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Lenbto paboThl SBISIETCS ONMHUCAHUE PE3YNIHTATOB
HAyYHBIX UCCIIEJIOBAaHUN B 00JIaCTH 0OOCHOBAHMS
OpraHU3aIMOHHO-TEXHHUUECKUX MEPOTPHUATHIA
IpU  PECTPYKTYpPHU3alMU  YTOJIbHOW  OTpaciu.

Hccnenyercs BOIIPOC IPOrHO3UPOBAHUS

9KOJIOTMYECKON  0€30IacHOCTM B IpoILEcce
TUKBUAAUMU maxT. JlokasaHo, uro xomdopTHas
HccleyeMoun

OKOJIOTHYCCKast CUTyalus Ha

TEPPUTOPUM MOXKET ObITh o0ecredeHa Mpu
(dhopMUpOBaHUM TPOU3BOACTBEHHON MPOTPAMMBEI,
YUUTBIBAIOIIEH  pe3ysibTaTbl  KOMIUIEKCHOTO
M3Y4YEeHUS 00BbEKTa U €T0 B3aUMOCBSI3U C BHEIITHEH

cpenoil. B kauectBe HayuyHOro 0OOCHOBAaHHUS

IIPOTrpaMMBbI MEPOIIPHUITHI MpeJIaraeTcs
UCIOJIb30BAHUE  CHCTEMHOIO aHalmMza  H
IIPOTHOCTHUKH. ABTOpaMu YCTaHOBJICHBI

OCHOBHBIE (DAKTOPHI HETAaTUBHOTO BO3/ICUCTBUS Ha
0€30IacHOCTh KU3HENICATCIIbHOCTH HACEICHUS W
chopMynupoBaHbl TpeOOBaHUS K MPOTHO3HOM
cucreme. W3MOXKEHBI CBEACHHS O BHEIPEHHUU
METOJIOJIOTUHA TPOTHO3UPOBAHUS B  MPAKTHKY
JIMKBUOAIIMOHHBIX
Poccwiickoro Jlonbacca.

paboT Ha  TEpPpUTOPUU
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The aim of this work is the description of the
results of scientific research in the field of
substantiation  of  organizational-technical
measures in restructuring the coal industry.
Much attention is focused on the prediction of
ecological safety in the process of mines
liquidation. It is shown that a comfortable
environmental situation in the area can be
secured by creation of the production program
considering the results of a comprehensive
study of the object and its interaction with the
external environment. As the scientific
justification of the programme of activities the
authors propose to use system analysis and
prognostication. The authors have determined
the main factors of negative impact on life
safety of the population and requirements for a
predictive system. In conclusion they provided
the information on the implementation of the
forecasting methodology in liquidation works
in the Russian Donbass.
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6986.2015.8 1o reme «Pa3paboTKa MHHOBAIMOHHBIX KOHCTPYKTHBHBIX U TEXHOJIOTHUECKUX PELICHUH NPH KPETUIEHUH
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BBenenue. Ilepexoa pOCCUHCKON SKOHOMHUKH B
JIEBSIHOCTBIE T'OJIbI JIBAJIIATOTO BeKa Ha PHIHOYHBIE
METO/IbI COIIPOBOXKAAJICS
MacImTaOHOM  PECTPYKTypHU3alHMed  yroJbHOH
MPOMBIIIUIEHHOCTU. B HacTosimee Bpemsi Ha 168

XO03SICTBOBaHHUSI

maxrax Poccuiickoii ®enepauuu  3aBepLICHbI

OpraHHU3allMOHHO-TEXHUYECKUE paboThI 1o
nukBuaanuu. Tak, Ha TeppuTOopur POCTOBCKOM
obiactu B 3TOT mepuoj ObUTO 3aKphITO 47 W3 58
YTOJIbHBIX NpeAnpusaTHii [1].

3aKkpbITHE HEINEPCIEKTUBHBIX axT
CONPOBOXKAAETCS,  Kak
peanu3auuyd IporpamMmbl 03J0POBJIEHUSL YrOJbHOU

HU3MCHCHHUECM XapaKTCpa IIPOSABJIICHUSA

ITIOKa3bIBacT OIIBIT
oTpaciiu,

HCTAaTUBHBIX IPOHCCCOB, HMCEBIIUX MECTO IIpHU

CrpyKTypHO-
TE€XHOT'€HHOE M3MEHEHHE YIJIENOPOJHOIO MacCHBa

JKCILTyaTaluu HNpEATPUITHIA.

IpeKpamacTCda, HO MPOYHME BHUABI OTPULIATCIBHOIO

BO3/ICUCTBUS Ha OKPYKaIOIILYIO cpeny
MPOJIOJKAIOTCSA, a HEKOTOpblE MPOLECCHl €O
BpPEMEHEM aKTUBU3UPYIOTCS. JIukBu AU
yTOJIbHBIX HIaxT CONPOBOXKAAETCS

BO3HUKHOBCHUECM MMPHUHIUITHMAJIBEHO HOBBIX SIBJIEHUN
U MIPOIIECCOB, KOTOPBIC HE HAOIIOJATUCH B TIEPUO/

JKCIUTyaTalliil  MPEANPUSATANR U OKa3bIBAOT
3HAYUTEIIBHOE HETaTUBHOE BITUSTHUE Ha
IKOJIOTMYECKYI0 0e30macHoOCTh pernona [2-5].
Cpenu HUX BBIJICTISIOTCS clenyolme
BO3JECHUCTBUSA:

—  MacmrabHoe  3arps3HEHHE  MOA3EMHBIX
BOJOHOCHBIX TOPH30HTOB MW  PEYHOW  CETH,

HaXO/ISAIINXCS B 30HE BIMSHUS MAXT;
— TOATOIUICHHE TPHJIETAIONINX TEPPUTOPHUH, B
TOM YHCJIe HaCeIICHHBIX ITyHKTOB;

— HEYIPABIIIEMOE BBIJICTICHHE BPEIHBIX T'a30B W3
JIMKBUAMPOBAHHBIX
BO3YIIHYIO CpPENy;
— nedopmMaruy THEBHOM MMOBEPXHOCTH;

TOPHBIX  BBIpAOOTOK B

— HETAaTHUBHOC U3MCHCHHUC COCTOAHHSA ITIOYBCHHOI'O

MOKpOBa B  pe3yJbTaTe€ TMOJHATHS  YPOBHSA

Introduction. The transition of the Russian
economy in 1990s to the market economy was
followed by large-scale restructurisation of the
coal industry. Currently, the abandonment
organizational-technical work is completed in
168 mines of the Russian Federation. So, on
the territory of Rostov region 47 of the 58 coal
mines were closed during this period. [1].
According to  the experience in
implementation of the programme of
rehabilitation of the coal industry the closure
of unpromising mines is accompanied by the
changes of nature of negative processes
occurring in the enterprises operation.
Structural-technological changes in coal-rock
mass are stopped but other negative impacts
on the environment continues, and some
processes are activated. Abandonment of coal
mines is followed by the emergence of
fundamentally new phenomena and processes,
which was not observed in the period of
enterprises operation and has a significant
negative impact on ecological security of the
region [2-5]. Among them are the following
effects:

— large-scale pollution of underground
aquifers and the river network in the zone of
influence of the mines;

— flooding of adjacent territories, including
human settlements;

— uncontrolled release of harmful gases from
abandoned mine workings into the air;

— deformation of the ground surface;

— adverse change in the condition of a soil
cover as a result of raising the groundwater
level.

http://bps-journal.ru/ b o1




TPYHTOBBIX BOJ.
HTtorom 3TUX HPOLECCOB SIBISETCS MPAKTUYECKU

HeoOpaTUMoe 3arps3HEeHne MIOYBBI u
IMOBCPXHOCTHBIX BOJOEMOB MHHCPAJIbHBIMHA
COJIIMH, TAKCIBIMA  MCTAJUIaMU W OPYT'UMU

BpPEIHBIMU BEIL[ECTBAMH; WHTCHCH(PHUKAIIS
CABIKEHHUS JUTOC(hEphl U 3€MHON MOBEPXHOCTH,
BBITECHEHHE BPEAHBIX Tra30B U3 BBIPAOOTAHHOTO
mpoctpanctBa B arMmocdepy. Ha 3eMenbHBIX

O0TBOJAaX 3aKpPbIBACMBIX IIAaXT OCTAIOTCA PA3JIMYHBIC

HAaKOIMTENIN TBEPAbIX UM  JKMJIKHX  OTXOJOB
yriaeno0blYu:  TEPPUKOHBI,  IIJIAMOHAKOIMUTEINH,
OTCTOMHHUKH, 3aHUMaoI1e OOIIMpHBIE
TEPPUTOPUN U SIBJISIOILMECS JTIOBOJIBHO
CEpbE3HBIMU HUCTOYHUKAMU 3arpsi3HEHUs
ruapocdepsl 1 aTMochepsl peruoHa.

