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Abstract. Sustainability in agriculture is a complex concept and there are a lot of methods and scholars
for its measuring. Advantages and disadvantages of different estimation system were considered and some of
indicators were analyzed. “Feed-back™ approach was offered to improve the methods of sustainability esti-
mation.

The main difficulty in measuring and monitoring of agricultural sustainability is that it is a rather dy-
namic than a static concept with long-term correlation. There are different systems of and approaches for
monitoring starting from high level international organizations (The World Bank, UN, OECD etc.), regional
and state systems, and variety of researches by the topic.

But the main critical issues of them are that indicators of sustainability are not considered in pair re-
source-result. The “feedback” approach was proposed by reviewing principles of sustainable development
estimation in agriculture. A key idea of the “feedback” approach is to define a correlation between recourses
and effects. The system of indicators helps estimating the correlation in the boxes Financial and Material Re-
sources, Human Resources, Environmental Resources and appropriate effects.

Some indicators were estimated and monitored using official database, but there is a lack of information
in environmental and social part of estimation system. Therefore, to give politicians and researches a back-
ground for decision-making on agrarian policy the system of state statistic can be improved by adding some
sustainable development indicators in agriculture.
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Introduction

Ukraine confirmed the importance of global Sustainable Development Para-
digm and the official willingness to observe its principles in 1992 on Rio Earth
Summit. During more than 20 years, Ukrainian policy has been drifted and it is time
to measure its achievements towards the sustainability, especially in the context of
EU integration process. Sustainable development has been defined in many ways, but
the most frequently quoted definition is from Our Common Future, also known as the
Brundtland Report: «Sustainable development is development that meets the needs of
the present without compromising the ability of future generations to meet their own
needs» [1, p. 43]. The principles of sustainability should be integrated vertically (state
government — local government — business and households) and on horizontally level
(by fields of economy). The core point for reach the sustainability is to resolve the
conflict of interests between economic, social and environments goals. Agriculture is
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the sector of economy, which plays the special rule in making and solving such con-
flict.

Researches in Sustainable Agriculture, Sustainable Rural Development, and
Sustainable Land Management try to answer the question: «How combine the interest
of farmers, local communities and food corporations to improve the quality of life, to
save the rural style of life and to solve the global food problem?» For any study of
sustainability in agriculture, the start point is how to estimate its level and tendency
combining economic, social and environmental criteria. There is no standard estima-
tion system because the local specific of agriculture, particularities of statistical ser-
vices in different countries and different viewpoints about the system of indictors.

The main objective of this article was to define the tendency of Ukrainian agri-
culture according the Sustainable Development Principles, reviewing the criteria of
agricultural sustainability accepted by international organizations and proposed by
researches. It should be declared that the research did not take into account the meth-
ods for micro level estimation, which could be use in farm management.

Methods

The main functions of any indicators are simplifying, clarifying and making ar-
ranged information for decision-making. There is the list of indicators’ sets for sus-
tainable development estimation (Adelle, Pallemaerts 2009). [2] Not all of them can
be used in agriculture. Some of the sets include only environmental or resource
productivity aspects in this sphere.

On the international level, the most common and widely used are indicators
developed by UN Commission on Sustainable Development, which includes 14
themes, 50 core indicators and 96 sub-indicators (UNCSD 2009). Sustainability in
agriculture measures by the core-indicator «Arable and permanent cropland area» and
sub-indicators: efficiency of fertilizer using, using of pesticide and area under organic
farming (theme «Land», sub-theme «Agriculturey).

OESD has been implementing the system approach for evaluation sustainabil-
ity. Environmental indicators include more than 50 core position; sectoral environ-
mental indicators (transport, energy, household consumption, tourism, agriculture);
indicators derived from environmental accounting; decoupling environmental indica-
tors. 34 countries are included in monitoring system by the agri-environmental indi-
cators: index of agricultural production, index of crop production, index of animal
production, arable land, and land used for crop production, grassland, percentage of
arable land in total area of the country, using of fertilizers, soil degradation, and soil
balance by elements.

