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BBEIEHUE

Jlamraa MoHOrpadmsa ABAAETCA TPETBEM TOMOM CEPHIHOrO H3JAHHA
«OcHOB rEfporeosorumy, 00'HEMHEHHOTO eJMHOM MeTOI0JOTHIECKOH OCHOBOM,
yEuQUIIPOBAEHKM NOHATHIHEIM anNapaToM I OOIMEMHE TeopeTHIeCKEMH
IpecTaBICHUAMEA 10 MPo6aeMHEM BompocaM rujporeoaorun. Ieas paGoTs —
AHAJM3 OCHOBHBEIX NOJOKeHHH W HANPABICHHH PasBHTAS M METOHOJOTHH THMI-
POTEOXUMHN KaK Ba;KHEHmed COCTABHOM YaCTH COBPEMEHHOH IEIPOTe0JOTHH.

TepMun «rEAPOreOXEMEA» MCHOJB3YeTCsA MAA 0003HAYCHHA DA3IHIHEIX
nousaTnit, OcoGennHo Goabmme pasHOTIAACHS BOZHAKIHM IO IOBOAY HOHATHH
«rEgporeoxuMusy m «ruppoxmmusy. OgHa rpynma mcchefoBaTeneil ImoJaraert,
9T0 U THAPOXUMAS, W THIPOTEOXHMHA HM3YYal0OT XWMHUI0 BCEX IPHPOIHEIX
BOJ W IOBTOMY IO COJIeD/KAHMI0O MEHTHIHE. B s10oM cMmEcae ofa TepMuHa sIB-
JAITCA CHHOHEMAMH, H KAKOMY HM3 HHAX OTHATH IPEJHOYTEHHe — HE CTOJIb
BajyKHO: OJ(HM CYMTAIOT, YTO HAYKY, M3YyYalOMyl0 pasjudYHEe ACHEKTH XHME-
9eCKOr0 COCTaBA LPHPONHEIX BOX, CJAEA[yeT HABHBATH THAPOXUMAEH, HOHATHE
KOTOPOM CHOMRHIOCH HCTOPHYECKH, W, -KPOME TOTO, 9TO CJI0BO KOpode
(0. A. Anexmn), Apyriae — IEAPOreOXHMEeIl, IOCKONLKY STOT TePMHH Goiee
COOTBETCTBYET CYNHOCTH HAYKH MW OTPAKAET TECHYI0 €@ CBA3h ¢ TeoXHMHei
(B. C. Camapura). HexoTopsie ncciefosaTenn cUUTAIOT, 9T0 THAPOXHMEL H3Y-
YaeT XHMHI0 NOBEDPXHOCTHEIX BOfl, a THAPOTEOXAMHS — NON3eMHHX. Ilpm
9TOM THPOTEOXHMMHUs paccMaTpHBaeTcs AHGO KaK CAMOCTOATENbHAS HAYYHAH
JAMCOUINIAHA, BOBHHKMAA HA CTHKe reoxmMmmmE m ragporeoiorumm (A. M. Os-
yuaEEkoB, A. Illeanep) mmm ruppoxmMmm, THAPOTEONOTHE H TEOXHMAH
(E. B. Ilocoxos, JI. Meamopme), nm6o Kak pasfexl THIPOTEOJOTHE
(K. E. Iureesa) mam reoxmvum (O. K. Jlamre, KoTopmil mpejaaralx HasH-
BaTh €€ IeOTrHJpOXUMueit).

ABaju3 NCTOPHH 3apOKAEHHA TIHAPOTEOXHMHH TOKa3HBaeT, 4TO OHA
BOBHHKJA B HeJpax Ipeie BCOro IEPOTre0JIOTHH, XOTA METON0JIOTHIECKOM ee
OCHOBO# BO MHOIOM CHY:Kmaa reoxumus. IlosToMy mOx TepMHHOM «THAPOTEO-
XUMHES» CJIe[yeT NOHEMATH HAYKy IIpe:kje BCEro 0 IOj3eMHO# rHmpocdepe,
X0TA 00BERTOM ee WBYYeHHS ABASIOTCH M JDyrHe BOAH (peuHHe, MOPCKHE,
atMocdeprEe).

B coorserctemnm co Barasgamm B. M. Beprajckoro rEpporeoXmMms mpms-
BaHA M3yYaTh HPUPOJHEIC BONH KAK MEUHEPAJH, HAXOMANIHECH B CIOKHOM JH-
HaMHYIeCKOM DAaBHOBECHH C OKpYy:Kaliomeil mX cpefoit (reosormueckoit, 6moao-
THYECKOM, TasoBoif), wMCCHeNOBATH HX YuaCTHe «B MATPALHM XHMEIEC-
KHX BJIeMEHTOB IJIAHETHD, BLIACHATH Ie0JOTHMYECKOe 3HAYeHHe BOJ B CTa-
HOBJICHWH HAIIell IIaHeTel W ee 000d09eK, pacmufpoBaTh reoXIMAYECKYIO
uCTOpHIO ruppocdepn, saHEMAOMEl BajkHeiillee W COBepmMeHHO 0coGoe moJo-
sxenue Ha 3esure. ['myporeoxmMus maygaer BOJY B TeCHOH B3AMMOCBASHE C T'€0-
JIOTHYeCKO HCTOPHEl, KOHKPeTHRM IIOJIOKEHEEM B Ie0JOTHIeCKOH CTPYKTYpe,
TOpOCHEKUBAA BCIO IeNb COOHTHI, KOTOPHE IPHBEIH €€ K ONpefeJeHHOMY
IPOCTPAHCTBEHHO-BPeMEHHOMY IOJIO/KEHHIO, ONpe/IeJ Uil ee COCTAB, a TaKiKe
TY poab, KOTOPYIO OHA CHrpala B MOOHMIM3anuu, TpaHC(HOPMANEE B mePeoTao-
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JKEHME BEmecTBa, (OPMHPOBAHMM pPA3HOOODASHHX IOJAE3HHX HCKONAEMBIX.
Tajporeoxmmus Kak HAYKA HAYMHACTCA € TOTO MOMEHTA, KOIJa I'HAPOXHEMIU-
yecKUe JaHHHe MCHONB3YIOTCA JJIA PelIenns reoJorHYecKuX sajad, BRIWYAA,
eCTeCTBeHHO, (POPMHPOBAHNE COCTABA DA3JUYHHIX BHIOB TPHAPOJHKIX BOJ.

Tpm TakoM HOHEMAHUE TIHAPOreoXuMus maydaer: 1) sakoHoMepHOCTH
pacmpeNieeHHs XEMAYECKAX DIEMEHTOB W aTOMOB B I0ji3eMHOIl ragpocdepe;
2) ydacTme NPUPORHHX BOJ B MHTDANAH XHAMHYECKAX DJIEMEHTOB H ATOMOB B
Iporecce HBONOIEE 3eMiad KaK INIAHeTH; 3) (PUSHKO-XEMHYECKYIO IPHPOLY
B3aEMOJIeficTBHA BOJE ¢ TOPHHME IOPOJAMH, ra3aMd M OPraHHIECKEM Beie-
CTBOM B PASJUIHHX TEPMOAHHAMMYECKMX YCHOBHAX M HA PA3HEIX CTaAWAX
SBOJIONUE B3EMHOTO BEIIecTBa, 4 TaKiie IPOTHO3 HM3MeHeHNit OKpY:Kammiei
cpejst; 4) GopMmponaHme coOCTaBa BEYTPH3EMHHX BOA'; 5) PErHOHANBHEE 3a-
KOHOMEPHOCTH COCTABA IIOA3eMHOM THIPOCPepH B TECHOHR B3AUMOCBASH C Teo-
JIOTHYECKO mcTOpHmell passUTHA permoma; 6) TeoXMMHYECKYI0 DPOIL BOJBL B
dopmMupoBaEEE 3eMHOIT KOPH U CBA3AHUHX ¢ BTHM PasHOOOPABHBIX MOJIE3HEIX
HCKOIAeMEIX.

T'maporeoXuMusA BOSHMKIA HA CTHIKE T@OXHMAH, FUAPOXUMAN W THAPOTe0-
JIOTHHA, ¥ €e MCTOKA 4epes XMMMI0 U Te0JIOTHIO YXOAAT B IIYOOKYIO [PeBHOCTS,
K paGoram Apmctorens u [lmmamsa Crapmero, KoTopsie yike TOT/a IHTAIHCDH
pasrajarh IPEIMHL PasHO0Gpasms npHpPORHEX Box. OTenpHEE BajKHEE IO-
JI07KeHHs, KOTOPHE B Gy/AyIieM Jerad B OCHOBY THIPOTEOXMMHIMN, MOKHO HAUTH
B paborax A. Axp-Bupymm, I'. Arpmkonsi, P. Boias, M. B. Jlomomocosa,
A. Jlapyasse, jIi. Jlamapka, B. M. Cesepruna, #i. 9an ge Bomona, J. 3iocea,
II. . Menpeneesa, @. Knapka. Opmaxo nanGoabmmii BKIAT B CTAHOBJIEHHE
rapporeoxumun suec B. 1. Bepranckmii, pabora Koroporo «Mcropms mpmpon-
msix Bojy (1933—1936 rr.) ocraercs menpessoiifennoit. B meit He T0a5K0 0606-
MeH ¢ e0XEMAYeCKHOX MO3AIWI HAKONJIeHHH K TOMY BPEMEHH THPOXHAMM-
YeCKHIT MaTepwas, 3aJ0KUBINAN OCHOBEL I'HIDPOTEOXMMAN, HO M BCKPHITO CO-
BePIIEHHO 0co(0e MOJ0ReHne TPHEPOTHEX BOJL B TeOJOTHIECKOM MCTOpUH Sem-
JH, BOSHUKHOBEHHH W DA3BUTUH KHA3HH.

Yro0Bl OmpeeJnTs MECTO THIPOTeOXHUMAH Cpejd JPYTHX HayK, He00Xx0-
IAMO IOMHHATH, YTO ¢ MOMEHTA TOABJEHHS rmipocdeps Ha 3emie BOSHHKIA
OTKDHTaA HEPABHOBECHAS CHCTCMa, PA3BHTHe KOTOPOM IPHBENO K CO3AAHHIO
BCEX 0CAJ09HBIX, MeTaMOPPUIeCKIX B JacTAIHO MarMaTHIeCKUX HOPOJ, a Tak-
ke atMocdepst u Gmoceps. Ira cosmAaTenbHAA PONB HPUPOJHEIX BOJ LpPO-
HOJIKACTCA M B COBPEMEHHYI) TEOJOTHYEeCKYI0 SIOXY, YCHIUBAACH K TOMY e
JeATEeJBHOCTEI0 UeToBeka. [lomCTHHE ¢HET IPHPOMHOTO Tejaa, KOTOPOe MOTJIO
68 cpaBaETECA ¢ Heir (Bomoit.— C. IIl.) mo BAUAHAIO HA XOJ CaMHX IpaH-
IHOBHHX Te0JOTHICCKEX IIPOIEccoB)’.

MopMupopanme 3eMHOH KODH, BOZHHKHOBeHHE M PACHPOCTPAHEHHE FKHE3-
HE — peayJibTaT HeIPepPHBHOTO PAasBUTHS CHCTEMEH BOJA — HOpofa — ras —
OprammYecKoe BEmecTBO. TaKoe paspmTme IpoTeKaeT B (opMe MOCTOAHHOTO
B3AUMOJIeficTBHES BOJIBI ¢ APYTHMHA COCTABIAIOIIAMA 3€MHON KODH ¥ MAaHTHH,
PesyABTATH KOTOPOTO MIPAlOT Ba)KHEHIIYI0 POJNh B PAsBATHH 3eMHOH KODH H
OTpa)RAIOTCH HA cocTaBe HPEPOREHX Bof. Ilocaepmmil, MBMEHAACH, peryid-
PyeT XMMHYCCKHil TOTEeHIHAJ IPHPOAHOM CHCTeMB B HapAAy ¢ TeMIOepaTypoi
M HaBjeHEeM KOHTPOJHEpYeT HANPABICHHOCTh (HSHKO-XEMIYECKHX IPOLECCOB
M BCEro BTOPHYHOTO MEHepasooGpasosanusa. Bce ato fenaer sajady U3ydeHHA
cOCTaBa IPHPOAHEIX PACTBOPOB KaK BajkHeiImero mapaMerpa, KOHTPOJAPYIO-
Mero XapakTep SBOJIONHHE CHCTEMH BOJAa — IOpPOJA — Tras — OpraHmIecKoe
BEIecTBo, 0COOSHHO AKTYaIBHOM.

OueBuIHO MOATOMY OJHOM M3 NEHTPANLHEIX TEOPeTHIeCKHX 3ajad IEpo-
PeOXUMHUH HBIIAETCH WAYYeHHE B3AMMOMEHCTBHA BOJE C BEM[ECTBOM HAmIei
mragers. V Bce jke TAKOTO H3YIOHNA, Kakum OB BayKHEIM 0HO HE OBLIO, HeocTa-
TOYHO JUIsA NO3HAHEA NpEpoAs seaenus B mexom. Eme I'. T'erexr yrasssam,

1 Bee Busl CBOGONHEIX W CBASAHHEIX BOJ THTOC(HEPHL.
2 Bepuadcruii B. H. Wa6p. coa. T.IV. Ku. 2. M.: Wag-so AH CCCP, 1960, c. 16.



9TO ¢KOIJa HOBOILCTBYIOTCA TeM, 9T0 PACCMATPHBAIOT HAHHOE CONep:RaHme ©
TOYKE SPEHHSA B3aHMOJEHCTEAA, TO BTO ... HpeAcTasider co0oi0 HpEeM KpaiiHe
OeHEIA B CMEICJIe MOHEMAHE], TOTHA HMEHT [Jel0 HpPOCTO ¢ CYXHEM (aKTOM W
TpeboBanue IOCPECTBOBAHES, CKA3LIBAIOIEECH TaM, TAe Pedb 3aXOJUT O Ha-
XOIeHNN NPWUYUHHON CBA3H, ocraercs Heyjpomiersopemanm». I'. Tereas,
a mosxe H. Mapxc ncerga HaXOQUIH OfWH 00U HCTOYHHE BCeX B3ANMOJei-
CTBYIOIEX cuaI B mpupofe. Hakomen, KIaccHKm MapKCH3Ma-IeHHHEN3MA BCETHA
paccMATPUBANA BCe ABICHUS ¢ MO3WNOUI WX BORHHKHOBEHNHA, DBOJIIONAHA W pas-
pPYyLOIeHUsI, ¢ NO3UNAA MX BHYTPEHHETO PA3BUTHA, OPHYHHHOHR CBA3H, GOPBHOLI
HOBOTO co craphM. IlosToMy Hapsaly ¢ H3yYeHHEM B3aHMMONEHCTBHA CHCTEMEI
BOJa — IOpPOfla — ra3 — OPraHWYECKOE BEMmeCTBO BCKPHTHEe IPHPOJAH ee
BHYTPeHHET0 pAa3BUTHA HAM IpEACTaBIAeTcs TAKKe BaKHEHNIeH 3amadei
COBPeMEHHOH T'HIPOTe0XHMHAH.

CrasammEoe DO3BONAET HAM OIPENENHTH 2UdPO2COTUMUI0 KAE HAYKY O
gaaumodeiicmeur.  60dbl ¢ 20PHUMU ROPOJAMI, 2a3aMU U OP2GHUNECKUM 6euje-
€meoM, e20 npupode, 380410YUL, BHYMPEHHUT 1 GHEULHUT UCMOYHUEAT, BopMU-
POBANUU cOCTNABA N003eMHOT, 2udpoceptl U ee 2e0TUMUYECKOL DOAU 6 220402U-
ueckoll ucmopuu emsu. B raxoM DOEAMAHUA IEIPOTEOXHMHAA BRIIOIAET PEIIe-
HEe BCEX TeX 3a/1ad, 0 KOTOPHX CKa3aH0 BHIIIE.

B ocHOBe METOI0IOTEA IrEIPOreOXAMAN JIeKAT 00MIEe MOJ0KeHUS AaIeK-
THYECKOT0 MartepmanmaMa, umocodmu, ecrecTrO3HAHMA, HayKopejenas. 1lpn-
JI0MKeHNe 9THX NPUHOUIOE K KOHKPETHHIM IpoGieMaM I'EpPOTeOXHAMHH H COC-
TaBJAAET e COGCTBEHHYI MeTOmoNorHI. ['masHag ocoGeHHOCTH METOROIOTHH
IHPOTeOXHMHAN, 00Mas IJIA BCeX Pas3fgeloB FeOXHAMAN, — aTOMAPHEI YPOBEHB
HCCJeN0BaAHHM.

Tmgporeoxmmma Kak HayKa BKI04aeT B ce0sd Caefylomme paspiels:
1) o6mas rmmgporeoxmMus (0cOGEHHOCTH COCTABA B CTPOGHHSA BHYTPH3EMHEIX
BOJI, (PaKTOPH, IMpOmecCH W 0GCTAHOBKE X (OPMUPOBAHUS, B3AUMOIEUCTBHE
B CHCTEMe BOJa — IOPOJA — Ta3 — OPrAHEIECKOe BEMIECTEO, MATPAUNHA XH-
MHYeCKHX 3JIEMEHTOB B LOASCMHLIX BOJAX, THAPOTEOXHMHA OTHAENBHHX 3ie-
MeHTOB); 2) reHeTHYecKas THAporeoxmMmus (fopMmpoBamme cOCTABA Pa3IHI-
HEIX TeHETHIeCKHX pPASHOBHJZHOCTEH BHYTPH3EMHEIX BOJ); 3) HCTOPHEIECKAT
rugporeoXuMus (3BONIONAS BOAHON MHETDAIHA SIEMEHTOB H POJE BOJH B Ieo-
JIOTAYECKON WMCTOPHH, HAJMEOTHAPOTEOXHMHI); 4) pPernoHaJIbHAs THIPOre0XH-
MusA (IPOCTPAHCTBEHHLIE 3AKOHOMEPHOCTH BOTHOM MATPANHAA 3IeMEHTOB H (op-
MOPOBaHAE COCTaBa IOA3EMHOM Tuppocdepsl, THAPOreOXHMHYIECKAS 30HAIB-
HOCTB); ) HpHKJIafHAA TEAPOreOXHMHA (HOMCKH W paspaboTKa MeTOJ0M Bhl-
IeJTaIABAHAA MECTOPOKIeHAH IOJEe3HHX HCKONAGMEIX, OXpaHa MIO/3eMHOI
rugpocdeps, MPOMBINOIICHALE BONE, MENIHODALASL H T. [.).

L ur. mo: faexanoe I's B. U36p. $mnoc. nponas. T. 1. M.: Tocmoamruasar, 1956,
c. 426—429,



1. PH3AYECKHE CBOMCTBA, CTPOEHME
A TEPMOJJMHAMHYECKOE COCTOAHHE BOJIbI
B 3EMHOHN KOPE

Paccmorperme coOCTBEHHO IHApPOreoXmMHEYECKHEX NpobaeM Bpax am
BO3MOKHO 0e3 HOHmMaHHA oco0eHHOCTell CTPOEHHA H TePMOJAHHAMEIECKOMH
YCTOHYHMBOCTH BOJH KaK XEMHYECKOTO COEJHHEHHA HIPHMEHHTEABHO K YCIO-
BHAM 3eMHOM Kopsl. M XoTA B 5TOM miaHe MH HaXOJHMCH, CKOpee, Iepefi «BH-
COKO¥ CTeHOi» M3 BOIPOCOB M B3aMMOHMCKIIYAIOMEX TOYEK 3PEHHUA, CKBOBh
KOTOPYIO IPOCBEYHBAIOT TOJABKO MeabdafiliWe ¢Iy4YH MCPHHED), BCE jKe I[ele-
c000pasEO KpaTKO OCBETHTH COCTOAHHEe JTOH IpoOIeMEL

A.1. CTPOEHHE JKHUJIKON BOJBI

Bopga — omEO m3 CAMEIX YJAMBHTEILHHX COSJUHHEHHN Ha Semie —
JlaBHO Ys;Ke DOpaskaeT MccjefioBareieil HeoOHYHOCTHI0O MHOTHX CBOHX (H3H-
YeCKHX CBOMCTB: BEHICOKOIl (0OTHOCHTENBHO pacdeTHOM) TemuepaTypoil niasie-
HHA ¥ KHNEeHHA, pacIIHpeHHeM IDH 3aMep3aHHH, CHILHRMI PaCcTBO P AIOIAMA
CBOMCTBAMNA, HMCKIIOYATENBHO BHICOKOH HAIEKTPHYECKOH IIPOHHIEEMOCTHIO,
He0OLIHOM 3aBHCHMOCTBIO €e BASKOCTH OT [JABJICHHS, BLICOKOH CKPHTOH Tem-
I0TOM WCOApeHWs M IJABJICHWS, BHCOKAM IOBEDXHOCTHEIM HATH/KeHHEM,
HEBKOH DIEKTPOIHTHYECKOIl JMCCOMUAIME, BHCOKOH TepMHYECKOH YCTOMIH-
BocTHIO m MH. Ap. [Xopm, 1972].

ABoManTBHEIE CBOHCTBA BOME BMECTE B3ATHE CBHJETEILCTBYIOT 0 HeoOBIHO
BHICOKOH €e YCTOMYHBOCTE K BO3JEMCTBHI0 BHEMHHX (AaKTOPOB, BHIBBAHHOM
HaJ@YueM JIOHNOJHATEIBHHEX CHJI MEKAY MOJEKYJIaMH, MOJYYMBIIAX HASBAHHE
BOOponHLX cefAseit. CyTh BONMOPONHOH CBA3W CBOJHTCA K TOMY, 9T0 HOH BO-
Jlopoja, CBABAHHEN ¢ KAKHM-TO MOHOM JIPYrOT0 BJeMeHTa, cHocobeH siaeKTpo-
CTaTMYeCKH IPUTATHBATE K cefe MOH TOTO JKe DIAEMEHTA W3 JAPYLoi MOJeKYIH.

CnocoGBocTs BOZOpoja 06pasoBEBaTh BOJOPOJHYIO CBASH MOKHO 005-
SICHUTH TeM, 9YTO OH He MMeeT BEYTPeHHUX SIeKTPOHHHIX CJI0eB W TIOITOMY Xa-
pakTepuayercAa KpaiiHe MalJEM HOHHHM pPajuycoM. JT0 OIpPEeaseT BO3MOK-
HOCTh MaKCHMAJbHOTO NPHOIMKEHHA COCEeJHER MOJEKYJH K aTOMY BOJOPOJia
0e3 CymeCTBeHHOTO OTTANKHBAHASA, a 3HAYAT, W BO3HHEKHOBEHHA GOJNBIIMX
BJEKTPOCTATHICCKHX CHI CBABH. JJIEKTPOCTATHYECKHH XapaxTep BOJOPOLHOM
CBASH CcHOCOOCTBYeT MAKCUMAaJAbHOMY e€e NPOABICHHID MEKIY BOZOPOXOM
u Hambolee DHIEKTPOOTPUNATEILHLHIMH BJIEMEHTAMH — (PTOPOM, KHCIOPOLOM,
asorom. HamGosee moaHO BOJOPOXHEIE CBA3H IPOABICHH B BOJE.

B mozexyse BOAH aTOM KHCJIOPOJA CBA3AH ¢ ABYMA 3HAYMTENHHO MEHb-
MUME ATOMaM#d BOLOPOJa, 9T0 IPUBOJHT K ee moaspusanun. M3 10 mmeromuxcs
2JIEKTPOHOB J{BA PACIOJO;KEHE HEMOCPeACTBEHHO y KHCIOpojJa, BoceMb o0pa-
3yIOT 4YeTHpe BHTAHYTHE aneKTpoHHEE opbmramm. Ocm feyx ms sTEX opbmTa-
Jeit Hampasiaens Boxab ceasm O—H, a'nByx apyrux‘aesxar npEbIn3mTeabHO
B OJOCKOCTH, WAYINell Yepes AP0 KHCJOPOJAa NEpHeHAHKYASAPHO IIOCKOCTH
H—O—H. 9aexrponn asmmyTcs B mpefeaax opburaneit momapuo. C mpoTo-
vamm H+, maxopsmumuca BEYTpE AByX opOETajeil, cBASaHH ABA IOIIOCA
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paKTepa BOJODOJHOH CBASE B BOJE. H/ \H
Puc. 1.2. MexbaJlepENe pPACCTOAHUA H ~ 4,5 kxan,mone

¥roll CBA3X B MOJOKYyJie BOJIHRIL.

HOJNOKATENBHHX OICKTPHYCCKEX BapAAOB MOIEKYIH BOJL. JIEKTPOHH,
pacmoiaralomumecs Ha ABYX APYrEx opburansax (HenojeleHHHe mapkl), Ompe-
JeIAI0T [Ba LOJIOCA OTPHIATENBHEX 3apAfOB TOM Ke MOJERYJEL
CymecTBoBaHEe HENOJENeHHEX DJICKTPOHHEIX IIAD ONPE/IeNAeT BO3MOK-
HOCTh 00pasoBaHmA ABYX BONOPOAHEX cBAseil. Eme aBe cBA3E BOSHEKAOT 32
cueT IBYX BOJOPOJHHEIX aTOMOB. Baarofapa sToMy KasK[as MOJEKyJa BOJH B
COCTOAHEE 06pasoBaTh WeTHpe BojopopH:e ceasm (pme. 1.1). Vcramopnenw
CAeYIOMEe PACCTOAHEA MEKIY OTHeIbHLIMH ATOMAMH B MOJEKYJAX BOJEL,
coeIMHEeHHHX BOjlopoAHoit ceaspio: O—H gua MoaekyIH BOH B rasoBoil dase

o o
0,9568 A m meckomBRO yBexmuuBaeTcs BO abAY, Aocrmras 0,99 A; B To sKe Bpe-

o
ma paccrosame O . . . H pasmo 1,76 A, T. e. BOJOPONHAA CBASH OKABLIBAETCSH
Goxee wem ma 70% numamee xmwmmueckoit [Xopm, 1972]. Vrox ceasm, o6paso-
BaHHENI 1BymMa atomamm sojopoma (H—O—IH) m pasment 104,5° (pme. 1.2),
6am30K yray Terpasppa. IloaToMy MOJEKYXY BOAH MOKHO YHONOGHTH TeTpasi-
Py, [Ba yria KOTOPOTO B3apsiKEHHl IOJOKATEJBHO, & J[Ba OTPHNATENHHO.
Benegcreme sToTO0 MOJEKYyaIa BOLH OKABHBAETCH DIEKTPHICCKEM MHIOOJIEM C
IEIOJBHEM MoMeHTOM, pasuaM 1,84.10-18 ex CI'CO, m mmanerTpmIecKoi mo-
croAHHOi, pasmoit 87,74 mpm 0°C.
Bauarojapa maamumio B .
BOJe BOJIOPONHHIX CBAZeH B | | '

PACIONO/KeHNE e MOJEeRYI 70“-7.______(!)/;4/?0"?-\\&/}1//0‘“
OTMeuaeTcs BHICOKAfS CTENeHb H o000 M 10~ M
YOODAIO0YeHHOCTH, 4TO COIH- \0// H/ s o, o H/ e S
7KAeT €e ¢ TBEPIEM TEJIOM. = //H//U-H_i,lq__o_

Benencrsme TaKuX cBASei B ee H H H | T
CTPYKTYpe BOSHHEKAT MHOTO- * | c|>— H S0 H
YHECJEHHEIe IYCTOTH, Jelaio- OHH\ : / Sl /H [\H
mue ee 09€Hb PHIXIOR -\ Ng— _0 H-]0 O\—0—
(puc. 1.3). Otum m 06BACHS- Ho cha /H H\L_ oy |
eTcs HecopasMepHO BHICOKAs > \I\S o U
TeMIepaTypa LNJIABIEHHA BO- e Coe ; |

OH, TaR Kak JAJad paapﬁmna '? l | H ‘
BOJOPOJHEIX CBfA3el HeoOXo- e j\ 0\‘ 250
IEMa 3HAYATEILHO O0abmas /0 ;HH O//H”';/ |‘\H_‘0//H e
SHEpPIrHuA, 4eM B caydae peid- LHFU‘—- \III\OZH//O\H_—“I“——O/

CTBHA JHIOb OJHHX BaH-IEp- Posios LS
BAaJbCOBHIX CHI, KOTOpHe \OfH"'f_ “‘--I.\O/
CBABHIBAIOT MOJIEKYJIH B Tra- | |
sax. CiemoBaTelbHO, HaIAIHE :

A %004 Puec. 1.3. Cxema TeTpasipuviecKH KOODAMHEPOBAH-

aHOMAIEM B pusmIECRAX  Ho pemeTKn BOJH, HATOMUHAKOMEH PemeTKy TpH-
CBOMCTBAX BOAL 00BACHAETCHA JEMHATA.,



HaJIH9HeM BONOPOJHHIX CBA3EH,
Ipupoja KOTOPHX B HACTOMIIEE
BpeMA H3yYeHA HOCTATOYHO XO-
pomo [Hoyncom, 1965].

Hagamo coppemenmmM mc-
CIIEOBAHAAM BOAK ¢ NO3HI[H
CYMECTBOBAHUA B HEH CTPYRTYP
PasIH4YHOT0 THOA  HOJOKEIA
Kaaccmaeckas pabora . Bep-
nama m P. ®aymepa (1934).
Ha ocHOBaHEE cHeKTpocKOIE-
YeCKHX H peHTreHorpadmIecKEx
HMCCJIEeNOBAHAR OHH YCTaHOBHIM,
970 CTPYKTYpPa BOIE HMEeT Ter-
pasfipHYecKHMii XapakTep, IpH
KOTOPOM KaKHasd ee MoJeKyna

Knacmepe OKpYy:;eHa 9YeTLHIPbMsA IpPYTHEMH
Monekyxamu (cm. pme. 1.1).

Puc. 1.4. CTpyKTypa IREJKOIl BONEL B MONGIH ITH yYenne BRIBAHY AR TH-

Mepramomux KiaacrepoB Mpeaka — Buma. noTesy, COrJIacHO KOTOpPOHM B BO-

Jle CYN[eCTBYIOT TpPH THIA pAac-
LONOKEHHUsA ee MOJNEeKyJd, mpeobiafaiique IpW PasimYEHX TeMIepaTypax:
Boga | (TEma apma-TpEpEMETA) — yeTOMYMBA IPH  TeMmepatype HEKe
4°C; poma II (rmma m;ppa-kBapma) — mpeofiafaer B MHTepBale TeMIIepa-
typ 4—200°C; Boma III (tmma amMMmara) — IIOTHO YIOKeHHAA HIEANHHASN
JRIIKOCT, T. €. He MMeIOmas BOJOPOHBIX CBA3eH, JOMEHHPYOMAA IPH TeM-
neparypax ssinre 200°C. C maMenenueM TeMOepaTypsl 9Td OPMBL CBA3H Hempe-
PHEBHO IEDPEXOJAT OJHA B APYIYIO, OXHAKO DTO He 3HAYAT, UTO B BOJE MMEIOTCS
oraenrHrie 00BeMH ¢ pasHOil cTpyKrypoi. IIpm Bcex Temmeparypax mopa oc-
TAeTCA TOMOTEHHOH WM TONHKO CpeHEe B3AWMHEE DACHOJOKEHHS MOJEKYJ B
Ooxpmeit mam MeHbINeld cremeHu Hamommaaiot somy I, I mam III.

l'mmoresa bepmama — @aymepa nomoskEaa HAYAJNO0 NPENCTABICHAAM O
ABYXCTPYRTYPHHX MOJENSX CTPOCHHS BOJEL, KOTODPHE PasBHBAIOTCH MHOTHME
nccaenosarenamn [Jitsenbepr, Haynman, 1975]. Ocoboe pruManme mpusIeKa-
er runoresa X. C. @perka u Y. 1. Bura, B cO0TBETCTBHE ¢ KOTOPOI sRAIKAsA
BOJIa IPeJCTABIACTCA KOHIJIOMEPATOM (MEepPHAIOIAX KJIaCTePOB», COCTOMAIIAX
H3 COSJMHEHHHIX BOJOPOJHEMA CBASAMA MOJEKYI, IIAaBAOIIEX B 0Oolee MIH
MeHee csoOogHoit Bome (puc. 1.4). B ar0it ranoTese RiaacTepsl XOTHA M 0TOKIe-
CTBJAIOTCA C JbJONONOOHEIMA KapKacaMi, HO X CTPYKTYpa He OTOMKIeCTBJIHA-
eTcs CO CTPYKTYpPOH JBAA-TPHAEMATA. ABTOPH CYUTAIOT, UTO MeXaHUSM 00B-
eIUHEHHA BOJIHL B KIacTepH HemaBecTeH. To ke Kacaercs W MOHOMeDHOH He-
CBAIBAHHOH BOJIH, B KOTODOH, XOTA BOJOPOJHE® CBASH M PA30PBaHE, KayKmad
MOJIEKYJIa YYaCTBYET B CHJIBHEX JUIOIb-TANOJIHHHX H JOHTOHOBCKAX B3AAMO-
ZeHcTBHAX ¢ cocegHmME Moderymamum [Xopm, 1972].

B npormBomonokuOCTE ABYXCTpYKTYpHHM Momeaam sopasl Q. f1. Cawmoii-
moB (1957) Ba ocHOBAaHHH SKCIEPAMEHTANBHEIX PAGOT W TEOpPETHUECKHX Pac-
9eT0} OPEeII0/KHI ONHOCTPYKTYDHYI MOJENb JKUAKOCTH, COTJIACHO KOTOPOit
Rayk1as MOJIeKyIa BOJIHL CoeJUHEeHA BONOPO/HEIMA CBS3AMMA ¢ IETHIPBMS COCEN-
HEMHA MOJIEKyJaMH, PacIoJ0KeHHKMA II0 yriaM Terpasjgpa. Ilpm atom pacuo-
NOREHHe MOJIEKYJ BOJE B HeNOCPeJCIBEHHOI GIAHBOCTH JPYr OT JpPyra ¢ooT-
BETCTBYeT o fopMe ILXOMOXOGHOMY KapKaCy, ClIerka HapyIeHHOMY TeIIOBEIM
ABH;KeHHEM, IyCTOTH KOTOPOTO YaCTHYHO BANOJHEHEI MOJEKyJaMu Boas. Ilpm
TAKOM LO(X0/le B KHUAKOHE BOMe HENB3A BHEIHTH CTPYKTYPHO PasHOPOHHbIE
yuacrkda. Bopma B oToM caydae mpepcrasaser coGoil efmmoe Tesdoe, ai0Ghe .
BJieMeHTaPHEE 00BeMBl KOTOPOIl B KK/l JaHHEH MOMERT CTPYKTYPHO COOT-
BETCIBYIOT APYT APYLY.
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Hecxonpko muOH HOAXO0M
K OIEHKE NPHPOIH BOAODPOJ- i M e LYol SO

HUX CBS3¢H I CYINECTBYIOMUX S S [ !

B BOfe arperatos paspaGoTai /0\ /0\ i "

M. Amxeno (1968). Ocuoms- H H—O0—H—0—
Basfch Ha NPeJCTABIEHUAX l &
KBAHTOBOH MeXAHMKH, OH Ii0-

Qaraer, 9T0 CBA3b MEIRIY MO- H H H H
NeKyJaMd BOJB OCYIIECTBIs- B - SO S AR 0/ e
eTCH ¢ IOMOIIBIO BGIOPOHBIX _,0-\ /0\ /0\ e R T
MOCTHKOE, KOTOpHe 00pasyior : H H i H H H
KONbIEeBHe CTPYRTYpH. B Ta- H H
KOM KOJERIEe BOIOPOJHEIX MOC- N7 Noad:
THROB HeAL3f pa3pyimTs HA 0 Kt
oamH U3 HuX, He sarpomys mpm T~ H H o H H
atom cocrogame npyrmx. Tem (lJ/H\O/ H\O/ o Yo
caMEM  cymecTByOmas B g~ ~p~ “hT CH /Yy o
KOJBIE CB3L B IIOJHOH Me- \ 4
pe COOTBETCTBYeT  IOHATHIO ,0\—H70\
KOJLTEKTHBHOH CBASH. H

Honpnernie obGpasopanmsa

MOTYT CO3[aBaTh arperaTsl Mo- Puc. 1.5 “Hpu}n-}_pm nonicynﬂpmxiggg eraToB
JICKYJ BOJK DPAaBINYHOM KOH- B uKOR Boge [Appeno, s
¢urypanua (pme. 1.5). Bos-
MOKHOCTH BOSHUKHOEEHS B JKIIKOM BOJe Takoro pojga arperatos M. Amxe-
H0 06BACHAST TeM, UTO MOJIEKYJEL BOJH B COCTOAHUE YyIaCTBOBATE HEe B YCTH-
pex BoJCPOJHBIX CBASAX, KAK YKA3hBAJI0Ch BHINE, a JWOIb B JABYX, 4T0 3Ha-
YHTENBHO YIPOIAET cXeMy CTPOEHMA BOJB H 00BACHAET TAKOE ee CBOHCTBO,
KaK aHH30TPOIHOCTD.

Bee paccMoTpPeHHBE MOJENE CTPYKTYDHI BOAK OTHOCATCA K THIY MOZeJei
CMECH, T. . BCe OHU HpeAIoaaraloT HalmIne oo KpaiiHeil Mepe IBYX COCTOAHMIA
pofibi: 1) KBA3WKPHCTANIMYECKAX PeMeTOK BOJHEIX AaCCOIUATOB WK DOEB,
KJACTEPOB W T. . W 2) PeIIeT0OK BTOPOT0 TANA WIH MOJEKYX CBOOOJHOM, He-
cBssanHoii Boxsi. Hapsay ¢ araM cymecteyer m Goarpmoe IACI0O MOJeeid HOKa-
JKEHHBIX BOJOPOTHEIX CBs3€il, B KOTOPHX COTKH COeJHAEHHEX APYT € JPyroM
MOJeKYJ B JRIJIKOCTH 1PaKTYIOTCH KaR HeperyJaApHbe U M3MEeHANIIHeCT B
TPOTHBOLONOTHOCTS YIOPANOYEHHEM KDPHCTAIIHICCKAM pemersaM JIbia
[Ditzentepr, Haynman, 1975]. 9tm mojens paccMaTpmBAlOT BOAY KaK OJHO-
POMHBIHA M HeNPepHIBHHI (KOETHRYYM?Y, B KOTOPOM IPH IJIABJIEHAH JIbJa BOJIO-
POJIHBIE CRASH HE PasphBaloTes, a cranosArcs Gosee IEGKAMM, H30IHYTHIMM
win mepexomenubiME. OHAKO MOJENH MCKa/KEHHHX BONOPOMHHX CBA3eH
MOXYIHAY BHAUMTENHHO MEHBIIee, YeM MOJIeau cMecell, MpU3HAHUe. OcHoBHEE
TEOPHA CTPYKTYPH BOJEL X0POLIo oTpaskaer puc. 1.6, samMc1BOBAHMEIL 13 pa-
oorst P. Xopma (1972).

XapakTep CTPYKTYPH SKEAKOM BOJE, IO MHCHIIO OOJNBLITAHCTBA ABTCPOB,
B KasKTBIA TAaHHKG MOMEHT OLpPeIeNseTcsl COOTHOEHeM B Heil Ab/[010100HbX
accommaToB (KJiacTepoB) ¢ MOHOMEPHBEIMH MOJEKYJaMd BOJIH, T. €. COOTHOIN®-
HAeM IPYNINl MOJIEKYJ, BEMEONHX BOMOPOJHEIe CBA3H, C ON(MHOTHEIMA MOJEKY-
JMaMH, JRMEHHEME STHX CBA3eH. JTO COOTHOIIEHME BABMCHT OT LENOTO pAna
$aKTOPOB, 4 OJ(HO U3 CAMBIX BA7KHEIX MECT B 9TOM DAY 3aHMMAET TeMOepaTypa.

Jlen onrnmwaerca OT JKAAKOM BOAEL TEM, UTO HMeEeT KPHCTAILIMIECKYIO
CTPYETYDY, B KOTODOii BCe MONEKY/THl BOJIBI CBABAHA MesKAY C0G0i BOMOPOMHEL-
MIE CBA3HME. B TO e Bpemsa B BOjle BCeT[a MMeercs HEeKOTOpoe KOJMIecTBO
MOHOMEpPHBIX Mojeryi. llmaBreEme abJa COIPOBOKIACTCA PaspyIIeHHEM ero
KPECTaUIHIeCKOfl POIeTkH M PA3PHBOM JaC1W BOAOPOABHX CBA3EH DIH 10
KpaifHeli Mepe MX HCRasKEHHEM. '
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Puc. 1.6. CrpoeHue BOJK B NpeJCTaBIEHHAN PASINYHKIX ABTOPOB.

1 — KDHCTAJNWYECKAS PEINeTHA JIBIA-TPHAMMUTA; 2 — KPHCTAJIMUYECKWe PEMIeTHN, OTIHIAIOIUECT OT
NBNA-TPRIMMATA; 3 — MCKKEHHAs WIM PaspYNIeHHAR PemeTKa JbIA-TPHANMNATA; 4 — GecHopalovHO
CBASAHHEHE MOJEKYJB BOIb, 5 — MOHOMEPHEIE MOJIEKYJIbI BOMEL.

B sswnroi Bome, IO CYTH [{ena, B3ABMOIEHCTBYOT HE PasymopAN0ICHHEE
MOJEKYJNH, CBOUCTBEHHEIE JIO0OMY KHAKOMY COCTIOAHHIO BEIIECTBA, & 3aPOJI-
A Kpucralnnaumdeckux obpazopanmii. B sToM cMEICHe BOfa HaxoAuTcA Kak O
B OPOMEKYTOUHOM HOJOMEHNH MERAY KPHCTAJIIAYECKUIM U JKAJKIM COCTOAHE-
eM u GoJiee CXOJIHA C TBEDPHHIM TENOM, YeM ¢ HIEaJILHOM JKHIKOCTHIO, T. €. OT-
HOCATCH K YHCIY REAKEX KpHCTANA0B». Ilo 9T0ii e mpmumHe cOCTaB BOJAL
ayume oucats He B Buge H,0, a B sape (H,0),. B atoit gopmyne n Momer xo-
aeGarsCsad B BHAYNTEABHEIX IpefiesiaX: IO MHEHMIO psxa aBTopos,— ot 412 mo
860 B sasmcumocim oT Temmeparypsl m toabko mpm 250—300°C smauemme n
npebnmxaerca K 1, T. e. fopmyna Boasl mpmobperaer suy H,O.

3aBHCHMOCTH CTPYKTYPHL BOJH OT PACTEOPEHHHX B Hell HOHOB ILO3BOIHIA
k. Bepraay u P. @ayaepy mpejiosRuTh NOHATHE CTPYKTYPHOI TeMuepaTy-
PHL. D10 TaKasA TeMIepaTypa, IpHu KOTOPOM THCTAA BOMA HMeer Ty ke BHYTpeH-
HION CTPYRTYDPY H Te ke (UBWYeCKUe CBOMCTBA, 9TO M WOHHENI PACTBOP LIPH
JlaBHO#M Temmeparype. VoHK, pagymopaf09nBaloNie AeficTByIImue Ha CTPYKTY-
PY BOAE!, IOBHILIAIOT ee CTPYKTYPHYIO TeMIepalypy, 8 WOHH, CTa0WIABApYIO-
mEe ABA0N0N00HEe KapRack, Ha000poT, MOHMKAIT ¢e. EKCTecTBeHHO, 9T0 NPH
9TOM IPOHCXONUT W W3MeHeDHe QU3MYeCKHX CBOMCTB EOxH. B wacTHOCTH, IO
Mepe YBeAWYEHHUS COJENOCTH BOJE YMEHBINAETCH ee AHUIJIeK]puYecKas IPo-
HAOAEMOCTb. :

Ilonarnsi 0 DONMOMHTENBHON H OTPHOATENBHOM THAPATATAN, BBEJEHHBIE
O. fA. CamoiinopHM, IO CYTH CBOEH BIOJHE COOTBETCTBYIOT HBII0KEHHEIM
sume upexcrasaenmaM J[x. Bepnana m P. @ayxepa o cTpyKTypHOil Temuepa-
vype. Homam Goapmoro pasMmepa, NOBHINAIINEM CTPVETYPHYIO TeMIlepaTypy
BOJIH, CBOMCTBEHEA OTPEIATEeNBHAA TIEIPATANHEs, a WCHAM MaJ0ro pagmyca,
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DOHW/KAIIMEAM ee,— mojoskarensHas. Ilpegcrasnenma O. fI. Camoitmoma me
OPOTHBODEYAT HJIEe O ABYXCNOMHONW MOJEAW TMAPATHOR 060N0YKE MOHOB M
COOTBETCTBYIOT B3TJAlaM CTOPOEEHKOB JAOHOPHO-aKNenTOpPpHOI0 MeXaHHm3Ma
Bofopornoii cesazm. BeposrHo, mosromy Touxa apemusa Q. fI. Camoiimopa u
npuobpesia MEOTHX NOKJICHHUKOB B IIMPOKO MCHOJB3YEeTCA B THIPOTEOJOTHH.

Ilpnpoxanie BOMB IPAKTHYECKE PCET/a COMEPIKAT MOHB ¢ TOJMOKAICIbHOMK
u orpHEnaTenvHO# rmpparanmeir. ITosTomy pesyasTmpylomee mamaume Gymer
38BHCETH OT TOT0, WOHKI ¢ KaKoil rupparanueil HamOoJee WHTCHCHEHO BIHAIOT
Ha CTPYKTYpy vopsl. IIpm sToM HeOGXOAHMO YIATHBATEH, YTO NPH IPOYMX pas-
HHEIX YCJOBHAX CHOCOOHOCTh K OTPHI{ATeNBHON ImgpaTanmm 6ojee OTICTIIHRO
REIPAReHAa y KaTNOHOB, YeM y anuoHOB. IloaToMy mpm opmEaroBoil mim Gima-
KOl IUIQTHOCTH 3apAfA CTENeHb BOBAEHCTBHA AHHOHOB HA CTPYKTYpPHEI® 0CO-
GeHHOCTH BOAHL BCErja MEHBINe, YeM y KaTHOHOB.