JletanbHass ~ OLEHKa  CUTyallUd  [O3BOJSET
ONPEIEIUTh JIMKBUIALIUIO maxt KaK

IPUOPUTETHBI HCTOYHUK HETaTUBHOI'O BIIMSHUS
Ha 0€30IacHOCTh YIief00BIBAIOIINX PErHOHOB

(puc. 1).
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The result of these processes is almost
irreversible pollution of ground and surface
waters with mineral salts, heavy metals and
other harmful substances; intensification of
movement of the lithosphere and the earth's
surface, the release of the noxious gases from
the abandoned workings into the atmosphere.
On the land allotments of mine closures there
remain different storage elements of solid and
liquid coal waste: waste heaps, sludge pits,
lagoons, which occupy a vast territory and are
quite serious sources of pollution of the
hydrosphere and atmosphere of the region.

A detailed assessment of the situation makes it
possible to define mines abandonment as a
priority source of negative influence on safety
in coal-producing regions (Fig. 1).

.HI/IKBI/I}IaLII/ISI yI‘OJ’IbeIX maxT
Coal mines abandonment
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Pazpymenue cpeapt oOutanus
HaceJeHHs peruoHa
Habitat destruction of the region's
population

Puc. 1. HeratuBHoe BO3,I[CI71CTBI/IC JIMKBU AU YI'OJIbHBIX MIAXT HA PETUOH

Fig. 1. The negative impact of coal mines abandonment in the region

I'moGanbHas npobiema PETHOHANBHBIX

OpraHoB BJIACTU 3aKJIHOYACTCA B TOM, 4TOOBI B
MpOAOJIKAOIICMCA

mponecce JJUKBU AN

Global problem of the regional authorities
is to provide in the ongoing process of coal
mines abandonment comfortable conditions
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VIOJABHBIX  IMaxXT oOecrneyuTh KOMMOPTHBIC
YCIIOBUSL JUISL JKU3HENESATEIBHOCTH HaceleHUs
IAXTEPCKUX TEPPUTOPUM U MHUHHUMHU3HPOBATDH
BO3JECHCTBUS

HECTAaTUBHBIC BO3HHKAIOIIMUX

OKPYKaIOILyI0
JlocTrkeHMe  yKa3aHHBIX

TEXHOTEHHBIX  (PakTOpoB  Ha

IIPUPOJHYIO  CpPENy.

Hejaeld  IpennoyiaraeT  pemeHHe  CIeTYOIINX
HAYYHO-TEXHHYCCKUX 33/1a4:

— BBIABJICHHUC TIIPUPOAHBIX W TCEXHOTCHHBIX
¢axTopoB,

OMPCACIIAOIINX XapaKkTep n

MaciTaObl IKOJIOTHYECKUX MOCIICACTBHIA
JMKBUIALNY [aXT;

— OOBCKTHBHAsE OIICHKA POJH BBISBICHHBIX
(hakTOopOB Ha

pasIndHbIC IMpOonCCCHhI,

npoTeKarmoIue B JuTocdepe, Tuapocdhepe u
aTMocdepe;
— o0ocHOBaHWE M pa3paboTKa ONTHMAIbLHOTO
KOMILIEKCa METOIOB u METOHMK
FCO’KOJOTHUECKUX HAOIIOIEHHIL;
— (GOpMHUPOBAHHE TPOTPAMMBI TEXHHUYECCKHX
MEPOTPHUATHH, HaTPaBIICHHBIX Ha
MPEIOTBPAICHHE WITH MUHUMU3AIUIO
HETaTHBHOTO BIUSHUS JIMKBUIAIMOHHBIX PadoOT.
XapakTep yKa3aHHBIX MPOIECCOB B KaXKIOM
yTI1e100bIBAIOIEM

peruone AMEET

cnenupuyeckue 0COOEHHOCTH, IIO3TOMY
IIPUMEHEHHUE Ul 3aKPbITHS IIAXT CTaHAAPTHBIX
METOAMK M TEXHOJIOTMH MOXKET IIPUBECTH K
JKOJIOTUYECKUM  MPOUCHIECTBUSAM U JlaXke
KaracTpo)aM, B KayecTBe IpUMepa KOTOPOil
MOXKHO IIPUBECTH HEYIPABJISIEMOE 3aTOIICHUE
maxTel  «3amnagHas-kanutanbHas» (PocroBckas
obnacTth). B cBS3M ¢ BO3HMKAIOMUMH HayYHBIMU
u TEXHUKO-TEXHOJIOTHYECKUMHU
HEOMpPEAENEHHOCTAMU HEOOXOJUMO BBIMOIHSITH
HayyHOE€ O0OCHOBaHHE NpPOEKTa JIUKBUIAINH, B
TOM 4YHCIIE€ NEPCHEKTHBHOE IPOTHO3UPOBAHUE
COCTOSIHUSI TeXHOC(Eepbl B peruoHe. Pe3ynbrarsl
Hay4YHO-HCCIIeI0BAaTEIbCKUX paboT Mo BOIpocam,
PECTPYKTYPHU3ALNHI

YaCTHOCTH, 1o

00BEIMHEHHBIM TeMOU

YyrOJIBHOM  OTpaciu, B

—

for the life of the population of mining areas
and to minimize negative impacts of the
factors on the

occurring  technogenic

environment. The achievement of these

objectives implies the solution of the
following scientific and technical objectives:
— identification of natural and technogenic
factors that determine the nature and scale of
ecological consequences of mines
abandonment;
— objective assessment of the role of the
identified factors on various processes
occurring in the lithosphere, hydrosphere and
atmosphere;
— substantiation and development of optimal
complex of methods and techniques of geo-
environmental observations;
— formation of the program of technical
measures aimed at preventing or minimizing
the negative impact of abandonment work.
The nature of the processes in each coal
producing region has specific features;
therefore the application of standard methods
and technologies for mine closure can lead to
environmental incidents and even accidents,
which, as an example, can result in
uncontrolled flooding of mine "Zapadnaya-
kapital’naya" (Rostov region). Taking into
consideration the emerging scientific and
technological uncertainties it is necessary to
scientific mines

perform a study of

abandonment project, including long-term
forecasting of the technosphere state in the
region. The research results on the issues of
coal industry restructuring, in particular, on

the prediction of ecological security are very

-

http://bps-journal.ru/ b 93




- Nel
2017

[ ay Safety of Technogenic and Natural Systems 4

MIPOTHO3UPOBAHHIO 9KOJIOTUIECKOM

6630HaCHOCTI/I, SABJIAKOTCA AKTYyaJIbHbIMHU B

HACTOSIIIee BPEMs U B MIEPCIEKTHBE, MOTOMY YTO
CTPYKType
maxTHoro (OHIa HE MpeKpamarTcs. AHaW3

