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Purpose. Substantiating of contiguous coal seams coefficient during application of borehole underground
coal gasification technology based on dependences of interstratial rocks subsidence on gasification duration.

Methodology. Using stand experimental research and methods of computer modeling we obtained the de-
pendences of interstratial rocks subsidence in terms of their thickness change, alternating thickness of coal seams
and duration of the gasification process. To reflect the geomechanical situation of rock mass around underground
gasifier, license software Flac 5.00 was used. For data processing and building of synthesis dependences, the meth-
od of multiple regression using generally accepted data processing systems — Excel-2013 was used.

Findings. The obtained inequality allows setting the coefficient of contiguous coal seams during the applica-
tion of underground gasification technology. Setting this factor makes it possible to assess mining and geo-logical
conditions of coal seams occurrence with further rational order of their gasification. For values of contiguous coef-
ficient 5.5—5.7, gasification of coal seams can be carried out both in ascending and descending sequence. In this
case, there is no need to preserve the allowable distance between combustion faces on adjacent seams.

Originality. To determine the contiguous of coal seams, a mathematical mechanism was developed, whose
effectiveness is confirmed by computer simulation of rock massif that contains an underground gasifier and by
research on a special test bench installation. The difference between the results was less than 24 %.

Practical value. Dependence of interstratial rocks subsidence at changing duration of the gasification process
describing the development of possible formation of gas-permeable cracks in interstratial rocks ensuring techno-
logical process was established. The obtained conditions of contiguous coal secams allow providing rational order
of mine workings.

Keywords: stand research, underground coal gasification, contiguous coal seams, coefficient of contiguity

Introduction. In Donetsk and Lvivsko-Volynskyi
coal basin the majority of reserves is located in con-
tiguous coal seams. Analysis of domestic and interna-
tional experience has shown that extraction of such
reserves using conventional mining methods is uneco-
nomical because of the negative manifestation of rock
pressure in working faces. This situation greatly affects
the cost of coal produced and mining accidents. It is
possible to avoid this situation by improving conven-
tional technologies of extraction, at least by changing
the process of extraction. According to the opinion of
leading specialists in the field of fuel and energy com-
plex, this problem can be solved by implementing a
radically new technology of development and process-
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ing of coal in place of its occurrence in a closed tech-
nological cycle — borehole underground coal gasifica-
tion (BUCG). To carry out this technology, it is nec-
essary to drill two boreholes toward the coal seams
with subsequent linking. Then the coal seam must be
ignited, which promotes creation a controlled com-
bustion face with balanced oxidation and reduction
zones. This makes it possible to obtain a mixture of
combustible gases and then use them as a source of
electricity and chemicals. In this way, the development
of mining coal deposits for obtaining energy and in-
novation of the product in an environmentally closed
cycle is classified as “Clean Coal Technology” (CCT)
and “High Technologies” (HT).

Analysis of the recent research and publica-
tions. Over the last decade, the global energy market
has shown growing interest in the technology of un-
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derground coal gasification, as evidenced by the num-
ber of developed projects and an increasing share of
patents and security documents (according to World-
wide European Patent Office). New technological so-
lutions of the process execution and new designs of
gasifiers appear.

A team of researchers developed innovative tech-
nological solutions related to ensuring the effective-
ness and efficiency of gasification technology applica-
tion based on performed scientific and experimental
study. A particularity of these technological solutions
of coal seams gasification is that they are adapted to
one productive horizon or the coal fields, where the
works of minerals extraction have not been carried out.
Therefore, it is necessary to consider a further possi-
bility of expanding the technology for other coal
seams. Today the question concerns a transfer of the
results in terms of real mines, the creation of power
and chemical complex of processing the received en-
ergy and chemical products. This requires the devel-
opment of spatial representations of the state of the
rock mass during the process of underground gasifica-
tion and creation of efficient modes of operation [1],
studying the balance of physical and chemical reac-
tions [2], which will expand the use of the technology
of borehole underground coal gasification and con-
duct rational management planning of mining, locat-
ing underground gasifiers with a focus on required fi-
nal energy product. The technology of underground
gasification of contiguous coal seams is being paid in-
creasing attention due to reducing the volume of drill-
ing operations and improving the productivity of a gas-
ifier plant. Simultaneous extraction of coal reserves in
contiguous seams results in a significant reduction of
costs of the received final product.

