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TRAJECTORY MODELLING of SOUNDING ROCKET

Taghiyev V.G.
National Aviaton Academy

This article conducts a comprehensive investigation into trajectory modelling of sounding
rockets, focusing on flight mechanics, equations of motion, and the determination of aerodynamic
forces. By examining fundamental principles such as Newton's laws of motion and momentum
conservation, a set of governing equations is derived to describe the rocket's ascent and descent
phases. Various approaches are employed to accurately assess aerodynamic forces under different
flight conditions. The research culminates in the development of a versatile C++ code
implementing the 4™ order Runge-Kutta numerical integration method, allowing for efficient
computation and analysis of rocket trajectories. The findings contribute to aerospace engineering
advancements and lay a solid foundation for future research in sounding rocket trajectory
modelling and optimization.

Keywords: rocket trajectory, numerical methods, equations of motion, flight path, Runge-
Kutta method, aerodynamics, c++, drag coefficient.

Introduction: Due to advancements in computer technology, most personal computers now
have the ability to run engineering software. These improvements have also made knowledge more
readily available to internet users. In the last decade, the rise of online social platforms,
competitions, and papers has allowed model and high-power rocketry to spread globally. A flight
simulator is necessary to perform flight analysis, and as a result, many open source and licensed
simulators have been released.

The current study involves the development of a rocket trajectory simulation for
atmospheric flight, written in C++. The simulator is initially designed for model or high-power
rockets, but with adjustments to initial conditions and assumptions, it can be used to simulate
ballistic or tactical rockets with passive control by giving trust vectoring information.

Purpose: The purpose of conducting research on trajectory modelling of sounding rockets is
to gain a comprehensive understanding of the rocket's flight behavior and optimize its trajectory for
scientific exploration and data collection purposes. By accurately predicting the rocket's trajectory,
researchers can determine the optimal launch parameters, ascent profiles, and descent strategies to
ensure that the rocket reaches the desired altitudes and locations for conducting scientific
experiments or observations. Furthermore, studying the trajectory of a sounding rocket allows for
the assessment and refinement of aerodynamic forces acting on the rocket, leading to improvements
in design and performance. Ultimately, the research aims to enhance the overall effectiveness and
efficiency of sounding rockets, enabling more precise scientific measurements and expanding our
knowledge of near-space environments.

Sounding Rockets: The name "sounding rockets" originates from the nautical term "to
sound”, meaning to take measurements. These rockets carry scientific instruments into space,
reaching altitudes between 200 and 300 kilometers, and in some cases, up to 1,000 kilometers. They
provide researchers with a low-cost and efficient way of conducting experiments in areas



Elmi Macmuo Cild 25, Ne3, 2023
Scientific Journal Vol. 25, Ne3, 2023

inaccessible to weather balloons or satellites, with common research applications including
aeronomy, X-ray astronomy, and micro-gravity.

Sounding rockets are made up of a single-stage or multistage solid-fuel rocket motor. After
consuming all of its fuel, the rocket separates from the payload and falls back to Earth, while the
payload continues into space in a parabolic trajectory to begin conducting experiments. Data is sent
back to Earth via telemetry links during this time, and the payload typically spends 5-20 minutes in
space. To return to Earth, a parachute is deployed to gently bring the payload back to the ground as
it re-enters the atmosphere [1].

Equations of Motion: In general, rocket powered ascent vehicle bridges the gap between
flight in the atmosphere and the orbital flight. The equations of the motion during the flight in the
atmosphere is governed by the aerodynamic and the gravitational forces. On the other hand, orbital
flight is principally governed by the gravitational forces, punctuated by occasional correction
impulses. Here, purely aerodynamic effects on the rocket body will be discussed.

To gain insight into trajectory problems, it is helpful to start by examining the equations of
motion for a particle experiencing free fall. The simplest scenario assumes a flat Earth with constant
gravity and no air resistance. By progressively adjusting these simplified assumptions, the equations
of motion can be developed to account for factors such as an oblate, rotating Earth, air resistance,
and varying gravity force. This gradual modification allows for the creation of a mathematical
model that more closely approximates real-world conditions.

ORDP handbook on Ballistic missile trajectories [2] categorizes approaches to govern to
equations of motions as below:

i) Particle trajectory flat earth without air resistance

i) Particle trajectory flat earth with air resistance

iii) Particle trajectory for spherical non-rotating earth without air resistance

iv) Particle trajectory for a spherical rotating earth without air resistance

v) Particle trajectories for an oblate rotating earth with air resistance

During the derivation of the equations of motion we should use planet fixed reference frame.
Figure 1 represents the frames of coordinate frames that are involved in the derivation. The inertial
reference frame Oy, is taken such that the O is the center of the gravitational field of the earth.
Frame O, is fixed with the planet and is rotating with the angular velocity, w along z-axis and is
assumed to be constant. By using the time derivative rule for the rotating reference frames [3], one
can represent the absolute acceleration.

dr _ dr 4
dt Todt @xT ()

Oxyz Oxyz

Figure 1. Coordinate system [8]
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Oxyz Oxyz

Since ’2—‘: = 0, equation simplifies to

dv d*r L dr o x (0x1)
_—= w — w w r
dt dt? dt (3)
XYz Oxyz
Because of coordinate conversion on earth fixed coordinate frame Newton's second law
becomes

av
m—=F—-2mw XV —mw X (0w X1) (4)

dt

Nguyen et al. evaluates the vectors in Equation 4 by their component form [4].

r=rl (5.8)
V= Vsiny 1+ Vcosycosy j+ Vcosysiny k (5.b)
w= wsing 1+ wcos¢p k (5.0

It is further discussed that the aerodynamic forces, A, is decomposed to lift, L, and drag D. If
the angle between velocity vector and the thrust is denoted by e, then tangential and normal
components of the aerodynamic and propulsive forces will be

Fr=Tcose —D (6.2)

Fy =Tsine+ L (6.b)

If the components forms substituted in Equation 4, we will end up with the set of scalar
equations [4].

dv dy V*
smya +VcosyE—Tcos 14

1 7.a
=EFTsiny+EFNcosacosy—g+2chosycos¢c051/) (7.2)
+ w?r cos? ¢
v V si dy %4 t dl/)+v2 i inyt
cosy I smydt cosytany FrL COSy siny — cosy siniy tan ¢
1 : :
ZEFT cosy+a Fy cosasiny + Fy sinotany (7.b)
20V ) _
o5y (siny cos ¢ — cosy sin ¢ siny)
dv Vs dy+Vcosydlp+V2 ) cosy cosy tan ¢
T SV ae tany dt 1 cosy smy tan
1 1 Fysinog 2wV cosysin¢ (7.0)

=—F.cosy+— Fycososiny —
m'T Y m N Y

2, sin ¢ cos ¢

siny

tany tany
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Equation 7 is solved for dy/dt, dy /dt, and dV /dt to obtain
a 1 : : o
- EFT — gsiny + w?r cos ¢ (siny cos ¢ — cosy sin ¢ sin) (8.2)
Vd—y = 1FN cosag —gcosy + —Zcosy + 2wV cos ¢ cosy
dt m T (8.b)

+ w?r cos ¢ (cosy cos ¢ — siny sin ¢ siny)

dp 1Fycosg V2 4 0l ¢ _ |
dt _m cosy " cosycosyptan¢ + 2wV tany cos ¢ siny — sin ¢ .
2 .

wr
sin ¢ cos ¢ cos P

cosy

The equations is further be simplified for planar path, non-rotating earth [5][6].

dV_Tcose—D

= — gsi 9.a
dt m gsmy ®.2)
dy Tsine+L v?
—=—— g—— 9.b
T = g——- cosy (9.b)
ds R,
——__c 9.c
s V cosy (9.c)
dr dh
R 9.d
i dt Vsiny (9.d)
dm
= O.e
T =mt (9.8)
1
1
D=3 pV2S Cy 9.9)
R, *?
= 9.h
=90 R +h S
€ =e(t) (9.0)

Drag coefficient: Drag is a major parameter in satisfying the flight altitude requirement of
sounding rocket. It is a function of drag coefficient, dynamic pressure, and reference area, given by
Equation (9.9).

The drag coefficient (C,;) is a comprehensive coefficient that encompasses all the factors
contributing to drag. It takes into account various sources of drag, including friction drag (Cy f),
base drag (Cy4p), and wave drag (Cq4,). Then, the total drag coefficient is the sum of these
components [7].

Friction drag: Fleeman in his book on missile design ligatures the methods to estimate the
friction drag provided by Hitchcock to estimate the total friction drag acting on the body [7] [8].

Cay = Co¥™ + CJ (10)

Here, the equation for the body and the wings skin drag coefficient, based on Jerger [9], is



Elmi Macmuo Cild 25, Ne3, 2023
Scientific Journal Vol. 25, Ne3, 2023

0.2

) [ M
Gy = 05535 (11)

0.2
; 2S .
Cre = nyimy 0.0133 —g

(12)
“r 9Cmac Sre f

In above equations, g is dynamic pressure, [ is rocket length, d is rocket diameter, c,,q¢ IS
wing mean aerodynamic chord, and n,,,,4 is the tail wing number
Base drag: The magnitude of base drag is significantly influenced by whether the rocket is
in a powered or unpowered (coasting) flight phase. The coasting flight base drag is calculated using
Eqg. 13 [9].
C54™t = 0.12 4+ 0.13M? Subsonic (13.a)

C54™t = 0.25/M Supersonic (13.b)

For the powered flight Eq. 14 is used

e

ref

choveret = 012+0.13M2  1- Subsonic (14.a)

A
chowered = 0.25/M 1 ——= Supersonic (14.b)
’ Sref
Where, A, is the nozzle exit area.

Wave drag: Wave drag is another component that contributes to the overall drag
experienced by a rocket. It occurs due to the formation of shock waves in front of the rocket. Wave
drag is primarily associated with supersonic flow, where the airflow speed exceeds the speed of
sound. Fleeman’s approach for the estimation of the wave drag is used in current study [7].

Simulation: For the numerical integration of the governing equations given in Equation 9,
4" order Runge-Kutta method is implemented.

Results: A low altitude test case developed to compare the results of the simulation code.
Basis for the comparison is taken to be "OpenRocket" rocket trajectory simulation software. For the
purpose of the case, "M1845", solid propellant motor is used. Motor thrust distribution with time
data is collected in a "csv" file to feed into the simulation program. Comparison for the case results
is given in Figure 2 Comparative results.

4500 —T

— ———T— T — T
C (rkd)
open rocket - ----

3000 [
2500 [
2000 |

1500 [

Altitude (m)

1000

500 [

500 i 1 A IS R | | R |
] 10 20 30 10 50 GO

Time (sec)
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Mach number

.II 10 20 a0 10 30 @0

Time |sec)
Figure 2. Considering the differences in the governing equations for the different software, it
can be seen that the results are compatible enough

In order to see the performance of the software and high altitude model is also tested.
Rocket model, is chosen to be JAXA S-310. Table 1 reflects the simulation results. The graphical
representations of the results obtained from software are given in Figures 3, 4, 5 and 6.

Table 1. S-310 simulation results

Property Value Unit
Apogee altitude 164216.38 m
Range 64863.25 m
Time to apogee 200.63 sec
Max Mach number 5.6
Burnout time 27 sec
Ground hit time 388.31 sec
100

tv T Bumout " T T T T T TV T T T Rpoged | RRREE B3 @round hit

S0
L
+
L

(1)
.

10

.
=20
L

Flight path angle (degree)

-10
60 F

. F
-80

IST)") JL AT ST U R [FAFSFE AR GRS AR SR
0 50 100 150 200 250 300 350 100

Figure 3. S-310 Flight path angle
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Conclusion: The primary objective of this article was to develop a software to numerically
simulate the trajectory of a sounding rocket. In this work, it was the intention to give the through
information about aerodynamics and flight mechanics of the single stage sounding rocket. As a
result governing equations of the flight path is derived and a C++ program developed to calculate
the path and related information of flight.
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ELMI-TODQIQAT RAKETININ TRAYEKTORIYASININ
MODELLOSDIRILMOSI

Tagwyev V. Q.
Milli Aviasiya Akademiyast

Bu moqalado ucus mexanikasina, harakat tonliklorine va aerodinamik giivvalarin tayinina diqgat
yetirarak, elmi-tadgiqat raketinin trayektoriyasinin  modellasdirilmasing  baxilir. Nyutonun harakat
qanunlarina 2sasan ugus aparatuun qalxma va enma moarhalaolarini tasvir etmoak digiin tonliklor sistemi
islonilir. Miixtalif ucus saraitlaorinda aerodinamik giivvalari daqiq tayin etmak iiciin miixtaolif yanasmalardan
istifada olunur. Tadgiqat raketinin trayektoriyasimin samarali hesablanmasina va tahlilina imkan veran 4-cii
tortib Runge-Kutta adadi integrallama metodunu istifada edon C++ kodunun hazirlanmasi ilo yekunlagir.
Noaticalor asagi orbitli kosmik aparatlarin trayektoriyalarinin tayin edilmasinda do istifada edilo bilar.

Acgar sozlar: raket trayektoriyasi, adadi iisullar, harokat tanliklori, raketin ucus yolu, Runge-Kutta
metodu, aerodinamika, C++, miigavimat qiivvasSi amsalt
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CHUHTE3 POJAHHUI- U THOKAPBOHUJIITPOU3BO/JHBIX
1-OEHWICYJIb®AMHUI0-N-2-MOI-3-XJJOPIIPOITAHA

Mameoosa C.HU., Jlaooxuna H.I1., Ackeposa K.T., Ao6acosa IILb.,
Mameooesa I'.T'., I036awmeea JI.H.

Munucmepcmeo Hayxu u Oopaszosanus Azepoaiiorycanckoii Pecnyonuxu, Hncmumym xumuu npucaook
um. akademuxka A.M. Kynueea, Hayuonanonaa Axademusn Asuayuu

Ha ocnoge cunmesuposannozo cunmona - l-ghenuncynoghamuoo-N-2-1i00-3-xropnponana
CMYNEeHYamo NnpoBedeHbl MHOZOKOMNOHEHMHble peakyuu. Dmo coeduneHue, ¢ 08YMsl 2emepoamomamu
2a102eH08, 001A0AIOWUX PAZTUYHBIMU PEAKYUOHHBIMU CHOCOOHOCIAMU, OMKPBLIO WUPOKUE BO3MONCHOCU
0I5l CuHmMe3a NOAUPYHKYUOHATILHBIX CYIbHAMUO0E C 3A0AHHBIMU CEOUCMEAMU. B msaekux ycroeusx u npu
HU3KUX MeMRepamypax CUHmMe3sUposanvl muoKapOOHUINPOU3800Hble POOAHUICYIbGamudos. Hcciedosano
bakmepuyuonoe u yHeuyuoHoe oelicmsue HeKOMmopbiX CUHMESUPOSAHHLIX coeounenull. Hatioeno, umo ux
AHMUMUKPOOHOE Oelicmeue 3a8UCUN 8 OCHOGHOM 0N NPUPOObL (PYHKYUOHATLHBIX 2DYNN.

Knrouesvle  cnosa:  canoudankuncyrvhamuosl,  azupuouncyrbamuosi,  oumuoxapbomam,
Kcanmozenam, baxmepuyuo, QyHeuyuo, cyib@oamuobl, 2emepoyuriu3ayus.

BBenenne. AHanu3 COBpEMEHHON CUTYyallud B 00JIaCTH OPraHUYECKOI0 CUHTE3a MO3BOJISET
TOBOPHUTH O NOSABJICHHUHW HOBOI'O HAIPaBJICHUA — CHUHTE3a OPTraHUYCCKUX MOJICKYII, OHMOJIOTHYECKHU
aKTUBHBIX COEJUHEHUH, (papmalneBTHUECKHUX OJOKOB M IEPEJOBBIX MaTepHalioB ¢ aOCOIIOTHON
CENIeKTUBHOCThIO. HOBBI 3Tam B pa3sBUTHH OPTraHUYECKOTO CHHTE3a OOYCIIOBIMBAET HOBEIC
CHUHTETHYECKHE METO/Ibl /Ul BBEJIeHNS (DYHKIIMOHAJIBHBIX TPYII U O0JIee CIOKHBIX 3aMecTUuTeNe B
OpPraHWYECKYI0 MOJIEKYJIy, CO3/aBas COEAMHEHMs, OO0Jajalompe IPAKTUYECKH IOJIE3HBIMU
CBOHCTBaMHM. Mexay TeM pa3pabaTbiBaeMble CHHTETHYECKHE METO/bl JOJDKHBI HE TOJBKO
OCHOBBLIBATBCA Ha MNPOCTBHIX W IMPOMBINIJICHHO AOCTYIIHBIX PEAarc¢HTax, XapakKTCPU30BaATHCA HU3KOH
ce0eCTOMMOCTBI0 KOHEUHBIX MPOIYKTOB, HO U SIBJIATHCS dKOJIOorndecku O6e3BpenHsiMu. HaubGonee
AKTYaJIbHBIM W TMEPCIHCKTUBHBIM HAIIPABJICHUEM SABJIACTCA CHUHTE3 (1)yHKIII/IOHaHI>HO3aM€HICHHBIX
Ccynb(paMuIoB, s TOJNy4eHHs KOTOPBIX B TIOCIEJHHE TOABl MHTEHCHBHO IPOBOJUTCS
UCCIEIOBaHUE TI0 M3YYEHHIO peakiuun N-MOHO- U N-ANXJIOPaMHIOB CyIb(OKHUCIOT ¢
HeMpeAeIbHBIMI COCTMHEHUSMH, a TaKKe€ MX NMPUMEHEHHUIO B PEAKIMSIX aMUHOTUAPOKCHINPOBA-
HUSA, SIIOKCUAUPOBAHUSA, TCTCPOLUKIIU3AIUN, a3UPUTUHHUPOBAHUSA AJIKCHOB U 1IP.

[lenp naHHON paboOTHI 3aKJIIOYAETCs B CHHTE3€ PsiJia HOBBIX (DYHKIIMOHAJIHHO3AMEIIEHHBIX
Cynb(paMHIIOB Ha OCHOBE IIOJyYEHHOTO HaMW cHHTOHa — l-penmncynbdamuno-N-2-iion-3-
XJIOpIPOTMAaHa MyTeM MPOBEACHUS KaCKaHbIX PeaKLU.

JKCNepUMEHTAIbHAA 4acTh. SIMP-CreKTpbl MONYy4eHHBIX COEUHEHUN PETHCTPUPOBAIIH
Ha ciektpodoromeTpe «Bruker-300», UK-cnektpsl — Ha ciektpomerpe «Nicolet 1S-10».

1-®ennncyabpamuno-N-2-iioa-3-xaopnponan  (I). K cmecm 0.25 wmoms (28 1)
ammnxiopunaa, 0.25 mons xmopamuua-b m 0.2 mons (33.2 r) KJ u 100 mn Gensona mocine
MPEABAPUTEIIBHOTO TIEpeMEIMBaHusl B TeueHue 25-30 MUHYT 1O KaruisiM MpUOaBIsuiM 56 M
KoHIeHTpupoBanHoro (35.5 %) pacrBopa HCl ¢ Ttakoit ckopocThto, 4TOOBI TemIeparypa He
nogauManace Beime 40 — 45 °C. Cwmecs nepeMemMBany eme 3 yaca npu temneparype 50 °C,
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oxjaxaanu, nobasimsum 50 M rekcana. BeimaBimwe KpucTamibl OT(UIBTPOBBIBAIN, MPOMBIBAIU
TeKCaHOM U CYHIWIU. 3aTeM NEepeKpUCTAININ30BbIBAIM UX U3 3TaHoua. [lomyueHo 76.2 r (64,8 %).

B SMP-crektpe coen. | B pactBope JIMCO-d° Habmroaercs CHrHa B BHIE My/IbTHILIETA
B obnmactu 3.45+4.3 m.a. (CH,Cl; CH3J), B obmactu 5.1 M.1. — Hepa3eleHHBIC CUTHAIBI IPOTOHOB
CH,N. Curnan NH-tiporona Haxoautcst B o6nactu 6.8 m.j. [IpoToHBI 0JHO3aMeIeHHOTo OeH30I1a
u CH — Cl nposiBiisitorcest BMecte B o0mactu 7.7 M.,

1-penuncyabponmmamMmuao-2-Tuonuano-N-3-(-2-MepkanTuiianeTaHuJIu) NMpomnax
(1. 0.02 moms (7.2 1) l-dpenuncynspamua-N-2-iioa-3-xmopupornana pactBopsuii B 50 M
TIiIoBOr0 cnupta, godamsuu 0.022 mome (2.2 1) KCSN, nepememmBanu, 3aTeM MpU
MepeMEelIMBaHuU MeJIeHHO, Mo KamisaMm, aobasmsamu 0.02 mons 10% pactBopa NaOH.
Peakumonnyro cMech nepemermmBainy npu 65-78°C B Teuenue 5 wacoB. 3arem mobapisiu (.22
MOJTh N-denwm-2-mepkanToaneramuia (m3omponuiakcanToresar-K, N, N-
amITHIAAUTHOKapOaMons Na, Tnokapdomua, 2-mepkanrtodenzoruas3on) u 0.02 mons 10%
pactBopa NaOH. Peakunonnyto cmech nepememmBanu mnpu 70-78°C B TedueHue 5 yacoB. 3aTeM
nobasmsiit - 50w Bomel.  [lomydeHHBIE  KpPUCTaWIbl  OTGWIBTPOBBIBAIH, CYIIWIH |
MEePEKPUCTAIIN30BBIBAIH U3 STAHOIA.

Coenunaenus  1-peHuncyibpoHuIaMuao-2-Tuonnano-N-3-u30nponuiKcaHTOreHaT-
(), -N, N-IMI THIIATHOKAPOAMOMJI- (1v), —~THOKAPOOHHUJI- V), -
MepkanTodoensTuasonponad (V1) monxydeHsl Mo aHAJIOTHYHOM METOAMKE C TOM pa3HUIICH, YTO
no6asisuiock 0.22 mons uzonponuikcanTorenara kamus, N, N-qustunautuokapbamonia HaTpus,
THOKapbomMuma W 2-MepKanToOCH30THAa30ja  COOTBETCTBEHHO. DU3NKO-XUMHUYCCKUE
XapakTepucTuku coeauHerus |+~VI npusenensl B Tadbmuie 1.

Tadnauna 1. Pu3HKO-XMMHYECKHE CBOWCTBA CUHTE3UPOBaHHbIX coeaunenuit (I-VI)

udpp | Bexon, T, °c BpytTo-hopmyna Haiineno
coe. % Brruncieno, %
N S
1 2 3 4 5 6
I 64.2 250 — 252 C1gH31N30,S5 % %
I 73,20 185-187 C17H19N305S;5 3—‘07% %%
I 66,80 189-190 C1eH1sN,0sS, o AT
10,13 32,04
v 62,60 183-187 Ci5H,1N30,S, %‘8— 3—1’a
\Y 78,60 172-174 C14H15N»03S5 %‘% —’—gg (7)3
10,20 30,04
VI 52,30 305-308 C16H16N30,S, —’—1001 3002

PesyabTaTsl u uX o0cy:xkaenue. N-HATpUIT-MOHOXJIOPAMUHBI JIETKO TPUCOEAUHSIOTCS K
HENPEIEIbHBIM COCIUHEHUAM B Kuciion cpene. [lo muennro YarraBes nmpu B3aMMOJEHCTBUU C
KHCIIOTON XJIOpaMUHBI 0OpazylOT HECTOWKHE MOHOXJIOPAaMHUHBI, KOTOpPbIE KaK OYEHb aKTHBHBIE
BEILIECTBA JIETKO MPUCOEANHSIOTCS K IBOMHBIM CBsi3siM. OnucaHHble B UCTOUYHMKAX [1,2,6] MeTObI
MPUCOSANHEHUST XJIOPAMUHOB K HEMpeNelbHbIM COCTUHEHUSM pPa3HOOOpa3HbI M 3aBUCIT OT
CTPYKTYPBI HETPENENbHBIX COeAMHEHUN W ucrnoib3oBaHus N-moHo- win N, N-auxiopamMuHOB.
Hamu uccnenosana [3] peakumonHas criocoOHOCTh HyKI€O(DMIBHOrO 3amenieHuss atoma xjopa B N-2,3-
IUXJIOPANKWICYTb(aMuIax, IONYyYEHHBIX  peakiuedl  aJluIxiopuga ¢  N-MOHOXJIOpaMHHOM-B.
HykneohunbpHbIM 3aMeIICHHEM ABYX aTOMOB xyiopa B N-2,3-muxnoprnponuicynbhaMuiax u aToMa Xjaopa B
asupuanHax cuHresupoBaHbl N-2- u N-3-3amemenubie cynapdamuasl.  Peakuus N, N-guxsop-n-

ToNMWICyabpamMua C aJKeHaMH B TMPHCYTCTBUU NaJUTagUsl NMPUBOIUT HE TOJBKO K IPOIYKTaM
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MPUCOEIMHEHUS, HO U K a3upuIMHUpoBaHuto [4]. Hamu uccnenoBanus [S] mokasaiu, 4To peakuue
anmxiopuaa ¢ N-moHoxsiopamuHoM-b B mpucyrctBun KJ MOXKHO CHHTE3MpOBaTh CHUHTOH,
COJIEp KaIIMiA 1B Pa3IMYHBIX aTOMa TrajioreHa W apwicyibdamunaeiii pparment. Hamuume aByx
pPa3HBIX aTOMOB TaJIOr€Ha B COCTABE COCAMHEHUS MO3BOJISET MPOBOAUTH MX 3aMEILIEHUE HE TOJIBKO
OJIMHAKOBBIMH, HO W JIBYMSI pa3HBIMHU PaJWKAIaMU, YTO MPUBOJIUT K CUHTE3Y COCIMHEHUN C Oolee
CIIO)KHOW  CTpyKTypol. HMcmonb3yss 53TOT CHHTOH, OBUIM CHHTE3UPOBAHBI TUApPA3UH- U
THAPOKCHIIAMUHOIIPOU3BOIHBIC 1-penuncynbdamuno-N-2-tioa-3-xopnpornana, a  TaKxke
UCCIIeIOBaHbl UX OaKTePULIMIHBIC U (YHTUIIUIHBIC 1CHCTBHUS.

B mocneayromumx Hammx MUCCIEIOBAaHUAX B CHHTE3UPOBAHHOE CYNIb()aMUJIHOE COSAUHEHHUE
OBLTH BKJIIOYEHB! POJAHUAHBIA (parMeHT W pasauyHble aMuHOCYIbGuIbl. [Ipu Temneparype 70-
80°C Ha OCHOBE CTAAMIHBIX KACKAIHBIX pPEaKIUil MOIydeHbl TOTU(PYHKIIMOHAIBHbBIE COSTMHECHUS:

N
CGHSSOZNH—>_/S</ j@
S

NCS |\,
40
HS
s -NacCl;
+ | K3 I
ksen| H,0  + KSCN+HSCH,CONHCH, CGHSSOZNH—>_/SCH2CNHC6H5
+ -NaCl; KJ; H,0 NCS
C.H.SO.NH J +KSCN+ KS-CS-OC, H, I
6757 2 X NCS-CH, - CH-C—S-C-OC,H,
: | -NaCl; KJ; H,0 | H,
~ NH - SO,C H,
N i
KSCN + KSCN +NaSCSN(C,H,),
+ — NCS-CH, - CH-C—SCSN(C,H,),
NHZCSNH2 -NaC', KJ, HZO H2
NH - SO,C,H,

I v
NCS-CH, - (:H—(H:—NH-C-NH2
2
NH - SO,C.H,

B SIMP-cnexrpe coen. VI (pucynok 1) B pactBope JIMCO-d® HaGrmosiaeTcst cHrHan B Buje
myneTuiniera B obmactu 3.15+3.57 m.a. (CH;N; CH-NH), aymier B o6mactu 2.53-2.66 m.u.-
COOTBETCTBYET curHajaM mpoToHoB rpymmbl (CH,S). IlpoToHsl oxHO3aMerieHHOro OeH307a
nposBIISIIOTCS B obmactu 7.468+7.495, a mpotousr rpymnmsl 2(N-CHy) mposiBisitorcst BMecTe B
obmactu 7.283+7.630 M.n., a TPOTOHBI OEH3THA30/10BOr0 (parmMeHTa B BHJE MYJbTHILIETA
HaOmromaroTcs B odiactu 6,486+7.018 m.1.

