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AnHoTtanus. CtaThs HampaplicHa Ha pa3pabOTKy MaTeMaTHYeCKOW MOJIEIH IepeHoca TeIia B
MOJI3EMHBIX BOJIaX, HACHIIIAOIIMX MOKPHIBAOIINE MOPOJIbI YTOJIBHOTO IACTA MPH €r0 MOJA3EMHOM
cokuranuu. Kpome Toro, B 3a/a4y MCCICIOBAaHUI BXOIWIO YCTAHOBIICHUE JUHAMHKU (OPMHUPOBa-
HHUS THAPOTEPMHUYECKHX IOJIeH B BOJJOHOCHOM TOPHU30HTE, 3aJICTaolleM Haj peaKIIMOHHBIM KaHa-
JIOM.

Pa3zpaboranHas MaremMaTHyecKold MOJICNIb OCHOBaHAa Ha yCTAaHOBJICHHE TEIUIOBOTO OajaHca B
00BEMe BOJIOHOCHOM TOJINHU, PACIIONIONKEHHOM HEMOCPEACTBCHHO HAJ HArPeBAacMBIM BOIOYIIOPOM.
BrruucnurenbHas peanusaius Mojaead Obla BBIIIOJHEHA ¢ momoinbio nporpammbel ModFlow 2009
(Schlumberger W.S.). 1511 ropHO-T€OJOTHYECKUX YCIOBUH yuacTka «OIbX0BO HUXKHEE» J{OHEIKo-
ro OacceifHa MOTY4YeHBI MapaMeTPbl U3MEHEHUS pa3MepoB U (HOPMBI TEIJIOBBIX aHOMaNuH, Gopmu-
PYIOIIUXCS B BOJIOTIPOHUIIAEMBIX TIOPOJIaX HAJl KPOBJICH yroJIbHOTO IJIacTa B 3aBUCUMOCTH OT yria
€ro ImajJeHus U CTaJIuu COKUTaHUs.

Pe3ynbTarhl MccienoBaHU MO3BOJISIFOT OIICHUTh KOH(PHUTYypaIluu TEPMAIBHBIX 30H, OTpPaKaro-
1€ TeYeHHEe BOJbI B 0OBOJHEHHBIX MOPOAAX KPOBIH YrOJIHHOTO TIACTa M MOTYT HCIIOJIb30BAThCS
JUIS. YCTAHOBJICHUS ONTUMATBHBIX TEPHUOJIOB OTOOpA HArpeThIX BOJ M3 BOJOHOCHOTO TOPH3OHTA.
[TonydeHHble pe3ynbTaThl TAK)KE MOTYT OBITh MPUMEHEHBI JIJISI OMPEIEICHUs KCILTyaTalliOHHbBIX
3aImacoB TEPMaTBHBIX BOJI M ITAPAMETPOB TEOTEXHOJIOTUH UX O0TOODA.

KuioueBble ci10Ba: MoA3eMHOE C)KUTAHHE YTIIsA, BOJIOHOCHBIM TOPU30HT, TEIUIONEPEHOC, MOJIe-
JTUPOBaHUE.

BBEJIEHME. Tlo onenkam Beaymux HedTerazoBbix KoMmanuii, Hadamo XXI Beka
O03HAMEHOBAJIOCh  3HAUUTEJIbHBIM  YBEJIMYCHUEM JOJM YIJII B  TOIUIMBHO-
SHEpPreTUYeCKOM OastaHce psiga ctpan mupa [1, 2]. Poct ero nmorpeOieHust ObLT BbI-
3BaH, C OJIHOM CTOPOHBI, OTPAHUUYCHHOCTHIO 3aMacoB He(PTH W MPUPOIHOTO Tasza, a
TaKXke TepeMelIeHeM pa3padaThiBAEMbIX MECTOPOXKICHUM B TPYAHOJOCTYITHBIC
palioHBbI, C IPYyroi CTOPOHBI, TpoOIeMaMu 0€30MTaCHOCTH aTOMHBIX 3JIEKTPOCTAHIIUI
Y BBICOKMMU 3aTpaTaMu Ha 3aXOPOHEHUE PAJMOAKTUBHBIX OTXO/IOB.
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Bwmecte ¢ Tem, yBenuueHue N0OBIYU U TIEPEPAOOTKH YISl TPAAUIIMOHHBIMU CITO-
co0aMM MPUBEIIO K MPEBPAIICHUIO YTIeA00bIBAIOIINX PETHOHOB B 30HBI IKOJIOTHYE-
ckoro OeactBusi. Tak, paboTa HEOOJNBIION YrOJbHON 3JIEKTPOCTAHIIMU MOIIHOCTHIO
200 MBT comnpoBoxaaeTcs €xXerogHbM BeIOpocoM B atMocdepy 100 ThIC. T TBEpABIX
9acTHIl, 15 ThIC. T CEPHUCTBIX COCTUHECHUMN U 2 THIC. T OKUCJIOB a3oTa [3, 4].

Pacmupenue cdepbl UCMOIB30BaHUS YTOJBHBIX PECYpPCOB BO3MOXKHO IMyTEM HX
npeoOpa3oBaHus HA MECTE 3aJIeTaHusl B KOJIOTUUYECKH 00JIee YUCThIN ra3000pa3HbIii
sHeproHocutenb. Hanbomnee TeXHMUECKH OCBOCHHBIM MPOIIECCOM TaKOW MepepadoTKH
apisieTca nojazemuoe cxuranue yris (IICY). Ognako, HeCMOTPs HAa MOYTH BEKOBOM
Hay4YHO-IPOMBIIIJICHHBIN ONBIT Pa3BUTHUS, OHO JO CUX IOpP HE MOJYYHUIJIO IIHUPOKOTO
pacnpocTpaHEHUsl BBHJY 3HAYUTEIBHOIO PAaCCEMBAHMS BbIpa0aThIBAEMOM TEIUIOBOM
SHEPTUH B IIOPOJHOM Maccuse [5, 6].

Jlist moBeimennst KI1J[ manno# TexHomornu B padote [7] yxe Oblia yCTaHOBJICHA
BO3MOXHOCTh OTOOpa M KOJIMYECTBEHHAs XapaKTepUCTHUKA TEIJIOBOTO MOTOKA MOCTY-
MAUIEr0 U3 PEAKIMOHHOIO KaHaja B BBINIE 3aJIEralolldid BOJOHOCHBIA TOPU3O0HT.
[lenpto naHHOM pPabOTHI SBJISETCS KOJUYECTBEHHBIM aHAIU3 MPOCTPAHCTBEHHO-
BPEMEHHOHN JTUHAMHUKU (OPMHUPOBAHUS THIPOTEOTEPMHUUECKUX TOJICH, 00pa3yIonuX-
Csi B BOJOHOCHOM IUIACTE MPH CXKUTAHUM YIJIS. DTO MO3BOJIUT OOOCHOBATH PaIuo-
HaJIbHbIE TEXHOJIOTMYECKHUE MTapaMeTpPhbl U3BJICUCHUS TEIUIa U3 OTKAYMBAEMbIX Harpe-
TBIX BOJI.

