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CHARACTERIZATION OF MODE LOCALIZATION OF MICRO-SIZED TWO-SEGMENT TIMOSHENKO BEAMS
WITH DIFFERENT MATERIALS USING THE FINITE ELEMENT METHOD

Abstract
Mode localization is a phenomenon observed in dynamic systems with weakly coupled elements, in

which a small change in system parameters leads to a considerable concentration of vibration amplitude or
vibration energy within a limited region instead of being distributed across the entire system. In this study,
we focus on analyzing the mode localization characteristics of a two-segment beam structure made of
different materials using the finite element method associated with energy criteria to evaluate the degree of
mode localization. Timoshenko's beam theory is used in establishing the finite element equations. The
advantage of using Timoshenko beams is that it can capture the shear effect in case of our beam because one
of the two beam segments has a short length, while the cross-section remains constant, resulting in a
relatively small slenderness ratio for the shorter segment, which is not suitable when using Euler-Bernoulli
beam theory. In the framework of the free vibration problem, the proposed kinetic energy indicator is based
on the ratio of kinetic energy between two beam segments, to assess the degree of mode localization along
the beam length. The kinetic energy ratio depending on the beam's parameters is explored in detail.

Keywords:

mode localization, coupled systems, Timoshenko beam, finite element, energy ratio.

1. Introduction

Mode localization is a dynamic phenomenon arising from systems with weakly coupled components,
where the amplitude or energy of vibration is concentrated in a particular region of the system [1, 2]. The
concept of mode localization was first introduced by Anderson [3] when studying the localization
characteristics of electrons in a disordered lattice. Throughout the 20th and early 21st centuries, Anderson's
principle has been applied to explain many physical phenomena in various fields, related to the localization
of energy in a region rather than its uniform distribution across all regions of a system with coupled elements,
such as in acoustics [4], optics [5], chemistry [6], aerospace engineering [7].

In the field of structural engineering, particularly large-scale structures, a characteristic of mode
localization is the confinement of energy within one or more structural elements, such as within a particular
segment of a multi-span beam [8]. In [9], Bouzit and Piere examined the dynamic irregularities of multi-span
beams to study the mode localization effect. They observed that if there exists a difference between the
lengths of the beam spans, this leads to the dynamic response of the beam being localized within a small
region along the beam's length. Another study by Pierre et al. [10] presented the vibration localization
properties in a multi-span beam system, both theoretically and experimentally. The results showed that
localization occurs when there is a small deviation in the lengths of the beam spans. These authors also
proposed a criterion for predicting the appearance of strongly localized modes. Another aspect of localized
systems can be found in a notable study by Hodges and Woodhouse [11]. They found in pendulum systems
that even a small deviation in parameters within a periodic vibration model can lead to energy localization
within the system.
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In the field of micro- and nano-scale structures, recent progress in the fabrication technology of
modern sensors has made, in part, thanks to new methods that increase the sensitivity of sensors compared
to traditional methods based on frequency shift [12]. These sensors typically utilize beam-like structures or
combinations of beams to detect some changes acting on the system structure. Unlike traditional single-
degree-of-freedom resonant sensors that rely primarily on the principle of frequency shift during
measurement, sensors based on the model localization principle significantly increase the sensitivity of the
system. This sensitivity is monitored through the change rate of modal shapes of a vibrating system in which
a small change in a particular parameter causes a breaking of the initial symmetry of the system.
Consequently, the energy concentration in certain modes of the system occurs. One of the effective
applications of mode localization was discussed in the study by Spletzer et al. [13] for MEMS structures. That
structure is a system of two cantilever beams connected to each other. At the end of one beam has a small
mass, i.e., a disturbance in the beam's mass compared to the two original identical beams. The occurrence of
the disturbance significantly affects the shape of the vibration mode and therefore allows for efficient
detection of mass changes. The phenomenon of mode localization, arising from mode interaction, offers a
potential solution to overcome the limitations of traditional sensor technology, as seen in the research of
Wang et al. [14]. They present a decoupled-decomposition noise analysis model, which is applied to achieve
high resolution in a mode-localized tilt sensor based on a coupled resonator closed-loop circuit. Zang et al.
[15] proposed virtually coupled resonators with modal dominance for improved sensitivity and bandwidth.
Their experimental results validate the feasibility of virtually coupled resonators and the double-closed-loop
control. A notable result demonstrates a 2.7-fold improvement in sensitivity and at least a four-fold
enhancement in bandwidth relative to weakly coupled resonators with identical parameters.

The MEMS structures discussed above are largely based on the Euler-Bernoulli beam theory. One
drawback of the Euler-Bernoulli beam theory is that if the beam structure of the MEMS system becomes
shorter and the height of beam's cross section becomes thicker, the shear effect needs to be taken into
account [16]. Thus, in this study, the authors use the Timoshenko beam theory to investigate the mode
localization effect of a micro-sized beam composed of two segments, each made from a different material. In
MEMS systems using mode localization, a small change in system parameters can lead to a certain change in
the localization properties. A feature of traditional MEMS structures is the use of at least two coupled beams,
and their link may be a weak one. Our study proposes that even using only one beam with two different
materials, the mode localization phenomenon is observed, i.e., there is a nonuniform energy distribution on
the two segments of the beam. The mode localization properties are investigated using the finite element
method for the Timoshenko beam associated with energy indicator to assess localization level of beam
vibrations.

2. Timoshenko beam model and kinetic energy indicator of mode localization

Consider a micro-sized cantilever beam with total length L,, composed of two segments made of two
different materials. The first segment has length L, , elastic modulus E,, mass density p, ; and the second
one has length L,,, elastic modulus E,, mass density p,. We introduce two parameters
a=E,lE,, f=p,/ p, characterizing the ratios of the elastic moduli and mass densities of segment 2 to

segment 1. The cross-sections of the two beam segments are assumed to be the same, A= bxh, where b
is the width and N is the thickness of the beam. The coordinate system of the beam is chosen such that the
x-axis is directed along the length of the beam, the z-axis is directed downwards and perpendicular to the x-
axis, as shown in Fig. 1.
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Figure 1 — Timoshenko micro-sized beam model with two segments made of two different materials

Within the framework of this research, Timoshenko's beam theory is used to investigate the vibration

X Z

characteristics of the beam. Let u” (X, Z,t), ul® (X, Z,t) be displacement fields in X, Z -directions of the i-
th segment where the index i=1 shows the first one with 0 < X < L, , and the index i=2 presents the second
one with L, < X< L, along beam's axis. The fields ui‘) (X, Z,t), u?) (X, Z,t) can be represented as follows
[17]:

u (x,z,t) =26, (x,t)
u (x,z,t)=w, (x,t)

where 67, (X,t), w, (X,t) are rotation and deflection of beam axis, respectively. In each beam segment,

(1)

deflection and rotation angle are considered as two independent variables. In Euler-Bernoulli beam theory,
the rotation angle is approximated as the derivative of deflection. For free vibration, we assume that

W, (X,t), o, (X,t) (i =1, 2) can be represented via the modal shape functions W, (X), O, (X) as follows:
W (X,t) =W, (x)cos(at), 6, (x,t)=0;(x)cos(amt) (2)
where @ is the natural vibration frequency of the beam. The mode properties may be revealed through the
distribution of vibrational energy in the two beam segments. Kinetic energy is one of the important indicators
to be considered when determining which beam segment is dominant; this property is referenced as an
indicator of energy localization. Therefore, vibration localization of the beam will be calculated through the
kinetic energy ratio between two segments with various system parameters. The kinetic energy of the beam
is the total kinetic energy of the two beam segments:
T=T,+T +Ty, + T, (3)

where T,,, T, T,,, T,, are kinetic energy contributions due to bending and shearing of segments 1 and 2,

respectively:
1 Ly 1 Loy
T, = EplAa)Z sin’ (et) [ W2 (x)dx, T, = E,ollya)2 sin (et) [ ©F (x)dx

0 0
1 t 1 P “
T, = EpzAa)2 sin’ (wt) J'WZ2 (x)dx, T, = E,ozlya)2 sin’ (wt) j ®3 (x)dx

Loy Los

For the Timoshenko beam model under consideration, the ratio 7,5 of the kinetic energy of segment

2 to segment 1 is introduced:

_[sz(x)dx+ry2 I ®; (x)dx
_ Tb2 +T52 — fln Lo
B T +T ﬂLm Ly; (5)
e _[Wf(x)dx+rfj®f(x)dx
0 0
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where 1, = ,/Iy I A is radius of gyration of beam's cross section. The ratio 77,5 is considered as an indicator

to assess the degree of localization of vibration energy on the two beam segments. In the case of the Euler-
Bernoulli beam, because shear strain is not considered in Eq. (5), the kinetic energy component due to shear
strain will be ignored. As a result, we obtain the energy ratio of segment 2 to segment 1 for the Euler-Bernoulli
beam as follows:

L
ij(x)dx

e ::B:i— (6)
IWf(x)dx
0

where the finite integrals are calculated on two different beam segments, in which the integrands are
functions corresponding to the j-th modal shapes.

3. Free vibration equation of beam using the finite element method

Timoshenko's beam theory is known as an extension of Euler-Bernoulli beam theory. The number of
degrees of freedom in the equation of motion, thus, increases compared to the Euler-Bernoulli beam. The

beam segments 1 and 2 are divided into N, N, elements, respectively. The nodes are numbered from 1 to
n,+n, +1, where segment 1 is numbered from 1 to N, +1 and segment 2 is taken from n, +1to n, +n, +1

. Assume that the elements on each beam segment are of the same length. For beam segment 1, the element
length is L =L, /n,. The element length in segment 2 is L, =L, /N, . The degrees of freedom of each

element in each segment are illustrated in Figure 2. The element's nodal displacement vector is denoted as

{a}, ={w, 6, w,, QM}T (e=12,..,n,+n,). Combined nodal displacement vector in the global

T
} for which the boundary

coordinate is {q} = {Wl 91 W2 92 ce \an-v-n2 9n1+n2 Wnl+n2+1 9

n+n,+1

between two segments is a common node.

12 3 45 N1 Ny Nyt ng+2 nq+n,+1

L J( )
Y Y

segment 1 segment 2

Figure 2 — lllustration of degree of freedoms of elements and numbered
nodes along the length of the beam

Using the standard finite element method for the Timoshenko beam with exact shape functions found
from the governing equation of free vibration of beam [18], we obtain an equation of motion for the beam
through the degrees of freedom of the nodes as follows:

[M}{a}+[K {a} ={0} (7)

where [I\/I ], [K] are global mass and stiffness matrices after assembling element's mass and stiffness
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matrices, respectively. The size of these matrices is 2(!‘11 +n, +1)>< 2(n1 +n, +1) . Because the beam's

boundary is clamped at node 1, the deflection W, and rotation angle &, are both zeros. By imposing this

condition, we obtain the following reduced equation of motion:

[M]{a}+[K]{a} =10} (®)

where [M }, [IZ] are the reduced global mass and stiffness matrices with size 2(n1 +n 2)>< 2(n1 +n, );
{ﬁ} is a reduced global nodal displacement vector after removing the degree of freedom of the boundary

node 1. Assume that the vector {q} can be represented as a solution of periodic form in time:

{T} =10} cos(at) (9)

where {qo} is a amplitude vector. By substitution of solution (9) into Eq. (8) yields the following
homogeneous algebraic equation for {q} :

([K]-e*[M]){T}=1{0} (10)

Eg. (10) can be transformed into the following equivalent representation:

(VT [R]-e [y ) (T =10} 1)

— -1 —

where the notation [ ] is an inverse matrix of the mass matrix [M ] , [l ]2(n1+n ) is a unit matrix with size
2

n2

Z(n1 +n2)><2(n1+ ) The Eq. (11) shows that the quantity @’ is a eigenvalue of the squared matrix

— 1l —
[M ] [K} and is the solution of the following characteristic equation:

det([M ] [K]-o[1],,..,) =0 (12)

——1F —
By solving the problem of eigenvalue and eigenvector of the matrix [M ] [K] , we obtain a vector

T
of set of frequencies {a)l w, . @ } with 2(n1+n2) elements and a set of eigenvectors

2(ny+ny)

{Vi }i=1 2 2mey) . The eigenvector {Vi} is separated into a vector {W(i)} corresponding to the deflection and
a vector {@m} corresponding to the rotation angle of the beam. The vector {W(i)} has elements located at

odd-index positions in the eigenvector {Vi}, while the vector {@(i)} has elements located at even-index

positions in the eigenvector {Vi}. In this study, we will investigate the behavior of the vibration modes to

clarify the localized nature of the vibration of the two-segment cantilever beam under consideration based
on the characteristics of the vibration energy of the modes.
4. Numerical results and discussions

In this subsection, we consider a cantilever beam with total length L, =460 pm and cross-sectional

dimension bxh =49umx2.3um. The first segment of the beam is made of silicon material with elastic

10
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modulus E, =130 GPa, mass density p, =2329 kg/m®, and Poisson's ratio z =0.28. (For silicon
material, the elastic modulus E, is taken in the (100) direction in the crystal structure). The second segment

is made of silicon carbide, abbreviated as SiC, which has a larger elastic modulus than the silicon material. In

our calculations, we use coefficient value o = 2.66,i.e. E, = «E, =345.8 GPa; coefficient value  =1.66

,i.e. p, = Bp, =1.38x2329 = 3214.02 kg/m®. Poisson's ratio of the SiC material is taken as g, = 0.19.In

case @ =1 and S =1, we obtain homogeneous material for the two segments of the beam, i.e. the two-

segment beam problem becomes a homogeneous beam problem with a single material. Table 1 shows that
the first and second vibration frequencies calculated using the Timoshenko beam FEM model and Euler-
Bernoulli beam FEM model are in a good agreement with those obtained from exact solutions [20] in previous
publications, and experimentally measured frequencies [19]. Because the considered beam is relatively
slender and thin, the results of Timoshenko's beam theory and Euler-Bernoulli's beam theory differ only
slightly. The difference increases if the beam length is reduced and the beam thickness is increased.

Five modal shapes of vibration of the considered micro-cantilever with two material segments are
illustrated in Fig. 3 for beam deflection. The vibration modes will be normalized according to the mass of a

reference beam of length L,, mass density p,, i.e. {Vi }T I:M]{VI} =m,; with m = pAL.

ref

Table 1
Comparison of the first and second vibration frequencies in the case of a homogeneous
beam material using different approaches

Experiment [19] Analytical [20] EB-FEM TB-Present
(kHz) (kHz) (kHz) (kHz)
1st freq. 12.80 13.1184 13.1184 13.1181
2nd freq. 78.78 82.2113 82.2113 82.1996
o X 10° ‘ ‘ ___|—Mode 1
= —Mode 2
—-—Mode 3

- T~ “ e, N\ Mode 4
AN SO N |= Modes

13
h Y

- A1
Z
Ca
T
——
—
’\\
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&= x."(Lb1+Lb2)

Figure 3 — The first five eigenmodes of deflection in cantilever beam vibration. (1):
the first segment; (Il): the second segment

In Fig. 3, along the length of beam, two regions are separated, one presents for the first segment,
denoted as region () with 0<&=x/L <& =L,/L; the second region (ll) with

11
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&=L, /L <E=x/L £1; & istaken as & =0.2. The first vibration mode has the greatest deflection at

the free end of the beam. The first mode has no antinodes, while modes 2, 3, 4, 5 have 1, 2, 3, 4 antinodes
respectively. Modes with antinodes will have zero-points at which the eigenvalue is zero. This is known
similarly to the free vibration of a conventional cantilever beam with a homogeneous material. The difference
here compared to a homogeneous material beam is that the influence of the two beam materials leads to
different energy distribution on the two beam segments. With parameters o = 2.66, 3 =1.38, they show
that segment 1 has a much "softer" elastic modulus than segment 2, and a lower mass density than segment
2; thus, for a cantilever beam, the vibration properties will be skewed towards one of the two segments.
Physically, based on the indicator in equation (5), energy localization will appear on the two beam segments
where one segment will occupy a significantly energy level than the other.

In Fig. 4, for the same elastic modulus, increasing the mass density ratio S leads to a decrease in first
frequency of the beam. In other words, increasing the density of the second segment has a softening effect
on the structure, making it more susceptible to low-frequency vibrations in the range of approximately 5.5
kHz to 17.5 kHz. The position at which =1 shows that the mass density of the two beam segments is the
same. If parameter £ is much smaller than 1, the beam will vibrate at a relatively high frequency, and the

highest frequency occurs when the ratio f is taken as the lower bound, i.e. = 0.4, within the considered

range.

Lb1”‘t =0.2

[N
w

[
o

The first frequency (kHz)
= o

Parameter 3 = ;)2/;;1
Figure 4 — Curves of the first frequency depending on the ratio S = p, / p, with different values of

parameter & and with the ratio L, /L, =0.2

On the other hand, with the same mass density ratio, increasing the ratio o will increase the first
vibration frequency, that means the beam will become stiffer. In Fig. 4, the value & =1 shows the frequency
curve of the beam with two segments having the same Young's modulus. Thus, two opposite trends can be
observed. On the one hand, increasing the mass density reduces the frequency of vibrations of the system,
indicating a softening effect. On the other hand, increasing Young's modulus ratio raises the natural
frequencies, reflecting a stiffening effect. These completing influences may be referred to as a softening-
stiffening effect associated with variations in beam material properties. Specially, an increase in mass density
ratio softens the dynamic response of the beam, whereas an increase in Young's modulus ratio stiffens it.
Such completing effects are absent in homogeneous beams where the material properties remain uniform

throughout the structure.

12
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Figure 5 — Curves of the first frequency depending on beam length ratio & = L, / L, with different values

o

of modulus ration & = E, / E; and with the ratio § =1.38

Vibration localization properties can be revealed through the frequency distribution when changing
the common boundary point between two beam segments, i.e., changing the ratio of the length of the first
segment to the total beam length. In Fig. 5, the first frequency has a relatively different distribution along the
beam length when changing the ratio parameter & from 0.5 to 3.0. For the considered parameters, when
a =15, 2.0, 3.0, the first frequency even has an extreme point at a specified position along the beam

length. This means that there exists a position corresponding to the ratio & =L, /L, such that the first

frequency of the beam reaches its minimum value, i.e., the beam is in a relatively "soft" state compared to
other positions. This is very useful in designing highly sensitive sensors based on frequency distribution. This
characteristic is a result of vibration localization when the beam material is no longer homogeneous. This
suggests that it can provide an alternative design approach in comparison to the traditional sensor designs

with homogeneous materials. As the ratio & tends to 1, the frequency curves corresponding to the

parameter ¢ approach to each other's, that is, they are asymptotically close to the frequency value of the
homogeneous material.

x10° =138 [=a=05

@ = 1.0

Kinetic energy ratio

0 0.2 0.4 0.6 0.8 1
Position §, =L, /L,

Figure 6 — Kinetic energy ratio between two segments depending on the beam length parameter
& =L, /L, with various values of modulus ratio & = E, / E; and with the ratio f = p, / p, =1.38
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The localized nature of the vibration is more clearly reflected through the energy indicator 7,5 . Fig. 6
illustrates the curves of the energy ratio changing with various location & = Lm/ L, under different values
of parameter « ; the value [ istakenas [ =1.38.The emphasis here is on the value  =1.38 leading to
the fact that the ratio 77;; has a relatively large value when location & close to 0, and almost on the interval
[0.1, 0.9] the value of 77,5 is greater than 1; only when value &, is larger than about 0.87 the ratio 7, is less
than 1. This reflects that, with & is less than 0.87, the kinetic energy is almost concentrated in segment 2,
whereas if value & is larger than 0.87, the kinetic energy gradually shifts to predominating in segment 1. This

energy difference shows that the degree of localization is relatively clear in cantilever beams without
homogeneous materials, for example, the material in segment 2 has a larger elastic modulus than segment
1.

In Fig. 7, when exploring the ratio 77;5 with the value = 0.4, the degree of energy localization is also
relatively clear: energy is concentrated in segment 2 if & is less than 0.75, while a reversal of energy

concentration occurs if & is greater than 0.75. The shift of & from 0.87 to 0.75 is considered not large,

however, this is a useful range to understand the reversal of energy concentration between the two beam
segments when designing cantilever beam sensors with different parameters.

5><1C'4 p=04 -0 =05
4 =1.0
O
§ 4
>
23
©
o
0?2
2
> 1

0 0.2 04 0.6 0.8 1
Position 51 = Lm/Lt

Figure 7 — Kinetic energy ratio between two beam segments depending on the parameter & = Lm/ L, with

various values of modulus ration @ = E, / E; and with the ratio = p, / p, =0.4

5. Conclusions

Mode localization has emerged as an attractive sensing mechanism because it can achieve significantly
higher sensitivity than conventional frequency-shift-based resonant sensors in many modern sensing
applications. In this study, the authors obtained the following results:

- A kinetic energy-based approach is proposed to evaluate the degree of localized vibration of a
cantilever microbeam with two different material segments.

- The study reveals a novel physical effect observed related to the change in vibration frequency of the
beam when changing Young's modulus and mass density ratios of the two beam segments. The observed
vibration properties are referenced as a stiffening-softening effect dependent on the beam material
parameters.

- When changing Young's modulus parameter, there exists a beam configuration at which the first
frequency can be minimized, meaning that beams can be designed with a specified ratio of the first segment

14
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length to the total length to minimize the first frequency.

- It is shown that the concentration of kinetic energy is mainly located in the second segment of the
beam, with the ratio of the first segment length to the total length being less than 0.75 to 0.87, depending
on the value of Young's modulus ratio of the two beam materials.

In this study, the authors have used the Timoshenko beam model to evaluate the energy localization
and vibration frequency of micro-sized beams and verified it against known results. However, at the micro-
scale level, the Timoshenko beam model needs to consider the influence of the "internal size" parameter, i.e.,
the intrinsic micro-scale parameter of the beam, to achieve a more accurate quantitative assessment, helping
to design more reliable sensors.
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Abstract
This paper proposes a novel adaptive NDN-Edge Computing framework that dynamically optimizes
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BeepeHue

BypHoe pa3suTune nHTepHeTa Belleli (IoT, Internet of Things) n kKubepdbmsmyecknx cuctem NpmsBeno K
NOSABAEHMUIO MPUNOXKEHNN, NPEAbABAAOLLNX UCKTIOYUTENIbHO BbICOKUE TpeboBaHMA K BecnpoBogHON CBA3M:
CBEPXHAAEKHOCTb, 33JEPXKM Ha YPOBHE MW/IMCEKYHA M CNocobHOCTb paboTatb B AMHAMUYECKM
nsameHsowwernca cpege. TpaguumoHHble |P-ceT, OCHOBaHHble Ha agpecaumn YCTPOWCTB, 4acTo He
CNpas/AOTCA C 3TUMM YCIOBUAMM, OCOBEHHO B CLLEHAPUAX C BbICOKON MOBUIBHOCTLIO M 60bLLIMM 06 bEMOM
OaHHbIX. B 0TBET Ha 3TOT BbI30B CHOPMMPOBANOCH HanpasaeHWe No nHTerpaunm MmeHosaHHbix cetent (NDN,
Named Data Networking) n rpaHuuHbiX BbluMcneHuii. NDN npepgnaraeT KOHTEHT-OPUEHTUPOBAHHYIO
napagurmy, GoKyCcMpyaCb Ha M3BEYEHUMN JAHHbBIX MO UMEHaM, a He agapecam, YTo naeanbHO NOAXOAUT ANs
npunoxeHn loT. FpaHUYHbIE BbIYUCAEHNUA, B CBOIO 0Yepeab, NepeHoCcAT 06paboTKy AaHHbIX Ha nepudeputo
CeTU, CHUXKAA 3a4ePKKY U Harpy3Ky Ha MarncTpasbHble KaHanbl. [1, 3, 8].

