbipa3uTb CXEMOIA:

X H:0~ (H20)x

MoCKONbKY 3MEeKTPOHHbIE 0pbuTan B Kax-
ol monekyne Bofbl 06pa3yloT TeTpasjpuuec-
Ky CTPYKTYpy, BOLOPOAHbIE CBA3U MOTYT yno-
PA40YMTH pacnonoXxeHne MoNekyn BOAbI B BUAE
TETPasApMYeCcKNX KOOPAUHUPOBAHHbIX accoLum-
atoB (puc. 1.6).

BO3MOXHbI 1 ipyre MOAenn BOAHOR CTPYK-
Typbl. TeTpasapnuyecku CBsi3aHHbIe MONEKY/bl
BOflbl 06pa3ytoT CBOE06pasHble Pou A0BOMLHO

cTabunbHOro cocTasa. [MpocTpaHCcTBa Mexay po-
AMW 3aNOTHAKT MOHOMEPHbIE MOEKY1bl BOAbI.

WccnegoBatenu packpbiBaloT Bce Gonee TOH-
KUE U CNOXHble MEXaHU3Mbl «BHYTpPeHHell opra-
HM3aLWUM» BOAHOIW Macchl. Kpome Nbgonoao6-
HOVi CTPYKTYPbI, XUAKO BOAbI U MOHOMEPHbIX
MOMNEKYN, OMUCAH N TPETUIA 3N1EMEHT CTPYKTYpbI
—HeTeTpasApNUEcKoil.

OnpefaeneHHas 4acTb MONeKyN BOAbl aCCOLMU-
MpoBaHa He B TPeXMepHbIe KapKachl, a B INHEN-
Hble KO/blLeBble 06beAuHeHus. Konbua, rpyn-
nupyscb, 06pasytoT ele 60/1ee CNOXHbIe KOMM-
NeKCbl accoLnaTos.

M3yueHne CTPYKTYPbI XUAKOA BOAbI elue He 3a-
KOHUYEHO; OHO AaeT BCE HOBbIE (PaKThbl, yray6nss
1 YCNIOXHSAS HallW NpeAcTaBNneHuns 06 oKpyxato-
Lem Mupe. PassuTne aTUX NpeAcTaBneHnii nomo-
raeT HaM MOHATb MHOTMe aHOMaNbHble CBOICTBA
BOAbl 1 0COBEHHOCTM B3aMMOAeicTBUSA ee, Kak
pacTBopuTens, ¢ ApYruMu BeLLecTBamu.

AHOManMn UsanYecKnx N XMMMUYecKmnx
CBOWCTB BOAbl

B nepuogunuyeckoi cucTeMe 3/1EMEHTOB
0.1, MeHgeneeBa Kucnopof obpasyeT OTAeNb-
Hyto nogrpynny. OHa Tak U Ha3blBaeTca: NoA-
rpynna Kucnopoga.

Bxopgsume B Hee KUCNOPOA, cepa, CeNeH 1 Ten-
Nyp UMEKT MHOro 06uero B QU3NYECKUX N XU-
Muyecknx ceolictBax. O6LWHOCTL CBOMCTB Npo-
CNeXnBaeTcs, Kak NpaBu/o, U AN OA4HOTUMHbIX
coeAnHeHnA, 06paszoBaHHbIX YeHaMu noarpyn-
nbl. OfAHAKO 4NA BOAbI XapaKTEPHO OTK/OHEeHMWe
OT npasun.

M3 caMbiX Nerkmx CoefMHeHWn noarpynnsl
Kucnopoga (a UmMu ABNATCA TMAPUAbLI) Boja —
neryaiilwee. ®u3nMyeckme XxapakTepucTuKm rng-
pVAO0B, KakK v ApYrUX TUMOB XUMUYECKUX COefM-
HeHWiA, onpefensOTCA NONOXeHNEM B Tabnuue
3/1eMEeHTOB COOTBETCTBYHL e NOATPYNMbI.
Tak, YeM fierye aieMeHT NOArPYNMbl, TEM Bbille
NneTyuyecTb ero rugpmga. Moatomy B noarpynne
KNCNopofa CaMOi BbICOKOW JOMKHA ObITb NeTy-
4yeCTb BOAbI —TUApPMAA KUCnopoaa.

3T0 e CBOWCTBO 0YEHb ABCTBEHHO MPOSBASA-
eTcA U B CMOCOBHOCTM BOAbI «MPUIMNATb» KO
MHOTMM nNpejMeTaMm, TO eCTb CMayuBaTb MX.
Mpu N3yyYeHUN ITOTO ABMEHUN YCTAHOBUN, YTO
BCe BELLECTBa, KOTOPbIE /IETKO CMaYMBaKTCS BO-
ol (rnuHa, necok, CTekno, 6ymara u gp.), He-
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Puc. 1.7. TemnepaTtTypbl KUMNEHUA N 3aMepP3aHnNsA

coeaguHeHW Bogopoaa

NMPeMeHHO UMET B CBOEM COCTaBe aTOMbl KUC-
nopoga. [ns 06bACHEHWS NPUPOAbI CMayuBa-
HWS 3TOT (haKT OKasancs KUeBbIM: IHepreTu-
UECKW HeypaBHOBELIEHHbIe MONeKY/bl MOBEpX-
HOCTHOFO CN0Si BOAbI MO/YYalT BO3MOXHOCTb
06pa3oBbIBaTh AOMOMHUTENbHbLIE BOLOPOAHbIE
CBSA31 C «MOCTOPOHHUMMW» aTOMaMy KUCNOPOAa.

Bnarogaps NOBepXHOCTHOMY HAaTS)XXEHUI K
CMNOCOGHOCTM K CMAYyMBaHWIO, BOAA MOXET Nof-
HUMATbCA B Y3KUX BEPTUKANbHbIX KaHanax Ha
BbICOTY GO/bLUYIO YeM Ta, KOTOpasi A0NyCKaeTcs
CUNOW TAXECTKW, TO ecTb BoAa ob6nagaeT CBOMCT-
BOM KanuanspHoOCTU.

KanunnsapHocTb MrpaeT BaXHYH pofib BO
MHOTWUX MPUPOAHBLIX Npolieccax, NPoucxons-
WwKx Ha 3emne. bnarogaps aToMy BoAa CMauumBa-
eT TO/LLY MOYBbI, NeXaLlyto 3HAUYNTE/IbHO BbiLLE
3epKana rpyHTOBbIX BOJ, M 40OCTaBfET KOPHAM
pacTeHuit pacTBOpPbI MUTaTeNbHbIX BelecTs. Ka-
NMUANSAPHOCTbIO 06YCNOBNEHO ABMXXEHME KPOBU
1 TKaHEBbIX XXMAKOCTEl B XXMBbIX OpraHu3Max.

CaMbIMN BbICOKMMMW OKasbiBalOTCS Y BOAbI
KaK pa3 Te XapaKTepUCTUKKN, KOTOPbIE LO/MKHbI
66111 6bl 6bITb CAMbIMWU HU3KMMUK: Temnepary-
pbl KUMEHWA 1 3aMep3aHns, TennoTbl napoobpa-
30BaHUs W NNaBneHus.

TemnepaTypbl KUMEHWA U 3aMep3aHuns Tnapu-
[OB 31eMeHTOB KMCNOPOAHOW noArpynnbl rpa-
huyeckn npeacTaBneHbl Ha puc. 1.7. Y camoro
TAXENoro u3 rugpuaos H2le oHWM oTpuuatesb-
Hbl: Bbiwe 0°C 3TO coefuHeHMe razoobpasHo.
Mo mepe nepexofa K rugpugam 6onee nerkum

(H28e, H2) TemnepaTypbl KUNeHWUA U 3aMep3a-
Hus BCce 6onee cHMXKatlTCA. CoxpaHuUch 1 fanee
3Ta 3aKOHOMEPHOCTb, MOXHO 6biN0 6bl 0XWU-
[aTb, YTO BOJA fO/MKHA KuneTb npu -70°C u 3a-
Mep3aTtb npu -90°C. B TakoM cfiyyae B 3eMHbIX
YCNOBUAX OHA HMKOTa He Morna 6bl cyLLecTBo-
BaTb HW B TBEPAOM, HU B XXUAKOM COCTOSHUAX.
EAVHCTBEHHO BO3MOXHbIM 6bIN0 6bl Fa3006pas-
Hoe (napoobpa3Hoe) cocToAHne. Ho Ha rpadu-
Ke 3aBUCMMOCTUN TEMMEPATYpPbl HEOXMUAAHHO pe-
3KWiA nogbem —Temnepatypa KUNeHUs BOAbl
+100°C, 3amep3aHua —0°C. 310 HarnsagHoe npe-
MMYLLECTBO accoLMaTUBHOCTU —LINPOKUIA TeM-
nepaTypHbIi MHTepBan CyL,ecTBOBaHNSA, BO3MO-
XXHOCTb OCYLLLECTBUTb BCe (ha30Bble COCTOSHUA B
YCNOBUAX Halleil nnaHeTbl. ACCOLMATUBHOCTb
BO/bl CKa3blBAETCA W HA OYEHb BbICOKON yAefb-
HOI TennoTe ee NnapoobpaszoBaHma. YTo6bl cna-
puTL BOAY, YXXe HarpeTyto go 100°C, TpebyeTca
BLIECTepO 60/blUe KOMMYECTBA TEMNOThbl, YeM
[ONs HarpeBa 3TOW e macchl Bogbl Ha 80°C (oT
20 fo 100°C).

Kaxayto MUHYTY MUNIMOH TOHH BOAbI TMApPO-
chepbl UcnapseTca OT COMIHEYHOro Harpesa. B
pe3ynbTate B aTMOCKHepy NOCTOAHHO NocTynaeT
KOnoccanbHOe KONMYECTBO TenaoThbl, 3KBUBA-
NeHTHOe TOMY, KoTopoe 6bl BbipabaTbiBanu 40
TbICAY 371eKTPOCTaHUMIA MOLWHOCTbIO 1 MApA.
KWNOBATT KaXAas.

Mpu NNaBNEHUU NibAa HEMANO 3IHEPTUM YXO-
LVUT Ha MPeosoneHne accoLMaTUBHbIX CBA3el ne-
OAHbIX KPUCTANNOB, XOTSA U BLUECTEPO MEHbLLE,
ueMm nNpu ucnapeHun soabl. Monekynsl HD hak-
TUYECKN OCTaloTCs B TOW Xe cpeae, MeHseTcs
MWL (ha30BOE COCTOAHME BOAbI.

Y penbHas TennoTa nnaBneHus nbja 6oee Bbl-
COKasl, YeM Yy MHOTUX BeLLecTB, OHa 3KBUBANEHT-
Ha pacxofy KOnM4yecTBa TEMOThbI MPU Harpese
1rBogbl Ha 80°C (oT 20 go 100°C).

Mpwu 3amMep3aHnN BOAbI COOTBETCTBYHOLLEE KO-
NNYECTBO TEMMOTbI NOCTYNaeT B OKPYXAKLLYHO
cpeay, Npu TassHWM NbAa —oraouwaeTcs. MoaTo-
My NefsiHble Macchl, B OT/IMUME OT Macc Napoo6-
pasHoii Bofbl, ABNAIOTCA CBOEr0 pofia NornoTuTe-
NAMM Tenna B cpefe ¢ NICoBO TemMnepaTypoi.

AHOManbLHO BbICOKME 3HAYeHUs yaeNbHOl Te-
nnoTbl Napoo6pa3oBaHMs BOAbl U YAENbHOW Ten-
NOTbl NNaBNeHWA NbAa WCMONb3YKTCA Yenose-
KOM B MPOU3BOACTBEHHON AeATeNbHOCTU. 3Ha-
HMe NPUPOAHbLIX 0COBEHHOCTEN 3TUX (uU3nyec-
KWX XapaKTepuCTUK MHOTAa NoAcKasbiBaeT cMe-
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nble 1 3hPeKTUBHbIE TEXHUYECKNE peLleHus. Has TeMN0eMKOCTb pa3Has npu pasMyHbIX TEM-
Tak, BOAY LWUMPOKO NPUMEHSAIOT B MPON3BOACTBE nepatypax, NpuyYemM xapaktep TeMnepaTypHOro
KaK yAOOHbIA W [OCTYMHbIA OXNaguTenb B Ca-  U3MeHeHUs yAeNbHOW TenjaoeMKocTu cBoeobpa-
MbIX Pa3HO00Pa3HbIX TEXHONOTMYECKUX NPOLLEC-  3EH: OHA CHUXXAETCA N0 Mepe YBeIMYeHns Temne-
cax. Mocne ncnonb3oBaHNs BOAY MOXHO BO3Bpa-  paTypbl B UHTepBane ot 0 go 37°C, a npu fanb-
TWUTb B NPUPOAHbLIA BOLOEM U 3aMEHUTb CBEXEN Hellllem yBeNnYeHMM TemMnepaTypbl —BO3pacTa-
nopuuei, a MOXXHO CHOBa HanpaBMTb Ha Npon3-  eT. MUHUManbHOe 3HauYeHWe yAeNbHOW Tenno-
BOACTBO, NpefBapuTeNbHO OXN1aANB B Celmnanb-  eMKOCTU BOAbl 06HapY>XXeHO npu TemnepaType
HbIX YCTPONCTBaX —TpagnpHAX. 36,79°C, a BeAb 3TO HOpManbHaa TemnepaTtypa

Ha MHOTMX METannypruyeckux npoussopacT- — “ENOBEHECKOro Tena! HopmanbHaa Temneparty-
Bax [loH6acca B KauecTse OXnaguTens ucnonpay-  Pa MOUTH BCEX TENNOKPOBHbIX XKNBbIX OpraHuns-
10T HE XONOAHYIO BOAY, @ KUMSTOK. OXnaxaeHue MOB TakKXXe HaxoANUTCA BONN3N 3TOW TOUKM.

MAeT 3a CYeT MCMOMb30BAHNA TennoTbl Napooo6- Oka3anocb, 4TO Npu 3TOI Temnepartype oCy-
pa3oBaHMs —3(h(heKTUBHOCTb MpoLecca NOBbl-  WECTBAATCA M MUKPO(a30Bblie NpespalleHns

LIaeTcsa B HECKONbKO pas, K TOMY e oTnafaet B CUCTEME «XKUKOCTb —KPUCTaN/», TO eCTb «BO-
Hago6HOCTb B COOPYXXEHUW TPOMO3AKUX Tpaau-  Aa —Ned». YCTaHOB/EHO, YTO NPU U3MEHEHUN

peH. KOHeYHO, KUNATOK-0XNafuTeNb UCcnonb3y-  Temnepatypbl oT 0 go 100°C Boga nocnejosa-
0T TaM, rae HYXHO 0XNaAuTb 06bEKTbl, Harpe-  TEbHO MPOXOAUT NATb TaKuX MpeBpalleHunii.

Thbie Bbille 100°C. A BOT NpumMep COBceM M3 apy-  HasBanu vx MUKpodasoBbIMU, TakK Kak npoTs-
roii 06nacTM 4YeNOBEYECKON AeATENbHOCTM —  XKEHHOCTb KPUCTaN/I0B MUKPOCKOMMUYHA, He 60-
CenbCKoro xo3saicTea, cagosofcTea. Korganosa-  nee 0,2..0,3 HM. TemnepaTypHble rpaHulibl ne-
Hell BeCHOI BHe3anHble HOUHbIE 3aMOpOo3Ky yr-  pexogos —0, 15, 30, 45, 60 n 100°C.

poXarT UBETYLUUM N/I0OA0BLIM AEPEBLAM, OMbIT- TemnepaTypHas 061acTb XWU3HU TENNOKPOB-
Hble Caf0BO/Abl HAXOAAT BbIX0, KXKYLWMACA CO-  HpIX XKUBOTHbIX HAXOAUTCS B FPaHNLLax TPeTbeli
BEPLUEHHO HEOXMAAHHBIM: OHW NPOBOAAT AOX-  ¢hasbl (30...45°C). Apyrve BuAbl OpraHW3mMoB
AeBaHue cafa. leneHa Menbuallinx BOAHbIX NPUCNOCOOUANCL K MHBbIM TEMNEPaTypPHbIM WH-
OpbI3r OKYTbIBAeT 3amep3aloline fepeBbsi. Ka-  teppanam. Hanpumep, pbi6bl, HaceKOMble, MOY-

NeNbKN BOAbI NOKPbIBAOT N1€NECTKN LBETOB. BEHHble 6aKTepMy pa3MHOXAKOTCA NpU TeMnepa-

Mpespalladck B nefl, BOJa HajleBaeT Ha LIBEThI e~ Typax, 6NM3KMX K CepeanHe BTOPON (asbl

AfHYyt0 Wy6by, 0TAaBas Npu 3TOM UM CBOE TENO (23...25°C), athheKkTUBHAA TemnepaTypa BECEH-

(335 [ ot 11 3amep3aioLueii BoAbl). Hero NpoByXAeHUs CeMsH NPUXOAMTCA Ha cepe-
LU npokoe NpUMeHeHMe BOAbI B KauecTBe 0X-  AMHY nepsoii thasbl (5...10°C).

nagntena 00DbACHACTCS HE TONbKO U HE CTONbKO Xap(;1|('rep|-|o7 YTO ABJIEHNE MPOXOXKAEHUSA

ee JOCTYNHOCTbIO U AeleBU3HON. HacToawyio YAeNbHON TENI0EMKOCTN BOAbl Yepe3 MUHUMYM
NPUUUHY HYXKHO TOXE UCKaTb B € (PM3NYECKUX  Mpu TemnepaTypHOM M3MeHeHWU o6nanaeT cBoe-
0cobeHHOCTAX. OKasblBaeTCs, BOja 06NnagaeT  06pa3HOl CUMMETPUEN: MPU OTPULATENbHbIX
elle OJHO 3amevaTeNlbHOW CMOCOGHOCTHIO —  TemmepaTypax TakKe 06HapyXeH MUHUMYM 3TOi
BLICOKOI TennoeMKocTblo. [ornowas orpoM-  xapakTepucTUKW. OH MPUXOAUTCA Ha —20°C.
HOEe KONWYEeCTBO TEMNoThl, CaMa BOAA CyLLecT- Ecnvn Boga Huke 0°C COXPaHSieT He 3ameps-
BEHHO He HarpeBaeTCs. Y[e/lbHas TeNNOEeM- a0 coctommme, Hanpumep, Gyaydn MeKOAMC-
KOCTb BO/bl B NATb Pas BbIlIE, Y4EM y NECKA, U nepchoii, To okono -20°C pe3Ko yBeMUYMBaeTCH
MoHTN B IECATL Pa3 BILIE, HEM Yy Ke/esa. ee Tenn0eMKoCTb, DTO YCTAHOBUAM aMepuKaH-
CnocoGHOCTb BOAbI HaKamiuBaTb GOJbLINE  CKUE Y4eHble, UCCNeaysa CBOWCTBO BOAHbIX
3anacbl TEMNOBOW 3HEPTUW MO3BONSET CFNAXU-  3aMy/bCWiA, 06pa30BaHHbIX KamnenbkamMu BOAbl
BaTb Pe3KMe TeMrepaTypHble KONe6aHUA Ha 3eM-  [1aMeTPOM OKOMO 5 MUKPOH.
HOJi NOBEPXHOCTY B pPa3/nyHbIe BpeMeHa roa u YNy6ReHHOe n3yueHne hUINUECKOrO CMbiC-
B pasHOe BPeMA CyTOK. bnarojapsi 3TOMy BOAA  na y panpaBfeHMii NPaKTUYECKOTO MpUMeHe-
ABNAETCA OCHOBHbLIM PErynaTOPOM TEMn0BOro HUS JAHHOTO ABNEHIS eLLe KIyT CBONX UCCNEao-
peéxunma Halllen NnaHeTsbl. Bateneil. Ho yXe 1 Tenepb ACHO, YTO 3TU OTKPbI-
VIHTepecHo, 4TO Tenj0eMKOCTb BOAbl aHO-  TUsS MPeAcTaBAAOT OYeHb WHTEPECHbLIW U LeH-
Ma/ibHa He TONbKO MO CBOEMY 3HAaUeHMI0. Y ienb-  Hblll N03HaBaTeNbHbIA MaTepuan.
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MNMpoyHee cTann

Cpean Heo6bIYHbIX CBOWCTB BOAbl TPYAHO
060/TM BHUMaHWEM elle OfHO —ee UCKIHYU-
TeNbHO BbICOKOE MOBEPXHOCTHOE HaTXeHUe
0,073 H/m (npun 20°C). N3 BCeX XMAKocTen 60-
Nnee BbICOKOE NOBEPXHOCTHOE HaTsKeHUe UMeeT
TONbKO pTYTb. OHO NPOsBNSETCS B TOM, YTO BO-
[a NOCTOAHHO CTPEMUTCH CTAHYTb, COKPaTWUTb
CBOI MOBEPXHOCTb, XOTSH OHa BCerga NpuHuma-
eT (hopMy eMKOCTU, B KOTOPOW HAX0AMTCA B flaH-
Hbli MOMEHT. Boga nuwb Kaxetcs 6echopmeH-
HOW, pacTekasch Mo n6oi noBepxHocTn. Cuna
MOBEPXHOCTHOrO HaTSXXEHWA 3acTaBnseT MoJe-
Ky /bl €e HAPY>XHOTO0 CMOS CLennATbCs, co3aaBas
YNpyryto BHELWHOW NieHKy. CBONCTBA NeHKM
TakXe onpeaensoTCcs 3aMKHYTbIMU U Pa30OMKHY-
TbIMW BOAOPOAHLIMW CBf3IMM, accoluaTamu
pa3NNyHO CTPYKTYpbl U pa3HOi CTeMeHn yno-
pagoyeHHOCTU. Bnarogaps naeHKe HeKOTOpble
npeameTsl, Byayumn Taxenee BoAbl, He MOrpyxa-
loTCA B BOAY (HanpuMep, OCTOPOXXHO MOMOXEH-
Has nnawMs cTanbHas uronka). MHorue Hace-
KOMble (BOJOMEPKMW, HOFOXBOCTKM W Ap.) He
TONbKO MepeaBUraloTcs No MOBEPXHOCTU BOAbI,
HO B3/71eTAKOT C HEE W cafsTcs, Kak Ha TBepayto
onopy. bonee T0ro, XuBble cyLLecTBa NPUCNOCO-
6Unncb MCNonb30BaTh JaXe BHYTPEHHIOK CTO-
POHY BOAHOW NOBEPXHOCTU. JIMHMHKIN KOMapOB
MOBMUCAIOT HAa HEl C NOMOLLbI0 HECMaYMBaeMbIX
WeTUHOK, & ManeHbKue YANTKU —PYLOBUKA U
KaTyLIKN —10N3a0T No Heli B noncKax fo6bIiun.

BbICOKOE MOBEPXHOCTHOE HaTsXKEeHWE NO3BONSA-
eT BOfle MPMHMUMATb Wapoo6pasHyto GopmMy npu
cB060HOM NafeHNn UK B COCTOSHIM HEBECOMO-
CTW: Takasi reoMeTpuyeckas hopma UmMeeT MUHK-
ManbHyt A1 AaHHOT0 06beMa NOBEPXHOCTb.

CTpyst XMMUYECKN 4YUCTON BOAblI CEUEHUEM
1CcM2M0 NMPOYHOCTH Ha Pa3pbiB HEe YCTynaeT cTa-
NN TOTO Xe cedeHus. BoaHyo CTpYIo Kak Gbl Le-
MEHTMPYET CKUNa NOBEPXHOCTHOTO HaTSXKEHUs.
MoBeAeHMe BOAbI B KANUNNAPAX NOAUMHSAETCA U
60nee CNOXHbIM (DU3UYECKUM 3aKOHOMEPHO-
cTaAM. CeHT-[bepabu 0TMeYan, uTo B Y3KMUX Ka-
NUANSPax BOZHUKAKOT CTPYKTYPHO YNOPSAOUYEH-
Hble oV BOAbI B61U3K TBEP/O NMOBEPXHOCTH.
CTpYKTypupoBaHue pacnpocTpaHseTcs B rny6b
XUAKOM (asbl Ha TONLWMHY CNOA NOPAAKA 4ecAT-
KOB U COTeH MofeKyn (paHee npeanonaranu,
UTO YNOPSA/0YEHHOCTb OrpaHUYMBaeTCA NULLb
MOHOMO/EKYSAPHLIM CNOEM BOfAbl, MPUMbIKAIO-
LW MM K MOBEPXHOCTH). OCOBEHHOCTU CTPYKTYpU-

poBaHWs BOAbI B KAMUANSAPHbLIX CUCTEMAX NO3BO-
NAT C ONpeaeneHHbIM 0OCHOBAHUEM FOBOPUTL O
KanunaspHoM COCTOSHUM BOAbl. B NpupogHbIX

YCNOBUAX 3TO COCTOSIHWE MOXHO Habnwopaath y
Tak Ha3blBaeMoii NOpoBOi BOAbI. B BUue TOHYalk-
Wweii NIeHKU OHA yCTUNaeT MOBEPXHOCTb MOsoC-
Teld, Nop, TPeW,MH NOpPoS U MUHEPasoB 3eMHOIA

KOpbl. Pa3BuUTbie MEXMO/IEKYPHbIE KOHTAKTbI

C MOBEPXHOCTbI TBEPAbIX Te/, 0COGEHHOCTU

CTPYKTYPHOI YNopsifjoO4eHHOCTU, BEPOSITHO, U

SABASIOTCA NPUYMHON TOrO, 4TO NOPOBas BOAA 3a-
Mep3aeT npu 6onee HU3KOI TemnepaType, Yem

o6blyHas —cBo6oAHas —Boaa. VccnepoBaHus

nokasasnu, 4YTo Npu 3aMep3aHun CBA3aHHOI BO-
[bl MPOSBAAOTCA He TOMbKO WU3MEHEHWS ee

CBOWCTB, —WHbIMU CTAHOBSATCS U CBOICTBA TeX
FOPHbIX MNOPOA, C KOTOPbIMW OHA HemocpeacT-
BEHHO COMpUKacaeTcs.

[eTanbHoe M3yyeHue MopoBoii BOAbl MOMO-
XeT 0TBeTUTb Ha MHOTVe BONPOChHI, UMetLLmne
Ba)XHOE NPaKTUYeCcKoe 3HaYeHne, MO3BOANT YTO-
YHWTb YCNOBUA N 3aKOHOMEPHOCTU hOPMUpPOBa-
HWA NOA3EMHbIX BO B TO/LLE KPUCTANINYECKNX
MaccuBOB, MPOrHO3MpoBaTb HabyxaHue TpyH-
TOB Ha [JOPOXHbIX MarucTpansax, B Laxrax, Ha
MeNNOPaTUBHbIX 06beKTax N T.4. MonyyeHHble B
nabopartopuax pes3ynbTaTbl MCCNE[0BaHUA NOPO-
BOW BOAbI MOTYT 6bITb MOME3HLIMU U NPK NOCTU-
XXeHWUW TailH aTtmocdepbl. BbICOKO Hag 3emneit
MefbYaiiline KanenbKy BOAbl CNOCO6BHBI, MOA06-
HO TOHKMM CMOSIM KanunasipHbIX BOA, Nepeoxna-
XAaTbCs HA IeCATKM rpaflycoB, 0CTaBasiChb B XU J-
KOM COCTOSIHUM.

CTpaHHOCTM NPOCTOro nbaa

Kasanocb 6bl, YTO MOXET ObiTb 0OblUHEE
nopa? B cpegHein nonoce EBpasuu, rge suma
LANTCS HECKO/NbKO MecsLeB, Ha ceBepe, rae 3u-
Ma npoaosxaeTcs 60/MblUYH YacTb rofa, Aa v B
FOXKHbIX FTOPHbIX paiioHax CHer u nef —nNpUBbIY-
Hble KOMMNOHEHTbI NaHAwadgTa.

Mexay TeM Heo6blueH cam npouecc 06paso-
BaHWA nbaa. MocMoTpuM, Hanpumep, Kak uame-
HAeTCcs 06bem BOAbl NpU Nepexoae U3 XWUAKOro
COCTOSIHWS B TBEPA0E, TO eCTb NPY 3aMep3aHuu.
3TO W3MEeHeHWe MPOMCXOAUT COBCEM He Tak,
KaKy ipyrux N3BeCTHbIX HaM BeLLecTB. Bce OHY,
KpOMe BUCMYTa U ranaus, CKMMaKTCs, cokpa-
watoT 06beM Mo Mepe oxnaxaeHus. Mpu 3aTeep-
[leBaHUN UX 06beM 3HAUYNTENbHO YMeHblLaeTcs
Mo CpPaBHEHWIO C TaKoii e Maccoii pacnnasa.
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VX NNOTHOCTbL B TBEPAOM COCTOAHMUWN COOTBETCT-
BEHHO CTaHOBUTCA Bbllle, YEM B XXNAKOM.

Mpwn 3amep3aHnn BOAbl BCe NMPOMUCXOAUT Ha-
060pOT —MNIOTHOCTb /1bJJa YMEHbLLIAETCS, 8 06b-
em yBennumeaeTca Ha 10% no cpaBHEHWIO € 06b-
eMOM, 3aHMMaeMbIM TOW Xe Maccoii Bofbl.

i3paBHa N0AM 3HaNM 3TO CBOMCTBO Nbfa. He

yMesi ero 06bACHUTL, OHW, TEM He MeHee, ycnewl-
HO MM NOMb30BanuNCb. Moryyme nNoCTPOMKN Ha

ceBepe EBponbl BO3BOAUINCL U3 KAMEHHbIX MO-
HONINTOB, BECALLUX COTHM Kunorpammos. YTo-
6bl M3roTOBUTL Takue 610KK, B ckanax npobumea-
NN CpaBHUTENbHO Herny60Kue nasbl AN Bbl6U-
panu nogxofAauwme TpelwnHsl. Mepes HacTynne-
HWEM 3UMHWX X0N040B UX 3a11BaAN BOLOM, 1 06-
pasoBaBLlIWiACA Nled BbIMNOAHAN POfib B3pblBYAT-
Ku. Tak Tepnenuso, roj 3a rogom, noan gpobu-
NN Kpenuanwiune ckanbl, NoAy4Yanun CTPOUTE/b-
HbIA MaTepuan, UCNonb3ys pacliupeHne BoAbl

npu 3amep3aHuun. Tenepb Hayka MOXeT 06bAC-
HUTb MPUYMHY 3TOrO ABNEHUA. Kak BUAHO U3

puc. 1.8, u3meHeHne 06beMa BOAbl C MOHMKEHU-
em TemnepaTypbl naet csoeobpasHo. CHavana

BOJa BefeT cebs, KaK U MHOrMe apyruie >XuaKo-
CTW: NOHEMHOTY YNNIOTHAACh, YMeHbLUAeT CBOW

06beM. I3T0 Habnwpgaetcs BNAOThb Ao 4°C (Tou-
Hee —pao0 3,98°C). Mpu aToi Temnepatype Kak

6yaTo 6bl HaCTYMaeT Kpusmnc. fanbHenlwee oxna-
XAEHUE YXXe He YMeHbLUaeT, a MOCTENeHHO yBe-
nnymBaeT 06beM. M1aBHOCTb PE3KO MpepbiBaeT-
ca npu 0°C, KpuBas NepexoauT B OTBECHYIO Nps-
Myl0, 06bEM CKaykoM BO3pacTaeT MOYTU Ha

10%. Bopa npeBpalyaeTca B nef.

OueBunaHo, npu 3,98°CTennoBblenoMexnB 06-
pa3soBaHMW accouMaToB HauyMHaT ocnabesaTb
HACTO/IbKO, YTO NOSABMIAETCA BO3MOXHOCTb HEKO-
TOPOW CTPYKTYpPHOI MepecTpoinKn BoAbl B Nbf0-
noAo6Hble kapkacbl. MoneKy bl B3aUMHO ynops-
[04YMBalOTCA, MECTaMM CKNafblBaeTcs XapakTep-
Has AN Nbfa rekcaroHanbHas cTpykTypal

3TK npoLecchl B XUAKOW BoAe Kak 6bl NoA4ro-
TaBNMBAIKOT MOSHYIO CTPYKTYPHYIO MEPECTPOIAKY,
n npu 0°C oHa HacTynaeT: cTpysLWascs Boja cTa-
HOBUTCA NbAOM —KPUCTaNNNYECKUM TBEPAbIM Te-
nom. Kaxgjas MofieKyna nony4aet BO3SMOXHOCTb
COeAANHUTLCA BOAOPOLHLIMU CBA3AMMU C YETbIPb-

O6bem, cm3

Pnc. 1.8. 3aBUCUMOCTb OTHOCUTESILHOIO O6bema
BOAbl OT TeMnepaTtypbl

Msi coceiHUMK. ToaTomMy B (hase NbAa BoAa o6pa
3yeT QXYPHYI0 KOHCTPYKLMIO C «KaHanamm» Mex-
Ay OUKCUPOBAHHBIMU FPYNMNaMmn MONeKyn BoAbl.

BepoAaTHO, CO CTPYKTYpHOW nepecTpoiikoii
CBS3aHO U eLle 04HO CBOe06pa3Hoe CBOKCTBO BO
bl —pe3Knii cKavyoK TensoeMKocTH npu haso-
BOM nepexofe «Boja —ef». Boga npu 0°C nme-
eT yfenbHyto TennoemkocTb 1,009. Y genbHas Te-
NN0eMKOCTb NMpeBpaTuBLLeiica B nef BOAbI Npu
3TOW XXe TemnepaType BABOE HUXE.

Bnarogaps 0Co6eHHOCTU CTPYKTYPHOTO nepe-
xofa «Bofia —nef», B uHtepsane 3,98...0°C npu-
pOAHbIE BOLOEMbI 4OCTATOYHOW rNy6UHbI 06bIY
HO He npomep3alT f0 AHa. C HacTynneHuem
3MMHUWX X0/I00B BEPXHUE CNOM BOAbI, OXNaAnB
WNCb NMPUMepHO A0 +4°C 1 JOCTUTHYB MaKCu-
ManbHOW NAOTHOCTM, ONYCKAKTCA Ha iHO BOAO
ema. OTU Cou HecyT B rNYy6UHbI KUCNOPO M NO-
MOraloT paBHOMEPHOMY pacnpefeneHuto nura
Te/bHbIX NpuMecei. Ha ux MecTo K MOBepXHO
CTW NofHMMatoTcs 60nee Tenble MacChbl BOAbI,
YNNOTHAKTCA, OCTbIBasf MPWU KOHTaKTe C MPMnNo
BEPXHOCTHbIM BO34YyXOM, W, OXNafWBLIUCL A0
+4°C, B CBO 04Yepefb OMycKatTcsA Braybb. Me
pemellnBaHne naet 4o Tex Nop, Noka LUnpKyns
L1A He ucyepnaetcs M BOLOEM He MOKpoeTcs
nnaealoWmnMm cnoem nbga. Jlef HageXxHo npepgo-
XpaHaeT rny6uHbl 0T CNAOLWHOI0 NPoMep3aHuns
—Beflb ero TenaonpoBoAHOCTb HAMHOIO MEHb-
e, 4eM BOAbI.

1 MekcaroHanbHas CTPYKTypa KpucTania —cTporas nepuoguYHOCTb MPOCTPAHCTBEHHOTO MOBTOPEHNS CTPYKTYPbI WECTUTPaHHNKA, B
Y3710BbIX TOUKaX KOTOPOrO PacnonarawTCcs aTOMbl, NOHbI MW MONEKYIbI.
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FMMIAHTbI U KAPJTKU

PasHoOBMAHOCTU /IbAa

B npupofge cyliecTByeT MHOXECTBO pasHO-
BUAHOCTEW 1 OpPM NbJja —MOPCKOro 1 NPECcHO-
BOZHOr0, aTMOC(HEPHOro M NOYBEHHOrO; OT KO-
noccanbHbIX NNaByynx rop-aincbepros [0 Menb-
Yaiwern nbian, BUCALLEN B MOPO3HOM BO3AYXE.