N3yueHsl aHTUMUKPOOHBIE CBOMCTBA, MPOSIBIIIEMbIE CHHTE3UPOBAHHBIMU COETUHEHUSMU B
3aBHCUMOCTH OT MIX COCTaBa M CTPOEHUs. bakTepuiuaHpie CBOWCTBA ATHX IMPETAapaToOB CBSA3AHBI C
UX HETaTHUBHBIM [JEHCTBHEM Ha KJIETOYHYIO CTEHKY MHKpPOOPTaHM3MOB, KOTOpBIE BBI3BIBAIOT
JeHaTypannuio OeiKa, BXOISIIEr0 B COCTaB KJIETOYHOW CTEHKH, HapyIIeHHE MPOHHUIIAEMOCTH
[UTOIUIa3MAaTHYECKOM MeMOpaHbl, 3aMeiJIeHHE XHU3HeIesATeNbHOCTH (pepMeHTOB OakTepuil. 5
COCIMHEHHI ObUTH TecTUpoBaHBI B 45% nstanone mpu koHueHtpanusax 0,01; 0,05 u 0,1%. s
CpaBHEHHUS HCIONb30Bad pactBop 45% »sraHoma B Boje Oe3 mpemapara. [lis WCHBITaHHA
MCIOJIb30BAJIM KaK AYKapUOTHUYECKHE, TaK U MPOKAPUOTHUECKHE MUKPOOPTaHU3MBbI:

Dykapuom: 3010omucmsiii cmaghunokokk (Staphylococcus aureus)

Enterobacteriaceae-s.typhi (s6036youmens 6prowrno2o mugpa)

Ilpoxapuomvt: Penicillium (nn1ecenv)
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il
", '-JL *’x.__.__-f“h-_q___.___jj ‘L.L. N

[T FTTETI AT FUSNTeRE T  FYSUTTTIT Lisssnnnss | ETPETEeTTI FETTTT T I ITTT IV I IYSTITTI I I
8 7 5] = 4 3 2 1 ppm

Pucynok 1. IMP-criektp 1-®enuncynbdamuno-N-2-ponanu-3-
(2-meprantobenstuazon) nponana (V1)

Tabnumna 2. AHTUMHUKPOOHBIE CBOWCTBA CHHTE3UPOBAHHBIX CYIb(aMIIOB

HITaMmMBI Konuenrpamus, %
MHMKPOOPraHUu3MOB
0,01 0,05 0,1
3KC1’[03I/IIII/IH B MHUH. 3KCH03PIIIPIH B MHUH. 3KCH03HIII/I$[ B MHUH.
10 120 |30 |40 | 60 | 10 | 20 | 30 | 40 | 60 | 10 | 20 | 30 | 40 | 60
1 2134|567 |8]9 10|11 ]12|13|14|15]|16
CoenuHeHue 1 45% pacTBOp cnUpTa
Staphylococcus aureus + |+ |+ |+ |+
Entero-s.typh + |+ |+ |+ |+
Penicillium + + + + X
CoenuHeHue 2
Staphylococcus aureus + |+ |+ |+ | x| x| - - - - x| - - - -
Entero-s.typh + |+ |+ |+ |+ |+ |+ ] x| - - x| x| - - -
Penicillium + + + + X X + - - - - - - - -
CoenuHenue 3
Staphylococcus T I I RS i R T T T - -
aureus
Entero-s.typh + |+ |+ |+ |+ |+ |+ |+ ]+ x|+ ]+ ]| x - -
Penicillium + |+ | + + | x| + + + | x| x| + | x - - -
CoepuHeHue 4
Staphylococcus aureus + |+ | + | x| X - - - - - X - - - -
Entero-s.typh + |+ |+ |+ | x|+ ]| x| - - - - - - - -
Penicillium + |+ |+ |+ |+ |+ |+ |+ | x - + | o+ - - -
CoenuHeHue 5
Staphylococcus aureus + |+ |+ |+ | + | x - - - - X - - - -
Entero-s.typh + |+ |+ |+ |+ |+ | x| - - -l x| x| - - -
Penicillium + + + + X X - - - - - - - - -
CoeyHeHue 6
Staphylococcus + |+ |+ |+ | x|+ ]| x| - - - + | - - - -
aureus
Entero-s.typh + | + |+ |+ | x| x| - - - -+ | - - - -
Penicillium + + + + X + X - - - + - - R -

Ilpumeuanue 1: «+x»-pazsumue MUKPOOP2AHUIMOB, «-»-NOJIHOE YHUUMONICEHUE MUKPOOPESAHUIMOB,
«X»-30-40% yHuumosiceHue MUKpOOP2aHU3IMO8.
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Kak BumHO u3 Tabnuue! 2, coenunenue-1 npu konnentpauuu 0,05% yHUYTOXAET 30JI0THC-
ThIH CTAQUIOKOKK B TeueHHe 30 MUHYT, a MEHUIMUIMHOBBIE TpUOKK - B TeueHue 40 munyt. [Ipu
TOM K€ KOHIEHTpAlMd BCE MHUKPOOPTaHU3MBI, B3SATHIC MJIsi HCCICAOBAHUS, YHUUYTOXXKAIOTCS B
teuenre 40 munyT. OnTUManbHas KoHUEeHTpausi 1-ro coenunenus-0,5% U mpoaOIKUTEIbHOCTD
neiictBust 40 munyr. Ilpu xoHuentpauuu 0,1% coeguHeHne 1 TOJHOCTBIO YHHUYTOXKAET
CTaQMIOKOKKOBBIC U MEHUIIMLTMHOBBIE MUKPOOPTraHU3MbI 32 20 MUHYT, KUIIEYHbIE OaKTEepUH - 3a
30 munyt. B Teuenue 30 MUHYT BCeé MHUKPOOPTraHU3MBbI, B3SAThIE JJI UCCIIEJOBAHMS, MOJHOCTHIO
YHUUYTOXKAIOTCSL.

AHTUMHUKpPOOHBIH 3¢ ekt coenuHeHust 2 BbIpakeH cinabo. Takum 00pa3oM TOIHOTO
YHUUTOKEHUSI MHUKpPOOpPraHu3MoB 3a 1 yac npu koHueHtpauuu 0,05% HE mpoucxomurt, a mpu
koHuentpauuu 0,1% MUKpOOpPraHU3MBI IOJHOCTHIO YHUUTOXKAOTCA 3a 40 MUHYT.

AHTHMUKpPOOHOE JEUCTBHE cOeAuHEHUs 3 ONM3KO K JACHCTBUIO COeAMHEHHS 1, HO
HECKOJIbKO cialee M0 CpaBHEHHIO C HUM. B CTpPOGHHMHM 3THUX COCIMHEHHMH OTIMYACTCS TOJIBKO
cynbGuaHbIA ¢GparMeHT: coeAuHeHHEe | uMeeT -2-MepKanTWUIalleTaHWIHA, a COeIUHEHuEe 3-
¢parmenr  -N,  N-mudtunautnokapbamomn.  Wurtepecno, uro  ¢parment  -N,  N-
TUATHWIIUTHOKapOaMomIIa oKazaJics Oosee 3¢ PEeKTUBHBIM, yem (dbparmeHT -2-
MEpKaNTHJIALETAHWINIA TPOTUB CTA(QUIIOKOKKOB U KHIIIEYHBIX OAKTEpHil, HO HE IPOTUB IUIECEHU U
MOJIHOCThIO YHUYTOXAET CTa(UIOKOKKOBBIE OakTepuu B TedeHne 10 MUHYT Mpu KOHIEHTpAIUU
0,05%, a B Teuerne 30 MuHyT - OakTepun OpromHoro TUda. [ coenuHeHus 3 mpu KOHIICHTPAITUN
0,05% Bce MuKpoopranu3Mbl yHHUUTOXaroTcsa 3a 40 MuH. OnTuMaibHass KOHUEHTpaus Uisl 3TOro
coenunenus — 0,1%, a MPOAOIHKUTEIBHOCTD AeHCTBUS — 20 MUHYT.

Coenunenue 4 KoIMYeCTBEHHO Oonee HS(PQPEKTUBHO MO CPaBHEHUIO C APYTUMHU
IIPOTECTUPOBAaHHBIMU coeauHeHusMH. Jlaxxe mnpu konuentpauuu 0,05% Bce wuccnenyemsble
MHUKPOOPTaHU3Mbl YHUUTOXKAtOTCs 3a 15-20 gueil. [To 6akTepuuaHbIM CBOMCTBAM OHO HE yCTYMaeT
coenunenusM 1 u 3. Hanudaue B ero cocraBe Hapsiay ¢ CyinbGaMUIHBIM U POJAHUIHBIM TPyIIIaMu
THOKapOaMUHOBOM IPYTIBI MOJOKUTEIHHO CKa3bIBAETCS HA M0 aHTUMUKPOOHBIE CBOMCTBA.

CoenuHeHue 5 COAEPKUT CyabDaMUIHYIO TPYNIy, a TakKe pOoJAaHU] U OCH30TPa3UHOBHIN
bparMeHThl, 00MaAarOMIKMe BBICOKOM 3(PGEKTUBHOCTHIO MO OTHOIICHHIO KO BCEM HCIBITAHHBIM
mTamMmMaM MHKpoOOB. OnTumanbHas KOHIEHTpamus st 3Tod komOuHarmu — 0,05%, a
MPOJOIKUTENFHOCT JeHCTBUS — 20 MHUHYT. AHTHUMHKPOOHBIE CBOMCTBAa ATOTO COEIUHEHUS
ci1abble IO CPaBHEHUIO C COEAMHEHUEM 4.

TakuM oOpa3om, pe3yibTaThl HCIBITAHUM CHUHTE3UPOBAHHBIX COCAMHEHHWH B OTHOIICHUHU
30JI0TUCTOTO CTapUIOKOKKa, BO30yauTens OpromHoro Tuda W NEHUUWUIMHOBOrO rpudKa
MOKa3ady, YTO OHU OONAJal0T BBICOKUMU AHTUMHUKPOOHBIMHM CBOWCTBaMu. OnTUMalbHas
KOHIIGHTpAIlUST HMCCIIEAYeMbIX COCAMHEHUW JUIsi TIOJABJIIGHUs] ¥ TIOJHOTO  YHUYTOXKEHUS
MUKpoopranuzMoB coctasiser 0,05-0,1%.

BoiBoabl. Ha oOCHOBaHWHM TPOBENEHHOTO WCCJIEAOBAHUS MOXXHO 3aKIIOYUTh, YTO
(yHKIIMOHATTFHO3aMEIIIEHHbIE CyNb(QaMHIbl, COACpXkAlllhe JBa pPAa3IUYHBIX aTOMa TaJloTeHa,
SIBJISIFOTCSL TICPCTIEKTUBHBIMU COEAMHEHUSIMU JIJISI TIPOBEJICHUS KAaCKaIHBIX peakiuid. B pesynbrare
ATUX PEaKIUil ¢ BBHICOKMM BBIXOJIOM IOJYYAIOTCS COSAMHEHHUS, COUYETAIONINE B ce0e MHOXKECTBO
(YHKIIMOHATBHBIX TPYII, YTO 3HAYUTEIHHO TIOBBIIIACT MX OAKTEPUIUIHYIO M (PYHTHUIIUTHYIO
aKTUBHOCTHh M JENaeT UX MOTEHIMAIbHBIMH JICKAPCTBEHHBIMH TpenaparaMy IIUPOKOTO CIEKTpa
JEUCTBUA.
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1-FENILSULFAMID-N-2-YOD-3-XLORPROPANIN
RODANID VO TIOKARBONIL TOROMOLORININ SINTEZI

Mammadova S.1., Ladoxina N.P., @sgarova K.T., Abbasova $.B.,
Mammadova G.H., Yiizhasova L.N.

Azarbaycan Respublikast Elm va Tahsil Nazirliyi, akademik .M. Quliyev adina
Asqarlar Kimyast Institutu, Milli Aviasiya Akademiyast

Sintez olunmusg sinton - 1-fenilsulfamid-N-2-yod-3-xlorpropan - asasinda marhalali coxkomponentli
reaksiyalar aparilir. Miixtalif reaksiya gabiliyyatino malik iki heteroatom halogeni olan bu birlagma
miiayyan xiisusiyyatlora moxsus polifunksional sulfamidlaorin sintezi iigiin genis imkanlar yaratmigdir.
Rodanid sulfamidlorin tiokarbonil toramoalari miilayim saraitdo Vo asag: temperaturda sintez olunur. Bazi
sintez edilmis birlagmalarin bakterisid va funqisid tosiri todgiq edilmisdir. Miiayyan edilmisdir ki, onlarin
antimikrob faaliyyati asason funksional qruplarin xarakterindan asilidr.

Acgar sazlar: halogenalkilsulfamidlor, aziridinsulfamidlar, ditiokarbomat, ksantogenat, bakterisid,

funqisid, sulfamidlar, heterosikllogma.
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SYNTHESIS OF RHODANIDS AND THIOCARBONYL DERIVATIVES
1-PHENYLSULFAMIDO-N-2-10DINE-3-CHLORPROPANE

Mamedova S.1., Ladokhina N.P., Askerova K.T., Abbasova Sh.B.,
Mamedova G.G., Yuzbasheva L.N.

Ministry of Science and Education of the Republic of Azerbaijan, Institute of Chemistry of Additives
named after A.M. Guliyev, National Aviation Academy

On the basis of synthesized synthon - 1-phenylsulfamido-N-2-iod-3-chloropropane - stepwise multi-
component reactions are carried out. This compound, possessing two heteroatoms of halogens with
different reactivity, opened wide possibilities for the synthesis of polyfunctional sulfamides with specified
properties. Thiocarbonyl derivatives of rhodanid sulfamides are synthesized in mild conditions and at low
temperatures. The bactericidal and fungicidal action of some synthesized compounds has been
investigated. It was found that their antimicrobial activity depends mainly on the nature of functional

groups.

Keywords: haloalkyl sulfonamide, aziridine sulfonamide, dithiocarbamate, xanthate, bactericide,

fungicide, sulfoamides, heterocyclization.
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HAVA GOMIiSININ UZUNUNA HOROKOTININ iDARO OLUNMASI SISTEMININ
MODELLOSDIRILMOSI
Ismayilov I.M.

Milli Aviasiya Akademiyast

Miiasir dovrda bir miirakkab texniki sistem Kimi tayyaralorin ucus dinamikasi, dayaniqhq, idara
olunma oblastindaki tadgigatlar, yiiksak avtomatlagdirilmis idaraetmoa sistemlarinin  iglonilmasi bu
proseslarin elmi-metodiki miisayati olmadan, modellasdirilmadan istifado etmadan miimkiin deyil. Bunu
nazora alaraq magalado MATLAB/Simulink program vasitalarindan istifada edarak toyyaranin uzununa
harakatinin dinamikasimin imitasiyalr Simulink-modelinin formalasdirilmasi metodikast taqdim edilmis,
hava gamisinin idara olunmasinin miixtalif aspektlorda modellasdirilmasi masaloloring baxilmis, modelin
torkibina daxil olan biitiin komponentlorin eksperimental olaraq daha dagiq toyin edilmasi , o ciimlodan
model tictin xtisusi ahamiyyat kasb edan tonzimlayicilorin modellosdiriimasi va onlarin  miixtolif
yanasmalarda tadqiqi masalolori gostorilmis, qeyri-salis tonzimloyici iigiin stirat Vo hiindiirliik giris
parametrlorine uygun olaraq c¢ixis parametrlori - tangaj bucagr vo darti avtomatiun parametrlarinin
hesablanma metodikasi verilmisdir.

Agar sézlar: aviasiya sistemi, toyyaronin ugus dinamikasi, u¢us informasiyasimin monitoringi,
toyyaronin idaraolunmas: sistemlori, avtomatik idarsetma nazoriyyssi, modellasdirmanin  asaslari,
Matlab/Simulink program vasitalari, geyri-salis mantig.

Giris. Miasir texniki qurgularin vo sistemlorin layiholondirilmosinin mithiim vo ayrilmaz
morholosi modellogdirmadir. Miasir texniki sistemlorin xiisusiyyatlorindon biri onlarin fiziki
geyri-bircinsliyidir, yani onlarmn torkibindo miixtalif fiziki tobistli elementlorin olmasidir.
Mosolon, mexatronikanin formalasdirilmasina 6z zamaninda mexanika vo elektronikani
birlogdiron bir elm kimi elektromexanikanin meydana golmasina sabab oldu. Mikroelektronikanin
vo mikroprosessor texnikasinin inkisafi mexaniki qurgularm horokoti ilo bagli olan texniki
sistemlorin funksional imkanlarinda yeni keyfiyyat sigrayisi {igiin sorait yaratdi vo bu son naticada
yeni elmin yaranmasina gotirdi [1]. Analoji olaraq nozoro alsaq ki, texniki sistem mexaniki,
elektriki vo kompiiter hissalarinin sinergetik birlosdirilmasidir, 0 zaman modellasdirma vasitalori
bu hissalorin vahid metodoloji ssasda birge modellosdirilmasina yonoaldilmali vo coxaspektli
modellorin qurulmasina, hamginin onlarin tadgigine imkan vermalidir.

Bir miirokkab texniki sistem kimi toyyarslorin ugus dinamikasi, dayaniqliq, idara olunma
oblastindaki todqiqatlar, yiiksok avtomatlagdirilmis idaroetma sistemlorinin iglonilmoasi bu
proseslorin elmi-metodiki miisayioti olmadan, modellosdirilmoadan istifado etmoadon miimkiin
deyil. Ugusun dinamikasi oblastinda bir sira masaloalor dyronilon proseslorin vo obyektlorin riyazi
modellorini shamiyyatli dorocods sadolosdiron buraxila bilon istisnalar vo miilahizalor hesabina
hall edils bilarlor [2]. Lakin toyyarslorin aecrodinamik xarakteristikalarinin va harakatin kinematik
parametrlorinin genis diapazonunda istismar olunan giic qurgusunun xarakteristikalarinin qeyri-
xattiliyi, idarsetma sistemlarinin parametrlorinin miirokkabliyi, pilotun (ekipajin) real atmosfer
soraitindo  toyyaronin idaro  olunmasmin miixtalif mogsod mosalalorinin  imitasiya
modellosdirilmasi prosesinds istirakinin zoruriliyi “tomiz” riyazi modellordon istifadani geyri-
miimkiin edir vo xiisusi proqram Vvasitolorindon istifado etmoklo todqigatlarin aparilmasinin
yarimnatura formatini tolob edir. Dinamik sistemlorin, o ciimlodon ugus aparatlarinin ugus
dinamikasinin modellagdirilmasi {igiin daha genis yayilmig, molum Matlab&Simulink tatbiqi
program kompleksindan istifade daha moagsadsuygun hesab edilir [3-4].
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Masalanin qoyulusu. Simulink paketinds xatti sistemlorin modellagdirilmasi metodlarinin,
idaroetmsa sistemlorinin modellorinin qurulmasiin vo redakts olunmasinin tadqiqi, o ciimlodon
hava gomisinin kurs {izro idaro olunmasi sisteminin strukturunun toyin edilmasi vo onun
modellosdirilmasi, sistemda kecid proseslarinin, homginin PID tonzimloyicisinin komayi ilo daimi
hoyacanlarin kompensasiya metodlarinin tadqiqi (giris vo ¢ixis parametrlorinin sayinin miiayyon
edilmasi, idaroetmos sisteminin struktur sxeminin yaradilmasi), idaroetmo modelinin realizo
olunmasidir.

Masalanin halli. Toyyaroanin uzununa horokati {i¢iin ugusun idars olunmasi zamani nozara
almaq lazzmdir ki, toyyaronin Vo icra mexanizminin davraniginin birinci tortibli Xatti
aproksimasiyalar1 ugusun idars olunmasinin analoq sxemi ilo baglidir. Bu sxem joystikin addimina
toyyaronin tanqaja gora voziyyati {igiin verilmis noqta qisminds pilotun amrindan istifads edir. O
homg¢inin komandalarin toyini ii¢iin toyyaronin tanqgaj bucagindan vo tanqaj siiratindoan istifads
edir. Ugus aparatinin idara olunmasinin modellosdirilmasinin iimumi taSovviirii ti¢lin sokill-do
Simulinkda helikopterin idaro olunmasi sisteminin modellogdirilmasinin imumi goriiniisii tasvir
edilmisdir. Sistem daxili konturdan (gdy rang) ve xarici konturdan (narmnci rang) ibaratdir [5-6].

Roll-off filtrlari
Iy z
H‘) s+ 40 ds
Teta istinad P11 roll-off 1
© o e B )
x* -
> . Jf e\ % ',‘_‘ ‘\.
Pis) s+40 o u ‘_z&‘f y T —
pi istinadi Pi2 roll-off 2 Helikopterin
” 40 Helikopter cavabi
ristinadi PI3 roll-off 3
Tayin edilmis

négqralarin

amrlari
=

teta

Sakil 1. Simulinkds idarsolunma sistemi

Molumdur ki, idarsetma sistemlori tizro miithandislora idaroetms sisteminin sazlanmasi
miirokkab masalo kimi goriino bilar, agor ol ilo sazlamaya va tocriibays timid etmok olarsa. Bu
xiisusila bir ne¢a oks olage konturlarina vo ya PID kaskad konturlar1 kimi sazlanan komponentlora
malik idarsetmo sistemlori iigiin xiisusilo aktualdir. ©nanavi olaraq mithandislor bir elementi vo ya
bir idarsetmo konturunu sazlayirlar. Bundan basqa bu metod interaktiv va ¢ox zohmat talob edan
metoddur. O tacriibs tolob edir, onun manimsanilmasinds yeni mithandislor ¢atinlik gokirlor va
optimal sonuncu layihays zomanot vermir.

Sokill-do gostorilon idarsetmo sistemi timsalinda mohsuldarliq vo etibarliliga qoyulan
standart taloblar nozars almagla tonzimloyicinin (kontrollerin) biitiin parametrlorinin eyni zamanda
sazlanmasinin sistematik vo avtomatlagdirilmis metodu tosvir edilmisdir. Helikopterin dinamikasi
“Helikopter” blokunda modellasdirilir. Ugusun idaroetmo sistemi 6 (tanqgaj bucagi), ¢ (kren
bucagi) va p, g Va r (kren, tangaj vo vurnuxma siiratlori) 6lgmolorindan istifads etmoklo ds, dc vo
dT amrlorini hasil edir. Kontroller iki oks alage konturlarindan ibaratdir. Daxili kontur (statik ¢ixis
oks alage bloku, sokilds agiq gdy rongds) sabitlik va ayrilmanin yiiksaldilmasini tomin edir. Xarici
kontur (PI, sokildo narmnci rongds) toyin ndqtasinin izlonilmasinin arzuolunan mohsuldarlhigini
tomin edir [7-8].
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Simulink paketinds idaroetmoa sistemlarinin modellosdirilmasindo modelin parametrlorinin
doyisdirilmosini, kegid proseslorinin qurulmasini, homcinin PID tonzimloyicisinin kémoyi ilo
daimi hoyacanlarin kompensasiyast1 metodlarin1 todqiq etmok i¢iin avtomatik idaraetmo
nozariyyasinin miivafiq miiddealarindan istifads edok [9].
Hava gomisinin kurs tizra idars olunmasi sisteminin struktur sxemi sakil 2-da verilmisdir.

tanzimlayici intigal obvelkt
| I |

u i

e
r

P(s) »

S i
=

O R —

Sokil 2. Hava gamisinin kursda stabillogdirma sisteminin struktur sxemi

Gaminin horakati asagidaki 6tiirma funksiyasi soklinda Xatti riyazi modells tasvir olunur

K
P(s) = 1
(S) S (I'Ss +1) ( )

burada K =0.0694 rad/san, T, =18.2san.

Gominin vurnuxmasini tasvir edon Xatti riyazi model asagidaki sokilds olur:
(p’ :my, 0), :‘(Dy/Ts+ KS/Ts. (2)

Burada ¢ - vurnuxma bucag: (verilmis kursdan meyl bucagl), @y — saquli ox otrafinda
firlanmanin bucaq siirati, 8 - saquli siikanin tarazliq vaziyyatino nisbston donms bucagi, Ts —
zaman sabiti, K — rad/san 6l¢gmo vahidino malik sabit omsaldir.

Siikanin donma bucagindan vurnuxma bucagina olan 6tiirmo funksiyasi asagidaki sokilda
yazilir:

K

PO = s

®)
Intiqal (siikan masin1) tagribi olaraq vahid manfi oks alago ilo shats olunmus inteqrallayici
manga kimi modellosdirilir. Beloaliklo onun 6tiirmo funksiyasi asagidaki kimi olur

R(s) = -~
Tes+1

(4)
burada Tgr = 2 san.

Vurnuxma bucaginin 6l¢iilmasi liclin girokompasdan istifado olunur. Bu girokompasin
riyazi modeli 6tiirma funksiyal1 birinci tortib aperiodik manqga soklinds yazilir.

1
H(s)=
®) T,.s+1

()

burada Tos = 6 san.
PD-tanzimlayicili sistemin tadqiqi.

Minimal miiddatli kegid prosesini tomin edon PD- tonzimloyicisinin 6tiirma funksiyast:

TS
C(s)= K°{1+Tvs+l] (6)

burada K, =0.7045, T, =18.2san, T, =15an.
PD-tonzimloayicili sistemin modeli sokil 3-da verilmisdir.
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ol ]
tanzimlayici Stirma qurgusu Tayyara Tayyaranin kursu
0.7045%[19.2 1] 1 0.0694
" > pi]
s+ 2541 18.25%s
Kursun tayin :
edilmasi girokompas Idarsetms cubuq
1
— |
Bs+1

Sakil 3. PD-tanzimloayicili sistemin modeli

Kursun 10 daraca doayismasinds PD-tonzimlayicili sistemds kegid proseslori sokil 4-do
tosvir olunmusdur.

Kurs
12 T T T T T T T T T
10
8 = -
L]
o
2 gL i
(1]
e
s 4+ :
oL i
0 | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100
Zaman, san
Sikanin dénma bucag
40 T T T T T T T T T
30 —
e 20f -
e
(1]
T 0k i
7<)
0F
10 | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100
Zaman, san

Sakil 4. PD-tanzimlayicili sistemds kegid proseslari

Xarici tasir nozars alinmagla PD-tonzimloyicili sistemin modeli sakil 5-da tosvir
olunmusdur.

Pozuntular P! [:]
- tanzimlayici S{irma quriusu Tayyara Tayyaranin kursu
0.70457[18.2 1) 1 0.0684
T — w1
- s+ 2s+1 182525
Kursun tayin idarsetma
edilmasi girokompas cubug
1
—
Gst1

Sakil 5. Xarici tasir nozars alinmaqla PD-tanzimlayicili sistemin modeli.

PD-tonzimlayicili sistem tiglin hoyacana goras 6tiirma funksiyast:
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0.003813 s"3 + 0.006355 "2 + 0.00286 s + 0.0003178
S5 + 1.722 "4 + 0.8416 s"3 + 0.1245 s”2 + 0.008877 s + 0.0002239

PiD-tanzimlayicili sistemin tadqiqi.

