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Purpose. Substantiation of the parameters and devel-
opment of a program structure of the information system
assuring the underground mining safety based on the
comprehensive assessment, operational forecasting and
prospective scenarios of geomechanical processes.

Methodology. The project of the information system
was developed using the methodology of the design of pro-
gram models of computational processes, mathematical
modeling of geomechanical processes performed using the
laws of physics of rocks and continuum mechanics.

Findings. The parameters and structure of the new
information system for the underground mining safety
control based on the geomechanical factors has been de-
veloped. It includes: the subsystem that provides effec-
tive personnel management at industrial enterprises
based on network communications technologies and mo-
bile telephony; reference and information subsystem of
decision support, that provides data collection, infor-
mation on request, the primary analysis of normative and
technical documentation, search for reasonable process
parameters via the analysis unit; interactive subsystem of
mining operations safety assessment based on the geo-
mechanical factor, which takes into account the synthesis
of algorithms for evaluation of the control object based
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on the mathematical apparatus of fuzzy logic, operational
forecasting and prospective scenarios of geomechanical
processes based on the state of local models of rock mas-
sif. The safety is assured through the increase of the staff
cooperation effectiveness, disciplinary liability, as well
as through the operational forecasting of the rock massif
state and making early decisions on the maintenance of
workings in the accident-free state.

Originality. The technique of design of the infor-
mation system for the underground mining safety control
has been developed. It takes into account the operational
forecasting and prospective scenarios of geomechanical
processes.

Practical value. The use of information systems in
mining allows us to increase the efficiency and safety of
operations by ensuring the transmission and recording of
operational information in the process of control over the
solving of current problems, and through fast response to
the emergencies caused by geomechanical factors.
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Purpose. To study the physical processes of formation of physical and water-physical properties of sod-podzolic soil in
the areas reclaimed after mining developments for practical measures on full implementation of the ecosystem functions of

soil under technogenesis conditions.

Methodology. The methodological basis of research was the concept of environmental monitoring. Conventional methods
in ecology, field and laboratory ones, were used for the research. In the field studies, the methods of comparative analogy with
regional control were used. The laboratory tests were conducted in accordance with generally accepted in soil science certified

and standardized methods.

Findings. Under natural soil conditions, a 30-year period after the remediation is insufficient to restore the evolutionary
balanced parameters of physical structure of the soil. The residual effects of its physical abuse appear to change the density
compilation, porosity and, consequently, the quantitative characteristics of water-physical constants and forms of soil moisture

Teserves.

Originality. For the areas reclaimed after opencast mines, the time and quantitative parameters of forming the physical
structure and water-physical constants of disturbed soil by natural soil conditions were first established. The possible scenarios
for forming stocks of productive moisture in the plow layer of soil were shown.

Practical value. The regularities of forming agrophysical soil properties can be used by mining companies to justify the
technical specifications of the restoration of land after opencast mines and by farms to develop measures aimed at regulating
elements of disturbed soil fertility and improvement of technological schemes of growing crops on the reclaimed areas.

Keywords: recultivated area, soil porosity, density compilation of soil, soil moisture, water and physical constants, soil

moisture reserves

© Iziumova O.H., 2016

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2016, N2 1

85




EKOJIONYHA BE3NEKA, OXOPOHA NMPALI

Introduction. The intensive use of mineral deposits in
Ukraine for a long period has negatively affected the effici-
ency and environmental condition of the land involved in mi-
ning developments. Holding open cast mining seizes large
areas of the productive land from agricultural use, destroys
the earth relief, and produces large overburden dumps [1].
Therefore, one of the most effective measures for reproducti-
on of the natural state of the soil is the reclamation of areas
disturbed by mining development and returning them to the
condition which is the most suitable for agricultural produc-
tion [2].