METO/JUKA. /IBymepHas B IJIJaHE MUTPALIMS TEIIA B TOA3EMHBIX BOJIAX OIMUCHI-
BaeTCsS ypaBHCHUSAMH IMPHUBEICHHBIMU B padote [8]. [IpuHIMIIMAIRHO BaXXHBIM JTa-
IOM pa3pabOTKH MOJIEIH SBIISETCA KOPPEKTHASI (POPMYITUPOBKA TPAHUYHOTO YCIOBUSA
[0 TeMIIepaType Ha MOJOIIBE BOJOHOCHOIO FOPU30HTA HaJ PEAKIIMOHHBIM KaHAJIOM.
Jlist onipenienienysi TeMnepaTypsl MOJ3EMHBIX BOJ B JAHHOM 4acTH BOJOHOCHOTO Tia-
cTa BbIAENSIETCS] 00bEMHBIN OJ0K Majiol TOJIMHBI B BUJIE MapajuieieuIeia, pacno-
JI0’)KEHHBIN HEMOCPEICTBEHHO HaJl HAarpeThIM BOAOYIOPOM, IA€ MPOUCXOJIUT TEIJIO-
obmeH (puc. 1).
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Pucynoxk 1 — Cxema Gananca Teruia B 0J10K€ BOJOHOCHOTO TIacTa HaJl KPOBJIEH PEaKIIMOHHOTO
KaHaja Mpu C)KUTAaHUM YTIIs

bananc temia B OJoke OoIpCACIACTCA Ha OCHOBAHMHM PAaBCHCTBA IIOTOKa TCILIA
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CHHU3Y OT peakinoHHOro KaHana (Qg) TpeM COCTABIISIIONTUM: KOHBEKTUBHOMY BBIHOCY
Teria GUILTPaMOHHBIM MOTOKOM (Q2), YOBUTH Teljia B pe3ybTaTe 3aMEIICHUS TeTl-
7101 BoJIbI X0J1071HOM (Q1), KOHIYKTUBHOIO TTOTOKa Teruia BBepx (Qs3), a Takke Teria,
3aTpayMBaeMOro Ha U3MEHEHHE TeMIIepaTyphbl MOJ3EMHBIX BOJ U TOPHBIX MOPOJI He-
MOCPEJICTBEHHO B OJIOKE.

[Tpu yuére Gananca Teruia B 6JI0Ke MPUHSTHI CIEAYyIONIME JomylieHus: 1) 6anaHc
TeIJIa ONpeneNsieTcs IJisi MOCIeA0BAaTeIbHOCTU MEPUOIOB (HAMpUMep, JIUTEIbHO-
CThIO | CYT), B TEUCHHE KaXKJIOTO U3 KOTOPHIX TETUIO(U3UIECKUE TTapaMeTPhl OCpe/I-
HAIOTCA; 2) O0KOBas TEIUIOOTAa4a U3 OJ0Ka HE YUUTHIBAETCS, MOCKOJIbKY OHa Ha TO-
PAIOK MEHBIE TEIJIOOTAAYN Yepe3 €ro BEpXHIO TpaHuily; 3) K03 UIIMEHTH Tpa-
HUYHOTO yCIIOBHS 3a7jaud TEIUIONEPEeHOCa OMpPEEsIOTCS Ha OCHOBE MpEeABapUTEIb-
HO PacCYMTAHHOTO TMOJIsl CKopocTel (unbrparmu; 4) Temreparypa B OJOKe OCpeTHs-
€TCs TI0 €€ HaYaJbHBIM U KOHEYHBIM 3HAUCHHUSM B KXKIBIM MEPUO; 5) TeMmeparypa
BOJIbI U TOPOJIbI B OJIOKE OJIMHAKOBA U BHIPABHUBAETCS YCIOBHO MTHOBEHHO IPHU BTE-
KaHUM U BBITEKAaHUH BOJIBI C pa3HOM TeMIIepaTypoH.

TEOPETUYECKAS YACTD. Ilpu caenaHHbIX AOMYIIEHUSIX U3MEHEHUE TEMIIE-
paTyphl BOJIbI M IOPOJT B OJIOKE OIpeeIiseTcsl ypaBHEHUEeM OaaHca Teruia:

Qo +Q1—Q2-Q3 =(T; -Ty)- B, 1)
rae B = pwCwVw + 2uCiVa, (2)
Qo = aAXay, ©3)
Q= ATy A=Ay -AZ-V - 7-Cypy T (4)
Q =a-11tTo, (5)
2
Qs = axeay S (710 7)< D (L0 T, (6)

rae T.y— (poHOBasg Temmeparypa BOJbl B BOJJOHOCHOM TOPU30HTE (TeMIlepaTypa Xo-
Jo1HOM Bobl); Ty, T3 — COOTBETCTBEHHO TEMIIEpaTypa BOJbI U OPOJ B OJIOKE CETKH
pasmepamu AxAy/z B Havyaye U B KOHIIE MEPUOJIa BPEMEHU OCPEIHEHUS 7 ; ( — MOIII-
HOCTh TETIJIOBOTO MOTOKA OT PEAaKIMOHHOTO KaHana; V — ckopocTh punbTparnuu; A —
TEIJIONPOBOAHOCTh BOAOHOCHOTO IUIACTA; p,,CyV,, — COOTBETCTBEHHO IUIOTHOCTb, T€-

IJIOEMKOCTh U 00BEM BOIBI B OJI0Ke; p,¢,V, — IMIOTHOCTE, TEINIOEMKOCTh U 00BEM

opo/J1 B OJIOKE.
[Toacrasnss Beipaxenus (2)-(6) B (1), moyuum

_QT—(A+D)'(|-0/2—TCW)+BTO.
B B+A/2+D/2

Ty
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IIprbaBuM U BBIYTEM U3 THCITUTEIS (A 4 D)Lo , TOra
2

Q7 —(A+D)-(To ~Tew) | (7)

T1=T0+
B+A/2+DJ/2

€CJIM PACCUUTHIBACTCSI BPEMEHHOM PsiJ TEMIIEPATYP TO

T o7+ Qiz ~(A+D)- (Tiy ~Tew) | (8)
B+A/2+DJ/2

rae Tj — Temmneparypa B 6JI0Ke CeTKH B TEUCHHE 1-T'O TTEPHO0/1a OCPEITHCHHUS.