In manuscript [3] the method of underground gas-
ification of contiguous coal seams which involves their
preliminary degassing through horizontal or inclined
boreholes drilled on the upper and lower layers, is sug-
gested. In the process of gasification, degassing of
above layering strata of rocks is conducted. The period
of degassing of the zone of upper layer discharge is
regulated by changing the speed of combustion face
advance along the bottom layer. Underworked coal
seam and rock massif can completely give almost all
methane only in unloading zone.

The period of gas recovery can be called a degas-
sing interval. In the area of drainage, discharge effi-
ciency is increased up to 78—88 %. The implementa-
tion of this method of gasification prevents drainage of
methane into the atmosphere (if any) from rock massif
around underground gasifier, and escape of combus-
tible gases through underworked rock massif. During
this technology, methane is viewed not as an indepen-
dent energy product, but as an additional product of
underground gasification gases.

While using the “UCG-methane” technology,
proportion of methane in the initial combustible gas is
increased to 26—44 %. This technology can increase
the energy indicators of degassing gases from coal
seams in the closed cycle and receive a comprehensive
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energy products and fertilizers. The downside of this
technology is the low efficiency of degassing 15—20 %
when the coal seam is intact. The occurrence of excess
pressure in the gasifier leads to the escape of methane
and gasifier gas on the Earth’s surface, polluting the
atmosphere and hydrosphere.

Another variant of underground gasification of
contiguous coal seams is a technology described in the
paper [4]. This technology provides, firstly, gasifica-
tion of upper layering coal seam, formation of a gath-
ering collector in a goaf. Its hermetization is done from
outside of the earth’s surface and gasification of other
coal seams in ascending order. Methane outlet re-
leased from the rock massif, goes along degassing
wells. The peculiarity of this gasification technology is
that after creating a gathering collector other contigu-
ous coal seams can be gasified in advance of each com-
bustion face on the bottom layer relative to the top.
The main disadvantages, as in the first case, can be low
indicators of coal seams degassing process and the
need for complex degassing of wells.

The closest technical solution of contiguous coal
seams gasification is a method of underground gasifi-
cation of solid fuels described in the paper [5]. The ad-
vantages of this technological scheme include reduc-
ing the cost of preparing and opening the coal seam,
increasing the area of the gasifier, reducing air blast
and gasification products escape. The following can be
referred to as its disadvantages: the difficulty of break-
ing into layers of the coal seam and the inability to
hold the opposite gasifier through design features of a
vertical shaft.

Unsolved aspects of the problem. Analysis of the
above technological solutions showed that the mecha-
nism for setting conditions for coal gasification of con-
tiguous seams has not been developed yet. The follow-
ing restrictive factors have been hardly considered:
structural change of the rock mass, thickness, the an-
gle of the seam, the length of the combustible face and
extraction pillar; occurrence of geological faults; the
variation of parameters of the gasification process; de-
sign features of underground gasifier; different ways of
managing rock pressure, etc. The authors of this work,
see the need to investigate the effect of geometrical pa-
rameters of coal seams and changes in quality of the
contiguous rocks on quality indicators of the gasifica-
tion process as the primary task.

Presentation of the main research and expla-
nation of scientific results. With interstratial rocks
lowering, the probability of the vertical cracks forma-
tion in the rock massif increases [6]. It should be noted
that during coal seam gasification the fracturing for-
mation is related primarily to rock pressure. Uneven
distribution of temperature field around underground
gasifier is a secondary factor. During gasification of
contiguous coal seams, forming of the vertical cracks is
even more evident. These discontinuous formations
turn into gas channels in the rocks. Vortices of blowing
and gaseous mixtures of lower and upper underground
gasifiers can occur there. This situation leads to desta-
bilization of the whole system.
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In undisturbed rock massif, natural cracks are un-
der stresses caused by mining pressure and reservoir
pressure of gas in the cavities of the cracks [7].

The possibility of formation of gas channels in in-
terstratial rocks has been based on a subsidence on the
coal bottom of the upper coal seam. The formation of
vertical cracks is observed in the rock layers with hori-
zontal deformation & > 5 mm/m [8]. Based on the
study of the stress-strain state of the rocks of the main
roof, a strain graph of the main roof depending on the
size of subsidence was built (Fig. 1).

Analyzing this dependence (Fig. 1), we can con-
clude that the subsidence of the main roof by over
200 mm results in increase of vertical through-cracks
(¢ > 5 mm/m). This makes it possible to predict the
probability of formation of these cracks based on the
values of coal bottom subsidence of the upper layer.

