NCMNOJIb3OBAHUE U CXKUTAHUE TOIJIMBA

VYIK 622.278

NMEPCNEKTUBbLI NCMNONb30OBAHUSA TENNIOBON SHEPTUU BOOAOHOCHbIX
FrOPU3OHTOB MNMPU MNOA3EMHOM CXWUIAHWUWN YA

CanoBenko U.A., 1okT. TexH. HayK, UHKHUH A.B., KaH]I. TEXH. HayK

Tocyoapcmeennoe svicuiee yuebnoe 3asedenue « Hayuonanvnuiii copnuiil ynueepcumem» MOH Ykpaunul,
np. K. Mapkca 19, [{nenponemposck, 49600, Ykpauna

3a pesynpTaTaMd MOJCITIOBAHHS
¢inprparii i TemonepeHeceH s BCTa-
HOBJICHA KOHBEKTUBHA 1 KOHIYKTHB-
Ha CKJaJoBa TEIUIOBOIO MOTOKY, LIO
MIPOHUKA€E 3 MIiA3eMHOr0 Ta3oreHepa-
TOpa y BHILE3IATAI0YMI BOJJOHOCHUIA
ropm3oHT. JlaHi OIIHKK 3MIHU BEIHYU-
HHU TIOTOKY 1 TEMIeparypH MiA3eMHHX
BOA B 3aJEKHOCTI Bil TOTYKHOCTI
BOZOTPHBKOTIO IIapy.

bu6mn. 9, puc. 5.

Ilo pesynapraram MozeIUpPOBaHUS
¢unbTpalMi U TEIUIoNepeHoca ycra-
HOBJICHA KOHBEKTHBHAs U KOHIYKTHB-
Hasi COCTAaBJSIOLIasl TEIUIOBOTO IIO-
TOKa, MPOHUKAIOLIET0 M3 MOA3EMHOIO
razoreHeparopa B BbIIIE3aJIETalOLIHI
BOJIOHOCHBIM TOpU3OHT. JlaHbl OIEH-
KM W3MEHCHUS BEJIUYMHBI IOTOKA H
TEMIIEPATyphl MOA3EMHBIX BOJ B 3aBU-
CUMOCTH OT MOIIHOCTH BOJOYIIOPHOTO
cHosl.

As a result of filtration and heat
transfer modeling of convective and
conductive installed component of the
heat flux penetrating the underground
gasifier in the upper aquifer. The
estimates varying the flow and
temperature of groundwater, depending
on the capacity impermeable layer
deterioration.

KiroueBble cjioBa: MOA3CMHOC CXKUTAHUC YITIA, TCIIOBAS SHCPIrUs, IOA3CMHBIC BO/bI.

a — kod(h(HLIHEHT TeMIepaTypOPOBOITHOCTH;

C — conepxaHue;
€ — TEIJIOEMKOCTB;
D — pacxon nyThs;
F — mmmomane;

H — m1yOuHa 3aneranusi ra3oreHeparopa;

[ — mHa;

P — naprienue;

Q — TemyoTa CrOpaHus;

¢ — TETUI0BOM IOTOK;

S — mIoImaaks TEII000MEHa;
T — TeMmieparypa;

{ — Bpems;

V — Kxom4ecTBo;

W — B1aXKHOCTB;

Z — BepTUKAJIbHAS KOOPIMHATA,;
6. — OnBITHBIN KOA(dUIHEHT;
K — IPOHUIIAEMOCTb;

A — koa(hPUIMEHT TETUTOPOBOIUMOCTH;

L — BSIBKOCTB;

Beeoenue

P — INIOTHOCTD,

9 — 0OBEMHBII1 ITOTOK;

O — n1ebur;

[T — mpor3BOMTENFHOCTH IOJ3EMHOTO T'a30TeHEPaTopa;
3D — 3¢ deKkTMBHOCTH KaHasIa Ta3u(prUKaInm;

NHaexchl HUKHAE:

cd — KOH/TyKTUBHBIH;
CV — KOHBEKTHUBHBII;

0 — CyMMapHBblii;
sk — CKBayKHHa,

ar™M — arMoc(epHOE;

B — BO3/IYX;
r —ras;
I — TTOPOLT;

IIB — ITIOA3EMHbIC BOJIBI;

Y — yroib;
YT — YIJIEPOJT;

YT. KOMII. — yIJIeCOEPIKaIIe KOMIIOHEHTHI;

YII — YIOJIbHBIN TUIACT.