Vismenernme cTpyRTypHBIX 0cOGeHHOCTEH BOK MOX AeiicTBAEM pasno0Gpas-
HEIX BHEIIHAX (JaKTOPOB FMeeT DOJBINOe I'e0JOTHIECKOe JHAYCHUE, OHO MOJKeT
IOMOYb B DENIeHHH DPAfa BAKEKX NpobieM THAPOreOXEMNH, YaCTHYHO pac-
cuorperasix A. M. Baroxom (1969). Bagumo, ¢ nsMeHeHEEEM CTPYKTYPHEIX 0CO-
GemHOCTEll BOJHI CBfA38H TAK HASHBAaeMul 5@PeKT aRTHBHDOBAHEA, BHEPBHE
yeranosaernni @. A. Jletmmxosrnim, T. B. KHameesoit m A. IIl. Murnncom B
1966 r. 9ta mccnenoBaTenm BRCIEPEMEHTANBHO MOKA3AJM, UTO BOAA M BOJHEIE
PACTBOPHL mOCJIe MPOTpeBa IPH BEHICOKWX TeMIepaTypax W JaBJeHHAX B Tede-
HUe HEKOTOPOTO0 BPEMEHH HAXONATCA B MeracTabmabHOM cocTogHmE. Me-
TacrabmabHad BOMA XapAKTePH3YeTcs NOBLIIIEHHOH pacTBOpMIOmEe cmocob-
HOCTBI0 N0 OTHONIEHHIO K KapOomHaTaM, cyanaram, OKWCIAM M CHIXKATAM,
OHA HMeeT MOHUKeHHEe sHaYeHus: pH @ mnuTensnoe BpeMsa yHepP/HABAST B CBO-
eM COCTaBe AaHOMAalbHEIe KOJMYECTBA PACTEOPEHHOTO BemecTBa. Tak, BOMA,
akrasuposarnas npm 200, 300 n 400°C, mosrmaeT CRO0 PaCTBOPSIOMYIO CHO-
COGHOCTD IO OTHONMEHMI0 K Kaiasmuty B 2,3 W 4 pasa COOTBETCTBEHO.

Cmoco6HOCTE BOAB! COXPAHATE CBO@ CTPYKTYPHO® COCTOSIHHE B TEUCHMO
HEKQTOPOTO BpPeMeHH IOCJIe MBMEeHeHHA BHemmHEX ycaosuit A. M. Baox (1969)
HABBBAGT (CTPYRTYPHOH NaMATHION,

1.2. ABCOJIIOTHASA HEATPAJIBHOCTD
0 TEPMOJIMHAMHYECKAS YCTONYHBOCTD
CBOBOJIHON BOJ{BI

B Bome, Xak W3BeCTHO, MOMEMO 'aCCOMMMPOBAHHKX ¥ MOHOMEPHRIX
MOJZIEeKyN BCerja IpHCyTcTBYeT HeGoxsmoe koxmvectso moHos Ht mw OH-,
npousBefieHEe AKTHBHOCTR KoTophx mpu 25°C paemo 1,04-10-*4. Kpome roro,
BOJIa MOJKET pasiaraTecs ¢ ofpasoBammeM cBOOGOJHBIX BOJOPOAA W KHCIOPOAA
00 peaxmum

[2H,0 = 2H, + O, (1.1)

KoHCTaHTAa papHOBecma kKotopoir (K) mpm 25°C
K= P”Hﬂ-Poﬂ = 107", (1.2)

Bepxnmit npefen ycToiidmBoCTE BOJHI ONPENEIALTCA PABHOBECHEM MEKIY
BOJOH B KHCIOpPOJOM TpHM fAapieHMH 1 atM m Mosker GHITH BHIPAsKEH YpABHE-
HHEM

2H,0 = O, + 4H+ + 4e. (1.3)

HomncranTa atoro ypasmemma mo pacueram P. M. I'appenca m Y. JI. Kpaiicra
(1968) mmeer Bup

Eh = 1,230,059 pH. (1.4)
13



EhB ﬁg L ! ‘ : . Caeposarennno, PaBHOBecHe MEXIY
<> BOJIOH M KHCJODPOJOM, IapIiHajibHOe JaB-
JieEme Koroporo pasvo 1 atm, ma rpadm-
ke Eh — pH supaskaerca npamol am-
BEeli ¢ HarjaoroM — 0,059 B ma egunu-
oy pH (pmec. 1.7).
Hmxamit mpefiesr ycTodu@mBOCTH BO-
Jibl MoskeT OBITh Haliied W3 ypasHeHus

H, = 2H* + 2e. (1.5)

B a10it moaypearknmm He ygacTsyer
JREJKAA BOJA, HO e IPUCYTCTBAE DOJ(pa-
syMepaercsa uepes mon H+. VYpasmenme
nna Eh sroit pearmum mo P. M. T'appeacy
u Y. JI. Kpaiicry umeer caegynommi
BH:

Eh — — 0,02951g Py, — 0,059pH.  (1.6)

Pl Bl yonehuiosin Puc. 1.7 npencrasaser coGoii rpagu-
cBOGOHOH BOJH, BHpPAKeHHNe B pu- 1CCKO® n3obpaskenme ypapHenmii (1.4)
pe dynkmmm Eh m pH mpm 25°C m  ® (1.6). Camaa Bepxmas m camas HUK-
1 aTv ofmero japlemus ¢ ykasammeM HsAA NPAMEE JHFFH OTBEYAIOT YCAOBHAM,
MECTONONOKEHMA TOUKH a0COMOTHON yny KoTOpHX UAPIUAJBHO® JABJICHHe
i KHCIOPOJa M COOTBETCTBEHHO BOJOPOAA
paeuo 1. CnegopatensHo, 3TH ApEWHE IOKA3HBAIT IPEeNkl PARHOBECHOTO
CYIIECTBOBAHMA BOJLL B YCAOBHAX 3eMHONl NOBePXHOCTH HAN GJHBNOBEPXHO-
CTHEIX Cpeflax.
M. JIx. Ilyp6a [Pourbaix, 1963 ] moxasan, 970 ¢ UO3HIHI OKHCIEHHA —
BOCCTAHOBJIEHHA BOJY MOJKHO paccMaTpUBATh HOUTPAaJNbHOH HPH YCIOBHH,
KOTIa P33=2P02. B aroM caygae, KaK NOKa3HBAKT COOTBETCTBYI{HE

pacdelsl, BOjAA XapaKTepH3yeTcs cJeyOMUMHA AIHAYEHHAMI IapIHANIBHRX
JaBIeEmit Bofopona m Kmciopoxa (ars): 10-27°% m 10-*"8¢ coorsercrsemmo,
MIM B TepecueTe HAa OKMCIHTeNHHO-BOCCTAHOBHTENDbEBA moremmman Eh =
= --0,4 B. Cocroanme Bojsl, xapaxrepmayemMoe IPHBEJIeHHbHIMH 3HATCHHAMM
Po, m Py, a Tawwe pH = 7,0, M. [ik. Ilyp6o Dpepnosiun HA3HBATH ab-
COAIOMHOLL HelimpaivHocmbio 600,

Ilannsie 1o peaxpHEM mpEpoxHiM cpefam Osm oGoGmens JI. I'. Baac-
Berxunrom, 1. P. Kannanom m J[. Mypom (1963), ®oTophie nokasanu, 4ro B
nexoM darTHYeCKHe MaTepHANH XOPOMO COTJIACYITCA € TeopeTHIecKHMH
nocrpoernmsmu. Ilpm atom ma puarpamme pH — Eh npmponmsie cpeis 3amm-
MalT HeCKOAbKO Goxee y3Kyw 06aacTh IO CPABHEHHIO C TEOPETHIECKH paccHH-
ranuoit (pmc. 1.8).

IIpn NOBHITEHAH TeMUepaTypsl KOHCTAHTH DPas3A0KeHHA M JHNCCONWANEE

Tataunma 1.4

3aBHCHMOCTH OTPHIATEILHOTO JorapmfMa KOHCTAHT JHCCONHANNH H PAIIOMECHHA BOXLI
0T TeMIepaTypsl

Tempepatypa,”C A
BTOP
s o | 25 | s0 | 100 | 150 | 200 | 00 | 350
HyO=H*+{+0H" 14,94 | 14,0 | 13,26 | 12,24 | 11,66 | 11,37 | 11,39 | 11,6 | [Haymos =
p., 1974]
2H0=2H,+} 0, — 831 | 75,4 |63,1 |53,7 | 46,2 |354 | 28,4 [15[11637?1]1138,
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Puc. 1.8. Pacupepenenme smavemnit Eh w pH mpupogssx Bogmmx cpeyy [Baac-Bexkmmr
u znp., 1963].

BOJIEl PE3KO yBeXHIMBaicTCs (Tabm. 1.1), 9T0 NPUBOAAT K 3HAUMTENBHOMY CO-
KpameHwio IOJA YCTOHYMBOCTH BOAH Ha nmarpamve pH — Eh (pme. 1.9).
EcrecTBenno, 410 IpH 9T0M YCTOWIMBOCT CAMOM BOJBL IPH BCEX BHAYCHHAX
pH n Eh raxsxe pesko ymespmaercs.

Ouens BasKHO I 70 0GCTOATENBCTBO, UTO C YBEAHUECHEEM TeMIEDATYPHL HO
TOJIBKO YMEHBIIAeTCA WOJe YCTONIMBOCTH BOME, HO W CMCHIAGTCS ero IMOJI0JKe-
gue 8 xoopamrartax pH — Eh B oGnacrs Gosee umskmx smauenmii. Bee ato
OPHBOTHT K BHAYMTEIBHOMY H3MEHEHHI0 SHAYCHMII IapaMeTpoB, XapaKTepH-
sylomux abcomoTHyo ReffTpaxbHOCTs BORH (cM. puc. 1.9). Mrorom Bcex artmx
UBMEHEHMI SABJIAETICSA PesKoe YBeJIMUeHHe B BOJE NapOUAJbHHX JABJICHHH BO-
Aopoyia, KHCIopoja, Kounenrpanuu mosos H+ m OH-, 1. e. Bcex mpomykTos
JUCCONUAIIAE ¥ pasioskepus sopul (tada. 1.2).

Bompoc o cremeun mcconuanum m PasioskeHns BOAH B HATKPATHIECKOM
€e cocT0AHAY caabo uaydeH U JucKyccmoHen. OHAKO CYMECTBYIONMUe JaHMIEe
Ma10T OCHOBAHME HOJAraTh, 9T0 ¢ HOBHIIEHNEM TeMIOPATYPH POJIb AHCCOMAIPO-
Baumoil gopMul Bomm Bospacraer. Tax, B. A. Maena (1972), mcxona s Toro
(haxra, 9T0 TEoTEPMOGAPH M KPUTHUECKHE KPUBHIE COCTOSHUS BOMK He Hepece-
KaloTCsA, CINTAET BOBMOMCHBIM DKCTPANIONAPOBATE CBOACTBA BOMH, B YAaCTHOCTH
ee AMIIeKTPHIEeCKYI0 IPOHANAeMOCTh, B 00IaCTh HAMKPHTHICCKOTO COCTO AHHA.
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Pye. 1.9. Tlpeensl yeTOHIHBOCTH CBODOHOI

Bofisl B koopamEatax pH — Eh npm pasmma-

HEIX TEMOEpPATypax ¥ JABICHNAX HACHIIEH-
HOTO mapa.

1 — rogrn abcosmoTHON HeHTPAMBHOCTH BONH; 2 —
aHATH3H COBPEMEHHHX THIPOTEPM.

Tabaxmmoma 1.2

AbcomoTHan HeliTpalbHOCTH BOJLI NPH
Pa3THYHBIX TeMIepaTypax

MMoxaga- TemmnepaTypa,®C
s 25 100 | 200 | 300
pH 7,0| 6,12 | 5,68| 5,70
Eh, B 40,4 |+0,32 |-+0,19 |40,02
lg Py,
amt  |__a7,86|—21,23|—15,63|—12,00
lg Py,
aT™m —27,56|]—20,93]—15,33|—11,70
B marme Boma HAXORHTCA B pact-
BOpeHIIOM B pacnnane COCTOAHHMH H
ofpasyeT MOJEKYJADHEE H JHCCOIMMA-

nposanfse gopmel. Tar, mo JaHAKIM
0 y 3 = oH A. A. Kagmra m gp. (1971), B sopmo-

rpaEnTHOM pacmiaase B obxacra 300—
500 arm npm 1000°C Bcs pacTopemmas Bofa Amccommmposama. Tawxe oma
mEccommupoBana 1 B Gasaxrropom pacmiase mpu 1200°C. HaoGopor, B 00-
JACTH OTHOCWTENBHO HE3KHX Temmeparyp mpm 7 P-ycmowAXx coimjgyca Tpa-
HHTA B DETMATHTA [0S PACTBOPEHHOI BOJK B IMCCOMUEPOBAHHOI Gopme pas-
Ha 60, a B momexyaaproit 40% ofmero ee Ko:udecTsa.

Takmm o6pasoM, m3MeHeHHe CTPYKTYPHBIX ocoGemmocTeil BOAH C NOBHI-
IeHMeM TeMIepaTypsl BIAeUeT W HsMEeHCHHe PAja ee PUBHIECKHX X TepMOMA-
HAMHYECKAX CBOMCTB, a CJAEMOBATENHHO, W €@ YCTOHIHBOCTH KAR XUMHAIECKOTO
coeqmaenus. [lo Mepe yBeamueHms TeMIepaTypHl cBoGoiHAA dHEPrus o0paso-
BaHUS BOJEL YMEHBIOAETCH, DHTPOIHS YBEeAMIHBAETCA, T. €. BOJA IEepPexOoNuT
Ha 0onee BHICOKHil, HO MeHEe YCTOMYMBEIA SHEPreTHIeCKUil yPOBEHB.

-12

1.3. CTPYKTYPA M CBONCTBA CBA3AHHOHN BOJIBI

B semHoii Kope, KpoMe CBOGOAHOH BOAEI, MHEPOKO PACIPOCTPAHEHE
CBA3AHHHE BOJH, OTIAIEE KOTOPHX COCTOMT B TOM, IT0 HX MOJEKYJE B3aUMO-
JeACTBYIOT He TOJNHKO B HE CTOJBKO MEKAY co00il, HO I C MOBEPXHOCTHIO TBEP- -
noro Teaxa. B CBABAHHEIX BOJAX TOJ BO3AEHCTBHEM IOBEPXHOCTHHX CHI TBEp-
[OT0 Tena TPOMCXOANT HCKAyKeHMe CTPYKTYPHHIX CBASGH W COOTBETCTBEHHO
W3MeHeHHe MX (MBAYECKAX M TePMOJHHAMPYECKHX CBOUCTE.

[Ipaamas HWsMeHeHWs CTPYKTYPH CBABAHHON BOJBI OJHAM H3 IEPBHIX
pcxpsit I'. B. Boxmit (1961), KoTophit moKasas:, 910 HA NOBEPXHOCTH CAOUCTHX
[AEHECTEX MEHEPAJO0B CYMECTBYIOT SHEPTeTHIeCKHe (FMED), WA (IyCTOTH,
gomajiasg B KOTODHE MOJEKYJIH BOJH TepAIT BOJAOPO/HELIe CBA3M CO CBOMME
COCefAMA H, GYIAyIH aacopOMpOBaHHKME, He 06pasyloT MOHOCIOA. PaGoru
HOCHEHAX JeT; NOCBAMEHHEE HemoCPeCTBeHHOMY CTPYKTYPHOMY HCCHAef0Ba-
HEI0 CHCTEMEl TAMHA — MOHH — BOJA, He INPOTHBOpEUAT IPEACTABICHHAM
T. B. Bokua [Pairr6ypn, Crommmexas, 1970].

16
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Baaumojelictsme cBA3AaHHONE BOABI C TBEPILIM TEJNOM OIpeJeIsAercs He
TOABKO TONMDHOH THEHKN BOJH, HO M 0COOEHHOCTAMH KPHCTAJIJIOXHMHAHN €ro
nopepxuoctn. Tak, cpemm ramuucreix Musepamos II. M. Pairbypm u
M. B. CrosmMmcras BheiAlT ABe Tpynns: 1) Munepasns, mMelomue dIieRTPH-
YecKM HCYPABHOBEINEHHEI® pemerkn (MOUTMOPILIOHHAT, THAPOCIIONA), ™M
2) MmHepanlB, HMMEIOIHe JIEKTPAYeCKM YPAaBHOBENIEHHLE DemeTKH (Kaomm-
HAT, ramayasnr). CTpyKTypa cBA3aNHOM BOJIH Y STHX IBYX I'PYII MHHEDAJIoB
pasiuuHA: IPEH0JaralT, 9T0 9T0 BHBBANO BJIAAHNCM 00MEHHGIX KaTHOHOB —
OIHVM W3 BO3MOKHBEIX I[EATPOB ancopOmmm.

Tosmuuaa MIeHKN CBA3AHHON BOALI B SHAYNTEJLHOHM CTeNeHN 3aBHCHT OT
OpUpPOAs ajxcoplHpPYIOmero BeljecTsa, OT ero c¢BoGomHON DIOBEPXHOCTHOIL
SHEPTHN, OTpeeIAmell cTeneNh MCKAKAIONIEr0 BO2/IeHCTBAA HA CTPYKTIYDY
BOJIBI, W MOC;KeT 3HAUMTEILHO HM3MEHATHCA B PAsHHX cHcreMax. Tak, mo mam-
HEWM PasiInubaLix apTopos, o6o6mensasiM A. M. Broxoum (1969), Tonmuma mien-

o
KH CBA3sHHOM BOAHI B cmcTeMe mecok — Boja pocturaer 10 000 A, rpyar —

o
pona — 18 000, xpapm — Bojma — 2790, caoga — Boma — 20 000 A.

Hemonpsyst paznmunyio CTeNeHb CBABH BOABI ¢ TNUHUCTHMHE MAHEDAJIaMH,
P. U. 3nouescraa m xp. (1977) puigensaoT caenynmue dHePreTHYeCKA pasind-
Hile KATeTOPHH CBA3AHHOM BOJH B TJHHAX.

1. Bopa, ajcopOuponanns s Haubojee aKTHBHEIMEA acopONPOHHHME IEHT-
paMu IOBEPXHOCTH, 06Pasyomas ¢ HUMH HOHHO-JIANOJIBHLIC W BOJOPOJIHbIE
ceasyM B o0Jajgaomas HanOeabmieil sHeprmeir BaaumMopeicrsus, HouaugecTno
TAKOM BOZIBI GAM3KO K 00BEMY BOJLL YCIOBHOTO «MOHOCIOS) H COCTABAHET IpubJin-
aurensuo 10—20% BenWYWHEEL (MARCHEMAJIBHOH THIPOCKOOHYCCKOH BIAIK-
HOCTHY.

2. Bopa, apmcopOuposapnas TBepAoil IOBEPXHOCTRIO 3a CUET CHI MX MO-
JEKYIAPHOTO BIAMMOJEHCTBUA «/lanbHero» mopaaka. HomaudecTso Takoit Bo(E
BAPBUDPYET OT BENIWUHHbBI, OAM3KOH HIH HECKOJBKO MEHBINEeH «MaKCHMAalblioi
THTPOCKOTIHIECKOM BIAKHOCTHY 0 ¢MAKCHMaJbHOM MOJEKYJADHOH BIATroeM-
roctmy (mo A. @. JleGepeny).

3. Bopa uepexojiHOTC COCTOAHIS MEKIY CBABAHHGH M cBOGOJHOM, yHep-
;RmBaeMasg B 00BEME ITOPOJIBL 32 CYET MEHHCKOBEIX CHJI M CHJI (IIOBEPXHOCTHOTO
ocMocan.

Hommuectso Beex Tpex KaTeropuii CBA3amHOI BOJE 0GyCI0BIHBAGT ¢MAK-
CUMAIBHYI0 MOJEKYISPHYIO BJIATOEMKOCTLY HOPOJEL, KOTOpasA, KaK M3BECTHO,
mosker poctmrats 40—--50 mec.%. '

O6ubmasn maHuble IO CBOHCTBAM TPAHWIHEX ciaoes eofsl, B. B. Ileparmm
(1973) mo pesyapTaTamM NPAMBIX SKCHePHMEHTAJAbHBIX MCCIEIOBAHUYN 3aKII0O-
Yaer, UT0 B CBA3AHHON Boje oGHApY:KeNHl Pe3KHEe OTKJIOHEHHH 0T 00DBEMHLIX
SHAYCHUH CASTYION[HX CTPYKTYPHO-IYBCTBUTENBHBIX CBOMCIB: BABKOCTH, CABA-
rosod yOpyIocTH W IpognoctH, Koapdumuenra auddysnm, TeNI0OBOTO PACIIE-
PEHHA, TENJOIPOBONHOCTH, TEIUIOEMKOCTH H DHTAIBINH, JMIJIEKTPHIECKOIl
IPOHNMAEMOCTH I OITMYecKol ammzorponmn. Vcueamopennme aHOMAJHH TEIJIO-
BOTO PACIIHPEHHsA y POAH, 3aMONHIINEN KAUWLIADH ¢ HONePeIHAKOM II0-
prAnka coren anrcrpem, no muennio B. B. Jlepsaraua, csugerensciayer o Goaee
IVIOTHOH CTPYKTYpe CEs3aHHO BOJL, KOTOpas B MeHBbINEH CTeleudm KOHT]O-
JUPYeTcA BOXOPOAHEIME CBAZAMI.

K eme Gomee ompemesemmmiM Brsopam mpmxogat A. M. Buaox (1970),
KOTOPHI Ha OCHOBe HMeomMuXcA (aKTHIeCKHX MAHHHEIX O IJOTHOCTH, BA3-
KOCTH, IIOBeDPXHOCTHOM HATA/KEHNN, TeMIepaType 3aMep3aHus, CTeHeHH
JMCCOMHAIAN W APYIEX CBOMCTBAX CBSA3aHHON BOJK NIPHXOJAT K BHIBOAY,
UTO ¢BO/la B NPHPOAHHIX MHEHEDANBHHIX CHCTEMAaX MHCHBITHIBAET BIWAHUE IO~
BePXHOCTHHIX CHJ, KOTODHE H3MeHsI0T ee (usudeckme CBOMCTBA B TOM jKe:
HallPaBIeHNH, 4TO W yBeamumpaiomascs temmeparypa» (c. 128). '

Chenammeii BEBOX OasmpyercA HA HKCIOPHMEHTAJIBIO YCTAHOBISHHEIX
B8aKOHOMEPHOCTAX YBEJINICHAS IO Mepe Ipubam;KeHnA K HOBEPXHOCTH TBEPJO-
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TO Teja BHATEHHIl BABKOCTH, YNENbHOW BIEKTPONPOBOTHOCTH, CTEUEHH Hc-
COLEATN W [ABYNPEJOMICHUs BOJH M, HA060POT, yMEHBNIGHHUS YIPYyrocTi
liapa, TeMIepaTypLl 3aMep3aHuA M ANDIeKTPHYCcKoil mponnmaemoctu. 1loarto-
My ¢ saxaotenmeMm A. M. Baoxa 06 usmenenuu cBoiicTs cBs3ammoi BOJIHI B TOM
/He manpaBlieHmy, Koropoe mnabaoofaerca mpu  yBeamIeHHMH TeMIIepaTyphl,
B 00H{MX 9ePTaX MOYKHO COTIACHTECH, HO HATZ0 HMETHh B BHIY, 9TO0 B DTOM CJIy-
fae BO3MOKHEL M COBEPUIEHHO HeOKUJAaHHHE oPPeKTEL B H3MeHEHHn
CBOHCTE BOJIHL.

Cpemn nocaegaux ocoforo BruManusg, mo mmermio C. JI ITsapuena (1975),
SACTY/KHBACT ORCICPHMEHTATBHO YCTAHOBICHHHI (JAKT Pe3KOTO YBEINYEHIS CTe-
LeHN MTHCCOUMATNI CBSI3aHNOM BOJL M 00YCHOBIEHHEIL DTHM adderr nporonn-
340 MOJeKyJ aGcopOnnonmo-cBABAHION BOAH B YCAOBHAX BIMSHHI CHIb-
HO NOJNAPHIYIOMEro MONA 3HAYATEABHON KOHIEHTPAIUN OLHONMEHHO 3apsi-
/REHHBIX MPOTHBOMOTOB (OOMEHHEIX KATHOMOB) JIBOWHOTO BIEKTPHIECKOIO
cioa [Fripiat e. a.,1965; Touillaux e, a., 1968; Mortland, 1968; Heller-Kal-
lai e. a., 1973; 3nouescras n ap., 1977; u gp.] Tax, mceaenosammamu Is%.
M. @punmara ¢ coaBropaMm METOZAME MaTHETHOTO Pe30HaHCA, KOHIYKTH-
BOMETPHI M JUDJICKTPOMETPHM YCTaHOBJEHO, 9TO BOAa, ancopGMpoBaHmasd
Na—Ca-monrMopuaionnrom, XapaKTepH3yeTcA KOHCTAHTOH JHCCOLHAINM,
pasuoit 10-71% r. e. mpepmmaromeii KOHCTAHTY AHCCONMAINN OOLIYHOH BOJLH
TIOYTH HA CeMb MaTEMATHYCCKAX IOPSIKOB.

Hcnonpays npusejennse BHAYEHNS KOHCTANTE OUCCONUANNT CBA3AHHOIL
BOAE, ycramosiaennyio A. M. BiroxoM HampaBieHHOCTh H3MEHONTA CBONCTER
CBABAHHOH BOAM, a TaKme uapectHoe ypasmexme! Ban-T ofpa, orpazkaroniee
3ABHCUMOCTh Mes/(y KOHCTAHTOH PaBHOBECUA peaKmuu u abCONIOTHON TeMme-
PATYpPOil, MBI PacCYNTANN 3HAYCHHS HapaMeTpoB, XapaKTepusyomux abcomor-
HYI0 HEHTPaIbHOCTh BOABL B MOHTMOpMILIOHUTE (Tabr. 1.3). :

Haxr noxasmisaor jgammne ta6a. 1.3, cpasanmas BOZI& OTIAMYACTCHA OT CBO-
Goxmoit BeIcOKNME Komuentpammamu wonos H+ z OH—, nricormym mapirasb-
JILIMIT TABICHUAMI KHCIODOJA M BOJOPOMA, Hu3KEME 3Hawermamu pH u Eh,
BHICORIMMI 3HAYeHNAMI KOHCTAHT JHCCOIMMATIAN M Pa3IOKeIHNs, T. €. B IeJ0M
YMEHBIICHEeM TepMOIHaMIIecKoil YCTOUIHBOCTH BOAE. B CBAZAHHOM COCTOS-
HHIL BOJIA TI0 CBOEMl yCTOHYNBOCTH yike IPH OGKYHEX TeMmeparypax mpubin-
JRAGTCA KO MHOTHM JIDYTHM HPHPOAHLIM COAMHEHHSAM, TAKHM KaK yIOIbHas,
dochopran, KpeMmmuenas RKMCTOTH, CePOBOJIOPOX M [pPYyTHEe Tashl. E

Basmnoit weproit npouno cBA3aHHO BOJK ABIACTCH e HEHBKAHM pacTBops-
I0MAs1 CI0CcOGHOCTH, 00 yCAOBICHHAA YMEeHbIICHHEM THCIA BOIOPOLHHIX CBA3e.
B nocnexmee Bpems nro moaoskenme TOLTBED: K/ aeTCA SKCIePIMEHTA I HBIME

Ta6bannoa 1.3

Heroropute (mamvecrize m TepMomnaMTIeckne croiicTBa ¢BOGOINOM I cBA3an-
HOIl BOABI B) cocTosmmu AOCOMOTHON HelTpaIbHOCTH

ITokarareas BOJBI Ceolongmaa pona CpA3aHnan Boga
pH 7,0 3,6
Eh, B 0.4 —0,15
Napumannroe jasacuime Us, aT™ 10™27,86 =255
» » I, at™ 10~27:56 10—5:56
HomeranTa jmcconmamuin 10— 140 10~ 7.15
» PaBIosKeHHs g0~ 047
AFoﬁpHgO, KK —56,69 =0T
AFospOH", KK —37,595 —6,1
Inotaocts, r/eu? 1,0 1,4
78.3 10—20
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nanaeMa. Tax, mamepemrte pacrsopumoctn NaF B cpasanmoit Boje MOuTMO-
puanormra merogom SIMP  moprsepiuio Komuenmmmio HEPACTBOPAIOMEro
oGpema, BEBELYTYIO B cBoe Bpema A. B. Tpopumosum n A, B. Jlymanckam.
Toammuua mepacTBOPAOMEH IJIGHKA paBHA OXHOMY MOJEKYJAPHOMY CI0I0
voasl [Kpacmymrnm n np., 1980].

Hdas pemennss TakKMX BayKHBIX JIIA TEOJOTHIT BONPOCOB, KaK AHATEHES,
KaTaregea W MeTaMophusM TOPHBIX HOpPOJ, MeTamMopduaM OpraEmYecKOro Be-
meCTBa, THE3NC YIAeBOj0POJ0B, MHOTHX Tason, Py/A006pasyomux pacTBopos
i, KopedHo, gopMuposanue cocraBa HOJ3EMHHX BOJ, Tpebyerca mayuenme
CBSABAHHLIX BOJ, YTO HEO[HOKparTHO MojpyepKmBajoch eme B. M. Bepramckmm
(1960). Bosmosxnnie IIyTH pelIesns HEKOTOPHIX M3 THAPOre0XMMUYECKHX 3aad
C yYeTOM HH3KOH TepPMOHHAMHYECKOHl YCTOMYHBOCTH CBA3AHHBIX BOJ OCBe-
mMAal0TCA B CJHCAYIONIHX riaBax paboTHL.

.
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2. OCOBEHHOCTH COCTABA IIOJ3EMHBIX BOJ{

TlomzeMuble BOAEL IIPECTABIAIOT CO0O0H CIOKHEE TPHPOTHEE pacT-
BOPHI, COJlEP/RAIIME B CBOEM COCTABe BCe HM3BECTHHIe XMMHUECKAe BIEMEHTH
B BHUJIe HPOCTHIX M CJOKHEIX HOHOB, KOMILIEKCHHIX CO@MHEHMI, pacTBOpen-
HeX man razoobpasumx Moneryn. Eme B. M. Bepmnapckmii yraswsax, 9to
B KayKI0i Kamie, KaK B MAKPOKOCMe, OTpazkaercs cocrtaB Kocmoca. Mccmeno-
BAHHA TOCJIHNX JeT oco0enno yOeAuTeaIpno MOATBEDIRAAIOT HOMOKEHAS BHI-
maomeroca mccaenoBatenas: u3 87 cra0IIBHHX XAMAYECKHX JTGMEHTOB, H3-
BeCTHHIX B 3eMHOil Kope, Gosee 70 oOmapy:eHLI B ImOJI3eMHBIX BOJAX, M HET
HAKAKUX COMHCHMIT B TOM, 9TO BCe OCTAJABHEIe TaK:e OYAYT YCTAHOBIEHH IIPH
MOBHIIEHNT YYBCTBHTEIBHOCTI AHAJIATHICCKHX METOJ0B.

CII0JKHOCTH COCTaBA TOJ3EMHEIX BOJ OMPEJeJsAeTCH He TOJILKO IPHCYTCT-
BHEM B HUX GOJBIIOTO UHCIA XIMOUYECKNX DJIEMEHTOB, HO M DA3NNTHHEIM KOJIH-
YECTBEHHEIM COJIEP/RAHIEM KUKIOT0 H3 HUX, KOTOPOe K TOMY jKe Pe3Ko Mem:I-
eTcs B PAasdMUHEIX TATAX BOJ, a Tak:ke pasHooGpasmeM pacTBOPeHHHX QopMm
RasKIoro aneMenta. JlocTaTouno cKasarh, UTO B IOJI3eMIION BOJIe BCET/la MMe-
joTCA pasHoo6pasHnie MOHBI IIOJABJIAINICH 9YacTH XMMUYCCKHX OJIEMEHTOB,
pacTBOpeHHEIe M Ta3000pasHEe MOJEKY/IH, @CTeCTBEHHB® M MCKYCCTBEHHLIC
J30TOTIEI MHOTHX 3JIEMEHTOB, CJIOKILIC OpraHHdecKne coefmncHus, ofpasyio-
IAe COBePMeHH0 YHHKAJBHBIA KJIACC PACTBOPEHHBIX BeNIECTH, MHOTHE ;KUBLIE
M MepTBHE MEKpoopranuaMil (0akTepnm), MeXaHNYeCKHe M KOJJIOHJIHBE Be-
IECTBA PA3HOTO COCTABA, CIOJKHBIE OPTaHOMAHEPAIBNbBIC U JAPYrHE KOMILIEK-
¢Hl 1 T. 7. Pasnmanoe cOOTHOINEHIE BCEX DTHX COeJMHEHMI HADANY ¢ KOIHIeCcT-
BOHHBIM H3MEHEHUEeM COJepyRaHmil KajR0ro M3 HIeMeHToB O0YCIOBIHBAET
Goapmoe pasmoofpasue IOJA3EMHEIX BOJ, HACUHTHEBAKIUX, 10 MHEHUIO OT-
JeABEKX aBTOPOB, /A0 HECKOJBKHX THICAY IUIPOre0XMMAYECKAX THIOB.

2.4, XUMAYECKHUE JJEMEHTLI B ITOIBEMHBIX BOJAX.
IPOBJEMA KJAPHOB TOA3EMHONI I'MJPOCOEPDI

Boarpmoe pasmoofipasme cocTaBa IOJ3@MHLIX BOJ jleJaeT 3ajadly BHI-
sBJeEnA HamOoIee XapaKTePHHIX TeOXHMUYECKAX ocofenHocTeH OfHOI u3
TpyAuHX. [lemo B TOM, 4TO crenqudHIHOCTh TOTO WJH MHOrO 00BeKTa OGETHO
JIeTKO BEIIBISOTCS, KOT/A M3BECTHH IapameTpsl ero pacmpeferermsa. H co-
JRAJIEHII0, JIJIS MO3eMHBIX BOJ [0 HACTOAIETO BPeMEeHH H3BeCTHHI TOJHKO Ipe-
JeJE COMeP/RANMIT OTACJBHEIX 9JIEMEHTOB M MX CYMME, KOTOpHE OOHYHO I
HCIOIB3YIOTCA TPH XapaKTePHCTHKC HOJ3eMHOM raapocdepn.

OnHako, MCHOJBL3YA TOABKO IPEJEJLl COfepP:KaHmil OTIHeJbHHX BIEeMeH-
T0B T O6meil MIHepaau3alyin, Helb3sd BHABUTH Hanbojee Ba)kune ocobenHo-
CTH cOCTaBa MOAZeMHEX BOJN. Hak m B rOpHBIX IOpOjiax, B IOJ3eMHEIX BOJaX
HMeIOTCA ClAydad amHOMajJbHOTO KOHIEHTPHPOBAaHMA XHMHYECKHX BIEMEHTOB,
06pasyomux MecTOPO;KAeHUA, (OPMHPOBAHIE KOTOPHX 00YCI0BACHO 0COOH-
MH cmenuduYecKIMHE O0CTAHOBRKaMH, KOTODHE HeAb3d PAcHpPOCTPAHATH HA
BCIO rujpocdepy. :

Coemmdura TOr0 WK HHOTO OGBEKTA 3eMHOM KOpH MOskeT OHITH jlocTa-
TOYHO TOJIHO BHIABJEHA ITYTEM HUBYYCHUS KIAPKOBHX COJED/KAHHH XHMITIe-
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Tabnunga 2.1

Cpeannii XuMuuecknii cOCTAaB HOJA3EMHLIX BOJ 30HbI THIIEPrenesa

T'PYHTOBBIC BOJLI BHIIE1AYIEAHMA

CpyHTORKE | Cpepmmnil
Xpmmveckupp  |TROMEHEC: | oGpacrn | obGnactu BOJEI KOM- egeTap BOR
KOMOOHEHT e u c¥0- lyggroner- (ymepenno- [ ropHEe THHEH- 30HEI TH-
TPOMNYEC- | 'y mep- [ro kimma- | oOgacon | CPenAHee | TANLHOIO | peprenesa
xune of- 370 TH Ta 3aconenna
aacTu
1 2 3 & 5 6 i 8
pH 6,40 6,68 6,82 7,14 6,75 7,50 6,92
HCOZ, mr/a 96,5 98,8 212 120 132 344 174
SO%_ 8,87 5,88 14,7 18,3 11,9 328 75,4
G 10,6 5,58 10,9 6,13 8,30 202 47,0
NO3 1,87 0,61 1,43 2,76 1,67 10,4 3,41
o 0,42 0,19 0,37 0,29 0,32 0,97 0,45
NOg 0,07 0,03 0,08 — 0,06 0,50 0,14
Nat 13,9 9,46 23.8 9,85 13,9 172 45,5
Ca?* 16,6 20,8 ST 29.8 26,1 115 43,9
Mg** 8,07 6,36 10,5 8,54 8.37 59,4 18,6
K* 2,25 1,15 3,04 1,20 1,94 15,2 4,59
NH; 0,06 0,79 0,44 0,37 0,42 1,11 0,56
8i0, 21.9 9.63 14,3 452 15,3 26,0 17.4
Cymma. . . 181 159 328 202 220 1273 431
CO¢ (cpy: Mmr 63,1 12,4 20,0 8,11 25,9 26,3 26,0
Copr (men)r 2™ 5,06 10,0 8,36 1,62 6,23 4,30 5,86
PC02| aTM 10*‘"1,6 1u—1,8 10—1,8 lﬂ—2,2 e 10—2,2 rey
Fe, mur/x 302 290 759 559 482 825 54T
Al 225 300 247 304 269 317 279
Sr 54,4 23.8 245 109 108 493 185
Br = 50 206 100 101 509 183
Mn 40,1 151 42,0 29.7 31,7 120 49,4
P 71.6 241 68,2 80,0 61,0 43,4 57,9
B 37,7 10,0 45,2 20,1 28,2 95,8 41,8
Zn 37,6 274 252 14,4 28,0 57,6 34,0
Ba 7,80 9,55 16,7 14,1 12,0 50,1 19,6
1 12,0 0,75 9,39 2,0 6,02 56,5 16,1
Li 2,20 5,03 16,4 6,03 7,41 40,3 14,0
i 57 3,30 3,99 12,0 8,63 6,98 25,4 10,7
Cu 5,02 2,34 4,85 6.83 4,78 8.88 5,58
U <0,90 0,32 2,10 1,97 1,32 1,5 3,40
Ni 4,95 | 2,35 2,29 2,84 4,57 331
Cr 2,25 2,34 1,87 2,81 2,32 5,22 2,90
Rb 2,20 15 2,35 1,76 2,00 3,08 2,22
Pb 2,05 1,52 1.94 2,49 2,00 3,07 2,21
As <2,0 0,86 2,64 2,31 1,95 2,85 2,07
Mo 155 0,78 1,04 2,34 1,43 4,72 2,06
h% 1,35 0,69 1,60 g i 1,09 3,02 1,55
Sh = 1,93 1,05 1,35 1,44 1,81 1,53
Zr o 0,98 281 0,55 1,28 1,36 1,30
Hg e — 0,61 0,91 <0,76 1,20 <0,91
Se = - <037 | =107 | <071 | <306 | <091



OrounTanpwme Taba 241

1 2 3 4 5 G 7 3
Co <1,10 0,32 0,42 0,72 0,64 1,21 0,75
Ga =5 0,42 0,68 0,10 0,40 0,86 0,49
Th — 0,07 0,08 — 0,08 1,80 0,42
Sn <15 0,36 0,58 0,37 0,43 0,35 0,41
Cd <0,7 i 045 | <043 | <0,29 0,44 | <0,33
Ag 0,19 0,29 0,20 0,33 0,25 0,44 0,29
Be <0,3 0,03, | =026 | =025 | <02t 0,48 | <0,27
Aun — <0,012 0,008| <0,014| <0,011 | <0,085 | <0,025
Ra, 10722 v/x <0,29 — 0,23 1,07 0,53 4,22 1,27

CKOX  DIEMEeHTOB, KOTODHE IJIfA IOA3EMHKX BOJ, K COIKAJCHMIO, M0 CHX nop
neuspectTHsl. CI0sKmIach CBOEro poja mapajoKCaTbHAf CHTYALHS: MMEIOTCA
KJIapKH JUIS BCEX THIOB II0POJ, MOYB, PACTeHNil, PCYHHX W MOPCKAX BOJX, I
TOJBKO JIISA IOA3EMHBIX BOJI OHH OTCYTCTBYIOT. TaKoe IOI0KeHHe, ¢ OJHO
CTOPOHHI, O00BACHAETCA CJOKHBIM XapaKTepOM pacHpe/ieJeRds XHMHYeCKHX
9JIeMEHTOB B IO[3eMHHIX BOJAX, a ¢ JAPYroH — HOJUEpPKUBACT HEZOCTATOUHOE
BHEMAHHE K TeOXHMAH IIOI3EMHEIX BOJ CO CTOPOHHI FEOJIOTMYCCKON HaVKiL.

B mocaenume ropsr moasmiancs 06obmaiongme paGoTH 110 TEOXAMIH Ipec-
HBIX, CONEHEIX BOJi M PACCOJOB, TEPMAIBHEIX BOJ, COBPEMEII'IWX THEPOTEDM,
MJIOBEIX, TOPOBHX u Apyrux Box [Bynees, 1956; Tareera, Tuxommpona, 1962;
Imanexep, 1966; Bansamko, 1963; lllepGakos, 1968; IMnTnena, 1969; Sname,
1970; Kpiowos, 1971; Ilumknna, 1972; Kpaitnos, 1973; Jlomonocos, 1974;
Backos, Cypuxos, 1975; JleGenen, 1975; Ilocoxos, 1975; Hurnrmna, 1977;
T'onepa, 1977; Schoeller, 1956; White e. a., 1963; Uzumasa, 1965; Waring,
1965; Tardy, 1969; Hem, 1970; Collins, 1975; u xp.]. Oxuaro cpemnue co-
JepiKaunsd XIMUYeCKIX HJIeMEHTOB B MOJBEMHLIX BOJAaX HHl B MePETMCJeHHEIX
paborax, nm B Ipyrux He npupogarcs. Mcekmouenne B HTOM IIaHe COCTABIIA-
10T TOMBKO BOJLI 30HEL AKTUBHOTO BOJ0OOMEHA, JIIA KOTOPHX B MOCTeNHEe BPe-
MA Takde paunnie 6nm momyvenst [Zyka, 1972; Ilsapues, 19781.

B. 3mka ma ocmose 06paloTKE GOJBIIOro UmCIa aHAIMZ0B PACCIUTA
CPeJiHMl CYMMAPHEII COCTAB IPECHHIX IIOJ3@MHEIX, DEYHHX N O3ePHHX BOJ
TTaBHEIM 00pasoM yMepeHnHO# KAnMaTumdecKoil zompr. 1 XoTA mogzeMnme BO-
AL CYMMHPOBANK UM C IOBePXHOCTHEIMH I HODTOMY WX CcHelHpHKA B 3HAUA-
TeIBHOH Mepe CHUBeIHPOBAHA, BAMKHOCTH HOXYYEHHHIX CPEIAUX CONepHaHmil
HoaBMOro ¥HCHAa XUMHYECKHX DIEMEHTOB B BOAX HCKJIIOYATEJBHO BOIMKA.

C. JI. IIsapues (1978), mcmonnzoBaB Gosee 25 THCAY XHMAYCCKMX ala-
JIMB0B, paccumrTall cpefHee copep:ranue 50 XAMHIECKUIX HIEMEHTOB B IO3EM-
HEIX BOJIAX OCHOBHBIX JaHAMAQTHEIX 30H 3eMHOI0 INApa, OTAeNBHHX THIPO-
Te0JIOTHIECKUX NPOBMHNHI 11 30HH rumepreHesa B mexom (tabm. 2.1).

CpasmuTenbHENT aHanus OpPHBEJeRNHX B Tafimne AAHHEX MOKa3LHBaeT,
970 Haubojee NPECHHIMH IO CPEJHEM [AHHEIM ABJIAITCH IOJ3eMHLE BOJIH
OPOBMANAM ¢ PA3BHTHEM MHOTOJETHel MEep3JIOTH, KOTODHE XapaKTepH3yTCH
IUAPOKAPOOHATHEIM MarHMEBO-KaJIbIHEBEIM COCTABOM ¢ OOmel MEHepaam3a-
numeit 0,16 v/, cnaGoxuciasiM XapaKTepoM CpejH, MOBHIMIEHHEMMA COJIePIKAHMN-
SAIMI  PACTBOPEHHBIX OPTaHNICCKHX BEINECTB M MOBHINEHHEME 3HAYEHHAME
napuuaibaoTo gasiaerma CO,.

Becsma mpecmwie, ¢ munepasamsammeit 0,18 r/m, ruapoxapGomaTHEe HaT-
PHEBO-MarHHEBO-KaAbIUEBHe BOAK (GOPMHPYIOTCA I B YCJOBHAX TPONAYECKHX
1 cyGrpormuecknx obmacreil. Baskuoi 0c06eHIOCTHIO MX ABIACTCA HARGOIBIIAS
IJTA OJI3e MHEELX BOJ, KHCJIOTHOCTE, Hau(0/1ee BRICOKHE CPeJi BOJ BHIIeIaTdBaHLA
CONePIKaHusA KpeMHe3eMa, OTHOCHTEIBHO BEICOKHEe — KAaJUfA W CAMHEE BEICO-
Kme — cBOGO/HOH yTJeRWCHOTH NPH OTHOCHTENBHO HESKHX KOHIEHTDAI[H-
ax Cypr.
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Crhemylomeit mo Mepe YBeJIHYSHUS CTEICHI MUHEPAJN3allud II073eMHBIX
BOJ ABIAETCH 00JaCTH 'OPHEX MAacCHBOE, B Ipejelax KoTopoil raxske dopmu-
PYIOTCH TpecHbie rEAporap0oHaTHEE MATHUEBO-KAJIbIIHeBEe BOAL C MUIepa-
masamueit 0,2 r/a u XapakTepuoil /IS HOX OTHOCHTeJIbHO HOBHINEHHOM mie-
JOYHOCTHIO, O0YCJOBJIEHHOH HEZOCTATOTHHM HEHTPAIu3yIOMUM BIHAHAEM
opramnveckux pemects. Ilof3eMHEIe BOJHI TOPHEIX OOjacrteif, B OTIHYHe OT
JIPYTHX, copiepsKaT nauMenbmne Koamdecrsa pacrsopennoro (Copr) m Mmmepa-
au308aunoro (COyepny) Opramgeckoro pemectsa. Poct o0meil Mmmepasisa-
1M NOJ3eMHHEIX BOJ B paccMAaTPUBAEMBIX VCIOBHAX ompeniensercsa Goiee
AKTHBHEIM HAKOIJIGHWEM B PacTBOPE I'MJAPOKApGOHATOB I CyALYATOB KadbIHA.