IIEPMAHEHTHBIE ~ W3MEHEHHUS B
HAay4YHBIX NYyOIHMKAIMi 10 paccMaTpUBACMOMY
BOINPOCY TOKA3bIBACT, YTO OTCYTCTBYIOT PabOTHI,
B KOTOPBIX CHCTEMHO IIPEJCTaBIICHA TEOPUS U
MpaKTUKa MMOATOTOBKH OpraHu3alOHHO-
TEXHUYECKUX MEPONPUATHI 10 JIMKBUAALUUHU
VIOJBHBIX IIAXT, [O3TOMY aBTOPbl CTaTbU
CUMTAIOT 11eJIeCO00Pa3HBIM U3JI0KHUTh PE3YIIbTAThI
TEOPETUUECKUX n AKCIEPUMEHTAIBHBIX
HCCIIEJOBaHUI.
MeTtonmoJjiorust TeOPeTHYECKUX "
IKCNEPUMEHTAJIBHBIX HCCIeT0BaHUM.
Metononorus ¢GopMUpPYeT XapakTepHOE s

COBPEMCHHOI'O JTalia HAayYHO-TCXHHUYCCKOI'O

pa3BUTUS TECHOE IIEPEIUIETEHHE DJIEMEHTOB
HayK{ U MPAKTUKH IIPU PELICHUH TAKOW KPYIIHON
KOMIUIEKCHOM  MpoOJieMbl, Kak pa3paboTka
Meponpustuii mo 3amure OIIC Ha craguu
JUKBUJIAUU YOBITOUYHBIX YTOJBHBIX IIAXT B
Poccun. Ilo MHeHHIO aBTOpPOB, OOOCHOBaHHE
9KOJIOTM3UPOBAHHBIX OpraHU3aIMOHHO-
TEXHUYECKUX PElIeHUH J0JKHO 0a3upoBaThCs Ha
CIIEAYIOIUX TEOPUAX: CHCTEMHOIO aHajlu3a MU
CHUHTE3a, UCCIIEIOBaHMs ONEPALN, IPOTHOCTHKH.
IIpy >TOM OOBEKTUBHBI HAy4YHBI HPOTHO3
0e30macHOCTH B

COCTOSIHHSI ~ DKOJOTHYECKOM

YrOJIbBHOM  pPETrHOHE  ABISETCA  OCHOBHOM
uHhopManuendn AN TPUHATHS YIPABICHUYECKUX
pelieHuii mo mporpamme JIMKBUJIALUN YTOJIbHBIX
1axT.
Hcxonapim MTYHKTOM dhopmMupoBaHHs
HCIOJIb3YEMOM METOJIOJIOTHH sBJIAeTCs 0Oa3oBast
HayyHasi TeOopHs, paccMaTpuBaronias I[IaxXThbl
COBMECTHO C OKpPYXAaIIEH Cpeodl B KadyecTBE
CJIOKHOM TMHAMHYECKOW MPHUPOAHO-TEXHUIECKON
cuctemMbl (IITC). Bce 0OBEKTBI M DIEMEHTHI
«OOTBIION»  CHCTEMBI

YKa3aHHOU C Yy4eToM

b

topical at present and in the future, because
permanent changes in the structure of mining
do not stop. The analysis of scientific
publications on the subject shows that there
are no works that systematically presents the
theory and practice of preparation of
organizational and technical measures for
abandonment of coal mines, so the authors
consider it appropriate to present the results of
theoretical and experimental studies.

The methodology of theoretical and
experimental research. The methodology
forms characteristic of the present stage of
scientific and technological development
network of elements of science and practice in
solving such a large complex problem, as the
development of measures to protect the
environment at the stage of abandonment of
unprofitable coal mines in Russia. According
to the authors, the rationale of ecologically
sound organizational and technical solutions
should be based on the following theories:
system analysis and synthesis, operations
research, forecast. And the objective scientific
forecast of the state of the environmental
safety in the coal region is the basic
information for making management decisions
on the program of coal mines abandonment.

The starting point of formation of the used
methodology is the basic scientific theory,
which considers mines together with the
environment as a complex dynamic natural-
technical system (NTS). All of the objects and
the elements of the specified "big" system,
account the

taking into diversity of

technological processes and performers, as

b 94
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MHOFOO6paSI/I$I TEXHOJIOTHYECKHUX IIPOILECCOB H

WCTIOJIHUTENICH, a TakkKe OpraHu3alMOHHBIX
dbopmM, CBs3aHBI MEXAY COOOH OmpeneIeHHBIMU
OTHOIICHUSIMHM M HAXOJATCSI B MOCTOSHHOM U
B3aMMOJICHCTBHH.

IIPOTUBOPEYNBOM ITpouecc

oOecrieyeHnss  IKOJOTHUYECKOW  OE30MacHOCTH
CIIEYeT paccMaTpUBaTh TAaKXKe KaK CIOXKHYIO
OpraHU3aIOHHO-TEXHOJIOTHYECKYIO CHCTEMY.
CtpykTypa paccMaTpuBaeMOi CHCTEMBI COCTOHT
M3 MHOXECTBA KOMIIOHEHTOB, (DOPMHPYIOIIUXCS
UCXOs M3 X (DYHKIMOHAIBHBIX XapaKTEPUCTHUK
u B3aUMOOTHOIICHUH B nporiecce
GYHKIIHOHMPOBaHKs CHCTeMbI B Iiejom [6-10].
OmHUM U3 OCHOBHBIX YCIIOBHH YCHEIIHOTO

PCUICHUA HpO6JICMBI ABJIICTCA  COOTBCTCTBHC

IIPUMCHACMBIX METOI0B HCCICI0OBAHUA
CJIOKHOCTHU aHaHH3preM0fI CUCTEMBI. AHanu3
[11-13]

CHUCTCMHOT'O

myOoauKanui MoKasza, 4TOo

3¢ (HEeKTHBHOCTH oaxojaa
MIOTBEPK/IEHA MPAKTUKON pa3pabOTKH CIOXKHBIX
CUCTEM M pe3ynbTaTaMHM HX BHEIPECHHS B
pPa3IMYHBIX OTPaCisIX HAPOAHOIO XO35MCTBA.
CrpyKTypa CHCTEMHOrO aHaju3a HalpaBlieHa Ha
TO, YTOOBI COCpPEAOTOYUTH TJIABHBIE YCUJIMS Ha
CIIOKHBIX U, KaK MpPaBUJIO, KPYMHOMACIITaOHBIX
npobiemMax, He MOJJIAIOUIMXCS pelleHuto Ooiee
IIPOCTBIMH UCCIIEIOBaHMIMM, HaIpuMep,
HaOmoneHueM. s MpakTUYeCKOW peasn3aluu
pa3paboTaHHOMH TEOPUH HCIIOIBb30BAJICS
MHTETpUpOBaHHBIM cucteMHbli aHamu3 (MCA),
BKJIFOYAEeT B celst

KOTOPBIN aHajn3

CTPaTErMYECKO, MOpP(OJIOTHUECKOMH,
(GYHKIIMOHATIBLHON U T€HE3UCHO-TIPOTHOCTUYECKOM

cTpar STAJOHHOH CHCTEMBI H CpaBHCHHUE HUX C

aHanornysHeiMu  crpatamu  peasbHou  IITC.
[Ipumenenne MCA  mo3BoisieT  ylnydlIUTh
LENENONaranie B HCCICNOBAaHUAX  CHUCTEMBI,

UCIOJIb3YSl TaKue Ba)KHbIE CHCTEMHbIE CBOMCTBA,
KaK cUHepreTuyeckuit 3pQext, sMepaKeHTHOCTb,
MYJIbTUIUTUKAIIMOHHBIN 3 (}EKT, OTKPHITOCTh H

aalITUBHOCTD.

well as organizational forms, are bound
together by certain relations and are in
constant and contradictory interaction. The
process of ensuring environmental safety
should also be considered as a complex
organizational and technological system. The
structure of the system under consideration
consists of multiple components, formed on
the basis of their functional characteristics and
relationships in the functioning of the system
as a whole [6-10]. One of the main conditions
of successful problem solving is a compliance
of the applied research methods to the
complexity of the analyzed system. The
analysis of the publications [11-13] showed
that the efficiency of the system approach is
confirmed by practice in the development of
complex systems and the results of their
implementation in various sectors of the
economy. The structure of the system analysis
is aimed at focusing the main efforts on the
complex and typically large-scale problems
which cannot be solved by simpler
investigations, for example observation. For
the practical implementation of the developed
theory the authors used an integrated systems
analysis (ISA), which includes the analysis of
strategic, morphological, functional and
genesis-prognostic strata of the standard
system and their comparison with similar real
NTS strata. The use of ISA makes it possible
to improve goal-setting in studies of the
system using such important system properties
as synergistic effect, emergence, multiplier
effect, openness and adaptability.

