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PACHETHASI MOJEJIb BEKTOPHOI'O I10JIA
PUJIBTPALIMN PACTBOPOB B ITOPUCTOU CPEJAE

AnHoTanmus. B cratbe paccMOTpEeHB! KOHKPETHBIC AHATMTHYCCKAE MOACTH /ULl OTPEACICHIUS CpeTHeH (PUKTHB-
HOH M JCHCTBUTEIBHON CKOPOCTH (DHIIbTpammy pacTBOpa B MOPHCTOH CpeAc, a TAaKKE COCTABILIIOMIAS CKOPOCTH
MOTOKA PacTBOpa C YYETOM CHJI T'PaBHTANMH. M3 IMPHBEICHHOTO MPHUMEPA BHIHO, YTO IPH AHATIH3E KOHKPETHBIX
00BEKTOB HEOOXOJMMO TINATEIFHO IPOM3BOANTH THAPOAWHAMHYCCKHH PpACUECT BCEH CETH 3KCILIYaTAIIHOHHOTO
V4aCTKA, IPUHUMAS BO BHEMAHHE TPABHTAIIMOHHYIO COCTABILIIONIYIO — V, BEKTOPA CKOPOCTH (DVMIBTPALUH MOTOKA.
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PaccMmoTtpum paspabaTeiBacMoe MECTOPOKICHHUE ypaHa Crioco00M moa3eMHOro BhitneaaunBans (11B)
4ePE3 CKBAKUHBI ¢ MOBEPXHOCTH. [1yCTh OTHOBPEMEHHO B paboTe HAXOAUTCS /N TCXHOIOTUYSCKUX CKBa-
JKUH U3 HUX N,, — 3aKkauHbiX U N,, — OTKauHbIX. [ KPYOHBIX AOOBIYHBIX TPSAOPUATHH Noe U Ny
HUCUUCIIAIOTC COTHAMU. Tak, Hanpumep, s pyaoynpasneaus Cesepaeiid Kapamypys va konen 1999 ro-
Jia OJHOBPEMEHHO B paboTe HaxoAmtoch 496 ckBaxkuH, u3 HUX 172 — oTkauHsie U 324 — 3aKadHBIC.

CeTh CKBAKMH BMECTE C PYAOBMCIIAOIIUM MPOHHIIACMBIM IJIACTOM ¢ MOBCPXHOCTHBIMHU TPYOOITpoO-
BOJAMU, HacocaMH, 3pudraMu 00pa3yioT CAUHYIO THAPOTUHAMHUCCKY O CHCTEMY .

COBCPIICHHO SICHO, YTO 37€Ch MBI HMEEM JACJO C BEChbMA CIIOKHBIMU HCKYCCTBEHHBIMH CHCTCMAaMH
(cxBaxkuHBI, QUABTPBIL, TPYOONPOBOIBI, HACOCHL, APIUPTEI), B3AUMOACHCTBYIOIIUMH C eme Oonee CloxK-
HOM €CTECTBEHHON CHCTEMOH — MaCcCHBOM TOPHBIX IIOPOJ, BMEINAIOLIUM PYIOHOCHBIM IUIACT, MOME-
IICHHBIM B HEKOTOPBIC CITA00MPOHUIACMBIC TTOKPHIIIKH ¢ HAMOJTHCHHBIM TTOPOBBIM MPOCTPAHCTBOM BOAOH
O/ BBICOKUM THAPOCTATUICCKUM JABJICHUCM.

OCOOCHHOCTH 3aICTaHusI PYIHBIX TEJ YPAHOCOACPKAIIMX TOPHBIX MMOPOA MOAPOOHO PACCMOTPCHBI B
moHorpaduu [2] u 3xece HE 00Cyx)naroTcst. SICHO TOMBKO TO, YTO MACCHB TOPHBIX MOPOA HEOIHOPOICH,
00/1a1aCT 3HAYUTCIBHBIM PA3HOOOPA3UEM KAUCCTBCHHBIX XAPAKTCPUCTHK U CTOXACTHUCCKUX MAPAMETPOB,
PEUb O KOTOPBIX KOHKPETHO MOUACT HIKE.

