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PHU3UKO-MATEMATHYECKAS TEOPUSI OPEOJIA PACCESIHUS

I'MJAPOTEPMAJIBHOI'O NICTOYHHUKA B OKEAHE

ITpencrapnena Gpusnko-MaTeMaTHyeckas Mojens GOpMUPOBaHKA OpeONa paccesHUs THAPO-
TEPMAIBHOIO HCTOYHUKA, PACIIOIOKEHHOTO Ha JHe oKkeaHa. COINIACHO 9KCHEPHMEHTANBHBIM aH-
HbIM, (POPMHUPOBAHHUE TAKOTO OPEOJIa IPONCXOAHT B CTpaTHpRUMpOBAHHON (IBYXC/IOHHOM) cpexe.
Pewrena cucreMa CTAUMOHAPHBEIX AU (epeHHaIbHbIX YPABHEHUH KOHBEKTHBHON IM(Y3uy npu
NOCTOAHHBIX 3HAYEHMAX BEPTHKAIBHOIO M TOPU3OHTAJILHOTO KOMIIOHEHTOB BEKTOpPA CKOPOCTH
KBa3MKOHBEKIMY, ko3bduuuerTa auddy3un, Kko3hOuLMeHTa NOTIOUEHHA PACTBOPEHHOIO BEllie-
CTBa, YYHTHIBAIOLIETO IIEPEXO] pacTBOPEHHOI'O BEWIECTBA B TBEpAYI a3y mMyTeM BHINAAEHHA B
0Caf0K WM COpOLIMH Ha B3BEIICHHBIX YaCTHIAX, BHYTPY KOKIOT0 U3 cjioeB. [IpuBe/ieHb! peleHus
YIPOLIEHHOM CHCTEMBI CTAMHOHApHBIX HuddepeHIHaTbHbIX ypaBHeHHE KoHBeKTHBHOU nuddy-
3uM. PaspaGoTaHHas MOJENb YHOBIETBOPHUTENBHO ONMCHIBACT MMEIOLINECH JKCIEPUMEHTAILHEIE
AaHHbIe, YTO MO3BOJISIET PEKOMEHOBATH €€ JUI1 TEOPETHUYECKOTo M3YUeHHS PACIIpPEeNeNeHNs KOH-
HEHTPANUy MOJBMKHOIC KOMIOHEHTA B F’HAPOTEPMaIbHOM Opeosie.

The physical and mathematical model of a hydrothermal plume situated on the ocean
floor is developed in the article. Due to experimental data hydrothermal plumes are forming in
stratificated two layer environment. The system of stationary differential equations of
quasyconvective diffusion for constant values of vertical and horizontal rates of convection,
coefficient of diffusion, coefficient of dissolved component absorption inside of every layer is
solved in the article. Also a decision of the system of simplified equations of quasyconvective
diffusion is presented there. Because of theoretical dependencies between parameters of
plumes fitting experimental data the theoretical model is recommended for studying of

structure of hydrothermal plumes.

SIBneHue CTPYHHBIX OPEOJIOB PACCESHHUS —
OJIM3BEPTHKAIBHOTO  MEPEHOCA  MOABMMKHBIX
$opM MeTalIoB OT MX UCTOYHHUKA K [OBEPXHO-
cTH 3eMin, OTKphITO B 1960-x rr. D10 ABICHHE
3¢ PeKTUBHO MCMOJIB3YeTCA AJIA TIOMCKOB PYI-
HBIX ¥ HedTerasoBbBIX MECTOPOKACHHH CyHIH,
TaK Kak I03BOJISIET BEIABIATH 1OJIE3HBIE MCKO-
naeMele B pa3IMYHBIX [€OJIOTMYECKHX YCJIOBU-
X Ha 3HauurTenbHBIX raybuHax [l, 7]. [na me-
CTOpOKICHHI cymH pa3paboTaHa (H3HMKO-
mateMaThHueckas — TeopHs  (OpMHpPOBaHHMSA
CTPYHHBIX OpeoJIOB, B OCHOBY KOTOpOW HO0JIO-
’K€H KBA3MKOHBEKTMBHBIH MEPEHOC MOIABMXHEIX
¢dopM MeTalIOB IMy3blpbKaMu ra3os K IOBEpX-
HocTH 3emitd [5-7]. OfHaKO ABJIEHHE CTPYHHEBIX
OpeOoJIOB  paccesiHusi PaclpOCTpaHAETCs He
TONBKO Ha nurocdepy, HO U Ha ruapocdepy.
CoOTBETCTBEHHO, HE MEHEE aKTyaJbHO C03ja-
Hue (HDU3MKO-MAaTeMaTHYECKOM MOJAENIM CTPY#H-
HBIX OPEO0JIOB B BOJHOM TOJLIE MOpPEH U OKea-

