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Purpose. Analysis of the current and proposed room and pillar exploitation technique of the Zinc mine (Chaabet
El-Hamra) by two different approaches, the tributary area (TAM) for analytical method and numerical method (Fi-
nite Element Method FEM) through PLAXIS 3D software.

Methodology. In this work, the stability analysis of the room-and-pillar of the Chaabet El-Hamra mine was per-
formed. Firstly, the safety factor for both conditions was calculated by TAM: 1) the current operation using 8.0 m
wide rooms with 4.0 x 4.0 m pillar sections; 2) the proposed technique using 9.0 m wide rooms with 3.0 x 3.0 m pillar
sections. Secondly, the numerical method was used to analyze pillar stability and total displacement of the proposed
technique through the PLAXIS 3D software.

Findings. Using more than one method in underground mining for analysis of the existing or proposed technique
is the best solutions for achieving reliable results.

Originality. The originality of this work is to use two different methods — TAM and numerical method (FEM) —
for analyzing the rooms-and-pillars stability design at a mine and proving the accuracy of this method in mining en-
gineering field

Practical value. The results of the chamber and pillar stability analysis indicate a safety factor of 1.38 for the pro-
posed technique. In addition, the maximum displacements are 0.259 mm. Thus, the proposed operating technique of
the layer will not cause stability problems. The production ratios show that the extraction rate of the current technique
is 89 % and for the proposed technique it is 93.75 %, so these results show that the proposed technique is advanta-
geous and more practical. The stability studies confirm the fact that geotechnical research with computer applications
(numerical methods) in underground mining can make a significant contribution to developing safer and more eco-
nomical stopping methods with greater health responsibilities, security and environment.
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Mine

Introduction. The method of exploitation by rooms-
and-pillars is a method that started in the mining field.
This method applies to all types of deposits, but mainly
to formations of sedimentary origin (e.g. Coal, Potash,
Salt, Iron, Bauxite, and Zinc), whose dip does not ex-
ceed 30°. Rooms-and-pillars are an ideal method for
extracting flat deposits over a wide and shallow area (up
to a few hundred meters).

Mine pillars are blocks of ore (natural support)
abandon in place between two or more production exca-
vations. Their function is to provide support to mini-
mize the movement of the rock mass in the area of the
excavation influence. However, when sizing the pillars,
we must choose the minimum amount of ore to leave in
place. This quantity in the pillar must allow the mini-
mum support necessary to ensure the stability of the ex-
cavations while ensuring the highest rate of extraction
possible (Luo, Y. 2015).

Pillar stability is one of the most complicated and
extensive problems in rock mechanics for underground
mining and strata control. Although these problems
have been studied by several researchers including
Wael A. (2015), John L. P., et al. (2013), Yang Y., et al.
(2017), Vidal E.N.T., et al. (2011) and Nakache R., et al.
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(2015), the issue of using many different methods such
as analytical and numerical methods, to date, does not
find accurate results to eliminate the risk of collapse and
subsidence.

The rooms-and-pillars stability analyses were ap-
plied to the Zinc Mine (Chaabet El-Hamra). The cur-
rent operation uses 8.0 m wide rooms with 4.0 x 4.0 m
pillars, while the proposed technique suggests 9.0 m
wide rooms and 3.0 x 3.0 m pillars.

The stability analysis of the rooms-and-pillars of
these two situations was performed by two different
methods, analytical method and finite element comput-
er model and a Mohr-Coulomb failure criterion, apply-
ing the PLAXIS 3D software. During these simulations,
a discussion of the stability of the rooms-and-pillars us-
ing safety factors and the extraction ratio were per-
formed.

The objective of this work is concerned with stability
analysis study of the current and proposed room and
pillar exploitation techniques of the zinc mine (Chaabet
El-Hamra) by two different approaches, the tributary
area for the analytical method and numerical method
(Finite Element Method FEM) through PLAXIS 3D
software.