OESD is also the founder of Global Project in Measuring the Progress of Soci-
eties (Istanbul Declaration 2007) and Work on Material Flows and Resource Produc-
tivity (OECD, 2008). The first project aimed to monitor the progress of societies in
democracy and citizens’ wellbeing. The second one implements the 3R policy (Re-
duce, Reuse and Recycle) in resources management.

Eurostat’s SDIs have been specially designed by the European Commission to
monitor the progress on sustainable development. There are more than 100 indicators
divided into 10 groups. However, agriculture is not the topic of investigation. To
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compensate this gap the Indicator Reporting on the Integration of Environmental
Concerns into Agricultural Policy (IRENA) was founded in 2002. IRENA consists of
over 35 indicators about areas involved in agriculture, consumption of pesticides,
emission of methane and nitrous oxide, population trend of farmland birds, agricul-
tural share of water use.

Taking into account the willingness of Ukraine to move towards European Un-
ion, it is very important to implement EU’s and international vision of sustainable
development estimation. Mentioned above indicators are needed to be supported by
appropriate and reliable statistical information.

Various parameters for measuring agricultural sustainability have been pro-
posed by scholars. All of them in different way include three components — social,
economic and environmental. The database of the State Statistic Service of Ukraine
were examined and compared with the parameters of sustainable development men-
tioned in the different scholars’ classification (Hayati et al. 2010).

The World Bank accumulates the information about countries’ development
indicators and among them, there is the topic «Agriculture and Rural Developmenty,
which include more than 20 indicators (Table 1).

Among positive tendencies for Ukraine are the increasing:

— the productivity of Agriculture in economic sense (per worker);
the cereal yields (but it can be much more higher, taking into account the quality of
soil and climate conditions);
— assess to the improved water source for rural people.
The negative tendency are the next ones:
— small level of crop and especially livestock production indexes;
— decreasing of rural population more than 3 billion for 20 years;
— decreasing the part of Agriculture in total GDP.

The World Bank database gives researchers and politicians the information for
comparing countries in dynamics and by groups, but it is difficult to define the causal
connections in sustainable development tendency. So the methods of estimation can
be improved.

Results

The «feedback» approach was proposed by reviewing the principles of sustain-
able development estimation (Fig. 1).

The list of parameters was defined to estimate the indicators by categories of
resources and effects (Table 2). To clarify the system’s connections the indicators
were situated in pairs «resources — parameters». All mentioned indicators can be
monitored and the tendency by each criterion should be defined.

The main idea of «feedback» approach is to define the correlation between re-
courses and effects. Nevertheless, using the official statistic, we could estimate only
some of indicators in pairs [3]. Therefore, it was fond the correlation indexes between
amounts of investment in agriculture (economic resources), GDP and profitability of
agriculture (economic effect), number of employees (social resources), job productiv-
ity and salary dynamics (economic and social effect).
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Fig. 1 — Criteria of sustainable development — «feedback» approach (developed by the author)

Table 1 — Some indicators of «Agriculture and Rural Development» of the World Bank Database

for Ukraine (designed by the author) [2]

Maximum/minimum of indica-

Indicators 1992 | 2002 | 2012 tors, 2012
Natural resources involved in Agriculture
Maximum: Russian Federation
Land area, sg. km 579320 16376870
Agricultural land, % of land area 724 | 715 | 71.3 | Minimum: Singapore 1, maxi-
mum: Uruguay 87.2
Arable land, % of land area 57.6 | 56.2 | 56.1 Maximum: Bangladesh 59.0
Arable land (hectares per person) 0.64 | 0.68 | 0.71 Maximum: Australia 2.07
Agricultural irrigated land, % of land 5.2 Maximum: Japan 34.7
Material resources
Agricultural machinery, tractors per 100 153 | 124
sg. km of arable land
Fertilizer consumption (kilograms per 15.9 | 413 Maximum: Qatar 12088
hectare of arable land)
Productivity of Agriculture
: Maximum: United Arabic Emir-
Cereal yield (kg per hectare) 2834 | 2750 | 3185 ates 73107
Crop production index (2004-2006 = 100) | 99.4 | 88,5 | 136.2| Maximum: Mongolia 291.5
'1‘(')‘$St°Ck production index (2004-2006 = | 171 | 103 | 100 |  Maximum: Bahrain 242.8
Social indicators
Rural population, billions 17.3 | 158 | 14.1 Maximum: India 845,510
Rural population (% of total population) 33 33 31 Maximum: T“g'f ad and Tobago
Employment in agriculture (% of total Minimum: Argentina 1,
21 21 17 . .
employment) Maximum: Bhutan 62
0, -
Im_prove_d water source (% of rural popu 93 98 Minimum: Congo 29
lation with access)
Economic results
. Minimum: Qatar 0.1
0 H
Agriculture, value added (% of GDP) 204 | 146 | 9.3 Maximum: Sierra Leone 56.7
Agriculture value added per worker (con- 1760 | 2354 | 4375 Minimum: Burundi 129,

