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Abstract

The quality of irrigation when watering with wigeach sprinkler machines largely depends
on the design of the sprinkler nozzles. The purpogskisfwork is to structure the methodology for
calculating sprinkler nozzles. This article describes the method of calculating sprinkler nozzles for
wide-reach sprinkler machines. The trajectories of droplets of different sizes in the absence and
presenceof wind in different directions are presented. The preferred spray vanishing angle for
different wind speeds is given. The radius of capture by rain increases with an increase in the flow
section of the nozzle and an increase in pressure in the pipekperifiental studies confirm the
theoretically obtained results. The flgwessure characteristic and the radius of capture by rain are
obtained.

Keywords: sprinkler nozzle, sprinkler machine, flow rate, pressure, deflector, diameter of
drops.
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Abstract

The data on ships being upgraded with an increase in the RCS class has been processed. For the
analysis, the modernization projects of JSC "Yenisei River Shipping Company”, the Shipping
Company "SEVER" and the draft final quadtion work (WRC) of the Federal State Budgetary
Educational Institution "SSUVT" were taken. Presumably pessimistic expressions have been obtained
on the value of estimating additional ship masses during modernization to higher RCS classes up to the
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navigation categories "M3,0", "MPR3,0", "MSP3,5". The expressions obtained are intended to assess
the feasibility of carrying out modernization work to upgrade the RCS class.

Keywords: modernization with an increase in the class of ships, additional metalraption,
expressions for estimating additional masses.
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Abstract

The article examines current trends in the development of nuclear energy and its interaction
with hydropower. In the article we will consider the use of new types of reactors, the development of
new technadgies to reduce radiation load and ensure safety, as well as the prospects for the
development of joint nuclear and hydropower projects.

Keywords: nuclear energy, hydropower, safety, sustainability, energy supply, fuel, coolant,
electricity.
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Abstract

Technological engineering of asphalt concrete coatings with high water resistance is a
promising trend in providing antiorrosion protection of roacbnstructions. The use of hydrophobic
modifiers significantly reduces the water saturation of components mineral powder and increases the
water resistance of asphalt concrete to 0.94.

Keywords: asphalt concrete coating, water resistance.
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Abstract

As a result, the requirements for the efficiency of the services responsible for the condition of
urban roads and streets are incrggsiThe economic and investment potential of the Samara region,
the safety of highways and the minimization of traffic accidents depend owundjity and timely
work during the operational period of highways. The work has compiled a list of identifesdisde
the pavement of the roadway. The actual intensity of traffic was determined, the diagnostics of the
highway section was performed, and the noise characteristics of the traffic flow were assessed.

Keywords: @Qitomobile road, diagnostics, defectsffic intensity, complex indicator, noise
characteristics.

JHdO dL sfMdzseodz" = LOHOY S dzEOIsOydtsdzdzr 7= ¢t
LOGtWLdz dzgd?2, MCOfdzdo O hdafmw dO o jtondasisd ¢ to
LOY " dzj dedetsfylsd o sLH & Ot s Wk scdtotOdidststcd 2, o dzdw s Is

]l OBty ftsojHjd OdOdzdL ftesjLyi?2 yYyofmksd &
ftotslswy jdzdd, OdOdzdL dqtelkzj dEdsets EZyomlsc O, dd3j ¥ Ismw H j
st M d dzr , oretsddz , MmdzH OB ddisclsde j @ Jdff s @] , Iste
EHso dzj sostedlsj dzt detsds ftslstswdzdd, tdmbkzdesS 1, IsOB dzo

{dMkzdse 1. [Bhjj Momsswddj . fesjLyj2 yomkd kd

vOBd&zd yo 1
l jHsdisMmisy o' wodzjdzgdg' = HJWJjCIlsse ftsCter Isdw

- . . a1 toslsw oy j gtej HA ;
g1 1 0d ) demojadgls | izugf;‘]g L Alsts B0l j 5d Od

-s OtelsT L OH Jj dzO¢

LOddlsT | lst] (3,0+2,5+
-tdHEdd orBB(] 2,0)/3=2,5
LVl ek yovs ( eomh 1000 0

“stsdzj 2 detsfyls: o
G dzlzB d dzj GBSOz o




faosrvaooacgo2o 3RbY2e603%t oaR}ydo o0 of3RbaYRaOt -25

-1 s jte] yds §
st h ddzg" ( Hdzw
fsCter Isd?2 or B

4,0+4,5+
te Offis 51 dd b (4,0+4,
2| esHBd @Ov 1000 2,0/3-35
vtej " ddO

~stsdzj 2 desfylst
¢ dzz B d dzj  CHSQizj b

-s OtglsT L OH j dzO¢
LOddls’ j Istsj
. . . (3,0+2,5+

-tdHCdd @ G _
3 | il onh Ceoun 1000 2,0)/(3;_2,5

stdzj 2 desflst

Gze qdzj CASAlZj

-y Ofplsr j or BB

iz you & ( o i
4] “sodj2dsmls: f 1000 (22’9;20’8)/

Gz q dzj CASAEZj =2,

-y Ofmilsr j or" Bt

Mz you & ( o i
6 | -stdzj2dshls) 700 (2020

Gz q dzj CASALZj =2,

R dzls j dzid o daets s ¢ Histotsy dztsets HO® g Bl cqdzts zazdmtg ¢
Bty HjdjddY WOSCkdujmldnHsiaEDNEER® HHodssy jdead{"o dzts )t
GO edr § dLdsjed dd® (fd GOwdudd HOdE 7 Oo s tsdsC
" OEOCkjedlsdCd t)Ctdj dHbjlsmY GG H &YV O 6
ddzelsd defpdo desfmisd 2) . [ftjH]jdfpipfg HOCSHapF&OHE SR o dazk gac
%Ok btedy & M smsesd f fokshi s or jLHO dzj § shte] H e

{dfbdsS 2. (OmMfsdsy)ddj ©OMU)sds? ksuytd S§6]Hj dj

{ OMuj sdzs? IssyS Y t6g Moz oz B e Bdztiz dz. po tester , C sk
2+200 bkddyr 40c¢OtddO. 0dkjter W$OClkdyjmSe?2 ddsj
CjLbd SOOB dLdjtjdd2 B & §odkyjd MdjHkzshd]
tdMizdtsS 3.



-26 Toorvaoaoacdo»®RYRMY 06 Bdr 3 RE

vsOB kYO 2
tdLieddeOdsj tcj dedw W OCIdyd MEs?2 yoOmtse 82 d dzlsj

Ne Tun TpancnopTHOro CpeacTBa % B HutencuBHOCTS,
n/n P P peit MOTOKe aBT/CyT
JlerkoBble aBToM00MIH, HeOOIbIINE TPY30BHKH ((QypProHsl) H
1 74,00 854
JIpyrie aBTOMOOHITH ¢ TIpHIIENoM U Oe3 Hero
JIByxocHBIe rpy30BbIe aBTOMOOHIIH 6,00 69
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Abstract

The case of undeliberate construction of a-stavey brick building in the zone of geotechnical
influence of an operated facility that led to an emergency condition is considered. The timely
emergency response measures including reinforcement of theafmndith DPT borednjection
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piles and prevention measures as the installation of prestraideelaties made of 8 rows of high
strength reinforcement, encl osing ret-mecionng w
piles manufactured with the disargepulse technology on the side of the altar, allowed to save the
architectural monument of the federal building from collapse.

Keywords: deformation cracks, strain rate, bo#apbction pile, dischargpulse technology,
emergency response committee.
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Abstract

In the practice of geotechnicabnstruction, the technology of bored injection piles with the
dischargepulse technology is being implemented. The paper presents the results of calculations of the
stressstrain state of the DPT borédlection pile base made with multiple extensionsglthe pile
shaft. The calculations were performed in spatial arrangement considering the stages of load
application and the formation of a dense zone around the-lmgeetion pile. Particular attention was
paid to the difference between the strstsan state of a foundation composed of cohesive and
noncohesive soil.

Keywords: extension, bearing capacity, botiegection pile, dischargpulse technology,
Mohr-Coulomb limit equilibrium equation.
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Abstract

Boredinjection piles manufactured with the dischapydgse technology (DPT piles) have
shown high performance in reinforcing the foundations of renovated buildings and constructions in
dangerous state. DPT borgection piles have increased soil dynamépacity and material bearing
capacity values compared with other types of bangttion piles and auger placed pressuojected
concrete piles. The article presents a geotechnical cases study for reinforcing the foundation bases of
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passenger cars pnaction sites and forge shop for undercarriage parts of-lagokg tractors. DPT
boredinjection piles made it possible to prevent emergencies at these facilities.

Keywords: bearing capacity, dischargeilse technology (DPT), boredjection pile,
reinforced concrete frame, forge hammer, overhead crane.
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Abstract

The issue of foundations with increased bearing capaattgnistantly a current challenge for
modern geotechnical construction. The use of conventional technologies may not be feasible if the
external loads transferred to foundations are significant. There is often a critical needdtamaiand
methods of founations reinforcement. In many cases, the geotechnical situation is aggravated by the
presence of weak underlaying bases with unstable physical and mechanical characteristics in
geotechnical crossections. When reinforcing such foundations with standaed, ghis can result in
negative resistance, significantly reducing dynamic pile capacity that can reach zero values. This can
lead to additional settlement of the facilities being constructed and already existing in the area of
geotechnical impact. The ei®f bored injection piles successfully solves many complex geotechnical
ISsues in most cases.
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Keywords: geotechnical construction, saibncrete pile, dischargaulse technology (DPT),
DPT bored injection pile, DPT ground anchorage, intermediate pilenstotes (base plates),
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Abstract

The issue of foundations with increased bearing capacity is constantly a curremigehfadte
modern geotechnical construction. Considering additional increased external loads on existing
supporting structures, the use of conventional foundation technologies may not be feasible. There is
often a critical need for nestandard methods of fodations reinforcement. The use of existing
reinforced concrete foundation structures for new additional loads from newly constructed facilities is
common. In this case, the use of dischgrgise technology (DPT) bored injection piles and DPT
ground anchage solves many complex geotechnical issues related to reinforcement of overloaded
foundations in most cases.

Keywords: geotechnical construction, dischaqmase technology (DPT), DPT bored injection
pile, DPT ground anchorage.
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Abstract

The article reflects issues related to ensuring the required level of traffic saféhe
organization of operation of railway stations. An analysis of the current state of traffic safety was
carried out using the example of the operatior
at station entrance signals was analyzed, riain causes of delays were considered, and the
responsibility of the involved services for identified violations was determined. Measures have been
devel oped ai med at reducing the | evel of risk

Keywords: railway transport, safetyrain delays, causes of violations, measures.
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Abstract

The article describes key solutions for modernization of utility systems for pullitniys.
Innovative power efficient solutions, a comprehensive approach to the reconstruction of engineering
systems, an optimized selection of equipment that meets modern standards and requirements are used.
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Abstract

In the presented work, a set of measures has been developed and technical solutions have beer
proposed to create a control system for the process of producing flue gases in a pentacarbonyl iron
decompositioncabin, which made it possible to bring the safety level in line with regulatory
requirements and improve the quality of automatic control of an existing technological facility.

Keywords: frpntrol object, adjustable parameters, automatic control system.
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Introduction. The productioof flue gases in the decomposition cabin of pentacarbonyl iron
(PCI) is an important topic in chemical engineering, as this process is used to produce iron powders,
alloyed alloys and other materials that are widely used in various industries. In thtee@seduction
of flue gases is an auxiliary process to the main one, namely, to the production process of carbonyl iron
powder, which is massively used in such advanced technologies and processes as metal injection
molding, the production of diamond tep electromagnetic components and ianterference
materials.

Research objective. For the effective functioning of technological processes, it is important to
correctly determine the goals of automation. One of the key stages of this process is sieeciribgy
main components of the management system, such as sources of impact and regulation [1]. By
studying the technological process as an object of control, it is possible to determine the structure of the
control system, that is, to choose the optimeethods of influencing the object to achieve the
necessary changes in the controlled parameters.

Analysis of the technological process as a control object. The decomposition of PCI with the
release of carbonyl iron powders of various brands occurs dettmnposer pos. P301/1.

The reaction of obtaining carbonyl iron powders requires constant heat supply so that the
temperature in the decomposer is in the range of32300 A C, therefore flue
decomposer jacket. The quality and tygettee output powder depend on the consumption of PCI
vapors, as well as on the temperature in the decomposer.

To maintain the required temperature, flue gases from the furnace pos. X315/1 are fed into the
decomposer. They are obtained by burning natusairgan air environment inside the firebox of the
furnace pos. X315/1.