Site Description. Location and Topography. The
Chaabet El-Hamra deposit is directly located, about
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250 km southeast of Algiers and 50 km south of Setif, in
the Chouf-Bouarket region 4.5 km from Ain-Azel and
12 km southeast of the Kherzet Youssef mining complex
(Fig. 1, a). Its approximate geographical coordinates are
35°45'N and 5° 30’E. The altitude of the site varies from
950 to 1200 meters.

Regional Geology. The area is located within the
Hodna district, located at the junction of three geologi-
cal zones (Tellian Atlas, the Sahara Atlas, and the high
plains). The high plains overlay a carbonate platform,
which remained shallow during the Mesozoic times.
The carbonate platform was unstable and subsiding
from the Upper Triassic to Albian (Lower Cretaceous).
It comprises more than 2300 m of sediments, terrige-
nous and carbonates (including dolomitic series). Sev-
eral dolomitic series are characterized by their impor-
tant mineralization, mostly on the northern and south-
ern margins of the platform (Fig. 1, b).

A tectonic of horst and graben has caused asymmet-
rical folding, occasionally with diaper developing in the
cores.

The mineralization is flat dipping sitting in an anti-
cline and extends over 500 meters strike length, 150 m
across strike, and is ranging from 100—160 m below the
surface and is open at depth. The thickness of mineral-
ization ranges from 1 to 20 m. Ore from the Chaabet
El-Hamra mine was trucked to Kherzet Youcef for pro-
cessing into zinc concentrate.

Access to the mineralized zone is through an in-
clined shaft (decline), which is located at the lowest
point in the region, at Hill 1020, over a length of 830 m
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Fig. 1. The area studied. Location and topography (a)
and geology map (b)
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in the waste rock. It is used for the circulation of person-
nel, equipment and for the evacuation of ore. It also
serves as a fresh air intake to underground mining. This
decline is preceded by a trench access, a length of 113 m,
from the coast 1034 to that of 1025, but a slope contrary
to the slope of the descent, is of the order of 6 %.

Analysis Methods. The diagnosis of stability of an
underground mine and its monitoring is based on vari-
ous methods of observations and measurements, now
being well under control (deformation measurements,
constraints, ultrasonic auscultation, various geophysical
methods, and others).

These methods are applicable in principle to all types
of complex mines or not. On the other hand, the com-
putation of the stresses to evaluate the conditions of sta-
bility is likely to be difficult in the complex mines. In this
paper, two methods of calculation have been used: the
most well-known analytical methods of calculation and
numerical methods of calculation.

Analytical Methods. Tributary Area Method (TAM).
The analysis of the stability of the pillars are based on
the theory of the tributary area method (TAM) which is
well adapted to the underground mines exploited by the
method of rooms-and-pillars stopped, located at shal-
low depth (H. R. Renani, 2018).

The TAM is the simplest method for determining the
load of a pillar. This method makes it possible to quickly
evaluate the stability of the pillars.

The theory of TAM assumes that after excavation,
the pillar supports the weight of the land contained in an
augmented imaginary prism extending from the level of
excavation to the free surface (Wael A., 2015).

The theory of the TAM accepts that the average load
of the pillar can be obtained from the following equa-
tions.

For a wall pillar, the average axial stress of the pillar
is defined by

(W +W,)
() »= P o T ,
P
where o, is the average axial pillar stress; P,, is the verti-
cal stress of the initial state of stress; W, and W, are the
pillar and room widths, respectively.

The area extraction ratio in mining an ore body of

uniform thickness is defined by

_ Areamined
Total area

For column pillars with a rectangular cross-section,
the extraction rate becomes

a+cllb+c
o - i)

The area extraction ratio is defined by

_ [(a+c)(b+c)—ab].
(a+c)(b+c)

For the case where square pillars are used, we have
a=>b
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o _ny(WﬁW) 1< H .
Wp2 1-r’
(WO+Wp)

where y and H are average unit weight of overburden and
mining depth, respectively.