Unsolved problems. Conducting reclamation is associa-
ted primarily with drastic violation of evolutionary balanced
indicators of physical structure of the soil, including the soil
bulk density. This index serves as the main criterion for the
physical constitution of the soil and determines the full range
of natural, water-physical and agrochemical soil characteris-
tics and modes. The indicators which characterize the degree
of soil damage, except for the compilation density, include
the total porosity with ratio between non-capillary and capil-
lary porosity being of great importance. All these factors are
interrelated and have a significant impact on the edaphic
conditions of plants.

An important factor to optimize the water-air regime of
disturbed soils includes water-physical constants: full water
capacity (FWC), the lowest (field) moisture (LM), moisture
of capillary connection rupture (MCCR) and the index of per-
manent wilting moisture (PWM). These characteristics reflect
not only quantitative extent of wetting of the soil, but also
qualitative characteristics of soil moisture regarding the deg-
ree of mobility and availability for plants [3].

Analysis of recent research. At the beginning of the se-
cond half of the last century, a concept of "natural fertility"
of soils was introduced. N.A. Kaczynski was the first to pro-
ve the need of studying the physical properties of soils on ac-
count of their genetic characteristics. The works by 1B. Re-
vut of the same period described basic theoretical principles
of physics on the implementation of the soil, in mining recla-
mation of waterlogged lands, which were subsequently upda-
ted and summarized within ecological studies [4]. In recent
times, the research has been focused on setting the parame-
ters of the physical constitution of soil for different soil and
climatic regions of Ukraine, together with the technological
aspects of growing crops [5—7]. Generally, authors agree that
the most favourable conditions for the development of plants
develop with total arable soil porosity of 55-60% and ratio
between non-capillary and capillary porosity in the range
from1: 1to 1:3.

Unsolved aspects of the problem. Despite the scientific
and practical relevance of the issue, the accumulation of ex-
perimental data on formation of water-physical soil charac-
teristics under conditions of technogenesis is not sufficient.
In particular, recovery time characteristics of the physical
constitution parameters and water-physical constants of the
disturbed soil under natural conditions have not been ex-
plored regarding reclaimed areas.

Objectives. The aim is to establish regularities of the
processes of restoration of natural and water-physical proper-
ties of sod-podzolic soil on the areas reclaimed after mining
development.
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Main research. The results of studying the water-phy-
sical properties of soil are shown on the basis of our studies
conducted on sod-podzolic sandy soils of Volodarsk-Volyn-
skiy region of Zhytomyr oblast, located within the territorial
limits of Irshans'k ore mining and processing enterprise (Ime-
nite ore). Reclaimed in the mid 80-ies, the industrial areca
(Fig. 1) with a total of over 80 hectares was not in agricultur-
al use, thus creating conditions for the research of recovering
agrophysical characteristics of the soil of the reclaimed areas
influenced by natural factors. Undisturbed samples (mono-
liths) of 0-20 em soil layers were selected for laboratory test-
ing of parameters of water-physical constants on the recla-
imed and control sites; the parameters were determined in 8-
times repetition using cylinders with a capacity of 109 cm®
and height of 5 cm. They featured the following: full water
capacity by pouring monolith after its capillary water satura-
tion; lowest moisture using a modified methodology of Dol-
gov S.L; moisture of capillary connection rupture using an
accelerated method of Mackiewicz V.B.; permanent wilting
moisture was determined according to soil moisture on the
borders wetting, method by Dolgov S.I. Soil moisture was
determined by thermostat-gravimetrical thermal regime of
drying of 105° C.

Fig. 1. General view of the reclaimed land (natural herb-
age)

The research has shown that a 30-year period of undis-
turbed state of the reclaimed areas was not sufficient to fully
restore the indicators of its physical constitution, namely,
bulk density and total porosity (Table 1). As the data show,
the bulk density for arable (0-20 cm) soil stabilized at 1.14 g/
cm’ during the period and remained significantly lower than
the rate in the control region (1.24 g /enr’). It is worth focusing
on the dynamics of this index on the vertical section of the
soil profile. While the control region showed gradual growth
of density with depth, the reclaimed region had its most sig-
nificant growth in the upper topsoil. The parameters of the
total porosity were changing similarly. It significantly exce-
eded the control values across the depth of the topsoil and so-
il was 58.0% for the arable (0-20 cm) which is 5.2% above the
reference level.