Haubonee mmuepanmsonamsl cpefl BOJ BEINEIAYNBAHHA NO/3EMHBIE BO-
n6l ofnacTeil yMepeHHOro KjauMaTta, PasBETHE Ha miaargopMmax, peske Ha Iqu-
TaX W JPEBHOX CKIAMIATHX coopy:kemmax. Ormocurenbno HeGOJBINOH BOJO-
ofMen npUBOANT K (GOPMIPOBAHMIO B 9THX YCHOBHAX GIMBKAX K HOHTDPATLHLIM
ragpoKapOOHATHLX HATPHEBO-KAAbIUEBKIX BOA C ofmeit MuHepaansanmei
0,33 r/x. Poer cyMMEL coJeil mponcXofuT B OCHOBHOM 3a cYeT rupipokapbona-
TOB BCEX OCHOBHBIX KaTHOHOB, T. €. CKIAJHIBACTCA U3 CYMM IIPOIYKTOB MIHE-
pamusanun oprammieckoro semecrsa (CO,) u UPOAYKTOB paspymIeHMs Trop-
HEIX TOpoX (KAaTHOHE).

Cpenanmii cocTas IIOJ3eMHLIX BOJ{ BHIIEJIATABAHIA MOKET OHTDH Ipe/cTaB-
jAeH B Buje caegyiomeir gopmyant Kypioea:

HCO, 8080, 9,3C18,5N0, 1,5F0,7
Mo,22 Ca49 Mg26 Na24 K1,0
T. €. DTH BOAE YMEDPEHHO IPEeCcHEE, cnaGonﬁane rupoxapOoHATHEIE MaTHM-
€B0-KaIbIHeRHe.

B oramune o Boj BHIEIaYNBAHAS IPYHTOBEE BOIE KOHTHHGHTAJIBHOTO 3a~
CONeHAA COJIOHOBATHE, CJA0OIeN0UHEle, THIPOKAPOOHATHO-XJIOPHAHO-CYIb=
daTnrie MarameBo-KajbIAEBO-HATPHEBEE M HX COCTAB BLIPDAKAETCA B BH/E
cnepyomeii gopmynn Hypuosa:

0, 37,2C1 30,9HCO,, 30,6NO,, 0,904
L3 Na40,3 Ca31,0 Mg26,6 K2,6

pH6,75,

pH?7,50.

Dopmyay Kypaopa cpeinero XHMHIECKOTO COCTABA IO3EMHEIX BOJ 30HEI
rumnepreresa, paccunraxsoro C. JI. llsapuemsiv, mexops u3 HPHHATOTO MM
COOTHOMIEHUS MEKAY pPacipoCTpPaHeHHEM BOJ{ BHINEJaYNBANUA I BOJ KOHTH-
HEHTAJABHOTO 3aCONCHHA Kak 4 : 1, MOKHO IpejcTaBuTh Kak:

HCO, 9,150, 26,9C1 22,8NO, 09F03 1o o

Ca37,6 Na33,8 Mg26,6 K2,0 s
T. €. paccMaTpUBaeMble BOJLI YMEDPEHHO IpecHble, MPAKTHYeCKHE HeHTpaJbHEe,
cyabharHo-THAPOKAPHOHATHRIE MarHUEBO-HATDPHEBO-KAJIbI[IEBEe.

Cpenm moji3eMHEIX BOJ HEKHEH MEAPOAMHAMATECKOIl 30HE Ha mraTdopmax
PA3BHTH CEIIMEHTOTEHHEIE BOJE, B TOU WM WHOE Mepe CMeIMAHHEE ¢ WH(HIb-
TporesasvME. THnuunur B 9T0M OTHOMIEHEM BOAH Jamagmo-CmGmpceroro apre-
suaHcKoro Oacceifia, KOTOPHIA MOJKHO HCIIOJB30BATH B Kadecrse cpoeobpas-
HOTO 2TaJIOHA.

B camom pese, rpynmeiimmit 8 mupe 3amagmo-Cubnpeknii apresmaHCKHil
DacceiiH caoyken maaTQOPMEHHKEIMA B OCHOBHOM II@CYAHO-IIHHUCTHIMH OTJO-
JReHUSAME MOPCKOTO M KOHTHHEHTAJALHOIO TeHESHCa, KOTophe o00pasoBaluch
B YCIOBHAX HOPMAJBHOM WM B OTACHBHEIX CIYYaAX HOHUKEHHOH CONEHOCTH
Boj Moperoro facceitna [TCeomorns. .., 1975]. Cpejree comep/Ramne XUMAIECKAX
9JIEMEHTOB JUIA BOJ HIJKHETO THAPOTEe0JOTHYeCKOro »Taska »Toro GacceiiHa
nonyueno A. 9. Hontoposmuem [ram el m B. M. Marycesnuem (1976) nyTeM
0600mentisa MHOTOYNCICHABIX JTaHHEIX (Taﬁn. 2.2).

CpasauTenpusii apanns gappex Tadz. 2.1 m 2.2 norkassBaer, ITO BOJLI
ray6oRuX TOpHBOHTOB paccMarpuBaemoro Oacceiina cofepRaT XAMHYECKHE

I\'ID.J_B
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Taoaruma 2.2
Cpeanee cofiepskanne XHMHYCCEHX JICMCHTOB B Bojax 3anajuo-CHOHPCKOTNO apTesnaHCKOro

Dacceiina
CTeneHnb Crenenb
OTHOCH- OTHOCH~
Honsemugie | BOAL M- | rennioro Iogaemusie| BOIB MI- | rappunpg
HommouenuT BOJIEI POBOTO | poppent- | HOMIOHEHT BOJIBI POBOTO | gouneRT-
oHeana PUPOBAHI OHKEeaHa pPAPOBRAHMA
(o xaopy) (o xzopy)
pH 6.95% — — Zn, MEr/a 513.,6 10,0 106
cl-, r/n 9.4 19,35 1,0 Rb 380 120 6.52
sof~ - - 0,005 | 270 | o001 || Cs 130 0,5 | 536
i g Ni 37,2 2,0 38,3
HCO; 0,65 0.16 8,35 T 216+ 008 | 557
Na* 6,2 10,7 149 | cr 17.2 0,05 710
Ca** 1,2 0,40 6,20 | Ti 14,2 1,0 29,3
Mg** ‘ 0,17 1,35 0,26 | As 13,3 3,0 9,14
K* . 0125 0,38 0,68 Cu 11,5 3.0 7,92
Si0, 0,03 0,006 10,3 Co 8,7 0,5 35,8
V 8,5 2.0 8,78
Cymma ... 17.8 9.9 1,03 Ph 841 0.1 167
. . Mo 5.3 10,0 1,09
Ba, mr/n 6O5** 0,03 47 800 Sh 5’ 1 0.5 21 1
Sr 183,2 8.0 413 | 50 0.01 1003
Br 51.6 65,0 1,63 | g, 41 3’0 989
Fe 17.3 0,01 3560 | . 93 35 s
NH, 16,0* 0,52 63,5 Sashi ;’,} 03 17.2
. e Bl S BB BT e
13, 4,6 80 bga 039 | 003 | 268
1 12,3 0,06 {423 Ri 019 | 0.2 1,95
Li 2,7 02 | 218 o 042 | 007 353
Mn 11 0,002 [ 1132 || ¢ ’ ‘ o
J ’ Au 0,10 0,004 51,6

* ITo mamamm C. JI. IIsapnesa m C. II. Kysemuna (1977).
#% CpenHee 8HAUYeHHME, BEPOATHO, SABRIIEHO.

paementsr (kpome SO;  m Ca®') B Gomee BEICOKMX, 4eM BOJH BOHE AKTHBHOTO
BOjl000Mena, KoumenTpanuax. Ecam, ograxo, yuecrh, uro o0mas MuUHEpajH-
3aIMsA NePBBIX BHIIIE, YeM BTOPHX, B 41 pas, T0 cremenh KOHNEHTPUPOBAHMSI
MOJABAAIONETr0 OOXBIINHCTBA DJIEMEHTOR B TAYOOKMX BOJAX OKASHBAeTCH
3HAYATEALHO OoJiee HU3KOI, YeM 9T0 MO0 OB OBITH TIPM MPOMOPIAOHATBHOM
nx nakomrenna. M roasko Cl, Na, Sr, Br, B, Ba, I, Li, Rb npu rakom cpas-
HEHAH OKA3HIBAIOTCH CKOHIEHTPHPOBAHHBIMI 3HAUYNTEJBLHO BHIIIE HOPMBI.
Basxmo cpaBHETH TaKsKe COCTaB IIOJ3EMHEIX BOJX I MOPCKHX, KOTOpPHIE CIy-
JRAJH HCTOYHNKOM mepBuix. Urolnl Takoe cpasuenne Gburo 0ojee 00BEKTHB-
HLIM, HeOOXOAMMO BBECTH IONPABOYHEIN KOd(DPUIHEHT Ha BO3MORHOE pasbas-
JeHre MOPCKOM BOJIBI ITyTeM HPUBE/eHUS KOHIEHTPAIlHi XJI0pa K OJHOMY II0-
Kasareao (cm. taba. 2.2). Orasanock, 9T0 CTeIeHL KOHIEHTPHPOBAHMA XHMM-
qecKuX aaementon, kpome SO, Mg*t n K+, B mojseMubix BOjlax BRI, YeM
B MODCKHX; ocoDeHHO OHA Beauka y Oapus, jxemesa, Mapramma, Tajius
(>1000), noxa, muura, mesns, pryrn, xpoma, ceuuna (100—1000), kpemuus,
noHa amMmonus, gropa, IHTHA, HAKEsd, THTaHA, KoDajbra, CYpPhMEl, JaHTAHA,
cepeGpa, rammus u 3omota (10—100). B 1o e pema pusa SO} woapdumment
KOHIEHTpHpoBaHusA paseH Toasko (,001. :
Taxum obpasom, Bojsl Samapmo-Cubupcroro Gacceilina KOpeEHEIM 00pa-
30M OTJIHYAIOTCA KaK OT IPECHLIX MH(OHIBTPOTEHHHX, TaK H 0T MOPCKHX. JTO
00CTOATENBCTBO HOJMCPKUBACT CHENU(HIHOCTS H YHAKAJIBHOCTH IOJ3EMHOM
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ruzipocdepsr, KOTOPYIO HEAb3A HALHTHYUIHPOBATH ¢ BOJAMA MODPEH M OKEaHOR,
Pasauune 9THX IBYX THIOB BOJ HAIJIA/HO BHCTYIOAeT H IOpH cpasmennu ¢op-
myan Hypiosa:
TOJI3e MHEIe BOJLI —
C196 HCO, 3,650,0,4

My s—Tarscatrnigs — PHO:9
OKeaHH4YecKad BOJa —
C190 S0,9,4HCO,0,6
Mss,s —Na7gMgi9 Caz,0 pH7.8,

XOTA W Te, H APYyrue XIOPHIHEE HaTpHeBHe.

Hpome paccMOTpPEeHHBIX COJEHHX BOJ IIHPOKO PAcTPOCTPAHEHH! B 3eMHOM
KOpe KOHIeHTPHPOBAHHBIE PACCOJE, CBABAHHHIE € CONEHOCHHMI (opMarumaMm
naardopmennrix obnacreit [3aiimes, 1968; Baasamxo, 1963 ]. Trmmamsni mpu-
Mep Takux paccosnos — Amrapo-Jlenckmii Gacceiin. HanGonee moxmo mx xu-
Mmuecknmit cocras 6mn mayuen E. B. Iluumerepoym (1966), mammsiMu kotoporo
MH Bocmoabayemcs (taba. 2.3). Baano, uro comepskanne GoJpIIeR YacTH MaK-
POKOMIIOHEHTOB PAcTeT 110 Mepe KOHIeHTpHpoBaHuA paccosos. Ilpm aTom pocr
YacTH 3JA€MEHTOB Pe3K0 IpeBhmaer obmuil poct coaenoctn. Tak, mpm mepe-
xofie oT caabRX PaccoJOB K IpefesbHO HACHINCHHLIM 00Ias MAHepa H3aIisI
nospacraer B 6,1 pasa, a cogepskamme crpommua — B 187, rama — B 135,
opoma — B 70, Raxeuma — B 54, maraua — B 35 pas. Conepsranue cynbdar-
mona, maoGopor, ymembmiaerca Gosee wem B D2 pasa.

Cpenmnme cofiepssanisa 2jeMenTos B pacconax Amrapo-Jlenckoro Gacceit-
na mpejcrasienst B tabia. 2.4, B KOTOPOIl IpHBEJeH TaK:Ke COCTAB MOPCKOi
BOJM Ha cTajum cajiku rajnra, mo mappev M. I'. Bansmko (1963), a ormens-
HEX MuKpoxomuounentos — no mammeiM WM. K. epednosoit 1 H. H. Boaxro-
soit (1966). Ecan cyanTs mo ofmeil Munepajmsanii B COJEPIKAHMIO XJ0pa,
T0 cpejgHMil coctan paccogos Anrapo-Jlemckoro Gacceiima GJaMB0K cocTaBy
MOpCKoii pans, QOpMUpPYIOIEHcA Ha CTAIUH CafKH IajuTa. JTO eCTECTBEHHO,

Ta6bammxa 2.3
Cpenumil COCTAR PAacCOI0B PASIMMHON cTenenH KOHNEATpuposanusa Anrapo-Jlenckoro Gac-

ceiima, 1/a
Houa-Bo )
THO PaccoJoB aggdm- pH X nat Mg2+ st ci
30B

Cnabwie i 2 0,143 31,5 0.43 2,85 50,4
Iipenkune 16 6,4 3.68 85,4 3.15 21,3 173
Beenma rpenwue 22 5;3 1152 35,1 432 T1:3 238
Ilpesensa0  HACKIICH- )

HEI® 4 il 19.3 8,53 15,0 153 341
CpegmEee .. .. 64 6,0 8,58 40,2 7.95 63,3 20

Oxongamnme Tada. 2.3
; Hoa-so P HCO—
THI PACCOIIOB agagn- | pp= i S0y 1C05 grt M
308

Caabuie 22 0,10 0,001 4,13 0,26 0,032 89,7
I penkue 16 4,72 0,003 1,82 0,21 0,89 289
Beenma Kpenkie 29 4.90 0,007 0,36 0,36 3.36 378
Ilpepensao HacHILEH-

HbIE 4 6,97 0,004 0,08 1,08 6,04 546
CpepRBe. o i 64 4,42 0,004 1,60 0,48 208 330



TaK Rak B Gaccefine MMPOKO PasBUTH OTIOKEHHA KAMCHHON COJH. Onnaxo
CXOACTBO CPABHMBAEMBIX TUIIOB PACCOJIOB Ha 5TOM I 3aKANYUBAETCSH, MOCKOIb-
Ky COJep/RaHUA BCeX NDPYLUX OJIEMEHTOB B HUX OKa3HIBAIOTCH PE3KO Pasimd-
HEMI. OTHOCATENLHO MODPCKOI PAambl MOMBEMHBIE PACCOIE CIIBHO oforamenn
KaJbOUeM 1 CTPOHIMEM U B MeHbiiell Mepe GpoMoM, JmTiieM, KaimueM i pyGu-
nmey. OxHOBPeMeHNO OMM Pe3Ko ofeAHent CYILYAT-HONOM I B MembImeil Mepe
HaTpmeM, MarnmeM u Gopom. Bce 510 eme pas cBmperesncTByeTr 0 cBoeobpa-
SHH COCTaBa HOJ3eMHOI ruppocdeps.

Comocrasmym jamnsie taba. 2.2 m 2.4. A6comoTHoe COTIeP/KAHMe MO/[ABIA-
Iomell YacTH XHMUYECKUX DJIEMEHTOB B paccoiax Amrapo-Jlenckoro Gacceiima
SHAYHTEJPHO BHINE, 9eM B Bogax Jamaguao-Cmbupckoro. VMcexmouenme cocran-
agior Tonbko Ba, I, F, Cs u Ni, copepskanna KOTOpsX B mepeoM Oacceiine
HUZKe, 1eM BO Bropoy. Ho ecam yuects, uto o0mas MuNepaIm3amusm paccoyos
B 18,5 pasa BHIIe, WeM COJCHHIX BOX, TO ORARETCA, UTO OTHOCHTEILHOE KOH-
LEHTPHPOBAHAE MHOTWX BIEMEHTOB B paccosaXx Amrapo-Jlemckoro Gacceiima
ke, 9eM B Bofax 3amaguo-CubmpcKoro, 9T0 W OTPasKeHO B nocaegHeil Ko-
aonre Talia. 2.4. Boixee BEHCOKas cremenb KOHIEHTPHPOBAHHA XapaKTepHa
HPUMEPHO I MOJOBUHE CPABHEBAEMBIX DIEMEHTOB: XJopa, GpoMa, cyabdar-
MOHA, RaIbUWA, KaXds, MarHHA, Mapranna, Gapua, csumma, Menm, cepebpa,
‘Xpoma, tTraHa m janraxa. CiefoBaTeNsbno, IpH YBeANYEHHH CONEHOCTH moz-
SEMHEIX DPACcCOJOB JTATEKO He BCe XMMHIECKHE IEMOHTH CIOCOOHEI B HAX KOH-
USHTPHPOBATLCA, A TOJNBKO NOJBH/KHBIE B KONKPETHEIX I€OXHMHYECKHX yC-
JIOBHAX CPEJIHL.

Hpupepennie pawmnbie 0XBATHIBAIOT BOJAE Bepxmeit THADPOIRHAMIIECKOIT |
BOHEL 1 TIYGOKMEe BOJKL 30K 3aMEIIEHHOI0 BOJ006MeHa IaT(hoPMEHHEX 00-
aacreii. Hpome Toro, B semmoit ®ope mmpoko pacmpocrpamens TePMAIBHEE
BOJIBI FOPHO-CKJA4aTHIX COOPYIREHHH, 00macTedl aAKTHBHOTO COBPEMEHHOTO
W/ HeJlaBHEro BYJIKaHH3Ma, HOBEHIINX TeKTOHWYECKNX ABUKeHHIN, pAPTOBEIX
S0H, KOTODEIC IO TeHe3mcy He BCErjla TPAKTYIOTCA OJ[HO3HAYHO W, BEPOATHO,
PASMIMINEL, ITH BOJBI PACUPOCTPAHEHHl PErNOTANBHO; I TOITOMY TAKIKE BasK-
HO BEIAIBHTEL OCOOEHHOCTH HMX XUMHIECKOTO COCTABA.

Tunmameny pernosom, B KoTOpOM paspuThl TePMAALOLIe BOXH, MOJKET
caymnth Tuxookeanckmit cerment Semam, KoTOpHIil XapaKTepusyeTcA MHTEH-
CHBHEIM IPOABNEHNEM COBDEMEHHOTO BYJIKAIMN3MA, aKTHBHOI COHCMHYHOCTHIO
1 MCKTIOUHTeNLHEM PasHooOpasneM TepMalbHEX BOJ, PASBETHX B PABIMYIHEIX
TEONOTHIECKHX CTPYKTYpax THX00Keanckoro TeKTOHMIECKOro (HOJBHKHOTO)
nosca u noxa Tuxoro okeawa. leoxuMmueckue Januke M0 COBPEMEHHHM THII-
poTepMaM 9TOil OGMUPHON TEPPHTOPHN HefaBHO GELIE O0GOOMIEHH M CHCTEMA-
tasuposansl E. A. Backossm u C. H. Cypnrorsm (1975), B pafoTe KOTOPLIX
upuBopmTeA 128 MONMEIX AHANN30B BTHX BOJ, a TAKKe AL COKDAIIeHHEIX Ha
T€ MU HHLIe MCTAJIEL. JTH TaHHbe i UM II0JO0KeHH B OCHOBY pacuera cpef-
HHX COJepsKamuii XIMUYECKHX DIEMEHTOB B IHAPOTEPMAX TON0 PErHOHA
(rada. 2.5).

Ilonygennne cpepume namise 0OCHOBHOTO COCTABA rapporepM TrxooKean-
CKoTo cermenra B Bue Qopmyn Hypaosa perasgsr caepyiommm oGpason:

C180 SO 16HCO_ 4
I 4 3
Ms,08 ooz cast wigtmica PH64)

T. €. IAZPOTepPMLl CafOKUCIbe CONOHOBATHE, XJIOPHAHLE HATPHEBEC, ¢ BL-
CORIMH COJep/RaHUAMI CyibpaTOB, KANMHA, KPCMHe3eMa ¥ MHOTHX METaJioB,
B TOM 'HCJIe MENOLAKA, BAHA[MA, TePMAHUA, /ele3a, allOMUHUS H JIp.

Has cpapmenwa B taba. 2.5 mpusejensl Tarke CpeHue CONepsKAHMS
XIMUYECKIX DIACMOHTOB B rujporepmax Dafiramsckoit pudrosoit somsr, Max-
POKOMIIOHeHTHEIA COCTaB MOCJE[HEX paccunran mo mammsiM M. C. Jlomomo-
copa (1974), a MEKDPOKOMIOHEHTHHIT 3aUMCTBOBAH IIOJHOCTHIO H3 IO JKe pa-
Gore. Ilpm pacuere mcmomb3oBamoch 0T 34 10 78 amammsos.
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Tatauma 2.4

CpemHee cojcp:kAHNC DIEMEHTOR B paccoidax Amrapo-Jlenckoro
facceilna m MOpCKOH pane Ha CTafHd CAJiKH IanuTa

CTeneHbs KOHUEHTPHPOBA -
HUS 2JIEMEHTOB B pacco-
Pacconsl AH- | Mopckada pa- JaxX O0THOCWTEJBHO
HoMmpouent |rapo-JleHCKo- |[ma Ha crapun
ro GacceiiHa |camru ranuTa | wopckoff | COMCHEIX Box
pAams JapagHoi Cu-
Oupu
pH 6,0 — - —_
Cl-, r/a 201 188 1,0 21,4
B 4,42 0,55 8,0 87
S0y~ 1,60 20,6 0,08 105
HCOg 0,48 0.37%" £0 0,74
Ca®* 63,6 0,41 155 53
Na* 40,2 101 0,4 6,5
K+ 8,58 3,24 2,7 68
Mg*+ 7,95 15,2 0,52 46,7
Br 2,58 0,025 103 14,1
Si0a 0,30% — — 10
CymMma 330 329 1,0 18,5 .
Mn, Mr/x 300* — — 272
Al 250* — — -
Fe 220* — — 12,7
B 35 1 i 200 0,18 2
Li 24,0 it 8,9 8,9
Ba P50 — —_ 34,6
Pb 23,0 —_ — 2840
Zn 7,0 — — 18,7
Cu 6,0 — 520
Rb 2,0 1,59 5 13.4
J 4.0 2,48 1,6 0,32
Ag 20" = — 1050
Cr 1,6 — — 93
Ti 1.3 — — 91
F 0,6 — — 0,04
La, MKr/x 160 - — 64
Cs 60 — —_ 0,46
v 50 — — 5,9
Ni 10 — — 0,27
Th 5.0 — - —
U 4.0 — — =
Ra,-1072 ¢/n 04 — — —

* CpemHee coHep:aHue, BEPOATHO, JaBHIIICHO,
** CymMma HCO;-{—GO%"- :
*%% BoB3MoiKHO, CpefHee Cojep:KaHue 3aniKeHo .

@opmyna Hypaosa ragporepm Baiikaabckoil pudrosoii 30H5I mMeeT cJe-

IVIOImuN BHJ:
HCO, 4980, 33Cl18

Ma,ss N-170 Ca20 Mgs K2

T. €. OTH BOJAH cJaabomesouHse, IpecHhe, CyabdarHO-THAPOKApPOOHATHEIS
mgarpuessie. HecMoTpa Ha T0, 9T0 B re0OXMMHYECKOM OTHOIIGHHH IHPOTEPMEl

pH7,7,
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Tabauma 2.5

Cpenmee conepskanme XMMIYECKHX 3I€MEHTOB B TePMAJBHEIX
Bofax Tuxookeanckoro cerMenTa m Baiikaibekoil pudiroBoii somsI

TuppoTepmMe

CTenedb KOHUEUTPUPOBA-
HHAA BJIeMEHTOB B THAPO-
Tepmax THX00KeaHCKOTO
CErMeHTA OTHOCHTEJIBHO

Kounomnenr BOI
TuxooKeaH- |Baltkanberoi Banamio-
CKOTO CerMe- |pHpTOBOI 30- Cubupero-| AHrapo-Jlen-
Ta Hbl ro Gacceii-|CHOro Oaccef-
HA HA
1 2 3 4 5
pH 6,42 7,73 = =
Cl™, mr/a 4462 77,5 0,48 0,02
S0%- 1241* 195 83 0,77
HCOy 3T4%* 363** 0,58 0,78
Na* 1813 219 - 0,28 0,04
Ca?* 518 55,0 0,43 0,008
K+ 245 8,2 2,0 0,03
Mg+ 159 13,4 0,94 0,02
NH} 441 - 20t =i
Si0, 129 47,5 43 0,43
CyuMma 8985 978 0,5 0,03
Fe 28,9 - 1,7 0,13
B 221 0.4 1,6 0,61
Al 19,3 3,20 e 0,08
Br 6,81 0,94 0,13 0,002
F 5,13 9,94 0,35 8,5
Li 2,85 — 11 0,12
As 2,32 0,015 174 -
v 1,81 0,012 213 36
Mn 1,79 0,02 1.6 0,006
7n 1,54 0,05 3,0 22
I 1,12 0,15 0,09 0,28
Sr, MEr/a 826 1260 0,005 0,0003
Ti 777 40 59 600
Rb 400 120 1.1 0,08
Cs 378 60 2,9 6,3
Ba 347 60 0,0005 0,014
Cr 345 9,0 20 0,21
Sb 200 40 39 —
Ph 98 10 12 0,004
Sc 89 - - — —
Cu 86 20 7,5 0,014
Y 80 = S .
w — 64 = e
Co 56 10 6,5 =
Mo 26 4,0 4,9 e
Zr 24 7,0 8,6 —
Ge 22 7,0 183 =
Sn 21 65 5,1 =
Ga 19 6,0 49 =z
Hg 16 1,2 0,7 —
Ag 11 3,0 5,8 0,006




Oxoruyanne Tadmx. 25

1 2 3 A 5
Ni 9.6 5,0 0,26 1,0
Be 6 — -— —_
P s 2,0 e =

* Cymma 502’}" n I-ISO!:.

#* Cymma HCOF +co§—.

Baiikaabckoii pudToBoil BOHE OTHOCATCA K APYTLOMY THNY KaK IO 3HATEHMIO
pH m xEMEIeCKOMY COCTABY, TAK M IO BeJmYHHe O0MIeH MAHEPATH3ATMM, OHU
coflepKaT B IOBHIIEHHHX KOHNEHTPAUHAX TO K DICMEHTE (Si, Al, As, V,
Ge, Rb, Ga), aro m rapporepmsl THXO0KeaHCKOro CerMeHTa, a mo pANY dJe-
menros (F, Sn, Sr) paske mpeBocxofAT HX.

Crnemudura cocraBa THEPOTCPM BEIABIAETCA O0COOGHHO HATIANHO, €CJIH
CPaBHATH €0 ¢ COCTABAMI COJCHEIX BOJ{ I PACCOJIOB, UTO OTPasKeHO B Tali. 2.5
IyTeM pacuera CTENeHN KOHIEHTPUPOBAHWS dieMeHToB B rapporepmax Tam-
XOOKeanCKOr0 CerMeHTa OTHOCHTeNbHO BOJX Jamaguo-CmGmpckoro Oacceilna m
pacconos Amnrapo-Jlencroro.

AHaJu3 HpHBeEHHHX JAHHBX DOKaskBaeT, 9ro, XoTa rujporepmu Tu-
XOOKeAHCKOTO CerMenTa MMEIOT COJeHOCTh B J[BA pasa HEyKe, YeM BOJH 3amaj-
no-Cubmpcroro Gacceiina, oHI cofiepsikar G0.ee BLHICOKNE KONMIECTBA Cyabdar-
MOHA, Kauuf, HOHA AMMOHWA, KpeMieseMa M IOYTH BCeX MIKPOKOMIIOHEHTOB.
Ocobenno peako arm rujporepmst oGoramentt As, V u Ge (Goaee wem s 100
pas), a raxme cyasdar-monom, Ti, Cr, Sb, Pb, m Ga (ot 10 no 100 pas). Ec-
JHM Y9ecTh PABHOCTH B OOMeH MHHEDAJM3ANUK TeX H APYIUX, TO K dTOMY MO-
ryr 6urs Tar:ke nobasaensr Ag, Sn, Zr, Co m Cu. Bmecte ¢ Tem ragporepMet
cnapao obennens Sr m Ba m B mensmeit mepe Ni, I, Br m Na. Tax nposasas-
eTcs CmOCOOHOCTh TePMAJbHLIX BOJl KOHIEGHTPHPOBATH OJHU 3JIEMEHTH H He
KOHIEHTPAPOBATH JPYTHE.

Cpasuenme cocraBa THApoTepM 1 pacconos Amrapo-Jlemckoro Gacceiina
NpABOIAT K apajormunbiM susojam. Heemorpa ma pasimume B o0med MuHe-
palmsanmum cpaBEMBaeMHX Box Goiaee wem B 30 pas, rmppOTePMHI COZepIRAT
B Goxee pricoknx xomnenrpamuax F, V, Zn, Ti n Cs, a ¢ yueTom cTenmeHn KoH-
HMEeHTPHPOBAHMA U MHOTHE J[PyTHe MOKPOKOMIOH@HTH, CPel KOTOPEIX HeJb3sa
ne massars SO2~, Si0,, Fe, B, Li, I, Cr, u, seposrso, As, Ge, Ga, Hg u Sb.
OpmospeMenno Tuaporepmul oGepmenst Mn, Sr, Pb n Ag.

Taknm oGpasom, o0006meHNe MMEIONAXCA [AHHBIX IOKa3bBaeT, 4TO TIe-
HOTHYECKH DPA3JIAYNEe BOABL M BOJB PABIMIHEX Te0JOTHYECKAX OGCTAHOBOK
KOUTeATPUPYIOT pasubie aaeMenTsl. Tak, Kpemkie PacCcONH HAKAIIUBAIOT
npenmymecrsenno Cl, Br, Ca, K, Sr, Ba, Li, Ag, Tl, Pb, La, coneune Bo-
mt — Na, C, N, Zn, I, Cs, Ra, Hg, Au, Co, rugporepmr — F, Si, Fe, Al,
Mn, B, Ti, Cr, Rb, As, V, Sb, Ge, Ga, npecusie BOAL BepXHEH IHDOAHHAME-
~qeckoit somm — HCOj3, SO;~, Mg, Cu, U, Ni, Mo u np.

HepasroMepHOCTh KOHIEHTPHPOBAHKA BICGMEHTOB ¥ CBA3AMHOE C BTHM
TeOXHMHUTECKOe pasimdie IOJ3eMHHIX BOJ Da3HOTO IeHe3UCa YCTAHABIABA-
eTCH U 1O PasHHIM COOTHOIIEHWAM B HUX OTAEIbHHX XHMATECKHX SJIeMEHTOB.
Tak, X0pomo M3BECTHHI XJOP-OPOMHEIT, HATPHI-XJIOPUCTHIA H JPyrue ®oag-
dunuenTH, MEPOKO MCIOJB3YeMbe JIIA BLHACHEHHA IeHe3uca paccoJoB [Bu-
morpajnos, 1948; leoxumus..., 1965; Opunnnuros, 1970]. Mnrepecua B aToM
orromenmn monbitka J|. E. Yaiira [White, 1960] orsickars xapaxrepmsie co-
OTHOIIOHMS DIEMEHTOR B BOKAX, PA3/MIHLX IO cOCTaBy H remesncy (tabm. 2.6).

Ipu apamuse nammeix Taba. 2.6 mpesme Bcero oGHApPY:KHBAIOTCA XapaK-
TepHNe O0COOEHHOCTH COCTABA IIOJBEMHEX BOJ OTHOCHTeNAbHO MOpckumX. Ta,
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Cpeuue 3uauelnus Pajia XHMITeCKIX nokasatedeli A1 nofseMubIx Boj ray0munoro remesmca

Tabnxnma 2.6

Tun sox ?{%ﬁf o, v/a| o | % | nm, [casva |igrca [ ®/Na | Lima |TQY | soser | Br/Cl 1/c1 B/CI
Oreammuecxme | « & | — | 345| 80 | 7.0] 0,05 |0j038| 3.2 [0,086] 1.10® |0007| 044 | 710 [34.10°3| 3-1077 | 2,4.10°3
Pacconat medrerasopsix _ . :

paiionos

Cl=Na 11 30 7,0 30 40 10,04 | 0,4 |0,0015( 3.10°* |0,02 5-107* 2.10-4 3.4072| 2.107® 3-1073

Cl=Na=Ca 13 | 120 6,7 10 200 10,3 0,15 | 0,02 2:10°¢ 0,01 8-107* 2.10°8 5:407°2] 8-107% 2.10*
CefMMeHTOTeHHEIS

Cl=Na 12 20 7.8 30 40 [(0,05 | 0,5 |0,03 3.107% 0,2 2.407% | 3.407% | 41,5-107 | 2-107% 0,015

Cl=Na=Ca 15 20 | 25 7 10,2 0,4 |0,05 5.107% 10,03 S0 5407 2.4073 | 1-1074 BA0T
By:lkanorennue

reitaephr 14 2,01 84 |[300 =1 |0,03 | 0,06 |01 0,01 0,15 01 3-107% 21072 | 1.107% 0,02

mereitsepur Cl=Na 8 10,01 7,2 | 110 = 0,06 | 0,4 |03 2:407 103 0,06 1407 3.40°% | 6-1074 0,01

rucanie Cl=80, 13 9.0( 2,2 | 300 6 |08 0,3 10,2 0,04 0,00 0,7 0,01 6-107%*| 1-.107% 0,01

wKneanie SOy 11 2,01 1,9 |200 30 (1,5 0,4 |04 0,00 |[0,00 _4(}0 0,03 4.1073 | 1-407¢ 0,3

HCO3=80, 5 05 1L.T0 70 =1 |41,0 0,2 |04 5.107® | 50 10 0,0 — - 0,4
Meramopdorennnie Gopubie

HCOz=Na 10 12 6,8 80 — 10,05 | 0,6 (0,021 2-107% |50 0,05 0,001 2.10-% | 2.1078 0,1
CMelaHHEbe, acCOHUpYIO-

mue ¢ obpasopamneM

0cajikon

Hg .6 3,01 7,0 90 20 0,04 | 0,5 |0,03 14072 11 2.0 0,4 0,006 2:4073F 24072 01

Mn n W 6 20| 68 60 ={ 105 0,3 10,07 11072 »9 0,5 0,02 1.1073 — 2.10°%

TPaBepPTHHOB 6 200585 60 | = 1,0 0.3 F0AST e 24055052 1,4 0,01 — - 0,02
Harpersie MetTeopanie 6 0,21 9,2 50 — 10,2 0.2¢ 0.4 — 15 4,0 0,06 - — 0,1




Tabauuma 2.7

Hoppaspenense XEMHYECKHX DJACMEHTOB B 3ABHCHMOCTH OT MX ROHIEHTPAIMH B IOJ3CMHDBIX
pogax (no A. Il. Bamorpapmosy)

T'pynona ar Conmepraune
QJIeMEHTOB TARBBASES FHINNH, vJaemenra, Bec. % Hpmmepn
1 MakpoxkoMonenTsl >407% Na, Ca, Mg, Cl, SO,
11 MUK pOKOMIIOHERTH 1072—1075 Br, 8r, By F, Li, As, Rb
111 VALTPaMIRPOROMIIOHEHTHE <107 Cl, Au, Bi, Te, Cd, Se
v PajiHoakTHBHEIC DIeMCHTH — U, Th, Ra, Bn

Bce 003 MCKIOTCHNS THIOH DON3eMHEIX BOX OTIHIAIOTCS G0Jee BHICOKHEMI CO-
pepsmanuava SiO, m NH,, 6omee anskumu suagemusmun Mg/Ca m 6omxee BrHICO-
rumi Li/Na, J/Cl, B/Cl u, 3a nexoropsm nckmogenuem, F/CL.

Hasrpupii reserngecKuii THII TOJ36MHBIX BOJ TAKKe IMEET CBOM XapaKTep-
npre gepror. Taw, cemmmentorenusie, mo J[. E. Vaiiry, somsr oraugaiorest ot
JAPYTHX OTHOCHTENBHO HH3KEMH comgep:kammsmm Si0,, wo secoxmmu NH,,
nnsknmu snavenngmm K/Na, Li/Na, SO,/Cl, F/Cl n B/Cl, syaramorenntie
n MeraMOpQOTrennke BOAK, Haob0pOT — BHICORKAMMU cojepsranmamm  Si0),,
unskuvmu NH, n suicoxnvu suavenusmu Mg/Ca, K/Na, Li/Na, SO,/Cl, F/Cl,
B/Cl. Cmemannpie BOJM HMEOT MPOMEHKYTOUHBIE 3HAYEHUA OONBIIUHCTBA 113
oTMeYeHHBIX TOKasarexeil, Bee aro eme pas mopuepkmBaer pasmyio reoxXmdii-
YOCKYI0 CHENUaln3anui0 OTHEJbHBIX TeHeTHYeCKHX THIOB NOJ3eMHEIX BOI,
KOTOpast [eTaJbHO MCCIeOBAHA IOKA HEeTOCTATOTHO.

OGo0masn mpuBefeHHEEe TaHHBE, MOYKHO OTMeTHTh, YTO RO-IEPBEX, IOJ-
BeMHEIC BOJBI COJIEP;KAT XMMHUYECKHe DIeMEHTHI B PE3KO0 PA3IMYHBIX KOHIIEHT-
panmusax — OT COTeH I'PaMMOB Ha JIHTD JIO MUJIHAapPIHBIX jJojeil u menee. Iloo-
TOMY ONpaBHAHO JeJeHIe XUMOYeCKHX JJeMEHTOB B 3aBHCHMOCTH OT HX CO-
AepikannAa B Bojax Ha versipe rpynns (taba. 2.7). Bo-Brophix, xmMmIeckuit
COCTAR TOJ[3eMHLIX BOJ OIpefiesisierca PAAoM (aKTOPOB: MX TIeHETHICCKIM THi-
1I0M, MCTOpPHEH Te0JIOTHIeCKOTO PA3BUTHA PErHoHa, COCTABOM BOILOBMENIAlO-
IIIX TOPHEIX IOPOJ H CTEIEHBI0 CMCHICHWSA PA3HLIX THHOOB BOJ.

OcramoBuMcsa Ha HEKOTOPHIX XapaKTePHHX 0COGEHHOCTAX COCTABA IO
BEMHBIX BOJ B CPABHEHHM ¢ OKGAHMYECKHMH, a TaKKe ¢ COCTABOM JHTOCHEpH!
n Omocdeprr (rada. 2.8). Ilpnm cocraBieHmnm JeKax pPacHpOCTPAHEHHA XHMIl-
YeCKNMX DJIEMEHTOB B MOA3eMHOI rmgpocdepe NCOOJH30BAHLI  TAHHEE
rabax. 2.1—2.5.

Ilpessae Bcero ofpamaer na cefsa BHEMaHUe, 9T0 IOJABIAIONEe 0OIBIIINI-
CTBO XUMAYECKHX DICMEHTOB CKOHIEHTPHPOBAHO B IOA3EMHEX BOJax B Goaee
BHICOKOM CcTememm, UeM B Oxeanmiecknx. VM 510 Kacaercs HE TOJIBKO TAKIIX
BechMa mOABWKALX axementos, kak Cl, Br, I, Na, Sr, B, no m (310 ouenn
BA;KHO) MaJOMOJBHKHEIX, CPeI KOTOPHIX 0co00e MecTo 3aHMMaloT DieMeHTH-
ruppoausatl. Bee 10 roBoput o GOIBNIOM CBOeoOpasmu TOH Te0XHMHIECKOIH
o0cTanoBKA, KoTopas QOPMUPYETCH B IO[3EMHBIX BOJAX M KOTOPYIO HEJb3:d
HO9TOMY HAeHTHQUIUPOBATH ¢ o0craHOBKOH Mopckmx Oacceiimos. Bupgmmo,
BTO CBABAHO ¢ TEM, WTO IOJ[3EMHEIE BOMK B CpeRHeM 0ojee KHCJIHE W COepsRaT
fosree BHICOKME@ KOHIEHTPAIMI OPTAHITECKOT0 BEI[ECTBA, COOCOOCTBYIOIETO
00paBoBaHmI0 KOMIIEKCHHIX COGIMHEHAUM ¢ MAaNONOJBH;KHEIMH DIeMEHTAMH.

Paznmmune reoxmmmueckunx yesaopmil, HabGII0JaeMEIX B IOA3EMHEX ¥ MOpP-
CKEX BOJaX, OPHBOAAUT K TOMY, UTO HHTEPBaJ KOHIEGHTDAIUH, B Ipejeaax Ko-
TOPOTO CYIIECTBYIOT 2JEMEHTH B PACTBOpPE, BHAYHTEJIBHO CY/KEH B IIEPBHIX I
PACTAHYT BO BTOPHX. IT0 00CTOATENLCTBO CO3/[aeT ONpeieJIeHHYI0 NHCTrapMo-
HUIO MeAY IIOJ3eMHBIMA I MOPCKUME BOJAMH W ompefesisieT GOPMHEPOBAaHNE
Goree GIATONPUATHON [IA MUTPANNE XAMHYECKAX 3JICMEHTOB O00CTAHOBRE
B IEePBHIX, 8 HE BO BTOPHIX.
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Tadbamma 2.8

PacopocTpaHeHHe XHMHYCCKIX DJIEMEHTOB B HOA3CMHBIX W MOPCKHX BOJIAX, JKHBOM BEHICCTBE
M TOPHBIX NOPOJAx

Jeraga Bec. % ITonaemune Bopsl | Mopckue Bogs | FKunoe BemecTBo JInrocdepa
1 2 3 & 5 6
| 101 0, H, Cl, 0, H QG H 0, Si
iy 10*—10° | Ca, Na Cl.-Na — Al, Fe, Ca, Na, K,
Mg
111 10°—107t | K, Mg. Br, Sr | Mg N,Ca, K,8i |Ti, Mn
IV |i402—=10"* 8, Ba S, Ca, K Mg, P, S, Na, |[P,F, Ba,S8, Sr, C,
Cl, Fe Cl, Zr, Rb
v | 102—10% |C, B,Fe, N,Si |Br, C, N Al, Ba, Sr, Mn |V, Cr, Zn, Ce, Ni,
Al, Mn. B, TR Ou, NS Tr oY,
La, Nb, Ga, N,
€o; ¥by Th, B,
Sc
vI | 1073—10* | Li, I, F, Ph, Zn| Sr, B, Si, F Ti, F, Zn, Rb, | Pr, Sm, Gd, Dy,
Cu, ¥V, Cr, Tb, Be, Cs, Er,
Br, Ge Sn; U, Ta, Br.
As, Ho, Ge, W,
Eu, Mo, Hf, Tl
VII | 107*—1075 | P, Cu, Ti, Rb, | Li, Rb Ni, Pb, Sn, As, | Lu, §b, I, Yb, In,
As,Cr, V,Cs Co Cd
VIII | 107®*—10"% [ Ni, Sh, La, Ag, | I, Ba, Mo Li,Mo, Y, Cs |Hg, Ag, Se, Pd
g Sc, Hg
IX | 10°°*—1077 | U, Mo, Zr, Th, | Ni, Zn, Fe, U, |Se, U, Hg Bi, Au, Te
Y, Co, Ge, As, V, Al, Ti,
Sn, Ga, Tl
X | 10-—10"® | Se, Be, Nb, Cd | Cu, Sn, Mn, Co, — Re
Sb,Cs, Ag, Cr,
Hg, Cd
XI | 10°8—10° | Au, Bi, W Se, Ge, Ph, Ga, = =
Zr,Bi, Nb,
Y, Au
XII | 1079—10-10| Ce, In, Yb La, Sc, Ce — —
XIII | 10710—q01 — Yb, Be, Th, W — —
XIv | 101402 Ra — Ra —
XV | 10012—4018 —_ = = bz
XVI 107134014 — Ra — —




Eme Gonee pasmrennbHO® HECOOTBETCTBHe BEIABIAETCS IPH CPABHEHHI CO-
CTana TMOJ3eMHEIX BOJ, TOPHEIX HOPOJ M OPraHWYeCKOro Bemectna. llpe:xme
BCEro 9TO BRIPAMKAETCSA B TOM, YTO CONEp:KAHUA GONBINOH TacTH XUMHICCKHX
9eMeHTOB B BOJAX OTHOCHTENBHO TOPHEIX HOPOJ W KUBOI0 BEIMIECTBA HA HE-
CKOIIbKO MaTeMaTHuecKuX mopaxkos mmxe. He cumras kmcmopoma m Bogopo-
Aa, KOTODHIe COCTABIAIOT OCHOBY MOJICKYJEI BOJH, TOJBKO XJOp, HATpHii,
Kaabuyi, Raamii, 6poM, CTPOHOMI, Marumii, cepa, 6apHil I a30T MO BeJIWYMHE
KOHIIEHTPAINA B MOABEMHAIX BOJAX CPaBHEME WU Jlaske WX KOHICHTDAIER
HHKE B TOPHEX TMOPOAAxX (XJ0p, GPOM 1 CTPOHIWIL) M ;KABOM BEIIECTEE (xmop,
RaNBIU, HaTpwii, Maramii, crponmmii, Gpom, Gapmii). CremoBaTeasho, THPO-
cepa mMeeT COBCPIIEHHO YETKYI0 IeOXHMHYECKYI CHeNHATH3AIMIOo, KOTOPAd
OTIIHIaET ee Kak 0T JuTochepH, Tak 1 o1 Gmocdeps. ‘

B runpocdepe KomnenTpUpyOTCA 2IeMENTH, KOTODHE He CKJIOHHLE K 00-
PA30BAHHI0 YCTOMYMBOUM RpPUCTAIMIECKO PEMEeTKE B TePMOMHHAMHYCCKHAX
YCHOBHAX BePXHEH JacTH 3eMHOI KOpH, mMeomue aubo 6oabmoi monusil pa-
mayc (xmop, Gpou, kammit m 1p.), smbo, maobopor, maumit (cepa, yrieponu,
asoT M Jip.), HO cHocobHbIe K 0GPABOBAHMIO CJIOMRHHX KACAOPORHEIX COETHHE-
mmii ¢ Goapmay pammycom (803, CO3~, NO; m xp.). B aroMm — om0 n3 pak-
HeHNmX OTINYMil cocraBoB rmjppocdepst U auTocdeps.

