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Abstract

The tendency of design of integrated circuits (ICs) goes to through the power and area
reduction way. The surface area of very-large scale integrated circuits is shrinking along with
the shrinking of technological dimensions. Power reduction requires usage of low-power
design methodologies. The design of Switched-Opamp (SwOp) circuit based on typical
Operational Transconductance Amplifier (OTA), with high efficiency is presented. Reduction
of power consumption, using digitally controlled switches, is provided. The suggested SwOp
was fabricated in a 14nm FinFET technology and achieved a DC gain of 38.4dB, a maximum
operating frequency of 11.5GHz and a power consumption of 114.48uW for worst corner (SS)
when the load capacitor is 5pF. The power consumption of proposed architecture is reduced
about two times. Structure proposed in the paper can be integrated in modern analog-to-digital
conversion application, high-speed receivers, memory systems.

Keywords: science, Switched Opamp, typical Operational Transconductance Amplifier
(OTA), operating frequency, low power, high-performance, clock gating, FInFET.
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Introduction

The main parameters of modern ICs are: low power consumption and small surface
area on printed circuit board. Considering their low power operation, Operational Amplifiers
(OpAmps) based on MOSFETs are becoming more usable in the majority of the current
electronic systems [1].

As the reference were investigated different kind of architechtures of low power
OpAmps [1-2]. The disadventage of those OpAmps is that they can’t be integrated in high-
speed ,10MHz and more, systems. Therefore there is a need to design a new scheme of
OpAmp, which will allow to increase operating frequency, in case of an acceptable increase
of the power.

A typical OTA scheme based on MOSFET technology has been researched (Fig. 1)
[3], which shows that all nodes, apart from the input and output ones, include either a gate-
drain-connected device or a source connected to them.

Fig 1 Typical OTA scheme

«1: K» is used to show that the width of M6 and M8 can be K (where K > 1) times
wider than the other MOSFETS in the circuit. If it is assumed that 1 = 22, 83 = 134, so it
can be observed that the current id3 or id4 is given by

—id3=id4d=gmx(vp—vm)/2=id (1)
Moreover, if 86 = K * 34 = K « 33 = K * 35, K * 87 = 138,
then id6 = —id8 = K * id4 = —K * id3.

If the impedance of the capacitor is large compared to ro6||ro8, then the output
voltage of the OTA is given by

vout = 2K *id(ro6||ro8) (2)

and the voltage gain is given by

AV = vout/(vp —vm) = K * gm * (ro6||ro8) 3
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Conflict Setting

The main problems of designing modern ICs are the reduction of the area and power
consumption.

In fact, that the majority of ICs are continuously working, in order to conserve the
significant amount of power, it is critical to decrease the power consumption of circuits in the
IC. As a result, there is a need to do architectural changes in schemas which are widely used
in very large-scale integration design and reducing power consumption in OpAmps is
required nowadays. So, in OpAmps instead of reducing static power (leakage current) is
preferred to reduce dynamic power by gating clock off [4-5]. And this method was used in
this article while architecting SwOp design as being analog design SwOp need to use clock
signal to be aligned and matched with digital circuits.

In this paper a low power SwOp using FinFET technology is designed. The design
methodology of SwOp is described in next section.

Research Results
It can be seen from introduction that the maximum operating frequency of typical
OTA is 155MHz, and power consumption is 217.51uW in the worst corner (Tab. 1).

Table 1
Typical OTA performance
Measurement VDD=0.8V VDD=0.88V VDD=0.72V
Gain (dB) 41.6 44 22.1
Unity Gain Bandwidth (MHz) 296 529 155
Gain Bandwidth (MHz) 9.86 10.4 21.5
Phase Margin (degree) 53.8 120 11.3
Gain Margin (dB) 14.6 25.5 2.63

From the results of the research, it can be seen that in the worst case, 0.72V, a typical
OTA can work at a maximum frequency of 155MHz, consuming 217.51mW of power.

Based on the designed architecture (Fig. 1) has been proposed a new circuit (Fig. 2) to
improve op-amp performance and to save power consumption. [6-7]

T S2
clkb [

MF]p—— VEL M6 T—q MI0 Mo |5

HEHI
—lg e je= o
[ |
%E«x M:|-—{ M16

clk
S1
o

LE]

Fig 2 SwOp circuit
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As it can be seen from the proposed SwOp scheme, it is based on typical OTA scheme
in which was added S1 and S2 switch transistors, with help of which scheme is able to switch
off the scheme from the power supply when needed and help to reduce dynamic power
consumption.

Four cross-coupled transistors [7] (M3, M4, M5, and M6) are included in SwOp’s load
of the first stage, which brings a low impedance for common-mode signals. Thus, for different
signals, that four transistors are not equal in size and the transconductance (gm) of M3, M5
(M4, M6) cannot be fully neutralized. Besides, the impedance of this node is not significantly
high (about 1/ (gm5 — gm3)). Consequently, a non-dominant pole is generated by this
node (Drain of M3 and M5). Also, as 1/ (gm5 — gm3) which is much larger than 1/
(ro3||ro5||ro1), no compensation is needed for OTA. Transistors sizes of Switched Op-amp
are listed in Tab. 2.

Table 2
Transistor sizes of Switched Op-amp
Transistor Length (um) Number of Number of
fins fingers

MO 0.16 52 5
M1, M2 0.12 40 5
M3, M4 0.056 > 1
M5, M6 0.056 3 1
M7, M9 0.056 2 1
M8, M10 0.056 2 5
M11, M12 0.056 6 1
M13, M16 0.12 > 3
M14, M15 0.12 > 1

Common-mode feedback (CMFB) circuit allowed to keep op-amp outputs around
common-mode voltage and use fully-differential topology.

The simulation results are shown in Fig. 3. Simulations are performed using HSPICE
simulator [8] for 3 main PVT conditions (TT, SS and FF processes with respective voltage
and temperature values). Transient analysis was run, to check the functionality of op-amp and
in Fig.3 it is shown the simulation plots for TT typical corner.

clk

SwOp
input
signals

SwOp
output
signals

Fig. 3. Switched Op-amp transient waveforms
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In the waveforms are presented clk, SwOp input and SwOp output signals. With help
of positive edge of the clock signal (clk, clkb signals) SwOp is switching ON by using S1 and
S2 switch transistors and amplifies input signals, and with clock signal’s negative edge SwOp
is switching off by saving power (Fig. 2).

SwOp simulation summary and comparison with typical OTA circuit is presented in
Tab. 3.

Table 3
Comparison results of Switched Op-amp and typical OTA circuits
P Vol . .
r'lc')gr?;eract)utfege Measurement Typical OTA Switched Opamp, SwWOP
(PVT) (MOSFET) (FinFET)
Gain (dB) 41.6 49.5
Unity Gain Bandwidth (GHz) 0.296 154
TT/0.8V/25C
Phase Margin (degree) 53.8 43.7
Power consumption (UW) 220.52 119.2
Gain (dB) 22.1 38.4
Unity Gain Bandwidth (GHz) 0.155 115
SS/0.72V/125C
Phase Margin (degree) 11.3 34.5
Power consumption (UW) 217.51 114.48
Gain (dB) 44 52.6
Unity Gain Bandwidth (GHz) 0.529 19.6
FF/0.88Vv/m40C
Phase Margin (degree) 120 46.9
Power consumption (uW) 210.67 117.04

As it can be seen from the Table 3 most of the performance parameters SwOp’s are
better than Typical OTA’s and particularly power consumption value of presented SwOp
circuit to compare with typical OTA is twice lower.

Conclusion

The highly efficient high-performance SwOp architecture has been implemented in
this paper. The switching operation implemented by digitally controlled switches improves
the performance and reduces power consumption. The simulation results are compared with
typical OTA. The disadventage of the investigated OpAmps is that they can’t be integrated
with the systems with more than 1GHz operating frequency. The power consumption of
proposed SwOp using digitally controlled switches, compared with typical OTA, reduced
twice. In the worst corner (SS/0.72V/125C) the proposed architecture can be integrated in
electronic systems with less than 10GHz operating frequency. The main disadvantage of
SwOp compared with typical OTA is the large area.
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PA3PABOTKA CUHXPOHHBIX OITEPAIIMOHHBIX YCHUJINTEJIENR
BBICOKOM Y®®EKTUBHOCTH U HU3KOI'O SHEPTOIIOTPEBJIEHUSA

I'.J1. I'puropsin’, A.JI. Anekcanan®, T.JI. Tpuropsn®, B.A. A6pamsn’
L ApMAHCKUIL HAYUOHANLHBIU NOAUMEXHUYECK UL YHUBEpCUmem

2«Synopsys Armenia» 340

[Ipouecc mnpoextupoBanus uHTErpaibHbIX cxeM (MC) HampaBieH Ha CHU)KEHHE
SHEPronoTpeOIeHUsT U YMEHbIIICHHE 3aHnMaeMon riomaau. [lnomans cBepxbonsmux MC
COKpaljaercs [0 Mepe COKpalleHHe  TEXHOJOTM4eckux  pa3mepoB.  CHIDKEHUe
sHepromnoTpednenus TpeOyeT MpUMEHEHHE METOJOB IMPOEKTUPOBAHUS C  HHU3KUM
sHepromnoTpebnenueM. B cratbe mpencTaBieHa  pa3paboTka  BBICOKOI((PEKTHUBHBIX
CUHXPOHHBIX omnepanuoHHbIX ycunutened (OY), ocHOBaHHBIX Ha TunoBoM OV, KOTOpbIi
o0ecrieurnBaeT HU3KOE SHEPromnoTpediieHre ¢ MPUMEHEHHWEM TPaH3UCTOPOB, YIPaBISIEMbIX
IBOMYHBIM KozoM. IIpemmaraemsiii cuaxponubiii OY mpoekrepoBan mo 14 um «FINFET»
TEXHOJIOTHH U B Xy/IIeM ciydae 0pu10 nonydeHo 38.4nb ycunenue, 11.5 I'T makcumanbpHOM
gyactorel W 114.48 wmMkBT »Hepronmorpebnenne, mnpu BBIXOAHOW Harpyske 5 mnd.
DHepromnoTpedIeHne MpeiaraeMoil apXuTEKTYPhl YMEHBIITUIIOCh IPUMEPHO B JBa pas3a. Ero
MO>XHO MHTETPUPOBATh B COBPEMEHHbBIE MPHIIOKEHHUSI aHAIOro-urudpoBoro npeoodpa3oBaHusl,
BBICOKOCKOPOCTHBIE TIPUEMHUKH, CHCTEMBI ITAMSITH.

Knrwoueevie cnosa. cunxponnbsiii OY,tumoBoit OV, Hu3K0e >HepromnorpediacHue,
paboyast 4acToTa, BHICOKOCKOPOCTHOM, CTPOOMPOBaHUs CHHXpocHurHaia, «FINFET».
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Abstract
The paper presents the results of research on the use of a convolutional neural network to detect
polymorphic malware. The research was conducted on on basis of polymorphic software abc, cheeba,
december_3, stasi, otario, dm, v-sign, tequila, flip.

The generated of datasets for training a convolutional neural network was carried out using «state
matrices» of various dimensions. The Fadeev-Leverrier method was used as a mathematical apparatus.
The simulation of the developed software at different iterations and visualization of the results was
carried out.

Keywords: machine learning, polymorphic malware, intrusion detection system, «state
matrices», Fadeev-Leverrier method.

Introduction

The heterogeneity of networks, equipment, software and other components increase the «attack
surface» [1] on the network infrastructure (NI). The research [2] formulated the main conditions for
creating a secure NI. In particular, it was noted that one of the most important components of the NI is
an intrusion detection system (IDS) capable of adapting to possible and probable threats.

This requirement appeared after IDS «skipped» a lot of attacks that were carried out by attackers
using 0-day vulnerabilities and/or various exploits [3]. Machine learning has made it possible to
transfer the means of both defense and attack to a qualitatively new level [4,5]. The increase in
machine-to-machine interaction (Machine-to-Machine, M2M) has led to the fact that the very
paradigm of the concept of a secure automated system has changed [6]. Among the many types of
malware, polymorphic! malware is one of the most threatening. A distinctive feature of polymorphic
malware from obfuscated malware is that polymorphic software changes its source code on its own,
without human intervention [8]. The relevance of the work is determined by the ever-increasing role
of using machine learning to attack critical Infrastructure objects using various types of malware.

! Polymorphic malware - is malicious software that is characterized by the following behavior:
encryption, self-propagation, and modification of one or more components of the source code [8].
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An important task in the development of IDS with machine learning is the generation of data
sets for training neural networks that are part of the IDS. Various researchers use various methods for
the analysis of «state matrices» and the subsequent generation of data sets based on them, in
particular: the method of Krylov-Danilevsky, Samuelson, Hessenberg, Lanczos. These methods allow
solving particular problems within the given constraints. But these methods are not suitable for
constructing «state matrices» of polymorphic malware, due to the small dimension of both the matrix
itself and its single element. As indicated in [9], these methods do not provide reliable deployment of
determinants in systems with a high-order state vector, which is critical when building «state
matrices» based on the source code of polymorphic software.  Scientific novelty lies in the
application of the Fadeev-Leverrier? method for generating «weight» coefficients and forming data
sets when initializing a neural network based on a «state matrix» obtained from polymorphic malware.
The application of the method allows, with an increase in the bit depth of the matrix, to reduce the
amount of necessary polymorphic malware to activate the layers of the neural network. A
convolutional neural network (CNN) with a different number of layers and elements was used as a
neural network.

Discussion
1. Let there be data sets of network traffic {gl,gz,gs...gn}eG with embedded malicious

polymorphic software {aj, az,as...an} €A,

It is necessary to determine the ratio A(G) under which it is possible to unambiguously detect and
identify a.

& a, 9 &,
H H a21 a22 g aZn .
2. There is a state matrix M = , Where - a is a set of malware bytes that form
g 9 g 4g
a, a, a, a

nl n2 n3 nn

a data set for training, g - datasets of network traffic fragmented according to the rules set on the

network interface. k‘={k1,k2,g,kn} matrix eigenvector M, eigenvalue Mk‘Zik\, where A

eigenvalue K .
a,- 41 a, g a,
3. Characteristic matrix C = M — AE % -4 g % ,
g g g g
a. a -A

nl n2

where E- identity matrix (In this case, a dataset consisting entirely of malware).
With the coordinate notation of the vector k

2 The Faddeev-Leverrier method is a modified Leverrier method that allows, when calculating the coefficients
of the characteristic polynomial, to calculate the eigenvectors of matrices, the inverse matrix and the matrix
trace. The method requires a larger number of operations, but unlike other methods, it allows you to work with
matrices of large dimensions (including elemental ones).
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(an _ﬂ’)kl + a12k2 +g+ a1nkn = 0’
a,k +(a,-1)k,+g+a,k, =0,

g

a.k +a.k,+g9+(a,—1)k, =0

n

h

The determinant C is an n' degree  polynomial  with  respect to A

detC=(-1)" (A" —cA"*—g—c,,A—c,) is called the characteristic polynomial.

The roots of this polynomial are the eigenvalues of the matrix M. To solve this problem and
determine the activation function of a convolutional neural network in this study, the Fadeev-Leverrier
method is used.

Conflict Setting
It is necessary to develop an algorithm that configures a convolutional neural network to
perform a given function.

Boundary conditions
» the dimension of the «state matrix» is finite (<4096 bit),

» the source code of polymorphic software (or at least 10-12% of its fragments) is known,
» atagiven point in time, it is possible to search for only one type of polymorphic software.
The developed algorithm is shown Fig. 1.

Algorithm operation
The input of the software that searches for polymorphic software receives datasets generated

both on the basis of the known code of polymorphic software and obtained by reverse engineering
methods using IDA Pro, Ghidra tools [10].
step 1 preparation of datasets for the formation of the state matrix,
step 2 formation of the parameters of the «matrix of states» - dimension, numerical values of the
elements of the matrix. The developed software is a dynamic array, which, in the presence of an
appropriate computing resource, makes it possible to operate with matrices of dimension 16x16,
32x32, 64x64, 128x128, 256x256, 512x512, 1024x1024, 2048x2048, 4096x4096 elements and the
size of each element < 2'?bit,
step 3, 4 segmentation of the input data sets and activation of the «state matrix» of the required
dimension,
step 5, 6 calculation of the value of the hash function from the data sets entered into the «matrix of
states». The hash function is calculated by calling the hashlib library (step 6),
step 7 calculation of the coefficients of the «state matrix» by the Fadeev-Leverrier method,
step 8, 9 calculation of the hash value of the sha-1 function from the datasets input to the CNN. The
hash function is calculated by calling the hashlib library (step 9),
step 10 comparison of hash function values from datasets entered into the «state matrix» and hash
functions from datasets entered into a CNN,
step 11 a decision-making cycle on the input of polymorphic software data into a CNN.

The main task of a CNN is: based on fragments of the source code of polymorphic software, to
detect possible and probable subsequent modifications of this software. The choice of using a
convolutional neural network is due to the fact that in a convolutional neural network the transfer
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function (activation function of neurons) can take on a wide range of values, which is fundamentally
important in the study of polymorphic software, since the range of changes in polymorphic software is
a priori unknown.

Data for the formation of the
@ h 4 «matrix of statess
Settng the

1024x1024 2048x20M8

-
'
H
i
H
i
i
'
1

" I state matrices | state matrices I state matrices | [ state matrices l *—
'
'
i
i
1
i
i
'
'
'
i

S N Gata enterad imo the

“sLate IMACrixe

Faddeev-LeVerrier
calculation
&) D ;
e Call of the hashlib lbrarses Call of the basblib Bhraries
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> Hashes comparison
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Faddeev-LeVerrier
calculation
Lation ot s bl frow: Hie Calenlating o hash from data far
mput to a neursl network

A

ta imput for peural .
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Data for activating the layers and
forming the sweightss of the CNN

Fig. 1 The developed software algorithm
Visualization was carried out using the TensorBoard plugin [11].