[To omenkam Bemaymmx He(TEra3oBBIX KOMIIa-
HuM, Hayajjo XXI Beka 03HAMEHOBAJIOCH 3HAYUTECIIb-
HBIM YBEIMYEHUEM JOJU YISl B TOILUIMBHO-3HEP-

reTH4eckoM OanaHce YKpauHBI U psiia CTpaH Mupa
(puc. 1). Poct ero notpednenust ObU1 BbI3BaH, C OTHON
CTOPOHBI, OTPAaHUYEHHOCTBIO 3aIlacoB HE(PTH U MPH-
POIHOTO ra3za, a TaKkXkKe NepeMelleHHeM pa3padarhl-
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NCMNOJNIb3OBAHNE U CXKUTAHUWE TOTJTNBA

BAaEMbIX MECTOPOXKJIEHUH B TPYIHOJOCTYIIHbIE paiio-
HBI, C APYTON CTOPOHBI, MpodieMaMH O€301TaCHOCTH
aTOMHBIX JJIEKTPOCTAHIIMA W BBICOKMMH 3aTpaTaMu
Ha 3aXOpPOHEHHME paJMOAKTHBHBIX OTXOAO0B [l1].
Bmecre ¢ Tem, yBenuyenue NOOBIYM M MEepepadbOT-
KU YIS TPAAUIMOHHBIMHM CIIOCOOAMH TPHUBEIO K
MPEBPAIICHUIO YTIICAOOBIBAIOIINX PETHOHOB B 30HBI
sKoorndeckoro OexctBusi. Tak, pabora HEOOIb-
OIOM  YTOJbHOM  3JEKTPOCTAHLUMU  MOLIHOCTBIO
200 MBT conpoBOXIaeTCsl €XKETOIHBIM BBIOPOCOM
B armocdepy 100 ThIC. T TBepABIX YacTuly, 15 ThIC. T
CEPHUCTBIX COCTUHEHUH U 2 ThIC. T OKUCIIOB a30Ta.
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Pacimmpenne cdepbl MCHONB30BaHUS YTOJBHBIX
PECYpPCOB BO3MOXKHO ITyTeM HX MpeoOpa3oBaHUs
HAa MECTe 3aJIeTaHus B DKOJIOTUYECKH Oosiee dYrHc-
TBI Ta3000pa3HBI  dHEproHocutenb. Hambomee
TEXHUYECKH OCBOEHHBIM IIPOLIECCOM TaKOW Iepepa-
0oTku sBisiercs noazeMuoe cxuranue yos (IICY).
OpnHako, HECMOTpPsT Ha TIOYTH BEKOBOM Hay4yHO-
IPOMBIIUICHHBI ONBIT pa3BUTHS, OHO [JO CHX
[IOp HE IOJNYYWIO IIHPOKOIO pPaclpOCTPAHECHHUS
BBUJY 3HAYUTEIBHOTO  paccerBaHUsl  BbIpada-
TBIBAEMOM  TEIUIOBOM JHEPIMM B  IOPOJHOM
Maccuse [2].
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Puc. 1. Ilpocno3 nompeodnenus nepeuu YKpaunoi 3a cuem:
1 — 6 monauenvix macen, npupoOH020 2a3a, MenaoHocUumesneil, I1eKmpuiecmaeda,
Y2 u OuomMaccvl COOMEemcmeeHHo.

Ilocmarnoexa 3a0auu

Jlst moBeimenuss KIIJ[ gaHHOM reoTeXHOIOTHU
(OTHOIIIEHUE UCTIOIB3YEMOTr'0 TeIIa K TeIUIOTe Cropa-
HUS TOTLTNBA) B paboTte [ 3] yrke Oblia ycTaHOBIICHA BO3-
MOYKHOCTh OTOOpa YacTH TEIJIOBOM IHEPTUHU TOCTY-
Marolel U3 peakIMOHHOTO KaHajla B MOKPBIBAIOIIHE
ero nopojel. Kpome Toro, 06 3TOM CBUACTENBCTBYIOT
pe3yJIbTaThl KPYMHEHIIEr0 HAyYHO-IIPOMBIIIEHHOTO
skcriepumenTa 1o IICY Ha yuyactke Poxn MayHTHH
B CIIIA [4]. OnHako 1si MPaKTUYECKUX PacueTOB KO-
JIMYECTBA U BBHIOOpA PAIMOHAIILHOM CXEMbI M3BJICUe-

HMS HaKaIIMBaeMOM TETI0BOI 3HEpruu HeoOXouma
JieTabHas XapaKTEePUCTHKA BO3HUKAIOLIETO TEMJIOBO-
ro MOTOKA M OLICHKA BIUSHUS HA HEro TOPHO-TE€0JIO-
TMYECKUX YCJIOBUH pa3pabaTbIBAEMOr0  YTOJbHO-
ro yyactka. B cBs3u ¢ uem, Lenbio JaHHOW paboThl
ABJISIETCSl YCTAHOBJICHUE TUHAMUKU (POPMHUPOBAHUS
TEIJI0BOIO NOJISL BOKPYT MOJ3EMHOIO ra30reHeparopa
U BO3MOXXHOCTH OTOOpa HarpeBaeMbIX MM IOI3EM-
HBIX BOJA JUISl TEIUIOCHAOKEHUS TPaKIAHCKUX U
IPOMBIIIUIEHHBIX OOBEKTOB.