U3menenue TermnoeMkocTd C 1 TEMIONPOBOAHOCTH A BOJOHOCHOIO IJIacTa B 3a-
BHCUMOCTH OT TeMIepaTypbl I BhIpa)kaeTCs CIACIYIOIIUMHU YpaBHEHUAMU [9]

Cn = CZO + Oln(T — 20) (9)

A= 120 /(1+ aﬂ,on) (10)

rac Czo, 220 — COOTBCTCTBCHHO TCIINIOCMKOCTL M TCIIIOIIPOBOJHOCTH BOJOHOCHBIX

opoJ1 B HopMalibHBIX ycinoBusx (pu 7= 20°C); n, @ — noctossHHas (3aBUCSIIAS OT
THUIIA TOPOJ]) U MONPABOYHBIN KOAP(OUIIMEHT COOTBETCTBEHHO.

N3menenne kord¢unuenTa GuiIbTpali B 3aBUCUMOCTH OT TeMIIEpaTypbl BOJbI
YUUTBIBA€TCS U3MEHEHHEM BA3KOCTH BOJbI 4 (I1a-c)

w=0,000183/(1 + 0,0337T + 0,000221T°) (11)

B pesynbrare mocienoBaTeabHBIX pacueToB 1Mo ¢opmysie (8) MOKHO ONPEIETUTh
NEPEMEHHYI0 BO BpPEMEHU TeMIlepaTypy, KoTopas 3afaeTcsi B OJOKE KOHEYHO-
Pa3HOCTHOM CETKU MPU YUCICHHOM MOJeNUpoBaHuH. B ocTanbHBIX OJ0KaxX Haj BO-
JOYTOPOM BHE PEAKIIMOHHOTO KaHasa 3a/Jal0TCsl HyJIEBbIE MMOTOKH TETIa M BOJIBI.

PE3VJIBTATBI N1 UX OBCYXIEHHUE. KoagdpuuueHTsl rpaHUYHbBIX YCIOBHIMA
Obl  ompeneneHbl 1o  Qgopmyne (8) B mporpamme Mathcad s ropo-
re0JIOTHYECKHUX YCIOBUH ydacTka «OJbX0BO HIDKHEE», PACMOIOKEHHOTO B Mpeaeax
YucTsakoBo-CHEXHSIHCKOTO YIJIEHOCHOTO paiioHa JloHenkoro OacceiiHa. KameHo-
YTOJIbHBIC OTJIOKCHUS JTAHHON TePPUTOPUH (PUC. 2) TIPEICTABICHBI CMOJITHHHOBCKOI
ceuroii (C,°), B pa3pese KOTOpOil MEXIy OTpabaThIBa€MbIMU YTOJBHBIMU TJIACTAMU
hg u hy1 pasBUTEI HECKOIBKO HepaGounx yrompHbIX miactoB (Ng, hi”, hi') ¢ yrmamu
nagerus ot 10 xo 30 [10].
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1, 2 — cooTBEeTCTBEHHO padoyUre
1 HepaOouue YyroJbHbIE MIaCThI;
3 — BOJIOHOCHBI TOPU30HT,
HarpeBaeMbIii IPU CKUTAHUH

yriis

Pucynok 2 — JIutonoro-
cTpaturpaduyeckuii paspes
CMOJITHUHOBCKOU CBUTHI

JlaHHBIE TIIACTHI MMEIOT MPOCTOE CTPOCHUE H
MOBCEMECTHOE PACIpOCTPaHEHUE B MpeJenax Bblje-
JICHHOTO y4YacTKa. YTJIM OTHOCATCS K aHTpalMTaMm
(W* = 2.5%, A°=17%, S,;* = 1.8%). Jlns cuts C,°
XapaKTepHO pa3BUTHE OOBOJHEHHOM ToIU «Oaba-
KOBCKHUX» ITecuaHukoB hioShy1 MmomaocTEI0 50-60 M,
3aJIeralolliX BbIIIE yroabHOro miacta hi'. B mpe-
Jieax 3TOM TOJIITU TTOA3EMHBIE BOJBI UMEIOT THAPO-
KapOOHATHO-KAJIBIUEBBIA COCTaB C MHHEpPAIU3AIlH-
eil 10 3 I/ ¥ He UCTOIB3YIOTCS ISl MUTHEBOTO BO-
NOCHAOKEeHUS. YUHUTbIBasg TpeOOBaHUS, MPEIbSIB-
JsieMbIe K YTOJBHBIM IUIacTaM, OTpadaThIBAEMbIM
cnocobom TICY [5] m ¢akTudeckne naHHBIE O
CTpPOEHHUE Yy4acTKa, MOKHO CUMTaTh, YTO HA JAHHOU
TEPPUTOPUHM  ONTHUMAIBHBIM OyaeT pa3paboTka
YropHOro miacta Ny’ ¢ HCIONBb30BaHHEM B Kade-
CTBE TEIUIOHOCHUTEJIS BOBI TIECYAaHUKOB NyoShy g,

Ha puc. 3 npuBeneHsl pe3ynbTaThl pacuera TeM-
nepaTrypsl 0710ka OOBOJHEHHBIX MECUaHUKOB, 3aJie-
raroluX HaJ[ C)KUTAEMbIM YTOJBHBIM IUIACTOM IpHU
Pa3TUYHBIX CKOPOCTAX (PHIIBTpAIliU TTOA3EMHBIX
BOJI, COOTBETCTBYIOIIUX MEPHOIaM 0TOOpa, TPOCTOS
W 3aKauykh BOABI B YCIOBUAX ydacTka «OJIbXOBO
HwkHEe»: 1oy =12°C; Ax=Ay=25wm; Az=1wm;
T =1cyr; Ayp=107Br/™M - C; p, =1900 kr/m%;
N=233; «a=10°wBr; Cy =900 Dx/kr-°C;
V,=500 > V,=125m% C, = 4182 ix/kr-°C;
Pw= 1000 xr/m’