Research Results
With an increase in the dimension of the «state matrix», the accuracy of detecting polymorphic
software increases, but it also requires a large computing resource (Fig. 2,3). With an increase in the
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dimension of the «state matrix», the number of program execution errors increases, which is detected
and blocked, but forces a repeated search for malware, which, with large volumes of processed traffic,
will require significant computing resources. Program execution errors are detected and blocked.

15
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Fig. 2 Visualization of malware detection at size «state matrices» 32x32
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Fig. 3 Visualization of malware detection at size «state matrices» 512x512

The presence of at least 256 GB of RAM makes it possible to form a «state matrix» of
4096x4096 bits for training a convolutional neural network with a size of a single element of 4096
bits. In all cases, there is an increase in the degree of detection of polymorphic malware, but with an
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increase in the dimension of the «state matrix», the number of false positives increases. An increase in
the number of iterations leads to an increase in the accuracy of malware detection with «state
matrices» up to 128x128 in size by an average of 2-3.4% with large matrices by an average of 4-4.4%.
In all cases of computing, having a large amount of RAM plays an important role.

Conclusion

The paper considers a software model for detecting malicious polymorphic software using a
convolutional neural network. Datasets for training a convolutional neural network are formed on the
basis of «state matrices» of various dimensions.

At each stage of inputting data sets into the «state matrix» and the convolutional neural
network, the identity of the input data was controlled by the hashing method. The Fadeev-Leverrier
method was used as a mathematical apparatus for calculating the coefficients of the «state matrices»
to activate the «weights» of the convolutional neural network. The developed software allows
preparing data for training a convolutional neural network and detecting polymorphic malware in the
presence of at least 8-10% of the source code. The calculations were carried out on a Dell Power Edge
T-330 server._ The source code and the full results of the research are presented in [12].
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HNCCJIEIOBAHHUE MOJIEJIA OBHAPYKEHUS ITOJIMMOP®HOI'O BPEJOHOCHOT O
MO CBEPTOYHOM HEMPOHHOM CETBIO
T.B. I:xamrapsx

ApMAHCKULI HAYUOHATBHBIN NOTUMEXHUYECKUL YHUBEpCUmem

B crathe mpezncraBieHbl pe3ysbTaThl UCCIEIOBAHHUS NPUMEHEHHUS CBEPTOYHON HEWPOHHOM
ceTu sl OOHapYKEHHUsI BPEAOHOCHOTO TOIMMOP(HHOTO MporpaMMHoOro obecrnieuenus. MccnenoBanne
MPOBOAMIIOCH HAa HAOOpax MaHHBIX CHOPMHPOBAHHBIX HA OCHOBE MOJUMOPGHOrO MPOrpaMMHOrO
obecnieuenust abc, cheeba, december_3, stasi, otario, dm, v-sign, tequila, flip. ®opmupoBanue
HaOOPOB JIaHHBIX I 00y4YEeHUs CBEPTOYHOM HEHPOHHOM CETH OCYIIECTBIISIIOCH C TOMOUIBIO «MaTPHIL
COCTOSIHUIN» pa3iMuHON pa3MepHOCTH. B kauecTBe MaTeMaTHUECKOI O anmnapara UCIoiab30BaJICsd METO
®aneesa-JleBepre. [IpoBeneHo MoaenupoBaHue pabOThl MPOrpaMMHOIO OOECTIEUEHHUs] MPHU Pa3HbIX
UTEPALUAX U BU3yalIU3allls Pe3yIbTaToOB.

Knrwoueevle cnosa: mammaHoe oOydenue, nomamopduoe [10, meron daneea-JleBepnwe,
cucteMa OOHapyKEHUST BTOPKCHUM, «MaTPHIlAa COCTOSTHUI.
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Abstract

The use of cement-sand mortars plasticized with carbonate clays in earthquake-
resistant construction has been demonstrated in experimental tests. The compositions and
physical-and-mechanical characteristics of these mortars have been identified for the first
time, allowing for a reduction in cement consumption of up to 40% as well as a complete
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elimination of the costly lime while enhancing the mortar's strength. The use of cement-sand
mortars plasticized with carbonate clays has been suggested for performing earthquake-
resistant construction from local sawn limestone. The experiments’ findings were put to the
test and put into practice in Nagorno-Karabakh's construction complex. The study's finding s
are in line with research and regulatory documents for cement-clay mortars for masonry.

Keywords: masonry, sawn limestone, masonry mortar, cement, carbonate clay,
strength characteristics, seismic resistant.

Introduction

The formation of the strength of the mortar and its adhesion to the stone depend
mainly on the water-holding capacity of the mortar and the absorption properties of the stone.

The ability of the mortar to retain water and the stone's ability to absorb moisture are
the two key factors that determine the strength of the mortar and its ability to adhere to the
stone.

Stones with high absorption properties, which include the local saw limestone of
Nagorno-Karabakh, suck out moisture from the solution, which leads to dehydration of the
masonry mortar and a decrease in its strength, as well as the solidity of the masonry.

The local saw limestone of Nagorno-Karabakh are among the stones with strong
absorption qualities that absorb moisture from the mortar, dehydrating the mortar and
reducing its strength as well as the stability of the construction. Thus, one of the main ways to
increase the seismic resistance of stone structures made of sawn limestone is the use of
masonry mortars with high strength and water-holding capacity.

The use of cement-sand mortars plasticized with carbonate clays in earthquake-
resistant construction, the reserves of the latter are widespread in Nagorno-Karabakh, was
demonstrated through an analysis of studies, normative documents on masonry, and physical-
and-mechanical properties of materials for masonry mortars [1-5]. In particular, the favorable
effect of cement on the physical and mechanical properties of clays of the most diverse
genesis and granulometric composition is indicated in the works of Babkov B.F. and Bezruk
V.M. who revealed that calcium silicates moistened with water, which make up up to 75% of
Portland cement, turn into new compounds that, interacting with clay particles, form a strong,
water-resistant mass with high water-holding capacity. Additionally, it has been demonstrated
that depending on the chemical and mineralogical makeup of the clays themselves, these
processes can be sped up.

Therefore, the cement-clay mortar hardens more quickly, has a higher level of
strength, and can hold more water when carbonate clays are used.

At the same time, carbonate clays have a pronounced heterogeneity, and the use of
these clays in masonry mortars without laboratory tests can lead to a decrease in the strength
characteristics of the masonry and, accordingly, to a decrease in the solidity of stone
structures. However, because carbonate clays exhibit significant heterogeneity, using them in
masonry mortars without first subjecting them to laboratory testing runs the risk of lowering
the masonry's strength properties and, as a result, the stability of stone structures.

The idea of the expediency of using carbonate clays instead of lime in masonry
mortars in the construction complex of Nagorno-Karabakh arose during the restoration work
of facilities affected by hostilities, in connection with the suspension of lime production
enterprises.
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Conflict Setting

The idea of using cement-sand mortars plasticized with carbonate clays for creating
masonry from saw limestone in antiseismic construction has been supported by experimental
tests of the materials' physical and mechanical properties.

Utilizing cement-sand mortars plasticized with carbonate clays to construct buildings
and other structures made of stone will increase seismic resistance and construction
efficiency.

Research Results

For the first time, the compositions and physical and mechanical properties of cement-
sand mortars plasticized with carbonate clays have been revealed, which make it possible to
carry out earthquake-resistant construction from local building materials of Armenia and
Nagorno-Karabakh.

Materials and methods:

1. Determination of the chemical, granulometric and macroscopic composition of local
clay raw materials.

2. Experimental studies on choosing the composition and determination of the physical-
and-mechanical characteristics of cement-sand mortars plasticized with carbonate
clays for masonry from local sawn limestone in earthquake-resistant construction of
buildings and structures.

3. Analysis of the reliability of research results

4. Approbation and practical application of research findings.

Experimental studies were carried out at the Armenian Research Institute of
Earthquake Engineering and Protection of Constructions JSC with the participation of the
author [6]

Armenian Scientific Research Institute of Seismic Construction and Protection of
Structures

The following types of building materials were used in the studies: cement of the
Ararat Production Association “AraratCement” M300 (Tab. 1).

Table 1
Physical-and-mechanical characteristics of Portland cement Ararat PO
Setting periods Strength limit of cement, MPa, at
Apparent dl:r?srigacl)f Bending1 gs";rsength at Compress;cg)]r; Sstrength at
H 3
3 days 28 days 3 days 28 days
1050 1h.10m. | 4h.20m. 29,0 17,3 33,7 3,6 51
air hydrated lime - produced by the Stepanakert plant of building materials (Tab. 2).
Table 2
Chemical analysis of hydrated lime from Stepanakert building materials plant
Content of active oxides CaO+MnO interms | Carbon dioxide content CO,, % by .
. . Lime grade
of dry matter, % by weight weight
51,2 2,0 1

Clay from the Askeran deposit (Tables 3, 4, 5) [7].
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Table 3
Macroscopic description of clay raw materials
Deposit Air dry color Texture Impt{rlty V\{Ith large Impurity
inclusions
Askeran yellowish gray dense No effervescence
Khramort -1 - -1 - No -1l -
Table 4

Granulometric composition of clays of the Nagorno-Karabakh Republic

Classification
. according to the
Percentage of Particle content .
article size, mm (%), size content of fine
Deposit P ’ ' fractions
(groups)
0.01- | 0.005- . .
1-0.06 |0.06-0.01 0.005 | 0.001 <0,001 | <10mkm | <Imkm | low dispersion
Askeran 3.71 21.81 | 18.09| 25.92 | 30.47 69.53 30.47 -1 -
Khramor 4.17 2251 | 19.33| 2487 | 31.12 69.88 30.12 -1 -
Table 5
Chemical composition of clay raw materials of
Nagorno-Karabakh Republic deposits
. Loss on | Content of oxides, % Content of free
Deposit .
ignition. quartz
SiOz A|203 F€203 Ca0o MgO 803 Rzo
Askeran 3,18 43,57 | 7,79 10,02 | 14,46 |2,74 | 0,36 | 3,00 16,32
Khramor 3,40 47,65 | 10,21 | 9,14 10,42 | 3,12 | 0,28 | 3,10 17,85
Fine filler - river quartz sand of the Stepanakert deposit.
Table 6
Grain composition of quartz sand fractions 0-5 mm
Stepanakert masonry mortar quarry
Sieve size, mm Passage
_ 2,5 1,25 0,63 0,314 014 | trougha
Residue sieve
0,14mm
Partial, % 6,5 13,0 34,3 35,5 8,5 2,2
Full, % 6,5 19,5 53,8 86,3 97,8 -

Size modulus Ms=2,67. The results of the sieve analysis of the sand showed that the content

of particles larger than 5 mm in the sand is 5.5%.
According to the standard, the presence of grains larger than 5 mm should not exceed 10%

by weight.
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Wall stone materials of the Armenia and Nagorno-Karabakh limestone deposit.

Table 7
Basic physical-and-mechanical properties of
Nagorno-Karabakh stone quarries
Ne Name Indicators
from to average value

1 | Density, g/cm® 1.87 2,15 2,01
2 | True density, g/cm? 2,0 2,32 2,16
3 | Porosity, % 3,0 25,6 14,3

Ultimate compression strength, MPa:

- dry: 7,9 19,8 13,9

- in a water-saturated state: 5,6 16,3 10,9

- after freezing 3,9 13,5 8,7
4 | Softening coefficient 0,71 0,82 0,77
5 | Frost resistance coefficient 0,65 0,74 0,70
6 | Water absorption, % 0,9 9,3 51

Sample testing processes (Fig. 1, 2, 3, 4)

Fig. 3

Experimental results

Strength characteristics of mortars for masonry

The graph of strength change for cement-clay masonry mortars is shown in Fig. 5,
from which the effectiveness of the use of cement-clay mortars is seen in comparison with
cement-lime mortars. Thus, with a quantitative ratio of 80% + 20% and 60% + 40%, the
strength of the solution using a component of carbonate clays increases on average by 1.4
times.
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The effectiveness of cement-clay mortars in comparison to cement-lime mortars can
be seen from the graph of strength change for cement-clay masonry mortars in Fig. 5. As a
result, using the quantitative ratios of 80% + 20% and 60% + 40%, the strength of the solution
containing a carbonate clay component increases by 1.4 times on average.

Conventions
—Q .~ coment-clay (2.4)

s 0 e - coment-lime (1.3)

120
110
R, binder consumption kg'm’
100

i Ra=370

Mortar strength MPa

100/0 80120 60/40 40/60 20/80
Relation of connectives in percent per mass

Fig. 5 Mortar strength change for masonry
depending on the percentage

Adhesion strength of mortars with sawn limestone

The work of Polyakov S.V., Izmailov Ya.A., Orudzhev F.M. and Polyakov F.M. [8] is a
thorough study of properties of masonry from saw limestone of various varieties and the adhesion
strength of mortars. According to the research, the following elements have the biggest effects on
how well mortar adheres to stone: the mortar's strength, composition, and consistency; the stone's
absorption qualities; the condition of the stone's contact surfaces; the masonry's maturation
conditions; and the bricklayer's qualifications. All of these elements function simultaneously and
are interrelated in the "mortar-stone™ system to generate adhesion, and different combinations of
them might have different outcomes.

The adhesion strength the masonry was determined by laboratory testing of specimens in

pull, R, (normal bond) or shear, qu (tangential bond).

Comparison of the results of shear and tear tests showed that, in the general case, the ratio
(hereinafter referred to as coefficient K) can vary over a wide range (K = 1, 2 - 4.0). For most
limestones, the K value is in the range of 1.5 - 2.5. In many cases, K is practically equal to 2.0
(with minor deviations in one direction or another).

In accordance with the requirements of the current Building Code IV of the Republic of
Armenia - 13.01-96 "Stone and reinforced masonry structures” in seismic areas, when
constructing load-bearing and self-supporting walls made of natural and artificial stones is carried
out to ensure adhesion strength, mortar with stone not lower than the following values:

- for stones of the correct form on mortars of grade 50 and higher (normal adhesion)
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R, =0.17 MPg;
- for masonry of all types in an unbound section (tangential adhesion)

Ry, =0.17 MPa.

The values of normal adhesion at a coefficient K = 3 are shown in Table 7

Table 7
The values of normal adhesion at a coefficient K =3
Ne . Normal adhesion,
compositions - Brand of Ultlmat_e MPa
. Plasticizer compression
according to the mortar strength, MPa Sawn limestone
Table 5.20. ’
22 - 25 3,0 0,067
23 - 50 51 0,120
24 - 75 7,4 0,170
25 - 100 10,3 0,223
26 clay 25 3,6 0,063
27 clay 50 5,0 0,133
28 clay 75 7,6 0,160
29 clay 100 10,5 0,213
38 lime 25 3,2 0,060
39 lime 50 5,6 0,117
40 lime 75 7,5 0,133
41 lime 100 10,6 0,187
e Values of tangential adhesion at coefficient K = 3 are shown in Table 8
Table 8
The values of tangential adhesion at a coefficient K =3
Ne Tangential adhesion,
compos_itions N Brand of UItimat_e MPa
according to Plasticizer mortar compression
the Table strength, MPa Sawn limestone
5.20.
22 - 25 3,0 0,20(0,11-038)
23 - 50 51 0,36(0,23-0,50)
24 - 75 7,4 0,51(0,40-0,57)
25 - 100 10,3 0,67(0,54-0,71)
26 Clay 25 3,6 0,19(0,13-0,26)
27 Clay 50 5,0 0,40(0,28-0,46)
28 Clay 75 7,6 0,48(0,34-0,52)
29 Clay 100 10,5 0,64(0,53-0,68)
38 Lime 25 3,2 0,18(0,15-0,25)
39 Lime 50 5,6 0,35(0,23-0,42)
40 Lime 75 7,5 0,40(0,32-0,46)
41 Lime 100 10,6 0,56(0,61-0,59)
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The measured tangential adhesion values and the manner in which the samples were
destroyed attested to the feasibility of giving the investigated mortars made with sawn limestone a
suitably high adhesion strength.

The transition from the obtained values of tangential adhesion ( Ry, ) to normal adhesion

(R, ) was performed using the coefficient K = 3.

The coefficient K is assigned taking into account the following considerations:

- The samples were made in laboratory conditions, in compliance with all the rules of
production work (cleaning, wetting the stone, careful dosage and preparation of the mortar, its
consistency, etc.);

The samples were made by the same skilled workers under the supervision of technical
staff, etc.

Thus, cement-clay mortars of grades 50 and 75 provide masonry of category Il
(Building Codell-7-81 * Table 5), and cement-clay mortars of grade 100 provide masonry
of category I, or to ensure seismic resistance of construction from sawn blades limestone,
the use of cement-sand mortars, plasticized with carbonate clays, grades 50-75 and 100,
which, according to the results of tests for frost resistance, meets the regulatory
requirements of earthquake-resistant construction, is justified.

Reliability of results

1. Chemical and granulometric compositions, as well as macroscopic description of
clay raw materials were carried out by the State Design and Survey Institute
“Gruzgiprovodkhoz”.

2. Experimental work was carried out at the Armenian Research Institute of Seismic
Construction and Protection of Structures.

3. The obtained research results are consistent with the research regulations on
earthquake-resistant construction.

4. The results of the research have been tested and implemented in the production of
restoration work on objects affected by hostilities in the construction complex of
Nagorno-Karabakh.