The theory of the TAM has certain disadvantages,
however:

1) it neglects the presence of firm edges or undevel-
oped blocks since it considers that exploitation is infi-
nite. It does not take into account the load on them;

2) the height of the pillars (slenderness) is not taken
into account;

3) it assumes constant and uniform static vertical
stress and neglects the horizontal stress in the pillars;

4) it does not integrate the discontinuities that affect
the rock mass and, in particular, the pillars;

5) it does not take into account the position of the
pillars with respect to the closed edges.

Factor of Safety. The pillar stability can be evaluated
by determining a factor of safety (F,).

The safety factor is estimated as given in equation
Strength of the pillar o

S

F;:

average axial pillar stress o,

Obert and Duvall (1967) proposed a pillar design
method for rocks in general, but mostly based on strong
rocks, such as those found in Zinc and Lead mines.

The following equation describes the pillar strength

o, =6,[0.778 + 0.222(W,/h)],

where o, is the compressive strength; # is the pillar
height.

Numerical Method. Finite Element Method (FEM).
The FEM assumes that the bedrock is continuous. It
makes it possible to discretize it into continuous single
elements. The FEM also takes into account the geome-
try of the structure, the boundary and initial conditions,
the heterogeneity and the anisotropy of the ground.

At present, the numerical methods are a powerful
tool for solving many engineering problems in under-
ground mining. The grounds can be attributed to an
elastic or elastoplastic constitutive law or others. From
the constraints and deformations obtained, this method
is able to globally locate the most stressed or relaxed
areas.

Thanks to very powerful computer means, three-di-
mensional models can be produced (e.g. PLAXIS 3D
2000). Although this method is very efficient in estimat-
ing the stresses around underground structures, it does
not allow taking into account natural discontinuities in a
satisfactory way, although we can introduce particular
elements for this purpose (elements of interface and
joint elements). This method is more widely used today
than before (Chhunla C., 2018).

Plaxis 3D version 1.2 software is used in the model-
ling of room and pillars stability. The software evaluates
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the stress analysis and deformation by finite element
method (FEM).

Methodology. In this work, the stability analysis of
the rooms-and-pillars of the Chaabet El-Hamra mine
was performed. Firstly, the safety factor was calculated
by TAM for both conditions:

1. For the current operation which uses 8.0 m wide
rooms with 4.0 x 4.0 m pillar sections (Fig. 2, a).

2. For the conditions of proposed technique which
involve the use of 9.0 m wide rooms with 3.0 x 3.0 m pil-
lar sections (Fig. 2, b).

Secondly, the numerical method was used to analyze
pillars stability and displacement vertical of the pro-
posed technique through the PLAXIS 3D software
(Fig. 3). Finally, a discussion of the stability of the
room-and-pillar using safety factors and the extraction
ratio was performed.

Fig. 3 shows the model and meshing performed by
PLAXIS 3D software. The studied problem is divided
into three zones; 110 m of dolomite (roof), zinc layer
(e.g., 5 mthickness) and dolomite (e.g., footwall).

The geomechanical and strength properties of rock
mass used in this numerical modelling based on field
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b

Fig. 2. Room-and- Pillar stoping methods. Current me-
thod (a) and proposed method (b)

23




MINING

Fig. 3. Plaxis 3D model set up and meshing

measurement and laboratory studies are given in Ta-
ble 1.

Results and discussion. Analysis performed by ATM.
In the TAM analysis, the safety factor and the extraction
rate were calculated through two cases. Firstly, the safe-
ty factor value was calculated by the existing parameters
in the mine (W, =8 m, W, =4 and 110 m depth). Sec-
ondly, the safety factor was calculated by the proposed
parameters (W, =9 m, W, = 3 and 110 m depth). The
output results are shown in Table 2.