B paGote [1] paccMOTpeHBI pa3IHyHbIC AHATUTHUCCKUE MOJCIN AJIS1 OMPSACICHUS CPSAHCH (PUKTHB-
HOU W JNEHCTBUTEIBHOH CKOPOCTH (PUIBTpPALIMH pacTBOpa B MOPHCTOH CPEAEC, a TAKKE COCTABISAIOLIAS
CKOPOCTH TOTOKA PACTBOPA C VICTOM CHJI TPABUTALMU. TCOPCTHUCCKHUC TOJIOKCHUS WLTIOCTPHUPOBAHBI
KOHKPCTHBIMH [TPHUMEPaMH.

Paccmotpum ckopocTs (UIbTpaly PacTBOPA MO PAANYCy KOHTYPA MUTAHUS IS INIOCKOPAIUATBHOTO
HCOTPAHUICHHOTO moToKA [1]:
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rae H, — aOCoOMITHOS JaBICHHMEC HA KPOBIKO miacta rmo KoHtypy murtanus, Mlla;, H, — aGcosroTHOS
JABJICHUE HA KPOBIIO miacta no creHke ckpaxunel, MIla; S, — ckun-3ddext a1 unbTpoB ckBaXKHH —
Oe3pasmepHas BeIWYHHA; R, — Paanyc CKBAXKHHEL, M; R, — paauyc IUIOCKOTO MOTOKA, TEKYLIas KOop-
JUHATA, M.
Ucnonb3yst ganuHeie, npuBeacHHbIC B [1, 2| A1 OPOHULIIASMOCTH MOPOA — kK U BSI3KOCTH BOABI A,
3aIUIICM MIPH €€ TUIOTHOCTH — ¥.
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rac S; — TMOBBINICHUEC (KOMIIPECCHS) VPOBHS BOABI HAJ CTATHYCCKAM B HATHETATCIBHBIX — 3aKAYHBIX
CKB2)KHMHAX, M; 5, — IOHWKCHUE (Jenpeccrs) YPOBHS BOABI HAJ CTATHYCCKUM B OTKAYHBIX CKBAKHUHAX, M;
Ky — xo3ddurnment ¢puaprpanym py J0BMEIIAOIIETO TIACTA, M/CYT.
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3aKOHOMEPHOCTh HM3MCHCHHS — YMCHBLICHHS CKOpocTH Gumstpaimu B mpeaenax K < R< Ry
ONHCHIBACTCS YpaBHEHHEM (3).

Onpeaenum cpeaHee 3HAUEHHE CKOpocTy QuibTpaimu V ¢ 1o paguycy R B BHAE:
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Pucynok 1 — 3aBUCHMOCTB CKOPOCTH (UIBTpaImH Vy, OT pagryca IMTaHus R

_ R
Ve :W1’157nK¢(SH+SO)£n(£nR j, )

[

rac

2 2
R =yl -x ) +(,-» ). R204m (10)
VYpasueHue (9) Mo3BOIET PEUIMTH TIOOBIC 331a41 KMHCTHKH YpaHa 1o paguycy R 10 KOHTypa mura-
HUS B IBHOM BHAC.
SIcHO, uTO CKOPOCTh V¢ ABIAETCS HEKOTOPOM (PMKTHBHOM BETMYMHOM, TAK KaK JABHKCHHE PacTBOpPA

MPOUCXOAMT MO COOOINArOIUMCS TTopaM. B 3Tol cBa3u JeHCTBUTENBHAS CKOPOCTh TIoTOKA OvaeT [1]:
AN

Vo BT g (5, 48,) tr] tn (11)
10? K - Re R,
Hamnpuwmep, npu 3¢ dexrrBHoM nopuctoctu K, = 0,2, umeem:
Va=5V4. (12)