PID-tonzimloayicisindon istifade zamani iso sistemda kegid proseslori asagidak: kimi todgiq
olunurlar:
T.s 1
+ —_—
T,s +1J T,s

C(s)=K, (1+
()
buradak_ =0.7045, T, =18.2san, T, =1san, T, = 200 san.
Xarici hayacanlar nazars alinmagla PID-tonzimloyicili sistemin modeli sokil 6-da
verilmisdir.

Pozuntular

g

tanzimlayici

Strma qurgusu

Tayyara

]

Tayyaranin kursu

] 0.7045%[19.2 1] 1

pll ]

- s+1 2s+1

Kursun tayin B idaraetma

edilmasi integrator cubug

1
200s girokompas
1

—
Gs+1

Sokil 6. Xarici hayacanlar nazors alinmagla PID-tonzimloayicili sistemin modeli

PID-tonzimlayicili sistem iigiin hoyacana gors tiirma funksiyast:
0.003813 s™4 + 0.006355 3 + 0.00286 s"2 + 0.0003178 s

s"6 +1.722 s"5 + 0.8416 s™4 + 0.1245 s"3 + 0.008877 s*2 + 0.0002255 s + 1.589e-006

PD va PID-tonzimloayici sistemlards kecid proseslari sokil 7-da tosvir edilmislar.

Kurs

15
h —_-_—_

a 10
e
]
=

S 5

J
0
0 50 100 150 200 250 300 3350 400 450 500
Zaman, san
Siikanin donma bucagi

a0

30

° 20
[5]
4

2z 10
)

0

-10

150 200 250 300 350 400 450 500
Zaman, san

0 50 100

Sokil 7. PD va PiD-tonzimlayici sistemlords kegid proseslori
PID-tonzimlayicili agiq sistemin &tiirmo funksiyast:

0.004298 s"2 + 0.0002255 s + 1.589e-006
s"6 + 1.722 s"5 + 0.8416 s™4 + 0.1245 s"3 + 0.004579 s"2
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Amplituda gora dayaniqliq ehtiyat1 d g,, =18.4 dB, fazaya goro ¢,, =63, ehtiyatlar
kifayot qodordir.

Qeyri-salis tanzimlayicinin modellasdirilmasi.

Qeyri-salis  montiq  noazoriyyssine  miivafiq olaraq qeyri-Salis  tonzimlayicinin
modellosdirilmasi zamani modelin giris vo ¢ix1s parametrlorinin say1r miiayyan edilmalidir. Bizim
misalda toyyaranin idara edilmasinds asas etibarils istifads olunan giris parametrlori kimi siirat vo
hiindiirliik, ¢ixis parametrlori Kimi iso darti avtomatr vo tanqaj bucagi gotiirtilmisdiir. Homin
parametrlorin MATLAB program miihitinin “Fuzzy Logic Toolbox” paketindo miivafiq
monsubiyyat funksiyalari (Membership Function Editor) ilo birlikds tosviri sokil 8-do verilmisdir.
Girig parametrlorinin diapazonunu ii¢ hissaya bolorok asagi, orta vo yiiksok kimi toyin edirik.
Stirat parametrinin diapazonu 500-1000km/san, hiindiirliikk parametrinin diapazonu isa 700-2000m
toskil edir. Siirat vo hiindiirliik parametrlarinin har birinin ayriligda goriiniislari sokil 9 va sokil 10-
da verilmisdir.

FIS Editor: diplo Membership Function Editor: dip

File Edit View File Edit View
FIS Variables. Membership function piots  Plot points: 181
D ] LK e & v
1
Suret dplomyen: Darti Suret  Darti
(mamdani) ”‘
Hunduriuk Tanaaj
=
FIS Name diplomyeni FIS Type: mamdani 700 750 00 10
input variable "Suret”
And methad = + || current variabie Current Variable Current Membership Function (click on MF to select)
Or method mex (== Suret Name Suret feE Az
implication min || Tee input Type input Typs trim -
|| Range 1500 1000] Params. 5
Aggregation max - Range [500 1000] [300 500 700]
Defuzzification centroid - ‘ Help Close | ‘ Display Range [500 1000] | Help Close
| Updating Membership Function Editor ‘ Ready
Sakil 8. Nazarat olunan parametrlor va onlarin Sokil 9. Siirat parametri

monsubiyyat funksiyalar

Membership Function

File Edit View File Edit View Options
. ’ plot points:
FIS Variables e 181 1. If (Hundurluk is AZ) then (Dartiis Az) (1) -
A Orta Yuksek If (Hun n (Dai
1
/N

5] R8N

Hunduriuk Tangaj

n (Ta ]
uret is uksek) then (Tangaj is Yuksek) (1)

" and Then and
1000 2000 3000 4000 5000 6000 7000 S000 SO000 10000 11000 EOEIE AT rTIE IETEE
input variable "Hundurluk” Az = a ] faz =
Orta Orta Orta Orta
Current Variable Current Membership Function (click on MF to select) uksek Yuksek Yulsek Y uksek
none __| none none none ____|
Name Hunduriuk SETE Az
Type input dyee trimf - [ nat [~ ] not [ ] not [ ] not
Params.
[-2420 700 4820] -
Range [700 1120041 Connection Weight
or
Display Range
play Rangs [700 1.18+004] | Help Close ‘ ‘ © and 1 Delete rule Addrule | Change ruk | | =
Selected variable "Hundurluk” ‘ Ready = oo

Sokil 11-do géstarildiyi kimi is rejiminin verilmosi qaydalarini yaradiriq. Is rejimlori ucus
aparatinin xarakteristikalarina, miixtolif rejimlora uygun olaraq toyin edilir. Lingivistik gaydalar
asagidaki kimi qeyd olunur:

Ogor siirot=none and hiindiirliik =az, onda darti=az

Ogor siirat=none and hiindiirliik=orta, onda darti=orta

Ogor siirat=none and hiindiirlik=yiiksok, onda darti=yiiksok

Ogar siirat=az and hiindirlik=none, onda=tangaj=az

Ogor siirot=none and hiindiirlik=az, onda tanqaj=az

Ogar siirat=orta and hiindiirliik=none, onda tangaj=orta
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Ogar siirat=none and hiindiirlik=orta, onda tangaj=orta

View menyusundan Rules omrindan istifado edorok qaydalari qrafiki olaraq sokil 12-do
gormoak olar. Input sahasindon giris parametrini daxil edorak lingivistiq qaydalara uygun olaraq
¢ix1s parametrlorini miisahido etmak olar.

Ucus aparatinin siiratinin, hiindiirlityiliniin, dart1 avtomatinin (sokil 13) vo tanqaj bucaginin
(sokil 14) doyismo tempinin asililiq grafiklorino View menyusundan Surface omrindon istifads
edorok grafikloro baxa bilorik. Qrafiklordo oxlar iizro siirat Vo hiindiirlilys uygun olaraq ¢ixis
parametrlorinin giymatlori oks olunmusdur.

e R S [Ho o I =
File Edit View Options File Edit View Options
Suret =750 Hundurluk = 5.85¢+003 —— S——
1 | 1 1] [~ | |
2| | >
? | | L] [ | | |
| | [ | | | [ |
s | | | | [ ]
5 | L -] | | L -]
7 [ | | | | | [~ |
s | | | | [ | pra— sc0 e
o[ . | | | | LA =
500 1000 700 11000 @ @ (inputy. Suret - [ Hunduriuk - | = (outputy Darti -
0 &0 0 20 Horis 15 = 15 Evaluate
Input: | [7sp.5850) Hpmuums. 101 Move: jet | right | down| up | R ErE ||F'Int points: 11 || Help | Close “
Opened system diplomyeni, § rules ‘ ‘ Hep — | Ready ‘
Sakil 12. Qaydalar grafiki Sakil 13. Dart1 avtomati asililiq qrafiki

B Surface Viewer: diplomyeni
|

iF\Ie Edit View Options

Huncuriuk 500 Suret

X (input): Suret ~ | ¥ (input) Hundurluk « | Z (outputy Tangaj

X grids: 15 ¥ grids: 15

Ref. Input: HPiut points: 14 H Help ‘ Cioec. | |

Ready |

Sokil 14. Tanqaj bucag asililiq grafiki

Natica

Hava gomisinin idaro olunmasi sisteminin bir miirokkob texniki sistem Kkimi
modellosdirilmasi asaslandirilmis vo modellosdirmanin daha oyani sokilds tosviri, homginin
modelin parametrlorinin daha doqiq toyin edilmasi iigiin MATLAB/Simulink program
vasitalorindon istifads edilmisdir. Modelin tarkibina daxil olan biitiin komponentlori eksperimental
todgiqi, o climlodon model {giin xiisusi ohomiyyat kosb edon tonzimloyicilorin
modellosdirilmasina vo onlarin miixtalif aspektlordon todqigi mosalalorine baxilmis, qgeyri-salis
tonzimloyici tiglin siirat Vo hiindiirliik giris parametrloro uygun olaraq ¢ixis parametrlori - tangaj
bucagi va dart1 avtomatinin parametrlori hesablanmigdir. Model tayyaranin idars olunan harokatini
real zaman miqyasinda imitasiya modellagdirilmasini tamin edir.
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SIMULATION OF THE AIRCRAFT LONGITUDINAL MOVEMENT CONTROL SYSTEM

Ismayilov .M.
National Aviation Academy

Research in the field of aircraft flight dynamics, assessment of stability and controllability
characteristics, and development of algorithms for highly automated control systems are
impossible without scientific and methodological support of these processes through simulation.
Considering the above, in the article, in the MATLAB / Simulink software environment, a method
for generating a simulation Simulink model of the aircraft longitudinal motion dynamics is
proposed. For different approaches, the issues of modeling the aircraft control system are
considered, ways to more accurately determine all the components included in the model are
indicated, including the modeling of controllers that are of particular importance for the model
and their study with various simulation variations. The use of a fuzzy controller as part of the
model is also considered. For this case, a method is given for calculating input data, such as
speed, altitude, as well as output data - pitch angle and autothrottle.

Keywords: aviation system, aircraft flight dynamics, flight information monitoring, aircraft
control systems, automatic control theory, modeling basics, Matlab/Simulink software, fuzzy logic.
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HIiBRID MUHARIBO ANLAYISI VO ONUN MAHIYYOTI

Musayev H.M.
Sarhad Qosunlari Akademiyast

Mbaqalada miiasir saraitda miiharibalorin tasnifatina digqat yetirilir, onlarin icarisinda hibrid
miihariba anlayisi ayrica tohlil olunur. Bu miiharibonin ananavi miiharibalari avoz etmasindan atrafl bahs
edilir. Hibrid miihariba formasinin va onun torkib elementi kimi doviat terrorunun tahlili hayata kegirilir.
Moaqgalada miiharibanin xiisusiyyatlori, tazahiir formalari iiza ¢ixarilir. Yeni miihariba modeli kimi tadgqiq
olunmaswmin ahamiyyati vurgulanir.

Mbaqalada sistemli yanasma, miigayisali tohlil, elmi iimumilasdirma kimi tadgiqat metodlarindan
istifads edilmisdir. Maqalonin sonunda miivafiq naticalar ¢ixarilir.

Acar sozlor: miihariba, hibrid, hibrid miihariba, terror¢uluq, doviat terroru, separatizm, etnik
miinaqisa, informasiya tohliikasizliyi, beynalxalq terror¢ulug, tahliikasizlik.

Miiharibalarin tarixi elo basariyyat qodar godim olsa da, XXI asrdo ona bir ¢ox yeni calarlar
olavo olunub. Buna asas sabab elm vo texnologiyalarin siiratli inkisafi, elmi-texniki toraqqinin
nailiyyotlorinin bir ¢ox saholor kimi horb sonotino do sirayat etmosidir. Informasiya
texnologiyalar1 asrinds aparilan miiharibolor hom do informasiya mokanini ohato edir. Mohz
virtual miiharibolor yeni terminin — “hibrid miiharibs” anlayisinin meydana golmasina sobab olub.
Hibrid miihariba termini XXI osrin ilk onilliyinds bir ne¢o alimin “goalacok miinaqiselorin qarisiq
vo aydin olmayan xarakterino” diqqget yetirdiklori zaman daha ¢ox istifads edilmoys baglandi [1, s.
76].

Son dovrlords beynolxalq miinasiboatlordo bas veron gorgin hadisalor, xiisusilo Ukrayna vo
Suriya otrafinda yaranmis bohranla olagodar “hibrid miiharibo” terminologiyasi siyasat¢ilorin
nitqlorinds, konseptual sonadlorde 6z oksini tapib. Beynalxalq siyasstdo qarsidurmanin iki osas
giic moarkozi - hom Qorb, xiisusilo ABS, hom do Rusiya Federasiyas1t milli tohliikesizliya dair
sonadlordo artiq bu termindon rosmi suratdo istifado edirlor. Masolon, Rusiya Federasiyasinin
2014-cii il dekabrin 26-da gobul olunan yeni horbi doktrinasinda bu 6lkoys qarsi aparilan vo ya
aparila bilocak hibrid miiharibasi asas tohdidlardan biri kimi gostorilib. Hibrid miiharibasi taktikasi
nazoriyyalorini Rusiya Miidafio Nazirliyinin Bas Qarargahi 2013-cii ildon etibaron daha faal
sokildo arasdirmaga baslayib. Bas Qorargahin roisi ordu generali Valeri Gerasimov miiasir
miiharibalorin aparilmasi tisullarini tosvir edib. Bazi rusiyali alimlorin fikrincs, hazirda Rusiyaya
garst aparilan hibrid miiharibs iqtisadi, informasiya, monavi saholors niifuz etmokdadir [2, s. 22].

Qorbin apardigi hibrid miiharibe toroflorin informasiya-psixoloji qarsidurmasi olmagqla,
informasiya mokaninda baslayir, daha sonra ictimai rays psixoloji tasir gdstormoklo davam edir.
Bunun ardinca siyasi aksiyalar, xaos, “rongli” inqilablar bas verir. ©gor biitlin bunlar notico
vermirso, o halda Ukraynada oldugu kimi 6ziindo hibrid miiharibasinin olamaotlorini ehtiva edon
votondas miiharibosi baslayir. Analitiklor golocok miiharibsalorin mohz hibrid miiharibo olacagini
proqnozlasdirirlar. ABS horbi texnoloqlari, xiisusilo Iraq vo ©fqanistan orazisindo bozi dovlotlorin
va terror toskilatlarinin koalisiya tizvlorino qarsi latent (gizli) texnologiyalardan istifado etmoklo,
hibrid miiharibo aparmasindan narahatliqlarin1 ifado ediblor. Mohz bu moqgsodlo, ABS 6z

25



Elmi Macmuo Cild 25, Ne3, 2023
Scientific Journal Vol. 25, Ne3, 2023

yurisdiksayasina daxil olan Quam adalar1 vo Puerto-Rikoda yerli vo federal hiiqug-miihafizo
organlar {igiin terrorgu va giyamg1 qruplasmalara garsi tolimlor hoyata kegirir [3, s. 19].

ABS Doniz Piyadalarinin ke¢mis zabiti, hazirda iso Pentaqonun elmi omokdasi Frenk
Hofman “hibrid miihariba” anlayisini siyasi moaqgsadlore nail olmaq iiciin diismenin bir anda
silahlarin miirokkob kombinasiyasi, partizan miharibasi, terrorguluq vo doyilis meydaninda
cinayotkar davraniglar1 ohato edon foaliyyotinin mocmusu kimi tosvir edir. Hibrid miiharibasi
konsepsiyasinin asas miislliflorindon olan F.Hofmanin fikrinca, bu miiharibado qalib golmok {i¢iin
ordu, lazim golarsa, cinayotkar dostolorin rohbarlorini olo almagq, siyasi goatllor vo terror aktlar1 da
torotmok olar [4].

ABS Miidafio Departamentinin strateji planlasdirma sonadlorinds 6lkenin iizlosdiyi geyri-
dovlat vo dovlatlor torofindon dostoklonon subyektlorin Amerikanin milli tohliikesizliyino qarsi
yaratdiqlari asas tohdidlor kimi bunlar gostorilir: kompiiter sobokoalari vo peyk hiicumlari, yer-hava
tipli raketlor, informasiya vo media vasitasilo manipulyasiya, kimyavi, bioloji, radioaktiv, niive vo
yiiksok doracoli partlama giicline malik olan maddslor. ABS Kongresi bununla olagodar Bas
Hesablama Ofisine miiraciat edorok, hibrid miiharibe anlayisinin Miidafio Departamenti torofinden
no doracads diizgiin tosnif olundugunu, bu név miiharibsnin digorlorindon no ilo forqlondiyini
aydinlasdirmag talab edib. Lakin qeyd etmok yerins diisordi ki, Miidafis Departamenti ayri-ayri
sonadlords “hibrid miiharibo” terminindon istifado etso do, bu anlayist 6z doktrinasina daxil
etmoyib. ABS Xiisusi Omoliyyatlar Komandanligr ononovi anlayislarin omoliyyat soraitini oks
etdirmok {i¢iin gonastboxs olmasini asas gotirarak, hibrid miiharibs terminindon istifado etmir [5].

Hibrid miiharibasi adi, ki¢ik vo kibermiihariboni birlogdiron horb strategiyasidir. Habelo,
“hibrid miiharibasi” termini Qarbds CBRN adlandirilan niive, bioloji va kimyavi silah novleri,
eloco do oldogayirma partlayict maddolor vo informasiya miiharibasi vasitosilo edilon hiicumu
ifado etmok tigiin do isladilir. Miinaqgisalors belo yanagma miiharibonin giiclii vo miirokkob néviinoe
aid edilir. Qorb miitoxassislorindon ABS Doniz Piyadalari Korpusunun zabiti Bill Nemettin
fikrinco, bu, “miiasir texnologiyalari vo yeni soforbarlik metodlarini birlogdiran partizan miiharibo-
sinin muasir noviidiir”. Strateji vo Beynoalxalq Aragdirmalar Markozinin omakdasi Neytan Frayer
hibrid miiharibasinin 6ziinds ehtiva etdiyi tohdidlori bu qaydada miioyyonlosdirib:

-0nanavi;

-geyri-standart;

-folakot hoddinds olan terrorgulug;

-harbi qlivve baximindan iistiinliilys qars1 durmaq ticiin texnologiyalarin istifads olundugu
dagidict miiharibaler.

ABS ordusunun polkovniki Cek Mak Kuen hibrid miiharibasini asimmetrik miiharibado
osas metod kimi gabul edir. Onun fikrincs, bu ciir miiharibs 3 noév doyiis meydaninda — miinaqiso
zonasinin dhalisi, arxa cobhonin ohalisi vo beynolxalq ictimaiyyot arasinda aparila bilar [6].

Son {i¢ il orzindo “hibrid miiharibo” termini foal siyasi miihitdo daha c¢ox istifado olunur,
lakin bu anlayisin hiiquqi aspektlori kifayst godor dyronilmoyib. “Hibrid miihariba” tohliikali
voziyyatlordo dovlatlorin informasiya sahasindoki siyasi tendensiyalarin davamini oks etdiran,
aydin hiiquqi mazmuna malik olmayan harbi-giic terminologiyas1 kimi taqdim olunur.

Qarig1q miiharibs konsepsiyas1 Tomas Huber torofindon ortaya atilib. Bununla o, nizamh
vo nizamsiz qiivvelorin eyni vaxtda vahid istiqgamotdo miibarizo aparmasini ehtiva edon osas
miharibolori nozordos tutub. Huber Amerika inqilabi, Vyetnam miiharibasindoki garisiq miiharibo,
Sovetlorin ©fganistandaki tocriibasi vo s. kimi illiistrativ keysloro digqgat yetirib. Huber geyd edir:
“Qaris1q mihariba diismono qarsi nizamli vo osas qiivvalorin nizamsiz vo ya partizan qiivvolorlo
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eyni vaxtda istifado edilmosidir. Bagsqa sozlo, garisiq miiharibalorlo istirak¢ilar eyni vaxtda hom
ononavi, hom do geyri-onanovi giic totbiq edorak horbi giiciinii artirir” [7, s. 68]. Hoffman
miirokkob miiharibs nozoriyyosini “strateji soviyyado sinerji vo kombinasiyalar” kimi ifado edib,
lakin oslinde Huberin toqdim etdiyi tarixi hadisalor gosterir ki, “silahli vo nizamsiz qilivvalor
nizamli qiivvalarle isloyondo nizamsiz qiivvelor ikinci yerds qalir vo onlar ikinci ndv onsnavi
qiivvo kimi nazordon kegirilir” [4].

Movceud vaziyyatdo hiiquq kontekstindo beynolxalq hiiquqi terminologiyanin istifadosinin
vo onun golocok inteqrasiyasinin mimkiinliiyli barodo ciddi miizakirslor aparilir. “Hibrid
miharibo” fenomeni beynolxalq miinasibatlorin informasiya komponenti kimi ohomiyyotli
dinamik artim gdstarir vo asasan heg bir fiziki tosir etmodon “rongli inqilablar” va ya “orob bahar1”
anlayiglarinin hayata kegirilmasinin montiqi davami hesab olunur.

30 ildir ki, movcud olan “dovlet terroru” beynolxalq hiiquq termini oldugu halda
beynolxalq hiiquq aparatina “hibrid miiharibs” termininin daxilolma perspektivi ¢ox gqeyri-
miloyyon gorlinlir. Bununla yanasi, informasiya-kommunikasiya sahosi dinamikasina goro
beynolxalq hiiquqi tonzimloma obyekti kimi ¢ox miirokkobdir. Biz “hibrid miiharibo” hiiquqi
anlayisini klassik horbi gilic kateqoriyalar1 sirasinda on ohomiyyetli beynolxalq hiiqugi masals
kontekstindo aragdirmaliy1q. Bu kontekstds sual yaranir — kiberhiicum dovlot dziiniimiidafissinin
osast hesab oluna bilormi vo “hibrid miihariba™ys aid edils bilon bu harokatlor beynoslxalq hiiquqi
masuliyyat ii¢lin asas kimi tosnif edilo bilormi?

Hibrid miiharibasi (ing. hybrid warfare) - tocaviizkarin klassik horbi miidaxiloys miiraciot
etmadiyi, ancaq gizli amoliyyatlar, toxribatlar, kiberhiicumlar kombinasiyasindan istifade edorak
diisman bolgasinds foaliyyat gostoran tisyangilara dostok veran miihariba noviidiir. Eyni zamanda,
bu miiharibs noviinds horbi omoliyyatlar imumiyyatlo aparilmaya bilor vo rosmi noqteyi-nozordon
stilh dévriinds hibrid miiharibasi davam edo bilar [5].

Tocaviizkar bu horokatlorin strateji olagolondirilmosini hoyata kegirir, eyni zamanda
miinaqisads istirakini inkaretmo ehtimalini saxlayir. XX asrin sonu - XXI osrin avvallorindaki
hibrid miiharibolorinin klassik niimunosi kimi ©fganistandaki miiharibolor (SSRI-nin Ofganistan
miiharibasinin baglangic dovriindoki hoarakatlori (1979-1989), homginin ABS, Pakistan, Cin vo
digor dovlatlorin miicahidlora dostok vermosi vo Talibana qarst silahli miibarizo zamani etdiyi
horokotlor) gostorilir [3]. Hibrid miiharibasindon avval asimmetrik miihariba ola bilor. Usyanci-
larin doyiis bacariglar1 boytidiikca, asimmetrik miiharibs hibrid miihariboyas ¢evrilos bilor.

Informasiya miiharibasi homiso ononovi horbi-giic qarsidurmasinda dovlotlorin ayrilmaz
hissasi olub, lakin son illordo beynoslxalq miinasibotlords informasiya komponenti ohomiyyati vo
ciddi artim ilo misayiot olunur. 2017-ci ilin fevralinda “Microsoft” korporasiyasinin rohbari
B.Smit kibercinayotkarliga garst miibarizo {iizro “Rogomsal Cenevro Konvensiyasi” nin
yaradilmasii, eloco do digor Olkelora qarst kiberhiicumlarin  hokumatlor  torafindon
maliyyalosdirilmasini arasdirmagq ticiin miistoqil toskilat qurmaq toklif etdi [2].

Rusiyada iso 2017-ci ilin fevralinda informasiya omoliyyatlar1 aparan qilivvalorin
yaradilmasi rosmon elan olundu. Yuxarida gostorilon niimunslor mdévcud morholodo dovlatlorin
informasiya qarsidurmasinin vacibliyini aydin gostorir. Ogor, “informasiya miiharibasi” termini
bizo kifayat godor tanigdirsa, “hibrid miihariba” termini son bir nec¢o ildo islonmoyo baslayib.
“Google” axtarig miihorrikinds “hibrid miihariba” séziiniin sorgu dinamikas1 gostarir ki, bu termin
2014-ci ilin yazina godor xiisusi maraq kosb etmayib. Sanki bu termin bilorokdon media mokanina
“atilan” vo ¢oxsayli ekspertlorin vo akademik icmalarin ¢oxsayli miizakiro vo sorhlorino sobob
olan bir ifados idi. “Hibrid miiharibo” termininin siyasi vo hiiquqi konteksti, bu terminin beynoslxalq
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hiiquq terminologiyasina daxil edilmasi perspektivlori aktuallifina baxmayaraq, geyri-miioyyon
goriliniir [6].

Uzun miiddot “hibrid miiharibe” “informasiya miiharibasi”, “rongli inqilab” beynolxalq
hiiquga aidiyyoti olmayan sirf siyasi elementlor kimi qobul edilirdi. Lakin son zamanlar Qarb
ekspertlori torofindon “hibrid miiharibo”nin beynolxalq hiiquqi aspektlori foal arasdirilmaga
baslayib. Olkomizin beynalxalq hiiquq doktrinasi, {imumiyyatlo “hibrid miiharibs” termini ilo
“omoliyyat aparmaga” {istiinliik vermir, clinki bu s6z beynolxalq hiiquq termini kimi qobul
edilmoyib. Digor torafdon, bu movqe, terminin movcud beynolxalq hiiquqi sonadlordo do tosbit
olunmadigina gors asasli hesab oluna bilor. Digor prizmadan, son onillikde “humanitar miidaxilo”
va ya “ugursuz dovlat” terminlorinin mdveud beynoalxalq hiiququn biitiin strukturuna giiclii tosir
gostordiyinin do sahidiyik [8, s. 78].

Beynolxalq ictimaiyyatin biitiin soylorino baxmayaraq, miiasir beynolxalq hiiquqda giicdon
istifado problemi tamamilo holl olunmadig1 aydindir, lakin son onilliklords bir cox olkalor agiq
tocaviizkar siyasotlorini hoyata kecirilmasi moaqgsadi ilo beynolxalq ictimaiyyotin goziindo 6z
harokatlorine maksimum legitimlik gazandirmaga g¢alisir. Belo harokotlors misal kimi Rusiya
Federasiyasinin Ukrayna dovlotino qarst hoyata kegirdiyi boyiik insan tolofatt vo dagintilarla,
yasayis maskonlarinin, iri saharlorin viran qoyulmasi ilo miisayiot olunan horbi tocaviiziinii gostor-
moak olar, halbuki Rusiya torafi bu tacaviizkar miiharibani xiisusi amoliyyat adlandirir. Buna gora
do “miihariba” termini BMT Nizamnamasinin birbaga pozulmasina isara etdiyina gore son illordo
daha az islonir, avozinds is9 ¢ox tez-tez “beynslxalq miinaqige” va ya “beynoslxalq bohran” termin-
lorino rast golirik. Bundan olava, son onilliklordo agiq horbi miinaqisolordon daha ¢ox gizli
miinaqisolora rast golirik. Bu faktlar diinyada bas veran vatondas miiharibsalorinin, separatizmin vo
“6z milli miigoddoratint toyinetmo” meyllorinin saymin goériinmoyon haddo artmasina gatirib
cixartb. V.S. Kotlyar, “hibrid miihariba” ifadesinin miiasir istifadesinin iki osas kontekstini qeyd
edir. Birinci kontekst, miintozom olmayan horbi qurumlarin, tohliikesizlik xidmatlorinin
xidmotlorindon istifado edorok, toxribat, sabotaj, diversiya, informasiya, maliyys vo iqtisadi
omoliyyatlar, kiberhiicumlar, insanlarin davranisina psixoloji tosir géstormok vo s. kimi pozuculuq
foaliyyatlori yerina yetirmokdon ibaratdir [8, s. 72].