Conclusions

1. An important result of the conducted research is the experimental confirmation of the
possibility of using cement-sand mortars plasticized with carbonate clays for laying
stone structures made of sawn limestone. At the same time, these mortars' indicators
of adhesion to stone not only compare favorably to cement-lime, but also offer
stronger adhesion values.

2. The compositions of cement-sand mortars with their plasticization with carbonate clays
were developed on the basis of experimental research that revealed the physical and
mechanical qualities of the raw materials. It has been demonstrated that using these
mortars effectively reduces cement consumption while 1.4 times increasing mortar
strength when compared to cement-lime mortars.

3. Studies have shown that up to 40% of the cement in masonry mortars can be replaced
with other materials without affecting the mortars' quality indicators (strength, water
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resistance, and water absorption). This excludes the costly and in-demand usage of lime in
mortars at the moment.

It has been established that the strength of tangential and normal adhesion of cement-sand
mortars plasticized with carbonate clays exceeds the strength of their adhesion to sawn
limestone, in comparison with cement-lime mortars, by almost 1.2 times. The use of
cement-sand mortars, plasticized carbonate clays of the M50 and M75 grades, as well as
the M100 grade, provides masonry of the first and second categories in terms of seismic
resistance.

The norms for the consumption of materials for masonry mortars of grades M25, M50,
M75, and M100 were developed and approved on the basis of a generalized analysis
of the research results. Recommendations to reduce the consumption of cement and
lime in masonry mortars for use in organizations of the Artsakhstroy trust (including
in restoration work) were also made.
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O CBOMICTBAX HEMEHTHO-IIECYAHBIX PACTBOPOB,
INNIACTUOUILIUPOBAHHBIX KAPBOHATHBIMHU I'NIMHAMUA

P.I'. Ucpaensin, H A. Mukaensin, A.SI. Maprapsin, M.A. Ucpaessin, A.A. COroMOHSIH
L ywunckuil mexnono2u4eckuti yHugepcumem

SKCHepI/IMeHTaJ'ILHBIMI/I HCCICOOBaAHUAMU A0Ka3daHa BO3MOXHOCTB HCIIOJIB30BaHHA B
CEMCMOCTOMKOM CTPOUTCIIbCTBE HEMCHTHO-IICCUYAHBIX PAaCTBOPOB, HHaCTH(bHHHpOBaHHBIX
Kap6OHaTHLIMI/I TJIMHaMU. BnepBHe OIIPECACIICHBI COCTAaBbI U (I)I/I3I/IKO'MCX8.HI/I‘IGCKI/IG CBOMCTBA
9THUX PACTBOPOB, MMO3BOJIAOIIUE COKPATUTD OO0 40% pacxod IE€MEHTA, a TAKXKE UCKIIFOUUTH Ha
100% wucmoip30BaHUE I[OpOFOCTOSIH_Ieﬁ HU3BCCTU, IIpU TOBBINICHHUU €TI0 MoKa3aTeseu
IIPpOYHOCTH. Pa3p8.60TaHBI PEKOMEHAaIMU 110  HCIOJIb30BAHUID LHEMCHTHO-IICCYAHBIX
pacTBOPOB, HJIaCTI/I(I)I/II_II/IPOBaHHBIX Kap6OHaTHBIMI/I TJIMHaMH JJIA BBIITOJIHCHU A
CEMCMOCTOMKOTO CTpOUTCIIBCTBA W3 MCCTHBIX IIWJIBHBIX HU3BCCTHAKOB. PeByJIBTaTBI
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HKCTIIEPUMEHTOB ObUIM arpOOMPOBAHBI M BHEAPEHBI B CTPOUTEILHOM KoMIulekce Haropuoro
Kapabaxa. Pe3ynbpTarhl uCClIEIOBaHHI COTJIACYIOTCS C HAy4YHO-HCCIEAOBATEIHCKUMHU H
HOpPMAaTUBHBIMU JOKYMCHTAMU 11O HECMCHTHO-TJIMHAHBIM paCTBOpaM JJid KAMCHHBIX KJIaIOK.

Kniouesvie cnoga: xameHHas KiaJka, IWIBHBIE HM3BECTHAKHU, KJIAJOYHBIC PACTBOPHI,
LIEMEHT, KapOOHATHBIE IJIMHBI, IPOYHOCTHBIE XapaKTEPUCTUKHU, CECMOCTOUKOCTD.
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Abstract

The lack of clear boundaries of the vertical climatic zonality of mountainous countries
in the norms for building climatology leads to errors in the timing of the interrepair work of
highways. Given in GOSTs and other regulatory documents, these terms are of an average
nature. For this reason, pavement structures and vehicles (road transport system) are subjected
to premature wear and tear, and harmful emissions into the environment of mountainous areas
increase.

In order to increase the durability of pavement structures of mountain roads and
reduce harmful emissions into the environment, a method is proposed for determining the
optimal time between repairs of mountain roads, taking into account the integrated indicators
of their wear, under the influence of natural and climatic factors of mountain conditions.
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It has been determined how these elements affect how ecologically vulnerable
mountainous places are, and the ideal time frame for lowering the need for mountain road
maintenance has been provided.

The effectiveness of mathematical models and the reliability of the working
hypothesis on the proportionality of the optimal periods for reducing overhaul life and the
environmental vulnerability of mountainous areas have been proved.

Keywords: mountain roads, natural and climatic factors, harmful emissions,
environmental vulnerability.

Introduction

The road transportation system experiences significant wear due to the influence of
vertical climate elements that are dynamically growing in mountain environments. Due to
these factors, the environment is becoming more polluted, including soil, air, and water
bodies, as well as from road vibrations and noise, which causes environmental deterioration in
hilly places.

The period between repairs of mountain roads along the vertical zonality of mountain
regions, which is now poorly understood, can be reduced, according to an examination of the
current regulatory documents and studies on the issue [1-11].

When calculating the reduction of the turnaround time, averaged indicators are used
for the altitude ranges of 1000-1500 and 1500-2000 meters above sea level, where the
reduction in these periods is 7% and 10%, respectively. In case of loss of stability of the
subgrade, their reduction to 30% is allowed [12]. To determine the optimal time between
repairs of roads, a mathematical model is proposed that reflects the environmental
vulnerability of mountainous areas from the operation of the road transport system along
vertical zonality.

Conflict Setting
1. In the creation of mathematical models that depict the dynamics of vertical changes in

mountain environments caused by natural and climatic variables. For the altitude ranges of
800-2000 meters above sea level, the models are created with a height gradation of 200
meters, encompassing the regions with the highest population in mountainous nations.

2. In the creation of a mathematical model that depicts the environmental vulnerability of
mountainous regions due to the operation of the road transportation system, under the effect
of natural and climatic variables, as well as cars (external factors).

3. In accordance with vertical zoning, choose the best time to start inter-repair work on
roadways.

Research methodology:
1. Statistical experiments and modeling of changes in natural and climatic factors of mountain
conditions by vertical zonality.
2. Development of a mathematical model of the environmental vulnerability of mountainous
areas from the operation of the road transport system.
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3. Determination of the optimal time between repairs of mountain roads according to vertical
zonality.
4. Verification of the reliability of the obtained factors.

Research Results
It has been established that the main volumes of construction and operation of

automobile works in mountainous areas are carried out at altitudes of 800-2000 meters above
sea level. For these conditions, mathematical models of vertical changes in natural and
climatic factors have been developed. Tab. 1, [13-15].

Table 1
Mathematical models of the development of natural and climatic factors in
mountainous areas within the heights of 800-2000 meters above sea level

Indicators Height above sea level h, m

800 | 1000 | 1200 | 1400 | 1600 | 1800 | 2000
Relief complexity X11=04.604 + 1.411 x 10°h
Value X1.1 1.60 1.90 2.20 2.40 2.70 3.00 3.28
Dynamics at altitude 800 m, Z1.1 1 1.18 1.36 1.53 1.73 1.89 2.05
Precipitation X21=33.56 + 472.56 x 10°h-80x10°h?, sum
Value X2.1 360.3 | 425.9 | 485.1 537.2 584.3 624.7 | 657.3
Dynamics at altitude 800 m, 2.1 1 1.18 1.35 1.49 1.62 1.73 1.82
Air temperature X22= 18.557-7.091 x 10°h, C°
Value X2.2 12.9 115 10.1 8.6 7.2 5.8 4.4
Dynamics at altitude 800 m, Z2.2 1 0.89 0.78 0.67 0.56 0.45 0.34
Winds X2.3=0.8236 +0.836x10°h, m/s
Value X2.3 1.49 1.66 1.82 1.99 2.16 2.38 2.5
Dynamics at altitude 800 m, Z2.3 1 1.11 1.22 1.34 1.45 1.6 1.67
Barometric pressure X24=1000-0.11h+0.41x10°n?, I'na
Value X2.4 929 909 889 869 849 83 2811
Dynamics at altitude800 m, 2.4 1 0.98 0.96 0.94 0.91 0.89 0.87
Number of days with snow cover X25= 81.689-118.631x10°h+75.128x10°h?, days
Value X2.5 34.9 38.2 47.6 62.9 84.2 11.6 144.9
Dynamics at altitude800 m, Z2.5 1 1.09 1.36 1.8 2.41 3.19 4.15
Air humidity X2.6 =60.68+4.45%10°h, %
Value X2.6 64 65 66 67 68 68 70
Dynamics at altitude 800 m, Z2.6 1 1.02 1.03 1.05 1.06 1.06 1.09

It should be noted that during the study, less significant factors were excluded, which
include:
1. Squally winds. According to reference data and the results of our research, the wind speed
at an altitude of 2000 meters above sea level is only 2.5 m/s. (which is not comparable with
the speed of 8-11 m/s) for squally winds;
2. Snow avalanches. Forecasting the development of these processes is carried out on the
basis of engineering and geological surveys. Within the altitudes of 2000-2500 meters there
are forests that prevent avalanches from descending to lower altitudes;
3. Landslide processes. Forecasting the development of these processes is carried out on the
basis of engineering and geological surveys. The highest frequency of these processes for the
conditions of Nagorno-Karabakh is observed at altitudes of 800-1000 meters above sea level
(34%). This figure at altitudes of 1000-1600 meters is, respectively, 9% -13%. The
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development of landslide processes is of a discrete nature and is specified for each case when
allocating sites for construction;

4. Mudflows. Forecasting the development of mudflows in mountainous areas is carried out
by means of maps of mudflow-bearing regions, which are taken into account when allocating
land for construction;

5. Collapses and screes. The area of the greatest distribution of these processes covers
absolute heights from 1000 to 3000 meters. Mountainous areas, as a rule, have permanent
centers of occurrence and possible directions of movement, which are also taken into account
when allocating land for construction;

6. Seismicity. With an increase in altitude above sea level, there is a certain trend towards an
increase in horizontal ground accelerations. However, there is no pronounced character of
their development along the vertical; this indicator depends on the geological conditions of
construction, which in mountainous conditions are not very diverse;

7. Depth of soil freezing. Within the limits of heights from 800 to 2000 meters, the depth of
soil freezing is 60-70 cm;

8. Number of days with fog. The formation of fog in mountainous areas depends on the
season, height above sea level, atmospheric circulation, physical and geographical conditions,
etc. Under these conditions, the formation of fogs is of a complex nature without their regular
development. In some cases, in high mountain areas, the number of days with fog can be 35%
per year or more. This is facilitated by a decrease in altitude of barometric pressure and air
temperature, as well as an increase in wind speed and relative humidity.

To predict the influence of external factors on the state of mountain roads, methods of
mathematical forecasting (the “Delphi” method) and process control modeling [16-18] are
adopted.

Table 2

Weight coefficients of the impact of external factors on the wear and tear
of the road transport system in mountainous areas

Factors A B C D
Relief complexity 54 6 36 0.1607
Precipitation 60 12 144 0.1786
Air temperature 58 10 100 0.1726
Wind speed 21 27 729 0.0625
barometric pressure 52 4 16 0.1548
Number of days with snow cover 71 23 529 0.2113
Relative humidity 20 28 784 0.0595
Total 336 - 3496 1.00
Convergence calculation W = 12;( 33496 =0.87

122(73-7)

Note: A is the sum of ranks; B - deviation from the arithmetic mean; C - square deviation; D -
weight coefficients of factors.

Calculations according to the Delphi method were carried out using a computer
program developed by us, in which the degree of reliability of forecasts was determined by

the convergence of the results obtained by the formula:

128

W = oy where m is the number of experts; n is the number of factors; S is the

sum of the squared deviations of the estimates of the ranks of each factor. In this case, the
convergence values of the results should be within 0.5 <W < 1.
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In Tab. 2 gives an example of determining the weight coefficients of the impact of
external factors on the wear and tear of the mountain road transport system in mountainous
areas.

The generalization of the forecasting results was carried out in several stages, until the
coefficient of convergence of the results of values from 0.5 to 1.0 was reached. In our case,
W=0.87, which confirms the high degree of reliability of the forecasts. Integrated indicators
of the impact of external factors on the vulnerability of road areas from the operation of the road
transport system are given in Tab. 3.

Table 3
Coefficients characterizing the ecological vulnerability of mountain

districts from the operation of the road transport system

Factors Height above sea level h, m
800 1000 | 1200 1400 1600 1800 | 2000
Relief complexity 0.161 | 0.192 | 0.221 | 0.242 0.272 | 0.301 | 0.332
Precipitation 0.179 | 0.211 | 0.242 | 0.267 0.267 | 0.310 | 0.328
Air temperature 0.173 | 0.194 | 0.222 | 0.258 0.258 | 0.384 | 0.509
Wind speed 0.063 | 0.071 | 0.076 | 0.084 0.084 | 0.096 | 0.105
barometric pressure 0.155 0.160 0.163 0.167 0.167 0.176 0.182
Days with snow 0.211 | 0.232 | 0.287 | 0.380 0.380 | 0.656 | 0.878
Air humidity 0.060 | 0.061 | 0.061 | 0.062 0.062 | 0.064 | 0.065
Total 1.000 | 1.121 | 1.263 | 1.987 1.398 | 1.987 | 2.399

The mathematical model of changes in the environmental vulnerability of
mountainous areas from the operation of road transport has the form:

P, = 0.161Z; 1 + 0.179Z, 1 + 0.173Z, , + 0.063Z, 5 + 0.155Z, , + 0.211Z, 5 + 0.060Z, 4 (1)
where Z11, Z21, Z23, Z24, Z25, Z26 — dynamics of changes in natural and climatic factors of
mountain conditions by vertical zonality (Tab. 1).

Table 4
Analysis of the convergence of calculations based on a
mathematical model with current building codes

Indicators 800 1000 | 1200 | 1400 1500 1600 1800 2000
Model calculation results 1.0 1.210 | 1.263 | 1.398 1.554 1.711 1.987 2.399
Average value for heights 1000- (1.210+1.263+1.398+1.554):4 =1.356 -
1500 m
Also, for altitudes of 1500- - (1.554+1.711+1.987+2.399):4=1.913
2000 m
Decrease - according to VSN 41- 7 -
88, for heights of 1000-1500 m,
%

Also, for heights of 1500- - 10
2000 m, %

Proportionality according to the 1.913:1.356=1.411
model

The same, according to VSN - 10:7=1.429
41-88

Deviation, % 1.26

On the basis of the mathematical model, the optimal terms for performing the overhaul
works of mountain roads are calculated. A working hypothesis is proposed that the
coefficients for reducing the terms of these works should be commensurate (inversely
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proportional) to the coefficients of changes in the environmental vulnerability of mountainous
areas by vertical zonality

The reliability of the hypothesis is confirmed by the convergence of calculations
according to the model with the current building codes, Tab. 4.

Based on the calculations (Table 4), the coefficients for reducing the time between
repairs of mountain roads by vertical zonality were determined - P> (Tab. 5). The results
obtained confirmed the validity of our hypothesis.

Table 5

Coefficients for reducing the time between repairs of mountain roads

Height above sea level h, m
800 1000 1200 1400 1500 1600 1800 2000

Indicators

Calculation results for the -P1

model

Coefficients reducing the time

between overhauls

Medium to 1000-1500 m

altitude

The average value of the

coefficient. to an altitude of - (0.643+0.0584+0.503+0.417):4=0,537

1500-2000 m

Proportionality according to the

model

The same, according to VSN -

41-88

Deviation, % 3.1
The results of the study were introduced into the curriculum in universities, according to the

textbooks recommended by the RA Ministry of Education and Science for universities [19].

The basis of the position of the work was reported and published in the materials of

international scientific conferences [20-21].

1.00 1210 | 1.263 | 1.398 | 1.554 | 1.711 1987 2.399

1.00 | 0.826 | 0.792 | 0.715 | 0.643 | 0.584 0.503 0.417

(0.826+0.792+0.715+0.643):4=0.744 -

(0.537:0.744) = 1.385

10:7=1.429

Conclusion

1. The systematization of natural and climatic factors in mountain conditions has been
carried out and a quantitative assessment of their development by vertical zonality in
the altitude ranges of 800-2000 meters above sea level has been given.

2. A mathematical model has been developed for changing the environmental
vulnerability of mountainous areas from the operation of road transport systems,
taking into account their vertical zonality.

3. The effectiveness of the mathematical model and the reliability of the working
hypothesis about the proportionality of the timing of the completion of overhaul works
and the vulnerability of the environmental ecology of mountainous areas have been
proven.