Mopckoit neg o6pasyetcsd NpeMMyLLecTBEH-
HO B BbICOKMX LUMPOTaxX NpU 3aMep3aHumn Bepx-
HUX CNnoeB Bofbl. B AHTapkTuge npeobnagatoT
OAHONETHWE NbAbl, NOKPbITbie CN0EM CHera.
APpKTnYecKue nbfbl B OCHOBHOM MHOT0/eTHME,
TOMULMHA UX JOCTUTaeT HECKObKMX MeTpoB. O6-
pasoBaHWe W CYLLeCTBOBaHMEe MOPCKOro Nibaa
BANSIOT Ha OKPYXKaKLLYt0 MOPCKYH cpegy. Mpu
3aMep3aHUM MOPCKOW BOAbl MPOUCXOAMT Kak
6bl ee ecTeCTBEHHOe OMPECHEHWe BCNeACTBME
pasnn4YHbIX TemMnepaTyp 3aMmep3aHus BOAbl U CO-
NeBOro pacteopa, Kakum fBnseTca mopckas
Boza. Mo3TOMy MOPCKOWA nef cofepXUT MeHbLLe
CONeit, Yyem BOfa, U3 KOTOPOW OH obpasyeTcs.

3HauMTeNbHOE KOMMYECTBO 3anacoB mnpe-
CHbIX BOJ, HAXOANTCS B KPUCTANINMYECKOM COCTO-
SAHWUWN B BUJE MAaTEPUKOBbIX N1b0B APKTUKN, AH-
TapKTUKN U NefHUKOB BbICOKOTOPHbIX paii-
OHOB. JTeHUKM SBNAOTCA LLEHHbIMM 3anacamu
MpecHbIX BOA, W ceiiuac M3yyaeTcs BO3IMOX-
HOCTb WX palMoHaNbHOrO MCMONb30BaHus. B
®OUHAAHAMM B MECYaHOM XONMe Ha rny6uHe
30 M HaxXOAWUTCA YHUKaNbHbIA NOA3EMHbIA Nnej-
HWUK. ®UHCKME YUeHble NoiaratoT, 4To 3T Penu-
KTOBOe 06pa3oBaHue NefHUKOBOTO NepUoza.

B BbICOKMX LWUMPOTax 3eM/n CHer He TaeT no-
HOCTbIO faxe netom. /13 roga B rog HapacTatT
CNI0M CHEXHOro nokposa. O6pa3oBaBLLMeECS BTe-
MY NOroAy Tanble BOAbl BMUTLIBAKOTCA B CHET,
anpu 3amep3aHnm CbIpoili CHEXHO Macchl 06pa-
3yl0TCH PUPHOBbIE 3epHA —CHET CTAHOBMTCS NMO-
X0XWM Ha CBET/Ible NKPUHKU. ®UPH —CBOeO06-
pasHas NpomexyTouHas opMa MeXay CHerom
1 bAOM. TSXeCTb HOBbIX C/I0EB CMPECCOBbIBAET
(hVMPH B MOHONMTHYO NeAsiHy0 Maccy. Koe-rae
0CTalTCA MeNKuWe NyCTOTbl, 3anOfHEHHble My-

3blpbKaMm Bo3lyxa. OH C IerkuM TPeCKOM 0CBO-
60X AaeTca npu TasHWUM Nbja.

Tak B TeyeHWe TbicAYeNneTnii HakanaMBaeTcs
neasHoOn nNokpos [peHnaHAnM —poAWHbI alic-
6epros. Moa co6CTBEHHbLIM BecoM 6enblii ru-
raHTCKUMA WMNT NocTeneHHO obpeTaeT maacTuu-
HOCTb U HauMHaeT MeA/IeHHO CNoN3aTh B OKeaH.
EXerofHo Ha no6epexbe 3TOro KpynHemnwero B
MUpe OCTPOBa, OTKAa/bIBasiCb OT OKOHEYHOCTEN
negHnkoB, poxparTca 10..15 Teicay aiicGep-
ros. MNMpumeyateneH 6eperoBoil nefHUK PuHTr,
pasnambiBaloLLUiica Yepes Kaxible iBe Heaenu.
B TeyeHWe HECKONbKUX MWUHYT OT OTBECHbIX
CKNOHOB 3TOr0 /NefHNKa OTAENATCH U C Wy-
MOM MOTPYyXXatTca B OKeaH rpoMajuHbl BECOM B
COTHW TbICAY TOHH. B 0fMHOYKY ¥ rpynnamu oT-
npaBNsOTCA OHWU B fanekoe nnaBaHWe No OKea-
HY, NOCTEeNeHHO LOCTMIan KXKHbIX NO6GepeXxuni,
BNOTb f0 A30PCKMUX OCTPOBOB U DPIOpUfbI.

MHorue aiicbepru ocefatoT Ha Menax n nocTe-
MeHHO TalT, O4HAKO B NepuoAbl COHEUYHOW akK-
TuBHOCTU CeBepHas ATNnaHTMKa GYKBanbHO 3a-
NONHAETCA 3TUMM NeASAHbIMU MAaBYUYUMMN ropa-
MW, HEPeAKO OKYTaHHbIMU MAOTHbIM TYMaHOM.
UTo6bl NpefoTBpPaTUTb CTONKHOBEHME Kopab-
neli c alicbepramu, B ATnaHtuke ¢ 1914 roga geii-
CTBYeT crnelnanbHas cnyxb6a — MexayHapoa-
Hbl nefoBbIl NaTpynb. OH BOOPYXEH 3X0n0Ta-
MU U rugponokatopaMu, CNOCOGHBLIMU BbISiB-
NATb NOABOAHbIE OYepTaHua aricbepros. Cneyu-
anbHble aHanM3aTtopbl, CUTHaNU3MpyoLmne o
BHE3aMHOM MajileHnu CONEHOCTU W Temmnepary-
pbl BOAbI, NpefynpexaalT 0 NPUBANXKEHNUN ne-
[OAHBIX TUraHToB. YTo6blI caenatb alicbeprn 6o-
Nee 3aMeTHbIMUW U3ganu, UX 06CTPeNnBatoT CHa-
psgamMun, HaUUHEHHbIMU SPKUMU CBETALLUMUCS
Kpackamu. Jlto60i Kopabnb, HaxopAwuinca B
OMacHO akBaTOpPUU, MOXET MONy4uTb Heo6Xo-
OUMYI0 UH(OPMALUI0O U CHUMKW NefsHOro no-
KpOBa OKeaHa C MOMOLLbI0 CYTHUKOB.

Ewe 60onee MowWwHbIA NocTaBL KK alicbepros
—AHTapKTnaa, Heo603pnMblii Nef0BbIA KOHTH-
HEHT. AHTapKTuWyeckume alic6epru nnasaroT no
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Puc. 1.9. Cxema BO3HUKHOBEHUS CHEXXVNHKUN BHYTPU

obnaka

OFPOMHOW TepPUTOPUN XONOAHbBIX HOXKHBIX MO-
peil, He CTECHEHHbIX MaTepUKOBbIMU TrpaHuLa-
MW, MHOTAa NOAHUMAIOTCA [0 HOXHbIX nobepe-
Xuit Abpukn n Asctpanuu.

dopma 3TuX alicbepros MMeeT CBOU 0CO6EH-
HOCTU: 3a4acTylo 3TO TakK Ha3blBaeMble CTO/O-
Bble alic6eprn —nnockKue nefoBblie NONS, Mano
BO3BbILIAKOLIMECA Haf BOLOW. Byayum o6nomka-
MU Wenb(OBOro NbAa, OHW WMMEHT COMOHOBA-
Thbie HVXKHWE CNI0U, HO OCHOBHas X Macca —pe-
CHbIA YncTerwnin nep.

CaMbIM KPYMHbIM M3 aHTapKTUYECKUX CUMTa-
l0T alic6epr, o6Hapy>XeHHbI nccneoBaTensMm
B 1964 rogy. O6pasoBaBLumniica nocne pasnoma
Wenb(poBbIX NeAHUKOB IMepu W 3anafHoro,
3TOT rMraHT gocturan 175 KM B ANINHY U 75 KM B
WHUPUHY, a ero nnowajb cocTaBnana
12 TbIC. KB. KM.

Afcbeprun, nofgobHble 3TOMY, NOAHUMAKOTCS
Haz BOAOW Ha COTHM MeTpPOB. A MOCKO/bKY Npu-
MEPHO 6/7 X BbICOTbI CKPbITO NOA BOAOM, TO NX
HeceT MOAMOBEPXHOCTHOE TeueHWe, Hanpasfe-
HUe KOTOPOro He BCerga coBnafaeT C MOBEPXHO-
CTHbIM. [M03ToMy alicbepry 4acTo MEHSAOT
KypC, YTO YBe/nM4MBaeT OMacHOCTb CTONMKHOBe-
HUS C HAMMU.

Mpu AnnTensHOM apeiide B aiicbeprax 3avac-
Tyt0 06pasytoTCs LieNible CUCTEMbI CKBO3HbIX MPO-
MOWH. Takue aiic6epru HasbiBalOT NOWLWUMU: B
BETPEHHYIO MOroAy OHUM HEOXWUAAHHO U3daT
(haHTacTUUeCcKMe 3BYKN.

CnocoGHOCTb reHepupoBaTb 3BYKM 06Hapy-
eHa 1Yy NbAoB, HE UMEKLLMNX 3aMETHbIX MO/I0C-

Teil. MoNsApHbIe NbAbl B HANpPsSX>XEHHOM COCTOS-
HWM MHOTOr0/10CO 3BYYaT, NOA06HO OrPOMHOMY
opraHy. XapakTep 3By4YaHWs fbfa 3aBUCUT OT
TemnepaTypbl OKPYXalolero Bo3ayxa, HO Mpu-
poja 3Toro ABMEHUs Noka 0CTaeTcs 3aragkoin.

Elie B Hauane Hallero Beka B alicbeprax Buje-
NN MWW b Yrpo3y, Tenepb N04N HAYMHAIOT aKTUB-
HO MCNOMb30BaTh UX ANA pPa3inyYHbIX Leneit. Oc-
HOBHaf 3afavya —/CNoNb30BaTh 3TN FMraHTCKne
nefisiHble «KOHCEPBbl» KaK UCTOYHWKW BOJO-
CHabxeHunsi. OcobeHHO BaXKHO 3TO ANsA 6e3Bof-
HbIX No6epexuit ABcTpanuiickoro n KO>Hoame-
PUKAHCKOT0 KOHTUHEHTOB, CPaBHUTENbHO 6AU3-
KUX K AHTapkTuyeckomy bacceliHy. KoHeuHo,
[anbHAS TpaHCMOPTUPOBKa aiicbeproB —peno
CNOXHOe 1 HenpuBbIYHOe. Hemano TpyaHocTel
CBSA3aHO U C TeM, 4TOObI 3aCTaBUTb aicbepru Ta-
ATb B HYXHOM pexume. OgHako no npejsapu-
TeNbHbIM pacyeTam CTOMMOCTb Tanol BOAbl U3
NpUOYKCUPOBAHHbLIX aiicbeproB BCe paBHO OKa-
3bIBAETCA HAMHOIO HUXXE OMPEecHeHHON Mop-
ckoii. Kpome Toro, aTa Boja cpasy MpurogHa
ONA NUTbA.

M ele ofHO, HECKOMbKO HEOXUAAHHOE CBOA-
CTBO aiic6eproB v MHOrOeTHUX TOALL, MaTEPUKO-
BbIX /1bJOB 06HAPYXWN y4eHble. OKa3anocb, YTo
3TO ufeanbHble «KNajoBble NamMATU» Halleld nna-
HeTbl. BcnefcTBre LUPKYNALUU BO3AYLIHbIX
Macc Mefbyaiiline 4acTULlbl B3BELIEHHbIX B BO3-
[yxe npumMeceit 0TnaraloTca MOBCEMECTHO Ha 3eM-
HOl NOBEPXHOCTU, HO MPAKTUYECKN HUTAE, KPO-
Me NeffiHbIX MacCUBOB, OHU HeOCTYMHbI Nochne-
ayrolemy HabnogeHuo. B AHTapkTuge neg Ha-
paluBancs MHOTue TbicAYeNeTus U Tenepb TON-
LLMHa ero JOCTUraeT NPUMepPHO YeTbIpex ¢ Noso-
BUHOI KMNOMETPOB. 3[eCb HafeXXHO 3aKOHCEepPBU-
pOBaHbl 3eMHasi U KOCMUYeCKas Mblb, BY/KaHW-
4yecKunii nenen, MMKPOOPraHU3Mbl U AaXKe BO3AYX
[aBHO MWHYBLUUX BpeMeH. Bce 3To no3BonseT no-
HATb X0f NPMPOAHbIX NPOLIECCOB, NO3HATL fane-
KO€ MpoLUioe Hallell NnaHeTbl.

YueHble BCe FNy6Xe n3yyatoT «namaTb» neas-
HbIX MOKPOBOB 3eMAM, MOCTUTAIOT 3HaYeHMe ee
N5 NO3HaHMA obliennaHeTapHbIX ABAEHUN CTa-
6UNBLHOCTU KNMMaTa, NPOoLLecCcOB Nepepacnpese-
NEHUs 3Heprum Ha 3emne u T.4. XoTa NefsiHble
MOHOMNTbLI He 06pa3yroT HEMpepbIBHOIO o,
MX HAYMHAIT BbIAENATb B OTAENbHYHO cepy —
rnaymnocdepy, HapaBHe ¢ aTMocdepoi, rugpo-
cthepoii u nuTocgepoit. Nibabl NNaHEeTbl, COCTaB-
nAlWMne JecATY0 4acTb ee MOBEPXHOCTH,
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Puc. 1.10. 3aBUCUMOCTb POPMbI KpUcTasia ibga oT aTMOCHEPHbIXYC/I0BUA

OAMH M3 BROXKHEMWMX KOMMOHEHTOB OKPYXalo-  XAeHHble Kannau (puc. 1.9). B Tponocdepe oc-

lero mupa. HOBHas Macca 06/1akoB npe6biBaeT Npu Temne-

Mo CPaBHEHMIO C NeASHbIMU FUraHTamu oco-  PATYPE HIXE 0°C, Ho nonaparoLne TyAa npu uc-
GEHHO OLLYTUMA MUHUATIOPHOCTb MOYBEHHORO napeHun ¢ NOBEPXHOCTY NiaHeTbl BOAsAHbIE Na-
WFONbUATOTO NbJa — ellje OAHO pasHoBmaHo-  PbI HE CPA3y MPEBPALIAIOTCA B f1ef. B 3aMeTHbIX
CTU Nbja, BCTPEUAloWeiics Ha HaLeil nnaHeTe. KONMYecTBax KPUCTan/MKW Nbda MNOsIBASOTCA

TaKoli Nef MOXHO HaBMI0AaTh NPU MeANeHHOM TaM NMWb B TeMMNepaTypHOM MHTepBane oT -12
o
OXNAKAEHNN MECUAHbIX 1 FYMYCOBbIX M0uB, Kor- A0 -16°C, MHTeHCUBHOe KpucTannoobpasosa-
- o o
Ja TeMmepaTtypa oKpy>aiolueil cpefibl mocTeneH-  HWe UaeT npu -22°C, ojHako ellie u npn -41°C B
HO MepPexoaunT Yepes HyNeByto OTMETKY. obnakax O6Hapy)K|/|BaK)T OTAeNbHbIE Kanan ne-

peoxnaxgaeHHoii Boapbl.
M 3bICKaHHbIM reoMeTPUUYECKNM COBEPLLEHCT-

BOM OT/MYAOTCA MHOTUE (hOPMbI aTMOCHEPHO- O6naka NonyyaroT BNary 0T BOCXOAALLMX BO3-
ro nbfla —cCHer, nHeW, nefsHas nNbiab, Kpyna, QYW HBIX NOTOKOB W LMPKYIUPYIOLWUX B aTMO-
rpag. cthepe BO3AYLIHbIX Macc. B aTux maccax copep-

CHer obpasyeTcs B o6nakax npu onpegeneH-  KWUTCA OCHOBHOe KonuvecTso (90%) atmocgep-
HbIX TEMTEPATYPHbIX YCNIOBUAX: Kanenbku nepe-  HOM Bnaru. CnoXHblil pexXxum BOCXOAALLUX NOTO-
OXNaX[EeHHOW BOAbl Hamep3alT Ha nefsHble KOB BO3fyXa, nuTalouwmux obnaka Bnaroi, BHO-
Mefbyailline KpUCTanNuKK, cofepxalynecs B CUT pasHoo6pasme B o6pasoBaHue 1 pocT neas-
o6nakax. OCO6EHHO WHTEHCUBHO OHMW pacTyT HbIX KpUCTanInKoB B 06nake. MOCTENEHHO OHYU
Tam, rfe B cnoe o6naka npeobnafaloT nepeoxna-  NpuobpeTardT Takue pa3Mepsl U BEC, YTO NPeojo-
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NeBardT NOABEMHYH CUTY BOCXOAALWMX MOTOKOB
BO3AyXa, U BblNaakT Ha 3eM/1TK0 B BUe CHera.

Hafo NbAoOM AaBneHue HacbllULeHHOro napa
BCErAa MeHbllie, UeM Haf NepeoxnaxeHHoi Bo-
Aol Npu aToii e TemnepaType. Korga kanns
BOAbl B Mpolecce 06pa3oBaHNsA CHEXUHKN
c6NMKaeTCs C KpUCTaNNMKOM NbAla, U3 OKpYXKa-
touleit ee 060M10YKN HAChILLEHHOTO BOASIHOTO
napa K nefsHoi NoBepXHOCTU, OT 6O/bLIEro Aa-
BNEHUS K MeHblUeMy, YCTPEMNAOTCA MONeKy-
nbl BoAbl. Ocefas Ha KpUCTanIMKe, OHW YBENK-
UMBalOT €ro pasmepbl. A Kanam nocTeneHHo nc-
napsoTCA: 3a CUeT cnaraloux ux MoneKyn Bo-
Abl OHW CO3/al0T BCE HOBble NapoBble 060/104-
KU U TYT Xe UX TepstoT.

CTpyKTypa CHEeXHOro KpucTanna 3aBucuT oT
TemnepaTypbl, KOfiMYecTBa BOASIHbIX NapoB, 3a
CYET KOTOPbIX OH PacTeT, Y UHTEHCUBHOCTU KX
noctynneHus. Bce 3aTo co3gaeTt yauBMTeNbHOE
pasHoo6pa3ue ero opm. CneymanucTbl, nlyya
owmne QOpMbl CHEXMWHOK 415 ONpeAeneHns ux
CBA3N C XOA4OM aTMOCKEpPHbIX MPOLLeCCOB, Ha
CUUTLIBAKT ThICAYN WX Pa3HOBUAHOCTEN
(puc. 1.10).

Ho npu BceM MHOroo6pasnmn CHeXWHKK npe
UMYLLECTBEHHO UMEIOT BUJ WeCTu- 1 BeHaALa-
TUNYYeBbIX 3BE3104EK —eHAPUTOB, a TaKXe L e-
CTUYTO/IbHbIX MNACTUHOK W LWeCTUrPaHHbIX
npusm (puc. 1.11). B TemnepaTypHOM npome-
XYTKe OT -8 o -12°C B o6nake naeTt obpasosa-
HWe rnaBHbIM 06pa3om AeHAPUTOB. B aTnx ycno
BMAX OTMEeYaeTca HambonbWmMin nepenajg Mexay
[aBNeHNEeM HacblleHHOro mapa Haf BO4oON u
Haj nefsHOM NOBEPXHOCTLIO.

Mpu -15°C nNosBNAOTCA UHTEPECHble CMeX-
Hble (DOPMbl — «3aMOHKW». OTO KpuUcTananyec-
KWe UroIoYKKM Nbaa, ¢ 06enmx CTOPOH 3aKaH4YuBa-
oL Mecs HapoCLW MW B BUJeE OCHOBaHUA NefsHbl-
MU 3Be3404YKaMM UK NNACTUHKAMK. PUTYypKy, y
KOTOpOl 06a OCHOBAHUS COCTaBAAKT MNACTUH
KW, Ha3bliBalOT LIy3yMM 3a CXOLCTBO C TPAAULMOH
HbIM ANOHCKMM 6apabaHom. EcTb npeanonoxe-
HMe, YTO MOYTKU BCE NIOCKME CMEXHble KpucTan
Nbl —3TO UY3yMMW C MpefAeNibHO YKOPOYEHHbIM
CTONGMKOM. JINWb MNpPWU CPaBHUTENbHO cnabbix
MOpO3ax C Heba NETAT CHEXUHKN-3BE3J0UKN.

B BbICOKMX WUMpoTax —B 3anonapbe, AHTapK-
ThAe —yvalie BCEro CTOAT CypOBble X0/104a
(-30...-50°C ” HUXKE), N Ha 3eMIK NOXMTCA
O0YEHb «HENaCKOBbIN» CHEr: KaXJas CHeXWHKa
—3T0 320CTPEHHbIW C OAHOr0 KOHLA rpaHeHbli

B)

Puc. 1.11. Pa3HOBUAHOCTU (DOPMbl KPUCTa/I/I0B NibAa

a - NNacTuHKa; B - AEHAPUT; B - KOMBUHaUMA
nNacTUHKa v 4eHAPUT.

cTepXeHeK. Takue KpucTannbl 06bI4HO 06pasy-
H0TCA B NepUCTbIX 061akax Ha BbicoTe 7...10 Ku-
NOMeTPOB Haf, MOBEPXHOCTbIO 3eM/un, TO ecTb
no4Tn B cTpaTocdepe.

B cnoe Bo3gyxa, HenmocpejCTBEHHO NPUMbIKa-
IOleM K 3eMHOV NOBEPXHOCTM, Y aTMOcepHo-
ro bfja CBOM 0C06eHHOCTM. TYT MOXHO Ha6to-
[aTb UHEW, KpacMBO UCKPALLMIACA 3UMOIA Ha BET-
BAX [lePeBbEB, Ha npoBofax. OH nmpefcTaBnseT
c060ii ieHAPUTHbBIE KPUCTANINKK, OTNaratLne-
€S M3 BNAXKHOTO0 BO3AyXa, MPOLLECC OXNaXAeHUs
KOTOPOTO0 MPOXOAMT Uepe3 TOUKY POChbI.

19


http://www.nit.kiev.ua/

© HunT, 1999

OueHb MefKue, 4pesBbluaiiHO nerkue neas-
Hble KpUCTanInKn pasmepom okoso 0,1 MM, Tak
HasblBaemMas asiMasHas Nblnb, BUCAT B BO3AYyXe,
noyTtn He ocepas. Ocob6eHHO 3M(PEKTHbI U Ha-
PALHbI OHW B COMTHEYHbIE MOPO3HbIE JHW. Takue
KpUcTannmkn obpasyroTcsd B XONOLHOM BaX-
HOM BO34yXe npu TemnepaTtype okono -20°C.
Mpwu 60nee HU3KUX TemnepaTypax MHOra B BO3-
Lyxe HabNOAAOTCA ABNEHWUA TUNA UWHBEPCUOH-
HbIX. [M0f06HO TOMY, KakK Ha (hoHe ronyboro He-
6a CKOHAeHCMpOBaHHas BOAAHAas Bnara coxpa-
HAeT HEKOTOpOe Bpems Genble y30pbl OT nNpone-
TeBLUEro peakTUBHOrNO camoneTa —WHBEPCUOH-
Hblli cneqd, Tak M 3MMOIA M03aau NAYLLEro Yenose-
Ka MOXeT NosABMUTbCA 06pa3oBaHHas NefAaHbIMU
KpucTanamKkamm nonoca NPOTSAXKEHHOCTbIO
300...400 m, ocTarouLancs B BO3JYXe HECKONbKO
MUHYT.

Kpyna u rpag —4acTo BcTpeyarouimecs BUabl
atmocgepHoro nbga. OHM o6bpasytoTcs, Nogo6-
HO CHEry, B OTHOCUTENbHO BbICOKUX CN0SIX aTMO-
cepbl. benas nerkas kpyna, Xon0AHbIA npeg-
LeCTBEHHWK 3UMHUX CHeronajos, npeAcTaBs-
eT co60li ManeHbKMe CHEXHble KOMOYKU C Ha-
ANNWWUMU Kanenbkamu MepeoxnaxeHHow
BOAbl. MprMepHO MO Takon xe cxeme 06pasytoT-
€S M 3epHa rpajja —aToro fIeASHOro nocnaHua at-
mMocdepbl B NeTHUe AHKU. TONbKO Npu rpagoobpa-
30BaHMM NpOLLecC HaMep3aHUWs Ha lefsiHble Kpu-
CTannbl Kanenb BOAbl NOBTOPAETCA MHOFOKpar-
HO, Yepefyscb C HaMep3aHWMeM KPWUCTanIMKoB
NbAaa.

Heob6bluHbIViNnen

[ekcaroHanbHas CTPYKTypa He eANHCTBEHHO
BO3MOXHas ANs NefsHbIX KpucTanios. Hanpu-
Mep, B pacTBOpax psja OpraHn4yecKux BeLLecTs
0TMevalTCa ynopafoyeHHble rpynnbl MONeKyn
BO/lbl BOKPYT MOMeKYN OpraHu4ecKux coegmHe-
HWIA. 3TO TaK Ha3blBaeMble «aincbepru», «30Hbl
XWAKOTO NbJja», NMEKLWEro Ky6uiyeckyr CTpyk-
Typy —60nee pbIX/NyH0, YeM rekcaroHasbHas.

BeposATHO, XapakTepoMm CTPYKTYpbl 06bACHA-
eTCcA M BO3MOXHOCTb ee 06pa3oBaHns Npu Nono-
XUTENbHbIX TeMnepaTypax, 0CO6EHHO B cucTe-
Max C OTHOCUTENbHO ManblM COAepXaHuem
BOAbl. TAKMMMW CUCTEMAMM MOXHO CUMTATb, Ha-
npumep, 3epHa Xe6HbIX 3M1aKOB UMW ra3oBbli
KOHZeHcaT, B COCTaB KOTOPOr0 BXOAMT BOAa.
3epHa 3/1aK0B HepeiKo 0Ka3blBalOTCA 3aMep3LLmn-
My npu Temnepatype 4,5°C.

HeTalowmii neg MOXHO BCTPeTUTb M npu 60-
Nee BbICOKOW TeMnepaType OKpyXatoLLei cpebl
—n0 20°C. EcTecTBEHHO, BCTpeYaeTCcs OH He no-
BCEMECTHO. TakuUM «TenibiM Nb4OM» Hepeako
0Ka3blBatOTCA 3a6MThbl ra3onpoBofbl. 3Ta CHEro-
nofo6Has Macca Nnbja COCTOMT M3 cBOeobpas-
HbIX 06pa3oBaHWii —ra3oruapaTos, rhe B neas-
HOW efMHO KpUCTaNNNYECKON CTPYKType CBA3a-
Hbl MO/EKY /bl BOAbI 1 TOMEONONAPHbIE MOMIEKY-
Nbl NpeAenbHbIX YrNeBofopoAoB (NpenmyLLecT-
BEHHO MeTaHa). [MpucyTCTBMEM OpraHU4ecKux
MOJIEKYN N 06bACHAETCA 0cobas Tennosas CTOM-
KOCTb TAKOr0 fbja.

KaK BbISCHMNOCL, rasoruapatbl WUPOKO
BCTpeYatoTCcs W B Mpupoae, oco6eHHO B ceBep-
HbIX Fa30BbIX MECTOPOXAeHUsAX. Mpeanonara-
I0T, UTO HeManas [0 ra3a B NOA3eMHbIX MECTO-
POX/AEHNAX XPAHUTCA B TBEPAOM COCTOSAHWM, B
BUAE ra30rnapaToB, UTo 3aTPYAHAET TPAAULNOH-
Hbl€ CMOCO6bl 406LIYM U TPAHCNOPTUPOBKY NpPK-
POAHOrO rasa.

Fasorugpatbl HepeAKo GbIBalOT MPUUMHOI
CEPbE3HbIX MOMEX HOpManbHOM pa6oThbl raso-
BbIX Maructpaneit. OHaKo Tenepb 1 3Ty hopmy
NbAa NOAN HAUYWHAOT 3PPEKTUBHO MCMONb30-
BaTb. Tak, MPUHUUMNANLHO HOBbIE METOAbI A0-
GblumM, XpaHEHWUs N TPAHCMOPTUPOBKM rasa nos-
BO/IAIOT peann3oBaTh NPOLECCH A06bIUN FoNy60-
ro TonnuBa B TBEPAOM BUZE.

[Lpyroe HanpaBneHue UCMONb30BaHUA «Ten-
NOro Nbfa» MMeeT NPAMOe OTHOLUEHWE K pelle-
HWI0 BOAHbIX Npo6neM. C nomowbio o6pas3oBa-
HWUA ra3oruapaTos, a 3aTeM Npu pasfeneHun ra-
30BOW M BOAHOW (ha3 paspaboTaHbl METOAbI OMpe-
CHEHUS CONEHbIX BOA.

Ocob6eHHO 3 (heKTMBHbI 3TU METOAblI Tam,
rAe UCrnonb30BaTb UX MOXHO KOMMEKCHO, Ha-
npumep, NpuM 0JHOBPEMEHHOM MOMYYeHUU Npe-
CHOVi BOAbI U BbIPa6OTKe U3 CONMEHbIX BOA €€ LieH-
HbIX NpuUMeceii —peliTepus, pesKo3eMesbHbIX
MeTannoB, a TakXkKe Npu NCNonb30BaHUM HU3KO-
NOTEHLMaNnbLHOro Tenaa B KOHANLMOHepax.

Mpu BHewHeM pasHoo6pasuu ¢opm nbaa,
BCTpeyvatoLnxcs B rugpocgepe 3eMnm, ux gusmn-
yeckue CBOICTBA OMHAKOBbI UM [OCTATOYHO
6nu3Ku. W B cHere, 1 B rpaje, 1 B alicbepre, 1 B
MOYBEHHOM WFO/MbYATOM Jible JIETKO Y3HAEM XO-
pOLIO 3HAKOMYIO HaM 3aMep3LIyH BOAY.

Mcnonb3ya BO3MOXHOCTHU COBpeMEHHOI‘/‘I TeX-
HUKWN, B cCneunanbHbIX YCNOBUAX MOXXHO CO3-
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[aTb COBEPLUEHHO Heo6blYHbIE PA3HOBUAHOCTH II. Mpu 60nee BbICOKOM AaBAEHWU MNOAyYaloT
nbfa. Mx nonyyatoT, mogenupys ycnosus, roc-  nep IV, KoTopblil 66I1CTpo npeobpasyeTca B fef
NOACTBYHOLLME HA faleKUX KOCMUYECKUX Tenax V. HaunHas co nbga 'V, nonyyaemoro npu gasne-
nUnu rny6boko B Hegpax Hallei NnaHeThl, rae TeM-  HuUK cebiwe 500 MTMa, mognduKaLmm npeacTas-
nepaTypa u faBneHue B COTHU W TbICAYM pa3 OT-  NAKOT coboll Tyronnaskuii ned. fleg V1 yxxe Mox-
NNYalTCH OT TeX, KOTOPble CYLLeCTBYIOT HA 3eM-  HO Ha3BaTb FOpPAYMM, OH NAABMTCHA NMWb NpU

HOIi MOBEPXHOCTH. 80°C.
B ray60KOM BakyyMe npu TeMNepaType Huxe Camblil NNOTHLIA U Tyronnaskuii neg VIl —
-170°C BoAsiHOM nap, ocefas Ha TBepAOM Tene MocneAHsAs 13 U3BECTHbIX KPUCTANINYECKUX MO~
; ,

06pasyeT fef, AMIWEHHbIA KpucTanauueckoi  Andukauuid. Monyyaemblii npu nasneHun 900
CTPYKTYpbl. OH aMOpPdeH 1 BHELHUM BUZOM Ha- MTna, oH nnasutcsa npu 190°C, To ecTb [lpm TeM-
noMuHaeT cTekno. OTAeNbHble MONeKy/nbl 3a-  N€PaType, MoYTU BABOE NpeBbilLalollen Temne-
MepaLLeil BoAbl He YNOPAZoUeHb!, Kak y nbga 8 PATYPY KWMEHWUA BOAbl B HOPManbHbIX YC0BY-
06bIUHbIX YCNOBUSIX. TeM He MeHee cTpykTypa  #X. VIHTepecHo, uto neq VII, npu Bceii Heobblu-
TAaKOTO aMoOpMHOr0 Nbaa OKasbiBaeTcs Gomee  HOCTW €ro CBOWCTB, BOBCE He HayuHblit Kypbes.
KOMNaKTHOIA, YeM N1b1a KPUCTANANUECKOro. Mo-  BMOMHE BEPOATHO, UTO OH BCTPEUaeTes B HeseM-

3TOMy €r0 MAOTHOCTb 3HAYNTENbHO Bbilue —  HBIX YCIOBUSX U B FNY6UHHBIX CNIOAX 3eMHOM
23 rlem3 KOpbl, HO 06 3TOM NOKa MOXHO CyAuTb NULb
,

npeAnonoXuTensHo. OAHaKo AN TOro, YTO6bI
He ncknioyeHo, 4To Takme U CXOAHbIE MOP-  oGHapyKUTb «CBEPXTOPAYNI» NIEd, HE HYXKHO 3a-
Mbl /b/la MOTYT BXOAUTb B COCTAB KOMET UM 06-  Gypathes Tak 4aneko. OrpoMHbIE 4aBNeHNs, KO-
PasoBbIBATLCS HA MOBEPXHOCTU UHBIX NNAHET. TOpble HYXHbI A5 €r0 06pa30BaHNsA, MOFYT pa3-
B ycnoBusix NOBbILWEHHOIO AaBleHNs TaKXe BMBATLCA B TPYLWMXCA AeTanaX KpynHbIX Mexa-
CYLLECTBEHHO M3MEHSIOTCA CBOICTBA Nbja. Kak HU3MOB, Hanpumep, MOAWINMHWUKAX MOLLHbIX
NpaBu0, OH NPUOGPETAET MOBbILIEHHYIO NoT-  TYPGUH 3neKTpocTaHUWiA. U ecnn B cmaske Ans
HOCTb. Pa3nunuaroT psag MO,qu(*)VlKaU'VH‘/‘l NnbAa, no- noaWWNHUKOB OKa3bliBakdTCA Manenwmne cnepbl
NYYEHHOTO MpPU BbICOKOM flaBreHnn. Tak, npu BO/bI, OHa NpeBpallaeTcs B e MoAudUKaL
nasnequn 208 MMa neg npuoGpeTaeT MoANGN- V||.UTBep,qOCTb €ro 04eHb BbICOKa, NO3TOMY OH
Kauuto 111, oTanvaroLyrca TeM, YTO NAOTHOCTb KpanHe oTpuulaTe/NbHO AENCTBYET Ha NOAWMNN-
ero npesbilwaeT 1. /leq 111 ToHeT B Boge. Elye 60-  HAKW: U3bA3BAAET UX M GbICTPO paspyLuaerT.

nee NNOTHbIA nef o6pasyeTcs Npu LaBNeHUM Bce 3T0 elwe pa3 ybeguTenbHO MokasblBaerT,
okono 300 MIMa. B cooTBeTcTBUM C 0COBEHHO-  KaK MHOTO HEOObIYHOrO TauT B cebe BOAa M Kak
CTAMU CTPYKTYPbl €10 OTHOCAT K MOAU(MKAL MUK BaXKHO ee jeTanbHOe N BCECTOPOHHEE N3YYeHMe.
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OBUNTAEMBIE OBJIAKA

Bopaa B atmocdepe

CopepxxaHune BOofbl B aTMOC(epe CpaBHUTENb-
HO HeBeNMKo —okoo 0,001% Bceit ee MaccChl Ha
Hallleil nnaHeTe. TeM He MeHee, 3TO COBEPLUEH-
HO He3aMeHMMOoe 3BeHO NPUPOAHOTO KPYroBopo-
Ta BOApbl.