Ikinci kontekst iso, hiicum edon &lkonin miintozom Silahli Qiivvalorden istifade etmadon,
onun maraqlarin1 paylasan qurban verilon roqib 6lkonin daxili siyasi giicuna dostok verarak,
moveud rejimi vo ya onun siyasotini radikal sokildo doyisdirmok {igiin irimiqyasl toxribat
omoliyyatlarinin hayata kegirilmasi ilo baghdir [5].

Belo ki, beynolxalq hiiquq miithakimosinds “hibrid miiharibo™ni qarsidurma zamani klassik
horbi giic xaricindo diismono miixtolif tosir vasitolorindon istifadoni nozordo tutan “gotir”
terminlora aid etmok olar. Qeyd etmok vacibdir ki, beynoalxalq hiiquqda 30 ildon artiqdir ki,
torkibinds “hibrid miihariboys” cox yaxin olan “dovlst terrorizmi” termini var. “Ddvlot
terrorizmi” ¢oxsaxali bir termindir, lakin onun biitiin tozahiirlori bir dovlstin basqa bir dovloto
qarst yonolon gizli tosirlorindon ibarot olur. Bu ekstremist vo terrorgu togkilatlarin
dastoklonmasinden ibarat “dovlet dastakli terrorguluq” adlanan bir foaliyyst (Yuxar1 Qarabagda
ermonilorin  bdyilik dovlotlor torofindon hortorofli  dostoklonmaosi, dovlot terrorunun klassik
niimunosidir) do hesab edilo bilor. Bu homg¢inin genis vo uzaq planlar1 olan, digor 6lko
miixalifotine maliyys dostoyi gostoron dovlet foaliyyeti (faktiki olaraq, hor hansi bir “rongli
inqilab” vo ya “Orob bahar1” formatina uygun golir) do ola bilor. “Ddvlot terrorizmino, basqa
dovlatin orazisindo xiisusi xidmot orqanlarinin qanunsuz olaraq hoyata kegirilon foaliyystini do aid
etmok olar. Bu ciir foaliyyatlora bir basqa dovlstin sofirliklorinin vo ya digoer qurumlarinin qeyri-
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ganuni dinlonilmasi, strateji obyektlorin siradan ¢ixarilmasi, siyasi xadimlorin aradan gotiiriilmosi
kimi foaliyyatlor do aiddir. Cenevro Boyannamosi (1987) “ddvlet terrorizmi” siyasatinin
ganunsuzlugunu geyd edir, lakin bu masals ilo bagli tammiqyash qadaganetmos konvensiyasi halo
ki, gobul olunmay1b [8].

“Hibrid miihariba” konsepsiyasinin ortaya ¢ixmasi soboblor1 “Hibrid miharibo”
fenomeninin ortaya ¢ixmasi {li¢iin li¢ asas sobab geyd edo bilorik. Onlari, sorti olaraq, “hiiquqi”,
“horbi” vo “texniki” qrup kimi qgobul edok. Birinci soboblor qrupu (“hiiquqi”) birbasa BMT
Nizamnamosinin (1945) 2-ci maddssinds oks olunub vo dovlstlorarasi ziddiyyatlori hall etmok
ticlin silahl1 tocaviiziin totbiq edilmoasino gadaga ilo baglidir. Bu maddonin mocburi prinsipial
totbiqi noticasindos ayri-ayri dovlatlor silahli giicdon istifade etmodon xarici siyasat magsadlorinin
hoyata kegirilmasini geyri-zoraki iisullarla axtarmaga basladilar. Bir sira ekspertlor hesab edirlor
ki, Sovet Ittifaq1 vo ABS arasinda on illorlo davam edon “Soyuq Miiharibo” soraitindo “hibrid
mitharibo”nin fordi elementlorindon istifado edilmosi normal haldir: birbasa horbi togqusma
miimkiin olmadig1 {i¢iin, ABS vo Rusiya hor silahli miinaqiso zaman1 ddylison toroflordon birini
harbi baximdan dostokloyirdi [9].

Ikinci “horbi” sobablor qrupudur. Qlobal harbi giic qarsidurmasi beynolxalq hiiquq
baximmindan getdikco aktualligini itirmesindon basqa faktiki somoraliliyini do itirir. Silahli
aksiyalarin kiitlovi tobisti, boylik ordunun istifadasi artiq kegmisdo galib. Qarb 6lkalorinds bu tip
miinaqisolordo verilon goxsayli itkiler secicilorin (iraq vo ©fqanistandaki miinaqisolors qarst ABS-
da kiitlovi niimayislor) etirazina sobob olur. “Informasiya miiharibasinda” itkilor horbi qiivvalorin
qarsidurmast ilo miiqayise edilocok gador boyiik olur. Hal-hazirda informasiya garsidurmasi vo
“yumsaq giic” ilo tosir faktiki olaraq mdvcud beynolxalq hiiquq sahosindon konara ¢ixib.
Informasiya axmi, davamli olaraq, orta votondasin iizorino tokiiliir vo todricon onun diinya
goriiniigiinii, doyarlorini doyisir. Beloliklo, “hibrid miiharibonin™ mogsadlorindan biri “comiyyatin
osas onanavi doyarlarini tocaviizkarin monavi va psixoloji miinasibati ilo avoz edilmasi” bas tutur.
Daxili ekspertlor “hibrid miihariba”do insanlarin etno-psixoloji, cins, yas vo digar xiisusiyyatlori,
onlarin kiitlovi stiuruna yonalon malumatlarda kiitlovi manipulyativ psixo-texnologiyalardan istifa-
do ilo miisayiot olundugunu geyd edirlor [10].

Informasiya vo kommunikasiya texnologiyalari, xiisusilo Internet vasitosilo molumatlarmn
yayilmast sayasindo “hibrid miiharibo”’nin horbi omosliyyatlar teatr1 nazari olaraq istonilon 6lko ola
bilor. “Hibrid miiharibe” mdvzusunu gergoklogdiran sabablorin {igiincii qrupu “texniki” olaraq
toyin edilib. Ciinki bu, miiasir dovlotlorin texniki cohotdon artan imkanlari ilo olagoli olur.
Informasiya mokanmin son iki onilliyi orzinde, kiitlovi kommunikasiya sahosindo yeni
texnologiyalarin yaranmasi sabobils, qeyri-zoraki qarsidurma {igiin, bahali vo texniki cohotdon
¢otin olan klassik horbi-giic qarsidurmasina nisboton daha ucuz vo effektiv vasitolorin istehsalina
gotirib ¢ixardi. Bir torofdon raket oleyhino kompleksin yerlogdirilmasi, xidmot olunmasi vo
saxlanilmasi, digor torofdon iso nozarotdo olan kiitlovi informasiya vasitolorinds dezinformasiya
yerlosdirilmasi arasinda yaranan maliyys forqi hamiya aydindir. “Hibrid miihariba”lorin hiiquqi
tonzimlonmasinin perspektivlori bazi hallarda informasiya sahosins tosir gdstoran, masolon, BMT
Bas Assambleyasinin 18 sayli gotnamasi kimi deklarativ xarakterli bir ¢ox beynalxalq sonadlor var
[11].

Digor torofdon, holo do yerino yetirilmosi macburi olan hoqigaton tesirli normativ vo
hiiquqi sonadlor ¢ox azdir. Informasiya miibadilosi sahosindo on gorkomli vo coxtorofli
sonadlordon biri Avropa Surasinin 2001-ci ildo qgobul edilmis kibercinayotkarliq haqqinda
Budapest Konvensiyasidir. Lakin bu sonad ilk novbads istirak¢i dovlotlorin saymi ohomiyyatli
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doracodo mohdudlasdirir; ikincisi, informasiya texnologiyalariin inkisafini nozoro alaraq, 17 il
ovval gobul edilon Konvensiyada doyisiklik edilmolidir; {i¢iinciisii, bu Konvensiyanin miioyyon
miiddealart mazmun baximindan miibahisali oldugu vo hotta bozi ekspertlor torafindon “qlobal
miqyasda casuslugu ganunilosdirmok cohdi” kimi doyarlondirilir. Umumon, hiiquqi bazanm totbiqi
siyasi konsensus talab edir, lakin informasiya makani minimum uygunlasdirilmadan vo ya timumi
terminologiya totbigindon hals ¢ox uzaqdir [7].

Notico olaraq geyd etmok olar ki, hibrid miiharibo miiasir dévrdo istifadosi daha ¢ox
miimkiin olan miiharibs névlorindan biridir.
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TEOPETUYECKAS OIIEHKA KPUIITOI'PA®UYECKON CTOMKOCTH
I'EHEPATOPOB HA m-UYHbBIX KOJAX

Mammaooe M.D.
A3zepoaiioncanckuii Texnuueckuii Ynusepcumem

Paszsumue evicoxux mexnonozuti u OypHuIL POC GLIYUCTUMENLHBIX PECYpPCcos evidguzaem 6onee
Jlcecmkue  mpebosanuss K - MEXAHUIMAM  3AWumbl, O0CODEHHO HA OCHOGe KpUNMozpa@uuecKux
npeobpazosanuil. Ilposedennvle UCCIe008aAHUSA NOKAZAU, YO MeMOObl HOPMUPOBAHUS NCEBOOCYHAUHBIX
yucen ([ICH) wna ocnose M-uuHbIX U3OBIMOYHBIX OAOKOBLIX KOO08 OONYCKaiom 3phexmusHyio
NPOSPAMMHYIO U ANRAPAMHYIO pedanu3ayuro. YCmanoeneHo, uYmo 3a0aia HAXO0NCOeHUs. CeKPemHblX
KIIOYEBLIX OAHHBIX NPU UX UCHOTb308AHUU CEOOUMCS K PEUEHUI0 MEeOPemuKo-CIONCHOCIMHOU 3a0auu
0eKo0UpOBanuUsl CIyYalHo2o0 Koda. B cmamwve npusodumcs ucciedosanue cmoukocmu paspadoomanHHbix
2enepamopos ncegoocayuainvix ducen (I'TICH) k pasnuynbiv amaxkam Kpunmoanaiusd, 6 mom 4ucie, ¢
UCNOTL30BAHUEM MEMOO08 HEAN2eOPAUUECKO20 KOOUPOBAHUSL.

Knwouesvie cnosa: cemepamop ncegOOCIYUAUHBIX YUCEN, GEKMOP UHUYUATUZAYUU, MemOObl
Heaneebpauiecko20 KoOOUPOSaHus, uzObIMoyHbLL KOO, M-uukble U30LIMOUHblE KOOI, NCEBO0CIYHAlIHbIE
2eHEepamopbl.

Beenenne. /s onenku croiikoctu paspadortanHbix ['TICU ma m-musbix komax [1,2] k
KpunrtorpaguueckuM aTakaM MpPOTHBHHKA paccMoTpuM metof (popmupoBanus [ICY Ha ocHOBe
M30BITOYHBIX OJIOKOBBIX KOJIOB M METOJ, MO3BOJstonuii ¢popmupoBars [ICU ¢ moOBBIICHHOMN
JUTAHOM TIepHo/a.

Kak crmenyer u3 ¢opManbHOTO MaTeMaTHYECKOTO orpezaeneHust [3] moa CeKpeTHBIM
KIIOYOM B YCOBEpIIEHCTBOBaHHOM MeToje (opmupoBanuss I[ICHU mnoHuMaeTcss HadaibHOE
cocrosiare PCJIOC (peructp capura ¢ JIMHEWHOW 00paTHO# CBSI3bI0), KOTOPOE MCHOIB3YETCs IS
TeHepaluu I0CIe0BaTeIbHOCTH MakcuManbHOro mnepuona. ®parment ¢dopmupyemoit [1CU
3aJ1aeTcs 3HaUeHHeM (yHKIUU:

TIICY=¢ (Hx., 7(o((Ki) X (9(Sk;))))) 1)

rae K; = (K;, K K; 1) — 3HAYEHHE CEKPETHOIO KIII0Ya;
m-

Io lo
S*Ki:(S*KiO s Ki, . S*Kim-1) — TMOCJIeI0BATENIbHOCTh OOpaTHOM CBsI3U (Ha EPBOM payHAe —
CHUCTEMHAasi KOHCTAHTA).

Kak OpIIO TOKa3aHO BO BTOPOM pasjelie HaxXOXKACHHWE TNPOTUBHUKOM CEKPETHBIX
KJIFOYEBBIX JIAHHBIX Ki nmo wusBecTHOl (mepexBaueHHoi) I[ICY compsskeHO € MOMCKOM
BBIYHCIHTENHHO S((EKTHBHBIX aIrOPHTMOB BHIMONHEHHS 00paTHOro oToGpaernns ¢ (IIIICY).
ITockonbky IICYH mpencraBnser coboif  (parmMeHTapHOe  OOBEIUHEHHWE  CHHIPOMHOMN
MOCJIeIOBATEILHOCTH, 3a/a4a BBITIOJHEHUSI OOPAaTHOTO OTOOpaKeHHS ¢'1 (IITICY), T.e. 3amaua
HAXOXK/IEHUs TPOTMBHUKOM CEKPETHBIX KIIOYEBBIX HAaHHBIX K OKBHBaJCHTHa TEOPETHKO-
CJI0)KHOCTHOM 3a/1a4e JEKOANPOBAHUS CIy4aliHOrO KOJa.

Jns pazpaborannoro Metona popmupoanust [ICY ¢ moBbIIEHHOH JUTMHHON Nepruoia
3ajJjaua MOMCKa CEKPETHBIX KIFOUEBBIX JaHHBIX CBOJUTCS K BBIIIOJIHEHUIO 00OPAaTHOTO OTOOPAKEHUS

-1 * o
& (C K;), mpuuem [ICY ecTh pe3ysIbTaT HECKOJIBKHUX (YHKITMOHATBHBIX OTOOPa)KEHUH, U4TO B
o0IIeM BHJIe MOXKHO 3aIiCcaTh KaK:

MCY = Ck; =& Sk, C, =& W Sk, A0 Iy, =EWy @ K 4,000 K; )
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CekpeTHBIM KIIFOYOM B TAKOM I'€HEpaTOpPE BBHICTYIAIOT JIBA BEKTOpA Ki nu K *i , KOTOpBIE
SIBJIIFOTCS.  HAYaJIbHBIMU COCTOSIHUSIMM COOTBETCTBYIOIIMX JIPP, T.e. CekpeTHble KIHOUYM Kak
pe3yiabTaT BBINOJHEHHS OOpaTHBIX OTOOpaKCHHUH MOXXHO HAWTH, BBINOJIHUB OOpaTHOE
oroGpakerne & (C*k;), T.e. PELIUB 3314y JEKOIUPOBAHHS.

Ki=o@ (r iy £ (S7k; ))) )

Ki = @1 (£(Cky) (3)

-1 \V_l U (p_1 YCIOXHSIET IPOTUBHUKY

KpuIlITOaHaJIN3, HO OTHU Hp606p330BaHI/I${ HC CBsA3aHbl C PCHICHHUCM TCOPCTHUKO-CIOKHOCTHBIX

3amad. CrenoBaTellbHO, B OLIEHKE KPUIITOCTOMKOCTH MPEIaraéMblX I€HEpAaTOPOB YUUTHIBAThH

CIIOKHOCTh pealiu3alui 0OpaTHBIX OTOOpaKeHUM (p*_l, 'y_l, \y_l u (p_l He Oyxer

o -1
BeinonHenne 00paTHbIX 0TOOpaskeHuit @ * ', y

YUYUTBIBATBHCA.
Takum o6pa30M, A IPpCAJI0KCHHBIX MCTOI0B [3aﬂaqa HaXO0XKICHHA ITPOTUBHHUKOM CCKPCTHBIX
KIKOYCBbLIX HAHHBIX 3KBHBAJICHTHA 3a4a4C ACKOAUPOBAHHUA IIPUMCHACMOI'O OJI0KOBOTO KoJda, T.C.

BBITIOJTHEHUIO OOPATHBIX OTOOpaKEHUM ¢-1(HHCII) (ycoBepIIEHCTBOBAHHBIN METOM) U E;l (rrrcy)

(MpeAoKeHHBI METOJ C TOBBIIIEHHOW JUIMHOW Tmepuoja). B ciydae, xorja TpPOTHBHUKY
HEU3BECTHO TIPaBUJIO OBICTpOro (ajnreOpamdeckoro) IEKOAUPOBaHHS (OHO MOXKET W He
CYILIECTBOBATh BOBCE, €CIM TMPUMEHSEMBI KOJ SBISIETCS CIy4alHBIM), TOTJa MPOTHUBHUK
BBIHYX/ICH IPUMEHSATh HeaIreOpandecKue MEeTOIbI JCKOUPOBAHMSI CIIYIaifHOTO KOJa. BRIHYIUTE
MPOTUBHUKA  WCIONB30BaTh  BBIUMCIUTEIBHO  CIOXHBIM  HeanreOpandeckwii  alropuTMm
JICKOIUPOBAHMSI — OCHOBHAS II€NTb pa3paboTUYMKa KPUTITOCUCTEM Ha M30BITOYHBIX KoJaX. Takum
0o0pa3oM, aKTyalbHOCTh HAyYHO-TIPAKTUYECKOW 3aJaueil SBISETCS OLIEHKa TEOPETUYECKOM
crorikoctu ' TICY Ha ocHOBE M-UYHBIX KOJOB [4].

Llenvio  cmamovu  SBASETCS  OIEHKA  TEOPETUYECKOW  CTOMKOCTH  BBIXOJHBIX
nocnenoBarenbHocTeil ' TICY Ha ocHOBE M-UYHBIX KOJIOB.

[Ipoananu3upyeM  BO3MOXKHBIE  MYyTH  peIIEHUs  3aJayd  HealreOpandeckoro
JICKOIUPOBAHMSI, PACCMOTPUM OCHOBHBIC METOJIBI M QITOPUTMBI JCKOJUPOBAHUS CIIYIallHOTO
KOJIa, OIICHUM BBIYMCIUTENBHYIO CIOKHOCTh UX MPAKTUYECKON peaan3aluy .

Koppenayuonnwiii oexooep. Haubonee npoctoir u 3 (HEKTUBHBIA METON JIEKOAUPOBAHMS
M30BITOYHBIX OJIOKOBBIX KOJOB HEOONBINON UIMHBI SIBISIETCSA KOPPEJSIIUOHHBIA  CIOCO0,
OCHOBaHHBI Ha CPAaBHCHHWH IPUHATOTO KOJOBOTO CJIOBAa C ONMMOKAMU CO BCEMH KOJIOBBIMHU
CIIOBaMU U BBIOOpE ONIMKANIIIEro KOJOBOTO ClIOBa (B METpUKEe XeMMHUHTa). ITOT METO/I ITO3BOJISIET
OCYIIECTBHUTH JICKOAUPOBAHUE TIO KPHUTEPHUIO MAKCHMAJIHHOTO TIPABIOMOA00US (KPUTECPHUIO
MaKCUMaJIbHOW MOXO0XECTH MPUHSATOTO CJIOBA C OMMUOKAMU U OTOXKIECTBIIIEMOTO €My KOJIOBOTO
CIIOBA) W SBISETCS ONTHUMAIBHBIM C TOYKH 3PEHUS MHHHMH3AIMH OIIMOKH JICKOIUPOBAHUS

KOZIOBOro cioBa. I'paduueckas MHTEepHpeTalnys KOPPEISALHUOHHOTO JEKOojAepa INpe/cTaBlieHa Ha
pucyske 1.
Ha pucynke. 1 cxemarndno Toukamu mzoGpakeHsl Bee kogposbie ciosa Ci, 1=1....,(

6mokosoro (N, k, d) xoma nax GF(q) xak »memMenTH BekTopHOTO npoctpancTa GF'(q). ITpunsroe
KOAOBOE€ CJIOBO C OH_II/I6KaMI/I C * HC IPUHAJIC)KUT MHOKCCTBY KOAOBBIX CJIOB, HO MPHUHAIJICI)KUT
npoctpanctBy GF"(q).
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Pucynok 1. I'padmdeckast uaTepIIpeTaninis KOPPEISIIHOHHOTO IeKoAepa

KoppensiuvonHslii  gexonep  cpaBHUBaeT (B~ MeTpuke XEMMHHIa) IPUHATYIO
nocnenoBarenbHocte C* (mpencrapiena KpecTHKOM Ha PUCYHKE) CO BCEMHU KOJIOBBIMH CJIOBAMH,

B k o
T.€. BBIUHCIAET pACCTOSAHHE 10 XEMMUHIY W(C*,Ci), 1=1..,0 MEXIYy IPUHATOU
nocnenobarensHocteio C*  u konosbiMu ciopamu C.. DTO SKBMBANEHTHO BBIYHCIEHHIO
|
koo urmentos koppensiuu nocnenoparensaocteit C* u C.. anee BoiOupaercs HauMeHbIIee
|

1 *
paccrosiHue _mlnk W(C ’Ci ) , T.€. BBIOMpaeTcsi KOJIOBOE CJIOBO, HAaOOJEe KOPPEIUPOBAHHOE C
i=1..q
MPUHATON TIOCTEI0BATENbHOCTRIO0. BhIOpaHHOE KOJOBOE CIOBO MPHHUMAETCS 3a pPe3yabTaT
nexkoaupoBaHusi. Ha pucyHke B KadecTBe TMpuMepa NpHUBEIACH Ciiydall BHIOOpa HAaMMEHBIIIETO

pacCTodAHuA, KOrJa COOTBECTCTBYIOIIEC KOAOBOC CIIOBO C6 , T.C.:

minw(C*,C, ) = w(C*,C;) 4)

i=1.9¢

OlEHUM  CIIOKHOCTH PENICHHWS 3a1aud  KOPPENSAMMOHHOTO JIEKOAMPOBaHus. Ilpu
ucnonbzosannn  (N,K,d ) Gmokosoro koma mam GF(() kommuecTBO KOIOBBIX CIOB H
COOTBETCTBYIOIIMX CPABHEHHWH, KOTOpbIE TPEOYETCS BBIIOJIHUTH Ui  KOPPEISIUOHHOTO
JIEKOIMPOBAHHSL, OTIPEIENSAETCS BHIPAKEHUEM:

k
NK.(). =( ®)
yto nmpu Maneix (| u K Jerko peannsopaTh Ha COBPEMEHHON BBIMHCIUTENHHOM TexHHKe. ITpu
Gosbmmx 3HadeHnsx ( u K peamusanus koppesisimoHHOro Aekojiepa BHIMUCIUTENHHO CI0KHA U

Helenecoo0paszHa.

Tabauunwiii (CuHOPOMHBILL) cNOCOO 0eKOOUpOo8anuss HECKOIBKO MPOIIE KOPPEISIIIHOHHOTO,
HO OH TpEeNrnoyjiaraeT JUHEHHOCTh HCIOJIB3yeMoro KoaoBoro cioBa [5]. Ilpumensiembie B
pa3paboTtanHblx Meromax ¢opmupoBanus [ICU komwl sSBISIOTCS JUHEHHBIMH, CIEIOBATENBHO,
IMPOTUBHUK MOXET BOCIIOJIB30BATHCA CHUHAPOMHBIM ACKOJWPOBAHUCM IJId HAXOXKIACHHUA
CEKPETHOTo KJI0Ya, T.€. IS LeJiel Kpurroananusa cootBercTByromero ['TICY.

B ocHoBe Tabnu4HOrO (CHHAPOMHOTO) JIGKOJUPOBAHUS JIGKUT COIOCTaBJICHUE

CHHIIPOMHOMW TIOCIIEIOBATEIBHOCTH S j (pparment IICH B yCOBEpIIEHCTBOBAHHOM METOJIE)
BO3MOXKHBIM BeKTOpam omubok E - CHH/IPOMHasI TTOCIICIOBATEIBHOCTD S j A1 MPEJUTOKEHHOTO

MeTO/a C MOBBIIIICHHOW IJIWHON MEepHoJia MOKET OBITh JIETKO paccunuTaHa mo u3BecTHbIM [1CY u
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npoBepouHoii Marpune kona H u komosomy cioBy ¢ ommbkamu C* (B npeuiosxkeHHOM MeTOJIE
s10 pparment [ICYH):

S;=C*-H' 6)
HpI/IHI/IMaH BO BHUMAHHC

" paB€HCTBO

IIOJIY4YUM
S;=(C;+E;)-H" =C;{-H" +E;-H' =E;-H'
T.C. CHHAPOMHaAA IMOCJIICA0BATCIBHOCTD S J 3aBUCUT TOJIBKO OT BCKTOpPa OLHI/I60K EJ " HC 3aBUCUT

oT KoHKpeTHOro konoeoro cnoa C;. CienoBaTebHO, /Uil Pealu3alui HEaNreGpanvecKoro
JeKOJUPOBAHUS JTMHEHHOI0 0JI0KOBOTO KOZA C MPOU3BOIBHOM CTPYKTYPO JOCTATOUHO COXPAHATh
COOTBETCTBHE BCEX CHHIPOMHBIX MOCIENOBATEIBHOCTEH S j ¥ BEKTOPOB OMIHOOK E j » Hanpumep,

B BHJIC TaOIMIIBI IeKOMpoBaHus (cM. Tabauna 1).
B TaOIHnIIE 1 CXEMATUYHO MIPEJICTABICHO COOTBETCTBUE CUH/IPOMHBIX

MocCJIe0BaTeIbHOCTEH S j 1 BCKTOPOB oIInOOK EJ , a4 TaK K€ 3HA4YCHHA NCKA)KCHHBIX oIInOKaMu

xozoBbIx cioB C'* (kak gpparment IICY, Hanpumep).

Tabmuma 1
Tabmuiia neKoIMpPOBaHuUs JIMHEHHOTO OJIOKOBOT'O KOJia B O0IIEM BUJIC
E, E, E, E, E,,
C\S, |s S, S, S,
C, C*=C,+E, |C*=C,+E, |C*=C,+E;, |- C*=C, +E,,
C, C*=C,+E, |C*=C,+E, |C*=C,+E, |-- C*=C, +E,
C, c:*:c:g+|51 C*=C3+E2 C*=C,+E;, |- C*=C,+E,

Kax cnemyer u3 Tabmuusl 1, qus gekomuposanus muuelinoro 6mokosoro (N,K,d) koma

nax GF (Q) mocratouno mcronb3oBath mepBbIE JBE CTPOKU TaOIHMIBI, B KOTOPBIX NMPHBEICHBI,

3HA4YCHHA BCKTOPOB EJ U COOTBETCTBYHOIIHUX HM BEKTOPOB SJ . B ocrampHBIX CTpOKax

INPUBCACHBI 3HAYCHHA BCKTOpPA C* KaKk CYMMbI BCKTOPOB C n E , T.C. OJIA BCEX Ci’

1=1,..., q COOTBETCTBYIOIIHE O j PaBHBI ¥ OTIPEICIIAIOTCS HCKIIOIHTEIIEHO E j - B oTom ciyuae
Tpetha ctpoka Tabmumsl mpu C, =0 (BekTop u3 Bcex Hymeif) coBmagaeT ¢ MepBOi CTPOKOA,

KOTOpasas U OHpeACIsACT CMBICIIOBOC COJACPIKAHUC BCEH TaGHI/IL[LI. KOHerTHLIC 3Ha4YCHUA E j

MNPUHATO HA3bIBATb B TCOPHU KOAUPOBAHUA JIMACpPpAMU CMCKHBIX KJIACCOB, a BCC PA3JIOKCHUC
BO3MOXHBIX BEKTOPOB C * 10 UX COOTBETCTBUIO KOHKPCTHBIM BEJIMUYMHAM EJ - pa3J10KCHUEM Ha

CMEXXHBIE KJIacChl [6].
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[Tporiecc aekoaupoBaHUs TAOIMUYHBIM (CHHIAPOMHBIM) CIHOCOOOM JMHEHHOTrO OJIOKOBOTO

KOAa COCTOMT B HAXOXKIGHHM 10 BBIPAKEHHIO (6) CHHIPOMHOTO BEKTOpa O i (mns

YCOBEPIIEHCTBOBAHHOTO METOA BEKTOP O j M3BECTCH — 3TO dparment IICY) u comnocraBieHuu

ero ¢ cooTBeTCTByIOIIMM BekTopom ;.