4. The reliability of the results of mathematical modeling and the timing of the reduction
in the overhaul of highways according to the vertical zonality of mountainous areas
has been proved.
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N.9. bupwybpyw, L.U. Uhpuybywt, U.U. bupwbpw, U.U. Uujutywt
Cnphh inbutininghwljuwt hwdwyuwpu
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PACYET NOKA3ATEJIEM N3HOCA KOHCTPYKIIUM 'OPHBIX
ABTOMOBWJIBHBIX JOPOT U X BJIUSIHUE HA YKOJIOT'MYECKYIO
VSI3BBUMOCTD OKPYKAIOIIEN CPEJIbI

P.I'. Ucpaeasin, H. A. Muxaessin, M.A. Ucpaeasin, A.A. AcJ1aHSIH
L Iywunckutl mexHon02u4eckol YHugepcumem

OtcyrcTBHE B HOpPMax II0 CTPOUTENIBHOM KIMMATOJIOTMM UYETKUX TpaHUIl
BEPTUKAIBHONW KIIMMAaTHYECKOW 30HAJIBHOCTH TOPHBIX CTpPaH, MPHUBOJUT K MOTPEIIHOCTSM B
CpOKax BBIMIOJHEHUSI MEXPEMOHTHBIX pabOT aBTOMOOWUIBHBIX Jopor. IlpuBenénHbie B
I'OCTax u apyrux HOpMaTUBHBIX JOKYMEHTAaX 3T CPOKH HOCST yCpeIHEHHbIN xapakrep. 1o
9TON MPUYMHE KOHCTPYKIMU JOPOXKHBIX OJEK] U aBTOTPAHCIOPTHBIE CpPeACTBa (JOPOXKHO-
TPAHCIIOPTHAsE CUCTEMA) IOJIBEPraercsi MPekIEBPEMEHHOMY, H3HOCY YBEIMYHUBAIOTCA
BpE/IHbIE BBIOPOCHI B OKPYXKAIOILYI0 CPEly TOPHBIX PAOHOB.

C uenpl0 yBENWYEHHs JAOITOBEYHOCTH KOHCTPYKUMH JTOPOJKHBIX OJEXKI TOPHBIX
aBTOMOOWJIBHBIX JJOPOT M CHUKEHUS BPEIHBIX BEIOPOCOB B OKPY’KAIOIIYIO CPELy, IPEIOKEH
METOJ| OIPEAETICHNUs ONTUMAIbHBIX CPOKOB MEXPEMOHTHBIX paObOT FOPHBIX aBTOMOOMIIBHBIX
J0pOT, C y4€TOM MHTEIPUPOBAHHBIX MOKAa3aTeNed UX M3HOCA, 10 BO3IEHCTBUEM NIPUPOIHO-
KJIMMAaTU4YEeCKUX (PAKTOPOB TOPHBIX YCIOBHIL.

VYcTaHOBIIEHO BIIMSHHE 3TUX (DAKTOPOB Ha SKOJIOTHYECKYIO YSI3BUMOCTh T'OPHBIX
paiioHOB, JaHbl ONTUMAJIBHOTO CPOKM CHIDKEHHMS MEXKPEMOHTHBIX paboT TOpHBIX
aBTOMOOMJIBHBIX JI0pOT.

JlokazaHa 3(@eKTUBHOCTh MaTeMaTHYeCKMX MOJEJIe M JOCTOBEPHOCTh padoueit
TUIIOTE3bl O COPAa3MEPHOCTH ONTHUMAJIbHBIX CPOKOB CHMKEHUS MEKPEMOHTHBIX pPaboT U
9KOJIOTHYECKOM YSA3BUMOCTH F'OPHBIX PAaliOHOB.

Knrwouesvie cnosa: TOPHBIC ABTOMOOMJIbHEIE JA0poru, IMIpUPOJHO-KIIMMATUYICCKUC
(1)aKTOpI>I, BpCOHLIC BBI6pOCBI, OKOJIOI'HYCCKaA yA3BUMOCTb.
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Abstract

The reasons for the low degree of mechanization of potato harvesting are analyzed and
it is proposed to equip the potato harvester machine with a passive auger clod-crusher. It will
make possible to loosen the surface layer of the field with ridges, to grind plant residues and
tubers, moving them with the loosened soil to the inter-field space, excluding their access to
the potato harvester. The application of a clod-crusher will contribute to the full separation of
the tuberous soil mass. A number of structural and technological parameters of auger clod-
crusher were determined.
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Introduction

With the constantly increasing volumes of potato cultivation, the degree of
mechanization of potato harvesting is becoming increasingly important [1]. In the soil and
climatic conditions of Armenia and Artsakh, the short agrotechnical terms of potato
harvesting make this problem even more urgent.

The research has shown that the low level of mechanization of potato harvesting is due
to the high roughness of the soil, due to which the process of separation of the the potato-soil
mixture is incomplete [2], which does not allow to switch to the combine harvesting method.
It turns out that the solution of the problem of mechanization in our conditions leads to the
improvement of the separation process at the initial stage of harvesting/during the transition of
the potato-soil mixture from the tuber-bearing bed to the potato harvester.

Many studies have been carried out in the world in order to improve the separation of
tuberous soil mass and various solutions have been proposed, namely:
before entering the potato harvester, loosen the rough surface of the field with ridge, grind
plant residues and tubers, limit the entry of excess soil into the potato harvester, harvest in
optimal humidity conditions [2],
to model the technological processes [3],
apply additional labor organs for crushing hard soil [4],
organize double separation [5],
to improve the design of the separating organs, to adjust the design and technological
parameters of the potato harvesters [5,6,7],
apply combined labor organs [6],
at the basis of the separation process, use the difference in the contact properties of the soil
and tubers with the working organs of the separators [8].

Conflict Setting
The task is to ensure the crushing of potato tubers, the grinding of the surface layer of
the field with ridges and the transfer of crushed tubers to the interplant space.

Research Results

To solve the problem, it was proposed to equip the potato harvester with an auger
crusher, which is installed in the front of the machine and operates due to the rotational
movement resulting from sticking to the ground (Fig. 1).

The axis of the crusher is connected by levers with a potato harvester, which is driven
by a tractor. During the movement of the aggregate, the moving rollers, which are located in
the interplant space, with the help of the ground grippers attached to them, get a rotary
motion, which is transmitted to the contour of the field with ridges / inclined platforms /
rotating conical augers are rigidly connected to the roller, and from it to the knife drum. The
drum sits on the field with ridges and, with the help of knives attached to it, loosens the coarse
soil of the central, relatively flat area of the potato tuber bed, simultaneously cutting and
shredding the potato tubers in the direction of the process.

Conical augers, which are located in the sloping areas of the field with ridges, loosen
the surface soil of that area and move it to the the interplant area. Due to the external pointed
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part of the augers, the potato tubers on the sloping sections of the field with ridges are also cut
off and moved to the interplant space with the surface soil layer. As a result, the amount of
coarse soil and tubers entering the potato harvester is reduced, as a result of which the potato

separation process is improved.
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Fig. 1 The scheme of the conical augers of potato harvester.
1 - axle, 2 - driving roller, 3 - lever, 4 - conical auger,

5 - knife drum, 6 - knife, 7 —soil sticking part

To determine the design and technological parameters of the proposed crusher,
consider the crusher as a rigid unity of three aggregates that perform different functions:
drive rollers with soil sticking parts, two conical augers and a knife drum.

The crusher is such that it copies, or in other words "hugs" the field with ridges.
Therefore, some parameters of the crusher were selected based on the geometric shape of the
field with ridges, the location of potato tubers in the filed with ridges, the interplant space, and
the structure of the aggregate. Thus, they were specifically clarified.

» The width of the knife drum, /equivalent to the width of the upper part of the field with ridges
/, which is approximately: B4=20 cm:

» The diameters of the knife drum and roller, respectively have made Dg= 13cm and D,=30mc.
These dimensions were obtained based on the outline of the field with ridges, taking into
account the limitations of its overall dimensions, depending on the operating conditions of the
clod- crusher.

» The drum’s knife’s height hx=2cm. It was chosen based on the condition of not damaging with
knives the tuber bed at the top of the field with ridges.

> The length of the conical augers is Dg=13cm. It is equivalent to the width of the sloping
spaces of the field with ridges.

» The degree of sticking of the rollers of conical augers into the soil in the sloping parts of the
field with ridges is ha=3cm. It has been determined based on the condition of the tubers not
being damaged in these parts of the field with ridges.

» The degree of sticking of the conical augers rollers into the soil in the sloping parts of the
field with ridges is ha=3cm. It has been determined based on the condition of the tubers in
order not to damage the tubes in these parts of the field with ridges.
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We haven't referred to the size, shape and number of the soil-sticking parts of the
movable rollers of the clod-crusher, bearing in mind that similar studies regarding the
movement of mechanisms as a result of sticking to the soil have been carried out and applied
in practice in the past.

In particular, in [9], which also refers to the movement of a crusher with the soil-
sticking parts were determined the parameters , which we took as a basis.

Let's determine the parameters of the conical auger. The edge coils of the auger are
rigidly connected to the knife drum on one side and to the drive roller on the other. Therefore,
when calculating their diameters, it is necessary to take into account the fact that they are
attached to the machine, as well as the degree of their depth into the soil on the sloping side of
the field is ha.

Therefore, the diameter of the big coil of the auger will be

Dbig coil = DC + Zha = 36cm. (1)
The diameter of the small coil of the auger will be
Dsmaui coit = Da + 2hy = 17cm. (2)

The number of rotation of the cylinder depends on the parallel speed of the aggregate
and can be determined from the following expression (we assumed that the cylinder slip is
zero):

Vmt=mD¢ n ¢, (3)

where Vi is the working speed of the potato harvester which is widely used in Armenia and
Artsakh, which is given about 3km/h or 0.83m/s for the KTN-2B potato harvester t is the
calculation time we accept.

Therefore, the number of rotation of the roller will be:

n, = V,t/nD, = 53 r/m: 4)

The knife drum is rigidly connected to the auger, which is rigidly connected to the
drive roller. Therefore, the rotations of the auger na, knife drum ng and movable roller n, are
the same.

Na=Ng =Nr =53 r/m

The motion of the conical auger was determined using the usual constant diameter
auger's parametrization theory.

The peculiarity in this case is that the diameters of the neighboring coils are gradually
increasing alongside with the direction of the soil transportation.

When determining the parameters of the conical auger, the diameter of the smallest
coil is taken as the basis, based on the fact that all the coils of the conical auger are fed with
the soil layer of the same width, so the coil with the smallest diameter will be the most loaded.

It is known that the following connection exists between the motion of the auger S and
the diameter Da.
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S=kDa ,where k is coefficient determined experimentally. K=0,8- 1,0, in that case the
auger turns out with perfect constructive parameters [10].

Let's take k=0.8.

Inour case Da =D smancoit =17 cm.

Therefore, the motion of the auger will be S = 13,6 cm. Resulting from the
combination of motion and length of the auger /L. = 26cm/ it is clear that between big and
small coils of the conical auger we may have only one coil which diameter will be

D medium coit = (D big coit + D small coit)/2=26,5 (5)

According to the basis theory of the parameters of the auger, the number of the auger
motion must satisfy the following condition [10]. na < Nmax, Where Nmax is the maximum
motion number of the auger, for which calculation is applied the following formula:

N max = A/\/Da (6)

Where A is coefficient depending on transported material, which in the case of being a soil is
in the range values 22-+-45. Therefore, we will get:

N max = 53+108m/min

Therefore, na < n max condition satisfies

The conical auger should satisfy another condition too § < ¢, where g is the angle of
the auger conicity, ¢ is the relation angle between the auger and the soil surface of the filed
with ridges. ¢ = 22 — 45° [10]:

Let’s determine the angle of conicity of the auger using pic.1

tgp = (D coil big=D coilsmall)/Z/Laz 0,365, (7)

and p = 17%. Therefore, satisfies f < ¢ condition too.

Fig. 2 The scheme for determining the number of drum knives

Now let's refer to the knife drum of the clod-crusher. From a technological point of
view it has been already justified that the width of the drum is 20 cm, the diameter is 13 cm,
the height of the knives are 2 cm. The number of the motion of the drum was also determined
— 53m/min. It remains to calculate the necessary number of knives.
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The number of the knives has been determined on the condition that there is not
uncultivated area alongside with the motion direction of the drum.This condition will be
satisfied in that case when one knife at the time of coming out from the soil ( point B), the
following knife will enter the soil( point A). From pic.2 we have

cosa = —94 =087, (8)

(Rg+hi)

Therefore, a = 29°

The angle formed by two consecutive knives will be 2a = 58°.

Therefore, the minimum number of the knives will be Z = 360/58 = 6,2.

Let's accept the necessary number of knives Z = 7

During the work the drum of the clod-crusher does a complicated rotative movement
around the axis w R ¢ with circumferential speed ( w is angular velocity of the drum) and is
moving in tandem with speed V m .

This process is characterized by a kinematic indicator (1).

__ w(Rd +hd)
A== 9)
The angular velocity of the drum was determined by the following formula [10].
w = mnd/30=>5,54. (10)

Therefore, the kinematic indicator will be A = 0,56:

This value of the kinematic index is typical for machines with passive action.The
proposed clod- crusher is also ranked among them.

In general, for a more efficient operation of the knife drum, it is necessary to ensure
the condition w R¢> V m, or A>1, in which case the trajectory of the absolute motion of the
knife will be cycloid. This can be achieved by making the clod-crusher active. In the case of
a passive clod- crusher, it will be necessary to increase the number of knives on the drum to
improve the crushing quality. Adjustment of this and other parameters of the proposed clod-
crusher will be done in the near future, after analyzing the results of laboratory and field
experiments.

Conclusion

The researches have shown that in the soil and climate conditions of Armenia and
Artsakh, the separating organs of the potato harvesters used during potato harvesting do not
perform sufficient separation of the tuber soil mass, as a result of which the degree of
mechanization of potato harvesting is low.

To increase the separation efficiency of potato harvesters, one more separating unit
should be added to the design of potato harvester. In other words, the tuberous soil mass is
separated in two stages: the first before entering the potato harvester, the second - into the
potato harvester.

44



Bulletin of High Technology N3(27) 2023.-pp. 39-48. AGRICULTURE
A.M.Yesoyan, G.M.Mikayelyan, A.A.Yesoyan, S.A.Adamyan
JUSTIFICATION OF AUGER CLOD-CRUSHER OF THE POTATO HARVESTER

For the first stage, it was suggested a passive action cone crusher moving with the help
of sticking , which will be located between the tractor and the potato harvester, and will be
connected to the potato harvester with articulated levers. Due to this, before the potato
harvester machine's ploughs are drawn into the upper part of the field with ridges, the latter's
surface with a soil layer 2-3 cm thick including hard soil, is crushed and taken out into the
inter-field space. At the same time, a significant part of the potato tuber is crushed and
partially transferred to the inter-plant space. As a result, the amount of soil, hard soil and tuber
in the tuber-soil mass entering the potato harvester will decrease, and the load will also be
significantly reduced on the separation unit of the potato harvester.

This will contribute to the complete separation of the tuber-soil mass in the potato
harvester and will create an opportunity to significantly reduce manual work during
harvesting and even reach the combine harvesting option.
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Abstract

In the modern world, attempts are continuously being made to comprehensively assess
and measure indicators related to the progress of the standard of living and well-being both
globally and for individual groups of the population. Assessing and measuring the social
condition is a complex process, because the concepts of "living standard of the population”
and "quality of life" are multi-vector and difficult to calculate and evaluate.

The assessment and measurement of the social progress of each state, individual social
groups and territories (states, regions, etc.) with sufficient accuracy is an important factor in
determining the indicators of population inequality. It should be the basis for implementing
effective social policy through the principles and approaches of the state's social policy,
individual groups of the population (especially socially vulnerable), effective management of
the population's incomes and expenses. The basis for the formation of such a policy is the
identification of social problems and the identification of ways to solve them. Socially
oriented programs can be implemented both in the short term and in the long term. The
formation of problems of population income distribution and state regulation and the search
for tools to achieve it should become one of the key components of the policy implemented
by the state. Taking into account the difficulties of social policy implementation and the use
of appropriate tools during the development of that policy, the identification and
characterization of the general trends in the formation and distribution of incomes of the
population becomes a topical issue. As a first step, it is necessary to study the experience of
countries with advanced free market relations and analyze the possibilities of their
localization in Armenia for the selection and expansion of social policy tools. It is also
necessary to evaluate the effectiveness of the tools used to fight against poverty and the
implemented policies, comparing the relevant indicators of Armenia and neighboring
countries.

Keywords: Income distribution inequality, income concentration coefficient (Gini
index), social progress, social index, social groups.
Introduction

49



Bulletin of High Technology N3(27) 2023.-pp. 49-61. ECONOMICS
M.A.Markosyan

FUNDAMENTAL PROBLEMS OF POPULATION INCOME DISTRIBUTION
AND STATE REGULATION INSTRUMENTS

Issues of social equality and justice, according to some researchers, threaten people's
quality of life. One of the bearers of this view is Thomas Malthus, who considers poverty to
be the inevitable result of a mismatch between population growth and the supply of resources
necessary for people's existence, and above all, the ever-decreasing food supply. According to
him, the population grows exponentially, and the means of existence with arithmetical
progression, which gives birth to poverty, inequality and social disasters [1]. With the
development of economics, Malthus's view was refuted. At the same time, he raised an
important problem of regulating population growth, which requires control over population
growth, which India, China, and a number of other countries are currently trying to overcome.