Benuuuna TeroBoro moToka ¢, MOCTYIAOIIETO
U3 PEaKIIMOHHOTO KaHajla B BOAOHOCHBIN TOPU30HT,
paccuMThIBAJIach MO METOAUKE [7] MpU MOITHOCTH
BOjloymopa 5 M. 3HaAYeHHE CKOPOCTEH (QuibTpanuu
MOA3eMHBIX BOJl V OBLIO OMpeesieHO B pe3yJibTare
pelIeHUs] TUJIPOJMHAMHYECKOW 3aJaud METOO0M
YUCJIICHHOTO  MOJICJIMPOBAaHMSI B MpoOTpamMMme
ModFlow 2009. MopaenupoBaHue TeIIONEpPeHOCA
OBLIO BBIIIOJHEHO I «0a0aKOBCKOIT» BOJIOHOCHOU
TOJIIIIE TIPH 3aKayke W OTOOpE TETUIOHOCUTEIICH B
TEYEHUE OJHOTO Toja. [[sa permeHus mocTaBIeHHOM
3aJlayd MCIOJIb30BaIach pa3paboTaHHAs W IMPOTEC-
TUpPOBaHHAs B [8] yMCIEHHAs] MOJZENIb C HECTAIuo-
HapHBIMH MCTOYHUKAMHU BOJIbI W TEILIA, JIO3BOJISIO-
11asi OTMCHIBATH MEPEXOTHBIC PEKUMBI.
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1 -V=0,92 m/cyt (mpupoaubiii pexxuM ¢punbTpaiun); 2 — V=1,13 m/cyT (3aKauka BOJIbI B I1JIACT);
3 —V=1,45 m/cyT (0TOOp OJI3EMHBIX BOJ)
Pucynok 3 — M3mMeHeHne TemiepaTypsl [I0POJ BOLOHOCHOTO FOPH30HTA HEMOCPEACTBEHHO
HaJI KPOBJICH CXKMTaeMOT0 YrOJIBHOTO IjIacTa ¢ yriaoM najaeHus 10

[TpennoxeHHast MOJENb MO3BOJISIET ONPEAEIATh KOJIMYECTBO OTOUPAEMOro Teria
B 3aBHCHUMOCTH OT CKOpPOCTU (PMJIBTPALlMU BOJBI B IIACTE, €T0 HAKJIOHA, MOILIHOCTH,
pacrojoKEHUs] CKBaKUHBI OTHOCUTEJIBHO PEAKIIMOHHOTO KaHajla, HECTAllMOHAPHOTO
XapakTepa TEIJIOBBIACNCHUA U T.A. JIeOUT CKBaKWMHBI, MPOOYPEHHOW 1O TMOAOIIBBI
BOJIOHOCHOTO TOPU30HTA, MPUHUMAJICS B COOTBETCTBHM C T'OJIOBOM JMHAMHKOW TO-
TpeOJIeHHs TETIOBOM YHEPTHH KIIUIIHO-KOMMYHaIbHbIM cekTopoMm: 0-30 cyT (cxku-
ranue yronpHoro 1miacta); 30-180 cyT (oTOOp TEMIOHOCUTENS B XOJIOIHOE BpEMS TO-
ma ¢ geburom 200 m*/cyt); 180-245 cyt (mpoctoii); 245-335 cyT (3akadka BOABI B
ILIACT JIETOM C pacxomoM 333 m/cyT); 335-365 cyT (IoAroToBHTEIbHEIEC paboTsr). Ha
puc. 4, 5 npuBeaeHbl pazMepsl U GOPMbI THAPOTE€OTEPMUUECKUX MOJIEH, BO3HUKAIO-
HIMX B «0a0aKOBCKUX» BOJOHOCHBIX MECYAHMKAX MPU CKUTAHUU YTOJBHOIO IJIacTa
hio" B pasiMUHBIC IEPHOIBI BPEMEHH.

AHanu3upys NOoJy4YeHHbIE pPe3yiabTaThl MOXKHO OTMETUTh TECHYIO a — OHHM PacIio-
JaraloTCAB3auMOCBSI3b MEXAY TeMIIepaTypoil BOJOHOCHOIO TOPU30HTA, CKOPOCTHIO
¢buibTpauy MOA3EMHBIX BOJ U YIJIOM HakJIoOHa Iuiacta. Kondurypanus usorepm He
COBMAJIa€T C U30TUIICAMH BOJOHOCHOI'O TOPU30HTBATh MEPEXOAHBIC PEKUMBI.

[TpennoxxeHHass MOJENb MO3BOJISIET OMPEACIATH KOJIMYECTBO OTOUPAEMOro Teruia
B 3aBHCHMOCTH OT CKOPOCTH (MIIBTPAIIMHU BOJBI B TUIACTE, €T0 HAKIOHA, MOIIHOCTH,
pacToOJIOKEHUSI CKBOKWHBI OTHOCHTEIFHO PEaKIIMOHHOTO KaHayla, HeCTAIlMOHAPHOTO
XapakTepa TeIJIOBbIAeNeHNsI U T.A. JleOUT CKBaKWHBI, TPOOYPEHHON O TOIOIIBHI
BOJIOHOCHOTO TOPU30HTA, MPUHUMAJICS B COOTBETCTBHM C TOJIOBOM JMHAMHKOW TO-
TpeOJIeHUs TEIIOBOM SHEPTUH KUJIUIIHO-KOMMYHaJIbHBIM cekTopoMm: 0-30 cyT (cxu-
ranve yroybpHoro miacta); 30-180 cyT (0TOOp TENIOHOCUTENSI B XOJIO0HOE BpeMsI TO-
ma ¢ geburom 200 m°/cyT); 180-245 cyt (mpoctoii); 245-335 cyT (3akadka BOABI B
ILIACT JIETOM C pacxoxoM 333 m*/cyT); 335-365 cyT (moaroToBuTebHEIE paboTs). Ha
puc. 4, 5 npuBeaeHs! pazMepsl U (HOPMBI THAPOTEOTEPMHUUECKUX MOJIEH, BO3HUKAIO-
X B «0a0aKOBCKMX» BOJOHOCHBIX MECYAHHKAX MPU CKUTAHUU YTOJBHOTO IJIacTa
hio" B pasiMUHBIE IEPHOBI BPEMEHH.
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CTpeJ'IKaMI/I IMOKa3aHbl HAITPABJICHUA TCUCHUA ITOA3CEMHBIX BOJ

a), 6) — mo oxonuanuu cxxuranus yris (f = 30 cyT) cooTBeTCTBEHHO Ha BbIcoTe 1 1 3 M OT
BOJIOYIIOPA; B) MIPH 3aBepiieHuu oroopa HarpeThix Boa (t = 180 cyT); r) mocie mocieayonero
npoctost (t = 245 cyT); 1 — dsKCcITyaTallMOHHAs CKBO)KMHA HA/l PEaKIIMOHHBIM KaHAIIOM