N3 (12) cneayer, 4o ACHCTBUTENBHAS CKOPOCTh MOTOKA B 5 pa3 Oonblue cpeaHed CKOPOCTH (HIBT-
pauuu.
Bexrop ckopoctu V', Beerga HampasicH no paauycy ot moboit 3C k moboit OC. fcHo Taxke, 4To

TAaKOC MPCACTABJIICHUC CCTh HCKOTOPAA UACATU3ANA ITPOoLCCCa (I)I/IJ'ILTpaLII/II/I pacTBOpa B IJIOCKOPAIUAIIb-
HOM, HCOTPaHNUYCHHOM ITOTOKC € IIJIOTHBIMU BOAOYIIOpaMH.

Kpome V', cneayer yUNTBIBAT W BEPTHKAIBHYIO COCTABIIOIIYIO CKOPOCTH V. — BOZHHKAIOMYIO 32

CYET Pa3HOCTH ILTOTHOCTHU pacTBopa — % U BoAsl — . Ilo nanneiM [2]:
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rae Ay= y — y K, — 3pdexTuBHas NOPHCTOCTh MACCHBA PYA0OBMEIIAIONIEr0 TOPH30HTA, JOTH €AUHHULIBL.
Hampumep, m1st Haubo1ee XapakTePHBIX YCAOBHIN BIIIETAMHBAHUS Oy 1EM UMETh!
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VauteiBas OMHOBPEMEHHO CKOPOCTH V¢, V5 1V, O4EBHAHO MOMyYMM MOYJIb CyMMAapHOH CKOPOCTH
MOTOKA!
- — "
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Ecmn moxxoants Gonee cTporo K (UIBTpALlMM PacTBOPA B MNPOAYKTUBHOM TOPH30HTE, TO €rO
HEOOXOIUMO PacCMaTPUBATh TPEXMEPHBIM IO TPEM OCSM X, ¥, Z.

5
PaccmoTtpuM Temeprs BEKTOPHOE TOJIC V(x, ¥, z) CKOPOCTESH (DUIBTPALIK PACTBOPA B MIOPHUCTOH CPeIe

pyaoBMeInaroIero miacta. B coorBerctBuu ¢ pabdotoit [1] 3amumem ckopoctd QuiabTpaniu pactsopa B
IUTOCKOPAJHATIBHOM MOTOKE B BUAE!
QJ’ (x B xj)

' , 20
Qj(y_yj) n G

_ 1 N @
Vy ZEMKHJZI:(x—x]) +(y—y])2 £
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rae O, x, y; — A€OUTBI M KOOPAMHATHI TEXHOJIOTMYECKUX CKBAXKMH COOTBETCTBEHHO B M/CYT, M
M — cpeausist MOITHOCTE TIOPOA PY,AOBMEILIANOIIETO ropu3onTa, M; K, — 3ddexrusHas mopucrocts miacra,
somaen; V2, qub — (hOHOBas CKOPOCTb TCYCHHUS BOBI B IIACTE, M/CYTKH.

B kaxnoii Touke 7 (x,, V., Z,) 00NaCTH M1acTa UMCIOT MOAYJ/Ib CKOPOCTH MOTOKA PAcTBOPA:
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divl
rotV
F (x, y) =C

; (23)

—

rae div) — auBepreHIMs BEKTOPHOTO mons V ; rotV — portamms BeKTOpHOTO mons V ; F (x, y) =C -

JMHWY TOKa BEKTOPHOTO mond V.