The use of the theory of operations research

http://bps-journal.ru/ b 95
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Hcnonn3oBanne TEOpHUn ncciaca10oBaHus
OHepaL[I/Iﬁ O6YCJ'IOBJ'IGHO TEM, 4YTO €€ MCTOJbI
IO3BOJIAIOT IOJYYUTh PCIICHHA, HAWIYYIINM

0o0pa3oM OTBevamrolMe IeIsIM OpraHu3aLuH
TCXHOJIOTHYCCKUX MPOLECCOB JIMKBUAAIWUN IIAXT.
Tak, OCHOBHOHM IIOCTYyJIaT TEOPUM HCCIECIOBAHMS
onepaunﬁ r1acuT, 4TO0 OINTUMAJIbHOC PCIICHUC
€CTb HabOp 3HAUCHHI NMEPEeMEHHBIX, IPH KOTOPOM
JOCTUTAeTCsd ONTHMAJIBHOE 3HAuU€HUE IIEJIEBOM
(GyHKIMK omepauuu M COOJIOAAIOTCS 3aJaHHbIC
OrpaHn4CHUs.

OcHOBHBIM  KpuTepHeM  3(PPEKTUBHOCTH
JMKBUJALMOHHBIX paboT sBiIseTCs 6€30MacHOCTh
KHU3HEJEATEIbHOCTH HAcCeJIeHUs] TEPPUTOPUU U
HEOOXOAUMBIA YPOBEHb 3KOJOIMU OKPYKAOLIEH
Cpezbl, I03TOMY OpraHaM YIPaBJeHUsS PETHOHOM
U OOLIECTBEHHOCTH YpPE3BbIYAMHO Ba)XKHO 3HATh
IITC B

JOJATOCPOYHOM mepcrekTuBe. Takum  00paszom,

COCTOSIHUE KpaTKOCPOUHOH U
HEO0OXOIMMO BBITIONHATh KOMILUIEKCHOE HAydyHOE
IIPOTHO3UPOBAHHUE, 3aKJIH0YAIoIeecs B
MOJIHOMACIITAOHOM u JIOCTOBEPHOM
MPEJICTABICHUN YCJIOBUM KWU3HU JIIOJEH MpH
OCYILIECTBJIECHUH JINKBUIAIMOHHBIX MEPOTIPUSITUH.
JIisi TIOBBIIIIEHUST JTOCTOBEPHOCTH HWH(MOpMAIUU
NpeJjaracTcs B

KOMIIJICKCE C CHUCTCMHBIM

aHaJIn30M u HUCCICIJOBAaHUCM onepaunﬁ

HCIIOJIB30BaTh MCTOA0JOTI'IO IMPOTrHOCTHKHU,

KOTOpas ~ COJEpPXKMT  3aKOHBI U CIIOCOOBI
pa3pabOTKN MPOTHO30B Pa3BUTHUS TUHAMUYECKHX
cucreM.  [IporHosupoBaHue  3KOJIOIMYECKOM
0€30IaCHOCTH YrOJIbHBIX PErvOHOB, MO0 MHEHHUIO
aBTOPOB, JOJIKHO OIUPATHCS Ha
MHTETPUPOBAHHBIN CHCTEMHBIN AHAJIN3 B CBS3H C
BBIIIEYKA3aHHBIM  [PUHLUIIOM  COOTBETCTBUS
CJIIOKHOCTH AHAJIU3UPYEMBIX CHCTEM W METOJOB
ee oueHkn. Cyte MCA mnpHpOaHO-TEXHUYECKUX
CUCTEM  MOXHO  ONpENEIUTh, KAaK  METOJ
«BOMHOTO KOMIIJIEKCa», T.€. HCCIEIOBAaHUE H

KOMIIJIEKCa

TEKYIIYIO

OLIEHKY apaMeTpos,

XapaKTepU3yIOIUX 0€301acHOCTb
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is due to the fact that its methods allow
obtaining the solutions that best meet the
objectives of the organization of technological
processes of liquidation of mines. So, the main
idea of the theory of operations research says
that the optimal solution is the set of variable
values for which an optimal value of the
objective function of the operation is reached
and the specified limits are observed.

The main effectiveness criterion of
abandon operations is the safety of life of the
population and the level of environmental
ecology, therefore, it is extremely important
that regulatory bodies of region and
community know the status of NTS in the
short and long term. Thus, it is necessary to
perform complex scientific forecasting, which
consists of the full and authentic
understanding of the living conditions of the
people in the implementation of abandon
operations. To improve the reliability of
information it is along with the system
analysis and operations research to use a
methodology of prognostics, which contains
forecasts

the laws and methods of

development of dynamic systems
development. According to the authors the
prediction of the environmental safety of the
coal regions should be based on integrated
system analysis because of the above
mentioned principle of the complexity of the
analyzed systems and methods of assessment.
The essence of natural-technical systems ISA
can be defined as the method of "double
complex”, i.e. the research and evaluation of

complex settings that characterize the current
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pETHOHA, KOMIUIEKCOM HMHCTPYMEHTAIBHBIX U
MaTEMaTHYECKHX METOJIOB.

Belmeonucannass  MO3UIMS  IIPEACTABISIETCS
000CHOBAHHOIA,

JOTUYHON U [IOTOMY  4TO

muaaMuky IITC dopmupyroT cBeime aBannaT

HCTOYHHUKOB T'€COMCXaHHUYCCKOIO,
I€OJIOTrN4Y€CCKOrO0, (1)I/I3I/IKO -XUMHYCCKOI'O )51
THAPOTCOJIOTHICCKOTO XapakTepa, KOTOPELIC

HaxogdaTCs1 B INCPMAHCHTHOM B3aHMOl[eI>'ICTBI/IH.
[IpennaraemMyto KOHOGUIypanul METOJO0JIOTUU
HCCIIEA0BAHUH, SBISIOIIECHCS OCHOBOW HAy4HOI'O
COIIPOBOKACHUS MEPONPHUATHHA MO JIMKBUAALMH
yrojbHbIX axT B Poccun, oObennHsAeT B 00110
cucremy LeneBas (PyHKIMS OLEHKH pucka. Puck B
paccMaTpUBaeMOM KOHTEKCTE — KOJIMYECTBEHHAs!
OLIEHKA YCTOHYMBOCTH PA3JIMYHBIX KOMIIOHEHTOB
BO3MOYKHOCTH

OKpY’KaroIen cpenbl u

HeoOpaTUMOro pa3pylIeHHUs] Ccpeabl OOUTaHUS

HaceneHus. [lpu  3TOM  Kaxapli €ro BHUI

00yCIIaBIMBAIOT XapaKTePHbIC HMCTOYHHUKH W

(dakTopel pucka. Tak, SKOJOTMYECKHH PHUCK

BbIpaXXacT BCPOATHOCTH 9KOJIOTHYE€CKOI O

oencTBus, KaTacTpoQsl, HapyLIEHUs
JAJIbHENIIIEr0 HOPMAJIBbHOTO (DYHKIMOHUPOBAHUS
158 CYHICCTBOBaHI/IS{ OKOCUCTEM H 06T>GKTOB B
pe3yJIbTaTeé AaHTPOIONEHHOI0 BMEIIATENILCTBA B
MPUPOJHYIO Cpely WIM CTUXMMHOTO OenCTBUS.
HexenatenbHbie COOBITHS IKOJIOTUYECKOTO PHCKA
MOTYT TIPOSBJIATBCS KaK HEMOCPEICTBEHHO B
30HaX BMEIIATENbCTBA, TAK U 32 UX IIPEAEIaMu.
HszmoxxkeHHass  METOLOIOTHSA  OOECIIEYHBAET
MOJHBLIA KOMIIIEKC HCCIIEJOBaHUS HETaTHBHOTO
BO3JICHCTBHUS

mponeccos, COIIPOBOKAAOMIUX

JJUKBUJAIIUIO YT'OJBHBIX IHAaxT: BBIABJICHUC U

UICHTU(QUKAIMIO  ONacHbIX  (PaKTOpOB,  HX
KAueCTBEHHYI0 UM  KOJIMYECTBEHHYIO OLEHKY,
TUHAMUKY COCTOSTHUS TexHochepHon

6e3omacHocTH B mepcrekTuBe. KoHIenryaibHas
CcXeMa OLIEHKH M YIPaBJICHUS IMOTEHIUAIbHBIM
JKOJIOTUYECKUM pUCKOM B pernoHanbHOM [ITC

IIPOJEMOHCTPUPOBaHa Ha PUC. 2.