The total porosity consists of pores of very different sha-
pes and sizes. Obviously, the size of the pores will primarily
depend on water, air, thermal and biological properties of the
soil. According to modern views, the total porosity in soil is
formed by capillary (<0.01 mm) and non-capillary (> 0.1 mm)
types of porosity. Developing the concept of "active" and
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“inactive” pores in the soil, N.A. Kaczynski identifies three
kinds of pores: they are between the primary particles of the
soil, between microaggregates, and between macroaggrega-
tes. According to the author, the capillary porosity includes
the first two forms of pores. This division of porosity is ba-
sed on the different categories of soil moisture regarding its

nificantly lower and amounted to 29.3 and 18.2%, while in the
control region it made 32 and 23% correspondingly. At the
same time, the moisture of steady fading on the impaired ter-
ritory was less dynamic and actually corresponded to the co-
ntrol value.

availability to plants. In the capillary pores, the movement of 70 58
the moisture appears due to the influence of meniscus forces 60 528
and the forces of the surface energy. Through capillary poro- 50 +—
sity soil moisture reserves are formed and the capillary rise 40 4| 36,9 36.5
allows the plants to use soil moisture which is beyond the ro- X 30 |
ot layer of the soil. ’
Table I 20 7
Indicators of bulk density (g/cm®) and total porosity 10—
(%) of soil 0
control recultivation
Soil, Control Reclamation
cm g/ cm’ | % g/cm’ % COtotal Mcapillary Enon-capillary
Layer indicators . . Lo .

= o ] 0 o Fig. 2. Indicators of porosity 0—20 cm soil layer

5-10 121 539 1.14 58.1 Table 2

10-15 1.26 50.9 1.16 574 Soil moisture for relevant water- physical constants, % in

1520 1.28 51.2 1.16 56.2 the dry sole

Average indicators

0-10 1.21 54.0 1.12 59.2 Depth Reclaimed area Control

10-20 1.27 51.6 1.16 56.8

030 32 R 12 550 cm | FWC | LM |[MCCR | PWM [FWC| LM [MCCR |PWM

According to the results of our research it was found out
that the indicators of the capillary porosity, unlike the non-
capillary porosity, were more stable and changed little in de-
pth of topsoil for both sites. The non-capillary porosity vari-
ed significantly in depth. Its stronger performance was inher-
ent to the upper layers of the soil. It was noticeably reduced
at other levels of depth. Regularity of this distribution was
the most significant in the area of the reclaimed territory. Fig.
2 shows general indicators of the distribution of porosity ki-
nds for the arable (0-20 cm) soil of the experimental plots.
From the histogram can be seen that a 30-year period after
soil remediation is quite sufficient to restore the physical co-
nstitution of the soil in terms of capillary porosity. Its rating
for the impaired area was 36.5% and, in fact, showed no dif-
ference from the control values (36.9%).

Non-capillary pores, in their turn, play a crucial role in air
exchange and aeration of active soil because pores of this si-
ze cannot retain moisture for a long period, as consequence
they are occupied by the soil air. Unlike the capillary porosi-
ty of the soil, its non-capillary forms for topsoil of the re-
claim-med land exceeded the control targets by 1.4 times and
reached 21.5%, as seen from the Fig. 2.