Karl Marx also had his views on the elimination of inequality and poverty. He
criticized Malthus, who extended the biological laws of the struggle for existence directly to
social relations and failed to justify the social nature of inequality and poverty. Karl Marx
considers inequality and poverty to be inevitable satellites of capitalist society, which are
oriented not to increase the welfare of workers, but to achieve maximum profit. He predicted
that inequality and poverty would increase over time, the poor would get poorer and the rich
would get richer [2]. However, that hypothesis was also not fully justified. Businessmen,
based on the differences between the conflicting classes, were able to draw some conclusions
and direct part of their super profits to improve the condition of workers, including pensions,
health care and other social needs. This was mostly done purely out of economic expediency.
Widespread trade union movements, strikes and demand clashes forced employers to make
concessions in setting wages and indexing them to inflation.

In economics, inequality is a function of the level of consumption expenditure. It is
customary to set a minimum material security index (it is often called the minimum
subsistence level). It is different in different countries. Population groups whose standard of
living is below that line are considered poor. To calculate the minimum standard of living, the
concept of consumer basket is considered, which includes the most necessary and essential set
of goods and services for the population. The value of the consumer basket is a time-varying
quantity. For this reason, it is important to monitor how the composition and prices of the
products included in the consumer basket change over time.

Over the years, the concept and structure of inequality is gradually changing. In some
countries, the feminization of poverty is taking place, that is, the number of families headed
by a woman is increasing, which is due to the increase in the dominance of the volume of
services in the GDP (it is enough to note that more than 60 percent of the world GDP is
formed by services) , with the mechanization and automation of production processes
(especially requiring heavy physical work), increasing the volume of remote work (which
does not require the physical presence of the employee at the workplace). It should be noted
that a few days ago, the National Assembly of Armenia discussed the possibility of
teleworking in the labor code and the fact of the dominance of women's work in the
management system.

Inequality is not evenly distributed between different age groups of the population
either. Families consisting of elderly spouses and single elderly people are usually classified
as poor. However, it should be noted that in recent years, the number of poor young families
has also increased in the United States, who, unlike most retirees, do not have their own
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houses and apartments, and have to spend a significant part of their salary to rent an
apartment.

Conflict Setting

The purpose of the research is to identify the reasons for the uneven formation,
distribution and use of the population's income, to develop and propose an economic policy
toolkit that will enable a fairer distribution of the population's monetary income, ensuring
solidarity and social harmony between different social groups of the population, which is one
of the key conditions for the formation of a stable society. . In order to achieve the set goal,
the identification of social equality standards and indicators within the society, the analysis of
income distribution and use indicators for a long period of time, the evaluation of the
implemented social policy and the nomination of effective state management structures based
on them is a priority task.

Research methodology

In the study, the approaches and principles of scientific abstraction, statistical
groupings, statistical analyzes according to individual countries, international comparisons, as
well as combinations of individual groups of countries and indices and their rating were
applied.

Over the past decades, the increase in economic inequalities has been largely driven
by increases in income and wealth, which have largely accumulated at the top of the
distribution. However, household surveys, the data sources traditionally used to observe the
dynamics of inequality, do not adequately reflect these changes. Surveys cannot adequately
measure the income and wealth levels of the richest people.

The World Inequality Database (WID.world) overcomes this limitation by combining
different data sources (national accounts, survey data, fiscal data and wealth rankings) [3].
This makes it possible to follow more precisely the evolution of all levels of income or
wealth, from the bottom up. The main innovation here is the systematic use of data that allows
comparisons between countries over a long period of time. To achieve this goal, the database
is based on research on long-term inequality trends developed by an international group of
scientists over the past 15 years [4].

The assessment and effectiveness of the economic policy of a unique state is
determined not only by the rates of economic growth and their acceleration, but also by the
progress of social indicators. The meaning and purpose of the state's socio-economic policy is
to solve social problems and raise the standard of living of the population and its individual
(especially vulnerable) groups. In this context, the improvement of the living standards of the
poor strata of the population is emphasized, which is proposed as a key to the success of the
implemented social policy for any state. As evidenced by both the international and Armenian
experience of more than 3 decades, when there is a large number of poor people and people
with a standard of living not much higher than the poor in society, the society degrades, a
dangerous gap appears between the rich and the poor, as a result of which the state is divided
into two parts: "state of the poor" and "state of the rich", which becomes the cause of social
instability. Therefore, it is important to neutralize poverty as a social evil and the causes of
inequality in society, and to alleviate inequality between different social groups.
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One of the most important issues of the social policy of the state is the regulation of
the employment of the population, the provision of social protection of the population and the
implementation of measures and programs aimed at justice.

It is the poor who bear the heaviest burden of epidemics in the world. It is the poorest
who face the main difficulties of the setbacks in health care and education.

The crises of recent years have pushed the world further away from the global goal of
ending extreme poverty by at least 2030, according to some projections.

Given current trends in global economic change, 574 million people (almost 7% of the
world's population) will still live on less than 2.15 US$ a day. It should be noted that extreme
poverty is concentrated in conflict-affected regions of the world [5].

Research Results

The role of the state in the redistribution of the population's income.

The market mechanism of distribution, apart from the solvency of consumers, does not
take into account the capabilities of consumers and the necessity and characteristics of their
demand for products.

The market gives a simple answer to the three economic questions: what to produce,
how to produce, and for whom to produce, to produce for those who can afford the product. It
is obvious that based on the principles of humanism, such an approach to income distribution
in the market system needs adjustment and changes. As a result, there is a problem of
redistribution of income, which each state solves in different ways and sizes. Different
approaches to state intervention in income redistribution can be observed, from radical
(Sweden) to conservative (USA).

The income inequality created in the market economy, which intensifies especially in
the period of production decline and high inflation, should be weakened and to a certain
extent compensated for the less well-off groups of the population through a system of
measures, programs and laws aimed at social protection. All developed countries that have
transitioned to a market economy currently have such programs aimed at easing social
tensions.

Through appropriate policies, the state levies taxes on profits and personal incomes
and enables less protected groups of the population (pensioners, unemployed, low-income
families with many children, etc.) to pay transfers.

Attitudes toward remittance payments differ between the rich and the poor. The rich
find the high-tax culture reminiscent of Robin Hood, who robbed the rich and gave their
wealth to the poor. The poor believe that the high incomes of the owners of capital, land and
real estate are obtained through dubious means, therefore, they are obliged to take a share of
the income from the poor.

The state can directly influence the market mechanism by setting maximum prices for
essential goods, as well as minimum wages. In addition, the state can give compensations to
important vital branches of the economy (for example, agriculture). Despite some resistance
from the more secure class, the use of transverts makes it possible to maintain the minimum
standard of living of the population.

From the point of view of economics, the standard of living, first of all, is determined
by the degree of satisfaction of material requirements (food, clothing, housing, basic
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necessities, as well as a number of public services: health care, education, work and leisure
conditions).

The development of the educational system, the continuous improvement of the
qualifications of workers, the growth of the cultural level and the satisfaction of spiritual
requirements are mostly related to consciousness. However, their provision is conditioned by
material possibilities (social and personal income level). Economic policy at the macro and
micro levels seeks to find methods of comparison and evaluation of the measurement of living
standards.

The standard of living of the population can be characterized based on the analysis of
statistical averages. However, it is not possible to determine the level of quality of life in such
a way, because it depends on many indicators of material and spiritual nature. This quantity
cannot give an idea about the incomes of individual citizens, but is an average indicator
characterizing the well-being of the country's economy and population. However, this
indicator is essential for analyzing and comparing the level of economic development of
different countries.

The level of per capita income of the population depends on the volume and structure
of the gross domestic product, GDP, the number of the population and demographic changes.
GDP growth in developed countries depends to a significant extent on labor productivity (for
example, 70% in the USA). Demographic growth in developing countries is less dependent on
the level of the economy. Per capita income in these countries is significantly lower than in
developed countries, while at the same time, the population in these countries is growing
faster than labor productivity.

In developed countries, there are also some problems due to declining birthrates and
aging populations. Due to this, the share of the working population is decreasing and the
number of pensioners and people in need of social protection is increasing. In the post-Soviet
countries, the transition to market relations of the economy is combined with high inflation,
and the problems of income regulation and social protection are gaining special importance.
In a number of post-Soviet countries, this led to a sharp increase in income inequality. The
number of people living below the poverty line continues to rise, despite the fact that wage
increases and indexation measures have been implemented in recent years.

Number of people living in extreme poverty living on less than 2.15 US$ per day
worldwide by 2020 was decreasing (Fig. 1).

But that trend was disrupted in 2020. As a result of the crisis caused by the COVID-19
pandemic. The number of people in extreme poverty increased by 70 million, crossing the 700
million mark. The level of global extreme poverty reached 9.3%, compared to 8.4% in 2019
[7].

The international experience of social protection of the population, ensuring
employment and stabilization of the economy can be applied in Armenia with certain
adjustments.

The system of social protection measures, programs and laws is based on the
principles of the Declaration of Human Rights, where human life is considered the highest
value for society [8].

After the Second World War and the recovery of economies, all European and
Eurasian countries saw a trend of increasing spending on social protection of the population.
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In the post-Soviet countries, these expenses were carried out mainly at the expense of the
budget. Currently, the legislation of a number of post-Soviet countries envisages receipt of
social protection expenses from business activities, but they remain quite small, and the
majority of allocations for this purpose are made by the state budget and pension fund.

1,996.23 1 973.09

1,871.37 1,861.03
1,781.38

1,684.29
1,520.88
h412.29
1,311.13
1,224.15
1,126.73
\997.74

\\841 .52

793.04
722.64
648.1

Fig. 1 The number of people with an income of less than 2.15 US$ per day in the world in
1990-2019, (million people) calculated by the purchasing power equivalent of 2017 [6]

In Western countries, the participation shares of the state, entrepreneurs and welfare
recipients are also not equal. In France, Sweden, and to some extent in the USA, more than
half of social protection funds are placed on entrepreneurs, in Great Britain, recipients of state
assistance provide 1/5 of social spending for these purposes, the exception is Switzerland,
where this figure is only 1%.

When solving the problems of social protection in the transitional conditions of the
market economy, it is necessary to take into account the features of the market formation in
the post-Soviet countries, which should ultimately be based on the analysis of international
experience.

Let's discuss the American social protection and Swedish full employment models.

The American social protection model relies on two sources of funding: public and
private.

By encouraging private entrepreneurship, the American government through tax levies
affects the redistribution of national income, reducing inequality between the rich and the
poor (Fig. 2).

"Causes and Consequences of Income Inequality: A Global Perspective™ published by
experts of the International Monetary Fund emphasizes the idea that widening income
inequality is the defining challenge of our time.
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Fig. 2 The number of families living below the poverty line in the USA
in 1990-2021, (1000 families) [9]

The gap between the rich and the poor in developed economies has reached its highest
level in recent decades. Inequality trends have been more erratic in emerging markets and
developing countries, where some countries have seen a decline in inequality, but widespread
inequalities in access to education, health and finance persist.

Fig. 3 Poverty rate in the United States 1990-2021, as a percentage
of the total population [11]
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Therefore, it is not surprising that the extent of inequality, its motivations and the
question of "what to do" about it remains very relevant in the development and
implementation of socio-economic development programs of the governments of both
developed and developing countries. The issues of development and solution of this problem
are also urgent by both policy makers and researchers [10].

Although the poverty rate in the US in 1993-2000 had a decreasing trend, from 15.1%
to 11.3%, but in 2000-2010 it increased again, from 11.3% to 15.1%. In 2010-2019, it
decreased from 15.1% to 10.5%, then an increase was observed in 2021. reaching 11.6%.

In the United States, the state bears the brunt of the costs of social protection. It
includes not only monetary benefits but also material assistance in the form of grocery cards,
school breakfasts and lunches, special meals for pregnant women and infants, etc. In this
sense, the USA is recognized by many as a "caring state", especially for children and the
elderly.

The state aid fund for the unemployed is also financed by the state in one-third part.

Private social assistance is provided in various forms, such as the provision of
individual sponsorship, private social insurance, and benefits paid by businesses to their
employees in the event of retirement, injury and illness at work. However, this aid is not
mandatory, especially in the conditions of a general decline in production.

Switzerland's experience deserves special attention in the process of programs and
measures to ensure the employment of the population and reduce unemployment. Thanks to
the training of the workforce, the improvement of the qualifications of specialists, the use of
advanced methods of securing employment, Switzerland was able to reconstruct the industry
as quickly as possible. Although structural unemployment occurs under such conditions, it
was significantly reduced thanks to certain measures implemented by the Swiss government.
The training of specialists in Switzerland is carried out through special organizations for 18
weeks. As a rule, people who have completed training courses later get a job. The
implementation of policies aimed at ensuring full employment and reducing unemployment is
accompanied by a coordinated combination of measures of the government and local self-
government bodies (Fig. 4).

1580

Fig. 4 Number of people at risk of poverty or social exclusion in Switzerland,
2011-2020. (thousand people) [12]
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About 3/4 of the funds aimed at ensuring employment in Switzerland are spent on
creating jobs, training employees and specialists, and implementing other measures that
contribute to the professional growth of personnel. It is noteworthy that the growth of labor
productivity, and therefore the economic growth of the country, depends on it.

In Switzerland people with certain physical disabilities are not forgotten. Special so-
called protected jobs are created for them.

Conclusion

In the modern world, meeting the living standards and social needs of the population
continues to be one of the important issues of the policies conducted by the states. In the
current difficult geopolitical situation, a significant increase in food and energy prices is
observed in some regions, which hinders the improvement of the population's standard of
living. Especially the study of the experience of the formation and distribution of the income
of the population of the advanced countries of the present world, such as the USA and
Switzerland, and especially the tools used in this field can be very useful for developing
countries, including Armenia, taking into account the features of the republic and the nuances
of the tool's application and localization and apply them in socio-economic programs and in
raising the standard of living of individual groups of the population, in solving both short-
term and long-term problems.

The states are trying to solve this problem by applying various tools that can be useful
for implementing an effective social policy in Armenia.
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U. U. Uwplnujuts

«Ruwnuwpwghyuljul, hpwdwghywliut b intipbuwghypwluwt hbynwugnipnyeyniitiph U
quwtpawipbunidupp» <4

Uptuwphnd  gwpniwwlwpwp  thnpdbp  Gu dbnuwplynd  pwqdwynndwupnpbiu
guwhwwnbint b swihbint puswbu gnpw; wnnwnyd, wjuwbu £ puwlsnyejut wnwudhu
fudpbph  YEuwuwdwlwpnwyh L pwpblbgnewu  wnwopupwghtu  Ybipwpbpnn
gnigwupoubipp: Unghwjwywu Jphtwlyh quwhwwnwp b swihnwdp pwpn gnpdpupwg L,
pwuh np «puwlysnpjuu  YEuuwdwlwpnuly» L «fuuph npwl»  hwulwgnieniitbpp
pwqdwyblunp Gu b nddwp hwydwnbh nt quwhwwnynn:

3nipwpwgnip whnnyejwu, npw puwlsnyejuwt wnwudhtu unghwjwlwu fudptpph L
wmwpwdpubiph  (Uwhwuqubip, gpowutbip, dwpgbp, wjl) unghwjwywu wnwyopupwgh
pwywpuwn Gogpunniejwdp quwhwwnwp b swihnwdp, Ywpunp gnpdnu £ hwunhuwunwd
puwysnyejwt wuhwjwuwpniejwu gnigwuppubiph npnadwt hwdwp: Wu wbiwp £ hhdp
hwunhuwuw  wbwnejwu  unghwwlwu  pwnwpwlwuniyejwu  uygpniupubiph L
dninbignuidubiph, puwlysniyegjwtu wnwudht fudpbiph (hwnwwbu' unghwjwwbu fungth),
puwysnyejwu  Glwdnunubph W dwfuubph  wpryniwwdbivn  Yuwnwlwpdwu  dhongny
unghwjwywt  wpryniiwybn  pwnwpwlwunyeniu hpwlwuwgubine  hwdwnp:  Wnwhup
pwnwpwywunyzjuu duwynpdwt hhdp £ hwunhuwunwd unghwjwywu hhduwfuunhputiph
pwgwhwjwnnp b npwug  |Mdwu  ninpubph pwgwhwjunndp:  Unghwwlwu
ninyuwodniejwu dpwgptipp Ywpnn Gu hpwlywuwgyb) huswbiu Yupbwdwdlbn, wiuwbu g
Bplwpwdwdybn Yunpdwsdpubipnd: Fuwlsnygjwiu tlwdnunubph pwobudwt b whwnwlwu
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Ywpgwynpdwu fuunppubiph dbwynpnwip W npwtu hwutubne gnpdhpwwqdh  thunpunnipp
wbwp £ nwnuw wbunnyejuwu Ynndhg hpwywuwgynn pwnwpwlwuniyejwt wnwugpwjhu
pwnuwnphsubphg  dblyp:  Lwwh nubbwind  unghwjwywu  pwnupwlwuniejwu
hpwywuwgdwt nddwpnigniuttpp b win  pwnwpwwunyejwu  dowldwu pupwgpnid
hwdwwwuwnwufuwt  gnpdppwywqdh  Yppwnnwp  wpnpwlwu  fuunhp £ nununwd
puwysnyejwu  Glwdnunubph  duwydnpdwu U pwofudwtu  punhwunyp  dhnnwubipp
pwgwhwjnnp b punyewagpndp: Npubu  wnweoht  pwj wuhpwdbiom £ Yuunwpb
wnwowynp  wquwuw  onyujwlwu  hwpwpbpnyenwiubp  niubgnn - Bpypubph thnpép
nwnwiuwuhpniejnLu i Jbipnwdty Lwjwutwuntd npwug nbnwjuwgdwu
huwpwynpnieniutbpp’ unghwjwlwu pwnwpwlwunyejwu gnpdhpwlwqdh puwnpnyejuu L
punjwjudwu  hwdwp: Utuhpwdbipm £ quwhwwnb] twl wnpwunniyejwt nbd  wwjpwnph
Yhpwndnn gnpdhpwlwqdph b ppwlywuwgdwsd pwnwpwywunyejwu wpryniupwjuniyniup’
hwdbtdwwnbiny  <wjwunwuph L hwplwtu  wbwnyenwubph hwdwwywunwufuwt

gnigwiuppubipp:

Pwbungh puwnbp. Glwdnunubiph pwotudwt  wuhwywuwpnyenit, GYwdnunubph
hwdwybunpnuwgdwu  gnpdwlhg  (Rpupp  punbpu), unghwwlwu  wnwypupwg,
unghwjwywu hunbipu, unghwjwywu fudpbip

OYHJAAMEHTAJIBHBIE ITPOBJIEMbBI PACITIPEAEJIEHUSA JOXO/J10B
HACEJIEHUA U MTHCTPYMEHTDBI 'OCYJAPCTBEHHOI'O PEI'YJIMPOBAHMUA

M. A. MapkocsiH

00 no nOJUMOJI02UYECKUM, npaeo6biM, IKOHOMUUECKUM UCCIe00B8AHUIM U NPOSHO3UPOBAHUIO

B Mupe noctossHHO NpeAnpUHUMAIOTCS MONBITKH KOMIUIEKCHON OLEHKU M U3MEPEHHUS
MOKa3aTeseil, CBA3aHHBIX C IPOrPECCOM YPOBHS KU3HU U 0JIarOCOCTOSIHUS KaK B TJI00aIbHOM
Macmtabe, Tak U Ui OTIENbHBIX Ipynn HaceneHus. OleHKa U M3MEpPEeHHE COIHAbHOTO
COCTOSIHUSI — CIIOKHBIM IPOLIECC, TMOCKOIbKY TMOHSATUS «YPOBEHb >XU3HU HACENCHUS» U
«Ka4eCTBO >KM3HI» MHOTOBEKTOPHBI U CIOXHBI JJIsl TOJICYETA U OLICHKH.