The procedure for turning on the furnace:
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Nitrogen purging is necessary to remove exhaust gases from the furnace in order to reduce the
likelihood of an emergency;
After the end of thegurge, the ignition valve on the natural gas supply line opens into the
furnace hog, natural gas is supplied;
The air blowers are turned on and the air enters the furnace;
After the flame appears and the combustion process is stabilized, the valve cartigasn
supply line to the firebox is opened, the ignition valve is closed.
The furnace operation is possible in two versions:
1. constant supply of natural gas and air, where the ratio of their flow is constant and
maintained throughout the decompositioagst so that flue gas of the same flow
rate and temperature is constantly supplied to the decomposer jacket;
2. using cooled gases supplied after the decomposer to the recuperator, and then back
to the furnace hog pos. X315/1, thereby saving natural gaschisgdmmbustion in
the furnace.
A control object is an object or a section of a technological line, with the help of which the
necessary result is achieved. The main apparatus in this process is a furnace witrha fog.gas
production process ontinuous.

,__Namm'gas;Pmmam .
" 03 MPa (3kgtiem )’ N The air is atmospheric

_,.,“*“, | : Flue gases ;
X315/1
Figure 1. hnological control object

To solve the problems of analysis, it is necessary to carry out a detailed description of all
existing influences in the system (Figure 2) in order to then identify transformations, i.e. patterns by
which input influences turn into reactions.

Xixpxs,...x, ) | Transformations Yiveva ovm )
(875,87 ....5,)
i
Z=f+q

Figure 2. Description of the coordinates of the system:
X1 control action; Z disturbing effect;
f1 uncontrolled disturbance; fcontrolled disturbance;
Si transformations; Y controlled coordinates

The control action X is set by a person or is produced by a control device. The control actions
include those values, the values of which can be varied during the control process.

The Z perturbations are independent of the control system. They can occoutsidie the
system and inside it.

To determine the normal technological regime, it is necessary to establish key parameters and
their permissible ranges of values at which the technological process functions without failures. The
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process control consista maintaining the parameters at an optimal level in accordance with the
normal technological regime [2].

Figure 3 shows a block diagram of the effects that affect the process taking place inside the
furnace hog pos. X315/1.

An emergency  Natural gas pressure
situation drop

|

Air consumption . X315/1

Natural gas consumption

Flue gas temperature

Figure 3. Information diagrarof the control object

In real conditions, when an object is exposed to various external factors, the dynamic mode of
its operation is important [3]. The analysis of the technological process as an object of control allows
us to determine the optimal rdgtion of parameters by influencing them. Therefore, the choice of the
control system structure is aimed at determining the appropriate method for regulating each parameter
of the object's state.

The main disturbing effects are the pressure drop of hgasanside the firebox, as well as the
possible risk of emergency situations. Figure 3 shows a block diagram of the significant factors
affecting the process taking place inside the furnace hog pos. X315/1. The priority control action is
considered to beaintaining the temperature of the flue gases inside the furnace hog at the set values.
Compensation of the disturbing effect is carried out by regulating the flow of natural gas and air using
control valves.

Research Results. After analyzing the techgiold process as an object of management, it
revealed the need for control and regulation of many parameters [4]. For this process, it was decided to
devel op an automated process control system (A

The automated control system is designed to provitmaied control, process control and
emergency protection of the Site of the PCI production workshop in the flue gas production
department.

The objectives of creating an automated control system in the process of producing flue gases
are:

%  ensuring theefficiency and validity of decisions made by operators by obtaining in
real time a complete and reliable amount of information about the progress of the
technological process, presented in a-frsendly form;

%  ensuring continuous monitoring of tbperation of technological equipment, timely
notification of the output of controlled parameters of technological processes and
controlled equipment beyond the permissible operating modes;

%  ensuring the quality of the products received.

In this developmentt is proposed to implement a thAssel automated control system:

%  lower level: sensors and actuators installed both directly on technological equipment
and in special rooms, and connected to the middle level,

% middle level (programmable logic controlle®LCs) based on specialized
microprocessor technology that provides automatic collection, processing of
technological information, implementation of automatic control and protection
algorithms, issuance of control actions on loVesel actuators and trafer of
technological information to the upper level;



-70 Toorvaoaoacdo»®RYRMY 06 Bdr 3 RE

%  the upper level, implemented in the form of automated operator workstations based
on industrial computers and designed for centralized monitoring and control of
technological equipment.

A video frame bthe flue gas production process in the PCI decomposition cabin is displayed
on the monitor. The video frame illustrates all the devices involved in the production of flue gases and
the parameters occurring in our process. In addition, the video franensohuttons, by pressing
which the operator can control the progress of the process. In case of an emergency, messages are
displayed on the operator's screen, as well as an audible or/and light alarm appears. Thanks to the
operator's station, you can argze and maintain personal archives of documents, perform various
calculations and get readyade results in tabular and graphical form.

Hardware and system solutions used in the creation of automated process control systems
should provide an opportunitg improve and increase the functions of the system at further stages of
installation operation.

Conclusion. In the presented work, a set of measures and technical solutions has been
developed to create a system for automating the process of produciggdgesein a pentacarbonyl
iron decomposition cabin, which made it possible to bring the safety level in line with regulatory
requirements and improve the quality of automatic control of an existing technological facility.
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Abstract.

In problems of stability of motions idiscrete dynamic systems, the determining role is played
by the question of the location of the roots of the characteristic polynomial relative to a circle of unit
radius. A necessary and sufficient condition for stability is the fact that all roots dfidhecteristic
polynomial belong to the interior of the unit circle. In other cases, it is no less important to determine
the number of roots not only inside and outside the unit circle, but also the number of roots located on
its border.

In this paper, W@ consider the case when a polynomial has any number of pairs of roots whose
product is equal to one. A method is proposed for determining the number of pairs of real roots whose
product is equal to one, the number of pairs of complex conjugate rootsiythg unit circle, and the
number of roots equal to plus and minus one.

Keywords: discrete dynamic system, motion stability, location of the roots of the characteristic
polynomial, algebraic stability criterion.

lojHjdzdJ .

| sftesfy B LijsigRuYdaEhlsEOo dso j Hd™w HJdOddyj MS
tej N jdedd dBdsedr ftedS dzOHdzr = LOHOY © BA&OMISd Ools
L dzjClsteslsjndzdSd d s.m. [1]. ltd tlktd BB’ ydes 4
LOHOYOn " diggpizdsd M@tsmisth” dgf v B3 tOodetse j Mdw, Is.

Bsy dzts tsctcOded ydls: Mw Isjds Mz yojdz, CBEHO otsfftetst
dzj dzd dzj 2 dz@ = ydzj dese d dMMmdzj Hso Oded j 3 S tstodzj 2 R OO
tcjLEzd SOcOEO®OdaA V" sBOS dZOL " 90j 3" 7 kZtcOodzj dzd?2 |
lted dmMmdzj Hse Odedd HIMCtejlsde" = HIJZOBI yd MSdra
dLoe jMmlsdes, ybts jMmdzd ofMmj Ctsteded R OOCIjtedmlsdyj M¢
@i % O o dzklsted Sticlzte@H dj g @izd (Ulsizts] c{d3c1*5ls BsHbEdd, &,
tcOo detso j Mdw MmdMmlsjd3" BEZHJjIs EfMists2ydoer d3 dZ»JLOSde]dd?
FtcOo dzgj dzd?2 ydzj detse fsteWHCO orhj fjtotsets [ 2,



12 Toorvaoaoacdo»®RYRMY 06 Bdr 3 RE

FtcOodzj dzgdV s3] BEMWMsHE dz Ststejdzr, dd&zijs hd2 BsHEZd
tcQodetso j Mdw BEHjIs dgjzflsts2yde' ds IsOC Y j dajL Oo dMmd d3t
Mtej Hd Sttodzgj 2 ROWOCIjtedMmisdy MSsets ktcOo dzj dzdw j Mk
JHdded e Ooldap dzdv f jtcotsets ftodBdzdy j dedw dzaj dBsGlzls H(C

vOCdd3 sBEOLtsd, Htd tjhjdzedd LOHOY EMks2ydets
MdMmisj &5 Mo jHjddY  tOMftsdsyjddd SCtttdj?2 ~O0OCIsj
4 H d dzd Yy detselasi) Otc O o dzw & Is fpw dmnr tsH dzr &3q , Is. j . dzj sB R s
OCIjtedMmlsdud MSsets  sdzd desBO tslsdesmdlsj dz@ des J H (
J 37 -74[787,8 ;4 .3;734] . ltod L Istsds Ctstedzd R~ OtOCIjted
eb®S d odzgi JjHdddydesets CtokzcO. 16 ftojYHJ
dztsy J dzed d € stedzj 2 odzzlstced Ctolzdc® JjHdded ydetsets
ksydy &5 Effzsodj &5 kflss2 ydosfisd [2, &. 73],
[ 278, 8486,5].7 6

Is
o

s

o

td udmdzj dedets OdOddlsduj MSsd dmifdj Hse Odedd o s

fn

1

L

o)
i d
Co
6 O
H
)
Is

dlsj dzt degs jHddzed ydesets StokzcO® yOfmlsts ftsdz' £ kz¥ Isfyy

s tsdz dzgj HOjIs Blsa jIsO dzO joftsdfde sk tists dzdzdpdsds®@ yd«
ojHjdd] Ctlstster i tcOoadets jHJded Yy .
ZOMistswh j2 tcOBBIs] ftodotsHdlsmw djlstsH, f tod ds.

Ode | BOdU) NS Ben §idls] toqk?) e dsifny dysis 4 T Eidayra dzs ds
CsdkdujMmsets Ot Cttedzj 2, fsdgLojHjddj Clststr o 1

JHddzed ydets?2 wCtoky dsfilsd. | tQGBtslsch/[qg]hmﬁzsdzlq’ugd}sflsmg
UGtGOLdlstgIQS ufigEqoj ,  JuivEd] Ud@isai(?ﬁ@ﬁﬁ?]’tsdﬁkdslstdsri’ (
B stsH fsLodwjls 1]’tsdzlzul\lq"l,sJ Cre0Odidds] j stroOdaf gtsj
ftesdLojHjdd] Clstster 7 0o dzts JHC{dZdUJ d BISHJdZWIS

ke uPficed & JhEtHdGses f & @RS RE q&gﬁssm © 16 dzg
R, .0y s kCOLro90jls O dn dOddyud, .
[fdsody | jLbd OIS .
( dzd ¢ 5dzd dats &3
n
Dy(z)= & dy 2"
=0 @
M wj2Mmledijd d dsq cts4_wwquq;dz|§6d§q42i+_lq:o%;;b
(Hj2fMmMlsodlsjdzt dgr j| ddzd S tsdi3fdzj Sde j ), Ists dzj stolzH dats
O =dnkSig dody]  (k=01,...n)
ftedud &3
O) @MﬂbdzBCBdk J'ﬂ]HZ“IBddeZ‘SCB

n_/.2
Dn(2)= & (Z° + pz+1)

e

to
m
¢
M
g
Is ©
dz
s

)
tsIs dats
8
fesd
]

k=1
G'H-Jn<p<+ C;
o) P ui s das¥,” Mg o 6 dd des

(n-1)/2

D,(z)=(z-1) & (z +pkz+1)
k=1



fasaeaoacgo229 3RbYoeot oaRJdqo o0 af3RbaYRaot -73

d

o) Mg uj lsdatsTs El'ﬁ]dZOWtSddeztSdS
(n-1)/2

D,(z)=(z+1) a (z +pkz+1)
k=1

¢) Bugisasak e fsdddasds

(n2/2

D\(2)=(Z*-1) & (Z+paz+l)
k=1

vt O 1. 1kfs: N8N &Ll s osd Bl dy dedagd S5t %Y

n+m N k
Pum(Z)= & az""™ " =B, (2)Dy(2)
k=0

snu P2 v s g das ﬂius;mdzqmm;mon 42 Cswdj2, d
iHdhdudses Stkeo, AA+HGL ddsjsh d2 C sisdg 2
Bm(z)zébkzn-k
k=0 , (2)
| fsdddsd  (1)N, hisgdw ddg Okl IU dodnl
sscn0, injlemi?) g o s d iz 60 Ode j B eOd ]
cotdfl B wMjocse qtqu;d?nﬁz).gtsdzqdzts@lz
) Osj uOdzdj 1. tddjdz dzdi Occj EKEBHuMesets
M<E[N/2] dmey =00 m-2SI9Mdodn] ¢ ommdssiste des o woOssls) [10] .
FECOLOB, d Misots Isj istfk dis.crd credsth % oLty
St YW qyd mso%(ﬁ)agq(&)sm@zwm
=hydy +bdy. g + . A 1Ay g B = a b;dy.
J=0 (3)
(dj:oijted-f>n"]<o) ) o d3j dzv | . . ‘
. Jdw jd&3 Odze jBteOdug MSd2 SCtodlk
8 = 808 - BnemPem k (k=01,...n+m- 1)
} sH s 08 dv § 3 fnsﬁ‘@u;et«s&om&’kozw). Yoy dh j a5 szt
or GO j dzd j H dzw ¢ 1y B gyt Hzls so 1 s dzd dzts 5O
= bydo(bydy +ydy_ 1+ By 10 s + B ) -
- hﬂdn( bOdm+n- kT bldn+m- k-1t T lq”ndn- k )

vydls' o @go’dk =1§|]sd@,—k d MtsCteOh otbdohndd&drndzf bmdntbdn+m—k’
1
fie)y oo apdn