Changes in the physical constitution of the soil under the
influence of remediation affected the nature of the formation
of important water-physical constants (Table 2). Soil moistu-
re, which corresponds to the full water capacity of the topso-
il, increased by 5.3 to 45.6%. The crucial role in the formation
of the productive moisture reserves in the soil belongs to the
LM and MCCR which characterize the upper and lower limit
of optimal soil watering for plants correspondingly. As it is
seen from the data provided, in the reclamation area the soil
moisture, which corresponds to the LM and MCCR, was sig-
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0-10 | 46.5 |295| 184 | 114 [429| 31.8 226 | 11.7
1020 | 44.6 | 29.1| 17.9 | 10.8 |37.6 | 32.1 233 | 11.1
020 | 456 |293| 182 | 11.1 {403 | 320 | 23.0 | 11.4

It is known that full water capacity is determined by the
total porosity of the soil. It characterizes the state of watering
of the soil, when all the pores are filled with water, and thus
serves as a criterion of its water accumulating capacity. The
research has shown that due to the reclamation the water ac-
cumulating ability of the soil increased and the total potential
reserves of moisture for the 0-20 cm layer increased from
99.9 mm (control) to 104 mm (Table 3). However, the main
role in watering plants is played by moisture reserves, which
are lo-cated within the lowest moisture and moisture of capil-
lary connection rupture, as they are the most easily accessible
and are held by the ground for a long time. They are formed
after free outflow of gravitational moisture and are held by
the soil for a long time entirely due to the capillary forces. As
it is se-en from the results of the research, the capacity of
moisture reserves has decreased from 79.4 to 66.8 mm (LM)
and from 57.0 to 41.5 mm (MCCR) as a result of remediation.
A similar trend is defined regarding the changing of water
reserves that correspond to the boundary of their availability
for plants (PWM).

The issue of formation of soil moisture reserves consider-
ing the extent of its availability for use by plants is of practi-
cal interest. Accordingly, the following categories of soil
moisture were identified: the moisture ranging from FW to
LM is the most available for plants, but does not contribute
significantly to their moisture because of its short occurrence
in the root layer of the soil; from LM to MCCR it is available
(optimum) moisture for plants; from MCCR to PWM it is dif-
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ficult for plants to reach, but plays a role in their moisture;
below PWM it is practically unavailable for plants [3]. Accor-
ding to the results of our research it is found that the transfor-
mation of the physical constitution of the soil, its porosity un-
der the influence of the remediation conducted affects the
mobility of soil moisture and its availability for plants for a
long period (Table 4). As it is seen from the data provided,
slight (7.1 mm) increase in potential reserves of available
moisture is observed in the reclaimed area; in our opinion, it
occurs due to the growth of non-capillary pore space in the
soil. This assumption is confirmed by the significant growth
of excess moisture in the soil, which is formed within the
range of FW — LM. The volumes of growth of moisture re-
serves were the highest and amounted 16.7 mm for 0-20 cm of
the soil layer. At the same time due to destruction of the soil
pore size, the volumes of remote capillary moisture forms
decreased from 28.7 mm (control) to 16.2 mm.

Table 3
Potential moisture reserves for the relevant
water-physical soil constants, mm

Depth, FW LM MCCR PWM
cm
Reclaimed area
0-10 52.1 33.0 20.6 12.8
10-20 51.7 33.8 20.8 12.5
0-20 104.0 66.8 41.5 253
Control area
0-10 51.9 38.5 27.3 14.2
10-20 47.8 40.8 29.6 14.1
0-20 99.9 79.4 57.0 28.3
Table 4

Distribution of potential reserves of moisture 0-20 cm
of the soil layer by categories of their availability

for plants

Category of Reclamation Control """ to

availability mm % mm % control, mm
Total reserves 104.0 100 99.9 100 4.1
Unavailable 25.3 24.4 28.3 27.7 -3.0
Available, total 78.7 75.6 71.6 72.3 7.1
incl.:
Hard to reach 16.2 20.6 | 28.7 40.1 -12.5
Surplus 37.2 473 20.5 28.6 16.7
Optimal 25.3 32.1 22.4 31.3 2.9

Among the categories of the soil moisture regarding its
availability, the category of moisture reserves, which are li-
mited to the upper (LM) and lower (MCCR) boundaries of the
optimal soil watering is of greatest practical interest. Accord-
ing to this indicator, the reclaimed area proved to be the clos-
est to the control area. As it is seen from the data given, the
volumes of these water reserves were at the level of 22.4-
25.3 mm respectively and made 31.3 and 32.1% of the total
available water in the soil.