stant 2005 US$)

Maximum: Slovenia 133663
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Table 2 — Indicators of sustainable development in agriculture (developed by the author)

Criteria of re- Criteria of ef-

sources involved Indicators Parameters
i fects (output)
(input)
Total value of assets in- GDP in agriculture, in plant-
volved in Agriculture growing and animal production
Investments in Agriculture | Economic Effi- e .
Financial and Ma- (per 1 ha) ciency and Re- Profitability in Agriculture
terial Resources | Costs’ structure by kinds of | sources Produc- : :
. - Production of Agricultural
material resources (fuel, tivity

products by kinds (per capita,

electricity, chemicals) — per per 1ha)

1 ha or per unit of product

Amount of person, involved Social Effects GDP per person, involved in

Human Resources . . .
in agriculture Agriculture

Labour hours in agriculture Productivity of labour hours

Average salary (income) in Ag-
riculture and correlation be-
tween productivity and salary

Human Resources | Salary’s share in costs of Social Effects
agricultural products

Percentage of cultivated area

Total cultivated area by with erosion; Balance of phos-

types of using (crop produc- phorus and nitrogen on culti-

tion, grassland, gardens) vated areas; Amount of humus
in soil

Pressure on En- | Efficiency of irrigation; Water

Natural Resources | Amount of irrigation water

used per unit of land vironment balance and quality of ground

and underground water

Area of organic farming and its

Using of environmentally efficiency; Alternative energy
friendly technologies in agriculture; Waste in agri-

culture and its recycling

The high level of correlation (0,855) was determined in pair investment and
GDP in Agriculture. Science 2008 investment in Agriculture increases on 2.7 billion
of UAH and GDP on 14 billion of UAH (according with the equitation — Fig. 2).

At the same time, correlation between investment, profitability and GDP in
Agriculture is not evident. So, the financial result of agricultural activity is influenced
by other factors.

Also there is the strong correlation between productivity in Agriculture and
salary — index of correlation 0.981. The positive tendency is the increasing the level
of salary in Agriculture (Fig. 3).

According with Table 2 and taking into account the ability of official statistic
database, we cannot estimate all proposed indicators of environmental box. Only
some figures about fertilizer using are available (Fig. 4).

One of the base principle of sustainable development in agriculture is land pro-
tection and soil quality saving. And one of the indicators of this process is responsible
using of fertilizers. And there is very dangerous tendency in Ukraine — reduction of
fertilized land, especially by organic fertilizers. In 1990 the level of agricultural land
fertilization was 63.8% by mineral fertilizers and 13.3% by organic ones. In the 1996
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the level was 20 and 5 % accordingly. There is no strong correlation between level of
fertilization and crop yield, nevertheless such reduction in using of fertilizers, espe-
cially organic ones has destroyed impact in long-term perspective.
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Fig. 2 — Dynamic of economic indicators of sustainable development (designed by author by the
official statistic [3])
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Fig. 3 — Dynamic of social indicators of sustainable development (designed by author by the official
statistic [3])
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Fig. 4 — Dynamic of natural resources indicators of sustainable development (designed by author by
the official statistic [3])

Conclusions

The main difficulty in measuring and monitoring of agricultural sustainability
Is that it is dynamic rather than static concept with long-term correlation. There are
different system and approaches to monitoring starting from high level international
organizations (The World Bank, UN, OECD etc.), regional and state systems, and va-
riety of researches by the topic.