OpfHaKo, HECMOTPA Ha MPEeMMYLLECTBA, UX MHTErpaLma OCTaeTcs HeoNTUManbHOM M3-3a npobnem c
OVMHAMMYECKMM pacnpegenieHem pecypcoB, 3G(EKTUBHOCTbIO MaplipyTU3auunM U YCTOMYMBOCTBIO B
YC/IOBUAX HEOMNPeAeNeHHOCTUN ceTU. BONbLUMHCTBO CyLLECTBYIOLWMX PELIEHNN PAacCMATPMBAtOT YNpaB/eHuE,
CBSi3b M OLLEHKY KaK c/1abo cBA3aHHble moaynu. [2, 4].

Ueno paHHOM cTaTbM - MpeAcTaBUTb LLENOCTHbIA B3rnAg, Ha agantusHyto cTpykTypy NDN-Edge
Computing ana nosbiweHUa npomnssoanTenbHocTM 0T B 6ecnpoBoaHbIX U MOBUABHBIX ceTaX. Mbl onuiiem
APXUTEKTYPY, CUCTEMATU3NPYEM NOKa3aTen apeKTUBHOCTH, BblAEAUM PYHAAMEHTAIbHbIE KOMNPOMMUCChI
M NPOUNNIOCTPUPYEM MX HA MNpPAKTMYECKOM npumepe. B 3akntouveHWM obcyamm KatoueBble BbI30Bbl U
nepcrnexkTMBHbIE UccneaoBaHus. [3, 8].

1. ApxuteKTypa 1 meToa0/0ruaA npeanoxkeHHoi ctpyktypbl NDN-Edge Computing

Mpepnaraeman CTPYKTypa BK/AKOYAET TPU OCHOBHbIX YPOBHA, Ka*KAbI U3 KOTOPbIX BHOCUT BKNAJ4, B
OYHKUMOHMPOBAHNE 3aMKHYTOIO KOHTYypa ynpas/ieHns U 06paboTKM AaHHbIX.

1.1. KomnoHeHTbl CUCTEMDI

1.YpoBeHb ycTpoiictB 10T: COCTOUT U3 CEHCOPHbIX Y3/10B, UHTENNEKTYA/IbHbIX Kamep U MOOUbHbIX
yCTpOMCTB |0T. ITOT ypOBEHb reHepPUpPYeT AaHHbIE B peasibHOM BPEMEHM U NepesaeT 3anpockl, MCMOb3yA
mexaHu3m Interest-naketos NDN, BmecTo TpaguumoHHo IP-agpecaumn.

2.YpoBeHb rpaHUYHbIX BbluMUcneHui: CoCcToUT U3 pacnpeseneHHbIX rpaHUYHbIX Y3108, OCHALLEHHbIX
Kawamm NDN n obneryeHHbIMU BbluMCAUTENbHbIMKU pecypcamn. OH obpabaTtbiBaeT 3anpocbl JIOKA/bHO,
NCMNO/Ib3ysA BHYTPMUCETEBOE K3WMPOBAHME U MHTENEKTYAsIbHYIO MEPECHISIKY, YTO KPUTUYECKM BaXKHO ONA
CHUXKEHUA 3a4ePKKN.

3.YpoBeHb OCHOBHOM ceTu u o6aaKa: Cy»KWUT 3aMacHbIM BapuUaHTOM A1 U3BJIeYEHUS SaHHbIX, Koraa
rPaHMYHbIE K3LWWN HE MOTYT BbINOJHUTb 3aNpOoC, CHUXKaA 3aBUCUMOCTb OT LLeHTPa/IbHbIX CEPBEPOB U yayyLlas
MacLTabupyemocTb.

B oTanume ot TpagnumoHHomn IP-nepecbinkn, uHterpauna NDN-Edge Computing paboTaeT cheayowmm
obpasom: ycTporicta loT oTnpasaatoT Interest-nakeTol, 3anpaliMBas MMEHOBAHHbIN KOHTEHT. [PaHUYHbIN
y3en NpoBepAeT CBOM K3LW Ha HasnuMuue AaHHbIX. ECM KOHTEHT HaliaeH, OTBET OTMNpPaBAAeTCA HEMEAJIEHHO.
Ecnu HeT, 3anpoc UHTENNEKTYabHO NepecblNaeTca ¢ UCNoAb30BaHMEM 6a3bl MHbOpMaLmMn nepecoliku (FIB,
Forwarding Information Base) NDN ansa ussne4yeHus ero us Apyroro rpaHUYHoOro ysna uaum obnaka. Mocne
M3B/IEYEHUA NAKET SAHHbIX KIWMPYETCA HA NPOMENKYTOUHbIX Y31ax Ana byaywero ucnonb3osanus. [4, 7, 8].

1.2. MeTogbl onTMMmu3auum

OcHOBHOWM BKNaA paboTbl 3akatoyvaeTca B pa3paboTKe HOBOW aJanTMBHOWM CTPYKTYpbl, KOTopas
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ONTUMM3UPYET M3BJEYEHUE AAHHbIX, KIWMPOBaHWE U pacnpenesieHne BblMUCAUTENbHbLIX pecypcoB. s
3TOro MCMOJIb3YIOTCA TPU KAIOYEBbIX NOAX0Aa:

- AMHamM4yecKoe pacnpegeneHne pecypcoB: CTPyKTypa AMHAaMUYECKM afanTUpyeTca K YCAOBUAM
TpadmMka B peanbHOM BPEMEHM U TpeboBaHMAM nosib3oBaTenen, obecneumsas 3¢deKkTUBHOE
pacnpocTpaHeHue n 06paboTKy AaHHbIX.

- MHOTOKpUTEpUanbHas oNTUMKU3aLmsa: B oTanume oT npeablaywmx CTaTUYeckux moaenen, Mbl BBOAUM
MOZE/Nb, KOTOPAA OAHOBPEMEHHO MUHUMMUIUPYET 3a4EPKKY, MaKCUMUIUPYET HAAEKHOCTb U ONTUMU3UPYET
sHepronoTpebaeHune. Qs pelueHns sTo 3a4a4m Mcnonb3ytoTca NMapeTo-opueHTUpoBaHHble metoabl (NSGA-
I, Non-dominated Sorting Genetic Algorithm 1), ontummsaums posa yactuy (PSO, Particle Swarm
Optimization), reHeTnuyeckune anroputmsl (GA, Genetic Algorithms) 1 HeueTKas noruka. NMonb3osatenu moryTt
3a4aBaTb NPUOPUTETLI ANA PA3HbLIX METPUK.

- pobacTtHasa onTumM3auus: BkawyaeT mexaHM3m, obecneymBaloWMM YCTOMYMBOCTb CETU K
HenpeacKasyemMbliM BCr/ieCKaM TpaduKa, AMHAMUYECKUM U3MEHEHMAM TOMONAOIMMMU U OTKA3aM rPaHMYHbIX
y3n10B. 3TOT MOAXOA TFapaHTUPYET, 4YTO CeTb ocTaeTcAa cTabunbHoM U 3ddEeKTUBHON paxe npwu
HebnaronpuATHbIX ycaosuax. [5, 10].

1.3. Nokasarenun apPeKTMBHOCTHU

Ons oueHkM b6ecnposoaHoi nokanbHoi cetn (LAWN, Local Area Wireless Network) Heobxoanmbl
METPUKN HECKOJIbKUX YPOBHEN:

- MeTpuKkn ynpasneHuns/cetn: 3agepskka (Bpems oT 3anpoca A0 MOAYyYeHWUA AaHHbIX), HAa4EeXHOCTb
(BepoaTHOCTL ycnelwHoM A0CTaBKU NaKeTa), sHepronoTpebaeHne n KoapPuumMeHT nonagaHns B K3LL.

- MeTpuku oueHKn: CpeaHekBagpaTMyHaa ownbKa (MSE) oueHKKM cocTosHMA, YacToTa 06HOBAEHUI
JaHHbIX. [6, 8].

2. Komnpomuccbl «NPOU3BoAUTENbHOCTb-PEeCcYpCbi»

B npegnaraemolt cucteme, Kak M B 060N CNOXKHOM CeTU, HEBO3MOXHO OAHOBPEMEHHO
MWUHMMM3UPOBATbL BCE METPUKMU - CYLLLECTBYIOT PyHAAMEHTaIbHbIE KOMNpPoMUCChl. [3].

2.1. Komnpomucc «3agepKKa-sHepronotpebneHme»

MpuopunTU3aLMA NyTEN C HU3KOM 3a4ePrKKOM YacTo NpMBOAMT K 6onee BbICOKOMY 3HepronotpebaeHunto
N3-33 NOBbILEHHOM CEeTEBOWM aKTUBHOCTM U BbIMMCAUTE/NbHbLIX HaKNaAHbIX PaCXOA0B Ha rPaHMUYHbIX y3nax. U
HaobopoT, cTpaTermn 3sHeprocbeperkeHa (Hanpumep, arpeccUBHOE K3LWMPOBAHWE) MOTYyT YBEAUYUTb
3a4epKKy. [5, 8].

2.2. Komnpomucc «HagexXHoCTb-aHepronotpebneHmne»

[ns NOBbIWEHNA HAAEKHOCTM U YCTOMUYMBOCTU K OTKa3aM MCMNOJb3yeTcsa U36bITOYHOCTb (MHOronyTeBasn
nepecoblsika, AybanMpoBaHMe 3anpocos). ITO NOBbIWAET BEPOATHOCTb YCMELWHON A0CTaBKM, HO 3HAYUTE/IbHO
yBenunumMBaeT noTpebneHne sHepPrun 1 3arpysky cetu. [2, 4].

2.3. Komnpomucc «3aaeprKKa-HageXXHOCTb»

B ycnoBMAX BbICOKOW HarpyskuM A48 MUHUMU3ALMU 334EPMKKM CUCTEMA MOMKET OTKasblBaTbCA OT
NCMNONIb30BaHUA pPe3epBHbIX MNyTel, UYTO CHUMKAET HafeKHOCTb. CTpyKTypa NO3BOJAET AWHAMUYECKU
6afaHCcMpoBaTb 3TM NapameTpbl B 3aBUCMMOCTM OT TpebOoBaHMW MpPUIOKeHUA (Hanpumep, ANA
NPOMbILLI/IEHHOW aBTOMAaTU3aLMW BaKeH KOMMPOMWUCC, OPUEHTUPOBAHHbLIA Ha 334ep)KKy, a Agas
MOHMWTOPUHTA 340POBbA - Ha HAAEKHOCTb). [3, 8].

3. Mpumep M3 NPaAKTUKKU: YMHAA cucTemMa BUgeoHabnogeHus

PaccmoTpum TMNoBoOM cueHapuit |oT. PasBepTbiBaHMe BKAtoYaeT 50 loT-Kamep, Kaxaas 13 KOTopbixX
nepeaaetr BUAEOMOTOK, MOAKAOYEHHbIX K 10 rpaHWYHbIM Yy3/1aM, BbIMOJHAKOWMM aHaAUTUKY BUOEO B
peasnibHOM BpemeHu. [4, 8].
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3.1. Ocob6eHHOCTU paboTbl NDN-Edge

Kamepbl oTnpasnstoT Interest-nakeTbl, 3anpallimBan KOHKPETHble pparmeHTbl BUAEO. paHUYHbIe y3/bl
KSLWKWPYIOT YacTo 3anpaliMBaemble AaHHble. AHanM3 BUAEO BbIMOJIHAETCA JIOKA/JIbHO HA TFpaHuLUe, 4To
3HAYUTENbHO CHU)KAET HarpysKy Ha LieHTpasibHbIA cepsep. Mpu BbIXxoae U3 CTPOA rPaHMYHOrO y3/1a CUCTeEMA
OVMHAMMYECKN NepeHanpaBaAeT 3anpockl Ha apyrue y3nol. [2, 7].

3.2. AjanTMBHaA CTPYKTypa U pe3ynbTaTbl

MNpepnaraemana CTPyKTypa 3Ha4YMTENbHO MpeB30oWwaa TpaguuuoHHble |P-apxutekTypbl. Kntouesble
yay4ylweHus:

- CHUXKeHMe 3aZeprKKM Ha 25%: [JoCTUIHYTO 3a CYET BHYTPMUCETEBOrO K3WMPOBAHMA M aAanTUBHOM
nepecoblikn Interest-nakeTos, 0cOBEHHO B YCN0BMAX BbICOKOTO TPAadUKa.

- YnyyweHue sHeproappeKkTMBHOCTM Ha 15%: [JOCTUrHYTO 33 CYET YCTPaHEeHMA HEHYXKHbIX nepegay
OAHHbIX 1 ONTUMMU3AUNM pacnpeaeneHma BblYMCAUTENbHbIX 33434 Ha rpaHuLe.

- YBenimyeHue KoadoduumeHTa nonagaHua B Kaw Ha 20%: O3HavaeT, 4To 60/blue 3anpocoB AaHHbIX
BbINOJIHANOCb HEMOCPEACTBEHHO U3 TPAHMYHOTO XPaHWUANLLA, SKOHOMA MOJIOCY NPOMNYCKaHUA.

- CoxpaHeHMe BbICOKOW HageKHocTK (95%): Cuctema ocTaBasiach paboTocnocobHoOM AaxKe Npu oTKase
00 30% rpaHUYHbIX Y3/10B, AEMOHCTPUPYS CBOK YCTOMYMBOCTD. [5, 6].

4. NMepcneKTUBHbIE HAaNPaB/eHUA Uccae0BaHUn

4.1. NHTerpauymsa c 6n10KYeHOM ANA AeLeHTPa/IM30BaHHOrO ynpas/ieHUs 4oBepuem

XoTa wuHTerpauua 6O/0KYerHa npegnaraerTca AasA NOBblleHMAa 6e30nacHOCTM, OHa BHOCUT
BblUMCNUTENbHbIE HaKNafAHble pacxogdbl. byayuwume paboTbl A0/MKHBI  UccnedoBaTb  ObBeryeHHble
aNbTEPHATMBDLI, TAKME KaK MepapXxmyeckme apxmTeKkTypbl 6/10KYEHA U MeXaHM3Mbl KOHCEHCYCa C HU3KUM
sHepronoTpebneHmem (Hanpumep, Proof of Authority), yTobbl cgenatb UX NPUMEHUMbIMU A1 PECYPCHO-
orpaHu4yeHHbIx yctpoiicts loT. [1, 7].

4.2. AgpanTuBHaA MapLUpyTU3aLMa HA OCHOBE MAaLIMHHOro o6yueHus

MpumeHeHne MeToAO0B rNyboKoro obyyeHus c¢ nogkpenneHvem (DRL) ana obyyeHus NoOAUTUK
yNpaBAeHuA, KOTOpPble ONTUMMU3UPYIOT KOMNPOMMUCC MEXKAY CBA3bIO M TOYHOCTbID. ITO MO3BOUT CUCTEME
60/s1ee HTeNIEKTYa/IbHO aAanTMPOBATbLCA K ANHAMMUYECKMM ceTeBbIM ycnoBuam. [2, 10].

4.3. NHTerpaumsn c 5G n 6esonacHocTb

HeobxogMmbl nerkoBecHble KpunTorpaduyeckme MPOTOKOAbI U PU3MYECKME METoAbl 3aluThl.
Pa3BuTME NNAHMPOBAHMA, YUMTHIBAIOLLETO NPUOPUTETbI YNPABAEHUA, U MEXAHM3MOB ObICTPON MOBTOPHOW
nepegaum (HARQ) byget cnocobcTBOBaTL NOBbILWEHMIO HageKHoCTu. [3, 9].

4.4. leueHTpann3oBaHHaA KOOpAUHALMA

Mpyu 60/bWIOM YMC/Ie areHTOB LLeHTPa/IM30BaHHbIN NOAX04 CTAaHOBUTCA y3KMM MecTom. Mepexon K
OEeUeHTPaIM30BaHHOMY YMpPaB/AEeHUIO C NPAMbIM O0OMEHOM AaHHbIMKM MeXay ycTpoihctBamu (D2D) u
OOCTUKEHMEM KOHCEHCYCa MOBbICUT MaclUTabupyemocTb cucTemsl. [4, 8].

3akntoueHue

B cTtaTbe npeacTaBsieHa LLeNoCTHasA apXUTEKTypa aganTusHol cTpyKTypbl NDN-Edge Computing gns
NoBbIWEHUA Npou3BoAUTENBHOCTM |oT B 6ecnpoBogHbiX M MOBUAbHBLIX ceTAax. OnucaHbl OCHOBHble
KOMMOHEHTbl, MeTPUKM 3OPEeKTUBHOCTM U TpuU  PyHAAMEHTANbHbIX KOMMPOMMCCA:  «3adeprKKa-
sHepronoTpebneHne», «HafLeXHOCTb-3HepronoTpebneHne» U «3aJeprkKa-HageKHocTb». Ha npumepe
YMHOI CUCTEMbI BMAEOHAbAOAEHMA MNOKa3aHa 3PPEeKTUBHOCTb NPeasoKeHHOW WHTerpauuu, Kotopas
NMO3BO/INNA CHU3UTb 3a4EPHKKY Ha 25%, ynydwnTb sHeproapPeKkTMBHOCTb Ha 15% 1 yBennuntb KosdduumeHT
nonagaHua B Kaw Ha 20% no cpaBHEHWUIO C 0Obl4HbIMKM noaxogamu. O603HaueHbl YeTbipe KAHYEBbIX
HanpasneHus byaylmnx uccnenoBaHUiA, cpeau KOTopbix 0cob0 BblAeNATCA UHTerpauma ¢ 610KYENHOM,
a[anTUMBHaA MapLllpyTMsauma Ha ocHoBe MW u peueHTpanv3oBaHHaA KoopauHauua. Peanusauma 3Tux
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HanpaB/iieHU NO3BOAUT CO34aTb MacwTabupyemble, YCTOMUMBbIE U HALEXHbIe CUCTEMbI YNpaBAeHUA ans
LUMPOKOTo Kpyra npunoxexuui loT. [3, 8].
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Akagemuns GegepanbHOM CnyxK6bl 0XpaHbl Poccuiickon deaepauunm
TuxoHos [laHuun AnekcaHapoBuy

AKkagemuna ®eaepanbHoi cnyx6bl oxpaHbl Poccuiickoin ®eaepauymm
r. Opén, PO

AHAIN3 TOMOMOP®HOTO LUM®POBAHUA HA AITEBEPAUYECKUX PELLETKAX

AHHOTaumA

CTaTbs NOCBALLEHA NOJHOCTbIO FOMOMOPdHOMY WNDPOBaAHMIO KaK KpunTorpadmnyeckomy npummnTmuBy
ONA BblMMCNEHWI Hag 3awundpoBaHHbIMM gaHHbIMKM. Ha ocHoBe LWE u Ring-LWE paccmaTtpuBatoTtcs
aBonouma cxem BGV, BFV, CKKS u TFHE, mexaHM3mbl ByTCTpanuHra U nepekatoyeHmna Moay/ien, a TakxKe
npob6aembl 3GPEKTUBHOCTM UM MNEPCEKTUBbI MPAKTUYECKOrO MPUMEHEHUA B 3aLLMLWEHHbIX 0613YHbIX
cepBucax U MalMHHOM 0byyYeHumn

Uenb. CuctematnsnposaTb maTemaTuyeckme ocHosbl FHE Ha 6a3e LWE/RLWE, npoaHanuauposatb
aostoumio cxem BGV, BFV, CKKS n TFHE c akueHTOM Ha OYTCTpanuHr U yrnpaB/eHUEe LWYMOM, a TaKKe
060CHOBATb MpaKTM4Yeckylo peanusyemoctb FHE uepe3 coBpemeHHble 6MBAMOTEKM M annapaTHble
YCKOpUTENUN ANA NPUMEHEHUSA B 3aLLMLLEHHbIX 061a4HbIX BbIYUCNEHUAX U MALLMHHOM 0BYyYeHMMU.

Pesynbtat. B pesynbTate npoBenEéHHOro aHajM3a YCTAHOBJIEHO, YTO MOAHOCTbIO roMmomopdHoe
wndpoBaHMe Ha OCHOBE PeLLéToYHbIX 3a4a4 (LWE/RLWE) npowwio nyTb OT TEOPETUYECKOW KOHCTPYKUUMN A0
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NpakTU4Yeckn npumeHumbix cxem BGV, BFV, CKKS u TFHE, npu 3TOM KAHOYEBbIMW MEXaHU3IMAMM,
obecneynBalOWMMN HEOFPaHMUYEHHYIO T[YOUHY BbIYUCNEHUIN, ABAAKOTCA OYTCTPAnNuHI, NepeKkayYeHune
MoZAyner 1 ynakoBKa AaHHbIX.
Kntouesble cnosa:
romomopdHoe WwndposaHne, NOAHOCTbIO romomopdHoe wudposaHue (FHE), BbluMCAEeHNA Ha
3aWwmndpoBaHHbIX AaHHbIX, peléTodHble 3aga4um, Learning with Errors (LWE), Ring-LWE, 6yTcTpanuHr,
cxembl BGV, BFV, CKKS, TFHE, ynpaBneHue Wymom, NepeKkitoyeHne moayien, ynakoBka AaHHbIX,
NOCTKBaHTOBaA Kpuntorpadus, KOHPMAEHUMANbHbIE BbIMUCIEHNS, MAalLMHHOE 0by4yeHKne
C COXPaHeHWemM NpUBaTHOCTM, 061a4HbIE BbIMMCAEHMUS.
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Academy of the Federal Service for the Protection of the Russian Federation
Tikhonov Daniil Aleksandrovich
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ANALYSIS OF HOMOMORPHIC ENCRYPTION ON ALGEBRAIC LATTICES

Abstract

This article explores fully homomorphic encryption as a cryptographic primitive for computing over
encrypted data. Using LWE and Ring-LWE, the evolution of the BGV, BFV, CKKS, and TFHE schemes,
bootstrapping and module switching mechanisms, as well as efficiency issues and prospects for practical
application in secure cloud services and machine learning are discussed.

Objective: To systematize the mathematical foundations of FHE based on LWE/RLWE, analyze the
evolution of BGV, BFV, CKKS, and TFHE schemes with an emphasis on bootstrapping and noise management,
and substantiate the practical feasibility of FHE using modern libraries and hardware accelerators for use in
secure cloud computing and machine learning.

Result. The analysis revealed that lattice-based fully homomorphic encryption (LWE/RLWE) has
evolved from a theoretical construct to practical implementations of BGV, BFV, CKKS, and TFHE schemes,
with bootstrapping, module switching, and data packing being key mechanisms enabling unlimited
computation depth.