Conclusions. Reclamation of areas involved in mining
development for a long period substantially changes evoluti-
onary balanced physical and water-physical characteristics of
the sod-podzolic soil. A 30-year period is not sufficient to re-
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store the physical constitution of the soil and its water-phy-
sical constants. The results of the remediation appear in de-
crease of the ratio of the bulk density of the soil, the lowest
water capacity, moisture of capillary connection rupture as
well as the growth of indicators of soil porosity and total ca-
pacity. The quantitative characteristics of soil moisture reser-
ves on the reclaimed area vary regarding the extent of their
availability to plants. Against the general trend toward gro-
wth of the total potential reserves of available moisture and
their forms (7.1 mm), in the topsoil the volumes of unproduc-
tive (surplus) water increase (up to 16.7 mm) and its forms
which are difficult to reach decrease (to 12.5 mm). The volu-
mes of the most productive soil moisture reserves which are
classified as "optimal" stabilize at a level of 25 mm which
practically corresponds to the parameters obtained in the co-
ntrol region.
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Merta. JlocmimkeHHs mporeciB (opMyBaHHS (Hi3HIHIX
Ta BOIHO-(DI3MYHMX BIACTHBOCTEH IEPHOBO-IIA30JIMUCTOrO
IPYHTY Ha PEKyJILTUBOBAHHX ITiCIISl TPHUYUX PO3POOOK Te-
PUTOPISIX TS IPAKTUYHKX 3aXOJiB 3 HAHOUIBII TIOBHOT pea-
Jizanii eKocucTeMHUX (DYHKIIH IPYHTY B yMOBaX TEXHOTe-
HE3y.

Metoauka. MeTOIONOTIYHOI0 OCHOBOIO JIOCIIKEHB
OyJ1a KOHIIEMIIisl eKOJIOTYHOro MOHiTOpUHTY. I1in yac BuKoO-
HaHHS POOOTH 3aCTOCOBYBAIHN 3araIbHONIPHIHATI B €KOJIOTI1
METOJIM: TIOJIbOBUII Ta JTaOOpaTOpHUI. Y MOJBOBUX TOCIIM-
JKEHHSIX 3aCTOCOBAHO METOJI TIOPIBHSUIBHOI aHAJIOTIT 3 perio-
HAJIbHUM KOHTpoJieM. JlabopaTopHi JOCIiHKEHHS 311 ICHIO-
BaJIM 3TIJTHO 13 3araJIbHONPHAHATIMH Y IPYHTO3HABCTBI are-
CTOBaHMMU 1 CTaHAPTH30BAHUMH METOAUKAMH.

PesyabTaTn. BeraHoBiEHO, 110 32 MPUPOJHIX YMOB IPy-
HTOYTBOPEHHSI 30-pIYHUI TIEpiOJ MiCIIst IPOBEICHHS PEKYJIIb-
THUBAIl € HEZOCTATHIM JUTS BiZTHOBJICHHSI €BOJIIOIIHO BPiB-
HOB)KCHHX TapamerpiB (i3u4HOI OyJ0BH IPYHTY. 3aiuii-
KOBI HACTIIKA HOro (Pi3HYHOTO MOPYIIIEHHS MPOSBIISFOTHCS
y 3MiHI MUTLHOCTI CKJTaJAEHHS, TIOPUCTOCTI Ta, SIK HACTIJIOK,
KUTBKICHIX XapaKTepPUCTUK BOAHO-(DI3MYHUX KOHCTaHT Ta
(hopM TPYHTOBHX BOJIOTO3AIIaCiB.