OCHOBHbIM MCTOYHUKOM aTMOC(EpPHOI Bna-
T ABNAOTCS NOBEPXHOCTHbIE BOAOEMbI U YBAAXK-
HeHHas Nnouysa; Kpome TOro, Biara nocTynaeT B
aTMocdepy B pe3ynbTaTe McnapeHus BoAbl pac-
TEHWUAMU, a TaKXKe AbIXaTeNbHbIX MPOLECCOB X U-
BbIX CYLLECTB.

Boga B aTMOC(epe HaXOAMTCS BO BCEX TPeX ar-
peraTHbIX COCTOSAHMAX — rasoobpasHom (BoAs-
HOM nap), XXuakom (Kanau A0XAA) U TBepAoM
(Kpuctannunkm cHera v nbaa). KoHgeHcauus Bo-
[OAHBIX NapoB NpuMBOAUT K 06pa3oBaHMIo ob6na-
KOB; aTMOC(hepHas Bfara, Tepsiemas B pesynbTare
0CafiKoB, NOMONHAETCH 3a CYET MOCTYMN/EHUS HO-
BbIX MOPLMIA ncnapuslueinca sogbl (puc. 1.12).
MonHoe 06HOBNEHME COCTaBa BOAbI B aTMOCHepe
npouncxoanT 3a 9...10 gHeli. Takmm o6pas3om, at-
mMocepHas Bnara fBASeTCA CamblM aKTUBHbLIM
3BEHOM KpYroBOpOTa BOAbl B NpUpose.

OCHOBHOE KO/IMYeCTBO BOAAHOIO napa cocpe-
[LOTOYEHO B HMKHUX CNOAX BO3AYLWHON 060104-
KW —B Tponocgepe, Ha BbICOTE O HECKO/IbKUX
TbICAY METPOB, W NOYTK BCA Macca 06/1aKoB Ha-
xoauTcs TaMm. B cTpaTocepe (Ha BbICOTE 0KONO
25 KM Hapg 3emnein) obnaka NoABASOTCA pexe.
VX Ha3blBalOT NepnamMmyTpoBbIMU. ELe Bbilwe, B
cnosix mesonay3sbl, Ha pacctoaHum 50...80 Km oT
3emnun, nspefka HabnwogaTca cepebpucTblie 06-
naka. 13BecTHO, YTO OHM COCTOAT U3 KpUCTaNun-
KOB N1bJa M BO3HWKAKOT NPU CHUXEHWUYU Temnepa-
Typbl B Me3onay3e go -80°C. Nx obpa3oBaHue
CBA3bIBAKOT C MHTEPECHBIM AABIEHNEM —NY/ibCa-
Lueit aTmoctepsbl Moj AeiiCTBMEM MPUNUBHBIX
rpaBUTALMOHHbLIX BOH, Bbl3blBAEMbIX JTYHOIA.

Mpu Kaxylleics NerkocTm n BO3AYLIHOCTU
obnaka cofepxaT 3HaUMTeNbHOE KO/MMUYECTBO
BO/bl. BOAHOCTL 06/1aK0B, TO €CTh BOAOCOAEPXKA-

Hune BoAbl B 1 M3 kone6netcs ot 1040 0,1 ru me-
Hee. M0oCKONbKY 06beMbl 06/1aKOB OYeHb BEU-
K1 (BeCATKM KyOMYeCKUX KNNOMETPOB), TO faxe
0flHO 06/1aK0 MOXEeT COofepxaTb B BUAeE Kanenb
UNW KPUCTANNNKOB NbJla COTHU TOHH BOAbl. 3TU
rMraHTCKMe BOAHbIE MacChl HEMPEPbIBHO Mepe-
HOCATCHA BO3AYLHbLIMW MOTOKamMu Hapj nosepx-
HOCTbIO 3eM/n, BbI3blBas Ha Hell nepepacnpeje-
NneHve BoAbl U Tenna. MockonbKy Boga o6nagaet
NCKNIOUYNTENBHO BbICOKON YAENbHOW Tennoem-
KOCTblO, MCNapeHue ee C MOBEPXHOCTU BOJO-
e€MOB, M3 MOYBbl, TpaHCNMpawuns pacTeHuit no-
rnowaroT o 70% 3Heprum, nony4vyaemoli 3em-
neih ot ConHua. KonuuecTBo TennoTbl, 3aTpa-
YeHHOe Ha ucnapeHue (CKpbiTas TennoTa napo-
o6pa3oBaHuUs), NOCTynaeT BMecTe C BOASHbIM
napom B aTMOC(epPY U BbIAENSETCA TamM Npu ero
KOHAeHcauun n gopmmposaHuu obnakos. B pe-
3ynbTaTe 3aMeTHO CHUXXaeTcs TemnepaTypa BOfA-
HbIX MOBEPXHOCTEN W MpueralvWwero K HUM
cnos Bo3gyxa, N03ToMy B6/1M3M BOJOEMOB B Ten-
Nnoe BpeMsA rofa HaMHOro MNpoxnagHee, Yem B
KOHTMHEHTaNbHbIX palioHax, KOTopble Moayyva-
0T TaK0e XKe KOMYECTBO COMTHEYHOW 3Hepruu.

Macca 061aKoB U BOAsHblE Napbl, COAEpPXa-
wmecs B aTMocepe, CyL eCTBEHHO BO3AeiiCTBY-
0T U Ha PafMaLNOHHbIA PEXUM MNAHETbI: C UX
MOMOLLbIO NMPONCXOAAT MOFNOLLEHNE U OTpaXKe-
HMe U36bITKA COMHEYHOR pagmauuu, U Tem ca-
MbIM B W3BECTHOI CTEMeHU perynnpyeTcs ee no-
cTynneHue Ha 3emno. OHOBPEMEHHO o6naka
9KPAHMPYIOT BCTPEYHbIE TEMN/IOBbIE MOTOKM, UAY-
LMe C NOBEPXHOCTM 3eMIN, CHWXKas TensjonoTe-
pu B MexmnnaHeTHoe NpocTpaHcTBo. M3 Bcero
3TOro cnaraetcs Norofoo6pasytollas MyHKLus
aTMoc(epHoit Bnaru.

BcneacTBMe BbICOKO «060paynBaeMocTu»
aTMocepHOll BOAbl FOA0BOE KO/IMYECTBO OCaf-
KOB ANS BCeil mnaHeTbl COCTaBAAET 0KO/O
0,5 MIH. KM3, TO eCTb NpPEBbILIAET COAEPXKAaHUNE
Bnarn B aTmocdepe B 40 pa3. B cpegHem Ha no-
BEPXHOCTb 3eMfM B TeYeHWe rofa Bbinagaet
CNoW 0cafKoB TONWMHON 1M, HO peanbHble NX
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1 2 3 4 5

Puc. 1.12. MpuHynnuanbHasa cxema eguHcTBa Bog 3emnum (no J/1.C. AbpamoBy)

1- cB060AHbIE BOAbI OKeaHa; 2 - 4exos 0CafouHbIX Nopos; 3 - KPUCTa/IM4eCcKMe Nopoabl 3eMHOW Kopbl;
4 - marmMaTM4eckuii oyar; 5 - nopogbl MaHTUN.

KO/MIMYecTBa BeCbMa HEOANHAKOBbI AN1A pa3HbIX [y —noc/ie OCEHHEro U BECEHHEero paBHOAEHCT-
obnacTeii 3eMHOro Wapa. Tak, U3BECTHbI TPW 30-  BUSA, B TPOMMKAX U MYCCOHHbIX 06MacTax —ine-
Hbl MakCMMyMa 0cajkoB (0AHa B 3KBaTopuanb-  TOM (NpWM NOYTK NOMHOM 6e3f0XAbe 3MMOIA), B

HOI 06NacTK, iBe BYMePEHHbIX LLMPOTax 060Mx cy6Tponnkax —3UMOi. B ymMepeHHbIX KOHTU-
nonywapuin) n yeTblpe 30Hbl MUMHUMYMa OCaf-  HEHTanbHbIX 30HaX MakCMMyM OCAafKOB MPUXO0-
KOB (B ABYX 30HaX NacCaTHbIX LWWPOT, & TakXe B LMTCA Ha neTo.

ApPKTUKe N AHTapKTUKe). B T0 Bpemsa Kak B HEKO-

TOPbIX palioHax VMHAMM uan Ha FaBaiickux ocT- OTroAoBOro Konn4yecTsa 0cafkos BO MHOIOM

pOBax rofoBON YpOBEHb OCAAKOB MPEBbILIAET 3aBUCAT MPOU3BOACTBEHHASA eATENIbHOCTb Yeso-
12000 MM, B CPEAHEasMaTCKMX MyCTbIHAX UM BEKa B Lie/IoM, COCTOAHME 1 COCTaB PaCTUTENbHO-

Ha ceBepo-BOCTOKe CMGMpPH OH eaBa gocTuraer ~ CTV, @ CNEJOBATENbHO, XapaKTep CeNbCKOro Xo-
200 MM. 3aiicTea. M03TOMY Tak BaXHO WccnefoBaTh CO-

CTOSIHME W MYTM pacnpocTpaHeHus aTmocdep-

B TeueHue roaa ocajikv BbiNafaloT KpaiHe He-  HOI BAaruM, 3aKOHOMepPHOCTU (HOPMUPOBaHUS

paBHOMEpPHO. B 3KBaTOpMaNbHbIX pailoHax Han-  06/aYHbIX MacC, M3yyeHMe BO3MOXHOCTM BO3-
60/blUee KONMMYECTBO X BbiNagaeT ABAXAbI B r0-  AeiCTBUS Ha HUX.
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BeuHble TPY>KEeHNKU

ATMoc(hepHas Bnara, Kpome nepeHoca Bofbl
¥ Tenna, OCyLLeCcTBASET U PYTHe, HE MEHee BaX-
Hble OYHKLUMW, CYLLHOCTb W 3HAYEHUE KOTOPbIX
Hauyannm n3yuyaTb COBCEM HefaBHO. OKasblBaeT-
cs, cofiepxalascs B aTMocepe BoAa akTUBHO
y4yacTBYeT 1 B MepeHOCe Macc TBEP/bIX BELLECTB.
BeTep NoAHMMAaEeT B BO3AyX 4YacTULbl MOUBHI,
CPbIBAET MEHY C MOPCKWUX BOMH, YHOCUT Meflb-
yaiiwne KanenbKu CoNeHoM Bogbl. MOMUMO 3TO-
ro, COAM MOTYT MonajaTth B BO3AyX W B MO/NEKY-
NAPHO-MCNIEPCHOM Buae, 6narofaps Tak Hasbl-
BaeMOMY ()M3NYECKOMY WCMApPeHuto Ux ¢ no-
BEPXHOCTU OKeaHa. M03TOMY OKeaH MOXHO CUM-
TaTb rNaBHLIM MOCTaBLIMKOM Xn0pa, 6opa U no-
[a fns aTMocdepsl, JOXKAEBbIX N PEUHbIX BOf.

Takum o6pasom, LoX[eBas Bfara, HaxoAsachb
B 06naKe, y>Ke COAEPXUT HEKOTOPOE KOJINYECT-
BO coneil. B xoAe MOLWHbBIX LUPKYNALUOHHBIX
NpoLEeccoB, OCYLLEeCTBAAIOWMNXCA B 06/1aUYHbIX
maccax, BoAa v YacTuLbl CONei, MoYBbl, NbiAn,
B3aMMOAENCTBYs, 06pa3yroT pacTBOPbI Ppa3HO06-
pasHeiiwero cocTtasa. o yTBepXAeHMIO akaje-
Muka B.WV. BepHagckoro, cpefiHee cofiecofep-
XaHune obnaka coctaBnseT okono 34 mr/n.

B f0XaeBbIX Kanasax HaxoAaT AeCcATKN XUMU-
YECKMUX 3/1eEMEHTOB 1 pa3nyHble OpraHnyeckme
coeagnHeHus. Mokugaa obnako, Kaxpaasa kanns
COEePXUT B cpeaHem 9,3-10-2mr coneid. Ha ny-
TV K 3em/ie, CONpuKacasacb ¢ aTMOCHepHbIM BO3-
LyxoMm, oHa BOMpaeT B cebA HOBblEe MOPLMUMK CO-
nein n nbinn. O6bIYHAA fOXAEBas Kanas BecoM
50 Mr Npu NageHun ¢ BbICOTbl 1 KM «NpPOMbIBa-
eT» 16 n Bo3ayxa, a 1 n 40X AeBoV BOAbI 3aXBaTbl-
BaeT ¢ co60li nNpumecun, cofepxxaslinecs B
300 TbiC. N1 BO3A4yXa. B utore ¢ KaXxablmMm MTPOM
[0XAeBoi BoAbl Ha 3eMnto noctynaetgo 100 mr
npumeceil. M3 obLiero KonnyecTsa pacTBOPEH-
HbIX BELLECTB, YHOCHMbIX PeKaMu C MaTePUKOB
B OKeaH, MoYTu NON0BMHa BO3BpaLLaeTcsa obpar-
HO ¢ aTMoc(epHbIMU ocagkamu. Mpu aToM Ha
KaXAbl/i KBajgpaTHbIi KUIOMETP 3eMHOW Mo-
BEPXHOCTU npuxoamntca fo 700 Kr ogHUX N1 b
a30TUCTbIX COefuMHeHU (B nepecyeTe Ha 4uc-
ThbIi1 @30T), @ 3T0 Y>XKe Ol yTMMas NOLKOPMKa Ans
pacTeHWiA.

OCc06eHHO MHOr0 coneil cofepxaT ocagku
NPMMOPCKNX paitioHoB. Hanpumep, B AHrnuu
6b110 3ahMKCUPOBAHO BbliMafeHNe [JOXKAA C KOH-
LeHTpaumnei xnopa go 200 mr/n, aB MonnaHgun
—a0 300 mr/n.

VIHTepecHO OTMeTUTb, YTO PYHKLMIO AOXASA
KaK NepeHocUYMKa MUHEPabHbIX COeAUHEHWNI U
NUTaTeNbHbIX BELWECTB HENb35 CBECTM K NPOCTO-
MY MOLCYETY: CTOMbKO-TO NPUBHECEHHbIX YA06-
peHnit —TaKoe-TO YyBeNM4YEHUEe ypoxas.
B.E. KabaeB MHOro net npocnexuean npsmyro
CBA3b MEXAY pasmMepoM ypoxas Xnomnka n Konu-
4YeCcTBOM BOJbl B ocafkax. B 1970 rogy oH npu-
Wen K UHTePeCHOMY BbIBOLY: CTUMYNupYytoLLee
BO3JeNCTBME JOXKASA HA NOCEBbl BbI3BaHO, Oue-
BUHO, NPUCYTCTBMEM B HEM NepoKcuaa BOAOPO-
fa. loctaTouHo 06bI4HOTO cofepxaHus H202 B
ocagkax (7...8 mr/n), utobbl aTMOCHEPHbIA a30T
CBA3bIBANCA B COefMHeHUs, oborawarLwme nu-
TaHWe pacTeHW, ynydwanacb MOABUXHOCTb
3/1eMeHTOB B noyBe (Npexpae Bcero ocgopa),
aKTMBM3MpOBanca npowlecc oTocuHTesa. Ycra-
HOBMB 3Ty (DYHKLMIO JOXASA, YUYEHbIA cumTaet
BO3MOXHbIM WCKYCCTBEHHO [OCTaBNATb pacTe-
HUAM NepoKcug BoAoposa, 4o6aBnss ero B BOgY
npu ONpPbICKUBAHUN.

BxypHane «Xumusa n Xm3Hb» 6bin npuseseH
NOACYET KO/INYeCTBa CONeR, eXerofgHo nocryna-
IOWNX C 0CafKaMun Ha KBajpaTHbl KuaomeTp
nnsxa B ropoge Coun. Mo MOHHOMY COCTaBY CO-
NV pacnpefenstoTcs cnefyowmm obpasom:

A3pOonIaHKTOH

HekoTopble NpYMecH J0XAeB0ii BOAbI TaK Xe
HEOXWAaHHbI, KaK M WCTOYHUKKM nX o6pasoBa-
Hus. Tak, amepukaHcKuii mukpobuonor Map-
Kep YCTaHOBW/, YTO NIMBHEBbIE OCAAKW COAEp-
aT 3HaunTeNbHOE KONMYECTBO TaKUX OpraHunye-
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CKWUX BeLLeCcTB, Kak BUTaMuH B12 HUKoTMHOBas
Kucnota, 6UoTHH. MNpoBepmnB OpraHNYecKunii co-
CTaB aTMOC(epHbIX NpuMeceid — pasnnyHbIX
TBEPAbIX YacTul, OH 3aKNYUA, YTO BO3AYX CO-
LEPXUT MHOXECTBO MUKPOOPraHM3MOB, B TOM
yucne n BOZOPOC/MN, NPUYEM YaCTb UX HAXOLUT-
CH B aKTUBHOM COCTOSAHUU. BpeMeHHbIM MecTOo-
npebbiBaHWEM 3TUX OPraHU3MOB MOTYT BbITb 06-
Nnaka, 0CO6EHHO Ky4eBble: fJaXe Ha BbICOTe
6...9 TbIC. M, KOTOpas ABMAETCA «MOTOKOM»
ons 3TMX 06N1aKoB, COXpaHAeTCs TemnepaTypa,
npuvemneMas ns nNPoTeKaHUs XU3HEHHbIX NPo-
ueccos. MpucyTcTBre B 06nakax BOAbl, MUKPO-
3/1EMEHTOB, TaKMX rasos, Kak KUCN0OPog, OKCUA
yrnepoga (IV), asoT, a Takxe HanMyme UHTEH-
CMBHOI Ny4YnUCTON 3HEpPrMM —BCe 3TO co3daeT
6naronpuaTHbIe yCN0BUA ANs oToCMHTE3a, 06-
MeHa BeLlecTB W pocTa KneTok. Mo MHeHuto
Mapkepa, «o6naka npeAcTaBnAOT cCOB0M XKNBbIe
3KONOTMYECKNE CUCTEMBI», KOTOPble JAalOT BO3-
MOXHOCTb XUTb ¥ Pa3MHOXaTbCA MHOFOK/1EeTOY-
HbIM MWKpOOpraHusmam. WX BblgeneHnsa opra-
HWYeCKue BellecTBa TUMa BUTaMUHOB —lonaja-
10T Ha 3em/t0, 0COBEHHO C IMBHEBbLIMU LOXAA-
Mu. A Befib o CUX NOpP, 3HasA 06 «a3pPonNaHKTo-
He» BEPXHUX CNoeB aTMocdepbl —cnopax, rpuob-
Kax, Mblablie pacTeHWid, y4eHble cUuTanu, 4To
OHWM HaxoAATCA TaM B HEXW3HeCnoCco6HOM CO-
CTOSHMMW. OYeBMAHO, pe3ynbTaTbl HOBbIX UCC/e-
[LOBaHWA MHOTOE N3MEHAT B HALLMX NpeAcTasne-
HMAX 06 aTMocepHoli Bnare. Bnara B BO3ayLuU-
HOM OKeaHe, KakK 1 Boga B MMpOBOM OKeaHe, Be-
POATHO, BbIMONHAET BaXHYI PONb BHELIHeN

cpefbl 4NA Kpyrosoro o6mMeHa BeLecTB ero o6u-
TaTeneil. Monajas Ha NOBEPXHOCTb MAHETHI,
3TN BellecTBa HEM3BEXHO 0Ka3blBAKOTCA TECHO
CBSI3aHHBIMMN C XW3HblO 3eMHOW. TPyAHO faxe
nepeoLeHNTb BO3MOXHOCTH, KOTOpble facT ye-
NIOBEYECTBY AleTaNbHOE U3yYeHMe TaKnx npouec-
coB. 3TO M NpeAOTBpaLLEHME pacnpPOCTPpaHeHUs
60ne3HETBOPHbIX 6akTepuii, N UCNONb30BaHNE
MUKPOGIOpbl 061aKOB ANS 6GUONOTMYECKUX CNO-
co60B 60pbObI C 3arpa3HeHnem aTmocdepsl, n
pelleHne MHOTUX APYTUX XU3HEHHO BaXKHbIX
npo6nem.

Pa6oTbl amepuMKaHCKMX uccnefoBaTeneil no-
Kasanu, 4to 6akTepumn, cBA3aHHbIE C hUTONNAH-
KTOHOM, HacensloLW UM NPUNOBEPXHOCTHbIN
CNoii okeaHa, cnyxaT spaMmu KOHAeHcauumn aT-
mocepHoin Bnarn. CkannuBasicb B MOPCKOI
neHe, 6akTepuu 3abpacbiBaldTCS BETPOM B aTMO-
cthepy, npuyem UX KOHUeHTpauus Hag Mupo-
BbIM OKEaHOM elle Bblllie, YeM, Hanpumep, Mu-
HepanbHbIX 4acTul, B 3anblieHHOW aTMocdepe
Haj NYCTbIHHbIMU paiioHamn ABCTpanuu. 310
NOATBEPXAEHO 3KCMepMMEHTanbHO: B nabopa-
TOPHbIX YCNOBMAX 6aKTepun cnocobcTBOBaNM 3a-
Mep3aHMWI0 BOAbI, TO €CTb Benn ceba Kak Tunuy-
Hble fApa KOHAeHcaLnm.

Pa3BuTne 3Tux mccnefoBaHWii OTKpbiBaeT
nepcnekTUBY MOMyYeHUA aTMOCHEPHbIX Ocaj-
KOB C MOMOLLb0O MUKPOOPraHn3mMoB. Hapsagy ¢
ApYTMMU MeToAaMu, BO3MOXHOCTb HanpaBieH-
HO BAWATb Ha CKOPOCTb U WHTEHCUMBHOCTb WX
pasMHOXEHUs, BEPOATHO, NO3BONNT B ByayLLeM
ynpaBnfaTb COCTOSIHUEM aTMOc(epsbl.
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MPECHbLIE BOAbl SEMJIN

Fony6ble apTepumn Bonblioe 3HayeHue AN YHKLUOHMPOBa-
. HUA peK MMeKT aTMoc(epHble 0cajku, KOTO-
Pekn ABNAOTCA 3HAYNTENIbHOW HaCTblo PECYP-  ppie 06pa3ytoTcs B pesy/ibTaTe MCNapeHusa Biaru
COB NPecHOW BOAbI. BCneAcTBue HenpepbiBHOM M3 OKeaHa U cywu. MNpu 3TOM HEeNocpeAcTBeH-
BO30OHOBNSEMOCTU 1 NerkogoCTynHOCTN UMEH- HOe NuUTaHWe peK OCYLLEeCTBASETCH AOXAAMMU,
HO peyHble BOAbl HanGonee NPUrOAHbI ANS UC-  [py TastHUM CHErOBOTO MOKPOBA, TalblMU BOJAA-
NnoNb30oBaHUA Ye/TOBEKOM. Bpa3B|/|T|/|V| yenoBeye- MW NeJHNKOB, a TakKXXe MNOA3EMHbIMU UCTOYHU-
CKOro 06LLieCTBa UX POfib Upe3BbluaiiHO BenuKa, KaMu, KOTOpble B 3HAYNTENbHOW Mepe 0653aHbl
TakK KakK X03A/ACTBEHHas JesTeNbHOCTb 6e3 HUX CBOMM 06pa3oBaHMEM aTMOCHEPHbLIM 0CagKaM.
MpaKTUYeckn HeBO3MOXHa. Peku cnyxar nyTs- o
YcToliumMBas CHeXHas 3uMMa, XapakTepHas
MU COOGLLEHMUS, X UCNONb3YIOT ANS CO3faHUA o o
ons 6onblield YacTu TeppuTOpMM Halwel cTpa-
OpPOCUTENbHBIX CUCTEM, OHU IBASIIOTCA UCTOYHU- s
o Hbl, IBASIETCS NPUYMHOM TOTO, YTO GONMBLINHCT-
KaMu MexaHW4ecKoli 3Heprum, BOLOCHa6XeH s
BO peK Mojy4alT B OCHOBHOM CHEroBoe nuTa-

N, 0CO6EHHO B nocnegHee BpemMsd, Cnyxart Hesa- ~
HUWe, U NaBOAOK Y HMUX HacTynaeT BECHOW. 3TO

MEHUMbIMW NOCTaBLLMKAMMN NPECHON BOAbI AN o
W P AbLA 06yCJ'IOB!'II/IBaET O4YeHb CNOXHbIN COCTaB NnaBoAd-
MPOMbILINEHHOCTMN.
KOBbIX BOAl, TaK KaK B TedyeHne gonrnx sMMmHuX

Mo KOHTWHEHTAM pecypchl peuHbIX Boj pac- ~ MECALeB M3 aTMoctepbl B 6acceliH peku nocty-
NpegeneHbl HepaBHoMepHo: B Espone u Asun,  MAlOT C 0CAAKAMU CaMble PA3NINUHbIE BEU|eCTsa,
rfie NpoxunBaeT 70% HaceneHus Mupa, cocpefo-  I1bI1€BU/AHbIE NPOMBbILINEHHbIE BbIGPOCHI, NPO-

TOYEeHO NuWb 39% MUPOBbLIX 3aMacoB PeYHbIX AYKTbl CrOpaHus yrns u HedTu, o6naKa By IKaHN-
BOg. YecKOW MblAW U T.M. HEMOCPEACTBEHHO Monaja-

10T B BOAOEMbI MM OCEAAlOT Ha Cywy W nocTe-
CHT no obuemy 06beMy pe4HOro CTOKa 3Ha-  MEeHHO CMbIBAKOTCS B BOJOEMbI. A Ha TEPPUTOPU-
4ynTenbHO 6oraye BCex KPYMNHeMLW nx rocyapcrs AX CO CHEXHbIM NOKPOBOM BCe 3TV OCeBLUME Yac-
MMpa, HO NOoKasaTeslb Y/IeNbHOM BOJ006ECNEYEH-  TULLI HAKANAUBAIOTCS U B NONOBO/bE B TEUEHMNE
HOCTM (Ha efuMHULY NAoWaamn) 3TUX rocyaapcTB KOPOTKOr0 BPEMEHU CHOCATCA B PEKW U 03epa,
B CpefHEM B NOATOpa pasa HUXe MUPoBOro. B M3MeHAsA B HUX COCTaB BOAbl. X0TA NOL06HOE 13-
cpefHem TeppuTtopus CHI no BogoobecneyeH-  MeHeHMe B OCHOBHOM HEMPOAO/KMTENbHO, OHO
HOCTY OLeHMBAeTCA KaK y0BNeTBOPUTENbHAA. YCNOXHSAET paboTy BOJOOYUCTHBLIX COOpPYXe-
HWiA, TpebyeT creumanbHbIX MeponpuaTUin B

PacnpegeneHue pek Ha TeppuTopuU Hawleii DbIGHOM XO3SCTBE 1 T.1,

cTpaHbl KpaliHe HepaBHOMepHoe. Haubonee
06ECrIeuEHbl BOJHBIMI PECYPCAMU CEBEPHBIE 1 PeKu CHEroBoro MUTaHus, 0COGEHHO BOCTOU-
CeBEpPO-BOCTOUHbIE PaiioHbl Poccun. OHu 3aHu-  HO-CUOMPCKME, KaK NpaBuUno, MMEIT HU3Koe Co-
MaloT MONOBUHY MAOWAAN CTPaH CHI, v Ha ux  71ECOAEPXaHue (Tak HasblBaeMblli Manblii MOH-

JO0M0 MPUX0AUTCA 80% BCeX BOAHbIX pecypcos. Hbl CTOK), BOJa B HUX MArkasa, MmaioMUHepeann-
YKpauHa WMeeT B 3TOM OTHOWEHUU OAUH W3 30BaHHas. Bo MHOrom 3To 06bsicCHAETCS TUMOM

HanGonee HU3KMX MokasaTenedl mo CHI —  NPOMbITBIX MOA30NNCTBIX FPYHTOB, MO KOTOPbIM
4420 M3Ha ofHOro xuTens 1 0,34 km3Ha 1km2 ~ OHU NMPOTEKAKOT, & TAKXKE MOTHOBOAHOCTLHO.

nnowagaun. Mpuyem BHYTPU CTpaHbl HabtofaeT- B paiioHax c 06MAbHBIMM LOXAEeBbIMU 0CafKa-
cs pe3kas gucnponopumsa: B 3akapnaTckoil 06- MU MaBOAKM B OCHOBHOM 6biBalOT J0XAEBOTO
NnacTu B rof Ha 1 KM2TeppuTOopUN NpMUXoamnTCa NPOUCXOXAEHNSA W, KaK NpaBuao, NpuypoYeHsbl
625000 M3BOAHOIO CTOKa, B XePCOHCKOI 06nac- K [0XAeBOMY ce30Hy (Hanpumep, B 6acceiiHe
™ —nnwb 5400 m3 AMmypa —neToMm, B Nepuof NeTHUX MYyCCOHOB, B
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Cpefun3eMHOMOPCKOM b6acceiitHe —3umoit, B Ma-
noii Asum —BecHoi1, B bacceitHax Hurepa n Ama-
30HKN —OCEHbIO).

Mpu 4OXAEBbIX NaBogKax, B OTNMUYME OT CHe-
TOBbIX, Yallle 1 pesue KoNnebmTCs YPOBHU pek,
npuyem NUKM 3TUX nokasaTteneit MHOrOUMCNEeH-
Hbl, HO KPaTKOBPEMeHHbI. COOTBETCTBEHHO M3-
MEHSIeTCA 1 COflep)XaHue B PeYHOi Boje MUHe-
panbHbIX, a TaK)Xe MPUPOAHbIX OPraHUYecKMX
BELLECTB M A40XMMUKATOB, CMbIBaeMbIX C Noneii
[NOX/EBbIMU NOTOKAMMU.

Y ropHbIX pek, 6epyLimnx Hayano oT NeHNKOB
U MHOTOMETHUX CHEXHWKOB, MONMOBOAbE MpU-
YPOYEHO K fIeTHEMY BpeMeHU. IMeHHO B 3Ty no-
py rofa AocTWraeT MakCUMyMa TasgHue cHera u
nbga. CnefyeTt 0TMETUTb, YTO TaKOW PeXxum pek
Ba)KeH B X035CTBEHHOM OTHOLLEHWNW: 3a4acTyto
PeKn HaxoAATCA B 3aCYLLUNBbIX 30HAaX CYCTORYN-
BbIM TEM/IbIM KAVMATOM W LUIMPOKO UCMONb3YIOT-
cA ANA OpOLUEHUsA, KorAa noTpebHOCTb B BOAE
Haubonbwas (Hanpumep, 60bLIAs YacTb CTOKA
Awmygapbu un Coipgapbu). Ocobblit nHTepec
npescTaBnAlOT NONAPHbIE PeKN Takoro Tuna. B
[peHnaHguu, Hanpumep, ecTb PEKU, TeKyLLNE B
nefoBoM noxe. O6HapY>XUIN UX U B AHTapKTu-
fe. «XXW3Hb» TaKUX peK AANTCA BCEr0 HECKO/b-
KO MecsiLieB 1 COBMajaeT C NeprosoM NeTHero Ta-
AHUS cHera. 3TO HaMMeHee MWHepann3oBaH-
Hble PeKun B MUpe.

Ha ocTtpose LLInnu6epreH ectb nocenok Mupa-
muga. Tam B BOLONPOBOS NOCTyNaeT NoYTW gunc-
TUNANPOBaHHAsA BOAA MPAMO U3 PeUKM, TEKYLLel
no nefgHuUKY bepTnnb. 3UMON ANa «CTUMYNMPOBa-
HUA» peYKK, B NefsHYI0, neLlepy nojatT nap ot
Hebonbwon T3L, a HefocTaToK B BOAE MUHe-
panbHbIX BELLECTB XXWUTE/NN MOCENKa BOCMONHAT
ynoTpe6aeHnemM NOAVPOBAHHOW CONU.

Hanbonee ctabunbHbl YPOBHU peK, 06pasyto-
WKNXCA M3 MOLLHbIX UCTOYHUKOB FNY6UHHBIX
NofA3eMHbIX BOA, a TAKXE BbITEKAIOLLUX U3 KpYyN-
HbIX 03ep. OHW OTANYAKTCA NOCTOAHCTBOM MMU-
HepanbHOro coctaBa M MOYTW MOMAHbIM OTCYTCT-
BMEM (Y MUCTOKOB) MUKPO(IOPHLI.

K coxaneHuto, B EBpone nofA3eMHbIi CTOK
Ha efVHULY NNOWaAN BLBOE HUXXE CPejHero no-
KasaTens 419 BCeX KOHTUHEHTOB. [M03TOMy Tak
ManoBoAHO 60/bLWINHCTBO pek cTpaH CHI B me-
XeHb (CyX0e Win X0NoAHOEe BpeMS roga), UMeH-
HO B TOT MepuoA, KOrga OHW UMET BO3MOX-
HOCTb NONOMHATLCA FN1laBHbIM 06pa3om 3a cueT
NoA3eMHbIX BOS,

[naBHble pe3epBbl

bonbluas yacTb 3anacoB MPECHbIX BOJ CTpaH
CHT cocpefoToyeHa B 03epaX, KOTOpPbIX Hacuu-
TbiBaeTCcAa 0K0No 2 MaH. 800 Teic. CymmapHas
ux nnowagb coctasnsaet 2% Tepputopumnsl. B ue-
NOM Ha Hallei nnaHeTe 3amacbl NPeCcHbIX 03ep-
HbIX BOJ oueHMBalT B 176000 Km».

MHorue coBpemeHHble 03epa 6blnn 06pa3oBsa-
Hbl B pe3y/nbTarte OTCTYNNeHUS NeHNKOB B Nepu-
of, nocnefHero onefeHeHns. TakoBO MPOUCXOX-
feHve JTagoxckoro, OHeXCKOoro, a Takxe natu
Bennknx AmMepukaHckux o3ep. ny6ouvaiiimne
03epa BO3HUKAW Tam, rge ob6pasoBanucb nposa-
Nbl B pe3ynbTaTte pa3NoOMOB U OMYCKaHUS 3eM-
HoI Kopbl. Camoe rny60Koe 03epo Ha nnaHeTe —
Bankan (1620 m), 3aTeM adpuKaHCKOe 03epo
TaHraHbuka (1470 m). Bonbwyt rnybuHy nme-
10T «Kpyr/ble 03epa», pacnonaralLuecs B Kpa-
Tepax MNOTYXLWMWX BYKAHOB U KapCTOBbIX BOPOH-
Kax. OYeHb XXMBOMUCHbIE, YNCTbIe WU FyboKune
03epa Hepeako 06pasyloTca B ropax B pesynbTa-
Te KaTaCTpohn4eCcKnX ropHbiX 06Banos (Hanpu-
Mmep, Puua Ha KaBka3se, Capesckoe 03epo Ha lMa-
mupe). [lata poxxgeHus Cape3ckoro osepa u3se-
CTHa COBEpPLUEHHO TOYHO —8 heBpana 1911 r. B
3TOTjeHb B BEPXHEM TeueHumn peku Myprab B Bo-
Ly 06pywimancs Munnnapabl Ky6oMeTpoB CKafb-
HbIX rbl6. O6pasoBanachk ecTeCTBeHHas Habpoc-
Has NN0TUHa BbicoTOl 600 M U Hayanocb hop-
MuUpoBaHMe 03epa. Yepes Tpu roga oHo cTabmnu-
31MPOBaNOCh U MOMYYUNO MOCTOAHHBIA CTOK Ny-
TeM (PMNbTpaLumn BOA Yepes Teno NAOTUHBI.

EcTecTBeHHas NN0OTUHA C YeCTbIO BblAepXKnBa-
eT fAaBieHWe MaccCbl BOAbl BECOM CBbllle
20 mnpga. T.

«Cape3» Mo-TaAXXMKCKN 03HAYaeT «/bloLWwuii
Ha ronosy». O3epo naowagbo 100 KM2rpo3Ho Ha-
BMCAET Haf HVDKenexawmmm nocenkamm. 3a ose-
pPOM MOCTOAHHO Habnto AT yyeHble. Mo npegsa-
pUTeNbHLIM pacyeTam OHO ByAeT BnosHe 6e3ona-
CHbIM, €C/IV €r0 YPOBeHb UCKYCCTBEHHO CHU3UTb
Ha 100 M. N36bITOK BOAbI MOXET 6bITb 3 (PEKTNB-
HO MCNOMb30BaH AN OPOLIEHUA NAO0LOPOLHBIX
3emenb MOpHO-BajaxlwaHCKo aBTOHOMHON 06-
NacTu U NONYYEHUS INEKTPOIHEPTUMN.