The results obtained by the existing parameters
(Fig. 3) show that the mine is stable (F,= 2.54) with a
profitable extraction rate (89 %); on the other hand, the

Table 1
Geotechnical parameters used in the numerical
modeling
Ere CI‘(:‘ v

Materials - a ! 3 (p W

(GPa) | (KPa) | (kN/m’) | (°) - 1O
Dolomite 28 4984 26 51.2 [ 0.32
Zinc 45 5192 30 82.73 | 0.25

E: Young’s modulus, C,: cohesion, y: Unit weight, ¢: friction
angle, v: Poisson’s ratio, y: dilatancy angle

Table 2
The safety factor computed by current and proposed
pillar sizes
Elements Pillar size

current | proposed
Depth to pillar roof level | H (m) 110 110
Compressive strength o, (Mpa) 72 72
Pillar height h (m) 05 05
Room width W, (m) 08 09
Pillar width W, (m) 04 03
Extraction ratio (%) 89 93.75
Factor of safety F, 2.54 1.38

24

results found by the proposed variants depict that the
mine remains stable (F;= 1.38) with a very high extrac-
tion rate (93.75 %).

Analysis performed by finite element method (FEM).
We used the Plaxis 3D calculation software; it is based
on the finite element method. The adopted model is
shown in Fig. 3. To implement it, we applied the follow-
ing approach:

1. We chose the geometry of the model that is closest
to the real geometry of the mine with the proposed tech-
nique.

2. We followed the same approach that was applied
in the mine, that is to say, phase excavation (Fig. 4).
Phased excavation involves creating voids based on the
operating history.

In the current operation, according to the survey in-
side the mine and the results obtained by TAM, it is
concluded that the mine is very stable.

After the finite element analysis, we understood the
following elements.

In the proposed technique, the total displacement is
0.259 mm (Fig. 5), indicating the advantage of the pro-
posed method. The displacement is very low, which im-
plies that the mine remains stable.

Fig. 6 shows the mean stresses according to the
4 phases of excavation for the proposed technique above
the room’s roof and the pillar layout located at a depth
of 110 m.

The mean stress in the surrounding stope area is
38 MPa, decreasing gradually with the distance. In the
inferior and superior zones of the pillars, the vertical
stresses are similar in the peripheral area of room and
pillar, and the failure in this area is not critical.

Fig. 7 illustrates the traces of the main stresses ac-
cording to the 4 phases of excavation for the proposed
technique. At 110m depth and with a large reach of the
rooms, the total stresses (39.93 MPa) decrease gradually
with distance and spread from the roof to the surface.

In the pillars, however, we note (phases 1, 3) a low
shear, which, as we may generalize, will increase with
the increase in the recovery height. This situation is not
to cause instabilities.

Conclusions.

1. The results of the chamber and pillar stability
analysis indicate a safety factor of 1.38 for the proposed
technique. In addition, the total displacements are 0.259
mm. Thus, the proposed operating technique of the
mine will not cause stability problems.

Fig. 4. Sequence excavation phase
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Phase 3

Vertical displacement (Uy)
Extreme Uy = 259,88*%10° m

Fig. 5. Vertical displacement according to the 4 phases of
excavation for the proposed technique

Phase 2

Phase 4

Mean Stresses
Extreme mean stress -38,01%10° kN/m?

Fig. 6. Mean stresses according to the 4 phases of excava-
tion for the proposed technique
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Phase 3

Total stresses
Extreme total stress 39,93*10° KN/m?

Fig. 7. Traces of the main stresses according to the
4 phases of excavation for the proposed technique

2. The production ratios show that the extraction
rate of the current technique is 89 % and for the pro-
posed technique it is 93.75 %. Thus, these results show
that the proposed technique proved to be advantageous
and more practical.

3. The stability studies confirm the fact that geotech-
nical research with computer applications (numerical
methods) in underground mining can make a significant
contribution to developing safer and more economical
stopping methods.