But the main critical issues of them that indicators of sustainability are not con-
sidered in pair resource-result. The «feedback» approach was proposed by reviewing
the principles of sustainable development estimation in agriculture. The main idea of
«feedback» approach is to define the correlation between recourses and effects. The
system of indicators gives the ability to estimate correlation in box Financial and Ma-
terial Resources, Human Resources, Environmental Resources and appropriate ef-
fects.

Some indicators were estimated and monitored using official database, but
there is lack of information in environmental and social part of estimation system.
Therefore, to give politicians and researches background for decision-making in
agrarian policy the system of state statistic can be improved by added the part of sus-
tainable development indicators in agriculture.
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AHHOTanusl. YCTOMYMBOCTh B CEIHCKOM XO3SHCTBE SBIACTCA KOMIUIEKCHOW KaTEropuel, CyIecTBYeT
MHOXECTBO METOJIOB M HAYUYHBIX IOJXO0J0B JUIsl €€ OLUEHKH. B cTaThe paccCMOTPEHBI IPEUMYILECTBA U HELO-
CTaTKU Pa3JIMYHBIX OLICHOYHBIX CUCTEM, NPOAHAIU3UPOBAHbI OT/IEIbHbIE HHAUKATOPHL. 1Sl yCOBEPILIEHCTBO-
BaHUsI METOJMKH OIIEHKH OB ITPEJIOKEH MOJIX0/1 «00PaTHON CBSI3M» MOKa3aTeIeH.

['maBHasg TpyJHOCTh B U3MEPEHUMU U KOHTPOJIE CENbCKOXO3IUCTBEHHON YCTOWYMBOCTH COCTOUT B TOM,
YTO 3TO — OOJIBIIE TUHAMUYECKOE, YEM CTATHYECKOE MOHATHE C IOJITOCPOYHON Koppensuuel. Ecte pasnnyu-
HBIE CHCTEMBI W TIOJXO/bI JIJIsi KOHTPOJIS HAYMHAsI C MEXK/IyHAPOIHBIX OpraHu3aluii BLICOKOro ypoHs (Bce-
mupubiii 6ank, OOH, OOCP u T.1.), perHOHANBHBIX U TOCYAAPCTBEHHBIX CUCTEM M Pa3HOOOPa3HBIX HCCIIC-
JIOBaHUH TI0 TEME.

Ho rnaBHBIE KpuTHYECKHE MPOOIEMBI UX TO, YTO MHIUKATOPHI YCTOWYMBOCTH HE PacCMaTpPUBAIOTCS B
nape pecypc-pesynbrat. [loaxon ¢ «obpaTHO#H CBsI3M» OBUT MPEINIOKEH MOCIE PACCMOTPEHHS TPHUHITUTIOB
CTaOMIILHOMN OIEHKH Pa3BHTHSI CENBCKOTO X03siicTBa. KitroueBas ujes nojaxojia «00paTHOM CBS3M» COCTOUT B
TOM, YTOOBI ONPEIEIIUTh KOPPEIAIUI0 MeXy pecypcamu u 3ddexramu. CucremMa MHIUKATOPOB TTOMOTAET
OIIEHKE KOPPETSAINH (MHAHCOBBIX U MaTEPHANIBHBIX PECYPCOB, YEJIOBEUECKUX PECYPCOB, MIPUPOIHBIX PECYp-
COB U COOTBETCTBYIONIHX 3()(HEKTOB.
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HekoTopsle HHAMKATOPHI OBLIM OLIEHEHBI U KOHTPOJMPOBAIM MCIIONB3YIONIYI0 O(QUIIHAIbHYIO 0a3y IaH-
HBIX, HO €CTh HEJOCTATOK MH(POPMAIMH B SKOJOTUIECKON W COMMATLHON YacTH CUCTEMBI OeHKH. [ToaToMy
JUTSL TOTO YTOOBI JJaTh TIOJMTUKAM M MCCICIOBATEIIIM OCHOBAHUS JUIS TIPUHATHSI PEIICHUS B arpapHOi MOIu-
THKE, CUCTeMa rOCYJAapCTBEHHON CTATUCTHKU MOXKET OBITh yJydIlIeHa JOOABJICHUEM HEKOTOPBIX WHIUKATO-
POB YCTOMYMBOTO Pa3BUTHS B CEIbCKOM XO35HCTBE.