D,(2)
(k=04,...n)



74

Toorvaoaoacdo»®RYRMY 06 Bdr 3 RE

ajc = do[( by, bmbi)dk med + (BB 2 - Bl )i e+t
+ (ol - hnl%)dk—doa(bob BB ). j = ab,-ldk-,-
=0 NG
ltoj HY Sdztsy q’lj3qtsufls®c:®d2»ftsted3lzajzpr| BzHjls ddjls:
. . m-i . . .
ai(:dtl)a(u)-lblj-l' brIT;-li+1brlT;—li+1-j)dk—j )
j=0 (k:0,1,...n+m- |)_ (5)
Fdi=li 50 VYsehdbdd ojtdd. 1t &jlksHk &Olsj kOlsd

pjtedz0 Hd. dFBEEBIS]E, yYst W oodizono. ( 5) & Coigddd

i Im i
a.k:doabjdk_j

Moo j Had Ve s 1 woeo. m;isucﬁ@uchtsmo =0

(k=01.n+mM)  Sykj ket oo H%d%BJBLbﬂzOMQMWO

&
fsdbudd ewflpsg st ¥y dyd) s’ Csktoscs ©Os d

4 dzj

Cts4 W W

m
a=a b?ﬂk-j
=0 (k=01,..n+m )

ltodd3j dzdd3z € dzj dsz Wistedszdzz (4), § sdkzzydds

m-1
8. %=dy & (5B™ b¥® ;)d. ;
j=0 (k=01,..n+m-1)

i i+1
14te;=vus ¢ s Bag s L Qas@Sdadir BT o OF 5 s

ak I+1a(bobI brin—ib:n—i—j)dk—j _

(k=01,..n+m-i-1) (6)
[ujiodudss, Ut Wstdzezd (6) dsyjld daotid  fsd
HS9 Olsj dz' dzts, WistedszdzO I(. 5) fnu’tGOaJHdzq_aO Hdzw dz¥ B
vyitefM dijtoyd?2 ftedujd ¢ NfsdddsBR. fiksisf |
dydj dzesOdzd BEZHIEIS

ac = dg' (5 " ' - b o™ )d = dgb"d

HsCteOh OV Cfs wwquqJOcitz?lsr ff tsdide WB R fia®dzd dets g (1) .
v j st &3O HBCOL 0 dz0.

1 tedgjte 1. f OMMEslsted d § 5 dd dzts o

R(2)=2°+42°+7*- 127°- 192°- 162- 4

Vo d3j dzj dzd ] Od jBteOdU) MEBEt Stdlsjtedy ftodo SH O
Dy(2)=2"+42° +52° +4z+1=(Z° +z+1)(Z° +3z+1)

s0Cqd shkar BE2IPA(Z) oy

By(2)=27"- 4
ujttej BO 2. 1kMmk!: HOd ftdddsdg



fasaeaoacgo229 3RbYoeot oaRJdqo o0 af3RbaYRaot -75

2n n
Dyn(2)= &4 A" =0 (2 +pz+1)

k=0 i=1 ] (7
USEGHO SL WWdydy dzls™  ff 5dzd dzts d@30

n .
Qu(z)=aqgp™
i=0
Ctodv B (et Wolhye shHT) S sl g yd itk ismwy W ¢t

n- s+2 n-s+2 i

e = 2T
qs:('l)séds'(n' s+2)ds ,+tds4 8k-dsg @ ak+
e k=2 i=2 k=2
n-st2m i n-s+2 1 m i
tdsg & aaktdgpa aaak+.+
m=2 i=2k=2 1=2 m=2i=2k=2
/Zn-s+2 i ]
(-1 a..ak ftds ydlsdsd
=2 k=2 9
! n-s+2 i u
I-1)V"%d; 3.8k fteds dzj ujlsH
[ =2 k=2 ) (8)

) OBi yOded§ 2. 1 tsfydS RudiLdgz@fczaptatdgsts df tils s d Is

witsagglS - /2-1 goc meda (Sed dzj wjbde T

[ 5C OL Olsj dz' fyls o B~ Joljj tasttafitaigr@ (18" o j o dzO. ) sz yOj o

D2(z)=zz+pz+1,00:1,q1:d1’Q1(p):p-dl_

[sfkefsdd, Ykt ¥ stdkzd@0l ( 8)s g wus iz

etz o w1 s deqRed &g On(P) sy dzs fwjiisOodls: o odH:

I:)Zn( Z) = D2n— 2( Z)DZ( Z) = D2n— 2( Z)( 22 + lj' Z+1), 9)

Qn( p):Q|n—1( p)( p- p' ) (10)

USEGHO fmoawLt d3d ) Hilzs Rdsdzts! dSw{oy dLj Qiflsdddidls v € OC

ds:ds+ds-1p"+ds-2, QquS' q$-1ﬁll

vydlsr e v, ylbst

+

— e (D:

- & - ,on-stl on-stld

qs:('l)éds'(n'l' S+2)ds-2+ds-4 ak- ds-6 a ak+
e k=2 i=2 k=2

. s/2n-..s+l .i. .

(-1)"" a.ak fds ulbdisdg

+ =2 k=2

——>=> D:

Cqy(s-1)/2 n-s+l i K . . %
(-1) d, &..4 fteds daj ud'ls
=2 k=2

— —)

)
n- s+2 n-s+2 i

C1s—1:('1)séds-1'(n'1' S+3)ds-3+ds-5 ak- ds—? a ak+
e k=2 i=2 k=2



-76 Toorvaoaoacdo»®RYRMY 06 Bdr 3 RE

=) n-s+2 i

] (-1)sH2 5 4k fwds ucilsdztsg

.|.\ =2 k=2 \

T (s-1)/2 n-s+2 i _ _ %

f(l) d a..ak ftds dajudls
=2 k=2

fsHMlsOodww do o (10) d fod Lbkwins ddissts e ot
Wdzj HBso Olsj d dats, U SttBzdO M.8) ddsjjls dsj st Hdw s B
kit 2. {OMMdsstedd fdddsd
Dg(z)=(Z*+z+1)(Z* +3z+1)(Z* +5z+1) = 2° +92° + 267" +332° +

+262°+9z+1

) shsesdd Hav VP o s dizocy 1 © dslicgkds  ((8) .

=1 ¢ =(-1)'®=-9 q,=(-1)*(26- 3)=23

=(-1)*(33- 29)=-15

15 SEHO dzjeSCts fteso jtodls! , ylsts { tsdzd dztsd3

Qs(p)=p°- 9p*+23p- 15=(p- 1)(p- 1)(p- 5)

s i, ot WP gL Bs P Ty s s o v s shyw  jem ¢t

1 OC dzv yj dzd j .

[ fdzd d a3 § stw g ded leas sy Gt gz dedlzd C©  dzj s Ocze j B o
Mhocse o §tedn Dy swoedgins e S9Tddnm ¢ g
J dIs qdh:gj\b-m-k.b.m. odHO B), ©), @G6) djcecits fjtcj 2
q’lSJth'? dzj Gtddsj dedds, dzs By des MeOL E M OL Ols!
NN,

/ ddzd  dz© djrdzdid.te § M U
YIstsB ' sftcj HYdzdIs' |, Mésdz ¢85 Ot CBstedzj 2 HJ 2 Mls

judddyj, mesd ¢ fiPe wyeqdate & s diisdajds) 1 das hE sdz ¢t
dBijbs fodddsd Mhstsdd aQH*r'@GEfsxe)oww tet oy  js e dzts §

St Hjdvs sy yjtejL CENWEZ Y] das smugd%zaz%é@%a) dat
[(Mkd b fsdbyj dedgscts OC R GSBELOL BB f oz dzs BO  dzj L
(shddsdo dils Reed'e’ dBuB. 1 eqd emdX)

Ode jBOd U MS 2 Stdlbjted?2, 1 te)¥jldddd dmndkss ¥ daous d

s0¢ g2l XP s sst 6] 1 dplnsedisdsy P mES 6 dg @i des X, dzOWj ¢

socdn | XIKdisy wjnj dedls Myl ¢ 8 o ¢ ohyRy fig COofidatsdzr T S s
dj 5O o &0 jHdded ydzs? XS B s lsid) . dzd 5 ts dzims jishighe o tas

Dn-m(2) ¢ g il 2

vO0Cddz tBtLOL 53, f o HdztsY J dzdz" 2 or hj d3d st H ]
Hj2fMlsadlsj dz2 dz n Ctstedzj 2 i tsdzd dats B3O, ftesdL o HJdadj
C o3 dzim@sftfdety 3 j dzdz" 7 Ctstedzj 2, dzj y Oh dm dz® | H d dzd ydats?
°1 9 MkzEyO] yYydhmaseotets LOHORIW St W¥Wdydj dste



fasaeaoacgo229 3RbHbYoeot oaRJdo o0 af3RbaYRoaot -7F

R e’/
hbyoj, Jhdd & d07 stztsctszlajtscquwsafo Ra®sj «(ls fyw
R.L/ .0y, & rCoOL 005 0 dOdkdud) ©OSHE S ttodz ?

*k%k

1. 1 Oklsdqdz \1.s9 j Hj ded § Hq’dzOdsq’lufr]Qq’" MdMmlsjds eBdzdL d ctcOdedy t

2. 1l sdvs 1. v., 2jttBOCte . 8. (1 tBOMdOY kM2 ydetsmls: d

3. 14280 5. R . [ jIstsH lstsu,;udz’” fto] sSBtcOLIBSIo.OdzfR aL ds.j 5t
tOHdsWdLd¢oO. 1988 ©v. 1. °~ 2. 4. 95

4, ststsfnogtsa 1. A, [ SBddyimbej Cttdzj? (odzddsdko odad JHJ
13. -1P.. o . 3

5. 1 OHBstetsy dz" 2 {. vindzseo dvw, (ted ¢ siststdsd ¢ € Mwdzd Od3dzts & 5 U gz
g jtodw: HcfﬁjISstdz’ OdzOdzdL d ddeWtsteds@bydtsdzede j Isj mdesdztsc d d .

6. 14d2dB0ts >. RrR. [ fitdsHduiMSdr HodyjddWwr toj dzj 2ads 7 fyd
¢1 wuwuwt, 1955,

7. | stes dztse 1. R . [ ftedddzd e pdgizisdyts ¢ Nfipgdzy H € Es®dzj 2 - OtcOCIsj to
RLOJMIsdw okLBoe. tOHd¥foL G O. 1969. ~ 7. . 1083

8. b dzZlssdzso MG OwW [ . 1., 1 Jm¢dzze dzOW ¢ . 1. bz j Bt Odyj MSd2
HdMCtejlsdes?2 HJ OB ud MS 52 B qddpigiz] H 59 O j ozH ig SzP I sy iHAc &0 diz

9. Aj¢édde [. RrR. [ ttimstesjddd B dzOMIsd sznlsis?uq’atsfnlsq’ o
1tcd C dzOH dzOv BOI | BOISdJEC O d-188j - Odzd € ©. 1968 1. &. 118

10 | sty dzse . R { ftodBdzdy j dedf = € tadipidite d B B tc QStdsyj cierHfirlisj ofyupigts
9 dzlzlste § dzdzts Myls d JHddqu{dZBGTS CtekzecO. #MA73. 1 d dzO d3d 0O mMdMmisjdz. 1

1 JwyLBso0O s. ¢.
[ Ol B3OSO o YdLdzed hSCtsdz dzgdC O (1 © tsMmdatse Odzd d

Ar1fu 1[ clftjdBRieemS d2 ¢ dnd@fmhygohjddsds s
(t smfifdei dzp Ztca
doi: 10.18411nio-07-2024507

¢ dzdztsls Oyd w

I flOl! j tOMMEOtcds 0% sfw sy dlsjd d j OfY
©OLodlsdj ddudsshmlsd hSdr dzdS O, §tddj dddshls! &ols.
oo BHGE d ISOIsT OdeC jIsdteso Odzd v, COMC ! 8 O8 h j
hCd dzdC 50 O] BOIdU) MS I SBEOL so Oded j .

Sczs Yjor j dbszsE@sdC O, &Olkj GO MSB] BBEOLSS O

Abstract

The article examines the positive aspects of the influence of teachihgmadics on the
development of the student's personality, the applicability of mathematics in the future life of students.
The results of a questionnaire that reveal the degree of interest of schoolchildren in mathematics
education are given.