[loaroToBka yroiabHOrO y4acTka K IMOA3EMHOMY
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NCIMOJIb3OBAHNE U COKUTAHWE TOTJ1IMBA

C)KUTaHUIO HAYMHAETCsl ¢ OypeHUs HarHeTarelbHOU
Y Ta300TBOMSIIEH CKBaXUHBI. J[Jis B3auMOJICUCTBUS
YIS C TyThEM B TIIACTE MEXKAY CKBOKMHAMH CO3/1a-
€TCsl PEaKIMOHHBIA KaHajl, MpH 00pa30BaHUH KOTO-
pOTo MPUMEHSIIOT (PHIBTPALIMOHHYIO, THAPOPA3PHIB-
HYI0, 2JIEKTpUYecKylo U OypoByro cOoiiku. [locie
COOMKHM CKBaKWH TIPOUCXOIUT MOHKUT YIS U TI0/1a9a
XUMHYECKUX  peareHToB  (BO3Myxa, KHCIOpOma
WM BOJSHOTO Tapa) B BUJIE AYThsl 4Yepe3 HarHeTa-
TEJIbHYI0 CKBaXHHY. YYaCTOK YTOJIBHOTO ILIACTa,
T7e BElETCs CKUTraHue (MOA3EMHBIN ra30reHeparop),
YCIIOBHO MOYKHO pa3IelIuTh Ha YETHIPE 30HBI, KOTO-
pPBIM COOTBETCTBYIOT PaszlIMYHbIC PEAKIIUU TOPEHUS,
1 Ha Kakux ocHoBaH mporecc [ICY (puc. 2). Obpa-
30BaHHBIN B Pe3y/IbTaTe TOPEHUS Ta3 MO MPOTYKTHB-
HOW CKB2)KUHE BBIBOJMTCS Ha MOBEPXHOCTh U Yepe3
TPYOOIIPOBOJI TIOMAJACT B YCTAHOBKHU JIJISI OXJIaXK[Ie-
HUSL ¥ OYUCTKU. YTWIM3ALUA €ro (PU3UIECKOro Ter-
JIa TIPOU3BOIUTCS B TETDIOOOMEHHHKAX, pabOTarOIINX
B IMpokuX auamnazoHax: Bbicoko (800...600 °C),
cpeaae (600...400 °C) u HU3KOTEMIEpPaTypHOM
(400...150 °C).

CormacHO TIPUBEICHHON TEXHOJIOTUYECKOM CXe-
Me pa3padOTKH M TE€OJOTHYECKOTO CTPOSHUS yTojlb-
HBIX MECTOPOXKICHUM TEII00OMEHHasi CUCTeMa TO/I-
3eMHOTO ra3oreHeparopa COCTOMT M3 TPEX IUIACTOB,
MMEIOINX HETIOCPEICTBEHHBI KOHTAKT JAPYT C Jpy-
roM. B mpomecce CKATaHHS HWKHETO YTOJBHOTO
IiacTa 4acTh TeIIa PacXoayercs JUis Iepexoia B
TOpIOYHME KOMIIOHEHTHI, Jpyrasi 4acTh MOCTYHaeT BO
BMEIIAIOININE TOPOAbl. Tak KaKk HarpeTbie MPOAYKTHI
TOPEHUS] 3HAYMTEIBHO JIErde TyThEBHIX KOMIIOHECH-
TOB, TOJAIOUIUXCS B PEAKIIMOHHBIM KaHaj, TO TPH
CKUTaHUU OHHM OyIyT 3aHUMAaTh BEPXHIOK YacTh
BBITA30BAaHHOTO MPOCTPAHCTBA, CO3/1aBasi TaM Hanbo-
Jiee BBICOKYIO Temrieparypy. Takum oOpa3oM, modBa
BOJIOYIIOpa HaJl YTOJIbHBIM ILJIACTOM IOJIBEpraeTcs
HauOOJbIIEMYy TEPMUYCCKOMY BO3JIEHCTBUIO. DTOT
IUIACT TIPOTPEBACTCS HAJ PEAKIMOHHBIM KaHAJIOM
B TICPUOJ] CXKWTAHMsI YISl M OCTHIBACT TOCTE TMPEK-
pamieHust 1yThsi. BOIOHOCHBIN TIacT CBEpXy Harpe-
BaeTCs IMOJ BO3JCHCTBUEM TEIJIOBOTO IMOTOKA, MPO-
XOJISITIIETO Yepe3 KPOBIIO HIKEIEKAIIETO BOAOYIIOPa.

Mamemamuueckas mooesns.

B oOLCHKE T€OTEXHOJIIOTUU Ba)XKHO OIPEHCIUTH
JIOJIF0 TEIUIOBOM JHEPruM, MOCTYIAIOIIEH 4epe3 BO-
JIOyIIOp B BOAOHOCHBIN IUIACT, KOTOPY) BO3MOXHO

0To0OpaTh MyTEM OTKayKu HarpeToi Boabl. Ilpu 3Tom
MHTEHCUBHOCTD IOJIOTPEBA MOA3EMHBIX BOA M MOIII-
HOCTB TETUTOBOTO TIOTOKA HAMPSIMYIO 3aBHCAT OT 00b-
eMa Ca)XEHHOTO YIUVIA, M CIIeOBAaTEeIbHO, OT IyThd,
MOJAHHOTO B PEakLUMOHHBbIM KaHain. HeoOxomumoe
KOJIMUECTBO Bo3myxa (M°) mwis rasudpukaiuu 1 Kr
VTN OTIPENENSIETCS M0 AMIIMPUIESCKOMY COOTHOIIIE-
HUo [5]:

