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Abstract

The article proposes a new concept of building an intelligent aircraft control system, which
increases the functionality of the system for its adaptation to the controlled object. Enhanced adaptive
system functionality is knowledge-based to help pilots perform important and safety-critical tasks on
modern aircraft. The implementation of the proposed system is based on the pilot's situational awareness
of the flight progress in real time, which allows avoiding errors and maintaining enhanced synergy
between human and avionics systems. These synergies provide significant improvements in overall flight
control performance and safety. Appropriate mathematical models are introduced to assess the mental load
associated with each piloting task and assess the pilot's cognitive abilities and condition.

Keywords:  flight safety, aircraft, intelligent aviation system, accident threat, prevention, control
system, artificial intelligence.
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Stini intellektdan istifads etmakls hava gomisinin ucusunun

tohliikasizliyinin idars olunmasi konsepsiyasi

I.M. Ismayilov
Azarbaycan Milli Aviasiya Akademiyasi (Mardakan pr. 30, Baki, AZ1045, Azarbaycan)
Yazisma iiciin:
Ismayilov Ismayil / e-mail: ismayil.maa@gmail.com
Xiilasa

Mogqalads, sistemin nozarst olunan obyekts adaptasiyasina gore onun funksional imkanlarim
yiiksaldon hava gomisinin idars olunmasinin intellektual sisteminin qurulmasiin yeni konsepsiyasi toklif
edilir. Adaptasiyaya gore sistemin funksional imkanlarinin yiikssldilmasi miiasir tayyarolorde ucuslarin
tohliikasizliyi ndqteyi nazorindan pilotlar torafindon mithiim v kritik masalalorin hollinds onlara koémok
moqsadilo biliklora asaslanmigdir. Toklif olunan sistemin realizasi real zaman rejimindo ucusun gedisi
barasinds pilotun soraito (situasiyaya) balod olmasi asasinda hoyata kecirilir. Bu iso sohvlorden qagcmaga
vo insanla avionika sistemlori arasinda genis sinergizmi dastoklomayo imkan verir. Bu sinergiyalar
toyyaronin idars olunmasinin iimumi mohsuldarligini vo tohliikesizliyin saviyyesini shomiyyatli deracada
yaxsilagdirir. Miivafiq riyazi modellor toyyaronin idare olunmasinin har bir masalasi ilo bagli olan zehni
ylikiin vo pilotun vaziyyetinin, homg¢inin onun koqnitiv qabiliyystinin qiymstlondirilmasi ti¢lin daxil
edilirlor.
Acar sozlor: ucus tohliikasizliyi, toyyaro, intellektual aviasiya sistemi, qoza tohliikesi, idarsetma

sistemi, siini intellekt.
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YIK 621-192; 621.81-192
Konuenuusa YIIpaBJICHUSA 0€30IaCHOCTHIO 10JIETA BO3YIIHOTO CyaHa

C HCITOJb30BAHUEM UCKYCCTBCHHOI'O HHTCJIJICKTA

.M. Ucmaunos
Azepbaiioncancras Hayuonanvnas axaoemus asuayuu (Mapoaxanckuii np., 30, baxy, AZ1045,
Azepbaiidscan)
Juis mepenuckm:
Hcmannos Memann / e-mail: ismayil. maa@gmail.com
AHHOTAIUA

B cratee nmpennaraeTcst HOBass KOHLEMIUS MOCTPOEHUS WHTENIEKTYaIbHONM CUCTEMBI YIPaBJIECHUS
BO3/YITHBIM CYJHOM, KOTOpasi MOBBIIIAET (PYHKIIMOHAIEHBIE BO3MOKHOCTH CHCTEMBI 0 €€ aIallTalliu K
KOHTponmpyeMoMy 0o0BekTy. [loBbimeHne (pyHKIMOHATEHOW BO3MOYKHOCTH CHCTEMBI IO a/IallTallid OC-
HOBaHO Ha 3HaHMSX, YTOOBI TOMOYB MIJIOTAM B BBIITOJHEHUH BRKHBIX M KPUTHYHBIX C TOYKHU 3peHUs Oe3-
ONaCHOCTH MOJIETOB 3a/lay Ha COBPEMEHHBIX camoJlieTax. Peanuzanus npeniaraeéMoil CUCTEMbI OCYILECTB-
JISieTCST Ha OCHOBE CUTYAIIMOHHOW OCBEJOMJICHHOCTH IHJIOTAa O XOJIe ITOJIeTa B PEaIbHOM BPEMEHH, YTO
MO3BOJIICT N30EKaTh OMIMOOK M MOAJEPKATh PACHIMPEHHBIA CHHEPTU3M MEXIy YEIOBEKOM U CHCTEMaMHU
ABUOHUKH. DTH CHHEPIUU AAI0T 3HAYMTENILHOE YIy4llleHHe oOlield MpOM3BOIUTEIBHOCTH YNPaBICHHUS
MOJISTOM U TIOBBINIEHHE YpoBHS Oe3omacHocTH. COOTBETCTBYIONIME MaTeMAaTHYECKHE MOJETH BBOJSITCS
JUISL OLIEHKH YMCTBEHHOM Harpy3KH, CBSI3aHHOM C KaXKIOM 3ajladyeld MUIOTUPOBAHUS, U OUEHKH KOTHUTHUB-
HBIX CIOCOOHOCTEN M COCTOSIHUS MUJIOTA.