Keywords: mathematics, mathematical education, teaching.
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BOL 52 -gpkdedezj MSsets ftesctej MMO 9 Oy dats 2 ¢ a3t |
dzj sBAsHBsMIsd kskOd dscéts &Ols Pkl &g sis s s jf dz
Lotsdze ydesdzd tetso Oded W Mtso toj d3gj dzdzts 2 ydoeddzdL oyd d,
@BOIsJ BZOISdL Oydd tOL dzdydyr » dz2Okzydz = lsteOMmdzj 2, dzts
odzgj Hicjdzdd o fBoMmjHdzj odzke fteOCIsdCE €COC das®@ dRtc 5d L
sirnddSd. [ Obj®BOLdEO ofMmistej yojlsmw d dMmfsd L EzJjIsfr
MW jteOrn YdLdgjHjwWIsj dz desflsd yj dztse j € O, fMdzj His9 Ols j d
By dZ COYHBRE YjdtsejChk [4].

YyistsBr ffsdgvis! , ZOMC sdzt € 5 d@udpls ' dzdfE o L ds@nisd. d3zOfy lds
BOI ZOISdSd Hdzw dr HOdz dzgj 2h 2 ydLded, d3F ftetse j d
ftoeddwdzd EkyOfglsdj BEZYyOGsEhdjmw 9 d 11 ¢ d&zOMMmte .
slso jIsdlIs! 2O 8 otfftetsmtse dL f fogfjfrifCsGntc j B fyleoLj dzizs s
dMmimdzj Hise Odad W .

ljtcoar 2 otfftetsi Hftoj HYsdzOcOdz o9r Btstc dL f toj H dzts)
Plso jtey Hjded?2, Ctbktterj COLOdIM' bkyjddSodk d&Odstsd
tcjLEd SOy OdOdzdL O §sdzkzyj digksB tHisa bty s zjHjO zs 5
] M sdeH j dlstse MyudkOs s kO] BOISdSE thdses? oMmjn
CdeISJtGJfI]erd3 (44%), BOIsjtedOdz YsdewIsder &3 (38, 5%)
EquZdJOB( 1,9%). [Hd&OSt PhbdudmEGOCd) kyPkdle

9%), O Lkt tchf BOIj BOdSd fMuyudlsOsls ME Ezyde d&3d ( 1

l ststets? otfftotsfy Br dz dzgOf tcQodzjdz dzg©O orf Wodzj dadj
FtotsC O d3®ls;d3 sdS¢d. wtjHd f§dz®s fMse Eyoh djmw o tcO¢
toj M j dgdbv7 , 1 %) , dmf sdz L so Odzd J§ d dz% ste 3Oy d tsdzdz” - Is J
~nO0OCIsjtedMisdS kZtesCOsfhizisQzdzf gz | i tf gz B lspls OdzH Ot ks

vsdzj Hze h Jds otsf tetsMisdy dzOd3 ~ tsls§ dzsm! orf widedIls* ,
H Odedets 3z Ootefthfdds sls lsdash j dad W Eudlsj dzw ¢ zyd dzd
toj M sdzH j dzlstse MydlsOe s, yYlsts tslsdatsh jdadj Ekydlsj dzw ¢
dL zyd dzd ¥ (71, 4%) , 24, 2% o7 BtcOdzd w®lojls ¢MEtste,
ftotse sdztsmso Odzd aLJGIstsaOt@o[rﬂdslSdJJtslsinls Yyd a3 HOe d ¢
teOM toj Hj dzj dzd J slso j stse ModHjlsjdz Msakzjls  Istsds,

A-Os

ftededzdyjdz € HJbwd BHBRZOSBE jJhikz dzgf MdzjHbkjls tsCOLT
Hiczedds d dzOsBESteBIS.

10 otff s, mMEsdz ¢85 yYyOMmtse o dzj HJ dz¥ fdzi HIZJ Is
tcOMY toj H j dzd dzd Mdzj HEE P dd3 tsSBtOL Sd3:-4 4EOQLIG0 o=t tzfsk
HsMisOlsBydzets HdzW EMotsjdedWw dzj sBRBSHJ BSE ts-61sBY QififEd |, «
14, 3% dAfstptis@t®dzd -20 G @D jols dij Hj dz¢ d 11% MydlsOels, vy
BOIsj BOIsdSd o daj HJ dz¥ . sO¢ odHJds, slso jIsT cOMmy to,
fMH j dzOIs 9" 9 SH tsB Edzdo jtemMOdz desdz € tsdzd yj Misoe g z 1
Py dzff 8 20C 5, fsMitsd Sk Sftetsh jddzg" d3d B dzd bk yJ dzd € o
sl dzOdzdzts M Is ! dr ®lo jlstse, WOCIls ftsded dzOdzedwVw dzOf tcC
Mz HB9 Olsj dzt dzts, MY sMsB dsMmisy o7 BteOIls! Ists Ctsdgd yd Mk
otej d3W HAzwW EeodzzBdzj dzder = L OdaWIsd?2 6 Isjd3 ftoj HABJ SO
vOCy] dsyjdz MEOL O, ybt dOdzdydd tOL dzdydz = odt
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BOIsy ZOIdSd d d&oOftetslsdeo, M Eftshjddets? { taEfejtc O d3d:
HOdzdzs A3z ftoj Hd3d sz dzO HBdzy desd3 RZtotsodzj] Hdzv C O HES2
sz HEE P i3 otsftesMOBRd 3 LORtsSIsj dzd orf widzd s ,
BOIsj BOISdSz o YwmoMmjHdej odets?2 YL dzd, 1SOE C0OC MO
ftodd3j dzj dedj  aletsp] flgko thyls ddOf tcOo dzj ded? d B dZOMiIs| 2
tcOMmY tcj Hj dzd dzd M Mdzj HEE h dd3 BBOL Bd3: cftcd Mo jteh
cOmMyJ sO© tOmMatsHsd  HBRAtSHEBOE (72, 5%), cftced tcOn
cfted of ydmdzj dedcft 7§ B&)j delgtmied®y tOMYJ O fesf steyd?
(42,9%), c¢cfted dqLddtjddd HdAzdd  f§dshonj2é (35,
tcOL dzd ydz" = BSHJAEZj2eé (17, 6%), cftcd tOMCtes2Cj ¢
Sftetsh j dzdz” § o optigjdds Mxffiglian lsga@ Idn § o A3 ded BsMls:  d&3OIs j KO
Kjdz s olststeBE s otsf esMO B dzts ZL dzOIs ¢ tsdzd u
LOddalsj 6 Mso Odedz" = ©® 9" BfStE ftesWjmMmdd M d&EOIlsj diBC
slso jlsse Mdzj HEzs h OW: ¢ BsY Sz HEOSQWROREE Y £Mi)dWw , B ik
dmf sdz! L s9 Ols! B@BOIj BZBOI S 2, dzts Issdzr €ts o Brlskze
Mow L Odzdzze M dBOIj FZOdEts2e (26, 4%), c¢vwv MmMsd3dzj o0 Ot
BOIj BOIsdSCde (25, 3%), ¢Wzjdj" It prdlad o davjsL fiylpGssj dgO
dzd S SGHO dzgf BkHE dMitsd Lo Ol! &GO BOIsdEEz o BT IS
LOYJ &3 l]’tsdchlsisdztsc;lz or ydmdzv Is Fetsdz sk skzesdz' datsc
FicOodzjdzdje (1, 1%). ts O8] toshHjddae ~dzjMmn UddLo s dsdztdgOls j o3
H O dz! dzJQhJQ ydrded d OS] ©WOMtwjHjdzjded] HJ2Mse
ftesWimMimMdd dddsls HOddzk® dzOkzCE o Moty 2 tsMmdatse | .

d3€)ls;d3€)lsc{§c{ dz; f 8% sissksigy aqtsMinOng, o Bl Iskz daj
BOIsj BOISdSd wodws Isfqw Istcj otsydgr d@3 Lotdisdy € §Jtcj
Hd Mmyd{ dzd dzj . I sstsddz ylsts HOYJ YJ dztse j € Iz, L Odzd d3C
dzddco dmisdsd d Is. H. dzj ol tswd g'd3j |, § £ id©'dedf  dgOIsg d3p!
Cktefnj hCtsdz desets B EYJ ded Vv .

10 sfhmdtse ] OdzOdzdL O dzO" j2 OdgC jIsT By dzs S OL
BOIj BOISdSCO wodzw jlIlsmw dgj tslsi j dgdzg dsts?2 yOMmlis: & drm
HOdz' dzgj 2h jes ©OLfldIlsdy. Isfudz@Ustts dzj MudlsOjls H Odzdz
sfdzse Odzd™ ftjHY SEZOEO! , Ykt HOdEZOY ks dj GO L C
CkztecmO dBOIj BOdSd "MCtsdz! ded € Iz

ddzj HisO Ols j dz' dzts, ftcdodo Odzed J dz¢ B o d d shtsL dzO
ts f) dzts oOsfOF 2 j 2 Hd Myd{ dzd dz H dzW HOdz! dzgj 2 M j 2 ¥ dL dzj
o0y dzgi2hdr yYydJdzi?2 YjijHOGEtSESY, tcOBtslsOs h dn o MW ] tod
ftcjf sHOo Olsj dz Hisdzy J dz B ' Is! Bdzj Miswh dd3 BGtcOlststotst
or Miskzy dzj ded v ,MmW fig tfc =30 & s d2Od 2 tBERZYyOBEMNdeaMmw, jet dz
Yyd dzsfmlsdzze o Bl jSIsdodzky COtlsddzr dBJeO, o CBlststot
MOk o Bd hdo yjdedetsfilsj2, KOS C0OS¢ tBjMmijyudesod
NdLdzj HWIisj dz dezts fiflesq HtsHOjp dflsdgrdd 24 §

*kk

=

ssdzyjfydy ©OLodld™ &0l BOdyuj MStets GBEOLES Oded™ o [ B
1 c0odlsjd Mlse O ( sMMd2MCB2 AjH,jwOHHdI O 2 BN § GPedzstso 2 0 1
2. [tdse® (. 1. [B OfbE@d4istko Ly O} KON HEsh Csd dzdCtso  ©
Codzj (O Gfdse) Gf'lO oL OddsHj2Miso W L

BOIsj BZ3OIsSdSd o h

sSBtcOL 5o Odzd W) / [ . 1. Jtodzse © [/ OSCIsEOdz dzr § ff tedkB dzj d3"
dZOoRYs OC Is . C tsda¥ . ftol ftsHOo Olsj dzj 2, OmMf JicOdzls s , -IstFO6 d Mistc ©
2015.1 & . 783.

kjistedd d ®jlsHdSd SBkyjddY Jdif stedOlsds
EOE®EE L d2@dz@2 M. 2015.

0. slzdzllslztsisdztsdq’lufr] 2 §SHARSH COC djlstsHBG
/] [BtcOL o Odzd j-ff §H Ok EzOIs § to ¢ teineg 1P, 7 01170 f) .

3. I mdeser BN j
3 didH.. 1R

4, 1 jedsd dztso [ .
d. 1 jtodsd detso
g . -299

2
d
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5. ltezHd &M . ¢. [(dz BOjBOdEd o Yydrdd yYyjdseico [/ 5.
ftosBdzj 3F G EdBBOded IsOtedz Rf .4, JA0sdjbmls o-f7dEdzr = dzOE € .

6. sOHBadzdyd?2 1. ¢. [OjBOdJUjMits] GBKOLB Oded jlsd W@t tsw h
sBh jMlseats. [ Olj BOIdyjMSéts] tBcOLBOOdd] dO ttkBjiyj oj ¢t
fpj dzlswete? 2000 / [ tsMmMEtseomMEdRf .y ddEROdz] ftc. BOIS. GBELOL B9 O

RO Odzso O ¢ . , sdmjdzjeaO® RrR. .

lteddsj dej dedj s stedd dats U‘B@f Okttt s@dd d {86 &is
Czdz' skzte

tsmMmnd2mMed2 kddojemdls]|
(t smifdsmg e O
doi: 10.18411tmio-07-2024508

¢ dzdztsls Oy d w

dlsOls!' v ftsmowh jdzO dL Ezyg deds otsL sy desMmisd f tod
OdEs Oesdzd Misdyj MSdr dcéte ¢ MifzRRgiEed Odidsin,j B8 d3j tg o
(fhjddyr, wydjdvw, SCkSkttkzL'™). | dv OfmMyYyltse dMmi
sMOHCtse, oO0Msotdy Metstcj d Mtcj HAGA 6 d g dz08 & jcOfizdat
CtcOj . 1 dv sy ddw tojh jcdsd i lsds@l€ tisdzedzts 2f sdngl to's,0 , H
tej Odz! desflsd, HtesdLojHY dz fsHBBte yYjdz dzO toj OdzdL Oy
ftoddsj dzj dzdv Of f OtcOIsO Isjtstedd dete ftod f dzOdzd tetso O dzg

sdzék yjor j: ldnetsg® dcto, @BOIsted YydzOw O dzls Od3sisias M ls d
f zOdzdtetso Odzdj §tsMmjotse L jtedzstso’ 7 Ckdz kkts.