OneHka ¥ W3MEPEHHE COLMAIBHOIO MpOorpecca KakJIoro rocyJapcTBa, OTIEIBbHBIX
COLIMAJIbHBIX TPYNN M TePpUTOpUid (IITaTOB, oONacTed M T.N.) C JIOCTATOYHON TOYHOCTBHIO
SBJISETCS BaKHBIM (DAKTOPOM OIpe/eeHus] ToKa3aTreneil HepaBeHcTBa HaceieHus. OHO
JOJDKHO CTaTh OCHOBOM peanu3anuu 3PpGEeKTUBHON COLMATbHON MOJUTHKU Yepe3 MPUHIIUIIBI
U TOJXOJbl COIMAILHOM MOJUTUKH TOCYAapCTBa, OTAEIBHBIX TPYII HaceleHus (0COOEHHO
COLIMATIBHO YS3BUMBIX), 3(()EeKTUBHOTO YIpaBlICHUs [IOXOJaMU M PacXOoJaMH HaceJIeHHS.
OcHoBoli (OpMUPOBaHUS TaKOW TMOJUTUKH SIBISETCS BBISBICHHE COLMAIBHBIX MPOOIEM U
ompeneneHue nyred wux pemeHud. CouuambHO OPUEHTUPOBAHHBIE MPOTPaMMbl MOTYT
peanu30BbIBATECS KaK B KPAaTKOCPOUHOM, TaK M B JIONTOCPOYHOM TEpPCIEKTHUBE.
dopmupoBaHue MpoOseM pacrlpeneieHusl JOXOIOB HAaceleHUuss U TOCYJapCTBEHHOTO
peryiupoBaHusi, MOUCK HMHCTPYMEHTOB /Jsi MX JOCTHMXKEHHUS JOJDKHBI CTaTh OJHOM W3
KJIFOUEBBIX COCTABIISIOMIMX TMOJUTUKH, PEATU3yEeMOM rocyJapCTBOM. YUUTHIBASI TPYIHOCTH
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peanu3ay COUAIbHOMN MOJIUTHKU M UCTIOIB30BAHUS COOTBETCTBYIOIIUX HHCTPYMEHTOB U
pa3paboOTKe OSTOHW TOJWUTUKH, BBISBICHHE M  XapaKTepPUCTUKAa OOMUX TEHACHIUH
(dbopMHUpOBaHUA U pacHpeAeTIeHNs JOX0A0B HACEICHUS CTAHOBUTCS aKTyaJIbHBIM BOIIPOCOM. B
Ka4yecTBE IEPBOr0 IIara HEOOXOJIMMO H3YYHUTh ONBIT CTPaH C Pa3BUTBIMH CBOOOJHBIMU
PBIHOYHBIMHU OTHOIICHUSIMHU H ITPOAHATM3UPOBATH BOZMOXKHOCTH MX JIOKAIA3ALUU B ApMEHHUN
IUIs. BEIOOpa W PACHIMPEHHS HWHCTPYMEHTOB COLMAIBHON MONMUTHUKU. Takke HeoO0X0IuMo
OLeHUTh d(P(PEKTUBHOCTP HCHOJB3YEMBIX HHCTPYMEHTOB OOpbOBI ¢ OETHOCTBIO U
peann3yeMoil MOJIMTHUKH, CPAaBHHUBAsT COOTBETCTBYIOIIUE TOKA3aTeNId APMEHHH U COCEIHUX
CTpaH.
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The relations of distribution and redistribution of monetary income of the population
have a direct impact on the socio-economic development rates. The coefficient of income
concentration (Gini index) characterizes the proportions of income distribution between
different groups of the population (decile, quintile and others). According to which there
should be a certain principle of division between them, however, it should be at the basis of
social justice, as shown by the sociological surveys conducted in Armenia and Artsakh,
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justice is mentioned in the first place among other value systems in the perceptions of the
population, which is evidenced by the many values of the Armenian society and the place of
that category in the strata and its importance in raising the standard of living of the
population. In order to ensure high economic growth and to ensure social solidarity and
cooperation within the society, it is especially important to reduce poverty and to identify the
existing problems in this regard.

Keywords: Incomes of the population, coefficient of concentration of incomes (Gini
index), inequality of income distribution, average class.

Introduction

When discussing the distribution and redistribution of monetary incomes of the
population, it is necessary to pay more attention to the incomes of the poor and middle
classes, as they make up the majority of the population in any society. This circumstance
conditions both the majority of the provision of economic growth, as well as the provision of
social solidarity within the society and, therefore, the foundations of a stable society.
Especially in most developing countries, as well as in Armenia, poverty is not only a social
but also a serious socio-political problem, the overcoming of which is a serious guarantee for
the progress of any state. Therefore, the identification of the problems of poverty and the
implementation of effective policies in that area and the formation of the middle class will
ensure the upward development of the society.

In addition, how does it explain the different trends in inequality developments in
advanced economies, with a particular focus on the poor and the middle class. Although most
of the existing studies emphasize the Gini index of developed countries and the factors of
income growth of the rich, it has become more relevant to study the issues of income
formation and distribution of the population of developing countries, as well as their level of
concentration.

Conflict Setting

The purpose of the research is to study the problems of concentration of monetary
income of the population, to identify the causes of poverty in Armenia and to propose priority
measures to reduce them. In order to achieve the set goal, the features of the policy
implemented in the distribution and redistribution of the monetary income of the population,
the tools used, and recommendations were developed in order to solve these problems.

Research methodology

In the study, the approaches and principles of scientific abstraction, statistical
groupings, statistical analyzes according to individual countries, international comparisons, as
well as combinations of individual groups of countries and indices and their rating were
applied.

Research Results
Distribution of monetary income of the population is also an important factor for
economic growth. Thus, if the income share of the richest 20 percent (quintile) of the
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population's monetary income distribution increases, GDP growth actually decreases in the
medium term. Across the income distribution scale, an increase in the income share of the
bottom 20 percent (the poor) is associated with higher rates of economic growth. The poor
and the middle class are critical to economic growth through a series of interrelated economic,
social and political instruments.

Economic policies that focus on the poor and the middle class can alleviate inequality.
Regardless of the level of economic development, better access to education and health care
and well-designed social policies can simultaneously ensure that labor market institutions do
not overtax the poor, thereby increasing the income share of the poor and the middle class.

As the study of international experience shows, there is no unified policy in the
distribution of incomes of the population and especially in reducing inequality. Appropriate
socio-economic policies must be based on specific and clear policies and institutional
arrangements of the country. In both developed and developing countries, the policy of
distribution of monetary income of the population should be aimed at reforms aimed at
increasing human capital and its skills, which should be ensured primarily by making tax
systems more advanced. Overall, the complementarities between the goals of economic
growth and income equality suggest that policies aimed at raising average living standards can
also affect income distribution and provide more inclusive well-being [1].

The perception and understanding of justice within any society is primarily related to
the proportions of income distribution between individual groups of the population. If these
incomes are unevenly distributed, then a feeling of injustice arises between individual groups
of society, which can have very negative socio-economic consequences. Sociological surveys
among the population and the analysis of their results are an important tool in determining the
opinion and attitude of individual groups of society regarding the distribution of incomes of
the population, which should be the basis for the adjustment and implementation of social
policy.

The fact that there has been a lack of justice in our society for years is substantiated in
2019. according to the results of a sociological survey. The survey was conducted among
students and professors of universities of Armenia and Azerbaijan.

The respondents were specifically asked the following question: which of the
mentioned values do you consider the most important?

1. justice

2. freedom
. solidarity
. cohesion
. self-restraint and sacrifice
. patriotism
. goodness to people
. family traditions

Options were ranked by respondents in order of importance. The options of the
question were ranked in the first important position in the following proportion. (Fig. 1).

According to the results of the survey, 36% considered justice first, and for 75% the
option of justice was in the 1-3 most important places.

o NOo O~ W
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Fig. 1 The specific weights of the options given primary importance to the question
"Which of the mentioned values do you consider the most important?**

It is noteworthy that the percentage of those who consider justice a priority was the
highest by all criteria. Among respondents in Armenia, the share of the "justice™ option was
39%, in the USA - 45%, 36% of male and 43% of female representatives considered justice
first. Among undergraduate students, the share of those who consider justice a primary value
was 43%, among master's students - 31%, and among professors - 52%, 44% of students
majoring in economics considered justice, history - 48%, international economic relations -
37%.

According to the results of the survey, the researchers who conducted it conclude that
in the past period of the Third Republic of Armenia, and especially in 1998-2018, during this
period, the society had a big "deficit" of freedom and justice, which is why justice and
freedom, one of the main components of the society's value system, had the status of the
highest public values. Perhaps this was one of the main reasons for "activating” the society
and the revolution of 2018.

The created situation demands that the values of both freedom and justice in the
society be protected and ensured by the state's active and especially macroeconomic state
policy [2].

The level of well-being of different population groups can be judged based on their
consumer budget. Usually, the concept of a reasonable budget is used, which is considered
sufficient for the normal functioning of the family. Another concept used is the average
consumer budget, which is slightly larger than half of the rational budget. The pensioners'
budget is smaller than that. The smallest budget is the budget that supports the physical
existence of a person.
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According to Academician Abel Aghanbekyan, the enormous inequality between the
rich and the poor is the main drawback of the Russian socio-economic system. In Russia, the
ratio of those with low and high monetary incomes is officially equal to 13 (although it is
difficult to agree with such a fact, because such calculations do not take into account the
existence of the “shadow” economy and its influence in the process of uneven distribution of
monetary incomes).

In Germany, that indicator is 6.9, in Scandinavian countries - 6, in Japan - 4.5. In the
USSR in 1980 that indicator was 3, and in 1990 it was 4. Russia has set a problem until 2026.
to increase that figure to 10, and to 6 in the early 2030s (this indicator is considered normal if
it is in the range of 5-6). In order to reach that indicator, according to many experts, in the
near future it is necessary to establish a minimum income that is not subject to income
taxation. And in case of monthly salary of more than 100 thousand rubles, apply a smooth
progressive tax [3].

In international combinations, inequality is assessed and measured by the inequality
coefficient, the Gini index and the Gini year (by individual years).

The coefficient of income concentration (Gini index) is the deviation of the actual
volume of income distribution of the population from the line of equal distribution. In the case
of equal distribution, it is equal to zero, in conditions of absolute inequality, it is equal to one
[4].

The global Gini index was 0.60 in 1820, 0.72 in 1910, and 0.67 in 2020 (Fig. 5). There
has been a large decline in global inequality since the 2008 financial crisis [5].

Fig. 5 shows Global Income Inequality (Gini Index) for 1820-2020. Tab. 1 shows the
Gini index in 41 European countries (arranged in ascending order of this coefficient) as of
March 28, 2023.

{ 1 2000: G dex of giobal
1910: Gini index of global omml‘m.l]n_”(_f 0.72 ' ‘
nequality = 0.72 o . .‘;_ 3

e B agmre > k"*——;,4:-

2020: Gini index of globa
nequality = 0.67

——

1820: Gini index of global
nequality = 0.60

1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2020

Fig. 2 Global income inequality (Gini index) 1820-2020 [6]
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Gini index in 41 European countries

No. Country Gini index
1. Republic of Slovakia 23.2
2. Czech Republic 25.5
3. Denmark 26.5
4. Hungary 26.8
5. Belgium 27.2
6. Norway 27.6
7. Finland 27.8
8. Serbia 28.1
9. Croatia 28.9
10. Belarus 29.0
11. Iceland 29.2
12. Sweden 29.3
13. Netherlands 29.5
14. Ukraine 29.8
15. Armenia 29.9
16. Slovenia 29.9
17. Austria 30.4
18. Estonia 30.8
19. Ireland 30.9
20. Malta 31.1
21. Cyprus 31.2
22. North Macedonia 31.8
23. Poland 31.8
24, Switzerland 31.9
25. Greece 32.6
26. Portugal 32.8
27. France 33.2
28. Bosnia and Herzegovina 34.3
29. Spain 34.4
30. Latvia 34.7
31. The United Kingdom 34.8
32. Germany 34.8
33. Luxembourg 34.8
34, Albania 34.9
35. Romania 35.0
36. Russia 35.0
37. Moldova 35.1
38. Italy 36.5
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No. Country Gini index
39. Lithuania 39.2
40. Bulgaria 40.3
41. Georgia 44.6

Average on the continent 31.83

Table 2 shows the Gini index of 31 countries of the Asia and Pacific basin (arranged
in order of increasing this coefficient), as of March 28, 2023.
Table 2
Gini index in 32 countries of the Asia and Pacific basin
(arranged in ascending order of that index), 28.03.2023. [7]

No. Country Gini index
1. Kyrgyzstan 29.7
2. Australia 32.6
3. Singapore 33.7
4. Taiwan 34.0
5. Korea, Rep. 34.4
6. New Zealand 34.6
7. Brunei 36.6
8. Pakistan 37.2
9. Indonesia 37.3
10. Azerbaijan 38.2
11. Malaysia 40.3
12. Afghanistan 41.0
13. Kazakhstan 41.2
14, Nepal 41.5
15. Thailand 41.8
16. Bhutan 42.1
17. Tajikistan 42.2
18. Bangladesh 42.4
19. Mongolia 42.9
20. Myanmar 42.9
21. China 42.9
22. Laos 43.3
23. Vietnam 43.8
24, Japan 442
25. Cambodia 45.4
26. Philippines 45.4
27. Uzbekistan 45.5
28. Papua New Guinea 46.3
29. Hong Kong 48.2
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No. Country Gini index
30. Turkmenistan 48.9
31. Sri Lanka 49.0
32. India 57.1
Average on the continent 41.46

Table 3
Average Gini index of the world, continents and the Middle
and Near East region, as of 28.03.2023 [7]

No. Continents and region Gini index
1 Europe 31.83
2 Asia and the Pacific 41.46
3 North and South America 50.07
4 Middle and Near East 50.12
5 Africa 50.13

World average (among 156 countries in the world) 38.35

It can be seen from Table 3 that the indicator of distribution of monetary income of the
population between high and low income groups is the lowest in the European continent, and the
highest in Africa.

Fig. 3 shows the Gini income inequality indicators in Transcaucasian republics.
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Fig. 3 Gini index values of Armenia, Azerbaijan and Georgia in 2001-2020. [8]
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2001-2020 The Gini index was the highest in Georgia. Starting from 2018, both
Georgia and Armenia have seen a decrease in the magnitude of the Gini index.

25
20
15

10

0
20012002200320042005200620072008200920102011201220132014201520162017201820192020

=@=_Georgia, share of population with income less than USD 1.90 per day, %
== Azerbaijan, share of population with income less than USD 1.90 per day, %

Armenia, share of population with income less than USD 1.90 per day, %

Fig. 4 The share of the population with an income of less than 1.90 USD per day
in the republics of the South Caucasus, 2001-2020 (%b) [9]

Fig. 4 shows the share of the population with an income of less than 1.90 USD per day
in the republics of the South Caucasus, from 2001 to 2020 in %. The share of the population
with the lowest income in 2001 was in Georgia (23%), followed by Armenia (14%) and
Azerbaijan (6.2%).