H3BectHO, 1TO divf; SABIIACTCSA TPCXMCPHBIM CKAIAPHBIM IIOJICM:
- oV, oV, ov
divV =—2 L 4= (24)

oy 0z

Huddepenuupys ypasaenus (20), nonyanm:

2 2
an: 1 iQ G/_yj) _(x_xj)
M- =7 2 > B
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Ortkyza caeayet, uro div) ects mnockoe mose, Tak kak —— =0
z
®u3rYECKHii CMBICT AUBEPTEHIMH MO CKOPOCTEH 3AKIFOYACTCA B TOM, UTO €CIIH:
divV >0, (26)
TO 3TO €CTh HHTCHCUBHOCTh HCTOUHUKOB (3C) u HA00OPOT, eciu
divl” <0, 27

TO 3TO €CTh HHTCHCUBHOCTD ¢TOKOB (OC).
Buxps TII0CKOTO BEKTOPHOTO MO V' OTIPEACIUTCS B BUC!
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rotV =0. (30)

CienoBaTeNIbHO, ABWKCHHC KHIKOCTH — PacTBOpa B ILIacTe OC3BUXPEBOE, T.€. OTCYTCTBYET KOMIIO-
HCHTA BPAIIATCIBHOTO JBHYKCHHS MOTOKA. DTO OUCHD BAXKHOE CBOHCTBO MO (GUIBTPALIMN PACTBOPA.
BexTopHOE mONE CKOPOCTEH XapakTepHU3yeTcs TaKKe IHHHAMH TOKA, KOTOPBIE OINPEAEIIOTCS

BCKTOPaMHU CKOPOCTH V', KacaTeabHBIMU B KQKIOH TOUKE MIOCKOCTH K HEKOTOPOH MHHUMOM JTHHUH.
Krmaccmueckoe ypaBHEHHE THHUH TOKA BEIPAKACTCS B TPEXMEPHOM IPOCTPAHCTBE B BUAC:
de _dy dz A
Ve V, T,
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JItst MILTIOCTpaliK AOCTOBEPHOCTH HOMYYCHHBIX (DOPMYIT, XapaKTSPU3Y FOIIUX TPEXMEPHOS BEKTOPHOS
—
MOJIC CKOPOCTCH V(x, ¥, Z), PacCMOTPUM YCPSAHCHHBIC YCIOBHS IS MECTOpoxacHus Axnaiga. Mmeem
crexyromue masHbie: Ky = 6,2 m/cytku;, Ky = 0,25; n:(Sy+S,) = 120 m. [lng oxHOH rekcaroHamabHOH
sackn R, =40 m; R, = 0,1 m.
OmnpenenuM cpeJHUE CKOPOCTH:
— rOpU3OHTAIBHAS

Ve=X, =V, :+-l,157-6,2-120-€n ™ = 0,39 m/cyT,
10% - 40 0,1

— BEPTUKAJIbHAS 10 U3BSCTHOH NPUOIIKESHHOU hopmy fie:
Ky 62
V, = =
10-10 100
HelicTBUTETBHAS TOPU3OHTATBHAS CKOPOCTB!

— V —
Vo :K—‘*”=4-V¢ =1,56 wlcyr.

o

Ay

10

=0,062 m/cyt, K, =

CaenyeT OTMETHTB, YTO JCHCTBUTENIbHAS CKOPOCTh MO Paauycy (PpHIbTpanuH, NpUMEpPHO, B 25 pa3
Oonplue, YeM rpaBHTAMOHHAs coctaBisomas. M3 storo creayer, uro npH paamyce sueiku R = 40 m,
3JICMEHTAPHBIN 00BEM pacTBOpa mpoxoauT ero 3a 102 cyToK, OTKIOHSSICH OT TOPH30HTAIBHOH MIOCKOCTH
Bcero Ha 6,3 M. CrenoBareIbHO, IPH MOLTHOCTH MPOXYKTHUBHOTO ropu3oHTa M = 60 M H IPH OTCYTCTBHH
HIDKHETO BOIOYIIOpPa 00BbEM €ro He OVICT HOTEPSH U NONAJET B OTKAYHY IO CKBKHHY .