Recommendations. Using more than one method in
underground mining for stability analysis is the best so-
lutions for achieving reliable results.
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AHani3 cTifiKoCTi CTOBIIB MiA3eMHOI MIAXTH
[ITaa6i Exp-Xampa (AJpKup) aHATITHIHUMHA
Ta YUCENHLHUMH METOIAMH

J. Haxaw', M. JI. Bykeaaya', A. Byxedaca', M. @peduc'?
1 — YuiBepcuteT bamxi Moxrap, M. AHHaba, Aykup, e-mail:
minesetcarrieres@yahoo.fr

2 — YHiBepcureT iMmeHi Adneppaxmana Mipa, M. bemkast, An-
KUP

Meta. AHaJli3 CTiIHKOCTi KAMEPHO-CTOBIOBUX CHUC-
TeM PO3pPOOKU SIK Ti€l, 1110 BUKOPUCTOBYETHCS B JaHU1
yac, Tak i MPOIMOHOBAHOI IJIsl BAKOPUCTAHHS HA LIMH-
koBiif maxrti (Ilaa6i Enp-Xampa). BUKopucToByIOThCS
JIBa Pi3HUX MiAXOIM: aHATITUUHUI METOM ISl TIIOIIU-
HU BXiIHUX O0TBOpIB (inbTpa cBepmioBuHu (IIBOM) i
YyUCeJIbHUI MeTod (MeTod KiHLIEBUX €JeMEHTIB —
MKE) i3 3acTtocyBanngaMm nmporpamu PLAXIS 3D.

Metoauka. Y naHiii poOOTi BUKOHYETHCSI aHali3
CTIMKOCTi KaMepHO-CTOBIOBUX CHCTEM DPO3POOKU
maxtu Illaa6i Enp-Xampa. [To-nepie, 3a 101MoMOrowo
[IBOM 0OyB BHM3HaueHUI KOEMilliEHT MIillTHOCTI ISt
JIBOX YMOB: 1) BUKOpUCTOBYBaHa B JaHUI1 yac cucrema
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B KamMepax IMprHoo 8,0 M i3 CeKIiMHUMM CTiliKaMK
4,0 x 4,0 M; 2) TIpoITOHOBaHA TEXHOJOTIS B KaMepax
mupuHoIo 9,0 M i3 cexuitHuMu ctifikamu 3,0 x 3,0 M.
[To-gpyre, OyB 3aCTOCOBaHUIT YHMCEIbHUIN METOH IS
aHaJIi3y CTIMKOCTi OTmop i BEJIMUMHU BiJCTaHi repeMi-
LIeHHSs 3 BUKopuctaHHsaM nporpamu PLAXIS 3D.

Pe3ynbTaT. BukopuctaHHs Oiibllle OTHOTO METO-
Iy B TiI3eMHUX BUIMKaX /I aHaIi3y iCHy104oi Ta mpo-
IMMOHOBAHOI TEXHOJIOTi# € HalKpallUM PillIeHHSIM Y J10-
CSATHEHHi HalifHUX pe3yabTaTiB.

HaykoBa HoBu3Ha. HoBu3Ha 1aHO1 poOOTU MOJISITaE
Yy BUKOPUCTaHHi ABOX pizHux metoaiB ITBOM i uu-
ceapHOro metony (MKE) mist aHami3y cTifiKOCTi Ka-
MEPHO-CTOBIIOBUX CUCTEM PO3POOKM Ha IIAXTi Ta Mifi-
TBEPIXKEHHSI TOUHOCTI LILOTO MeToay y cepi TipHUYOi
MIPOMUCIJIOBOCTI.