During the process of experimental research three
models of rock and coal massif around ex-situ gasifier
were formed. The transition from the model size to
natural conditions occurred using the relevant similar-
ity criteria. Thickness of the coal seam in each model
was the same — 1.2 m. Thickness of interstratial rocks
ranged from 3.6 to 6.6 m. Three layers represented in-
terstratial rocks. Thickness of the first layer was 0.7 m,
the second ranged from 2.3 to 5.3 m, and the third was
0.6 m. Modelled physical and geometrical parameters
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Fig. 1. Graph of behavior of the main roof depend-
ing on the size of subsidence:
1 — the zone in which there are no vertical through

cracks formation; 2 — the zone of vertical through
cracks formation

corresponded to geological conditions of selected ar-
eas of mine fields of SE “Lvivvuhillia™.

Monitoring of the subsidence of interstratial rocks
and their collapse was carried out for 18 measuring
points (reference sensors) in three rows in terms of un-
derground gasifier area. They were placed at the bot-
tom of the upper coal seam (6), as shown in the tech-
nological diagram in Fig. 2.

The nature of the rocks subsidence in each model
had both their own and common features.
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Fig. 2. Scheme of reference sensors installation:
1 — the bottom of lower coal seam 2; 3—5 — interstratial rocks; 6 — upper coal seam; 7, 8§ — rocks of the roof of up-
per coal seam 6; 9 — reaction (gasification) channel; 10 — reference sensors
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As a result of studies, dependences of rock layers
subsidence with lithological differences were defined.
These dependences were set using a measuring ruler
and a system of optical sensors. With the transition to
the full-scale gasification process, through the estab-
lished scale factors, the distance between the reference
sensors (R1—R6) equals 1.6 m. The distance to the
first row of reference sensors along the length of the
column gasification (R1) of man-made reaction chan-
nel (9) is equal to 1.2 m. During the research, we con-
ducted gasification of the lower coal seam (2).

Fixation of subsidence that corresponds to natural
conditions was held daily. Total observation time was 6
days. Dependencies of bottom subsidence at the top
coal seam during variable thickness of interstratial
rocks (3.6 and 6.6 m) and thickness of lower coal seam
1.2 m on the duration of the gasification process is
shown in Fig. 3.

In this figure, horizontal line 7 shows a critical bor-
der of subsidence, below which the formation of
through vertical cracks starts. The maximum subsid-
ence of reference sensors with a thickness of interspa-
tial rocks 4 = 3.6 m was observed on day 5 of gasifica-
tionand made 0.46 m, #=5.4—0.28 m, #=6.6—0.21 m.
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Fig. 3. Diagram of interstratial rocks subsidence
with a thickness of 3.6 m (a) and 6.6 m (b) de-
pending on the gasification duration:

1—6 — subsidence values of reference sensors; 7 —
a critical border of subsidence, below which the for-
mation of through vertical cracks occurs
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The main feature during underground coal gasifi-
cation is the presence of high temperatures in the com-
bustion face > 1000 °C [9]. The values of temperature
decrease with distance from the combustion face. At a
distance of coal seam roof of 3.6 meters above com-
bustion face, the maximum temperature is in the range
of 200—300 °C, while in the rocks of the bottom at the
same distance it is 53—82 °C. The degree of the roof
rocks exposure to heat depends on blast pressure in the
underground gasifier. With the pressure increasing
from 0.15 to 0.35 MPa, the heat of roof rocks increases
by 70—100 °C. This change in temperature is due to
convection penetration of combustible gases mixture
through artificial gas channels (vertical through
cracks). This problem can be solved by using stoichio-
metric conditions for the dual fuel system [10].

The results of the research (Fig. 3) prove that pro-
vided the advance of the lower combustion face over
the upper one, it should be before the area of forma-
tion of vertical through cracks. Based on the results the
of bottom subsidence of the upper coal seam and the
rate of combustion face advance, the dependence of
the possible delay of upper combustion face on the
lower one with variable interspatial rocks thickness was
obtained (Fig. 4).

From the studies, it is clear that the maximum al-
lowable distance of upper combustion face delay from
the lower combustion face with the thickness of lower
coal seam of 1.2 m changes under linear dependence
and can be written as

Ly =1.55h—2.93,

where L. is the value of the combustion face delay of
the upper coal seam with compared to the lower coal
seam; 4 is the thickness of interstratial rocks.