Abstract

The article is devoted to the study of the possibility of applying the methods of the theory of
matrix antagonistic games to planning the size and structure of crops of grain crops (wheat, barley,
corn). ROSSTAT data on precipitation, gross harvest and average grain sales prices 20100
the Krasnodar Territory were used for calculations. In order to obtain a solution to the matrix game,
which gives a structure of crops close to reality, priceggfam sales were selected. The example
shows the possibility of using the game theory apparatus in crop planning.

Keywords: game theory, matrix antagonistic game, simplex method, planning of grain crops.

] ZOMmilstswh jj otej ddv o s tcO MO tc ME BB &'itcOjj 2 dgJ
Ljtcdesor &3d Ckdz skteOd3d, Cslstster § or tOh do O Ismw o
wydzJ dz@ weodwslIlsfqpw Cdztb yjor d3d ftotsHEZSCISORI L Jjtodesor -
CeSktolzL T dzO0 L J tcdzts. [ Mdzts o dats 2 L OHs@3y J 2 § tofd® Dotk
f dzOdzgd tctso Odzdj tOL Bjteseo d MtckzCIlskzter fsmjotse L j
Ckdz Iskte L OoadMmdl tsls ddztsy i Mlsa © ¥ OCIsstetse dzs fSHd
EmMmzsedw, O btydzg J Stdzduy mMsets tsMOHC SO .

Ajdz s dimfdzj Hise Odgg ¥zj dzdh flz sslgcddtedete M ftedtets
tcOL i3] tots o d MmMbickCIlskztr fsfmj otse L Jtedztsar n Ckdz Is
fesyj MMO.

t OmMmMdiisisted d3 d3OIsted ydzze OdelsOetsdzd Misd yd Mk dcte
SstcOMmMdzsH OteME tsets CteOW HojtdpldaiO s de tots € ©Q Y jofm st Q@ dz! dzj 2
COyj Mo olithbdtsdgdOetst O

Il " H]j dddg Hd&v CAJtodzsj tOe dzOdBsdzj | otsmistej B8O O
L OHO9 Ols+ stcd Jidts jfdddm@s )y dhipdzi ¢ @Bzl O. r dazvw ¢l tod
9" HJ dzdfiggs tis@le[j ¢ J Gz AT, 5 HIH2T, dzBItBRZO dz! dztsy S tsdzd yd Mlse s
sftejH]dIs! ilsdBOdz dzze MistcOIsjcede ¢cnAjted3j tcOe oo
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YIstsB ' sftej HjdzdIs! |, COCts? GtsH dsydets dzOL 9 Ols
MftcOotsyded €O B'" dzd dzdiusj Mise Qdzds ijOH & s &, o" f ©Oah dn
steOMdesH Otcy (fdm. 1) .
wdzo| Wjo| 5BOt| Ofts] BO2| de dZ2 ds did Oocl Mmjdt 5SIs desw| HiClLO d
2007 73 69 28 51 40 27 13 31 10 41 23 111 Bill5
2008 87 49 89 19 93 57 80 12 42 14 86 96 724
2009 105 75 107 85 25 93 19 22 18 92 24 100 766
2010 15 39 68 55} 69 52 47 1 77 28 67 30 546
2011 110 66 66 138 107 54 8 81 22 76 32 43 797
2012 52 70 50 41 74 15 83 4 27 45 38 75 574
2013 41 34 80 20 17 86 96 35) 107 75 36 71 697
2014 87 27 43 68 72 145 71 63 9 83 78 53 798
2015 107 15 94 18 45 129 il 0.0 40 78 17 65 659
2016 20 85) 53 44 116 63 88 13 14 74 49 7 645
tdMmkzdese 1. wlsOlsdMmisduimMSdy HOdde j BifMWyder = d GBHEo ™ R

l lsOBdz. 1 ftejHMIsOodzj dz& Mmtej Hdedy yYd dz@ HtesdL ot

toJ Odzd L g A it W 2 Miso j dzdz d3d tstee Odzd L Oydw diqd , d.
vsOBd&dYyo 1
dtoj Hdv W MistsddisMmis! L jtedzsor 7 S kdz sktc 9 sttOMmdz
GISH bzl RrRAOD cvfr? susuvtu) ¢
2010 4465,23 3695,86 5358,62
2014 7592,54 5914,33 5726,65
2016 9575,14 7675,01 8281,52

[ dzteg M J dzd v
f &sh Ond d
sk dMlsds q

sfisdd3dL Oyd ts dzdzts 2
90dkztsosets MBBIGLGO o

(tfvwvouv),

LOHOyYd dzj 5B~ tSH(J
stcOMdesH OteMEtsdz € 6O,
CzOo dzgscts B M tej 6 s5dzOdz' dzts @

vOBd&zd yo 2

1 sfj adz® 0 OH! (IsT ). ¢J CIsOts)
1hjdedy Cudsd dz/| skClkteh 1 sEsHO
2010 1317,289 242,081 408,715 1 Offkz R O
2014 1402,083 216,527 614,615 [ sy Hd
2016 1457,956 184,503 640,645 1 B3Oz dzgsj € 5dzd Y|
vOBd&zd yo 3
l Odzso 5?2 MmBtste (" M. yj dalsdzj tetso )
10§ dzd y Cubj dz] skCkiy ] SGBHO
2010 65413,495 10634,68 13826,625 1 Ok R O
2014 76583,258 9797,801 32772,491 [ sy Hd
2016 85107,839 7770,34 35313,62 1 BtedROdz dets§ € sdzd y
I ydmazd dz kEtetsy 02 dztsfmils! 5 Wstedizdzy (1) :
®W .
v " P
GHJiZibtsy O2 dzts 5O eiztso B2 1 B figjecy dzG@¥ f dztsh OH! Ckdz skzter i
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vOBdZd yo 4

Ve O2 dzsMmis

(yjdelsdzj 6/ ¢ j CO®)

1 hjdzdy 0

C Ud3j dz

skCktkzL O

2010

49,66

43,93

33,83

2014

54,62

45,25

53,32

2016

58,37

49,95

55,12

yistsBrT ftcOQoddz des tsyj dedls! Mmlstsd dztsmls
CGBHE. [ dv It dkydts tyjddls: odzdWw dzd j

Hjdzj 6 d ttsmis yJjdz Mts otej dzd daj 3.
vOBdzd yo 5

siwWWdydjvdysf df det de sHise scd3 d fpud fmdzj dzd g
fod o fOodredrod dodujdfcd 1Y rjdlmj

7.24 | 7.30 6.84 6.09 5.38 | 5.38

ftesHES Yy
d dz% dzw yd

1 B8y C dzo

9.77

Ad 9

2016 8.06 | 7.26 748 | 7.21 6.42 5.76

2015| 14.97| 16.71| 16.93| 16.42| 15.78| 15.29| 15.64| 15.77| 15.68| 15.59| 14.98| 12.91| 12.91

2014 6.05| 6.20 | 692 | 7.33 | 759 | 780 | 745 | 7.56 | 8.03 | 8.30 | 9.07 | 11.36| 11.36

2013| 707 | 7.28 | 7.02 | 723 | 738 | 6.88 | 6.45| 649 | 6.13 | 6.25 | 6.48 | 6.45 | 6.45

2012| 416 | 3.74 | 3.70 | 357 | 361 | 430 | 559 | 595 | 6.58 | 6.55| 6.47 | 6.58 | 6.58

2011| 956 | 9.47 | 946 | 961 | 959 | 942 | 9.01 | 816 | 7.21 | 7.19 | 6.78 | 6.10 | 6.10

2010 8.02 | 7.18 | 6.46 | 6.04 | 597 | 574 | 546 | 6.04 | 6.96 | 7.50 | 8.06 | 8.78 | 8.78

ssiWWdydidzs LO esH tOMmMMmydlsr 9 0 smw COC Mk d3d3C
oCdze Yyow o' BtcOdzdzr 2. v OCB2 MisMmMtse fYsLoatsdw jls tsYyJ
YyJ dzsd3, MedzOy do OV MmjLtsdede § SIsC dztsdzj dzd W .
t OMmMMydIlsOls! dtso bkt Mssd BMIis! By dts 5 Wstedzlzdz
OO0 00z p Y zp Y 28z p Y h C
GHJ TRMzHEMOW fMissd Bsimiisy ¢ & jaly] cfls Wi il H ez dzj
gdaW dzv ydvw Isj YEimcgsd BH eV dzv ydw cetsHO, ¢ Ctltstotsdih
lteddzj dzdeo C st WWdydgjdzlsr ddaWdzvwydd dr wvOBdz. 5
Micj Hdzt ¥ MIssddidtsMmis: , ftedojHY dzdlzkr € 2016 GtsHLE.
v OB dzd y

gtcj Hdgww

Mistsd &3sfls- ,

ftedo jHY ddOw ¢

1 hjdedy

C ydj dz

skCik

2010

7747,3

6412,4

9297,3

2014

10060,2

7836,6

7587,9

2016

10090,3

8087,9

8727,1

stsMisOo dd3 ff dzOIs vy )dzlztf 5 d3Ostsdfiydzy (( 3)

® o0 za |, (3)

G HQ T4 dzj d3p dgls fils #sdkB B G S d v OB dz.
¢ts flstss B tesCd vOBd 6 Mt Hdaj 2

4 Gz is dg P&z Is i
Missd &stsmisd .

vOB&dYyoO 7

] &zOlsy ) dzO% 3Ot d yO
11 12 J
(LOMmkE (HBYHJ 13 (destedzsOz dzisﬂ]Oﬁé
1 (31nJ 3847 549499 589018
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12
02 (cud o 2816 354603 403952
03 (sk¢ o 3145 404601 481053

tihdd BsOltedudezy ) § szl yj dedes 2 -d3f 2O s 5 ois dzts 1o D
LOHOY] dddzj?2dzsets fsctOBBdess OBPBU.7 12 s dzbsy BsjddizC
MlstcOljed™” cAjtdjeOe (1,0,0). Clts GL&OUOjl, vyls
fhiddytk.

) sftesBkjd §SHESBLO! OCEY Msddsmls! §EsHES
MistcOjcds C toj Odz d&f 5 HOdzdzr o5 § BMj § dzfd M i @6 ez dzdz'
2.

[ ilssHtsdy §jtejBtStcO® " BtOdz MtejHdedd yjdzg (telzsd
vOBdzd yo 8
Jyd desydzOw Mmlstsd di3smis! Ckdz' skte (telzB dzj 2

1h jddyO c yd3j dz skECktokzL §
2010 5165 4996 5759
2014 5592 6194 6727
2016 8375 7975 8981
lWstedkizdzy (2) HtedojHY d&3 yjd@ € BHdesdBz cEtsHEz
vOBdZd yo 9
RLO3j dzy dzgdz" | yJjdz@r, HtdoeojHYdedzr §| € 2016 Gts]
GtSH Yz 1 RrRAD cvlfri? susuvtul ¢
2010 8961,4 8668,2 9992,0
2014 7409,5 8207,1 8913,4
2016 8825,5 8404,1 9464,2

]l sy sdz' L 59 O9 hzdeftp'y OR @zizdp lsdid L v OB dz. 4, t©WOMMYJd!
Wstedidlzdzy ( 3) :

) TTUTMTQIT X WP UP WP

Y CYmMYX WK POXPWXTP

COYMQY UG YW poYTt
b dzso O m;& BOltedudzer dewk: yjdO dcetr O

MlistcOlsj g W gAthd3;tGOé ( 0, 6 W yd) Hiz;jOs, A&Zz3H)j.dzdudsts g 'dad
woydzjidg0 %, O TRteffie@dh ¢gj v 23 %.

10 Gidss | f§odzyjdd 2 tjLizd kOkts &ty ds 6]
odgj Hiecjdedj BjlstsHtse Isjtstedd dete M HodosHts?2 o
HOdz! dgj 2 0 d jdadfin ity dasdz'© B " Is!  dzOff te Qo dzj dg dz0 LklIstsydzj
Euydlsr 90! dzgj btsdz ¢t CSdzdyj Msets tsMOHSCte, des
Csdzd yj Msots Lktotsy 02 desfmlisd, O IsOCYy tcOMmh dtej dzd 4§
fj dz MCtshtsL W 2AHIsYq dlzdzfs 2z ffdetissHd 2 o j Hj dedWw RtsL W 2MfMilse O.