HOB, TeM 0oJiee, 4YTO SKCNEPUMEHTANbHOE H3Y-
YEHHE BOJIHEIX OPEOJIOB CBSI3aHO ¢ OONMBIIMMU
TeXHUYECKUMH TPYRHOCTIMH, YeM H3ydEHHE
OpEOJIOB CYIIM. YCTAHOBJIEHHBIE TEOpETHYE-
CKHE 3aBUCHMMOCTH MEXKIY NapaMeTpamHu Opeo-
JOB ¥ XapaKTepUCTHKaMU BMELIAIOUIEH cpeapt
[IOMOTYT B PEILICHUH IPAKTUYECKUX TOUCKO-
BBIX 3aJay.

OCHOBHOIT 0COOCHHOCTHIO CTPYHHBIX Ope-
ONOB B BOJHON TOMNIE [0 CPAaBHEHHIO CO
CTPYHHBIMHU OpeOJlaMH Ha CylI€ SBJIETCH Ha-
JUYKHE HE TOJBKO BEpPTUKAJBHOI'O KOHBEKTUB-
HOro (KBa3MKOHBEKTHBHOTO) IEpeHoca Belle-
CTBa, HO ¥ CYIUECTBEHHOEC BJIMSIHHE IOPHU30H-
TaJbHOW KOHBEKUMH, CBSI3aHHON C JCHCTBUEM
MOPCKHMX TCUCHHH.

B 3aBucMMOCTM OT MEXaHW3Ma BEpTH-
KaJBEHOTO TepeHoca BEeLUECTBA CTPYHHBIE OpEo-
JIBI paccesHUs B BOJHOM TOJIIE MOpeH M OKea-
HOB MOKHO pa3JejIuTh Ha J1Ba THIA:
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® OpEOJIEl, BbI3BAaHHbBIE ABHOM KOHBEKLHEH
B BEPTHKAJILHOM HampaBJIEHHWH, — OPEOTIBl THJ-
pOTEpM, BBITEKAIOMMX M3 JHa OKEeaHoB [2-
4,8,9];

® OpEOJIBl PacCEsTHUST MECTOPOXKAEHUH 110~
JI€3HBIX HCKOTAEMBIX, 3ajeralolivux B TOPHBIX
Nopojiax HWKe IHA Mopelt M OKeaHOB, 00y-
CIOBJIEHHBIE KBa3UKOHBEKTHUBHBIM [EPEHOCOM
BEIISCTBa BCTUIBIBAIOIMMM MUKPOITY3BIPbKAMU
razos.

B cratbe npeioskeHa (PU3MKO-MAaTEMAaTH-
yecKasl MOJENb Opeonia paccesHus OT TMApo-
TEPMajIbHOTO WCTOYHMKA, PACIOIOKEHHOTO Ha
JHE OKeaHa, JedTeNIbHOCTh KOTOPOTo IPUBOIUT
K MOCTYIUIEHMIO B BOAHYIO TOJIILy DPacTBOPOB
meranno (Mn, Fe, Cu, Zn u np.) [2].

YCTaHOBIEHO, YTO THAPOTEPMEI BHITEKAIOT
W3 JIHA OKeaHOB B BHIC OIM3BEPTUKAILHBIX
crpy# HeOonemoro guamerpa (oxono 10 cm)
[2]. BepruxanpHyl0 HanpaBlIE€HHOCTb CTPYH
UCCIEIOBaTENN CBA3BBAIOT C  BCIUIBIBAHHMEM
Gonee HarpeThiX (M MEHEe IUIOTHBIX) TUAPO-
TepM B 0OoJiee XONOAHBIX OKPYXAIOUIHX BOJAX
okeaHa. [lpy BelpaBHUBaHUM Temmnepatryp BOJ
rUIPOTEPM K OKEaHa Ha HEKOTOpPOH BBICOTE OT
AHa okeaHa {(00pryHO B Tipenenax 100-800 m)
PEKpaINaeTCs ¥ BEPTUKANbHAs X KOHBEKLMA.
Taxo#i paspes BOAHOH TOJLIM Y JHA OKeaHa Ha-
3BaH CTPaTUPULIAPOBAHHEBIM [2].