Cpegu anementos, koTopsie 00pasyiT B rappocdepe mamGoiee BHCOKHE
KOHIEHTpanun, npeodrafaioT anbo auTo@mIbHEEe, EMEIONHe S-dIeKTPOHHOS
CTPOCHHE aTOMHOIT 06010YKN (HaTPMil, MarHmil, XJI0p, KaXWil, KaIbIHi, CTPOH-
muif, Oapmii), mGo xampkopmnpmbe ¢ 8- m 18-smeKTponmEIM cTpoeHmeM (ce:
pa, 6pom, moz, pryrh, repMannii). B To ke BPOMsA JEMEHTH ¢ JOCTPaHBAIOIIM-
Cs1 TUIIOM DJIEKTPOHHON 000J0YKH, a TaKkKe WHEPTHHIC a3kl XapaKTePH3YIOTCH
BanGoliee HUBKUMH KOHIEHTDPANMAMM.

2.2. TA3SOBBINI COCTAB NOJA3EMHLIX BOJ

B. W. Bepmajckmit cumrai;, 970 rassl IPHPOHON BOXHL OLPEEIAOT
BCI0 XHMHIO BOJ M HAaXOAATCA B NMOCTOAHHOM oO0MeHe: IMPHpPOJHAA BOJA ==
npupofasie rassl. OcmHoBmbMm rasamm mopseMubix Box sBamiorca O, N,
CO,, H,S, CH,, H,, NHj, He, Rn, Ne, Ar, Xe, Kr. Copepsxannme pacrsopen-
HLIX Fa30B B BOJe 3aBHCHT OT Kodddunmenta pacTBOPUMOCTH KamgoTo rasa,
TeMIepaTyphl, AaBIeHHsA N MHHEeDAIH3anuu BOAH (rabm, 2.9).

Haumenpmeit pactsopumoctsio B Bone obaagaer He, a manGoasmeit H,S.
C pocrom remueparypst npmvepno g0 80—90°C pacTmopmMOCTh rasa yMeHb-
MAeTcsA, HO UpU JadbHeNeM ee IOBLINEHHH — YBeJIATHBAETCH.

Boapmoe piuamme Ha pacTBOPMMOCTH ra3oB OKashBaeT Hapiaenme. Llo
saxonmy lempm BecoBoe Koam9ecTBO rasa, PACTBOPEHHON0 B JAaHHOM O0BEMe
ARUJIKOCTH, HPAMO HPOUOPHHOHANBHO JABIEHHIO rasa (AN NapHEAIbLHOMY
AaBIeHHIO B cMecu ra3os). Hampmmep, pactsopumocts merama B JHCTHIIMADO-
Banuoit Bojie npu 7' = 70°C ¢ moBmimeHmeM JaBieHUA YBeIMUHBAETCH CJe-
AyiomaM o0pasom:

P, MiTa e
S e e e T =3 1175,5
v AR B s 2000,3
SR et it 3129.9

Ilpn o HOBPEMEHHOM YBEeAUGeHHN JaBJCHHS I TeMuepaTypsl (Ipeesimia-
lomeit 100°C) pacTBOpEMOCTH Tasa yBeJImIHBAETCH (oJee pesxo. Tax, upm
rom sxe papiaennn 28 Mlla, mo mpm T' = 170°C pacreopumocts Merama Gyger
me 3129,9 cm¥x, a smasmrensno Gombme — 5160,1 cm®/a.

Pocr MUuHepaJu3arua BOJLI OKa3nlBaeT OﬁpHTHOG} BIIHAHNe Ha pacTBopH-

.

1 {MIIa = 10 aTm,
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Tabanua 2.9
Koagpmmment pacTBOPHMOCTH TaZoB o B JNCTIINPOBaHHOI Boge *

He Ne H, N, 0, Ar CH, | CsHy | Rn COs H.S

(=
"
]

0 {0,0094 | 0,0427 | 0,0215 | 0,0235 | 0,0489 | 0,0524 | 0,0556 [ 0,0987 | 0,510 | 1,743 | 4,650
10 10,0091 [ 0,0113 | 0,0196 | 0,0186 | 0,0380 | 0,0418 | 0,0418 | 0,0650 | 0,350 | 1,194 | 3,399
20 10,0088 | 0,0104 | 0,0182 | 0,0155 | 0,0310 | 0,0336 | 0,0331 | 0,0472 [ 0,255 | 0,878 | 2,582
50 | 0,0080 [ 0,0091 | 0,0164 | 0,0109 | 0,0209 | 0,0225 | 0,0213 | 0,0246 | 0,140 | 0,423 | 1,410

* a — o0seM rasa, npuBegenHstii k 0°C u 0,1 MIIa, pacTBO peHHpIL B TaKOM jKe 00BEME JANKOCTI
ops P aToro rasa Haj mupxocteio 0,1 MIIa.
mocth rasa. Hampmmep, pacrBopumocts merama mpn 20°C u P = S5Mlla B

BOIax pas.un\moii MHuHEepaJ\m3annmn Gy,ue'r C-JIEJIyIO[[(eﬁ:
PacTopumMocTh

Conepsranue, NaCl, r/x CH,, cM3/n
L o L e e 1,23
OO s e b 0,75
BUOEE il 0,43

Ha puc. 2.1—2.3 npusepenst xpusrie pacrsopumoctn CO,, H,S u CH,
B 3aBUCHMOCTH OT BBHINIEYKA3aHHKIX YCJOBHUIL.
Copepsxanme rasoB B pasinyibIX THIAX TPHPOJAHKX BOJ CIEAYIONIEe:

Bojisl BRICOKOTOPHEIX PaiioHOB n-107* gec. % (n-10° /)
IloRepXHOCTALIC BOJRL - . . . . n-107% Bec. % (n-10" ma/n)
IMogzemuable BOALL . . . . n107*—n.107 pec. % (n-10'—

—n-103Ma1/ 1)

B GoapmmucTBe ciyvaes mo Becy mpeo0aafaloT OAMH-IBA, PEsKe TPH rasa.
B reoxmymueckom ormomemnm mHamGoxee sasknsl O, m CO, n H,S.

Kucaopod B mo3eMuBIX BOIAX COAEPIKUTCA B KoJmuectse 10 15—20 mr/a.
C ray6unoii ero KOHIEHTPaNus, KaK IPaBHJI0, YMEHBIIACTCS, TaK KaK OH pac-
X0JyeTcA Ha OKHCJGHNE MHHEPAJILHEIX, OPTAaHNYECKHX M Ta30BHIX KOMIOHEH-
TOB BOJHI, 8 TaK:Ke Ha 00pasoBanue CJOKHHX RECIOPOJCOICP/KAIEX HOHOB 1.
Veaexucaioma XUMAIECKN aKTHBHA, HOCKOJIBKY C BOJOI 1l €6 XHMATCCKHMME KOM-
TIOHeHTaMH BXOJUT B TEJHI DAl XUMHYECKHX peaKriiuil, B YacTHOCTH, yuacT-
Bya B Kapbomarmom pasmosecmu: CO,—CO3”—HCO;. Copepixanme CO,
B ray6oRmX mojiseMunIx Bogax pocruraer 20 r/n u Goanee Ceposodopod — pask-
B ATeNT XAMEYECKHX PeaKIil, BXOJNT B paBuosecne H,S—S0;”— HS™.
Arnaerca axrupueM BoccranosuteneM. Cogepsranne H,S » momsemurx Bogax
mocrmraer 2 r/i.

Aszom upessbHaiino IMHPOKO PacIpoCTpaHen NPAKTHIECKH BO BCEX THIIAX
nopazemubix Box. CofepikuTesi B KOaMuecTBe JECATKOB — COTEH MIIATPaM-
MoB Ha JuTp, gocruras 1200 wmr/x.

Cpenn yeaesodopodnviz zasos mauGosee M3YHYeHE IPECABHBE VIICBOLO-
PO — MeTaH, ataH, Oyram u mpoman. MakcuMmanbHoe COJiep;KaHEe YrieBo-
nopopasix rasos pocruraer 13 000 ma/n B Bojax HedrerazoBHX MecTOpPOKIE-
umit. TIpn srom KomuuectTsenno npeobnagaer CH, npu comepiannm Tmusennsx
yraesogopopos (TY) no 10%. Bodopod, mo-supumomy, Goiee mmpoko pac-
TPOCTpaHeN B HOJABEMHKIX BOJIAX, YeM 3TO Ipejmoiaranochk panee. Ero comep-
JKaHme, Kak UPABHJIO, COCTABJIACT €UIHNIEL I JIeCATKA (peske COTHN) MHILIH-
nmTpos Ha JmTp. OfHAKO MBBECTHHI CAyYad €r0 ILOBHINEHHBIX KOJHICCTB B
ray0OKEX TMOA3eMHLIX BOJAAX, HAIPHMED B BOJAX CPEAHEIOPCKAX OTIOIKeHH
Ipeprasraspa, rae copepmanme H, cocrasusier 1513 ma/n. Ieauii B mocaen-
HUE TONL IPHBJIEKAET NMPUCTAJILHOP BHEMAHUE HNCCIe0BATENCH KaK HOKA3a-
Tedb rayOUHHBIX PAasioOMOB, UPEJBECTHHK 3eMIETPACCHU W ApPYrax ray6mH-

! B mociefmue IO[B BHICKASHBACTCH MHCHHE O BOSMOKHOCTH CyIjecTBoBasma 02
B TAYOOKHX HOJBEMHHIX BOJAX B CBASH C PajiMoJIM30M BOJIHL.
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es.;\ o 2, i
9
600-45°" il i 5 Puc. 2.2. Kpussie pacTopmmocT:
7 517 €epOBOJIOPOZiAa B BOJAX PA3IMIHOMN
- '}sz\':‘o 503 MHHEPaJM3auy 1P TeMmepaTypax
i I A or 0 0 60°C n nasaemwn 0,1 MIla
P e Yy S [Kopuenmrreiim, 1976].
15 '.\3501:-‘37“?-..,\\ 352 1 — pacyeTHse NaHALE; 2 — OILITHEE.
\.323 —~75- 319
= 310 ——=S5= s 278
6o 218 239
200 S8 204

Puyc. 2.1. KpuBre pacTBOPHMOCTH

YIIeRUCIOTO Ta3a B BOJAX Pasimd-

QN e, S i D R g HOli MAHepaTm3amuy IIPH TeMIepa-
0 7 2 J * Typax ot 0 jo 60°C m AanueHEm
Murepanusayurn eodsr, monv/n NaCl 0,1 MIla [Hopuemmreitm, 1976].

HHIX mpomeccoB. Ero cojep:kaine 00O HOBEIMKO I COCTABAAOT ECATHE Jio-
JH — eJMHANB MIILIIATPOB Ha Jautp. B Bomax pmdes Mockoscroit cume-
KausH Ha rayomue 1730 M xommgecrso He B Bojjax gmocruraer 11,2 /.

MunumanbHyl0 HOTEHIHAJBHYH TasOHOCHOCTH WOA3eMH0l Iujpocdeps
B. H. Kopnenmreiin (1977) omenmsaer paemoir 10 MIDA. KM3, B TOM 49mCIe
CBODOJIHEIX IIOBEMHLIX BOJ BEPXHET0 J-KUJIoMeTposoro ciaos 0,15 MIpA. EM®,
i 1,5-10" M3, Takorm o6mue razopme pecypcu seMuO# Kophl. PacTsopen-
IBIE Tashl IMOJB3EMHBIX BOJ MOrYT GHITH PasimYHOTO IPOMCXOIKIEHHA: ATMOC-
deproro, Gmoxmmmueckoro, XAMOYECKOT0, pagmoakTuBHOro. I'assl Bospym-
HOTO0 IPOMCXOK/IeHNA 00pasyloTcsi B pesyibraTe IPOHEKHOBEHUS B aaToche-
Py armocdepmoro wosnyxa — O,, N,, CO,, Ne, Ar, Xe. I'ase Guoxmrte-
CKOr0 reHesnca 06pasyioTcs Npu pasioiKeHHI MHKPOOPTAHIZMAMI oprapuge-
CRHX M MUHEpAAbHRX pemects. K muM ormocarca CO,, CH,, TV, N,, H,S,
H,, O,. Tasn xmmugeckoro OpOUCXOKJeHUsA 06Pa3yIOTCA LpH XHMHYECKHX
PeARTUAX, HAYIHX KaK OpH OOBYHEX (HOPMAXBHHX), TaK M IPH BEICOKHX
T u P. Bo BropoM ciyuae raskl XHMETECKOTO TMPONCXO/IHAA OTHOCAT K TH-
ny MeTaMOpPQHYeCKHX W MarMaT@iecKmx. DTo CO,, H,S, H,, CH,, CO, N,,
HCl, HF, SO,, NH;. K rasam paguoaktieroro OPOHCXOM/IEHNS  OTHOCATCH
He m Rn.

C ywerom somampmoro pacmpocrpamenms rasos A. M. OBYBHHEKOBEIM
(1963) paspaGorama rumporeoxummueckas cucrema HPAPOJHKEIX BOA, B KOTO-
POIt OH BEJIETHI CJAeAYIONe TPH 06CTAHOBKE WX GopMupoBaHHA: OKHCIHTONB-
HY10, BOCCTAHOBHTENbHYIO I MeraMoppuueckylo. Hakaas us sTux 06CTaHOBOK
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TECHO ACCOIUHPYET C TasaMd OTl-
PeJieIeHHOT0 COCTaBa: OKHCJH-
TeABHASA — C KHCJIOPOMOM, BOC-
CTAHOBHTENBHAA — C METAHOM H
CepoBOJIOPOIOM, MeTaMOpdmIec-
Kasg — ¢  YIJACKHCAHBIM  TasoM
(cMm. ra. 5).

SoHaibHOE  pacmpejieleHne
rasos B IOA3eMHOI rmppocdepe
JeTaJbHO pacCMaTpPHBaeTcA B pa-
Gorax A. B. Ilep6akosa u apy-
rax (1972, 1974). OGo6mennas
XapaKkTepuCTHKA Ia30BHX 30H HO
BEPTHKAJN, COCTABICHHAN HA 0C-
HOBaHHM 3THX pabor, Haerca B
rabia. 2.10. C royGumoit MeHAIOT-
CA COCTAB M TaB0HACHINEHHOCTH
nopseMusix Bof. Ecam B meray-
GOKMX BOJaX B0HH AKTHBHOTO
BoflooOMena mpeoGaamaior O, u
N, upm rasomachHImeHHOCTH He
toxee 100 mu/m, To B rayboknx
BOJAX BOHHEI 3aTPY/JHEHHOTO BO-
moobmena mpeofiajaommpM  ra-
30M CTAHOBHTCHA METaH, TrasoHa-
CEUNEHHOCTH  BOJ  JOCTHTAeT
10 000, a o panms JI. M 3ops-
knHa (1973)—pmame 13 000 ma/m.
20 40 60 80°C C rayOunoil yMembimaeTcs poJb

N, = Boapacraer poas CO,, H,S

‘u H, (upm npeoGaamaiomem sHa-

geunn CH,-+TVY). Coorsercrnen-

o ' " "2 " "30 p,Mna HO C H3MEHOHHeM COCTaBa Ta30B

. H Ta30HACHIIEHHOCTH MOJ[3eMHBIX
Pue. 2.3. PacTBODHMOCTE MOTaHA B IJIACTOBOIL
BOJe NpH padMNYEWX BeamumEax comemocrm, DBOA YMembmakrca Eh m pH.
TemnepaTyp m pasxesmii [Kopmemmreitw, 1976]. TeMmmeparypa m MHHepaJH3amus
BOJEl YBEJIHIHBAIOTCAH.

Nurepecasie 3aKOHOMEPHOCTH 30HANBHOTO DACIpPEJIeNeHAS pPACTBOPEH-
HHIX Ias0B MO IIOMAJIM W Pas3pesy BHABIEHH B mpejenax Pycckoii mnardopmnt
[Cramgank, 1978] n 3anagmo-Cubmpcekoro Gacceitma [3opekum, 1973]. Hexo-
TOPHE JaHHEE I0 IePBOMY paiioHy mpmBefienk B Ta0x. 2.11, a mo Bropomy —
mOKasaHH Ha puc. 2.4. OTH JaHHEE DOKA3HBAIT, 9T0 YOPYTLOCThH Tas0B W Ta-
S80HACHIIEHHOCTH BOJ PACTyT B HANPABJIEHHN OT OKPAHHHEIX K IEHTPAIbHBIM
gacraM Gacceifmon. IIpm sTOM rassl CTaHOBATCA NPEAMYMIECTBEHHO METaHO-
BHMH. o R

30HANBHOCTH Ta30BOTO COCTaBa MOA3EMHEIX BOJ CBA3aHA B OCHOBHOM G HX
TeHE3HCOM B Pa3IHIHHX Ie0JOT0-THPOre0JOTHYSCKIX W TeOXEMUIECKUX Yc-
JN0BHAX. 30HANBHOCTH MOJKET HAPYIIATHCA B CBASH ¢ MPOABJIEHHEM a30HAJIb-
8ux apnenwit. Tax, B 30He PasBHTHA KHCJI0POJHO-a30THHX TasoB MOTYT IIO-
ABIAATHCA HAJNOKEHHKIC 30HK PaflOHOBHIX, YIVIEKHCIHX, a30THHX H BYJIKaHI-
9eCKHX Tas30B.

Hanosenme panomosmix Bsox (Kaskas, Ypan, Tamp-lllams) cBaAsamo ¢
rayGoKaME TeKTOHHYeCKHME Hapymenuamvu. Cojep:;kamme pajoHA B DTAX BO-
nax mamensercsa or 70 go 36 000 sman *. Hanoskenne yrieKHcIsX BOX OGHTHO

0,1 MNa, cm3/n

Boda ¢ ycnoerod conewocmero NaCl

Pacmeapumocms memara npu T=20° u P

1 1 smam = 1071° gopu/i1. 1 KOPH COOTBETCTBYET KOJWYECTBY PAajiOHA, HAXOJAIIE-
umyca B papEosecum ¢ 1 r Ra. Huorga cogepxamme Ra mamepsior B eff. Maxe (1 Maxe =
= 3,64 amama),
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Bep’rnnn:mnan B0HATBHOCTH PACTBOPEHHBIX Ia30B MON3EMHBIX BOJ

Tabaama 2.10

T'asoHaCHIEH~-

T'azosan 3ona HOCTB, MJI/T CocTap rason Eh, mB pH T°, G M, r/x
Kucaopogso-asorman * 15—100 | Oy(mo 14 mr/n) -+110—(+650) 2,6—8,5 | o 20 Jo 3
N» (mo 30 wr/a)
Asornan 17—180 | Np (95—99%) +33—(4-100) 5,6—1,7 26—100 | 1—35 (Typarckana, 3anagao-Cn-
Ompckag mmaTe), 55—300
He m Ar (Pyccran naardopma)
(mmm %)
Cyashuro-yraexicao-ye- (1 300—2 200 | Ny (10 80%) —40—(—320) 8,5—8:2 10--75 2—250
TAHOBO-A30THA GO (10 10—20%)
CH, (no 15—25%)
HsS (2—5%)
Meranopo-asorman (asor- | =2 000 CHy~N,. —80—(—180) 5,4—178 34—85 20—260
e i Hy (ro 25—30%, mvetorest TY)
Meranosasn Jo 10 000 | CH, (85—95%) —100—(—180) 6,7—8,5 30—100 |[20—90 (Cxujcxas m 3amagmo-
. Cubmperas muardopmer), 200—
TY (3—10%) 300 (Pycckas mratdopua)
VraeRnca0-Meranobasn 600—-5000 | CHy u TY (mo 95%) —30—(—150) 6,3—6,8 100—150 3—120
COz (no 65%)
Cynsrgro-yriexncao- Jdo 5000 CH, (mo 90%) —300—(—370) 5,3—5,6 100—180 80—160

MeTaHOBasfg

* IIpeoOnapjammmii ras

H:S-+HS™ (70 300 mr/n)
CO4(50—700 wr/m)

CTABATCA Ha NOCJENHEM MecTe.




[ s

ar

s (=

Pue. 2.4. CxemaTnueckas KapTa YOPYTLOCTH PACTBODEHHEIX I'a30B W Ta30HACHIIIGHHOCTH
IAACTOBHIX BOJ anT-anas0-ceHOMAHCKOro Kommiexca 3amapmo-Cmbmpckoro HedTerasomoc-
Horo Oacceitma [3opsrum, 1973].

1 — CHBRJHUHEH, B KOTOPHIX HCCIEN0BAHA TASOHACHINEHHOCTH IJIACTOBHIX BOJ; 2 — MB0JMHWN YIPYIOCTH

gacmopemmx TaBoB, KI/cM?; & — TABS0BHIE BAJEMN; KOJMYIECTBO PACTBOPEHHOro rasa, cm3/i: 4 — 1o

00, 5 — or 200 mo 500, 6 — ot 500 mo 1000, 7 — Goyee 1000; & — rpanunsl 3anagEo-CHOHPCKOro ap-
- aal

Teananckoro Gacceiina,

gabaiofaeTca B 00aacTAX COBpeMeHHOTO Byiakammama (Hamwarka) m B paiio-
HaX HaJWYHSA HEOWHTPY3Hil M0JI00r0 Bo3pacra (0OKMHO He JpeBHEe majeore-
Ha). drm Bofs MoryT comepKaTh 50—99,8% CO, upu 06meil razoHacHIMEHEO-
cta 500—10 000 ma/x u 6onee. Hanosxenme asoTHEX BoJ HaOI0IaeTCA B KpH-
crajamuecKux Maccmsax apesmeir ckmapgaroctn (Casmmr, 3abaiikamne, Ad-
Tail) @ B COOPY:HEHHAX MOJOIOr0 oporemesa (3akaskasne, Hamuarra). [las
AHOMAJBHHEX 30H A30THHX BOJ XAPAKTePHEL JNHEHHO-BHTAHYTHE KPYIIHBE
TeKTOHHYECKHe Hapymenus. B armx Bojjax oTHOCHTEJXbHOe cofepikanume N,
nocraraer 90—99%, a abcomornoe KoneGaeTCA OT JHECATKOB JI0 COTEH MU~
amTpos ma jatp. Ilpucyrersyior penkue rass Ar, Kr, Xe (go 1,5%), a Tax:xe
He n Ne (no 0,3%). B paitonax cospeMenHOT0 By/IKaHm3Ma HabmiofaeTca Ha-
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IOKeTNe BYJIKAHHIECKHX MapoOTHAPOTEPM C
rasamm caokmoro cocrasa (CO,, CO, N,,
H.S, S0,, B, H;, CH,, HCl, HF =n zp.),
910 mOopo6HO OTpaskeHO B TiiaBe 8.

TazoBmit cocTaB IOJI3¢MHEIX BOJ —
OMHH U3 OCHOBHHX KOMIOHCHTOB MHHEDAJh-
HEX (1ege0HEX) BOJ, B CBASH ¢ 9YeM BEIfe-
JISIOTCHA  CJAeAYIOMAEe THIR MIHEPaAhHBIX
BOJI: CEpOBONOPO/HLE, METAHOBLE, a&30T-
gee, yraemcase |[Opummamkos, 19631

JlagEEe 0 Ta30BOM COCTABE ITOIBEMHBIX
BOJI IMMPOKO WCHOIB3YIOTCA TaKiKe B Ka-
gecTBe HePTEraz0MOMCKOBHIX IIOKA3ATeNICH
(cm. ra. 9).

2.3. M30TOILI BOTOPOIA
" KNUCJIOPOTA
TPAPOIHBIX BOJT

%  HMsoromumii cocTaB BOJH ONEHUBA-
ercsa CTa0BIBHEIME H30TONAME BONOPOJA
(mpormit m jeitrepmii) m kmeaopoxma (O,
07 u Q'%), pacmpocTpaHeHHOCTH KOTOPHIX
pasauyaa. B OpmpojHHIX Bojax BCTpedYa-
0TCA TAKMKe KOPOTKOKUBYIIHE pajHOTeH-
Hele wm3oTomEL. Y Bojopoma mx psa: HP
(rpmrmit) ¢ mepuogom moaypacmaza 12,26 xer
n BecsMa Heycroitaupnit HY. Yersipe xopor-
KOKEBYIIEX M30TONA KACIOpoja obxaja-
10T CHeYIONMUMI NepHOJaMA IoJypacmaja:
QM —T74c, O¥—2,1 ymna, 0*—29 ¢ m 0*°—
menee 10 mumm. Ilpm rugporeoIormIecKHx
HCCHeNOBAHAAX MCIOAb3YeTCA JHIObL TPH-
tait, Byayunm m30TOTOM KOCMAYECKOTO IIPO-
HCXOKeHAA, eCTeCTBOHHRIT TPHTHI BMecTe
¢ arMoc(epHEIME  OCANKAMHE IPOHHKAaeT B
Henpa 3eMJad W CAYHKAT HHIWKATOPOM A
oupeJieleHusa BO3PACTA ,CKOPOCTH M HALIpaBJie-
HEst {BIKeRnd moaseManix Boj (cM. «OcmoBnt
raiporeonorun, [eonormdecKas — JIeATENb-
HOCTE W HMCTOPHS BOJEL..»).

Jleittepmit m Tsmensii Kucaopox (O'F)
HecyT B cefe mEQOPMALHAI0 O MOJEKyle BO-
OB ¥ OTPAJKAIOT €€ TeoJOrHMYEeCKYI0 HCTO-
puo. Cireyer KpaTKo KOCHYTHCSA MeXamu3-
ma maxomnpenms H? w O' 3 mpmpopmeIx BO-
JaX, KOTOpHIE OO0BACHAET IPHMEHHMOCTH
H30TOMHOTO COCTABA BOJEL JJIA THAPOTE0J0-
THYCCKAX IIeJe. :

(Mpakomormposanme (pasgerenne) m30-
TOIOB BOJOPOMAa B KHUCIOPOJA IPOHCXOLHT
IIaBHBIM 0OpasoM OpH (Ja30BHIX Iepexofax
B IIpomecce KPyroBOpPOTa BOALL B IPHpOJE.
Koumenrpamusa H2 n O'™ xomrTpommpyercs
paBHOBeCHEM JREJKOCTH M BORSHOTO Iapa.

Mockoasky Moxexyma soxsi HA0® Gomee

Tabaumna 241

SonanpHoe pACHpeieleHHe PACTBOPEHHEIX Tas0B B npefenax Pyecwoii maardopust

r IPB

HKoadduimenT HacHme-
Huag P

YupyrocTs rases, Ila

0,1—0,2

(1—5)-10°

0,9—1,0 u Goabme

(300—400)-10°
1 Gounmie

T'a30HACKIIEHHOCTD,
cM®/1

Jlo 50

Jlo 1200 m Gonb-

me

Tasppaf goHa*

BoHA pacnpoCTPAHEHNA [MOASEMHEX BOJ

Asormas (COs 2—5%, O:** 5%

n Goaee

Onpannnpe wactn Gacceiinos

Mertanopag (ecth TV, Ng, COs,

HsS, He)

GHHBL

(mo ray

CCeIHOB

Ilorpyskenntie wactu Ga

3—4 ru)

TAHOBEIM NPOMCXOTNT NOCTETIeHHO Yepes 30HE CH—Ny 1 Ny:—CH, rasos u conpopompaerca pocrom CH, m TV.
300—500 M.

*% HKucaopoj ucuezaeT Ha ray0MHax

* Jlepexon a30THEIX I'a30B K M€
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Jeryda, IpH HcIapenun W KOHJEHCAIHH ;KuAKad daza oforamaercs M30ToNa-
ma H? m O, a mapooGpasnaa — obenusaerca. Ecam cobaopaores ycaonaa
peneeBcKoit AucTIIIANEE (PaBHOBECHE KUIKOCTH W Hapa ¢ yjaaidenuem oGpa-
30BABIIETOCS KOHJIEHCATA), MEKAY COJIeP;KAHMAMHE JeliTepusa H TAKEIOro Kuc-
nopopa Gyner nmmeiinas sasmemmocth. Ilofo6HOe (paKnuOHEPOBAHNE IPOMC-
XOJMT W IPH 3aMeP3AHHH BOJH, BH3HBAA IOHHKeHHEe KOHNEHTpanEE 06omX
HW30TOIOB B TBEpAOH (ase mo cpasmenmio ¢ skmakoir [IIpmpoxmsre maoroms,
19751.

Hpyrosopor BOAK HOAMEP;KABAET B OUpe/leJeHHEX Npejeaax HOCTOAHCT-
B0 H30TOIHOTO COCTABA METEOPHEIX M INOBEPXHOCTHHIX BOJ 3eMJH B 3aBHCHMO-
cTE oT reorpadEuecKoil IMMPOTH, BEICOTH M CPEJJHErO0BOM TeMIEpaTyphl
mectHOCTE, HamGoaee ofHOPOHEKIT I YCTOMYNBEIA M30TONHLIL COCTAB IIPHC Y]
OKeaHMUECKOH BOJe, KOTOpas IPECTABIACT OCHOBHON AKKYMyJIATOD Jeiire-
pES m TAKeJ0TO Kmcuopoia. Boja per m ImpecHOBOJHEIX 03€p COMEPIRHT Iro-
pasyio mensme H? m 0%, HonmenTpanus TA/KeJLX H30TOIOB BOJIOPOZA M KHC-
nopoja B aTMoc(epPHEIX OCAKAX 3aBHCAT OT TeMIEPATyph KOHJCHCAIHH M
BaphEpYeT B IMMPOKHX Ipefenax. B cmere MeHbme Ts’KeJHIX H30TOIOB, UeM
B nosxne. Kar mokasan I'. Kpeiir [Craig, 19611, Bricokoe copepsxanme H* m
0% ¢poifcTBEHHO MEeTEOPHLIM BOJAM TPOINHYECKHX IIMPOT, T/ie 0HO HpHOIMrKa-
eTcH K SHAUEHHAM OKeaHHdYecKoil pojsl. HaMmuoro muse KOHIEHTpAIHA THKEe-
JEX M30TONOB B METEOPHHIX BOJAX YMEPeHHOI0 Iosca, a caMas HA3KAA —
B aTMocepHHX ocagkax W JabjaX moaApHEX obmacreir. JImmma Kpeiira pus
METEOPHLIX BOJI 8eMHOT0 Iapa HMMeeT B

UH2=800l8+100f00

B kauecTse srajoHa nas oneskn xommerrpamum H? m O mcmoapayercs
SMOW — craEgapT cpefiHeOKeaHHIeCKOH BOJHI, KOTOPHIl oTBedaer abcoaioT-
momy copmepxkammo 0,0158 ar. % neiirepma m 0,1985 ar. % masexoro Kmeio-
pona. Hommentpamus fieifTepnsa M TA/KENOT0 KHCJAOPOJa M3MepAeTcA B BHME
OTKJOHEHHA OT CTAHJAAPTA, NPAPABHEHHOTO K HYJI0, H ONEHMBAETCA KAK OTHO-
menue ¢ p npommine. Hepenko npmGeralor K MECTHEIM CTaHJapTaM.

2.4, OPTAHHYECKHNE BEIIECTBA IIOJIBEMHBIX BOJI

AKTHBHOC H3yYeHHEe BOJOPACTEOPEHHHIX OPTaHMYECKHAX BemECTs B
pocuenEme 25 JeT cBA3AaHO TIABHEM 006pasoM ¢ HOMCKaMu HedTH U MX reoxs-
MEYecKOll POJBI0 B Impormeccax HedrerazooGpasoBaHUWsA M BOJAHOM MUIpamuu
uarpenuentos Hedrm. Kpymisie mccaeroBaHus B 9TOM HANPABJICHAH BEIION-
mennt M. E. Axsroscknm, E. A. Bape, A. A. Hapuesnim, A. C. 3uarepom,
B. M. Marycesmuem, A. M. Xomxaxyanesny, B. M. Ilsenow, T'. II. fro6-
comom m ap. [Opranmueckoe memectso..., 1967; Meropgm m manmpasieHus...,
1975]. ITommMo 5TOTO, B MOCJEIHEE TOAL BHABIEHO 6OJBIIOE 3HAYEHHE BO/O-
PACTBOPEHHHIX OPraHWYECKHX BemecTs B (OPMEPOBAHHN XHMHYECKOr0 COCTA-
Ba MOJI3eMHBIX BOJI, METDAIMN M KOHICHTPAIINN B HAX XHMEAIECKAX DICMEHTOR
[Tepmanos u ap., 1975], ompemenena GanbHEOJOTHYCCKAA WX POJNL B MHHE-
paapumx m nmaThesx Bojax [Ilsen, Hupioxnm, 1974). Haxoner, B HacToA-
Iee BpeMA HEBO3MOJKIO pemeHHe BOIPOCOB OXPAHHE IOJ3EMHLIX BOJ OT 3a-
rpsA3HeHna (es BHAHWS COJEP/KAHHS I COCTaBa PasHOOOPASHEIX OPraHHIECKIX
COeJIHHEeHUI.

Cpenm BemecTs, A KOTOPHX YTBEP/KACHH INpEIEIBHO JIONYCTHMLIE
wounerTpanun, Goxee 90% — oprammueckme coepumuenua. Cpeps HAX Ham-
GoJee PACHPOCTPAHEHH TaKHe 3arpASHUTENN, KaK HeTAHEe YIieBofoposikl
B mectmmuabl. Hmke paccMOTPEHBI OCHOBHEIE 3aKOHOMEPHOCTH PpacIpocTpa-
HeHUA M COCTABA OPraHEYECKHX BEN[eCTB He3arpAsHeHHHX IOJ3eMHBIX BOJ
no nammeyM B. M. Isena (1973), B. K. Kupoxmua u ap. (1976), B. M. Ma-
rycesmua (1976), A. A. Kapmesa (1978) m nap.

MeTounpKaMa TOCTYIIEHAs OPraHAYECKNX BEMECTB B HOJI3eMHEIe BOJILI
apasoTes atMocepHLe 0CaJKH M IOBEPXHOCTHEIe BOJL CYIIH, HOYBH H HO0Y-

40



BeHHHe PaCTBOPH, WK H HJIOBEE BOJH, TOPHAE HOPOAH ¥ HOPOBHE (ropmhe)
PACTBOPHI, CKOIUIEHUs OPraHMIECKOTO BEIIECTBA B BUJe 3aleskeil medrm, TOp-
$a. OpmenTupoBounoe cofepikanme OPramMIECKOr0 BEIIECTBA B OTHX IIPAPOJ-
HEIX 00beKTaX W B NOA3EeMHEX Bofax caenyompee (%):

DT e R SR o = SR el TRt Re 10° —10*
Mopckue u OxeammuecKme wiaLi . . . . . . 1072410+
TODEEIR - MOPOMEL: e ¢ 4 tos v s 1072—10°
IOV REMEEIE BOTEL 3 o o or as 5 e a)t 10-4—107
IlouBeHNE® PACTBOPH . . . . . . . . . . . 10™%—1071
Ilopossie (rOpHEIE) PacTBOPHL . . . . . . . 1073—107*
MaoHRe PACTRANIE = C 7 S e 1074—1072
IlosepxHoCcTHBIE BOOEI cymwm . . . . . . . 104—10"8
Mopckue 1 OKeaHW9ECKHe BOJAL . . . . . . 1075—107¢%
ATMOCHEDHEIG OCAIHE + . o + = o o & . . . 10"5—10"¢

HamGosee oforamensl 0praHmdIecKEM BemeCTBOM IOYBHL, MODPCKHE H OKEeaHH-
9eCKHe HJEH, TOpHLe mopoAsl. VIMenmo oTé mpupojHEe 00BEKTH — OCHOBHOM
HCTOYHHK HOCTYIJIEHWA 0PraHWYecKOT0 BEemecTBA B IOJ3eMHEE BOJH HH(HIb-
TPAaOHOHHOTO ¥ CEHMEHTAHOHHOTO TeHe3mea.

HonmuecTsennas XapaKTepHCTHRA OPraHEYeCKOT0 BEIIECTBA IOA3EMHEIX
BOZ BHIpajKaeTcsA BeIWIUWHOI oprammieckoro yraepopa (Copr) Ham KmcIopoaa
(O) pasimuusIX BHOB OKHCJISEMOCTH — NEPMAHIAHATHOM, OHXPOMATHOIH,
momaTHo¥ ¥ Ap. Opmerrmposounke mpejens: copepxanmit Copr (Mr/m) B pas-
JUIHHX THOAX TPHPOTHHEX BOJI IPUBOIATCA HHEKE:

ATMOCDHEPHRS OCONEE - . , . - .« . . . n-101—n.10°
IlopepxXHOCTHEIE BOJEL CYOIH . . . . . . n-10°—n-10
IlouBerHEIe PACTBOPEL + . . . . . . . . . n-10°—n-10*
Mopckue n OKeaRuy“ecKHue BOJEL . . . . . n-10°

HRoRE®D PECTBODEL v - o oo s i n-10° —n-10*
Tloposee  » e s e n-40' —n-102
TTOfSeMERE BOMBE v o v vie s 5 o e s n-101—p-102

Maxcamaapane KoamiectBa Copr HaGmogaiorcs B mopseMuHX Bopmax. Cpenm
HEX HamGomee oGoTameRH OPraHMYECKHM BENIECTBOM BOAH HedTerasoBHX,
a MMEHHO, TasOKOHJGHCATHHIX MeCTOpPOKmeHmil (Mr/m): -
NVETORRS  BOM 3 o sy el e E e T S e 29
IlnracToBnie Bopnt apresmanckux GacceiinOB pHe HedTera-
SOBRDE MECTODOMGEAN - ~, < 3 o T 5 s . sfieiaiy 50
IlmacTopsie BOJEL He(TEras0BEIX MECTOPOK/ICHNIT
PABOBEI Ve ot R i ety e iR s e 35
HEOPOJIYKTUBHEIX [OPHB0OHTOB He()TsHEX MecToposkuenmii 60
BAROHTYPHEIE BOJH HeQTAHBIX MECTOPOKICHIH . 110

IPUKOHTYPHEIE BOJIEL » » T 370
» »  IasOKOH[EHCATHHIX Mecropokmenmii 800

Ilo obmemy copep:KaHHI0 OPraHAYECKHX BeImIECTB B TJIYOOKHX IOI3eM-
HHX BOJlaX He()Tera3oHOCHHE U HeHe()TerazoHOCHHE IPOBHHIHH HMEIOT He-
KoTopoe pasamume: B nepBHX Copr B cpegmeM 56 mr/m, a 8o Bropmx 40 Mr/m
(cm.. Taba. 2.4 = 2.12).

Tatamma 2.42

Copepskanue C opp B VOMSEMHLIX BOJIAX PA3IHYHBIX PaioHOB, Mr/x

pr
Tun Boj Tuo BOX

ray6o- raybo-
Paifon - | o Paiion R el
TOBBIE | TINIA&C- TOBHIE | MIa=-

TOBEIE CTOBAIE
Azoso-Hybamckuit Gacceiin 25 | 120 | Mocrosckuit Gacceiin — 20
Amnrapo-JlencKuii » 40 50 | Hamuarka -20 50
Sanapmo-TypEMeHCKEH » 30 50 | Anpamckoe HArophe 40 —
Homer-Jlar — 60
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HommaecTeeHHOE cOfep:KaHme OPraHETIECKHX BEIECTE B ION3EMHBIX BO-
JaX BaBMCHT OT MHOTUX IPHPOAHHX (aKkTopos I yeaosmit. Cpenm HEAX caegyer
OTMETHTH COJ[EP/KAMHE PACCEAHHOTO OPraHUIeCKOTO BEI[eCTBA B TOPHHIX IIO-
pomax, Hanm4gme HedTerasoBHIX 3ajejkeil, THAPOAHHAMHIECKHE ycaoBHA (ar-
THBHOCTE BOJ000MEHA), MAHEDAIM3AMNIO, TeMIePaTypy M XAMHIGCKHRE COCTAB
IOJ(BEMHBIX BOX, TAYOHHY HX B3ajeraHus, OKHCIATEIbHO-BOCCTAHOBHTEIBHYIO
00CTAHOBKY, MEKPOOHOJOTAYECKYI0 AKTHBHOCTH. [lJIfi IPYHTOBHIX BOJ 00Ib-
moe 3HEAYeHAE AMEIOT (UsmKo-reorpaduIecKue yCIOBHA, KOIATIECTBO W COCTAB
IMOYBEHHOTO TyMyca.

KagecTBeHHHIT COCTAB OPraHMYECKNX BEMIECTH IOJ3EMHEIX BOJ{ YPe3BHI-
gaitHo caokeH. Cefivac eme MHOTWe WHIHBHAYAXBHEIE COGTUHEHNsI BBHLY aHa-
JHTAYECKAX TPYLHOCTEH, HE3KOI0 WX CONEpP;KAaHHA B BOJAX HE MOTYT OHTH
OIpeAeIeHsl KOJIMICCTBEHHO K 00HAPY/KeHLl B MOA3eMHBIX BOJAX JIHIIL KAaIeCT-
penno. Illmpokoe pacmpocrpaHeHHme WOJAYYHIO NCLOJAL30BAHAE 0000IEHIHIX
IPYLIOBHX XapaKTePHCTHK H KOCBEHHHIX IoKaszareieil. OueHb Malo JTaHHEIX
0 IOJHOM 3JeMeHTHOM cocTase oprammueckmx semects (G, H, N, S, O, P).
CocTan OpPraHAYECKUX BEMIECTB, KOIMIECTBEHHO W KAUECTBOHHO 00HADYKEH-
HHIX B IIOJI3eMHEIX BOJIaX, IpueefgeH B Tada. 2.13, m3 Koropo# ciaegyer, 4To
B TIOJIBEMHBIX BOJAX COJieP:KATCA IPENCTABUTENH BCEX OCHOBHEIX TPYON 1
KIACCOB OPraHWIECKAX COETHHEeHW.