Keywords
Homomorphic encryption, fully homomorphic encryption (FHE), encrypted computing, lattice problem:s,
Learning with Errors (LWE), Ring-LWE, bootstrapping, BGV, BFV, CKKS, TFHE, noise control, module
switching, data packing, post-quantum cryptography, confidential computing,
privacy-preserving machine learning, cloud computing.

1. BeegeHue

CTpemUTENbHbIA POCT 06bEMOB LMPPOBLIX AaHHbIX, NOBCEMECTHAA MUIPaUUA BbIYUCAUTENbHbIX
npoueccoB B o6a1a4yHble MHPPACTPYKTYPbI U yxecToyeHne TpeboBaHUI K 3almTe NepcoHasibHbIX SAHHbIX
dopmupytoT dyHOAMEHTaNbHOE NPOTUBOPEYME COBPEMEHHON WHGOPMAUMOHHOW 6e30nacHOCTU: Kak
obecneunTb KOHOUAEHUMANBHOCTb AaHHbIX B NpoLecce ux 06paboTkn? TpaauuMoHHbIe KpunTorpaduyeckue
meToabl, Takue Kak AES mam RSA, 3awimLaoT gaHHble Ha 3Tanax XpaHeHuA U nepegadun, O4HAKO nepes
BbINOJIHEHWEM NtOObIX BbIMUCAEHUN AaHHbIE AO0MKHbI ObITb paclndpPOBaHbI, YTO CO34AET YA3SBMMOCTb.
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Ff’omomopdHoe WwWndpoBaHMe npegnaraet NPUHLUNNANBHO MHOE PeLLEHNE: OHO NO3BO/ISET BbINOJHATL
BbIYMC/IEHUA HENOCPEACTBEHHO HAZ 3alWMPOBAHHBIMU AaHHbIMU (LWMPOTEKCTAaMM), NPU 3TOM pesynbTaT
paclwmdpoBaHUA cOBNafaeT C pe3ybTaTOM BbIMNOJHEHMA TEX e onepauui Hag MCXOAHbIMWU OTKPbITbIMM
AaHHbIMU. Kak oTmeuaeTcs B coBpemeHHOM o63ope, «Homomorphic Encryption (HE) enables secure
computations on encrypted data without decryption, offering a transformative solution for privacy-
preserving computation».

Npen BbluMCNEeHNI Hag 3awmndpoBaHHbIMM AaHHbIMUK Bblna Bnepsble chopmynnposaHa B 1978 rogy
PaiiBectom, AaniemaHom m [leptysocom. OgHaKO peannsauma NOAHOCTbIO rOMOMOPGHOro WnppoBaHmMA —
CXEMbI, MOALEPKUBAIOLLEN MNPOM3BOJIbHbIE BbIYUC/NEHUA HEOrpPaHWYeHHOM rAybuHbl, — oOcTaBanacb
HepaspeLwnmoi 3aga4en Ha NPoTAKEeHMM TpEX aecaTuneTnin. Mpopbis npounsoweén 8 2009 rogy, Koraa Kper
FeHTpU NpegnoXun NepBytd KOHCTPYKLMIO NMOAHOCTbIO roMOMOpPdHON Kpuntocuctembl. C 3TOro MOMeHTa
HayanoCb aKTMBHOE PA3BMTUE TEOPUM M NPAKTUYECKUX peannsaumin FHE.

1. MaTemaTunyeckme 0CHOBbl FOMOMOPOHOTO WndpoBaHUaA

2.1 dopmanbHoe onpegeneHune

FfomomopdHasa KpuntocucTema ¢ OTKPbITbIM Katouom EE onpegenserca 4eTbipbMa anroputmamm:

2. KeyGen - anropuTm reHepaumm Kato4Yen, BbipabaTbiBaOLLMN CEKPETHDIN KKOY Sk M OTKPbITbIN KoY
Px;

3. Encrypt — anroputm wudposaHua: ¢ = Encrypt (px, m), rae m € M — OTKpbITbIN TeKcT, ¢ € C —
WnPpPOTEKCT;

4. Decrypt — anroputm pacwmdpoBaHus: m = Decrypt(sk,c);

5. Evaluate — anroputm BbluncneHus: ¢s = Evaluate(py, f, ¢y, . . ., Ca), rae f - dyHKUMSA, NnpeacTaBuman B
BMAE CXEMbI U3 ONepaLvin CNOXKEHUA U YMHOXKEHUA.

MycTb M — MHOXeCTBO OTKPbITbIX TEKCTOB C ONpesenéHHbIMU Ha HEM onepaumammn «+», «x», a C —
MHOKecTBO WudpoTekctoB ¢ onepaumamm @, Q. KpuntocucTtema HasbiBaeTca TroOMOMOPHON
OTHOCUTENIbHO ONepaLmn «+» U «xX», ecin ana nbbix My, m; € M BbINOJHSAOTCA COOTHOLWIEHUS:

Decrypt (sx, Encrypt (px, m1) & Encrypt (pi, mz)) = mi + m;,

Decrypt (s, Encrypt (pr, m1) & Encrypt (pr, mz)) = mi x m,.

B 6onee obwem Buge romomopoHoe wmnpposaHne TpebyeT BbINOJHEHUA ABYX YCIOBUMN: YCI0BUSA
KOpPPEKTHOCTU (pe3ynbTaT BbIMMCAEHUIN HafA LWKUdpoTeKCTaMn nocne pacwmndpoBaHUs coBnagaer C
pe3yNbTaTOM BbIYMCAEHUI HAA OTKPbITbIMM TEKCTAMM) M YCNOBUA KOHOUAEHUNANBHOCTU (MPOMENKYTOUHbIE
AaHHble B NpoLecce BblYUCNEHNI HE PACKPbIBAOT MHGOPMALLMKM 06 OTKPbITbIX TEKCTAX).

2.2 TeopeTMKO-KOIbL,EBAA OCHOBA COBPEMEHHbIX CXeM

CoBpemeHHble MOIHOCTbI0 FOMOMOP®HbIE CXeMbI CTPOATCA Ha OCHOBE apUdMETUKUN LUMKIOTOMUYECKMX
Koneu,. Konbuo nmeet sna;

R=Z[X]/ (®m(X)),

roe ®m(X) — m-i LMKNOTOMMYECKUI MHOTOYEH. [nA 3a43aHHOI0 Moayns

g > 0 paccmatpuBaeTca pakTop-KonbLo Rq = R/gR.

MpPOCTPaHCTBO OTKPbITLIX TEKCTOB B cxeme BGV onpegensercs Kak Ry = Z[X]/(®n(X),t), rae t - moaynb
OTKPbLITOro TeKcTa-. LndpoTeKcTbl ABNAIOTCA anemeHTaMn Konbla Ry, Mpuyém B npouecce roMomMopdHbIX
BbIYMC/IEHNI MCMONB3YHOTCA LenoYKn moaynen {qo, d, . . ., gt 417 YNPABAEHMA YPOBHEM LUYMA.

2.3. BbluncnutenbHan 3agaya Learning with Errors (LWE)

OcHoBoW 6e3onacHocT noaasasaowero 6o0abWIKMHCTBA coBpemeHHbIx FHE -cxem saBnsetca
BbluMCAMTENbHAA 3a4a4a Learning with Errors (LWE), npeanoskeHHas Peresbim B 2005 roay.

Onpeaenenue (Search LWE). MycTb 3agaHbl napameTpbl N € N, moayab q = 2 M pacnpeaeneHue
OWKMBOK X Ha Z. CeKpeTHbIN BEKTOP S € Z BblbMpaeTcAa paBHOMEpPHO cayyariHo. Pacnpepenenme LWE AS, x
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nosy4yaeTcsa BbIbOpPOM a € Z paBHOMEPHO C/Iy4aiHo, e € X U Bblgayeli napeol (3, ( a, s ) + e mod q). 3agava
Search LWE coCTOUT B Haxo»KAEHWUM S MO 3ag4aHHOMY Habopy He3aBMCHMMbIX BbIBOPOK n3 AS, ¥.

3asava obyuyeHusa ¢ owmbkamm (LWE) 3aknto4aeTcs B HAXOXKAEHUM BeKTopa S € Z" g-apHOI peLleTKn
Ly (BCE BbIMMCNEHUA NPOM3BOAATCA MO MOAY/IO G) NPU U3BECTHOM Manol ownbke e. Mpu stomt = A-s + e, rae
A — MaTpuua, cTonbLbl KOTOPOW NpeacTaBAAoT 6asuc pelweTku (puc. 1). Ecnm BeKTop OWMOOK e HEN3BECTEH,
TO HalTU t = A'S + e CTAaHOBUTCA OYEHb CNOXKHOM 3a4a4eit. 34ecb S BbINOAHAET POJb 3aKPbLITOrO KAtouya, A,
t — OTKPbITbIE KNHOUM, € — 3aKPbITbIV CAYYalHbIN NapameTp

(] () (] () (] ()
0, q) (9, @)
() () [ ® ()
t
(] o o ® o
S
-® o -0— -—0—
0] (9, 0)
o o o () (] (]

PucyHok 1 — PeweHune 3agaum LWE Ha anrebpaunyeckoi pelietke

Kntouesble ceoncTBa LWE, genatowme eé npuenekatTenbHom ana nocrpoeruns FHE:

1. YcTOMYMBOCTb K KBAHTOBbIM aTaKaMm;

2. OTcyTCTBME U3BECTHbIX CYB3IKCMOHEHLMABbHbBIX a/ITOPUTMOB PeLleHus;

3. CBoAMMOCTb K worst-case 3agayam Ha peLLéTKax;

4. YCcTOMUYMBOCTb K yTeYKamM MHbopmMaLmu.

Ring-LWE (RLWE) siBnaetca 6onee adpdekTnBHOM Bepcuen LWE, B KOTOpoW onepaumm BbiNoNHAKTCS
HafZ, 3/1eMeHTaMM LMKIOTOMUYECKOTO KOJbLa, YTO MO3BOAAET 3HAYUTENIbHO COKPATUTb pasMep Kawouen u
YCKOPUTb BbluMcneHUA. bonblumHcTBO coBpemeHHbix FHE-cxem (BGV, BFV, CKKS) 6a3upytoTca MMEHHO Ha
RLWE.

3. Knaccndpukauma cxem romomopdHoro wndposaHus:

3.1 YactnyHo romomopoHoe wudposaHue (Partially Homomorphic Encryption, PHE)

Cxembl PHE noaaepXuBatoT HEOFPAHUYEHHOE KOJIMYECTBO OMNEPALLMi TONIbKO OA4HOrO TMNa — Anbo
CNoXKeHus, 1Mbo yMHoXKeHUs. Knaccuyeckme npumepbl:

e RSA - MynbTUNAMKATUBHO romomopdeH: Enc(ms) - Enc(mz) = Enc(ms - my);

e Paillier — agguTBHO romomopdeH: Enc(ms) - Enc(m;) = Enc(mi + my);

e Goldwasser-Micali — romomopdeH no onepaymm XOR.

3.2 NonHocTblo romomopdHoe wudposanue (Fully Homomorphic Encryption, FHE)

FHE-cxeMbl NoaAepsKMBatOT NPOW3BOJIbHbBIE BbIYMCIEHUA HEOTPAHUYEHHOMN rNyOuHbI, NpeacTaBUMble
B BMAE CXEM W3 ONepauuit C/AOXKEHUA W YMHOXKeHuAa. MmeHHo FHE cuutaetca «cATbiM [paanem»
Kpuntorpadumm, MOCKONbKY OHa MO3BOASET BbINOAHATL Atobble  BbluMCAUMbIE  QYHKUMKM  Hapg,
3aWwndpPOBaHHbLIMU SAHHbBIM.

4. 9BONOLUMNA NOSHOCTbIO FOMOMOPHbBIX CXEM

4.1 NMepBas KOHCTpyKuua MeHTpum (2009)
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Kpenr FeHTpy npegnoxun nepsyto peanusaumto FHE, oCHOBaHHYI Ha c/ieayiollelt ABYyX3TamnHoM
cTpaTternm:

1. NoctpoeHne cxembl SHE (somewhat homomorphic encryption), cnocobHol BbINOAHATL
OrpaHUYEeHHOE YMCNO onepauuii;

2. MpumeHeHne b6yTcTpanuHra (bootstrapping) ana npeobpasosaHus SHE B FHE.

ByTcTpanuHr — KatodeBas MHHOBauuA [eHTpu. Upes 3akntovaetca B roMOMOPPHOM BblYMCAEHUMU
bYHKUMM paclndpoBaHUA: UMena 3aWyMAEHHbIN WNEOPOTEKCT M 3alMPPOBAHHbBIN CEKPETHbIN KAtoY, cxema
BbluncasaeT Decrypt (s, c) romomopdHO, nonyyas «ceexuin» wndpoTtekct Enc(m) c ymeHbLEHHbIM YPOBHEM
Lyma.

Teopema o b6yTcTpanuHre yteepkgaet: ecin SHE-cxema cnocobHa romomopdHO BbIYUCAUTL CBOIO
cob6CTBEHHYI0 dYHKUMIO pacluindpoBaHmMA (Takasa cxema HasblBaeTcs ByTCTpannpyemoi), To OHa MOKeT BbiTb
npeobpasosaHa B FHE-cxemy.

4.2TexHonornyeckmne HanpasaeHua passntua FHE

1. CoBpemeHHble FHE-cxembl NPUHATO pa3faenAaTb Ha YeTblpe TeEXHUYECKUX HanpaBaeHUA Ha OCHOBe
6a30BbIX KpUnTOorpaPpuyecKkmMx NPUMUTUBOB:

2. Cxembl Ha ocHose LWE/RLWE c Mcnoib3oBaHMeM TEXHUKU nepekaiodeHns moaynei (modulus
switching) n nepekntoueHuna knovei (key switching) — BGV, BFV;

3. Cxembl Ha ocHoBe GSW (Gentry-Sahai-Waterman) ¢ MyAbTUNAMKATUBHbBIM MNOAXOAOM K
roMomop®HbIM Onepauunam;

4. Cxembl Ha ocHoBe AP (Alperin-Sheriff-Peikert) c ucnonbsosaHmem ¢yHKUMOHaNbHOro ByTcTpanuHra
— FHEW, TFHE;

5. MpubnunxéHHble cxembl (Approximate HE) — CKKS.

4.3CoBpemeHHble FHE — cxembl

1. BGV(2011) — BanaTenbHas cxema Ha RLWE, BBOAUT nepekaoveHne Moayien Ana CHUKEHUA WymMa
n nogaepxunsaet SIMD-ynakoBKY HECKO/IbKMX TEKCTOB B OAMH WNHPOTEKCT.

2. BFV (2012) — aHanorMyHa BGV, HO ucnosb3yeT macwTabupoBaHMe OTKPbITbIX TEKCTOB ANA
yrnpaBaeHua WymMom; obecrneuymBaeT TOYHblE UENOYMUCIAEHHbIE BbIYUC/IEHUS U NOAAEepKUBaeTcA
6nbamnotekon Microsoft SEAL.

3. CKKS (2017) — nopnep*uBaeT nNpUBAUIKEHHbIE BbIYUC/IEHMA Haf, BELLECTBEHHbIMU U
KOMMAEKCHBIMW YMCNAaMM, KOAMPYA WX B MNOJIMHOMbI; [OMYCKAET Manyrto OWWMOKY OKPYrieHus, 4To
ONTUMANbHO A1 MALIMHHOIO 06YYEHUA U HayYHbIX PACYETOB.

4. TFHE — paboTtaeT Hag Topom, obecneuymBaeT 6biCcTpoe BbiNO/MHEHME 6yneBbix onepauun U
bYyHKUMOHaNbHOro byTcTpanuHra, 3ddeKTUBHa A58 BUTOBbIX CTPOK U MAsbIX LieNbiX YNCEeN.

5. CoBpeMmeHHbIe BbI30Bbl M HanpaB/JeHNA UCCNef0BaHNM

5.1. BolumcnmtenbHaa apdeKTMBHOCTb

HecmoTpsa Ha 3HauMTeNbHbIN nporpecc, FHE ocTaétcs BbluMCAUTENbHO 3aTpaTHOM. Kak oTmedyaeTcs B
o0630pe, «the application of FHE is constrained by its substantial computing overhead and storage cost».
OcHOBHble HanpaB/AeHWNA YCKOPEHUA BKIOYAIOT:

1. ANropuUTMMYECKY0 ONTUMM3ALMIO: COBEPLLIEHCTBOBAHWE OYTCTPanWHra, yaydleHue ynpaBaeHus
LIYMOM, UCMONIb30BaHWNE TEXHUK YMAaKOBKM AAHHbIX;

2. AnnapaTHoe yckopeHue: npumeHeHne GPU, FPGA un cneunanmsmpoBaHHbix ASIC gns onepauuii B
KonbLaXx;

3. Ontummsaumto 6ubnmnotek: Microsoft SEAL, HElib, PALISADE, OpenFHE, Lattigo.

5.2. NocTkBaHTOBasA 6e30nacHOCTb
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FHE-cxembl Ha ocHoBe LWE n RLWE cunTaloTcsi YCTOMYMBBLIMU K KBAHTOBbIM aTakam, YTo AenaeT ux
nepcnekTUBHbIMM AN NOCTKBAHTOBOW 3noxu. Kak noauépkumBaetca B antepatype, «HE’s reliance on lattice-
based problems like Learning With Errors (LWE) and Ring-LWE (...) provide quantum resistance».

5.3. besonacHOCTb NPOTUB aTak Cc aAanTUBHbIM Bblibopom wndpoTtekcTa (CCA2)

dyHAameHTaNbHAA TeopeTudeckasa npobaema FHE 3akntoyaeTca B TOM, YTO roMmoMopdHble cxemMbl NO
onpeaeneHuto ABAATCA MmanneabenbHbIMU (M3MEHAEMbIMWN) — 3/10YMbILLIEHHUK MOXET MoanduunpoBaTb
WKNPPOTEKCT € NpescKaszyembiMm 3GdEKTOM Ha OTKPbITbIN TeKCT. 3To AenaeT FHE-cxembl HECTOMKMMUM NPOTUB
aTak Cc aganTuBHbIM Bbibopom wndpoTekcta (CCA2). Mounck KoHcTpyKumi FHE, obecneumnBatowmx CCA2-
6e30MacHOCTb, OCTAETCA OTKPbLITOM UCCeA0BaTeIbCKOWN 3a4a4en.

6. MpuKnaaHble acnekTbl

e [omomopoHoe wndpoBaHMe HaxoAWT BCE HBosee LWMPOKOe NPUMEHEHUE B Pa3/IYHbIX 0bnacTax:

e O6nayHble BbluncneHna. HE nossonaet penermposaTb 06paboTKy KOHPUAEHLMANbHBIX AAHHbIX
ob6nayHbIM NpoBaligepam 6e3 packpbITMA camux AaHHbIX. O61auHbI cepBep BbINOAHAET BbIYMCAEHUA HAL,
wndpoTeKcTammn 1 BO3BpalLaeT 3aWMPPOBAHHLIN pe3yabTaT, KOTOPbIA MOXKeT pacwudpoBaTb TO/bKO
Bnagenew AaHHbIX.

e MalnHHoe obydyeHuMe C  coxpaHeHuem npusBatHoctu  (PPML). HE  obecneuusaer
KOHPUAEHUNANBHOCTb 0OYYaloLWMX AaHHbBIX M MAapaMeTpoB mozeneit B npoueccax obyyeHna n BbiBoaa. B
0630pe paccmoTpeHa uHTerpauma HE ¢ metogamu K-6amxkanwmnx cocegeit (KNN), knactepmnsaumm K-cpegHumx
W pacno3HaBaHMA au,

e MeanumHa 1 reHommka. HE no3sonaeT NpoBOAUTb aHA/IM3 FTEHOMHbIX AAHHbIX U MeLULMHCKNX
3anucelt 6e3 packpbITUA KOHPUAEHLNANBbHON MHPOPMALIMM NALUEHTOB.

e ®uHaHcoBaa aHannTMKa. HE obecneunsaet KOHOUMAEHUMANBHOCTb GUHAHCOBbLIX TPAH3aKUMI NpU
NpoBeAEHUM aHANIUTUYECKUX BbIYUCIEHUIA.

® DJJ/IeKTPOHHOe rosiocoBaHue. FomomopdodHbie cBoicTBa Paillier n apyrux cxem mcnonbsytoTca ans
nogac4yéta rosocos 6e3 pacKkpbITUA UHAMBUAYANbHbBIX BOIEU3BABAEHUNA.

7. 3aKkntoueHune

fomomopdHoe wudpoBaHMe npowso nNyTb OT TEOPEeTMYECKOM  KOHUenuun, BrepBble
cbopmynupoBaHHoM B 1978 roay, 40 MPAKTUYECKM peanunsyembix Kpuntorpadpuyeckux cuctem. Mpopbis
leHTpn B 2009 rogy OTKPbIA 3Py NOJAHOCTbIO roMoMopdHOro WudpoBaHMsA, a Nocaeaylollee aecatunetTme
CTano MNEepuoAoOM WMHTEHCUMBHOrO pa3BUTUA: nosiBuamcb cxembl BGV, BFV, CKKS, TFHE, 6bian co3gaHbl
BblcOKONpounsBoguTenbHole 6udbnnotekn (SEAL, HElib, OpenFHE), paspaboTaHbl meTogbl annapaTHOro
YCKOpeHus.

MaTemaTuyeckoit oCHOBOM coBpemMeHHbix FHE-cxem cnyxaT 3agaun LWE n RLWE Ha pewéTkax,
obecneunBatowme NOCTKBaHTOBYO 6e30nmacHOCTb. KAtoueBbIMM TEXHUYECKMMMU MEXaHM3MaMMK ABAAOTCA
OYTCTPanUHT, NepekatYeHne moayiei, NepeKkatovYeHne KAYen N yrnakoBKa AaHHbIX.

HecmoTpa Ha BRe4YaTNAOWMIA NPOrpecc, OCTAlOTCA HePewEHHbIMM NPO6aEMbl BbIYUCIUTENBHOM
addeKkTMBHOCTH, ynpasneHna wymom u CCA2-6e3onacHocTM. OfHAKO, KaK CNpaBea/iMBO OTMEYaeTcs B
ob63ope, «HE’s maturation from a theoretical concept to a practical solution demonstrates its potential as a
cornerstone for secure, privacy-preserving computing across industries». [danbHeWwee passutue
ANrOPUTMUYECKMX METOLOB WM annapaTHbIX CPeACTB YCKOPEHMA OTKPbIBAaeT MNePCeKTUBbI LUMPOKOro
BHEAPEHMA TOMOMOPPHOro WNPPoBaHMA B 0b6/1aYHble CEPBUCHI, CUCTEMbI MCKYCCTBEHHONO UHTEAIEKTA U
KPUTUYECKYO MHPOPMALMOHHYIO MHDPACTPYKTYPY.