0,0010,, + 25,1W.
—a Oy v (1)
418

[Tpou3BOIUTENBHOCTS TMOA3EMHOIO Tra3oreHepa-
TOpa XapaKTepusyeTcss 00beMOM OTPAOOTAHHOTO YIJIS
3a ONPECIICHHBIN MPOMEKYTOK BPEMEHH, M MOXKET
OBITH 3aIMcaHa B CICAYIONIEM BHIE

m=_2 . )
VB : py
Brixon raza ¢ 1 xr ymis coctaBut
y - 1 - 122 CyF.KOMH.
r = 5, 7 y T A~ 4~ 2
vy 22,4-C,,
3 Cor o, = %CO, +%CO+%CH,. (3)

[IpuHynuTenbHOE HarHeTaHue B Tra3oreHepa-
TOp AYThSI JOTOJHUTEIBHO CO3JACT BEPTHUKAJIbHBIN
TPAaJUEHT JIaBJICHUS, SABJSIOIIMUNCA OCHOBHOM
IIPUYMHON KOHBEKIIMM B IIOKPBIBAIOLIUX IOPOAAX
[6]. [Ipu »TOM CyMMapHBIA TEIJIOBOM IMOTOK HITY-
M OT KaHaja Ta3suuKalud Ha HArpeB BOJO-
ynopa OyzieT paBeH

40 = 4,0 *+ q.(0). (4)

Cumutaem, 4TO TeEIO(GU3MYECKUE CBOMCTBA
MOpPOJT BOJOYTOpa HE 3aBUCAT OT BOAOOOMEHa B
BBIIIIEJIEKAILIEM TLIACTE.

[Imomann KOHBEKTMBHOIO M KOHJYKTHBHOIO
TEIJIO0OMEHA H3MEHSIIOTCS C TEYCHHUEM BPEMEHH
[0 MEPE Pa3BUTHUSl PEAKIIMOHHOIO KaHAJla U CKUTa-
Hus yoist. COmIacHO TaHHBIM BCKPBITHS OA3EMHBIX
razoreHeparopoB Ha Ilaxtuncko u Jlucuuas-
ckoii cranmusax "llogzemrasza”, Teropusnueckue u
reOMETPUUYECKUE TTapaMeTPhl KaHaJla HE MOCTOSHHBI,
a CBA3b MEXKIYy IIyCTOTAMHM B HEM HOCUT MECTHBIN
U OrpaHUYEHHBbIN Xapakrep [7]. DTo CBsi3aHO C
TEM, YTO NEPBOHAYAIBHO CO3JAHHBIM KaHaj B MpO-
necce rasuuKAMM  TIOCTOSHHO  PACHIMPSETCS,
npuONIMKasiACh K KPOBJIE M IOAOLIBE YIOJIBHOIO
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NCMNOJNIb3OBAHNE U CXKUTAHUWE TOTJTNBA

maacta. B pesynabprare 3Toro B BhIra30BaHHOE MPOC-
TPAHCTBO TIOMAIA0T HE TOJIBKO yroJIbHBIE, HO H TIO-
pomHbie cTeHkH. [lanee cedeHwe KaHama MPOIOI-
KAeT YBEIMYUBATHCA M, JOCTUTHYB THpPEIEIbHBIX

12

—

0o0OpyIIeHHs
WU3MCHCHUS

BEJIMYUH, YMEHBIIAETCS BCJICACTBUE
MOPOJTHOM KpOBJIM. 3aTeM KapThHA
CEYCHHS KaHaJla IOBTOPSETCS BHOBbD.

inam
H10]
(mma

’ 30Ha
3oma OKHCIICHHSL

CakEeHHOTO
yris

BOCCTAHOBJICHHA

S0Ha
CYXOIl IIePEroHK
H TOICVIIKH VITIA

Puc. 2. I'opno-snepzemuueckuii Mooyiib HOO3EMHO20 CHCUSAHUA YTIA:
1 — yzonvnutii nnacm; 2 — 6000ynopHbvie nopoovl; 3 — 6000HOCHBLIL 20pu3onm; 4 — Komnpeccop;
5 — oymue; 6 — noozemnulii cazomennozenepamop; 7 — menioeoit HOMOK 8 HOKPblearoujue nopoosl;
8 — npooykmuenwtii 2az, 9, 10 — coomeemcmeenno 000pyoosanue 0,151 MEXAHUYECKOU U XUMUYUECKOU
ouucmku 2aza; 11 — mennooomennuk; 12 — mennoeasn snepzus.

YuuteiBas, 4TO B FOPHO-T€OJIOTHYECKUX YCIIO-
BUSX YTOJBHBIX MECTOPOXIACHUN YKpPawHbl CXKHU-
TaHUIO0 TOJBEPraroTCs IUIACThI MOIIHOCTBIO MEHEe
1 M, peakIMOHHBII KaHall OTHOCUTENIBHO OBICTPO
JOCTUTHET UX KPOBJIM M IonowBbl. JlanbHeilmiee
pa3BUTHE BBITA30BAHHOTO MPOCTPAHCTBA OyAeT
MPOUCXOUTh MO BCEW MOIIHOCTH IUlacTa B IIH-
puny. Ero mnomane MoxeT OBITH OCpelHEHa o
BpEMEHU C YYEeTOM YyrueiabHOW 3¢pdeKTuBHOCTH
paboThI KaHama razudukanuu [8].