JIns1 yCOBEpIIEHCTBOBAaHHOTO METO/1a HAlCHHBIM BEKTOP CYTh 3HAYCHHMsI, TOCTYIHBIIIEE C
O0moka (OpMUPOBAHUS TIOCIEAOBATEIBHOCTH MAaKCHMAILHOTO TMepuona. Ecaum 3ToT  OI0oK
BbINOJHEH B BUjie JIPP, TO HaliIecHHBIN BEKTOP E j — 3HAYCHME AYCeK JIPP Ha cooTBeTCTBYIOIIIEM

atane popmupoBanus [1CY, 1.e. BeimosHUB cooTBeTcTBYIOMmMMKE onepaiuu Hajg PCJIOC He cinoxHO
HaWTU €ro HaYaJIbHOE COCTOSTHUE, T.€. CEKPETHBIN KITIOU Ki .

Jns npensoKeHHOro MeTroja € MOBBIMIEHHOM [JIMHOW MEPUOJAA, HAWJEHHOE 3HAYCHHE
BexTopa E j 3aMaeT 3HAYCHUE AYCCK PCJIOC Ha cooTBetcTBytomIeM 3tamne ¢opmupoBanus [1CY,

T.€. TIOCJIE BBINOIHEHHUS COOTBETCTBYIONIMX MPeoOpa3oBaHuii 3HAHKME MPOTHBHUKOM BeKTopa E i

MPUBCACT K BBIYUCICHUIO UM CCKPCTHOI'O KJIHOYa K *i . I[JI)I HaXOXIACHUA CCKPCTHOI'O KJIHO4Ya Ki

noctatouno BeraecTh u3 Bekropa C* (dpparment IICY) 3nauenue naiinennoro BexkTopa E j» T-e

Haiitn kooBoe cioo C;, mocie 4ero BEMMCINTE MHPOPMALMOHHBIHA BEKTOP, COOTBETCTBYHOLIMIA
3anonHeHno sueek PCJIOC, HavanbpHOE COCTOSIHME, KOTOPOIO M COOTBETCTBYET 3HAUEHHUIO
cexpernoro kmoua K,

Takum o00pa3om, mocie BBINOJTHEHHS ACKOAWPOBAHUS HM30BITOYHOTO OJOKOBOTO KO
HAXOX/IEHHE 3HAYCHHMI CEKPeTHBIX KIIOYEBBIX JaHHBIX B  pa3pabOTaHHBIX METOJax
dopmupoBanuss IICH He mnpexactaBnsiercss CioKHBIM. OLEHMM CJIOKHOCTb CHHAPOMHOIO
(TabnMyYHOr0) NEeKOAUPOBaHMUS [7].

Kak cnenyer M3 TNpHBEICHHBIX PACCYKACHUN s JIEKOAMPOBAHHUS PACCMOTPEHHBIM
METOJIOM IIPOTUBHUKY HEOOXOJUMO XPaHHUTh TaOJIUIy CHHAPOMOB U COOTBETCTBYIOIINX BEKTOPOB
omu6oK, T.e. Bcero morpebyercs 2M sueex Tabmuupl, rae mapamerp M 3amaercs umcno
pa3NUYHBIX KOH(UIypalil HEHYJIEeBBIX OHIMOOK, KOTOpbIE MOKET MWCIPABUTh JIMHEHHBIN
onokoBeiii kox. Ecnm wmcnomesyercs 6mokoeeiii (N,K,d) xon wman GF(Q), mossonsrommii

d-1

ucnpasisath He MeHee [ =| ——— | OmMOOK, YKMCIIO PaA3TMYHBIX KOH(PUTYPAIMH HEHYJIEBBIX
BEKTOPOB OIINOOK ONMPEAESIeTCS CIEAYIOIINUM BbIpa)KEHUEM:
=

. - Tl! -"T
=Y - ®

BriBoj BeIpaskeHus (6) OCHOBBIBAETCS HA CIAEAYIONINX paccykaeHusx. [Ipeamnonoxkum, 4ro
B KOJIOBOM CIJIOBE MPOU30ILUIO | HEHyNeBBIX OMMOOK. 3HAYCHHE KaXI0H HEHYIEBOW OMIMOKH HaT
GF(q) moxer 6biTh B mpeaenax ot 1 10  —1 (Bce He HyseBble 3JE€MEHTHI TOJIsL), T.C. BCETO

cymectByer (g —1)" BapuaHTOB 3HayeHHWi OMIMOOK IS OAHOW KOH(MUTypauuu (3aJaHHOTO
n!

PacroNOKeH s HEHYIEBBIX 3HAUCHMH). Beero BOIMOKHO ———

T, PasmHIHBIX KOH(pUrypauui (c

Pa3TMYHBIMH 3HAYEHUSIMU HEHYJIEBBIX OIIUOOK), T.€. o0Iee yuciio KoHpurypanuii uz | Henyme-
BBIX OIIUOOK OIPENeseTCs BBIPAKEHUEM:
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i n! o
(g—1) T [ToCKOMIBKY KOJ MOKET HCHOpPaBHUTh OT OXHON a0 1 ommbok, obiree

YHCII0 BO3MOKHEIX KOH(HUIYpaInii HeHYIeBbIX BeKTopoB E j OHPEICIISIETCS BRIPAKCHHEM (DN.

Takum 06pa3om, CII0KHOCTh CUHIPOMHOTO JIEKOJUPOBAHUS ONPEAEIISAECTCS BHIPAXKCHUEM:

d—1

Nea =2+ 2 (- D' —— 8)

I n—i!

rae, nog N, cruemyer moHnmarh Kak 4MCIO SMEEK NAaMSTH, TpeGyeMoe Ul pealn3aluu
QIrOPUTMa, TAaK U YHUCIO HEOOXOAMMBIX CpPaBHEHMH, BBIIOJIHSAEMBIX IPU IOUCKE HCKOMOIO
Bektopa E j- CIOKHOCTD peanu3alui CHHAPOMHOTO ICKOMPOBAHUS OLCHUM B BUJIC BBIPAKCHHUS

S., =2N
OueBuaHo, 4to mpu Manbix (, N u t cuHAPOMHOE AEKOAMPOBAHHUE JIETKO PEaIn30BaTh
Ha COBPEMEHHOM BBIUMCIMTENbHOM TexHuke. IIpu Gonpmux 3Hauenusx ¢ u K peanusanus

KOPPEISIIUOHHOTIO JIEKO/IEepa BBIYMCIUTEIBHO CIOXKHA M HelenecooOpasHa. IIpu comocraBuMbIX
q u N wmamom t cuHIPOMHOE AEKOAMPOBAHHWE MOXET OBITH 3HAYMTEIBHO 3(deKkTHBHEE

KOppeISIIMOHHOTO criocoba. B Toxxe Bpemst npu Gonbmmx 3HadeHusx (), N u t mpakrmueckas

peanu3arysi CHHAPOMHOTO JEKO/iepa BHIYUCIUTEIBHO CIIOKHA U HEelleJIecoo0pasHa.

llexooep  Meeceuma,  masicopumapuuiii  0ekooep. Jlekomep  Merruta — sIBisSeTCS
Moau(HKAIEH pAaCCMOTPEHHOTO BBIIIE CHHAPOMHOTO JACKOIMPOBAHUS IS KOJOB, 00JIaIaf0IInuX
CHEIHAbHON anredpandeckoil CTPYKTYpOll — IUKIMYHOCTH Kofa . CBOMCTBO IUKIMYHOCTH
COCTOHUT B TOM, YTO M3 yCJIOBUS MPUHAIICKHOCTH HEKOTOPOH MOCIIETOBATEILHOCTH KOJIa CIIETYeT
MPUHAJICKHOCTh KOy JIO00W IMKIMYHOM CHABMXKKH OSTOM MOCIeAoBaTeIbHOCTH. Jlpyrumu
CIIOBaMH, IUKIUYECCKHA KOJI SIBIIICTCS OOBEAMHCHWEM KOHEYHOTO 4YHuCiia OpOUT (TIOJTHOTO
MHO’KECTBa BCEX IUKJINYECKUX CIBUKEK) MOCIEI0BATETFHOCTEH.

CHHIpOMHBIM JCKOJIEp JUIS IUKIMYECKOTO KOJa MOXHO CYIIECTBEHHO YIPOCTHUTH,

IOCKOJIBKY H3 YCJIIOBUS HNUKIIMYHOCTU CIIEAYET, YTO ITOUCK BCKTOpPaA EJ

TOYHOCTBIO JI0 IIMKJIMYECKON CABIKKH. [[pyrumu cioBaMu, TaOIUIly COOTBETCTBUS CUHIPOMOB U
BEKTOPOB OIIMOOK MOKHO CYIIIECTBEHHO (B N pa3) COKPATUTh, a TIOUCK COOTBETCTBUS BHITIOJIHSATH C
Y4€TOM CBOMCTB IMKJIMYHOCTH KOJa. B Toke BpeMsi mpuMeHsieMble B pa3pabOTaHHBIX METOAax
dbopmupoBanus [ICH u30bITOUHBIE KOJBI HE SIBISIOTCS UKIUNYECKUMU, CIEA0BATENbHO, IEKOJEP
MerruTta B Ka4eCTBE METO/1a KPUINTOAHAIIN3A HE IPUMEHUM.

Jpyrum nmpumMepoM ObICTPOTo HeanreOpandeckoro IeKOANPOBAHUS JTMHEHHOTO OJIOKOBOTO
KOJla SIBJISIETCS MaKOpUTapHbId jaexoaep. OH COCTOMT B TMOCJEAOBATEIBHOW TOPOTOBOM
(Ma)XOpUTapHO) OIIEHKE KOJOBBIX CHMBOJIOB, KOTOpasi BBIMOJHSAETCS C IMOMOILIBI) CUCTEMBI
OPTOTOHAJBHBIX, OTHOCHUTEIHFHO JAaHHOTO CHMBOJIA, YpaBHEHUW. OTOT METOA HMEET
HCKJIFOYUTENIBHO HU3KYIO BBIYMCIUTEIBHYIO CIO0KHOCTh U (€CIM OH MPUMEHUM) SIBIIIETCS OJHUM
n3 Hambosee 3(h(HEKTUBHBIX CIIOCOOOB JIEKOJUPOBAHUS JMHEHWHBIX OJOKOBBIX KOJIOB. B TOXe
BpeMs I pealli3allii Ma)KOPUTAPHOTO Crocoda EeKOJUPOBAHUS JTHMHEHHBINH OIOKOBBIA KO
JOJKeH JONycKaTh IMOJIHYI0 OPTOrOHANIM3alMio, T.€. JOJDKHA CYIIEeCTBOBAaTh CHUCTEMa
MPOBEPOYHBIX YPaBHEHUU, OPTOTOHAIBHBIX OTHOCHTEIBHO KaXXJ0ro KOJAOBOro cumBoia. Ha
MPaKTUKE MAKOPUTAPHBINA METOJ] UCTIOIB3YETCSl KpaitHe PEAKO, MOCKOIBKY KOJIOB, TOMYCKAIOIINX
MOJIHYIO OPTOTOHAIM3AIHIO ¢ TpeOyeMbIMH TTapaMeTpaMu KpaitHe Mano. [IpeanoskeHHbIe METOIbI
dbopmupoBanus [ICY He mpeamosiaraloT UCHOJIB30BAaHUE KOJOB CO CIIEUATBLHON CTPYKTYpPOH, B
TOM YHCJIE, TOMYCKAIOIIUX MOJIHYI0 OopToroHanu3auuio. CieqoBaTelbHO, MPOTUBHUK HE CMOXKET

MIPUMEHUTh MAKOPUTAPHBIN aITOPUTM JACKOAUPOBAHMUS IS pealn3anun KpunToanamusa [8, 9, 10,
11].

MOKHO OCYHICCTBJIATH C
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Ilepecmanogounviii dexkodep — CIOCO0, TO3BOJISIONIMM 32 KOHEYHOE YHUCIO IIAroB
JEKOUPOBAaTh JIMHEHHBIM OJOKOBBIM KOJ C MPOU3BOJIIBHOM CTpyKTypoil. Ilo cBoeit cytm oH
COCTOUT M3 TOCJIEOBATEIILHOTO MPeoOpa3oBaHUsl KOJOBOTO CJIOBAa M IEPECTAaHOBKH CHMBOJIOB,
WHBAapUAHTHOM  OTHOcUTENbHO  Koaa. IlomyueHa  omeHka — CIOXHOCTH — peain3aluu
MEePECTaHOBOYHOTI'O JIEKOJEPA B BUIC BHIPAKCHUS:

n n-1 n—-t-1 d-1
S > = — 9
okl n=k=1"Tn=k-t-1 2 ®)

Ha pucynkax 2, 3, 4 npencrtaBieHbl 3aBHCHMOCTH CIIOKHOCTH Pa3JIMYHBIX METOIOB
KpUIITOAHATN3a, OCHOBAHHBIX HAa HealIreOpanvyeckoM IEKOJAUPOBAHHHM H30BITOYHBIX OJIIOKOBBIX
KOJIOB (Ha KOPPEISIIMOHHOM, CHHAPOMHOM U MEPECTaHOBOYHOM JieKoaepe). OlieHKa NMpuBeieHa B
Jorapu(MUIECKOM MaciiTade.

3 T T T T T 3 T T T T
S e () Siam)
5 c.d (Il) S c.d (Il)
250+ - 250 ]
200- i 200- 4
s¢- 2 1 . T B 1 ]
10q- 3 . el 3 )
a | sor -
0 1 | 1 1 [
0 1 1 1 1 1 Q 200 200 600 800 1000 B 1200
0 200 400 600 800 1000 1200
Pucynok 2. 3asucumoctu: 1) Sy 5 (n), Pucynok 3. 3aBucumoctu: 1) Sy 5 (),
2) Scs.(n), 3) Spa (N) na g =2, k=0,75-n 2) Sc2.(n), 3) Sna (N) a =2,
k=0,5-n

Kak crmenyer w3 mNOpuUBENCHHBIX 3aBUCHUMOCTEH, YK€ MNpH HInHe Koma N >100
KOPPEJSIUOHHBI U CHUHAPOMHBINH CIIOCOOBI JEKOJAUPOBAHHS CTAHOBSITCS BBIYMCIUTENBHO HE
3¢ (heKTUBHBIMU, MPUMEHEHHUE UX JJIsi KpUITOAHAIN3a CTAaHOBUTCS HE HellenecooOpasHo. B ciydae
HCIIOJIb30BAHUA TIICPECTAHOBOYHOI'0 JACKOACPA (I[JI}I OTOro MPOTHUBHHUK JOJIKCH OGJI&,Z[aTL
MOPOXKIAIONIEH W/MIW TPOBEPOYHON MATPHIICH NPUMEHSEMOTO KOJla, KOTOpBIE SIBIISIOTCS
OTKPBITBIM KIIDUOM B IpCAJIOKCHHBIX KpI/IHTOCI/ICTeMaX) CJIOKHOCTH KpHUIITOAHAJIM3a
CYLIECTBEHHO HUXKE.
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Ska (ﬂ):l | | | | I
Sc.E. (.'[1)

250 -

k2

100 -

| | | | |
o 00 400 600 B0 1000 pp 1200

Pucynok 4. 3aBucumoctu: 1) Sk (N), 2) Sca. (n), 3) Sne. (N) mast g=2, k=0,25:n

Tem HEe MeHee, Jake NPU HAJIMYUU Yy IPOTUBHUKA OTKPBITOTO KIIIOYa U NPUMEHEHMS
IIepeCTaHOBOYHOrO jiekojiepa kpuntoananus npu N >250 cranosurcs BHMECIMTENHEHO
Hed(PPEKTUBHBIM.

CnenyeT OTMETHTb, YTO JJIsi BBICOKOCKOPOCTHBIX M30BITOYHBIX KOJIOB KOPPENSLMOHHBIN
nexonep MeHee 3(Q(EKTHBEH, YeM CHHIPOMHBIM. [Ipy CHM)KEHUM OTHOCHUTEIBHOW CKOPOCTH
KOAMPOBAHUS BbIUUCIUTENbHAS () ()EKTUBHOCTH CUHIPOMHOTO JEKOIUPOBAHUS CHUKAETCS, a MPH
R=k/n<05 xoppensiuonuslii nexomep sBusieTcs GoJee MPEAIOYTHTEIBHBIM  JUIS
WCIOJIb30BAaHHUS €r0 IPOTUBHUKOM B KaU€CTBE METO/1a KPUIITOAHAIN3A.

Ha pucynke 5. npusenensl 3aBucumoctd  Nia (R), Nca(R), Sna (R) mis =2 wu

¢uxcupopannoii gnumHe ucnonssyemoro koma N =1000. Ouenxka mnpusenena B
norapupmMuuecKoM Maciutade. AHaiIM3 NPUBEIEHHBIX 3aBUCUMOCTEH, TO3BOJISET CAeIaTh BBIBOJ O
CHIDKEHHH BBIYUCIUTEIHHONH 3()()EKTUBHOCTH CHHAPOMHOTO JCKOJWPOBAHUS W TIOBBIIICHUH
BBIUUCIIUTENEHON 3()()EKTUBHOCTH KOPPEISALMOHHOTO JEKOJUPOBAHUS OTHOCUTEIBHOM CKOPOCTH
UCTIOJB3yeMOro Kojaa. BreramcnurenbHas 3(QQPEKTUBHOCTh CHHIPOMHOTO W KOPPEISIIHOHHOTO
nexoepos sxeuBanentHa mpu R = 0,65

AHanu3 3aBUCHMOCTEH, MPUBEICHHBIX Ha pUCYHKaX 4, 5 MoKa3bpIBaeT, 4TO MPUMEHEHUE
NEPEeCTAaHOBOYHOTO  JIEKOJIepa €  M3BECTHBIM  MPOTUBHUKY  OTKPBITBIM  KIIOYOM  IIpH
01<R=kIn<0,95 u mmue wucnomssyemoro kxoma N=1000 s xpunrToanamsa
BBIYMCIIMTENIEHO HEIleIeco00pa3Ho, KPUIITO-KOI0Basi CHCTEMa 3aituThl HHhopMaruu 3G PEeKTHBHO
oOecrieurBaeT 6€30MaCHOCTD Mepeaayy JaHHBIX B KOMITBIOTEPHBIX CHcTeMax U ceTsx [12].
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Pucynok 5. 3aBucumoctu: 1) Ny o (R), 2) Nco(R), 3) Sna. (R) mms q=2

Takum 00pa3oM, MpPOBEEHHBIE MCCIENOBAHUS IOKa3alHM, YTO pa3pabOTaHHbIE METOJbI
dbopmupoBanus [ICY Ha M-WYHBIX KOAAaX O00JaNaOT BBICOKUMH IIOKa3aTENISIMH CTOHWKOCTH.
Teopernueckass  OLEHKAa  CJIOXHOCTM  KpUIITOAHANM3a  ITOKa3ajga, YTO  IPUMEHEHHE
HeanreOpanyeckux METO/I0B JEKOJIMPOBAHMS TPU COOTBETCTBYIOLIUX IapamMeTpax KOJIOBBIX
KOHCTPYKLIIMH HE TO3BOJISET HNPOTUBHUKY J(PQPEKTMBHO  pealu30BaTh  KPHUITOAHAIIN3
MIPEIJIOKEHHBIX T€HEPATOPOB.

BriBoabI

1. PazpabGortannble Meronbl ¢opmupoBanust IICYU ocHOBaHBl Ha MCHOJIb30BAaHUU
M30BITOYHBIX OJIOKOBBIX KOJIOB B PEXHME MACKHPOBaHMs OBICTPOrO IMpaBHja JAEKOIHPOBAHUS.
CrnenoBatenbHO, 33/1a4a HAXOXKJEHHUS MPOTUBHUKOM CEKPETHOIO KioYa (3a7ada KpUITOAHAIN3A)
COIIPSKEHA C PELIEHUEM TEOPETUKO-CI0KHOCTHON 3a/1a4M IEKOAUPOBAHUS CIIy4alHOTO KOJa.

2. IlpoBenieHHbIE HCCIETOBAHUSI U3BECTHBIX METOJ/IOB HEaIreOpanueckoro J1eKOJUpOBaHuUs
MIOKAa3aJii, YTO IPOTUBHUK CMOXKET PEaJM30BaTh KPUIITOAHAIU3 OJHUM W3 M3BECTHBIX METOJOB
(KOppensaLNOHHBIM, CHHAPOMHBIM (TaOJUYHBIM) WM MEPECTAHOBOYHBIM JeKo/1epoM). CII0)KHOCTD
peaM3anui COOTBETCTBYIOIIUX aTak omperensercs BoipakeHusmu (1), (4), (5), (6). B 1o xe
BpeMs sl OOJBIIMX 3HAYEHUM JUTMHBI KOAA U JUISl BBICOKOM MCIIPaBIISIIOIIEH CIIOCOOHOCTH KoAa
peanu3aius pacCMOTPEHHBIX artak ManoddexTuBHa. C yBeTUUEHUEM OTHOCUTEIBHON CKOPOCTH
R komupoBaHus pe3ko yBelIMUMBAETCS CIOKHOCTh KOPPENAIMOHHOTO CHOCO0a IeKOAMPOBAHHS U
cHUKaeTcst c10xHocTh cunapomuoro aexonepa. [pu 0, 1< R <0,95 u anune ucnomszyemoro

xoma N=1000 npumenenne m0OGOro u3 PACCMOTPEHHLIX METONOB BBLIYUCIMTENHLHO
HeIEeIeco00pas3Ho.
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m-lik KODLARI UZRO GENERATORLARIN KRIPTOQRAFIKI
TOHLUKOSIZLIYININ NOZORI QI YMOTLONMOSI

Moammadov M. F.
Azarbaycan Texniki Universiteti

Yiiksak texnologiyalarin inkisafi va hesablama resurslarimin siiratli artimi alalxiisusda kriptografiki
cevrilmalora asaslanan miihafizo mexanizmlorina daha sart taloblor qoyur. Aparimis tadgiqatlar
gostarmisdir ki, m-lik izafi blok kodlar: asasinda PTO-in formalasdirilmast iisullarimin program va aparat
vasitasilo totbigina imkan verir. Miiayyon edilmisdir ki, maxfi acar malumatlarin tapilmasi mosalasi
onlardan istifada zamamn tasadiifi kodun dekodlasdirilmasinin nazori-miirakkab probleminin hallina gatirib
cixartr . Moaqaloda hazirlanmis PTOG-in miixtalif kriptoanaliz hiicumlarina, o ciimladon qeyri-cobri
kodlasdirma metodlarindan istifads edilonlora qarsi dayaniqlq tatbiq edilmigdir.

Acar sozlar: psevdo-tasadiifi generator, adad, vektor, inisaliza, geyri-cabri kodlasdirma tisullari,
izafi kod, m-lik izafi blok kodlari, psevdotasadiifi generator.

THEORETICAL ESTIMATION OF THE CRYPTOGRAPHIC SECURITY OF GENERATORS ON m-
CHATE CODES

Mammadov M.F.
Azerbaijan Technical University

The development of high technologies and the rapid growth of computing resources put forward
more stringent requirements for protection mechanisms, especially based on cryptographic
transformations. The conducted studies have shown that methods for generating pseudo-random numbers
(PRN) based on m-ary redundant block codes allow efficient software and hardware implementation. It has
been established that the task of finding secret key data when using them is reduced to solving the
complexity-theoretic problem of decoding a random code. The article studies the resistance of the
developed pseudo-random number generators (PRNG) to various cryptanalysis attacks, including those
using non-algebraic coding methods.

Keywords: pseudo-random number generator, vector, initializations, non-algebraic coding
methods, redundant code, m-ary redundant codes, pseudo-random generators.
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MUXTOLIF IQLIiM DOVRLORINDO ABSERON YARIMADASINDA HAVANIN ORTA
TEMPERATURUNUN DOYISMO XUSUSIYYOTLORININ VO INTENSIVLIYININ
QIYMOTLONDIRILMOSI

Safarov S.H.
Milli Aviasiya Akademiyasi

Maqalada miixtalif iglim dovriarinda Abseron yarimadasinda havamin orta temperaturunun
dayisma xiisusiyyatlorinin va intensiviiyinin giymoatlondirilmasi masalolorina baxilmisdr. Bu dovrlora Simal
yarimkiirasinda miisahida olunmus simal meridional epoxa (1899-1915-ci illar), zonal epoxa (1916-1956-c:
illar) va canub meridional epoxa (1957-ci ildon bu giina kimi) aiddir. Qlobal iglimin istilogmasi va
soyuglagmast dovrlori 1881-1911-ci illorin global soyuglasma, 1912-1940-c:1 illorin global istilagma, 1940-
1972-ci illorin qlobal soyuqlasma va 1972-2014-cii illarin global istilasma davrioridir. Bunlarla baraboar,
Baki sahori zonasinda havanin orta temperaturunun dayismoasinin intensivliyinin qiymatlandirilmasi iiciin
1848-1960 va 1961-2014-cii illords havann fasli va illik temperaturlarinin 1961-1990-c1 illor dovrii iizra
norma qiymoatlorindan meyletmalorinin miixtalif qradasiyalar iizra tokrarlanmasi faizlo hesablanmis va
miigayisali tahlillor aparilmisdir. Abseron yarimadasinda havanin orta temperaturunun 1955-2014-cii illor
tizra har bir ay tizra miiasir dayigsma tendensiyasinin giymatlondirilmasi aparilnmigdir. Qiymatlondirilmalor
gostormisdir ki, XX asrin 70-ci illorindon baslayan global istilosma ilo Abseron yarimadasinda miisahido
olunan iglim dayismalari arasinda miiayyan alagalor mévcuddur.

Agar sozlar: global va regional iqlim dayismalari, Simal yarimkiirasi, simal meridional sirkulyasiya
epoxasi, zonal sirkulyasiya epoxasi, conub meridional sirkulyasiya epoxasi, qlobal istilogsmo va
soyuglasma, temperatur gradasiyalari, havanin temperaturunun dayigmo intensivliyi, Abseron yarimadast.

Giris

Miasir iqlim sisteminin  vaziyystinin  tadqiqinin  istigamatlorindon  biri  iqlim
doyismolorindoki tendensiyalarin vo bu doyismolorin miimkiin soboblorinin miioyyanlosdiril-
moasidir. Quru sathin global temperaturunun fasli dovriilityliniin doyismalari tizra tadgiqatlarda
global iglim modellori vasitosilo aparilan hesablamalarda parnik qazlarinin emissiyasinin artmasi
soraitindo yeriistii hava temperaturun fasli sikllorinde faza gecikmalorinin vo amplitudalarinin
azalmas1 molumdur [1]. Miixtolif iglim modellari ilo alinan naticalor global temperaturun yiiksok
cografi enliklordo, xiisusilo do okeanlar {izorindo daha c¢ox artmasini gostorir. Bu doyismalorin
miasir dovrde bas verdiyini, XXI osrdo iso davam edocoyini, faza gecikmosinin 5 giin vo
amplitudun 1so 5% azaldiginmi gostorir. Bu doyismolors siibut kimi, baslica olaraq doniz buzlarinin
azalmasi gostorilir. Belo ki, XXI asrdo doniz buzlarinin orimasi okeanlarin soth sularinin effektiv
istilik tutumunun artmasina va belslikls, oks temperatur cavabinin zaiflomasinag gatirib ¢ixaracaq.