CrpatuduiypoBaHHBINA pa3pe3 COCTOUT U3
aByx cnoeB. HuokHufi cnoit MowHOCTBIO H,
NpUIeralomyil Ko JHY OKeaHa, XapaKTepu3yeT-
Cs BEPTHUKAJILHOHW CKOPOCTBIO KOHBEKUMH Uy,
FOPU30OHTANBHOM CKOPOCTBIO KOHREKLHH U,
koapdunuentom muddysun D u koadppuLu-
€HTOM TIOTJIOLICHHSI PaCTBOPEHHOrO BELiECTBa
ki, YYMTHIBAIOIMM MEPEXOJ PACTBOPEHHOIO
BELECTBA B TBEPAYIO (ha3y IMyTeM BBINAIECHUS B
0CaZoK WM copOUMKM Ha B3BELUEHHAIX YaCTH-
uax. [y BepXHero ¢los aHaJOTHYHO BBOJSATCS
napaMeTps! vy, Uz, Do U ky. B nepBoM npubnu-
KEHUM MOXKHO paccMaTpHBaTh 3TH NapameTpsl
HIPKHEro M BEPXHEro CJIOEB KaK IMOCTOSHHBIC
BEJTHYUHBI.

YcTaHOBUM pacrpesiejieHde KOHILIEHTpa-
iy C; B HUKHEM croe 4 Cy B BEPXHEM CJIOE
pPacTBOPEHHOI'0 KOMIIOHEHTA B THUAPOTEp-
ManbHOM OpEOJi€ TOUEYHOTO HCTOYHHUKA Be-
IECTBA HA JHE OKeaHa B CTpaTH(ULUpOBaH-
HOM JBYXCJIOHHOM pa3pese. Beemem nekap-

U, [i.Dz

Croii 2 § u,
H:

Crott | y vy LiD !

g4 u,

0 X

ToyeuHsIi UCTOUHUK MOLIHOCTBIO g
Ha JIHe OKeaHa B CTpaTU(HLIMPOBAHHOMN
IBYXCHOHHOH BOXHOHU Tomwe

ToBY cucteMy koopauHart (0, x,y, z) ¢ Hauda-
JOM Ha JHE OKeaHa B MECTE paclOJOXKEHHS
TOYEYHOFO UCTOYHUKA BEILECTBA MOLIHOCTHIO
g (B MecTe BBIXOJa TUIPOTEPMBI); OCBIO Z,
HanpaBJeHHON BEPTUKaAbHO BBEPX; OCBIO X,
HarnpaBJIEHHOH! BJO/Ib KOJUIMHEAPHHIX BEKTO-
pPOB CKOpOCTel Yy U #p, M OCBIO ), HOpMallb-
HOH K IUIOCKOCTH XZ (CM. PUCYHOK).

Pacnpenenenue KoHUeHTpauuit pacTBo-
PEHHOTO BEIlECTBA B HWJKHEM M B BEpPXHEM
CNOSIX OIMCBIBAETCS CUCTEMOHM [BYX CTaLMO-
HApHBIX AU GepeHINaNbHBIX YPaBHEHNH KOH-
BEKTUBHOHN nudPy3mu:

*C, N d%C, .\ 2°C,
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['paHuuHBIE yCIOBUA U ycloBUs Ha Oec-
KOHEYHOCTH UMEIOT BHJ!

D ZruC) =@ O
z z=0
Cl'z:H = Czlz-—-H; *)
("Dr‘_l“'vlcl){ *("Dz“—z""vzcz)I 5 (5)
z=H z=H
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Cyf . >0, (6)

Z—>0

rae d(x) — menpta-pyHkuus Jupaka, onpene-
nseMas COOTHOLUCHUSMHU

o]

x=0
[8(x)dx =1.