Hapo mopuepKHYTH, 9T0 HamboJiee TOYHBIC KOJHTECTBEHHBIC XapaKTepHe-
THRH, TOJYYeHHEE ¢ IPHMEHEHHEM HAEKHEIX HHCTPYMEHTANBHEIX METO0B
aEaIm3a, AMEIOTCH JUI KapOOHOBHX KHCJIOT, apOMATHICCKUX YTAEBOILOPOIOB,
deHosI0B. 3HAYATENHHO MEHBINE TAHHEX 0 KOJAMYECTELHHOM COJMEPIRAHON B
MO3eMOBIX BOAAX JJIA TYMYCOBHIX BEMIECTB, MAacen, cMoi, aQHpos, cOEPTOB,
AMIHOB, AMHHOKHCIOT, Ha(TeHOBEIX u mapadmHOBEIX yraeromopomos. Opn-
€HTHPOBOYHEIC COJeP/KAHNS PA3TAYHLIX OPTaHMIeCKAX BEI[eCTB B IIOJI36MIBIX
Bojlax caepyimomme (Mr/i):

AsoTconiep;amye BenecTsa (10 Nopr) e r-101—n-10°
MDocdopeogepranie b Py e e n-107%—n-10°
Hadyrenosnie TR e e e n-1072—n.10?
T IS R CTOTH L v, (50 b v 8 e s o e 3 n-1073—n.10%
ST A ol e Pt AP e e, i n-10"2—pn-10*
LR e R et S A s s e e e n-10"2—n-10t
iy oy (o men o S e S T e A A B L i, Vo n-10"2—n. 10!
Avumogneaorst (10 Nopo) - . . n-107%"—pn-1072
Avmmn D e e M e S Sl NN U 1075 —p-10~*
Burym (xnopodopMeRmEli sKeTpaKT) e o ¥ n-10"1—n-.102

OpraEnmuecKne BemecTsa IOM3EMHELIX BOJ| BechbMa IOJBMKIGLI, AKTHBHLL I
ma3MeHunBH. VX comep;kamme W cOCTaB BaBHCAT OT MHOTHX, MHOTJA Pa3HOHA-
IpaBJeHHHX HPONEccOoB, NPOMCXOAMAX B IO3eMHOM rugpocdepe. Boabmoe
BHAYEHHEe CPEeJH HTHX LPONEccOB MMET OMOXAMHYECKHE IpPeBpPANIeHAS Opra-
HAYECKHNX BemecTs. Hampmmep, B KUCIODOJHOM cpefie IPOMCXORUT aspobHOe
pasjio;KeHAe OCTATKOB HABEMHOH DPACTHTENBHOCTH — KJIETIATKE, OeIKOB, yI-
aesoyios. Ilpu srom mmsrasn Temmeparypa Bopsl (1—5°C) satopmaskusaer mes-
TeJbHOCTh MHKPOQIOPH, B PE3YHbTaTe UeT0 I'PYHTOBHE BOJAL TYMHIHBIX Ce-
BeDHHIX paiiomoB (OTaTHl MAlIOPA3I0JKUBIIMMCA OPraHIYECKHM BeIecTBOM.
Broxmvmgeckoe pasioskeHme PACTHTENBHHX W JKHBOTHHIX HPOAYKTOB MOKET
OPHBOJUTL K NOSEBICHHUI B BOJAX IPOMEKYTOYHHX OPraHMIecKEX COefmHe-
HPH, TAKAX KaK ;RAPHEE KACAOTH. Tar, sKCIepPEMeHTAIBHLIM IIyTeM MOKa3a-
HO, 970 u3 3,3 Kr KIeTIaTKH Mo;KeT o6pasoBaThCs 2,2 KI JKEPHHX KHCIOT,
0,9 r CO, m 0,01 r H,. BuoxumMmaeckoe pasioskeHne GeJKOB M YIIeBONOB IPH-
BONHT K HOABJIEHHUIO B BOJAX OPraHMYECKUX KHCJIOT, AMHHOKHCIOT, aMHOHOB,
coEpTOB ® Ap. JHupHEE KECIOTH 00pasyonTesa TakiKe OyTeM GHOXEMHIECKOTO
OKHCJEHHA YIICBOJOPOKHEX KOMIOHEHTOB He(TH, pacCesHHOTO OpTrapmye-
CKOTO BEIECTBA IOPOK B PACTBOPEHHOTO OPTaHWYECKOTO BEMIECTBA IIOJ3eM-
HEIX BOJT.
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: Ta6xmua 2.43
CoCTaR” OPraHHYECKAX BEMIECTE UOIIEMHLIX BOJK

Tpynis 0PraHAgecKux Knaccer opraHugecKux BemecTs W WX - :
BEIECTB JMBUTYATLHEE COETHHEH T CoenuierHust
Yraepopst  (ypomo Kapbonossie knenorst  R—COOH: | ApoMaTHYeCKHe ¢ rpyu-
BEe KHCIOTHI) : HA(TEHOBEIe KUCJIOTHL, IPeJIeNbHEE O | TOL OH (¢ero:st, Hap-
HOOCHOBHBIe KHCJIOTH XMPHOTO PAZA TO-TI',“)
Jamapsz  (Macna, | (mypaseuma;, yRCycHAS, MacIIHAf, b s e
CMOIILI) MPONUOHOBASA, BAJCPHAHOBAN, KAUPOHO- (nmpunms, xmopoduiLr,

pas, DHANTOBAsA, CTEAPUHOBAHA), HACHI- HOPHUPHHESE, IyPHHOBEE
EHHLE [BYXOCHOBHBE® Kuciaors (ma- | THPHMEJHHOBRIE OCHO-

Bemga (avumonmc- BOJCBAs, MAJOHOBAH, ANTAPHAS, ToTy- | BAHISA)
JOTHEL — TIMKOKOIE, TApOBAS, AMIMHOBAR), Hepackmernse | | L YMYCOBhle BEIeCTBA
IW3UH, acHAPAruH, O~ JBYXOCHOBHHIC RMCIOTE (yMaposas) (ryMUHOBBIC . KHCJIOTHI,
anamnH) Y raeBofopoabI CnHm:ﬂpomamr:e- DYILBOKICIOTH)

CKIe YIIeBoopossl (Derzom, TOMyO.,
OPTORCIION, METAKCHJION, MAPARCHIION,
2THAOEH30J, HWIONPOIHNOEn30d, TpPH-
merigoenson), HadTenopse, napadu-
HOBEE YIIEBOZOPO]IbI

Compret R—OH (otusossrit, npormi-
JTOBBI)

Ampnermgmr R—H—CO

Keromnt R;,—CO—R,

Avpaer R— NH,

Caoiasie supsr R;—0—CO0—R,

XmMpuecKkue peaKi(ui IPH HOPMAJIBHHX X BHICOKHX TEMIEPATYPax TaKie
CYINECTBeHHO M3MEHAMT COCTAB PACTBOPEHHOTO OPraHHYECKOr0 BemecTsa.
HaunGonpmee 3Havenne cpefu HEX nMeeT rapgponns. Tak, THAPOIH3 JKAPOB
OPHBOJAT K 00pasoBAHMIO TVIHMNEPHHA W JKAPHBIX KHCJIOT, THAPOJIHE3 KIETIAT-
KM — K 00pasoBaEMi0 IOJUCAXApHMOE, a THAPOIN3 CIOKHHX ddmpos —
K ToABIeHNI0 (eHoI0B, COAPTOB, OPraEmIecKHX KuciaoT. TaxknMm obpasom, cra-
HOBHUTCA 3aKOHOMEDHEIM, IT0 OPraHmgeckue KUCIOTH B II0/[3eMHEIX BOJAX 9pes-
BHYANHO IMMPOKO PACOPOCTPAHEHHI, & KOJTMYECTBEHHOE COJEepPIKAHHe HEeKOTO-
PHX W3 HHAX, HAUOPHMEp YKCYCHOH W MYypaBBHHON, JOCTHIraeT HEeCKOJIbKHX
rpamMmos B 1 2 (BOLH razoKOHeHCATHEIX MeCTOPOEAEHMIT). JTO MOKHO BHJETH
Ha npmmepe 3anmapao-Cubnpcroro HedrerasoHocHOT0 GacceiiHa, Ijie COfep:Ka-
HHEe opraEmYecKmx Kmciaor Goxee 1 T/m mpmypodeHo K IeHTPAIBHON YacTH
faccefima (pme. 2.5). YumTHBasg MHPOKYI0 PACHPOCTPAHEHHOCTH Oprammie-
CKMX KHCJIOT B HDOM3EMHBIX BOJAX, MOJKHO I0JaraTh, YTO OIpeleJeHHyI0 POJb
B 06pasoBaHHMA YIIEBOJOPOAHKIX KOMIOHEHTOB MIPaeT THAPOTeHH3AMHAA Op-
ragp9ecKuX KHACI0T. I1eoOXoMUMBI AXA 9TOTO BOAOPOS B HOJ3EMHHX BOJAaX
coflepkuTcss B Koamdecrse go 1,5 r/m.

Kax ormeuanoch Beimle, paccesHHOE OPraHmICCKOE BENIECTBO TOPOJ WI-

paeT Ba)KHYI OB B 00OTANIEHHN HOA3EMHEIX BOJ PACTBOPEHHBIM OpraHmdie-

CKEM BemecTBoM. IIpH 5TOM OCHOBHEIME IPOIECCaMH ABIAITCA PAacTBOPEHHE,
BHIMenaunpangme n quddysma. AKTHBH3AIAM Tepexofa OPranmdecKoro Bemie-
CTBA ®3 TOPOJ B IOJ3EMHEIE BOJXL CHOCOOCTBYIOT HOBHIIEHHAA TEMIEpaTypa
(markmit Tepmoams npu 100—150°C) m copep:raHme B BOJaX PacTBOPEHHELIX
rasos, B gactHocTH CO,. Ha y9acTKax cROmIeHEA YIIeBOoA0pOjioB B Hedrera-
30HOCHBIX paif0HAX MOJ3eMHBIe BOJAK MAKCEMAJIbHO 000TAIMAOTCH PACTBOPEH-
‘HHIM OpPraHHYEeCKHEM BEIm[ECTBOM B Pe3yAbTare KOHBeKTHBHOTO W Hu(QysmoH-
HOTO MaccomepeHoca. MakcmManpHOE CONEp/KAHHEe OPraHmYEcKOTO BEIIECTBA
OTMEUeHO B BOJIAX, CONMYTCTBYIOMEX JerkmM HedTaM u rasokongencaram. B co-
CTaBe PACTBOPEHHKIX OPraHUYECKAX BENIECTB BOJ HedTeraszoBHIX MECTOpPOKJe-
HAif TpeoGiafanT JeTyume KHCJIEe KOMIOHEHTH (0prammdecKme KHCJOTHL),
TOT/Ia KaK B BOJAX, He CBA3AHHHX ¢ He()TerasoBHMHO 3ajeKaMl,— JETyIHe
HEHTPANBHEE COENUHEHHA.
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Puc. 2.5. Cxemarnieckaa¥kapra DPACIpPEeNennss OPTaHAYECKHX KUCIOT B IOJ3EMEEIX
BOJIAX I0PCKO-HEOKOMCKOTO THJDOTEOMOTHYECKOTO Komiuiekca [Martycesmu, 1976].

Coniepskanne OpraEMvIecKNY LUCIOT B HOA3EMHMX Bojax (r/a) mo VCPENHERHEM JNAaHHBM: 1 — <0,1,
2—101—0,5, 3—0,56—1,0, 4 — > 1,0; 5§ — MEOIMHAK CONepHHaHI A Copr B NECYAHWKAX; 6 — Ipa-

HNLA 3anagno-CHOMpCKOl PARNMHE; 7 — DAsBeOYHHE IOMAAN, HA KOTOPHX NPOBOJHIHCH ONpeme-
JIEHNMA OPraHMYeCKUX KHCJIOT.

2.5. MUKPO®JIOPA B IOA3EMHEIX BOJIAX
I EE TEOXHMHIYECKAA POJIb

Muxrpodaopa moJseMHEIX BOJ — BaskHeHIIAas 1 AKTHBHAS COCTABHAA
wacth ruapocdepnt, koropyo B. . Bepuajcknit Haasas (KEBHM BEIIECTBOM.
Muxpodaopa mpejicrasisger co60il Meabuaiiime pacTATeNHHEE OPraHMSME —
mpocreiimme, BOJOPOCHM, GaKTepHM, APOAIKE M IUIECEHH, .CPEJH KOTOPHIX
uapecTHO 0Koxo 150 THICAY pasmooGpasHEX BHAOB. B mopseMENX BoJax may-
YeHH FJIaBHEIM 00pasoM GarTepumadbHble MEKDOOPTAHHSME, MMEIONEEe pasMep
OT JIGCATHIX JIOJICil /10 HeCKONBPKEX MHKPoH. B mpomecce croeit skusmefieATO -
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HOCTH OaKTepHH BHIOIHAIT OTPOMHYIO reojoruieckyio pabory. Ilosromy
cosepmenHo ompasjano saenenme C. V. Hysmemosmm m npyrmmm (1962)
€caMOCTOATENBHOT0 HAYIHOTO HAOPABIGHHH MHKDOOGHOIOIHE — reoorude-
CKO# 'MUKDPOOHOJIOTHY, HJIH TeOMHKpPOOHOIOTHH.

Bakrepnm ma 75—85% mo Becy cocrosr m3 Bopel. OcranepRyo dacTh
cocTaBiAnT mpoTennkl (GeaKum), yraeBOJE, JUNHAH (FKEDH) B HYKIGHHOBEHE
rgucaors (PHR u JIHK), xotopsie or cyxoro Beca GakrTepmil comep:aTcA B
roymaecrBax coorserctsenno 50, 10—30, 10—15 m 13—24%. Hpome toro,
RaeTKE GaKTepumit cojeprraT GONBIIOe KOMMIECTBO OPTAHMYECKHX COC/IMHeHHH,
JIETKO MOCTYHHHIX B 00meM o0GMeHe BemecTB. JTO caXapa, OpraHnYecKkne Kuc-
JO0TH, AMEHOKHCIOTH, HYKAeOTHAH, (ocdopube dPmps, BHTAMEHEE T Jp.
Bes pestensHocTs GaKTepwil MPOMCXONAT IPH WHTEHCHBHOM YYacTHH OpTa-
HEYECKHX KaTajiu3atopoB — (JepMEHTOB.

B’ mpomecce passETEA OaKTePHA HCIOJB3YIOT IHTATeNLHEE BEI[ECTBA,
KOTOPHE, ¢ OfHOH CTOPOHEI, CAY/KaT MCTOYHHKOM DHEPIHH, a ¢ Apyroi — ma-
JOT MaTépHa] NAA TOCTPOeHHA KIeTKH. IIATaTeIBHEIME BeIECTBAMH MOTYT
GHTh TPaKTAYECKH BCE OPraHUYECKHe COeIMHEHHA (IPOTeWHH, YIJEBOH,
JMOANH, OeJUT0J03a, XUTAH, YIIeBONOPONH M Ap.), a TaKiKke MUHEpPaJbHBIe
BemecTBa, BOJA M TrasH.

dHeprua JA PasBUTHA TOJyIaeTcAs OAKTePHAMH B HpPONEcce OKHCIH-
TeNBHO-BOCCTAHOBUTONLHEX peakmuil (Gmosormgeckoro oxmeiaenns). Oxucie-
HAe 3aKII0YAeTCA B TIOTEPe BJIEKTPOHA U CONPOBOAAETCA MIN MoTepeil Bomo-
posa, mam npmoGpeTeHmeM Kmciopopa. B Gonpmmmcrse pearmumil Gmoxorm-
YeCKOTO OKHCIHHA BOLOPONHLIE ATOMEL H DJIEKTPOHH HePEHOCATCA C MOJEKYT
cy6erpaTa, 0003HaTaeMEIX KaK JOHATOPH BOOPOa», Ha JPYTrue BEmecTsa —
4AKIENTOPE BOJOPOHA».

Ilo oTHONIEHHIO K KHCIOPOAY pasimyaior aspo0HEE M aHaBpoOHEE GaKTe-
pun. Aopofvl PazBMBAIOTCA TOJBKO NPH HANMIEM CBOGOAHOTO KHCIOPOAa,
OlHAKO eCTh OTJEIBIKE IPYNOE aspoboB (Tak HasHBaeMbie O0JUTAaTHEE a’po-
6m1), KOTOpHIe CHOCOUHEL PasBEBAThCA W Gea cpofOAHOrO, HO NIPH HAIAIHH
ceasagHOTO Kucsuopona (mampumep B NO;). Anaspobul KxEBYT OpH OTCYTCTBHR
WM IpW OTPAHMYEHHOM JOCTyme cBofopmoro Kucaopopa. OHum MEHOXB3YIOT
cyandaThl, HATPATH, YIJEKICIOTY, OpPraHHYeckue BemecTBA B KadecTBe aK-
TenTopoB BOJOPOAA, BEIpafaTHBAeMOro B Ipomecce Oo0MeHa BeI[ECTB, MM
BHJIEAAOT Trasoofpasusil BOXOPOx B cBobogmoM Bmpe. MmeloTcsa mexoTopsie
BuH GakTepmit (paryIbTATHBHEIE aHABPOGH), KOTOPHE CIIOCOOHE Pa3BHBATHCA
KaKk B NPUCYTCTBAN, TaK M IPH OTCYTCTBHH KHCJOPOjia, HO aKTHBHOCTH MX
pasBuTAA B MEPBOM CJydYae BEIIIE.

ITo xapakrepy oGmena GaKkrepHm mOAPasfeIAIOTCA Ha aBTO- I TeTepoTpod-
mue. Aemompo@bl [IJA CBOGr0 PABBATHA WCIOIL3YIOT HCKIOTHTEJIBHO MH-
pepanpHEe Bemecta (rabmx. 2.14). Yraepox, HeoGXOMUMBLA A NOCTPOGHMS
csoero Tema, omm moxywaior us CO,, a Bomopox, Boccramasmmearommit CO,
710 OpTaEMYecKuX BemecTs,— u3 Bojsl, H,S, NH, nam menoassyror rasoo6pas-
EHi BOmOpOx. I'emepompoghsl HyKAAIOTCA B TOTOBHX OPraHAYECKAX COeTHHe-
HEAX, HO B HEGONBIOM KoJmdecTBe MOryT mcmoabaoBath m CO,. Jmepruio Ha

: { -
Ta6banma 2.14

Kaacenduranna GarTepmii mo xapakTepy oomema [Kysmemos, 1970]

WCITAEeMAI -
Opranusmsl @ TED ofMeHA pg':‘{ (2353%,);? ncoi;focl;fo- HcTOYHAK 9HEPruH Hcm;’;ﬁ: i
n
X eMOCHHTOTHKH ABTO- MuBepajgLHEe Pearmmsa oxucuaenns me-| COq
Tpods (XeMoInTOTPOGHS) BOINECTBA OPTrAEMYECKUX BEIIECTB
TerepoTpodsr (XeMoOp- Oprammueckme OrneanTenbHO-B0ccTaH0- | Oprammveckne
rasoTpodu) BEIIECTBA BHTEILHEE PeARINN NpPH | BelecTsa
OKHCIEHUN OPTAHNYECKIX
BCIIECTB
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Boccranopierne CO, Onn HOMYYaloT OT OKHCIEHHA OPraBMYECKEX BEHICCTE.
K rereporpodam ortnocures Goabmmucrro Garrepmii, 00HapY;KeHHHX B IOJI-
3eMHEIX BogiaX. Hexoroprie Gaxrepmu (tak nasnsaembie aKyJIbTATHBHEE MEK-
coTpodrr) cnocoOHN Kak K aproTpodmoMy, Tak m K rereporpopuomy obpasy
FRUBHIL.

Hoamaecrsennoe copepsxanue m cocraB MuKpOdIOpH TOJ3eMABIX T BOJ,
H3YUeHHl eme Janexo nepocrarouno. HauGomsmee uneno jannex mmeercs s
HOJ3eMHEIX BOJI MeCTOpOskjennii nern m rasa, yrieii, ceps, IoIHMeTALI0B B
ap. Mccnejosannsa B 9THX BOJAX IPOBOAATCA TIaBHBIM 00pasoOM B CBS3E
HePTerasomONCKOBLIM 3HATEHneM MHKPOPIOPE 1 ee TeoIOTHIecKoi poJbio B
00pasoBaHuIl M PABPYMIEHAN MECTOPOMICHHIT HOJE3HHY MCKOIAeMELX.

Rommaecrsenupiit yaer MukpoopramnaMon mojseMHHIX BOJ, H3Y9IEeHHEIX
a0 ray6unnt 3—4 kM n Gonee, moxasai, uT0 HX wHca0 KoaeGaeres ot 10 T,
10 500 Teic. KaeTok B 1 Ma BOEH, jocTHras B 0c060 GJATONPUATHHX YCIOBHAX
HECKOJBKAX MUJIMOHOB KIeTok B 1 M. Ilpm srom umeno ;kuBHX KaeTok coc-
crapiser 95—99%. Ocnopnry JmMuTupyomuM GaKkTopoM s PasBATHA Gax-
Tepuif caysmur rtemumeparypa. Bepxumii mpemen, mpu KOTOPOM eIme MOKeT
npoTeKarh, XO0TA I B Ocialiennom Bujie, sKU3HbL Mukpodos, 90—98°C. IToxa-
rajor, 410 GaKTePHI BEHICP/KHBAIOT BLICOKUE TeMIEPATYDH JydIme IPH HOBH-
IIeHHBIX [IABJICHMAX, CYIMECTBYIOMNX B rayGOKHX BOJOHOCHHX TOPH30NTAX.
Honm:xenunie remmeparypu (Menbme — 3—(—5)°C) rakske 3aTOPMAKUBATOT
passurne Gakrepuit. [loanoe ux ormupanue, sepoarno, orpanuaeno TeMepa-
Typoit okono —10°C. Baxrepun, passusatonuecs npn 20—40°C, masmsaoTcs
mesopuabpaRIME. J[15 GONBIOH TPYNNE TaK Ha3BIBACMBIX TepMOPUILHEX GaK-
TePHil ONTHMAJBHEMU YCIOBHAME JKUBHH ABJIAOTCA TeMIEPATYPH or 40 mo
75°C.

Coznenocrs (Mumepanusanms) mOJ3eMHEIX BOJ BIMAET HA RASHETEATENb-
1ocTs Gakrepuii iMmb DpH oYenb GOJBIMOM ee BHavenun. Mporue MAKpOOpra-
HHBMEL COOCOGHEl pasBMBaTHCA NIPH KOHOEHTpammu coxeii no 250—300 r/x.
3aTOPMayRUBAIOT PasBUTHE OTHEIBHHIX IPYII GaKTepmii HEKOTOPHE KaTHOHEL
CoJieif, KOTOPHE L0 YrAeTaomeMy BINAHHIO 3aHAMAIOT CIeNYIONaix pAR:
Nat < K+ << Mg < Ca® << Zn* << A3+ << Pb% << Cu+ < Hg?t <
<< Ag+.

CymectBylomue niacToBhe JABIEHHS B BOTOHOCHEX TOPUB0HTAX Ea
ray0mEax go 4—95 KM, HaoG0pOT, aKTHBHBHPYIOT PA3BUTHE Gakrepmii. 06
9TOM CBHJeTenbcTBYIOT OnHTH K. 306emna mo oGpasosammio H,S mpm cyuas-
daTpeNyKIME B YCAOBHAX PA3HHX J(aBICHHI:

Pyl s 0 4400 2:40% - 440F G407 810T 44108

Q6pasosanue
HsS 3a 18 4,
Mr/a :

22 21 27 39 93 79

Ilpenen napienmii, Npm KOTOPHIX BO3MOKHA JICATEIBHOCTD Gaxrepmit,
Beposrio, 12-10° Ila. Boapmmmucrso Gakrepmii Jyume BCero pasBEBAETCH
npu pH or 6 o 7,5, onnaxo nssectun Gaxrepuu, BEEKUBaomue opa 1 > pH>
=10.

Cocras GakrepmalbHOil MUKDPODIOPH ION3EMHEX BOJ UpPesBEYANEO NI~
POX u pasrooGpasen [Bupmrexep, 1957 ]. Moxno massath cieyionme ¢uamo-
JOTHYECKNe Ipynns Gaxrepmii, o0Hapy/KeHHbIE B MOJ3eMHEKX BOJIaX: campodn-
TH U THUJIOCTHE® GaKTepHH, pasiaralomue BemecTa GEIKOBOrO Xapakrepa,
oxmcasomue HagTanuE M ras000pasHbe YIrAEBOOPOJL, PAsPYIIAKITHE op-
TaHWIECKUe KUCIHOTH, VIJEBOAODOALI, BEImECTBA YIJIEBOJHOTO XapaKTepa.
Xopomo usyuens B mOJ3EMHEIX BOJAX kele300aKTepnm, cepobarTepun, asoT-
(mxcaTops, HETpUPEKATOPH, AeHUTPEPEEATODEL, aMMOHU(UKATOPE, THOHO-
BHe ¥ Jlecyaspupyomme Gakrepun. IlpuMep GakTepmanbroro maceaemms moj-
S8eMHEIX BOJi KOHKPETHOIO palona upmeogutTcsa B Ttabm. 2.15.
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Tabanma 245

AKTHBHOCTD H YHCICHHOCTH MHKPOOPraiisMOB B NMOASEMHBIX BOjlax 3anagno-Cnbmpexo-
ro Gacceiina [Kpamapenro, 1976]

ABpoOHLIe ‘Diggg’éa' AmnappolHbe
Mamopa  [Hmmepnan on- sl Bty
= o0opanna, M EHUTPU- |1eCYiib-
BONBI, T/I B * | osmeamo- | gyuemaio- ¢J}Iunp§r)m~ nmi_ BOAOPOT- cpemax

e naPa-lype meran| mue (rere-|pupyio-| TPOAYII-
Qun porpopnr) | mme | Pyoume

10—15 620—622 s 0 >1 mum,| O 0 MHILITHOHEL
10—15 T10—1256 | +-+-+ 0 A v, [+ 100 COTHM THICAY
20—25 1319—1827 | -+ 0 1 mun. | -+ | He onp. e
25—30 21022225 | 44—+ | +-4-+ | 100000 | -+ 100 SR
30 2724—3001 | 4+ bk 10 000 |-H---] =1000 | Tecsren ThcAY
IIpamevanne. -+ -4 — BecbMa aKTHBHL, ---- — AKTHBHHI, -+ — MaJl0aKTHBHE, 00—

0aKTepNA OTCYTCTBYIOT.

Peoxmmudgeckas poss MHOIMX (U3MOIOTHYECKUX Trpynn Gaxrepmii oco-
OEHHO BeJIKA B MUTPAIINN YIiepoja, a3ora, skexesa u cepul. Tak, yraeBomopos-
oxmeagione (akTepunm OOpeJeNsIOT B 3HAYHTENBHON Mepe KPyToBOpOT
yriepoga, B dacruocti ero Omoreoxmmmyeckuin muka. Cymecrsyer Goapmoe
gucao Gakrepuii, KOTOpHIe ycBaWBalOT ATMOCHEPHLIT a30T, PasaaralOT aso-
TICTHIE OpPraHAYecKue COeJMHEHNA, OKUCJSIOT aMMHAK, BOCCTAHABIMBAIOT
auTputsl u T. . [lmpoxo pacupocrpamenst B riyGOKMX TOA3EMHEIX BOXAX
CyabpaTBOCCTANABINBAIONIIe MK jlecyabpypupyonume Gakrepmum, Aas pas-
BUTHA KOTOPHX HeoOXoauMul cyibpars (Kak aKkmenTopsl Bojopoja) m opra-
HHYeCKHe BelecTsa (KaK THTaTeJNbHEE UpPOAyKTe). Onrtamansmsr jus Eh
seamunas o1 —100 no —300 MB, pH oxoso 7 u Temmeparypa oxono 30°C.

IIponece cyandarpefyRIim NPUBOAAT K HOABJGHIIO B TOJ[36MHBX BOLAX
H,S, ymenwmenmio comep:KaHHsA UM IOIHOMY MHCYEBHOBEHHIO CYIbParTos,
OCAKIEHHIO jKeje3a U ADYTHX MeTajnos B Buge cyasupon. Hanpuwmep, sa-
Kagka cyiab(aTHeX Boj B HeTAHON IIACT MOMKeT HPHBOAUTH K IIOSBICHAIO
H,S ¢ marencusuocrsio or 0,16 1o 0,8 mr/n B 1 cyr u x xonnemrpamuu H,S
B Boje 710 450 mr/i.

Oxucnenne BOCCTAHOBJICHHKX COSIHHEHNI CePHl OCYINECTBIAETCH MUOHO-
eumu Oaxrepuamn. Ounm npefcrasisior coGoii 00HYHO aBTOTPO(HEE MIKpPO-
OpraHmaMsl, ucnouabsylomue csobopuyio CO, Ha mocrpoenme cBoero Texa m
HOJYYAoMie SHePIHI0 UPH OKUCIEHHH CepLl M €@ BOCCTAHOBJIEHHHIX IPOAYK-
ToB. THIUIHEME IpejcTaBUTeNSIMI THOHOBKX Gaktepmii apasiorcs Thioba-
cillus (Th.) thioparus, Th. thicoxidans, Th. ferrooxidans. B macroamee Bpems
JIOKa3aHO, 49TO B OKHCJIEHAHN CyJabuUIHEHX MHHEPAJOB m B 00pa30BaHUN 30H
ORHCICHUST THOHOERE OaKTePHH HIPAl0T 0YeHb GOJBOYI0 POJb.

Copnepsranie tuonoprix Gakrepuii B BOJAX OKHCIAIOMAXCHA MEJHOKOIIC-
JAHHBIX I HOJMMETAJIeCKAX MecTopOkjenuit Ypamna, Apmenunm u Jpyrux
paiionos cocrasuser 10*—10° kxeror B 1 Mx Bous. Ycaosusa u cpena pasBUTHA
THOHOBHX OaKTepuil, OKUCIAKINX BOCCTAHOBJIEHHEE COSIMHCHHUSA COPH Ir
JAPYTHX 2JIeMeHTOB, mpusefiensl B Tabm. 2.16.

Iomumo aprorpooB B BOJAX DPYAHBIX MECTOPOIEHMI PACIPOCTPAHEHH
1 reTepoTpodrl, reoXuMHIeCKan [eATEILHOCTh KOTOPHX CBA3ama ¢ 06pasoBa-
nueM opraanmiecknx knciaor. [locrexane oGpasyior ¢ MeTanIaMI KOMIJICKCHEE
coeUHeHNA (XeJaThl) WJH COJNH, I B TAKOM BHJ@ METAJIIK BHIIEJIAYHBAIOTCS
Hu3 PyH.

B cBasn ¢ pamnoit poasio GakTepuii B OKHCIEHAN CYTHOUIHEX MIHEPAIOB
cIegyer OTMeTHTH (OJbINe NepCHeKTHBH GaKTePHaJbHOTO BEINEJIATHBAHMI
Metaxunos u3 Gexmmix pyx [Kapasaiiko u gp., 1972]. B mactoamee Bpems sa
pyb6esxom m3 pyz, copepixamux seero 0,2—0,6% memn B Buge cyandumos mim
ORHUCJIOE, esrerogno nomydanr a0 20% mepu. B CCCP raxsxe mmeerca mosio-
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Tatbamua 2.46

MuEpOOpraHu3Mbl, ORKHCIAKIIEEG BOCCTAHOBICHHBIC COCAUHEHHA Kele3a, Cephl H CypbMul [Ixoxorms..., 1976]

: pH
Muxpoopraansms MeeTooburanue HcToUHNK pHEpPrAn vy o]
- npepe ONTHMYM
st 0 Lo ik
Thiobacillus (Ferrobacillus) MecTOpo/RIeHNsA CEPHEIX I cYIb(HHKX DY, Cyasduganie Mumepans, S , 2—40 1,048 2,0—3,0
ferraczidans VIONbHLe W BONOTOPYAHLIE MECTOPOMIeHNA | Fe?T g2~ 320:_2‘—' 803~
MuKOLIa3MOn000HkEe TePMO- Kucame tepManbmbie ucroynukn Mesoy- MoS;, CuFeS,, S°, Fe* 45—T0 — 2.5
(unsabe CTOHCKOI'0 HAIMOHAJBHOIO LapKa
Bimskne k pony Metalloge- Hucnple BOJEI YrOJNBHLIX MeCTOPOsKCHHI Fe?* 3,5—4,5 —
nium
Thiobacillus thicoxidans MecToposKReHE s CePHEX M CYALOMANLIX Py, 87, 8037, szog“, 8402_ 2—4 0.5—5,2 2,0—-3,0
BOJIOEMET
2— =
Thiobacillus «y» PTyTHO-CYPhMATEe, CYPEMAHEE H 30J0TO- §°% 85037, PbS, 8byS;3,8hyS; | 110 40 4,5—8,5 8,0
PY/AHEIE MECTOPOASICHIIA
e 2— 2—
Thiobacillus denitrificans CepHEIC, CYPBMSHHE I PTYTHO-CYPBMAHEE 80, 8,037, 8,05, 8037, 6,0—8,0 6,2—17,0
MECTOPOSTCHIT H,S

PacnpocTpanenne (U3HONOTHYCCENX Ipynn Garrepuii B OJ3EMHEIX BOAAX

Tadanma 217
pe)reHOCHBIX 1 HeHedTeHocHLIX miomaneii, % [/yrosa, 1964]

Paspy- e TuoHOBHE
Canpogu- AumMoHN- | leAnTpH- | COpamu- | manomue %%Tézg}a? Kuersar-
HcenemoranHue mIoMiagy THI GuIupyio- ([GUUMpPYIO- | BAaIMMe | HADTCHO- |papnnpato-| kopee | Th. thio- | Th. thio- |Th. denit-
e myie IIIOKOBY | BuE KuC- o DA bt i e
JIOTHEI
Hedrerazonocase naomazu sanaga Cpepmei
Az 83 72 45 42 18 45 (1] 61 3 84
Henedrerasomocuite mroniann sanaga Cpepreii
Asun, Cu6upu, Kaskaza, IIpubanruru 94 95 64 48 74 0 23 76 45 72




JKUTEIBHEIA ONBT NOOBMHE MeIX ¢ Io- Tabamma 2.18
MOIIbI0 GaKTepHalbHOTO BEINEJATABA- Cocras MEKPO(IODH TOPOBEIX PACTBOPOE,

gua Ha Ypaxe ([lerrapckmit, Basas- Thic. EXeToE/i mx paersopa
CKHil M Apyrme pPyAHUKH).

Baxmyio pons Mmmkpodmopa ur- Eanrepn, Bicrynme
PaeTH B IPEBDAMIEHNAX OPraHMIecKOil o sl et o
COCTABIAIIMEN NON3eMHEIX BOJ. Pas- D2CTBOPOB | emopoof- | Hecmopo- | ma HAA

- pasysomue | 00Pasyio-
naras OCTATKH HA3eMHOM PaCTUTENb- e
HOCTE — KJIETYATKY, YIJIEBOXEH, Oex-
KA, OHA cmoco0eTByeT (OPMHEpPOBAHMUIO I 294,0 1391 1391
pasnoo0pasHHX OpraHHYeCKHX COeIu- 11 54,0 162,5 763
HOHHH, YTO HOJTBEeDRIAETCA NAHHEIMMI 101 0,04 32.0 391
aHajE3a BOJOPACTBOPEHHEX BEMIECTB.

Ilpm paspymennn GaxrepuaMa GeIKOB,
| YTAeBOJOB M KJIETYATKE B KadeCTBE HPOMEKYTOYHHX IPOJYKTOB HEM3MEHHO
06pasyoTcsa OPraEAIecKEe KUCIOTH, IMAPOKO PACIPOCTPAHEHHKE B IIOJ36MHBIX
BoflaX. MaKcmMaThbHEE KOHUPETPATINH JKADHEX KHCIOT NPUYPOYEHE K BOJAM
pedrerasoBHXx (Ta30KOHJEHCATHHX) MECTOPOKIEHA, 9T0O IPHBONHT K BEIBORY
06 amaspobEOM oxmciaeHEE yraesomopomoB. lllmpoxoe pacmpocrpamennme aHa-
spoGENX GakTepuil B BOJAaX HEPTAHEIX MECTOPOMKIEHHI IIOATBEP;KIAET BO3-
MOKHOCTh aHaspo0OHOr0 paclaja YriaeBoJopofoB ¢ o0pasoBaHmeM KEPHBEIX
Kuca0T. Buasiennsie cnenuduyeckue ocoGeHHOCTH GaKTepHATBHOTO HACEJIe-
HEA BOJl HeTEera30BEX MECTOPOKACHNI YINTHBAIOTCA B HePTeNOMCKOBOM IpaK-
rake (rabx. 2.17). Ucomonr3oBagEue yIaeBo0PONOKHACIAIONAX OaKTepHEl B Ka-
yecTBe MOMCKOBOTO IPH3HAKA Ha He()TH JIeIKAT B OCHOBE MAKPOGHOIOTHIECKOTO
Merofla MOMCKOB 3ajiesxeil medrm u rasa, smepsrie paspabotammoro B CCCP.

Muxpoopranuamel ofHapy:;KeHE HE TOJILKO B CBOGOIHEIX, HO H B CBA3aH-
HHX Bofjax. Ilpu aT0M, IO HaHHEIM HccaefoBaHmil TOMCKOro HOMUTEXHAICCKOTO
nucraryra [[loposme pacrBoph..., 1981], mmxpoduopa moposmx pacrsopos
obaamaer maske Oosee BHICOKOH GMOJIOrEIecKoil aKTHBHOCTBIO, IeéM COOTBOT-
CIBYHIAe MUKDOOPTAHH3MEL CBOOOJHEIX BOX. IT0, BEPOATHO, OGYCJIOBICHO
coemudAIECKEM XapaKTepOM TeOXAMHIECKOR OOCTAHOBKH CBA3AHHHX BOJ
(cm. ra. 1).

Hexoropoe mpefcTaBJeHme O MHIKPOOPraHm3Max NIOPOBHIX BOX JaeT
raba. 2.18, B KoTopoil npusenen obmuit cocras rereporpoduoil (canpodurnoii)
MuKpodIOpH, OOHADY/KeHHOH B CBABAHHKIX BOJAaX GypOBAaTO-COPHX IIHH
BepXHero majeoreEa B paifome «Jlarepmoro cama» (Hommmpams-Tomcras soma).

HonmuecTsenntii amamns rereporpoduux OGaxrepmilt mokasan:, 4T0 B HO-
poesix pactsopax II m III ¢parmmii cymecrsenno mpeofiaagaior HecHOpPOBEHE
fagTepun. B mopojax Mo omKaTHA HOpPOBOIO pacTBOpa CHOPOBHE DaKTepHw,
pacrymue na MIIA, cocraBaator or 82,3 o 100%, a B pacreopax II dpax-
mmm — 79,5% c¢ mommmemmeM 0 9%. B moposmix pacrsopax III ¢paxmmm
cnopossie Gaxrepmu, pacrymue ma MIIA, me oGmapysxeHE. AKTHHOMHIIETEH
BHIABIEGHH B mOpoBHX pactsopax I ¢paxmum, Bakrepmm, pacrymme ma HAA
u ofHapy:KeHHEE B IOPOJAX, OPHCYICTBYIOT BO BceX (paKmusaX pacTBOpa.

Bronorugeckas AKTHBHOCTH MUKPO(IOPH MOPOBEIX BOJ H3yJanach B
naGopaTOpHKIX YCJAOBHAX IyTeM CPABHHTEJNBHOTO AHAIHN3A CKOPOCTell THCTO
XAMEYIECKOT0 U XEMUKO-GIOJOIAIeCKOr0 OKUCICHAS Pa3HO00PASHEX CyIbdma-
HEIX DYA B YCIOBUAX PasimIHEIX cpef. B pesyabrate ycraHOBIeHO 3HA9H-
rensHoe (B 5—10 pas) moBmmenue cKopocTH GaKTePHAABHOTO BHIIEIAYABA-
HEA PYA OO0 CPaBHEHUIO ¢ XuMmyeckuM. Bce 910 CBUETEaABCTBYST O TOM, UTO
POab U 3HAUYEHHEe MPOIECCOB, NPOTEKAKIEX B CBA3AHHEIX BOJAX, BEPOATHO,
SHAUMTENHBHO MHOTO0Gpa3Hee, I6M HTO HPHHATO CIUTAThH. Bes HayueHusa BCEro
GroXuMHIECKOr0 MHOT006pasHA DPOIECCOB B CHCTeMe BOZa — ImOpofia mpobie-

ma gopMIpOBaHUA XHIMHYECKOTO COCTaBAa MOJ3eMHEIX BOJ BPAM JIH MOKeT GHTH
pemresa.
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2.6. COCTAB IIOPOBBIX (CBSI3AHHBIX) PACTBOPOB
TFOPHBIX ITOPOJ

ITopoBLie pacTBOPEL TOPHEIX NMOPOJ TPECTABIAIOT CO00I THTANTCKYIO
no macmraly caabo m3ygeHHYI0 CBOe0Opa3Hyi0 TEOXHMHIECKYIO Cpely, Hr-
paoImyi0 BAJKAYI0O DOJb B PasBUTHH MHOTHX TICOJOTHYECKHX NPOMECCOB
(cum. ra. 1). Ponp u 3mavenne DOPOBHEX pacTBoOpos B OPMHUPOBAHNN IIOJ3EMEBIX
BOJl OLPENeIAI0TCA ITANOM PasBHTHA Ie0JOrHYEeCKOIl CTPYKTYPLI, UX TeHeTH-
YeCKUMH O0CO0EHHOCTAMH H TIyOHHONH B3aXOpoHenusd.

Hccnenoparna mocneuuX Jer mOKasaid, 410 COCTAB IOPOBHIX BOJ OMpe-
AeNseTCA JIMTONOTO-PanmalbHEIM W MHHEDAJOTHYeCKHM COCTaBaMH HOPOJI,
AKTHBHOCTHIO BONOOGMEHA, COCTABOM M COjep;samiieM OpPraEMYecKOr0 Belme-
CTBA W 0CO0EHHO aKTUBHOCTHIO MEKpoopraunsmon. CnenuanpbHbie sKCIepAMeH-
THI, T@JI5I0 KOTOPHX OBLIO BHIABICHAEC BO3MOJKHEIX COOTHONICHITI MEKIY COCTa-
BaMH TOPOBHIX PACTBOPOB W CcBOOOJHON BOJH, a TaK:Ke M3MEHEHHWH COCTaBa
IOPOBOTO PAcTBOPA II0 Mepe YBeJIHYeHHA NpPIJIAraeMOro K o6pasmy jaBieHus,
6pum ocymecrsiens IT. A. Kpoxossy (1971). Yeranosaeno, ato B o6pasmax
C eCTeCTBEHHOI BJIasKHOCTHIO Hmo Mepe yeexudenns pasiaemmsa g0 5000 mr/cm®
m Gosee KOHIEHTPANUA COJEHl B OTKAMAEMOM DPACTBOPE MOCTeNEHHO MOHI-
saerca. BaaskEocTs T JaBleHMe, OPH KOTOPHX HAYAHAET YMeHBIIATHCA CO-
Jiep;Kafane OCHOBHEIX HOHOB, HEOJMHAKOBEL B OOPeIedaioTCa THIpOOHaABHOCTEIO
roan: gem Gomee OHEH THApPOPHIBHEL, TeM HpH (olee BHICOKON BJIAKHOCTH W
HHE3KOM JIaBJeHUN YMeHBIIaeTcA KOHIEHTPAIHA pacTBOpa.

Becema cuoskenm BOOPOC I 0 B3aNMOOTHOIICHWAX CHCTEMH IOPOBEIe
PacTBOPH — rPaBATANMOHHEE BOAK IPHMEHHETENBHO K MPAPOIHLIM YCIOBHAM.
Hccnenopannsa DOKa3HBAIOT, 9TO B OPHPOAHOH 0GCTAHOBKE COOTHOIIGHWS
MEKJy paccMaTPHBAEMBIMH HapaMeTpaMH pas3imuHB: 1) IOPOBHIA pacTBOp H
TPaBUTANMOHBAS BOJA HMEIOT GIMBKHE COCTABH; 2) MOPOBHIL pacrsop 6ojee
KOHIEHTPHPOBAH, YeM CBOGOHAA BOMIA; 3) HOPOBKIA PacTBOp MeHee KOHIEHTPH-
posas, 1eM cBoboxuan Boma. Haskpawii m3 Tpex caydaes o6ycaoBien ompene-
JeHHBEIM STAIIOM Pa3BHTHA IEOJOTHYECKOH CTPYKTYPH, XapakrepoMm mpeobpa-
80BAaHAA TOPHEIX IOPOJ, TéHETRUECKAM THOOM IOPOBHX M CBOOOJNHEIX BOJ.

CnosxEple B3aMMOOTHOIIEHUA COCTABA TMOPOBHX M CBOGOAHEIX BOJ IIOJ-
TBEP/KAAIOTCA M pe3yibraTaMu Hcciaenopamit B Gacceiime p. Ymxanka (3a-
naano-Cubupexmit apresmanckmii Gacceiin). ['opHile mopojsl 3nech mpeicTaB-
JIeHH BEPXHEMEJIOBEIMU 1 KalHOB0MCKUMH OTIOKEHHSIMN, KOTOpPHE II0 JIMTO-
A0ro-PanmaTBHEIM YCJOBHAM DAasAeIAQTCA 1A TPH TOJIH.

Cpopmaa xapakTepHCTHKA COCTAaBA LOPOBHIX PACTBOPOB ¥ ILIACTOBHIX
BOJI PaCCMOTPEHHEIX TOJIN mpHBemeHa B Tabm. 2.19.

B ycanosnsx 30mmI rumepreHesa COCTaB NOPOBHIX BOJ| TAaK:Ke pPasiHueH.
Yame Bcero zjgech mmeeM JIeI0 ¢ IPECHBIMI DPAaCTBOPAMH, COCTAB KOTOPHIX
6au30K COCTaBY PYHTOBEIX BOJ W BOJ 30HH aspamun. B KawecTBe mpmMepa
npHBefieM MaHHEE O COCTaBe IOPOBEIX BOJ JArepHOCAICKON CBHTH (paiion
r. Tomcka), KOTOpHE OT/KHMAJMCH LPH TPEX PASHEIX CTYMeHAX JaBJICHHI:
0—50, 50—500 m 500—3000 xr/cm2.

Ora10/%eHMA TarepHOCAACKOM CBHTHL IIPEJCTABIEHH TPEMs TOPHB0HTAMIE.
Huxamit c105KeH TEMHO-COPEIMH TJINHAMH KODH BHBETPHBAHUA OTIIOKEHHIL

CpﬂBﬂI:[TEIEbHaﬂ XAPaRTEPHCTHEA YCPeNHEeHHOT0 XHMHYECROr0 COCTABA ILIAC

BospacT oTao:KeHnit Drsesr Eﬁﬁ“e““a' M cl” Na+ Copr
ITaneoren-ueTsepTHIHNE Il;1acToBast Boja 230 13 37 31
IToposrie pactsoph! 350 44 - 18 35

Ianeorenosue IlnacroBas BOsa 160 8 40 3.9
[loposeie pacrTsopm| 2480 360 170 70

Men-naneorenossie IToposwe pactsopr| 5100 1970 1340 476
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HH;KkHero KapGoma. Tmwkexas ¢pakomsa 5TAX TIAUH CJIAraeTcs CHEEPHTOM,
MAaTHETATOM W NHPHTOM. 3epHA YKAaBaHHEX MIHEDPAal0B CHIBHO pPaspyIIeHE.
OrmegaeTcss IpmMech UHMPKOHA, rpadara. IlopoBsdi pacTBOp, OTIRATHIL 13
raMH, Xapakrtepuayercs musknm sHavemmeMm pH (1,8—2,05). 9ro ceazamo ¢
IpomeccaMi OKHCIEHHS, B KOTODHIX BECHhMa BSHAYATEABHYIO DOIb HIpaioT
MEEpoopranusMel. Iloposee pacrsopsl 00gajajoT BHICOKON MEHEpalm3ammei
(zo 130 r/x), mo xmMmuecKoMy cocraBy cyiabdarabe xexesuctsie. CofepKraans

amemenToB (Mr/a) cocrasiasmior: Fe*+ — 2790, Fed+ — 34140, 502-—92 901,

Copr — 500 mr/m, Cl — 37. MUKDPOKOMIOHEHTH IPEACTABICHEl CJIEIYIOMEM
wommiaexcom: Cu, Zn, Ni, Co, Bi, W, Sb, V, Ba, Mo, Ti.

Bropoit ropmsonr npeacraBisier co00il BepXHI0 0oJiee BEIBETPEIYIO
gacTh KOpH BmBerpusanmsa. Oma ciaaraercsa cepoBaTo-0eJBIME KaoJIHOBEIMHA
TIWHAME, MECTAMU IepeorioykennuMa. B cocrase riamumeroil gpakmum Iiae-
HYI0 POJBb UIPAOT MEHEPAJH TPYOOE KAOJMHHATA. JTOT TOPHBOHT IO CPaBHE-
HAIO ¢ HIJKHEM XapaKTepPH3YeTCsA SHAYHTEIBHO MEHBIINM COAEp;KaHHeM Opra-
HAYECKOTO BemecTBa W KOHIEHTpanueil pafga MUKpoxoMumomeHToB. Ero mopo-
BHIe pacTBOpH caafomesnounse (pH 7,15—7,5), npecusre (o0masa MEEepaIH-
samms 250 mr/x), cyasdaTHO-rEpoKapGoOHATHEE KalbIWeBEe, CONepsKaT e-
mesa 2 Mr/m, roMmmierc mMmrporommnonentos Cu, Sb, Sr, V, Ba.

Ocajkun KOpPH BHEETPHBAHAA NEPEeRPHBAIOTCS BEPXHEIAJCOTEHOBEIMA
OypoBaTO-cepHIME MIACTHYHEIMA IJIMHAMA ¢ HAA@YHeM JeTpHTa (TpeTHi ro-
pusonr). Iloposmit pacreop rumm caaGomemounoit (pH 7,4—8,2), mpecHsrid
(o0mas Mumepanusammus 360—385 mr/x), comepur Fe*+ mo 0,5 mr/ax, Makpo-
KOMIOHEeHTHBIH coctas ompegeasiercas Cu, Zn, V, Ba, As [Iloposse
pPacTBOpH..., 19811

Hax cremyer ma mpuBeleHHNX JAHHHX, IOPOBHE PACTBODEH, BHIETCHHEE
W3 PasHHX TOPH30HTOB, 3HAYATENBHO OTINYAITCA IO CBOBMY XUMIYECKOMY
COCTaBY, YT0, BEPOATHO, O0YCIOBICHO Pa3IUIHOHE CTEINEHBIO IPOMEITOCTH OT-
J0KeHmH, pasnoofpasmeM MHEHEDAJIOrMIECKOTO €OCTaBa IIHH H TpybooGio-
MOYHHX (pakumii, a Taxyke XapaKTepoM reoxmmmueckoil cpensl. Ormeuaercs
H3MEHeHHEe COCTaBa PACTBOPOB M IO Mepe YBeJWUeHHs IPHJaraeMoro JaBie-
HUA.