IIpakTiyna 3HauuMicTh. Pe3ynbraTu aHamisy cTiii-
KOCTi KAMEPHO-CTOBITIOBUX CUCTEM PO3POOKU BU3HA-
yalpTh KoedilieHT MinHocTi 1,38 my1s 3anmpornoHoBa-
HOI TexHoJiorii. BiJibll TOrO, MaKCHUMaJIbHE 3MillLIEeHHS
craHoBUTh 0,259 mMm. TakuM UMHOM, 3alpONOHOBaHA
TEXHOJIOTisl pOOOTH i3 TIJIAaCTOM HE BUKJIMYE MPOOIeM
3i criiikicTio. KoedillieHT mpoayKTUBHOCTI MOKAa3ye,
110 HOpMa BUJTYYEHHS TEXHOJIOTIi, 110 BXX¢ BUKOPHUC-
TOBYETBCS, CTAHOBUTB 89 %, TOJI K JIJIST TPOTIOHOBA-
Hol — 93,75 %. Takum 4MHOM, pe3yJibTaTU I10KAa3y-
I0Th, IIIO 3aIIPOTIOHOBAaHA TEXHOJIOTISI MPOAYKTUBHA I
OuIblI TIpakTU4HaA. JlochimkeHHs cTabiIbHOCTI ITii-
TBEPIKYIOTH TOU (DaKT, 110 TEOTEXHIYHI JOCTiIKEeHHS
i3 3aCTOCYBaHHSIM KOMIT'IOTEPHUX TEXHOJOTIN (4u-
CeJIbHi METOIM) y MiA3eMHUX BUIMKax poOJsITh 3HA-
YHU1 BHECOK Y PO3BUTOK OUJIbIII OE3MEYHUX i EKOHOM-
HUX CUCTEM PO3POOKHU 3 TOCUIEHUMHU 3aX0AaMU 11010
3aXUCTY 3M0POB’S, OE3MEKU Ta HABKOJMIIHBOTO Ce-
penoBuIIa.

Kimovogi cioBa: waxmu ma eipnuua cnpasa, npooyk-
mueHicmb, CMIUKICMb, KAMEPHO-CMO8nosuil, Koegiui-
enm miynocmi, MKE, waxma Illaa6i Eav-Xampa

AHaIM3 YCTOWYMBOCTH CTOJI0O0B MOJA3EMHOI
maxThbl I1laadu Dap-Xampa (AKup)
AHAJMTHYECKUMH ¥ YHCJIEHHBIMH METOJAMHU

J. Haxaw', M. JI. Bykeaayn', A. Byxeoxca', M. @pedoc'?
1 — VYuuepcutrer bamxu Moxrtap, r. AHHaba, Aypkup,
e-mail: minesetcarrieres@yahoo.fr

2 — YHuBepcuteT uMeHu AbneppaxmaHa Mupa, r. bemxkast,
AJxup

Ienb. AHaTM3 yCTOMYMBOCTY KaAMEPHO-CTOIOOBBIX
cucTeM pa3pabOTKM KaK MCIIOJIb3yeMOl B HACTOSIIIEE
BpeMsI, TaK W IIpeiiaracMoOi U MCITOIb30BaHUS Ha
mHKoBoM maxre (Illaadu Dab-Xampa). Mcionb3yroT-
Cs1 IBA pa3HBIX IOOXOAA: aHAJIUTUYECKU METO. JIst
pacueTa IUIOLIaa/ BXOAHBIX OTBEPCTUIl (prIbTpa CKBa-
KkuHBl (MPITBO) 1 unciaeHHbII MeTOn (METOI KOHEU-
HBIX 251eMeHTOB — MK3) ¢ npuMeHeHreM TTporpaMMbl
PLAXIS 3D.

MeTtoauka. B naHHOI paboTe BBITIOJHSIETCS aHATU3
YCTOMYMBOCTM KaMEpPHO-CTOJIOOBBIX CHUCTEM pa3pa-
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6oTku maxtel [Hlaabu Dnp-Xampa. Bo-miepBBIX, ¢ 10-
mompio MPIIBO Opin ompemeneH KoadduimeHT
MPOYHOCTH TSI IBYX YCIOBUIL: 1) McTonp3yemasi B Ha-
cTosIIIee BpeMsl crcTeMa B Kamepax ImmpuHoit 8,0 M ¢
ceKIIMoHHBIMU cToliKamu 4,0 x 4,0 M; 2) npenjiaraemas
TEXHOJIOTUSI B KaMepax IUpUHOit 9,0 M C CEKIITMOHHBI-
mu croiikamu 3,0 x 3,0 M. Bo-BTOpBIX, ObLT IpUMeHEH
YUCJEHHBIM METOJI JJISl aHa/Iu3a YCTOMUYMBOCTU OMOP U
BEJIMYUHBI PACCTOSIHUS TIEpeMELEeHUsT ¢ UCIOJIb30Ba-
HueM nporpammbl PLAXIS 3D.