—

safety of the region, the complex of
instrumental and mathematical methods.

The above mentioned position seems
logical and reasonable, because the dynamics
of NTS is formed from more than twenty
sources  of

geomechanical, geological,

physical, chemical and hydrogeological
nature, which are in permanent interaction.
The objective function of a risk assessment
unites the proposed methodology research
configuration in a system, which is the main
scientific support of measures on coal mines
abandonment in Russia. Risk in this context is
the  quantitative  assessment of  the
sustainability of various components of the
environment and the possibility of irreversible
destruction of the habitat of the population.
And each kind of characteristic determines
specific sources and risk factors. So,
environmental risk expresses the probability
of environmental disasters, catastrophes,
violations of the normal functioning and
existence of ecosystems and objects as a result
of human intervention in the natural
environment or natural disasters. Undesirable
events of ecological risk may occur directly in
the areas of intervention and beyond.

The methodology provides a full range of
negative studies  of

impact processes

accompanying coal mines abandonment:

detection and identification of hazardous
factors and their qualitative and quantitative
assessment, the dynamics of the state of
technosphere safety in the future. Conceptual
scheme of evaluation and management of
potential environmental risks in regional NTS

is shown in Fig. 2.

-
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Amnanus oowekra IITC
NTS object analysis

v

BrIsgBiienne 3K0JI0rm4ecKoro pucka
Identification of ecological risk

v

Ouenka prcka /Assessment of ecological risk

v

Br160p MeToa CHIDKEHUS pUCKa
Choosing of method of reducing the risk

v

[Mpunsitue pewenust / Decision making

v

TexHomornueckui nponecc CHUIKCHUA (J'II/IKBI/IJ:[aLlI/II/I) pucka
Technological process of reducing (elimination) of the risk

Koppeknust penenus
Decision correction

Hcknrouenue pucka
Risk elimination

CHIDKEHUE prcKa
Risk reduction

Konrpons pesynsratos / Control of the results

IMO3UTHUBHbLIC pe?.y.]'[])TaT])I
Positive results

HECYIO0BJICETBOPUTEC/IbHBIC
pe3yabTaThl
Result Unsatisfactory results

checking

A 4

Co3nanne koMGOPTHHIX yCJOBUI
JKU3HEAESI TeJbHOCTH HACeTeHHsI

Creation of comfortable life conditions

Puc. 2. KOHLIGHTyaJ'IBHaSI CXEMa OLCHKHU U YIPABJICHUA S5KOJIOT'MYCCKUM PUCKOM
Fig. 2. Conceptual scheme of assessment and environmental risk management

HeoOxonumo orMeruTh, 4TO 3(PHEKTUBHBIM
UHCTPYMEHTOM MIPOrHO3UPOBAHUS, KaK
IIOKA3bIBAET MPAKTHKA, ABISETCS MOJEIMPOBAHUE
[14]. OnTtumanbHBIl MOAENBHBIH KOMIUIEKC IpU
MOCTPOCHUH HKOJIOTUYECKOr0 IPOrHO3a JOJKEH
BKJIFOYATh CJICAYIOIINE COCTABIISAIOLIME:

— MoJieM OOBEKTOB YIJIEMOPOIHOIO MAacCHuBa,
MOJIENIM BO3AYIIHON M BOAHOW Cpel B Mpeienax
peruoHa;

— MOJEIM  pa3iMYHBIX TIEeOMEXaHUYECKHX,
TUIPOTEOJIOTUYECKUX M JPYTUX TEXHOTEHHBIX
IIPOLIECCOB;

— MOJCIIH, OIMUCBIBAIOIINC ITPOLICCChI I/I3MepeHI/Iﬁ

It should be noted that as practice shows,
the simulation is an effective forecasting tool
[14]. The optimal model complex in the
construction of ecological forecast should
include the following components:

— object model of coal-rock mass, the model
of air and water environments within the

region;
— models of various geomechanical,
hydrogeological and other technological
processes;

— models describing measurement processes
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Y pacyeT CeTH HAOIOJCHUN;
— ATaJIOHHbIE MOJIeNn
HopMasbHOro cocrosinus I1TC;
— 3KOHOMHKO-MATeMaTH4YE€CKUE MOJIETIN OLICHKHU
3¢ (heKTUBHOCTH MIPUPOIOOXPAHHBIX
MEpOIPHUITUH.

Pe3ynbrarhl CcHCTEMHOrO0 IPOrHO3MPOBAHMUS,
BBIIIOJIHEHHOTO B COOTBETCTBUU C H3JI0KEHHOH
METOJI0JIoTHEH, OyAyT MPEeACTaBIsATh HAIECKHYIO
MH(POPMAIIMOHHYIO OCHOBY [UIS DPa3pabOTKu |
peanu3alul NporpaMMbl JTUKBUAAIMN YTOJBHBIX
XapakTepHOH OCOOCHHOCTBIO  JTAHHOM
pa3paboTKu SBISIETCS BO3MOXKHOCTH pa3pelieHust
BCEX HAyYHO-TEXHMUYECKHUX HEOIpeaeIEeHHOCTEH,
CBA3AHHBIX C HEJAOCTATOYHBIMH 3HAHUSIMH O
B3aWMOJICVICTBUM 3arpsi3HEHUM C YEIIOBEKOM U
komnoHneHtamu [1TC.

Pe3yabTaThl nccieqoBanuii mo paspadorke
METOJAMKN  TNPOTHO3MPOBAHUA  COCTOSIHUA
TexHoc(epbl. ABTOpaMH OBUTH  BBIIOJTHCHBI
3KCIEPUMEHTAIBHO-TEOPETUYECKUE
WCCIIEIOBaHUS MPOOJIEeMbl JTUKBUJAIIMK IIaXT Ha
teppuropun Poccuiickoro Jlon6acca (Pocrosckas
0071acTh), SBISIFOIIETOCS THUIUYHBIM YTOJBHBIM
OacceifHOM Harleil cTpaHbl. B npouecce u3ydenus
pealbHOM CUTYyalluu yCTaHOBJIEH psl (aKTOpPOB,
OTIpeAEISIONINX re0J0rM4eCcKHe,
THIPOTEOJIOTUYECKUE U SKOJIOTHYECKHE MPOLIECCHI
Ha wuccaenyemMod Tepputopun. Ha  ocHoBe
aHammM3a  OOBEMOB M TPOCTPAHCTBEHHOTO
pacrnosoKeHus: 00bEKTOB FOPHBIX padOT (TOPHBIX
BBIPAaOOTOK, BBIPAOOTAHHOTO TMPOCTPAHCTBA) B
YIJIEIOPOJTHOM ~ MaccuBe OblIa  MpOU3BeJeHa
OLIEHKa JIOTUCTHUYECKOW B3aWMOCBSI3U MEXIY
Humu.  CoryacHo — pemeHut0  MHHB3HEpro
Poccwuiickoit ®denepanuu, JIMKBUTAITHS
HETMEPCINEKTUBHBIX YTOJBHBIX IIAXT B PErMOHAX
OCYILECTBISIETCS CIIOCOOOM MOJHOTO 3aTOIICHHS
[7]. CnenmoBarenbHO, AWHAMHKA ITOJ3EMHBIX
MIAXTHBIX BOJ SBJSIETCS OCHOBHBIM (DaKTOPOM
IpU  OLEHKE JSKOJOTHYECKOH  0e30MacHOCTH
JTUKBHUJIAIIMOHHBIX paboT. Pe3ynbTaThl aBTOPCKHUX
HCCIIEIOBaHUM MO3BOJIAIOT ClieaTh OJJTHO3HAUHBII

OKOJIOTHYCCKH

maxT.