Cpefn npecHblX 03ep 0co60e MNoON0XeHMe 3a-
HumaeT banxaw, He 6yayun BMOAHE NPECHbIM,
370 03ep0 HE MOXET CYUMTaTbCA U CONeHbIM. Ec-
TeCTBeHHas jamba NouTM NONHOCTLIO pasgenseT
ero Ha fiBe yacTtu. B 3anafgHoli cogepxuTcs npe-
CHas Boja, B BOCTOYHON —coneHas. Obe yactu
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HEOAMHAKOBbI MO COCTaBY HACENAOWMX WX XMW-  cocpesoToueHa B 16 KpynHeiwux osepax (baii-
BbIX OPraHM3MOB. Kan, lagoxckoe, OHexcKoe u ap.). Hagonto oa-

n 0, -
03epo MOrbHOE, PacnonoxeHHoe Ha ocT-  HOTO TO/IbKO Baiikana npuxoanTcs 88% Bcero 3a

poBe KunbauH B KOMbCKOM 3anuBe, oTropoxe- — 12c@ MPECHON BOABI.

HO OT bapeHuUeBa MOpPS eCTeCTBEHHOI JaM6b0iA, bailkan, CNOBHO eCTECTBEHHbIN Konoccasb-
CNOXEHHO! W3 nepecbiNaHHbIX MECKOM Bany-  Hblii 6MOGNALTP, MPOM3BOAUT HUCTEILWYIO
HOB, NAMUTOK NecYaHnKa v ranbkn. flamba nog- nuTLeBYl0 Body. Monesoit cnnas fieca 6ofblue
fepXunBaeT paBHOBeCUE MeXAY NOCTynaloLWwmumm He MPaKTUKyeTCs, v pycna KpPynHbIX pek, Bnaga-
B 03eP0 CO/IEHOI MOPCKOM BOAOI M NpecHoii Bo-  tOLLNX B Balikan, Ha npoTsxeHnn 700 KM pacuu-
[0l M3 aTMocdepbl U ¢ cywu. Mo MUHepanbHo-  LWiEeHbI OT 3aTOHYBLUEN ApeBeCUHbI. NPUHATLI Me-
My COCTaBYy 3T0 YHWKanbHOe 03ep0 HanoMuHaeT pbl ¥ MO NpeAOTBPALLEHNIO 3arpA3HEHNA 03€Epa
CNOEHbI NUPOT: A0 FNy6uHbI 4 M BOAA B HEM He(hTecofepxXawmMmy 0Txofammn ¢ cygos. Ans
rpecHas, 3aTeM COMEHOCTb BOAbl PE3KO BO3pac-  9TOTO CO3AaHbl MYHKThI MpueMa 0TX0j0B 1 6an-
TaeT, W Ha rny6uHe 7 M BOfa B 03epe COAEPXUT NacTHbIX BOA, a C6pOC UX B 03ePO He JOMYCKaeT-
MoyTU CTONLKO CONW, KaK Bofa BapeHuesa cA. KauecTtBo 6aiikanbCKol BOfbl HEMPEPbIBHO
Mopsi. Harny6uHe 13 m B 03epe HakananearoTcs KOHTpoNnpyeTcs rugpomerteocnyxo6oii. Ha Ge-
CEpOBOAOPOA, MeTaH W Yrnekucnblii ras. ToH- ~ Perax osepa co3faHbl ABa 3anoBefHUKaA W AeCAT-
KWii CNoiA BOAbI Ha FpaHuLLe CEPOBOAOPOAHON 30- KU 3aKa3HWKOB, Tfig COXpaHAeTcs M u3yvaetcs
Hbl OKpalLeH B KpacuBbIi PO30BbINi LiBET. ATO pe-  0K00 2000 BUA0B PACTEHNIA 1 KMBOTHbIX.
3yNnbTaT XNU3HEAeATEe/IbHOCTN (bOTOCVIHTeSVIpy}O- Pa3BepHyTas mporpamma OxpaHbl W paumo-
wux cepoGakTepuii, He NPONYCKADINX AROBNA-  HaNbHOrO MCMONL30BAHUA YHUKAbHOTO BOJO-

Thlii CEPOBOAOPOA B BEpPXHUE CNON BOAbl. MUHE-  ema no3sonuT cGepeyb baiikan ans 6yayLmx no-
panbHOMY COCTaBYy 03epa COOTBETCTBYET pacnpe-  koseHuil.

AeneHne ero obuTtateneit: 3aech LWINPOKO npef-
CTaBfieHbl 06bIYHO He BCTpevatoL|Mecs B 0HOM
BOZ0EMe NPECHOBOAHbIE 1 MOPCKMNE PAaCTEHMA U
XWBOTHble. Bnarogaps TakoMy CoCyLiecTBOBa-
HWIO, OHM BO MHOTOM OT/IMYAOTCA OT POACTBEH-
HbIX 0COGeii, XMUBYLLNX B TUMUUYHbIX YCNOBUAX,
M CnyxaT 06beKTOM Hay4HblX MCCNefoBaHMii.
OfaHako 03epy U ero o6uTaTensM HaHOCUTCS
60NbLIOV YPOH: OHO BCe 60MblUe 3arpsA3HAeTCs
0TXO0fjaMu, coAepXKaluMm MotoLyme cpeacTBa 1
HedTenpoayKTbl. O3epo MOrunbLHOE He A0/X-

HO 0CTaThbCs 6€3HaA30PHbIM, UTO6bLI He Onpas/a- B pesynbTaTe 3TUX NMPOLECCOB 03€pa 3arpsas-
NOCh €10 NeYa/IbHOE HASBAHMNE. HAKOTCA, MagaeT X 6MONOrMYecKas NPOAYKTUB-

. . HOCTb, U3MeHseTCs pexxum. O3epa nn6o npespa-
B palioHax NoBbIWEHHOW BNXHOCTH, TAE MO- | a107cq B GoMOTa, 1M6O NOFMGAIOT. Hemanyio
CTYNNeHNE BOfbl HAMHOIO MPEBbLILLIAET €€ PACXOA PONb MW 3TOM WrpaeT NPOAOMKUTENbHbIf

Ha MCMapeHue, 03epa CTaHOBATCA NPOTOUHEIMY, C6POC A0BUTHIX NPOMbILLNEHHbBIX CTOKOB.
[AaBas Hauano pekam. CBoeo6paseH Baiikan: npu-

HMMasn B ce6s HECKONMbKO COT 6ONMbLINX U MasbiX
peK, OH «BbIMYCKaeT» N1lb OAHY AHrapy, MoLy-
HYl0, CTPEMUTENbHY0. B 3acyWNMBbIX paiioHax
03epa NpenMyLL,ecTBEHHO 6eCCTOUHbIE, HACTO/Mb-

Y 60MbLUNHCTBA 03ep BEKOBbIe 3anachl BOAbI
KpaliHe MefiNeHHO BO306HOBNAIOTCA: B CpeAHEM
1,5% B rog ot obwero 3anaca, a y baiikana —
nmwb 0,3%. MocTeneHHas gerpajauns osep 3a-
BMCUT OT MUHTEHCUBHOCTHM CMbIBa C Moneii coeau-
HeHUin ¢ochopa M azoTa — COCTABHOM YacTu
yA06peHniA, 0T NOCTYNNEHUSA CTOYHbLIX BOA, CO-
LepXawmnx MUHepanbHble W OpraHuyeckue 3a-
rPA3HEeHUA, a TakXKe OT OT/IOXKEeHUS OCTaTKoB
pacTeHWi 1 XXUBOTHbIX.

EcTecTBEHHbIE XXe npoLecchl POpMMPOBaHUSA
03ep, 0C06eHHO 6eCCTOYHbIX, 06bIYHO NPUBOAAT
K X NOCTEMNeHHOMY NepepoXieHunto B 6onoTa.

KO BE/INKO MCMapeHMWe C UX MOBEPXHOCTU. Bonoto 60/10Ty posHb

Kak 1 peku, 03epa pacrpegeneHbl KpaiiHe He- Bonota, unn 38CTOMHbIE BOAOEMbI, Takke
PaBHOMEPHO. BOMbLIMHCTBO WX HAXOAUTCH Ha BHOCAT CBOIO /IENTY B 06LL NI KPDYrOBOPOT BOAbI.
ceBepo-3anaje eBponeiickoii yactu ctpad CHI, HecmoTpsa HaTo, YTO NAOWAaAb OAHUX TONbKO
B 3anagHoii Cubupu n CesepHom KasaxcTaHe. TOp(AAHbIX 60NOT BO BCEM MUpe cOCTaBnseT 60-
MpenMyLLecTBEHHO 3TO HebO/bLUNE BOAOEMbI. nee 1-106kmM3 B HacTosfliee BpemMs BO3HMKNA
OcHOBHaa macca npecHoli Bogbl —26000 kM3—  cepbe3Hast npobaema oxpaHbl 6010T. C 3TOM Le-
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Nb0, aTaKXe AN U3YyYeHUs NepcrnekTuBbl Ux pa-
LLMOHaNbHOro Mcnonb3oBaHua B 1967 rogy B

pamkax KOHECKO 6bina co3gaHa crneymanbHas

MeXAyHapogHas opraHm3auus, 06befuHA-
L as yyeHblx 18 cTpaH. Temnbl ocylweHnsa 6010T

HACTONbKO BbICOKM, YTO BO MHOTMX MecTax 3T0

rpo3nT X NOMHLIM NCYE3HOBEHUEM. OfHaKO Ta-
KO MCXO[ COBEPLIEHHO HegonycTum. B aTom

y6exaaloT 1 3KOHOMUYECKUE acnekTbl: Hanpu-
Mep, N0 aMepuKaHCKWUM [aHHbIM, OfHa NULb

cAava B apeHy OXOTHUYBUX YIOAMUIA Ha 6onoTax,

C XM)KMHaMU U1 LWanawamu, gaet 601bLly0 Npu-
6b11b, YeM NpeBpaLLeHne aTUX 6010T B CeNbCKO-
X035iicTBEHHbIE TeppuTOopun. O6bIYHO Ha 60no-
Tax B M306MnMM BOAATCA COTHWU BMAOB NTUL,

LleHHble Nyl Hble 3Bepyn (HYyTpun, oHAaTpbl). He-
pefko 60n0Ta NpeacTaBnAOT cO6OM BeNnKonen-
Hble ATOAHWUKKN: Tam 6e3 BCAKOrO NMPUMEHEHUA

4enoBeYvecKoro Tpyga u yaobpeHuii pacTyT K-
KBa, MOPOLLKA.

Bonota fBNAOTCA €AUHCTBEHHBIM UCTOYHU-
KOM W KNajioBOil HEOLLeHNMOro 6oraTtcTea —Top-
ta. Ha Tope paboTaloT 3neKTpoOCTaHUMUN.
Topth —BaxHelilee XMMUYECKOE Cbipbe AN NO-
NyYeHUss MUHEpPaNbHO-aMMUAYHbIX YA06pEHNIA,
CNMpPTOB, KUCAOT, KpacuTenei. Jlekapcteamu,
NPUroTOBAEHHbIMMW N3 TOP(a, Neyart rnasHble 60-
NEe3HMW, 0XOru, BOCNaNnTe/bHble NPOLECCHI.

TpyAHO NepeoueHUTb ponb 60710T B NPUPOA-
HOM paBHOBecMU. OCOBEHHO BENMKO 3HAUYEHME
TaK Ha3blBaeMbIX BEPXOBbIX 6010T. B HUX, Kak B
OrpoOMHOW ry6ke, HakannmeaeTca n36bITOK BNa-
rv, pacxoayluimniica B TeueHMe neTa Ha nuTa-
HUWe pPyYbeB 1 pPekK, Ha NOAAEPXKaHNe BNAXHOCTM
BO3Ayxa. TaM, rae BepxoBble 6010Ta HEMpPoOAY-
MaHHO NMOTOPOMUANCHL OCYLINTb, CPa3y CHU3UN-
CSl YPOBEHb FPYHTOBbLIX BOf, OGMeNenu pekwu,
npeBpaTUNUCL B 6ecnofHble CONOHYAKMN 3aNUNB-
Hble nyra.

Taknm ob6pa3om, 6010Ta Kak NPUPOAHbIe 06b-
eKTbl MpejcTaBnAT co060i 60MbLIYI0 LeH-
HocTb. KpyrosopoT Bofbl B 60/10Tax B AeCATKM
pa3 MeA/ieHHee MO CPaBHEHMIO C peKamu Wau
NPOTOYHBIMW 03epamMu, W OTpaBneHue, rubesb
60/10T BMECTe CO BCEM UX HEMOBTOPUMbIM pacTu-
TeNbHbIM W XWBOTHbIM MUPOM MOXeT HacTy-
nMUTb 6bICTPO M Heo6paTUMO.

BenuyecTBeHHbIN [Henp 3apoXxjaeTcs BO
Mxax He6onbworo 6onota Ha cesepe CMONEH-
cKoli obnacTu. 3anacbl AHENPOBCKOW BOAbl CY-
LLeCTBEHHO MONONHAITCA B [TOYNMHKOBCKOM fne-

CHWYECTBE, rfe peKy nuTaeT 3a60104eHHbIN Mac-
cmB o6uwen nnowagbto 1400 ra. Mogaep>xaHuio
BOLHOI0O pexuma [lHenpa cnoco6cTByeT co3ja-
HUe Ha BCEM ero NpoTsXeHUN BOLOOXPaHHOI 30-
Hbl WKpPKHOI 50...300 M.

Mo-X039MCKM NCnonb3ytoT 60n0Tan B SIuTee.
34ecb Ha 60/10TUCTLIX TEPPUTOPMUAX YUPEXEHO
32 KNHOKBEHHbIX 3aKa3HUKa, 3anpeLyeHbl Meamno-
paTuBHble paboTbl U TOp(hoa06bIYa

HeoueHMMYI0 NoMb3y NPUHOCUT HE TONMbKO
pauroHanbHOe 0CBOEHME NPUPOAHbLIX GOraTcTB
60MI0T, HO M M3YUYeHUe MPOLLECCOB, MPOTEKato-
LWUX B HUX.

BeccTpyKTypHble, BOLOHENPOHULLaeMble Na-
CTUYHbIE CNOM MOYBbI 60NOTHOTO fHA (MX Ha3bl-
BalOT rNeeBbIMK) 06pasyoTcs B MPUPOLHbIX YC-
NOBMAX NPU aKTUBHOM Y4acTUN MUKPOOPTraHun3-
MOB. JTO MOACKAa3ano Y4YeHbIM MyTW NOBbILIe-
HUS HAKOMUTENbHOW CNOCOBHOCTM NCKYCCTBEH-
HbIX BOJOEMOB. Ha OCHOBaHUM W3yYeHUs Npu-
POAHbIX NpoLeccoB rneeobpasoBaHns Gbii Npes-
NOXeH NpPOoCTOi U AeweBblii GUOXUMMUYECKNTE
MeTOof, MO3BONAKIWMNIA 3HAYNTENBHO YMEHb-
LWNTb BNArONPOHMLLAEMOCTb UCKYCCTBEHHbIX BO-
[LOEMOB M CHU3UTb NOTEPU BOAbl. DTOT METOS
6bln NpUMeHeH. Ha nouBe AHa KOTNI0BAHOB WK
KaHaB 6ynbf03epoOM pacnpefensnm oTXoAbl Cenb-
CKOX03ACTBEHHOr0 NpPoU3BOACTBa, 6oratble
KNeT4yaTKoRi: CoNoMy, COPHAKMK, 60TBY KapTode-
NS W T.N., HacblNanu coi rpyHTa TONLLUHON
15...20 cm 1 3anuBanu 3Ty naowagb BoLo. B Ta-
KOM CB0O€06pasHOM CNOMCTOM 3KpaHe pacTu-
TeNbHOE BELLeCTBO CAYXWUT MuTaTenbHOW cpe-
O anA aHaspobHbIX GakTepuii. B npouecce
XUN3HEeAeATEeNbHOCTM, OTHMMas Kucnopog ot
MOYBEHHbIX YacTuL, 3TN 6GaKTepun U3IMEHAT
CTPYKTYpPYy MOYBbI M CNOCOBCTBYIOT 06pasosa-
HUIO BOAOHEMPOHMLAEMOro Cnos. YXe yepes
[Ba Mecsila NosBnseTCA rNeeBblii CNOW TONLLM-
HoW fo 5 cM, a yepe3 Tpu roga —ao 35 cM, 1 npo-
caynBaHue BOAbI B FPYHT MPaKTMYeCcKU npekpa-
waeTcs. Tak «NpupyyYeHHbIe» 6aKTepum nomora-
IOT COXPaHWUTb COTHW MWUJMOHOB Ky6OMeTpoB
BOAbI.

DanbHeiiwee n3yyeHne TakMxX CNOXHbIX 3KO-
NOTUYECKUX CUCTEM, KaK 60/10Ta, N03BONNT G1O-
noram, ruaponoram, no4ysoBefaM CAenaTb
BKNaf, MMeLWnii cyuecTBeHHOe NpakTuyec-
KOe 3HadyeHue. BNaronpusTHyo NoyBy A1s 3T0-
ro co3faeT BK/OYEHWE TeppuTopuit 6010T B CO-
CTaB 3aKa3HMKOB W 3aN0BeJHUKOB.
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VicKyccTBEHHbIEe MOpPS

VicKycCcTBEHHble BOJOEMbl — BOLOXPaHUNU-
a1 peyHble MOPA —HAYMHAKT UrpaTb B rMApo-
rpaguyeckoin cetn ctpaH CHI Bce 60nbliyto
ponb. Ceilyac B HUX HacuUMTbIBaeTcs okono 1150
KPYMHbIX BOAgOXpaHunauw,. Mo nnowann BoOgHO-
ro 3epkana Takme BOLOEMbl HAMHOIO MPEBOCXO0-
OAT 60/IbLUMHCTBO HALLIUX NPUPOAHbIX 03ep. O6-
LKA NONe3HbIN 06bEM NCKYCCTBEHHbIX BOAOXPa-
Hunuw, gocturaet 500 kM3 [N BCEX BOAOXPAHU-
NN, MUpa 3aTa BeinumHa coctasnseT 2300 Kv».

Mo ruapoNOrMYecKoMy pexumy BOAOXPaHU-
nuuLa SBAIOTCSA BOAOEMAMMW 3aMefIeHHOTO BO-
[006MeHa; NUTAlT UX BOfbl OCHOBHOM peKn u
ee NpUTOKOB. BogoxpaHunuuia npejHasHavatoT-
cs, Mpexae BCero, ANs BblpaBHWBaHUA CTOKa (3a-
perynupoBaHuns), a Takxe Cnyxar A1 Lenei ru-
[PO3HEPreTUKM, opolieHns n ap. Takum obpa-
30M, CO3AaHue BOAOXPaHWIMLL No3BONseT 60-
nee payMoHanbHO MCNo/b30BaTh BOAHbIE PECyp-
Cbl B Pa3/NyHbIX OTPACASX MPOMbILINEHHOCTH,
CMocO6CTBYET LIMPOKOMY PasBUTUIO 0GBOAHE-
HWS B 3aCyLU/IMBbLIX paiioHax.

OfHaKo 3aperynvMpoBaHue CTOKa pek NaoTu-
Hamu 1 06pa3oBaHMe BOJOXPAHUNNIL UMEIOT U
Hemasble 0TpULaTebHble NOCNeACTBUA ANS BOJ-
HOro Xx03aiicTBa B LienoM. CokpallaeTcs B0J006-
MeH; CBOMCTBEHHbI peKkaM TPaH3UTHbIN Tun
NPMpPOAHOro KpyroBopoTa npespatiaeTcs B npa-
KTWYECKUN 3aMKHYTbI, XapakKTepHblii ans osep,
MOCKONbKY CHUXAeTCs CKOPOCTb TeuyeHus,
YMeHbLIAEeTCA MYTHOCTb BO/bl, CYLLLECTBEHHO W3-
MeHsSeTCA TMAPOXUMUYECKMI pexum. K Kakum
HenpeABUAEHHbIM NOCNEACTBUSM 3TO MOXeT
NPUBECTW, MOKa3biBaeT, HaNpuMep, HEOXMUAaH-
Hblli CABUT 9KOMOTMYECKOro paBHOBecus B 6pa-
3UNbCKMX BOf0eMax. 3aBHa B peKax 1 03epax
CeBepo-BoCTOKa bpasunuu BoAWNUCH MeNKue
pbiGbl NMpPaHby, CHUCKABLIME HeAOGPYHO CnaBsy
6e3)KaNoCTHbIX XULULHUKOB. Hanajas Bcerga cTa-
SIMWU, OHU B CYMTAHHbIEe MUHYTbI MOTYT 06rn0-
[1aTb [0 CKeneTa AaXe KPynHoe M/eKonuTaro-
Lee, cnyyaliHo OKasaBLUeecs B Bogoeme. B noc-
nefHWe rofbl HabNO4aeTCs HAcTosLLee HallecT-
BMe NMuUpaHuil. OCHOBHas MpUYMHA 3TOr0 —CO3-
JaHue WWUPOKOI CeTU TUAPOCTaHLMIA, YTo Npu-
BE/I0 K NOSIB/IEHMIO 6OMbLIOIO KONMYecTBa BOf0-
€MOB, CKY[HO HacblleHHbIX KNCNOPOAOM, C OT-
HOCMTENbHO MEeA/NIeHHbIM TeyeHueMm. Takue BO-
[N0eMbl —ya06Has cpefa ans nupaHuii. BmecTe
C TEM 3HAYNTENbHO YXYALWUINCE YCIOBUS 06UTa-

HWSA LLeHHO NPOMbICNOBOW pbI6GbI fOPaA0, KOTO-
past No6UT BbICTPbIE YNCTbIE BOAI.

CLBUTY 3KONOFMYECKOro paBHOBECHSA CNOCO6-
CTBOBaNW U UKNE YTKN, YNCTEHHOCTb KOTOPBIX
TakK>Xe BO3pPOC/a Ha HOBbIX MENKOBOAbAX. B ux
paunoH BXOAMT MKpa NUpaHuWii, OTKNafbliBae-
Mas y KopHeil Bogopocneii. YacTb UKPUHOK,
npuaunas K nankam u KpbinbsaM YTOK, NepeHo-
CWTCA B ApYrue BOAOEMbI, T[ie paHblle MUpaHby
He BOAMIUCE.

UT06bl M36aBMTbCA OT HANacTu, 6pasnbckne
300/10T¥ MbITANNCb Pa3BOAUTL APYIYH XWULHU-
Ly —pbIby TyKyHape, HO eii He mogoLna Temne-
paTypa MHOTMX BOAOEMOB; NMpo6oBanu nepece-
NNTb TUTPOBYIO PbIBY 13 aneKoro ahpuKaHcKo-
ro osepa Kapuby, HO Ta oKasanacb euie 6onee
NPOXOPNWNBOWA, YeM NUpaHbu, U U3 GOA3HW HO-
BbIX HeXenaTenbHblX NMOCNEACTBUIA ONbIThbl C
Hel 6bINM NPUOCTaHOBNEHbI. Tenepb NbiTalOTCS
MCKYCCTBEHHO HacbllWaTbh HEKOTOPbLIE BOAOEMbI
KMCNOPOAOM C MOMOLLbH KOMMPECCOPHbIX yCTa-
HOBOK.

Oxwugaetcs, 4To, 6narogaps LWMPOKOMY OCy-
LLeCTBNEHNIO TMAPOTEXHNYECKOTO CTPOUTENBCT-
Ba, K KOHLY CTONeTWs nnowagb BCEX OpoLIae-
MbIX 3eMefib B Mupe npesbicuT 200 MH. ra. Oa-
HAKO TeXHMYeckKas [eaTeNbHOCTb YenoBeka, Ha-
npaBneHHas Ha npeo6pasoBaHne NMOBEPXHOCTU
3emMnn, MOXET NMPMBECTM U K KpailHe Hexena-
TeNbHbIM nocnegcTeuam. Korga cosgaHue Bogo-
XPaHWIWLL, N OPOCUTENbHbIX CUCTEM NPOBOAMUT-
€Al HelOCTATOYHO NPOAYMAHHO, NOYBbl 3aC/MIOHA-
I0TCA, 3Ha4YUTeNbHble TeppuTopMM 3abonavmea-
I0TCA, a No 6eperaM BOAOXPaHUNULL, MHTEHCUB-
HO pa3BMBAKOTCHA OMON3HW N 06BanbI.

B CHI, rge mHorue BogoxpaHunuuia cosfa-
Hbl Ha PaBHWHHbIX peKax, BO3HWKNa npobnema
MeNnKoBOAUiA. Mx nnowafb cocTaBnseT yXe 0KO-
N0 1M/H. ra. @aKTUYECKU MENKOBOLbA HE Urpa-
0T CyLLECTBEHHO PONM B HAKOM/IEHU W 3aNacoB
BOAbl. HO Mog HUMMW 3aHATbI 06LWMKPHBIE Ceflb-
CKOXO3AWCTBEHHbIE yroAbs, OHM NOATANNUBaOT
OoKpyxatoune semnan. B Knesckom mope fo
40...50% BOAHOrO 3epKana NMPUXOAMTCA Ha Mef-
KOBOAbA. MenKoBOAbSA, a3aTemM M BOAOXPaHUIN-
a B LefOM CTann apeHoi HawecTBUA MUKPO-
CKOMUYECKNX PacTEHU i —CUHe-3e/1eHbIX BOLO-
pocneii. Mo ypoHy, KOTOPbI OHWU HAHOCAT, 3TK
KpOLUeYHble OpraHM3Mbl HUYYTb He Nyuylle 3y6a-
CTbIX 6pasnMnbCKUX NupaHuii. M3 coTeH BULOB
CUHe-3eNleHblX BOAOPOCNElN AeBATb Bbl3blBAKOT
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CUNbHelillee 3arpAsHeHne, Has3blBaemoe LBeTe-
HueM Bofbl. OCyLLeCTBASEMOE B LUMPOKUX MacC-
WwTtabax 3aperynmpoBaHue KpynHehwnx pek, B
yacTHocTu [Henpa v Bonru, co3gano gns usere-
HWS BOAbl HEOrpaHWYeHHble BO3MOXHOCTMU.
MpeanbHas cpefa o6uTaHnA CUHe-3e/1eHbIX BO-
fopocneii — obLWMpHbIE, XOPOLWO nporpeTble
COMHLEeM, cnabonpoToYHbIE MeNKOBOAbSA, 06ora-
W eHHble POChopoM 1 a30TOM OpPraHNYecKuXx Be-
LeCTB, COAEPXALLMNXCH B JOXKAEBbIX CMbIBax C
noyBbl. IMEHHO TaKue yCN0BMA 3T BOAOPOCN
Hally B BOAOEMAX 3aperynmpoBaHHbIX peK.

Mopoli MuKpocKkonuyeckne BOJOPOCAN pas-
MHOXalTCA HAaCTONbKO 6YPHO, YTO BCe BOAOXpPa-
HUANLLE 3aTATMBAETCA CIM3UCTON NAEHKONA.

OTmupasn, CUHe-3eNeHble BOJOPOCAN MPUHO-
CAT HacToALlee 6eACTBME: B BOAY B 60OMbLIOM KO-
NNYeCTBE NOCTYNalT PeHObl, UHAON, CKaToN,
Lpyrue a0BUTbIe BeLLeCcTBa U NPOAYKTbI UX pas-
NOXeHUA. Pbl6bl MOKNAAIOT TaKne BOLOEMbI, BO-
[1a B HUX CTAaHOBMTCS HEMPUTOAHOW Aaxe Ans pe-
KpeaumnoHHbIx1uenei.

M3bickuBatoTca apPpeKTUBHbIE CNOCOObI
60pbObI C CUHE-3eN1eHbIMW BOgOpOCNsMU. B U H-
cTUTyTe rugpobuonorun AH YkpanHol paspabo-

TaH crnoco6 npoayBKM KMCnopoaa CKBO3b TONILWY
BOAbI, 3apaXXEHHOW UMK, NMpUMEHAOT 1 cneun-
aNnbHble AA0XMMUKaTbl, y6MBaKLiMe BOAHYHO
ropy.

I'Io,q AeﬁCTBMeM MUHepanbHbIX KOArynaHToB,
NMPUMEHAKO LW NXCA TaKXKe A4N1A OCBET/IEHUA N 04YN-
CTKW BOAbI, NAYLLENA B BOLONPOBOAHYO CETb, BO-
aopocnun HeOﬁpaTVIMO cnnnakTCca B KOMKMN.
HaiigeHbl BUPYCbI, AN KOTOPbIX CUHE-3€e/IEHblEe
BOAOPOCNKN ABNAKOTCA XKXENaHHbIM 6I'IPO,CI,OM.

MepcneKTUBHO W MPUMEHEHWE cneumnanb-
HbIX BCACbIBaKOLMNX YCTPOWCTB, M3BNEKAKLLNX
BOAOPOCAN N3 BOAbI, NOC/IE YEr0 UX MCNONb3YIOT
KaK yaobpeHus gns noneid uam Kak npomblLl-
NEHHOe Cbipbe, NOTOMY YTO 3TU BOJOPOCAN CO-
aepxart go 50% 6enka, 60/bLI0e KONNYECTBO BU-
TamMuHa Bbi Apyrue LeHHbIe KOMMOHEHTHI.

B NHcTnTyTe 60TaHMKM AH TypKkmeHun pas-
paboTaH HOBbIVi MeTOA 60pbObLI C CUHE-3e/EeHbl-
MU BOAOPOCAAMU NYyTEM MCMOMb30BaHUA UX ec-
TECTBEHHbIX BParoB — BbICLINX BOAHbIX pacTte-
HWA. YCTaHOBMEHO, YTO TPOCTHWUK, POros, Ka-
MbIl BblAeNAT QUTOHLUAbLI, TOKCUYHbIE ANA
3Tux Bogopocneii. OCo6eHHO CUbHO YrHeTaeT
MX pa3BUTME POFONUCTHUK NOTPYXXEHHbIN.

1 Pekpeauus (nat. reereaiie 6yks. BOCCTaHOBNEHWE) —OTAbIX, BOCCTAHOBNEHWE CUN YeNOBeKa, N3pPacxX0A0BaHHbIX B MpoLiecce Tpyaa.
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OAPbI TIJTYTOHA

UTo TauTcs B Hegpax

3HauuTenbHaA YacTb BOAbl Ha Hallel nnaHe-
Te CKpbiTa Nof ee NOBepXHOCTbIO. C faBHUX Bpe-
MeH 3Ty BOAY Ha3blBanu NoA3eMHol. Tak ee Ha-
3bIBAKOT U TeMepb, XOTA NpaBUbHee 6bIN0 6bl Xa-
pakTepu3oBaTb ee KaK BHYTPU3EMHYIO MU NOA-
MOYBEHHYIO. J/INILb OTHOCUTENbHO Manas fons
Takoli BOAbl BbIXOAMT Ha MOBEPXHOCTb B BUAE TU-
XUX KNOYe, TOPHbIX pyYeinKoB Uamn 6ypHbIX Na-
poBOASAHbLIX (DOHTAaHOB —reii3epoB. OCHOBHbIE
XK€ Macchl ee ThiCAYENeTUAMU HaKanMBaTCA B
HEeBMAMMbIX KNaf0BbIX, CTUCHYTbIE MeXAy BOAO-
YNOPHLIMK CAOAMU, NOKA He OTKPOETCA rae-nu-
60 CBOGOAHbLIN BbIXOA N HE BbIMYCTUT MX Ha
npocTop fep3Koe BMeLLaTeNbCTBO Yel0BeKa.

BepxHAs rpaHnLa NOA3EMHbIX BOZ NMPOXOANT
Ha PasnUUHbIX TNy6UHaX —OT HECKONbKUX MET-
POB [0 HECKO/bKUX [IECATKOB M COTEH METPOB.
Hue 3TOM rpaHuLbl MOYTK BCE MOPbI W TPELL -
Hbl B TOPHbIX MOPO/aXx 3ano/iHeHbl BOAOM, 3a UC-
K/IOUYEHNEM OTAEMbHbIX YUACTKOB HEPTAHBIX U
rasoBbIX MeCTOPOX/eHWI, TAe Nopbl U Tpeuiun-
Hbl 3aHATbI HEPTLIO W rasoM.

Mo pacueTam B BepxXHei NATUKUNOMETPOBOWA
TO/e 3eMHOW KOpbl Ha KOHTWHEHTax cojep-
xutca 84,4-106km3soabl. M3 HUx 60-106km3co-
cTaBnset ceobogHaa (rpaBuTauMoHHas) BOAa,
cnoco6Has nepeABUratbCs NOS BANAHUEM CUTbI
TAXKECTH.

Bo BCeil 3eMHOIi KOpe COAEpPXMUTCS OKOMO
1,5-109km3BOAbI, YTO CON3MEPUMO C 06BLEMOM
MwupoBOro okeaHa.

Mopa3eMHble BOAbl —3T0O €AUHCTBEHHbIN BUA
MoMie3HbIX MCKOMaeMblX, 3anacbl KOTOPbIX MO-
ryTBo306HOBNATHLCA B NpOLEcCce aKCnayaTauunu,
MOCKO/IbKY OHW SIBASILOTCA CNOXHOW AMHaAMmMyec-
KOW CUCTEMOW, B3aMMOJECTBYIOLLEN C OKPYXKa-
owWwei cpepoil. MosToMy 3amacbl NOA3EMHbIX
BOJ NOApa3fensoTcs Ha cTaTuyeckme (Tak Hasbl-
BaeMble BEKOBble BOAbI) W AUHaMunyeckue (BO-
306HOBNAEMbIE). JKCNAyaTalLMOHHbIe 3anachl
NoA3eMHbIX BOJ ONpPeAenstoTcsa pacXoLoM, KOTo-

Pblii MOXET 6bITb NOCTOAHHO NOMYYEH 38 eiUHU-
Lly BPEMEHMU.

MupoBble fUuHaMMyeckue 3anacbl MOA3EM-
HbIX BOA cocTaBnaoT 12000 KM3, B TOM uyucne
ana CHIN —880 kM3 3T0 noj3eMHble BOAbl TakK
Ha3blBaeMOW 30Hbl aKTUBHOr0 BOJ0O0OOMEHa, KO-
TOpble APEHUPYIOTCA peKaMy ¥ CO3JarT YCTOM-
YMBYIO YaCTb PEYHOIO CTOKA.

Huxe ypoBHS apeHaxa pek npegnonaraetcs
Hanuume He MeHee 9/10 o6liero sanaca BEKO-
BbIX MOA3EMHbIX BOJ, UMEILNX OUYeHb CNabyto
aKTWBHOCTb BO006MeHa.

O  pecypcax MpPecHbIX NOA3eMHbIX BOA MOXHO
CY[AMTb N0 BEIMYMHE NMOA3EMHOI0 CTOKA B PEKM.
Ona ctpan CHI 3TOT CTOK npeBbliWwaer
30000 m3c, yTo coCTaBNAeT NOYTU YeTBEPTL 06-
LLLero peyHoro cTokKa.

HaTeppuTOpuM Hawlelt CTpaHbl NPeCHble Noj-
3eMHble BOAbl Hanbonee pacnpocTpaHeHbl B Poc-
cum, a Takxke B KaszaxcrabiHe, rae 6bi11 06Hapy-
YEHbl X OFPOMHbIE IMH3bI, N0 06BLEMY paBHbIe
HECKONbKUM ApanbCKuM Mopsim. O6LIMpHbIe
No/i3eMHbI€ NMH3bI NPECHOI BOAbI HANAEHbI U B
cTpaHax CpefHeii Asuu.