Boyiik tarixi dovrii ohato edon iqlim doyismelorinin digor bir aspekti [2]-do dyronilmisdir.
Burada Tibet yaylasinin markozi-sorq hissasindo 7 meteoroloji stansiyanin molumatlar1 asasinda
son 2485 ildo vo golacokdo havanin temperaturunun doyisma trendi vo siiratlori, amplitudalari,
dovriiliiyli vo sobablori todqiq olunmusdur. Todqiqatlarin aparilmasinda istifads olunan iisullarin
osasini asagidakilar toskil etmisdir:

1) 2485 il {izro soyuq ddvrlor havanin temperaturu + orta kvadaratik meyiletmonin yari
qiymatinin baxilan dovr iizro orta qiymotdon az oldugu illar, isti dovrler isa - ¢ox oldugu iller
kimi qobul edilmisdir.
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2) Amplituda iki qarigiq isti vo soyuq dovrlorin orta temperaturlarinin forqi kimi toyin
edilmisdir.

3) Daoyisma siirati temperaturun miioyyon dovrdo artmasinin vo ya azalmasinin trendinin
mailliyi kimi toyin olunub.

4) Baxilan sirada dovriiliik Redfit 35 proqrami vasitosilo askar edilmisdir.

5) Tibet yaylasinda yaxin 120 il tigiin golocok temperatur soraitinin ssenarisi Caterpillar-
SSA {isulu ilo miioyyanlogdirilmisdir.

Alinmis noticolor otrafli tohlil edilmisdir. Masalon, geyd olunmusdur ki, XX asrin
sonlarindaki qlobal istilosmo adoton sikllorin qalxma fazalarinda bir neco siklin konstruktiv iist-
iisto diismosi noticosindo bas verso do, bu siklloro slavo olaraq minillik sikllor do istilosmoyo
ohomiyyotli  tosir  gostormisdir. Yaxmn 120 ildo havanin temperatur trendlorinin
prognozlasdirlmasinin nozori asaslart kimi qobul edilmisdir ki, dévrii proseslor iglim sistemindo
tobii proseslordir vo bu proseslor min illor boyu bas verir vo yaxin ylizilliklordo do davam
edocakdir. Caterpillar-SSA tisulu malumatlar sirasinin vaxta gora tohlili vo onlarin prognozu {igiin
yeni va giiclii vasitodir. Baxilan temperatur sirasi 2445 ili (b.e.o. 464-cii il — b.e. 1980-ci ili) shato
edir vo 40 illik orta comi siiriismolorlo solislosdirilmisdir. Kalibrloma dovrii b.e.a. 464-cii il — b.e.
834-cii ilini, verifikasiya dovrii b.e. 835-1980-ci illorini (faktiki miisahido dovri ii¢lin b.e. 1957-
2006-c1 illarini), prognozlagdirma dovrii iso b.e.1981-2134-cii illorini ohato etmisdir.

[3]-do Hindistan orazisi ii¢iin temperatur trendlorinin variasiyalarinin bir neg¢a amillo
olagoali ola bilocoyi mosalalari arasdirilmisdir. Temperatur siralarindaki on prinsipial variasiyalar
atmosfer yagintilar1 ilo olagolidir. Digor amilo artan urbanizasiya ilo slagsli parnik gazlarmin
artmasi aid edilmisdir.

[4]-do miioyyon edilmisdir ki, havanin giindiiz temperaturunun sahilyant orazilordo
azalmasi doniz brizinin, sahilyan1 adveksiyanin tasiri vo asagi toboaqs buludlari ils slagolidir. Hotta
boylik su hocmino malik Migiqan golii do sahilyam: giindiiz temperaturuna tosir edir. Daniz
soviyyasindon yiiksoklik bu gostoriciya birbasa tosir etmir, lakin vadilorin tosiri otraf topoliklorin
temperaturundan 2-6K ¢ox oldugunu sortlondira bilor. Giinorta saatlarindan sonra gilindiiz
temperaturlarina tosir gostoron osas amil asagl tobago buludlart ilo dinamik oslagads olan nisbi
riitubatlikdir.

Avropa orazisindo havanin giindiiz temperaturlarinin siralarindaki trendlorinin miiayyan-
logdirilmasi [5]-do hoyata kegirilmigdir. Miioyyan edilmisdir ki, giindiiz temperaturunun doyis-
molorino yer sothino golon qisa vo uzundalgali radiasiya vo aerozol emissiyalart tosir edir.
Bunlarla barabor, atmosfer havasi yiiksok ¢irklonmoys moruz galan orazilordo CO; emissiyalari,
radiasiya vo giindiiz temperaturlar1 arasinda lazimi soviyyads olagalor var. Bunlarla barabor, son
120-130 ildo global miqyasda Simal yarimkiirosindo atmosferin imumi sirkulyasiyasinin
toraddiidlori ilo alagali olan vo miixtolif iqlim dovrlerinde havanin temperaturunun toraddiidlori ilo
alagali olan masalalora do baxilir. Masalan, [6]-da gostorilmisdir ki, yaxsi malum olan antropogen
soboblorlo borabar, tobii sobablordon biri atmosferin imumi sirkulyasiyasinin toraddiidlorinin
xlisusiyyotloridir. Bununla olagodar olaraqg Simal yarimkiirosinin miixtolif hissolorindoki
temperatur doyigmolori baxilan proseslorls slagoslondirilmisdir. Burada atmosfer sirkulyasiyasinin
xarakterinin doyismolorinin qgiymatlondirmoasi B.L.Dzerdzeyevskinin [7, 8] rohbarliyi altinda
islonilmis Simal yarimkiiresi {izorinde sirkulyasiya proseslorinin tiplogdirilmosi osasinda
aparilmisidir. Bu metodikanin unikalli§i ondan ibaratdir ki, hor bir sirkulyasiya ndviinds barik
sistemlorin yerdayismolorinin dinamiki sxemlorinin mévcudlugu istonilon regionda konkret nov
ticlin atmosfer proseslorinin xarakterini qiymatlondirmays imkan verir. Atmosfer sirkulyasiyasinin
tiplosdirilmasi 1899-cu ildon aparilir.

[7, 8, 9, 10]-da miiayyan edilmisdir ki, 1899-cu ildon baslayaraq Simal yarimkiirasinds ii¢
sirkulyasiya epoxasi miisahide olunmusdur:

-birinci meridional epoxa 1899-1915-ci illordo miisahido olunmus vo simal meridional
epoxa adlanaraq, meridional simal (bloklasdirici antisiklonlar) proseslorin  comi illik
davamiyyatinin onlarin 1899-2011-ci illor {izra orta giymatlorindon miisbat meylliyi ilo xarakterizo
olunur;
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-zonal epoxa 1916-1956-c1 illori ohato etmis vo zonal ndv proseslorin comi illik
davamiyyatinin onlarin 1899-2011-ci illor {izra orta giymatlorindon miisbat meylliyi ilo xarakterizo
olunur;

-1957-ci ildon bu giino kimi dominant rol oynayan conub meridional epoxadir, conub
siklonlarin comi illik davamiyyatinin onlarin 1899-2011-ci illar {izro orta giymatlorindon miisbat
meylliyi ilo xarakterizo olunur. Bu epoxa asagidaki dovrlara boliinmiisdiir:

-1957-1969-cu illordo conub siklonlar1 ilo barabor, bloklasdirici proseslorin do orta
giymatlordon miisbat meylliyi ilo xarakterizo olunmusdur;

-1970-1980-ci illords biitiin proseslorin davamiyyati 1899-2011-ci illor lizra orta qiymato
yaxin olmusdur;

-1981-1997-ci illorda conub siklonlarin comi illik davamiyyatinin siiratlo artmasi bas
vermisdir;

-1998-ci ildon baslayaraq conub siklonlarin comi illik davamiyyastinin siiratlo azalmasi bas
vermisdir. [7, 8]-ds isa gostorilmisdir ki, amtosfer sirkulyasiyasinin xarakterinin doyismasino hom
Simal yarimkiirasinin, hom do global migyasda yeratrafi temperaturun reaksiyast ¢ox hossasdir.
Moasalan, bloklasdirict antisiklonlarin davamiyyatinin artdig: illar (XX asrin baslangici va 1960-c1
illor) soyuglasma dovrii kimi olmusdur.

[11]-do Serqi Ingiltors universitetinin  1850-2009-cu illor iizro molumatlarindan v
NCEP/NCAR —nin 1948-2009-cu illar iizra reanaliz malumatlarindan istifado olunmagla yeratrafi
temperaturun uzunmiiddotli doyismo xiisusiyyatlori todqiq olunmusdur. Baxilan dévriin 1877-
1911-ci illords soyuqlasma bas vermis vo 34 il orzindo 0.23°C toskil etmisdir. Ikinci soyuglasma
iso 1940-1972-ci illordo miisahido olunmus vo temperaturun azalmasi 32 ildo 0.17°C olmusdur.
Baxilan soyuqglasma dovrlorindon sonra daha intensiv istilosmo bas vermisdir. Birinci istilosma
1911-1940-c1 illorde miisahido edilmokla, temperatur artimi 29 il orzindo 0.51°C olmusdur. Ikinci
istilosmo iso 1972-2009-cu illordo miisahido olunmagqla, hoalo qurtarmamigdir vo onun davam
etdiyi 37 ilds global temperatur 0.68°C artmugdr.

Tadqgiqatlarin metodikasi. Miixtolif iglim dovrlerindo Bakida havanin ortaillik
temperaturlarinin  xotti trend tsulu ilo doyismesi qiymotlondirilocok, havanin fasli veo illik
temperaturlarinin doyigmosinin intensivliyini qiymatlondirmak ti¢iin 1848-1960 vo 1961-2014-cii
illordo bu gostaricilorin onlarin norma qiymatlorindon (1961-1990-c1 illor) meyletmalorinin
miixtalif qradasiyalar tizra tokrarlanmasi faizls hesablanacagq.

Isin mozmunu:

1) Simal yarimkiirasindo miisahido olunmus sirkulyasiya epoxalar1 dovrlarinda
Bakida havanin ortaillik temperaturunun dayismasinin qgiymatlandirilmasi. Miisahido
olunmus simal meridional epoxa dovriinds Bakida ortaillik temperatur demok olar ki, doyismomis,
zonal epoxa dovriindo 0.45°C azalmis, conub meridional epoxa dovriiniin 1957-1969-cu illorinds
0.34°C, 1970-1980-ci illordo 0.51°C vo 1981-1997-ci illords 0.21°C azalmis, 1998-2014-cii illordo
is 0.36°C artmisdir.

2) Qlobal iglimin istilasmasi vo soyuqlasmasi dévrlarinds Bakida havanin ortaillik
temperaturunun dayismasinin qiymatlandirilmasi. [5]-do gostorilmis 1881-1911-ci illarin
qlobal soyu%lasma fonunda (-0.23°C) Bakida havanin ortaillik temperaturu shomiyyatsiz do olsa
artmus (0.07°C), 1912-1940-c1 illarin global istilesmo fonunda (0.51°C) azalmis (-0.31°C), 1940-
1972-ci illarin global soyuglasma fonunda (-0.17°C), 0.71°C artmus vo nohayat, 1972-2014-cii
illarin global istilosma fonunda (0.68°C) 2.00°C artmusdur.

Hor iki miigayisali tohlildon goriiniir ki, XX asrin 70-ci illorindon baslayan global istilogsma
ilo Bakida miisahido olunan iglim doyismoalori arasinda miioyyan olagolor mévcuddur. Bu
miiddoalart [12, 13]-do alinan naticalor do tosdigloyir.

3) Baki sohari zonasinda havanin orta temperaturunun dayismasinin intensivliyinin
giymatlondirilmasi. Bunun iigiin 1848-1960 vo 1961-2014-cii illordo havanin fosli vo illik
temperaturlarinin 1961-1990-c1 illor dovrii lizro norma qiymatlorinden meyletmalorinin miixtalif
gradasiyalar lizro tokrarlanmasi faizlo hesablanmis vo codval 1-do verilmisdir.
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Cadval 1

1848-1960 va 1961-2014-cii illor dovrlorinds havanin fasli va illik temperaturlarinin onlarin norma
giymotlorindon meyl etmalsrinin miixtalif qradasiyalar tizra tokrarlanmasi, %

Temperatur anomaliyalar, °c
Miisbat, "C Monfi, 'C

0.0-0.9 1.0-1.9 >2.0 -0.0...-0.9 -1.0...-1.9 <-2.0
o < o < o < o < o < o <
[{o] — (o} o O i [{e) - (o} - © i
< > o o)) o > o > o o)) o o)) o
o — N — N — N — N — N — N
= o) — e - ooy - ooy — ) — e —
7 < © < © < © < © < © < ©
(¢] [eo] (o)) (o0} (o)) ee] (o)) e] (o)) (00} (o)) o0} (o))
S — — — — - — - — - - - —
Qis 168 | 278 |124 |204 |35 9.3 292 204 |21.3 |185 |16.8 |3.6
Yaz 283 | 259 |88 259 1.0 7.4 328 241 |248 |16.7 | 4.3 0.0
Yay |40.7 | 389 |8.0 185 | 0.9 9.3 425 259 |7.0 7.4 0.9 0.0
Payiz | 354 | 333 |23.0 | 278 |44 55 195 |16.7 |15.0 |148 |27 1.9

Cadvel 1-don goriindiiyii  kimi, gqis faslindo 0.0-0.9 %C-1i miisbot gradasiyanin
tokrarlanmas1 1848-1960-c1 illordo 16.8% toskil etdiyi halda, 1961-2014-cii illordo 27.8%
olmusdur. 1.0-1.9 %C—1i miisbot gradasiyanin tokrarlanmasi 1848-1960-c1 illorde 12.4% toskil
etdiyi halda, 1961-2014-cii illordo 20.4% olmusdur. 2°C-don gox qradasiyanin tokrarlanmasi da
1961-2014-ci illordo avvalki dovra nisbaton ¢ox olmusdur. Manfi temperatur anomaliyalarinin
qradasigfalarlmn tokrarlanmasina goldikdo iso onu qeyd etmak olar ki, 1961-2014-cii illordo menfi
0.1-0.9°C —li gradasiyasimn tokrarlanmasi ovvolki dovre nisboton 9.2%, 1.0-1.9 °C —li
gradasiyanin tokrarlanmasi 2.8%, 2 9C-don az olan gradasiya 13.2% az olmusdur. Bunlar bir daha
son 167 ilds orta qis temperaturunun artmasini tosdiqloyir.

Yaz foslind> 0.0-0.9°C-li miisbot qradasiyalarin tokrarlanmasi 1961-2014-cii illordo svvalki
miivafiq dovra nisboton 24.4% az, 1.0-1.9°C-li qradasiya iso 17.1% cox olmusdur. 2°C-don COX
gradasiya da ovvolki dovra nisbaton 6.4% ¢oxdur. Manfi isarali miivafiq qradasiyalar son dovrda
miivafiq olaraq 8.7%, 8.1% vo 4.3% az olmusdur. Bunlar da son onilliklordo yaz fosli
temperaturunun artdigini gostorir.

Yay faslinda 0.0-0.9°C-li miisbet gradasiyalarin tokrarlanmasi 1961-2014-cii illor dovriinde
ovvalki dovro nisboton 1.8% az olmusdur. 1.0-1.9°C-li gradasiyalar iso 1848-1960-c1 illor
dovriindo sonraki miivafiq dovrls nisbatdo 10.5% cox olmusdur. Eyni tendensiya 2°C-don COX
gradasiya ti¢lin do xarakterikdir (8.4% cox). Monfi temperatur anomaliyalarinin qradasiyalarinin
tokrarlanmasina galdikdo 0.1-0.9°C-li gradasiya 1961-2014-cii illor dévriinds ondan avvalki dévro
nisbaton 16.6% az, 1.0-1.9°C gradasiyali tokrarlanma 0.4% ¢ox, 2.0°C-don az olan gradasiyalarin
tokrarlanmasi is9 0.9% az olmusdur.

Payiz foslind> 0.0-0.9°C-li miisbet qradasiyalar 1961-2014-cii illor ddvriindo ovvalki
miivafiq dovrlo miiqayisado 2.1%, 1.0-1.9°C-li gradasiyalar 13.3% az olmus 2°C-don boytik
gradasiyalar iso 1.1% c¢ox olmusdur. 1848-1960-c1 illor lizro hor ili¢ monfi qradasiyalarin
tokrarlanmasi 1961-2014-cii illordoki miivafiq gostoricilordon ¢cox olmusdur.

4) Abseron yarimadasinda havanin orta temperaturunun miiasir doyismo ten-
densiyasinin qiymatlondirilmasi. Qiymotlondirmalorin osasin1 baxilan meteoroloji elementn
coxillik siralarindaki doyiskanliyin xatti trendlo miioyyanlosdirilmasi taskil edir. Bu vaxt doyisma
tendensiyasinin statistik shamiyyatliyini yoya doyismolorin gqanunauygun xarakter dagimasi vo ya
daslmamasml muayyenlesdlrmek ugiin r’>r?2 sortindon istifado olunur. Baxilan siralar 60 il toskil
etdiyi {igiin r'?=0.06 [12]. Havanin temperaturunun aylq giymetlorinin 1955-2014-cii illor iizro
doyismo tendensiyasi statistik ohomiyyatli oldugu hallarda homin ay tizro kKorrelyasiya omsalinin
giymotlori (1"2) miivafiq cadvallordo qalin sriftlo gostorilmisdir. Bunlarla borabor, havanin
temperaturunun Mastaga vo Sumqayit HMS-lar1 iizro yanvar vo avqust aylarindaki qiymotlorinin
coxillik dinamikalariin vo doyismolorin xatti trendlorinin qrafiklori do verilocok. Bununla da ilin
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on soyuq vo on isti dovrlori ligiin havanin temperaturunun ¢oxillik dinamikasinin iki stansiya {izro
miiqayisali tohlilini aparmaq miimkiin olacagq.

Havanin orta temperaturunun ayliq qiymatlorinin 1955-2014-cii iller iizro doyismasinin
giymatlori codval 2-do, doyismolorin xotti trendlorinin korrelyasiya omsallarinin qiymatlori iso
cadval 3-do verilmigdir.

Codvel 2
Havanin orta temperaturunun orta ayliq qiymotlorinin 1955-2014-cii illor iizro doyismosi, °C
(«-» 1sarasi azalmani gostarir)
Stansiya Aylarin sira ndmrasi
01 02 03 04 05 06 07 08 09 10 11 12
Mastaga 10 | 09 | 25 | 19 | 17 | 23 | 20 | 23 | 17 | 1.7 | 0.7 | 05

Sumgqayit 08 | 06 | 21 1.2 | 0.6 11 1.3 1.7 1.8 17 | 09 | 04

Codval 3
Havanin orta temperaturunun orta ayliq qiymatlorinin 1955-2014-cii illor iizro dayisms tendensiyasinin
statistik ohomiyyaetliyinin korrelyasiya omsali (r°) gostoriclori
Stansiya Aylarin sira ndmrasi
01 02 03 04 05 06 07 08 09 10 11 12
Mastaga 0.17 | 0.16 | 0.48 | 0.36 | 0.35 | 0.51 | 0.49 | 0.56 | 0.44 | 0.32 | 0.13 | 0.10

Sumqgayit | 0.15 | 0.10 | 0.37 | 0.23 | 0.15 | 0.29 | 0.37 | 0.48 | 0.44 | 0.32 | 0.16 | 0.07

Cadvael 2-don goriiniir ki, ilin biitiin aylarinda hom Mastagada, hom Sumgayitda havanin
orta temperatur artmusdir. Bu artma qus foslindo 0.4-1.0°C, yaz foslinde 0.6-2.5°C, yay foslindo
1.1-2.3°C, payiz foslindo iso 0.7-1.8°C toskil etmisdir. On ¢ox istilosmo ilin isti ddvriindo
olmusdur. Bu da, artiq qis istilosmasinin yerinin yay istilosmasino dogru doyigsmosini gostarir.
Homginin gostormok olar ki, payiz aylar1 istisna olmaqla, Mastaga iizro alinmig qiymatlor,
Sumgayitdaki qiymotlordon ¢oxdur. Cadval 3-don gérmok olar ki, havanin orta temperaturunun
artmasi biitlin aylar lizra statistik cohotdon shomiyyatlidir vo qanunauygun xarakter dasiyir.

Sokil 1-don goriiniir ki, yanvar ayinda havanin orta temperaturunun hor iki stansiya lizro
qiymatlori vo bu siralarin xotti trendlori demok olar ki, lst-iisto diisiir. Eyni hal avqust aymin
molumatlar tiglin do xarkterikdir (sokil 2).
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Saokil 1. 1955-2014-cii illar lizra Mastaga vo Sumqgayit HMS-da yanvar ayi iizra havanin orta
temperaturunun ayliq qiymatlarinin ¢oxillik dinamikas1 va dayismalarinin xatti trendlori
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Saokil 2. 1955-2014-cii illor lizro Mastaga vo Sumqayit HMS-da avqust ay1 izrs havanin orta
temperaturunun ayliq qiymatlarinin ¢oxillik dinamikas1 va dayismoalarinin xatti trendlori

Naticalor:

1) Simal yarimkiirasinds miisahido olunmus simal meridional epoxa dovriindoe Bakida orta-
illik temperatur demok olar ki, doyismomis, zonal epoxa dovriindo 0.45°C azalmis, conub
meridional epoxa dévriiniin 1957-1969-cu illorindo 0.34°C, 1970-1980-ci illordo 0.51°C vo 1981-
1997-ci illordo 0.21°C azalmis, 1998-2014-cii illords ise 0.36°C artmisdir.

2) 1881-1911-ci illorin global soyuglasma fonunda (-0.23°C) Bakida havanmn ortaillik
temperaturu shomiyyatsiz do olsa artmus (0.07°C), 1912-1940-c1 illorin global istilosmo fonunda
(0.51°C) azalmus (-0.31°C), 1940-1972-ci illorin global soyuqlasma fonunda (-0.17°C), 0.71°C
artmis vo nohayat, 1972-2014-cii illorin global istilosmo fonunda (0.68°C) 2°C artmusdur.

3) Qus foslindo miixtilif temperatur qradasiyalarmin tokrarlanmasinin miiqayisali tohlili
gostormigdir ki, son 167 ilde orta qis temperaturunun artmasi bas vermisdir. Yaz, yay vo payiz
fasillorinds iso son onilliklorde havanin temperaturu artmisdir.

4) Abseron yarimadasinda 1955-2014-cii illar orzinds ilin biitiin aylarinda hom Mastagada,
hoam Sumqayitda havanin orta temperaturu artmisdir. Bu artma qis foslindo 0.4-1.0°C, yaz foslindo
0.6-2.5°C, yay foslindo 1.1-2.3°C, payiz foslindo iss 0.7-1.8°C taskil etmisdir. On ¢ox istilosmo ilin
isti dovriinde olmusdur. Bu da artiq qis istilosmasinin yerinin yay istilosmosinoe dogru doyismasini
gostorir.

5) Hor dord miiqayisali tohlildon goriniir ki, XX asrin 70-ci illarinden baslayan global
istilosmo ilo Abseron yarimadasinda miisahids olunan iglim doyismolori arasinda miiayyan
olagolor moveuddur.

ODOBIYYAT

1.  Dwyer J.G., Biasutti M., Sobel A.H. Projected Changes in the Seasonal Cycle of Surface
Temperature // Journal of Climate, 2012, Vol. 25, pp. 6359-6374. Doi: 10.1175/JCLI-D-11-
00741.1

2. Yu L., QiuFang C., Hui Ming S., ZhiSheng A., Linderholm H.W. Amplitudes, rates,
periodicities and causes of temperature variations in the past 2485 years and future trends
over the central-eastern Tibetan Plateau //Chinese Sci Bull October (2011) Vol.56, No.28-
29.

3. Characteristics of surface air temperature in India // TERI University-Ph.D. Thesis, 2012.

49



Elmi Macmuo Cild 25, Ne3, 2023
Scientific Journal Vol. 25, Ne3, 2023

4.

5.

10.

11.

12.

13.

Geerts B. Empirical estimation of the monthly-mean daily temperature range // Theor.
Appl. Climatol. 000, 1-21 (2002) DOI 10.1007/s00704-002-0715-3

Makowski K., Wild M., Ohmura A. European DTR trends Diurnal temperature range over
Europe between 1950 and 2005 // Atmos. Chem. Phys., 8, 6483-6498, 2008

KononoBa H.K. Ocobennoctu koneGaHMi HUPKYJISAIUH aTMoc(epbl M TeMIIepaTypsl
Bo3ayxa Ha EBpomeiickoit Teppuropun Poccun B XXI Beke. 8 c. [DnekTponHsiii pecypc]
URL: http://meteoweb.ru/articles/kononova.pdf

Hzepnzeesckuii b.JI. L{lupkynsimoHHble MEXaHU3MBI B aTMOC(EPE CEBEPHOTO MOTYIIapUsl B
XX cronetun. // Mexnysen. reodu3. xomurer, Hucturyr reorpadpuu AH CCCP,
Matepuaibl MmeTeopo. uccien. - Mocksa. 1968. - 240 c.

Kononosa H.K. Knaccupukanust mupKyJIsIuOHHBIX MeXaHU3MOB CEeBEpHOrO MOIyIIapHs
no b.JI. [IzepnzeeBckomy / otB. pen. A.b. Illmakun; Poccuiickas akan. Hayk, WH-T
reorpadun. - M.: Boentexunmusaar, 2009. - 372 c.

KononoBa H.K. OcoGennoctu nupkynsuuu arMmocdepbl CeBepHOro MONMyIIApUS U HX
nposisiienue B EBpazun B XXI Beke/ [DnekTpoHHbIi pecypc]

URL.: http://www.rusnauka.com/1_NIO_2013/Geographia /2_124669.doc.htm

Kononoa H.K., Xwmenesckas JI.B. Muoronernue kojebaHusi naT Havajla M IPO-
JTOJKUTENBHOCTA  IUPKYJIALUOHHBIX CE30HOB BHETponmuyecknx mupoT CeBepHOro
nonymapus//M3sectust PAH, cepus «[eorpaduueckas», 2011, Ne3, c¢.43-62. [Dinexk-
tpouHsiii pecypc] URL: www.atmoshfric-cirkulation.ru

Proietti T., Hillebrand E. Seasonal Changes in Central England Temperatures// CREATES
Research Paper, June 1, 2015.

Saoforov S.H., Mahmudov R.N. Miiasir iqlim doyismalori vo Azarbaycan. Baki, Ziya, 2011,
312s.

Cadapos C.I'. CoBpeMmeHHas TEHAEHLHUS HW3MEHEHHUs TeMIepaTypbl BO3ayXa H
aTMoc(epHBIX ocakoB B Azepbaiimkane. baky, Omm, 2000, 300 c.

REFERENCES

1.