CnMCcoK Ucnonb30BaHHOM uTepaTypbl:

1. O3supg BoHr. PeanbHana kpuntorpadus. - CM6.: Nutep, 2024. - 432 c.
2. OmaccoH ¥.-®.. O kpuntorpadum scepbes / nep. c aHr. A. A. CimHkuHa. — M.: IMK MNpecc, 2021. — 328 c.
O©Tpodumenkos C.A., TuxoHos [.A., 2026
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AGRONOMY: FOUNDATIONS OF SUSTAINABLE CROP PRODUCTION AND FOOD SECURITY

Abstract

Agronomy constitutes the core scientific framework driving global crop production, soil management,
and agricultural sustainability. As climate volatility increases and the global population expands, the field of
agronomy must balance intensive yield production with environmental conservation. This article examines
the contemporary paradigm of agronomic sciences, focusing on the critical relationship between soil health
and crop optimization. It discusses the integration of innovative management strategies, resource
conservation practices, and technological advancements designed to enhance food security. By synthesizing
traditional cultivation methodologies with modern ecological insights, this study emphasizes the necessity of
advanced agronomic practices in preserving finite natural resources while securing the global food supply
chain.

Keywords:
Agronomy, Soil Conservation, Crop Yield, Sustainable Agriculture, Resource Management.

Main Part

Agronomy operates as a multi-disciplinary science that translates biological, chemical, and physical
principles into practical cultivation strategies. The primary focus of modern agronomic intervention revolves
around optimizing the interactions among the plant, the soil matrix, and prevailing atmospheric conditions.
Agronomists work to develop superior crop varieties, implement effective crop rotation sequences, and
devise balanced fertilization strategies tailored to specific geographic ecosystems. By managing these
variables, agronomic science directly influences agricultural efficiency, ensuring that plants utilize available
solar energy, water, and soil nutrients at maximum capacity. This scientific oversight is vital for minimizing
crop losses caused by weeds, destructive insect pests, and volatile weather patterns.

Beyond direct plant cultivation, soil conservation forms the fundamental cornerstone of responsible
agronomic engineering. Soil is not merely a structural medium but a dynamic, living ecosystem that dictates
the carrying capacity of agricultural land. Modern agronomy addresses the threats of soil erosion, nutrient
depletion, and salinization through targeted management frameworks. By applying conservation tillage
techniques, establishing cover crops, and utilizing precise soil monitoring instruments, agronomists maintain
soil organic matter and preserve complex microbial networks. These proactive interventions prevent the
long-term degradation of arable lands, ensuring that agricultural soils retain their structural integrity,
moisture-holding capacity, and biochemical fertility over successive generations of cultivation.

Technological Integration and Precision Agronomy

The field of agronomics has entered a highly transformative era marked by the extensive deployment
of precision agriculture and digital resource mapping. Contemporary agronomists utilize satellite imagery,
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global positioning systems, and automated weather stations to monitor crop fields with unmatched spatial
accuracy. These digital tools analyze leaf area index, chlorophyll levels, and soil moisture variances across
expansive agricultural zones, allowing for highly individualized field assessments.

Through the application of variable-rate technology, farmers can apply water, specific fertilizers, and
targeted crop protection agents only where automated sensors indicate a statistical deficit. This precision
approach eliminates the traditional practice of uniform field spraying, lowering input costs while reducing
chemical runoff into surrounding ecosystems. The integration of data analytics into seasonal planning
enables agronomists to accurately forecast harvest yields and dynamically adjust irrigation schedules to
combat acute heat stress.

Climate Adaptation and Cropping System Resilience

As global temperature fluctuations shift historical growing seasons, agronomy plays a vital operational
role in building climate-resilient farming systems. Agronomists work closely with plant breeders to evaluate
drought-tolerant and heat-resistant crop varieties that thrive under reduced moisture conditions.
Additionally, modern cultivation strategies emphasize diversifying crop patterns rather than relying on
intensive monoculture systems.

Practices such as intercropping, conservation agriculture, and agroforestry are systematically utilized
to enhance the ecological buffer of fields against extreme weather events. These diversified systems improve
resource-use efficiency, naturally disrupt the reproductive cycles of common agricultural pests, and enhance
structural biodiversity within the agricultural canopy. By adjusting sowing dates, utilizing innovative water-
harvesting techniques, and selecting sturdy crop phenotypes, agronomists help stabilize regional food
production lines despite shifting environmental climates.

Conclusion

Agronomy stands as an indispensable scientific discipline that bridges environmental conservation
with international food production requirements. The continuous evolution of this field ensures that
agricultural systems can elevate output metrics without causing irreversible ecological degradation. Through
the successful combination of soil preservation strategies, climate-adaptive cropping systems, and data-
driven precision technologies, agronomy provides the solutions needed to sustain a changing world.
Continued capital investment in agronomic research, extension services, and educational infrastructure is
essential to empower future practitioners to navigate the ecological and food security challenges of the
coming decades.
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THE EVOLUTION OF VETERINARY MEDICINE: BALANCING ADVANCED
DIAGNOSTICS WITH GLOBAL HEALTH SECURITY

Abstract
Veterinary medicine has evolved from an agriculture-focused livestock management practice into a

complex, multifaceted scientific discipline critical to both animal welfare and human public health. This article
explores the modern paradigm of veterinary sciences, highlighting the integration of advanced diagnostic
technologies and the expanding role of veterinary professionals in managing zoonotic diseases—illnesses
that spread between animals and humans. It examines the operational shifts in veterinary clinical practices
and underscores the collaborative effort required to address global environmental and biological changes.
Ultimately, this study demonstrates how contemporary veterinary medicine safeguards food production
lines, domestic pet well-being, and broader ecological stability.

Keywords:

Veterinary Medicine, Zoonotic Disease, Diagnostic Imaging, Public Health, Animal Welfare.

Main Part

The scope of modern veterinary medicine extends far beyond the traditional care of domesticated
animals, positioning itself as a cornerstone of global biosecurity and public health. In aninterconnected world
characterized by rapid urbanization and climate fluctuations, veterinarians serve as the primary line of
defense against emerging infectious pathogens. Roughly 60 percent of all human infectious diseases originate
in animals, and up to 75 percent of emerging diseases follow a zoonotic transmission pathway. By monitoring
livestock populations, tracking wildlife health vectors, and managing domestic pet vaccination protocols,
veterinary scientists actively intercept viral and bacterial threats before they cross the species barrier into
human communities.

From a clinical diagnostic standpoint, the veterinary profession has experienced a massive
technological transformation over the past two decades. The application of high-resolution magnetic
resonance imaging, computed tomography scans, and rapid molecular polymerase chain reaction testing has
mirrored advancements in human medicine. These sophisticated tools allow practitioners to diagnose
complex oncological, orthopedic, and neurological conditions in non-verbal patients with unprecedented
accuracy. Furthermore, the integration of targeted pharmacological therapies and minimally invasive surgical
procedures has significantly extended the life expectancy and quality of life for companion animals, shifting
the focus of veterinary clinics toward comprehensive long-term wellness and geriatric care.

Innovations in Livestock Management and Food Safety

Within the agricultural sector, veterinary medicine plays a vital role in ensuring global food safety and
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the structural integrity of supply chains. Farm animal practitioners focus heavily on preventative herd health
management, implementing strict biosecurity measures to shield production systems from devastating
outbreaks such as avian influenza or African swine fever. By utilizing advanced herd monitoring software and
automated health tracking sensors, veterinarians can isolate sick livestock early, minimizing the need for
widespread medical interventions.

This proactive approach is closely tied to the international effort to regulate and reduce antimicrobial
usage in food-producing animals. Modern livestock veterinary strategies emphasize the optimization of
animal nutrition, pasture sanitation, and specialized immunization schedules to naturally boost herd
immunity. These rigorous management frameworks directly protect consumers by preventing antibiotic
residues from entering the food supply and reducing the selection pressure that drives the rise of drug-
resistant bacterial strains.

The Growing Field of Veterinary Behavioral Science

Another significant development in contemporary animal care is the formal recognition and expansion
of veterinary behavioral medicine. Understanding the psychological well-being of companion animals and
captive wildlife has become an essential component of comprehensive veterinary assessments. Practitioners
are increasingly trained to identify clinical anxiety, stress-induced disorders, and behavioral manifestations
of chronic underlying physical pain that might otherwise go unnoticed.

This scientific shift has transformed standard veterinary hospital designs and handling protocols,
introducing low-stress handling methods that reduce patient fear during clinical evaluations. By addressing
behavioral health alongside physical symptoms, veterinarians help preserve the human-animal bond,
reducing the number of companion animals abandoned or euthanized due to preventable behavioral
conflicts. This holistic approach bridges the gap between basic animal physiology and emotional welfare.

Conclusion

Veterinary medicine stands today as a highly sophisticated, indispensable branch of the biological
sciences. The field continues to adapt rapidly, utilizing cutting-edge diagnostic equipment to treat companion
animals while simultaneously operating as a shield for global human health against zoonotic threats. As
environmental pressures and global trade accelerate the interface between human populations, livestock,
and wildlife, the expertise of veterinary professionals will remain essential. Continued investment in
veterinary research, structural education, and diagnostic infrastructure ensures that this vital science can
successfully meet the ecological and medical challenges of the future.
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THE INTERSECTING ROLES OF VETERINARY MEDICINE AND AGRICULTURE IN GLOBAL FOOD SECURITY

Abstract
The intersection of veterinary medicine and agriculture forms the foundation of sustainable food

production systems and rural economic stability worldwide. As global populations rise, the agricultural sector
faces pressure to increase output while minimizing environmental degradation and biological hazards. This
article examines the collaborative relationship between veterinary sciences and modern farming, detailing
how herd health management directly influences agricultural yields and economic outcomes. It analyzes the
role of preventative medicine in controlling diseases within livestock populations, discusses technological
advancements in livestock tracking, and reviews agricultural biosecurity strategies. Ultimately, this paper
highlights how integrating veterinary expertise into agricultural practices ensures food safety, protects
livestock welfare, and secures the human food supply.

Keywords:
Veterinary Agriculture, Livestock Productivity, Herd Management, Food Production, Biosecurity Measures.

Main Part

The historical and functional relationship between veterinary medicine and agriculture is rooted in the
shared goal of maintaining healthy, productive livestock systems. Agriculture relies heavily on the constant
availability of food-producing animals—such as cattle, sheep, poultry, and swine—to fulfill global demands
for protein, dairy, and essential raw materials. Veterinary practitioners operating within this agricultural
framework act as vital guardians of herd health, designing comprehensive vaccination schedules, managing
reproductive cycles, and optimizing nutritional intake. When veterinary interventions successfully mitigate
animal morbidity, agricultural operations experience improved feed-conversion efficiency, higher
reproduction rates, and vastly superior product quality. Consequently, the financial viability of rural farming
communities rests directly on the clinical expertise and preventative measures delivered by rural
veterinarians.

Beyond immediate farm productivity, the integration of veterinary medicine into agricultural systems
serves as the primary shield protecting the human food supply from contamination and pathogens. Food
safety begins long before processing facilities, originating at the primary production level on the farm.
Veterinarians systematically monitor livestock for systemic infections and metabolic conditions, ensuring
that only healthy animals enter the processing pipeline. Furthermore, veterinary professionals manage the
strict withdrawal periods required after administering therapeutic medications to livestock, preventing
chemical and antibiotic residues from entering consumer markets. Through routine diagnostic testing, milk
quality tracking, and biological monitoring on farms, agricultural veterinarians maintain the high standards
necessary to uphold public confidence in national food networks.

Precision Agriculture and Veterinary Technology

Modern agricultural practices are increasingly adopting technological innovations, giving rise to

31



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b» HAYYHO-U3OATE/IbCKUIA LLEHTP «A3TEPHA»

precision livestock farming. This movement blends data science with veterinary observation, using wearable
biometric sensors, automated cameras, and electronic identification tags to monitor farm animals in real
time. These digital tools continuously track individual animal behavioral patterns, shifts in body temperature,
rumination dynamics, and feeding durations.

By analyzing this automated data streams, veterinary practitioners and farm managers can identify the
earliest signs of subclinical illness days before physical indicators appear. This early detection capability
allows for immediate isolation and targeted treatment of specific animals, significantly reducing the
transmission velocity of infectious agents across large barns. The marriage of technology and clinical insight
increases overall labor efficiency on commercial farms while elevating animal welfare standards through
individualized attention.

Sustainable Livestock Production and Environmental Management

The current evolution of agricultural veterinary medicine places substantial emphasis on ecological
sustainability and the reduction of the environmental footprint of farming. Ruminant livestock operations
naturally generate greenhouse gas emissions, particularly methane, through enteric fermentation during
digestion. Agricultural veterinarians collaborate with animal nutritionists to formulate specialized, highly
digestible diets and feed additives that optimize the microflora within the animal's digestive tract.

These optimized feeding strategies not only lower enteric emissions per animal but also reduce
nutrient excretion into the soil, protecting local waterways from nitrate and phosphorus runoff. Additionally,
veterinarians advise producers on sustainable pasture rotation and manure management strategies that
disrupt the life cycles of common parasites without relying excessively on chemical treatments. This holistic
approach preserves chemical efficacy while supporting biodiversity within the agricultural ecosystem.

Conclusion

Veterinary medicine and agriculture remain fundamentally linked, acting as interdependent pillars that
support global food production and rural economies. The continuous application of veterinary science to
farming systems ensures that livestock populations remain healthy, resilient, and highly productive under
varying environmental pressures. By embracing precision technology, strengthening on-farm biosecurity, and
focusing on ecological sustainability, the agricultural sector can safely navigate the complex challenges of
modern food production. Continued investment in veterinary-agricultural education and rural infrastructure
is crucial to maintaining a secure, safe, and sustainable food supply for future generations.
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AGRONOMY AND MODERN DEVELOPMENT: TRANSFORMING AGRICULTURE
THROUGH SCIENTIFIC INNOVATION

Abstract

Agronomy serves as a primary engine for modern development, driving technological evolution,
economic growth, and structural sustainability across global food systems. As societies modernize, the
agricultural sector must transition from resource-intensive methodologies to knowledge-based, efficient
frameworks. This article explores the relationship between advanced agronomic sciences and modern
development paradigms. It examines how data-driven crop management, genetic innovations, and resource
conservation techniques accelerate national development goals. By analyzing the integration of smart
technologies and sustainable field practices, this study underscores the vital role that agronomy plays in
securing urban food supplies, stabilizing rural economies, and preserving vital environmental resources for
future generations.

Keywords:
Modern Development, Agronomic Innovation, Smart Agriculture,
Sustainable Yields, Technology Integration.

Main Part

The integration of agronomy into modern development frameworks marks a significant transition from
traditional farming to highly technical, scientific resource management. Modern development is
characterized by rapid urbanization, expanding industrial sectors, and an increasing reliance on digital
infrastructure. To sustain this economic shift, the agricultural sector must produce larger volumes of high-
quality raw materials and food products using less labor and fewer land resources. Agronomists address this
challenge by developing high-yielding, stress-tolerant crop varieties and designing precise cultivation
schedules that optimize plant growth. By transforming agriculture into a highly predictable and productive
science, agronomy releases excess labor forces for industrial diversification while ensuring that urban
populations have access to stable, affordable food networks.

Furthermore, national development strategies rely heavily on the capacity of modern agronomy to
protect finite natural resources from irreversible degradation. Traditional development models often
prioritized short-term agricultural output at the expense of long-term environmental health, resulting in
widespread soil erosion, deforestation, and water scarcity. Contemporary agronomic science corrects this
trajectory by embedding conservation engineering directly into modern farming routines. Through the
deployment of zero-tillage systems, organic soil amendments, and biological crop protection frameworks,
agronomists prevent the destruction of arable lands. This protective oversight ensures that industrial and
economic expansion does not collapse the ecological foundations that support human society, aligning
agricultural growth with international definitions of sustainable development.
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Precision Infrastructure and Digital Development

A defining characteristic of modern development is the digital transformation of primary industries, a
movement heavily visible in precision agronomy. Contemporary farming operations utilize internet-of-things
sensors, satellite remote sensing, and automated machinery to manage expansive fields with extreme
accuracy. Agronomists utilize these interconnected systems to map localized soil chemistry variances, track
real-time crop health metrics, and monitor microclimatic shifts across diverse agricultural zones.

This wealth of digital information allows for the automated execution of variable-rate input
applications, delivering specific quantities of water, nitrogen, and protective treatments only where
computational models identify an explicit deficit. This precision approach eliminates the inefficient practice
of uniform field spraying, drastically lowering operational costs for farming enterprises while protecting
adjacent aquatic habitats from chemical pollution. The integration of data analytics into seasonal planning
equips farm managers with the tools necessary to forecast harvest yields and dynamically adapt to sudden
environmental changes.

Biotechnology and Crop System Resilience

Another major cornerstone of agronomy within modern development frameworks is the rapid
advancement of agricultural biotechnology and molecular plant breeding. Traditional breeding techniques
are being supplemented with precise genetic selection tools to develop crop phenotypes engineered for
specific environmental stresses. Agronomists work to field-test and deploy crop varieties that exhibit high
resistance to prolonged droughts, elevated soil salinity levels, and aggressive insect pests.

These biological innovations allow agricultural operations to expand safely into marginal or partially
degraded lands, transforming underutilized regions into productive economic zones. Additionally, these
resilient crop systems naturally lower the requirement for synthetic chemical inputs, reducing production
hazards for farmworkers and minimizing chemical residues within the consumer food supply. By stabilizing
production yields under adverse environmental conditions, biotechnology provides a reliable mechanism to
protect national food security against global climate volatility.

Conclusion

Agronomy functions as an indispensable pillar of modern development, providing the scientific
innovations required to balance industrial growth with environmental safety. By shifting the agricultural
sector toward a data-driven, ecologically conscious model, agronomic science ensures that food production
can meet the demands of a changing world. The successful scaling of precision technologies, conservation
infrastructure, and resilient crop varieties demonstrates that economic advancement can coexist with natural
resource preservation. To maintain this developmental velocity and secure global food networks,
international institutions must prioritize continuous financial investments in public agronomic research, rural
technical education, and modern agricultural extension services.
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THE INTERSECTION OF AGRONOMY AND ECOLOGY: PRINCIPLES OF SUSTAINABLE
AGROECOSYSTEM MANAGEMENT

Abstract

The intersection of agronomy and ecology has given rise to agroecology, a critical scientific framework
that views agricultural fields as complex, living ecosystems. As modern agricultural production faces the twin
challenges of environmental degradation and rising global food demand, traditional high-input farming
methods must transition toward ecologically sound practices. This article examines how ecological principles
can be applied to agronomic systems to enhance biodiversity, optimize natural nutrient cycles, and minimize
reliance on synthetic inputs. It analyzes the role of soil biodiversity in sustaining crop health, evaluates the
ecological benefits of diversified cropping patterns, and explores natural pest management solutions.
Ultimately, this study demonstrates that integrating ecological science into agronomy is essential for securing
long-term food production while preserving global environmental stability.

Keywords:
Agroecology, Ecosystem Services, Biodiversity, Nutrient Cycling, Sustainable Agriculture.

Main Part

The integration of ecological principles into agronomic practices marks a significant shift from
conventional, chemically intensive farming to sustainable resource management. Historically, industrialized
agriculture focused primarily on maximizing crop yields through the heavy application of synthetic fertilizers
and chemical pesticides, often ignoring the long-term ecological consequences. In contrast, the collaboration
between agronomy and ecology treats the farm as a functional agroecosystem where biological components
interact dynamically. Agronomists utilizing ecological strategies focus on maximizing internal biological
processes rather than relying on external inputs. By understanding the relationships between plants, insects,
soil organisms, and wildlife, modern agricultural systems can maintain high productivity while reducing
environmental pollution, habitat destruction, and greenhouse gas emissions.

A central point of focus at the intersection of agronomy and ecology is the preservation and
enhancement of soil biodiversity. Soil is not merely an inert anchor for plant roots; it is a complex ecological
web populated by billions of bacteria, fungi, protozoa, and beneficial insects. Ecologically minded agronomic
practices, such as minimal tillage and the application of organic compost, protect these soil communities
from physical and chemical disruptions. These organisms drive essential ecosystem services, including the
decomposition of organic matter, the natural fixation of nitrogen, and the stabilization of soil structures
against wind and water erosion. By fostering a diverse and healthy soil microbiome, agronomists can
naturally enhance crop resilience to droughts, reduce the prevalence of soil-borne plant pathogens, and
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eliminate the need for excessive chemical fertilization.

Diversified Cropping Designs and Landscape Ecology

Modern agroecological management heavily emphasizes the transition away from extensive
monoculture farming toward diversified cropping systems. Cultivating a single crop species over thousands
of contiguous hectares simplifies the landscape, making the system highly vulnerable to catastrophic pest
outbreaks and rapid nutrient depletion. Agronomists address this vulnerability by implementing ecological
designs such as multi-species crop rotations, companion planting, and agroforestry networks.

These diversified designs mimic natural ecosystems by occupying distinct ecological niches, maximizing
solar energy capture, and utilizing soil water layers more efficiently. Furthermore, integrating natural field
borders, hedge rows, and flowering vegetative strips into the agricultural landscape supports regional wildlife
conservation. These non-crop vegetation zones provide vital food sources and nesting habitats for native
pollinators and migratory bird species, strengthening the ecological buffer of the surrounding environment.

Biological Pest Regulation and Ecological Control

Another major development within ecological agronomy is the application of biological pest regulation
strategies to reduce chemical dependency. Conventional synthetic insecticides frequently eliminate non-
target beneficial insects, leading to secondary pest outbreaks and the rise of chemical-resistant insect
populations. Ecological pest management uses natural predator-prey dynamics to keep pest populations
below damaging thresholds without entirely wiping out species.

By intentionally introducing or attracting natural predators—such as ladybugs, lacewings, parasitic
wasps, and insectivorous birds—farmers can establish a self-regulating biological control system within the
crop canopy. Agronomists also utilize trap crops, which are attractive plant species grown near the main crop
to lure pests away from the primary economic harvest. This natural approach protects worker health,
prevents toxic chemical runoff into local freshwater streams, and maintains the equilibrium of the local food
chain.

Conclusion

The collaboration between agronomy and ecology provides a path forward for global food production
that balances human nutritional requirements with environmental safety. By treating agricultural lands as
dynamic ecosystems, agronomists can utilize natural biological processes to nourish crops, protect harvests,
and regenerate degraded soils. The transition to ecologically managed farming systems is no longer an
optional alternative but a structural necessity to combat global biodiversity loss and environmental pollution.
Continued investment in agroecological research, rural extension programs, and sustainable policy
frameworks is vital to ensure that modern farming operations can function in harmony with the natural world
for generations to come.
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AGRONOMY AND ECONOMY: MAXIMIZING AGRICULTURAL EFFICIENCY AND MARKET VIABILITY

Abstract
The interaction between agronomy and economic science forms the basis of global food security,
agricultural market stability, and rural development. While agronomy provides the biological and chemical
methodologies required to optimize crop yields and preserve soil resources, economic principles dictate the
financial viability and resource allocation within farming systems. This article explores the interconnected
dynamics of agronomic management and agricultural economics, focusing on how data-driven crop
production influences market behaviors and farm profitability. It analyzes the financial impacts of precision
agriculture technologies, evaluates risk management strategies under volatile climate conditions, and
discusses sustainable vyield intensification from a cost-benefit perspective. Ultimately, this study
demonstrates that pairing robust scientific cultivation with sound economic frameworks is essential for
building resilient, profitable, and food-secure nations.
Keywords:
Agricultural Economics, Crop Efficiency, Resource Allocation, Farm Profitability, Market Viability.