BbIBOJL O (opMHpOBaHHS B BbIPAOOTAHHOM
IIPOCTPAHCTBE TEXHOT€HHBIX
BOJ0AKKYMYJIMPYIOIIHUX TOPU30HTOB, 4TO

IIOJATB ep>K11aeTcs1 Hp aKTHKOﬁ FPI)IpOJ'IOFI/I'-IeCKI/IX
HaOJIFO JEHUIA.

Safety of Technogenic and Natural Systems 4 2017

and calculation of network observations;

— reference models of ecologically normal
NTS condition;

— economic-mathematical
assessment  models  of
conservation activities.

The results of the system forecasting, made
in accordance with the above mentioned
methodology, will provide reliable
information basis for the development and
implementation of the program of coal mines
abandonment. A characteristic feature of this
is the ability to resolve all scientific and
technical uncertainties related to insufficient
knowledge about the interaction of the
contaminants  with  the humans and
components of NTS.

The research results of the development

of methods of the technosphere state
forecasting. The authors have performed
experimental and theoretical studies of the
problem of mines abandonment in Russian
Donbass (Rostov region), a typical coal basin
in our country. In the process of studying of
the real situation they have determined a
number of factors that determine geological,
hydrogeological and ecological processes in
the studied area. Basing on the analysis of the
volume and spatial location of objects of
mining operations (mine workings, goaf) in
coal-rock mass, they estimated logistic
relationships between them. According to the
decision of the Ministry of Energy of the
Russian Federation, unviable coal mines
abandonment in the regions is carried out by
total flooding [7]. Therefore, the dynamics of
underground mine waters is a major factor in
assessing the environmental safety of abandon
operations. The results of investigations make
it possible to draw an unambiguous conclusion
about the formation in mined-out space of
water accumulating technogenic horizons, as
evidenced by the practice of hydrological

effectiveness
environmental

[T
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JluHamuka ruapocepsl B COUETAHUU C
OPYTMMHU  TEXHOT€HHBIMH M IPUPOJHBIMHU

(dakTopaMu OKa3bIBa€T HEraTHBHOE BO3JCHCTBUE

Ha  OKPYXKAIOU[yl0 MPHUPOJHYID Cpeay H
0€30MMacHOCTb JKU3HECATEIILHOCTH HaceneHus. B

YaCTHOCTH, 3aTOIUICHHE IIAXT HMHUIUUPYET
HapylIeHUe CJIOKHUBILIETOCS pexuma
MOBEPXHOCTHON M TMOA3eMHOIl  Tumpocdepsl,

3a00JIauMBaHMs 3€MEIlb CEIbCKOXO3SIHCTBEHHOTO
HAa3HAYCHMS, BBIXOJA HA IMOBEPXHOCTh TaK
HA3bIBAEMOT0 «MEPTBOTO BO3IIyXa», 3arps3HCHHUS
aTMocdepsl BEIOpOCAMH TOPOJHBIX OTBajoB. Ha
TEPPUTOPUU YTOJIBHBIX PErHOHOB HMEETCS Psil
TIIyOMHHBIX Pa3]IOMOB 3€MHOUM KOPBI, YTO MOXKET
MPUBECTH K  TIOBBIIICHHBIM  BBIJICIICHHUSIM
paJMOaKTUBHOTO Ta3a pazoHa. l[lpuHMMas Bo
BHUMAaHHE COCTaB WIAXTHBIX BOJ, KOTOpPbIE
3aroJIHSAIOT BBIPAOOTAHHOE MPOCTPAHCTBO (TabII.
1), MOXHO MNPOTHO3UPOBATH PEATBHYIO YIPO3y
0€30IaCHOCTH HACEJICHUS PpEruoHa B Ciydae
HEKOHTPOJIHMPYEMOTO Tporiecca.

Safety of Technogenic and Natural Systems 4 2017

observations.

The dynamics of the hydrosphere in
combination with other anthropogenic and
natural factors has negative impact on the
environment and life safety of the population.
In particular, the flooding of mines initiates
the breakdown of the established regime of
surface and underground hydrosphere,
waterlogging of agricultural land, chokedamp
coming to the surface, atmospheric pollution
by emissions of waste dumps. At the premises
of coal-mining regions there is a number of
deep faults of the earth's crust, which may lead
to the increased amount of radioactive gas
radon emissions. Taking into account the
composition of mine waters that fill the
mined-out space (table 1), it is possible to
predict the real threat to the security of the
region's population if an uncontrolled process
occurs.

TaoOmuma 1
Table 1

3arpsi3HEHHOCTb JPEHAaXHBIX BOJ JTUKBUANPYEeMbIX maxT OO0 «PocToByrosuby»
(o manubM [IIaXTHHCKOM CAHAMHICTAHIIIH)

Drainage water contamination of the abandoned "Rostovugol” mines
(according to Shakhty Sanitary & Epidemiological Service)

ITaxTbI Conepx(aHI/Ie MUKPO3JICMCHTOB, MF/,I[M3
Mine Content of microelements, mg/dm?®
Pb Cd Li Mo Mn Cr Sr Ti Zn
«Cmy6okasi» 0,005 | 0,015 | 0,455 0,03 1,35 | 0,025 | 6,8 0,05 | 0,05
«Glubokayay
um. Kpacuna 0,003 | 0,005 | 2,6 0,02 2,8 0,02 5,0 0,06 | 0,1
im. Krasina
«Matickas» 0,003 | 0,045 | 0,34 0,035 0,02 | 0,013 | 95 0,1 0,1
«Mayskaya»
«MupHast» 0,003 | 0,009 | 1,35 0,02 0,02 [ 0013 | 70 0,05 | 0,12
«Mirnayay
«HOxHam 0,004 | 0,009 | 1,3 0,015 0,02 | 0,015 | 84 0,02 | 0,22
«Yuzhnaya»

JInHaMUKa IIAaXTHBIX BOJA B Clydae IOJIHOTO
3aTOIUICHHUS  OTPEIeIsieT
BPEIIHBIX BEILIECTB,
VIJIETIOPOTHOM ~MAacCHBe,
ra30B, COCTABIIIIONINX MOI3EMHYIO aTMocdepy.
VYKka3aHHBIA BBIBOJI COTJIACYETCS C MHEHHUEM
AKCHEPTHOTO cooOmiecTna, B KOTOPOM

YCIOBUSA
COJIEpIKALLUXCS B
a TaKKe MUrpaluu

nepeHoca

Dynamics of mine waters in case of full
flooding determines the conditions of transfer
of harmful substances contained in coal-rock
mass, as well as the migration of gases that
make up the underground atmosphere. This
conclusion corresponds to the opinion of the

http://bps-journal.ru/
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MpEeACTABIICHBI obnactu
MO/I36MHON T€0JIOTMH, THAPOTEOJIOTUH M TOPHOM
F€OMEXaHUKU W3 BEIYIIUX POCCUMCKUX HAYyYHO-
HCCIIeIOBATENIbCKUX UHCTUTYTOB U BY30B [3-5, 7,
15].

s YCTaHOBJICHUS IPOCTPAHCTBEHHO-
BPEMEHHBIX 3aKOHOMEPHOCTEW 3aTOIJICHUS OBLIH
MPOAHAIU3UPOBAHBI PE3YJIBTATHl U3MEPEHUM 110
JMKBUIUPOBAHHBIX
Poccwuiickoro lonbacca. Ha ocHoBaHuM aHanm3a
MaTEepUaJIOB CIEIAHbI CIEAYIOIINE BBIBOIBI:

1. Temnbl TOBBIIICHUS YPOBHS M YBEIHMYECHUS

CIICHUAJINCTHI B

37 ctBomaM 19 IaxT

o0beMa BOJIBI, HaKaIuIMBaroencs B
BBIPa0OTaHHOM TIPOCTPAHCTBE IIAXT OacceliHa,
3aBUCAT OT COBOKYITHOTO BIIMSTHHUS
re0JOrHYECKUX, THUAPOTCOJTOTHUECKHUX u

TOPHOTEXHUYECKHUX YCIOBHM, CKIIAIBIBAOIIUXCS
Ha  KOHKPETHO ydJacTkax
MacCHBA.