Pucynok 4 — Pacrnipenenenue ypoBHS MOA3EMHBIX BOJI (M30THIICHI) M UX TEMIIEPATyphl (OTTEHKU
CEeporo 1BeTa) B BOJJOHOCHOM T'OPHU30HTE, 3aJIETal0IeM Hal YTOJbHBIM IIACTOM MPH €ro 0TpaboTKe
cnocodoom IICY

AHaM3Upys TOJIYYCHHBIC PE3YJIBTaThl MOKHO OTMETHTh TECHYIOTIO OTHOIIICHHUIO
K PEaKIMOHHOMY KaHAIIy W BBITATUBAIOTCS IO JBMXKCHHIO MOTOKa (puc. 4, a). Opeon
HarpeThiX BOJI IMOCTEIICHHO PAacTET BBEPX, MPHOIIMIKASICh K KPOBJIE BOJOHOCHOTO TO-
PHU30HTA, U OJHOBPEMEHHO pacTekaercs mo Hell. [Ipu 3ToM mo mMepe yaaieHus ot Bo-
JI0yTIOpa TEPMUYECKHUE 30HBI B TUIACTE CHIDKAIOT CBOIO TEMIEPATYPy U MHTCHCHUBHO
MEePEMENIAIOTC OT TEIMJIOBOTO HWCTOYHHUKA C Pa3phbIBOM TEIUIOBBIX aHOMAJIHHA
(puc. 4, 6).

Pacmpenue Bo BpeMeHM 00JIaCTH TEIUIOBOTO BO3ACUCTBHUS MPOUCXOIAUT BCIIE/I-
CTBHE KOHBEKTHBHOTO MEPEHOCA HArPETHIX BOJI MOJ BIUSHHUEM MPUPOTHOTO MOTOKA,
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a TakKe IOoJA BO3JCHCTBUEM MOJEKYJSIPHONW (KOHAYKTUBHOM) TEIUIONPOBOIHOCTH.
[Ipy 5TOM KOHBEKTHBHAs COCTAaBJIAIOIIAs TEIUIONEPEHOCAa MMEET Ipeodiiafaroiiye
3HAYEHHUE B TOPU30HTAIIBHOM HAIPABJICHUH, & KOHAYKTHBHAS — B BEpTUKAJIBHOM. []o-
cjle JUKBUAALMM TEIUIOBOTO MCTOYHHMKA (OKOHYAHUS C)KUTAHMs YrOJBHOIO ILjia-
cTa, puc. 4 B, I') paclpoCTpaHEHHE TEIJIOBOIO BO3JEHCTBUS B MTOA3EMHBIX BOJIaX 00Y-
CJIOBJIEHO pacTeKaHHUEM C(POPMUPOBAHHOI'O PAHEE OPEOJIa HArpeThIX BOJ U paccenBa-
HUEM TeIla B TOPHOM MACCHBE.

[Tocne 3aBepiieHust oTpaboTKK yronbHOro miacta cnocodom IICY (puc. 5, a)
MaKCUMyM TemneparypHoil anomanuu (7- Tg,) pacmnonaraeTcs B mpezienax 0j1oka Bo-
JIOHOCHBIX TTOPOJ] Ha/l PEaKIIMOHHBIM KaHaiioM (x = 20 m).
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Pucynok 5 — IIpeBblnieHre TemMneparypsl OJI3€MHBIX BOJ B 0OBOAHEHHBIX [TOPOJIaX HaJl KPOBIEH
YrOJIBHOTO TUIACTA MPH ero CKUraHuu 1o paznuaHbM mpoduisam (I — 1, 1T =11, 1T =1 u IV - 1V)
cnyctsi t = 30 cyr (a), t = 100 cyt (6), t = 180 cyTt (B) u t = 245 cyT (), Ipu yrie naacHUs
BOAOHOCHOTO Topu3onTa: 1 — 10°; 2 — 20°; 3 -30°
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[Io mMepe yBennueHMUs yIiia HAKJIOHA BOJOHOCHOW TOJIIM OH MEIJIEHHO IeEpeMe-
IIAETCS MO MOTOKY MOA3EMHBIX BOJ, IPH 3TOM €ro MaKCHUMaJlbHOE 3HAYEHUE YMEHb-
maetcs ¢ 70 o 45°C. Haubomnblue TemnepaTypbl MOJ3EMHbBIX BOJ XapaKTEePHbI IS
HanOoJIee MoJI0roro BOJAOHOCHOIO Iu1acTa. Pa3HuLIbI TeMIiepaTyp HarpeThiX U €CTECT-
BEHHBIX MOA3eMHBIX BOJ 10 npodumo | — | mpu x = 70 M B ruiactax ¢ yriamu mnaje-
Hust 10 u 20° coorBercTBeHHO paBHbI 20 1 40°C, a mpu x = 100 M pa3HuULbl TEMIIE-
paTyp mo ToMmy ke nmpoduito B muactax ¢ yriaamu majaenus 20 u 30° pasusl S u 10°C.
Takum 00pa3oM, BO3HUKAIOIIME TEMIIEpATYpHbIE aHOMAJIMKM HE MOCTOSHHBI BO Bpe-
MEHHU M B mpocTpaHcTBe. [IpoaBrkeHne TemaoBoro (poHTa HABCTPEUY JABHIKEHUIO
MOTOKA HE MPOUCXOJUT Ha BCEX ATalax AKCILTyaTallMi CKBaXXUHBI, 1a’ke MpU 0TOOpe
BOJIbI, YTO CBHJIETEIHCTBYET O MPe0OJiaJaHuu KOHBEKTUBHOTO TEIUIONEepeHoca Hajl
KOHJIYKTUBHBIM U YKa3bIBA€T HA HEOOXOJAMMOCTh YBEIMYEHUS 1eOUTa CKBAXKUHBI, OT-
Ouparoieil TenJIOHOCUTEb.