Main Part

The relationship between agronomy and economy represents the direct translation of plant and soil
sciences into financial returns and market value. Agriculture operates within a highly competitive global
marketplace where farming enterprises must constantly balance production costs against fluctuating
commodity prices. Agronomists act as essential economic facilitators by developing -cultivation
methodologies that lower input costs while simultaneously raising the volume and grade of the harvest. By
optimizing sowing densities, prescribing exact fertilizer applications, and creating targeted pest management
schedules, agronomic science minimizes resource waste. When farmers successfully reduce expenditures on
synthetic inputs without sacrificing crop volume, the direct net profit margin of the agricultural enterprise
increases, strengthening the broader regional economy.

Beyond individual farm management, national economic stability depends heavily on the systemic
application of agronomic research to agricultural supply chains. Fluctuations in domestic crop yields can
trigger severe macroeconomic shocks, including food price inflation, trade deficits, and supply chain
disruptions. A highly sophisticated agronomic infrastructure provides the tools necessary to stabilize national
crop production through shifting weather patterns and biological threats. By securing predictable harvest
volumes, agronomy allows agricultural economists to formulate stable trade policies, secure international
export markets, and plan accurate national food reserves. Consequently, structural investments in public
agronomic research and extension networks yield high macroeconomic returns, preventing food shortages
and fostering industrial growth within processing sectors.

Precision Capital Investment and Financial Returns

The modern evolution of agricultural management relies heavily on integrating precision agronomy
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with financial technology to optimize capital expenditures. Commercial and smallholder operations are
adopting precision instruments, such as variable-rate fertilizer spreaders, automated tractor guidance
networks, and real-time remote crop sensors. These data-driven systems allow agronomists to treat
variations within a single field individually, applying expensive inputs like nitrogen and water only where
statistical deficits are detected.

From an economic perspective, this precise methodology shifts the cost structure of farming by
drastically reducing variable input expenses. Although the initial capital investment required to acquire
precision machinery can be substantial, long-term financial analysis demonstrates clear cost-saving
advantages and accelerated returns on investment. The collection of digital field data also provides farm
operators with precise production histories, which simplifies access to commercial bank loans, agricultural
credit lines, and specialized crop insurance packages.

Risk Mitigation and Sustainable Financial Development

Another critical area at the intersection of agronomy and economy is the development of long-term
risk mitigation strategies to combat climate and market volatility. Single-crop reliance, or intensive
monoculture, exposes farmers to extreme financial hazards if a specific crop succumbs to targeted diseases
or localized drought conditions. Agronomists address this economic vulnerability by designing diversified
cropping systems, such as multi-year rotations, cover-cropping frameworks, and intercropping models.

These diversified systems distribute financial risk across multiple crop varieties, ensuring that a market
price collapse or crop failure in one sector does not bankrupt the entire enterprise. Additionally, these
biological systems naturally improve soil structure, enhance water retention, and reduce weed pressures
over time. By utilizing natural ecological functions to maintain field health, farmers can systematically lower
their dependence on expensive chemical interventions, building a low-input, economically resilient model
that remains viable through shifting global climates.

Conclusion

Agronomy and economy function as interdependent pillars that guide modern food production and
sustain global market networks. The strategic application of agronomic science ensures that agricultural
systems remain highly productive, resource-efficient, and financially sound amid shifting environmental and
trade realities. By expanding precision technologies, adopting diversified risk-mitigation strategies, and
lowering dependency on costly synthetic inputs, the global agricultural sector can achieve both ecological
sustainability and financial longevity. Sustained investment in agricultural economics, public agronomic
education, and rural support frameworks remains vital to empower the next generation of food producers
to build stable, profitable, and food-secure societies.
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APPLYING THE SHADOWING TECHNIQUE IN ENGLISH CLASSES
AT HANOI UNIVERSITY OF MINING AND GEOLOGY

Abstract

This paper discusses the use of shadowing in English classes for non-English-major students at Hanoi
University of Mining and Geology. Many students find listening and speaking difficult because they have
limited chances to practise, cannot easily follow natural speech, and are not confident about pronunciation,
stress, rhythm, and intonation. Shadowing is a technique in which learners listen to a recording and repeat
the speaker with only a very short delay. When it is used with suitable materials and clear guidance,
shadowing can help students recognize spoken English more easily, improve pronunciation, speak more
smoothly, and become more confident. This paper explains the main benefits of shadowing and suggests a
simple classroom procedure, including listening for meaning, studying the transcript, practising short
phrases, shadowing the whole passage, recording, and self-checking. It also stresses that shadowing should
be combined with discussion, summarizing, and other speaking activities so that students can use what they
have practised in real communication.

Keywords:
English teaching; listening and speaking; shadowing; pronunciation; university students.

1. Introduction

English proficiency is crucial for technical students, making practical university courses essential for
navigating professional materials and global communication. While listening and speaking remain
challenging for non-majors, shadowing techniques—simultaneously listening and mimicking speech—can
improve pronunciation and communication, provided that teachers select appropriate materials and foster
communicative, meaning-focused practice.

2. Listening and Speaking Difficulties of HUMG Students

2.1. Common difficulties in listening and speaking

HUMG students span various majors with diverse English levels, facing limited individual practice in
large classes. Speaking requires idea organization, interaction, and correct pronunciation, but fear of
mistakes causes hesitation, leading students to read pre-written texts or give short responses due to low
vocabulary. To boost participation, teachers should replace abstract or overly technical topics with familiar,
career-related themes like safety, teamwork, and technology, bridging general English and major-specific
English. Listening is similarly hindered by fast pacing, connected speech, and weak forms, causing students
to lose the main idea and feel anxious. Poor classroom acoustics worsen this, highlighting the need for
focused practice like shadowing to master natural spoken features like stress, linking, and intonation.

2.2. Pronunciation, stress, and intonation

English and Vietnamese utilize sound and pitch differently; Vietnamese is tonal, whereas English relies
on stress, rhythm, and intonation, causing Vietnamese learners to often speak with equal stress or excessive
pauses, reducing naturalness and intelligibility (Nguyén Huy Ky, 2010). Additionally, navigating various
English accents can confuse beginners, so instead of demanding accent perfection, teachers should aim for
clarity and comprehension by starting with one clear model before introducing diverse accents. In this
context, shadowing serves as a useful technique to help students notice how different speakers organize
sounds, stress, and rhythm.
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3. The Shadowing Technique and Its Benefits

3.1. What is shadowing?

The word shadowing comes from a shadow following a person closely, where learners listen to a
recording and repeat the speech after a very short delay, mirroring the speaker's words, speed, stress,
rhythm, pauses, and intonation (Lambert, 1992). Unlike normal repetition where students wait for a sentence
to end, or reading aloud which relies heavily on text, shadowing requires students to speak while the audio
continues and gradually depend more on listening. Because managing listening, retention, and speaking
simultaneously is demanding, teachers should begin with short, clear recordings, ensuring students
understand the topic and vocabulary through a gradual procedure suitable for lower-level learners.

3.2. Main benefits of shadowing

Shadowing enhances listening as students closely track sounds to recognize linking, weak forms, and
reduced speech features. It also improves pronunciation by letting students compare their speech against a
clear model to correct final consonants, word stress, and intonation, showing positive outcomes for non-
majors (L& Thi Thu Huyén, 2021). Furthermore, repeating useful phrases develops fluency, reducing pauses
and native-language translation, though it must be paired with active discussions for free speaking.
Additionally, because content is provided, shadowing builds confidence and lowers anxiety for shy students
who can track their progress through personal voice recordings. Finally, the technique is ideal for self-study
using phones or computers to slow down audio, view subtitles, and record voices outside class.

3.3. Why shadowing is suitable for HUMG students

Shadowing adapts well to different proficiency levels and HUMG majors, allowing beginners to use
short everyday conversations while advanced students practice with technical materials like interviews or
presentations on technology, geology, and energy to support both general and specific English purposes. The
technique is also highly practical in large classes because students can practice individually with earphones,
work in pairs, or collaborate in small groups within five to ten minutes of a regular lesson. However,
shadowing is not a complete solution, as it does not automatically teach students how to take turns, ask
questions, or respond naturally; therefore, it is most useful when integrated into a wider lesson that includes
listening for meaning and real communication.

4. Practical Suggestions for Using Shadowing

4.1. Choosing suitable materials

Teachers should begin with clear, familiar recordings of twenty to sixty seconds that include
transcripts, ensuring the speed, vocabulary, sentence length, and background noise match students' levels.
To keep the focus on listening and speaking, teachers can explain key vocabulary beforehand, avoiding
materials that are too far above the students' current proficiency. Content should be engaging and practical,
utilizing resources like coursebook audio, short educational videos, TED clips, BBC Learning English, or major-
specific topics for HUMG students such as mining safety, renewable energy, and workplace communication.
Initially, students must work with a clear, consistent model, but teachers can later introduce diverse accents
and speaking styles to help them develop into flexible listeners.

4.2. A simple classroom procedure

The following six steps make shadowing easier and more useful. In Step 1, students listen once or twice
without speaking to identify the topic, speaker, and main idea, with the teacher checking understanding via
simple questions. In Step 2, students study the transcript, verify vocabulary, and listen again to mark stressed
words, pauses, linking, and intonation changes. In Step 3, the recording is divided into short phrases so
students can listen, pause, and repeat while focusing on clear sounds, final consonants, and word stress. In
Step 4, students speak along with the audio while reading the transcript, gradually looking only at key words
or covering sections to listen more carefully. In Step 5, students shadow the whole passage at normal speed
without restarting after small mistakes, aiming to maintain the overall rhythm and main phrases. Finally, in
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Step 6, students record their final attempt, compare it with the model, and select one or two specific areas
for improvement, such as speed or final sounds.

4.3. Organizing practice and giving feedback

In a large class, students can work in pairs or small groups where one student shadows while a partner
listens with a short checklist, swapping roles afterward so the teacher can circulate and address key
problems. To maintain confidence, peer feedback must be respectful, and teachers should focus on major
comprehensibility issues—such as missing final sounds, incorrect word stress, equal emphasis, or excessive
pauses—rather than correcting every sound. Teachers can demonstrate a short phrase and use hand
movements to show stress before asking students to try again. Finally, students should follow up with a
communicative speaking task using the recording's content, such as summarizing, answering questions,
retelling information, discussing the topic, or giving a short presentation. For technical topics, they can
explain a process in simpler English or connect the information to their own major, helping them transition
from imitation to authentic language use.

4.4. Practice time and self-study

Teachers should increase difficulty slowly by avoiding raising the topic complexity, vocabulary density,
accent variety, and speed all at once. During preparation, students can temporarily slow down recordings
but must gradually return to normal speed. Short, regular practice—such as five to ten minutes in class or
fifteen to twenty minutes several times a week for self-study—is more effective than infrequent, long
sessions, especially when paired with a clear focal goal like final consonants or sentence stress. Digital tools
like playback-speed control, subtitles, online dictionaries, and voice recording support independent practice,
though automatic speech-recognition scores should be treated as guides rather than absolute measures.
Finally, a simple assessment focusing on listening accuracy, clarity, rhythm, and continuity should compare a
student's initial and later recordings to measure individual progress rather than comparing them directly with
a native speaker.

Table 1
Simple criteria for checking shadowing practice
Area What to check Main feedback
Missi hangi ds; ability to follow th
Listening accuracy |ssmg or changing words; ability to Tollow the Follow key words and phrases
recording
. ) C t probl that affect
Clear pronunciation Sounds, final consonants, and word stress orrec pro. ems that attec
understanding
Rhythm and phrasing Sentence stress, linking, pauses, and intonation Do not stress every word equally
Continuity Speed, hesitation, and ability to continue after a mistake | Keep going instead of restarting often

5. Conclusion

Shadowing is a useful technique for improving listening and speaking when used in a clear, gradual
way, helping students hear connected speech, practice pronunciation, follow English rhythm, and speak with
greater confidence, especially for those with limited language opportunities outside the classroom. For
HUMG students, shadowing adapts to both general English and major-related materials, where success relies
on choosing suitable recordings, ensuring comprehension, practicing in small steps, and providing simple
feedback to achieve the main aim of clearer communication rather than native-speaker perfection.
Ultimately, shadowing should always be followed by communicative activities like summarizing, explaining,
discussing, or asking questions, serving as a practical bridge between listening practice and real language use.

References:
1. Hamada, Y. (2019). Shadowing: What is it? How to use it. Where will it go? Routledge.
2. Kadota, S. (2019). Shadowing as a practice in second language acquisition: Connecting inputs and
outputs. Routledge.

43



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b» HAYYHO-U3OATE/IbCKUIA LLEHTP «A3TEPHA»

3. Lambert, S. (1992). Shadowing. Meta, 37(2), 263-273.
4. L&, T.T.H.(2021). Trién khai k{ thuat néi bong - Shadowing nham cai thién kha ndng phat am cho sinh
vién khéng chuyén tiéng Anh. Tap chi Khoa hoc Gido duc Viét Nam, 42, 34-39.
5. L&, T. T. H. (2024). Thyc trang hoc k§ ndng néi tiéng Anh cua sinh vién tai Trudng Dai hoc M - Dia chat.
In Proceedings of the National Conference on Earth Sciences and Natural Resources for Sustainable
Development (ERSD 2024).
6. Nguyén, H. K. (2010). Ngit diéu Anh-Viét va ngi* diéu Anh-Anh nhin tir géc d6 ngdn ngit hoc déi chiéu.
Tap chi Khoa hoc PHQGHN: Ngoai ngit, 26, 130-140.

© Le Thi Thuy Ha, 2026

44



HAYYHbIM }YPHAN «CETERIS PARIBUS» ISSN (p) 2411-717X / ISSN (e) 2712-9470 Ne7 / 2026

NEAATOTHRA

45



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b» HAYYHO-U3OATE/IbCKUIA LLEHTP «A3TEPHA»

Dang Thanh Mai
Hanoi University of Mining and Geology

APPLYING PAIR WORK AND GROUP WORK IN FOREIGN LANGUAGE CLASSROOMS
TO IMPROVE STUDENTS' SPEAKING SKILLS

Abstract

Pair work and group work are widely used classroom organizational techniques in communicative
language teaching. This paper analyzes the role of pair work and group work in developing students' English-
speaking skills, while also presenting their advantages, key principles for effective implementation, and
several approaches to organizing pairs and groups to enhance classroom effectiveness. Drawing on practical
teaching experience, the paper argues that the appropriate use of pair work and group work not only
increases students' opportunities to practice speaking and promotes active learner participation, but also
enhances their communicative competence, collaborative skills, and self-confidence throughout the process
of learning English.
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pair work; group work; speaking skills; foreign language teaching; communication; university students.

1. Introduction

In the era of international integration, English proficiency—especially speaking skills—is a crucial
advantage in the labor market, enabling graduates to communicate effectively and enhance their
competitiveness. However, many university students still lack the confidence and competence to
communicate in English after years of study, failing to meet employers' expectations. As an English lecturer,
| have continually sought effective classroom approaches to maximize speaking practice, where pair work
and group work are widely recognized as powerful techniques that promote interaction, encourage authentic
communication, and naturally develop speaking skills. Therefore, this paper discusses the benefits of pair and
group work and presents practical strategies for organizing these activities to improve students' English-
speaking skills.

2. Content

Pair work and group work are widely used teaching techniques that develop students' speaking skills
by encouraging active participation, fostering learner autonomy, and reducing dependence on the teacher.
Working in pairs or small groups provides students with more opportunities to exchange ideas, collaborate
on tasks, and practice English in authentic communicative situations. When properly organized, these
techniques create an engaging, interactive learning environment that involves all students and enhances
speaking practice, while the lecturer acts as a facilitator, guide, and supporter to monitor the process and
assist students with any difficulties.

2.1. The Concept of Pair Work and Group Work

Pair work and group work are learner-centered techniques widely used in language teaching to
increase practice opportunities, with pair work involving two learners and group work involving several
collaborating via discussion (Harmer, 2007). According to Richards and Rodgers (2014), both are essential
components of Communicative Language Teaching (CLT) as they mirror real-life communication, allowing
students to actively exchange ideas, negotiate meaning, and interact rather than passively receiving
knowledge. In English language teaching, these techniques are commonly applied in speaking activities like
role-plays, discussions, debates, interviews, and small projects, helping students develop not only
communicative competence but also teamwork, critical thinking, and autonomous learning abilities.
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2.2. Advantages of Pair Work and Group Work

Pair work and group work, involving students working simultaneously in pairs or small groups of four
to five, are widely used techniques that maximize classroom interaction and active participation. These
methods significantly increase individual speaking practice and reduce stress, especially for shy students,
compared to traditional whole-class formats. Consequently, communicating within smaller groups lowers
anxiety about making mistakes, boosting students' confidence to express opinions and use English naturally.
Furthermore, these activities transform the teacher into a facilitator, organizer, and guide, establishing a
learner-centered environment that encourages greater student responsibility. Finally, collaborative
interaction fosters peer learning and mutual support, allowing students to share knowledge, correct errors,
and enhance their teamwork, autonomy, and communicative competence.

2.3. Considerations for Organizing Pair Work and Group Work

Pair work and group work are effective learner-centered techniques, yet their success depends heavily
on teacher organization and classroom management through four key considerations. First, teachers must
carefully prepare tasks appropriate to lesson objectives and student levels, providing guiding questions, key
vocabulary, or language models to keep discussions on-topic and meaningful. Second, clear, brief instructions
regarding objectives, procedures, and time limits must be given before the activity starts, ideally accompanied
by teacher-student demonstrations to eliminate confusion. Third, during the activity, teachers should move
around the room to monitor progress, encourage equal participation from all members, and offer timely
support without intervening excessively. Fourth, post-activity reporting and evaluation are essential; teachers
should randomly select groups to present, encourage peer feedback, and provide constructive summaries
focusing on progress, strengths, and language reinforcement. In conclusion, effective collaborative learning
requires systematic planning, execution, and evaluation to transform the classroom into a natural
communicative environment that enhances students' language competence and teamwork skills.

2.4. Ways of Organizing Pairs and Groups

The way pairs and groups are formed directly impacts learning effectiveness, where appropriate
grouping maximizes interaction and inappropriate grouping hinders participation. Depending on objectives
and context, teachers can adopt three main strategies. First, grouping students with friends makes them feel
comfortable and confident, which is ideal for large classes, though overusing it limits interaction with other
peers. Second, grouping by proficiency levels can either pair stronger students with weaker ones to
encourage peer tutoring, or cluster similar levels together to allow teachers to assign differentiated, targeted
tasks. Third, random grouping—using seating, numbers, or cards—adds variety, allows students to
collaborate with different partners, and maintains a fresh classroom dynamic. Ultimately, teachers must
remain flexible, combining these strategies to suit class size and individual learner characteristics, as varying
grouping methods maintains motivation and helps students develop broad communication and adaptability
skills.

2.5. Some Pair and Group Activities for Speaking Classes

Teachers can employ a variety of pair and group activities to provide students with meaningful
speaking practice. For instance, in role-plays, students take on different roles like customer and assistant or
interviewer and applicant, while information-gap activities require them to exchange missing information to
complete a task. Additionally, group discussions allow students to debate topics like environmental
protection or artificial intelligence, whereas problem-solving tasks challenge groups to find solutions to real-
life situations. Finally, picture descriptions encourage pairs to describe and compare images, and mini-
debates prompt two groups to defend opposing viewpoints on an issue. Collectively, these activities create
authentic communicative environments where students can apply their vocabulary, grammatical knowledge,
and speaking skills in realistic contexts.

47



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b» HAYYHO-U3OATE/IbCKUIA LLEHTP «A3TEPHA»

2.6. Some Challenges in Organizing Pair Work and Group Work

Although pair work and group work offer numerous benefits, their implementation presents several
challenges, particularly in large classes where monitoring all groups simultaneously is difficult and students
often revert to their native language. Additionally, uneven language proficiency can cause active students to
dominate while less proficient ones contribute little or rely heavily on peers. Managing class time, controlling
noise, and fairly assessing individual contributions also demand significant teacher effort. Therefore, teachers
must carefully prepare tasks, establish clear assessment criteria, and regularly vary group formations to
ensure equal and active participation from all students.

3. Conclusion

Pair work and group work are learner-centered instructional strategies that encourage active
participation, giving students more opportunities to practice speaking English than traditional teacher-
centered classrooms, thereby improving communicative competence and real-life language application.
Notably, shy or less confident students gain a supportive, low-pressure environment to practice freely,
gradually building confidence and fluency. Furthermore, implementing these activities transforms the
teacher’s role from a knowledge transmitter to a facilitator, organizer, and supporter responsible for
designing meaningful tasks, monitoring interactions, guiding when necessary, and providing vocabulary or
language support. In conclusion, when carefully planned and aligned with lesson objectives and student
proficiency, pair and group work significantly enhance English speaking instruction, and it is hoped that these
collaborative strategies will be widely adopted to improve communicative competence, particularly among
students at Hanoi University of Mining and Geology.
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Abstract
The shift from a native-speaker model toward English as an International Language (EIL) emphasizes
intercultural communication and enables learners to express their own cultural identities. This paper reviews
EIL principles and demonstrates their application by adapting a reading lesson from New English File (Pre-
Intermediate) for Hanoi University of Mining and Geology (HUMG) students. By replacing unfamiliar Western
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cultural content with profiles of two popular Vietnamese singers, Tran Lap and Son Tung M-TP, and
incorporating communicative pair-work, the redesigned lesson connected classroom activities with students'
personal experiences and cultural knowledge. This adapted approach fostered a more engaging
environment, noticeably increasing learner motivation, confidence, and active participation in speaking
tasks. Ultimately, the study demonstrates that integrating local culture aligns with the EIL principle of “Think
globally, but act locally,’
highlighting the vital role of teacher adaptation in language instruction.

)

enhancing communicative competence while preserving cultural identity and

Keywords:
English as an International Language (EIL); Teaching English as an International Language (TEIL); material
adaptation; local culture; communicative language teaching; intercultural communication.

1. Introduction

Nowadays, English dominates international communication, playing a crucial role in business,
technology, science, education, and diplomacy (Roux, 2014). Globalization makes English proficiency
essential for academic success, professional development, and cross-cultural communication, with Crystal
(1997) noting that English is used in 85% of major films, 90% of scientific publications, and 90% of Asian
international organizations. Given this importance, English teaching must focus on linguistic competence
while preparing learners for diverse intercultural contexts. This report presents an experience of adapting
teaching materials for Hanoi University of Mining and Geology (HUMG) students to support English as an
International Language (EIL), developing their language skills, intercultural awareness, and communicative
competence to become active global citizens.

2. Contents

2.1. What Is an International Language?

An international language is not defined by its native-speaking population; otherwise, Mandarin
Chinese, Spanish, Arabic, or Hindi would share that status, yet they do not function as global means of
communication. Smith (1976) defined an international language as one used by people of different nations
to communicate with one another, emphasizing its communicative role across national and linguistic
boundaries. Similarly, McKay (2002) argued that international status depends on geographical distribution
and widespread use by non-native speakers. Thus, a language becomes international by serving as a common
medium of communication among people from diverse linguistic and cultural backgrounds, explaining why
English has achieved its global recognition today.