D= & i
lyn
KoHBEKTHUBHBIN TEMIIOBOM MOTOK, MOCTYAIOUIUN
yepe3 BOAOYIOP B BOJOHOCHBIN TOPU3OHT, OIpese-

nsieTcst o popmyrie

K R"Z_PZTM
qcvz‘grcrpr(Tr_TnB)' '9rzin'ﬁ'scv‘ (5)

T aT™

[IpuHuMaeTcs, 4YTO AaBlIEHUWE Ta3a OJAMHAKOBO
B oO0beMe moniocTu. [lpu BBICOKOH CKOPOCTH (uIIb-

Tpallud Trasa, JOCTUTAIONIEH HECKOJIbKHX MM/C,
KOHBEKTUBHBIM TEIUIOBOM IOTOK B TEYEHHE CYTOK
IIOCTYNAeT B BOAOHOCHBIN ropu3oHT. [Ipu oTom Har-
peBaeTcsi HEOOJBIION 00bEM BOKPYr TPEIIUH, a
OCHOBHAsl mMacca MOpOJ BOAOYIIOpa MHPOTPEBAETCS
BCJIEJICTBUE KOHIYKTUBHOIO MIEPEHOCA TETUIA.

ITycts = g_./q, — 1mONA KOHBEKTMBHOTO IMOTO-
Ka B 00IIeM MOTOKe Teruia uepe3 Boxoynop. Ocras-
mascs 4acth temia (1 — %) g mocrymaer B Bbllle-
JeXalye nopoJbl KOHAYKTUBHBIM IyTeM. OLEHKH
MIOKA3bIBAIOT, YTO ) HE MPEBBIIIAET HECKOJIBKO MPO-
LIEHTOB JaKe [PY 3HAYUTEIILHOM yBEJIMUEHUU IPOHU-
LaEMOCTH BOZAOYIIOPA.

KoHnykTuBHBIII MOTOK Temja MOCTyHaeT B
BOJIOYIIOp Ha pa3HBIX y4YyacTKax MO MEpe MPOJBU-
JKEHHUSI OTHEBOTO 3a00s1. B cooTBeTcTBUU C TIpHHS-
TOM JIUCKpEeTH3aluell BPEMEHM Ha BCEX YYacTKax
MOJOIIBBI  BOJOYIOpa HaJ Tra30reHeparopoM B
YHUCJIEHHBIX pacyeTax 3aJaeTcsl TEIUIOBOW IMOTOK,
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NCIMOJIb3OBAHNE U COKUTAHWE TOTJ1IMBA

COOTBGTCTByIOH_II/Iﬁ CPpCAHCCYTOUYHOMY 3HA4YC-
HHUIO ch, npudemM il BCEX MOMCHTOB BPEMCHH
9= (=204,

KOHZ[yKTI/IBHBH/I TCIJIOBOU TIIOTOK HIPOCTpAH-
CTBCHHO pacClpcACICTCA 110 IMOAOMBE BOAOYIIOPA.
JInsg Kaxzaoro j-ro ydacrka, IZie HPOUCXOAWIIO I10-
CTYIUICHUC TCIIAa ¢ MOMCHTA l‘[ > 9.4 MOXHO 3aJ1aTb
OTpaHUYCHUA:

q;, 1 <t<t

i+1°

ch' = 6
70 <t t>t, ©)

TeMmmepatypa B clloe BOAOyIOpa HaJll KaXIbIM
y4aCTKOM CYTOYHOTO TIOCTYIUICHHS TeIla pac-
CUMTHIBaETCS 10 hopmyrie

Tj(zat):To+qj'(T(Zat)_T(Z’t_ts))r (7)
T(z,t)z)il\/%itieﬁcA/zr{it. (8)

dopmyna (8) mpencraBisier coOOW aHAIUTH-
YECKOE PEIICHWE YPaBHEHHS TEIJIONPOBOAHOCTH B
OJTHOPOJTHOM TOJTyOrPaHUYCHHOW O00JIacTH, HA Tpa-
HUIIE KOTOPOW 3aJaH MOCTOSIHHBIM €IMHUYHBIN
TETIOBOM MOTOK [7].
TeruioBoM MOTOK Ha KPOBJIE BOAOYIOpPAa MOXKHO
OTpeNeNuTh 0 (hopMyJie
oT(t)
oz ' ©)

z=my

QCd,w (t) = Scd)\

CymmupoBanue BelpaskeHUH (9) Mo BceM ydacTkam
MPOCTPAHCTBEHHOM JUCKPETU3ALUU OIpeesieT 00-
WA KOHXYKTUBHBIN ITIOTOK, IIOCTYNAKOIINAN B IIJIACT.