2. CKOpOCTh MOJbEMa YPOBHS IIAXTHBIX BOJ| IO
OTJICBHBIM IIIaXTaM KOJICONETCS B HMHTEPBAIC
(0,02-2) wm/cyr. Tlpu 5TOM HadYalbHBIA ITal
3aTOIUICHUS XapaKTepu3yeTcss 0ojice BBICOKMMHU
3HAYEHUSIMU CKOpPOCTHU. B MPUMOBEPXHOCTHBIX
TOPU30HTaX TOPHOTO OTBOAA TEMIIBI MOJABEMA
VPOBHS  CHWXKAIOTCS,  9TO
HACBIIIIEHUE YIJIENOPOTHOTO
MTOJI3EMHBIMHU BOJIAMHU.

3. UWHrerpanpHas XapaKTEepHCTHKA JAUHAMUKH
3aTOIUICHUS BBIPAOOTAHHOTO MPOCTPAHCTBA IIAXT
B  TMpefenax  peruoHa  MOXKET  CIYXKHTh
MaKCHMaJIBbHO MPaBIONOIO0OHBIM KPUTEPUEM IS

3aTallJIMBaCMbIX

XapakTepusyer
MaccuBa

MIPOTHO3UPOBAHUS  Pa3BUTUSA  T'MJAPABINYECKON
CUTYallUM Ha BHOBb 3aKPBhIBAEMBbIX 11AXTaX.
Anamus

ITOKa3bIBAfCT, 4qTo

AKCTIEPUMEHTAIIbHBIX
KpUBBIE  paclpeiesIeHHs
MmogbeMa YpPOBHS IIAXTHBIX BOJ OT BpPEMEHHU
JIOBOJILHO YETKO pa3OMBAIOTCS HAa TpU OOIACTH.
DKcriepuMEHTAIbHOE paclipe/iejieHle 3Ha4eHHH
anmpoOKCUMHUPYETCS C HCMOJIb30BaHUEM METOJA
HAaUMEHBIITHX

TAaHHBIX

KBaJ[paTOB
perpeccueit.  O6001eHnE
WCCIIC/IOBAaHHBIM IIIaXTaM I103BOJIMJIO BBIPa3UTh
IMHAMUKY 3aTOIUICHHWsI B BHUAE CIEAYIOUIETO

napaboIuYecKon
pe3yinbTaToB 1O

YpaBHCHHUA:
y=hyau+26,04%-0,3833x2, @

r1e Nuaw — HavyambHas TIyOWMHA 3aTOIICHUS, M; X

expert community, which includes specialists
in the field of underground geology,
hydrogeology and mining geomechanics from
the leading Russian research institutes and
universities [3-5, 7, 15].

To establish spatio-temporal flooding
patterns the authors have analyzed the results
of the measurements on 37 shafts of 19
abandoned mines in Russian Donbass. The
following conclusions are based on the
analysis of materials:

1. The increase rate of the level and water
accumulation in mined-out space of the basin
depend on the combined influence of
geological, hydrogeological and mining
conditions prevailing on the specific flooded
areas of the solid mass.

2. The speed of mine waters rising in
individual mines varies in the range of (0,02—
2) m/day. The initial stage of flooding is
characterized by higher values of velocity. In
the surface horizons of the mining allotment,
the level growth rate decreases, this
characterizes the saturation of the coal-rock
mass by groundwater.

3. An integral feature of flooding dynamics of
mined-out space within the region may serve
as the most reliable criterion to predict the
development of the hydraulic situation in the
newly closed mines.

Analysis of experimental data shows that
the distribution curves of the rise of mine
waters are quite clearly broken into three areas
from time to time. The experimental
distribution of values is approximated using
the method of least squares of parabolic
regression. The generalization of the results in
the investigated mines made it possible to
express the dynamics of flooding in the form
of the following equation:

Y=Niaut+26,04x-0,3833%2, (1)
where hyay is the initial depth of flooding, m; x

http://bps-journal.ru/ b 101 ‘_I
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— HOPMHPOBAHHOE BPEMSI.

COBMECTHBI ~ aHAIM3  JKCICPUMEHTAIBHBIX
JAHHBIX ¥ TOPHO-TEOJIOTUIECCKUX YCIOBUH APYTUX
YTOJIbHBIX yKa3bIBaeT Ha
BO3MOXKHOCTh ~ HCIIOJIBL30BAaHHUS  OIKMCAHHOI'O
oIX01a K HCCIIEIOBAHHIO IIPOIIECCOB
3aTOIUICHHUS B IIpeJieiax dTHX TCPPUTOPHA.
IIpumeHeHue
XapaKTePUCTHKU
000CHOBaHHO
MIPOTHO3MPOBAHUE CUTYAIIUU B MPOCTPAHCTBEHHO-
BPEMEHHBIX OIICHKY
9KOJIOTMYECKOT0 PHCKa MPHU Peaiu3allii TeX WM

HHBIX

0OacceliHOB

ONMCaHHOW  MHTETPAIbHOU

3aTOIJICHUS MO3BOJISIET
BBIIIOJIHUTD MEPCIIEKTUBHOE
KOOpAUHATax u

OpTraHru3alMOHHO-TEXHUYICCKHUX
MEPOIPUATHI B paMKax JMKBUIALUU IIAXTHI.

s IIPEIOTBPALLECHUS HOTEHLUAIBHO

OITaCHBIX cmyaunﬁ IIpu JIMKBUAALIUHU YT'OJIbHBIX
LIaXT HEOOXOUMO:
— B paMKax IIPOTrHO3HPOBAHHUS
MOJI3eMHON ruApochepsl BBINOIHATE JETAIbHbIE
HHCTPYMEHTAJIbHBIE
YIJIEBMEILAIOIIEr0 MacCuBa C LIEJIBIO BBIBICHHUS
MPUPOAHBIX U TECXHOI'CHHBIX ITYCTOT U KaHAJIOB,
—  paspalaTblBaTh  «IECCUMHCTUYECKHE» U
«ONTUMHUCTHYECKUEN CLIEHapuu pa3BUTHUA
COOBITHH, YTO TO3BOJUT MUHUMHM3UPOBATH PUCKU
OLIMOOYHBIX pelIeHu.