2.2. The Spread of English as an International Language

The rapid spread of English has made it the world's primary international language, with Michael and
Fazard (2008) estimating 380 million native speakers and over one billion second or foreign language users,
demonstrating an influence far beyond mother-tongue nations (Crystal, 1997). Driven by globalization,
English serves as a common medium for international business, science, education, diplomacy, and media,
meaning people learn it to interact with both native and non-native speakers. McKay (2002) notes that
English operates in both a global sense, facilitating communication across borders, and a local sense,
functioning within multilingual societies for education and business. Furthermore, Crystal (1997) asserts that
this international status is achieved either by adopting English as an official language in administration and
education or by widely teaching it as a foreign language for its practical value in employment, higher
education, and technological access.

2.3. Features of English as an International Language

An international language enables communication among diverse linguistic backgrounds and, as Smith
(1976) notes, is not tied to any single nation but serves as a cross-country medium. Consequently, EIL relies
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on three assumptions: learners need not adopt native cultural norms and can maintain their own identity;
the educational goal is effective communication of personal values rather than native imitation; and
ownership is de-nationalized, belonging to all global users. Expanding this, Brutt-Griffler (2002) identifies key
global characteristics: EIL stems from a growing global ethnocultural system across trade, science, and
intellect; it coexists with rather than replaces local languages, functioning as an additional tool; and its spread
occurs via intentional language learning rather than native speaker migration. Together, these elements
prove English is a shared global resource that facilitates intercultural communication while preserving users'
distinct cultural identities.

2.4. An Example of Applying Teaching English as an International Language

According to Smith (1976), the educational goal of learning an international language is to enable
learners to communicate their own ideas and culture to others. Based on this perspective, | adapted a reading
and speaking lesson from Unit 7B — Born to Direct (p. 78) of New English File (Pre-Intermediate) to better suit
the cultural background of my students. In the original textbook, students read about Western film directors
Alfred Hitchcock and Quentin Tarantino; however, past teaching experience showed that students struggled
to relate to these foreign figures, leading to low interest and reduced speaking effectiveness. To make the
lesson more meaningful, | replaced these directors with two famous Vietnamese singers, Tran L4p and Son
Tung M-TP, who are highly familiar to local students. This adaptation aligns with the principles of Teaching
English as an International Language (TEIL) by allowing learners to express their own cultural identities rather
than focusing solely on native-speaker cultures. Furthermore, | redesigned the lesson to emphasize pair work,
requiring students to collaborate, ask questions, compare the singers, and share opinions. These
communicative activities provided meaningful speaking practice on familiar topics, noticeably boosting
student motivation, confidence, and classroom interaction. Ultimately, this approach illustrates how
localizing materials and embedding collaborative tasks can fulfill the EIL goal of using English as a tool to share
one's culture.

Wity
Wiln
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1. Hewas born on 12 December 1974.

2. Hewas born on 5 July 1994.

3. He was a Viethnamese rock musician and singer.

4. When he was two years old, his family discovered his talent for singing. At the age of eight, he
joined the Thai Binh Children's Arts and Culture Palace, where he learned to play the electronic keyboard.

5. He was best known as the lead singer of the rock band The Wall.

6. He received many awards and honors, including an MTV Europe Music Award and a Dedication
Music Award.

7. He was the youngest child in a large, poor family.

8. He began his artistic career by studying vocal performance at the Department of Theatre, Hanoi
College of Arts, from 1993 to 1997.

9. He graduated from the Department of Economics, Vietnam National University, Hanoi, in 2001.

10. In 1994, he and his friends formed a rock band.

11. His self-written singles, "Con mwa ngang qua" (2012) and "Em cGa ngay hém qua" (2013),
launched his singing career.

12. He was the leader of the band from its formation until it disbanded in 2006.

13. He wrote more than 30 songs, including the well-known song "Road to Glory."

14. However, his parents did not approve of his decision to pursue a singing career and wanted him
to focus on his education. His father hoped that he would study business.

15. Despite his parents' wishes for him to study business, he actively participated in singing contests
and performances at school.

16. He died of cancer on 4 November 2015.

In Activity 1, students work in pairs to describe the physical appearance of the two singers from
pictures and name their well-known songs, activating background knowledge as a warm-up for the reading
task.

Next, in Activity 2, pairs read biographical facts and classify them by writing T for Tran L4p or S for Son
Tung M-TP, followed by whole-class answer checking and teacher feedback.

Finally, in Activity 3, students engage in a dynamic, mobile information-sharing task; Student A
describes what they remember about Tran Lap while Student B listens, adds details, and asks questions,
before they swap roles for Son Tung M-TP. Students change partners multiple times to communicate with
different classmates, which provides extensive speaking practice, reinforces reading content, and enables
meaningful English use in authentic situations.
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| believe that this adaptation is well suited to the students in my classes. It creates a more engaging
and motivating learning environment by encouraging students to participate in discussions while drawing on
familiar cultural contexts. By incorporating elements of Vietnamese culture into the lesson, the activities
become more meaningful and relevant to learners' own experiences. As a result, students are more willing
to express their ideas, actively participate in classroom interactions, and communicate with greater
confidence. Furthermore, the familiarity of the topic reduces the cognitive load associated with generating
ideas, enabling learners to focus more effectively on using the target language. Consequently, this adaptation
is likely to enhance both students' motivation and their ability to produce English more naturally and fluently.

3. Conclusion

This paper highlights that adopting English as an International Language (EIL) principles, such as
integrating local Vietnamese cultural content into teaching materials, enhances learner motivation and
confidence in intercultural communication. While adapting materials presents challenges in time and
resources, this "think globally, act locally" approach makes learning more meaningful and enables students
to express their own identities. To implement these changes, teachers are encouraged to gradually
incorporate EIL principles into their practice, enhancing both language proficiency and cultural expression.
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THEORETICO-METHODOLOGICAL FOUNDATIONS OF PHYSICAL CULTURE SPECIALISTS' TRAINING

The article is devoted to the professional training of specialists in the field of physical education and
their professional and pedagogical skills. In this article, the author shares his thoughts and views on the
education of future specialists. In fulfilling their professional duties, a physical education teacher must
possess certain pedagogical abilities and a set of knowledge, skills, and abilities important for successful
pedagogical activity.
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CaHruHoB baxpom Kapumosuy,
K.M.H., CTaplnii npenoaasaTtenb Kadeapbl cnopTa U MeToAnKM GU3NYecKoro socnutanma, oY
XyOsKaHACKUI rocyaapCcTBEHHbIN YHUBEPCUTET UMEHM aKageMuka b. Nadyposa

TEOPETUYECKUE U METOA0O/TOTMYECKUE OCHOBbI NOArOTOBKU
CMNEUUANIUCTOB CHEPLI ®UINYECKOW KY/IbTYPbI

CTaTbs NOCBALLEHA BONPOCcaM NpodpeccMoHanbHOM NOArOTOBKU CNELMANNCTOB B 061aCTU GU3MYECKOTO
BOCNMTaHMA U UX NpodeccMoHanbHO-NeaarorMiyeckoro MacTepcTea. B aToli ctaTbe aBTOpP NOAENU/ICA CBOUMU
MbICIAMM M B3rNS4amMM  Ha BOCMMTaHMe Oyaywero crneuuanucta. [Ons  BbINOJAHEHWUS  CBOMX
npodeccMoHanbHbiX 06A3aHHOCTEN yuuTeNb QU3KYNbTYpPbl AO/MKeH o6nagaTb onpegeneHHbIMM
negarorMyeckMmmM CnocobHOCTAMM, a TaKKe Habopom 3HAHUI, HAaBbIKOB M YMEHWM, BaXKHbIX A5 YCNeLwWwHOoMN
nefarorMyeckomn 4eaTenbHoCTH.
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Introduction

The sweeping changes of the early 21st century in the socio-economic, political, and cultural-cognitive
spheres have impacted spirituality, consciousness, values, and behavior, complicating the process of
improving the professional skills of physical education teachers. At the same time, the real social situation
decisively demands the upbringing and formation of initiative and independence in physical education
teachers, establishing new values: self-formation, self-education, and self-realization, which become the
foundation for the establishment of a personality-oriented educational paradigm.

As O.A. Abdullina has noted: "the main shortcoming in the training of current graduates is the
disconnection between theoretical knowledge and the skills for their practical application, which results in a
low level of their practical skills and abilities" [2, p. 56]. Regarding this issue, E.P. Belozertsev has stated: "in
the professional training of graduates of pedagogical educational institutions, there are a number of
shortcomings: the inability to apply knowledge in specific pedagogical situations, the lack of skills for studying
schoolchildren and establishing contact with them" [3, p. 7].

Typically, pedagogical abilities are built upon the foundation of general abilities such as observation,
sharp intellect, attentiveness, creative imagination, tolerance, and others.

When studying the professional preparedness of future teachers in educational institutions,
researchers focus their attention on those forms of knowledge that contribute to the development of
practical skills and abilities. First and foremost, this concerns teaching practice. Educational-practical activity
is the process of solving practical tasks aimed at fulfilling practical assignments that require the application
of theoretical knowledge in practice. Such provisions regarding educational-practical activity are noted in the
publications and works of scholars. V.S. Lednov notes that "teaching practice, as practicum in university
conditions, is an organic part of the educational process of an educational institution and ensures the
connection of creative training with the pedagogical practicum of students in educational institutions" [4, p.
41]. L.A. Lyubushkina, having researched the problems of adaptation of physical education trainee teachers
to pedagogical activity, came to the conclusion that it is important to pay special attention to the organization
and conduct of pedagogical practicum in schools, and most importantly, to the thorough methodological
preparation of students, particularly regarding the particular methodologies of sports disciplines [5, p. 29].

"In the educational process, professional-pedagogical training is directed toward and partially
implemented for the formation of pedagogical skills of future teachers. However, the potential and ways for
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its improvement are very numerous," notes V.S. Vasilyeva. In practical classes, it is important to introduce
procedures for pedagogical skills combined with activity analysis; the scope of teaching practice should be
expanded to encompass the entire course of a specific subject. According to O.A. Abdullina, the organization
of a complex of student activities includes the combination of educational-cognitive, educational-practical,
and independent practical activities. Educational-practical activity, as a process of solving practical tasks
aimed at fulfilling practical assignments in theoretical subjects, requires the application of theoretical
knowledge in practical activity" [2, p. 57]. However, as E.P. Belozertseva notes, "in the system of training a
physical education teacher, a well-grounded correlation of forms of student instruction and the time
allocated for each form has not been developed. Changing the volume of hours allocated for sports disciplines
in the professional-methodological cycle, which is fundamental for the methodological preparation of future
physical education teachers, lacks a certain logic, is not scientifically substantiated, and has not been
coordinated with the school curriculum" [3, p. 35].

The contradictory nature of the state of affairs in the educational-practical training of future physical
education teachers is noted by E.P. Belozertseva.

"Strengthening the practical training of future physical education teachers depends on increasing the
volume of pedagogical practicum within general professional training, which is applied to all pedagogical
specializations and does not reflect the specifics of the future profession of a physical education teacher. The
professional training of a physical education teacher (methods of physical education) lacks connection with
the content of the school curriculum, for the implementation of which this training is intended. Also, there is
no logical allocation of teaching hours for each section of the school curriculum; during the analyzed period
of the faculties of physical education, the distribution of the grid of teaching hours and academic disciplines
according to various areas of professional training has not been optimized. The following phenomenon
testifies to the absence of specific criteria for assessing students' knowledge: in one curriculum, an exam is
planned for a discipline, in another — a test, and in a third curriculum — a course project" [6, p. 63].

We agree with the arguments of this author and, within the framework of our research, analyze the
educational materials of teaching practice. The following specialized disciplines of the physical education
teacher specialization, which are of great professional importance in school activities, were subjected to
analysis: "Gymnastics and Methods of Teaching It"; "Athletics and Methods of Teaching It"; "Sports and
Outdoor Games and Methods of Teaching Them"; "Swimming and Methods of Teaching It"; "Rhythmic and
Musical Education"; "Tourism and Methods of Teaching It."

All the mentioned disciplines are considered as forms of practical training. The content and essence of
the educational-practical activity of a future physical education teacher includes the formation and
development of professional programmatic details of the main pedagogical tasks: giving commands,
individual line orders; reporting; explaining exercises; explaining games; formation, line-up; group
positioning; selection and arrangement of exercise complexes for different parts of the lesson; choosing a
position for leading instruction and games; demonstration of general physical exercises; knowledge of
terminology; group organization; planning and developing tools, methods, and forms of physical education;
conducting general physical exercises, special exercises, games, parts of a lesson, lesson (session), training;
mistakes and errors; identifying main and secondary errors, analyzing them, indicating ways to eliminate
them; providing assistance; conducting a methodological analysis of the lesson; teaching one person, several
people, or everyone; refereeing: fulfilling duties: servicing competitions, conducting competitions;
equipment and inventory; repairing, providing for exercisers, participants, games, lessons; location of
activities and games; preparing, maintaining; working with planning documents; educational and
competition documents.
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Conclusion

The analysis of the teaching practice materials of the Faculty of Physical Education of the Pedagogical
Institute has shown that the proportion of hours allocated to the aforementioned forms of specialist
instruction is directed toward the aspect of practical training of future physical education teachers. It should
be noted that a significant portion of the disciplines is not covered by teaching practice.
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Abstract
The rapid advancement of digital technology has transformed the ways university students learn

English, particularly among Generation Z learners who have grown up in highly connected digital
environments. In Vietnam, Generation Z students now represent the majority of learners in higher education,
requiring English language teaching to adapt to their learning characteristics and technological experiences.
This paper examines teaching approaches that are most appropriate for Generation Z students in Vietnamese
universities through a review of recent literature on technology-enhanced language learning, blended
learning, flipped classrooms, mobile-assisted language learning, project-based learning, gamification, and
personalized learning. The study argues that effective English instruction should move beyond simply
incorporating digital tools into classroom activities. Instead, successful pedagogy should integrate technology
with communicative learning, collaborative activities, formative assessment, and learner autonomy.
Considering the educational context of Vietnam, the paper concludes that a flexible learner-centered
approach combining digital innovation with sound pedagogical principles provides the most effective
direction for improving English language education for Generation Z learners.
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2. Introduction

The rapid development of digital technology has significantly reshaped higher education worldwide,
particularly in the field of English language teaching (ELT). Today's university students have unprecedented
access to information through smartphones, social media, online learning platforms, and artificial intelligence
(Al)-supported applications. These technological changes have not only transformed learning environments
but have also influenced students' expectations, learning habits, and classroom engagement.

Generation Z, generally defined as individuals born between 1997 and 2012, is the first generation to
grow up in a fully digital environment. Their frequent use of mobile technologies and online communication
has contributed to learning preferences that emphasize flexibility, multimedia resources, immediate
feedback, and interactive learning experiences. Previous studies suggest that Generation Z learners tend to
respond positively to technology-enhanced and student-centered learning environments, although they may
also experience shorter attention spans and greater dependence on digital resources (Seemiller & Grace,
2016).

In Vietnam, Generation Z currently constitutes the majority of university students. At the same time,
English proficiency has become increasingly important for academic success, international collaboration, and
graduate employability. Although many Vietnamese universities have introduced digital learning platforms
and online teaching resources, traditional teacher-centered instruction remains common in many English
classrooms. This mismatch between students' learning preferences and conventional teaching practices may
reduce learning motivation and classroom engagement. The original Viethamese manuscript also emphasizes
that while Generation Z students are highly familiar with digital technology, English teaching methods have
not always evolved to meet their changing learning characteristics.

Therefore, identifying effective teaching approaches for Generation Z has become an important issue
for English language education in Vietnam. Rather than focusing solely on technology adoption, teachers
need to design learning environments that promote interaction, learner autonomy, authentic
communication, and continuous feedback. Based on current international research and the Vietnamese
educational context, this paper reviews contemporary teaching approaches and proposes pedagogical
strategies that can enhance English language learning for Generation Z university students.

2. Literature Review

2.1. Generation Z as English Language Learners

Generation Z, generally defined as individuals born between 1997 and 2012, has grown up in an
environment where digital technologies are integrated into everyday life. Compared with previous
generations, they tend to prefer interactive, visually rich, and technology-supported learning environments.
Studies have shown that Generation Z learners value flexibility, immediate feedback, collaboration, and
authentic learning experiences (Seemiller & Grace, 2016). However, researchers also argue that frequent use
of digital devices does not necessarily imply strong digital literacy or effective self-regulated learning.
Therefore, English teachers should avoid assuming that all Generation Z students possess similar
technological or academic abilities.

In Vietnam, these characteristics are increasingly evident among university students. Although many
students are familiar with digital platforms and social media, their English proficiency, learning strategies,
and digital competence vary considerably. Consequently, English instruction should provide both
technological support and appropriate pedagogical guidance to develop language proficiency and learner
autonomy.
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2.2. Technology-Enhanced English Language Teaching

Recent studies have highlighted the growing role of educational technology in English language
teaching. Mobile-Assisted Language Learning (MALL), learning management systems, artificial intelligence
tools, and online collaborative platforms have expanded opportunities for language practice beyond the
classroom. These technologies can improve vocabulary acquisition, pronunciation, listening practice, and
learner engagement when they are integrated into well-designed instructional activities rather than being
used as isolated technological tools.

However, technology alone does not guarantee better learning outcomes. The effectiveness of digital
learning depends on instructional design, teacher support, formative assessment, and students' ability to
regulate their own learning. Therefore, technology should be viewed as a pedagogical resource rather than
an instructional objective.

2.3. Contemporary Teaching Approaches for Generation Z

Several learner-centered approaches have been widely recommended for teaching Generation Z
students. Blended learning combines face-to-face instruction with online learning, providing greater
flexibility while maintaining classroom interaction. Flipped classrooms encourage students to study learning
materials before class so that classroom time can be devoted to communication, discussion, and problem-
solving. Project-Based Learning promotes authentic language use through collaborative tasks, whereas
gamification enhances motivation by incorporating game elements into classroom activities.

Previous research generally indicates that these approaches improve learner engagement, autonomy,
and communicative competence. Nevertheless, their successful implementation depends on contextual
factors such as teacher competence, institutional support, digital infrastructure, and students' readiness for
independent learning. Therefore, no single teaching method is universally effective; instead, English teachers
should adopt a flexible combination of learner-centered strategies that best fits the Vietnamese higher
education context.

3. Current Challenges, Proposed Teaching Methods and Discussion

3.1. Current Challenges in English Language Teaching

Despite ongoing educational reforms, English language teaching (ELT) in Vietnamese universities
continues to face several challenges in meeting the learning needs of Generation Z students. Although most
students are familiar with digital technologies, many classrooms still rely heavily on teacher-centered
instruction, textbook-based activities, and grammar-focused assessment. This mismatch often reduces
students' motivation and limits opportunities for meaningful communication. Similar concerns were
identified in the original Viethamese manuscript, which highlights that many students prefer learning through
digital media while classroom instruction has not fully adapted to these changing learning behaviors.

Another challenge is the considerable variation in students' English proficiency and self-directed
learning skills. While some learners actively use online resources and Al-assisted applications to improve their
language skills, others depend largely on teacher guidance and experience difficulties managing independent
learning. Furthermore, unequal access to digital infrastructure, limited teacher training in educational
technology, and large class sizes remain obstacles to implementing innovative teaching practices effectively.

3.2. Proposed Teaching Methods

To address these challenges, English instruction for Generation Z should adopt a learner-centered
approach that combines technology with communicative pedagogy.

Blended learning is one of the most practical approaches because it integrates online learning with
face-to-face instruction. Online platforms can be used to provide learning materials, vocabulary practice,
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quizzes, and feedback before or after class, while classroom sessions focus on communication, collaboration,
and problem-solving.

The flipped classroom is another effective strategy. Students study instructional videos or reading
materials before class, allowing classroom time to be devoted to discussions, role plays, presentations, and
other communicative activities. This approach encourages learner autonomy while maximizing opportunities
for language practice.

In addition, Mobile-Assisted Language Learning (MALL) enables students to continue learning beyond
the classroom through mobile applications such as Quizlet, Duolingo, Elsa Speak, or Al-supported learning
tools. These applications provide flexible opportunities to practice pronunciation, vocabulary, listening, and
speaking according to individual learning needs.

Project-Based Learning (PBL) and gamification can further increase learner engagement by
encouraging students to complete authentic tasks such as creating podcasts, producing short videos,
conducting interviews, or presenting solutions to real-world issues. Interactive platforms such as Kahoot or
Quizizz may also enhance classroom participation through formative assessment and immediate feedback.

3.3. Discussion

The findings of this review suggest that no single teaching method is sufficient to meet the diverse
learning needs of Generation Z students. Instead, effective English instruction requires the integration of
multiple pedagogical approaches supported by appropriate educational technology. Digital tools should not
replace teachers but rather facilitate communication, collaboration, learner autonomy, and continuous
assessment.

For Vietnamese universities, successful implementation also depends on contextual factors including
institutional support, teacher professional development, technological infrastructure, and students'
readiness for independent learning. Therefore, rather than emphasizing technology itself, educators should
focus on designing meaningful learning experiences that connect classroom activities with authentic
language use and future professional communication.

Overall, a flexible combination of blended learning, flipped instruction, mobile-assisted learning,
project-based activities, and formative assessment appears to provide the most appropriate pedagogical
framework for teaching English to Generation Z students in Vietnam.

4. Practical Implications

The findings of this study provide several practical implications for English language teaching in
Vietnamese universities. First, teachers should shift from knowledge transmission to learning facilitation by
creating interactive and student-centered learning environments. Rather than relying primarily on lectures,
classroom time should emphasize communication, collaboration, and problem-solving activities that
encourage students to actively use English.

Second, technology should be integrated strategically rather than simply increasing the number of
digital tools used in class. Learning management systems, mobile applications, Al-assisted writing tools, and
online assessment platforms should support language learning objectives and promote learner autonomy
instead of replacing teacher guidance.

Third, higher education institutions should invest in professional development programs that enhance
teachers' digital pedagogical competence. Continuous training enables instructors to design blended courses,
implement formative assessment, and effectively manage technology-enhanced learning environments.

Finally, curriculum designers should adopt flexible teaching models that accommodate different
proficiency levels and learning preferences. Combining face-to-face instruction with online learning
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resources, authentic tasks, and continuous feedback can better support the diverse needs of Generation Z
students while preparing them for academic and professional communication in an increasingly digital world.

Table 1
Recommended English Teaching Framework for Generation Z Students in Vietnamese Universities
Challenge Recommended Approach Expected Outcome
Low classroom engagement Blended Learning + Flipped Classroom Increased participation and learning
flexibility
Short attention span Gamification and micro-learning Higher motivation and sustained attention
activities
Limited opportunities for Project-Based Learning (PBL) Improved speaking, teamwork, and critical
communication thinking
Different learning abilities Personalized Learning supported by LMS | Individualized learning pathways and
and Al tools learner autonomy
Limited feedback in traditional Formative assessment using Kahoot!, Immediate feedback and continuous
classrooms Quizizz, Mentimeter, or LMS learning improvement

Effective English teaching for Generation Z in Vietnam is achieved through the integration of learner-
centered pedagogy, educational technology, authentic communication, and continuous formative
assessment. These components collectively enhance learner engagement, language proficiency, and
autonomous learning.