BBIBO/IbI. Pa3zpaborana Marematuueckast MOJIeNb JJI pacyeTa TeIionepeHoca B
MOA3EMHBIX BOJIaX, OTPAXKAIOIIAA N3MEHEHUE UX TEMIIEPATYPHI B IPOLIECCE CKUTAHUS
yTOJILHOTO TIacTa U 0TOOpa Teruion Bojbl. neHTudukaiys Mojieinu BeIMOTHEHA TIPU
TUAPOTE€OJIOTHYECKUX U TEIVIO(PHU3NYECKUX NapamMeTpax, COOTBETCTBYIOIIMX TOPHO-
re0JIOTUYECKUM YCJIOBHUSIM CMOJISIHUHOBCKON CBUTBHI UHCTSIKOBO-CHEXKHSIHCKOTO YT-
JIEHOCHOT'O paiioHa, MPUroaHou A1t pa3padotku cnocodom IICY. Pacuers! TenioBo-
ro OanaHca B OJIOKE€ BOJOHOCHOM TOJIIIM, 3aJieratolieil HajJ peaKIMOHHBIM KaHAJIOM
MO3BOJIWJIM OLIEHUTH pa3Mepbl U (OPMbI TEIUVIOBBIX aHOMaIUH, (popMuUpYIOIIUXCA B
0OBOJHEHHBIX MOPOJIaX KPOBJIHU YTOJIBHOIO IJlacTa B 3aBUCUMOCTH OT yrja ero mnaje-
HUA U CTaauu 0TpabOTKU. PazMepsl aHoManuii B TEUEHHUE OJTHOTO TOjla HE MPEeBbIIIa-
10T 250 M B nnuny U 50 M B mmpuny. [IpeBsinienne Temmneparypsl Haa GOHOBOM U3-
mensiercst o1 20° go 70°C. IomyueHHbIe KOHPUIYPALHHE TePMATBHBIX 30H OTPAKAIOT
TEUYEHUE BOJIbI B OOBOJHEHHBIX MTECYaHUKAX U MOTYT MCIOJB30BaThCs JUIsl Onpeiene-
HUS MECT 0TOOpa HarpeThIX BOJ B pa3HbIC MEPHOJIbI BPEMEHHU.

Pe3ynpTaThl uccien0BaHM TMO3BOJISIIOT, 0OOCHOBAHO TMOJOWTU K OMPENEIICHUIO
AKCIUTyaTallMOHHBIX 3alaCcOB HArPETHIX BOJ U BO3MOXHOCTH UX OTOOpa MpH KOHKpe-
TU3AIMU F€OTEXHOJIOIMYECKOM CXEMbl, KOTOpasi MPEIoJiaracT 3aKayKy BOJbI Yepes
CUCTEMY HECKOJIbKUX CKBa)KHMH, C CHHXPOHM3AIMEN TOJI0BOTO Ipadrka TeMiepaTtyp u
MEPUOJIOB CXKUTAHMS YTOJIBHOTO IIacTa.

CIIMCOK JINTEPATYPbI
1. Mapesuenko, Y. Ha peiHKe SHEpreTHYECKOTo YT OKUIAeTCs yBeInYeHue cripoca v 1eH / Y. Mapsb-
STHEHKO // DJIEKTPOHHBIH JKypHAJI SHEPrOCEPBUCHON KOMITAaHUK «DKojorudeckue cuctembn. — 2011, — Nell.

— [Onekrponnsiii pecypc| — Pesxxum moctyna k xypH.: http://www.esco.co.ua/journal/2011 11/art164.htm.—
3ari. ¢ 3KpaHa.

2. KpyTtb, A.A. Bos0yrojibHOE TOIUIMBO — aIbTEPHATHBA IIPUPOTHOMY Ta3y M KUAKUM He(TernpoyKTam
| A.A. Kpyts // Teorexundeckass mexanuka: Mexsen. ¢6. Hayd. Tp. / UI'TM HAH VYkpaunsr. — 2009. —
Bemm. 83. — C. 269-274.

3. barypuna, .M. Topnoe meno m okxpyxatomas cpena. 'eommnamuka neap / WM. batypuna,
N.M. Ileryxos, A.C. Barypun. — M.: MI'TYVY, 2009. -120 c.

4. IlleBuenko, I'.A. Pa3zpaboTka TEXHOJIOTHUECKHUX PEIICHUN IO MMOATOTOBKE OTXOJOB TOPHOTO MPOM3-
BozcTBa k yrunmsanuu / [ A. lllesuenko, B.I'. llleBuenko // ['eorexnnueckas Mmexanuka: Mexsen. cO. Hayd.
1p. / UI'TM HAH VYxkpaunsl. — 2004, — Beim. 51. — C. 226-239.

5.Teopust W TIpakTHKa TEPMOXHMHYCCKOW TEXHOJOTHHM MOOBIMM ®  TepepadOTKH  YIJsd



170 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2015. Ne120

[ Tlox. pex. O.B. Konokomnosa. — Juenpomnerposck: HI'A Vikpanusr, 2000. — 281 c.

6. Ctparos, B.I'. KommuiekcHOe OCBOEHHE YTOJIBHBIX MECTOPOXKIEHHUH, COAePKAIIUX TUIACTHI KPYTOTO
MajJicHusl C UX Jera3anueil u ra3udukanyeil y4acTkoB He MPUTOAHBIX K MaxTHOH oTpaboTke / B.I'. Ctparos,
N.A. Crexxo, E.B. 'onuapos // ['eorexundeckas mexanuka: Mexsen. c0. Hayd. Tp. / UI'TM HAH VYkpau-
Hel. — 2012. — Beim. 101. — C.85-96.

7. CapoBenko, M.A. UncneHHOe WCCiIeIOBaHUE TETUIOBOTO MO BOKPYT MTOJA3EMHOTO ra3oreneparopa /
N.A. Caposenko, /I.B. Pynakos, A.B. Mukun // 30ipHuk HaykoBux npans HI'Y. —2012. — Ne 39. — C. 11-20.

8. Pymakos, /[.B. MoaenupoBanue TerionepeHoca B BOIOHOCHOM TOPU30HTE MPU aKKyMYJISIIIUHA U OT-
6ope Termosoii sHepruu / J1.B. Pynakos, U.A. Cagosenko, A.B. Mukun // Haykosuii Bicauk HI'Y. — 2012, —
Ne 1. — C. 40-45.

9. 'onuapos, C.A. Tepmonunamuka / C.A. 'onuapos— M: MITY, 2002. — 440 c.

10. I'eonorus mectopoxaennit yrist u roprounx cnanmnes CCCP. T. 1. YronsHble 6acceliHBI 1 MECTOPO-
xenust rora EBponeiickoit wactu CCCP / B.B.JIarytuna, M.JI. Jlesenmrreiin, B.C. ITomos [u ap.]; mox pen.
N.A. Ky3uenoBa. — M.: 'ocreontexusnat, 1963. — 1210 c.

REFERENCES

1. Maryanenko, I. (2011), “At the market of power coal the increase of demand and prices is expected”,
Electronic  magazine energyservice company “The Ecological systems”, available at:
http://www.esco.co.ua/journal/2011_11/art164.htm, (Accessed 17 January 2014).

2. Krut, A.A. (2009), “Watercoal fuel is an alternative to natural gas and hydrocarbon oils”, Geo-
Technical Mechanics, no. 83, pp. 269-274.

3. Baturina, .M., Petuhov, .M. and Baturin, A.S. (2009), Gornoe delo i okruzhayuschaya sreda. Geodi-
namika nedr [Mining business and environment. Geodynamics of bowels of the earth], MGGU, Moscow,
Russia.