Pacuer TemiaoBOro moTroka C HCIOJIB30BAHUEM
penieHusi (8) HECKOJIBKO 3aHWKAEeT peajbHOe MOC-
TYIUIEHHE TeIula B NpoHULaeMblid miact. dakruye-
CKH OTOOp Teruia (UIBTPAIIMOHHBIM MOTOKOM CHU-
3UT TEMIIEPATypy Ha MOJOLIBE IUIACTA U YBEIUYMT
OTTOK Teruia u3 Bopoymnopa. OmgHako 3TOT 3pdeKT
OyIeT He3HAYUTENIbHbIM BBUAY HEOONBIION pa3-
HUIIBI, TEMIIEPATyp HArpeToi BOAbI U €€ (HOHOBOU
(ecTecTBEeHHOI) TeMIiepaTyphl B IIIACTE.

OtbOop Temna, MOCTYMAIOLIEro B BOJAOHOCHBIN
TOPU30HT, BO3MOXEH Yepe3 OTKaYMBAIOUIYI0 CKBa-
KUHY, PpACIOJOKEHHYI0 B BOJOHOCHOM ILIAacTe
BONMM3M KaHana razuduxarmu. [Ipeamonoxum, 4To
BECb IIOTOK YCJIOBHO MIHOBEHHO 3aTpaylBaeT-
Csl Ha HAarpeB BOJbI MOCTYMAIOUIEH B CKBAXKUHY, U
OHa cpa3zy ke yhajsercs u3 Iacta. Torga Temme-
parypa BOABI B CKBR)XHHE MOXET OBITh pacCUMTaHa

o opmyie
Tsk(t) T +ch(t)+qcv(t) (10)
l'IBpl'[B sk (t)

bosiee TouHas oOlLEHKA BEJIMYMHBI T; © MOXKCT
ObITh JaHa HAa OCHOBE YHCIECHHOTO MOACINpOBa-
HUA TCIUIOIICPCHOCA B IIPOHUIIACMOM ILIACTE C y4eC-
TOM BCPTUKAJIBHOI'O PACIOJOXKCHUA CKBAXKHWHBI U
JUHAMHKU IMOCTYINICHUSA TCILJIA.

Memoo pewienus u ucxoonvie OanHbvle.

ConocraBuTenbHbIE pacueTsl MO  (Gopmynaam
(1) — (10) ObUIM BBHITIOJIHEHBI B MPOTPAMMHOM Cpe-
ne Mathcad 11 rOpHO-T€0JIOrMUECKUX YCIOBHIMA
yuactka «OIbXOBO HI)KHEE», PACIOIOKEHHOTO B
npenenax YucTakoBo-CHEXHSHCKOTO YTIIEHOCHO-
ro paiiona Jlonernkoro 6acceitHa. KameHoyroiabHbIC
OTJIOKEHUS JAHHOW TEPPUTOPUU TMPEACTABICHBI
cMonsHUHOBCKOH cButoii (C.*), B paspese KOTOpoit
MEXIy OTpabaThIBAEMBIMU YTOJBHBIMU TUIACTAMU
h, ¥ h, DPa3sBUTBI HECKOIBKO HEPAOOYMX YIOJIBbHBIX
HJ'IaCTOB (hy R, h,') ¢ ymamu nagenus ot 10 no
30° [9]. I[aHHLIe IUIACTBI UMEIOT MPOCTOE CTPOE-
HUE, TIOBCEMECTHOE PACTIPOCTPAHCHUE B Tpeenax
BBIJICJICHHOTO YYacTKa U OTHOCSITCS K aHTpalUTaM.
Hns cutel C,° XapakTepHO pa3BUTHE OOBOIHEH-
HOH TOMIM «0abaKoBCKMX» MECYaHUKOB /1, Sh, |
MOIIHOCTBIO 50...60 M, 3ajierarolux BBIIIE yTOJb-
HOrO I1acTa h '. B mpenenax 3Toi TONIM MOA3€EM-
HbIE€ BOJbl UMEIOT THAPOKAPOOHATHO-KAJIBIIUEBBIN
COCTaB C MHHEpaJU3aIue 10 3 I/71 U He UCIIONb3Y-
IOTCSA ISl TTUTHEBOTO BOAOCHAOKEHHWS. Y UHUTHIBAS
TpeOOBaHUs, TIPEABSIBISIEMbIE K YTOJIBHBIM IIJIaCTaM,
otpabateiBaeMbIM criocobom [ICY [2, 5] u dakTuye-
CKH€ JIaHHBbIE O CTPOEHHUE y4acTKa, MO)KHO CUUTATh,
YTO HA JAHHOW TEPPUTOPUU ONTHUMAIHHBIM OymeT
pa3paboTka yrojbHOIO Ijacra h ' ¢ MCIOIb30Ba-
HUEM B KaueCTBE TEIJIOHOCUTEJISI BOJIBI IIE€CUaHUKOB
thShll

Termmodu3ndyeckne CBOWCTBA M TE€OTEXHOJO-
THYECKHE  TaPaMETpbI [ICY npunumanuces cie-
,Z[yIOHII/IMI/I a= 1,1, Q 15 M]JIx/kr; W = 35 %;

p. = 1,1 xr/m’; Py = 1000 Kr/m>; 2C, o = 39 %05
C = 65 %; ¢ ="1000 JIR/Kr 0C po=1 79 10 xr/
McT 900°C1<—10 14M2P = 0,102 MITa;