YKpauHa umeeT HeMasble pecypcbl MPecHbIX
noA3eMHbIX BOA. YeTBepTas 4acTb BCeil BOAbI,
nocTynaroleii B BOLONPOBOAbLI CTpaHbl, 3abumpa-
eTCcs 13 NOA3EMHbIX UCTOUYHUKOB, a Bpsije obnac-
Teli —/1bBOBCKOW, XepCOHCKO, UepHOBULKOWA
W 4p., —AN8 NUTbEBbLIX Leneil Mcnonb3yoTcs B
OCHOBHOM TO/IbKO MOA3eMHble BOJbI.

3a cyeT N0A3eMHbIX BOJ MOMHOCTbIO OCYLLECT-
BNSeTCA BOAOCHAa6XeHMe nouTu 2/3 roposos Y k-
pauHbl. Bo MHOrux ropogax, Hanpumep B Kue-
Be, 4719 BOAOCHA6GXEHNS UCMONb3YIOT OA4HOBpE-
MEHHO W MOA3eMHbIE, U MOBEPXHOCTHbIE BOABI.

MN3BeUHbIV XONMOANNBHUK

MoMUMO MOA3eMHbIX BOA, Mo 06LWUPHLIMM
MPOCTPaHCTBAMM BEPXHMX MAacTOB CyLIW pac-
MPOCTPaHEHbI €ellle U NoA3eMHbIe Nbabl. X 06-
uwas macca OUeHWBaeTCHs BENUUYMHON B
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500000 kM3 TeppuTOpuHK, cofepKalyue nog3em-
Hblli nef (30HbI MHOTONETHER MepP3N10Thl), 3aHW-
MatT 47% nnowaan Poccun. B Toswe BEYHO-
Mep3/bIX TPYHTOB e[, 3anoiHAeT TPeLuHbl 1 No-
pbl FTOPHbLIX MOPOJ, BbICTYyNas B poan cBoeo6pas-
HOTo LemMeHTa. B oTgenbHbIX MecTax fieg ob6pasy-
€T CNOLHble 3aN1eXW B BUAEe N1acTOB U INH3, ne-
OAHBIX XU, WTOKOB. MOWHOCTbL NeASHOrO
cnos Moxert gocturatb 50 m.

B 30Hax BEYHOW Mep3/10Thbl BCTPeYakTCA CBOe-
o06pasHble NoA3eMHble BOAbI —Kpuoneru. Tak
Ha3blBAOTCA KOHLEHTPUPOBaHHbIE NOA3EMHbIEe
paccofibl, COXpaHAKLW e XNULKoe COCTOAHMnE
npu oTpuuaTenbHbIX Temnepatypax. O6bIYHO
TemnepaTypa 3aMep3aHus X He HUXe -10°C, Ho
OTLEeNbHbIE 30HbI XUAKNX PaccosoB 06HapyXu-
Basu n npu -36°C.

3aneras Ha rny6uHe 200...300 M 1 nmes BO3-
MO>XHOCTb ABMTaTbCS B NiacTax ropHbIX NMOPOA,
Kpuonerun co3faloT NPUPOAHbLIA XONOLNNbHUK,
npocTupatoLmiica B rnybs 3emnum 60nee 4em Ha
KUnomeTp W oxsaTbiBalowWwmii 2/3 Cubupckoii
nnatopmbl, 0CTpoBa U Nobepexbs CeBepHOro
JlefoBATOr0 OKeaHa, BKIOYas ero wenbd. Ha-
NNYMe KPUOMNEroB BecbMa 0CNI0XHAET BOAOCHA0-
XKEHMWe 3TUX palioHOB, 3aTpyAHAeT f06bivy Hed-
TW W rasa: Npu NOHMXKXEHHbIX TemnepaTtypax B
rny60kunx nnactax He)Tb CTAHOBUTCS OYeHb BA3-
KO, aras (metaH) obpasyeT c BOAOW NbAoNo[06-
Hble KpUCTannornapatbl. YUyeHble npeAckasblBa-
0T CyLecTBOBaHWe MOLLHON KpMONeroBow 30-
Hbl ¥ NO4 AHTapKTUYECKUM NefAHbIM LWUTOM.
B03MOXHO, nccnegoBatenn B CKOpOM BpeMeEHU
HakayT apeKTMBHbIE MYTU MCNOMb30BaHMUA
KPUOTEHHbIX CBONCTB MOA3EMHbIX pPacconos, U
TOrga MPOMbILWNEHHOCTb NOMYYUT AeLlieBblil
NPUPOAHbLIA XnafareHT B NPakTUYeCKW Heorpa-
HUYEHHbIX KONNYecTBax.

MNMonesHble Nnpumecu

Bnarogaps ToMmy, 4TO Bofe, Haxoasuieiics
NoJ NOBbILWEHHbLIM aB/IeHNEeM, NPUCYLLA BbICO-
Kas pacTBopstoLias CNocoGHOCTb, MOA3EMHbIE
BOflbl 60raThl Pa3HO06pPa3HbIMU KOMMIEKCaMM
WOHHbIX, MONEKYNSPHbIX U KONNOUAHbLIX MPUMe-
Ceil, 3a4acTyio HacblIlLeHbl Fazamu.

Camasi npecHas MojA3emMHas Bofa BCTpeyaeT-
€5l 06bIYHO B BbICOKOTOPHbIX UCTOYHMUKAX. MIHO-
rga cogep)xaHue coneii B Heit Huxe 0,1 r/n. Mog-
3eMHbIe paccofbl, 3aerawuime Noj paBHUHHbI-
MU TEPPUTOPMSAMU, OTANYAOTCA NPOTMBOMONO-

XXHbIMW CBONCTBaMW: B HUX COAEPXATCs OfWHa-
KOBblE MO Macce KONuyecTsa cofeli n Bofbl. B
TypKMeHUM, HanpumMep, 06HapYXeHbl pacconbl
C MUHepanusaynein 547 r/n.

XUMUYecKuii cocTaB NMoA3eMHbIX BOJ onpese-
NS0T N0 coYeTaHWIo Mpeo6naatoluX NOHOB:
rmapokap6oHaTHO-KanbLMeBble, XJ0PUAHO-Ha-
Tpuesble U T.N. CTeneHb MUHEpanusaLuu noj-
3eMHbIX BOJ 06bIYHO HAXOAWUTCH B ONpPEAEeNeH-
HO/ 3aBMCMMOCTM OT UX XMMUYECKOTO COCTaBa.

Tak, NpecHble BOAbl —PeUMYLLeCTBEHHO 1-
Apokap6oHaTHble. B pacconax cpefjHeil KOHLeH-
Tpayum (100...150 r/n) yvawe BCcero npeobnaga-
eT X/IopuA HaTpus. B 60nee Kpenkux pacconax
Hapsgy C MOHaMU X/iopa COAEpPXMUTCS Takxe
MHOFO KanbLusa v Mariusi. C MOHHbIM COCTaBOM
NoA3eMHbIX BOJ CBf3aHO W cOAepXaHWe B HUX
HEKOTOpbIX ra3oB, 0CO6eHHO yrnekucnoro. OT
Hero 3aBMCUT KapboHaTHOe paBHOBecue (COOT-
HOLLUEeHMe KaTUOHOB BOLOPOAA, KanbLna N aHUO-
HOB ruapokap6oHata un kap6oHarta). Mogsem-
Hble BOAbl MOBbIWEHHOW YrNeKUCNOTHOCTM ar-
PECCMBHbI MO OTHOLIEHUID K CTPOUTENbHbLIM CO-
OpY>XeHUsAM, 0CO6EHHO K TeM, KOTOpPbIE UMEeOT
B CBOEM COCTaBe GeTOoH.

P aKTMYECKN NoA3eMHbIe BOAbl COAEepXKaT BCe
3NeMeHTbl Nepuognyveckoin cuctembl 4.1, MeH-
flenee.a, BNOTb [0 peAKO3eMeNnbHbIX. [10aTOMY
OHW MOTYT ABNATLCA UCTOYHUKOM LIEHHOr0 XM-
MWUYECKOro cbipbs. M3BecTHO, uTO ewe B X1 Be-
Ke MoBapeHHyl conb Ha Pycu fo6biBanu Bbina-
puBaHMeM Mof3eMHbIX pacconos. Ceiivac u3
NOA3eMHbIX BOJ MOAy4YatOT NPakTUYeCcKn BeECb
nof n 6onbLY YacTb Bpoma.

B CLUA n NTanun n3 nof3eMHbIX paccosios,
Kpome nofa n 6poma, nonyyatoT 60PHYO KUCO-
Ty, BONbhpam, NuTKii, repmanunii. B Yexocnosa-
KWW U3 MUHepanbHbIX UCTOYHUKOB KapnoBbix
Bap exerogHo go6biBatoT 1300 T rnay6epoBoii
conm 1 800 T coabl.

B noA3eMHbIX BOZax COAEPXKATCA TakxKe opra-
HWYeCcKMe BeLLecTBa, BblAeNAlOWUeCT B Pe3y/ib-
TaTe 6UOXMMUYECKUX NPOLLECCOB, KOTOPbLIE MPO-
TEeKaloT B BEPXHUX CNOSX MOUBbI, MW NPU KOHTA-
KTe C 3a/1eXamMmn roproumx MCKonaembiXx.

HefaBHO yCTAaHOB/IEHO, YTO B MOA3EMHbIX BO-
[ax WMPOKO pacnpocTpaHeHbl B BUje ra3oo6pas-
HbIX MpUMecei HU3LW ne yrnesogopossl. OcobeH-
HO MHOTO UX B NNACTOBbIX BOAaX HE(hTera3oBbIX
6acceinHoB. Mo pacyeTaM y4eHbIX TONbKo B CHIM
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B MN1acTOBbIX BOfax cogepxutcsa 4000 Tpunnuo-
HOB Kyb6OMeTpOB 3TOr0 LEHHEeNLlero chbipbs.
3T0 B COTHM pa3 60/blUe U3BECTHLIX NPOMbILL-
NEeHHbIX 3aMacoB HeTU 1 rasa BO BCEM MUpE.

Mopf3eMHble BOAbl HAYMHAKOT paccMaTpuBaThb
KaK BeCbMa NepcrneKTUBHbIA MCTOUYHUK J06bIUM
npupoAHOro rasa. B AnoHuu, Hanpumep, yxe
celivac 30% NpMpoOAHOro rasa NoayyawT UMEH-
HO TakuM NyTem. YuuTbiBas, YTO B MAACTOBbIX
BOZAaX COAEPXMNTCA MHOTO APYTUX LEHHbIX XUMU-
YeCKMX KOMMOHEHTOB, mepepaboTKy MoA3eM-
HbIX BOJ, MOXXHO OCYLLeCTBNATbL B BUAE KOMM-
NEeKCHOr0 MHOrooTpacneBoro Npou3BOACTBA,
6e30TX0A4HOr0 1 BbICOKOPEHTAbeNbHOTO.

Kak npaBnno, B NOA3eMHbIX BOJaX OYEHb CNa-
60 npeacTaBneHbl MUKPOOPraHU3Mbl, a cofep-
aHne 60Ne3HETBOPHbLIX GaKTepuii mMpakTu4yec-
KW UCKNOYeHO. HefapoM C AaBHUX BPEMEH Bbl-
COKO LEeHWNnacb KpUCTanbHO 4ymcTas PoOAHUKO-
Bas Bofa. TOMbKO Takylo BOAY NojaBanu no BO-
ponposogam B lpeBHuiA PuMm —ropog ¢ Munnm-
OHHbIM HaceneHWeM; Aaxe camoi 4YnCTOl peu-
HOI BOAOW puMAsiHe NpeHebperann. B 1o Bpems
KaK nepecbixanu nons, BOAY U3 UCTOYHWUKOB bec-
KOHTPO/NbHO 3abupanu gnq ropoga. B anoxy pac-
LuBeTa PMMa Ha Kaxoro XuTens npuxognnoch
o 1000 n BoAbl B CYTKU. HUKoOrpa v HArde Yuc-
Tellllyl0 NUTbEBYIO BOAY He TpaTWAW Tak pacTto-
YNTENbHO, UCNONb3YA ee B 6aHAX, KynanbHAX, B
6eCUYMCNEHHbIX.

Mopa3eMHble BOAblI MCNONL3YHOTCA B NepBYHO
ouepefb 419 NMUTLEBbLIX LieNnei, NOTOMY 4YTO, Kak
npaBuao, OHU He TpebyIoT cneynanbHOl 04YNCT-
KW, a B psifie cny4vaeB 1 06e33apaXuBaHus.

OfHaKO CTepU/IbHOCTb NOA3EMHbIX BOJ TauT,
KaK Tenepb npegnonaratT, U HEMaNy NOTEH-
LManbHYy onacHocTb. B cnydae 3arpsasHeHus
apTe3naHcKad, poagHUKOBaA UM KonopaesHas
BOAa, HEe nmMmed COOCTBEHHbIX «CUN conpoTtuene-
HUA», HAAO0NTO OCTaeTcA onacHom ANnA 340p0oBbA
YenoBeka.

Kak H/ napafgoKcanbHo, OTKPbITbIE BOAOEMbI
0Kas3blBalOTCS B /IyUllleM MOIOXEHUN: B HUX 06-
Hapy)XeHbl BU6PMOHbI LLITONbNa —KIyTUKOBbIE
MWKPOOPTaHW3Mbl. Y CTaHOBNEHO, YTO MuLLei
UM Cy)XXaT BCEBO3MOXHbIe MUKPOGbI, MPUCYTCT-
BYlOLLME B BOAE, B TOM YMC/e XONepHble BUBPNO-
Hbl M TUDO3HbIE NANOYKK. VIMEHHO Hannumem
BU6PMOHOB LLITONbMNA 06BACHSAIOT MOTFYUYHO CMO-
COGHOCTb MPUPOAHbLIX BOJ, K CAMOOYMLLEHMIO.
3TUX BUGPWOHOB, KaK NpaBuno, HeT B N0A3eM-

HbIX Bofax. [M0o3aToMy flaxxe He3HaunTenbHoe 3a-
rpA3HEeHNne TaKnX BOA4 MOXXET NMPUBECTU K TAXe-
NbIM nocneacTenAam ana I'I}OAEI‘/JI N AOMallHUX XXN-
BOTHbIX.

3HaunTeNbHasa 4yacTb NOA3EMHbIX BOJ, Henpun-
rogHa ana nuTbeBoro mn X03AMNCTBEHHOTO BOAO-
CHabXeHus BCneaAcTeme UX BbICOKOIo cofeco-
nepXXaHud, ogHaKo N OHW HaxXopAAaAT pasnnyHoe
NPUMEHEHNE.

MuHepann3oBaHHbIe NOA3EMHbIE BOAbI C FNy-
60KOW APEBHOCTU MCMONL3YIOT B NeYebHbIX Le-
nax. x uenebHoe geicTeme BO MHOTOM Onpeje-
NAeTCA MOBbIWEHHbIM cofepXaHuem 6uonoru-
YeCKM aKTUBHbIX KOMMOHEHTOB. B neye6Hoil
NnpakTUKe 06bIYHO MPUMEHSAIOT NOA3EMHbIE BO-
[ibl C TeMnepaTypoit He Bbiwe 40°C.

JAocTynHoe Tensao njaHeTbl

TepmanbHble BOAbl C Temnepatypoii go 80°C
NPUMEHAIOT ANA 060rpesa B TENAMYHO-NapHU-
KOBbIX X03ficTBax. B WcnaHauu TepmanbHble
BOAbl MCMOMb3YIOT 415 BblpallMBaHWA 0BOLLENA,
L|BETOB, BMHOrpaga n 6aHaHoB. Okono 17 rekra-
poB Tennuy, 060rpesBarTCA TepManbHbIMM BOAA-
mMu B Bonrapuun. inntensHoe Bpems eNCTBYIOT
KpYnHble TeNNUYHbIEe X03A/CTBAa Ha TepManb-
HbIX BOAaX BO MHOMMUX HacefeHHbIX MYHKTax
KaBkas3a.

HeuncuepnaembiiA ICTOYHWUK NOA3EMHOrO Ten-
Na Haxo4WT v ipyroe NpuMeHeHne —B NiaBaTeb-
HbIX 6acceilHax, Ana ob6orpeea BOAOEMOB, ANA
passefieHus pbl6, 49 NpefoTBpaLLeHNs onejeHe-
HUSA 0NAaCHbIX YHaCTKOB FOPHbIX 4OPOT U T.M.

PaclivpeHune cep UCNoNb30BaHWUS TepMarb-
HbIX MO/A3eMHbIX BO/J NO3BOMAETT HE TONMLKO 3KO-
HOMWUTb TOM/NBO, HO, YTO OCOGEHHO BaXHO,
CHU3UTb 3arpsisHEHME OKpYXKatoLLeli cpeabl.

Bopay ¢ Temnepatypoit go 100°C BO MHOrmMx
CTpaHax ucnonb3yT ans tennohukayum. B Uc-
NaHAumW Takas NpakTUKa CyLecTBYeT YXe Lenoe
TbiCAYeneTne, CO BPEMEH MePBbIX NOCENEeHLeB.
Cronuua rocygapctsa —PelikbaBUK —oTanu-
BaeTCs NPUPOAHOI ropsayell BOAOW € Temnepary-
poii 86°C, KoTopas nNogaeTca OT ropsavYnx NCTOoY-
HWKOB Mo 18-KnnomeTpoBoMYy Tpy60npoBogy.
Ceilyac s 3TOr0 UCMONb3YHOT U MOA3EMHbIE [0-
psune BOAbl, 06HAapPYXXEHHble Ha 6ONbLIONA ray-
6uHe, NpAMO NOJ ropooM. He nCnbITbIBAKOT He-
fpocTaTka B 9TOM 6ecnnatHoOM TenjoHocuTene n
Lpyrue ropofa v Nocenku oCcTpoBa.
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Mofg 3HaYnTeNbHONM YacTbio TeppUTOpUM BeH-  NO3BONSET BO3BOAWTL 3/1eKTPOCTaHLuK, paboTa-
rpuyu pacnonoXeH MOA3EeMHbIA ropaumin 6ac-  lOLMeE HA NOJ3EMHOM Tene.
CeiiH. CunTalT, 4YTO 3TO OCTATKU [PEBHEro Celivac camas MOLLHAA B MUPe 3N1EKTPOCTaH-
mops. 500 feliCTBYIOLLUX FOPAYNX UCTOUHNKOB Lunsa Takoro Tuna Haxogutca B HoBoi 3enaH-
No3BONAKT OTannMBaTb AOMa ropoxaH, 6naro-  guu, B nocenke Baiipakeii. ExxerogHo oHa Bbipa-
fAaps UM B BeHrpuu feicTByeT MHOXECTBO OoT-  6GaTbiBaeT 287 MBT anekTposHepruu. Matb reo-
KpbITbIX NnaBaTenbHbiX 6acceiiHoB. Kpome TepMasbHbIX 3/1eKTPOCTaHUuii 06Liel MOLYHO-
TOro, Mof3eMHas Boja 06najaeT LeHHbIMU ne-  CTbio 40 400 MBT feiicTsytoT B Tanuu, mexee

YeBHbIMU CBONCTBAMMU. KpynHble —B Wicnanguu, AnoHun, CLLUA, Mek-
cuke, KoHro.

B cTpaHax CHI ans oTonneHus u ropsyero so- OueHb MepcrnekTUBHbIM 06bEKTOM MCMONb30-

[0CHABXEHNA NPUPOAHbIE BOAbI UCMONB3YIOT HA  BaHWSA NOA3EMHbIX BOJ ABNSETCA OPOLLEHNE, KOTO-

KamuaTke, B 3aKkaBKa3be, KOXXHOM KasaxcTaHe. poe npuobpeTaeT 0cO60€ 3HaUYEHME B YCNIOBUAX CO-

BPEMEHHOI MHTEHCU(UKALUN 3eMNeaenus.

6B Pas3INYHbIX CTpaHax B CBA3U C OTKPbITUEM AKTUBHO 3KCTYaTUPYIOTCH AR OPOLLEHUSA
OOLWNPHBIX 3anacoB ropaymx sog ycunaumnca nH- nogsemMHble Bogbl B CLUA, 0COBEHHO B 3anag-

Tepec K reoTepmanbHoii sHepretuke. Hanpu-  yuy itatax ¢ ux sacywnmBbIM KAMMatoM. Mo
mep, Mo Mapuxem Ha rny6uHe 1800 M 06HaPY-  naunbiM Feonornueckoii cayx6ui CLUA, B cyT-
XXeH GacceiiH ropayeit BoAbl, B KOTOPOM MOTEH- ki 0TGOP MOA3EMHbIX BOA HA 3TW LieNN COCTaB-
LnanbHO 3aK/OYEHO CTO/IbKO 3HEPTUU, CKOMb-  nan 172-106M3(TpeThba YacTb BCEro 06bema 0po-

KO ceiiyac BbipabaTbiBaOT BCe 3N1EKTPOCTAHLUN CUTENbHbIX BOA). 40% MOMBHbLIX 3eMe/Ib OpOLLa-
®paHynmn. 60 nog3eMHbIX BacceinHOB ropsyeni I0TCA Nog3eMHbIMU Bogamun B MpaHe. 30% —B
BOAbI HalijeHO Ha TeppuTopuu ctpad CHI . 370 NHaunn.
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«CTPAHHAA» BOOA

UynonencTBEHHbIV MarHUT

Mbl NPUBbLIKAX K TOMY, YTO B NPUPOAHOI BO-
[le MOCTOAHHO PacTBOPeHbl pasHoo6GpasHbie
npumecu. O4HAKO Aaxe He3HaYnTeNbHble KON-
4yecTBa HEKOTOPbIX U3 HUX U3MEHAT MPUBbLIY-
Hble CBOIiCTBA BO/bl COBEPLUEHHO HEOXWAaH-
HbIM 06pa3oM. AHaNOrMUYHO NPOSBNAETCA U BO3-
feiicTBME ONpeaeneHHbIX (U3NYECKUX (akTo-
pOB. DTO N0O3BONSAET HAMHOIO YBE/IMUNTL 3 PeK-
TUBHOCTb 06bIYHbIX CBOWCTB BOAbI UMW HANTU
el HoBOe NpPUMeHeHMe.

Hemano muWyT 0 TakK Ha3blBAa€MO MarHuT-
HO/i Bofie 1 06 YAWBUTENbHbIX pe3ynbTaTax, f0C-
TUTHYTLIX 61arofaps ee NPUMEHEHNI0 B CaMblX
pasnnuHbIX 061acTAX TeXHUKM. [laxe nocne
KPaTKOBPEMEHHOro BO3[eiicTBMUS Ha BOAY mar-
HUTHOTO MONS B Hell yBennuMBaeTCs CKOPOCTb
XMMMUYECKMX NPOLLECCOB U KpUCTanansawumum pac-
TBOPEHHbIX BELECTB, MHTEHCUPULUPYHOTCS
npoueccbl aacopbuumn, ynyuliaetcs Koaryns-
UM nNpumMeceit n BbiNageHne UX B 0cafiok. Bos-
AeiicTBEe MarHUTHOTO NONS Ha BOAY CKa3blBaeT-
CA Ha MOBEJiEHMM HAXOASALNXCA B Hell npume-
Ceit, XOTA CYLLHOCTb 3TUX ABNEHUI NOKa TOUHO
He BbISICHEHa.

B.W. KnacceH, M3BECTHbIN y4eHblii B obnac-
T MarHUTHOI 06paboTKM BOAbI, MoapasgenseT
MMel L Mecs Ha 3TOT CYeT rMnoTesbl Ha TpK oc-
HOBHbIE TPYNMbl: «KOAIOUAHbIE», KUOHHbIE» W
«BOASAHbIE». B COOTBETCTBUM C rMnoTe3amm nep-
BOW rpynnbl NpegnonaraeTcs, YT0 MarHUTHoe
none, AeliCTBYA Ha BOAY, MOXeT paspyLluaTb CO-
fLepxalnecs B Heil KONNOUAHbIE YaCTULbl: «OC-
KONKWU» 06pasyloT LEHTPbl KpucTannmsawuu
npumeceit, yckopas ux yganeHue. Hannume uno-
HOB Xene3a MHTeHCMULUPYEeT NOABNEHMNE 3ap0-
ObllW e KpucTanmsaumm, 4To NPUBOANT K 06pa-
30BaHMI0 HEMPOYHOrO 0cajkKa, BbiNnajatoLLero B
BUAe Wnama.

CTOPOHHWKMN TMMNOTE3 BTOPOiA FPynmbl 06bAC-
HSAIOT Ae/iCTBNE MAarHUTHOTO MONSA HANUYMEM MO-
HOB B BOJE, CUMTas, 4To MoJie 0Ka3biBaeT 0c060e

B/USIHME HA TMApaTalLuio MOHOB, TO €CTb Ha BO3-
HUKHOBEHWE BOKPYT HUX TMAPaTHbIX 060/104EK,

COCTOALLMX N3 MONEKYN BOAbI C HECKO/IbKO U3Me-
HEHHOW NOABMXHOCTbIO. Uem 6onblle U YCTOW-
ynBee Takas 060/704Ka, TeM TpyfHEE MOHaM

cbnmxkaTbCs UNM ocefaTb B nMopax aAcop6eHTa.

MonyyeHbl 3KCMepUMeHTanbHble AaHHble B
NoNb3y «UOHHbLIX» FMNOTE3: 06HapYyXeHo, 4TO

noj BAUSHWEM MarHUTHOrO0 NOAS MPOUCXOANT

BpeMeHHasa fedopmanmsa rugpaTHbix 060104eK
MOHOB, N3MEHSETCS UX pacnpefeneHne B Boge.

He MCKMOUYEHO, YTO pPO/ib MOHOB NPU MArHWUT-
HO/ 06paboTKe BOAbl MOXET 6biTb TaKXe CBS3a-
Ha C BO3HWUKHOBEHWEM 3NEKTPUYECKOTOo TOKa

UK ¢ Nynbcalmein gaBneHus.

CTOPOHHWKMW TUNOTe3 TpeTbeli rpynnbl npea-
rnosaratoT, YTO MarHUTHOE MoJie 0Ka3blBaeT BO3-
[elicTBMNE HEMOCPEACTBEHHO Ha CTPYKTYpY acco-
LMaToB BOAbl. ATO MOXET NPUBECTM K AlehopMa-
LMW BOAOPOAHbIX CBA3el MM nepepacnpegene-
HWIO MONeKY/ BOAbl BO BPEMEHHbIX accoLMaTuB-
HbIX 06pa3oBaHNAX, YTO TaKXe BieyeT 3a CO60W
M3MeHeHNE (PU3INKO-XUMUYECKUX XapaKTepu-
CTMK NPOTEKAaKLLMX B Hell NPOLLeccos.

MarHuTHas 06paboTKa Bofbl 0Ka3anach BeCb-
Ma 3t (heKTUBHOW Npu 60pbbe C HaKNMbH. Y CKO-
peHWe npouecca KpucTanamsauuu MUHepanb-
HbIX MPUMeCeii B BOAE, NPOLLeALLeil Takyto 06pa-
60TKY, NPUBOAUT K 3HAYUTENLHOMY YMEHbLLE-
HWUIO pa3MepoB 4acTuUL, HaknneobpasyLwmx co-
NeiA; B pe3ynbTaTe NpakTUYeCKN NpekpalaeTcs
oceflaHne X Ha CTeHKax annapaToBs n Tpy6.

Ha HeKOTOpbIX He(hTeNPOMbICIaX MarHUTHas
06paboTKa 0Kasanach Jaxe COWO3HUKOM B fene
OXpaHbl BOJOEMOB OT 3arpsA3HeHuii. Tak, nna-
CTOBbIE BO/bI YXKe He C6pachbiBaloT, KaK npexae,
B Kacnuiickoe Mope: KpaTKOBPEMEHHbI KOH-
TaKT 3TUX BOJ, C MarHUTHLIM MO/EM YCTpaHseT
yrposy 3acopeHus TPy6ONpPOBO/OB OTNOXEHUS-
MW COMeii, 1 N03BONSAET UCMOMb30BATL UX B 3aMK-
HYTOM TE€XHOIOTUYECKOM LiMKIe.

NHTepecHo, 4To MarHUTHas 06pa6oTka Nomo-
raeT He TONMbKO NpPeAoTBPalLaTh BbiMNafeHUe He-
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OpraHnyecknx conei 13 BoAbl, HO W 3HAYNTENb-
HO YMEeHbLIaTb OT/I0XKEHUS OpraHMYeckux Be-
ecTB, Hanpumep napaguHoB. Takas 06paboT-
Ka OKa3blBaeTCA NOMe3HOI npu fobbiye 1 nepe-
Kauke BblcOKONnapauHUCTONW HedTW, Npuyem
3aMeyeHo, YTo fielicTBME NONs BO3pacTaeT, ecau
He(hTb OBOAHEHa. [laxe y)ke 06pa3oBaBLUMECS
OTNOXEHUSA coneil 1 napagMHOB paspyLuakoTCs
Npu KOHTaKTe ¢ MarHUTHOM Bogoin. B CLUA n
®paHuMK 3anaTeHTOBaHbl METOAbI ONPeCcHeHNS
MOPCKOWA ¥ CONEHON BOAbI, B KOTOPbIX 3HAYM-
TeNbHYI0 PO/ib UTPAEeT ee MarHUTHas 06paboTKa.

A eKT YyCKOpeHUs Kpuctannusauyuum u
YMEHbLUEHNS pasmMepoB KPpUCTannos, Bbinagato-
LMX M3 MArHUTHO BOAbI, UCNONbL3YETCH U B APY-
rmx 061acTsx, Hanpumep B CTPOMTENbHOW NHAY-
cTpun. Tak, 3aTBOPeHMe LieMeHTa MarHUTHO
BOLOW COKpallaeT CpOKW 3aTBepAeBaHuUs, 1 06-
pasylolancs MenKoKpucTaninyeckas CTpyKTy-
pa npugaet usaenuam 60nbLIYI0 NPOYHOCTb U
MOBbILIAET WX CTOMKOCTb K arpeccUBHbIM BO3-
aelicteuam. 4ns yaaneHus u3 Bofbl TpyfgHooca-
XAaeMblX TOHKUX B3Becei (MyTU) Ucnonb3yeTtcs
WHOE CBOWCTBO MarHWTHOMN BOAbI —ee Cnoco6-
HOCTb YCKOPATb KOArynsiuuto (CnmnaHue n ocax-
[leHNe) YacTuy ¢ nocnefyroLumM 06pa3oBaHMEM
KPYMHbIX XN0nbeB. OMarHM4YnBaHue ycnewHo
NPUMeHAeTCA Ha BOLOMPOBOAHbLIX CTaHLUAX
NPy 3HAYNTENbHON MYTHOCTU MPUPOLHbIX BOA;
aHanornyHas o6paboTKa NMPOMbILLIEHHbIX CTO-
KOB MO03BONSET 6bICTPO OCaXaaTb MeNnKoauc-
nepcHble 3arpsisHeHns. WM 3gecb MarHMTHas BO-
[la CNY>XWT aeny oxpaHbl BOAOEMOB, NpeAoTBpa-
las nonagaHue B HUX BPeAHbIX MPUMECEA.

Cnoco6HOCTb MArHUTHOW BOAbI ynydllaTb
CMauymBaHue TBEPAbIX NOBEPXHOCTEA MCMONb3y-
eTcsa ANS U3BMEYEHUS LLeHHbIX METannoB u3 pys
npu mx noTauMoHHOM ob6oraweHun. M3yye-
HWe OMarHM4YMBaHUS BOLHbIX PacTBOPOB (hnoTa-
LLMOHHbIX peareHTOB Jan0 WHTEpecHble pe3yfib-
TaTbl. TaK, B 06bIYHbIX YCIOBUSAX Npu fobaBne-
HUUM pacTBOpa HMUTpaTa CBMHLA K pacTBOPY €4KO-
ro Kkanu o6pasyloTcs Menkue 3Be3fyaTble Kpu-
CTaNAUKN rapokcuaa cBuHua. OfHaKo felicT-
BME MArHUTHOTO MONS M3MEHSEeT X04 XMMMUYec-
KOW peakumun B BOLHO cpefe; o6pasyeTca UHoe
coefjMHeHne —Kap6oHaT CBUHLA.

MarHutHaa Boja NPpUMeHSAETCHA HE TONbKO B
NPOMbILLINEHHOCTN. He MeHee yCnewHO ee uc-
NoNb3yKT N B CE/IbCKOM X035icTBeE. Hanpuwmep,
nAaTn4yacoBoe 3amMaymBaHne CEMAH CBEK/1bl B Mar-

HUTHOIN BOfe 3aMETHO MOBbILWIAET YPOXail; no-
NUB MarHUTHOI BOAOM CTUMYNUPYET POCT U YpO-
XallHOCTb COM, NOACONHEUHMKA, KYKYPY3bl, MO-
MWAOPOB. B HEKOTOPbLIX CTpaHaX MarHWTHas BO-
[ CNYXXUT N MeuLMHe: OHa NoMOoraeT yaansiTb
noyeyHble KaMHU, OKasblBaeT GakTepuuugHoe
neiicTBue. Kak BUAUM, MarHUTHoe Bo3felicTaune
Ha BOJY Bbl3bIBAET MHOXECTBO 3((EeKTOB, NPu-
poAy M 061acTb MPUMEHEHNS KOTOPbIX €L e TOMb-
KO HauMHAT U3ydaTb. MPOHUKHOBEHNE B CYTb
3TOr0 SIBNIEHUS OTKPOET He TO/bKO MpaKTuyec-
KIe BO3MOXHOCTU, HO U HOBbI€ CBOIICTBA BObI.

AhdhekT akTBUpPOBaHUSA

Cunéunpckmmmn yyeHbimm ®.A. JIeTHUKOBbLIM 1
T.B. KalyeeBolt OTKpbITO fBNEHUE, CYLLHOCTb
KOTOPOro 3akntuvaeTcs B cnegytouem. Obecco-
NeHHas Boja WUAW BOAHble pacTBOPbI, BCAEACT-
BME HarpeBaHusa WX A0 BbICOKUX TemnepaTyp
nog 60MbWUM AaBneHNeM U3MeHSOT CBOU CBOWA-
cTBa. Mocne Bo3BpaLLeHNs K 06bIYHbIM YCN0BU-
AM Takas BOAa HaxXOAWUTCA HEKOTOpPOe BPeEMSA B
0C060M, TaK Ha3biBaEMOM MeTacTabu/ibHOM CO-
CTOSAHUU, NPOABNAIOLLEMCS B NOBbILLEHHON pac-
TBOPAIOLLEN CNOCOBHOCTM Kap6OHATOB, Cybla-
TOB, CUNIMKATOB W APYrUX COeAUHEHWI, B cCro-
COBHOCTU ANUTENbHO YAepXuBaTb B CBOEM CO-
CTaBe aHOManbHble KONMYeCTBa PpaCTBOPEHHOIO
BELLECTBA M 3HAYMTENbHO MOBbIWATbL KUCNOT-
HOCTb. Takas Boja Ha3BaHa akTUBUPOBAHHOM, a
cam npouecc —TemnepaTypHoOii akTusaLumen.

Mpw NpoBeEeHNN IKCNEPUMEHTOB MO pPacTBo-
peHuio pafa BellecTB B aKTUBMPOBAHHOW BOfAe
06Hapy>Xnnn NHTepecHy ocobeHHOCTb. Okasa-
N0Cb, OYEHb BaXKHO, KaK OCylLecTBnseTcs pac-
TBOPEHME: NPU IHEPTUYHOM MNepemeLlnBaHuu
mMaccbl pacTsopa, Npu nepmonyeckom B36anTbl-
BaHWUM WA NPU ANNTENBHOM NpocaynBaHnm BO-
[bl CKBO3b cnou coneit. Ha npumepe kap6oHata
KanbLna yCTaHOBWUAMW, 4TO 3(p(heKT akKTUBUPO-
BaHHOI BOAbl COBCEM HE MPOABNAETCA B NEPBOM
cnyyae v Hanbonee OTHETIMBO BblpaXeH B TPeTb-
em. Tak, Npy npocaynBaHumn yepes cnoi Kapbo-
HaTa KanbLus B YeTblpe pasa yBenuumna ceoro
pacTBOPAIOLLYO CNOCO6HOCTb BOAA, aKTUBU3M-
poBaHHasa npu 400°C, n BABOE-BTpPOe —npwu
200°C 1 300°C. Y genbHas 3/1eKTpOnpoBOgHOCTb
aKTUBUPOBaHHOW o6ecconeHHol Boabl B 10...20
pas Bbllle, YeM HEaKTUBMPOBAHHOM,

OTKpbITME ahheKTa aKTUBUPOBAHNUSA MOXET
MPONUThL CBET HAa TAMHCTBEHHbIE NPOLLECCHI, NpPo-
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TeKaloL e B TO/ILLe Hallei naaHeTkl, rAe pa3su-
BAlOTCA BbICOKME AaBMEHUA W TemnepaTypbl,

MPOMCXOAUT MeANeHHoe MpocaynBaHue rops-
UMX BOJHbIX PACTBOPOB MO NOpam MOPoA U MUHe-
panoB; BO3MOXHO, OHO MO3BO/MIUT YCTAaHOBUTb

HOBble 3aKOHOMEPHOCTH 06pa3oBaHmMs 3anacos

MoNesHbIX NCKOMAeMbIX 1 HAMETUTb 3P(EKTUB-
Hble MyTU UX NoucKa.