4. Shevchenko, G.A. and Shevchenko, V.G. (2004), “Development of technological decisions on prepa-
ration of wastes of mountain production to utilization”, Geo-Technical Mechanics, no. 51, pp. 226-239.

5. Kolokolov, O.V. (ed.) (2000), Teoriya i praktika termohimicheskoy tehnologii dobyichi i pererabotki
uglya [Theory and practice of thermo-chemical technology of booty and processing of coal], Natsionalnaya
gornaya akademiya Ukrainyi, Dnepropetrovsk, Ukraine.

6. Stratov, V.G., Stezhko, I.A. and Goncharov, E.V. (2012), “Complex mastering of coal deposits, con-
taining the layers of the steep falling with their degassing and gasification of areas not suitable to the mine
working off”, Geo-Technical Mechanics, no. 101, pp. 85-96.

7. Sadovenko, I.A., Rudakov, D.V. and Inkin, A.V. (2012), “Numeral research of the thermal field
round an underground gazogene”, Zblrnik naukovih prats Natsionalnoho hirnychoho universyteta, no.39, pp.
11-20.

8. Rudakov, D.V., Sadovenko, I.A. and Inkin, A.V. (2012), “Design heattransfer in aquiferous horizon at
an accumulation and extraction of thermal energy”, Naukovyi visnyk Natsionalnoho hirnychoho universytetu,
no.1, pp. 40-45.

9. Goncharov, S.A. (2002), Termodinamika [Thermodynamics], MGGU, Moscow, Russia.

10. Lagutina, V.V., Levenshteyn, M.L. and Popov, V.S. (1963), Geologiya mestorozhdeniy uglya i go-
ryuchih slantsev SSSR. Vol. 1. Ugolnyie basseynyi i mestorozhdeniya yuga Evropeyskoy chasti SSSR [Geolo-
gy of deposits of coal and pyroshales of the USSR. Vol. 1. Coal pools and deposits of south of European part
of the USSRY], in Kuznetsov, I.A. (ed.), Gosgeoltehizdat, Moscow, SU.

00 aBTOpax

Caoosenko Hean Anexcanopoguu, 10KTOp TEXHUUECKUX HAYK, podeccop, npodeccop kadeapsl rua-
pOTEOJIOTHH W WHXEHEpHOU reosioruw, ['ocymapcTBeHHOE BbIciiee yueOHOe 3aBeneHue «HarmoHabHBIH
ropHsiii yauBepcuret» (I'ocymapcternoe BY3 «HIY»), JlnenporneTpoBck, YKparnHa

Huxun Afzekcatmp Bukmopoeuu, KaHAUJaT TCXHUYCCKUX HAYK, JOLCHT, JOILICHT Ka(l)e,[[pbl ruaporeo-
JJOIr'un n HH)K@HCpHOfI I'€0JIOTuH, FOCY,I[apCTBCHHOC BbICHICC yqe6Hoe 3aBCACHHUC «HaLII/IOHaJ'II:HLIﬁ FOpHLIﬁ
yuausepcute™ (I'ocynapcteennoe BY3 «HI'Y»), InenporneTpoBck, Ykpausa, inkin@ua.fm

About the authors

Sadovenko Ivan Aleksandrovich, D. Sc. (Tech.), Professor, Professor of the Department of
geohydrology and engineering geology, State Higher Education Institution «National Mining University»
(State Higher Education Institution «<NMU»), Dnepropetrovsk, Ukraine

Inkin Aleksandr Viktorovich, Ph.D. (Tech.), Associate Professor, Associate Professor Departments of
geohydrology and engineering geology, State Higher Education Institution «National Mining University»



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2015. Ne120 171
(«NMU»), Dnepropetrovsk, Ukraine, inkin@ua.fm

AHoTaunisg. CtarTs cripsiMOBaHa Ha po3pOOKY MaTeMaTHYHOI MOJIeNi NMEPEHECeHHs TerJa B IIi-
JI3€MHHX BOJAX, SKi HACHYYIOTh TOKPHBAIOYi MOPOAM BYTUIBHOTO ILIacTa MPH HOTO TiI3eMHOMY
cnamoBaHHi. Kpim TOro, B 3aBIaHHS JAOCHIKEHb BXOIMIO BCTAHOBJICHHS AMHAaMIKH (hOpMyBaHHS
TAPOTEPMIYHHX IOJIIB Y BOJIOHOCHOMY TOPU30HTI, IO 3aJIAra€e HaJ peaKI[iiHUM KaHAJIOM.

Po3pobnena maTemMaTnyHa MOJIETh IPYHTYEThCS HAa BCTAHOBJICHHI TETIOBOrO OalaHCy y 00'emi
BOJIOHOCHOI TOBIIIi, pO3TallIOBaHOMY Oe3MocepeIHb0 HaJl BOJOYIIOPOM, sIKii HarpiBaeThcs. O0umc-
JIOBANbHA peamizamiss Moxeni Oyna BHKOHaHAa 3a jgomomororo mnporpamu ModFlow 2009
(Schlumberger W.S.). s ripHAYO-TreOIOr YHUX YMOB IUISHKH «OJIbXOBE HIKHE®» J[OHELBKOIO
OaceiiHy OTpHMaHO MapaMeTpH 3MiHM PO3MipiB i (JOPMHU TEIJIOBUX aHOMANiH, MmO (GOopMyIOThCS Y
BOJIONIPOHUKHUX TOPOJAX HaJ MOKPIBJICIO BYTUILHOTO TUIACTA 3AJICKHO BiJ KyTa HOTO MamiHHS 1
CTaii criamroBaHHS.

Pesynbratu nocnigkeHb JO3BOJSAIOTH OLIHUTH KOH(]Iryparii TepMaibHUX 30H, SIKiI BiIOMBAIOTh
TEYif0 Mi3€MHHUX BOJ B NOPOJax IMOKPIBII BYTrUIBHOTO IJIACTa, 1 MOXKYTh BUKOPUCTOBYBATHUCS IS
BCTaHOBJICHHS ONTHUMAJIbHUX MEPio/iB BiAOOPY HArpiTUX BOJ 3 BOJOHOCHOTO FOpU30HTY. OTpHuMaHi
pe3yabTaTH TAaKOXK MOXKYTh OyTH 3aCTOCOBAHI JUIsl BA3HAYEHHS EKCIUTyaTaI[iiHUX 3aIlaciB TepMallb-
HUX BOJI 1 MapaMeTpiB re0TEXHOJIOrIT X BiIOOpy.