In the area of SC “Lvivvuhillia” mines, the thick-
ness of coal seams varies from 0.6 to 1.2 m, and the
thickness of interstratial rocks reaches up to 28 meters.
Therefore, for these parameters, given the technical
and economic characteristics of experimental studies,
the coefficient of contiguity of coal seams was ana-
lyzed using available information packets that form the
basis of computer modeling.

During coal seams gasification, the space of gasifi-
cation area increases, resulting in destruction of above
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Fig. 4. Change dependency of the upper combus-
tion face delay on the lower one under variable
thickness of interstratial rocks
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rock mass. A mechanism of rock mass destruction al-
lows observing its subsidence in concrete span point.

During simultaneous gasification of contiguous
coal seams, an important element is to establish the
value of the first combustion face delay regarding the
second one. Determining this value excludes mutual
and simultaneous influence of the underground gas-
ifier on interstratial rocks. The underground gasifier
can work both in ascending and in descending se-
quence. The delay in the lower coal seam does not vir-
tually affect the top coal seam, whereas delay in the
upper coal seam can create substantial effect on blow-
ing flow.

During our research, 27 models were processed us-
ing methods of computer simulation. As a result,
graphs of top coal seam subsidence at different values
of interstratial rocks were obtained. Fig. 5 shows re-
ceived graphs of subsidence of upper coal seam at in-
terstratial rocks with a thickness of 3.6 m and a thick-
ness of the lower coal seam of 1.2 m.

Based on Fig. 5, primary rock subsidence of the
upper coal seam occurs at point 1Y (x =39, y=33), in
0.2 days of gasification process. In 1.6 days, at a value
of goaf of 3.5 m, subsidence value made 200 mm. This
makes it possible to predict the position of the upper
combustion face, provided its delay from the lower
seam. Construction of models was performed until the
maximum lowering of the bottom of the lower seam
did not exceed 200 mm.

At the first stage of modeling with the thickness of
coal seam of 1.2 m, a step of interstratial rock thickness
was 0.2 m. The acceleration of the process of this mod-
el was increased by up to 0.4 m. With the coal seam

thickness decreasing to 0.6 m, and interstratial rocks
decreasing to 3.6 m, subsidence does not exceed
200 mm.

According to the results of computer simulation it
was found that subsidence of rocks of the bottom of
the upper coal seam > 200 mm was observed with the
studied coal seam thickness of 1.2 m at the level of
6.9 m, 1.0—-5.6 m, 0.8—4.4 m and at 0.6—3.4 m. This
does not contradict the experimental research con-
ducted in the laboratory. The discrepancy between the
results of all kinds of research does not exceed 24 %.

Accordingly, we can get dependences in which we
can assume when the coal seams are contiguous during
underground gasification (Fig. 6). The main parame-
ters that influence contiguity will be thickness of coal
seams and interstratial rocks.

Consequently, during underground coal gasifica-
tion coal seams can be related as contiguous under the
inequality

h

—<5.5-57,
m

where 4 is thickness of interstratial rocks, m; m is
thickness of the lower coal seam, m.

h
The ratio — reflects the contiguous coefficient of
m

coal seams during underground coal gasification (k,).
For values of the coefficient k., > 5.5—5.7, gasification
of coal seams can be conducted in descending and as-
cending sequence.

Research conclusions and recommendations
for further research in this area. The study of si-
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multaneous multi-level gasifiers shows that existing
approaches to determining the coefficient of contigu-
ous coal seams during underground gasification re-
quire significant adjustments. Unfortunately, existing
methods for determining the parameters used in the
complex mechanized coal extraction are not suitable
when applying the borehole underground coal gasifi-
cation technology. Using experimental tests research
and computer simulations, the authors, have attempt-
ed to establish the degree of influence of underground
gasification gases in ascending and descending se-
quence of coal gasification. The basis of research was
mining and geological conditions of mines SE “Lviv-
vuhillia”.

