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PU3UKO-MATEMATHYECKOE MOJEJIUPOBAHUE
OPEOJIOB PACCESHUMSA T'HAPOTEPM OKEAHOB

C BBIXOJAMH BBICOKOTEMIEPATYPHBIX THAPOTEPMANbHLIX BOX B HpPEAENIax pa3gHdHBIX
BYNKaHMYECKH aKTHBHBIX CTPYKTYp B MHpDOBOM OKeaHe CBA3aHO (OPMHPOBAHHE OTPOMHBIX
3anacoB PYAHBIX 37MeMeHToB: Cu, Zn u ap. K HacTosmeMy BpeMeH# HakomieH 6onsmoi (ak-
TUYECKUHA MaTepuas 1O BbICOKOTEMIIEPATYPHOM THAPOTEPMANLHOU AEATENLHOCTH, OIHAKO
NpOBeACHHE DKCIEPUMEHTANBHBIX HCCIEJOBAHU 3aTpyAHAETCA TeM, YTo cOop undopmaium
npoBoauTcs ¢ riyouH 3-4 kM. HenonsoTa 3KcrepUMEHTANBHBIX HaHHBIX MOXET OBITH YaCTHY-~
HO KOMIICHCUPOBaHa TEOPETHYECKUM HCCJIEIOBAHUEM CTPOCHHA OPEOJIOB PacCesHUs THIPO-
TepM OKEaHOB.

PaccmoTpena ¢usuko-MaTeMaTHueckas MOJeNb Opeosa pacCesHus THAPOTEPMATIBHOTO HC-
TOUHMKA ¥ BBIIIOJIHEHO UMCIIEHHOE MOAETHPOBAHUE 3TOro opeoia. Mozens ycraHaBiusaetr QyHK-
LHOHAJIBHbIE 3aBUCUMOCTH MEXAY XapakTepHCTHKaMH OPEOJIOB PACCESTHHA THAPOTEPM, KOTOpEHIE
YIOBJETROPUTENBHO OIUCHIBAIOT 3KCIEPUMEHTANbHbIE JaHHble. YHCTIEHHOE MOJETUpPOBaHuE Ope-
OJIOB paccesHHs THAPOTEPM MOXKET IMPUMEHITHCA NI 3al0JHEHNs NpoGeIoB B IKCHEPUMEHTANb-
HBEIX JaHHBEIX W aHaJIHM3a pe3yTbTaTOB MOJEBBIX UCCIE0BAHIMA.

A huge ore reserves of such metals as Cu, Zn, etc. are forming in connection with high-
temperature hydrothermal venting within active volcanic structures in the ocean. Nowadays
many experimental data are collected all over the world, but necessity of researching objects
under 3-4 km of water is troubling. realization of experimental investigations. The
experimental data incompleteness can be partially compensated by theoretical study of a
structure of hydrothermal plumes in the ocean.

- The physical and mathematical model of a hydrothermal plume is considered in the article.
Numeric modeling of the structure of plumes based on the theoretical model are established there.
Theoretical dependencies between parameters of plumes have good correlation with experimental
data. Numeric modeling of the structure of plumes is used to interpolate between rare experimental

data and analyze results of experimental researches.

C BBIXOJAaMM  BBICOKOTEMIIEPATYpPHBIX
THIPOTEPMAIIBHBIX BOJ B MpelesiaX pa3invHBIX
BYJIKAHWUYECKH aKTHUBHBIX CTPYKTYp B Mupo-
BOM OKeaHe CBi3aHO HOPMUPOBAHHE OTPOMHBIX
3anacoB pyaHsx anemeHToB: Cu, Zn, Co, Mo u
ap. HecMoTpst Ha TO, 4YTO THUAPOTEPMANBHBIE
MCTOYHHMKM HAXOJATCS Ha riIyOUHE HECKOJBKKX
KUJIOMETPOB, OHM IPEJACTABIISIOT HMHTEPEC C
TOYKM 3peHMS IPOMBITIIIEHHOTO ocBoenus [1] .

[uapoTepManbHBli pacTBOp, NOCTyNas Ha
NOBEPXHOCTH JHA, BBIHOCHT U3 TOPHBIX MOPOJ
pyaHBIE 3E€MEHTHl B PacTBOPEHHOM M B3Be-
meHHo#i popmax. OCHOBHAsA 4aCTh BEIHOCUMEIX
METa/NIOB PAcCeHBAeTCs B OKEaHE TEUCHHAMM
Ha pacCTOSHUE B HECKOJBKO JECATKOB KWJIO-
MeTpoB u Oojee, a OCTaJbHOE OCAXKAAETCA
BONM3M MCTOYHHMKA, 00pa3ys CKOIUIEHMA Mac-