MNHTepecHble cBOIcTBA NMpuobpeTaeT BoAa
npu BBEAEHUMN B Hee 106aBOK HEKOTOPbIX Opra-
HUYECKUX BELLECTB U aXe OTAE/bHbIX 3/1EMEH-
TOB. HUUYTOXHbIE KONMYECcTBa TakUX A06aBOK,
BO3€eiCTBYS Ha BOAY, OYEBUAHO, U3MEHSAIOT ee
CTPYKTYypy.

PaccMOTpUM siBiEHUE, CBSI3aHHOE C Mpoliec-
COM [.aBHO 1 XOPOLWIO U3YYeHHbIM —3/1IEKTPO/IN-
30M BO/bl, NPV KOTOPOM Y aHO/Aa 06pasyeTcs Ku-
cnas cpefa, y Katofja —LienoyHas, 4To MOXHO
Nerko MpoBepuTb C MOMOLLbI NaKMYCOBOW Gy-
MaXku. MpekpalyeHne BO3LENCTBUS 31eKTpuYe-
CKOro ToKa 6bICTPO BO3BpaLiaeT XUAKOCTb B
HenTpanbHOe COCTOSAHME.

UT06bl NPOAYKTHI 3/1IEKTPONN3A HE CMeLlMBa-
NUCb, pasfensioT ANEKTPONUTUYECKYHD BaHHY
nonynpoHuLaemoii neperopogkoit. Monyyas ¢
MOMOLL LI 3M1EKTPONN3A HYXHbIE MPOAYKTHI,
paHblle HeAOCTaTOYHO MHTepecoBannCb CO6CT-
BEHHO BOAHON cpefioil B 3TOM npouecce. Heaas-
HO 6bl1 06HAPYXXeH HEM3BECTHbIN paHee (hU3n-
Yyeckuii apeKkT. BbISCHNNOCL, YTO LLENOYHbIE
M KUCNOTHbIe CBOWCTBA BOAbI B COOTBETCTBYHO-
L MX yUYaCcTKax COXPaHATCA B TeUEHNE HECKO/b-
KUX YacoB. Boga npu aToM CTaHOBUTCS CBOEO6-
pasHo aKTUBMpPOBaHHOW. OHa nNpeAcTaBAsieT co-
60/ He MPOCTO LWENIOYHON WM KUCAbIA pac-
TBOp, a NpuobpeTaeT cNOCOGHOCTb K aKTUBHO-
cTu. Hanpumep, gna ctabunnsaymm ramHUCTO-
ro 6ypoBoro pacteopa Nnpu nNpoxofe HePTAHbIX
CKBAaXWH B BOAY HYXHO [06aBNsTh psaj cneyu-
anbHbIX KOMMNOHEHTOB — eAKWIA HaTp, Oypblii
yronb. MpuMeHeHne aKTUBUPOBAHHO BOAbI He
TpebyeT f06aBOK, OHa He AaeT MOBOYHbIX 3arpss-
HEHWI. InekTpoobpaboTKa BOAbI MO3BONAET ro-
TOBWUTb OYpOBOI pacTBOpP AaKe M3 MOPCKOIA
BO/bl, CHMXXas ee conecofepxaHue fo Tpebyemo-
ro ypoBHS.

MHTepecHbl MepcrnekTMBbI NMPUMEHEHUS aK-
TUBMPOBAHHOI BOAbI B CENbCKOM XO35ACTBE.
OnbITHbIE YYaCTKN XN0MNKa nonueanu nnéo uie-
NIOYHOWN, NNMBO KMCNOTHO aKTMBUPOBAHHOM BO-
[Oi. Ha wenoyHoit Bofe pacTeHMs MOWIN B

POCT 3HAYMTE/IbHO aKTUBHEe, YeM Ha KOHTPO/b-
HOM y4acTKe € 06blYHbIM NonNnBoM. KnucnotHas

BOAa AelicTBOBaNa Kak B BO/IWEOHON cKaske,

CMOBHO «MepTBas» —MOCEAHHbI XNOMOK faxe

He B3olen. Korga e aToT y4acTOK TOXe CTanu

nonuBaThb LWEeN0YHON BOAOIA, CNOBHO <«OKUBOW»

BOAbl Hanunacb 3emns, Tak 6YpHO Hayan pactu

X/10M0K, 060rHaB AaXKe pacTeHUs, BblpalleHHble

Ha LL,eNoYHOI Boge.

Hauanucb M MeAULMHCKIUE IKCMEPUMEHTbI C
aKTUPOBaHHOI Bogoi. OHa yCKoOpseT 3axuBne-
HWe paH 1 nope3os. MPoBOAATCA UCMbITaHUS BO-
Abl N5 NeYeHNs 9K3EMbI U annepruu.

«CKOJIb3KOCTb> U ApYTMe HeEOXKULaHHble
cBoOlicTBa BOAbl

HaiineHa BO3MOXHOCTb NOMyYeHMs TaK Hasbl-
BAEMOI CKONb3KOW BOAbl. Y CTaHOBNEHO, YTO
06bluHas BOJA NPEBPALLAETCA B CKONb3KY0 NpK
BBEEHUN B Hee HeGONbLWIOro KOMYecTBa Nou-
MepHbIX COEAUHEHWIA, OTHOCUTENbHAA MOJEKY-
nsApHas Macca KoTopbIX OCTUraeT HECKOMbKUX
MWNMOHOB, a B MaKpOMO/EKyNax ux Cofepxart-
CA PerynsapHo uepeayrolimecs KUCNOPOAHbIe
aToMbl.

AMepuKaHCcKMe y4eHble NCN0b30Banu Noaun-
3TUNEHOKCUA, nnu nonnoKc
(—CH2—0 —CH2—)n B KayecTBe TaKoOin MUKPO-
J06aBkM M Boja npuobpena yauBUTENbHbIE
CBOICTBA: CKOPOCTL €e TeYeHUs yBenmumnach B
2,5 pa3a, Tak e 6bICTPO 3ano/HANa 0OHa Nobyto
eMKOCTb. MpUUYMHOI TaKoW NepemMeHbl Cyxar,
04YeBMAHO, 0COGEHHOCTU B3aMMOAeWCTBUSA MO-
NUMepPHbIX A06aBOK M MOMeKyn BoAbl. Mexay
HUMU NErko BO3HUKAKT BOAOPOAHble CBA3M;
BHOBb 06pa3oBaHHble accoumaTbl C AANHHbIMU
NWHERHBIMU LenoYyKamMmm MakpoMonekysn, onpe-
JeNeHHbIM 06pa3oM OpUeHTUPOBAHHbIE MO OCK
MOTOKA XMAKOCTKW, BAUAIOT Ha ee CTPYKTypy. B
pesynbTaTe yMeHbLIAKTCA 06blUHbIe TYyp6OYyneHT-
Hble 3aBUXPEHUA B MOTOKE U TPEHUE MEXAY ero
cTpysamu, 6narogaps 6onee nNnaBHOMY ABMXKe-
HUI XUAKOCTU CYLLEeCTBEHHO BO3pacTaeT ee
CKOpOCTb.

K coxaneHuto, nonnMoKcoBble fo6aBKN MMe-
10T HEJOCTaTOK: UX 3P EKT HEMPOLO/KUTENEH.
B CHI pa3pa6oTaH MeTOA NONYYEHUS CKOJMb3-
KOW BOAbl C A06aBKOW, AeACTBYHOLEN 3HAYN-
TeNIbHO J0NblUe. YUYeHble NCM0Ab30Bann NUHeN-
Hbli nonnakpunamug. CoTble 4O MpoOLEHTa
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3TOr0 MosvMMepa AeiCTBYIOT Ha BOAY aHaiornu-
HO MOJINOKCY.

CKOMb3KYl0 BOAY Hauyanum NpUMeHATb Tam,
e HYXXHO BbICTPO NoAaTh ee B 60/bLUIOM KOMM-
uecTBe, HaNpUMep NPY TYLWEeHUN NOXapOoB.

MHTepecHO, 4YTO CKONb3kas Boja nepefaet
CBO€ CBOWCTBO W mpeamMeTam, ABUXKYLUMCS
CKBO3b Hee. CTanbHOM WapuK B Hell nagaeT Ha
AHO B 2...2,5 pa3a 6bicTpee, 4eM B 06bIYHOIA.
«CKONb3KOCTb» MOXHO YCMELIHO UCMO0b30BaTh
[N5 04YNCTKM BOAbI, MOCKONbKY BOSHUKHOBEHME
accoumaToB MONEKYN BOAbl C MakKpOMONeKyna-
MU NONIMMEPHBIX 406aBOK NPUBOAUT K paspyLue-
HUIO TUApaTHbIX 060/104eK BOKPYT YacTuy, 3a-
rpA3HeHWiA n genaeT ANg HAX BOAY Kak bbl 6onee
CKO/Ib3KOI, ycKOpsAs UX BbiNafeHne B 0cajok.
Xopowune pesynbTaTbl NOAYYeHbl B CTPOUTENb-
HOW MHAYCTPMM NpU 3aMeLlMBaHUN BETOHHbIX
pacTBOPOB Ha CKO/b3KOM BOfe: CMECh He pacchna-
mBaeTcs, ObicTpee MepekayuMBaeTcs no Tpy6o-
npoBojaM, a NPOYHOCTb GETOHHbIX COOPYXXe-
HUI NoBbILWaeTCA.

roBOpPS 0 Pa3HOBMAHOCTSX BOfbl C 0COGBIMU
CBO/CTBAMU, HYXXHO YMOMSAHYTb U TaK Ha3blBae-
MYI0 «CyXylo» BOAY, B KOTOPYH MpeBpallaercs
06bluHas BOJja NPY BBEAEHUW B Hee ManbiX 03
KpemHecofepxalunx coefuHeHnit. EcTb «pesu-
HOBas» BOAa, KOTOpasi, BMECTO TOFO UYTO6bI Bbi-
NNBaTLCA U3 HAKNOHEHHOro COCyAa, BbITATMBA-
€TCS BBEPX M/IOTHLIM 371aCTUUYHBIM XIyToM. He
UCKIOYEHO, UTO GYAYT HallfleHbl HOBbIE, HEN3Be-

CTHble BUAblI BOAbl. BO3MOXHO, Ans ux cospa-
HUS NOTPeBYIOTCA HOBbIE XMMUUYECKME CoeiMHe-
HUS B KadecTse f06aBoK. OAHAKO M3fjaBHA N3Be-
CTHble U OYeHb pPacnpocTpaHeHHble BeliecTBa
TOXe MOryT npuaasaTb Boje MOUCTUHE YAWUBU-
TenbHble CBOWCTBA. Hambonee 3ameyaTesbHble

KauyecTBa co061LA0T BOJE MUKPOAO03bl cepebpa,

MefM N ApYTUX MeTassnos.

O6Hapy>eHo, 4To cepebpo obnagaet 6onee
BbICOKUM aHTUMUKPOOHbLIM 3(h(heKTOM, YeM ne-
HULUAANH, BUOMULUH 1 ApYyTue aHTUBNOTUKN,
M OKasblBaeT rybuTenbHOe [eiiCTBME Ha aHTU-
6GMOTUKOYCTOWUNBLIE WITaMMbl GaKTepuii.
Bopga, coaepxauias cepe6po B KONMYECTBE
1 Mr/n, Xopowo NHAKTUBMPYET BUPYChl Fpunna
pa3NMYHbIX WTaMMOB. [laxe Npu 3HA4YUTENbHO
MEHbLINX KOHUeHTpaumax (0,1...0,4 mr/n) oHa
cnoco6Ha y6uBaTb MHOTMe MaToOreHHble opra-
HW3MbI, BbI3blBalOLMe ONacHbIe BOAHbIE aNuje-
mMuu. Mpun 3TOM BO3LeCTBME NOCTOPOHHeEro (a-
KTopa (B A4AHHOM Cflyyae COBCEM He3Ha4uTeNb-
HbIX KOMM4ecTB cepe6pa) He OcCTaBisieT BUAU-
MbIX «CneAoB Ha Bofe» (LBET, BKyC, 3anax, arpe-
raTHoe COCTOSIHME ee OCTalTCA HEW3MEeHHbI-
MU), U TeEM He MeHee BoAa nNpuobpeTaeT CBOMNCT-
Ba, KOTOpble fenatoT ee LenebHoit. CepebpsaHas
BOJa NOMy4mMna WMpoKoe NpakTMYeckoe npume-
HeHWe, XOT# eLle MHOTO€ B CYLLHOCTU ee 06pa3o-
BaHUS OCTaeTCA HEBLIACHEHHbIM (KakK U Mexa-
HM3M ee y4yacTus BO MHOTUX 6MONOrMYEcKUx
npoweccax).
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BOAETPO3UT BEOA

MNMpsiMoe n KocBeHHOe 3arpAasHeHue OTpuuatenbHO BAUAET TaKXKe aKTUBHOE 0CBO-
eHune 6GeperoB pek v BogoxpaHunuuw,. becnops-

MpupojsHOi Bode MPUCYLLM PA3NUYHbIE 33a-  poyHas 3acTpOiika Geperos, BbITanTbiBaHWe pac-
rpA3HEeHNA. OT0 ecTeCcTBEHHO. HO HeecTeCTBEH- TUTENbHOCTW paspyLlarT NOYBEHHbIN NoKpoB,
Hbl 1 BbI3bIBAKOT TPEBOTY 06beM 1 cocTaB 3arpas- YTO NPUBOANT K HAPYLLIEHWIO BCEFO MPUPOAHOTO

HEHWIA, KOTOpble celtuac nocTynakT B peKun, ose- KOMM/EKca, NCTOWEHUID U 3arpsa3HeHU0 BOAO-
pa, mops. VX Ha3blBatOT cOBMpaTebHbIM TEPMU- MCTOYHUKOB.

HOM «aHTpOMOreHHble» (0T FPeYecKoro CnoBa
«aHTPONOC» — yenosek). Takue 3arpAsHeHus,
OT KOTOPbIX OLLYTUMO CTPafalT MPUPOLHbIE
BOZbI, B TO UM UHON Mepe Bbi3BaHbl AeATe/b-
HOCTbIO YeNoBeKa. UenloBEK —TOXeE MCTOUYHUK 3arpsasHeHns. B
. nepsble 10 MUHYT KynaHMA C KOXMW 4enoseka

AHaNN3NPyA XapaKTep 3arpAsHEHN N Te MOC-  cyuiBaloTCs MUNAMOHBI 6aKTepUii, pasnnyHble
NeACTBUA, KOTOPbIe CKa3blBAOTCA HAa COCTOA-  kowHble BbigeneHus. Mo pacueTam GUONOTOB,
HUW BOAHbIX PECYPCOB, MOXKHO BbIABNUTL ABAOC-  pa onHOrO KYNAOLErocs He0GXOANMO 9...10 M2
HOBHbIX TMNA 3arpA3HEHNi. HasoBeM X YCNOB-  ppawa. ECAN MeHblue —MOpCKas Cpeaa oLy TH-
HO NPAMBIM 1 KOCBEHHbIM. MO M3MeHseTCs; NpecHast —elle 6o/ee ya3BuMa.

MpoucxoaunT 3arps3HeHne Bofbl U GbITOBbI-
MW OTXOAaMU, [aXe eC/M OHU HakannueawTcs
Ha Geperax: C J0XKASMM OHU NOCTYMaKT B PEKU.

MpsMoe 3arpsisHeHMe BO3HMKAET NPU Heno- Mano 3aMeTHbl Cpasy, HO He MeHee OMacHbI
CpeACTBEHHOM MOCTYNNEHUN B PEKW 1 BOAOEMbI pe3ynbTaTbl HEOGOCHOBAHHbIX FMAPOTEXHUYEC-
CTOYHBIX BOA. ITO MOTYT 6bITb MOCTYNNEHMUSA, Kux pa6oT. OcylleHne 60M10T, BblpaBHUBaHMWE

06yCNOBNEHHbIE NPUPOAHLIMY MpoLleccaMu, Ha-  PYyclia pek BefeT MHOTa K MepecbiXaHnio Teppu-
npuMep, Tanble BOAbI, LOXAEBble CTOKU. MoryT TOpwWiAi nnn, HaobopoT, K UX 3a6onavmBaHuto. B
6bITb CNeynanbHO cobpaHHble 1 COpPOLLIEHHbIE pe3ynbTaTe U BOAHbI 6anaHc yXyAallaeTcs, U Ka-
CTOYHbIE BO/Ibl FOPO/0B U MOCENKOB, OTAENbHbIX 4yecTBO BOAbl cTpagaeT. OCOBEHHO HexenaTenb-
NPeanpuaTUiA, XUBOTHOBOAUYECKUX KOMMMNEK-  HO OCYLIEHWe BepXoBbIX 60/10T, KOoTOpble obec-
coB. lMpsAMble 3arpsA3HEHNsA HAHOCAT 3HaYMTeNb-  NeYnBaloT MOCTOAHHOE NMUTaHUe pyybsM U pe-
HbI yuLep6, HO MCTOUYHUKM UX NOCTYMN/IEHUA 06-  KaM, ABNA0TCA BEKAMU OTPErynMpoBaHHON Npu-
Hapy>XunBalTCA He cpasy. CNMBHbIE TPY6bl «Op-  POJHOI CUCTEMOIA.

raHM30BaHHbIX» CTOKOB HepPeAKO HaxoasaTcsa fa-
NEeKo OT ropojoB, NOrpPyXeHbl B BOAOEM, paccpe-
[LOTOYEHbI HA 3HAYUTE/ILHON TEPPUTOPUN.

TpPaAgWLUMOHHbIM UCTOUHUKOM 3arps3HeHus
MPUPOAHBIX BOA BbININ U MPOAONKAIOT 0CTaBaTh-
Csl X03A/iCTBEHHO-6bITOBbIE CTOKU. 3TO BOAbI
KaHanu3auum, oTXo/bl XXU3HeAeATeNbHOCTHN Ye-

KocBeHHble 3arpA3HeHus 60nee 3ameTHbI.
noseka.

MprMepoM MOXET NOCNYXMUTb BbIpy6Ka neca no
6eperam pek, B pe3y/nbTaTe yero 6epera yxe He O6bem MX He cokpaljaeTcs, a HapacTaeT. U
MOTYT UrpaTb PONb €CTECTBEHHbLIX (YUNLTPOB U 3TO 3aKOHOMepHO. Hanpumep, Ha YKpauHe, no
BOAOpPErynaTopos. lNpu 3ToM HapylwaeTcs pe-  fAaHHbIM 1975 roga, B 94% ropofoB 1 NocenkoBs
XXUM MHOTUX PEYHbIX NMPUTOKOB, 3a4acTylo ropoAcKoro Tuna umencs sogonposoj. Heunsbe-
UMEBLINX POAHUKOBOE nMuTaHue. lMepecbixaT XHO pacTeT n 06beM CTOYHbIX BO4. Heo6xogumo
POAHUKWN, COKpaljaeTcad MOCTYMNEeHUE YUCTbIX yBenuuymMBaTb MOLWHOCTL KaHanusauuu. MoaTo-
BOJ, B UTOre BeTpbl 6ecnpensaTCTBEHHO HECYT B My, KaK npaBuno, Hapsagy C pacluMpeHnem BoL0-
BOLOEMbI U PEKMN Mbl/b, COP, & AOXKAM NOPOXAa-  MPOBOALHOI CETU COOPYXAIOT 1 60MblUe KaHaNu-
0T 6YpHble rps3eBble MOTOKMU. 3aLMOHHbIX NMHWIA: BOJONPOBOA PE3KO YBENu-
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YnBaeT BOIMOXHOCTN NOTpe6neHns, n 6es kaHa- B Tex e ropojax u nocenkax, rpe eue Het
/M3aLMmM COOTBETCTBYIOLLEE BO3pPAacTaHNe 06be-  OUNCTKM GbITOBbIX CTOKOB, 3arpsisHeHUe BOA-
Ma CTOKOB €034ano Gbl 3aTPYAHWUTENbHOE NMONO-  HbIX apTepuii nporpeccupyeT. A rnaBHoe, NpuH-
XeHue. LMn pa6oTbl OYUCTHBIX COOPYXKEHNI TaKOB, YTO
04MCTKA MPOMCXOANT NULLb YaCTUUHAS —Mexa-
HU4eckas (OT KPYMHbIX MpUMeceii, B3BeLleH-
HbIX YacTuy) n 6uonornyeckas (3To Kak 6bl yc-
KOpeHHas MpupojHas ouucTka). B cneuyuans-
HbIX COOPY)EHUAX —a3poTeHKax CTOYHbIE BO-
fibl 06PaBaTbIBAOT aKTUBHBIM MIOM, HaCblLeH-
HbIM MUKpOOpPraHusmamMu. OHW paspyLiaoT op-
Ceityac, Hanpumep, pedKo Haiifiellb X03sifi-  raHW4Yeckue NPUMecKH —NpPoAYKTbI Hallei xus-
KY, MONb3YIOLLYIOCA NPU CTUPKE MbINOM. EF0 N0-  HeeATeNbHOCTY (HO He MOIOLLYIO CUHTETUKY) 1
BCEMECTHO MOTECHMMN CheluanbHble MoloWme  60Ne3HETBOPHbIE MUKPOOPTaHN3MBI,
CpeAcTBa, CoAepiKallie CUHTETUYECKME NOBepX- OpraHnueckne BewecTBa pasnaralnTcs Ao
HOCTHO-akTMBHbIe BellecTsa (CTTAB). 3TU CO-  npocTbix coeguHEHNN, B Y4aCTHOCTM, COAepXKa-
eANHEHNA OTHOCATCA K «3KONOMnMYyeckKm XKecT- MX a3oT u q)oc(*)op. 3TN COefJMHEHUs, MOCTY-
KUM>». OHUW OHEHb TPYAHO aCCUMUIMPYIOTCA BOA-  nag ¢ oumMLyeHHbIMU CTOKaMU B MPUPOAHbIE BO-
HOI cpe/loV 1 KpaiiHe He6NaronpUATHO USMEHA-  noembl, IpaKTUYECKM Ge3BPe/HbI A YeNoBeKa,
0T COCTOAHME BOA0EMOB. Ha X OKUCNEHNE PAC- g ing pacTUTENLHOCTH, B TOM YMCAe BOAHOM, AB-
XOAyeTCA MHOIO pacTBOPEHHOTO KMCNOPOAA, &  nqioTcH NpekpacHON nMuTaTeNbHO| cpefoi. Mx
STO COKpalyaeT pacrapn B BOAG APYTUX BPEAHBIX 13K y Ha3biBalOT —GUOreHHbIe BelecTBa. OHM
npumeceii. Mop BosaelicTBuEM AaXe HE6ONb-  cnocoGCTBYIOT MHTEHCMBHOMY Pa3BUTMIO BOJO-
wux konmyects CMAB B BOAOEMAX 06pasyeTcs  pocneid, npexpe BCEro CMHe-3eNeHbIX —CBOEro
06unbHasA 1 cTolikan NeHa. B Hell HakanIMBalOT-  pona COpHAKOB. LIMKN WX KW3HW KPaToK, OHM

CA BCEBO3MOXKHbIE 3arPASHEHNA U MUKPOOPTA-  GLicTpo 1 MACCOBO OTMUPAIOT, HA CMeHY UM Bbi-

N3MeHseTCs U cocTaB X03A/CTBEHHO-6bITO-
BbIX CTOKOB. B HWX B 3HAUMTENbHbIX KOMNYECT-
BaxX NOABNAIOTCSA BELLECTBA, KOTOPbIe OTMYAIOT-
CA OT 6MONOrMYECKUX OTXOAOB XKNU3HEAEeATeNb-
HOCTW 4efnoBeKa M OT NEerko ycsavBaloLlnxcs
NPUPOAHOI Cpeaoii.

HN3MbI, 4aCTO OnacHbI€ 415 300P0BbA. pacTatoT HOBble. MpoLecchl pasnoXeHns Hapac-
Y pbi6 CMAB BbI3bIBalOT Xa6epHoe KposoTe-  TalOT N1aBUHO06Pa3Ho, yXyALas cBoiicTBa BOAbI

YEHME U yAyLLIbe, Y TeN/IOKPOBHBIX KUBOTHbIX — Y TY6Rl BLICLIYIO PACTUTENLHOCTL M KMBOTHBIX,

HApYLUEHNS XUMUYECKNX MPOLECCOB B KneToy-  00WUTaTeneit Boj0emMoB.

HbiX Mem6paHax. CMAB ycunusaloT TOKCUYeC- Mbl NOAPO6HO OCTAHOBUMNCH HAa NOCNEACTBN-

KOE W KaHLIepOreHHOe BANAHNE APYTUX 3arpAs3-  AX OYUCTKM XO3AWCTBEHHO-GbITOBLIX CTOKOB,

HEHN BOfbl. TaK Kak MMEHHO TaKoii TUM OUMCTKN NpeumylLe-

CTBEHHO OCYLLEeCTBASNCA W AN APYTUX KaTero-
puiAi CTOKOB. M3 cTposilyMxcs U 3anfaHNpoBaH-
HbIX Ha 6MMXaliwmne rofbl OUYNCTHLIX COOPYXKe-
HUIA Kaxjoe 4eTBepToe GyaeT obecneunBaTtb
TONIbKO MeXaHUYeCKy 0YMCTKY, M MOYTU BCE OC-
TaNbHble He NpegycmMaTpuBaroT 60nee rny6oKoi
0UYMCTKM, 4eM 6ronornyeckas.

CornacHo MTOCTa feicTBYIOT XecTkue orpa-
Hu4eHusa noctynneHua CINAB B BOJOeMbl —TaK
Ha3blBaemble MAK (npegenbHo gonycTumble
KOHUeHTpauuun). Ana mHorux CMAB MAK He
npeBbIWAT A0Nei MUANUrpamMma B NUTpe
BOAbl. MM03TOMY CTOKM, 3arps3HeHHble CIAB,
0643aTenbHO AOMKHbI TWaTeNbHO o6pabaTbl-

BaTbCA Ha OUYUCTHBLIX COOPYXEHUAX nepep cnu- CenbCKOX03AWCTBEHHbIE CTOUYHbIE BOAbl U NNB-
BOM NX B PEKWN N BOAOEMbI. HEBbI€ CMbIBbl TAKXE ABNAKTCA NCTOYHNKaMU 3a-

rpsasHeHusa. Mpyu 3TOM NOYTU He BCTpevarTcH
OYNCTHbIE COOpPYXeHNA ANna CeNbX03CTOKOB ”

OUMCTHBIE COOPY>XEHUNS He BCECU/IbHDI NPaKTUYECKN HET OUMCTKM NNBHEBLIX CTOKOB.

Bo BCex KPYMHbLIX FOPOfax CyL|eCTBYOT 0UM- CeNbCKOX03ANCTBEHHbIE CTOKM — MOHATHE
CTHbIE COOPYXEHUS KaHanM3alLNOHHbLIX BOJ Ne-  WWPOKOe, OHO 0603HaYaeT pa3/MuHbIe CTOY-
pef BbINMYCKOM WX B peKn 1 BogoeMbl. OfHaKo, Hble BObl, 06pa3yiolymecs B NPOLECCE CeNnbCKo-

3a4aCTytl 3TO CTapble N MalIOMOLLHbIE COOPYXXe- X03ACTBEHHOI0 npoun3BoACcTBa. ITO IMBHEBbIE
HUA, KOTOPblE He CnpaBndawTCA C BO3pacTalo- CTOKW C Monein, O6pa6OTaHHbIX AA0OXUMUNKaTa-
wnm 06bEMOM CTOKOB. MW, CTOKU CKNaaoB A40XUMUNKATOB, CTOYHbIE BO-
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bl MAaWWHHO-TPAKTOPHOrO napka, cofepxa-
wne HepTeNPOAYKTbl U Macna. 3HaYNTENbHYIO

[ONI0 3arpsA3HEHNIA COCTaBNAOT CENbX03CTOKM,

cojepxawune 6MoreHHble BelecTsa: ygobpe-
HUS, CMbITbIE C NONEN NN COAepXKaLLMecs B CTO-
Kax CKNafloB CeNbXO3TeXHUKU, XULKNE O0TXOAbl

KPYMHbIX XWBOTHOBOAYecKux tepm (1000 ro-
NOB CKOTa 3arpA3HAeT NPUPOAHbIe BOAbI TaK Xe,

KaK ropog ¢ HaceneHmem 15 Tbic. yenosek). Ha-
KOHeLl,, 3TO BCe TO, YTO HeceT Mnoysa, CMbITas B

BOJ0EMbI B pe3yfibTaTe 3po3nmn 6eperos 1 BETPO-
BOW 3po3uun. Takum obpas3om, nonagaHue cesb-
X03CTOKOB B BOAOEMbI NPUBOAUT K NPSAMOMY 3a-
rPA3HEHUIO BOA.

B coBpeMeHHbIX ropofjax U nocenkax ¢ Makcu-
ManbHO acthanbTUPOBAHHON NN MOLLEHON Tep-
puTOpUEl CTOKN HE UMEKOT BO3MOXHOCTM NoCTe-
NMEeHHO NpocayvyMBaThbCa B MOYBY, MPOXOAUTL Tam
€CTECTBEHHYIO A/IMTENbHY OUYUCTKY W WL b 3a-
TeM nonajatb B BOAOeMbl. Bce 3arpssHeHuns
CMbIBalOTCA C acanbTUPOBaHHbIX FOPOACKMX
TeppuTOopunii 04YeHb BLICTPO, MOYTK He3ameaNnu-
TeNbHO, U Yepe3 NMBHEBYH KaHanusauuto cbpa-
CbIBAlOTCS B PeKU, 03epa U T.4. A Bedb Ka4eCTBEH-
Hbll/i COCTaB 3arpsi3HeHWi ropoga cTan UHbIM,
ueM BO BpeMeHa, Korga He 6bii10 acanbTta. Ha
COBPEMEHHbI ropoj ocefaloT NPOMbILINEHHbIE
BbI6GPOCHI: KaHLEpOreHHas caxa W KomoTb, ar-
PecCMUBHbIE CEPHOKMUCNOTHbIE U a30THOKMCOT-
Hble AbIMbl, OKCUbI N COMN TSXKENbIX METAN/OB,
ropioyme M cCMaszoyHble Macna, WWUPOKUIi
CNeKTP XMMUYECKNX COeANHEHWNI, CMbIBaEMbIX
[OXASAMU C 3aBOACKUX TEPPUTOPUIA, 3arps3HeH-
HbIX 0TXOA4aMMW NPOM3BOACTBA W T.M.

naBHas onacHocCTb

Mbl pacCMOTpeNin TpW KaTeropum CTOKOB, 3a-
rPA3HAIOWNX BOAOEMbl B COBPEMEHHOM MUpe,
— X035/ACTBEHHO-6bITOBbIE, CENbCKOXO03AMCT-
BEeHHble U ropoAckue. Ho, noxanyi, nepsooye-
peaHyl0 OMacHOCTb ANS PeK M BOJOEMOB npef-
CTaBNAOT MPOMbILLEHHbIE CTOKM,

PasHoo6pa3sune 3arpasHeHnii 3gecb NoYTH He-
orpaHuyeHHoe. Haumbonee pacnpocTpaHeHbl U
onacHbl HeYTENPOAYKTbI, COMU TKENbIX MeTan-
NOB, LWaHUAbI, CEPHUCTbIE COefUHEHUS, (eHO-
Nbl. OHWU He TONbKO OTPaBAAIOT BOAY W BCE XMU-
BOE B Hell, HO 1 TPebyHOT 0YeHb 60MbLIOro pasba-
BNEHUS AN NPOXOXAEHMWS NPOLLECCOB CaMOOY M-
L eHNa NPUPOAHBIX BOS.

MHOrve N3 3TUX BELLECTB HE YyX[Abl NPUpPO-
[ie, OHU CYLLLeCTBYHOT B HEll M BCTpeYaroTCs B Npu-
pPoAHbIX Bofax. Hanpumep, HeTsAHbIe COejuHe-
HUS NOCTYNalT U3 NPUPOSHLIX Pa3IOMOB 3eM-
HOW KOpbl, a TaKXe ABASKTCA NPOAYKTAMU XU3-
HeaesTeNIbHOCTU HEKOTOPbIX MUKPOOPraHu3-
MoB. B BOAHOIi cpefe CyLLeCTBYOT MUKpoOpra-
HU3Mbl, KOTOPble NUTAOTCA HePTENPOAYKTaAMU.
Ho ans npoueccoB ecTeCTBEHHON accUMMUNSA-
LUnN HethTAHbIX 3arps3HeHunid TpebytoTcsa focTa-
TOYHbIE KONNYeCTBa BOAbI, YTOObI ObIIN HYXXHas
KOHLLeHTpaLns MUKPOOPraHM3MOB U AOCTaTOM-
HOe cofepXaHue Kucnopoga Ans noanepxaHus
UX XKWN3HeesTeNbHOCTW. VIHaye roBops, HYXHO
60NbLIOE KONMMYECTBO CBEXEN BoAbl Ans 06e3-
BpeXMBaHWA HedTecofepXaliux CTOKOB Mpu-
POAHBIM NyTeM. 3TO e TpebyeTcs U AN MHO-
rMx Apyrux BelecTs, NonajakLinx B BOLOEMbI.
Takux BeWecTB CTAaHOBUTCHA BCe 60Nblie NO
CPaBHEHWIO C MPUPOAHLIMU COEANHEHUAMM, Ha-
xogdwmmunca B Bogax. Ceiluac B OKpyXarolLLyto
cpeay BblibpacbiBaeTcs 40 400 Thbic. HAMMEHOBA-
HUIA XMMWUKATOB, a MPUPOAHbIX 3arpsi3HEHUI BO-
[bl HACUMTLIBAETCA ML b OKO/O [BYX ThICAY.

Ha 1T npofyKuuum NpuxofuTcs B CPeAHEM
999 T 0TXOA0B), YBENIMUYMBAETCSA N NOCTYNNEHNE
npumeceil B NpUPoOAHbIe BOAbI 1 UX pasHoob6pa-
3ne. PasbaBneHue xe (4N NpMPoOAHOI caMooYu-
CTKM) TpebyeTcs 3HauuTenbHOe. Tak, CTOKM
He(TAHON NPOMbIWNEHHOCTU AN eCTeCTBEH-
HOW ouncTKK TpebytoT paszbasneHnsa B 30 ThiC.
pa3, a rasoreHepaTOpHbIX CTaHUUA —B 3 MJIH.
pa3. Mexay TeM, faxe KpynHeiiwas peka EBpo-
nbl Bonra moxet pa3baBnTb 06beM cbpacbiBae-
MbIX B palioHe Bonrorpaga cCTOUYHbIX BOA LW b B
350 pa3. CnegoBaTencHo, Tpebyemoro n3bbiTka
4yncToin BOAbl ANs pa3baBneHUs CTOKOB MPOCTO
Herze B3AThb.