5. Conclusion

Generation Z students have introduced new opportunities and challenges for English language
teaching in Vietnamese higher education. Their familiarity with digital technology and preference for
interactive learning require instructional approaches that extend beyond traditional teacher-centered
methods. However, technology alone cannot improve learning outcomes unless it is supported by sound
pedagogical design and effective classroom interaction.

This paper has argued that a flexible combination of blended learning, flipped classrooms, Mobile-
Assisted Language Learning, Project-Based Learning, gamification, and formative assessment provides an
appropriate framework for teaching English to Generation Z learners in Vietnam. These approaches not only
increase learner engagement but also foster communicative competence, learner autonomy, and the digital
skills required in contemporary society.

Future research should conduct empirical investigations involving teachers and students from different
Vietnamese universities to evaluate the effectiveness of these approaches in specific educational contexts.
Such evidence will contribute to the development of sustainable pedagogical models for English language
education during the ongoing digital transformation of higher education.
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LISTENING DIFFICULTIES AND LEARNERS’ EXPECTATIONS OF EFFECTIVE LISTENING INSTRUCTION:
EVIDENCE FROM VIETNAMESE EFL FRESHMEN

Abstract

A study of 164 first-year English majors at Hanoi University of Mining and Geology identified fast
speech, limited vocabulary, unfamiliar accents, and connected speech as primary listening difficulties.
Students preferred explicit strategy instruction and increased authentic material exposure, highlighting the
need to blend strategy-based teaching with self-directed learning to improve listening proficiency.
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Vietnamese university students; listening pedagogy

1. Introduction

Listening is a complex, less visible process essential for language learning, often challenging first-year
students who struggle with real-time speech, reductions, and accents despite heavy exposure to English
media (Field, 2008; Mendelsohn, 1998; Buck, 2001). This study examines the perceived difficulties,
independent practices, and instructional expectations of 164 first-year English majors at a Vietnamese
university to better align pedagogy with learner needs.

2. Literature Review

2.1. Listening comprehension as a multilevel process

Listening comprehension involves an interaction between bottom-up acoustic decoding and top-down
contextual processing (Flowerdew & Miller, 2005; Nation & Newton, 2009). Goh (2000) categorizes listening
failures into three cognitive stages: perception, parsing, and utilization. Consequently, common complaints
like excessive speech rate often reflect internal processing limitations—such as slow lexical access, unfamiliar
connected speech, or limited automaticity—rather than just the literal speed of the audio. Effective pedagogy
must therefore move beyond broad problem identification to target these specific underlying processing
demands and help students build phonological flexibility.

2.2. Learner practices and the role of digital exposure

Digital media expand out-of-class listening opportunities through films, podcasts, and social media,
supporting vocabulary growth and motivation, though its value depends heavily on how learners engage with
the material. Passive exposure, such as watching with first-language subtitles, often prioritizes plot over
linguistic form, whereas structured practice utilizing explicit goals, prediction, selective attention, and
reflection vyields greater improvement (Graham & Macaro, 2008; Vandergrift, 2003). Additionally,
incorporating micro-listening activities helps students focus on short speech stretches, diagnose
comprehension errors, and notice connected-speech processes (Field, 2008). Ultimately, digital resources
are most effective when integrated into a deliberate cycle of listening, diagnosis, and adjustment rather than
treated as exposure alone.

2.3. Learner perceptions and effective listening instruction

Learner perceptions directly influence motivation, strategy choice, and persistence, as students often
attribute listening failure to uncontrollable factors like speaker speed or low innate ability, which reduces
self-efficacy (Graham, 2006). Teachers can counter this by making the listening process visible through
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process-oriented instruction, shifting focus from answer checking to the sequence of decisions made before,
during, and after listening. Research shows strategy instruction is most effective when taught in context,
allowing learners to understand when and why specific strategies are useful (Goh, 2008; Rubin, 1994).
Furthermore, addressing social and affective dimensions is crucial, as listening anxiety narrows attention,
while peer discussions reduce uncertainty and reveal alternative processing methods. Consequently,
effective instruction must combine linguistic support, strategy development, emotional reassurance, and
opportunities for independent practice.

3. Method

3.1. Research design and context

The study used a qualitative-dominant descriptive design supported by frequency counts. It analysed
three open-ended questions included in a broader questionnaire on listening comprehension strategies. The
qualitative approach was selected because the study sought to identify how students described their
difficulties and learning needs in their own words. Frequency counts were used to indicate the relative
prominence of themes, not to convert the study into a purely quantitative analysis.

3.2. Participants

Participants were 164 first-year students majoring in English Language at Hanoi University of Mining
and Geology, Vietnam. The group comprised 134 female students and 30 male students. Most described their
English proficiency as A2 or B1. The students were taking foundational English courses and had studied
English as a foreign language before entering university. Their transition to an English-major programme
made them a relevant group for examining early university listening needs.

3.3. Instrument and data collection

The questionnaire was administered online through Google Forms. In addition to background and
Likert-scale items used for a separate analysis, it contained three open-ended questions: ‘What is the biggest
difficulty you face when listening to English?’, “‘What do you usually do to improve your English listening
skills?’, and ‘What can your English teachers do to help you improve your listening comprehension?’ All 164
participants answered the first question, 149 answered the second, and 137 answered the third. Participation
was voluntary, and responses were analysed anonymously.

3.4. Data analysis

The data were analyzed using semantic qualitative content analysis following Braun and Clarke’s (2006,
2021) thematic procedures to identify recurrent themes, with coding based on self-reported, non-exclusive
responses. This approach used a transparent coding scheme to analyze direct content, although it was limited
by the lack of follow-up interviews. Further details on the methodology can be found in the provided text.

4. Results

4.1. Reported listening difficulties

Table 1
Main listening difficulties reported by students (N = 164)
Theme n %

Fast speech and processing pressure 76 46.3
Limited vocabulary or unfamiliar words 60 36.6
Accent and pronunciation variation 57 34.8
Connected speech and reduced forms 20 12.2
Difficulty identifying main ideas or

. 7 4.3
details
Concentration or memory problems 4 2.4
Grammar or complex sentence structure 3 1.8

61



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b» HAYYHO-U3OATE/IbCKUIA LLEHTP «A3TEPHA»

Fast speech and processing pressure represent the most prominent barriers to English listening
comprehension, with students often losing the message because they cannot keep up with native speakers.
This challenge is further intensified by vocabulary limitations, as encountering unfamiliar words increases
cognitive load and slows down lexical processing. Additionally, accent variation across British, American, and
Australian English poses significant difficulties, revealing a lack of perceptual flexibility among learners.
Finally, connected speech and reduced forms prevent students from recognizing words they already know in
writing, causing them to misinterpret natural word linking as excessive speech speed.

4.2. Students’ independent listening practices

Table 2
Practices used to improve listening (valid responses = 149)
Theme n %
Videos, films, television, YouTube, or social media 92 61.7
Podcasts, audio recordings, or stories 52 34.9
Regular or daily practice 49 32.9
Music or songs 43 28.9
Subtitles, captions, or transcripts 30 20.1
Vocabulary learning 14 9.4
Repetition or replay 10 6.7
Shadowing, imitation, or interaction 10 6.7
Dictation or transcription 6 4.0

The analysis indicates that while a majority of students actively engage with English through visual and
audio media, their self-directed practices focus on passive consumption rather than active, structured
learning processes. Despite reporting vocabulary and pronunciation as major difficulties, only a small
minority employ intensive techniques like shadowing, repetition, or dictation, highlighting a need for more
systematic approaches to improve listening comprehension. You can read the full analysis in the original
study.

4.3. Expected instructional support

Table 3
Forms of teacher support requested by students (valid responses = 137)
Theme n %
More listening practice, exercises, or homework 54 39.4
Vocabulary and language explanation 33 24.1
Authentic or varied materials and accents 17 12.4
Feedback and explanation of answers 16 11.7
Explicit listening-strategy instruction 16 11.7
Repetition, pausing, segmentation, or slower delivery 14 10.2
Pronunciation or connected-speech instruction 9 6.6
Recommendations for self-study resources 7 5.1

Students frequently requested more structured listening practice, vocabulary explanations, and
authentic materials to improve their comprehension. Additionally, they sought process-oriented activities—
including shadowing, dictation, and greater playback control—along with teacher guidance to convert
passive, independent listening into purposeful learning. Read the full study in this document.

5. Discussion

The findings indicate that first-year English-major students face significant listening difficulties due to
fast speech, limited vocabulary, and unfamiliar accents, despite actively engaging in self-directed practice
like watching videos and listening to podcasts. This suggests that informal practice alone is insufficient,
highlighting the need for listening instruction that combines authentic practice with explicit strategy training
to improve learners' confidence, metacognitive awareness, and autonomy.
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7. Conclusion

A study of 164 first-year English majors in Vietnam identified fast speech, limited vocabulary, and
accent variation as primary listening barriers, with students relying on media with subtitles over intensive
practice methods like dictation and shadowing. Results suggest enhancing listening instruction by bridging
independent digital listening with structured, diagnostic, and metacognitive classroom strategies to improve
comprehension. For more information, visit the study's findings on listening difficulties, practices, and
expectations.
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CanmaHoBa Unbxam 3y6aiipoBHa,
YeyeHCKMN rocyaapCTBEHHbIN NeaarorMyecknii yHuBepcuTeT
r. [po3HbIN, PP

HOPMATMBHO-NPABOBbIE OCHOBbl ®OPMWUPOBAHUA HAYYHO-UCCNELOBATE/IbCKOM
KY/ZIbTYPbl BYAYLLEIO YYUTENA

AHHOTauuA

B cratbe npeacTaBneH aHanAM3  HOPMATUBHO-MPABOBbLIX AOKYMEHTOB, pernameHTUpPYoLLnX
dbopmMmMpoBaHMe HayYHO-UCCNEAOBATENbCKOM  KyAbTypbl OyaywuMx yduTeneid B CUCTEME BbICLLETO
neparormnyeckoro obpasosaHua Poccuiickonn Pepepaummn. ABTOPOM paccMOTPEHa MHOTOYPOBHEBas cUcTema
NpaBOBOro peryanMpoBaHuA, BKAlYalowWwasa deaepanbHble 3aKOHbI, yKasbl lpe3ngeHTa, NOCTaHOBAEHUA
MpaBuTenbcTBa, ¢eaepanbHble rocyfapcTBeHHble 0b6pasoBaTenbHble CTaHZAPTbI, MNpodeccroHasnbHble
CTaHAAPTbl U JIOKa/NbHble HOPMATUBHbIE aKTbl BY30B. Llenblo nccnegoBaHUA BbICTYNUAO BbiABAEHUE U
cUCTEMATU3ALMA HOPMATUBHBIX OCHOBaHWI, onpeaenatolmx TpeboBaHMA K UCCNea0BaTeIbCKOM NOAFOTOBKE
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oyaywmx negaroros. B KayectBe MeToAa MCMO/Ib30BAH CPaBHUTENbHO-MPABOBOM aHA/M3 AENCTBYIOLLMX
HOPMaTMBHbIX aKTOB. B pesynbTaTe YCTAaHOB/AEHO, 4YTO AeWNCTBYlOWas HOPMATMBHO-NpaBoBas 6asa
dopmMmmnpyeT YETKUIA rocydapCcTBEHHbIM 3anpoc Ha MOArOTOBKY Yy4YMTeNsa-uccnedoBaTens, OAHaKO Mexay
HOPMATMUBHbIMM NPEANUCAHUAMWU U peasibHON 0bpa3oBaTeIbHOM MPAKTUKOM COXPaHAETCA 3HAYUTEbHbIN
pa3pbiB. ABTOPOM AenaeTca BbiBO4, O HeobxogMMOCTM LeseHanpas/ieHHOro GOopMUPOBAHUA HAYYHO-
MCCﬂeAOBaTeanKOVI KynbTypbl KaK WHTErpatTMBHOro KayecrtBa JIMYHOCTW, o6ecnqu|BarouJ,ero 3TUYHOE,
OCO3HAHHOE W TEeXHO/NIOTMYHOE WCMNO/Ib30BaHME HABbIKOB MCCNe[0BaTeNbCKON  OesTeNbHOCTM B
negarorMyeckom npakTuKe.
KnioueBble cnosa:
Hay4YHO-UCCeL0BaTENbCKAA KyNbTypa, OyayLWMiA yunTenb, HopMaTUBHO-NPaBoBblie ocHoBbl, PFOC BO,
npodeccMoHanbHbI cTaHAApT «lNegaror», negarornyeckoe obpasoBaHue, UccieaoBaTeNlbCKNE
KomneTteHuun, Hay4Ho-nccneanoBaTe/ibCkaa AeATe/IbHOCTb CTYAEHTOB.

Salmanova llkham Z,,
Chechen State Pedagogical University
Grozny, Russia

REGULATORY AND LEGAL FOUNDATIONS FOR THE FORMATION OF SCIENTIFIC
AND RESEARCH CULTURE OF FUTURE TEACHERS

Abstract

The article presents an analysis of regulatory documents governing the formation of scientific and
research culture of future teachers in the system of higher pedagogical education of the Russian Federation.
The author examines a multi-level system of legal regulation including federal laws, presidential decrees,
government resolutions, federal state educational standards, professional standards and local regulations of
universities. The aim of the study was to identify and systematize the regulatory foundations that determine
requirements for the research training of future teachers. Comparative legal analysis of current regulatory
acts was used as the research method. As a result, it was established that the current regulatory framework
forms a clear state demand for training teacher-researchers; however, a significant gap remains between
regulatory requirements and actual educational practice. The author concludes that it is necessary to
purposefully develop scientific and research culture as an integrative personal quality.

Keywords:
scientific and research culture, future teacher, regulatory foundations, federal state educational standards,
professional standard, pedagogical education, research competencies.

BeepgeHue

CoBpeMeHHaa cucTeMa negarorMyeckoro obpasoBaHMA  MepexkMBaeT  nepuog  rnyboKkux
TpaHchopmaunuii, O0OYCNOBNEHHbIX AWHAMUYHLIMW  M3MEHEHUSIMM B  OOLLECTBE, 3KOHOMUKE W
TexHonormyeckom yknage. Mepen neparorMyeckMMy By3amu CTOMT 3aZayva MOATOTOBKWM Crnewumanucta
NPUHUMNMANABHO HOBOFO TMMNA, CMOCOOHOIO He TONMbKO NepenaBaTb HAKOM/JEHHble 3HAHWUA, HO MU
CaMOCTOATE/IbHO BECTU HayYHbIA NMOWUCK, KPUTUYECKM OLUEHMBATb MHPOPMAaLMIO U BHeOPATb pe3y/bTaTbl
nccnefoBaHunit B obpasoBaTenbHbI npouecc [1]. PelweHune 3Tol 3a4a4m HEBO3MOXKHO 6e3 popMnpoBaHmMA Y
OyayWwmx yumntenei Hay4yHo-UcCAef0BaTENbCKOM KyNbTypbl, KOTOpPan NpeacTaBnseT coboit MHTerpaTMBHoe
KayecTBO JIMYHOCTU, 06beANHAIOLLEE MOTUBALMOHHO-LEHHOCTHbIE YCTaHOBKM, METOA0/1I0TMYECKME 3HAHWA,
nccnefoBaTeNbCKME KOMNETEHLUN U TOTOBHOCTb TPAHC/IMPOBATb HAayYHble LLEHHOCTU yYeHMKam [2].
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3HaYMMOCTb [AHHOMO HanpaB/iieHMA ONpeaensieTcd He TO/NbKO BHYTPEHHUMMKM noTpebHoCTAMM
nefarornMyeckoi HaykuM M NPaKTUKK, HO U NPAMbIM FOCYAapPCTBEHHbIM 3anpocom, 3adUKCUPOBAHHLIM B
LUEeNOM pAfe HOPMATUBHbLIX LOKYMEHTOB Pa3/MYHOIO YPOBHA. BmecTte ¢ Tem CUCTEMHOro aHasau3a
HOPMaTUBHO-NPABOBbIX OCHOBAHWI, B COBOKYMHOCTU onpeaensarlmx TpeboBaHUA K UccaefoBaTeIbCKOM
noarotoske Byaywimx yuymTtenei, B HaydyHON nuMTepaType NpeacTtaBAeHO HeaocTaTovyHo. Llenb HacToALlen
CTaTbW COCTOMT B BbIABNEHWUM M CUCTEMATM3ALUM HOPMATMBHO-MPABOBOM 6asbl, pernameHTMpyloLwwen
bopmmpoBaHMe Hay4yHO-UCCNeA0BaTENBCKOM KyAbTYpbl Byayuiero yuntens.

MeToapl uccnepgoBaHusn

B KayecTBe OCHOBHOrO MeTOAa MWCMO/b30BaH CPaBHWUTE/IbHO-NPABOBOW aHa/N3 AEeNCTBYHOLWMX
HOPMATUBHbIX aKToB Poccuitickon ®Pepepaumn, pernameHTUPYIOWMX Pa3/IMYHbIE aACNEeKTbl Hay4HO-
nccnefoBaTeNbCKOM AEATENbHOCTU B CUCTEME BbICLUEr0 negarorMyeckoro obpasoBaHuA. MCTOYHMKOBYHO
6a3y coctaBuan deaepanbHble 3aKOHbl, YyKasbl [pe3maeHTa PP, NoCTaHOBAEHMA W PACMOPANKEHUA
Mpasutenscrtea PP, benepanbHble rocysapcTeeHHble 06pa3oBaTe/ibHble CTaHAAPTbI Bbicero 06pa3oBaHus,
npodeccMoHanbHble CTaHZAPTbI, NPUKasbl MMHOBPHayKkn Poccuu, a TakKe NOKabHble HOPMATMBHbIE aKTbl
obpasoBaTesibHbIXx opraHmusaumii [2]. JOKYMEHTbl aHa/AM3MPOBAAUCE C MNO3ULUWN COLEPNKALUMXCA B HUX
TpeboBaHMWI K NCCNeA0BATENLCKOM NOATOTOBKE 0DYYatOLMXCA U YCIOBUAM e€ obecneyeHus.

Pe3ynbratbl UccnepoBaHUsA

MpoBefEHHbIA aHanu3 MO3BO/INA BbIABUTb MHOTOYPOBHEBYHD CTPYKTYPY HOPMATMBHO-MPaBOBOrO
perynanpoBaHma GOPMMPOBAHMA HAYYHO-UCCNEL0BATE/IbCKON Ky/AbTypbl OYyAyWNUX yuuTenen, KoTopyto
MOXHO NpeACcTaBUTb B BUAE NATU B3aMMOCBA3aHHbIX H/10KOB.

MepBbi 610K 06pa3yoT peaepanbHblie 3aKOHbI, 3a4atolmne oblime npaBoBble pamku. PeaepasibHbin
3aKOH 0T 29.12.2012 Ne 273-®3 «0O6 obpasoBaHun B Poccuitickoint Pepepaummn» ycraHaBNMBaET NPaBOBbLIE,
OpPraHU3aLMOHHble MU 3KOHOMWMYECKME OCHOBbI 06PA30BaHMA, 3aKpennAa MPUHLMMA COAEMCTBMA ANLAM,
NPOABMBLUMM BblAatoLwmecs cnocobHOCTM, B TOM YMC/Ie B HAYYHO-UCCNEA0BaATENbCKOW AeATe/IbHOCTU. 3aKOH
onpeaenser LenuM uHTerpaumm obpasoBaTesibHOM W HayyHOW AeATeNbHOCTM B BbiClleM O6pPa3oBaHWUMU:
NoBbILWEHME KaYecTBa NOATOTOBKM 0byYatoLWMXCca 1 UCNOb30BaHNE AOCTUNKEHUI HAYKN B 06pa3oBaTeibHOM
aeatenbHoctu [3]. PegepanbHbi 3aKoH oT 23.08.1996 Ne 127-93 «O HayKe W rocyaapcTBEHHON HayyYHO-
TEXHWYECKOM MONUTUKE» FapaHTUPYeT CyObeKTam Hay4yHOM aeaTesibHOCTM cBOOOAY TBOpYECTBa, AOCTyN K
nHdopMaunmM M NOATrOTOBKY KaApoB A/1A Hay4YHbIX opraHm3auuin [4].

BTopoit 650K COCTaBNAOT CTpaTermyeckne LOKYMEHTbI, OMNpeaenatolme rocyaapCTBeHHble
npuopuTeTbl B cdhepe HaykM n obpasoBaHuA. Ykas MNpesngeHta PP ot 28.02.2024 Ne 145 «O Crpateruu
Hay4HO-TEXHO/MIOTMYEeCcKoro passuTua Poccuiickon ®Pepepaumn» GUKCUpyeT [ONTOCPOYHbIE LEAn U
NPUOpPUTETbI, HENOCPEACTBEHHO BAMANOLWME Ha GOPMUPOBAHME HAYYHO-UCCNEAO0BATENBCKOM KYNbTypbl B
By3ax. YKka3 [pe3smaeHta PO ot 07.05.2024 Ne 309 «O HauMOHaANbHbIX Lenax passutnsa Poccuiickoi
dPepepaunn Ha nepmog ao 2030 roga n Ha nepcnektuBy Ao 2036 roga» NoAYEépKMBaeT HeobxoAMMOCTb
obecneyeHunss rnobanbHOM KOHKYPEHTOCNOCOOHOCTM poccuinckoro obpasoBaHusa [5]. MocTtaHoBneHue
Mpasutenbctea PO o1 09.04.2010 N2 219 HanpaBAeHO Ha CO3A4aHMe YCI0BMI ANA Pa3BUTUA MHHOBALLMOHHOM
MHPPACTPYKTYpbl By30B, a [ocygapcTBeHHas nporpamma «PasBuTME HayKM U TexHosioruii» (yTBepaeHa
noctaHosneHnem MNpasuTtenbctea PP ot 20.12.2012 Ne 2433-p) ycTaHaBAMBAET LeAM M 3agdaun B coepe
HayKW, KOCBEHHO 3aTparnBaoWwmne Hay4YHO-UCCNeL0BaTeNbCKYO PaboTy byaywmx yuntenei [2].

Tpetnii 610K npeacTasneH dpegepanbHbIMU FOCYAAPCTBEHHbIMU 06pa3oBaTe/IbHbIMKU CTaHAAPTaMM
Bbicwero obpasosaHuaA (PrOC BO 3++), KOTopble HENOCPEACTBEHHO ONpeaenatoT TpeboBaHMA K pe3yabTaTam
0CBOeHUA obpaszoBaTesbHbiX nporpamm. AHanms ®FOC BO no HanpasBneHusm noarotosku 44.03.01 wu
44.03.05 «Meparornyeckoe obpasoBaHMeE» NOKA3bIBAET, YTO UCC/IeA0BaTEe/IbCKAA COCTABAAOLWAA 3aHUMAET B
HUX OOHO W3 ULEHTPasbHbIX MecT. byayuwme yuutens obasaHbl OCBOMTb KOMMETEHLMM, OTpaKatolime
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yBEpPeHHOe BNAAEHNE METOLO0N0IMeN CUCTEMHOrO W KpuTuyeckoro aHanamsa (YK-1), cnocobHocTb
onpeaensaTb KPyr 3aa4 B pamKax NOCTaBAEHHOW Lenun ANA peanmsaunm npoekTHOW U nccienoBaTelbCKon
aearenbHoctn (YK-2), cnocobHOCTb K OCO3HAHHOMY BbICTPAMBAaHUIO TPAEKTOpPUM NPOdecCMOoHaNbHOTo
camopassutna (YK-6), roToBHOCTb oONMpPaTbCA Ha QyHAAMEHTA/IbHble HayyHble 3HaHMA B Xo4e
neparormyeckon npaktuku (OMK-8), BnageHne 6asncom cOBpeMeHHbIX MeToaoB uccnenosBaHua (MK-1),
CNocobHOCTb NMPOEKTMPOBaTb pa3BuBatoLLyto obpasoBaTesnbHyto cpeay (MK-3), roToBHOCTb MCNO/b30BaTb
MHPOPMALMOHHO-KOMMYHMKATUBHbIE TEXHOMIOTMM B MPOEKTUPOBaHUM 0bpasoBaTesnbHoro npouecca (MK-5)
[6; 7].