*k*

L tfruesw (g HCdeOW B4 3o HEdMHyL QzdAQl d q S S&BEON q figldzplats©0) | sz H
[ Cdzj CIstetsdedz” 2 tej Mktem] . URL: https:// www. fedstat.ru/ind

2. ANJHJteOdz dz@vis MipdzcENn® o § dzdzts?2 MisOlsdMmisdSd |1 Odztseor j MBSt (
Ckdz skzte ] t sMmhd2 ME =2 AdJH]jBOYdJ 9 2018 GsH Iz (u
https://rosstat.gov.ru/compendium/ document/ 13277# (H
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Abstract

Differential equations and their applications are often difficult to solve manually because of
their structure and the variety of possible choices. Mathcad uses the Odesolve command to solve
differential equations, which automates the process and greatpfifies calculations. This is
especially useful when working with equations that contain complex functions or parameters.

The Odesolve command in Mathcad not only allows you to quickly find numerical solutions to
differential equations, but also providdse ability to analyze the results and visualize them. This
allows researchers and engineers to more deeply understand the behavior of the system and make
informed decisions based on the data obtained.

Keywords: mathcad, calculations, commands, Differahtequations, analyze, visualize,
Odesolve.
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+ = +— = cos(w
1 L 1Wrrel L

{dMkdsS 2. 100df)! HAWWjtjdydOd dscts ktOsdyg ddy o

] Mathcad StBOOHE Cd¥ ypabs Jetsd o toj M j dzdd
tcOo dzj dzd 2 . [0 fLotsdzV jIs L OHOIs! Zidztse v, Csls

Jhjddw. 1tfmdzj dMftsdz L soa Odegd™w "gi ven" dzjsBrtsH(
fsidsczls OdzestedIlsdiz dzO2®af das j~h jfadd B dzd v igef®  dz@yg
HOWW jtoj dzydOdz desets bktcOodzj dedw. [ dzv bkteOodej dzedw
u’thdecMszdJ, Hdzw EZtcOd dep @V dslOStc HcOszjfjtsteW H CdADh | o
tejhjdzgdd HOWW ] tej dzyd Odz! dastesH Sz, O o tfiag dds 8 3o Isdz@ds G dzlz W «
ftodBdzdy j ded W l Oy des tslsdzj Isdls Yylsts dzgOyOdz' dgr j
LdzOyj degdv o3, des HBdydzg" Br'Is! HBMIOIsYydets BdzdL €
fs2isdm! & dzgj sz. 1 shdzj oo HAY lczCOfveXides jdezdls ' tdtBdg{dgH,
b, [step])" ¢ kttOodzgjdzgds. ClkO CHBORHO L otsdzw j I
L OHOdgdgr d&3d dzOyYOdz' dz" sd EfMmdzsedwdid. 1 CtdikOdzHj " Od
dzj L O dfd &skz® f jOteqj jdfi sy ez Qfdis d B dzd ¥ P degj2ts B VQ O'lssjtde
f OtcOd3j Iste, Clststsr 2 LOHOjI hOe ddzlsjctedtotso Oded W .
sflsd BOdz: dz" 2 h O OoalssdBrOIsdyj M d.

q"(t) + — q(t) *Ic q(t) = —cosu t)

L
Q0 =1 q(0) =10
t:=0,0.1..20

q := Odesolve(t.20)

tdfedetsS 3. tjhjdedj HAWW jtejdzydOd: desets k0o
I sdzd o "N jfjted ydmdzj dede’ ~ disitfspitg Anipcpxs oy O I diz'dzlz 1

WedCydd. [Mmdzser e Ow ! dzO §dzzyj dedz" = L dzgOyJ dzdw n ¢
fJted 3 dedets? t dL d3gj dgnls g v, s tsfnpd OY s

0.45¢ R — : e 7 o :
L O L B 0 L1 W B £ W B 0
L [ N B 0 Yt 0
L 1 T B R A L S 0 O A (L B
LION TS IR A IS B R : B
4 o0t} 27514 5l6 Fisl o Jo1p 12113 {415\ 16 [17i14 19]20
dam R NI N EERVNIEAE
& —oa1 R FI AT AT WA £ [ VA A AR
VVVVVV o \/ v : ‘\/ \/ : \/ ‘ \/ : \~/
—0.431 HER [ B HE i { i :

0, t .20,

{dfkdsS 4. J©OWdS LOsdmddsmisd sl §jtsj dsj dad



fasaeaoacgo229 3RbYoeot oaRJdqo o0 af3RbDbaYRoaot -87

Its cteOWdSlk yj dmsydes kY j z@tijodedy dzdsl©C d glaj € 16 IOt
fJjtedsH, yYOMmlstslskz of dzzy H jdzdz" = 1 dzj CSIstetsdzOGc dzdIsdz” » €

1 OC dz¢ uJ ded §

R tsdz! L s9 Odedj  tetsG tc O dzdzdats ? fI’]tGJHr Mat hcad Hdz®

ftojHMsOoadzw jIs MsBB2 1 WWjClsdoade 2 d3j IstsH,S ISaLlsjts tar d2w
OdzOdzdL © d isHj dzdtetseo Odad W Isd mded ud MS dn, W d dzO dzf t
ddzmistczdzj dzls L otsdzw jls EftosMmisdls: fmdztsy dz" § or ydHf
dzi sBasHdBS] HdW ftsdizyd ddy tiLkzd sOkte.

Mat hcad ftojHdZOCOjls EkHGBWERY dzjfrdedj"Hdgd , H dBVH  to CoBS)s
ftoj HMisOodIls! dBOI) BOdYUJMEdy ofteOyjdd™” d tfjtdtet
or ftsdzdgv jIs or ydmdzj dzd v, Yylsts fwoLeosdwjls MmMtsMmtcj HSIS
1l ZOGtsH OteWw | Issdizz ddzmistelz d3j dzlsdz, + WnW i Qlsf Patztfth) Is tz0 A3tsHe 2
Mdzsy dz" =« HWWJjtej dzydOdz! dz" » BkZteOodgj dzgd?2, yYlsts wWodzwj
Isj ~ded € .

stesdzy Istsc 5, Mat hcad B iMmMfjydoeoOjls otsL B3sy dztsm|
Ybsts fsdBscOjls dkzyhj §tsd?ldi fztbo JH HdedigO | 5 d fif ldojsdg’y
dzO G dzW H dz" 3. Clts wMmtsBj dedets 9Oy dets ftod dsHJ dzdtetse O
Euydlsr 9 Olsy dL d3j dgj dedw ot otej d3d dzd .

RN sdz! L s Odegdj Mat hcad Hdv tjhjddy HJWW,t
fsorhjdzd® Istsipdisfiplod L©] Mmaydels dsd dzd L Oydd tshds :
tczydzr » t©OMYJ O~ . vsO0Cdd3 tBtOL B3, H O dzdzO W I]’te Gte
tcjh jdedv BEZtcQodzj dzgd?2, des d fwsor hOjls COyJj Mot { sdzk

*k%k

d21

1L 1OHBstetsydzr 2 1.1 . Jfhﬁ@ﬁzdd}@l&]}dﬁ@bd{z@z@audﬁmq’b;lslsa. Yy Ofpls+ V.
Eyd Bdeis g fsmMse d4 / 1.1 1 OHBSte Y dz" 2 . A 1 Odz! o34 ),
s ded s R ded W) S 2 b decbesidifys dlsRles GMS sets §sddlsj R dduj MEses
392 fn.
ljd isdmse, 1 jlte ddzi CMOdzHtesoady 1 dW ¥ jtejdydoOd dz" §| EktcOo dzj
g. 1. isuddm jvjdese MC : TL &9 ufy, 2016.
3.sdvimse wjtecj?2 1dStsdzOjody, zktereddz 1 OHdds 1 OHddsse d . [
@@ IssHT twihjddy LOHOY: vyjsBdsy (EHODf [ 801 O HsH |
Eddoe jtemdiBbllks?2 BO11.

4. ] S. Mjdedzj e [ W W jtejdydod: d& § BkwOodsgj dzedw: fJteddzsy jdedw &
My dzdzj e, U, b icdy | detsd)y tc waBER j tdy i &9MA Tz oz

5. yjtedzv j 9 O, v, - ]l L By dzsMmisd twjhjddw LOHOYd rrdtedndzi H
FtcOodzjded?2 o yYyOMmbdey » HtesdLotsHdy » olttsedts fsteWHCO / o
slsC terilQel2i.” 12860).i u . -576.8EDN TDNGNP.

N

fsBCddzO ¢. ).
VicOodzj dzdj 1} jdzdzw. [ Otedydsy 2 Odestdlsd | .

#OnOdzd dzM¢ d2 cetsMizHOLMIse j d
(1 M ipdirdzets O R O drd daf €

doi: 10.18411trnio-07-2024510
1 Okydzr 2 wkzSCtsosHdIls] dz' :

¢ dedetsls Oy d w

] HOdzdzs?2 MIsOIs! § tcOMMd3OIstcd 8 OJ Ismw Zte©o dzj dzd §
cOL dzd ydz" = R@BIIsBHBO tihh jddw HOddtet LktcOo dzj dzd v,
d3d stsH  yd § dzr ~ HtesB J 2 ( uq’deq’ucjfr]Qq’Q d3cj|SBH, H S
] 02 dzHB j € Sls@®tcr 2 BlsdzquOJIsan mMetsy 2 wdSlsdo dzsmls

Bjhjddj be@Oody def™ [ Mdzsoe dz adzo[dz,OdchJ bHjdvjlsiw
GjlsHtse d d° §6OCIdUjMStdk ftodd daj dedé . f OB 5ls0

@
q—.



-88 Toorvaoaoacdo»®RYRMY 06 Bdr 3 RE

1 j dzdzv o dz' t6OL B agOflsw 7 dzOkSCd d IsjrdedCd, © kOC
f sf)lsOo dzj dzdzr 7 vy dzj 2 .
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Abstract

In this work, the Pell equatiois considered. The work is devoted to the study of various
methods for solving this equation, ranging from classical methods such as the method of continued
fractions and the cyclic method, to the modern matrix algorithm of N. Wildberger, which is
distinguished by its effectiveness. As an example, the solution of the equati@4y*2-=1 is given.
The main attention is paid to the theoretical foundations of the methods and their practical application.
The work is completed with conclusions on the impoaoicthe Pell equations in various fields of
science and technology, as well as confirmation of the achievement of the set goals.

Keywords: tell equation, Wildberger matrix algorithm, diophantine equations, continued
fractions, hyperbolic rotation.
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Abstract

In the world of mathematical concepts, vectors act as unique objects combining both dimension
and direction, which is clearly reflected in their graphical representation in the form of arrows. This
geometric view of vectoranderlies their understanding, providing an intuitive picture. At the same
time, vectors can also be written in algebraic form as organized sets of numeric values. Thus, the
vector concept demonstrates its versatility and application in various discipiatgematicians focus
on abstraction and rigor of formulas, while physicists use vectors to describe physical phenomena, and
in computer science vectors become effective tools for solving practical problems. Understanding these
diverse aspects of usingcters enriches their application and study in a variety of fields of knowledge.

Keywords: vector, geometric interpretation, various approaches, universality.
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Abstract

The article provides basic conceptgh as: vector, equal vectors, collinear vectors using the
example from the textbook by A.V. Pogorelov. Also, definitions of the absolute magnitude of a vector
(module), zero vector are touched upon. The proofs of the theorems are given and examipias are
in the images to the definitions.

Keywords: vector, vector modulus, vector coordinates.
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Abstract

This work develops a linear programming mathematical model for diet planning. The created
model allows generating a diet that minimizes costs while providing the required amount of proteins,
fats, and carbohydrates. The constraints and objective function of théar®mdensidered, as well as
a method for solving the problem using the simplex method.

Keywords: forming blends, graph theory, Diet Planning, Linear Programming.
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Abstract

This article discusses the concept of complex numbers and their applicartthrimetic. The
guestion of their applicability in algebra and the principles of mathematical analysis is investigated. A
solution is presented that allows for an independent excursion into the world of complex numbers.

Keywords: complex numbers, algebeaiorm of a complex number, arithmetic operations.
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CBscEOWdj?2 dd CdHEBHJ®BOBIS 2, ds bkbtsd ¢t o d&O
Gyt stedui Métsj HtojHMmlsOodzj dedj Ctod3f dzj CMmdz' =~ udmj
dtecOdz, sOtedz | OkMmM fjHdsyddkd fEjHnlsOs dvis: Ct
f dztsMmC silsd.