HayxoBa HoBu3HA. J[)1s1 peKyIbTUBOBAHUX TTICIIS BiJIK-
PHUTHX TIPHUYUX PO3POOOK TEPHUTOpIH yTIepIle BCTAaHOBIICHI
YacoBi, KUTbKICHI TapameTpu GpopMyBaHHS (i3iaHOi Oym0oBH
Ta BOJHO-(DI3MYHMX KOHCTAHT MOPYLICHOTO IPYHTY 3a IpH-
POIHIX YMOB IpyHTOYTBOpeHHs. HaBeneHi MOXkimBi crieHa-
pii opMyBaHHSA TPOIYKTHBHMX BOJIOT03aIaciB B OPHOMY
1iapi IpyHTy.

IMpakTuyHa 3HAYNMiCTh. BCTaHOBIICHI 3aKOHOMIPHOCTI
(hopmyBaHHsT arpo()i3MIHIX BIACTUBOCTEH IPYHTY MOXYTh
OyTH BHKOPHCTaHI TIpHIYAMH ITiIIPUEMCTBAMHE U O0TPY-
HTYBaHHS TEXHOJIOTTYHUX PETJIAMEHTIB 3 BiJHOBICHHS 3€-
MeJb TICIsI BIAKPUTHX TIPHUYMX PO3POOOK Ta CUILCHKOTOC-
TOIAPCHKIMH  TTIIIPUEMCTBAMH  [UTSL  PO3POOKM  3aXOIiB,
CIIPSIMOBAHMX HA PETYJIFOBaHHS €IEMEHTIB POIFOUOCTI ITOpY-
IICHUX IPYHTIB, YIOCKOHAIICHHSI TEXHOJIOTTYHUX CXEM BHPO-
IIyBaHHS CUIBCHKOTOCIOAPCHKHUX KYyJIBTYp Ha PEKYJIBTHBO-
BaHUX TEPUTOPISX.

KurouoBi cioBa: pexynomuseosani mepumopii, nopuc-
micmo IPYHMY, WITbHICMb CKIAOEHHST TPYHMY, BOJ020EM-
HICMb [PYHMY, 600HO-QI3UYHI KOHCIMAHMU, [PYHMOSL 60J10-
203anacu

Iean. Mcenenosanue mporeccoB (HOpMUPOBAHUS
(U3UYECKUX U BOTHO-(U3MYECKUX CBOWCTB JEPHOBO-
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MO/I30JIUCTON TIOYBBI HA PEKYJIBTUBUPOBAHHBIX TMOCIE
TOPHBIX pa3pabOTOK TEPPUTOPHSIX JIISI MPAKTHUCCKIX
MEPOTPHUATHI 10 HanOoJIee MOTHON pealTu3aliy KO-
CUCTEMHBIX (DYHKIM MOYBHI B YCIOBHUSIX TEXHOTCHE-
3a.

Metoanka. MeToa0J0rHUECKOM OCHOBOM HCCIIEIOBa-
HU OBUTAa KOHIIENIIHS 3KOJIOTHYECKOTO MOHHTOpHHTA. Bo
BpGMS{ BBITIOJIHCHU S pa6OTI)I HpI/IMeHH.HI/I O6IJ_IerI/IH$ITBIe B
9KOJIOTHH METOJIBI: TIOJICBOW U JIa0OpaTOpHBIi. B moneBbIx
HCCIEOBAaHUSIX MPUMEHEH METOJI CPaBHUTEIILHOW aHayo-
MU C PETHOHAIBHBIM KOHTpoJieM. JlabopaTopHbie Hcclie-
JIOBAHUS OCYIICCTBIUIN COTJIACHO OOIICHPHHSITHIM B IT0Y-
BOBCIACHUU ATTCCTOBAHHBIM U CTaHI[apTI/IBI/II)OBaHHBIM Me-
TOAMKAMHU.