CUBHBIX CyJibPHuIHBIX pyl. Kpome dopmupo-
BaHKA OOJIBLIMX aHOMAJUH B3BEILEHHBIX U pac-
TBOPEHHBIX (JOpPM MeTannoB, Haaudde THAPO-
TEPMaNbHOH AESITePHOCTH MPHBOAUT K H3Me-
HEHUIO NMapaMeTpPOB THAPOXUMMUYECKUX NONEi:
NOTEHLUAIbHOH  TEMIIEpaTyphl, COJIEHOCTH,
MYTHOCTH M Ip. V3ydyeHne reoXxuMH4ecKux W
CBSI3aHHBIX € HHUMH FMIPOPUINYECKUX MojeH
NPOBOAST /1715 TIOUCKOB THApoTepM [1].

K Hacrosmemy BpeMeHHM HaKOIUIeH 00Jb-
piol (akTHUeckuil mMatepuan Mo BBICOKOTEM-
nepaTypHoi rMapoTepMabHOH AeATEebHOCTH,
OJHaKO NPOBEJCHUE HKCNIEPHMEHTANBHBIX HC-
CJICIOBAaHUHN 3aTPyJHSETCSl TEM, 4TO cOOp MH-
dbopmauuy npoBogutces ¢ riayouH 3-4 kM [1-5].
HenosHoTa 3KcrnepyMeHTaNbHBIX AAHHBIX MO-
xeT ObITh HAaCTMUHO KOMIEHCHUpPOBAHA TEOpe-

21

Cauxm-IlemepGype. 2002



THUYECKHM HMCCJIEIOBAaHUEM CTPOEHHSI OPEOJIOB
paccesiHUs THAPOTEPM OKeaHOB. TeopeTHyecKu
YCTAHOBJICHHBIE 3aBUCUMOCTH MEXKIY XapakTe-
PHCTHKaMU THAPOTEPMAIBHBIX OPEOJIOB MOTYT
OBITh HCIOJIb30BaHB! AJI1 MOJEIMPOBAHHI H
aHaJIM3a CTPOEHUS PeabHBIX OPEOIIOB.

O6patumcst Kk paspabotaHHoi B CaHKT-
[TeTepOyprcKOM TOPHOM HMHCTUTYTE Ipod.
O.®.[TyrukoBeIM (pU3UKO-MATEMATHYECKOH
MOJIeJTH OPE0JIa PACCESHUS TMAPOTEPM OKeaHa. "

CorylacHO 3KCHEpUMEHTAIBHBIM JI@HHBIM,
Opeos paccesHUA THIPOTEPM SBJSETCH CTpa-
THOULMPOBAHHBIM, T.€. COCTOALIMM M3 JBYX
cnoes. [locTynaromuii Ha IOBEPXHOCTH [JHA
THAPOTEPMAaNBHBIA PacTBOP 3HAYMTENBHO OT-
JIMYAETCs M0 TeMIepaType OT IPHIOHHBIX BOJ.
Harpettie, a cleA0OBaTENbHO, MEHEE IUIOTHBIE
THAPOTEPMaJIbHBIE BOJB! MOAHAMAIOTCH BBEPX,
OBICTPO CMEIIHBAACH C BMEINAIOIIHMH BOJAMH.
Tak obpasyeTcs BHITAHYTass BEPTHKAIBHO HMXK-
Hsg yacTh opeosia. Ha ompeneneHHOH BhICOTE
ot nosepxHocTH AHa (0T 50 mo 800 m) mpowc-
XOJIUT U30TTHKHUYECKOE BRIPABHUBAHUE CHIIBHO
pa36aBneHHOro TUIPOTEPMAJIBHOTO pacTBOpa M
BMELUAIOLIMX BOA. 3a CYET TeUSHWI HaduHaeT-
Csi paccesiHMe B3BELICHHBIX M PACTBOPEHHBIX
dopM XHMHUYECKUX DNIEMEHTOB TNPEHMYIIECT-
BEHHO B FOPH30HTAIBHOMH MIOCKOCTH Ha JecAT-
K1 kwiiometpoB [1]. CooTBEeTCTBEHHO (PHU3UKO-
MaTeMaTHYecKass MOZENTh Opeoja paccesHUs
THIPOTEPMANTEHOTO HWCTOYHWKA BKIOYAET [Ba
CJIOS: B HIJKHEM CJIO€ BBOJATCS KOMIIOHEHTEI
BEKTOpa CKOPOCTH KBAa3HUKOHBEKLMU (BEpTH-
KaabHas CKOPOCTb KBa3WKOHBEKLUHMH U;, 00y-
CJIOBJICHHAS TPAJIMCHTOM IUIOTHOCTY, W [OpH-
30HTaNbHasl CKOPOCTb, CBA3aHHASA C TEUCHMEM
BOABI B TOPH3OHTAIBHOM IUIOCKOCTH u;); B
BEpXHEM CJI0€ — BEKTOPB! CKOPOCTH U; ¥ . B
oboux ciosix BoAp Habmoaercs nepexoq pac-
TBOPEHHOTO BElleCTBa B TBEPLYIO (pazy myTem
BBIMAJACHUS B OCaJOK Wid copOuuu Ha B3Be-
IIEHHBIX YaCTHUIIAX.