IloporsmM pacTBOpaM 0CAJOYHEIX TOPHHX IOPOJ IPUHAMIEKAT BajKHAA
poib, 06ycIOBINBAOIMAA He TONBKO QOPMEPOBAHEE COCTABA HMOJI3eMHHIX BOJ,
HO H (H3EKO-MEXAHUWYECKHe CBOMCTBA TOPHEIX IODON, IepepacupejeleHne
XIMAYECKNX DHIEeMEHTOB, 00pa30BaHHE MHOIHX BHJIOB IIOJE3HHX HCKOIAEMEIX,
BRJII0YAsA MeCTOPO;KJeHHA HedrH m rasa, (OpMIpOBAaHHE BTOPHIHHX ODEOJIOB
¥ IOTOKOB DPAacCcesnda M MHOTHe Jpyrue reojormieckme spiaema. OcoGoro
BHUMAHHSA B3acIy;KABaeT ODHADY)KeHHE B LOPOBHX BOJaX PpasHOdl MHKDO-
daoper. IMocaenmsas 3HaYATENBHO pacmEpseT MOHATAA TeOXMMHYECKOIl aKO-
IOIHH, SKOTeHe3a W B meaoM OGmocdeps. Hak masectHo, reoxnMmiecKas cpefia
HrpaeT 3HAYHTENLHYIO POIL B rereporemHoctTr monynsammit. IlosTomy MEr cuu-
TaeM, 9T0 flaabreimee, 60ee AeTaabHOS, H3YYeHAE TOPOBHX PACTBOPOB MO3BO-
JHT TMONOHTH K YCTAHOBJIGHHIO TEHETHYECKO IPHPOAH B3aKOHOMEpHOCTEN
pacumpefieleHNs TeOXHMAYECKHX B OHONOTHIECKHX IapaMeTpOB B CHCTEMe
TOpHAA MOPOMla — IOPOBHE PacTBOPH — cBOGOZHAA BOJA.

Tabamma 2.19
TOBHIX BOJX H NOPOBHIX PACTBOPOB OTAMKeHmii Oacceiima p. Ymxamka, Mr/wx

calt | sofT | pge2t T Lt B i sr Fe
26 7 17 3,0 0,150 — 0,016 | 0,110 0,16
67 22 15 1,8 0,124 -— = e 0,80
211 0.3 20 4,2 0,158 — 0,300 — 2,30

426 350 128 2.4 0,448 33 0,250 1,871 2,30

319 438 169 10 0,414 334 0,471 7,126 1,73
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3. BELYIIHE ®AKTOPHI,
IIPOILIECCBHI 1 OBCTAHOBKN ®OPMHPOBAHHHA
COCTABA MNOJA3SEMHBLIX BO/J|

HcrounukaMm pacTBOPEHHHLIX BEI[ECTB B IOJ3EMHEIX BOJAX CJY:KaT
MauTAA (JeTyIme KOMIOHEHTH MAarMki), JHToc(epa (HOPOAE I MEHEDAJH),
Guocepa (oprammueckoe memecTso), ruppocepa (okeamsl, MOpH, 03epa, pe-
ku) m armocfepa (ocagkm). Cocras mopzemmoil rumppocdepH ITOCTOAHHO HM3-
meHsAercA. Murpanud IOJ3eMHEIX BOJ IpeAcTaBiAeT 000 MTOr HNPOCTHIX H
CIOKHEX (OpPM JBIKEHHA, a HX COCTAB — HCTOPHYECKMH HTOT MHTDAIUA
BemecTBa B 3eMHOK Kope.

ITosmars cuoskHOE ABIEHWE MOJKHO TOJIBKO TOTAA, KOTJla MBYJalOTCsA OT-
JleJIbHBIE er0 CTOPOHSL 6e3 OTpHIBA U M30JANHNE MX APYr of Apyra. CocraBHEMI
9acTAMHE NPUMEHUTeABHO K (OPMHDOBAHMIO cOCTaBa IOJ3eMHHX BOX Oyayr
garmoprl, npoyecct U 06cmaH06KU, B KOTOPHX AeHCTBYIOT aKTOPH U IIpOTe-
KalOT IPONEcCH. JTUMHE TPEMS HHTPeAHeHTAMH 0GYCIOBIMBAIOTCA 3aKOHOMED-
mocTH (opMmpoBaHHA cocraBa mopaeMunX Box [[lmmmerep, 19771

Ilposectn crporyio rpams Me;kgy HuME noBoabHO Tpynuo. Ilox darropa-
ME POpMEPOBAHUA COCTaBA MOABEMHBIX BOJ IHOHAMAIOT JABIGKYIHEE CHJLI (I(PH-~
9YHHE), BHBHBAlIIHe N3MEHEHUE COCTaBa BOJAL B 3eMuoil kope. IIpomeccm —
caefcTBuA PaKTOPOB — CO3HAKT WAH HpPeofpasyloT COCTAB HOJ3eMHHX BOJ,.
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Uro ;xe Kacaercd 00CTAaHOBOK, TO OHEW IPEJCTABIAIT UPHPORHEE (oH, T. €.
Cpeay CYImeCTBOBAHMS MOA3EMHEIX BOJ, OT HAX 3aBHCHT HHTEHCHBHOCTH BO3-
meiicTBuA (AKTOPOB M HANPABIEHHOCTH IIPOMECCOB.

3.4, ®AKTOPEl ®OPMHPOBAHNA COCTABA
NOJA3EMHBIX BOJ

E. B. Ilocoxor (1969, 1975) mompasgenser darropsl (opMEpPOBAHASA
cocTaBa NO/3eMHHX BOX Ha rpymmel: 1) ¢usmko-reorpadmueckme (pexned,
regporpagmueckas cerb, KIMMAT, BHIBETPHBAHHWE, IOYBH); 2) Te0JOrmIecKne
(reomormgeckas CTPYKTYpa, TeKTOHUIECKHE ABHKEHHS, Te0CTATHICCKOE HaB-
nemwe, TeoMOP(OIOTHA, IUTOIOTO-MAHEPATOTHIECKHAN COCTAB IOPOX, 3K30-
TemHOe MEUHepaxroodpasoBamue, I0BeHUILHHI I ra3oBHil (arTOpH); 3) rAxpo-
reoJormyecKue (rEIPOTeOIMHAMUYCCKANR H IIAJeOTHAPOre0JormdecKmit (pak-
TOpHE); 4) (uaHKO-XHMuYecKkne (XuUMUYECKHEe CBOICTBAa IeMEHTOB, OKHCIH-
TeJIBHO-BOCCTAHOBUTEIBHEE YCJIOBHA, PACTBOPUMOCTH coueil, pnuddysus, oc-
MOC, TpaBHTanmoHHAf HuddepeHnEanusa, CMEIIeHNe BOJ, KATHOHHEIA 00MeH);
5) dmsmueckne (reMmepaTypa, TaBlIeHHe, BHYTPUIOPONHOE HCIAPeHIe, BPeMs,
mpocrpancteo); 6) Gmomormueckme (BANAHWE PACTHTEABHOCTH I MHEKpPOOpPIa-
HE3MOB); 7) HMCKYCCTBeHHBIC (X03AHCTBOHHAS MEATEJLHOCTH IEIOBEKA).

Bamska ® osromy moppasmemenmio m cmerematmsanusa K. E. IIarnepoit
(1978), roropas BEienser caenyiomue daxropsi: 1) Kammaroaoro-reomopdoao-
THYeCKHe; 2) Te0JOrHYecKHe W IHPOreoJOrMYecKHe: a) CTPYKTYDPHO-TeKTOHA-
geckne; §) TepMOANHAMAYECKNe W B) THAPOAHNHAMHYECKHE; J) HCKYCCTBEHHBIE.

B mporasonososknocts E. B. Ilocoxosy A. E. Xogsros u I'. 0. Banyxko-
gue (1968) suyexsior scero ase rpymusl GarTopos GOPMEPOBAHAS HPUPOTHEIX
Bozi: 1) dakropnl, cBABAaHHEIE ¢ HPOABJIEHHEM BHYTPEHHHX CBOMCTB ATOMOER,
MOJEKyI, MOHOB M OOYCIOBIMBAIONIIEG TPAHCIANNOHHOE [BHJKEHHNe YACTHIL,
ruddysmo m 1. 1., # 2) aKTOPH, BHBBAHHEE BIUAHAEM BHeNIHe# cpeasl (du-
3HKO-TeoTpadIecKEe H Tre0JOrHYecKAe YCIOBHA, JeATEIBHOCTH ;KHBHX Op-
ragnaMoB ® T. A.). C mociemHaM mogpasjejeHHeM TPY/AHO COTJIACHTBCS, TaK
KaK aBTOPH cMemmBaior daxropsl gopMmMmpoBaHma cocraBa BoJ ¢ darropamu
MEUTpAINdd BemecTBa, ycTamoBieHEsiMz B cBoe Bpema A. E. Mepcmanom.
B arom oraomenun cucrematuka E. B. Ilocoxosa mpencrasiserca Gomee mpm-
eMIIeMOil, HMOCKONBKY CHOCOOCTEYeT IieJIeHANpABIeHHOMY TOHEMAHUIO CYII-
HOCTH (OPMIIPOBAHUSA COCTABA IOJ3EMHEIX BOJ.

Byecte ¢ Tem rpymmmposka E. B. Ilocoxosa BRI09aer He TOIBKO (arTo-
pPE, HO W mpomeccH (opMmpoBaEua cocraBa mogseMurx Box. Ilo cymecrBy,
MHOTHE U3 YKAa3aHHLHIX IM (AKTOPOB — 5TO IPOMECCH, (OPMAPYIONIIE COCTAB
mopseMHRX Box. K mmMm, mampumep, ormocsarcs nudfysns, sK30reHHOE MEHE-
panooGpasosanme (T. e. KPHCTAJIH3ANHA COJeH U3 MOJ3eMHBIX BOJ), CMeNIe-
HHAe BOJ, 0CMOC, KAaTHOHHEIA 00MeH, BEYTPUIIOPONHOE HCHAPEeHHe.

TpyAHO COrMAacUTHECA ¢ BHJIEJIGHEEM B CAMOCTOATEABHYIO TPYLIY IEAPO-
Te0JOTHIeCKHX (AKTOPOB, T. €. I'EIPOreoUHAMAIECKOr0 B IAJEOTHIPOTe0o-
rageckoro. Ilepsriit mpepcraBager co6oil, B CYNHOCTH, NPOABJICHEE IPOLECCA
¢rabpTpanmoEHOT0 MaccomepeHoca. UTo KacaeTcs HaJieOTHEAPOTre0JIOTHIecKOro
daxTopa, T0 ero BozjeiicTBEE HA COCTAB MOJ36MHLIX BOJ KOCBEHHO PaccMaTpii-
BaeTcA B Irpynne (UsmYecKHX ¥ IpoInX PaKTOpPOB KaK TACTHHIL caydad (ax-
Topa Bpemenu. K rpynne ¢guamueckunx GarTOpOB, BePOATHO, CJEIYeT OTHECTH
H reoCTaTHYeCKOe JABIEHWE, SBITIONIEECS PASHOBHHOCTHIO JAaBIEHUA BOOG-
me. Her cMmuicia caMOCTOATENBHO BHIIEIATH reoMOpQOJIOrHYeCKHit (HarTop,
TaK KaK ero poJb DPOABIAETCA Yepes peibed, reojlorndecKoe CTPOEHHE W TH-
IEL IIOYB.

C yueroMm cKasamuoro ocHoBHEE (aKTOPH (OPMEPOBAHMS COCTABA HOJ-
3eMHHIX BOJ| DPEACTaBIAIOTCS B CJEAYIONMeM Buje:

54



¢pusmko-reorpaduueckne (peabed, THAPOJNOTHA, KIEMAT, BHBETPUBAHHE
H TEeMEeHTAIHA);

reoJormueckue (reooTEIecKas CTPYKTypa, TEKTOHWIECKNE [BHKEHHA,
T TIOPOJ, MarMaTms3M, TasoBblii PaKTop);

*, $EBKO-XuMUUECKAE (XUMIAIECKHNe CBOWMCTBA DIEMEHTOB, PACTBOPHMOCTH
XUMAYECKAX COeNUHEHWil, KUCIOTHO-IIEJOYHEE H OKHCIATeTBHO-BOCCTAHO-
BATONBHLIC YCIOBHA);

gusnueckue (TeMmeparypa, AaBieHHe, BPeMA M NPOCTPAHCTEO);

Omonormueckme (BJIHAHHe KMBOTO BEIECTBA, IOYUBHI, dangmadr);

HCKyceTBemmse (BO3feficTBHe [@ATEIBHOCTH TeI0BEKa).

3magennme Kaxmoro ¢axropa B GOPMEDPOBAHHE COCTaBa IOA3EMHEIX BOJ
JlalleKo He papHONeHHO. Pasimdaior npamvie @akmopul, HENOCPeICTBEHHO BO3-
HeHCTBYION(e Ha COCTaB BOJL, M KOC6eHHBIE, ONpPeesoIue yCI0BHUA, B KOTO-
PHX TPOHCXOTHT B3amMojeiicTeme pemects ¢ Bojloi. VIX HashiBaior eme mep-
BOCTETeHHEIMIL I BTOPOCTETIeHHBIMI WM BeAYIMA I MofInHeHHEME. B oToi
ceAsm sacaykusaer sumManns passmeaemas C. JI. Illsapuessiu (1978) upes o
comogunuenmocTi arropon dopMmpoBamms cocTaBa BOJ.

Xapakrepncraka (axkTopos (OPMAPOBAHHA COCTABA NO[ZEMHHIX BOJ
naeres mo obcrosrexasuoit Momorpudun E. B. Tlocoxosa (1969) ¢ mexoropnivu
nobasremnaMz u usmememmavu |[lepensman, 1968; OpunmEEKO 1970;
ITocoxos, 1975; u xap.l.

3.1.1, Ousuro-reorpadmueckue ¢axropsl

Peased) Ora3HIBAET BIMAHNME HA BOJ00OMEH, OT KOTOPOTO 3aBHCHT
MUHeDATH3AIHA 1 COCTAB IOA3CMHBIX BOA. JTO — KOCBeHHELH (AaKTOD.

Poxs penseda ocobenno Beamka B TOPHEIX PailoHAaX, I/ie CHIBHAA pacdie-
HOHHOCTH CHOCOGCTBYET XOpomeil MPOMBITOCTE H HpoTouHocTH mOpPoA. Ilpm
IPOYAX PABHHX YCJIOBHAX UeM CHJIbHee PacuIeHeH pexabed, TeM GrarompmAT-
Hee BO3MOKHOCTH JIIfA MOABJeHMA IIPECHHIX mojseMusix Boj. Ha paBHEHHEIX
IPOCTPAHCTBAX M IPH MeIROGYTPHCTOM peabede I0/[3eMHEM BOTaM CBOMCTBEH-
Ha MeCTPOTa MUHEPATN3amin i cocraBa. B mommkennsax peaveda fopmupyior-
¢fi, KAK IPaBHJI0, MIHEPAJIM30BAHHEE BOJBI, XOTA BCTPEYAIOTCA 3aMANMHEL C
JIMH3AMH TPECHHX BOJ, OKpy/KeHHbe cojsedsMu sopmavu. Takme caydam Xa-
paKTePHHL A APUJIHOHl B0HH M CYXUX CTeIei.

Boasmoe BIMSAHIE HA COCTAB IO36MHEIX BOJT OKa3hBalT GopMul pembeda.
E. B. ITocoxoB maMedaeT CJAeIYIONYyI0 3aKOHOMEPHYI0 IOCIeJ0BATEIBHOCTD:
Ha NPANOMHATHX yIacTKax GacceilHOB, Ie HOPOAK XOPOMO IPOMEIBAIOTCH,
NO3eMHEe BOJE AMEIOT OTHOCHTeJBHO HE3KYI0 MAHEPAIH3ANuio H B OCHOBHOM
rujpoKkapOOHATHEN COCTaB; B IOHWKEHHBIX 9acTAX, Ky[a HAOPaBICH CTOK
comeit ¢ BOZBHIDEHHOCTE!, MAHePANIN3AIHEA TOBHIIALTCHA, B BOKAX MOABIANTCA
cyabhaTsl W XJIODHJEL

Tujponorns BO3AEHCTBYeT HA NOJ3EMHLIC BOJEI Ipekpe BCEro 4epes
rEAPOrpadUIeCKyI0 CeTh, KOTOpas, Kak W peibed, BIHACT HA BOOOOMEH.
I'yeras rugporpadraeckas cersh ¢ IIy0OKAM 5POSHOHHEIM BPE30OM c10co0CcTBY-
er BOJOOOMEHY B BOJTOHOCHKIX TOPHB30HTAX, BEIHOCY cOJeil  ¢opMApPOBAHHI
npecusx mofseMurx Bof. Ilpum pemkoit rmporpadmaeckoi cetd I nerayooKoM
ee Bpese IOA3EMHBIA CTOK 3AaTPYAHEH, YTO BEIBHBACT NOBEINEHAe MIHEPAJd-
3al@d UOJ3eMHEX BOX. Bimsmme rmaporpaduueckoii ceTH KOCBEHHOE.

Bato pexn, 03epa, OKeaHH I MOPs BHCTYIAIOT B poad mpsimoro gaxropa,
eI WX BOJH PACXONYIOTCS HA MHUTAHMEe BOAOHOCHHX ropmaomtos. Torga omm
HemocpefcTEeHH0 OPMEDPYIOT cOCTaB moAseMHEX Boj. OCOGeHHO BeJHKO 3HA-
weHEEe PEYHHIX BOJ B mEPHOJH maBofkoB. CraGoMuHepan30BaHHEEe MABOKO-
BLe BOJG B NPAOPEKRHOIl T0I0Ce YMEHBITAOT MEHEPAIN3AIHIO TO/I3EMHEIX BOJ
H MBMEHSIOT HX cOCTAB. PeKH, TPAHZATOM mepeceKajouiue MycTEmn (AMyapbs, -
Coipgapba u Ap.), B TeUeHAE BCErO oA MHUTAIOT HMOJA3EMHLIe BOJ(BI.



Oxeamn m MOpA BHCTYHAIOT B KadecTBe BeAymero (gaxropa mpu Tpamc-
rpeccuax. Ecam macTyminerme MOps UpooJrKAaeTCA AIATENLHOE BPEMS, TO OHO
cONpoBosiflaeTca 06pa3oBaHMEM OCAJ0YHHX OTJIOKeHHi, B KOTOPHX 3aX0p0-
HAKTCA MUHEPAAH30BAHHLIE MOPCKHEE BOJHL.

Kammar MOKeT CUHTATBCA OJHEM N3 TJAaBHEMIINX NpPAMHX (aKTOPOB
dopMmpopanma cocraBa mojseMEHX Boj. Cpemn MHOMKeCTBA KJIWMATHIECKHX
3JIeMEHTOB K IePBOCTENEHHBIM OTHOCATCA aTMOC()ePHEE OCaJKH, TeMmepaTypa
H HCIapeHHe. :

Armoceprnie ocaikn GopMEDPYIOT PeCYPCH MOJ3EMHBIX BOJ, B ¢TOTOBOM»
Buje mepepaior mM coim. OO0mee KOJMYecTBO METEOPHOM BJArH, e;KerojHO
mocrymalomeii Ba moBepXmocTh cymm, cocraBaser 110 305 km® [JIsBommy,
1974]. 9ra Boma cmocofHa MOKPHITH 3eMHOM map cxoeMm ToamEHON 834 MM.
IIpaBna, manexo He Bce aTMoc)epHLe OCAJKM YYaCTBYIOT B NHTAHHM HON3EM-
HEIX BOJ, a ToabKko HemuormM Goaee 10%. B mempa seMiu npOHHKAOT riae-
HEIM 00pasoM 0Ocajiky, BEIIAJAIOMIE B YMEPEHHBX MAPOTAX BECHOH, J6TOM HJIH
0ceHE0. B yCcnoBEAX cyXoro KammaTta OHH GHCTPO HCHApAOTCA H HE JOCTH-
raiT IOBEePXHOCTH IPYHTOBHIX BOJ. Vuduanrpanmio saTpyauser TakKe CHIB-
Had pacyJeHeHHOCTHh peabeda, HaJIMYHEe CIOS CE30HHO- I MHOTOJETHEMEep3JIHX
oopox ® T. A.

Hcnaperme mamGonee AeiicTBEHHO B 30He HEIOCTATOYHOTO YBIAKHEHWA.
3peck om0 0GycHAOBAMBAET IOCTENEHHOE KOHIEHTPHPOBAHHE cOJell B BOJAX.
Ha ¢opMupopaHEm W H3MEHEHHH COCTaBA TPYHTOBHX BOJ Hanbojee CHILHO
CKasHBAETCA BHYTPUIOPOAHOE MCOApPEHHEe, B IPONMECcce KOTOPOro IPOUCXOIHAT
OTPHB MOJEKYJ BOAfAHOIO Iapa OT 3epKaja TPYHTOBHX BOA. JTOT IPONECC
aKTHBHO IpoTeKaeT mpm rayGmue seprama memee 2,0—2,5 M, ¢ yBenmieHmeMm
ray0HELE HATeHCHBHOCTE €r0 MajlaeT M Ha MHEHEPAJH3AIHIO ¥ COCTaB IPYHTO-
BHIX BOJ o He Bimser. Mcmapenme BO MHOrOM BaBHCHT M OT TeMIEPATYpH,
podb KOTOPOH paccMOTpeHa HHKe.

BrierpnBanne m meMenrtamus. COBOKYIHOCTH IpoIeccoB (USHYECKOTrO,
XAMAYECKOT0 M OHOre0OXHMHYECKOT0 M3MEHEHHs MHEHEPAJOB M TOPHHIX IOPOM,
Ha3HBaeMas BHBeTDHMBAHMEM, IPHBOAAT K 00orameHnio mojseMuoi ragpocde-
PHl Pa3NIEYHEIMEO COHHEHHAMA. BHBeTpHBAHNE BHICTYNAET KAK NPOIECC Iepe-
BOjla BemecTsa B pacTBop. IlogzeMunie BoxEl — aredT puperpuBammg. Iloaro-
MY BEIBETPHBAaHHEe, B 0COOEHHOCTH XEMHYECKOe B GmoreoxummdecKoe, Clelyer
CUNTATHh OPAMBIM I BegymmM (axrtopoM (GOpMEPOBAHUA COCTABA IOA3EMHEIX
BOJ{ B NPHIOBEDXHOCTHHIX yCJIOBHAX. MOIIHOCTH B0HLI BLIBETPHBAHHA, IO
B. B. Ioammosy, mocraraer mmorga 500 M.

B pesynsraTe BHBETPHBAHHA TFOPHHX HOPOJ 06pasyioTcsa OCTATOYHEIE
npoAykTel m pacrBopmMiie conw. Ilocaegrme dopmmpyior pasHO0GpasHEIX
HOHHO-COJIeBoil coctas mojsemunx soj [[lIsapmes, 1978]. Bosneiicteme aren-
TOB BEIBETDHBAHUA IPEKAE BCET0 IPHBOAHT K Pa3pyMeEeHHid) TOPHHIX HOPOX
BCJIECTEAE THAPOIN3A, BHIIETAYMBAHNA HJIH PACTBOPEHHA. Boasmyo poab
HI'Dal0T THApPATANHEA H OKHCIEHHe, COIDOBOKIAEMEIE s iTeIbHOCTHI0 JRABEIX
opranmamoB. Bce atm GopME BHEBETDHBAHHA IpPEACTaBJIANT IPOTECCH, op-
MHOpYIOmHe COCTAB NOA3EMHEIX BOJ.

Bumenaunsagme, rugpatamus ® OKHCHEHHE BCEerja COOPOBORIAIOTCSH
IPOTHBONOJOKHKIMA ITPOMECCAMHA: BHINAJEHHEM B OCAJ0K, JermjpaTanmeii
BOCCTaHOBJeHHeM., ['pynny npomeccoB, TPOTHBOIOJOKHYI0 BHBETPHBAHMIO,
masuBaloT nemenranmeir [ITepeasman, 1968]. Ilemenranusa ¢ rayGmmolt cme-
HAeT BHBeTpHBaHEe. J[lJA BOJOHOCHHX TOPHBOHTOB, O0COUeHHO raAyGOKHX,
OHAa TPOABIAETCA B OKPEMHPHWH H KaJbIETH3AIAN, eDEKPHCTANIABATINT
MHUHepaJoB ® 00pasoBaHHE OSUATCHETHIECKAX MHOHEPANLHHEIX COeNHHEHME
(sxeme3a, Menm, ypasa m T. J.). 3a cYeT NMEeMEHTAIHE YMEHLIIAETCA HOPHCTOCTE
mopo. :



3.1.2. T'eonornueckune dgaxropsl

Teonormuecras CTPYRTypa ONODEAENAeT IAWAMHIHOCTB, & BMeCTe
¢ Hell MAHePAJIH3ANMI0O ¥ COCTAB MOJ3eMHEEIX BOJ. SHAUEHHe Ie00T0-CTPYKTYp-
HHX $OopM B pacupefeleHAN IOJ3EMHHIX BOJ IO CTENEHN MHHEPAIH3ANEN U
cocrasy Harasagmo moxasamo H. H. MrmarosmdeM, pasimdasmuM CTPYKTYp-
HEI@ 9JEMEHTH 0 PACKPHTOCTH, IPOTOYHOCTE W IPOMELITOCTH, 4 TaKKe Hi-
TEHCHBHOCTH BOmooOMeHa.

ITojzeMHEe BOJE 3aKPHTHX CTPYKTYPHHEIX 5IeMeHTOB GusBaioT Hambolee
MUHEPaJIU30BAHHEMA, 110 COCTABY IPEHMYIIECTBEHHO XJIOPHIHLIMA HATPHERLI-
MHA HJIA KaJAbOHEBHME. B DAaCKpPHTHX CTPYKTYPHHX 9IeMEHTAX, Ha000poT,
IOJI3EMHEIe BOJL HAWMEHEe MHEHEDAJHE30BAHKE H HMEIOT 00HYHO rmppoxaplo-
HATHHIA KaJbIHEBLI COCTAaB.

- Terronnueckne JBMIKEHN:A IPUHATO AENUTH Ha KoixeGaTenbubie, CKIANIa-
THE H paspuBHEEE. VMO c03aeTcss COBPEMEHHEIH Te0l0T0-CTPYKTY PHELH NJIaH,

HomebaTenpHbie JABH/KEHHA IOJOKATENBHOT0 BHAKA B NIPHAOOTHATHX
y9acTKaX CYNIM BHBHBAIOT ONpECHEHWEe MON3EMHEIX BOX, 4 B IIyOOKHX TOpH-
30HTAX — BEDKEMAHUEe JPEBHAX MUHEDAJM30BAHHEX BOJ H 3aMeHY HX MOJO-
OHME, MEHEe MOHepalusoBaHHEIME. Ilo Mepe HOTpY;KeHHA CHURAETCS TEMIE
Bogoo0MeHa, BCJENCTBHE Uero CO3NAITCH YCIOBHA [ HOBLIMEHHWS MHUHEpa-
JHBANEA IOJ3EMHEIX BOX. B pesyaspraTte OTPHOATEABHLIX JBIKEHHH B0HA
OpPeCHHX NOA3EMHHX BOJ IOTPY:KaeTcs @ B Heil CTAHOBATCA BO3MOKHEIMA
IPOmeccH 3acOJeHNsA MON3eMHHIX BOJK.

CriaguaThe @ paspHBHEE BIKEHUA Pe3KO HAPYINAIOT YCTAHOBHBIIYIOCH
THIPOre0XAMAUYECKYI0 B0HANBHOCTh. ['OpHEE CTpaHHl, IpeTepueBINHe BO3Jeii-
CTBHE CKIATIATHX H PASPHBHHIX AECIOKAMEI, 0Ka3HBAIOTCA IIyH0KO0 H X0pomo
OPOMHTHEMA OpecEEME Bojamu. Hopeilmme TeKTOHHYECKHE JBUKEHHA OPHBO-
IAT X 00pasoBaHM0 PaspHBHEIX 30H, II0 KOTOPHM B COBPEMEHHYIO SHIOXY BEHI-
BOJIATCA M3 IIyOMH TepMajibHEIE BOJHL

Ha Gonpmoe 3HaveHWe TEeKTOHHIECKHX pA3IOMOB H PAa3IWIHOTO POJa
JMH3BIOHKTHBHHX JUHCIOKANHEA B 00pasoBaHuHd THIPOTCOXAMAYECKAX AHOMAJM
obpamaer sauMaune A. M. Osumaamrkos (1970). fAsnascs kamamamMm fia rmg-
PABINYECKOR CBA3H MEKAY BOJNOHOCHEIME TOPH30HTAME, TaKHe CTPYKTYDHELIe
DJEMEHTH CHOOCOOCTBYIOT CMENICHHIO NOJ3EMHBIX BOJ pasim4moro COCTaBa.

BemecrBennsiii coeras mopoj. Eciam reosormieckas CTPYKTypa H TEKTO-
HEYECKAE JBHKeHAA OTHOCATCA K KOCBEHHHIM (daKTopaM ¢opMEpOBaHUA COCTA-
Ba IOABEMHEIX BOJ, TO TOPHEIe IOPOAL B MEHEpPAlIH (GOPMEPYIOT BEIIECTEO
nopseMuoit rEppocdepn. Bemecrsemmmbit coctas mopox — HpaAMoil garTop
IepPBOCTEIEHHOTO BHAYEHHS, HA YTO YKABHBAJM €IMe EeCTEeCTBOUCIIHITATENH
apeeroctH Apucrorens (IV B, mo H. 9.) m Ilnmanit Crapmmuit (I B. 1. 2.). «Boas:
CYTh TAKOTO KA4eCTBA, KAKOTO 3eMJIH, Yepe3 KOTOpPHEe OHH TeKYyT),— YIHI
Apucrorens. Amanormumo Buickassisapme Ilnmmma Crapmero: «Hakosm mo-
POABI, TAKOBLL W BOJEIY.

Ha6aopaemMoe wacto HECOOTBETCTBHE COCTABA IOJ3EMHEIX BOJ COCTABY
BMEIMAIOMUX TOPOJ BHIBHBAETCHA, ¢ OJHOM CTOPOHH, (PHBUKO-XEMHICCKAMH H
GEOTe0XMMWIECKEME TIPOIECcCaMy, IIPORCXOAMUMA B IOA3eMHOR rupocdepe,
a ¢ Apyroil — mepegBE;KEHIEM IOJ3eMHHX BOJ M IPHBHOCOM PACTBOPEHHOTO
BellecTBA W3BHE (HAmpmMep, m3 Mantuu), B pesyiabrare BARSAHEA Ha3BAHHEX
IPOIECCOB COCTAB HOABEMHLIX BOJX H3MEHSETCH, OH ysKe He OTBEYaeT COCTaBY
BMemalomux mopox. Ilopoit BzammocBasm cosceM He pupHo. Ho mopmoGHEIe
o6cToATeNBCTRBA HE JOJMKHBL CIY/RETH NPHYMHON HIHOPHPOBAHEA pemIaiomeit
PONH BEIMECTBEHHOTO COCTABA HOPOA B (DOPMHpPOBAHHA HOHHO-CONIEBOTO KOM-
IJIeKca IOJ3eMHEIX BOJ (CM. TJI. 4).

IIpm BsamMopeficTBHE HOB3EMHEIX BOJ ¢ IOPOJAME B YCIOBUAX aKTHBHOTO
BOJOOOMEHAa B pACTBOP HEePeXouT OYeHh HeGoabIIOe KOIHYECTBO COJEI.
IToaToMy B M3BEp;KEHHHX B MeTaMOpPUIECKHX IOPOAAX, & TAK/Ke B TePPHIeH-
HHIX PasHOBHJHOCTAX OCAJ0YHEIX IOPOJ IOJ3eMHLIe BOAH 06Iafal0T CPaBHH-
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TeJAbHO HW3KOII MWHepAalH3aNHWeld M OpPeHMYMIeCTBOHHO T'HIpPOKapOOHATHRIM
cocTasoM, (OPMEPYIOIMEMCA 34 CUeT YIIeKUCIOTHOTO BEIBETPHBAHOA IIOJIE-
BHX IIOATOB.

Bamanme mopojx HA COCTAB HO3EMHKIX BOJ 0COOEHHO XOPOIMO 3aMETHO,
KOrjla BOJIa B3AaUMOJEHCTBYET ¢ JEerKOpPacTBOPMMEIMEA MAHEpaJaMd W IOPOa-
MH: TalWTOM, THICOM, J0JOMHUTOM, H3BECTHAKOM. [ajmr Jgaer XJI0pHTHEI®
HATPHEBEIe BOJAHI, THIC — CyAbpaTHEHE KaJbIueBHe, JOJOMHAT — THAPOKap-
GoHATHEE MArHHEBO-KAJbIHEBHE W H3BECTHAK — CHAPOKApOOHATHLIE Kaub-
IHEeBHe.

Marmatasm Kak Garrop (OPMEHPOBAHAA COCTABA ION3EMHBIX BOJ| OHEME
WCCAE/[0BATENAMA CUATAETCS BEIYIIHEM, APYIEME — IOJHOCTBIO OTBEPTAETCH,
TPETBEME — IIPHHEMAETCA B PacieT KaK BO3MOJKHEE IOCTABIIAK TeX WIH HHBIX
KOMOOHEHTOB I0j(3eMHHIX BoJ. CTOXL pasiamdmbiii mOAX0) K POIH MarMaTmie-
CKHX IIPOIECcoB 00'BACHAETCS ¢Iaf0oll M3YYEHHOCTHIO JOTYYIHX BEI[ECTB, BHI-
neasomuxcAa npu gaddepernmarnumm MarMel. CI0/KHOCTH BOIPOCA BAKIIOTALTCH
H B OTCYTCTBUHM HAJe;KHEIX KPHUTEPHEB IJIA YCTAHOBJIGHUSA DPA3IUIdi Me;KIY
JOBEHHIBHHEME (DHIOTEHHLIMA) M BA03HEME (9K30TEHHLIME) BOJaMO, TaKk Kak
BCE CIeMA(IIecKue dIeMEeHTH, XapaKTePHLe /I MaTMATAYCCKAX KCIaJISIuii,
MOTYT IOHIACTH B IOA3eMuble BOH wubMu nytsava. [Tostomy smademme marma-
TH3MA B (JOPMHPOBAHEH COCTABA TOJBEMHEIX BOJ /[0 CHX IIOP IPEACTABIAETCH
mpobaeMaTHIHEIM, B BOKPYT 9TOL0 BOIIPOCA WJYT OKECTOYEHHEE JHCKYCCHH.

He ocramapimpasch Ha IpejMere ¢HOPa (HENOTYHHUCTOBY (CTOPOHHAKOB
BAJ03HOT0 NPOMCXOKIEHUA IO36MHLIX BOJ) H (ILIYTOHHCTOB) (3aIATHAKOB
IOBEHIIBHOTO TeHe3HUca), MOJIePREEM, 910 HeH «IOBEHMWIBHLIX) BOJ B TOM BH-
me, Xax ee copMmyamposax 9. 310cc, ceidac HONJEPIKEBACTCA TOJBKO Kpai-
HEME (ILTYTOHHCTAME), CYHTAIONEME MarMaTudecKHe HKCraJANAA OCHOBHEI-
MH TOCTABIMIUKAME PACTBOPEHHHX BEI[eCTB MIyOoKAX moxseMusx Box (oM. «Oc-
HOBEL raporeodormn. O6masn rugporeoaorusay). TakaX B3TAAN0B, B JACTHOCTH,
npupepxusaioreda B. @. {epuroasn (1962) m E. C. Maspuaenro [Taspmiaenxo,
Hepuroasm, 1971 ). I'nyOGmansie pacTBOpPH, 0 UX MHEHMUIO, CO3JAJM TAK HA3EH-
BaEMYI0 «THIPOXaA0pocdepy», 3a RKOTOPYI0 IPUHAMAIOTCA IPAKTHYECKHE BCe X0~
puIHEe BOAH 3Jemin.

IMerposorn u cuemMuAXHCTH HO PYAHBIM MECTODOKAGHHAM B HAIIe BPEM:
yike He OTHOCAT IHAPOTePMAJbHEE DACTBODPH K YHCTO IOBEHWIBHEIM, HO HpH-
AT BajKHOE SHAYEHHE TaKiKe HHPHIBTPOTEHHLIM, CeANMEHTOreHHBIM I 0CO-
GeHEO0 MeTaMOP(OTEHHEIM BOAAM, KOTOPHE CMEIIUBAIOTCA C IOBEHIIBHBIMI
[Kopsxunckmit, 1962; Yyxpos, 1964; Caykos, 1966; Cuupros, 1969; = mp. ]
ITosromy, TOBOPA O 3HAYEHHA MATMATAYECKUX (IIIONIOB, HEIB3A COTIACHTHCH
¢ HEeKOTOPHIME (HOITYHHCTAME», KOTODEE B0OGINe OTPHOAIT Kakoe-nudo yda-
¢THE JeTYyYHX KOMIIOHEHTOB MAarMHl B (JOPMEDOBAHHA COCTABA IOJ3eMHHIX BOJ
maske B 00IacTAX MOJOIOT0 W COBPEMEHHOrO BY/IKaHH3Ma. Bpap am mpaBmiab-
HO MOHHO-COIEBOH KOMILIEKC TePMAJIBHLIX BOJ| CBASHBATH [EJIMKOM C BHIIENIa-
YHBAHMEM BMEIIAIONIAX IOPOJ, & TA30BHIL COCTAB YIAEKMCIHX BOXK 00BACHATE
TOABKRO TEPMOMETAMODP(YMBMOM WJIH HKS0TEHHEIMEA IPOIMECCAMM.

lasoBwiit ¢axrop oxassiBaer GONBIIOE- BINAHHE HA MOHHO-COTEBOI
cocrap mMoj3eMHLIX BoJ. OGKYHO ras pacTBOPeH B BOfe, HO OnBaeT M B ¢BOGO/I-
HOM cocroaEmE (cM. pasmex 2.2). CremeHs W XapaKTep ras0HACHIEHHOCTH
OIpPeeAI0T PACTBOPUMOCTh I MHUTPAMA XHMAYECKAX JJIEMEHTOB B IOJ3eM-
HEIX Bofax. MesRIy MOHHO-COJIEBHIM W Ia30BHIM COCTABOM IIOJ[36MHEIX BOJ CY-
LIeCTBYET TecHas HmapareHeTmdecKas cBAsh. [lopoGHO mapareHesmc IOA3eM-
HEIX BOJ I PAcTBOPeHHHX razos paccMorper M. C. I'ypesmuem (1948). Ha mpu-
mepe mayueHua Pycekoit m Samagmo-Cmbupckoi miaardopM oH HoKasak 3a-
sucumocts orHomenmii (Ar.100)/N, u He/Ar pacrBopeHHEX Ta30B OT CTENOHH
MHUHEpAIW3aMii W HOHHO-COJEBOTO COCTABA IO[3eMHBIX BOJ.
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3.1.3. ®nspro-xuMudeckne (ParTOPH

XuMnueckne CBoiicTBA 3JeMEHTOB ONPEJeJAT HX cHocofHOCTH 06-
PasoBHBATH IPHEPOAUHE coefEHeRmA. Il wmeny BaskmedmEX (uanKo-XmMuTe-
CKEX KOHCTAHT, TECHO CBABAHHLIX CO CTPOEHHEM 3JICKTPOHHOK o000109KA
ATOMOB, OTHOCSTCS HOHHEII pajmyc ¥ BaJeHTHOCTs moHa. Cmoco{HOCTH aie-
MEHTOB BCTYIIATh B COEIHHEHHUS APYT ¢ APYTOM MOJKHO 0XapaKTePH30BATH 4e-
pes XEMAYecKOe CPOLCTBO U JHEPreTHIecKHe KOHCTAHTHL.

VoHHEH pajmyc B 3HAYATENBLHOH CTENEHH XapaKTepH3yeT NIOJABHKHOCTE
XAMEYIECKOTO »jIeMeHTa. B OpEHOANe 9eM OH MEHLIIe, TeM IO/BIKHee IHjpa-
TEpOBaHHBE MOHHE. HEYTOKHO Majx pagmyc BOJOPOAR, 9YTO OOYCIOBIHEBAET
BHICOKYIO TOJABMKHEOCT I+ B BOJHEIX PAaCTBOPAX M €ro CIOCOOHOCTH BHEJPATH-
¢ B KPHCTANIHIECKHE peIIeTKH MHHEepPaJos.

MurpanuoHuyio cnocoGHOCTS OLpeelseT Tak#e BajeHTHOCTs moHA. [las
METAaJI0B ¢ POCTOM BaJEHTHOCTH HaOmiofgaercA o0pasosaHme MeHee PacTBOPH-
MHX coefmuenmii. OfEOBANEHTHEE METAIIH al0T OOHIHO JEerKOpacTBOPHMES
coenmaenna (NaCl, Na,SO,, H,CO;). CnaGee pacTBOpUMEI COEHHEHHS ABYX-
panerrasx mMeraniaos (CaSO,, CaCO,;, MgCO;) m eme MeEee — TPEXBAJEHTHEIX
(Fed+ m AI3+). Cymecrnyer Hemarno mcKaodermis m3 sroro (manpmumep, CaCl, u
MgSO, — aerxopacrsopmmiie conm, AgCl — TpyamopacTBOpEMAs COIb).

Teoomeprermueckas Te0pus HE BCerja 00BACHACT 3AKOHOMEPHOCTHE MATPA-~
IEA XUMAYECKHAX BIeMEeHTOB B IIO3eMHHIX BOJaX, MO0 HOABHKHOCTD HOHOB
TaKKe OImpeselserca o pyraMu JakTopaMu i Iponeccamu (GHOTeoXHMAIECKES
nponeccH, copbmus m T. [.).

PacTBOpHMOCTh XHMIYECKHX COCIMHEHHIl OTHOCHTCA K NPAMBIM (GarTopam
dopmmpoBanms cocrasa moaseMumXx Bof. Oco0emmo BaKEHA PaCTBOPEMOCTH
comeili m Taso0B.

WonHo-comeBoii cocTap MOA3eMHKIX BOJ CO3/a0T HeMHOIHE HPOCTHE WA
THpaTEPOBAHHLE cOXd. Ha KOMIJIeKCHBIe HOHH X HEJHCCONUIPOBAHHEIE
MOJEKYJbl B IPeCHHX BOJAX HNPHXONUTCH, KaK HIpaBmao, HeGOoapmAas RO/
MuHepanusanue. Yame Bcero BerpevaeMile COUETAHMA IIABHEIX KOMIOHEHTOB
oTIMIa0TCA pasamIHoil pacTopmMocThio (pme. 3.1, Tabx. 3.1), Kortopas Xa-
PaKTepPHBYeT B3aBECHMOCTH MOHHO-COJEBOTO COCTABA OT CTeNEOHH MHUHepaNH3a-
OEE BOJHL.

Komkpersmoe coueTaEme XHMHYECKHX
2J€MEHTOB B PacTBOpEe B 3HAUMTENBHOM cTe- RPN ey T \
HeHH ONpeeNsAeTcA BeIUIHHON MHHepAamm- nwnl:auﬂge <t :npman::b;s n%ne
sanua. C DOBHMeRNueM MUHEPANUBATEA MO-  (3gamenmareas, I/7) CONEBHIX KOM-
JNeKyasl pPACTBOPEHHOIO BEIECTBA CONMKA- NOECATOB NpH TeMmepar 20°C m

Tabamma 3.4

J0TCA M CHJbHEe B3aNMONEHCTBYIOT APYT pasiemmn 1 kr/em’®
¢ ppyrom, uro GaarompmarcrByer o00paso- i Bl
pammo  mefirpamsmux  Momexyx (CaS0, Hom | a | SO [HE0G | €O
MgS0§, CaCO3, NaHCO§) 1 C10/KHEIX HOHOB
tema NaCO;, NaSO;, KSO;: CaHCOj, Na* 264 | 163 | 88 | 177
MgHCO;' 319 187 96 198
Kak ormeuator P. M. Tapperc m . 255 | 10 | 250 | 525
Y. JI. Kpaiict (1968), mammbIe XEMHIECKO- 300 | 11 | 204 | 814
r0 aHANM3a, BHpAKeHHEE B BHAe CBOGON- .. |33 | 252 0,27
HEX moHOB (cM. Taba. 3.1), mpemcTaBIAOT Mg 441 137 | T o|e2r
BIONHE Y/I0BJICTBOPATENBHYIO MOJENb TOMNb- § 427 | 2.98 | 138 | 0,085
KO JUIA PacTBOPOB ¢ WOHHOI -cuioii memee Ca** 508 | 2,95 | 166 | 0,065

0,1 (upecusie i cosoHOBaTHe BOAH). B come-
y 5 ) DpumegaHHE. Mg(HCO,).
HHX BOJAX H PAcCOAAX A0/KHA YIHTHBATE- ..o 0 e e EaTpena. -
s BOBMOYRHOCTH OGPABOBANAA TACTHI[, TI0- M FI CTORHMM PASIATACTCH ¢ BEUIEIC-
2 s C, e
NOGHHX HeHTPATbHEIM MOTCKYTAM W KOMI-  ganuew MgCO, o o s

JEeKCHBIM HOHaM.
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Pucy 3.1. CofiepKaHNA TTABHEX AHUOHOE (¢) M TIABHWX KATHOHOB (6) B UpHPOZHEKX BoO-
Aax pasawyHO# MuEepaausanuu [Baasmro, 1962].