W3 nmpuseaeHHOro npuMepa BUAHO, YTO MPH aHATH3E KOHKPETHEIX 0OBEKTOB HEOOXOANMO TIIATECIBEHO
MMPOM3BOANTh THAPOJWHAMHYECKHAH pacdeT BCEH CETH OKCIUIYATAIIOHHOTO VYacTKa, NPHHUMas BO
BHUMAaHHUE IPAaBUTALIMOHHYIO COCTABISIOIIYIO — V, BEKTOPa CKOPOCTH (PUIBTPALIUM TTOTOKA.
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KEYEKTI OPTAJIA EPITIHAUIEPAI CY3TUIEY
BEKTOPJIBIK ©PICIHIH ECEIITIK YJII'ICI

Maxkanaga KeyeKTi opTasa CpITIHAIHIH JKAIFaH JKOHE aKHKAT OPTAMIA YKbUIIAMIBIKTAPBIH AHBIKTAY YINIH HAKTHI
AHAJIMTHUKAIIBIK YITLICP, COHBIMEH KaTap TPAaBUTALMSUIBIK KYIITEPAl ECKEpIill epIiTiHAlI aFBIHIAPHI >KbIIIAMIBIFBIH
KYpayIIbl KYIITeP KapacTHIPBUFAH. KeNTipinireH MBICAIAH KaHAAH 12 Oip HBICAHIBI TANIAY KC3IHIC TPABHTALHITBIK
KypayIbIHbl — V, ayaHbl CY3TUIEY >KbUITAMIBFBIH €CKEPINl TYTHIHY YYACKECiHIH OapibIK TOpaObIHA THAPOIMHAMI-
KaJbIK €CEITEY JKYPTi3yAiH KOKETTUIIrIH Kepyre 00Iambl.

Tipex ce3aep: TCOTCXHOIOTHA, TAKTAIBI CyJap, KSPACThl YHFBUIAN CLATINCY, KAJMBIHA KCATIPY, YpaH, TAOUFH
opra.
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Summary
L. B. Sabirova
(Mining institute after D. A. Kunaev, Almaty, Kazakhstan)

VECTOR FIELD ESTIMATED MODEL OF SOLUTIONS FILTERING IN THE POROUS ENVIRONMENT

In this article specific analytical models for determination of average dummy and actual speed of solution
filtering in the porous environment, and also solution flow rates component taking into account gravitation forces are
considered. From the given example it is visible that in the specific objects analysis it is necessary to make carefully
hydrodynamic calculation of all operational section network, in view of a gravitational component — V, of a flow
filtering velocity vector.

Network of wells together with ore-hosting permeable layer with superficial pipelines, pumps, air lifts form
uniform hydrodynamic system.

It is absolutely clear that here we deal with very difficult artificial systems (wells, filters, pipelines, pumps, air
lifts), interacting with even more difficult natural system — the solid rocks containing ore-bearing layer, placed in
some low permeable caps with the pore space filled with water under high hydrostatic pressure.

Features of a uranium bearing ore bodies bedding are in detail considered by us earlier in Rogov E.I., Yazi-
kov V.G., Zabaznov V.L., Rogov A.E. «Geotechnology of metals» monograph and here aren't discussed. It is clear
only that the solid rocks is non-uniform, possesses a considerable variety of qualitative characteristics and stochastic
parameters the speech about which specifically will go below.

In Rogov A.E., Ryspanov N.B. «Mathematical basics of geotechnologies» work are covered various analytical
models for determination of average fictitious and valid speed of a solution filtration in the porous environment, and
also making speeds of a stream of solution taking into account gravitation forces. Theoretical provisions are illus-
trated by concrete examples.

In article the speed of a solution filtration on the boundary drainage radius for a plane radial unlimited stream is
considered

It should be noted that the valid speed on filtration radius, approximately, in 25 times more, than a gravitational
component. It follows from this that at the radius of a cell of R = 40 m, the elementary volume of solution passes it in
102 days, deviating the horizontal plane on only 6,3 m. Therefore, at the power of the productive horizon of M = 60
m and in the absence of the bottom aquaclude its volume won't be lost and will get to an extraction well.

Keywords: geotechnology, reservoir waters, drillhole ISL, restoration, uranium, natural environment.
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