Table 4
The main indicators of inequality and poverty of the population of Armenia in 2001-2020. [10]
Poverty, Proportion of Proportion of . Percentage
Gini percentage | population earning population |rt1)cor;]1e earnebd
Year index of less than US$ 1.90 earning less than é(;[r(?etlotpo:
population per day US$ 5.50 per day earners
2001 35.4 14 83.8 29.1
2002 34.8 10 82.9 29
2003 33 7.5 82.6 28.2
2004 37.5 5.3 73.5 31.7
2005 36 2.6 67.5 30.8
2006 29.7 2 62.8 24.5
2007 31.2 1.5 56 25.1
2008 29.2 0.9 52.1 23.7
2009 28 1.2 60.7 22.9
2010 30 1 62.1 25
2011 29.4 1.2 59.3 24
2012 29.6 0.8 55.2 24.5
2013 30.6 1.7 53.1 24.7
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2014 315 1.4 51.1 25.7
2015 32.4 11 46.7 26.7
2016 32.5 11 42.4 25.3
2017 33.6 0.8 48.7 28.4
2018 34.4 1.3 48.9 29.2
2019 29.9 26.4 1 52.3 25.1
2020 25.2 27 0.4 53.5 215

Table 4 shows the main indicators of inequality and poverty of the population of
Armenia in 2001-2020. In 2001, the Gini index was 35.4, in 2010 it was 30, and in 2020 it
was 25.2. The share of the population with an income of less than 5.50 US $ per day in those
years was 83.8%, 62.1%, 53.5%, respectively, and the percentage of income earned by the 10
percent of the highest earners was respectively: 29.1%, 25% and 21.5%.

The reduction of some values from the indicators of 2020 in Armenia is caused by 2
force majeure reasons: Covid-19 and the 44-day war. However, poverty in Armenia remains
at a high level (table 5). The indicator of the extremely poor is particularly disturbing, which
increased by 0.1% in 2021 compared to 2019. The same was observed in terms of the index of
the poor population, it increased from 26.4% in 2019 to 26.5% in 2021. At the same time, the
depth of poverty decreased significantly in 2019 from 10.1% to 4.8%. The same applies to the
severity of poverty in 2019 from 3.4% to 1.4% in 2021. It is noteworthy that the proportion of
extremely poor people in urban areas in 2019 was 1.1%, in rural areas - 2.0%, and in 2021 -
1.0% and 2.1%, respectively.
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Note: The poverty indicators are not comparable with the data of previous years,
because they are calculated according to the average poverty line.
Fig. 5 Armenia's poverty indicators in 2019-2021, (%) [11]

Fig. 5 shows the magnitudes of poverty lines in Armenia in 2019-2021. The given
comparison testifies to the positive trends in the fight against poverty and its effectiveness.
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Fig. 6 The poverty line in Armenia in 2019-2021, AMD [12]

The analysis of Armenia's poverty level by household size in 2019-2021, in
percentages, is also of some interest. Households and the characteristics of their condition are
the elements that form the basis of the economy, and provide an opportunity to make a
"diagnosis” of the state of the economy. The analysis shows that as the number of household
members increases, the poverty level of the household increases. The analysis shows that in
order to reduce poverty, especially in households with members of a large family, it is
necessary to use a radically different set of tools.

Table 5
Armenia's poverty level by household size in 2019-2021 (%0) [13]
Number of . L.
household Extrs(r)\;ely Poor Proporgolrjlzl"ig:]e poor Propc;rtllj(:gt:z r;[otal
members P pop bop
2019-2021 2019-2021 2019-2021 2019-2021
1 0.2 0.0 7.3 6.3 1.3 1.4 5 5.7
2 0.1 01| 136 |135 6.5 8.4 12.6 16.4
3 1.2 04| 206 |17.4 12 11.1 15 16.9
4 0.8 07| 212 |216 17.9 17.5 20.4 21.4
5 1 21| 286 |357 211 22.7 19.2 16.9
6 0.8 24| 355 |424 20.8 20.7 14.9 12.9
7 or more 5.1 59| 411 |49.1 20.3 18.2 12.9 9.8
Total 1.4 15| 264 |265 100 100 100 100
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Conclusion

The results of the study prove that the implemented anti-poverty programs have given
their results, reducing the share of the extremely poor and poor population in the total population
in the republic. The increase in the effectiveness of social policy is noticeable, especially in
households with members of large families, which should become the core of social programs
for the improvement of that segment of the population. The problem of increasing the
effectiveness of social policy is especially acute for countries located in regions with the
possibility of risks of military operations. In the current conditions, among the measures to
ensure and improve the internal and external security of the country, it becomes important to
ensure social solidarity and stability, which is based on the fair distribution and redistribution of
income.
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Abstract

In today's world of global and regional military-political and economic events, the
presentation of proposals for designing and implementing effective measures to assure food
security and tackle the oncoming food crisis is becoming increasingly important for each
nation. During the research, analytic, logical, comparative, and statistical methodologies were
employed. According to studies, information and communication technologies have a key role
in the growth of agricultural production in European and Central Asian countries, influencing
society and the state in general on the social, economic, and political levels. The adoption of
such technologies enables the improvement of the quality of goods and services, as well as the
expansion of agricultural and food export. According to studies information and
communication technologies play an important role in the development of agricultural
production in European and Central Asian countries, influencing the social, economic and
political field of society and the state in general. The adoption of such technologies enables
the improvement of the quality of goods and services, to expand the export of agricultural
and food products. Currently, developed and developing countries are migrating to their
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digital agriculture system, which is tailored to each country's needs and operates in the
interests of national policy.

Keywords: digitization, technolog, agriculture, integrated information environment.

Introduction

The objective of this research is to analyze and describe the role and importance of
agriculture digitization, its features, importance, advantages, and features, as well as the
requirement of its implementation in modern conditions, difficulties and solutions in
transitional nations using RA as an example.

The management of the agri-food system is a key component of the strategic
development of the economy, which includes innovative developments in digital
technologies.

The implementation of modern management concepts in every branch of the economy,
including in farming industry, requires the development and application of the new generation
of digital technologies to create an opportunity to increase the efficiency of investments in the
agri-food system, can become the main element of state support, and the digitization of the
branch will enable a fast rate development of the farming industry.

Modern digital technologies can instantly solve problems, provide the most cost-
effective models of production management, analyze and process large amounts of data,
combine multiple information resources on a single platform, control and reduce production
risks, and meet the information needs of a diverse set of stakeholders [1].

Agricultural professionals view digitization as a data collection tool with the potential
to improve data collection, grouping, and analysis, as well as expand forecasting tools and
forms, particularly for addressing harvesting organization, animal behavior management, and
production efficiency issues. Digital agriculture is becoming increasingly crucial for agritech
companies as the industry moves toward automation and the use of digital technologies.

Farming industry digitization helps to achieve the main goals of agriculture, such as
increasing the efficiency of not only agriculture, but also the entire value chain of agricultural
product production, making agricultural work more appealing to young people, solving the
problems of the aging population in rural areas, increasing crop and livestock productivity,
and having more operational information about the agricultural sector full and trustworthy
data. Many nations are paying special attention to the quality of the resource potential,
because the success of digitization of agricultural output is impossible without digital literacy
training for agricultural workers. To better comprehend the nature, importance, and usefulness
of digital agriculture, it is necessary to study the works of various renowned scholars and
practitioners in this sector.

Thus, the Food and Agriculture Organization (FAQO) specialists remark that digital
agriculture gives increased prospects for more sustainable agriculture, both economically,
environmentally, and socially [2].

And OECD experts believe that digital technologies, the Internet, mobile technologies
and gadgets, digital analytics, artificial intelligence, digital services, and apps - are
fundamentally altering agriculture and the food chain [3].
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Experts in the European Union (EU) believe that digital technologies have the
potential to revolutionize the farming industry by enabling farmers to work more precisely,
efficiently, and sustainably.

Recommendations based on digitization can help to make decisions more effective,
gain new experience, enhance the environment, and make agricultural employment more
appealing to young people. Consumers are becoming more aware about how their food is
produced thanks to advances in digital technology [4].

Digital agriculture can be defined as the seamless integration of digital technologies to
improve management efficiency in agricultural and livestock breeding, among other
operations.

It enables sector businessmen to increase their own production, cut long-term costs,
and manage risks.

As the accumulated experience in this sphere has shown, the availability of any
national digitized agricultural system determines its effectiveness:

1) modern infrastructure that assures information security, cyber security, and personal data
protection;

2) electronic platforms for providing electronic services;

3) digital information is stored in the state agencies;

4) complete coverage of the area with 3G, 4G, and LTE broadband connections;

5) information platforms for service engagement with agricultural workers;

6) informational and financial support for agricultural workers.

General global trends in the development of digital agriculture include:

1) Transition to an integrated management and control system based on modules with specific
data sets, such as the farm register, livestock registration and identification system,
management and payment processing system, land identification system, statistical data;
registers, and market price system;

2) The introduction of artificial intelligence, which boosts agricultural output; the capabilities
of artificial intelligence allow for rapid responses to changes in the state of soils and crops
based on data analysis received through remote monitoring;

3) creation of electronic marketing platforms for the sale of locally produced agricultural
products;

4) the establishment of scientific centers and general education courses, the programs of
which are directed at the study of modern agricultural production methods.

According to the major positions, the study of the problems of management and
formation of digital agriculture in the nations of Europe and Central Asia can infer that their
main tendency is the construction of a unified information resource in the web-portals of
branch services.

The Republic of Armenia has created and implemented an integrated information
ecosystem that connects all electronic databases on a single online platform. A web-portal of
this type allows for the provision of a variety of public services in real time, as well as access
to registries.

Agriculture's proportion of the GDP structure in RA has declined dramatically over the
last seven years (17.2% in 2015, and 11.1% in 2021), but it remains one of the most important
and strategically vital sectors of the RA economy [5].
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It should be emphasized that, according to government projections, this indicator will
continue to rise in the following years, reaching 9.8% by 2025 [6].
According to statistics, the economy grew by 11.8 percent in the first half of 2022
compared to the first six months of the previous year, but this gain does not apply to
agriculture. According to Vahan Kerobyan, Minister of Economy of the Republic of Armenia,
the flaw is in the data collection process, because agricultural data collection is not
computerized, and we rely on operational data, which does not always inspire confidence with
the human eye.
In December, 2019, the Government of the Republic of Armenia adopted the "2020-
2030 Plan of the Key Orientations Ensuring the Economic Development of the RA
Agriculture Sector” and it defines four digital and innovative components of the agricultural
strategy:
= implementation of investments in national digital agriculture platforms and digitization
initiatives, promotion and implementation of larger-scale (non-digital) agricultural
innovations;

= digitization of the government's agricultural systems, and development of the Ministry's
digital and innovative capabilities;

= capacity building of villagers and education system in the field of digital agriculture and
innovations.

The main target areas for launching digital agriculture in Armenia are:

(@)  digital provision of advisory and information services for farmers, which will
include agricultural advisory services, market information and warning systems for weather,
crop pest/disease threats,

(b) creating digital market linkages, i.e. creating platforms and services through which
quality agricultural inputs, land and equipment are available to farmers, or which

(c)  farmers will be given the opportunity to contact local and international buyers,

(d) digital financial services, such as agricultural insurance, lending and payments,

(e)  digitization of supply chain management, including logistics, food safety and
control/certification systems;

4 macro-agricultural literacy tools for overall control of the agricultural system,
policy and resource allocation planning and results monitoring,

(g)  digital capacity building and agricultural skills training for youth and women
engagement and empowerment,

(f) Innovative systems facilitating the digital exchange of data and ideas between
agricultural researchers, academia, rural advisory services, extension training organizations,
agribusinesses and farmers.

Finally, the use of digital and other technology will strengthen the stability of farmers'
high revenues, as well as provide more advantageous economic conditions for businessmen
and investors in the agrarian sector. At a higher level, digitization and innovation will result in
faster rates of growth of the RA agricultural GDP indicator, faster response of public
institutions involved in agriculture, increased awareness and cost-effectiveness, increased
participation of women and youth in agriculture and environmental sustainability (e.g., water
use) and climate protection, food improving safety, and, most importantly, creating and
promoting new jobs in agricultural production and other related economic sectors, such as
agro-production, food wholesale and retail, transport, logistics, finance and tourism.
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The creation and digitization of a single portal for the entire water economy (both
irrigation and drinking water) is a priority for the economy of Armenia, especially for
agriculture. Which will give an opportunity to know at any time how much water is stored in
the republic's reservoirs, what land areas can be irrigated with them, and what land surfaces
can be irrigated under the climatic and temperature conditions typical of the given stage, and
the soil conditions typical of the given region.

On the other hand, the installation of high-tech water meters on irrigation water lines
entering all of the country's villages will allow for the specification of the water consumption
of the given community in terms of all days of the irrigation season, and thanks to
digitization, it will be possible to specify the change in the volume of water use from year to
year and, as a result, crop rotation options in the given region. Digitization of all statistics
related to climatic conditions, which will create an opportunity for farmers to compare and
understand which days in the spring there were the most drastic temperature fluctuations,
recorded frosts, or which days of the year there were hailstorms and take measures
accordingly.

Almost the same in terms of the spread and development of diseases and pests. This
will give an opportunity to both the specialists of the agricultural consulting companies to be
established and the farmers to orient themselves in terms of the timing of the spread of
diseases and pests and to take timely measures to fight against them.

The final clarification and digitization of processing companies' production capacities
(priority procurement opportunities), which will create opportunities for the government to
finally verify the agricultural sector policy; for the establishment of new vineyards, which
varieties to prioritize, which surfaces to provide subsidies for, and thus the winemaking and
brandymaking strategy to be implemented will also be specified. In the end, digitization will
make it possible to specify the promising fields of the republic's agriculture, both in plant
breeding and animal husbandry. Accordingly, each farmer in his region will decide on the
prospect of organizing his production.

First and foremost, Armenia has a tangible advantage in high-quality mobile
communications, which is characterized by strong mobile geographic coverage (100% 3G
coverage, >50% 4G LTE coverage, mostly in urban areas), almost universal mobile phone
usage (97%), and mobile internet connectivity with a very high level of access (88%), with
more than half of even low-income households in the country using an Internet connection on
a daily or weekly basis.

Second, Armenia has a modest but experienced ICT and technology sector that
operates at the level of both local startups and large international technology organizations
such as Microsoft. A growing base of Armenian IT developers, sophisticated data analytics
companies, and precision equipment manufacturers (including several innovative agriculture-
oriented companies operating in Armenia specializing in remote control, drones, field sensors,
automation, and software) are driving the digital and digital transformation of Armenia's
agriculture sector. has an exceptional ability to develop, adapt and promote innovative
technological solutions.

Third, as part of the country's broader growth strategy, Armenia has prioritized the
ICT industry and digitization. This attitude has also been reiterated by the newly founded
Ministry of High-Tech Industry of the Republic of Armenia, implying that any investment in
digital agriculture will be supported by other sectors of the economy (for example, telecom
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operators and financial institutions are creating digital payment infrastructures and increasing
investments in them).

Finally, Armenia may be proud of significant e-government accomplishments in other
sectors of the economy, such as effective e-business registration and the national e-health
platform, which serve as excellent models for agriculture.

On February 17, 2021, the Government of the Republic of Armenia issued the
resolution "On Approving Armenia’'s Digitization Strategy, the Plan of Strategy Measures,
and the Success Indicators." Digitization policy of Armenia aims at ensuring government,
economy, and society digital interchange. The digital transformation plan aims to achieve the
target goals of digitization by using a consistent approach to tackling the requirements and
difficulties that the digitization process presents. The approach envisions enhancing,
modernizing, and integrating the operational capabilities of existing digital systems via
unified digital platforms.

The strategy envisions the enhancement, modernization, and integration of the
operational capabilities of the presently operational digital systems via unified digital
platforms [7].

Since 2019, Armenia has been operating an interest rate subsidy program for loans to
the agricultural sector, which entails expanding economic opportunities for economic entities,
introducing modern technologies, and increasing agricultural efficiency by improving credit
conditions and partially subsidizing interest rates. On loans made by individuals and legal
entities to Armenians involved in the agri-food sector.

TShe program'’s major purpose is to enhance capital investments, expand production
capacity, introduce contemporary technologies, and increase agricultural productivity by
raising the partial subsidy of interest rates on loans to individuals and legal entities operating
in agriculture.

In May, 2022, the Board of the Eurasian Economic Commission approved "The
international experience of digitization development in VAT. State support, regulation,
practice” to the overview. The document contains a description of digital services and state
support measures for the development of digitization in the agro-industrial complex of the
Eurasian Economic Union states and a number of third countries.

The review of international practice and EAEU experience allows identifying the main
paths of state regulation and support for the development of agricultural digital services.

The state's promotion of physical and economic access to the Internet and information and
computer technologies in rural areas, the provision of grants for the development of digital
solutions for VAT within the implementation of special acceleration programs, and the use of
an interdisciplinary approach to the implementation of state scientific and technological
programs are all mentioned as important factors in the document. The need to improve
"digital literacy" through academic and short-term training programs of the villagers is
important so that they can effectively apply digital technology, including accurate agricultural
technologies in accordance with the adopted in March of this year instruction of the EEC
Board. According to the commission's experts, digitizing state support for agriculture will
reduce the administrative load on EEU governments. By ensuring the automation of
governmental information systems, agricultural producers will have greater access to
subsidies.It is believed that the review's application of expertise in the development of VAT
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digitization within the scope of the Union will help its members increase thir agro-industry
competitiveness in local and export markets [8].

According to specific criteria, 134 countries within EAEU are placed in the 2021 Network
Readiness Index. The Network Readiness Index is divided into four categories:

1) technology (access, content, and future technologies such as Al and the Internet of Things);
2) individuals (citizens, business, state bodies);

3) Governance (trust, regulation, and inclusivity);

4) impact (economics, quality of life, and the digital economy's support to accomplishing
sustainable development goals).