CmocoGHOCT K KOMILIEKCHPOBAHWIO HAHGOMEe UeTKO BHPAsKeHA ¥ ABY X-
sanenrasx monos (CO3~, SO3~, Ca**, Mg®t), maa HCO;, Na+ m K+ ona”3Ha-
YHTeNbHO MeHbme, a y Cl™ mpaxTueckn orcyrcteyer ! (mase npm Mmmepaamsa-
mue 300—400 r/n). B paccosax KoMIIeKCHEe WOHH M ACCOIAHPOBAHHES
HEeHTDANBHLIe MOJGKYIH ABIAOTCA BaKHON (GOPMOJ METDANEM XMMHTECKHX
aaementos. OHAKO BHAYCHHE KOMIIEKCO0ODPA30BAHAA HETb3s HePeoNeHABATE,
TaK KaK OCHOBHKIM KOMIOHEHTOM PaccoJIOB BCE e cays:kar mpoctoit mom Cl™ .

Jlasl OpecHNX BOX XapaKTepHO IpeoGiajamme TEAPOKapGORATOR I Kap-
GoHATOB, MOCKOABKY HMEHHO HTH AHHOHH C KaJbIHeM 00pasyioT craGopacTso-
pumMeie cond. Ilpm ouens muBKoi Mumepammsamun (memee 0,1 r/1) mHOrgA mpe-

ofxafaer MOH KPEMHERHCIOTH, o6pasymomumit KPeMHHACTHE KAJbIHEBHE WJIN
HATPHEBEE BOJHL

! B rmjpoTepMax XI0p ABIAGTCA BAJKHEIM RoMIOIeKcooGpasosatenem (cM. Ta. 5),
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Ilo mepe nOBHMICHAS MUHEPANH3ANHE NOABIAETCA CYIb(ATHHIX HOH,
XapaKTepHH NaA coJeHHX Boj. OxHako W3-3a CPaBHATEJBHO HEBHICOKOH pa-
CTBOPHMOCTH Cyab(aT KaIsqua GHCTPO YCTyIaeT IepBeHCTBO CYaAb(aTy HATpHA
HJH MArHgsd, a Jame XJA0pPHAaM, KOTODHE CO BCEMHM OCHOBHHIMH KATHOHAMMN
00pa3yOT JerkopacTBOPHEMEE COMHA C BHCOKEM IPEeJIoOM HACHIEHUA
{cM. Tab;. 3.1). BHCOKOKOHIEHTPUPOBAHHKE PACCOJH IO COCTaBy Hmpeobia-
FA0OMUX cojieill OTHOCATCA K XJODHIHHM MATHHEBHIM HIH KAaJbI[HEBEIM.

Ha pacteopEMoOcTE cONeil B BOJe BIHAIT TeMIepaTypa, NaBieHHe H Ha-
muqane npumeceir. He xacasach moxa TeMmepaTypH o faBiaenus, 0 KOTOPHX Pedb
oijier HUKe, OTMETHM, 9TO PACTBOPHMOCTH COJeil majaeT B NPHCYTCTBHEE
APYTHX CcOJell CXOTHOTO HOHHOTO COCTAaBa W NMOBHINAGTCH, KOIJa B PacTsope
HaXOMIATCA COJH WHHX MOHOB W ocobemmo rassl. Tak, B pacTsope XIopHCTOTO
HATPHA PaCTBOPEMOCTH cyibara HATPHSA yMeHBIIAeTCA 0ojee YeM B UOTHIPe
pasa, HO BO CTOJLKO jKe pas BO3pacTaeT PacTBOPHEMOCTH cyabdaTa MATHHA.
Eme xapaxrepmee mpumep rapGorara xambmmsa. O6saH0 cxafopacTnopaMEL,
B DO/I3eMHEIX BOJAX C BEICOKHM COfepyKaHHeM YIIeKHCJIOTH OH PacTBOPAETCH
70 HeCKONBLKEX IpPaMMOB B JIHTpe.

Ilomsemurie Bo{E Beerja HACHINEHH rasaMd, PAacTBOPEMOCTH KOTOPHIX
BABHCHT IJAaBHEIM 00pas’oM OT TeMHmepaTypH, JABICHAA W MEHEPAIH3ATHN
(cm. Taba. 2.9). Ecnm B pacTBOpe HPACYTCTBYIOT PA3IMYHEE Tashl, TO PACTBO-
PHMOCTH KaK/I0T0 IPONOPIHEOHAIBHA €r0 DapOuaJbHOMY JABICHMIO HAJ PaCT-
BOPOM. JTHM OTIWYAIOTCA PACTBOPUMOCTH I'a30B W COJeil.

PacrBopernwiit ra3 CTPeMHTCA K PABHOBECHIO ¢ ILIACTOBEIM JIaBJICHHEM.
IMoaToMy rasoHacHIEHHOCTH IO3EMHHIX BOJ BO MHOI'OM ONpeNeJAeTCA pac-
CTOAHNEM OT HMCTOYHHKA rasoobpasoeamma. BOmmsm medrerasopoii same:xu:
KOBIEHTPaNAsA MeTaHA B MO3eMHEIX BOfaX BCerga 00ibmme, ueM B yAaJeHAH OT
gee. Touno Tax jKke M3MEHACTCA HACHIEHHOCTH MOABEMHKIX BOJ, YTIASKHCIOTOMR
B BYJIKAHAYECKHX o00IacTAX:

OHA CHIJKAeTcsA IO Mepe yja- Eng _ .7 : : ' 0 : :
JICHAA OT BYJIKAaHAYECKOTO AR & oy
omr.;i 08 = R H reon® S\ Jemclnsadoma|
HCIOTHO-INEN0YHEIE W |
ORHCIHTENbHO-BOCCTAHOBHT€- 06 - e S =
ABHBIE YCAOBAA  PEryJampy- I 2+ S
FOT MHTPANAI0 XHMAYECKUX ks | Fe(OH);
9JIEMCHTOB B IOX3eMHEIX BO- ’
nax. Or pH u Eh sapmcmr L it Fe(0r):
PacTEOPHEMOCTE MHUHEPAJoB, a GZF " patt \ H
Takme GOPMHE  HAXOMJICHHSA \ :
1
E

8IEMEeHTOB B pacTBope (cM. 0 \
ra. 9).

Ilo smawenmam Eh m pH X
CTPOATCA AHArpaMMH, Ha HEX —02 [ X | 7
0ueHh YHoGHO OTpaKAIOTCH St o
XAMAUCCKUA  00AMK WPHPOR- g4 1 2
HEX BOJ H IOIA YCTOHIMBOCTH FeOH™
XUMIYeCKHEX COeIHHeHHH C Ime- H
PeMeHHOi BAJGHTHOCTEIO % [ 8 . llpeden Fe(OH), |
(pmc. 3.2). Caemyer, ommaxo, B it
noMEATE, 910 Eh — pH- -06} J
JHmATPAMMEI, ITAPOKO MCIOTb-
syeMile B TpaKTHKe THADO- g9 L
TeOXHMHUYICCKAX  HCCIenoBa- e AN 8. 10 1Z5pH
HHil, HOCAT OPUEHTHPOBOTHKIH R IS S 2
XapakTep, Tak Kak Tpedyior
yduera TeMHOepPATYDHL H JaBJe-
HEA.

Pyc. 3.2. TTona yeToiMABOCTH OKHCJIOB jKele3a Ha
pH — Eh-gmarpamwme.
T'panuns: 1 — NPHPORHKIX, 2 — DONBEMHEIX BOJ.
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3.1.4. dusmveckne darrops

Temueparypa — Benymumit ¢axkTop, OT KOTOPOrO 3aBHCHT paBHOBECHE
B CHCTeMe BOJla — DNOpPOJa — rad — KmBOe BemecTB0. OCO0GHHO CHIABHO
TeMuepaTypa BiaMAeT Ha PacTBOPAILYIO CHOCOGHOCTE IOJ3EMHEIX BOJ B CKO-
pocTh XuMmieckuxX peaknmii. Comm, pacTBopeHHHE B NOA3eMHEX BoOJax, IO-
Pa3HOMY pearspyioT na msMeHeHHe Temmepartypsl (pumc. 3.3). Pacrsopmmocrs
GoNBIIEHCTEA COMel 0 Mepe POCTA TEMUEPaTyDH yseamdmsaercsa. Beaegcrsme
YMEHBIIEHUA DPACTBOPEMOCTH, HAOPAMED KPEMHEKHCIOTH, OXJaKIaiomEecs
TePMAJIbHLIE BO/EI BEIENAIOT KpemueseM. Hexoropsie Munepans ciraGo pearn-
PYIOT Ha Temueparypusii gakrop, manpmmep CaS0O,-2H,0 r NaCl, pacreopn-
MOCTH KOTOPHX B maTepeane Temueparyp 20—60°C npakTmueckn He m3MeHseT-
cda. T'opasgio pexe pacTROpHMMOCTH C IOBHINIEHEEM TeMITepaTypH Hafaet. K ra-
KuM conam ornocares CaCO; m MgCO,. [lake B IpHCYTCTBEM YITEKHCIOTE
9TH COJH JErK0 BHBOJATCA B OCAJ0K IPH KHISYCHWH BOJEL.
B npenenax maydeHHHX Iiy6mH 3eMHOM KOPH TeMIepaTypa IOJ3eMEBIX
Bo xomeGaercs or —16°C (KOHmEHTPHPOBAHHEE PACCOTH CPEE MHOTOJETHO-
Mepaakix mopon) Ao —+400°C (mapormgporepMs 09aror CoOBPeMEHHOTO BYJIKa-
mmaMa). Temmeparypa ompegeasier $aszoBsie IepeXOLsl BOXsL B TBepjoe M ma-
pooGpasnoe cocroarme. Korma remmeparypa cramopmTea Gosee 75°C, saM@paer
AeATeNBHOCTE MUKDOOPranusMon. JamMeHeHme TeMmepaTypsl cKaswBaeTcs Ha
BABKOCTH BOJH, 9T0, B CBOK 04epeh, H3MEHSET IOJBH/KHOCTD MOJ36MHEIX BOJ
H OPOHUNAEMOCTh TOpHLIX mopoA. G mamMemeHmeM TeMuepaTypH CBA3aH B -
derr akrmBEpoBaEEA BOAH (cM. T 1).
JlaBaenue crasmBaercs Ha pacTBOpsIomedi cmocofmocTH BOJIEI B HECKOJIE-
KO MeHpIIeil cTelenn, eM Temueparypa. OgHako poab ero Gojiee yHEBEpCAXb-
Ha: OT MaBleHHs 3aBHCAT HHTEHCHBHOCTb BHITECHEHHA CBA3aHHOH BONH U3
LOpOJ M TeMm BOJ0OGMeHa B HOA3eMHOI rugpocdepe. DHIOTeHHEE CHIIEL,
TeOCTaTHIeCKOe NaBIeHHEe M 0COOEHHO I'HAPOCTATHIECKHiT HAMOP IPEACTABJI-

8co 400

600 % 300
o1,-6120
400 Vgl 22 200-

700

Pacmecpusocms, %

200+

C&SO_»;

0 40 80 0 40 80
Tesnepamypa, o0

Puc. 3.3. 3aBmcumocts pacTnOpEMOCTH (°/50) BEKOTOPHIX COMCH OT TeMuepaTypsi.
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0T [ABWKYIIEe CHIHE (QHILTpA- Tabamma 3.2
IAH, I_[aBJIBHHe cumraerca (ar- lsweaenme pacTBOPHMOCTH (r/100 r paer-
BOpa) IHOCA H AHTHAPHTA B 3aBHCHMOCTH OT JIaB-~
TopoM  (hopMupoBamILA GOCT&B?‘ JeHHA #H Temuepatypsl (mo B. H. Manwmxumy)
TON3eMHBIX BOJi IEPBOCTENEHHOM
BajyKHOCTH. Iasne- Tume ALCHIPHT
Boapeiictsne JaBIeHAA HA  gpjomez| 20° | 30° | s0° | 200 | 300 | a0
PACTBOPAIOIMYI0 CHOCOGHOCTH BO-

asl caabo msyuemo. G pocrom 1021|021 |02 ]025] 0,22/ 0,9
JaBlleHAsT PACTBOPHMOCTE COJCH £388 8;2 (1}.8(13 ?,gg (1)22 (1?;8 i,gg
A O B O e - 30001 24 | 455 | 45c 1190 { 2010°] 3700

paerca. E. B. Ilocoxos (1969)
IPHBOJHT  OKCIEPAMEHTAILHEIE
janspse B, M. Manuxura, COTIACHO KOTODHM IOBHINCHAE JABICHHA HA KaiK-
zue 1000 kr/cM? BeissiBaeT yBeandenne pacTBopuMocTu runca 3 2,5—3 pasa, a
apragpuTa—B 3—5 pas (cM. Taba. 3.2). 3aBECAMOCTE PACTBOPHEMOCTH OT TEM-
IepaTypsl IPH PasHLIX [aBIeHAAX HeOAWHAKOBA. /(A rmmca Ipu HOHMKCHHH
TeMOEPaTyps BIHAHHNE NABJICHUA JUIOb HEMHOT0 ociaabesaer. ¥ AHLHJPHTA
Ha0JIofaeTcsl NHTeHCABHAS 3aBHCHMOCTH: IPH aTMOCHEPHOM HABIEHAE PACTBO-
PEMOCTE C POCTOM TeMIepaTyphl Iajaer, a IpPH BRICOKOM, Hao0OpoT, BO3pa-
CTaer.

C DmoBHIIeHWEM JABIEHNA PE3KO YBEJWIHBAETCSA PACTBOPMMOCTH MHUHEpa-
J0B, caa00 pPearHpyIONNX ¢ BOJAOH B YCIOBHAX, OAH3KHX K IOBEPXHOCTHBIM.
Tak, npu papaesnax 1000—4000 xr/cm® m Temmeparypax 300 —600°C kpemne-
3eM pacTBOpseTCHA B KOJWYECTBE /{0 HECKOJILKHX T'DAMMOB HA JHETP.

OcofGeHEO BeJHKA POJNB AABJICHHUA B Iporecce muddepenmmammm mMarma-
THIECKEX PACIIaBOB. Y MEHBINEHHE MABJEHHSA HAJ MarMaTHYeCKIM 0YaroM
(ckaxeM, B 30HAX TEKTOHHIECKHEX Pas3JOMOB) HPHBOAHUT K BEENEHUIO JOTYIHX,
IONmafaomuyx 3aTeM B HofiseMHEYI0 ruapocdepy. B obmacrax cospeMeHHOrO
BYJIKaHNBMa H3MEHEHHE JIABJICHHS UTPaeT CYIIECTBEHHYIO POJH B oborameHum
NO/i3eMHEIX BOJi HEKOTOPHIME Ia3000pasHKMHE NPOAYKTAMH MarMaTHIecKOTO
O POHCXOIKICHMA.

3a cuer IOPOBHX pACTBOPOB, BEIKHMAEMBIX H3 IOPOJ IOJ JeHcTBMEeM
Te0CTATHICCKOTO [IaBJeHUA, (OPMHPYETCsS B BHAYATEABHOH CTEIEHH COJEBO
COCTaB MOJ[3EMHBIX BOJ TIYGOKHEX TOPH30HTOB apTesmaHCKHX Gacceitnos. B mo-
JIOJHX CelEMEHTANHOHHEX Oacceifimax, The IVIMHE COJePsKaT MHOTO BJIATH,
reocTaTHIecKOe JIaBJIEHUE CO3J[aeT PecypPChl MIACTOBRX BOM, & MEMKIY COCTABOM
B MEHepaJIHsanHeil MOPOBHX PACTBOPOB M HOJ3EMHBIX BOJ[ YCTAHABIMBAETCH
nosHoe momo6me. Peskme pacXoiieHHsA cOCTaBA W MOHEDPATH3ATMA MEKAY
IOPOBHIMH DACTBOPAMH W IIO[[3eMHEIME BOJAMH YKa3HBAIOT HA PASINYHEN HX
TeHe3WC WIH OTCYTCTBHE pPe3epsa HOPOBLIX PacTBOPOB B mopopax. Ilocaemmee
XapaKTepHo AJiA NPeBHAX CefUMEHTAIMOHHHX 0acceilHOB, B KOTOPHIX BIajK-
HOCTHh HMOpoJ o6LMuEo He mpesmmaer 1%.

Texronmueckne HaIPAMKEHAA, TEOCTATHICCKOS TABJIEHEE M THAPOCTATHIE-
CRHEll HATIOP, a TaKjie DHEPTHA BOCXOMANEX (IIOHAOB M3 MAHTHHE — BCE 2TO
OIpefieNAeT MHTEHCHBHOCTH Bojoo0OMeHA B mojseMHOi rmgpocdepe. Poxs Bo-
JooOMeHa B OPMHPOBAHEE COCTABA M MAHEPAIN3ANAHN IO3EMHEX BOJ X0POIIO
M3BeCTHA: WeM HHTEHCHBHEl BO{o00OMeH, TeM MeHbIIe MHEHEPAaIm3aImusa IoJ-
seMEHIX BojA. C ray06mBOil mHTeHCUBHOCTS BOJOOOMeHa NajaeT ¥ crabmaAm3Hpy-
eTCsA PeKHM, CIe[CTBHEM Uero ABJsercs NoBHIIeHEe MuHepanmsammm. Ciemo-
BATEJNBHO, IPH NPOUAX PABHHX YCJOBUAX H3MEHEHHME TEMIa BOK00OMEHA BEISHI-
BaeT yMeHbIIEHHE IJIH yBeIWYeHWe MHUHEDANU3AIAd BOMEHL.

E. B. Ilocoxos (1969) npegocreperaer 0T CIMMKOM YIPOIIEHHOT0 IOHH-
MaHHA DPOJH BOfoOOMeHAa B (OPMHPOBAHHME COCTABA M MHHEPAJH3AMAHE IIOI-
3eMHBIX BOJ. ¥ TBeKAEHHEe O IPsAMOHl 3aBHCHMOCTH MUHEpPAJH3alUH IIOJ36M-
HHX BOJ OT HMHTeHcHBHOCTH BojooOGmena [Chebotarev, 1955] mpenmomaraer
Hal@Y®e B BOJIOBMEMIAIONIHX IOPOJAX HePBHYHEIX ¢aa60paCcTBOPHMEIX COJE.
HKpome Toro, mopmofnas 3aBHCHMOCTD HMEeT MECTO, KOTAA BOAOOGMEH BHI3BAH
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OpPerMyMIeCTBeHHO HANOPOM, Iepefalol{AMCA W3 00JACTH NATAHHA APTe3HAH-
ckoro GacceitHa.

B morpyxeHHHIX YacTAX OCAJOYHHIX TOJIN BOJOOOMEH 3aTPYNHASTCS H
cTaHOBHTCA KadecTBeHHO mEEM. Hapaay ¢ ragpocratmaeckaM HamopoM, sams-
HAE KOTOPOro mOJaBiAeTcA, YUALTpanmio ray0oKEX MO3eMHHX BOJ 06ycioB-
JHBAOT TeocTaTHUECKAs HAaTPY3Ka W 9HAOTeHHHe HampsxeHEA. Hpome Ttoro,
HAaIOMHEM 0 BO3/[eHCTBHA XOPOIIel I'H/IPOre0J0rHIecKol 3aKPHTOCTH HA CHHE-
MKeHHe TeMIla BOoJ000MeHA W COXPAHEHMe BHICOKOH MHHEpPAJH3AIHA IOJ3eMHEIX
BOJl, 9T0, KOHEYHO, He HCKAKYaeT NepepaclpefeJeHus BeN[ecTBa MEKAY BOLOM
| HOPOJOil.

Bpemsa — meorsemueMsii gakTop (GOpPMHDPOBAHHA COCTABA NOA3EMHEIX
Bof. Bce darropu, ofycaoBimpajommue pacOpefeleHne BemecTBa B IIOJ3eM-
goii rayipocdepe, MelcTBYIOT OTASNBHO MIH cO00mA, HPOACTABIAAA Pe3yAbTAT
pamTenbHBX mpeoGpasosanmit. To ke Hajmo ckasaTh 0 mpomeccax $opmmposa-
HAA cocTasa mopseMHBX Bof. OHE ABIASIOTCS HEYCTAHOBHBIIUMHACH W H3MEHH-
10TCS BO BpemeHd. Bpemsa — 310 mponoKATENBBOCTE B3aEMOJEHCTBHS B CHC-
TeME¢ BOJa — IOpoja — ras — JKABOE BEMEeCTBO, BTO BO3PACT HOJ3EMHEIX BOJ,
8T0, HAKOHEI, I'e0JOTHIeCKas MCTOPHA.

Ouens HATAARHO poab daxkrTopa BpeMeHE B (JOPMEDPOBAHHE PAcTBOPEHHO-
ro BelllecTBa IOfI3eMHEIX BOJ BEIABIAETCA IPH IAJEOTHPOre0J0rA9ecKoM aHa-
am3e. Ilo mpopomsmTensHOCTE BO3AeiicTBEA GaKTOPH (OPMAPOBAHHA COCTABA
IOJ[3eMHBIX BOJ{ PAa3feasioTca Ha (PAKTOPH, KOTOPHE CKA3HBAITCA B TEYCHHS
AJATEILHOTO T'e0JOTAYECKOT0 BpeMenn (reoiorndeckas CTPYKTYpa, BEI[eCTBeH-
HEI ¢OCTAB IOPOJ ® T. A.), B PAKTOPH Ce30HHBIE MJIN dOU30/AIecKHe (KImMAaT,
MarMaTmsM, BEBeTpEBaHme ® Ap.). OT DpPOAOKHTENBHOCTH TeX MJIM HMHBIX
IPOMEeccOB 3aBHCHT COCTAB MOJI3EMHHX BOJ. 3aleras HeCKOABKO BIEpeN, YKa-
MEeM Ha CIOMKHYIO B TeCHYIO CBA3B NepeHoca, KOHMEeHTPAPOBAHUA W PacCesHus
PacTBOPEHHOTO BemecTBa Ioj3eMHON rmjapoceprt or Bpemenn. Iloatomy
HY}KHO BECEMA OCTOPOIKHO OTHOCHTECS K MOJEIUPOBAHAIO IPAPOIHKX YCAOBHI
dopMEpOBAHEA COCTABA MOA3eMHAIX BOJ. JI1060il mabopaTopHLIH DKCIEPHEMEHT,
Kak OB THATENBHO €ro HU BEIOOJHANHE, He MOKeT B LOJHOH Mepe Y4ecThb
BpPeMeHH — BajKHeHIeH KOOPAMHATHL BCEX Te0JOTHYeCKHX IPOIECCOB.

IIpocrpaucrso. 3madenne npocrpancrea E. B. Ilocoxor (1969) srpaska-
er caegylomuM obpasoM: 4eM 0GoJbme IyTh ABH/KEHNA IOJ3GMHEIX BOJ, TeM
Goxpme BepoATHOCTH oforameHws coiaamMu. B mpocrpaHcTBO, Kak (akrop
dopMmEpoBaHUA cocTaBa ION3EMHHIX BOJX, BXOAHT 00BeM pesepeyapa IOJ3eM-
uuix Bof. Caefoparenbno, Hof TPOCTPAHCTBOM HAA0 NOHEMATE JIHHRY, Tay0HRY
H IJIOIAAh, B Ipeeaax KOTOPHX IPOHCXOJAHT B3aUMO/EHCTENe MOI36MHEIX BOJ
¢ OKpy:Kaomeil cpenoit. Kak m Bpemsi, IpoCTPAHCTBO OTHOCHTCA K KOCBEHHBIM
daxropaM QopMHpOBAHHA COCTABA IO/3eMHEX BOJ.

3.1.5. DBuonormueckne arTopsi

E. B. Ilocoxos (1969) k Gmomormaecxkam daxropam gopuMmEpoBammsn
cOCTaBa NOA3EMHHIX BOJ OTHOCHT [eATENBLHOCTh pPacTeHHii M MHKPOOPraHm3-
moB. Takoe nerenme sBHO HeJOCTATOTHO, MGO W3 HEro BHIIAJIAET CYIECTBEH-
HHi snemenT Omocdepil — vcusomusie. G TOYKM 3peHUsa BIEAHAA (GHOJOTH-
geckEX (GakTOpoB Ha cOCTaB MOJ3eMHBIX BOJ Ba;KHEL HE OT/[elIbHBEI® JKHBHIS
OPraHm3MBl, & BCA COBOKYIHOCTH HMX. 91y copokyunmocts B. I1. Bepuamgckmit
(1965) nassan scuetin seujecmeom. Ilosromy Bpapg aum menecoolpasno pasienarsb
6umonormdeckme (JaKTOPH HA OTHeAbHEe BHIL. BoapeiicTeme raBoro semectsa
Ha COCTaB NOJ3eMHEIX BOJ IpPEACTABIACT HpPAMOil (aKTOp HEePBOCTEHEHHOM
BaskHocTH. PaceMorpmM ero.

Brocdepa — aro csoeoGpasmas oGoogka 3eMiau, rje OPOABIAACTCH Ieo-
XEMUYECKas [eATeNbHOCTHh MHBOTO Bemectsa. K Heil oTHocmTes GoJabmas
9acTh rHApocdephl, BEPXHAA YaCTh 36MHOM KOPH H HHKHAA 9aCTh aTMOCHEpHL.
B semuoit Kope Hm:KHsAA rpannna 6mocdepH oTBedaeT TeMmeparype or |75 1o
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-+100°C — xpumTHUeckoil TeMmmepaType A passuTHs GaKTepmii, T. e. Gmoo-
ruueckue QaxTopsl CKa3HBAIOTCH He TOJXBKO B B0HE ¢BOGOJHOTO BOHOOGMeHa,
HO W B ray0okmx ropusonTax. BakTepmm pacmpocTpaHeHH 10 ryO6mHE 4 KM
[Kysuemor u 1p., 1962] m mepernocar papaenme mo 3000—4000 ata.

A. W. Ilepeasman (1968) paGory s;kmsoro BemecTBa cpaBHEBaeT ¢ pabo-
TOM TeKyuel Bojsl. JlefcTBHTONLHO, W A BOJH, W JIJIs KUBOTO BEeHOIECTBA Xa-
pPaKTepPHBl KPYTOBOPOTH, HCTOIHUKOM HHEPIHHE KOTODHIX CJIYIRAT COJHETHO®
mzayvenne. Ofmas Macca ;KEBOTO BeIecTBAa HA 3eMile HeBednKa, HO OHO I0-
cTOAHHO 00pasyeTcsd M3 MHHEPAaNBLHEIX Ted. Uepes Hero OpPOXOLAT OrPOMHOE
KOJIMYeCTBO XUMUIECKHAX COefWHeHHil. ['eoXmMmUUCCKAA JEATeNLHOCTH MOBEPX-
HOCTHHIX W IIOJ[3eMHEIX BOJ IOYTH BCEIT[A OCYMIECTBJISETCH ¢ YIACTHEM FKHBEIX
OPraEuaMoB, 000TAMAIOMMX BONY OPTAHHYECKAMO U MHUHEPAJbHHEIMH COSH-
HeHUAMH.

Onmoif W3 DPHYMH IIHPOKOT0 PACHPOCTPAHEHHA B BEPXHHX FOPH30HTAX
3eMHOH KOPHI IO/I3eMHEEX BOJ THAPOKAPOOHATHOTO KAJBIMEBOTO COCTABA CJIY-
JKAT JKABOE BEMECTBO. B YCIOBHAX BIAKHOIO KJINMATA M WHEPTHRIX HOPOJ
6onpmoe sHaYeHHme Npmo0dpeTaeT pasioyKeHHe OPraHAIEeCKHX BemecTs. ORmc-
JleHHe UX IPHBOJHET K 00pasoBaHMIO YIVIEKHCIOTH. 3a CIeT Hee IPOUCXOLAT
HaKOIZIeHHe TAAPOoKap0OHATOBR B TOJ3eMHAIX BOIAX.

B ravectse «MmHepammszaTopoB» BhicTymawT Gakrepum. OHE Kak OB BHI-
HONHAKT (YHKONIO OYHCTRE JHETOCHEPH OT MEPTBHX OCTATKOB OPraHH3MOB.
Pasnaras oprammueckoe BemecTBo, GarTepHu IEPEBOIAT B HOJ3EMHBIE BOJIEL
YTAEKHCIAOTY, OPraHAYECKHe KHCIOTHI, YIAeBOJKOPOMHI, COeIMHEHHA Aa30Ta,
cepHl, Kaaemua, gocdopa, memesa m 1. 1. (cMm. pasmen 2.5).

sRuBoTHEIE B pacTeHmA BO3AEHCTBYIOT HA COCTAB IOJI3EMHEIX BOJ TaBHBIM
obpasom gepes MuKpoopramEEaMiL. Ilo Mepe oTMupanmsa ;KEBOTHEE U 0COGEHHO
pacTeHHs OTHAIOT II0YBe MUHEDAJbHEE BEINECTBA, KOTOPHE 3aTeM HMOCTYDAIT
B Tofi3eMHEIe BOJH. JsIMBOTHEIE MecTaMH BEISHBAIOT B3ATPASHEHHE IIO3EM-
HHX BOJ,.

Topasgo Goxbme BAEAHEE pacreHuii. AKKYMYJUpPYs OTPOMHOe KOJHYIe-
CTBO BJIaTH, PACTHTEIBHOCTH HOHMKAET YDPOBEHb H YBEeIWINBAEST MHHEPAIMN3a-
OHI0 [OJ3EeMHBIX BOJ, BHBHBAA OJHOBPEMEHHO W3MEHEHHE WOHHO-COJIEBOTO
cocraBa. TpaHCIHpPAMHOHHAS HEATEIAHHOCTh HPOSBIAETCA B H30HPATENBHOM
MOTJOMEHNA PACTEHHAMA OIPEfeNeHHbX WOHOB W3 IOJ3eMHEX BOx (Kammsa,
HATpHUA, KalabOuA, XJopa, cyiabdara). HspecTHE pacrenms, IOIIOMAINIEE
KPEeMHWIT, jKele30, MapraHel, MarHWil, aJIOMUHWIL, MeJb H JDYIHE METAJJIH.
¥ maarono0ushXx pacreHmi — QpearouToB — KOpHEBas CHCTEMAa WHOT/A
npormkaer fo rayomasr 20—30 M. Ha crsonmax m AECTBAX HEKOTOPHX pacre-
HAR IyCTHEHBL Ha0MIOJAIOTCH BHINBETH COJeil, KOTOPHE COCTOST IIPeHMYIIecT-
BEHHO W3 HATPHI, XJI0pa B cyabdaTos.

3.1.6. Uerycersennsie harTops

IIpomssofcTBeHHAA JEATEABHOCTh TEIOBEKA — TAK MOKHO copymy-
JHPOBATH CYIIECTBO HCKYCCTBEHHHIX (paKkTopoB opMEpoOBaHEHA cocrapa IOJ-
semuEx Boj. Eme B. II. Bepranckmii 1 A. E. @epcman cpapEmBAIHA BO3Jeli-
CTBHE UeJI0BeKa Ha NPHUPOAY ¢ BIMAHMEM MOIIHOTO Te0JOrmIeckoro daxropa.
P. Jlerrer (1969) ma orrpeitmm XXIII ceccmm Memnyrapoaaoro reomormde-
CKOTO KOHTpecca B HOKIaje «YeloBeK KaK re0JOTHICCKHMII AreHT» OTMETH,
9T0 HMCIOJIH30BAHHEEG ATOMHONE DHEPIHU CIeNaI0 4eJ0BeKa Te0JOTMIecKEM areH-
TOM B Macmrabax, COM3MEePHMEIX ¢ IPHPOIHEIMI. :

Hapymenme ecTecTBeHHOTO perKHMMa IOJ3eMHEIX BOJ, BHI3BAHHOe paspa-
0OTKOIl TOJIEBHEIX WMCKOHMAEMEIX, THAPOTEXHAYECKAM CTPOUTENBCTBOM, MEJIHO-
panmeil W 9HCIIyaTanueid BOJOMOCHHIX TOPHBOHTOB JJIA IeJeil BomocHal:xKe-
HHEA, 8 TaksKe cOPOC HOJ 3eMJII0 3arpA3SHeHHEIX CTOKOB, MONAJAHHS B BOAOHOC-
HEIe TOPH3OHTH IPOJYKTOB ATOMHEIX B3PHBOB W DPACHEIAEMHX AXOXHMHKA-
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TOB — TAKOB JIaJeK0 He IOJHEIHA HepedeHb HeKyccTBeHHHX (lakTopos. C Kasm-
IBIM TONOM BOBMEHCTBHE HCKYCCTBEHHBIX (DAKTOPOB BO3pAcTaeT, M B HEIAJICKOM
OyAyImmeM HX BIUJHWe HA COCTAB IOJB3EMHEIX BOJ, BEPOATHO, GY/AeT peimaiomum.

Wz menp SeMam e:kerofHO HW3BJIEKAETCA Macca XUMUYECKOX COeUHEHWIT
(NaCl, CaS0O4, CO,, meranasi, sedTs & 7. 71.). IloMmMo mapymerms ecrect-
BEHHOTO (aXaEca B CHCTeMe I0Pojla — BOJa paspadoTKa MOJEe3HHX NCKOIae-
MEIX BeIeT K NporeccaM OKHCJIEHHs, IT0 BHI3HBACT HEH30e:KHLIT mepexoy mo-
MOJTHATEALHEIX BEIMECTB B IOJI3eMHEE BOiE. B pesyisrare paspaboTsu MecTo-
POFKIEHMI TMOJE3HBIX HCKOMAEMEX COCTAB MON3eMHEIX BOJ H3MEHSETCA Ha-
CTOIBKO, 970 KOPEHHEM 00pasoM oTamdaerci 0T HepBoHaZaxbHOro. L'my0m-
Ha OKRHCIAIINET0 BO3NEHCTBHA NOPOI JOCTHIaeT HECKOJLKAX KHJIOMETPOB
(mampmmep, Ha He(TEra30BHX IPOMEICIAAX, Ifle IPH 3aBOJHEHAN B IIyOOKHE
TOPHUB0HTEl 3AKAYMBAIOTCA IEIEe PEeKH).

TmppoTexHWYeckoe CTPOWTEILCTBO BEIBHIBAGT HepepacHpefeleHne IO[-
3eMHOT0 CTOKA M M3MeHeHHe TUAPOTeOXNMHUYEeCKOTO pesiuMa ITOJ3eMHBIX BOJI.
Baaromaps a1oMy HepejaKo BO3pacTaer arpecCHBHOCTH MOJBEMHEIX BOJ HAa
y9acTRax, OpHAEraomux K sojoxpanaammaM. llpu cosjanmm Bojpoxpanuniau-
ma Bparcroit I'9C B mpufpe;REEX KapOOHATHHX MACCHBAX IPOMB0IIIO OIpec-
HeHHe IO0[(3éMHEIX BOJ, 9TO Pe3K0 YCHIHIO IPOLIECCH KapcToo6pasoBaHus.

Ioskanyii, eme cuibHee BO3JEHCTBHE MeIHOopaTHBHHX pabGor. MasecrHsl
CJIyUa®, KOTJla W3-3a HEIPOJYMaHHOI MeJHOpaluH 3eMejlbh IPOHCXOJHT 3aC0-
JIeHHe MOJ3eMHLIX BOJ. IIpU IOIMBHOM BEMJIEMEJIHM HACTONBKO W3MEHAETCH
COJIeBOIl COCTAB TPYHTOBEIX BOJ, 9T0 OH OKA3EBAETCs] HEIOXOKEM HA €CTecT-
penumii. Ilomaganue TOKCHYHEIX BEemECTB (PTYIh, CBHHEI W T. J.) IPHBOJNT
K OTPaBJEHHIO IO/[3EMHHIX BOJ — MCHOJb30BaTh HX TOIJA A Hejeidl Bojo-
cHaO:kenna meab3a., OueHb CTOMKHME 3arPA3HUTENAMM SBJSIOTCA HECTHIAJIH,
KOTOpPHE INIOX0 PaspylIaloTcs U XOPOII0 MEIPHPYIOT, He 3ajepiKHBASCh B
o pojax.

Pasnmuaior ciaeflyomime BHUAL 3arpAsHEHHWII TOA3eMHOI rmapocdepss:
1) mpomumuieHHOe, 2) KOMMYHAJIBHO-OBITOBOE, 3) CelbCKOXO03AHCTBeHHOE,
4) 3a cuer BHEPEHHSA MOPCKHUX HJH IIYyOOKHX COJEHHIX BOJ W O) B Pe3yiabTa-
Te aToMHHX B3pHBOB (cM.«OcHoBH rmjporeonoruu. Memoan3osanme H oxpaua
TNOJBEMHEEIX BOT . . .»).

Ha xauectBo mOA3eMHEX BOJ Ham0OIee CHIBHO BIUMET IPOMEIILICHHOE
sarpsasaenue, OHO ke IpOHmKaeT (HaIpuMep, IPHE YTHIHSAIUE IIPOMEIILIEH-
HBIX CTOKOB) Hamboixee Ty0oKO B Ioj3eMuyio rujpocdepy. 3arpasnenne KOM-
MYHAJIbHO-OBTOBEIME OTXOJaMu OOHADPY/KHBAETCH B BEPXHHX TOPH30HTAX,
rrasHEM 06pasoM B Uepre HaceJeHHHX TyHKTOR. OHO IPHBOAUT K JIOKAJIBHO-
My HOBHINEHNI0 MEHEPAJHSAIHE I'PYHTOBHX BOJ W VBEIHYEHHID B HAX COJep-
JKAHUA NPOJAYKTOB pacmaja OPraHHYeCKHX BemecTs (HNTPaToB, AMMOHHA,
xnopa m 7. 1.). CenbpcKoxoaaiicTBeHHOE 3aTPA3HeHNe, HAIPOTHB, HOCHT IIIO-
manHo#t ambo Jajke PerMOHAJNBHBIM XapaKTep: M3 HOYBHl B IOJ3CMHEIe BOJL
monajaioT asoT, Kadmid, JTop ¥ MHOTHE 3JIeMEeHTOOPraHMYecKHe COeMHEHAHA.

Tloppo6uee o sarpssuenny OyeT CKa3aHO B y IOMAHYTOM TOME HACTOAIIETO
nspamnd. [loaromy 3jiech JUIOE OTMETHM, YTO B KOHEYHOM HTOTE JeATeIBHOCTH
9EI0BEKA BEIeT K 3apasKeHHOCTH IOA3eMHOH IHApochepE I HaMeHeHUIO COCTABA
mopseMErx Boj. O 3apasKeHHOCTH CBHETENLCTBYET TaKOH (aKT: MecTaMdm B
IOJ[3eMHHIX BOJAX COJEpPsKAHIe BPeJHBX KOMIOHEHTOB IIPEBHIIAeT (osiee TeM
B 10 pas mpegensEo pomycrEMele KoEmeHTpamum. Ilocxencrsmsa 3arpAsHeHHA
IOI3EMHHX BOJ TPYAHO IpPeAyrajiaTh, fia H 00HADY/KEBAIOTCA OHE OOHTIHO
CIYCTA MHOTO JieT, MHOTZA AAJEeKO OT 0Yara 3arpA3HeHH:.

06 mcryccrBeHHHX (arTOpax (OPMHPOBAHHA COCTABA IOM(3OMHEIX BOJ
cKa3ano 3jech B camoii o6meit gopme. Ho m aroro pmocrarouno, arobBlcrano
OIYTHMBIM, HACKOJBLKO OCTPO CTOHT B Hamie BpeMsa IpobieMa 9YHCTOH BOJHL,
npobieMa cOXpaHeHHA HOJ3EMHHIX BOJ OT BarpASHEHHs M MCTONIEHHA. 3afa-
9a COCTOHMT B TOM, YTOOHI 9eJOBeK HAYYHICA DPeIBHETH HOCIECTBUS CBOGH
TIPOUBBOJICTBEHHEOH JeATeIBHOCTIH,
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B mameit crpame oxXpaHa HOJ3eMHEIX BOJ OT 3arPA3SHEHHA W MCTOMEHMS
peryampyerca «Ocmosamu BopgHoro saronosarensctsa CCCP m coiosHEIX pec-
nyoamk». Crporoe cofaiofieHEe 5TOro BAKOHONATENBCTBA — HEOOXOAUEMOE yC-
J0BHE COXPAHEHHA IPHPORHOH WYHCTOTH HON3EMHEX BOJ.

3.2. TPOIIECCHI,
DOPMHPYIOIHUE COCTAB IIOJA3EMHBIX BOJI

B mopsemmoii rmapocdepe ImpomeccH Maccoo0OMeHA B3AMMOCBSISAHEH.
YacTo ogme IpOmece CTUMYJIMPYeT WM BH3HBaeT WHOH, n Haobopor, Hak ns-
BECTHO, YTOOE IIOBHATE CIOKHOE fABIEHHWe, HEOOXOJUMO H3YUHTEH OTHEIHHEe
ero ¢TopoHH. IlpmMeHnTETPHO K JOPMEDOBAHNIO BEMIECTBA MOI3EMHOM THPO-
cdepH OTHEILHEIME CTOPOHAMH OYAYT HPOIECCH, M3MEHAOIHEe W CO3HAI0Nue
COCTaB HOJ[3EMHEIX BOJ.

BemecTso mojzeMHo0ii rEApocdeps HaXOJATCA B HENPEDPHBHEOM TBHKEHEH.
IIpuauna MaccooOMeHa He 00A3aTeIBHO BOL00GMEH, KOTODHIA CBAZAH ¢ Mexa-
Hu4ecKoi (GopMO JBH/KEHHA PACTBOPEHHEIX acTHI. 1emIoBasg, MOJIEKYIAp-
Hasl, ATOMHAA U OIpyrae (GOpME JBIKeHHs Tak;ie 00yCIOBINBAIOT IIOABICHHE
MHOEecTBa 9QeKTOB IepeMemieHns MarepranbHEX gacTmd. IIpocTeie gopmur
IBIGKEHHAA CHHTeSHPYIOTCA B 2eoaozudeckol gopme deuacenus [Kenpos, 19591,
KOTOpas MOJKeT CUATATHCA CIOCO00M CYMIECTBOBAHES HOJ3EMHOI IruypocepH.

B mopmsemuoit rEmpocdepe, HaxogAmeica IOJ BIHAHEEM TCE0J0THICCKH
IVIATEIBHOTO BOBJEHCTBHUS INIAHETAPHHX (re0TpaBHTANHOHHOTO H I'e0TepPMH-
YeCKOT0) W PErHOHAMBHHX (KOHIEHTPAIMOHHOTO) IOJeil, IepeHOC BeImecTBa
IOJI3eMHEIX BOJ OCYINECTBIAETCA NBYMA OyTAME — dudiysueli m koHsekyuetl
(rabx. 3.3). OuisTpanuoHHLI TEPEHOC BemecTsa 00bequHseT B cefe MONEKY-
JApHEE MOTOKE AEPPYSHEH B MaccOBEHE IOTOKH KOHBEKIHH.

Bepymasa poxs B opMEpoBaHEE COCTaBAa ION3EMHEX BOJ[ IPHHAICKHAT
IPOIeccaM BOCIPOM3BOMCTBA (KOHIEHTPAPOBAHNA) M IMOTJOMEnHuA (paccesHns)
PacTBOPEHHOTO BemecTBa. lleperom B pacTBOP CTAHOBHTCA BOSMOKHEIM TJaB-
HEIM 00pasoM OaarofapsA THAPOIH3Y, BHIIEIAYHBAHWIO W PACTBOPEHHIO IOp-
HBEIX IOPOJ W MUHepaxoB. BHIBOX W3 pacTBOpa OCYMIECTBIAETCA IPEEMYIIECT-
BeHHO IOyTeM KpHCcTajamsamum coleil m copommm. Ilepesoy semecTBa B pact-
BOP W BHEIBOJ| €T0 W3 PAcTBOPA COYETAIOTCA B MOHHOM 00MEHE, ORHCIHMTEIBHO-
BOCCTAHOBHUTEABHHX M QUOTEOXUMHYECKAX peaKkmusaX, paJUoaKTHBHOM pac-
mage. BsamMopeiicTere adleKTOB MaccomepeHOCa, BOCIPOHM3BONCTBA M IOTJIO-
MeHHEs. PACTBOPEHHOIO BeNmEeCTBA NU3YIaeT (PUBHKO-XHMWYECKAA THAPOJHHA-
muka [Jlepmu, 1959; Bepumrmm, 1953, 1968].

Hlogzemuasle BOJBI, CONpPUKACAACH ¢ IOPOAAME, TasaMi W OPraHEAYECKHEM
BEIEeCTBOM, IOCTOAHHO H3MEHAIOT CBOM cocraB. Takoro pojja M3MeHEHHA Haje-
KO He BCEerja CBABAHHL ¢ IPOMECcaMH, HepeBONAINIME BEmECTBO B PaCTBOP
WM BHEBOJAMEME ero m3 pacrsopa. OHE MOryT OHTEH BEIZBAHE IPOIECCAME
no0aBieHnsa MAW YIAJEHAS MOJIEKYJ PacTBOPUTeNs, HaOpuMep THApaTamue

Tabxmna 3.3
OcHoBHbIE BHJIbI TIePEeHOCA BeleCTBA B MojseMHoii rumpocdepe (mo C. H. Cmmpmo-

BY)
TI'papgueHT JudodyenosERil nepeEoc HousexkTHEHEI mepeHOC

TeorpaBuTaIIOBHEKIT Bapomuddyansa Bemy;raennas KoHBeRuusa — (uab-
TPanus

T'eoTepMmueckmit Tepmonnddyamns 5 EcrecTsenHan KOHBEKINA — TENJI0-
Bag

Homnenrpanun Homnenrpanuonsas guddy- EcrecTrenmas  KOBBeRIUA — KOH-

3usA NEHTPANHOHHA A
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" nern,r[parau;neﬁ MHHEpPAaJI0B, IOA3eMHBIM HCIapeHHeM H BHEIMODa'XKHBaHHEM.

Ham maBecTHBI gasero eme He BCe IPONECCH, CKABHBAIIIAECST HA pac-
IpefielieHHH BEMIECTBA I PEryIEPYION(He ero MATPANAI0 B IOX3eMHOM THApO-
cepe. B wacrtHOCTH, COBepIMEHHO He fACHA IHAPOTEOXHMHYECKAsd POJb Mar-
HETHHX ¥ 9JIeKTPHYECKHX SBJEHWIT, X0TA OHHE, (e3YCJA0BHO, OKASKHBAIOT BIAHSA-
HHEe HA COCTAB IOf8eMHLIX BOZ. MHorme mpomecchl c¢i1abo M3ydYeHEL.