According to the results of these studies, depen-
dence that reflects the condition of coal seam being
contiguous was obtained. Considering this depen-
dence makes it possible to ensure the stable coal gasifi-
cation process and avoid destabilization zones of ther-
mochemical reactions in an underground gasifier.
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TY>KHOCTI BYTUJIbHUX TIJIACTIB BiJl TPUBAJIOCTI MpOLIeCy
rasudikanii. st BimoOpakeHHsI TeoMexaHiuHO1 CH-
Tyalii ripCbKOro MacHUBY HAaBKOJIO IMiI36MHOTO ra3o-
reHepaTopa 3aCTOCOBAHO TMaKeT JILEH3iiMHOI TIpu-
ksagHoi nporpamu Flac 5.00. /1ns1 o6poOKu naHuX Ta
MOOYIOBU y3araJIbHIOIOUUX 3aJIeXKHOCTE BUKOPHC-
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PO3POBKA POAOBULL KOPUCHNX KOMAJIUH

TaHO METOI MHOXWHHOI perpecii i3 3acTocyBaHHSIM

3araJibHOBM3HAHOI ~ CUCTEMU  OOpOOKM  JaHUX
Excel-2013.
Pesynbratii. OTpuMmaHa HEpiBHICTh, 11O A€

MOXJIUBICTh BCTAHOBIIIOBATU KOE(MIIIEHT 30JIMKEH-
H$l BYTUIbHMX IJIACTiB IPU 3aCTOCYBAaHHI TEXHOJIOTIl
nig3emMHoi ra3ugikaiiii. BcraHoBIeHHSI JaHOTO Koe-
diuieHTa 103BOJISIE MPOBOAUTU OLIIHKY TipHUYO-T€0-
JIOTIYHUX YMOB 3aJisiTaHHSI BYTiJIbHUX TLJIACTIB 3 TO-
JalTbIIM palliOHAJIBHUM ITOPSIAKOM iX rasudikarrii.
IIpu 3HayeHHsIX KoedillieHTa 30JMKEeHHsT OUThIINX
5,5—5,7 ra3udikauito ByruibHUX MJ1aCTiB MOXXHa MPO-
BOMIUTU SIK Y BUCXiAHOMY, TaK i HU3XiTHOMY TOPSIA-
kax. I[Ipy upbomy He MOTPiIOHO BUTPUMYBATU AOITYC-
TUMY BiICTaHb MiK BOTHEBUMMU BUOOSIMU, 1O Tpa-
IIOIOTH Ha 30JIMKEHUX TUIACTaX.

HaykoBa HOBHM3HA. 3aIllpOIIOHOBAHO MaTeMa-
TUYHUI MeXaHi3M I BM3HAYeHHs KoedillieHTa
30JIMKEHHS BYTiIbHUX IJIACTIB, e(PEKTUBHICTD SIKOTO
MiaATBepAKeHa KOMIT IOTEpPHUM MOACTIOBAHHSIM CTa-
HY TipChbKOTO MAacCHBY, IO BMIilIy€ TiI3eMHUMI ra3o-
reHepaTop, Ta AOCiI)KeHHSIMU Ha CIieliaabHill CTeH-
JIOBii1 yCTaHOBII].

IlpakTuyHa 3HaYuMicTb. BcTaHoBeHO 3amex-
HOCTI OITyCKaHb MiXIIJTACTOBUX TOPiJ BiJl TPUBAIOCTI
razuikaliii, 110 XapaKTepu3ylOTb YTBOPEHHS ra3o-
MPOBIAHUX KaHAJIiB y MOpOAax MixKIIacTs AJ1s1 3a0e3-
TeYCHHS TeXHOJIOTIYHOCTI TTporecy. OTpuMaHa yMO-
Ba 30JIMDKEHHSI BYTiJIbHUX TLJIACTIB JO3BOJISIE IPOBO-
JIUTHU pallioHAJIbHUI BUOIp MOPSIAKY BiApaloBaHHS
3araciB BYTiJLIS.

KmouoBi ciaoBa: cmendogi docaiocenus, nio-
3emMHa eazughikauyis, 30audxnceri naacmu, Koe@iui-
E€HM 30AUNCEHHS

Ileab. OGocHOBaHMe KO3(duULMEHTa COMUXKe-
HUS YTOJIbHBIX IIJIACTOB TIPY IIPUMEHEHNU TEXHOJIO-
MU CKBAaXKMHHOM MOA3eMHOM ra3uduKaLm, MCXo/Ist
M3 YCTAHOBJIEHHBIX 3aBUCUMOCTEN OIyCKAHUI MEX-
IUIACTOBBIX ITOPOJ OT IIPOIOKUTEILHOCTU ra3udu-
Kaluu.