PesyabraTnl. Mcnonb3oBaHue Oosiee OJHOIO Me-
Toda B ITOA3EMHBIX BEIEMKAaX IUIST aHAJIM3a CYIIeCTBY-
OIIEN M TIpEAJIaracMO TEXHOJOTUW SIBIISIETCS JIyd-
UM peIIeHUEeM B TOCTUKEHUM HaIeKHBIX pe3yJIbTa-
TOB.

Hayynasa noBusna. HoBusHa naHHO#W paboThl coO-
CTOUT B UCIOJb30BAaHUU MABYX pPa3HbIX METOIOB
MPIIBO u yucnenHoro Merona (MKD) nis ananuza
YCTOMYMBOCTA KaMEpHO-CTOJIOOBBIX CHUCTEM pa3pa-
OOTKM Ha IIaxTe W MOATBEPXKICHUS TOYHOCTU BTOrO
MeToj1a B chepe rOpHOM MPOMBILLIJIEHHOCTH.

IIpakTnyeckasi 3HauMMoCTh. Pe3ynbraThl aHanusa
YCTOMUMBOCTU KaMEpPHO-CTOJIOOBBIX CUCTEM pa3pa-
0oTKU ompenensioT KoadduuneHT npouHoctu 1,38

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N° 2

JUISL TIpeajiaraeMoi texHosiornu. bojee Toro, Makcu-
MajibHOe cMelieHue coctabiser 0,259 mm. Takum 00-
pa3oM, IpemiaraeMasi TEXHOJOTMsI pabOThI C ILIACTOM
He BBI30OBET Ipo0bJieM ¢ ycToiunBocThio. Koadduim-
€HT MPOAYKTUBHOCTH ITOKa3bIBAET, YTO HOpMA U3BJIC-
YeHUsI yKe MCIOJb3YeMOM TEXHOJOIMU COCTaBJISIET
89 %, Torma Kak it ipemyiaraeMoit — 93,75 %. Takum
00pa3oM, pe3yJIbTaThl TOKA3bIBAIOT, YTO MpeiaracMast
TEXHOJIOTHSI MPOAYKTHBHA U OoJiee TpakTuyHa. Mccie-
IOBaHUS CTAOMILHOCTU TTONTBEPKAAIOT TOT (haKT, UTO
re0TEXHUYECKUE MCCIIEAOBAHMS C IPUMEHEHNEM KOM-
MbIOTEPHBIX TEXHOJIOTUI (YUCIEHHbBIE METObI) B IO/~
3eMHBIX BbIEMKAX [I€/1al0T 3HAaYUTEIbHbII BKJIA B pa3-
BUTHE 0oJice OE30MACHBIX U SKOHOMHBIX CUCTEM pa3-
pabOTKU C YCUJICHHBIMUY MEPaMU I10 3a1UTe 300POBbS,
0e30I1aCHOCTU Y OKPYKAIOLIEI CPEIbI.

KiioueBble c10Ba: waxmot u 2opHoe 0eno, npou3eo0u-
MeAbHOCMb, YCMOUYUBOCMb, KAMEPHO-CMOA0080U, KO-
agguyuenm npounocmu, MKD, waxma Illaabu Dib-
Xampa

Pexomendosarno 0o nybaikauyii dokm. mexH. Hayk

Ab6danna Xadgpcayi. Jlama Haoxo0xuceHHs PYKORUCY
24.01.18.
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