Jinsg Takoro cTpatudUIMpPOBAaHHOIO pa3pe3a
BOJHOM TOJILIM OKeaHa paccCMOTPHUM paclipese-
JeHUe KOHLEHTPalMK B HIJKHEM W BEPXHEM
caosx (cootrercTBeHHO Ci 1 () ISl TOUEUHO-
ro WCTOYHHMKA PAacTBOPSHHOTO BEHIECTBa Ha

* Cum. cratpo O.@.Ilytukosa 1 C.M.Cynapukosa
B HacTOs1eM cOOpHHKe.
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aHe. J{nsi 9TOTO BBEJEM JEKAPTOBY CHCTEMY
KOOpAuHAT (X, ¥, Z) C HAYAJIOM Ha JIHE OKeaHa B
MecTe PpaCIOJIOKEHHs TOUEYHOrO HCTOYHMKA
BEILeCTBa MOIHOCTHIO ¢ (B MECTe BBIXOJa rMj-
pOTEpPM); OCBIO z, HalpaBJIeHHOH BEPTUKAIBHO
BBEPX; OCHIO X, HAaNpaBJIeHHON BIOJIb KOJUIMHE-
apHBIX BEKTOPOB CKOPOCTEH #; M Ua, U OCBIO Y,
HOPMaJIbHOM K IUIOCKOCTH X, z (cM. puc.l B
YTOMSIHYTOH CTaThe).

[TpumeM 171 MPOCTOTHI, YTO HapaMeTpsl
HIDKHETO U BEPXHETO CJIOEB UMEIOT MOCTOSH-
HBIC 3HAYEHHS: 11 HHXKHETO CJIOS BEpPTHUKab-
Hasg COCTaBJIIOMIAS CKOPOCTH KOHBEKLMHU Uy
TOpU3OHTaNbHas  COCTaBJAOMIAs  CKOPOCTH
KOHBEKLMH #; U Kodbduument auddysuu Di;
JUIS. BEPXHEro CJI0S COOTBETCTBEHHO U», Uy U
D,. Bo MHOrux ciy4asx A8 HWXKHEro cios
BOOHOM TOJIIM OKEaHa MOXKHO HE YYHTHIBATh
middy3uio pacTBOPEHHOTO BeElIEeCTBa IO Bep-
THKaJIH4, CKOPOCTH KOTOPOH CYLIECTBEHHO
MEHBILIE CKOPOCTU KOHBEKTUBHOTO MepeHoca, U
npeHeOpeys KOHBEKTUBHBIM INEPEHOCOM B ro-
PH30HTAIbHOM HaIlPaBJIEHHUH, T.€. TIONIOXKUTh
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Kak mnoka3plBalOT SKCHEPUMEHTANBHBIE
JaHHbIe, BEPTHKaJbHas COCTaBISIOILAsS CKOpO-
CTH KOHBEKLIMH B HIXKHEM CJIO€ U3MEHSETCS OT
MaKcHUMalbHOM y JIHa OKeaHa [0 HyJIeBOH Ha
rPaHULIE HWKHETO W BEPXHETO CJIOEB BOAHOH
tosnmy. [Jo3TOMy B BEpXHEM Clloe MOXHO Ipe-
Hebpedb KOHBEKTHBHBIM MEPEHOCOM, T. €. I10-
TOKUTh v, = 0.B 3TOM Cciydyae pacripefeiieHue
KOHLIEHTpallM¥ paCTBOPEHHOIO BeINECTBA B
HWKHEM ¥ BEPXHEM CJIOAX MOJYUHAETCA CHUC-
TeMe JBYX CTallHOHAPHBIX JuddepeHunanbHbIX
ypaBHEHMIH KOHBEKTUBHOH nuddy3un:

2%C, , 2°CL_m 80 ko .
oty Dez b
. ) M
62C2+6 C2+a C2 —_u_z_aCZ —-—IEQ—CZZO,

ay2 Dz ax D2

rae ki vk — K09 dUUMEHTH NOTJIOLIEHHS pac-
TBOPEHHOrO BELIECTBA B MEPBOM M BO BTOPOM
CNIOSIX COOTBETCTBEHHO, OOYCIIOBJICHHOTO BHI-