A =2, 5 Br/m: °C; T =15°C;c = ="4100 Jx/xr-°C;
p,, = 1000 xr/m*; H =200 M; P =3 MlIla; ¢t = 20
cyt; D = 1800 M3/qac. Hnomanb TeruiooOMeHa 3a-
JlaBaJiach KaK 00bEM BBITA30BAHHOIO MPOCTPAHCTBA
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P MOILIHOCTH YTOJBHOTO IIJacTa OJUH METP.
TernoBoil MOTOK, MOCTYHAIOMIMM B MOPOJLI KPOB-
JIM TIOJI3€MHOI'0 Ta30TeHepaTopa, OMPEeNessics Kak
Pa3HOCTh MEX]y TEIUIOTOM CrOpaHus yIisl U TEIJIOM
3aKJIIOYEHHBIM B BBIpAOAThIBAEMOM IIPH 3TOM rase
(0. = 3,33 M/Ix/™’). PacueTsl NpoBOAMINCH C IIa-
TOM 110 BPEMEHH B OTHH CyTKH.

Pe3ynomamut moodenuposanus.

Ha puc. 3 — 4 npuBeneHsl pe3yiabrarbl pacuera
CYMMapHOIO TEIUIOBOTO ITOTOKA IMOCTYIAOLIEro B
BBIILIE€3AJIETAIONINI BOJOHOCHBIM TOPU30HT U TEMIIE-
parypbl HaChILAIOIIMX €r0 MOJ3EMHBIX BOJ B IPO-
ecce CKUraHusl yroipHoro ruiacta. Kpussie (a) u

(0) mosydeHbl MPU Pa3IMYHBIX MOIIHOCTSIX BOJO-
ynopa. AHanu3 TOKa3bIBaeT, YTO C YBEIUYCHHEM
pa3MepoB PA3AEISAIONIETO CIIOS KOJUYECTBO TEIUIa
MPOHUKAIOIIETO B BOAOHOCHBIN IIACT YMEHbIIACT-
Csl, UYTO OYEBUIHO, HO JI0JISI KOHBEKTHUBHOW COCTaB-
JSOIIEH B 0OIeM TOTOKE Teruia Bo3pacraer ¢ 6,5
10 9,3 % 1npu yBEIIMYEHUH MOUIHOCTH BOJOYIIOpa
¢ 3 1o 7 M cooTBeTcTBeHHO. Temmneparypa oTKauu-
BAaE€MbIX MOA3EMHBIX BOJ B MEPUOJ CKUTAHUS YIS
poxomuT 10 90 °C m yMeHbLIaeTcs ¢ yBEIUYEHU-
eM 1e0uTa CKBaXUHBI U MOIIHOCTH BOJOYTOPHBIX
nopox. Ilocne mpekparieHusi mpouecca CKUTaHUS
YIJISL OHA PE3KO CHUYKAETCS U JOCTUTaeT CBOUX Ha-
yanbHbIX 3HaUeHM criycTs 100 cyT.

2
N

MOIIHOCTE TENNOBOTO T0TOKA, 10° BT

\‘*m_‘_k_

e ? e Lo o |

e S —

100

150

200 250 300

Bpem, ¢v1
Puc. 3. Hamenenue koneexkmugnoii (1) u konoykmuenoii (2) cocmaensatouieii menioo2o nomoka,
nocmynawuiezo 6 6000HOCHbLIL 20PU3OHN NPU HOO3EMHOM CHCUZAHUU Y20/IbHO20 naacma
C 86000YyNOPHBIMU ROPOOAMU MOuiHOCHbI0 7 (@) u 3 m (0).

—

|

&3 40

55
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% n 211
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Puc. 4. H3menenue memnepamypot n0O3EMHBIX 600, OMOUPAEMBIX CKEAIHCUHOU U3
6000HOCHO20 NaACMA, 3071€2A10U{e20 HAO NOO3EMHBIM 2A302€HEPANOPOM.
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Ha puc. 5 npencrasnen temnoBoii 6ananc [1CY.
AHanu3 [uarpaMM MoKasbIBaeT, YTO OOJIbIIasi 4acTh
(64 %) Temna COKMTAEMOTO TOIUTHBA COICPIKUTCS
B BbIpabOaTbiBacMoM rasze. Ha pomo ¢usmueckoro
Teruia (IoNa aroIlero B rOpHbId MacCUB) IPUXOAST-
cs ocraBumecd 36 %. B BOOOHOCHBIN TOPU30HT, B
3aBUCUMOCTH OT MOILHOCTH Boxpoymopa (3...7 m),
nocrynaetr ot 18 mo 25 % Belaensmonieiics B mpo-

LIECCE CXKUTaHUs TEIIoBOM sHepruu. OcTalbHOE
(¢bU3UYeCcKOoe TEIUIO TIOIVIONMIACTCS BMEIIAIOITUMU
noponamu. OTOOp HArpeThIX BOJ M3 BOIOHOCHOTO
IJIACTA MO3BOJISIET UCIIOIB30BaTh aKKyMYJIUPYIOLLY-
FOCA B BOJOHOCHBIX IOPOJAX TEIUIOBYIO SHEPIHUIO U
tem caMmbiM noBbeicuTh KIIJ[ mponecca noazemHoro
coxuranusa 1o 85 %.