Kiro4oBi cjioBa: mig3eMHe CIaIIOBaHHS BYTULIS, BOJOHOCHUI TOPH30HT, TETUIONIEPEHECEHHS,
MO/ICITFOBAHHSI.

Abstract. The article presents a mathematical model of heat transporting in the groundwaters
which saturate cap rocks of the coal seam when the latter burns. The study task was to explain dy-
namics of hydrothermal fields formation in the aquifer overlying the reaction channel.

The designed mathematical model is based on the established heat balance in the volume of the
aquifer located proximately above the heated confining layer. The model was computed by the
ModFlow 2009 software (Schlumberger W.S.). Changing sizes and shapes of the thermal anomalies
formed in permeable rocks above the coal seam roof depending on the angle of incidence and com-
bustion stage were evaluated for the mining and geological conditions of the «Olkhovo Nizhneie»
field in the Donetsk Basin.

The study results allow assessing configurations of thermal zones, which reflect water flow in
the flooded rocks over the coal seam roof. The results can be used to determine optimal periods for
the heated water withdrawal from the aquifer and to evaluate operational reserves of thermal waters
and geotechnological parameters for withdrawing of such waters.

Keywords: underground coal firing, aquifer, heat transport, modeling.
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CIHOCOb UHTEHCUO®OUKAIINUA AET'ASAIINU KPYTBIX
I'ASOHACBIIIEHHBIX YT'OJBHBIX IIJIACTOB
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CHOCIB IHTEHCU®IKAILII JTET'A3BAIIT KPYTHUX
IF'ABOHACUYEHUX BYTI'UVIBHUX IIJIACTIB

Gavrylov V.1., Ph.D. (Tech.), Senior Researcher
(IGTM NAS of Ukraine)
METHOD FOR INTENSIFYING DEGASSING
OF THE GASSY STEEP COAL SEAMS

AHHOTauus. B HacTosIIeH CTaThe MPUBEIEHBI PE3YJIbTAThl IPOMBIIUICHHBIX UCIIBITAHUN CITO-
coba MHTeHCH(UKALMK Jera3aluy yroasHoro miacrta |7 -«IlyraueBka» B HMIKHEH 4acTH IOTOJIKO-
ycTynHoM J1aBbl Ne65-1146 M ruipoIuHaMUYECKUM BO3JEHCTBHEM. Y CTAHOBJICHO, YTO MEepUOIUYe-
CKHC TUHAMHWYCCKUC IMPUI'PY3KHU KPYTHIX Ia30HACBIMICHHBIX YT'OJIBHBIX IIACTOB, OCYHICCTBISACMBIC
IpU HArHETAaHUU PabOYeH JKUAKOCTH B CKBOXWHY MMOJ AaBiieHHeM 4-6 MIla ¢ nocienyromum ero
copocom 110 0-2 Mlla npu BBITyCKE ra30yTrOJILHOM MYJNbITBI B KOHIE KaXI0TO KA, HHUIIHHPYIOT
MPOLIECCHI IECOPOIMH Ta3a B YrOJIbHOM MAacCHBE Ha IUIONIA/IA, OTPAaHHYEHHON 3P (EeKTUBHBIM pa-
JIUYCOM THIPOJUHAMUYECKOTO BO3AEHCTBHUSA R,4. AHAIN3 MONYYEHHBIX PE3YNBTATOB MOKa3all, 4TO
MIPHU BO3/ICMCTBUU HA YTOJIbHBIN MIIACT B KOJTHUYECTBE 25-29 1IUKIOB UHTEHCUBHOCTH BBIICTICHHS Me-
TaHa W3 TUIacTa yBenuduBaercs B 1,25-3,75 pa3za Ha miomaau pagunycom 20-30 M, pu 3TOM H3BIIe-
Kaercst cBbiire 40 Thic M ra3a 10 MOMEHTA MOIXO0/a OYMCTHOTO 32605 K 00paGOTAHHOI 30HE.

KuaroudeBble cioBa: KPYTOI\/’I J1acTt, ra30HOCHOCTb, TCXHOJIOTHYCCKUEC CKBAKWHBI, TUAPOJHUHA-
MUYECKO€ BO3JICHCTBUE, UHTEHCU(UKALIUA JeTa3alnuu, paauyc 3¢ (HeKTUBHOTO BO3CHCTBUS.

Beenenue. B nacrosmee Bpems B LlenTpanbHoMm paiione [{onOacca paspabatbl-
BAIOTCA KPYTHIE YTOJBHBIE IUIACTHI B CIIOKHBIX TOPHO-TE€OJOTHMYECKUX YCIOBUSX.
Baxueiimmu (pakTopaMu, OCIOXKHSIOUMMU BEJEHUE TOPHBIX padoT, SBIISAIOTCS BbI-
COKO€ TOPHOE JABJIEHHE W Ta30HOCHOCTh YIOJIBHBIX IJJACTOB, CKIIOHHOCTH K T'a30au-
HAaMUYECKHUM SIBJICHUSAM U HHU3Kasl yCTOWYMBOCTH OOKOBBIX MOPOJI, MOBBILIEHHAS! TEM-
neparypa pyaHHU4HOI aTMocdepbl 1 MaccuBa U JIp.

[Tpu oTpa®oTKE YrONbHBIX MJIACTOB, CKIOHHBIX K T'a30JUHAMHYECKUM SIBICHUSIM
(I'151), notonkoycTynHbIMU 3a005IMH B psiie CllydyaeB HaOIIOAAIOTCS Pa3InYHbIC
IIPOSIBJICHUSI UX ra30JMHAMUYECKON aKTUBHOCTH, CYLIECTBEHHO CHMIKAIOIIUE HATPY3-
Ky Ha O4YMCTHOW 3a00M. [IpuynHbBI 3TOro MOTryT OBITH pa3IMUYHbI: OTCYTCTBHUE Hajapa-
00TkH (TI0/IPabOTKM) TUTACTa WM OHA HEA(P(HEKTHUBHA, BEICHUE TOPHBIX PaOdOT B 30HE
[II"'JI nam oTcyTCTBUE JE€Ta3allMOHHBIX MeponpuaTuid. OCIOXHIIOUMMEU (aKTOopamH,
CIOCOOCTBYIOIIMMHU BO3HUKHOBEHUIO ['/[fl, ABJISA-FOTCS 30HBI MOBBILIEHHOTO TOPHOTO
JaBJIEHUs OT OYUCTHBIX Pa0OT HA COCEHUX IIIacTax (KpaeBble YaCTH OTPAOOTAHHBIX
TUIACTOB, IIEJTUKH ), & TAK)KE TeoJorndeckue HapymeHus [ 1-5].
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