Dwyer J.G, Biasutti M., Sobel A.H. Projected Changes in the Seasonal Cycle of Surface
Temperature // Journal of Climate, 2012, Vol. 25, pp. 6359-6374. Doi: 10.1175/JCLI-D-11-
00741.1

Yu L., QiuFang C., Hui Ming S., ZhiSheng A., Linderholm H.W. Amplitudes, rates,
periodicities and causes of temperature variations in the past 2485 years and future trends
over the central-eastern Tibetan Plateau /Chinese Sci Bull October (2011) Vol.56 No.28-29.
Characteristics of surface air temperature in India // TERI University-Ph.D. Thesis, 2012.
Geerts B. Empirical estimation of the monthly-mean daily temperature range // Theor. Appl.
Climatol. 000, 1-21 (2002) DOI 10.1007/s00704-002-0715-3

Makowski K., Wild M., Ohmura A. European DTR trends Diurnal temperature range over
Europe between 1950 and 2005 // Atmos. Chem. Phys., 8, 6483-6498, 2008

Kononova N.K. Osobennosti kolebaniy sirkulyasii atmosferi i temperaturi vozdukha na
Evropeyskoy territorii  Rossii v XXI veke. 8 p. [Elektronniy resurs] URL:
http://meteoweb.ru/articles/kononova.pdf

Dzerdzeyevskiy B.L. Sirkulyasionnie mekhanizmi v atmosfere Severnogo polushariya v XX
stoletii // Mejduved. geofiz. komitet, Institut Geografii AN SSSR, Materiali meteorol. issled.-
Moskva. 1968. - 240 s.

Kononova N.K. Klassifikasiya sirkulyasionnikh mekhanizmov Severnogo polushariya po
B.L. Dzerdzeyevskomu /otv. red. A.B. Shmakin; Rossiyskaya Akad. Nauk, In-t Geografiya. -
M.: Voyentekhinizdat, 2009. - 372 s.

Kononova N.K. Osobennosti  sirkulyasii  atmosferi Severnogo polushariya i ikh
proyavleniye v Evrazii v XXI veke/ [Elektronniy resurs]

URL: http://www.rusnauka.com/1_NIO_2013/Geographia /2_124669.doc.htm

50


http://www.rusnauka.com/1_NIO_2013/Geographia
http://www.rusnauka.com/1_NIO_2013/Geographia

Elmi Macmuo Cild 25, Ne3, 2023

Scientific Journal Vol. 25, Ne3, 2023

10. Kononova N.K., Khmelevskaya L.V. Mnogoletniye kolebaniya dat nachala i prodoljitelnosti
sirkulyasionnikh sezonov vnetropicheskikh shirot Severnogo polushariya //1zvestiya RAN,
seriya «Geograficheskaya», 2011, Ne3, s.43-62. [Elektronniy resurs] URL: www.atmoshfric-
cirkulyation.ru

11. Proietti T., Hillebrand E. Seasonal Changes in Central England Temperatures// CREATES
Research Paper, June 1, 2015.

12. Safarov S.H., Mahmudov R.N. Muasir iglim deyishmeleri ve Azerbaijan. Baki, Ziya, 2011,
312s.

13. Safarov S.H. Sovremennaya tendensiya izmeneniya temperaturi vozdukha i atmosfernikh
osadkov v Azerbaijane. Baku, EIm, 2000, 300 s.

ASSESSMENT OF THE FEATURES AND INTENSITY OF CHANGES IN THE AVERAGE
AIR TEMPERATURE ON THE ABSHERON PENINSULA IN DIFFERENT CLIMATIC PERIODS

Safarov S.H.
National Aviation Academy

The article deals with the issues of features and intensity of changes in air temperature on the
Absheron Peninsula in different climatic periods. These periods include the northern meridional epoch
(1899-1915years), the zonal epoch (1916-1956 years), the southern meridional epoch (1957 year— at
present), which were observed in the Northern Hemisphere, global cooling (1881-1911 years), global
warming (1912-1940 yearss), global cooling (1940-1972 years), global warming (1972-2014 years). Along
with these, to assess the intensity of changes in the average air temperature, the periods 1848-1960 and
1961-2014 years were considered, the average values of seasonal and annual values were compared with
modern climatic norms for 1961-1990. According to the values of deviation from the norm, various
gradations of these deviations were calculated. An assessment was also made of changes in average
monthly air temperatures on the Absheron Peninsula for the period 1955-2014 years.

The obtained estimates showed that there are certain links between the last global warming, which
began in the 70-s of the twentieth century, and the observed climatic changes on the Absheron Peninsula.

Keywords: global and regional climate changes, Northern Hemisphere, northern meridional
circulation epoch, zonal circulation epoch, southern meridional circulation epoch, global warming and
cooling, temperature gradations, intensity of temperature change, Absheron Peninsula.
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DORDBONDLI FOZA MEXANIZMININ UCOLCULU KOMPUTER MODELI

Mustafayev M.R., Yahyayeva A.N., Rohimova S.M.
Milli Aviasiya Akademiyast

Maqalada AutoCAD qrafiki program paketinda dordbandli lingli foza mexanizminin ii¢él¢iilii
parametrik kompiiter modeli va onun asasinda bandlarinin vaziyyatlorinin toyini iigiin qrafiki tisul va
aparilan bandin donma bucaguun tayini iigiin yeni analitik ifada verilmisdir. Taoklif olunan iisul handasi
gurmalara asaslanmisdir. Hondasi qurmalarin yerina yetirilmasi va alinan naticalorin viziiallasdiriimasi
tictin AutoCAD-da alava islonilmisdir. Mexanizmin toklif olunan ti¢él¢iilii parametrik modeli, mexanizmin
vaziyyatlor plant ilo yanagsi, onun siirat va tocil planlarimin qurulmasina imkan verir.

Agar séozlar: AutoCAD qrafiki programlar paketi, dordbandli lingli foza mexanizmi, ii¢ol¢iilii
kompiiter modeli, parametrik model, vaziyyatlar plani, handasi qurmalar, aparilan bandin donma bucagi,
analitik ifada.

Foza lingli mexanizmlori miistovi lingli mexanizmlorin malik oldugu biitiin tstiinliiklora
malik olmaqla yanasi, onlar yiikksok siirotdo masinlarin etibarli igini tomin edir. Homginin bu
mexanizmlar geyd olunanlardan slava:

- kasigan va carpaz oxlar arasinda az sayli bandlar va siirtiinan sathlorla harakot 6tiirmays;

-¢ox sayda horokot qanununu almaga;

-verilon sortlori (moasalon, aparan bandin maksimum dénmo bucagi, geyri-miintozomlik
omsal1) daha bdyiik intervalda doyismoys;

-sxemds harokot edon bondlorin sayini azaltmaqla masin vo mexanizmin dinamiki
keyfiyyatlorini yaxsilasdirmaga imkan verir

Foza mexanizmlorinin kinematik analizina dair nozoriyys kegon yiiz illiyin ortalarinda
islonilsa do, bu mexanizmlar hals dos layiq oldugu tatbig sahasini tapmamisdir. Buna tasir gostaran
osas sabablordan biri, bu mexanizmlorin sintezi vo analizins dair Gsullarin miirokkabliyi vo kifayot
godar islonilmomasidir. Foza mexanizmlorinin analizinds on miirokkab masalo mexanizmin
bondlorinin voziyyatlorinin miioyyon edilmasidir [1,2].

Isin moaqgsadi: Dordbondli foza mexanizmlorinin analizinds on miirokkeb mosalo olan
mexanizmin bandlarinin vaziyyatlorinin miioyyan edilmasi ti¢iin yeni tisulun islonilmasidir.

Bu mogsad ii¢iin qrafiki tisul daha sads vo inandiricidir. Qrafiki tisulla masalonin halli,
hollinin gedisini izlomayi Vo basadiismoyi asanlasdirir ki, bu da qoyulan masalonin hallini
stirotlondirir. Homginin qrafiki hallin naticasine baxmaqg hoallin korrektliyini miiayyan etmoyo
imkan verir. ©Ononovi qrafiki tsulun c¢atismazligi kimi onun doaqiqliyinin analitik dsulla
miiqayisado yiiksok olmamagi vo qrafiki qurmalarin ¢ox amok tutumlu olmasi hesab olunur.
Lakin, hesablama texnikasinin inkisafi, xiisusi ilo, totbiqi qrafiki programlarin tatbiqi sayasinds,
grafiki tisul 6z Ustlinliiklorini saxlamaqgla ¢atigmazliglarindan mohrum olmugsdur. Hal-hazirda
grafiki qurmalarin doqiqliyi analitik tisullarin doqigliyi ilo miiqayiso olunan saviyyadadir vo
parametrik grafiki modellarin istifadosi boyiik eyni tipli qurmalarin aparilmasi zoruratini aradan
qaldirmisdir [3,4].

Bir ¢ox sahalords miiasir masinlarda ¢arpaz vo Kasison oxlar arasinda harokatin Gtiiriilmasi
ligiin foza lingli dordbandli mexanizmlardan istifads olunur (sokil 1). Mexanizmds iki besinci sinif
firlanma (A4 va D) va iki tigiincii sinif sferik ciitii (B vo C) vardir.
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Koordinat oxlarinin vo proyeksiya mistovilorinin ixtiyari  gotiiriilmasi  foza
mexanizmlorinin analizi vs sintezi zamani ayri-ayri monbalordon gotiiriilmiis naticalorin istifadssi
zamani ¢ox ¢atinliklor yaradir.

Ogor miistovi mexanizmlorda bir koordinat sistemindan digarino kegmok ciddi ¢atinlik
yaratmasa da, foza mexanizmlarinds bozi hallarda yaranan g¢atinliklor masalonin yeni halli ilo eyni
soviyyada olur. Oksina, koordinat oxlarinin (analitik tisul iigiin) vo proyeksiya miistovilarinin
(grafiki {isul ii¢lin) rasional se¢imi bir ¢ox hallarda molum hallori sadolosdirir vo ya foza
mexanizminin analiz va sintezina dair daha miirokkab masalalarin hallina imkan verir [5].

Qrafik vo analitik tisulu eyni zamanda istifads etdikdo proyeksiya miistovilarindon oxlara
kegid ¢otinlik yaratmamalidir. Miistovi mexanizmi foza mexanizminin xiisusi hali kimi
imumilogsmis faza mexanizmindon alinmalidir. Sonuncu hal, alinmis naticalorin yoxlanilmasini
asanlasdirir.

Deyilonlordon goriindiiyii kimi, faza mexanizmlarinin kinematik analizi ti¢iin sads, lakin
kifayot godor doqiq grafiki tisulun islonilmasi aktual masaladir. Bu magsadls, son illards tig6l¢iilii
kompiiter modeli daha aktual hesab olunur.

CAD sistemlarindon AutoCAD faza mexanizmlarinin ti¢6lgiilii modelinin yaradilmast {igiin
daha miinasibdir. Belo ki, genis yayilmisdir, olavalor {i¢iin agiqdir, yiiksok soviyyali AutoLISP
programlasdirma dili vo CAL hesablama sistemino malikdir [6,7]. AutoCAD-a olavenin
islonilmasi hesablama islori vo grafiki qurmalarin eyni miihitds birlosdirilmasi tigiin on effektiv
isuldur.

Niimuna kimi sokil 1-do verilmis faza lingli dérdbandli mexanizminin ti¢6l¢iilic kompiiter
modelinin qurulmasini nozardon kegirok. Mexanizmin AB aparan bandinin ¢ donmos bucag1 2’/ /Z
oxunun, DC aparilan bandin ¥ dénmo bucag Z”//Z oxunun miisbat torofindon hesablanir vo
miisbat istigamoat uygun olaraq OA vo QD Xotlorin ucundan baxilarsa, saat aqrabinin horokat
istigamatinin oksi gotiriilir. Goriindiiylii kimi, mexanizmin BC bandi 6z uzununa oxu atrafinda
dénmo imkanina malikdir, basqa sozla alava sarbastlik daracasina malikdir.

Koordinat sisteminin belo se¢imi miistavi
mexanizmo kegmoyo imkan verir. Belo ki, foza
mexanizmindan a=0 Vo f=g=0
giymotlorindo miistovi mexanizmi alinir. Belo
mexanizm sokil 1b-do verilmigdir. Bu halda e
normalinin uzunlugu AD torpanmoz boandinin
uzunlugu, a,b,c bandlorin uzunlugu kimi qalir,
dordbandli mexanizm, X0Z miustovisi tzarinds
alinir. ¢ vo ¥ donmo bucaqglart Z oxunun miisbat
istigamatindon X oxunun miisbat torofino dogru
hesablanir.

Qrafiki vo grafoanalitik tsulla lingli faza
dordbondli mexanizminin  xiisusi  hallarinin
vaziyyatlor planinin qurulmasi [8,9] baxilmigdir.
Bu islordo qgrafiki qurmalar torsimi handasanin
qaydalarina osaslanmigdir vo icragidan yiiksok
hazirhq tolob edir, belo ki, Kifayat qodor
miirokkab qurma omoliyyatlar1  allo  yerins
yetirilir.

Homginin bu islorin naticalorini ixtiyari vaziyystdo olan mexanizmloro totbig etmok
miimkiin deyildir. Ixtiyari lingli foza dordbondli mexanizminin kinematik analizi ii¢iin (o
ciimlodon voziyyatlor planinin qurulmasi {igiin) mexanizmin AutoCAD paketindo qurulmus 3D

c b 4 z z

Sakil 1. Mexanizmin kinematik sxemi
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kompiiter modelindon istifado etmok daha moagsado uygundur [4]. Bu, aparan vo aparilan
bondlorin yerlogdiyi miistovilorin vaziyystindon asili olmayaraq tmumilogsmis mexanizmin
kinematik analizina vo bu prosesin avtomatlagdirilmasina imkan verir.

Mexanizmin voziyystlor planini qurmaq {igiin onun B Vo C ndqtalorinin fozadaki
vaziyyatini miiayyan etmok kifaystdir. Baxilan halda B noqtasi, A noqtasindon kegon vo 0A diiz
Xattine perpendikulyar miistovi tizorinds, markazi A noqtasinds olan va radiusu r = I,z olan gevra
tizorindo yerlogir. C noqtasi isa B noqtasindan [z mosafasinds yerlosmalidir. Bu ndqtalorin
hondasi yeri iss, morkazi B ndqtesindo yerloson vo radiusu r = Iz olan K kiirasidir. Digor
torofdon C ndqtesi D ndqtesindon kegon vo DQ diiz xottino perpendikulyar olan miistovi
tizorindoki, markazi D noqtasinds olan vo radiusu r = I, olan C, ¢evrasinin tizarinds olmalidir.
Basqa sozlo C noqtasi K kiirasi ilo C, ¢evrasinin kasismo noqtosidir.

Molumdur ki, miistavi Xatt ilo sathin kasisma néqtasini tapmaq tiglin [10], xatdon miistavi
kegirib onunla sathin kasisma Xattini qurmaq va kasisma Xatti ilo verilon xattin kasisma noqtasini
toyin etmok lazimdir ki, bu noqta Xatlo sathin kKasismoa noqtasi olur. Baxilan halda K kiirasini D
noqtasindan kegon vo DQ Xattino perpendikulyar miistavi ilo kasib, kasismadon alinan C; ¢evrasi
ilo C, gevralarinin kKasismo noqtalari toyin edilir. Onlardan biri segilir vo CD bandinin vaziyyati
toyin edilir.

Bu masalanin halli ii¢iin, mexanizmin ti¢dlgiilii kompiiter modelinds koordinat oxlar1 sakil
1-5 uygun olmasi tigiin AutoCAD-da diinyavi (W) simal-sorq izometrik foza koordinat sistemi
(NE) segilir. Bu koordinat sistemindo X0Y miistovisi tizarinds OA, ZOY miistavisi uzarinds QD
diiz xott parcalar1 ¢okilir vo OA diiz xott pargasindan istifado edarok yeni istifadagi koordinat
sistemi (IKS) yaradilir, hansinin ki, koordinat baslangic1 A ndqtasinda, Z oxu isa A0 Xatti iizorinda
olur. Bu koordinat sisteminda XY miistovisi tizorinds diinyavi koordinat sisteminin (W) Z oxu ilo
¢ bucagi omolo gotiron AB diiz xott pargasi ¢okilir. Bundan sonra koordinat baslangici D
noqtasindo vo Z oxu DQ Xotti iizorina diison yeni (IKS) yaradilir vo onun X0Y miistovisi iizorinda
morkazi D noqtasinds yerlagon va radiusu r, = Iy olan C, gevrasi ¢okilir. Bundan sonra moarkoazi
B noqtasinda olan va radiusi r = [z, olan kiironin 3D modeli qurulur vo 0, D noqtasindan kegan
DQ diiz xattino perpendikulyar olan miistavi ilo kasilir. Kiironin miistavi ilo kasismasindon C;
¢evrasi alinir. C; Vo C, gevralarinin kasisma noqtalori C noqtasinin voziyyati olur.

Yuxarida qeyd olunan metodu reallasdirmaq iigiin, AutoLISP alqoritmik dilindon istifads
etmaklo, AutoCAD-a slavs iglonilmisdir, hansinin ki, programi asagida verilir.

;Qrafiki tisulla dérdbandli faza mexanizminin vaziyyatlor planinin qurulmasi

(defunc:zz (fi/)

;(setq fi 10) (print fi)

; Koordinat sisteminin secilmasi Vo koordinat oxlarinin ¢okilmasi

(command "view" "Ne" "ucs" "W" "erase” "all" " "cal" (cal "1*1"))(setvar "osmode™ 0)
(command "line™(list 0 0 0 )(list 0 0 120)"™)

(command "line™(list 0 120 0)(list 0 0 0 )(list 120 0 0)"™)

; Mexanizmin olciilorinin daxil edilmasi

(setg al 45 bl 75 ¢l 80.0 f 100 gl 83 el 20 alf 50 )

; AVa B nogtalarinin koordinatlarinin tayini Va ¢akilmasi

(setq ya(* f ( cal"cos(alf)™)) xa(* f (calsin(alf)")))(setq PA(list xA yA 0))

(setg xB(cal"f*sin(alf)+al*sin(fi)*cos(alf)"))

(setq yB(cal"f*cos(alf)-al*sin(fi)*sin(alf)™))

(setq zB(cal"al*cos(fi)")) (setq pB(list xB yB zB))

(command "line"(list0 0 0 ) pA™")(command "line" PA pB "")

; Koordinat baslangici A nogtasinda yerlagan vo xOy miistavisi AO Xattina perpendikulyar
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; yeni istifadagi koordinat sisteminin yaradilmasi

(command "ucs" "ZA" PA (list 0 0 0))

(command "circle” (list 0 0 0) al)

; Markazi B négtasinda olan va radiusu r=bl olan kiiranin ¢akilmasi
(command "ucs" "w" "sphere" (list xB yB zB) bl) (setq sf (entlast))

; D négtasinin yerinin tayini, QD Xattinin ¢akilmasi Va yeni koordinat sisteminin segilmasi
(setg pQ(list 0 0 el) pD(list 0 gl el)) (command "line" pQ pD ")

(command "ucs" "ZA" PD pQ)

sKiiranin miistavi ilo Kasilmasi

(command "section” sf """ "xy" ") (setq ck (entlast))

(command "erase" sf ") (setq c(entlast))(command "circle™ (list 0 0 0) cl)
Cevralarin kasisma nogtalorinin oxunmasi

(command "trim™ ¢"" (list (- 0 cl) 0 0)"")

(setg an(cdr(assoc 51(entget(entlast))))) (setq ksi(- 90 (cal"an*180/pi")))
(setg xCu (cal"cl*cos(an*180/pi)")) (print xC) (setq zCu 0)

(setg yCu (cal"cl*sin(an*180/pi)")) (print yC) (setq pCu(list xCu yCu zCu))
(setg Cw(cal"u2w(pCu)™))

(command "ucs" "w" "line" pB Cw pD ")

(print fi) (print ksi)

(princ))

Qrafiki hall ardicillig1 asasinda aparilan bandin donma bucagi tigiin asagidaki analitik ifado
alimmigdir.

X1
y = arctg — (D
V1
harada ki,
—b+ b?—4ac
yi = ; a1 =Yo1 X015 Xo1 =Xp —Xp;, Yo1 =Zp —€;

2a

X, =ay;+by; a=a?+1; b=2ab; c=b}-1%
by = 17+ x5 +y51—1% 2%0; 1T = bi+dy%: dy=g-—yp;

Xg = fsina+a;sinpcosa; yg=fcosa+asingsina; Zp = acosQ;

Yp=9; Zp=e T;=lpc; a; = lyp; b, = lgc;

Mexanizmin vaziyyatlor planinin qurulmasindan avval, onun verilon 6lgiilorlo miimkiin
olub-olmamagini asagidaki sortlorlo yoxlamaq lazimdir.

9 =Yg < lgc;
r+r > (x5 +y5)0° (2)
r < 1+ (X2 + y2)0°

Notica: Foza dordbondli mexanizminin vaziyystlor planinin qurulmasinda qrafiki tisul vo
onun asasinda alinmig analitik ifados (1) kifayst godor sads va dagiqdir. Bels ki, ¢p vo W-nin uygun
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giymatlori osasinda analitik tisulla hesablanmis B vo C noqtolori arasindaki moasafo yiiksok
doaqiqglikla (0.001%) lgc-nin giymati ilo ist-iisto diislir. Bu iso 6z ndvbasinda alinmig analitik
ifadonin komoayi ilo mexanizmin riyazi modelini yaratmaga va onun vasitasi ilo mexanizmi tadgiq
etmoays imkan verir.
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THREE-DIMENSIONAL COMPUTER MODEL OF A FOUR-POINT SPACE MECHANISM

Mustafayev M.R., Yakhyayeva A.N., Ragimova S.M.
National Aviation Academy

A 3D parametric computer model of a lever spatial 4-link mechanism is proposed in the AutoCAD
package and, based on it, a graphical method for determining the mechanism links positions, as well as a
new analytical dependence for determining the driven links position. These methods are based on
geometric constructions. To automate geometric construction and display the results obtained, an
AutoCAD user application has been developed. The proposed the mechanism 3D parametric model also
allows building velocity and acceleration diagram of the mechanism.
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INGILIS DILININ TODRISINDO SUNI INTELLEKTIN TOTBIQi

Abbasova N.A., Oliyeva G.A.
Milli Aviasiya Akademiyasi

Miiasir elmin an son tendensiyasi olan siini intellekt (SI) davamli olaraq giindalik hayatimiza niifuz
edir, onun ayrilmaz hissasina cevrilir, tohsilda, xiisusan da xarici dillarin dyranilmasinda getdikco daha
ahamiyyatli rol oynayir. Hazirda biitiin diinyada siini intellektin komayi ila tadris prosesinin keyfiyyatini
yiiksaltmak Va zoruri pesa Vardislaorina samarali sakilda yiyalonmoak iigiin miiasir texnologivalardan genis
istifado olunur. SI, giymatlandirma sistemlarini qisman optimallasdirmaga imkan verir. Sl-nin kémayi ilo
todris faaliyyatini, onun ¢atinlik saviyyasini, talim tempini vo todris metodlarint rasional tanzimlayarak
effektivliyini ahamiyyatli doracada artirmaq miimkiindiir.

Acgar sozlar: siini intellekt, giymatlandirmo sistemi, tadris metodu, fordi hadaf” programliar,
miiqayisali tahlil, tinsiyyat bacariglar, inteqrasiya, is yiikiiniin azaldilmasi, peso Vardiglori.

Giris. Bizi bu mogaloni yazmaga ICAO prezidenti conab Salvatore Sciacchitanonun, 2023-
cii ilin iyununda Milli Aviasiya Akademiyasina sofori zamani miiallim va talobalor garsisindaki
¢ixis1 ruhlandirdi. Cixis zamani o, Hava Horokotinin Idaroedilmosinds Si-don istifado edilmosi
kimi shamiyyatli bir masaloys toxunmusdu.

Bu giin bu, az 6yronilmis sahadir vo bu hagda malumat ¢ox deyil, amma aviasiya sahasinda
Si-nin totbiq imkanlar1 ¢ox genisdir. Biz bu mogalodo Si-nin goalocokds ingilis dili todrisindoki
rolu vo imkanlarindan danisacayiq.

Mogalonin yazilmasindan moagsad Si-nin ingilis dili fanninin tadrisinda rolunu arasdirmaq,
tistiinliiklorini geyd etmok vo onlarin dors prosesinds totbiq yollarmi dyronmokdon ibarotdir. Si
miallimi avaz etmir, yalniz onun isini asanlasdirir, siiratlondirir, is yilikiiniin azaldilmasi, hamginin
sohv gorarlarin verilmasindan ¢akindirmok vo onlari sigortalamagq tgiin istifado olunur. Magsad
stini intellektin anlayisla gargilanmasi vo bu sahodo tobligat vo tosvigati genislondirmokdir.
Moqgalods, golocokds superintellektli magsmlar onlari idars etmok cahdlorine miigavimot
gostoracak va tohliikali hala golocayi barads xabardarliq edilir.

Son onilliklorda xarici dillarin tadrisi metodologiyasinda global doyisikliklor bas vermisdir.
Miiasir elmin on son tendensiyasi olan SI davamli olaraq giindalik hayatimiza niifuz edir, onun
ayrilmaz hissasine ¢evrilir, tohsilds, xiisuson do Xarici dillorin 6yranilmasinds getdikca daha
ohomiyyatli rol oynayir. Apple, Google, Microsoft vo Facebook kimi texnoloji nahanglor hazirda
SI sahesindo giiclii rogabot aparir, bu sahadoki yeni todgiqatlara boyiik sormayslor qoyurlar.
Pandemiya vo bunun noticasinds distant tohsilo artan zarurot Si texnologiyalarinin tohsil sektoruna
inteqrasiyasin1 bir qodor do siirotlondirdi. Hazirda biitiin diinyada SI-nin komoyi ilo todris
prosesinin keyfiyyatini yiiksaltmok vo zaruri peso vardislorina samarali sokildo yiyslonmok igiin
miiasir texnologiyalardan genis istifads olunur.

Si-nin inkisafi vo totbiqi iizorindo ¢alisan Intellias, Alphary, Microsoft kimi nohong
korporasiyalarin aragdirmalarina géra, SI alqoritmlori hayatin biitiin sahoalorinds elektron todrisi
inkisaf etdirmok ligiin bdyiik potensiala malikdirlor. Xarici dillori istonilon zaman vo mokanda
Oyronmok ii¢lin miiasir maddi-texniki bazasi olan bozi bdyiik universitetlords, nagliyyat
miihondislorinin hazirliq programlarinda, beynalxalq korporasiyalarda Si-don do istifado edirlor.
Zaman kegdikco anonavi moktablar, kolleclor va universitetlor do tolobolorin imkanlarini daha
rongarang etmok vo genislondirmok iiciin Si ilo isloyon programlarima dil todrisini alave edacoklor.
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Xarici dil todrisinde Si-don istifads sahosindo lider hesab olunan alman IT sirketi Intellias-
i tocriibosini niimuna olaraq gostormoak olar. Intellias Alphary ilo birge istifadagilor tigiin
Android, 10S va veb saytlar1 asasinda ingilis dilinin &yranilmasine yardimei olan bir sira totbiglor
Vo programlar yaratmisdir. Bu totbiglor avtomatik olaraq intellektual oks slagoni tomin etmok
iiciin Oksford liigatlor toplusundan vo FeeBu (Feedback Butterfly) adli inteqrasiya olunmus Si-
don istifads edirlor. Bu tatbigin istifadasi 0 godor ugurlu oldu ki, diinyanin ingilis dili tizra an
boyiik todris materiallari nosriyyatt olan Oxford University Press onu satin aldi vo bu
texnologiyani diinyada yaymagq {i¢iin lisenziyalasdirdi.

Todris prosesinds istifade olunan SI texnologiyas1 xarici dil tadrisinin mahiyyatini, todris
prosesinin toskili gaydalarini1 doyisorak, tadris problemlorini on uygun sokildo hall eds bilir. Bu
giinlordo S todrisda vo innovativ tohsildo on bdyiik problemlori belo holl etmok potensialina
malikdir.