Mpy CyLeCTBYIOWMX MacliTabax MpoMbiL-
NEHHOT0 NPON3BOACTBA 6ONbLWINHCTBO NPeANpY-
ATUIA yXKe UMEIOT OUYNUCTHbLIE COOPYXKEHUsS 1 Be-
AyT NpeABapuUTeNbHYI0 0YUCTKY CTOUHbIX BOA Ne-
peA CN1BOM B BOAOEMbI.

B cooTBeTCTBUM C 3aKOHOfaTeNbCTBOM Poc-
CUM N YKpauHbl HW OJHO BHOBb CTpOsLieecs
NPOMbILLIEHHOE NMPeANPUATME HENb3S BBOANTD
B AleficTBME 6€3 OUMCTHBIX COOPYXKEHWIA.

B YkpauHe B Hactoswee Bpema 90% npo-
MbILLUIEHHbIX CTOYHbIX BOA MPOXOAAT OYUCTKY
nepea cé6pocom B Bogoembl. OgHako 10% Heoumn-
LLLeHHbIX CTOKOB (0K0N0 6-108 M3 —TOXe oWy TH-
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Mas Harpyska Ha Bofoembl. Takum 06pasom, BO-
L0€EMbI MO-TIPEXHEMY 3arpsA3HATCA GUOTEHHbI-
MW BeLLeCTBaMU, a TAKXKe MUHepanbHbIMU CONS-
MU, 4NS MOTNOLWEHNS KOTOPbIX HYXHbI CreLun-
aNbHble COOPYXXEHNS TUMa ONPECHNUTENbHbIX YC-
TaHOBOK.

[ns HOpManbHOW XN3HeLeATeNbHOCTU peKn
1Ny BogOEemMa NPOMBbILLIEHHbIE NN TOPOACKUE
CTOKMW MOCNEe OYMCTKN HA MeXaHUUYEeCKUX 1 bno-
NOTNYECKUX COOPYXEHUAX LO/MKHbI ele 6bITb
pasbaBneHbl npupoaHbiMK Bogamu B 20...30 pas.
TONbKO MOcCne 3TOro BOAA, 3arpA3HeHHas cToka-
MUK, BOCCTaHaB/iMBaeT CBOW MepBOHayasbHble
CBOICTBA.

O6uwee yBennuyeHne obbema CTOKOB, Aaxke
OYMLLEHHbIX, KOTOPOE HEN3BEXHO NpU fanbHel-
LeM poCTe MPOMbILLIEHHOCTH, TaKXKe HEYK/TOH-
HO BeAeT K Co3jaHuio geduumta nNpUpoSHbIX
BO/,.

MonagaHne B pekn 1 BOLOEMbl 3arps3HAO-
L MX arpeccMBHbIX BELLECTB YPeBaTO OYEHb A/MN-
Te/lbHbIMW MOCNeACTBUAMMN. [LOHHbIE OTNOXe-
HWA, UN 06nafaroT BbICOKOPA3BUTOM aKTUBHOM
NMOBEPXHOCTb, CMOCOGHbLI MOAONTY YAEPXW-
BaTb MOF/IOULEHHbIE BELLECTBA M NOTOM MOCTe-
MeHHO 3arps3HATb UMM CBEXWe BoAbl. TakK BO3-
HWKaeT BTOPUUYHOe 3arps3HeHue BOf, XOTS UC-
X0 Has NpMUUYMHA YXXe MOXeT OblTb U NMKBUANPO-
BaHHOM.

Heocnopumoe nepBeHCTBO Mo o6bemy c6pa-
CbIBa€MbIX 0TPa60TaHHbIX BOA NPUHALNEXUT Te-
nnoaHepreTuke. M3meHeHWe TemnepaTypHOro
pexunma BOAOEMOB, Bbl3biBAEMOE MOCTYMN/IEHU-
em nogorpeTbix Bog ¢ Tennosbix (TOC), atom-
HbIX (A3C) aneKTpocTaHUuii, a Takxke TAL, Ha-
3blBaeTCcs TepMmodukaumein. OTpaboTaHHble
BOAbI, KaK NpaBUio, Mano U3MEHEHbl MO XUMU-
4eCKOoMY COCTaBYy, OCHOBHOE WX 3arpsi3HeHne —
Tennosoe. CnyLleHHble B BOLOEMbI U3 OXNaxaa-
OLLMX YCTPOWCTB, OHW OTINYAKOTCSH B OCHOBHOM
cBoeil TemnepaTypoii. OHa Ha 10...20°C Bbiwe
TemnepaTypbl BOAbI BOA0OEMA.

Manble BOLOEMbI-OXNaANTENN MPOrpeBatoT-
Csl MONMHOCTLI0, B KPYMHbIX CO3JaeTcsi onpeje-
NeHHas 30Ha Nojorpesa. Y CcTaHOBMEHO, YTO NO-
[OrpeB BOAbl B BOAOEMAX YCKOPSIET pa3BUTHE OT-
[LenbHbIX BOAHbIX PAaCTUTENbHbIX W XWBOTHbIX

OpraHn3mMoB, CNOCOGCTBYET YBEMYEHUIO KOPp-
MOBOIi 6a3bl Ans pbl6, yCcunmeaeT NpoLecchl ca-
MOOUULLEHUS, YCKOPSASA NPOLLECCHl Pa3NoXeHUs
OpraHM4yecKoro BellecTBa. BmecTe ¢ TeM NOBbI-
LWeHWe 3anaca Tenna B BOLOEME U YCUIEHHOe
pa3BUTME HEKOTOPbIX FPYNN pacTEHUIN U XXMBOT-
HbIX (BOAOPOCAEi, BbiCLIE BOAHOW pacTUTeNb-
HOCTW N AP.) NPUBOAAT K 3BTpodnkKaumu (ysenu-
YEHUI0 3amaca MWHEpanbHbIX U OpPraHnYeckux
BeLLeCTB) BOAOEMa CO BCEMU He6M1aronpusaTHbI-
MU 415 3TOr0 ABNEHWNS NOCNEACTBUAMU.

ELle 0fMH UCTOYHUK NPOMBbILINEHHbIX 3arps3-
HEHWIi —nocTynaeHne pacTBOPUMBIX COneli B
MpecHble BOJOEMbI. TO NMPEUMYLLECTBEHHO X/10-
pUabl U Cynb(aThl LLENOYUHbIX U LeN0YHO3EMENb-
HbIX MeTann0B. OCHOBHas MPUUMHA NX NOCTYM/e-
HUS — HEYK/NIOHHOe HapacTaHuWe 06bLEMOB BOA
LWaxXTHOTO U PYAHWYHOTO OTMbIBA, TO €CTb FPYH-
TOBbIX U MOA3EMHbIX BOJ U3 TOPU30OHTOB, BCKPbI-
ThiX MpY f0Gblue, a TaKXKe TeX BOA, KOTOpble UC-
nofb30BaNuCh Npu pa3paboTKe NNacToB.

HapacTtaHune coneHocTu Hebe3pasnnyHo fja-
Xe ana mopei. Hanpumep, n3-3a cokpalieHuns
PeYHOro CTOKa, CAMBa WaxTHbIX BOA M NPUTOKA
4YepHOMOPCKOW BofAbl, BOAbl A30Ba B 1974 rogy
CTann coneHee: BMeCTO 06bIYHbIX 10 r/n cone-
HOCTb BO3pocna f0 13 r/n. 3To 3aMeTHO CHU3U-
N0 NPOAYKTUBHOCTb MOpPS, & MecTo UCYEe3HYB-
WnX pbl6 3aHAnM Meaysbl. B 1974 rogy o6uwnii
BEC Mefy3, MPOHMKIINX B A30BCKOE MOpe M3
YepHoro, cocTaBu/i 5 MUINMOHOB TOHH. 3TO NO-
KasaTtenb gerpajalum Bogoema.

AHanorunyHas kapTuHa HabntogaeTcamenpe-
CHOBOJHbIX BOl0EMax, TONbKO BMECTO pocTa no-
rofoBbA Mefy3 TaM WMHTEHCUMBHO Pa3MHOXalT-
CS HU3LW e BOJOPOCAHU.

Takum 06pa3om, 3arpsi3HeHMe BOL0EMOB MO-
XET 6blTb KNaccuunLMpoBaHO N0 HECKONbKUM
OCHOBHbIM rpynnam; oTpaBfieHWe BOAbl A40BU-
TbIMW BellecTBaMu M 60/1e3HETBOPHLIMU MUKPO-
opraHusmMamu; yBenuyeHue copepxxaHus 6uo-
reHHbIX BeLl,ecTB; NOBbIWEHWEe MUHepanunsa-
L1K; NOBbILWEeHWe TeMNepPaTypbI.

daKTnyecKmn Bce rpynnbl 3arpa3HeHmii, a oco-
6eHHO Tp¥ nocnefHue, NPUBOAAT K YCKOPEHUIO
pasBuMTUA NpoLeccoB 3BTpoduKaumu, cosjga-
HUI0 «MEPTBbIX» 30H.
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MPOBNTEMY HY>XHO PEWLATb KOMITJIEKCHO

MomMoLLb MasbiM 1 60/1bLLINM peKam W1e NUWb Y3KWIA CNeKTp 3arpsasHeHuii. MHo-
rve 3arpsA3HeHMs NpPocTo NpoiayT yepes Takue
[Ons NpaBUNbHOTO MCMOMAb30BaHUA BOAHbIX P P POVAYT Hep

pecypcoB, He MPUYMHAOLLErO Bpea BOfgOeMaM, COOPYXeHUs 6e3 USMEHEHUH.
HYXXHbl Liefible CUCTeMbl MeponpuaTuin. Hanpu- B3ameH 06bluHOTO pacceuBaHws, gucnepri-
Mep, 419 OXPaHbl MablX peK NPeXx e BCero Heo6-  POBaHUs npumeceii B MpUPOAHON Cpefe nones-
XOAMMO CO3JaHuWe No 6eperam pernameHTMpo-  HO KOHLEHTPUPOBATb UX M NepepabaTbiBaTb Ha
BaHHbIX BOAOOXPaHHbIX 30H, Tie 6bI10 Obl 3anpe-  CaMOM NPeANPUATUN UK 3a ero npejenamu. To-
LWEHO MPUMEHATb AAO0XUMMKATbI, pacnaxmBaTb raanyTb NPOMbILLNEHHBIX CTOKOB Gy/eT COBCEM
NOWMbl U CKNOHbI NOJ 3ePHOBbIE N OFOPOAHbIE WHbLIM, HEM NPNUPOAHbIX 3arPASHEHHBIX BOA, CNK-
KYNbTypbl. B 3TUX BOAOOXPaHHbIX 30Hax peko-  BAOWMXCA B pyHENKMN 1 NMONafatoLnX B peKn n
MEeHAYeTCA BbIpalyMBaTh MWL NYroBble MHOro-  BOAOEMbl. COBpeMeHHas cUTyalmus nojckasbiBa-
NeTHWe TPaBbl. €T WHble PeleHNs CYLLeCTBYHOLLEr0 MPOMbILL-
NeHHOro BogooTeBefeHUs. OfHO U3 HUX COCTOUT
B TOM, 4YTO npefgnpustTue cbpacbiBaeT CTOKW,
OYMLLEHHble O TaKOW CTeneHu, 4Tobbl He no-
BpeAMTb peKe WK 03epy, Kyfia OHWM NomajatoT.
B page cnyuaes 3apacTaHue pek Bbiclleid pac-  B3ameH COPOLIEHHOA HenpepbiBHO 3abupaeT
TUTENbHOCTLI0 (KaMbILLIOM, OCOKOW, POrosMcT-  cpexylo BOAY M3 YACTOrO BOJOEMa Takoii cTene-
HUKOM) HE06X0AMMO paccMaTpmBaTh Kak 61aro- Wy YnCTOThI, KOTopas TpebyeTcs NPOU3BOACTBY
ﬂpMﬂTHbIVI 9KONOTNYEeCKMit (baKTOp. JTa pactu- (Hanpmmep’ 4nda oTBOjAa Tenna, gnd nemequf/]
TeNbHOCTb — 3(PEKTUBHbIN N 6E30TX0AHbIN MOViKK 1 ap.).
(UNbTp OT BpeAHbIX BellecTB. Hanpumep, Ha
cTposiwemca kaHane iHenp —oH6acc npeano-
naraeTcs co3faBaTh crelnanbHble 6uonnato u3
BbICLLEW pacTUTENbHOCTH.

CnpsMaeHNe 1 pacunCcTKa pycen pek, paBHo
KaK 1 OCYLLEHMEe BEPX0BbIX 60N0T, 4O/MKHbI MPO-
BOAMTHCA IKOJIOTMUYECKM OCTOPOXKHO.

MNMeHHO TakK MpOMUCXOAWUT 6GoNbluas 4acTb
NpoMmblILWNeHHOro Bogoo6opoTa. Ho Beay 6onee
3(P(PEKTUBHO OYNUCTUTb BOAY HACTONbLKO, Ha-
CKONbKO TpebyeTcs Mo TEXHONOTUW, YTO6bI CHO-
Ba «MYCTUTb €e B [eN10»... OUUCTHBIX COOPYKe-

OuucTtka No-HOBOMY HWIA noTpeb6oBanoch 6bl MeHbLIE U C 6onee «y3-

Co3aHMe OUNCTHBIX COOPYXeHMiA camo no KO cneunanusaynei». A gns oTAeNbHbIX NOTO-
ceGe He pelaeT NpOBAEMbl 3aL4UTbI BOAOEMOB KOB CTOYHbIX BOJ HYXXHbl 0CO6ble —0KaNbHble
0T 3arpAzHeHns. HeoBX0AMM MPUHLUNUANBHO OYNCTHbIE YCTAHOBKU. JTO KacaeTcs arpeccus-
MHOI MOAX0A. BUANMO, He BCEra v He BO BCEM HbIX CTOKOB, COAepXalLnX CONu TAXENbIX MeTan-

HYXHO Ceno KOMMpoBaTb MpUpOAHble cucTe-  10B, AA0BUTHIE COeAMHEeHMA, HedTb. Monapa-
Mbl. A Beflb CMCTEMa OTBOAA M OUMCTKM MpoMbiw-  HUE WX B 06U M NOTOK NPUBOAMT K HapacTa-
NEHHbIX CTOKOB CO3/aBanach No NPUHLMUNY Pek, HUI0 06bema CTOKOB, MOANeXAUMX OYMCTKE.
paccemBaloLL X BCE 3arPASHEHNA B CBOUX BOAAX TakuM 06pa3oM, OUUCTHbIE COOPYXEHMUs AB-
C UENblo eCTECTBEHHOW caMOOYUCTKM. CO6M-  HO BbIFOfHEe NOMewL|aTh He Ha 06LLeM BbIXOAE, a
paTh BCE CTOYHbIE BOAbI B OAUH NOTOK U NPONYC-  Ha OTAENbHbIX CTafUAX TEXHONOMMYECKOro Npo-
KaTb OFPOMHbIe MAcChl pa3baBNeHHbIX 3arpasHe-  W3BOACTBEHHOrO LMKNa. OUMUCTKAa CTaHOBUTCA
HWA uepes COOPYXEHWUA, UMUTUPYIOLINE NPU-  YXKE He 10BECKOM K MPOM3BOACTBY (M A0BONBHO
poAHble, B LWUMPOKMX MacliTabax mManoaypek-  AOPOrMM), a 0AHOW M3 paboumx cTagnii TEXHONO-
TUBHO W HeuenecoobpasHo. Begb 6uonormuec-  rMUeckoro npouecca. bnarogapa sTomy, noTpe6-
KNe COOPYXXEHMUS UCMO/b3YIOT KMBbIX «OUUCTU-  NIEHWE BOfbl Ha NPOU3BOACTBE OCYLLECTBNACTCS
Teneii» — MUKPOOPraHU3Mbl, acCCUMUANPYIO-  KaK LUKANYECKNIA NPOLecc, 1 BOLOCHABXKeHNe
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CTaHOBUTCS 0GOPOTHLIM. Ha npeanpustusax Y k-
pauHbl 70% WUCMONb3yeMoii BOAbl HAXOAUTCS B
cucTeMax 060pOTHOTO BOAOCHABKEHMS.

CoBpeMeHHble CUCTEMbl 0B6OPOTHOrO BOJO-
CHabXeHWs falT BO3MOXHOCTb BOOGLLE NMKBU-
LMpoBaTb CTOKMW, He 3arpsA3HATb BOAOEMbl. Ans
3TOro Heo6xoguMmo paspaboTatb W BHeAPUTH
NpPOrpeccuBHbIE TEXHONOTMYECKNE METO/bI OUM-
CTKW CTOYHbIX BO/, B MepBYH OYepefb B TEX OT-
pacnsax HapofHOro Xo3siicTBa, rAe Hapagy c
60MbWNMM MaclTabamy BogonoTpebneHus Bce
ellle BeNNK c6poC arpeccMBHbIX CTOUYHbIX BoA. K
3TUM OTpPACNsSM Ha YKpauHe Npexje BCEro 0THO-
CATCA MeTannyprus, XMMmuyeckas W nuLieBas
NPOMbILL/TIEHHOCTb.

MoBTOPHOE MCMNONb30BaHWE BOAbI MOMOXET
pewwnTh cpasy TPM 3a4aum: COKpaTuTh 3a6op cBe-
Xeii BOflbl; COKPaTUTb COHPOC 3arpsi3HEHHbIX
BOJ; BO3BPATUTL B MPOM3BO/ACTBO LlEHHOE ChIPbe
1 TOTOBYIO MPOAYKLMIO, paHee TepsiBLINECS CO
CTOKamm.

[na onepatuBHOro BHEAPEHUSA 3aMKHYTbIX
BOL0060OPOTOB N CO34aHUA 6ECCTOUHbBIX MPOU3-
BOACTB HY)XHa HafeXHas Hay4yHas OCHOBa: CO-
BEPLUEHCTBOBaHME annapaTypbl 4158 OYUCTHbIX
COOpYXXeHuniA, pas3paboTka 60see ahPeKTUBHbIX
NMpoLeccoB W peareHToB ANA OYUCTKWU, BHegpe-
HWE HOBbIX METOL0B —(U3NKO-XUMUNYECKNX U
(hn3NYeCKNUX —ANa U3BNeYEeHUA npumecei u3
CTOKOB. Bnarogaps paspaboTke W BHeLpeHUIO
MeTO/0B OUYMNCTHbIX CTOKOB Ha OTAE/bHbIX CTafu-
AX TeXHON0rMYyeckoro rnpotecca, camas BbICO-
Kas cTerneHb UCMO/Ib30BAHWA BOAbI Ceiivac B Me-
Tannyprun: 82% Bofbl HAXOANTCA B 060POTHbBIX
ycnosusax. OUYNCTHbIE COOPYXEHUA CTaHOBATCA
peHTabenbHbIMKU, NO3BONAA HE TONLKO cHepeyb
BOAY, HO W BO3BpPaTUTL AePULUTHbIE MaTepua-
nbl. Hanpumep, paspaboTaH MeTO4 OUYNCTKM Ma-
CN03MY/IbCUOHHbIX CTOKOB, CO3fjaHa YCTaHOB-
Ka, KOTopas yXe BHepeHa Ha HECKONIbKMX Kpyn-
HbIX NpeanpuaTuax. Ha ocHoBe PU3NKO-XUMU-
YeCKMX NpoLeccos (oTauum n anekTpodnora-
LMW 0YMLLAIOTCSA CTOYHbIE BOAbl PO/IbraHroB K
NPOKaTHbIX CTAHOB; NPU 3TOM YNaBANBaKTCH U3
CTOKOB MPUMEHABLUMECA B NPOMU3BOACTBE MPO-
KaTa JoporocTosw e macna —nanbMoBOe U KO-
puaHipoBOe, KOTOPble paHblue 3arpasHanu BO-
[OEMbI.

B Akagemunn Hayk YKpanHbl paspabaTbiBatoT-
CA W BHEAPEeHbl CXEMbl OYUCTKW CTOKOB C UC-
nofb30BaHneM afcopbeHTOB U MOHOOOMEHHbIX

CMO/. DTN CXeMbl HAXOAAT NPUMEHEHME NpexX e
BCEr0 Ha XUMUYECKUX W LEeNoN03Ho-6yMax-
HbIX MPOM3BOACTBAX, rfe COCTaB CTOKOB MOYTU
He nopapaetcs 3M(PeKTUBHONW 6GUONOTNYECKO
ouuCTKe.

B ckopom 6yfyliem CTOKW ropopa, a Takxe
6bITOBbIE CTOKM MPOMbILLIIEHHOTO y3na nocne
HEKOTOPO AOMONHUTENbHON 04YMCTKN 6ByayT
«MOANUTLIBaTb» 3aMKHYTYIO CUCTEMY BOAOCHA6-
XXeHWA NPOMbILLNEHHbIX 06beKTOB. Tyfa Xe Bep-
HYT, OYWUCTWB C MOMOLLbIO NOHWTOB, 1 cnabomu-
Hepasm3oBaHHble CTOKM 3TUX 06bEKTOB. /b
Hebonblias yacTb Hanbosee KOHLEHTPUPOBAH-
HbIX 0TXOZA0B 6GyfieT BbIBOAUTLCS U3 LLMKNA Ha 3a-
XOpPOHEHME.

C NoNb30ii ANs ceNbCKOro xo3siicTea

Mpobnema co3faHMa 6eCCTOYHbIX MPOMN3-
BO/ACTB MOXeT pellaTbCa pasInyHbIMU NyTAMMU.
Tak, Ha NPOM3BOACTBE MOXHO He CTPOUTb OYM-
CTHbIe COOPYXXEHUS UK CTPOUTb UX TONIBKO ANA
OTAENbHbIX TEXHONOTUYECKUX MMHUIA. A OCHOB-
HYI0 Maccy 0TXO[O0B HanpaBnsfTb Ha OpoOLIeHne
CeNbCKOX03ANCTBEHHbIX KynbTyp. Moka Takue
MeTOAbl NPUMEHAOT NUWb 418 CTOKOB MUl e-
BbIX MPOW3BOACTB, HaNpumep, 415 CTOKOB Cup-
T03aBOA0B. A Beflb TPYHT U NoYBa —Ccamas Hafe-
XHasa U MOLLHasA NPpUpoAHas CMCTeMa OUNUCTKM.
Hanpumep, npefenbHO 4ONYCTUMas KOHLUEHTpa-
Luunsa heHoN0B, NOLaBaEMbIX HA MOYBEHHYO OYM-
cTKy, —100 mr/n, 4uto B 1 M/IH. pa3 6onbLie gony-
CTUMOI KOHUeHTpauuu ans cé6poca B BOLOEM.

Yxe onpo6oBaHa NoYBEHHAs 04YMCTKA CTO-
KOB TEKCTU/IbHbIX (abpuK, KOKCOXUM3aBOAO0B,
HehTenepepabaTbiBaloLLMX 3aBOA0B U Ap. Takoe
KOMMNNEKCHOe MCMO0/b30BaHNE CTOKOB —3TO U
OpOLLEeHMe NOYBbI, U ee NOAKOPMKA, U 04MCTKA
cToKa.

Bogoemsbl ceilyac cTpafaloT oT n3bbiTKa a3oT-
HbIX U DOCHOPHbIX COBANHEHUNA, NONajatoLLnX
c 61M010rNYECKN OUNLLEHHBIMU CTOKaMU, 3apac-
TAlOTHU3LW MW BOAOPOCASMU, anoyBa Takue co-
efVNHEeHNs ycBaMBaeT NOMIHOCTbIO, MOTOMY 4TO
npn COBPEMEHHOM MHTEHCUBHOM Ce/IbCKOM XO-
39/icTBE OHa BCeraa oLlyLlaeT UX HEXBATKY.

Ecnu cTokM 3a npefenaMu NpejnpuaTua He
ry6sT BOAOeMOB, a NOTPe6bNATCA NPUPOAOIA C
nofb30i, 0 TaKOM MPOLECCE TOXE MOXHO F0BO-
pUTb, KaK 0 6eCCTOYHOM MPON3BOACTBE.
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OCo6eHHO OCTPO CTOWUT BONPOC 06 yTunusa-
LMW CTOKOB CNUPTO3aBOA0B. ITU CTOKN NHTEH-
CUBHO 6poAanAT, 3arpasHA0T aTMocdepy, yxyala-
0T CAHUTapHOE COCTOsAHME BIM3NeXalUX Hace-
NEHHbIX MYHKTOB.

PaynoHanbHOe MCMONb30BaHUE 3TUX CTOKOB
npeanoXxunn YkpHUM rugpoTtexHUKn u menno-
pauuun. PaspaboTaH apeKTUBHbIA MeTO4 Opo-
WEHNSA N AOOYNCTKMN WX B TPyHTe. MMpon3BoacT-
BEHHas NpoBepkKa 6blna NpoBefeHa Ha naowagn
600 ra. BblaiCHMNOCH, YTO TaKnue CTOKM Nocne ux
HeliTpanusauuun n pasBefeHUs NpecHoW BoAOW
B COOTHOWeEHUN 1:5 MOXHO NPUMEHATbL ANs
OCEHHEro nonvea BcnaxaHHoro nons. OcobeH-
HO MOMIOXMUTeNbHOE B/INSIHWE OHU OKasblBalT
Ha KOpMOBbI€ Ky/bTypbl. B HUX yBenuumneaetcs
cofepXaHue asoTta, 6enka, MUKPO3INEMEHTOB,
6M0NOrMYECKN aKTUBHbIX BelecTB. Mpu Takom
MEeTO/e OYMCTKM 3aTpaTbl KaXA0r0 CNMpTO3aBo-
[la N0 CpaBHEHMIO CO CTOMMOCTbO 6MOOYNCT-
HbIX COOPY)XEHWI 3aMEeTHO YMeHbLUAKTCH.

VIHTepecHbIi MeTO4 O4YMCTKM paspaboTaH
yyeHbIMU no nporpamme C3B. OH 3akntyvaet-
€S B TOM, YTO CTOKM OYuLLAtOT 1 06e33apaxunBa-
I0T 04HOBPEMEHHO, BblpalinMBas Ha HUX BOJO-
pocnb xnopenny. B npouecce pasButua xnopen-
Na ouunlaeT CTOKA OT OPraHUYeckMx U MuHe-
panbHbIX npumeceit. OHKU NepepabaTbiBalOTCA B
6enKK, XUpbl, Yrnesofbl, KOTOpPble CTAHOBATCA
COCTaBHbIMMW YacTAMU KNeTOK Bogopocnei. Oa-
HOBPEMEHHO X/lopefina BbipabaTbiBaeT 6akTepu-
LUnAHble BelwecTsa, U3MEHAET KUCNOTHOCTb CTO-
KOB, 4YTO COAENCTBYET rMbenu NpUCyTCTBYIOLLNX
B HUX 6GakTepuil. MpakTuyeckme aKCNepuUMeH-
Tbl, NPOBEAEHHbIE YUYeHbIMMW, NOATBEPAUNIN, YTO
XJiopenna ycnewHo pa3BMBAETCA B CTOKax €O
3HAYNTENbHBIM COAEPXKaHNEM a30TUCTbIX COeaM-
HeHWin thocdopa, OpraHNYecknx CoeanHEHW.
Ha ocHOBaHWM 3TOro NPOBOAMAACH OYNCTKA CTO-
KOB MULLEBbIX MPeAnpuATUA. Kpome 0umcTKM
CTOKOB, OTXartasf XJ/iopensia Ucnonb3oBanacb B
XXWBOTHOBO/ACTBE KakK nMuTaTeflbHbIA U 6MoCTU-
MYAUPYIOLLNA KOHLLeHTpaT.

Tak obpasyeTcs cBOe0OpasHbIii LUKA: 3aBOj,
—(hepma —peka —3aBog,

Xwngkne CTOKM XMBOTHOBOACTBA — CyLLECT-
BEHHbIN (haKTOp 3arpsisHEHUA NPUPOAHOI cpe-
Obl. Kax/as TOHHa 3TUX CTOKOB COAEepPXUT B cpe-
AHem 9 Kr a3oTa, 2,5 Kr kanus, 1Kr gocgopa,
HacbllleHa MUKPO3NeMeHTaMy N NPUPOSHbIMU
6rocTumynsTopamu.

Celtyac paspaboTaH MeTOj4 pauuOHanbHOro
MCNONb30BAHUA XUAKUX CTOKOB. Co3jaHbl
BOKC-npygabl (6uonornyeckne OKUCAUTENb-
Hble KOHTaKTHble CTabununsaunoHHble Npyabl).
B HuX BBOAWTCA 3aKBacka MWUKpPOBOLOPOCNEN,
KOTOPOIA, Mo pacyetam, xBatuT Ha 100 neT. Bogo-
poOCAN aKTUBHO NPOAYLMPYIOT KUCAOPOA U K-
TOHUMAbI. B pe3ynbTaTe OKMCNAETCA U paspylua-
eTCs OCHOBHAs mMacca NpUMecei N yHUUTOoXaloT-
ca bakTepuanbHble 3arpsasHeHuns. MNpouecc oyn-
CTKMW CTOKOB XXUBOTHOBOACTBa B BOKC-npygax
MAET B YeTbIpe pasa 6bICTpee, YeM B MPOTOYHbIX
npygax, v He 3aBUCUT OT BPEMEHM roga.

EcTb y npo6nembl 6eCCTOUYHbIX NPOU3BOACTB
elle oAHa CyLleCTBEHHas CTopoHa. B o6opor-
HOM LMKNe U3 BOAbl YAANAKTCA Cbipbe, KOHeY-
Hble NPOAYKTbI, BCAKOrO pofa 3arpsisHeHus, a
BOT CO/IM OCTAlOTCSA, HakanaueawTcs. Hu mexa-
HWYECKOW, HM 6BMONOrMYECKOW OYNCTKO, HU aa-
copbuuein nx yganutb Henb3a. UTobbl CHU3UTL
MUHepanusaynio 060pOTHbLIX BOA, YacTb UX BCe
e cbpacbiBalOT B BOAOEMbI. ITO TakK Ha3blBae-
Mbl€e MPOAYBOYHbIE BOAbI.

B YKpanHe pa3pabaTbiBalOTCA ONPECHUTESb-
Hble MeTOfbl MO BCEM OCHOBHbIM HanpaBfeHU-
AM: U TPAANLNOHHbIE METOAbI ANCTUNNALUN W
MOHHOTO 06MeHa, U 60nee HOBble —3NeKTpoAMNa-
nu3 1 o6paTHbIl ocmoc.

OnpecHUTeNbHbIE METOfbl —MeTO/bl 06ecCo-
NUBAHUSA BOAbl —0CTATOYHO LWNPOKO Pa3BUTbI
BO MHOTUX CTpaHax. Ho, Kak NpaBuio, ONpecHu-
Te/bHble YCTaHOBKM HaleNeHbl TN b Ha monyye-
HWe npecHoii BoAbl. OHU 06LIYHO CTPOATCA B
MPUMOPCKMUX paiioHax U oTpaboTaHHbIe Pacco-
Nbl c6pacbiBalOT B MOPE.

B ycnoBusx e YKpauHbl pewaetcs npo6e-
Ma KOMMNEKCHOI nepepaGoTKM COMOHOBATLIX
WAXTHbIX BOJ, C MOAYYEHUEM CONeil, MUKPO3e-
MEHTOB, a TakKXe 06ecCONeHHON BOAbl, MPUTOA-
HOV ANS MPOMbILWIEHHOTO UCMONb30BAHNA U
OPOLLEHNS 3EMETb.
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YHVUBEPCA/JIbHbI NOAX0O.4,

CnoBo 6epeT Hayka AypeK, 03ep 1 Mopeit BeLLecTB, KOTOPbIe Nojguac
TPYAHO ONpeAennTb Mpu NOMOLL W aHaNNu3a.

Bce HOBble aHaNUTUYECKME METOAbI paspaba-
ThIBAKOTCA A5 KOHTPOAS 3a COAepXaHuem 3a-
rPsI3HEHHO BOAI, U3bICKMNBAlOTCS BCe 6onee co-
BEpLUEHHbIe W pa3HoobpasHble MeTOAbl yAane-
HUS WX, OffHAKO B TO BPeMs, KOFAa Bce YCUIus
CMeLnanncToB HanpasneHbl Ha 6opbOy ¢ M3BeCT-
HbIMM 3arpsi3HEHUAMM, NOAB/AETCS BCe 6OMbLUE
HOBbIX MpWUMeceil, CTeneHb SHOBUTOCTU KOTO-
PbIX He yCTaHOBNEeHa. B pesynbTaTe BOja oumLya-
eTCS He BCerfja NosHOLEeHHO.

OfHaKo, yXe Tenepb, He J0XWAAsACb NONHOTO MoaToMy nepBOOuepeaHOit 3agadeil SBAsET-
OCYLECTBNEHNA ITUX NPE06Pa3oBaHMiA, HE06XO0- g co3paHMe Hay4YHO 06OCHOBAHHOI CUCTEMBI,
ANMO Ha/IeXXHO 06eCNeUYnTb BbICOKNE KAUECTBEH-  koTopas packpbina bl 3aBUCMMOCTb NPOLLECCOB

Ha COBPEMEHHOM YPOBHE PasBUTUS HayKU K
TeXHWKN yXe paspabaTbiBaeTcs PsAA AeiicTBeH-
HbIX Mep, MPW3BaHHbLIX BOCMPENATCTBOBATbL
fanbHeliweMy 3arpsi3HEHUI0 BOAHbIX PeCcypcoB
nnaHeTbl. ATO U YTUAN3aLMA OTXOA0B NPOMbILL -
NEHHOro W CeNbCKOXO03ANCTBEHHOrO MPOU3BOJ-
CTBa, M Nepexoj Ha 6e30TX0/Hble TeXHONOornyec-
Kue npouecchl, 1 6opbba ¢ 3arps3HeHnIMU, CBS-
3aHHbLIMMW C pa3BUTMEM BOAHOrO TPaHCMmopTa, U
MHOroe fipyroe.

Hble NOKA3aTeNM BOAbI ANA NUThA, A TAKXKe AN N METOAOB yAaneHus mpuMeceii OT UX COCTOSi-
psfa HOBbIX OTPacnen TeXHUKU. HUS N DUBNKO-XMMUYECKNX CBOICTB. Apyrumu
[LNS NPaBUALHOIO PELIeHIs 3TON NPOBeMbI cnoBamu, Heo6XoAMMO onMpaTbCA Ha 0606w ato-

eCTb NMOKa OAMH Hanbonee HafexXHbI nyTs — Ve, 3aKOHOMEpHbIE CBA3M MEXAY (PU3INKO-XM-
0606LLeHNe U CUCTEMATMN3ALMA HAKOMAeHHbIx ~ MWYECKOM XapakTepucTukon npumecen BOAbl 1
3HAHWIA M CO3aHIeE CTPOTO HayuHOro npeacTas-  TEXHONOTUYECKUMU NpUEMamy ee 06paGoTKy.
NEHUs 0 BOfe U MeTo/ax ee OUYUCTKN, OCHOBAH- OfHaKo B CyL|eCTBYIOLMUX FMAPOXUMUYEC-
HOFO Ha rNyBOKOM MOHUMaHWUKM OBLLNX 3aKOHO-  KUX CUCTeMax KnacCuguKalyun npuposHbIX BOj
MEepHOCTENM, KOTOPBIM MOAYMHAKTCA MPOTEKAID- A0 CUX MOP YUNTHIBANCA TONBKO XUMUYECKMIA CO-
Wme B BOAHOI Cpede MpoLeccbl. Heobxogumo  CTas mpuMeceid. MoaToMy npu nporpeccupyio-
pasBWBaTh W MUCMOMb30BaTh Haubonee pauno-  LIEM 3arpA3HEHMM BOJOEMOB MPOMbILLIEHHbI-
HaIbHYI0 TEXHOMOTMI0 06paBOTKM BOAI. MU CTOKaMU U MPWU yBEMYEHWUN YnCNa NpUMe-
ceil ¢ pa3aNMyUHBIMKM CBOCTBAMN 3TN KnacCudu-
KaLuu He OTpaXanu feficTBUTENbHOrO COCTOS-
HWUS BOMPOCA W He COfeliCTBOBANN U3bICKAHUIO
nprUeMaeMbiX NPaKTUUECKNX PeLleHNii.