Meroauka. CTEeHIOBBIMU 3KCIIEPUMEHTAIbHBIMU
KUCCIICAOBAHUSIMM U METOIAMU KOMIIbIOTEPHOIO MO-
NIeJIMPOBAHMST YCTAHOBJICHBI 3aBUCUMOCTU OITyCKa-
HUSI MEXTUIACTOBBIX MOPOJ, IIPU U3MEHEHUM UX MOIILI-
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HOCTU Y MOIIHOCTHU YTOJIbHBIX TLJIACTOB OT IPOIOJI-
KUTEIBHOCTHU Tipoliecca razudukanuu. insg orobpa-
JKEHMST TeOMEXaHUIEeCKO CUTyalliy TOPHOTO MacCH-
Ba BOKPYT MOI3eMHOTO Ta3oreHeparopa IIpUMEHEH
nakeT JuneH3noHHoro npunoxeHust Flac 5.00. [l
00pabOTKM JaHHBIX U ITIOCTPOEHUST 0000IIAI0IIMX 3a-
BUCUMOCTEM WUCIOJIb30BAH METOH MHOXECTBEHHOU
perpeccuy ¢ MPUMEHEHMEM OOIeNpU3HAHHON CU-
creMbl 00padboTku gaHHbIX Excel-2013.

PesyabraTbl. [logyyeHHOe HEpaBEeHCTBO HaeT
BO3MOXHOCTb yCTaHaBIMBaTh KO3G@PUIUEHT cOMM-
SKEHUS YTOJIBHBIX TUIACTOB MPU MPUMEHEHNU TEXHO-
JIOTUY Moa3eMHOM razudukanuu. OnpeaeaeHue 1aH-
HOTO K03 (UILIMEHTA TT03BOJISICT IIPOBOIUTEL OILICHKY
TOPHO-TEOJIOTUISCKUX YCIIOBUM 3aJIeTaHUsI YTOJIBHBIX
TUTACTOB C MOCICAYIOIINM PAIIMOHATIBHBIM MOPSIIKOM
ux rasupukauun. I1pyn 3HaYeHUSIX Ko duieHTa
comkeHus1 Oombine 5,5—5,7 rasudukanuio yroiab-
HBIX TJIACTOB MOXHO TIPOBOIMTH KaK B BOCXOJSIIIEM,
TaK M HUCXOnsIIeM Topsiakax. [Ipu 3ToM He HyXXHO
BBIIEPKMBATh TOMYCTUMOE PACCTOSTHUE MEXIY OTHEe-
BbIMU 32005IM1, KOTOpPbIe padOTalOT Ha COMMXKEHHBIX
riacrax.

Hayynas wnoBu3Ha. [IpemioxeH MaTemaTtuye-
CKUI MexaHU3M [Jisl ompenesieHus: KoagpduuueHTa
COJTMXKEHUS YyTONBHBIX TJ1ACTOB, 9(P(PEKTUBHOCTD KO-
TOPOTO TIOATBEPXKIEHA KOMITBIOTEPHBIM MOIETNPO-
BaHMEM COCTOSIHUSI TOPHOTO MacCHUBa, BMEIIIAIONIETO
MMOA3EMHBIN Ta30TeHEepaTop, M MCCIACHOBAHUSIMUA Ha
CIIELMaJIbHOM CTEHOOBOMU YCTAaHOBKE.

IIpakTudyecKkasi 3HAYMMOCTDb. YCTaHOBJICHBI 3a-
BUCUMOCTH ONYCKAHUM MEXIUIACTOBBIX ITOPOH OT
MPOIOIKUTEIbHOCTU Tra3uUKalMM, XapaKTepUu3yto-
e o6pa3oBaHUs ra30MPOBOAHBIX KAHAJIIOB B ITIOPO-
JlaX MEXKIYTIIACTbs 1JIs1 00ecTieueHUsI TEXHOJIOTMUHO-
cTu Tipouecca. IlogydeHHOE yClIOBUE CONMMKEHUS
YIOJIbHBIX IIACTOB MO3BOJISIET TMPOBOAUTH pallMoO-
HaJIbHBIN BRIOOP MOPSIIKA OTPAOOTKM 3aITacOB YIJISL.

KimoueBble cloBa: cmerO0os8ble UCCAe008AHUSL,
noodszemHas easuguxayus, cOAUNCEHHble NAACHbL,
Ko3guyuenm coauxncernus

Pexomenoosano 0o nybaikayii dokm. mexH.

nayk 1. A. Kosanescovkoro. Jlama Hadxo0xceHHs py-
xonucy 15.01.16.

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2016, N2 6