B camom ofmeM BHAe OCHOBHEE IPONECCH, (JOPMHPYIOIIHE COCTAB HOJ-
8eMHBIX BOJ, II0 IPHHIHOY HX I[&ﬁCTBHH pasaeaAnTcAa Ha CHAeqyInue rpynnsl
[[Muamexep, 19771

1) mepenoc BemecTBa, OCYIIECTBJIAEMEHII IO MeXaHA3MY MOJEKYJADPHOIR
maddysan u duasrpanmomsoro (xuddysmoEHO-KOHBEKTHBHOTO) Maccomepe-
HOCA;

2) mpomecchl, mepeBOJAIMAe BEMECTBO B PACTBOD;

3) mpomecch, BHBOJANIAE BEIIECTBO H3 pPACTBOPA;

4) mpomeccH, cOoYeTANIIHEe BOCHPOWSBOACTEO I IOIVIONMEHHEe pPACTBOpPEH-
HOTO BeIIeCTBA;

D) mpomecchl Ao0aBIeHUA WAN YAAJEHHA MOJAEKYJ pacTBOPHTEI.

Ilepeuncaennsie TPoOIMecchl BHIBHBAIOT Memamop@uaayuio MOA3eMHEIX BOT,
T. e. H3MeHeHme mX cocrasa. Hak morasan H. C. Kyprakos, meramoppusanusn
BOJ[ MMeEeT HAmpaBiIeHHH xapaxrep. Eciam cocTas BOXE M3MEHSAETCS OT I'H[-
POKapOoOHATHOTO K cyabfaTHOMY, a 3aTeM [0 XJA0PHAHOTO, TO TaKOe HAIPaB-
JdeHEe MeTaMop(uE3amEN HA3HBAOT UpAMEM. V3vemenme coctaBa B oGpaTHOM
HANPABJICHUH IOJIYIHJI0 Haspanme o0paTHOil Meramopdmsammm.

3.2.1. Moaeryaapuo-guddysnonnsiii mepeHoe BemiecTBa

Bupst juddysun. duddysns — nepepacmpejiesienne BemecTsa B
KaKkoii-1a6o cpeje, BEIBBAHHOE TEINIOBEIM IBIKeHHEM MoJeKya. B mopsemuoit
ruppocdepe nuddysus DPHBOAET K BHPABHABAHMNIO KOHIEHTPAIEH pPacTBO-
penHoro BemecTea. B sasmcmMocTH OT ABmRyme cuasl (M. Tabx. 3.3) pasnm-
qawr Gapodugdysuio, mepmodudbysuio u ronyewmpayuonnyo Jugdysuno.
IIpm aoGom w3 HasBaHHLIX BHAOB HepeHOCA IePeMEeIeHHne BEI[ecTBA HPOMCX0-
OUT MOJEKYJAADHBIMHA HOTOKAMH.

Uucro auddysmoHHEEe IPONECCH CBOHCTBEHHEI MOKOAMUMCH CpefaM.
Moaexyaspro-1nddysmoHHENT HepeHOC BemecTBa MOKeT OBITH paccIHTaH,
ecIm IOA3eMHYI0 THApocepy paccMaTpHBATh KaK TePMOAMHAMHAYECKH 3aMK-
HyTyI0 cucTreMy. BHemmme CHIB Ha Hee He AeCTBYIOT MJIH JelCTBYOT O0YeHb
caabo. C mapecTHoii jioseil yeaOBHOCTH TaKasg 00CTAHOBKA HPUCYIIA IIOJ3EM-
HEIM BOJIaM IayOOKHX TOPH30HTOB, T. €, 30HE IACCHBHOTO (BeCchMa 3aTpPyAHEH-
HO10) BOIOOOMEHA.

Cymuocrs Gapopuddysnu sakmiogaeTca B pasjgeleHHHN BemECTBA pacT-
BOPOB [0 MOJERYJAPHOMY BeCY IOJ] BIHAHHEM I'PajHeHTA IABJIEHHAA, B Pe3Yilh-
TaTeé YEro IPOUMCXOJUT IepememeHne (Gojee TAMKENBX MOJEKYJX CBepXy BHu3
B cTOpoHy mophimenus masiaenuda. Ilpm repmogmddysmm, rorma ABIRymeil
CHJION CAYKMT IpajiienT TeMIepaTypsl, HaoGopor, Golee TPAMENEe JaCTHIIH
muddyEIEpPYIOT CHIBY BBEPX B 00JACTh MEHee BBHICOKHX TeMIepaTyp.

I GacceliHOB IONBEMHEIX BOJ CO CDeHHMH 3HAYEHUAMH TreoTepMmoba-
pHEUecKEX Iapamerpos Gaponumbdysmsa mmeer, Kak npapmio, Goabmee sHAUYe-
HEe, TeM Tepmoxuddysusa. Toapko B OacceifHaX ¢ 0YeHDH BEICOKAMI 3HAUGHNSI-
MH TIe0TepMHYIecKOro rpajmeHrta TepMoAnQ@ysHOHHHII IepeHoC BemecTEa
MO;KeT cTaTh pasHEM OapoguddysmommEOMY.

B Gacceitnax moj3eMHBIX BOJ IPagHEHTHl T0TPABATAHOHHOTO H IeoTe]-
MHYECKOTO I0Jieii He3HAYHTEeJBHEI, M03TOMY Gapo- m TepMmommdbdysma ma Ime-
peHOC BemecTBA IOJ3eMHHIX BOJ{ He OKassBaoT 3amerHoro pamamma. Oda
nmpomecca JeicTBYIOT JOKAJBHO M HANpasJIeHE IPOTABOIOJOKHO APYT APYIY.

Topaspgo mmupe mpejensl M3MEHEHAA TPAfHeHTOB KOHIEHTPANHH, UTO 3a-
CTABJIfAET CUWTATHL OJHUM M3 OCHOBHHIX MEXAaHH3MOB MOJIEKyIAPHO-TEODHY-
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SHOHHOTO IIepeH0ca BemecTBa B HOj3eMHOI ruppocdepe KOHMEHTPANHOHHYIO
nuddysnio.

Komnenrpammonnaa jupdysna. Ilpm cragmomapmoit punddysmm, xorpa
KoHIeHTpanuA AuddyHaEpyomero BemecTea B M0060il ToYKe IPOCTPAHCTBA
¢ TeYeHWEM BPEMEHH He MeHsercs, Au@@ysHmOHHEII MOTOK BeINECTBA MOJKET
GHTH OIpeNesien s OJHOMEPHOI 3afatm mo gopmyae

&,=Dngrad C= — Dp 25, (3.1)

910 COOTHOMEHHWe HM3BECTHO Kax mepsiii saxkom Dumka. 3uecs D, —
KOaQQHOUEHT MOJEKYIAPHO# IuGPYBHE, XapaKTepH3YIOMUi CKOPOCTH BE-
pPABHEBaHWA KOHIEHTPAIME B HOPHCTOH cpeme, C — BecoBas KOHIEHTPANHA

pactsopa (Ea egmEEIy o0smema), z — paccrofrEme, grad(C = % — rpapgm-

enT KOHmeHTpammd. TaxmMm o0pasoM, AEQOY3MOHHLI DOTOK IPHBOJAT K Of-
HOPOJIHOMY pacHpejleleHHI0 EBemecTsa Bo Beeil cmerede. OrpmmarenbHBIR
BHAK YKA3HBaeT Ha IepeMemeHHe BeOmecTBA B CTOPOHY HOHI/KEHHA KOHIEHT-
panmu. Ilpm grad C = 0, T. e. Korjga KoHueHTpanus nocroanna, nuddysmon-
HEIH OOTOK OTCYTCTBYeT.

Ecam KonmeHTpamus M3MEHsIeTCs BO BpeMeHN, To fuddysua Oyner neycra-
HopmBmeiica. Torjga maMeHeHNe KOHIEHTPAIHH 332 eINHHIY BPEMeHH IpH Of-
HoMepHO# jauddysun pasHO:

72
2E — Dpdivgrid €= Dp 1, (3.2)
rae T — spems; div — gmseprenmmg (pacxoKeHNe BEKTOPHOTO IIOJ).

Vpaprenme (3.2) suipaskaer Bropoit 3akonm @Pnmra. OHO XapakTepmayer
HaKOIJIeHNe BemecTBa B 110001 TOUKe cpeisl Kak (YHKIONIO BPeMeHH.

Bemmuanna xosddummenta MoaeryaspHol nuddysnm msMenserca B Goab-
mux nupexenax. B mopumerex mopopax audQysmsa pasBHBaeTCH IO TEM jKe 3a-
KOHOMEPHOCTAM, Kak W B cBofopmHoit cpeme. Ha umcamenmme smawenma D,
CHNIBHO BIHMAIT IOPHCTOCTH, pasMep IOp ¥ UX cTpykKrypa. OHE MeHbIDe, YeM
B cpobGommoit pommoit dasze. Ilaa BogoHACHIIEHHEX IOPUCTHX cpen Koaddm-
nHEeHT MoJeRyaapHO# anddysum papsupyer or n-10-° B oueHEs IIOTHHX BO-
NOHACHMEHHEHX Tamaax g0 n-10—° ¢M?/c B PHIXIBIX BONOHACHIIEHHBIX IECKAX.
ITpu HemosHON BOJOHACHMEHHOCTH BeqmuEHA [, CYIECTBeHHO 3aBHCHT OT
pnaskpoctn [Bowesep m mp., 1969].

C. Y. Cumpuos (1971) cpenan DONETKY KOJMYECTBEHHO ONEHHTH TeOXH-
MOYECKYI0 POIb KOHIMEHTPANUOHHO-Au((YBHOHHOT0 IIepPeH0Ca MIHEpaJIbHOTO
BemecTsa B BogHOH (dase celmMeHTANEOHHHX Oaccelimop. IlpomememHsle MM
pacuersl moKasalW, YT0 B BOXHOH ¢ase cefEMEHTAMOHALIX GacceifHOB pacT-
BOPEHHOE MEHEPANbHOE BEIECTBO MOJKeT MHUTrpHpoBarh nyrteM auddysmm B
TeUeHHEe Te0JOTHYECKOr0 BPEMEHH Ha PACCTOSHHA, H3MepseMile KMIOMETpaMu
I COEBMEpPHUMbIe ¢ MOIHOCTBIO 0CaJ0YHOTO YeXJa BeMHOM KOpH. 9Ta MHATpanus
CONPOBOIAETCSA HANpaBJCHHBIM HepeMemenueM GOJBIIAX Mace conm (gecAT-
Ko ToHE Ha 1 M®) E COOTBETCTBYIOINEM BHIIJAYHBAHHEEM TaJOTEHHBIX TOJII
(ra Bmcory caoa mo 200 m). IMomxyuenmsie smauenus Mmacmrator parddysmn
nossoyman C. VI. CMEpHOBY BRHICKa3aTh MHEHWE 0 HPAKTHIECKN DOJHOM ofec-
CONIMBAHUH WCKOHMAEMHX BOJ BEO BCEX JHTOJOTHYECKHX PAasHOCTAX HOPOJ, BO3-
‘pPACT KOTOPHX JpEBHEe KaifH030#cKOr0o. JTOT BHBOJ BH3BAJX BO3Da:KeHHEe Y
CTOPOHHAKOB CYIIECTBOBAHHA HMCKOIAEMHX BOJ CeHMEHTAIIHOHHOTO IPOMC-
X0sKfeHAs, w00 BIHAHUNEe MOPCKOTO HOHHO-COJIEBOTO KOMIIEKCA OTYETIHBO
CKasHBAETCA Ha INIYOOKHEX MOJ3eMHHIX BOJAAX ME3030ICKHX I Jajke IaJe030i-
CKHEX TOJIII.

C. H..CummpHOB ommpaercs Ha BechMa IpHOJIMKeHHBIe HCXOJHHEE Iapa-
MeTpH, OpPEMeHssA OpH pacderaxX 3apHmeHEHe sHaveHuma D,. Om mpaxrmue-
CKHM He YYUTHIBAET, UTO TajJoreHEEE ofpazorandsa nud@ysmoEHO HeNpoHOIAe-
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mur. Orclojia HM3IMIIHAA KATEropuuIHOCTH ero BHBOJOB. HOHIEHTpamHOHHOI
paddysmy Heasasd, O0YeBHAHO, IPHIABATEH CTOJE YHOBEPCAILHOTO 3HATEHUA
B OPMEPOBAHEE COCTABA IOA3EMEEX BOJ, B TOM 9YHCIe NIYOOKAX TOPH30OHTOB
Opmaxo Basken nopxon C. M. Cmupuosa ® poam guddysum. OcHOBHOM BHBOJL
mpaBuiabHee cPOPMYIMPOBATH TaK: HeM JPEBHEe BO3PACT BOJOBMEIIAIOIAX
MOPOJ, TeM MEHBINe HA COCTABE HOJI3€MHLIX BOJ CKAZKIBACTCH BIMAHNE MOHHO-
COJIEBOT0 KOMIIIEKCA MCKOIAEMEIX IMOJ3eMHEIX BOJ MOPCKOTO IPOMCXOKIEHHA.

Ilpm ronm4ecTBeHHOM ONMeHKe BANAHEA KOHIPHTPANIOTHO-TAD(Y3HOMHO-
ro mepemoca Ha (OPMHEPOBAHEE COCTABA IIO3EMHEIX BOJ HAJ0 IOJL30BATHCS
[0 BO3MORHOCTH TOYHKIMU XapaKTepucTHRaMu cropoctn Auddysmm @ peansb-
HEIME MojensaMu. HpoMe TOro, WOJESHO CPABHUBATH KOIMYECTBEHHYIO OLMEHKY
reoxaMudeckoil poanm nuddysum ¢ TAHHHME, HOJIYICHHHME HHEIMA MeTOoJaMu
(IMTONOTHIECKAME, TaleorHpPOrecIOTHICCKAME, N30TOINHBIMA, BO3PACTOM
sox). Hanpumep, A. B. Honeanosna (1965) ceom pacdersl KOHIEHTPAHOHHO-
madhdysmoHHOro ImepeHoca B TAK HA3KBAEMOIl 30HE (3ACTONHEIX) IIOJ38MHEIX
BOJ{ TMOJKPEILI AHAJNZ0M JIUTEHeTHYSCKAX MAHEP2JIOB B MECYAHO-IIHHHCTHX
toamax. TeM caMeM OB HOJTBEP:RIeH BEIBOJ O MATDAT[HA PACTBOPEHHKIX Be-
mecTe myTeM auddysmm B rayGokmx ropmaomtax Pycckoil mmatdopmsl.

Camogudpdysmsa. B mopsemuanix Bomax Hapsamy ¢ PacTBOPENHEIM BEHIeCT-
BOM MOTYT ampdyEmmpoBars W ugacTHIE caMoii Bogel. Tawoi sup pguddysmm
massiBaercia camoduggysueii. Ilponece camopmpdysnm HpPOHCXOOHT B OTCYT-
CTBHE TpPAJMEeHTOB KOHMEHTPAaNNH W MAKPOCKONHYECKH HE IIPOABIAETCH.
. B. ®penxrens, a mosguee 0. A. Camoitnos u [[. C. Coxonos (1957) srssan-
Hoe camommpyameit GecmopaAmodHOe IepeMeNm[eHne MOJEKYI BOJEL B3 OJHOTO
IOJIOKEHAST PABHOBECHA B COCEJHeEe NMEHYIOT MPAHCAAYUOHHBLM O6UNCEHUEM.
s Toro, 4roOB YacTUIA BEIOLIA W3 COCTOSHOA PABHOBECHA H MOIVIA COBep-
IMATH CKa4Y0K, OHA J0JKHA 00IaJaTh HEKOTOPHIM 3a0acOM DHEPTHN — DHePruu
ARTHBANAN, JOCTATOTHLIM IS IIPEONOJIeHHs NPHTHKEHHS COCeTHHX YacTH.

Koryma mo cocefictsy ¢ MoJeKynoil BOJAS B pPACTBOpPE OKA3HIBAETCH HOH,
DHEPTUA AKTHBAIAN CKAYRA MOJEKY.JIH MeHAETCA M TPAHCIANUOHHOE JBHKe-
nme B pacteope upuobperaer ocoGoe smazenme. O. f. Camoitnor m JI. C. Co-
K0JIOB mpuBieralor camommddysmio mas o0BACHEeHHA NPHPOAH THAPOTeOXi-
MUYecKOil 30HAJBHOCTH B 3EMHOH Kope.

3.2.2. @uastpammonusiii ((uddy3noHEO-KROHBEKTHBHBIIL)
MACCONEPEHOE

Bujpl konBermun. B MIEPOROM CMBICTIE IOJ KOHBEKIHeHl HOHHMAIT
TEIJI0- U MAcCOIepeHOCc B AsmkymeMmcs motoke. Ecrm muddysus mpomexognt
B HNOROAMElicA cpefe, T0O HEOOXOTUMHM YCAOBHEM KOHBEKINN SABJIAETCA IOJI-
BHJRHOCTB CaMOil Cpefs, B KOTOPOH BeN[eCTBO IepeMen(aercs MACCOBEIMH I0O-
Tokamm. HoHBeKIus Bcerga CONpOBOKEAETCS PACcXOf0OBAHWEM BHENIHEH dHep-
ran. B sapmcmMocTn o1 ABmKymIeR cumiasl (M. 1abn. 3.3) pasmamuaioT ecmecmi-
eennyio (Mau ce0600HYI0) U euHYNCIeHHYI0 KoHéekyulo. B cIydae ecTrecTBeHHO
KOHBEKIUH NepeMeleHne BEIecTsa MPOWCXOAUT HOJ BIHAHHEM T'DajlHeHTa
TEMOEepPaTypsl B BRIBBAHHODO UM PAa3INIHA IJIOTHOCTeH cpemsl. Ilpm BHEY:-
JeHHOH KOHBERIUH MAcCONepeHoC O0YCIOBJIeH INIABHEIM 00pasoM BHENIHHM
OOy aATeIeM.

EcrecTBenHas KOHBEKIHA BOZHAKAET B IPABHTANMOHHOM IOJe 3eMid,
KOTJIa INIOTHOCTH ITOJ3EMHHIX BOJ HeO[HOPOAHA M YMEHLIIAETCH CBEPXY BHHS,
Ipd 5TOM PAa3IHYHEA B IJMOTHOCTAX OYAYT ClIelCTBHEM pasimumii B TeMuepary-
pe mam Koumenrtpamumm. CymecTBoBaHme TeNIOBOH KOHBEKIHH, COTIACHO
IM. @. Meemosy (1950), B 30HaX TEKTOHAYECKHUX PA3IOMOB BEIBEIBAET HICXOMA-
mee JBIKEHHe TH/KENBIX XOJOJHBIX BOJ U BOCXO[NAIWI IOTOK JerKHX Harpe-
THIX CTpPYit m3 TayGokux ropusontos zemuoil Kopsl. JI. Vaitr [White, 1967]
UCHOIB30BaN »PPERT TeNIOBOH KOHBEKIHN AIA 00BACHEHHS NPHPOAH Tep-
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MaJbHHX HMCTOYHOKOB. KcTecTBeHHAS KOHBERIAS OJ:KHA IOPOABIATHECA TaM,
rjle MOHepaIusanus MOA3eMHLX BOJ yMEHBIIAeTcA ¢ INIyOmHOI.

Hanmume ® Gacceilimax moi3eMHEBIX BOJ BOJOYHOODPHEIX TOPH30HTOB Ipe-
OATCTBYET ecTecTReHHOoi Rompernmm. OHa BO3MOJKHA TOJBKO B TPEI[UEHEIX
cHCTeMAX IJIH B OYeHb XOPOIIO NPOHUIAEMEIX OJHODORHEIX IOPHUCTHX Cpefax,
HO KaK pPErMOHAJIBHEIA IIPOMEcC MacCOIepeHoca ee paccMaTpHBaTh Helb3sd
[AnGym, 1969; Bouesep m np., 1969; Cmapuos, 19711.

Bumy:xmenHas KOHBeKOHA TPOMCXOMHT IOJ JeiicTBHEM BHEIIHHX CHJI T
CBONUTCA K gfuasmpayuls, [BURYLIEH CHI0ON KOTOPOH CIY/RAT HANOPHBIA Ipa-
maenT. MaccomepeHoc, BHBBAHHENL (UIbTpanumeil, coderaeT MeXaHHIECKOe H
muddysHoHHOE ImepeMemeHne BemecTsa. [iro 00LYHO HA3HBAIT KOHEEKMUSHOL
duysueii, x0T TpaBmILHEe TOBOPUTH 0 2udpasiudeckoli (mam zudpozeodu-
Hamuteckoll) ducnepeul, TOCKOIBRY IIPOIECe PACCEAHNA BEMeCTBA JBUKYILI-
MECSI BOjIAMHI UPHHIANHATIBHO oramaaercs or auddysun. Taxoro poma naddy-
3MOHHO-KOHBEKTHBHBIL MaccOmepeHoc HAOMIONAeTcA BCIOAY, Ile HMEIOTCH,
BO-IIEPBBHIX, IPafueHTH HATOPA, 00eCcIeIHBAIONHEe MAKPOCKOIIIeCKAe MOTOKI
FRUTKOCTH, W, BO-BTOPHIX, TPAJMEHTH KOHIEHTPANAH PACTBOPEHHBIX BEMICCTB,
Gmarofapst KOTOPHIM BO3HHKAIOT MOJeRyJasipHEe motokm. Iloatomy B Gacceii-
HaX IOJ3eMHEIX BOJ, OXBAYCHHHIX NOJIHOCTHI HIH YaCTAIHO (HIBTPANHOH-
HEIM JIBHKCHIEM M COlepyRAIIUX B BEPTHRAJBHOM paspe3de PasimYHEE IO CTe-
[eHH MUHEPATH3aNid BOJE, IMEPEHOC BellecTBa IPOMCXOAAT IIABHEIM o0pa-
30M D0 MeXaHH3MY IHIPABINICCKON [HCIEpCHH.

T'ujppaBanueckas puenepensa, min KonpexTusuas auddysma (J), caa-
raerca m3 RompektmpHOTO Jy W anddysmomnmoro JA wremos. [asa dmaprpann-

=

OHHOTO TOTOKAa ¢ KOHMeATpammeil Bemectsa C W BeKTOpoM cKopoctH V KOH-

—
BeKTHBHAS COCTaBIAIOMAs Bepasaerca seamamHoi Jy = CV. Iloxmsii mo-
TOK ¢ yaeroM ypasmenusa (3.1) pasen

J =Jx + Jy=CV — Dy grad C. (3.3)

Cropocts ¢masTpanum V = ng 3aBHCHT OT AKTEBHOH MOPHCTOCTH My U JEUCT-
-

BUTENBHON CROPOCTH JBIGKEHHA U.
Ecam npesedpeus GapoguddysmoHEEIM I TepMOAEPPY3HOHHEM HOTOKA-
MU W CYHTATH, 4TO IPUHBHOCA BEM[ECTBA B PAacTBOP HIX ero IOTJONIEHHA H3
pacTBOpa HE MPOECXOAAT, TO CKOPOCTH H3MEHEHNs KOHIEHTPANUN BO BPeMEHN
IpPH OJHOMEPHOH (HIABTPANUE B HANPABICHHHA I MOKeT OHTH OINMCAHA YPAaB-
HeHTeM
80 Dedivgrad € ~@ivfeWy=Dy Lt 17,9, (3.4)
dt & g S R x
B o6oux ypapmenmax Dy — KUHeTHYeCKHil mapaMeTp, Ha3HIBAEGMHEIH KO-
sddunmentorm rugpaBiIudeckoit nucmepcum: (MIM KOHBeKTHBHOME Anddysmm).
Benmuamua ero ompefeiseTcs HAIPABICHHEM JBIUKEHHA (TPOMOIBHBIM WIH
MOMePEeYHEIM) I CKOpPOCTh0 muaprpanmm moToka. C KosddummenToM MOIEKY-
aapuoit guddyszmm D, oH CBA3AH COOTHONICHHEM

D} =D, + v, (3.5)

rjie A — ROHCTAHTA, BABHCAM@AA OT CTPYKTYDHHX oco0eHHOCTell IIOPHCTHIX
cpef ® HampasieHnsa QuiabTpanud moToKa. B (H3mKO-XmMWIEcKOH IHMpO-
TeoNWHAMHKE pasiImIanT asa KoaddummenTa KoHBeKTHBHOK mE(GOysmm:
Dy» — Bioas motoka u Dy — moueper motoka. Torga B caydae (QmibTpa-
mun B Hanpasiaeanu X ypasmenue (3.4) Xas TpexMepHOil 3ajaum mpmofperaer

BHOJL:
dc s &, 4 dete
s b s ( w T ar) e S0
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IIpr ¢uaprpannu xospdunment D, oOn9IHO Ha Tpu mopaxka Goabme,
eMm xoaddummenr D,,, m 8 10—20 pas, gem roadpdunuenr D,.. B mckycerBen-
HEX NOPHCTHX cpefiax smadenua Dy woaebmiores or 2,5-10-° mo 6,0 em*/c.
9T mpefeanl MEAUKOM BaBHCAT OT cKopocT:m (uusrpammm. Bemmumant Dy
p OacceffHaX IIOJ3eMHBIX BOJI, HO-BHAHMOMY, eme GOJBIIe KOJeHIIOTCH.

Boobme ke Heo0X0AUMO pasiudaTh HECKONBKO pesrmMoB puddysmorHO-
ROHBEKTHBHOTO MAaCCOIEpeHOca, UT0 HeTPYAHO 3aMeTHTH I3 3aBHCHMOCTH Me-
wny xosddummenrava Dy u D,,. Ilpn #ugroskbHoil cKopocTHm (HIBTPAIMN,
gorga Dy = D, (V — 0), ODpomcxojiBT B OCHOBHOM MOJeKyaapHo-taddhy-
BMOHHEII IepeHoc Bemectsa. Heam ckopocTh QHEIABTpADHM HMEeT 3aMeTHEe
sHauennd, T. . Dy = D, -+ Av, To adderr momexyaspuoir nupdysnm coms-
MepuM ¢ MeXaHWYIeCKHM IlepeMemeHmeM Bemecrsa. B caywae Goabmoii cro-
pocra duasrpammn (Dy = Av (D, — 0)) moMHEEpyeT MeXaHHIECKHIl Macco-
nepenoc. ITocaenmee mMeer Mecto B 30He WHTEHCHBHOTO BOJI0OGMeHA.

Pemenne ypasuenuii (3.4) u (3.6) 114 KOHKpPeTHEIX DPUPOJHBIX 00BEKTOB
pecbMa szarpyauurensuo. IIpm seiBome dopMmysn GH3MKO-XHMUYECKOH Iuapo-
reoMHaMURA OpueraloT K cxeMarmsanum, Gasmpylomeiics Ha ydere TOJBKO
penymux Qakropon auddysmOHHO-KOHBEKTHBHOTO Maccomepenoca. OcHoBmsie
JAOUYIEHAA IPH KOJUYECTBEHHON OIeHKe Maccolepenoca B pPErHOHAJBHBIX
THAPOre0XHMHYECKHX IOCTPOEHHAX TAKOBH: 1) cpega GacceilHOB IO[3eMHEIX
BOJI TPHHAMAETCA [OPHUCTOIl, OJHOPOHOI, H30TPONHOM W HHEPTHOM B XHMEIe-
CKOM OTHOMIEHHHW; 2) TeMOepaTypa H JaBlIeHHe B CHCTeMe He H3MEeHAKTCH,

w d
4 KOHIEHTPANHA CIATALTCA YCTAaHOBUBIIEHCH (—E-g— = 0); 3) ¢puaprpanua mMeer

% dv o
CTANMOHAPHBIY XapaKTep (Ti-'l:_ = 0); 4) roaummenT rupapIRdecKOM JHCHED-

cum mocrosEen (D = const); 5) BuTecHAeMas M BEITECHAKIAA MOJ3eMHAN
BOJIa CMEMIMBAIOTCA B JIOOHX COOTHOmeHWsAX. PemeHHA KOHKDETHHIX 3a1ay
37iech ONYCKAIOTCH.

C. II. An6ya (1969) m H. H. Bepurnu (1968) na ocrope ypasmemmit (3.4)
n (3.6) BuBenm GopMyaBl ANA pacuera BOZHEIX OPEOJOB PACCEAHHS PYIHBIX
TeN, MpEMeHHMEIe IpH rEAporeoxummgecknx mouckax. B. M. Illecrakos (1961)
HCTMONB30BAN WX JUIA pacuera (UIBTPANME U3 XPAHHINIL HPOMEIIIIEHHBIX
crokos, E. JI. Muakur (1972) — npm o6ocHOBAHEUA 30H CAHHTAPHON OXPAaHE
sopoaaGopos, a B. M. Toasnbepr (1976) — pua mpormosa RavecTBa IOJ3EM-
HEIX BoJ Ha Bomosabopax. Cefidac ypapHeHHe KoHBeRTHBHO-TIHpy3mOHHOTO
MACCONepPenoca MMPOKO IMPUMEHATCS /A PAsaumdHoro poja pacueros Qmin-
TPANMH, TEILIO- ¥ MACCONEPEHOcA HA AHAJOTOBHIX W HUPPOBHIX 3JIeKTPOHHBIX
BEUACAUTENBHEX MammHax [Jsasko, 1971; Tasma, 1973].

Cuvemenue Boj. JMrtoroM KoHBeRTHBHON AEPPY3HE ABIAETCA CMEIMIEHHE
BOJl PA3JHMYHOTO COCTABA M PASIHIHON MmEepammsanun. B sasmcumocTH oT
o06beMa CMEMMBAIONIAXCH MOJ3EMHEX BOX, & TAKKe BIHAHHA HEKOTODHX APY-
rax aKTOPOB CMENICHHE BOJ CONPOBOIACTCA aKTHBH3AIUe MPOMECCOB Mac-
comepeHoca, mepeBojia COJeil B pacTBOP MM BHEBOAA BEIECTB M3 pPacTBOpa.
B mrore mpomcXoguT HApYIIEHHEe JMHAMIYECKOTO PABHOBECHA, YCTAHOBHBIIE-
roCS MesJly BOJHBIM pACcTBOPOM, BMEMIAlOmeil MOPOMOil M pPacTBOPEHHBIMU
rasaMm.

Hak morasax A. H. Ormassm (1923), mpum cMemeHnm npecHO H MHHe-
panbHOM BOX HOJAYYaeTcs CepHsA IPOMERYTOYHEIX IO COCTaBY BOJ, UONYHAHA-
JONUXCH YPABHEHMIO IPAMON JHHAM!

Y =aX + b, (3.7)

e X m Y — cofepsKaHBA ABYX KAKUX-IHGO COCTABHHIX YacTeil B JaHHOM 00be-
Me BOIB; @ B b — MOCTOAHHEE IapaMeTpsl, o0mme JJIA COCTABHBIX dYacTeil
JaHHOH CMEeCH M BCeH TPYNIBI BOJ, IOJydYaeMoil OpH CMEIIeHHM.

Uem Gonplie pasImyubiX MeOXEMHIECKHAX THIOB BOJ OPUHIMAET yIacTHe
B CMECH, TeM CJO;KHEee MaTeMaTHueckad saBmcmMocTh. Horga cMmemmeanTces
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[Bamamos, 1961].

MEHEDAJH30BAHHAA U AUCTI/IIMPOBAHHAA BOJA, NPOMEKYTOUHEIR DA OMECH-
paeTcsl ypasHeHHmeM BHja Y = aX, 1. e. IPAMOI, IPOXOJIAMEit Yepes HAYAILO
roopauaar. Ommaxo ypasmeame A. H. Ormasem cnpaBepamso JEIOb B Orpa-
HETeHHHX npefenax. OT OpAMOIMHEHHOTO 3aK0HA IIPOMCXONHT OTKIOHEHHE,
HAIIDEMep B CIyYae BHOAJEHHA COJEH M3 pacTsopa, uro Ha pumc. 3.4 xopomo

samerno g HCO; m SO% .

3.2.3. Ilponeccsl, mepeBojsIIHE BeleCTBO B PacTBOp

Urofs MaTeMaTHYeCKH ONMCATH HPOIECCH, INepeBoJAllIe BemlecTBO
B PACTBOP ¥ BHEOJAINEe €ro 3 pacTsopa, B ypapuenmm (3.4) M0JKHO OHTH
yUTeRo BOCIPOHBBOACTBO H IOTJONmEHHE DPacTBOPEHHEIX KOMHOOHEHTOB IPH
B3auMOJEIICTBIH TIOA3EMHKX BOJ ¢ BMemaiomeil cperoii. B nanbomzee mpocToM
caydae OZHOMEpPHOH (HIBTPAaNEM € YCTAHOBHBINMMCA pacOpefeleHmeM KOH-

HeHTPANIN | ——

0] m orcyrcrsmeMm rupgpaBInYeckoil NHCHEPCHH NTONEpPER

motoxa (Dy» — 0) ypasmenue (3.3) ¢ yIeToM BOCIPOH3BOJACTBA H IOIJIONCHIA

BEemecTBa BHIJIAJHT TaK:
a*c

Dyg—

da®

N

dt 0,

dc
Yorgs =

(3.8)

rme N — BecoBag KOHIEHTpAIUs dJIeMeHTa B mopoje (Ha efuHHIy o0beMa
nopucroii cpens). CropocTh MaccomepeHoca Mesiy BOAOH H Hopoioi B ca-
MoM 00meM BHJE OIHCHBAETCA YpaBHEHHEM

daN
d" = Y(C_ Cg)-

(3.9)

3mech y — KoHcTaHTa cKOpocTH oOMena;!(C, — PaBHOBECHAA KOHIEHTDA LN
axementa (mpm C << C. BemecTBO IepeBopuTCs B pactsop, mpm C > C. ouo -
puiBomuTesa w3 mero). Horma Ce = 0, KAHeTHKa IpONECCOB BOCIPOMBEOACTBA
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M TOrJomenus BemEecTBA BAaBUCAT OT KOHCTAHTHL CKOPOCTH 0OMeHa v (upm
Y << 0 — mepesox BemecTBa B pactsop u mpH y > 0 — BHBOT ero m3 pact-
Bopa). Ypasmenme (3.9) cmpaBemimpo mus PACTBOPCHUA M KPHCTAIIN3AMHN
coneil. 3a penmanny C, Torma MpHEUMAaeTCH KOHIEHTPANHA NpefeIbHOTO Ha-
CHIMEHAA.

Pacemorpnv mamGomee Basmmnte LPOMECCH, IePeBOAANINE BEHIeCTBO B
TO3EMHEIE BOJHL.

Tnppomna. Ilog rupposnsom monmmator Pearmun 0OMEHHOIO PasiIo/KeHust
BOJEL TIPH €€ B3aNMOJIeHCTBHM ¢ MAHeDAJaMH M TOPHHIMI TOPOJAME. 9Ti pe-
dRUIE TPHBOJAT K PA3I0KEHHI0 CIOMKHBIX LOPOZ006PAsYIOMEX MHHEDPaJIoB
U TPEBPAlleHUI0 WX B MeHee PACTBOPHMEE (IPEMMYINECTBeHHO LJIMHACTELE)
COC/NIHENHSA MyTeM 3aMemenus KaTHOHOB HOPOIH HA BOJOPOMHBIA MOH BOMEL.
Vimenno ruaponmaoM obbacHseTCS Hepexoq B pacTBOP HOHOB M3 TPYXHOPACT-
BOPHMBEIX KPHCTAIIAYECKHX LODPON (AMOMOCHIHKATOB, CHJANKATOB H T. P15
T'mapoans dopmupyer mommo-coleBoit coctaB Gompmieit TACTH  yIbTpampec-
HEIX I IOPECHBIX ION[3eMHLIX BOJ BOHK THOEPreHesa [MTsapmes, 1978].

Boimenaunsanme n pacrsopenme. Ilepexon momos B PacTBOpP 3aBHCHT OT
Ha.IM9HA BOJHOPACTBOPHMEIX cosieli B mopomax, cocTaBa m MUHEPaIA3aIII
HOASEMHKIX BOJI, CKOPOCTH (HILTPANHH M HEKOTOPHX ADYIHAX npmanH. 06a
opornecca Hau(0Jee aKTHBHO MPOTERAIOT B IOJBHRHOIL cpefie, IOATOMY HEOO-
XonuMo, YT00H MOA3eMHEE BOJB HAXOIHINCH B COCTOAHHM, JAaIeKOM OT HACHI-
MEHAA COJAMH, H CONPHKACAINCH C BMEIMAIMUME NOpofaMH. Pematomee
SHAYCHHE HMEEeT PaCTBOPUMOCTh COEQUHEHMl M KWHETHKA DACTBOPCHHS.

B some axrmpmoro mopmooGmena mpomeccrt BEIMENIAYHBAHMA H DPacTBOpe-
HHA B CIyYae ONHOMEPHOM 3aladl A yCTAHOBHMBIIETOCS [(BH/KeHIS BHIpasKa-
ores Gopmyramn [Bepurmm, 1957]:

IIeHOTHEL THII 3aCOJEHHS TOPOX —

hx

TS T R [y g (3.10)

AUCHePCHBIH THI BaCOXEHMA MOPOJ] —
“

k |/ oz
ch? o®

2V

C=Cn—(Cn—C,)

(3.11)

rie C — KOHIEHTDPAIUA COMeil B PACTEODPE B MOMEHT Bpemenu T, r/em®; Cp, —
ROHIEHTPAIAA NPefielbHOI0 HACKINEHHA PACTBOPA COJAMHE TAHHOTO cocrasa,
r/em?®; Cy — mavaabmas KOHMEHTPAIMA Coleil B pacTtBope, r/cm®; &k — Koad-
¢unmenT pacteopenma, C—1; 0p — HAYAJIBHELL 00BeM coueil, momam eUHHAIIH;
V — cropocers duanrpammu, ewm/c; x — KOOpAMHATA TOYKA ONPODOBAHHA IO
HaOPaBICHAIO IBIKEHUA IOTOKA, CM.

PacTBopenne BH3HBaer momHoe Paspymenne KpHCTaJLIH9eckoll pemeTrn
MHHEDAJIOB W Iepexof BCeX HOHOB B pacTBop. IlomseMmrMm Bomamm moimo-
CTPI0 «yCBAUBAIOTCAY JIAMb HEMHOTHE COJH, OTAHIAMNMECH BHICOKOIL pactso-
pavocteio (NaCl, KCI, Na,S0O,, CaSO,, Na,CO; m np.). Ilpn BHimexaumpa-
HIH MUHEPAT PacTBOPAETCA YACTHYHO: KPHCTAIIMYECKAS pPEIIeTKA paapyma-
€TCi, HO HEe BCe MOHEI IePeXofAT B pactBop. Ilo cpaBmermio ¢ pacTBOpeHHeM
BEINETaMBanne npefcrasiser coboit Gomee obmmit mpomece. Ero BO3JEHCTBHIO
IO/IBEPIKEHBl BCE TOPHEIE IIOPOJIHL.

CrumynaTopaMum mpomecco®B BHINETAYABAHAA PaCTBODeHHA ABIAIOTCH
RHCTOPO, YITIEKHCIOTAa H CepHAA KHCIOTA, COEP;RANHEC B TOI3EMHEIX BO-
flax. ITH AreHTH CHOCOGCTBYIOT IPEIBAPUTENLHOMY Pa3II0oKeHHI0 TPYHAHOPACT-
BOPHMEIX MHHEDAJOB KPHCTAIIAYECKHX LMOPON, KOTOPHE OGEITHO HEeJOCTYITHEL
OPOCTOMY BHIIIEIAYNBAHHAIO.

Kucmopon, pacrsopemmmii B mopseMmrrx BOJaX, BEIBEIBAET, HaUpHMep,
OKHCJIeHHe CYIbQHAHIX MAHEPAIOB, B De3YABTATE o TIOA3EMHEIe BOJHL 060-
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ramamoTesa cyiabpaTamm MeTalmioB m cHmkxaioT pH sa cuer mossmemeiics cep-
HOM kmeaorTe. OKmelenme THpHTA NpPOTEKaeT B jiBa oTama:

9FeS, + 70, 4 2H,0 — 2FeSO, + 2H,SO,, (3.12)
4FESO4 "}" 2H2804 + 02 —>2F92(804)3 + Hzo. (3-13)

Honn aT0MOCHINKATOB HEPEXOJAT B PACTBOD IPH Y2AeKUCLOMHOM Gbl-
Weaauueéanlit, HETeHCHBHOCTE KOTOPOTO 3aBHCHT 0T KOJHMYECTBA Coep:xaimeii-
Cs1 B TOJI3eMHBIX BOJAX arpeccHBHOI yriaekmciaoTH. llpm sTtoM B mofseMHEIX
BOJAX MOABIANTCA T'HAPOKAPOOHATH

4NaAlSi 0, - 4CO, + 2H,0 = A1,Si,0,, (OH)s+4Na+ + 4HCO; - 8H,SiO,
(3.14)

AnazormuabiM 0Gpas3oM ITPOMCXOAHT YIMEKHCIOTHOE PacTBOpenHe KapGo-
HAaTHEIX TOpPONX:

CaCO, + CO, + H,0 — Ca®" 4 2HCO;. (3.15)

13 mocnenneit peaknun caenyer, uto modosmaa monos HCO; B momsem-
HEIX BOJAX IOJIYYAaeTCA M3 MOPOJ M MOJOBHHA — 3a CYeT yriaermeaoTs. Iloa-
3eMHEIe BOJBl TPHOOPETAT THAPOKAPOOHATHBI RAJIBIHEBHIA MINM MarHHe-
BHIf COCTaB.

Pasmmuaor Taxike cepHoKuciomHoe ewuesauusanie, KOTOpoe IPOABIA-
erca TaM, rfie ecTh cyabuas. OGpasyomascsa OpH OKMCICHHH CYIbPHIHEIX
MEHEDAJOB CepHaf KHCJOTA BH3HBAET BHIIEJAYMBANNE BMEMIAOMEX HOPONT
¢ obpasoBanmeM CYIb(PATHHIX KaJIBIHEBHX BOJ C BHICOKHM COJAED/RAHMEM Me-
TalnoB (/ene30, Meb, CBHHCI H T. JI.), HOBHINEeHHOI Manepantmsanueit (3 r/x
u Oomee) m muskmm pH.

C TouKm 3peHHs BO3MOKHOCTH BHINEIAYNBAHHA TOPHBIX MOPOJ HAHOOIb-
muii HETEpeC TPefCTaBIAIT Te COeMHHeHHsd, KOTOPHE 001afal0T MOTeHIHALL-
HOHi ¢1oCOGHOCTHI0 IEPeXOAUTH B PacTBOpP. B 0Ca0YnHkIX mopofax K HAM OT-
HOCATCA HE TOJAbKO PACTBOPHMEIE coefnHeHHA (KapOOHATH KAaJBIHA U MAaTHHS,
THIC H AHTHAPHT, PACCEeSAHHBLA TaXuT I T. [.), HO M PACTBODPH, IPOIHTHBAI-
Hige MOPOAY, a TaK:ke oOMeHHHE KATHOHH, HAXOIANAECH B IOTIOMEHHOM CO-
crosann. Bee ato Bmecre A. H. Bynees (1956) massan wonno-cosessim Komn-
A€KCOM  TIOPOTHL.

A. M. Opunankos (1963) Beigenser Tpu crTajgum BHIEIAYNBAHNA MOHHO-
C0JIeBOT0 KOMILIEKCA HOPOJ IPH BHEJPEHNH NPECHHX WHOHIBTPOTEHHEX BOJ
B 0cajlounble TOJOIA MOPCKOTO TeHe3mca:

A I P S B4
N [Fflr 7e Pl )

Puc. 3.5. Cxema peITeCHeHHS HHOUILTPOTCHHEIMII BOJAMIN HCKOIAEMEIX BO MOPCKOro
HPOUCXOZKIIEHIA B CeIUMEHTALMOHHOM Oacceiine,
] — COBPEMEHHbie HHQNJILTPOTeHHbE BOMB; 2 — NpeBHMe MHGUIALTPOTeHHHE BONH; § — JpERHNE MH-
OUALTPOrEHHBIE BOIL C OPHMECHIO CEeMMEHTOI€HHBIX; 4 — BANeYATAHHBIE CEXHMEHTOIEHHBIE BOML, & — -
KpUCTAITTHIeCKUil OYHIAMeHT; 6 — pasiioM; 7 — MCTOYHMK; § — HANPABIICHIe ABIVKEHWA COBPEMEHHBIT
MHOUIBTPOreHHBIX BO,

=1
(4]]



1) BHITecHeHmE pACTBOPOB, UPONATEH-
BAIOMEX HOPOAKI; IPH 8TOM B TIHMHAX IpPO-
ImMecc HOCHT XapakTep MOJeKyIApHO-IAd-
(Y3HOHHOTO BEINENAYNBAHHA;

2) cmemeHHme WH(WIBTPOreHHHIX BOJ
BHIMEIAYMBANAA ¢ CEIHMEHTOTeHHBIME BO-
JaMH TOBEIIEHHON MEHEpAIM3anuH, KOTo-
poe ¢ TeUeHHEeM BPEMEHH NIPHBOXHT K TOJ-

= Rees HOMY H3BJICUCHHI0 XJIOPHI0B H3 HOHHO-CO-
/, | JIeBOTO0 KOMILIEKCAa TOpPox (pme. 3.5);
‘ 3) BumenaumBaHEe MeHee PACTBOpPH-
s MBIX codell (KapboHaTHl KalIbIuA H Mar-
i J HOA, cyabdar Kaabmusa m ap.).
1000 & ety SR Cragum A. M. OBUHHHNKOBA, CTECTBOH-
HO, TPeOyWT yueTa NIaJeorHIpOreoornyec-
npy rpapmTammonmon pamenawy- KOTO PassuTHA. OnM B Kakoii-To Mepe 1ofi-
BaEMN TO JBYM okcmepmmentay TBEPIKAAIOTCA ONBITHRIME JaHHEME. Tak,
[Koporkos, Ilapmor, 1972]. A. E. Opajoscroit npm HCKycCTBEHHOII
C — woImwecTBO codeif, ocrapmeecs ql.anII:Tpa]:l;HH IPEeCHBIX BOJ 4epe3 3acojeH-
B ramHax (OTHOCHTENILHO MCXONHON Mu-
Hepanusanmm); P — npuaaraeMas  Ha- HBI® IOPOABI BIOJIL IIOTOKA YCTaHOBIEHK
TPYSK; I — mepnull OKCHEPUMENT; 2 —  tpy oMMl BHINEIAUMBAHMA: 1) IOTHOIO BEL-
meIaTHBaHAsA MOPOJ; 2) NOCTENEeHHOTo YBe-
JIYeHHA 3aCONEHHOCTH BOX U 3) m