KuroueBble ¢10Ba: yCTONYUBOCTD B CEJIBCKOM XO3SMCTBE, CUCTEMbI OLIEHKH, UHANKATOPbl YCTOMYUBO-
CTH, PECYpPChI U 3P HEKThI

Anotanisi. CTiliKiCTb y CiIbCBKOMY FOCHOAAPCTBI € KOMIUIEKCHOIO KaTeropi€lo, icHye 0e311iu MEeToIiB Ta
HayKOBHX MIAXOJIB Ui ii OIIHKK. Y CTAaTTi PO3IJISHYTI MEpEBaru Ta HEJOJIKH Pi3HUX OIIHOYHUX CUCTEM,
MPOaHaNi30BaHO OKpeMi iHAuKaTopu. Jia yAoCKOHANEeHHS] METOANKH OLIHKHA OyB 3alPOMOHOBAHUM ITiIXi
«3BOPOTHOTO 3B’ SI3KY» MOKa3HUKIB.

["ostoBHI TpyAHOLII Y BUMIpi i KOHTPOJIi ClIBCHKOTOCHOAAPCHKOT CTIMKOCTI MOJISITa€ B TOMY, 110 e — Oi-
JIBIIE TUHAMIYHE, YAM CTaTHYHE TOHATTS 3 JOBTOCTPOKOBOIO KOPEINAIi€r0. € pi3HI CHCTEMH W MITXOIA IS
KOHTPOITIO TIOYMHAIOYH 3 MKHApOIHHUX OpraHizariii Bucokoro piBHs (BcecBithiit 6ank, OOH, O3CP i T.1.),
peTioHaNbHUX 1 IEPKABHUX CUCTEM 1 PI3HOMAHITHUX AOCIiIKEHb MO TEMI.

Ane TOJNOBHI KpUTHYHI TIPOOJIEMH IX Te, 10 1HAMKATOPU CTIHKOCTI HE PO3IIISIAIOTHCSA B Mapi pecypc-
pesynbrat. 1linxix 3 «3BOPOTHUM 3B’SI3KOM» OYyB 3aIIPONIOHOBAHUMA IICIS PO3TISILY MPUHITUIIB CTaOUTBHOT
OIIIHKH PO3BHUTKY CiJIBCHKOI0 rocrmoaapcTa. Kimrouora ifiest miaxoay 3 «3BOPOTHIM 3B’SI3KOMY TOJISTA€E B TO-
My, 1100 BU3HAYUTH KOPEJLAIII0 MK pecypcaMu i edexkramu. CHcTeMa iHIUKATOPIB JOMOMArae OIiHII KO-
pemsmii GpiHAHCOBUX 1 MaTepialbHHUX PECypCiB, JIOJICHKUX PECYpCiB, MPUPOIHUX PECypCiB 1 BiMMOBIIHUX
e(eKTiB.

Jesiki iHquKaTOPU OYIH OIIHEHI i KOHTPOJIOBAIMCH BUKOPUCTOBYIOUH O(illiiHy 0a3y JaHUX, aJiec € He-
ToJiK iHpopMarlii B €KOJIOTIuHiH 1 comiaabHIi YacTHHI CHCTEMH OIIHKH. ToMy It Toro o0 JaTH MOJITH-
KaM 1 JOCTITHAKAM IIiJICTaBH I yXBaJCHHS PIIIEHHS B arpapHiil MOJITHIII, CUCTEMa JAepKaBHOI CTATHCTUKU
MOJKe OYTH IOJIIIIIEHA JOJaBAaHHIM JISAKUX 1HIUKATOPIB CTAJIOTO PO3BUTKY B CLIICHKOMY T'OCIIOIAPCTBI.