8(x) =1
(x)= 0, =x=0

Cucremy ypasHenuii (1)-(2) mpu kpaeBbIx
ycnousix (3)-(6) pemiatoT METOIOM HHTerpab-
Horo rpeoOpazoBaHus Oypre 110 KOOpAUHATE X U
KocuHyc-npeobpazopanust Oypre N0 KOOPAUHATE
y. PacnipesieneHue KOHUCHTpALMKM KOMIIOHEHTa B
THIPOTEPMAITEHOM OpEOJIe UMEET BHJ

o oo =24
C = 2q [i 62 sz dv}cosmydco;
D) oL 003 + W3
2g [0 Hhg (-4 B,
Cy=— 5 dv |x
Diglo Q3 +y3
X COS OYd®,
rae
v v
A =m - » = - 2 5
1 1 ) 2 275 D,

2

v k UV

a, =| —2- +—2 4o +v?, by =2,
2D,

By =M, cosvx—Nysinvx;

By, =M, cosvx—N,sinvx;

M; = (@03 +yy3)cos zn +
+ (Y193 — @y 3)sin zmy;
Ny = (Y193 —@y3)cos zm —
— (¢35 +yy3)sin zmy;
My = (my@s + my3) cos[Hn, +(z = H)m, |+
+(m@; ~ myy3)sin[Hny +(z - H)m, |;

N, = (m@3 — mpy;) cos[Hny + (z — H)n, |-
~ (myQ3 + ) sin[Hn, + (z - H)m,;
¢ = oy +[o, cos[2m(H —2)] +
+B, sin[2n,(H — z)]]e2m#—2)

vy =B +[B, cos[2n (H - z)] -
— L, sin[2m; (H - z)]]e_z’"] (H-2),

o b .
1~ "= »
V2 o+ + 5
1 b,

+ ——P—1—+ml nl——&nz sin2mH ;;
2D, D

Y D[ v,
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+ "ﬂ“’*'ml nl—‘gz“nz COS2n1H N
2D, D,
2D, D, 2D, D,
D
B =”1+‘52"”2;
1
*"2p, D, 2D, D,
By=m-——=n,

Kak cnexyer W3 ONBITa DKCIMEPUMEHTANb-
HBIX WCCNEJOBAHUI TUAPOTEPM OKEaHoB, J10-
MYCTHMBI CJIEAYIOIINE YIPOIUEHUS:

® B HIKHEM CJI0OE MOXHO TpeHeOpeys
nuddy3uei pacTBOpeHHOro BelecTBa I10 BEp-
THUKand MO CPAaBHEHMIO C KOHBEKTHUBHBIM €TI0
MIEPEHOCOM:

lv, ac,| _|8%C
YL %) 19 .
Dl 52 622 ’

®* B DTOM JK€ CJI0€ MOXHO TNpeHeOpedb
KOHBEKTHBHBIM [EPEHOCOM B I'OPH30HTAIBHOM
HarpapjeHHH, T.€. IOJOKHUTE u; =0

® B BEpXHEM CJIOE MOXKHO HpeHe6pqu>
KOHBCKTHUBHLIM [I€PEHOCOM IO BEPTHKAIMU 10
CpaBHEHMUIO € )IH(i)(by:iHOHHI)IM, T. €. NNIOJIOXKHUTH
U2 =0,

B stoMm CAy4Yae pacnpeiAC/ICHUE KOHUEH-
Tpaunﬁ B BEPXHEM W HMWXHCM CJ0AX UMECT
BUN

2
LI _Ul(x2+y )

C =__°~7__e v 4Dz .
' 4nDz ’
A D\H 4
qe 551 o - " (0]
Cy="——]Je '  Fcosoydo;
. jpv_l}iv? +(z—H)m2*_j X
F=|e Lo cos(—H)n, —vx)dv,

—0

Tae

m,” =71~5\/a2* +\}(az*)2 +b3

* 1 b2
n2 = e ,
V2 \/az* +\/(“2*)2 *'bz2

k

D,

HpeﬂCTaBJICHHaSI MQICJIb  YOOBJIETBOPHU-
TCIABHC OIMMCBEIBACT HMCHOIUECSH J3KCIIEPUMEH-
TAJIBHBIC JTJAHHEBIC, YTO MO3BOJIECT PCKOMEH/10BATh
€C TpUMCHEHUE OJIs1 TCOPCTHUCCKOro HU3YHCHU
pacupeacenceHus  KOHICHTpAaUWUHU  IOABMIKHOTO
KOMIIOHCHTA B TUAPOTCPMAIIBHOM OPCOJIC.