1 sL Y J 9" Wided dztsy! ylsts SCtdfdzj CmMdzsdzz  ud mdziz
gMAasHYwh j iz dL dzOyOdz® CttsteHddzOl. 4 jtdjlstedyj ms
5B ZOMIs' ftoddsj dzj ded™ St dzj SMdzr &7 udmj dz. [ ded MO
COL k) BB @O § dsmSsmlsd, Ikt jhk! fod dLEyjd
bfwkesimisd. | wsojlkMSitd sssL) byjd j 1dS6do?
I MmjotsdzsHtsady s dzvr h | [drOddz ¢dzjSMjjoady [ Osej dz
ok dd w@r Hteked] dLbkyodd Isjt

1 OMmd dzd 2 tod
4t B dzdatsets. [ dzO EyOfmbotoOdzO o jaets fteddgj daj dadc
Cod3f dz SMdzr § udmazO MlsOdzd tsyj d §sflzdavied &3d d Mmd
dbtod W dsd Isdud M¢dd HJd 2 Mmdze dgf thzOﬁSlNSlIleJinnJ
Hy2Mlsoedlsjdz' dz@ d3d: dr dBEsy des ME dzOHT 9 Ols* , rydlsOls
d afuq’lsOdz,q’J ftesdmMrotsHwls 5 ftcOaddzkz ( a |1j3ts) N
ftcOo d dz (a + bhd)+@d (+ btc)di )( L=+ j(fpc QOCll)GOLYdInq’z
Z=aibi dZOLraG)J Isfpw Ctd3tf dzj S Mdestsf tcZ x j dzllz” ¢3S b 2 s
fesdwisy, COC HJjdzdls' tsHdts CStli3fdzj CMdetsy ydmdzs dzO
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a+bi __ (a+bi)-(c—di) _ (act+bd)+(bc—ad)i _ actbd . br—adl
e+di — (c+di)-(e—di) c24-d? T 2442 c24d2 "
S4di _ 11 _ 2,
(10 tel+2; 5 5°)[2, . 37]

SISOBUdZJQﬁ]er' ydmazo dijislb
ud madz z = a + bi sy dzts  d L
fr]‘iisfr]lSCf (ddzd, ubt fegsBsey s shEeGsl, | bEBIST
&3 M0 Heolkzr Codfdy SMdz" » ydmjdz dLsBLOY Oj IS
Is
tc

sMmistsy d dz0G dzW H dzts §
sSBtcOY Ols! 9] CIstster

selky dsyds do2kd s ithOac{dzIz f Otc Odzdzj dzts & t6 O

H g 20l 0BV A + 0% b ) ¢ 6w ooz U d 20 dzOL T 8 Of kv s H
a +bi d tBBL&OYO  Ismw | z | . L G tsdz, Clstster 2 L]
tsOadszzq’st sfmMd OB Mydmm (tslsfnqcfls@dzdzrl’ ftoeslsdoe
B dzj SMdesets ydgmdz0 z d ®BSBL ZOYOjlsmMw Arg z. ()
sy dzts fipls ‘festc B OO0 dzj ded W o j dzd yddzr , CtOlsdzats? 2 itcOHJO
9 JH! w ) dats , Yysts tseastetsls dz0 SOCB2 bkZetsdz oatsCtelze ¢
9 SCltstc HAzddzr r BttOLEZjIs ketsd (f § tsdtsy dlsjldz dr o3
tcOode" (r L cos G; r L sin G4). JbimtrHO fdZyOjl
ud mdzo: z = | z| L (cos(Arg z) + i sin(Arg z)).
dgdzj dedzs o OS2 Wteddj, ftlstsdkkz ylsdssylss jKddz]fddag ¢
ydmjdz o btedessdetsd3j stedyj MEts?2 Westedzdy o' cdzvHdls sy d

a

tdmizdetsC 1

z1 | z2 L cofArg(zl + Arg z2) +i sin(Arg z1 + Arg z2))

(ftod Ed3detsyjdzdd Holkm SoBfdg (Md = ydmjd dn
M dzOHT 9 O Isfpw ) . [ IsM*r HO MdzjHEE I WSt

[ ZOazan®ONL cognl Argz)) +isin(nL Arg 2))).

4 fodsh ¢ 1lsdn Wotdkd d&jcCt dokyd € ZyL L o d

Sl dzj ¢ de" ~ U@ Mindzj § g Hadj Wbl s s MTAO] zC s 3y dzj € Mdats§
z. JldHdzts, ylbsts

|‘lL"| - n/|3| *L\rg W = %*Al‘g z + ‘27,1;]\‘
1
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d k dBtsyil fddd B3Ols! dz¢ B 5] 1Oy CdEfy tLdzCOizdE
O jfls: to i@ dztsfy sy f jCdadfc dzgf 2 B d3f dzj S Mdetse s yd f
ZzOc O Ismw 9 o jth ddzOr fteOoddz desets nkctsdz dad §
dzd x = 0, It z d&EMisdesO Pedy 3" dgzd &', 3d dz@ 1 1] .

*k%k

SHFITI

1. ¢kejBO J dOUOELO &Olj BOdyj MSBect 0OdOddL 0. 11 ¢ d&off:
besojde ) / &.4. fijrdve, r.¢. 1hdese ey, coOm.ef. 2108

415 f.

2 [tcOoddz §j BOKJI@ls OdcjBte® d dOYUOEO ®BOLj BOdYj Mt
BOlsj BOIsdU] MSses OdZOdzdL O (kzedzzedzj dede” 2 ktetse j dz' ) . 11 ¢
[ oW 2014 318 M.

3 1t.eOlskzmjody [.cC. dbdzé jBte® d dzOIYIO dz© dzQlffEfls: | 3R 15 f B ) CHdEVES ¢
EytejyHjded?2 (oW ddz teso jdz) / [.c. l1tOlkzmjoady, s. /.

fiy.
4. cedzsds R. [. stsdfdj Sid’ § uydmdzO d idAsMmftePRJIBORP] o ¢ st
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toryrexkvib L e frRE LT OURE

sOtetfl jdgCts 1 .1., uwtsdvt u.C.
) teC deSL ZO% BBHj & CkhO O0Syd2 S & Odd

Aproul Il cremMind2mMéd?2 vddejtmdisils ut
({ smijdemg e O
doi: 10.18411ttnio-07-2024515

¢ dzdztsls Oy d w

10 tMmdzse § OdzOdzdL O ©OoalstsCtstotej dzw yd ts dadats 2 d u
o' BteOdz' d ftfmlstetsjdyr OolttjctjMmMdsdads j foscdasL c
COyd mMsos fodzzyj dzdz" » BHjdzj 2. Y tescdsmMisdyd MEdy f
stcj BlAHRO ftoj HY s dzsC BjIssHO dOdd3j dz@ "dr S o OHtOIst
By dls Brils! dmMitsd LtsoaOdz HdzYW (e deSL qetso Oded W 9 16
W dz0dztse 53 ter ozl g .

sdzg yjor j Clniige @S yd2, Oolsts¢ stetej dzv yd sdzdzO» W 2z d
ftosedetsL , Istsydetsfmls’ .

Abstract

Based on the analysis of the autocorrelation and private autocorrelation functions,
autoregressive predictive models of the stock price are selected and constructed. The accuracy and
quality of the obtained models are evaluated. The predictive propdrtiesmodels were determined
by meeting the requirements of the prerequisites of the least squares method for residuals. The
proposed approach can be used to predict the time series of the value of securities in the financial
market.

Keywords: stock price autocorrelation function, autoregression model, forecast, accuracy.

dlstej 3 Isj dz! dzts j tcOLodIsdj tor datsydzg - tslsdatsh j dzd 2
L Ctsdatsdsdyj MG da Bl jClstses EyylsO d OdzOdzdL O. 4 Od3" o
wog dzw s s fyw OCydd Oo dCjyd W d L tc jny gy 4 dzdzlz & Blkzd&OGk
gL d&3j dgv e h d dzgimw f dzOo O N dd3 HBASH S, EHsMistse j tow s f
OCydtsdzj odetsets tsBh jMlsa® d HOBMEE HttOoats dz0O  sdzkzyyg
{7 desydeOvw Mistsd disMmis! O yff@H § sdath'sedaizty didzdat j iy )¢
WOoChktstastdso ¢ j s sdzdlsdyjMSdr Hts odezlsted fj ClsstcOdz! o
RLO3J dgd dzdjJ to" desydes? MmMlssddismisd O0Sydd dBsyils fted dzj
ltoscdetsL dqtetso Odad § ddze j Misdoyyldsdizdz" 8 R OBGBEEsHtsd Mis
Mistsd s ls d fsLotsdw jls {tsdizkzydls: ddaV stedzsOyd s s H
9 dzOH jdzadw OCydwdsd d f jtej Mddtslstejls: f dzOde" dzO@ H Odz' o
vbkh jilsokjls HoO Gfdseod - YBSHOBHO Od&OddL O OF¢
ANzdzH Od3j dzls Odz'i dzlss @hgeBdraefiL f SHB SO YJj dgdg'r = B Zzd3OG
syjdzC o0 Mmisjtfjded 1 WWjiClsdodesmisd BdL dgj MO Ists?2 d dzd
Cslitf Odedw Mdtsy jIs Hteddej Misd ddzo j Miststelz. [ dzv 1 Iss@
slsyjidsdzs O OS] IsjdgHjdeydd wOLoadlsdw + d&3dlsj dzls O
ddzo d Misdyd sdedz’ § yJ de
vjrndzdyj mMed2 OdzOz
Yyj dz@r OCup@dssmdetseaj Cts
h

d MmO dls: fscdasL dao HC
L &ZOf tcQodzj dz dzO o' wo dzj dzd J
Stesets, O KkOCY] M kuyjbtdk
ftoscdagsL T  dzO B dzd ) O2 J BRzHEZUPE 3 i3] st j Bded Y joliis® ¢
YdJ dzr  dz@zdB@C B dz0Odztse ' 2 OCIsde, sMmdesse Odzdz’ = dzO0 G
ydrdz 0O dzgj {StdsBdudmMéds OMUujlsOn [4] . uvjnddud
fsMCtd Sk sd By jls Brils! fteddjddd ¢ tr &zC Ods oM -

q
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d
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l MOl j ttOmMidOlstcdo Oj Isw HJdOBJS O Mmistsd distsmisd
OCtesnitsdzH ddzc © { A, ditodetgydplistH v il j cBOMBEs et s (otst
stsli3f Oded™w toj OdzdL EZjIs ftesHEZSYyds o 80 twjecdsdzOn 1t ts1
pjf! BO ftedodzj COIjd dF Hdw ddzo j Msstetse .

[ Odgdz" | Hd&zW OdzOdzdL O ftojHMIsOodzws s MtsBts?2 teWH
LOGCter Isdwvw bkitcetso LO fjtedsH ) 21 d3dOwW 2021 GEHO
LdOyjdzed?2 ddi3j jls 741 ktetse j dz .

RiMMdzj Hsoe Odzd ] MstekzCIskter twHO d or BBt Whkdt ydt
ftesdL o tsH d dzd iy B ssHOB Ools T 45l to jzdzsqg dids dzdas'cHSO Ot
Qo lsts stetej dzv yd sdedzOW W kdzC ydw (ACF) d yOfmlsdzOw 0o
Cslstster R ftoj HiNlsOo dzj dz O tod Mz dzC j 1. MOtOC Isj t
fsMmisjtfjdedetsy d3jHdzj dedets] kBT 90dzedy ACHS Y tof dz@ @ s
Qtsich{udezlsO OolstsC stetej dzv yd d t]’;tsalsdts fstcWHCO,
fMH j d&zO s or otsH, Ylsts dzOddzzyh j2 Whtedits?2 dBsHjdzd W o

9dHO:
Vb 0 0 e o
Autocorrelation Function Partial Autoc orrelation Function
VAR1 VAR1
(Standard errors are white-noise estimates) (Standard errors assume AR order of k-1)
Lag Corr. S.E. Q P Lag Corr. S.E.
1 +,992 ,0367 732,5 0,000 1 +,992 ,0367 _
2 +,985 ,0366 1455, 0,000 2 +,012 ,0367 |
3 4,978 ,0366 2168, 0,000 3 +,044 ,0367 ]
4 +,971 ,0366 2872, 0,000 4 -,042 ,0367 1l
5  +,963 ,0366 [ 5566, 0,000 5  +,014 ,0367 |
6 +,957 ,0365 P <252, ©,000 3 27 ,036 I
7  +,8950 ,0365 O 4s2s, 6,000 7 -,007 ,0367 |
8  +,943 ,0365 [:l 5597, 0,000 3 -,0l8 ,0367 [|
+,836 ,0365 [ 6255, 0,000 g -,041 ,0367 1l
10 +,928 ,0364 O ]{es0s, 5,000 10 +,004 ,0367 |
11 +,920 ,0364 [ ] {7s2s, 0,000 1 -,039 ,0367 I
12 +,914 ,0364 [ }{s173, 0,000 12 +,073 ,0367 [
13 +,3507 ,0364 [:| 8795, 0,000 13 -,015 ,036€7 [|
14 4,900 ,0363 [ "} {e=20s, 0,000 14 +,035 ,0367 I
15  +,894 ,0363 [ "} {100E2 0,000 15 +,012 ,0367 [|
0 0 0
10 05 0.0 0.5 10 —— Conf Limit -1.0 0.5 0.0 0.5 1.0 — Conf. Limit
a b

{ MkdzsCy €O¥ S d OoltsStsttej & ydsdzdzs?2 ACF (a) d yOflsdzs

)t dBsHj Zdtetse Odedd yjdzr 0OSydd tewH L dzOyj ded?2

d kifmMlssoks orBtteCd, HAZJds?2 Mtsslse jlsMmise j dadets 375
Yyjdzj?2 dBsHj dzdtese Odedv: fteso jteSd bksydshisd o&sHj dd
Isj Misso 52 oresstel j, O IOSCY Mtsn tcOdzj dzd W s dmo
~nOtOCIsjtedL 28 h dddiw tetsmissds yj dz@ 0SS ydd (tedfm. 2) .