Si-don hazirda tohsilds istifadonin bir nego asas istigametini ayirmagq olar:

-rutin tapsiriglarin avtomatlasdirilmasi;

-talimin fardilogdirilmasi;

-mazmun Vo tolim proqramlarinin yaradilmast;

-soft skillsin inkisafi.

Bu istigamatlori ayri-ayriliqda tohlil edak.

Rutin tapsiriglarin avtomatlasdirilmasi. Bu giinlords Si hoyatimizin hor sahasine niifuz
etdiyinden, Si alqoritmleri biitiin sahalords eLearning-i tokmillosdirmok potensialina malikdir. SI
vasitosilo dil todrisi platformalart istifadogiloro mdovzulart tokrarlamag, diggeti daha ¢otin
tapsiriglara yonaltmok, hamginin madoani fon amillarini nazars almagq sortilo 6zlorine uygun siirat
Vo tempds islomok imkani yaradir.

Test tapsirigiin cavablandirilmasi {izorinds saylo galisdiqdan sonra naticolori gozlomok
tolobalor {iglin yorucu olur. Testin naticalorini aldigdan sonra sohvlori gordiikdo, onlar1 neca va
hans1 sobobdon etdiyini xatirlamaq ¢atin olur. Si-nin totbigi ilo artiq bu qodor gdzlomok zorurati
yoxdur, testlor ani olaraq avtomatik giymatlondirilir va tohlil edilir. Noticads dorhal askar olunan
sohvlorin aradan qaldirilmasi tigiin zaruri tadbirlor goriiliir vo naticads névbati imtahanlardan daha
yiiksok naticalar olds edilir.

Si-don artiq uzun miiddotdir tohsildos, ilk ndvbodo bacariglarin inkisafina vo sinaqlara
komok edon bozi sistemlords istifado olunur. Xarici dilin Gyronilmosi zamani yaranan suallari
yalniz auditoriyada, yaxud miiollimlo birbasa goriis zaman1 holl etmok miimkiin oldugu halda, SI
botlarindan istifado edorok giiniin istonilon vaxtinda, istonilon mévzuda verilon sorguya dorhal
cavab veron 24/7 rejiminda todrisin mévcud olmasi shomiyyatli tstiinliikdiir.

SI vasitosilo miiollimlor todris planindaki gatigmazliglari, miihaziralordo vo ya praktik
tapsiriqlarda nazordon kegirilacok istigamatlori, tolobalor ¢atin golon mévzulart vo alave talimo
ehtiyaci olan tolobolori miiayyan etmok imkani alds edacoklor. Bundan slava, miisllim talobalarlo
tinsiyyat, giymatlondirma, monimsoms tohlili, tapsiriqlarin yoxlanilmast vo darslora hazirliq
hissasinin bir qismini Si-yo hovalo eds bilor. Masolon, Gradescope programi moktoblords vo
universitetlordo miixtalif fonlor iizrs tipik tapsiriglar1 avtomatik yoxlamaga vo giymatlondirmays
imkan yaradir. “Qiymotlondirmo sistemlori gismon optimallasaraq, avtomatik olaraq SI vasitosilo
tapsiriqla oks olage yaradir, misllimlor tolobalorin biliklarindaki bosluglart miiayysnlogdirir vo
onlara miivafiq zoruri materiallar togdim edirlor” [1]. PrepAl servisi iso dors materiallar1 osasinda
testlor hazirlaya bilir. Miisllim miihazironi, darsliyin faslini vo ya miivafiq motni yiiklayir vo
program ¢atinlik saviyyasine uygun olaraq avtomatik doyiso bilon suallar hazirlayir. Bu tatbigin
istifadasi miallimlorin vaxtina shomiyyatli doracads gonast edir, bels ki, miiallimlor orta hesabla
is vaxtinin 40%-don ¢oxunu tapsiriglarin yoxlanilmasina, dorslora hazirliga va inzibati vozifalorin
yerina yetirilmasina sarf edirlor.

EFL (Ingilis dili xarici dil kimi) dyrananlor darslora yeni baslayanda coxlu sayda sohvlor
edirlor, homg¢inin vo bu miiddst orzindo daim doyison dil bacariglariin miitomadi olaraq
yoxlanilmasina ehtiyac yaranir. Digar torafdon, miallimlar eyni sohvlori diizaltmok kimi monoton

59



Elmi Macmuo Cild 25, Ne3, 2023
Scientific Journal Vol. 25, Ne3, 2023

isdon ¢ox yorulurlar. Buna gora do, bir ¢ox todqiqatgilar kompiiter talimi vasitasilo dyronma vo
Oyratmas proseslorinin somoraliliyini artirmaga ¢aligirlar.

Tolimin fordilagdirilmosi. Todris prosesine Si-nin daxil edilmasinin osas iistiinliiklorindon
biri tolobalors daha fordi yrotmo imkanlar1 vermokdir vo bu sobabdon S sutka arzinds tolobalorlo
oks alago yaradan chatbotlardan tutmus hor bir talobanin zaruratlorine uygunlasan fardilogdirilmis
oyranmo alqoritmlarina goador miixtalif variantlardan istifads edilir.

Xarici dil miiallimi iiglin 15-25 nafardon ibarat qrupda har bir talobays fordi yanasmasi
kifayot godor catin ola bilor. Yalmz Si-nin istifadesi sayasinds yeni dil dyronan har bir talobonin
zoruri tolobatlarini nozoro almaq miimkiindiir. Todris prosesine inteqrasiya edilmis Si vasitasila
muoallimlar talobalori, onlarin maraqlari, qabiliyyatlori vo s. haqqinda gigabaytlarla malumat aldo
edo bilirlor. Tahlil edildikdan sonra bu malumatlar fordilasdirilmis tahsils yol agir.

Google miitoxassislori «Future of Education» adli arasdirmalarinda bu giin tohsilin SI
texnologiyas: sayasindo daha ¢ox fordilosdirildiyini miioyyan ediblor. Qeyd edildiyi kimi Si tolimi
hor bir tolabanin fordi ehtiyacina uygun qurmaga imkan verir. Bu sahods ixtisaslasan Carnegie
Learning tohsil platformas1 miiallimlara talabalarin faaliyyatini izlomaya va onlarla fordi oks alage
qurmaga komok edir.

“MathiAu alqoritmi tolobolorin inkisaf saviyyasini izloyir, tapsiriqlarin icrasi ilo bagl roy
verir, tolobonin komoys ehtiyaci olmasi barado real vaxt rejimindo miisllimi dorhal
molumatlandirir. Digor program, Coursera, on ¢ox sohv cavablandirilan suallart qeyd edorok
molumatlar1 proqramin miialliflorina 6tiiriir. Noticads suallarin mazmununda dayisikliklor edilir,
yaxud movzu olavo olaraq izah edilir, tolobalor iso testi diizgiin cavablandirmaq ii¢iin miivafiq
molumatlar alirlar. Proqram toalobonin suallari cavablandirarkon hansi ¢atinliklorlo tizlosdiyini
mioyyanlosdirir vo miidaxilo edorok diizaliglor edir” [2]. Tolobalor ev tapsiriglarini yerino
yetirdikda yena do Si vo neyrosobokolordon foal sokildo istifada edirlor. Bozi totbiglordo
alqoritmlor ~ foaliyyat tarixgasini  tohlil edorok todris programinin hanst  hissasinda
tokmillogdirilmays zoruratin oldugunu gostorir va tohsil platformasinin méveud bilik saviyyasine
uygun fardilosdirilmis programi toklif edir.

Daha ¢ox fordilogdirilmis todris muollimlorin dors vaxtindan daha somarali istifadasi
demokdir. SI texnologiyas1 is yiikiinii azaltmaq vo todrisin somoraliliyini artirmagla
fordilogdirilmis todrisdo miisllimin sinifdoki rolunu daha miikommol edocok potensiala malikdir.
Golocokds tohsil texnologiyalar: sektoruna daha gox Si osasli totbigetmoalor daxil edilocok vo bu
saho inkisaf etdikco todriso daha ¢ox fayda gotirocokdir.

Mazmun Ve talim programlarimin yaradilmasi. PrepAl test generatoru SI ilo todris
mozmunlar1 yaradir. SmartestLearning platformasi ilo birgs bazaya yiiklonmis materiallari tahlil
edorok mozmuna uygun miixtalif formatlarda testlor, krossvordlar, suallar, interaktiv grafiklor vo
s. kimi tapsiriqlar toklif edir. SI-nin kdmoyi ilo masalon, synthesys servisinda tolim videolar1 da
yaratmaq miimkiindiir. Ssenari skripti ytiklonildikdon sonra algoritm matni nitge vo ya videoya
cevirir. Dil, saslondirma saslari va avatar segmokla naticoni tonzimlomak olar.

Tolim programlar1 Si texnologiyasin1 yalmiz mozmunu emal etmok, tonzimlomaok vo
chatbotlarla qarsiliqli slage yaratmaq igilin istifado etmir. Masalon, Duolingo kimi xarici dil
oyronmo programinda Si, hatta tolobonin nitqini basa diismoys belo imkan yaradir. Alqoritm
qrammatik konstruksiyalari, ligoti, sozlorin toloffiiziinii tohlil edir vo sohv olduqda diizgiin
variant1 toklif edir. Memrise totbiginds iso texnologiya hotta real diinya obyektinin neco
adlandirildigint 6yranmays imkan verir. Deyok ki, “masa” soziiniin ingilis dilinds torciimoasini
bilmak istayirsinizss, cavabi smartfonun kamerasini masaya yonaltmoakls alds etmok olar.

“Xarici dillorin todrisindo tam sokildo Si-don istifadonin iistiinliiklorinden biri do mévcud
dil chabotlaridir. Dil &yradon SI chatbotlar1 verilon suallar1 fordi sokildo cavablandirir, goriilon
islori giymatlondirir va tokmillogdirmak {igiin maslohatlor vers bilir. ©Ovvallar botlar yalniz ingilis,
ispan, alman vo ya fransiz dillarinds danisa bilirdiss, hazirda onlar miixtolif mévzularda 23-don
cox dildo (vo onlarin say1 artir) danisa bilirlor” [3]. Duolingo, diinyada dil 6yronmak ii¢iin an
populyar chatbotlardan biridir vo PC Magazine jurnali bu totbigi an yaxsi proqramlardan biri
adlandirib. Bu proqram istifadoginin toloblorini anlayir, SI alqoritmlori sayssindo forgli
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istifadocilor eyni suala forqli cavablar ala bilir. Duolingo, dil 6yronmo chatbotundaki virtual
miuoallimlar sayasindo minlarlo insanin anlasilmazliq hissi ke¢irmadon yeni bir dil dyranmasina
imkan yaradir.

Chatbotlardan istifade etmok {iciin lazim olan tok sey Si botu ilo s6hbeta baslamagq vo onun
tocriibasindon yararlanmaqdir. ChatGPT holo ki, tohsilin toskili analitikasinda ayri-ayri sorgu
catlar1 ilo isloyir, lakin onun téromalarinin (o ctimladon, GPT-4) kiitlavi totbiqi, siibhasiz ki, bu
kimi problemlori aradan qaldiracaq. ©vvallor heg bir program ChatGPT qodor tapsiriglari tez vo
doagiq yerins yetirmirdi, hazirda iss onunla qarsiligli slags noticasinds miistaqil is tigiin tapsiriglar,
test suallari, insa tipli cavablarin avtomatik yoxlanilmasi iigiin cavab standartlar1 yaranir.

Hal-hazirda genis istifadasi olan miixtalif chatbotlar mévcuddur: A. L. 1. C. E., Mitsuku,
Splotchy, Cleverbot, Existor, Elbot, iGod va s. Bu ciir chatbotlar dil {insiyysti maneslorini aradan
qaldiraraq xarici dildo mohdudiyyatsiz {insiyyat imkanlar1 tomin etmok baximindan
avazedilmozdilar.

Soft skills inkisafi. Soft skills vo ya «yumsaq bacariqlar», soxsi miinasibatlori vo xarakter
xususiyyatlori ilo yanasi sosial vo idaroetma gabiliyyatlori ilo do six alagoli insani keyfiyyatlordir.
Yumsaq bacariglara ananavi olaraq tonqidi diisiince, iinsiyyot bacariqlari, basqalarimi dinlomok
bacarigl, komanda isi, yaradict disiinco, mentorlug vo s. aid edilir. Yumsaq bacariqlart
komiyyatco 6lgmok miimkiin olmasa da, onlar soxsi Vo peso hayatinda ugur qazanmaqda strateji
xarakter dasiyir vo xarici dillarin 6yranilmasine ham miisbat, hom do manfi tosir eds bilor. Xarici
dillorin Gyranilmasi talobalorin fordi xiisusiyyatlorine vo uygun 6yronma torzinin se¢ilmasine
diggatlo yanasmag talob edir. Todgiqatlara géro SI texnologiyalari ham talobalar, hom do miistaqil
dil 6yrananlorin yaradicilig, tonqidi diisiinca Va hotta tinsiyyat bacariglarini artirmaga komok edir.
Masalan:

-taloboalor neyrosobokonin kémayi ilo miioyyan tapsirigin qaralamasini hazirladlgdan sonra
onu al ila kogiira bilarlor. Bu, mozmunu daha yaxsi basa diismays Vo qavramaga komok edar;

-neyrosobokodon miibahisodo bu vo ya digor mossloys uygun olaraq opponent Kimi
istifado etmok olar;

-alqoritmlar bazi hallarda sohv cavab verdiyindon tolobalor neyrosobokonin cavablarini
tohlil edib faktlar1 yoxlamagqla 6z tizorlorinds isloys bilarlor.

Si-nin xarici dillorin tadrisinds istifadosinin talobalore verdiyi bir ¢ox iistiinliiklorini geyd
etmok vacibdir. SI demok olar ki, biitiin nitq faaliyyatlorinin todrisindo istifado edilo bilor:
danigmaq, dinlomok, oxumagq, yazmaq Vo torciimo etmok. Toalobonin bilik soviyyasini
mioyyanlosdirmays, todris materialini vo todris prosesini uygunlasdirmaga, avtomatik sual
generatorlarindan istifado etmoyo, olave kurslar tovsiya etmoys, Oyronmo noticasini
prognozlasdirmaga, sos botlarindan istifado etmoys vo s. kdmok edos bilor. Miixtolif aspektlords
toloboalar ticiin Si-nin faaliyyetinin iistiinliiklorini nozorden kegirok:

-sifahi nitq todrisindo SI miisllimlori toglid edon yegano texnologiyadir. Ona asason
tolobalarlo fordi va interaktiv dil tadrisi aparilir, talobalorin toloffiizii diizaldilir, dialoglar yaradilir,
cimlo qurma tapsiriglart yerina yetirilir, avtomatik olaraq danisma, homginin ham danigma, ham
do dinloma yoxlamalar1 kegirilir;

-tolimin ilkin marholoasinds fonetikaya xiisusi digqat yetirildiyinden Si harflorin va sézlorin
toloffiiziino diizalislor eda bilor. Qeyri-standart taloffiiz sobobindon yeni Gyrondiyi ocnobi dilds
danigdigda ifadalorin monasini anlamaq bir godar ¢otin olur vo tinsiyyatds maneslor yaranir.
Nitqin todrisi zamani1 danisiq dili miihitinin olmadig1 soraitdo Si talobalorlo istonilon zaman vo
istonilon mokanda danisa bilir, belalikls sifahi iinsiyyat ti¢lin daha gox sans yaranir, “zoif danisiq
bacarig1” vo “sohboto baslamagin cotinliyi vo ya utancaqliq” problemlorini hall edorak nitq
tinsiyyati tiglin daha ¢ox sans yaradir, dil dyronarkon iinsiyyst bacariglarinin formalasmasina
ohamiyyatli daracads tosir edir;

-Si-nin komayi ilo tolobalorin dyronmoa torzinds doyisiklik siiratlonir. Tolobalorin fordi
inkisafinin  toloblorina  uygun olaraq, todgigat molumatlarinin toplanmasi, tohlili  vo
xiisusiyyatlorinin anlasilmasi osasinda SI miixtolif kanallarla talim manbalori olds edir, miivafiq
bilik soviyyasino g¢atmaq Ttgiin on uygun talimin fordi hodof proqramlarini hazirlaya bilir.
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Belaliklo, tolim fordi gabiliyyatlors uygun olaraq aparilir, har toloba iiciin uygun tolim segilir vo Si
todris prosesinds naticalari giymotlondirarak ray verir;

-Si-dan istifads edildikds, nohong material toplusundan lazimi materiallar tez bir zamanda
axtarisa verilib tapilir vo belalikls talobalorin vaxtina xeyli ganast edilir;

-tolobalor programa yerino yetirdiklori tapsiriq cavablarimi yiikladikdan sonra, tobii dil
isloma texnologiyasma (NLP- natural language processing) osaslanaraq, SI texnologiyasi
grammatik sohvlori diizolis edib miivafiq tovsiyalor verir. Belaliklo, tolobalora verilon suallar
vaxtinda cavablandirilir, mistaqil tohsil gabiliyyati artir [4-6].

Miisllimlor {igiin SI yaratdig {istiinliiklor iso asagidakilardir:

-S1 asas biliklori miiallimdon daha maraql bir sokildo izah etmok imkani verir;

-xarici dilden sifahi imtahan zamani Si texnologiyasindan istifado edilorok miiollimlorin
nitg tonu taqlid olunmagla suallar verilir, imtahan veranin cavabi vo eyni anda reaksiyasi geyds
alinir. Sonda nitq tnsiyyoti ixtisas vo genis todris tocriibasi olan miitoxassislor torafindon
yoxlanilir.

SI texnologiyalarindan istifade etmaklo xarici dillorin todrisi interaktivliyini artirmagq, tohsil
prosesinin fordi meyarlara gora forglondirilmosine komok etmok, todrisin keyfiyyatini vo
samaraliliyini, talabalorin savadini va xarici dili basa diisma gabiliyyatini artira bilar.

Si-nin kémoyi ilo todris foaliyyatini, onun catinlik saviyyasini, tolim tempini vo todris
metodlarin1 rasional tonzimloyarok effektivliyini ohomiyyatli dorocodo artirmaq miimkiindiir.
Qeyd etmak lazimdir ki, Si insanlara nisbaton daha dagiq giymotlondirarak talobalors hartorafli va
sistemli tolim proqrami toqdim edir. Qiymatlondirma todris foaliyyatinin vacib hissssi oldugundan
avtomatlagdirilmis giymotlondirmo sistemi obyektiv, ardicil, somorali vo yiiksok Saviyyali
naticalora nail ola bilir.

Tolobalorin giymotlondirma sisteminin 6ziinii do Si-nin kdmayi ilo tokmillosdirmak olar.
Bunun {i¢iin ardicil olaraq névboti addimlar atilmalidir:

-molumatlar programa daxil edilir;

-miollimla birlikds imtahan tapsiriqlarinda miivafiq diizalislor edilir;

-program torafindon moalumatlar tohlil edilir;

-ndvbati simaga hazirlasmaq t¢iin diizolis edilmis molumatlarin son naticasinin doagiqgliyi
tomin olunur.

Olavo olaraq, SI auditoriyada miihaziro dinloyan tolobolorin yasadigi emosional
doyisikliklori anlamaq figiin iz ifadolorinin vo Sas tonlarinin tanima texnologiyasindan istifado
edorak darsi na goador yaxst manimsadiklari vo 6yronma motivasiyasinin neco doyisdiyi barado
molumatlar dorhal miiollima 6tiirtilo bilor. Bunun asasinda miallim tadrisin - monimsanilmo
metodikasina diizalislor eds bilar.

Boyiik dil modellari (Large language models, LLM) vo onlara ssaslanan alstlor, gériintii
generatorlar1 (text2img texnologiyalari), goriintii vo video emal vasitalori va digar texnologiyalar
yeni texnoloji saviyyado demok olar ki, miiallimin istiraki olmadan todriS mozmunu yaratmaga
imkan verir. Onlar Si torofindon yaradilan, todris mohsullarina vo videolara, virtual realliga,
miallimin rogoamsal homkarlarina vo s. daxil olan personajlardir.

Yuxarida yazilanlar1 yekunlagdiraraq qeyd etmok olar ki, elm vo todris sahosinds
toroqqinin ayrilmaz hissesi olan Si-in miiasir diinyada boyiik shomiyyato malik oldugunu, tohsil
sahasinds inkar edilmoz istiin cohotlori oldugu kimi miioyyan ¢atismazliglarii da gostormok
vacibdir: yiiksok xorclor, miiallimlor arasinda yarana bilocok issizlik, yaradiciligin, etika vo
duygularin olmamasi, texnoloji asililiq, kognitiv inkigafa tasir va s.

Bu catismazliglar1 aradan qaldirmaq ii¢iin SI-nin miiasir dévrde vo golocokdo todriso

tosirinin miiqayisali tohlili shamiyyatli molumatlar vers bilor. Talimgilor, miisllimlor va tohsil
miiossisalori torafindon tohsil sahasinds yeni texnologiyalarin istifadasi vo SI tatbiglorinin inkisafi
stibho dogurmur, ancaq tapsiriqlar1 optimallasdiran masinlarla bu masimlardan istifado edon
insanlar arasinda bir tarazliq tapmaq zarurati yaranir.
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Natica. Si-nin mogsadi he¢ do miiallimlori ovoz etmok deyil, yalniz rollarmi yeni bir
sokildo miiayyanlagdirmakdir. Ciinki miiallimin vazifasi yalniz bilik 6tiirmok, yaxud tahsil vermak
deyil, hom da talsbalari tarbiyalondirmak, hom do manavi dayarlor asilamaqdir. Tahsilin mahiyyati
duygularin &tiiriilmasindedir, bu sebobdon Si texnologiyasi daha faydali dyronma vasitesi ola
bilor, ¢iinki masmin emosiyalar1 olmadig: iigiin miiallimlori tamamils avoz eda bilmaz. Bu isa, Si
texnologiyasinin hazirda yerina yetira bilmadiyi vacib bir xiisusiyyatdir.
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Magqalslarin tagdim olunma qaydalari

Mogalalor Azorbaycan, rus vo ingilis dillorinds gobul olunur. Hoar bir mogaloys
Azorbaycan, rus vo ingilis dillorinds xiilasa vo agar sozlor verilmalidir. Capa toqdim olunan
mogalalor A4 formatda, 12 o6lgiilii sriftlo (cadvallar, sokillor va sokilalti yazilar 11 6lgili sriftls),
ag kagizda bir intervalla ¢cap olunmalidir. Bosluglar: varaqin biitiin kenarlarindan 2 sm. Magalanin
hocmi: orijinal mogalslor iigiin 10, icmal magalslor iigiin 15 sohifodon artiq olmamalidir.
Mogalslor 2 niisxada ¢ap va elektron variantda (WORD) toqdim olunur. ©lyazmalar miolliflora
qaytarilmir. Digar toskilatlardan olan miislliflorin magalslori onlarin igladiyi toskilatin moktubu ilo
birlikds toqdim olunmalidir.

Moagalalora miisbat roy verildikdon sonra redaksiya heyatinin gorart ils ¢cap olunur.

1. Hor bir magals onun UOT-u va ya PACS-1, DOI-si, ad1, miialliflorin adi, ata adi, soyadlari,
elektron tinvanlari, togkilatin adi, magalonin yazildig: dilds bir intervalla ¢ap olunmali, qisa
annotasiya vo agar sozlorlo bagslanmalidir.

2. Odobiyyata istinad (References):

- odobiyyata istinad magalads rast galindiyi ardicilligla islanmalidir.

Sitat gotirmo gaydas:

- dovri jurnallardaki mogalolor: miialliflorin A.A. Soyadlari, mogalonin adi, dovri jurnalin
adi, ¢ap olunma ili, cildi, ndmrasi, sahifo némrasi;

- konfrans materiallar1 vo tezislor: muolliflorin A.A. Soyadlari, konfrans materiallar1 vo ya
tezisin ad1 konfransin adi, kegirildiyi yer va il, ¢ap materialinin cildi, ndmrasi va sahifalari;

- kitablar: mualliflorin soyadlari, kitabin adi, ¢ap olundugu nosriyyat, il vo yer, sohifalorin
say1, tokrar istinadlarda ise sohifo némrasi verilir.

References - adobiyyatin orijinal dilds ingilis olifbasi ilo verilmis variantidir.

3. Annotasiya.

Annotasiya digor iki dilds 8 satirdon az olmayaraq, ayrica varaqds ¢ap olunmalidir.

4. Agar sozlor.

Azarbaycan, rus va ingilis dillorinds 8-10 soz.

5. Rasmlor va sokillar.

Rosmlor va sokillor yazilar1 vo izahatlar ilo ayrica toqdim olunmalidir. Olgiilor: 6 sm x 6

sm-dan az vo 23sm X 16 sm-dan ¢ox olmayaraq. Qrafiklorin koordinat oxlart minimum

rogom torkibli olmalidir. Koordinat oxlariin adlar1 ¢ox aydin yazilmalidir. Qrafiklordoaki
hor bir xatt ndmralonmis va izahli sokilds olan yazilarla verilmolidir.

6. Coadvallor.

Cadvallar ayrica varaqds ¢ap olunmalidir. Onlar némralonmali va basligla verilmalidir.

7. Mogalonin sonunda miislliflor haqqinda molumat verilir: adi, soyadi vo atasinin adi; elmi
doracasi vo adi; elektron {invant; is yeri vo unvanti; isin icra olundugu sobo, laboratoriya vo
ya kafedra; maraq dairasi.

Verilmis talablora uygun galmayan maqgalaslara baxilmir!!!
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Publication guidelines for articles in the Scientific Journal of National Aviation Academy

Articles are accepted in Azerbaijani, Russian or English. Each article should have an
abstract and keywords in Azerbaijani, Russian and English. Articles submitted for publication
should be printed with one interval on white A4 paper, font size 12 (tables, figures and captions
for figures, font size 11). Margins: 2 cm on all edges page. Article length for original articles is
no more than 10 pages, and 15 pages for review articles. Both articles should be submitted in 2
copies in printed and electronic version. The copies must be typed in the Microsoft Word text
editor. Manuscripts of articles are not returned to the authors. For authors from other
organizations, articles are accompanied by a letter and an examination certificate from the
organization where they work. Articles are reviewed.

Only the articles received positive positive review of the Editorial Board are published.

1. Each article begins with UDC or PACS, DOI, title, information about the author(s), email
address, name of the organization and a brief annotation in the original language of the
article and keywords published in one interval.

2. References to literature (References):

- references should follow the order that are cited in the article

- Citation order:

- articles in periodicals: Author’s full name, title of the article, title of the periodical, year of
publication, volume and page numbers;

- conference publications and abstracts: Author’s full name, title of the conference
publication or abstract, conference title, place and year of the conference, volume number,
page numbers.

- books: Author’s full name, title of the book, publisher, date and place, number of pages;
when referring again, the page number is also given.

References — is the referred version of the original literature give with Latin script.

3. Abstract. The abstract of at least 5 lines in two other languages printed on a separate paper.

4. Key words in Azerbaijani, Russian and English, 5-10 words.

5. Drawings and photographs with inscriptions and explanations are attached separately.
Dimensions: not less than 6x6 cm and not more than 23x16 cm. The coordinate axes of the
graphs must contain minimum numbers. The names of the coordinate axes must be written
very clearly. Each line in the graphs should be given with numbered and well-explained
figure captions.

. Tables should be numbered, titled and printed on a separate sheet.

The author(s) information is given at the end of the article: full name; academic degree and
academic title; place of work and address; department, laboratory or chair where the work
was fulfilled; sphere of scientific interests; email address; contact numbers.

~N o

Articles that do not meet these requirements will not be considered!!!
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