YeTBEpTbiA 610K 06pasyioT npodeccroHanbHbie cTaHAapTbl. [podeccuoHanbHbIiM  cTaHaapT
«Meparor» (yreepaéH Mpukasom MuHTpyaa Poccum ot 18.10.2013 Ne 544H) TpebyeT OT COBPEeMEHHOro
y4uTena He MNPoOCTO MPOBELEHMA YPOKOB, @ MX BbICTPAMBAHWA Ha OCHOBE AOCTUMKEHMW MCUXONOTUU U
nefarorvkn, yMmeHus npuMeHATb pesysibTaTbl HayYHbIX UCCAeAOBAHWI Ha MpPaKTUKE M OPraHM30BbLIBATH
CaMOCTOATE/IbHYIO UCCNeaoBaTeNbCKy0 paboTy LWKOAbHUKOB. [podeccmoHanbHbIM cTaHpapT «[Meparor
npodeccMoHanbHOro obyyeHus, npodeccnMoHanbHOro obpazoBaHus 7 AOMNONHUTENBHOTO
npodeccMoHanbHOro 06pa3oBaHUA» NPAMO YKa3blBaeT, YTO NeSaror AOKEH YMETb NPUMEHATb pe3yabTaTbl
COBPEMEHHbIX HAY4HbIX MCCNefoBaHUM B cBoel paboTe M pasBMBaTb MCCAe[0BaTENbCKME HABbIKK
obyuatowmxca [8].

MNAaTbiii 610K COCTABAAIOT JIOKA/IbHbIE HOPMATMBHbIE aKTbl 0Opa3oBaTe/IbHbIX OpraHM3aumin. B Kaxkaom
yHuBepcuTeTe GYHKUMOHUPYET KOMMNAEKC AOKYMEHTOB, PErYNPYIOLLMX HAYYHO-UCCNEA0BATENBCKYIO paboTy
CTYZAEHTOB: MOJIOXKEHMA O HAYYHO-UCCeA0BaTeNbCKOM paboTe CTyAeHTOB (onpedensatowme Leau, 3agaum,
dopmbl opraHusaumm HUP M MoOpsAAOK OLEHKM pPes3y/bTaToB), MOJIOXKEHMUA O CTYAEHYECKMX Hay4HbIX
oblectBax M NpPobBAEMHbIX Tpynnax, MNONOXEHUA O KOHKypcax Hay4yHbIX paboT W CTyAeHYecKux
KOHdepeHUMAX, AOKYMEHTbI, pernameHTupytlowme nopagok odopmaeHua otyétos o HUP u paboty ¢
WUHTENNEKTYa/IbHOW COBCTBEHHOCTbIO. ITM JIOKA/IbHble aKTbl pa3pabaTbiBaloTcA B COOTBETCTBUM C
denepanbHbIM M PErMOHANBbHBIM 3aKOHOAATE/IbCTBOM M YUUTLIBALOT CneuMdUKy KOHKPETHOrO By3a [2].

O6cyKaeHue

MpoBeAEHHbIN aHaNW3 CBUAETENbCTBYET O TOM, YTO AEWCTBYIOLWAA HOPMATMBHO-NpaBoBasa 6asa
dopmumpyeT nocsefoBaTeNibHbI U MHOTOACMEKTHbIN FOCYAAPCTBEHHbIM 3aNpoC Ha NOATOTOBKY yyuTens-
uccneposatena. TpeboBaHMA 3adMKCMPOBAHbI Ha BCEX YPOBHAX: OT CTPATETMYECKMX [OKYMEHTOB,
onpefensloWmnx HauMoHas bHble MPUOPUTETbI B chepe HAayKM W TEXHONOMMW, A0 JIOKa/NbHbIX aKTOB
KOHKPETHbIX YHMBepcUTeTOB. [pn 3TOM NpocnexKmBaeTca YETKaA NornKa: geaepanbHble 3aKOHbI 334at0T
obuwme pamKku, cTpaTerMyeckme AOKYMeEHTbl onpegenatoT npuoputetol, ®FOC BO KOHKpeTUsnpytoT
TpeboBaHMA K pe3ynbTaTam MOATOTOBKWM, NpodecCcMoHanbHble CTaHOAPTbl UKCUMPYIOT  OXUAAHMA
paboTozaTteniei, a NOKaNbHble aKTbl 06ECNEYMBAIOT OPraHN3ALMOHHbBI MEXAHU3M peanunsaLmu.

BmecTe C TeM KOHCTaTMPYIOLLMIA 3Tan NpoBeAEHHON HamMM ONbITHO-3KCNepUMeHTabHoM paboTbl (100
ctyneHToB PrbOY BO «YeuyeHCKUI rocyfapCTBEHHbIN NefarorMyeckuii  YHUBEPCUTET», HanpaB/eHue
noarotoskn 44.03.05 «MNeparornyeckoe o0b6pa3oBaHME») TMOKa3aj, uUTO MeXAy HOPMATUBHbIMM
npeanucaHMAMM U peanbHOW NPAKTUKON COXPAHAETCA 3HAYMTENbHbIA pas3pbiB: Y  HONbLWIKMHCTBA
06CcnefoBaHHbIX CTYAEHTOB Hay4yHO-UCCNen0BaTENbCKas Ky/bTypa HAxXOAMTCA HA HAya/lbHOM YpoBHe
cbopmupoBaHHOCTU [2]. [laHHbIN BbIBOA COrnacyeTca ¢ pesynbTatamu nccnegosaHuim M.A. Ambaposolii, H.B.
LLlabpoBoit 1 Konner [9], KOHCTaTUPYHOLLUX NPENUMYLLLECTBEHHO HU3KUIN YPOBEHb HAY4YHO-UCCNEA0BATENLCKON
KYNbTypbl CTYLEHTOB POCCUMICKUX BY30B, a TaKKe ¢ HabaogeHnammn O.C. AHgpeeson, O.A. CenmsaHoBsol, U.B.
Bacunbesoit [10], noayépKMBalOWMX HEOBXOAMMOCTb KOMMNIEKCHOM AMArHOCTUKM WMCCNenoBaTENbCKUX
KomneTeHuui byaywmx negaroros.

MpWYnHBI Pa3pbiBa, NO HalleMy MHEHMIO, CBA3AHbI HE C HEAOCTaTKOM HOPMATMBHbIX NPeanuMcaHuii, a
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C OTCYTCTBMEM LLeNEHANpPaB/N€HHOro Nefarormyeckoro BO3AENCTBMA, 0OEeCcnevyMBatoLLero CUCTEMHOE
bopmMmmpoBaHMe BCEX KOMMOHEHTOB Hay4YHO-UCCAEA0BATENbCKOM KY/bTypbl: MOTMBALMOHHO-LEHHOCTHOTO,
KOMMNETEHTHOCTHO-TPAHCAALMOHHOIO, JIMMHOCTHOrO W pedaekcnmsHoro. HopmaTtmsHasa 6as3a  co3paér
HeobxoguMMmble yCIOBUA U 3343ET LesieBble OPUEHTUPDLI, HO 6e3 cneunanbHO pas3paboTaHHbIX NPOrpamm,
TEXHON0MNM U cpes, GOPMMPOBaAHMA 3TU OPUEHTUPbI OCTAIOTCA AEKIAPATUBHbBIMMU.
BbiBoAabl

HopmatusHo-npaBoBas 6a3za ¢GOpMMPOBaHUA Hay4YHO-UCCEA0BaTENIbCKON KynbTypbl byayuiero
yunuTena npeactaBnsetr cobol MHOrOypoOBHEBYIO CUCTEMY, OXBaTbiBaloWy deaepanbHble 3aKOHbI,
CTpaTerMyeckne AOKYMeHTbl, 06pa3oBaTesibHble U NPOdeccMOoHaIbHble CTAHAAPTDI, @ TAKXKE JIOKA/IbHbIE aKTbl
BY30B. Ta cuctema GopmupyeT YETKMIA roCcyapCTBEHHbIM 3aNpoc Ha NOArOTOBKY Nejarora-uccnenosartens.
OpHaKo HanuMyne HOPMATMBHbLIX TpeboBaHWI ABNAETCA HEOBXOAMMbIM, HO HEAOCTAaTOYHbIM YCI0BUEM:
peanbHoe (GOPMUPOBAHME HAy4YHO-UCC/EA0BATE/NIbCKON KynbTypbl TpebyeT pa3paboTKM M BHeapeHus
crneumanbHbIX NefarorMyeckmx Nporpamm M TeXHON0rniM, o6ecneunBatoLLMX CUCTEMHOE BO34ENCTBME HA BCe
€& KOMMNOHEeHTbI. [epcneKkTMBbI ganbHENIEero nccnensoBaHmMA CBA3aHbl C MPOEKTUPOBaHMEM M anpobauueit
TAKMX MPOrpamMm, a TaKKe C pPa3paboTKOM AMArHOCTUYECKOrO WHCTPYMEHTapuA ANA OUEHKUM AMHAMUKM
$bOpMMPOBaAHMA HAYYHO-UCCNEL0BATE/IbCKON KYAbTYPbl 06YYaroLLMXCS.
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THE ROLE OF VETERINARY MEDICINE IN GLOBAL DEVELOPMENT AND ECONOMIC GROWTH

Abstract

Veterinary medicine serves as a critical driver of global sustainable development, socioeconomic
stability, and poverty reduction, particularly in developing economies. While traditionally viewed through the
lens of animal health, the scope of veterinary science directly influences human well-being by securing rural
livelihoods, strengthening trade capacities, and safeguarding public health. This article explores the multi-
dimensional impact of veterinary infrastructure on community development, examining how livestock health
management acts as an economic catalyst for smallholder farmers. It further analyzes the role of veterinary
interventions in achieving food security and managing the cross-border transmission of animal diseases that
threaten international market access. Ultimately, this study demonstrates that investment in veterinary
education and clinical services is a foundational requirement for sustainable societal and economic
advancement.

Keywords:
Veterinary Infrastructure, Socioeconomic Development, Rural L livelihoods,
Food Security, Disease Control.

Main Part

The relationship between veterinary medicine and macroeconomic development is deeply rooted in
the asset value of livestock across low- and middle-income regions. For hundreds of millions of people
worldwide, livestock represents far more than a source of dietary protein; animals function as living bank
accounts, sources of draught power for crop cultivation, and primary drivers of household income. When
infectious diseases strike these populations, the economic shock can plunge vulnerable rural families directly
into absolute poverty. Veterinary professionals safeguard these vital biological assets by providing accessible
vaccination campaigns, treating parasitic infestations, and delivering reproductive technologies. By
suppressing animal mortality and optimizing herd health, veterinary medicine stabilizes the financial
foundations of agrarian communities, empowering smallholder farmers to transition from subsistence
production to commercial market participation.

Furthermore, national veterinary infrastructure acts as a primary institutional gatekeeper for
international trade and macroeconomic development. Global agricultural markets operate under strict
sanitary and phytosanitary regulations to prevent the spread of transboundary animal diseases. Developing
nations seeking to export meat, dairy, or leather products must demonstrate verifiable disease-free zones
and robust biological monitoring networks. A sophisticated national veterinary service provides the
diagnostic capabilities, regulatory enforcement, and certification frameworks necessary to meet these
demanding international standards. By building this scientific capacity, a developing nation can successfully
open new export pathways, generate valuable foreign currency reserves, and stimulate industrial growth
within its domestic agricultural and food processing sectors.
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Gender Equity and Community-Level Development

At the grassroots level, the strategic deployment of veterinary services plays a transformative role in
advancing gender equity and inclusive community development. In many traditional agricultural societies,
women bear the primary responsibility for managing small livestock populations, such as poultry, goats, and
sheep. Because these smaller animals require less capital to acquire, they represent an accessible pathway
for women to secure independent financial means and household decision-making leverage.

When veterinary training initiatives actively target women—equipping them with basic diagnostic
skills, nutritional knowledge, and animal husbandry techniques—the developmental ripple effects are
profound. Healthier small livestock flocks yield immediate financial returns, which statistical data shows are
disproportionately reinvested into family healthcare, childhood education, and improved domestic nutrition.
Consequently, community-based veterinary outreach acts as a highly effective mechanism for reducing
structural inequality and elevating rural standards of living.

Disaster Resilience and Climate Adaptation

As shifting global climate patterns accelerate environmental volatility, veterinary medicine is
increasingly recognized as a cornerstone of ecological development and disaster resilience. Arid and semi-
arid regions are experiencing prolonged droughts, erratic rainfall, and shifting vectors for parasitic diseases,
which threaten pastoralist communities that rely entirely on livestock migration. Veterinary scientists work
at the forefront of these challenges, developing climate-adaptive herd management strategies and
monitoring the migration of climate-sensitive pathogens.

During natural disasters or acute environmental crises, emergency veterinary interventions—such as
rapid feed distribution, emergency medical triage, and strategic deworming—prevent the catastrophic
collapse of local livestock economies. By maintaining the health and resilience of these animal populations
under environmental duress, the veterinary sector preserves the adaptive capacity of vulnerable human
societies. This integration of veterinary science into broader climate resilience frameworks ensures that
short-term environmental shocks do not turn into long-term developmental setbacks.

Conclusion

Veterinary medicine is an indispensable pillar of global development that extends far beyond the
boundaries of animal welfare. By securing livestock assets, facilitating international trade, empowering
marginalized demographics, and fostering climate resilience, the veterinary sector actively drives sustainable
socioeconomic growth. Neglecting veterinary infrastructure leaves developing nations vulnerable to
catastrophic economic losses, public health crises, and persistent rural poverty. To achieve long-term global
prosperity and food security, international development frameworks must prioritize sustained investments
in veterinary education, diagnostic networks, and rural clinical delivery systems.
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AGRONOMY AND AGRICULTURE: COORDINATING SCIENCE AND PRACTICE FOR GLOBAL FOOD SYSTEMS

Abstract
Agriculture remains the foundational bedrock of human civilization, while agronomy provides the

precise scientific methodologies required to optimize crop production and manage land resources effectively.
As global populations rise and arable land reserves face structural pressures, the integration of agronomic
research into practical farming operations is crucial. This article explores the interconnected dynamics of
agronomy and agriculture, highlighting how scientific principles guide field-level cultivation. It evaluates
modern advancements in resource management, analyzes the socio-economic impacts of technological
adoption on farming communities, and examines contemporary strategies for sustainable yield
intensification. Ultimately, this study demonstrates that pairing robust agricultural production with advanced
agronomic insights is essential for maintaining global food security and economic stability.

Keywords:
Crop Cultivation, Agronomic Management, Agricultural Systems, Sustainable Yields, Resource Optimization.

Main Part

The relationship between agronomy and agriculture represents the direct translation of biological,
chemical, and environmental sciences into practical, large-scale food production. While agriculture
encompasses the broader socio-economic and industrial systems of farming—including animal husbandry,
supply chain logistics, and global markets—agronomy focuses specifically on the scientific mechanics of crop
production and field soil management. Agronomists function as the primary scientific advisors within the
agricultural sector, developing customized crop protection protocols, determining optimal sowing densities,
and formulating precise fertilization regimes. By bridging the gap between controlled laboratory experiments
and the variable conditions of open-field farming, agronomic science ensures that agricultural operations can
achieve maximum efficiency while minimizing unexpected crop failures.

A primary area of focus within modern agricultural systems is the maintenance of long-term soil
fertility and structural stability. Intensive farming practices, if left unmanaged by agronomic principles, can
lead to severe nutrient depletion, soil compaction, and accelerated topsoil erosion. Agronomy addresses
these structural threats by introducing scientifically verified land-management techniques into daily
agricultural routines. These practices include the implementation of multi-year crop rotations, the
integration of deep-rooted cover crops, and the application of conservation tillage methods that preserve
the physical integrity of the soil profile. By maintaining a balanced soil architecture and protecting vital
organic matter, these agronomic interventions directly preserve the natural production capacity of the land,
ensuring that agricultural fields remain highly productive over multiple generations.

Precision Infrastructure and Smart Agricultural Operations

The contemporary evolution of agriculture is increasingly defined by the integration of data-driven
agronomic technologies designed to optimize resource usage. Farmers worldwide are adopting precision
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agricultural tools, such as automated tractors, aerial crop drones, and real-time soil nitrogen sensors. These
advanced technologies allow agronomists to map fields with extreme precision, identifying localized
variations in moisture levels, soil composition, and pest pressure across vast agricultural landscapes.

Through the implementation of variable-rate application systems, inputs such as water, macro-
nutrients, and organic protective agents are deployed only where digital data indicates a specific
requirement. This precise methodology replaces traditional blanket-application methods, significantly
lowering chemical inputs and lowering the risk of chemical leaching into adjacent ecosystems. The
continuous feedback loops provided by these digital monitoring systems enable farm managers to make
rapid, evidence-based adjustments throughout the active growing season.

Economic Viability and Rural Farm Resilience

Beyond biological metrics, the intersection of agronomy and agriculture plays a critical role in
strengthening the socio-economic resilience of rural farming communities. Smallholder and commercial
agricultural operations alike operate under tight financial margins, highly vulnerable to market fluctuations
and unexpected weather disruptions. Agronomic innovations—such as the development of fast-maturing
crop varieties and low-cost water conservation systems—help stabilize seasonal farm revenues by lowering
production risks.

Furthermore, agronomic extension programs deliver vital technical education directly to rural farmers,
teaching them efficient weed management strategies and optimal post-harvest storage techniques. By
reducing post-harvest losses and maximizing the marketable quality of harvested crops, agronomy directly
increases household income levels within agrarian populations. This economic stabilization fosters
community development, prevents rapid rural-to-urban migration, and provides farmers with the capital
necessary to reinvest in safer, more efficient farming equipment.

Conclusion

Agronomy and agriculture function as interdependent pillars that support the continuity of global food
networks and rural economic development. The continuous application of agronomic research ensures that
agricultural practices remain adaptable, productive, and efficient in the face of shifting environmental and
market conditions. By scaling up the use of precision technologies, improving soil preservation frameworks,
and increasing the economic resilience of rural farms, the global agricultural sector can successfully navigate
the challenges of modern food demands. Continued structural investment in agricultural education, public
agronomic research, and localized extension frameworks is essential to empower the next generation of food
producers.
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THE CULTURAL, HISTORICAL, AND BIOLOGICAL DIMENSIONS OF THE AKHAL-TEKE HORSE BREED

Abstract

The Akhal-Teke horse represents one of the oldest and most distinctive equine breeds in the world,
serving as an enduring national symbol of Turkmenistan. Renowned for their exceptional physical endurance,
specialized biological adaptations to desert environments, and a rare metallic coat sheen, these horses
occupy a prominent position in both international equine sports and global cultural heritage. This article
examines the historical evolution of the breed, analyzes its unique physiological characteristics, explores its
contemporary cultural significance, and outlines modern conservation initiatives. By combining historical
documentation with modern genetic insights, this study underscores the importance of maintaining breed
purity and protecting this valuable genetic resource for future generations.
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Main Part

The historical timeline of the Akhal-Teke breed spans over three millennia, rooted in the arid expanses
of Central Asia. Originating in the territory of modern Turkmenistan, these horses were carefully developed
by nomadic tribes who relied on their swiftness, intelligence, and resilience for long-distance travel and
protective operations. The harsh climate of the Kara-Kum desert acted as a natural selector, forging a breed
capable of traveling great distances with minimal water and forage. Historical records consistently highlight
their participation in legendary endurance runs, including the famous 1935 expedition from Ashgabat to
Moscow, which permanently demonstrated their unique stamina to the global community.

From a physiological perspective, the Akhal-Teke displays a highly refined, athletic conformation that
distinguishes it from other warm-blooded or hot-blooded breeds. Characterized by long, clean lines, a narrow
chest, a high-set neck, and a remarkably thin skin structure, the horse possesses an appearance often
compared to a cheetah or a greyhound. The most visually striking feature of the breed is the metallic luster
of its coat, particularly visible in cream, palomino, and buckskin color variations. Scientific evaluation
indicates that this iridescent quality is caused by a unique cellular structure of the hair shaft, where the
narrow opaque core allows maximum light refraction and reflection, creating a natural golden or silvery
gleam.

Contemporary Achievements and Sports Performance

In modern equestrian disciplines, the Akhal-Teke continues to prove its high operational efficiency and
athletic versatility. While their natural historical domain is long-distance endurance riding, individual
representatives of the breed have achieved historic success in Olympic dressage and show jumping. The
legendary stallion named Absent won the individual gold medal in dressage at the 1960 Olympic Games,
establishing a high benchmark for the breed's capability in classical discipline, coordination, and
responsiveness.

The movement pattern of these horses is characterized by a smooth, elastic stride often described as
a gliding motion. This low-to-the-ground action minimizes energy expenditure when traveling over soft,
sandy terrains and reduces the physical concussive forces experienced by both the animal and the rider.
Today, through carefully managed training programs, their natural active temperament and loyalty are
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utilized across various international sport arenas, keeping the breed visible to global enthusiasts.

Infrastructure and Breeding Regulations

The government of Turkmenistan places immense structural and scientific focus on the systematic
preservation and development of the Akhal-Teke population. Large-scale modern equestrian complexes have
been established to provide high-level veterinary care, training, and scientifically managed breeding
conditions. To safeguard the ancient lineage, the international studbook remains strictly closed, ensuring
that only purebred animals with verifiable oral and documented ancestry are integrated into the core gene
pool.

Annual national celebrations, specialized research conferences, and international beauty contests
highlight the societal respect directed toward these animals. These institutional measures are designed to
control genetic diversity, prevent inbreeding depression, and manage specific hereditary conditions
associated with limited populations. Through these structural frameworks, the state ensures that the
traditional selection methodologies are combined with modern genomic insights.

Conclusion

The Akhal-Teke horse stands as a living monument of historical, biological, and cultural evolution. From
its beginnings in the challenging desert environments of Central Asia to its modern role as an international
sports horse and cherished national emblem, the breed has maintained its core phenotypic attributes and
functional integrity. The combination of its distinctive physical appearance, athletic adaptability, and cultural
value underscores the necessity of continuous global and domestic preservation efforts. By sustaining
rigorous scientific studbook standards and advancing veterinary research, the future survival and prosperity
of this unique equine treasure remain assured for global heritage.
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