[sHjd (1), By dzj dzdzOv 203 sae@d B Bz Rd H r BEBHE t§
9 dH:

y, =11,197 +0,988y0; § .

stsiWwWwdydjdas® &tsH | dzd MmvaedOpSd ud MSCd L dzOoyd 3 (
[y dzC 0 ksydsfmisd ossHjdd (2) fesetsHddon M f
shdeCd [fotr d dd Mmdddy s taddpdgiad teazjs 8 fjPd daj MASHES Ols ¢
ColssteOY o Mozzyoy WJddOdmtse' = oted d3j dzdz" = W HBSO L
ftedoe j Misd ¢ dthsstsﬁjdztsaOdzdztSd3Iz LOdzq’>|szd“ gdzd L Oer N
n
MAPE=1 5 % Y & tpoo
N Y+

N

ﬁ‘ 0%  SMAPE=2 a
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1 d20yJd ded v
stsydzsilsd BisHj dzd
&zO0 tBERZYyoOs M j2,

dzd ¥ J

CO¢

" OC Is  wjdgag)dad *

fsC 0L 0] dj?2,

CO¢

vtsydztsmls !

sO¢

BEH j dzj 2

ftoj HilsOo dzj dzdz’ R
20 tBEZYOs h j2,
d dO IsjMmlsse s
CetemMO OCSydd d dsHj dz dzr J

AR( 1)

) Is ©
d dzO0 Isj
91 E
L dzOyJ ded
vOBdzd yo 1

d AR(2)

IsO¢

[ikted¢d

AR(1)

AR(2)

9" B

[ BEYOE N

St G

vjMmMisse OW

[BEZYyOSs A
9" Biste§ @

vjMmsse OW

fotr
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[ dzw EmistcOdzj dzdw 1 Isd~ dzjBE{)HdOdS o ISt tzly i) f)dets oz
olststese s fsWHCO AR(2):

y; =10,493 +0,954y0; 010354 ,0¢ 3

1 sorh jdzdj btydsilsd &sHjdd (3) §t MOs dzj ded
sy otej W, Byjdt O Cast YW JOs{dpipiEs@zls Ote dinlspis d Mls d ud
value> 0,05).

LMisOdzts o dzj dzts, Yylsts dzg©@ wBEZYOEN j2 o' BBKE] tMist
zdzj otsjy MeiHdzi j, o tMisOlEOr tkhkzksMmlisoalkzjlsd®alstst
sMisOlsC s MisOjIsMw dzj f sMisswdzdzs?2 d sOCyJ dzgj d d3d
o' BiteC ] dBHjd IsOCY] LOddYOJls fttscdetsL dzr 2 Cktefy

1 sdzzyj dzdz" | tojLbkzdz sO™ ftLotsdzvels fqHj dzOls! o
yjdz dOSHOL ¢t EMOctese WkdSydosdod: ds?2 Wstd AR(|
9 Yyomlsd misOkStses: Mbjh jddj dz2O IsjMmlsseats?2 or BSKLS j§

VEOLOdgdz" j] dzj HsMIsOIsSCd ftoscdetsL dets? BsH j dzd dzj &
2O tod B Blis iy ¥ fsMistesj dzedv diIsHjdzd dL  § dzOMMO  d3ts
MteJHdzi 65 ARMA(p, q) , dzdBts 99 jHjdedjd3 o BsSHJ dz [
Wstedddtetso Odzedjy yddzr 0OCydd. 1 BsHjdzd ARMA Efmdso
HdMY j eidj v sddifQjdsmd v yj d@  O0Sydd, L Osadmwh Ow
Ftesodzgj 2 t©WHO, ftotsh dzr 7 L dzOyj ded?2 Efqdzseo dzs?2 wHd MY,
OolstsC tstetej dzv yd s .

[ olze 52 f SH A tSH ¢ zfmls ic @dgijidsd & § tcddj H (Bis PR sB o OC
ZzOIsd dz dzsis g2 tsdf)Ced g Pdzdzts? BEZABOcd d B EMdzse dzd o
Ckteh OCydd o Bh jd3 Mdzey0O] dzaj MlsOydtsdzOtej ¢
Stsets, oL W@y ds ftedmikzlsmisady 1 WH J SISO ¢t" Yl
ddgsfnlsd tslsted yOlsj dz' dzlz ® Ctotej dzv yd s . 1 tod
HdBts Eydls' 90! tltedyOljd & j d f(sdsydls
s Btdz hjj fOHjddj vyjd', uid jJi tshmbs {§ted
LOdzdzr | HtetsBdzj 37 tOL toj MO Imies o sdptesisgls dzd j o
Gtoj MMdsdzdzts?2 bkEMmMdzseodzs?2 cjlsjtetsMC j HOMIsydatsmlisc

q)
) -

v <7
Q—.Q_.Qﬁwms__QIﬂQQm-c—‘wo&-
SNQJ]JWQ—-

%qnsﬂmwé&§¢%DOWQ

Jotodtotse Odzdets? disH j dzd | GARCH{( p, , OfMmd d3dzy &
d dBsHdWwdscOoydw di3d dtsH jdzd ARCH( g
sy dz€ d { tsfg s s ndedz - BtsH j dzj 2 d 9" BBO
ZzOE OjIsmw dOtWHEZ M &jbtedCOBd [ditr d s MAP
(AIC) d zeOttyO® (BIC), Cobtt' ] kZtcOodatse jh
HE orh imMCOL Odzdzsets sy dets o Hm'j .d&zOIf s H jndizj H B
s fsYHCO o afuqm&dbjm1&3$ mMd3r Mdzy 1 dzj d3J
tesedetsL o' MBBE B2 Itsydshmisd. sttttcj CIsdetso C O
dlsj dz! desd3 § dzOdzj , U@dUEB$@BM®9th&¢$B¢QMW
[
s

T 0
Ny §80°
NG&G&

COL Ol Mw dzj Mizh j Mise § @@r$. Il "Bt dzOf tc O dzj
BtcOL dzsfls: & deB&JL o0dzdw tojL Edz IsOIstse d3t
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_d&CDICE S
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4 s dzts dzif ¢ Ow
trdetsS vy dede :
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sjdz 1.1., vEYyddOd [.RrR., 1 tdvCte [ ..
[ jlstsH ®Olj BOIdYj MSCSEt HBsHj Zdess Odzd™ tetsfls O HsE
BsL 6O O ®Mdesdzd W ZHdW WL dd
l sdze sctcOHMEd?2 ctsmizHOtMmlise j
(t smimdw, ]l tsdzG t
doi: 10.18411trnio-07-2024516

¢ dzdztsls Oy d w

) shlstetsj 20 O] BOIdyY] MSOW HBsHjd t©oOLsdlsdw
BELEO. 1 jOddL 5o Ods 1 to ctdOpdidpdated s Boj i dj fnuck et cz! Helr
Hdzw  dMfydz H s Odzed "o toff w35 fAdAs @ dzfHsch QpQ@AlARS d ©§ 25 s dzd .
BOIs | BOISdU) MCt2 BoHjdd fl dMfcd L co Odd j &5 H Odedz =
fsctejh dasfls! §shlstets] dudz Bzj Bisisj dzj B @) wesls 14, 6 @Y OL

sdzsyjor | dsefor@tese Odzedj fbkRsdd, ktOs dafdd]
oto] Bj gzOW HJHBOBIS O SbEotdd, wohls tfkzDtdd, &GOS,

Abstract

A mathematical model of benign brain tumor development is construStdtivare was
implemented to conduct computational experiments to study the spatial and temporal dynamics of the
tumor. Validation of the mathematical model using clinical examination data was carried out. It was
determined that the error of the constructestiels ranges from 1.8 to 14.6 percent.

Keywords: tumor modeling, diffusion equation, spatiotemporal dynamics of tumor, tumor
growth, mathematical modeling.

{OCBo’ j LOBGdoOddY Wwodwslshv GHds2 dJL &ihd
dzd O s d3g B s dzn s ffigjHtalHnjlsy dds L OB tsdzj o Odzd 2 )
tclsjdzt dz" = BGSdzjLdgj2. 1 2020 GtsHEZ B" dzs L OWdGE M
O d GSCtdks 10 &dhaddtsdsse mnkjtkj?2 stk ©OSO [ 1
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Abstract

This article studies the extensive application of hydraulic drives in construction and lifting
machinery, driven by their high power and efficiency. Special attention is given to the use of hydraulic
drivesfor lifting and lowering working elements, such as shovel buckets, as well as for controlling the
speed and direction of machine movement. These systems ensure reliable and precise execution of
various operations, making them indispensable in moderndiegyn In conclusion, it is stated that
hydraulic drives continue to be a key element in the development of construction and lifting
machinery.

Keywords: hydraulic drives, construction machines, lifting machines
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Abstract

The mechanisms of formation of ferromagnetic phase nuclei, as well as the influence of an
external magnetic field on chaegin the kinetics of martensitic transformation, are considered. The
features of the magnetic state of austenite are studied, and the dependence of the critical size of a
ferromagnetically ordered nanocluster in a paramagnetic austenite matrix on theticnégld
strength is shown.

Keywords: ferromagnetism, paramagnetism, austenite, martensite, steel, superparamagnetism.
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Abstract

This article provides an overview of tbemputeraided design (CAD) systems used to develop
the design of an overvoltage protection device (PD) and the preparation of design documentation (DD)
for this development. The area of application of the developed ultrasound systerbaaran
equipmentof spacecraft. The result of the work is a set of design documentation for the ultrasonic
design, the characteristics of which are formulated in the technical specifications.

Keywords: tagotection device, electronic device, design documentation, techradlogic
documentation, spacecraft equipment, AutoCAD, nanoCAD.
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Abstract

The current state of the scientific and technical problem is characterized by a growing demand
for smarthome systems and increasing requirements for the convenience of lighting control. For the
further development of smart fixtures, it is necessary to solve a number of issues, such as improving
energy efficiency, improving compatibility between various deviand technologies, as well as
reducing the cost of devices.

Keywords: smart Home, gesture control, ultrasonic sensor, microcontroller, remote control.
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Abstract

The polyphonic role of protective or est pl antati ons on the ex
Krasnodar Territory and of forest strips that serve as the protection from adverse environmental factors
is analyzed in the article. The scientific novelty of the article is the assessment ofréné state of
the stand of protective forest strips and the assessment of their phytosanitary condition (the state of
plant organisms and their ability to resist diseases and pests). Carrying out such an assessment is of
practical importance, as it allows determine the need to work on the reclamation of forest strips. In
general, this article is of interest to specialists in the field of forestry, ecology and land use who are
engaged in the protection and restoration of the natural environment.

Keywords: forest protection plantations, bonitet, land reclamation, environmental assessment,
reclamation, forestry.
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Abstract

The article deals with the principles of operation of fire outbreak early detection systems based
on the use of neural network technologies.

Keywords: neural networks, fire safety, intelligent transport systems.
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Abstract

There are shallow watercourses, streams and gullies on every kilometer of a road or railway.
Drainage systems are critigalmportant to ensure the smooth flow of water, whether permanent or
temporary (for example, during heavy rains or snowmelt). Until recently, reinforced concrete was used
for the construction of drainage systems on roads. However, innovative solutiereppaared on the
market today: metal drainage pipes for drainage. These pipes are characterized by lightness, thin walls
and high mechanical strength due to the use of a corrugated structure. Manufacturers use galvanized
steel, which is additionally prateed from corrosion by the use of a polymer coating.

Keywords: @Qitomobile road, drainage pipes, reinforced concrete products, corrugated metal

pipes.
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Abstract

The construction of highways is an urgent topic. It contributes to the development of the
country's economy this is due to the fact that improving transport infrastructure facilitates the
movement of goods and services, which in turn stimulates trade and investment-devwekiped
network of highways ensures safer and more comfortable movement of people. Highvrdystedao
the development of tourism, as they facilitate access to attractions and natural sites. The construction
and maintenance of highways creates jobs in various industries, including construction, engineering,
transportation and others.

Keywords: highway, construction, geology, hydrogeology, category, tracing, project, traffic
intensity.
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