Pe3yabTaTbl. YCTaHOBIEHO, YTO MPU €CTECTBEHHBIX YC-
JIOBHSIX MOYBOOOPa30BaHus 30-JICTHHUI TIEPHOI TIOCIE TIPO-
BEJCHMS PEKYJIbTHBALMM HEIOCTATOYEH JUISi BOCCTAHOBIIE-
HUS SBOJIOIMOHHO YPaBHOBEIICHHBIX MTapaMeTPOB (hi3mde-
CKOTO CTPOCHIS MOYBBL. OCTATOYHBIC ITOCIICICTBHS ero (hu-
3MYECKOT0 HapyLIEHUs MPOSBIISAIOTCS B U3MEHEHUH TUIOTHO-
CTU CIJIOEHUS, TIOPUCTOCTU M, KaK CIEJCTBHE, KOJIUYECT-
BCHHBIX XapaKTCPUCTHK BOJHO-(PU3MYECCKAX KOHCTaHT W
(hopM BITaro3amacoB IMOYBHIL.

Hayuynasi HoBu3Ha. J[111 peKyJIbTUBUPOBAHHBIX IOCIIE
OTKPBITHIX TOPHBIX Pa3pabOTOK TEPPUTOPHI BIIEPBBIC yCTa-
HOBJICHBI BPEMEHHBIE, KOIMUECTBEHHBIE TTApaMeTphl (JOpMH-
PpOBaHUS (PH3UYECKOTO CTPOCHUSI U BOJTHO-(PH3MUYESCKHIX KOH-
CTaHT HAPYLLUEHHON IOYBBI IIPU ECTECTBEHHBIX YCIOBUSIX
o4Bo00Opa3oBanust. [IpuBeIeHBI BO3MOXKHBIE ClicHapuu (o-
PMHpPOBaHUsI NPOJAYKTHBHBIX BJIAro3arnacoB B IaXOTHOM
CJI0€ TTOYBBL.

IIpakTuyeckasi 3HAYMMOCTb. Y CTAaHOBJICHHBIE 3aKO-
HOMEpHOCTH (HOPMHPOBAHUS arpo(PU3NIECKIX CBOMHCTB
TTIOYBbI MOFyT 6BITB HCITIOJIB30BAHbI FOpHBIMI/I npe;mpml-
TUAMUA I O6OCHOB3HI/I}1 TEXHOJIOTNYECCKUX per JIAMCHTOB
110 BOCCTAHOBJICHUIO 3€MEJIb I0CJIE OTKPBITHIX TOPHBIX
pa3paboTOK M CeNBCKOXO3SMCTBEHHBIMH TPEIIPUATHSIMI
ISl pa3pabOTKU MEPOINPHATHI, HANPABJICHHBIX HA pEry-
JIUPOBAHUE AJIEMEHTOB IJIOJOPOJIMSl HAPYIIEHHBIX IOYB,
COBeleIeHCTBOBaHI/I}I TEXHOJOTNYECCKUX CXEM BI)IpaHLI/IBa-
HUSl CEJIbCKOXO3SMCTBEHHBIX KYJIBTYp Ha PEKYJIbTUBUPO-
BaHHBIX TEPPUTOPHSIX.

KiiroueBble €j10Ba: pexyismuuposanivie meppumo-
pul, NOPUCMOCMb NOYBbI, NIOMHOCHb CILONCEHUS. NOUBbI,
611A20EMKOCITb NOYBbL, BOOHO-(IU3UUECKUE KOHCIAHMbL, 2PY-
HmMoewsvle 6/1a203andacsl

Pexomendosano 0o nybnikayii O0okm. 2eol. HayK
B.T. ITiosucoyvkum.  [Jama  HAOXOOMCEHHSI  PYKORUCY
07.02.15.
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