[Iporuosnoe

JUHaAMHUKH

HUCCICI0OBAaHUA CTPpOCHUA

3aKJIFOYEHHE, coJepaKaiiee
OLICHKY Pa3BUTHUs AHAIM3UPYEMBIX TEXHOTCHHBIX
U DKOJIOTMYECKHMX  IIPOLIECCOB B CiIydae
peanu3anuu OJTHOTO u3 BAPUAHTOB
OpPraHU3allMOHHO-TEXHUYECKUX  MEpPONPUATHH,
SIBJISIETCS

MH(OPMAaIMOHHOM

KOHIICHTPUPOBAHHBIM  BBIPA)KEHUEM
HOJIEPXKKH MPUHATHUSL
yIpaBJIEHYECKOTO peLeHuMs.. [Tporuos
paspabarbiBaeTcs c UCTIOJIb30BaHUEM
(byHIaMEHTAILHBIX MPHHIMIIOB M METOJMYECKUX
pa3paboOTaHHBIX  aBTOpaMH U
OMMCAaHHBIX B paHee OMyOJIMKOBaHHBIX paboTax
[16, 17]. B mpouecce mNpPOrHO3UPOBAHUSA

pa3pabaThIBatOTCA BO3MOJKHBIE

IIOJIXOJIOB,

BapUaAHTHI
pa3BUTHUSA COOBITHH,
BEPOATHOCTH TOT'O WJIM MHOTO BapUaHTa Pa3BUTHL
npouecca H nporro3a. s
pa3paboTKM IJIaHa TEXHUYECKUX MEPOIPUITUI

JIUKBUJAITUH NI

PaCCYMTBIBAIOTCS
HaJIE)KHOCTH
CHIDKEHNA

HETaTHUBHBIX

OKOJIOTHYCCKHX HOCHGI[CTBI/Iﬁ HGOGXOI[I/IMO

is the normalized time.

Joint analysis of experimental data and
geological conditions in other coal basins
indicates the possibility of using the described
approach to study the processes of flooding
within these areas.

The application of the described integral
characteristics of flooding let us reasonably
perform the forecasting of the situation in
spatial-temporal coordinates and ecological
risk assessment in the implementation of
certain organizational and technical measures
during mine abandonment.

To prevent potentially dangerous situations
in the liquidation of coal mines it is necessary:
— as part of forecasting of the underground
hydrosphere dynamics to perform a detailed
instrumental examination of the structure coal-
bearing mass to identify natural and man-
made vuggs and channels;

— to develop a "pessimistic” and "optimistic"
scenarios of events development that will
minimize the risks of wrong decisions.

A forecast report containing the assessment
of the development of the analyzed
anthropogenic and ecological processes in the
case of one of the variants of organizational
and technical measures implementation is a
concentrated  expression of information
support of management decisions. The
forecast is developed using the fundamental
principles and methodological approaches
developed by the authors and described in the
previously published papers [16, 17]. The
forecasting  process develops  possible
scenarios, calculates the probability of one or
another option of process development and the
reliability of the forecast. To develop a plan
for technical measures to eliminate or reduce
the negative environmental impacts it is
necessary to carry out the prediction of spatial
and temporal characteristics of all expected

‘ -
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BBITIOJIHUTH NMPOTHO3UPOBAHUE MTPOCTPAHCTBEHHO-
BPEMEHHBIX XapaKTEPUCTUK BCEX O0XKUIAEMbBIX
coobiTuil.  IIpm IIEPBYIO  OYepe.lb
PacCUUTHIBAIOTCS CBS3aHHBIE C
MOBEJCHHEM MOI3eMHON TUApocdepsl: 00BEMBI
BBIPAa0OTaHHOTO MPOCTPAHCTBA, CKOPOCTH U
YpOBHU  MOABEMA pacxon
3arpsI3HEHHBIX BOJ| B IIOBEPXHOCTHBIE BOJIOEMBI,
JOMYCTUMbI OOBEM H3JIMBAa IMIAXTHBIX BOJ Ha
OBEpXHOCTh. Ha KaxaoMm 3Tane Ipou3BOIUTCS
obmas omenka cocrosaus IITC mocpeacTtBom
pacuera 3KOJIOTHYECKUX KPUTEPUEB.

OaHMM U3 OCHOBHBIX AaCHEKTOB BBIMOJTHEHUS
SKCIIEPUMEHTOB SIBJISIETCS BBIOOP M BCECTOPOHHSIS
OLICHKa  TEXHHUKO-TEXHOJOTHYECKUX  CPE/ICTB
nonydeHuss  ¢akrtuyeckol  uHbopmanuu. B
YKa3aHHOM IUIaHE OBbUIM U3YyY€Hbl U MCIIBITaHbI
pasnuuHble TpuOopsl U cucteMbl. Ha ocHOBaHuu
aHaJn3a
BbIOpaHa CHUCTEMa PErMOHAIILHOIO MOHUTOPHHTA,
KoTopas 10JIyyaThb  JJOCTOBEPHBIE
MaTepuagbl B pPEKUME PEATbHOTO BpPEMEHHU
CUHXPOHHO Ha Bcel tepputopun. [Ipenmyniectso
MOHUTOPUHTOBOM CUCTEMBI Mepel  APYruMHu
CpeacTBaMHu COCTOMT B BO3MO>KHOCTH
B3aMMOYBSI3aHHOW Pa0OTHl CHCTEM HaAOJIOACHMUS,
00paboOTKM ¥ aHanu3a pe3ynbTaTtoB. JlaHHOe
KayecTBO oOecnieunBaercs

9TOM B
II0Ka3aTcClin,

MIaXTHBIX BOJ,

pe3ynbTaTOB  HCCIeqoBaHUM  Oblia

IIO3BOJISACT

MOHUTOPHUHTA
HCIIOJIb30BAaHUEM CBOMCTB CUCTEMHOCTH, CUHTE3a,
CUHEPTUH METOJI0B U MPOTHO30B [18].
3akJ/rouenue. M31m05xeHbl OCHOBHBIE MOIXO/IbI
K METOI0JIOTUN MIPOTHO3UPOBAHUS
DKOJIOTMUECKON  0e30macHOCTH  Ha  CTaguu
JMKBUJAIMU HETIEPCIEKTUBHBIX YIOJbHBIX IIAaXT.
DKOJI0r0o-3KOHOMHUYECKas 3¢ (HEeKTUBHOCTH
OIMCAaHHOM TEOpUHU MOATBEPXKACHA pPe3yIbTaTaMU
BHEIPEHUS METOJMKM B MPAKTUKY HAy4HO-
TEXHUYECKOTO COMPOBOKIEHHUS JINKBUAIMOHHBIX
pabot Ha Tepputopuu PocTOBCKOIT 001acTH.
[Ipennaraemass MeTOAONOTHS, B TOM YHCIE
TEXHOJIOTMM U CpEACTBA pealM3alldUd, MOXKET
OBITh HCIIOIH30BaHA BO BCEX YTOJBHBIX PErHMOHAX
Poccun, mockonbKy pa3paboTka BBHINIOJHEHa Ha

OCHOBE dbyHIaMEHTATBHBIX ¢busuKo-
MaTeMaTHUYECKUX, AKOJIOTUYECKUX u
reOJIOTUYECKHUX MOJIOKEHU c y4ETOM
KOHKPETHBIX TOPHO-T€0JOTHYECKHX,

events. In the first turn the values associated
with the behavior of underground hydrosphere
are calculated: the volume of mined-out space,
speed and levels of mine water rise, amount of
contaminated water in surface reservoirs, the
permissible amount of mine waters coming
out to the surface. At each stage, the overall
assessment of the status of NTS is conducted
through the calculation of the ecological
criteria.

One of the main aspects of performing
experiments is  the  selection  and
comprehensive evaluation of technical and
technological means of obtaining factual
information. In the plan the authors have
studied and tested various devices and
systems. Basing on the analysis of research
results they selected the system of regional
monitoring, which allows obtaining reliable
information in real time in all the areas
simultaneously. The advantage of the
monitoring system to other tools is the ability
of interconnected operation of systems of
monitoring, processing and analysis of results.
The quality of monitoring is provided by using
the properties of consistency, synthesis,
synergy of methods and predictions [18].

Conclusion. The paper contains the basic
approaches to the methodology of
environmental safety forecasting at the stage
of unviable coal mines. Ecological-economic
efficiency of the described theory is confirmed
by the results of implementation of the
methodology in practice of scientific and
technical support of abandonment operations
in Rostov region.

The proposed methodology, including
technology and means of implementation, can
be used in all coal regions of Russia, as the
development is made on the basis of
fundamental physical-mathematical,
geological and environmental provisions,
taking into account specific mining and
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