JIMTEPATYPA

1. Bo3sMOXKHOCTH TIDMMEHEHHS TeO/IEKTPOXMMITYSCKUX
METONOB UL TIOMCKOB He()TerasoBBIX MECTOPOXKICHHH /
10.C.Price, M.C.T'oasa0epr, B.M.Bacunsesa, H.A Bopowunnos
// Coserckas reonorus. 1990. Ne 6,

2. MuapotepmansHele cynbQUIHbBIE PYABl U METAMLIO-
HOCHEIE ocanky oxeaHa. CI16: Heapa, 1992.

3. Kpacnoe C.I". XviMueckuii COCTAB ¥ MPOUCXOKACHHE
oKeaHCKkHX pynooOpasyrommx ruaporepm /  C.I.KpacHos,
C.M.Cyaapuxos // Bynxanostoras u ceficMmonorus. 1990. Ne 5.

4. Kpacnos C.I'. Meraiasl BO B3BeCSX HNPHIOHHEIX BOJX
palioHa BBICOKOTEMIICPATYPHOH T'MApOTePMAibHON ACATENBHO-
crv Ha Bocrouno-TuxookeanckoM noxustan / C.I.Kpackos,
A Yepxawen, I'I1.Tpunbepr, A.I' Huxounerxo / Toxn. AH
CCCP. 1989. T.307. Ne 4.

5. Ilymuxos O.@. O BO3MOXHOM MexaHuzMe GopMu-
pOBaHHA «CTPYHHEIX» OpeonoB paccesHud / O.@.Ilytuxos,
A.C. Tyxanun // Jloxn. PAH. 1994, T.338. Ne 2,

6. llytuxos O.9. CrpyliHbie opeons! paccesHus Hal
HE(TEra30BRIMM 3AJ€KAMM B HEOAHOPOAHBIX ropoaax /
0.9.Ilyrukos, C.A.Bemen, C.I.Anekcees, Uxoy L3pnomn,
H.A Kacesnkosa // T'eoduzuxa. 2000. Ne 1.

7. Hytuxos O.@. CrpyHHsle Opeonbl paccesHHs TsDKe-
JBIX METANOB He(ITEra30BEIX MECTOPOKACHNH M MX HCHIOIB30-
BAHME TIPH OLEHKE napaMerpoB 3anexeit / O.0.Ilyruxos,
C.ABewes, H A Bopommnos, C.I.Anekceer, Benv Baiixyn,
Wxoy [zsnon // Joxn. PAH. 2000. T.370. Ne 5.

8. Cynapuxos C.M. Crpoenue ruapoTepManbHBIX
OPEOI0B paccesiHus THXOT0 ¥ ATI2HTHYECKOTO OKEaHOB /
C.M.Cynapuxos, T'.A.Uepxkaumes // Hoxn. PAH. 1993,
T.330. Ne 6.

9. Sudarikov S.M. Structure of hydrothermal plumes at
the Logatchev vent field, 14°45'N, Mid-Atlantic Ridge: evi-
dence from geochemical and geophysical data / S.M.Sudarikov,
A.B.Roumiantsev // Journal of Volcanology and Geothermal
Research. 2000. Vol.101.

180

ISSN 0135-3500. 3anucxu I'oprozo uncmumyma. T.151



	СОДЕРЖАНИЕ 
	ОРГАНИЗАЦИОННЫЕ И УПРАВЛЕНЧЕСКИЕ РЕШЕНИЯ  
	ПО СОВЕРШЕНСТВОВАНИЮ СИСТЕМЫ УПРАВЛЕНИЯ КОМПАНИЯМИ 
	ОРГАНИЗАЦИОННЫЕ И УПРАВЛЕНЧЕСКИЕ РЕШЕНИЯ   (1)
	ПО СОВЕРШЕНСТВОВАНИЮ МЕТОДОВ УВЕЛИЧЕНИЯ НЕФТЕОТДАЧИ ПЛАСТОВ 
	ФИНАНСЫ И ЭКОНОМИКА: ВЗГЛЯД В БУДУЩЕЕ 
	НАУЧНО-ИННОВАЦИОННОЕ СОТРУДНИЧЕСТВО 