TafieHAEM BEIUECTBA B OCATNOK H COpOLMeit.

oz? o
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['paHuyHbBIe YCIOBUSL, OTpaXKarolue HaJu-
Yy{de TOYEYHOrO HCTOYHMKA BEINECTBA MOLLHO-
CTHIO g B Hayajne KOOPAMHAT, HEHNPEPBIBHOCTD
KOHIIEHTpaLl W HOPMaJIbHBIX COCTABJISIOIUX
IIOTHOCTH MOTOKA BEIIECTBA Ha IPAaHULE CJIO-
es (nipu z = H) u yOpIBaHWEe KOHLEHTPALMH 0
HyJs TIPY yIANCHHH OT TOYEUHOro HCTOUHHKA,
MMEIOT BUJ

oGy, _y = g8(x)8(»), )

G| .
0z |, H,
Cyl,_,,, = 0; 8(x) — menvra-dpymkuns Jupaxa,

rAc Cl[z:H = Czlz:H; vlClizzH = —D2

onpeneaeMas COOTHOINCHUAMH

sy={ ™ *7 Y
x)=
0, x=0;,

fo o]
[8(x)dx =1.
—0o0

Pewas zamauy (1)-(2) merogom uHTe-
rpajibHBIX NpeobpazoBaHuit Pypre MO KOOpAHU-
HaTe x ¥ KOCHHyc-TipeoGpasoBanusi @ypbe 1o
KOOpAMHATE y, TOJIyYNM BBIpQXEHUS IS H30-
Opaxenuit @ u @, xonuenrpauuit C; u C; co-
OTBETCTBEHHO

ki _u@@e?)

Cl - q e 4] 6e 4D]Z (3)
4nDz
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d

—0

A——"DI.H/DI; B=Z—H,

* *
rae my, v ny — K03bGULUHEHTHI, 3aBUCALIME OT

bH3UYECKUX ApaMETPOB paspesa.

ITo popmynam (3) u (4) BEINONHEHO YHMC-
JICEHHOE MOJEIMPOBAHUE OpEOJIOB PACCETHUS
THIPOTEPM OKEaHOB. 3HaueHHS MapaMeTpoB,
BXoaawmux B BeipaxeHust (3) u (4) 6bL1u BhHI-
OpaHBl MO JNUTEPATYpPHBIM HCTOYHHKaM [1-5].
Kak nokazanm pe3ynsTaThl YMCIEHHOTO MOjE-
JMPOBaHUs, TEOPETHYECKHE  3aBUCHMOCTH
YIAOBNETBOPUTENBHO OIMHCHIBAIOT HKCHEPUMEH-
TaJIbHBIE JaHHBIE.

UucneHHOE  MOJETHUPOBAHUE  OPEOJIOB
TUAPOTEPM MOXKET OBITh HCMONB30BAHO IS
ONpEAETICHUS] BJIUAHHUSA XapaKTEepHCTHK BMe-
MAKOHIMX BOJA Ha pacIpoCTpaHeHHE THIpO-
TepManbpHOTrO opeona. Hanpumep, uccrenopa-
HO BIMSIHUE CKOPOCTH TeHeHWs u; Ha (opmy
THAPOTEPMAIBHOTO opeonia. Uem Bhillie CKO-
POCTH TEYCHUSA, TEM, ECTECTBEHHO, 00jiee BHI-
TSHYT OpEOJI paccesiHUs. AHaIu3 CTPOCHHs
OpEOJIOB paccessHUs T'HIPOTEPMAaJBHEIX MC-
TOUHMKOB 1N ;=5 - 10™* M/c (cM. pHuCYHOK, a)
M u;=5-10° M/c (cM. pucyHoOK, 6) mokasas,
YTO OpeoJl B cpelie ¢ GONBIIUM 3HAYCHHEM CKO-
pocTy TedeHHs pa3BUT Ha Oonbluell Miowmany,
a, CJIEIOBATENbHO, BEPOSITHOCTH €ro oOHapy-

JKCHHU IIPU NMOUCKaAX BRILIE.

U ——

200 x, M

Jlorapudms! (zecaTUHHBIE) KOHUEHTPAIHH paCTBOPEHHOrO BEHIECTBA B OPEOJIC PACCEAHMS THAPOTEPMATLHOTO
- -4 2 -
ucrounuka, Tlapamerpsr moaenn vy = 107 m/c, D; = 10™ M¥/c, D=5 - 107 MY/c, H=50 ™
(a - ruzpoTepMabHbIA HCTOYHHK PACTBOPEHHOI'O BEUIECTBA)
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MEHTAlIbHBIX JaHHBIX M aHa/lxM3a pe3yibTaToB
IKCTIEPUMEHTANBHBIX HCCIEA0BaHUM.
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