Conflict Setting

However, launching digital or other agricultural advances is fraught with difficulties.
Agriculture digitization is still highly underutilized, with very low adoption. A number of
digital agriculture solutions launched in the country in the past, mostly funded by donors,
have failed due to poor implementation by farmers and entrepreneurs or lack of ongoing
funding and poor commercial sustainability. The digital transformation strategy aims to
realize the target goals of digitization through a common approach to tackling the
requirements and difficulties brought to the digitization process.

Research Results

Armenia occupies a slightly higher than average level among the 134 studied countries
(Fig.). Armenia is also a partner country in the EU's "Smart Agriculture in the Black Sea
Basin™ program, the main goal of which is to design and implement a repeatable and
transferable model to prepare agriculture and related industries for digital transformation, a
procedure that is occurring all across the world.
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Fig. EAEU countries in Network Redeaness Index by all criteria in 2019-2021 [9]

The project's target group was established in the first two phases, and research and
synthesis analysis were carried out, providing thorough information and suggestions on the
level of readiness of digital agriculture, smart, and "loT" technologies in the recipient
countries. The "Smart Agriculture” platform is currently being created based on the research
that has been completed. It will be a comprehensive online tool for planning a positive
encounter - a process that is taking place all around the world. The platform will also help
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commercial opportunities by facilitating SF technologies and enhancing the demand and
supply of loT technologies in the sector to create a good learning environment for
stakeholders to congregate and share information. The platform will also help commercial
opportunities by facilitating SF technologies and enhancing the demand and supply of 10T
technologies in the sector.

The project's next stages will be to arrange a debate to build a common road map on
smart agriculture in the Black Sea Basin, as well as to jointly prepare a two-day international
conference of the Black Sea Basin Network called "Smart Agriculture in the Black Sea
Basin." Representatives from the project's six partner countries will attend the conference,
which will include workshops utilizing the GOPP (goal-based project planning) methodology
aimed at building a road map for agricultural digitization.

The project's eventual consequence will be the establishment of the Black Sea Basin
Smart Agriculture platform and network, which will aid in the growth of interaction among
transboundary players [10]. FAO is now assisting Armenia in implementing a digital
transformation of the agricultural sector and developing a national digital agriculture strategy.

Through the «National Strategy of Digital Agriculture», Armenia can contribute to the
revitalization of food production, create incentives and facilitate the process of developing
digital technologies in the field of agricultural production.

They can be used for the purposes of activation of new markets, strengthening of
social protection, decentralization of trade, and ultimately become a driving force for
innovations in digital agriculture™, says Raimund Yele, representative of FAO Armenia [11].

In order to promote the digitization process in agriculture in RA, it is advisable to
develop and introduce in the shortest possible time a rating index evaluating the developed
level of this process.

Specialists from agricultural and other authorized ministries are needed to participate
in the development of the rating system, to address problematic and other issues that arise
during the program'’s execution, and to certify its results, to create an expert council comprised
of representatives from digitizing organizations, educational institutions, and the community.

It should be mentioned that such a technique has been in place in Russia since 2021
[12]. In 2018, the Moscow Higher School of Economics developed and implemented the
digitization index, which describes the level of development of digitization technologies in
sector organizations [13].

The development of innovations in the agro-industrial complex has significant
potential in RA, but it requires state assistance and industry-wide B2G cooperation (business
and government). On the one hand, digital technology will improve the quality of
management decisions, provide targeted instruments for state assistance measures, automate
the gathering of statistical information, improve agricultural insurance mechanisms, and make
these technologies available to producers. On the other hand, agricultural producers' use of
digital technology is becoming an important tool for boosting the economic efficiency of
agricultural production and the competitiveness of firms. At the same time, it should be
recognized that in order to transition to digital technologies, conventional agriculture must be
developed to a suitable degree.

It should be emphasized that the use of digital technology in agriculture contributes to
enhancing agricultural production efficiency, making logical judgments based on big data
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analysis, and increasing the efficiency of state control of agricultural support, including
transparency.

These technologies also generate massive volumes of data, which may be merged with
other data, saved, analyzed, and used to aid decision-making processes. Such "big data™ might
include a wide range of information assets that can be processed using new analytics
techniques such as machine learning to estimate prospective outcomes based on a number of
actions and conditions. All of this can help with future activity planning.

Conclusion

1) Create information systems to provide state support to agricultural producers,
including the development of electronic algorithms to assess the applicant's compliance with
the requirements for receiving subsidies, electronic data exchange between state databases for
automatic verification of documents provided by the applicant, and reducing the
administrative burden of the authorized bodies of the Member States.

- interactively receive up-to-date information about available state support measures for
agriculture on the state information resource;
- send an electronic application for subsidy using an electronic digital signature.

2) Develop information systems to provide state support to agriculture to agricultural
producers, including the development of electronic algorithms for assessing the applicant's
compliance with the requirements for receiving subsidies, providing electronic data exchange
between state databases for automatic verification of documents provided; the applicant, and
reducing the administrative burden of the authorized bodies of the Member States, which will
allow the applicant:

- interactively receive up-to-date information about available state support measures for
agriculture on the state information resource;
- send an electronic application for subsidy using an electronic digital signature.

3) Create tools to aid in the development of digital solutions to increase the economic
efficiency and competitiveness of agricultural production:
grant funding within the scope of special acceleration programs for digital companies with the
prospect of investment in the agro-industrial complex;
application of an interdisciplinary approach to the implementation of state scientific and
technical programs, with the involvement of programming specialists, to investigate the
prospects of digitization of agricultural technologies (solutions), which will simplify future
"duplication™ of such projects.

4) Strengthen the capacities of advisory centers in terms of the transfer of SHTP's
primarily digital technologies, including the establishment of regional test "digital fields" for
the research and demonstration of digital technologies to agricultural producers from various
agricultural sub-sectors.

5) Promote "digital literacy" among the rural population, increase internet connectivity
in rural regions and strengthen the training system by facilitating learning and skill
acquisition, provide financial assistance to eligible organizations involved in educational or
consulting activities related to professional training and skill acquisition.

6) Support the acquisition of appropriate scientific research equipment; for example,
the European Union has a Regional Development Assistance Fund (RDA), which was
established to strengthen the EU's economic, social, and territorial cohesion by redressing
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regional imbalances. The Foundation employs a variety of supporting tools, such as
investments in infrastructure and equipment required for applied research.

7) Encourage rural residents to enhance their "digital literacy." Improve the training
system by promoting learning and skill acquisition and expanding internet availability in
remote areas. Provide financial assistance to qualifying organizations involved in educational
or advising activities related to vocational training and skill acquisition.

8) Fund the acquisition of necessary scientific research equipment; for example, the
European Union has a Regional Development Assistance Fund (RDA), which was established
to promote the EU's economic, social, and territorial cohesion by redressing regional
imbalances. The Foundation employs a variety of supporting tools, such as investments in
infrastructure and equipment required for applied research.

9) Promote scientific and applied research for the development of digitization in the
agro-industrial complex by establishing institutional bodies in charge of promoting innovation
in the agro-industrial complex.

10) Support the scientific and applied researches for the development of digitization in
the agro-industrial complex by creating institutional organizations that will be responsible for
the promotion of innovation in the agro-industrial complex; for example, in the United States
the National Institute of Food and Agriculture (NIFA) exists to integrate all agricultural
research funded by the federal budget. The European Union is building the EIP-AGRI
platform, which will eventually become a universal center for agricultural innovations in
Europe, where scientific ideas and applied research results can be exchanged.

11) Encourage the growth of new farmers who will use innovative agricultural
practices in their operations by providing funding, training, and mentorship. In the United
States, for example, the Startup Farmers and Ranchers Development Program (BFRDP) gives
funding to organizations that assist beginning farmers in meeting their educational, technical
literacy, and informational problems.

12) It is necessary to develop and implement an index assessing the level of
digitization in agriculture, which will greatly promote the process of using new digital
technologies and solutions in the sector, will contribute to the formation of demand for
leading digital technologies, popularization of domestic solutions in that direction, activation
of the participation of executive bodies of state and local authorities, and that towards the
implementation of state policies.
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The immediate goal of obtaining an economic result (effect) from the implementation
of scientific and technical programs is to increase production efficiency. The article
substantiates that the costs of obtaining research results using a drone compared to a
helicopter are significantly lower, which indicates a high economic effect from using the

proposed method.

Keywords: helicopter, unmanned aerial vehicle, economic effect.

89


mailto:mark@yetri.am

Bulletin of High Technology N3(27) 2023.-pp. 89-94. ECONOMICS
A.Kh.Markosyan, M.V.Markosyan, V.H.Avetisyan, H.G.Martirosyan
ECONOMIC JUSTIFICATION FOR THE USE OF A DRONE TO ASSESS
THE CHARACTERISTICS OF RADAR SYSTEMS

Introduction

Scientific and technical measures are related to the following directions: introduction
of advanced technologies, automation and mechanization of production processes and
technologies, improvement of raw materials, introduction of technical characteristics and
constructions of products, assimilation of new types of products.

The expediency of the implementation of scientific and technical measures should be
determined by their economic justification and the prospective of the research should be
confirmed by ensuring the utility of the use of new techniques in the economy.

The overall assessment of the long-term effectiveness of scientific and technical
measures is evaluated by the size of the economic result (effect) that the public economy will
receive in the event of the application and use of these innovations.

The magnitude of the annual economic result (effect) obtained from the application of
scientific and technical measures is the sum of the savings received by the manufacturers and
users of the new technology from all types of production resources (live labor, raw materials
and materials, capital investment) that they receive in the economy, in the application and use
of that product.

As a result of all that, in the end, the newly created value of the state is created by
increasing the size of the national income.

The basis for evaluating the economic effectiveness of scientific and technical
measures is the increased amount of profit obtained from these measures (decrease in cost),
which is obtained from the application and use of new techniques and technologies.

According to the "Methodology for determining the economic efficiency of the use
of new technologies, innovations and rationalization recommendations in the national
economy (main provision)" the expected profit of the new technology to be released the
increase is determined by the following formula [1]:

All=(U; — CA, — (U; — C1)Ay, 1)

where: All,- is the amount of planned (programmed) profit increase in year t, in drams,
U, and C; are the wholesale price and cost per unit of new equipment per year of production:
U, and C, are the wholesale price and cost of the product to be replaced in the year preceding
the year of release of the new equipment, A, is the external volume of new products released
in year t (planned), A, is the size of the annual production volume prior to year t.
The amount of cost reduction from the use of new techniques in the resulting
processes is determined by the following formula [1]:

AC=(C; — C.)A,, (2)

where C; and C; —are the annual cost of the product (work) unit in year t and the amount of
the cost of the year preceding the planned year, in drams, A, is the volume of output in year t
in natural units.

The amount of savings is determined for all types of replaceable units of raw
materials, materials, fuel, energy, wages and equivalent means and other production costs,
which are related to the implemented scientific and technical measures.
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The summary economic effect of the release and use of new technology is calculated by the
following formula:

3§=Zs [l —En2a Kt 3)

where: 3% in the tth year of technology (scientific and technical event) is the summary effect
of the economy as a result of implementation (investment), []; —is the increase in profit received
from the investments of all scientific and technical activities in the t-th year. The results of the
calculations are calculated using the coefficient E, (E.=0,15) of the costs brought to the efficiency of
the new technique. ;¢ K, are capital (simultaneous costs) related to the implementation of all
measures for the introduction of new technology in year t.

In the case of the summary accounting calculation (effect) determination (temporary)
of capital investments (simultaneous costs) of manufacturers and users of new equipment,
both direct capital costs and other simultaneous costs that are necessary for the creation and
use of new technologies, regardless of their funding sources. Such expenses include R&D
(R&D) costs, including the costs of testing and processing prototypes (only for new
equipment). In that case, the results of the GRPCA, which are related to the inventions of new
technologies at the level of discoveries, make it possible to significantly expand the scale of
their application in the future, because such measures of new technologies should be
considered (attributed) only to those costs. The costs of acquisition, transportation, assembly,
disassembly, technical preparation related to the acquisition of new equipment and new
productions. The costs of replenishing working capital associated with the creation and use of
new equipment. The costs of production areas, other elements of fixed assets, which are
related to the production and use of new equipment and basic equipment. Costs related to
technical measures and equipment that prevent the negative effects of the use and operation of
the equipment on the environment (environmental pollution is prevented), as well as working
conditions (external noise is reduced, costs to exclude damages, etc.)

The effectiveness of scientific and technical measures for each year is determined by the
following criteria and indicators:

In terms of production:
The increase in the volume of production due to the introduction of new technology.
a) number of important types of products per measurement units,
b) the increase in the volume of net product output,
c) increase in the release of products with the highest quality category.
In line of work:
a) increasing the productivity of work thanks to the introduction of new technology. That
calculation is made by the following formula [1]:

Ye e
Yr=Zabe

B.=| 1].100, (4)
where: B; is the increase in labor productivity due to the introduction of new equipment in the t-th
year in %, ,U; and Y, are the volume of goods produced (without taxes), in AMD, and the average
number of industrial production personnel in the year preceding the introduction of new equipment.
2.2 Y- the decrease in the number of industrial production personnel (conditional dismissal of
workers, which is achieved at the expense of the introduction of new equipment in year t).

91



Bulletin of High Technology N3(27) 2023.-pp. 89-94. ECONOMICS
A.Kh.Markosyan, M.V.Markosyan, V.H.Avetisyan, H.G.Martirosyan
ECONOMIC JUSTIFICATION FOR THE USE OF A DRONE TO ASSESS
THE CHARACTERISTICS OF RADAR SYSTEMS

b) the relative dismissal of the number of industrial production personnel. The calculation
is made by the following formula [1]:

Aqt:(Tl_th)'At, (5)
where T; —pand T, are the labor costs per unit product in kind or value terms before the
new technique and after its introduction in the t-th year, respectively, Ty, is the labor time
fund of one worker, in days. A: is the volume of production of new equipment in year t in
natural indices,

c) the relative economy of the salary fund. The calculation is made by the following
formula [1]:
A3=(31.3v).4,, (6)

where A3 is the comparative economy of wages, in drams, 3:- and 3¢, respectively, in terms of
in-kind or value externalities per unit of output, is the amount of wage costs before the
introduction of new equipment and in the t-th year after that.

d) the amount of saving material costs. The amount of savings in material costs is
determined by the following formula:

Ame=(me-my).A,, (7)

where Am; is the reduction in material costs in the t-th year before the introduction of new
equipment and in value terms, m; and m; are the material costs per unit of output in the nth
year, respectively, before the introduction of the new technology and after it in terms of kind
or value.

Conflict Setting

The results of the implementation of scientific and technical measures in terms of the
development and application of new techniques should be taken into account, the savings of
material, technical and labor resources, norms and standards of material resources per unit of
output. It appears through the evaluation of the norms and normative indicators of these types
of resources, as well as the calculation of labor and capital. In addition to the above-
mentioned indicators of economic efficiency, the calculations of the use of new technology
are also carried out on the basis of the consumer effect of the product unit, that is, the units of
productivity and other similar indicators. At the same time, it is necessary to carry out the
calculations according to individual elements of costs, both in terms of value and in kind
units, based on the considerations in order to increase the effect of new technology on
increasing the technical and economic indicators of the released products (reducing the costs
of material resources, reducing work time). by increasing the unit capacity).

Research Results

Complex calculation of equipment for testing the directivity properties of metric range
radars using a drone in a hover mode: 2 options were the basis for the calculations. In case of
the 1st option, the studies are done with the help of a helicopter, and in the case of the 2nd,
with the help of a drone. It is estimated that the cost of 1 hour of helicopter service is 3000
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USD:, and the cost of purchasing a drone is 7000 USD. It is also assumed that the helicopter
will make a 5-hour flight in one day, and in the case of the drone, flights of the same size will
be made. Therefore, according to the above methodology, the expected increase in profit of
the new technique, which is determined according to formula 1 of the methodological
guideline, will be:

In the case of a helicopter, In the case of a drone
At =5 hours * 3 thousand USD:= 15 thousand USD A1l =7 thousand USD
Ct = 15000-1500=13500 C1 = 0.5 thousand USD: 7-

0.5=6.513.5- 6.5 = 7.0 thousand USD:
Aaccording to formula 2 of the methodological guideline:
C1= 0.5 thousand USD:
Ct = 1.5 thousand USD:
Therefore, the cost savings will be within 1 day 1.5-0.5=1.0 thousand. USD:

Summary analysis of drone versus helicopter studies. the calculated effect according to
formula 3 given above will be:

t=7.0
AKt = 2.0 thousand USD:
7.0 thousand USD: - 0.15 * 2 thousand USD = 6.7 thousand USD:

According to the (4th) formula, the labor saving will be:
In the case of the helicopter, it is assumed that its crew consists of three people, and in
the case of the drone, they are absent. therefore, the saving will be:
21.6/8-4*4/8-1=5.4*0.5-1=2.7-1=1.7 thousand USD:
{t=15*1.2*1.2=21.6 thousand USD:
According to formula 5, saving 1 day's work will be:
8 — 4 =4 people
According to formula (6), the relative savings of the salary fund per day will be:
110 - 20 =90 USD:
According to the formula (7), the material costs will be (in the case of a helicopter, it
is formed through fuel, wear and tear of the helicopter and overhead costs), it will be:
3000 USD - 800 USD = 2200 USD:

Conclusion
The costs of research results using a drone compared to a helicopter are significantly
lower, which indicates the high economic effect of using the proposed method.

The work was carried out with the support of the Science Committee of the Republic of
Armenia within the framework of research project No. 21DP-2B011
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