KarouoBi cjioBa: CTIKICTh y CUTCBKOMY FOCIIOJAPCTBI, CUCTEMH OLIIHKH, IHAUKATOPH CTIHKOCTI, pecy-
pcu i epextn
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SOME PROBLEMS OF ENERGY SAVING AT BREAKING
MINERAL RAW MATERIALS IN THE SHOCK-CENTRIFUGAL
CRUSHER

AHHoTauus. B craTbe paccMaTpuBaroOTCs HEKOTOpbIE MPOOIEMbl U3MEIBbYEHHUS MUHEPAILHOTO
CBIPBSl B YAApHO-LIEHTPOOEKHBIX JPOOMIIKAX C BEPTUKAIBHBIM BaJloM pabouero oprana. Paccmar-
PHUBAIOTCS TUIOTE3bI, CBA3BIBAIONINE MTOABEICHHYIO K JpoOMiIKe paboTy ¢ MOKa3aTeneM, XapakTepu-
3YIOUIUM pe3yJbTaThl Mpolecca umenpueHus (runore3bl Kupnuuesa, bonna, Pebunnepa u np.);
NPENoYTeHUe OTIAeTCs TMIoTe3e PUTTUHTEpa, COTIacHO KOTOPO BHOBb 0Opa3oBaHHAs MOBEPX-
HOCTb IIPU U3MEJIbUEHUU PY/bl MPONOPIMOHATIbHA IPOU3BEIeHHOM padoTte. M3naraercst matemaru-
YecKas MOJIeNb pa3pylIeHUs MUHEPAJIbHOTO ChIPhS B yIapHO-LIEHTPOOEKHBIX APOOMIIKAX; B OCHOBY
MOJIEJIH TOJI0KEHA KOHUENIMs KBasUXpynkoro paspyuenus Yepenanosa ['.I1.: «... BenuuuHa He-
obOpatumoil paboThl, 3aTpayeHHOM Ha 0Opa30BaHUE €AMHUIIBI IUIOLIAJM CBOOOJHON MOBEPXHOCTH
TeJa MpU pa3BUTUHU TPELIUHBI, ABJISETCS MOCTOSHHOM MaTepHalia, He 3aBHUCAIIEeH OT Harpy3okK, Gop-
MBI U pa3MepoB Tenay. [ pacuera sHEProeMKOCTH pa3pyLIEHUs] MUHEPAIBHOIO CBIPbS IPH Je-
(dbopMarusx cxaTus U caBura ucnoisbdyercs reopust Kyinona — HaBbe ¢ (yHKIMEH MOBpEXIEHHO-
ctu Matepuaina. [lokazaHno, yto Hanbosee sHEeprocoOeperarIuM MEXaHU3MOM pa3pyIIEeHUs] MaTepH-
aJIOB B YAApHO-LIEHTPOOEKHBIX TPOOMIIKAX SBISIOTCS CIIOCOOBI U CPENICTBA, B KOTOPBIX PeaIn3yIOT-
Csl IPEUMYILIECTBEHHO CIBUTOBBIE HANPSKEHUS.

KuoueBble cjioBa: ynapHO-1IeHTpoOekHbIe Apoomiiku, Teopust Kynona-Haswe, QpyHkIus mo-
BPEKICHHOCTH MHUHEPAILHOTO CBHIPbhsI, SHEProcOeperaronue MeXaHu3Mbl

IlocTaHoBKAa 3a1a4u

AHanu3 ocoOeHHOCTEH pabodero mporecca pa3pymnieHuss MUHEPATBHOTO ChIPhs
B YJAapHO-TICHTPOOSKHBIX APOOHMIIKAX ¢ BEPTUKAIHHBIM BAJIOM paboOYero opraHa u3-
aoxen B [1]. PaccmarpuBaemasi mpobiieMa B IEJIOM CBOJUTCS K YCTAHOBIICHHIO
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