35

2.5

K
]

1.5

T ITTI I I T

3 2%

Konuvectea tenna, T

1

I

B,

z

R
T

]

0.5

0

Puc. 5. Bananc mennoeoii Inepzuu npu NOO3EMHOM CHCUAHUU HEKOHOUWUOHHO20
y2016H020 naacma yuacmka « OJ16xX080 HUICHEE):
1 — xumuueckoe menno, 3axkntouennoe ¢ 2aze IICY; 2 - 3 — menno, nocmynawuiee 8 6000HOCHbLIL
20pU30HM KOHOYKMUBHBIM U KOHBEKMIUGHBIM HYMEM COOM-6EHICHBEEHHO;
4 — puszuuecxkoe menso, noznouwieHHOE NOPOOHBIM MACCUBOM.
Hugppamu noxazana 0ons menna om oouieli Meniomvl C2OPAHUSL MONIUEA 8 NPOUECHMAX.

Buieoowt.

Pa3paborana Mojenb TemonepeHoca B IO-
poAax KpOBIM TMOI3EMHOTO Ta30reHeparopa Mpu
CKUTaHWW YTOJBHOTO Iacta. lcmonb3oBaHHBIE
MIPH TECTHPOBAHUU MOJETH TOPHO-TEOJIOTHYECKUE
U TEIUIOPU3NYECKUE TapaMeTpbl COOTBETCTBYIOT
YCIOBHSIM PEATbHOTO YTOJBHOTO Y4YacTKa, MpH-
TOMHOTO JIi OTPabOTKM CHOCOOOM IO/3€MHOTO
CKATaHWS. DBBITIOJHEHHBIE pacyeThl TO3BOJIHIN
OLIEHHTh POJb KOHBEKTHBHOM W KOHIYKTHBHON
COCTaBJISIIOIICH TEMJIOBOIO IOTOKAa B HarpeBe
MOA3EMHBIX BOJl BBIIIE3AJIETAIOIETO BOJOHOCHO-
ro ropu3oHta. Ilo pesympratam MOmENIUPOBAHUS
YCTaHOBJICHBI KOJIMYECTBEHHBIC MTOKA3aTeIH YMEHb-
[ICHUs] BEJIMYUHBI IOTOKA U TEMIIEpaTyphl MO3EM-
HBIX BOJ C YBEIHUYEHHEM MOIIHOCTH BOIOYIIOPHO-

ro CJosg M JeOWTa IKCIUTyaTallMOHHOW CKBa)KWHBI.
Tennosor Oananc IICY mokasai, 4To B BOJOHOC-
HOM INIacTe HakarumBaeTcs oT 18 mo 25 % Tternia,
BBIJICTIAIONIETOCS. TPU CXKUTAHUU YIS, DTO MO3-
BOJISIET cyliecTBeHHO HarpeTh (1o 90 °C) Hacklma-
IOIIME €ro IMOJA3€MHBIE BOJIBI, MCIIOJIL30BaTh UX JJIS
TeIIocHaAOKeHUsT 3MaHuil U moBeIcHTh KIIJI mom-
3€eMHOI'0 CKUTaHUA 10 85 %.

JanpHenmee pa3BUTHE JAHHOW MOJENHU IENe-
COO00Opa3HO ITyTEeM MOBBIIICHHS €€ aJICKBAaTHOCTH Pe-
aJbHOW T€OTEXHOJIOTUYECKOM cXeMe, KoTopas Mpea-
MoJIaraeT OJIHOBPEMEHHYIO 3aKadKy M OTOOpP BOJIBI
pa3HOW TeMmIiepaTypbl 4epe3 CUCTEMY HECKOJIbKHUX
ckBaxuH. Kpome TOro, HE0OX0MMMa OICHKa 3KOHO-
Mu4eckor 3((HEKTUBHOCTH HCIIOJIb30BAHUS TEILIO-
BOM 3HEPruM BOAOHOCHBIX TOpu30HTOB mpu IICY
Ha OCHOBE PE3yJbTaTOB MO/ICIUPOBAHUS.
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PROSPECTS OF USE OF THERMAL
ENERGY IN AQUIFERS UNDERGROUND
BURNING OF COAL

Sadovenko I.A., Inkin A.V.

State HEI «National Mining University» of the
Ministry of education and science of Ukraine,
Karl Marx Av., 19, Dnipropetrovs’k, 49600, Ukraine

Key words: underground coal combustion, thermal
energy, underground water.

Purpose. Installing the dynamics of formation of a
thermal field around underground gas generator and
the possibility of withdrawal of ground water are
heated to heat buildings.

Methods. Developed and applied methods based on
numerical modeling of convective and conductive
heat flow component that penetrates from the
reaction channel in the aquifer which lies above.
Verification of the model made for the geological
conditions of the site «Olho bottom», located within
Chistyakovo-Snizhne carboniferous region Donetsk
basin.

Results. The estimates varying the heat flux and
temperature in groundwater depending on capacity
impermeable layer deterioration. Based on nume-
rical analysis found that by the end of working coal
aquifers in the array can accumulate more than 60 %
of the heat that enters the host rocks. The selection
of the heated water will enhance the efficiency of
POC to 85 %.
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