MTOroM MHOTMX Hay4YHbIX MOUCKOB SBUNOCH
co3faHne HOBOTO TEOPeTMYECKOro Hampasfe-
HMA. OHO 060CHOBbLIBAET NMPOLECCHI YAaneHus
LIeNbIX KMacCoB OpraHWYecKWX W HeopraHuyec-

B TeXHMKE BOAOOUNCTKM elle HeJaBHO CUNTa-  KUX COEAMHEHMWI, KOTOpPble COCTaBNAOT OCHOB-
N1 Heo6XOoAMMbIM BeCTU 60pbOY rMaBHbIM 06pa-  Hyl MacCy 3arpsisHeHuid NpUPOAHbIX U CTOY-
30M C MYTHOCTbIO, LIBETHOCTbIO, CONSIMM XKECTKO-  HbIX BOA. HOBas Teopns BOOpYXWna ucciefosa-
CTM M B 0COBbLIX Cly4asax c NpUMecamMu, Nnpujgaro-  Teneil N NPakTUKOB NafeXHbIMU MeToAaMu
W MMY BOAE NPUBKYC 1 3anax, aTakxe ¢ 60/1e3He-  60pb6bl HE TOMLKO C Pa3IMUHbIMU 3arps3HeH -
TBOPHLIMW MUKPOOPraHu3mamu. PasBuTue Npo- MU BOAOEMOB, HO M C Pa3BMBAIOLLUMUCSA B BOJ-
MbILLIIEHHOCTU, CENbCKOrO XO03AiCTBA U €O3[a-  HOW cpejie ONacHbIMU /18 YenoBeKa MUKpPoopra-
HWe BOAOXPAHW/NLL Bbi3bIBAET MONajaHue B BO-  HM3MaMM, C CUHE-3e/1eHbIMU BOAOPOCAAMU U

CnepyeT 0TMeTUTb, YTO B HacTosllee Bpems
TeXHONorns 06paboTKM BOAbl KakK Hay4YHO-Tex-
HUYECKOe HanpaB/ieHWe BCE elle 3HAUYNTEeIbHO
OTCTaeT OT 3aNpPOCoB NPakTUKU. OHa paccMaTpu-
BAeT N1LLb OTAeNbHble acNeKTbl MPO6/eMbl 0UM-
CTKW BOfbl U A0 CUX MOP He ABNAETCA YHUBEpP-
canbHOW.
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Ta6nuua 1.1

Knaccudurkauusa npumeceii Bofbl U METOAbl UXKOHTPONS U yAaNeHus

dazoBas xapaKTepucTnka

Mpynna
®o
PMbl HAXOXAEHVSA Basecu
BellecTBBBOAOEMAx
Pa3smep, MKM 1...10

KpynHas B3Becb
ToHKasn B3BECb
MnaHKToH
Bbakrepuun

XapakTepHble NpeAcTaBuTen
3arpsisHeHui

MexaHunueckoe
paspgeneHvie

AAre3unsi Ha rMapoKcuaax,
3€PHUCTBIX M BbICOKO-

AncnepcHbIxmaTepuanax
MeTopap! yaaneHnsa

npvimeceii n3 Bogpl
Arperauusi npv NoMoLym

hrokynsAHTOB
(QHVIOHHBIX N KATUOHHbIX)

dnotaunsa

3NeKTPoNn3 cuHe3eneHbIX
BoZopocnei
BakTepuumaHoe Bo3gelicTBre
MunKpockon YibTpaMMKpPOCKOr
MeToab! rpynnoBoro KOHTPoss PasfenbHble Ha (ubTpax

CeMMEHTALMOHHbIN aHan3

FeTeporeH Hble CUCTEMbI

30/11 11 BbICOKOMOEKY/ISIPHbIE

coefiHeHus
10-1...10-2

OpraHo-MnHepasibHble
KOMM/IEKCbI
F'ymycoBble BellecTBa
Bupycbl

YnbTpacdmnbTpaumns
Koarynsauus
dnotaumsa

FoMOreHHble CcTeMbl
mn v

BeluecTBa, AVCCOLMMPOBAHHbIE
Ha MOHbI

MoneKyiapHo-pacTBoOpUMbIE
BellecTBa

o o*®

0
JleTyuue BewecTsa u rasbl
OpraHunyeckue BellecTsa
BellecTtBa, npogyLmpyemble
MWKpPOOPraHm3Mamun

10-3...104

KaTnoHbl 1 aHNOHBI
MUHEPaJIbHbIX N
OpraHI/ILIECKI/IXCOe,qI/IHeHVIVI

MnepdunbTpaums

[Jlecop6ums rasos v neTyumx
BeLLeCTB, 3Banopauys
TPYAHOMETYUVX BELLECTB

MNepeBo/ MOHOB B
MasiopacTBOPVMble COeANHEHUS

OKMC/IeHNEe X/TIOPOM, 030HOM, NMepMaHraHaToM

Apcopbuys Ha rnapokecuaax v

[AVCNEePCHbIX MUHepanax

ONeKTPOHOPETUUECKME METOLbI

BupynuumgHoe Bo3geictane

ONEeKTPOHHbI MUKPOCKON
Avnanns

Peneesckoe paccesHune

AACOP6LVS HA aKTVMBMPOBaHHbIX

dukcauma Ha TBepaoi hase

YINAX U APYrUX MaTepuanax MNOHUTOB

Monsapusauna un

Accoumaumsa monekyn
KOMMeKkcoobpasoBaHmne

Cenapauusi VOHOB Mpu
pasnMuHoM (ha3oBOM COCTOSIHUN
BOAbI

SKCTPaKLms OpraHnyecKnumm
pacTsoputensmm

Wcnonb3osaHne noAaBM>XXHOCTU
WOHOB B 3/IEKTPUYECKOM rnone

Buoxumnyeckuiipacnag
3NeKTponpoBOAHOCTb
MmnepgunbTpaumoHHbIe MeM6paHb!

MornoLeHne ceBeTa BYyNLTPA(MONETOBON 1 BUANMOI 061acTaX
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NpoAyKTaMun UX Ku3HegesaTensHocTu. OHa gana
MPOCTOWi M KAYeCTBEHHO HOBbIM NOAXO0/ K TEXHO-
NOTWNYECKUM pelleHUsM 1 pa3paboTke MeTo40B
OUNCTKM BOAbl. B 0CHOBY 3TOV Teopuu 6bina no-
NOXEHa CBA3b MeXAy (hM3NKO-XUMUUYECKUM CO-
CTOSIHMEM MpPUMECEN, HaxoAAalWnUXcs B Boae, U
TEXHOMOMMYeCKUMU NPoLeccamMmn UX yaneHus.

YeTkas knaccudukKaLms sarpsasHeHui

Mcxoas n3 aHanmsa 3aKOHOMEpPHOCTEN, KOTo-
pbIM NOAYMHAITCA NPOLLECCHl OYUCTKM BOAbI,
BCE MPMMECK N 3arps3HeHNa 6blAn Crpynnupo-
BaHbl M0 NPU3HaKY UX (HU3NKO-XUMUYECKOTO CO-
CTOSIHUSA B BOJeE, KOTOPOE B 3HAYUTENbLHOI cTene-
HU onpefenseTcsa AUCMNepPCHOCTb0l YKa3aHHoe
MonoXeHne Aano BO3MOXHOCTb 06beMHUTH ca-
Mble pa3HO06pa3Hble MO XMMUYECKON N husnye-
CKOIl XapaKTepucTUKaM NpuMecu NPUPOAHbLIX U
CTOYHbIX BOA B Fpynnbl 1 €o3faTb Knaccuduka-
LMI0 3arps3HeHunin, No3BONAOLLY 0TKa3aThCs
0T NOUCKOB CheuunanbHbIX MeTOAO0B yAaneHus
KaXJoro BelecTBa B OTAeNbHOCTU (CM.
Tabn. 1.1).

MicxoaHble NOM0XeHUs 3TOro HOBOro Hanpas-
NleHns, BbIABUHYTOro akageMukom AH Ykpau-
Hbl JT.A. KynbCKUM, MOTYT ObITb BKpaTLe CBefe-
Hbl K CNeflytoLLemy.

MoBegeHMe Npumeceii B BOAHOI cpeae U nx
OTHOLLIeHWe K 106aBNAeMbIM B BOfly peareHTam
onpefensoTCs He CTONMbKO XMMWUUYECKUMU 0CO-
GEeHHOCTAMMU 3TUX NMPUMECEN, CKONbKO pa3mepa-
MU UX YacTul W elle B 60NblUei cTeneHn cno-
co6HOCTbIO 06pa3oBbIBaTb C BOLOW OAHOPOA-
HYI WNWM HEOAHOPOAHYK cucTemy (roMOreH-
HYI0 U TETEPOTEHHYH0). YUeT BCeX 3TUX «BHeLl -
HUX» CBOICTB M03BOMSAET CO3/aTh TaK Ha3blBae-
MYyl (ha30BO-AUCMEPCHYI0 XapaKTepUcTUKy
npumecei Boabl.

ConocTaBneHne MeTO0B, UCMOMb3YEMbIX Ha
NPakTUKe A1 OUYUCTKKU BOAbI OT pPas3/iMyHbIX 3a-
rps3HeHui, NoKasano, YTo KaxxaoMy GasoBo-au-
CMEepCHOMY COCTOSHUIO MPUMeceit COOTBETCTBY-
0T OnpefeneHHbie TEXHON0TMYECKIe MPUEMbI 1
MeToAbl UX yaaneHus.

Bce 3arpasHeHunsa npupoAHbIX U MPOMBbILLINEH-
HbIX BOA4 MOTYT ObITb 06'be,CI|I/IHEHbI B HECKO/IbKO

rpynn, npuHagneXxXHoCTb K KOTOPbIM yXe npeao-
npepenaeT TeXHO/NOrN0 BOAOOUYNCTKMN.

Cnoco6HOCTb MHOTMX BeLLeCTB U3MEHSATbL B
BO/JHOW cpefie (ha30BO-ANCNEPCHOE COCTOSHME
noj BAMAHMEM TakuX (PaKkTOpOB, KakK CONeBOW
COCTaB, KMCNOTHOCTb, TeMMepaTypa BoAbl 1 Ap.,
OTKpbIBaeT BO3MOXHOCTb MEpPeBOAUTL BeLLecT-
Ba 13 OAHOI rpynnbl B APYTYO U TaKUM 06pa3om
LIMPOKO pa3HOOo6pa3nTb TEXHONOTMYeCKUe Npu-
eMbl 1 MeTO/bl peryiMpoBaHuns npoL,eccos o6pa-
60TKMN BOAbI.

Mpu BCeM MHOT006pa3nn NpuMeceii 3a 0CHO-
BY NPMHMMAETCA NPeX /e BCEro 0THOLIEHME NX K
AMCNEepCUOHHOM cpefe, TO ecThb K Boge. Mo aTo-
My NPU3HaKYy BCE BELLECTBA AENATCA HA YeTbipe
rpynnbl: fiBe reTeporeHHbIe, B KOTOPbIX 4acTu-
bl MpUMeceli He MOMHOCTbI0 CMEeWUBaTCS C
BO/I0iA, 1 [iBEe FOMOT€eHHbIE, flaloL /e C BOAON TakK
Ha3blBaeMble UCTUHHbIE PacTBOPbl. K nepsbiM
0THOCATCA BelecTBa, NPUCYTCTBYHOLLNE B BOAE
B BUAE B3BeCeil, KONMOWAOB N BbICOKOMOEKY-
NAPHbLIX COEANHEHWIA, KO BTOPbIM —BELLECTBa,
HaxoAsLUMecs B BOfie B BUAE MONEKYNSAPHbIX 1
MOHHbIX PACTBOPOB.

CpefHuii pasmep yacTuly npumeceit, Hayu-
Has OT Haubonee HU3KOAUCNEPCHbIX B3BECEW,
OTHOCALMXCA K NepBON rpynne, npu nepexose
K KaXX oW nocneaytowein rpynne (To ecTb K 60-
nee BbICOKOAMCMEPCHbIM) YMeHbLUaeTCa Npu-
mepHo B 10 pas.

Takasi cucTema PacnofoXeHus rpynn no
MPUHLWMY NOBblWaKOLeics AUCNEPCHOCTK
npumecein Lenecoo6pasHa c TOUKU 3pEHUS Tex-
HOMOT UK, TaK KaK 04nNCTKa BOAbI 06bIUHO HAYU-
HaeTcs C yfaneHus rpyboaMcnepcHbIX npume-
celi 1 KONNOUAHO-ANCNEPCHBIX BellecTB. MeTo-
Abl yaaneHus 3TUX 3arpsisHeHuii sBnsoTcsa 06-
LENPUHATBIMW: OHU LIMPOKO NMPUMEHSIOTCS Ha
OUMCTHBIX COOPYXEHUAX MPOMbILIIEHHBIX U
KOMMYHa/lbHbIX BOJOMNPOBOAOB U LIEXOB OYUCT-
K1 MPOMbILWIEHHbIX CTOKOB. CMoco6bl N3Bneye-
HWUS U3 BOAbl MONEKYNSPHBIX U UOHHBIX MpUMe-
cell 0OTHOCATCS K creLanbHbIM METOaM ee 04n-
CTKM U NCMONb3YIOTCSH KaK AOMOTHUTENbHbIE K
OCHOBHOMY TEXHO/IOTMYECKOMY KOMMIEKCY BO-
[006paboTKM.

,U.I/ICI'IepCHOCTb —XapaKTepucTmkKa pasmepos 4actuy B lhI/ISI/IKO-XI/IMI/I‘»{eCKVIX cucrtemax, COCTOAWMX U3 N3MENTbYEHHbIX YacTuy
(ancnepcHas asa), pacnpefeneHHbIX B OKpyXawleid cpefie (AMCNEePCUOHHas cpeaa).
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Bcero 4eTtbipe rpynmnbi

Mpumecn Kaxgon rpynnbl 06nagaroT cneyndu-
YECKUMU 0COBEHHOCTAMMU, U MOTOMY ANS MX YAa-
NeHus TpebytoTca onpefeneHHble TexXHonornyec-
Kne npuemMbl BOLOOYUCTKU N KOHTPONS, HE3aBUCU-
MO OT MX KONMYECTB U CTEMEHU N3YUYEHHOCTH.

B nepByto rpynny BXOAAT HEPacCTBOPUMbIe B
BOAE MPUMECW, BeNMYMHA YacTul, KOTOPbIX
104 cm 1 6onblue, obpasytowne B BOAE TaK Hasbl-
BaemMble B3Becu. B3pecu 06ycnoBnuBalOT MyT-
HOCTb BOfbl, @ B HEKOTOPbIX CAy4asx W ee LBET-
HoCTb. Ctofila OTHOCATCA FMUHUCTbIE BeLLeCcTBa,
KapboHaTHble nopoabl (Men, runc), un, MenkKuni
necok, ManopacTBOpUMble TMAPOKCUAbI MeTan-
NOB, HEKOTOPbIE OpPraHNYecKune BeLLecTsa, NiaH-
KTOH U T.A4.

Cpeawn B3BeLUEHHbIX YacTUL, MOFYT NPUCYTCT-
BOBaTb GakTepuu (B TOM uumcne 60ne3HeTBOP-
Hble) 1 BUPYCbl. Ha NOBEPXHOCTM YacTuUL, MOTyT
HaxoAuTbCA PafgnoaKTMUBHbIE BELLECTBA, U CaMu
B3BECW UHOT A ABNATCA TOKCMUYECKUMU COEAM-
HeHusiIMK. ToNHOTA yAaneHns 3TUX npumMeceit
13 BOAbl 3aBUCUT OT CTENEHUN €€ OCBET/IEHUS.

Cuctembl, 06pa3oBaHHble MpUMeCAMMK Mnep-
BOW rpynnbl, KMHETUYECKN HEYCTOWUMBLI: He-
pacTBOpMMbIe BeleCcTBa YAepXX1BAKOTCS BO B3BE-
LUEHHOM COCTOSIHUM AMHAMWYECKUMMU cCUNamu
noToka BoAbl. OHM MonajarT B BOJOEMbI B pe-
3y/nbTaTe pasmMbiBaHWUS OKPYXalLMX Nopoja K
CMbIBa NoYB. VIHTEHCMBHOCTb OCefaHnsa npume-
Ceil 3aBUCUT OT CBOWCTB CUCTEMBbI.

B COCTOSIHUM MOKOS OHW ocefaloT, o6pasys
0cafKu pasnUUYHoin NNOTHOCTY.

Lna ypaneHus npumeceil aToi rpynnsl mc-
nonb3yT QU3NKO-XMMUYECKME NPOLecChl, pac-
CUYMTAHHbIE Ha BbIBEAEHWE N3 BOAbI BELLECTB, Ha-
YynMHas OT TOHKUX B3BeCel N KOHYas KpYnHbIMK
yacTuuamu. 3To npouecchl agresuu (npuauna-
HUe NpuMmecei K NOBEPXHOCTU COPOEHTOB 1 3ep-
HUCTbIX WHEPTHbIX MaTepuanos), arperauuv u
ceAuMeHTaLMmn (YKpPYNHEHME YacTuL, npu nomo-
WK crneymanbHblX peareHToB ¢ MocnefyoLuum
ocaxpaeHuem), dnotauum (BcnabiBaHUEe Ha No-
BEPXHOCTb BOAbl B pe3ynbTaTe 06pa3oBaHuMs Ha-
CbILEHHbIX razamm cryctkos). C 3Toi Uenblo
NPUMEHAIOT MeXaHn4ecKme cnocobbl —oTCTam-
BaHWe, MUKpOMNpoLexmnBaHue, GuUIbTpoBaHuE
nap.

BTopas rpynna o6befuHsAeT NPUMecH, Haxo-
AAULmecs B KONNOULHOM COCTOSHWUW U B BUJE Bbl-

COKOMOJIEKYNAPHbIX COEANHEHWIA. DTO KpucTan-
NnMyeckue unu amopdHble BewecTsa. Bbicoko-
MO/IEKYIAPHbIE BeLLecTBa NpeACcTaBeHbl TNHER-
HbIMW, CNUPaNbHLIMU U Pa3BETB/IEHHbIMU MakK-
poMOneKynaMmu pasnnyHoin cTeneHn rmbKocTu.

Pasmep yacTuu Takux npumecein (CTeneHb guc-
nepcHocTmn) coctasnset 10-5..10-6cm. K npume-
caMm, o6pasylolnum BTOPYH rpynmny, 0THOCATCA

MUHepanbHble W OpPraHo-MUHepanbHble YacTu-
Lbl NOYB, pasnnyHble (OPMbl FYMYCOBbIX Be-
WecTB, KOTOPbIE MPUAAl0OT BOAE OKpacky. ymyc

BbIMbIBAeTCA U3 NIECHbIX, 60NOTUCTLIX U TOP(A-
HbIX MOYB B NPUPOLHbIE BOLOEMbI UK 06pasyeT-
CA B CaMUX BOJOEMAxX B pe3yfnbTaTe XW3Hepes-
TeNbHOCTU BOLHbIX PACTEHWIA.

B LenoyHoi cpese conu 3aTUX COeJUHEHWNA,
06pasoBaHHbIE LLENOYHBIMI MeTannamu, Xopo-
IO pacTBOPAIOTCS B BOAE. MIX MOXHO paccmart-
puBaTh KaK 3NeKTPONUTbI, U ANS OYUCTKM OT
HUX BOAbI UCMONb3YIOT Te Xe MPOLEeCcChl, YTO U1
[ONA OYNCTKW OT 3arps3HeHunii yeTBepToii rpyn-
nbl (cM. ganee). B HeliTpanbHOW 1 cnabokucnoi
cpefiax OTZAerbHble MONeKYNbl TYMYCOBbIX KUC-
NOTYKPYNHAOTCA 6narofaps MexXMoneKynspHo-
MY KOOPAWHUPOBAHUIO UX NOAAPHBIX TPYNN W
06pasytoT KONNOUAHbIE CUCTEMBI.

K 3Toi4 e rpynne MoryT 6bITb OTHECEHbI BU-
pycbl 1 Apyrue MUKPOOPTraHu3mbl, B TOM YuC/e
60ne3HeTBOpPHbIe (NATOreHHble) GakTepuu, Ko-
TOpble MO CBOMM pa3Mepam npubanxXalTca K
KOMNOWAHbLIM YacTuLam, yaaneHue ux n3 Bogbl
4ypesBblYaliHO BaXHO.

Mpumecu, BXoaAwWMe BO BTOPYI rpynny, xa-
PaKTEPU3YOTCS 0COGLIMU MONEKYNAPHO-KUHE-
TUYECKUMM CBOWCTBaMM, a BCNeACTBUEe Gonee
MeNKMX pasMepoB MX CaMOMNpPON3BONLHOE OCefa-
HUWe KpaliHe 3aTpyHEeHO. YTo6bl YCKOPUTbL 3TOT
npouecc, B BoAy A06aBNAIOT CreuunanbHble Be-
ujecTBa —KoarynsHTtbl. Mpu cogeiicTBum noc-
NefiHNX NPUMECK TepsatoT CBOK YCTONYNBOCTL B
pacTBope, CAUMNAOTCA, YKPYNHATCA M Bbinaaa-
0T B 0Cafl0K B BM/E X/10MbeB. Moc/ie 3T0ro Mx Mo-
XHO yfanuTb 13 Boabl. MpeasaputensHoe npu-
MeHeHue 60MbLINX [03 X/10pa, 030HA WK ApY-
rMX OKWCNWUTENeR MoBbilaeT KayecTBo obpaba-
TbIBAEMOW BO/bl, TaK KakK Npu 3TOM YCTPaHAIOT-
cs BelecTBa, npuparlne e UBETHOCTb, TM6-
HYT MUKPOOPTraHU3Mbl 1, YTO 0COGEHHO BaXKHO,
ynydllaeTcs npoTeKkaHWe NpPoOLLECCOB YKpPYyMHe-
HUS YacTUL, U NX oCeflaHuns.
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Mpn uccnefoBaHUKM NPOLECCOB BOAOMOATO-
TOBKM Y4eHble YCTaHOBM/N, YTO CYLLECTBYIOT Be-
LLecTBa, KOTOPbIE MOTYT 3HAYNUTE/IbHO MOBbICUTb
1 YCKOPUTb IeCTBUE KOarynsHToB. Takue Belle-
CTBa HasBaHbl QokynsHTamu. OAUH M3 Hanmb6o-
Nnee AeiiCTBEHHbIX QIOKYNSAHTOB, MO COCTaBY Poj-
CTBEHHbI 06bIKHOBEHHOMY NecKy, —aKTUBHas
KpeMHekucnota. He6onblIMe KONMYECTBA 3TOF0O
BewecTBa (00 5% OT 403bl KoarynsHTa) yckops-
10T 06pa3oBaHmMe XN0MNbeB, CNOCO6GCTBYIOT 6onee
GbICTPOMY U MOTHOMY OCEAAHUIO KX.

B TpeTbio rpynny BXOAAT paCTBOPEHHbIE B BO-
[ie rasbl U OpraHnyeckune CoeMHeHN —Kak bno-
NOTNYECKOro MNPOUCX0XAeHUsA (Hanpumep, ry-
MWHOBbIE KMCNOTbl W BYNbBOKWUCAOTHI), Tak u
BHOCMMbIE CO CTOKaMM MPOMbILINIEHHbIX Mpef-
NPUATWUIA N HaCeNeHHbIX MYHKTOB (pasnnyHble
NPOAYKTbl XMW3HeAeATeNbHOCTU W OTMUpaHUS
naecHeBbIX rpuboB, 6akTepuii, BOLOPOCAEH, a
TaKxe (eHOMbl W Apyrue opraHuyeckue coeau-
HeHud). BewecTBa TpeTbeil rpynnbl NpMaa0T BO-
[le caMmble pa3Ho06pa3Hble MPUBKYChI U 3anaxu,
a MHorga v okpacky. Pasmepbl 3TWUX BELLECTB —
106...10-7cm. B npouecce 04YNCTKU BOAbl OHU Be-
LyT cebs Kak MONeKynspHopacTBOPUMbIE, XOTH
MHOIME U3 HUX NPU UHbIX YCNOBUAX Nerko obpa-
3yH0T KONNOWAHbIE CUCTEMBI U faxe B3BecK. Mpu-
MecK, OTHOCALMECA K TPeTbei rpynne, ABAKIOT-
CA TOMOFeHHbIMWU cucTemamun. HekoTopble ©3
HWX, BHOCUMble CTOYHbIMW BOAaMU, TOKCUYHbI.

MoneKynbl pacTBOPEHHOTO COEAMUHEHUS MO-
ryT CYL,eCTBEHHO W3MEHATb B3auMOfeicTBue
MeX/y MOJIeKyNaMu BOAbl N camy B3aUMOAeincT-
BOBATb MeX.y C060/1 He TaK, KaK B UMCTOM Belle-
cTBe. Kpome TOro, OHV MOTYT CBA3bIBATbCS C BO-
[0/ XMMUYecKu, 06pasys MPOUHble AN NEerko
AUCCOLMUPYIOLLME COEAUHEHUSA, CYLLECTBYIO-
L me Nnilb B pacTBope. O6bIYHO OCHOBHYIO PO/b
B HUX UrpaeT BOAOPOAHAN CBA3b.

Hepenko B BOZie pacTBOPEHSI rasbl, He BCTyna-
0L Me C Hell B XMMUYECKME peakLunn, Hanpumep
KMCNOPOZA, a30T, MeTaH, 6naropoaHble rasbl 1 p.
Torga nx noBefeHMe NogUMHAeTCA 06Wnm hunsn-
YEeCKMM 3aKOHOMEPHOCTAM A1 TaKuxX CucTem,
HanpumMep, yMeHblUaeTca pacTBOPUMOCTbL C pocC-
TOM TeMnepaTypbl BOAbI U T.4. [lpyrue rasbl obpa-
3yl0T C BOAOIN XMMUYECKUE COeAUHEHUs. AMMU-
aK (rMapoKcufj aMmMoHNsA) —COeAUHEHNE LenoY-
Horo xapaktepa. CepoBOAOPOA M OKCUS Yriepo-
fa (IV) npupatoT Bofe KUCNOTHble cBolicTBa. Ta-
KM 06pa3oM, CBOMCTBA KaXXA0M KOHKPETHOW Cu-

CTEMblI, OTHOCFILIJ'eI\/JICﬂ K,U,aHHOVI rpynne, 3aBucaTt
B M3BECTHONA Mepe N 0T XUMUYECKUX 0C06eHHO-
cTen BXOAALWLNX B HEE KOMMOHEHTOB.

Hanbonee apheKTMBHbIMM NpoLeccammn yaa-
NEHNA N3 BOAbl BELLECTB TPeTbel rpynnbl ABNA-
I0TCA a3pupoBaHune, OKUCNeHne, agcopoums.

PacTBOPEHHbIE B BOAE Fa3bl U N1eTyYMe OpraHu-
ueckue BellecTBa (Nerkue 6eH3WHbl, HEKOTO-
pble OpraHNYeckune CEPHUCTbIE COEANHEHMS, HU-
3KOMONEKYsipHble 3Upbl, KapGOHWUbHbIE CO-
eINHEHUA U Ap.) YAansTCA aspupoBaHUEM BO-
Abl —NPOJyBaHNEM CKBO3b Hee MEeIKUX Ny3blpb-
KOB BO3AlyXa.

PacTBOpeHHbIe B BOAE OfHO- W MHOr0aToM-
Hble (eHO/bl, 6ONBLIUHCTBO NPOAYKTOB OpraHu-
UECKOro CUHTEe3a, F'YMUHOBbLIE KUCOTbl U BY/b-
BOKWCNOTHI paspyllalnT AeACTBMEM CUNbHbIX
oKUCNUTENEN.

MHorve BeuwiecTBa, BXOAsAWME B LaHHYIO
rpynny, BbIBOAATCA U3 BOAbl C MOMOLLbI aKTU-
BMPOBaHHbIX yrneid. MpumeHeHMe nocnegHnx
OCHOBAHO Ha TOM, YTO MOJIEKY bl PACTBOPUMBbIX
B BOJe NpMMeceil BCTYNarT BO B3aNMOAelicTBME
C BbICOKOMOPUCTOI MOBEPXHOCTbIO yrnei n 60-
Nlee WU MeHee NPOYHO Ha Hell 3akpennsawlTcs
(copbupytoTcs). Kakn3secTHO, HaaKTMBUPOBaH-
HOM Yrie xopowo copbupytoTca rmapotdobHbie
COeJMHEeHUA, K KOTOPbIM OTHOCATCA Yr/1€BOA0PO-
Obl HE()TK, apoMaTnyeckme yrnesoaoposbl n nx
nNpon3BoAHbIe (X10PheH0N), XNOPUPOBaHHbIE Y-
NeBOAOPOALI U ApYrue COeANHEHUSA, pPacTBOPAIO-
Lmecs B BOfE B HE6O/bLIMX KONMMYECTBAX.

Ons aacop6UMOHHOTO M3BMEYEHUS W3 BOAbI
HU3KOMONEKYNAPHbIX COEAUHEHMNIA MOXHO Mpu-
MEHATb MeNIKOMOPUCTbIE YT, AN1A YAaNeHUs Be-
LecTB ¢ 60nee KpynHbIMWU MOMEKYNaMu, Hanpu-
Mep TYMUHOBbLIX KWUCMOT W BY/NbBOKUCAOT,
KPYMHOMOPUCTLIE YIN NGO cheunanbHble No-
HOOGMEHHbIe MaTepuanbl rpaHyMPOBaHHOM
WK BONOKHUCTOW CTPYKTYPbI.

YeTBepTad rpynna o6befnHAeT BelecTsa,
avccounnpytoume B Bofe Ha UOHbI. 3TO Mpeun-
MYLLLeCTBEHHO COMI HEOPTaHUYECKNX KNCNOT —
0YeHb pacnpocTpaHeHHble, MNOYTKH 06A3aTeNb-
Hble KOMMOHEHTbI MPUMECE BCEX MPUPOLHbIX
BoA. CTemeHb WX AMCMEPCHOCTWU cocTaBnseT
10-7...10-8cMm.

Mpu BbIGOpE MeTOAA yAaNeHUs HeXenaTeNb-
HbIX NOHOB CMeyeT yUnNTbIBaTh, UTO peakLnm Me-
XAY NOHAMU MPaKTMYeCKM Heo6PaTUMbl, eC/n B
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pes3ynbTate nx B3aMmopelncTeuns 06pa3yeTCH Be-
LecTBO B BMAe rasa, ocagka nnm maaogmccounin-
POBaHHOIo coeANHEHUA.

TexHMKa 0YMCTKM BO/ibl OT NpUMeceii, BXxoas-
KX B 4eTBEPTYIO rpynny, CBOAMTCA K CBA3bIBA-
HWI0 WOHOB, NOANEXALMX YAaneHuio, B Mano-
pacTBOpUMbIe UNM CNaGoANCCOLMUPOBAHHbIE
coefiMHEHNS.

MpUMEHSIOT TakXXe MOHOOOGMEHHbIE peak-
U1K, NpoTeKarwLline Ha NOBEPXHOCTN TBEPAOWA
thasbl (Ha MOHOOBMEHHbIX cMonax). Takue npo-
Liecchl LieniecoobpasHbl B TeX cnyyvasx, Korgayna-
NfieMble NOHbI HEOGXOAUMO yaepXaTb Ha Hepac-
TBOPMMOM B BOje MaTepuane, 3amMeHuUB uUx 6es-
BpeAHbIMU MOHamMuK. OcB06OXAeHUe BOAbl OT
MOHHbIX NpUMeceli MOXHO OCYLLeCTBNATL Tak-
e nepeBoAoM ee B TBEPAYHO (hasy (BbIMOpaX1Ba-
Hue, obpasoBaHue rarnapatos), 4OO6aBEHUEM
He CMeLLBatoLLerocs ¢ BOAOI BelecTsa Ans 06-
pasoBaHuA ABYX CN0EB —BO/bl U PacTBOPUTENS.
B nocnefHem v ckannauBalTCcs 3Tu npumMecu. B
HEKOTOPbIX Cnyvasx LenecoobpasHo npume-
HATb MeTOJ 3NeKTPOAMann3a, OCHOBAHHbLIW Ha
yBENNYEHUN HaNpaBneHHON NOABMXXHOCTW WO-
HOB B 3/1eKTPUYECKOM none, bnarogaps yemy 06-
nervyaeTcs UX yganeHue u3 Bojbl.

UTo naeT HOBbIi MeTop,

Lns KaXAoi u3 yeTbipex rpynn MOXHO Haxo-
[ANTb COBOKYMHOCTb 3()(PEKTUBHbIX Mep BO3Aeli-
CTBUA, MPUBOAALLUX K U3MEHEHWIO (ha30BO-AMC-
NMepcHOro COCTOSHWUA MpuMeceil BOAbI B Xenae-
MOM HanpaBfieHuu. 3T0 06CTOATENLCTBO BECh-
Ma CyLLecTBEHHO, NOCKONbKY TaKue npespaLle-

HUS ABNSIOTCA LieNblo 60/bLWNHCTBA TEXHOMOTU-
UeCKNUX NPOLLECCOB YAaneHns 3arpasHeHnit. Me-
X4y (asoBO-AMCMNEPCHbIM COCTOSIHUEM Be-
LLeCTB, 3arpsA3HAoLMX BOAy, W BbIGOPOM COBO-
KYNHOCTV METOZ0B UX YAaneHus CyLecTByeT 3a-
BUCMMOCTb. Mpy 9TOM KOHKPETHbIe CrMoco6bl

Hau6onee Lienecoo6pa3HoOro BefeHuUs npotecca

onpefenseT xumuyeckas npupoaa npuMecei.

OnucaHHas knaccudukauus npumeceil Bo-
[bl M0 MX (ha30BO-AUCNEPCHOMY COCTOSIHUIO Aa-
€T BO3MOXHOCTb 60nee LeneHanpaBNeHHO U
KOHKPETHO MOLONTU K ONpefeneHU OCHOB-
HbIX MOKasaTeseil KayecTBa BOAbl, BbipaboTaTthb
Mepbl MO KOHTPO/II0 3TUX NokasaTenei n Ha oc-
HOBE 3TOr0 BbIGPaTh paLMOHa bHY0 KOMMOHOB-
KY OUYMCTHBLIX COOPYXeHUn 1 apheKTMBHOE yn-
paBfieHMe TeXHOMOrMYecKUMK mpoLeccamm BO-
[006paboTkn. MHOrMe TeEXHONOTMYecKne paspa-
60TKWN, OCHOBaHHbIE Ha TEOPETMYECKMX MNONTOXE-
HUAX, BbITEKAMLWMX M3 JaHHOW knaccuguka-
LUK, y>ke NPOLLIM NPOBEPKY Ha aBTOHOMHBbIX yC-
TaHOBKax Pas3fIMYyHOW MPOU3BOAUTENBHOCTH.
HageHa paynoHanbHas KOMMNOHOBKa COOpYXXe-
HWI, no3sonslowWwas obecnevnTb yfaneHue He
TONbKO HalMUHbIX, HO U NpeAnonaraeMblX npu-
Meceil. ITO fenaeT BO3MOXHbIM Mepexoj K co3-
[aHUI0 TeXHONMOTMYecKUx cxem ANs BoAoo6pa-
60TKM NMO6OLIX KPYMHbIX 06bEKTOB. W, 4TO 0CO-
6eHHO BaXXHO, —Knaccugukayms npumeceii Bo-
[bl N0 NX )a30BO-ANCMNEPCHOMY COCTOSHUIO MO-
XeT cTaTb Hay4YHOl OCHOBOW CTaHAapTU3aLumn B
061acT TEXHONMOTUU OYMCTKM BOAbl, TakK Kak
OHa He TONIbKO KOHLEHTPUpPYeT B cebe fJoCTuxXe-
HUS HayKKW, TEXHUKN WU NPaKTU4ecKoro onbITa,
HO 1 onpejensieT NepcneKTUBY Pa3BUTUA B AaH-
HOW obnacTu.
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