KiroueBble caoBa: 0e30macHOCTh IIOJIETOB, JICTATCIIBHBIC arraparbl, MHTCIUICKTYaJIbHAsA aBHAllMOH-
Hasgd CUCTEMaA, yIpo3a aBUAIMOHHBIX HpOI/ICIHeCTBI/II‘/'I, MpeaoTBpalICHUC, CUCTEMA
yHpaBJICHU:, HCKyCCTBeHHBIﬁ HHTCIIIICKT.
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Introduction

At present, an urgent problem is the
question of the rational use of the achieve-
ments of scientific and technological progress
in the field of complex systems based on arti-
ficial intelligence (Al). Al is a field of science
that deals with the creation of machines and
computer programs that allow solving intellec-
tual problems by modeling intelligent behav-
ior. The relevance of intelligent systems lies in
the need to reduce the human factor on the
control object while maintaining a high level
of safety and reliability during its technical
operation, which is of particular importance in
the aviation industry [1-5]. An even greater
challenge in the aviation industry is solving
aircraft control issues based on strong intelli-
gence. Experts are of the opinion that equip-
ping artificial intelligence with pre-formed
rules will ensure the proper safety of passen-
gers and crew of aircraft.

Intelligent Flight Control (IFC) is de-
fined by autonomous adaptive control algo-
rithms that can find non-trivial solutions to
control problems using trivial strategies. Con-
ventional civil aviation autopilots are not
adaptive (a human pilot must act if something
unexpected happens), autonomous systems
must be able to adapt themselves to changing
circumstances. This is where intelligent flight
control systems come in.

The flight management system (FMS)
currently used in aircraft is one of the key el-
ements of a modern aircraft. This is a comput-
er system that helps the pilot to perform vari-
ous routine operations. The FMS includes
numerous artificial intelligence algorithms to
support aircraft navigation, guidance and con-
trol. The FMS implements algorithms for de-
termining the location of an aircraft using nav-
igation aids data and combining data from

several sensors.

The operation of each system of a mod-
ern aircraft is associated with the use of nu-
merous digital computers. Each of these sys-
tems uses some elements of artificial intelli-
gence at different levels of control and data
processing. All automatic control functions
can be attributed to artificial intelligence. In
general, system control is based on a well-
defined mathematical model of the process
and a set of parameters, each of which can be
polled to change the state of the system.

Intelligent flight control is based on two
apparently unrelated knowledge. The first is
rooted in the classical analysis of aircraft sta-
bility, control and flight quality. The second
follows from human psychology and physiol-
ogy. Thus, there is a need to find new control
structures that are consistent with the causes
of situations that have arisen in flight, and
bring flight control systems to a higher level
of adaptation to the controlled object.

Statement of a question

The aim of the work is to create meth-
odological foundations for aircraft flight safe-
ty management as a set of principles, methods
and algorithms for assessing the threat of an
aviation accident, its prediction and counter-
ing, which are implemented as part of the
functioning of an intelligent aviation system
and make it possible to increase the efficiency
and safety of aircraft control carried out in dif-
ficult flight conditions.

To achieve this goal, it is necessary to
solve the following tasks: propose the struc-
ture of the intelligent aviation system; to carry
out a system analysis of the intelligent avia-
tion system; develop a methodology for the
safety of aircraft management.

Solution - development of an intelligent
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aviation system. An intelligent aviation system
(IAS) is proposed, developed on the basis of
the aviation transport system, which is a com-
plex of interacting systems, the functions of
which are aimed at ensuring the life cycle of
the aircraft.

The structure of the onboard intelligent flight
control system is shown in Fig.1 [5].

Figure 1 — The structure of the onboard intelligent
flight control system

Let us consider the functions of individ-
ual modules of the system (Fig. 1), which have
the property of intelligence and ensure the
choice and implementation of the best flight
control strategy under conditions of uncertain-
ty. The analysis module receives sensory in-
formation about the situation from aircraft
sensors. This information is displayed by the
control system, which highlights situations
that are significant from the point of view of
decision-making, and, based on the results of
the forecast, evaluates the severity of the haz-
ard. The development of situations is predict-
ed using the security control module. This
module helps prevent the right decisions from
being made before real threats emerge.

Through the command interface and
flight information display (FID) systems, the
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pilot receives advisory information, which is
generated by the decision-making module. On
the basis of this information, the pilot exerts
control actions applied through the autopilot
directly to the aircraft actuators, taking into
account the nature of the development of the
situation.

Formed control options that can be
changed and refined as current information is
updated are contained in the working
knowledge base (KB). The decision-making
module and the working knowledge base to-
gether form a dynamic expert system (DES).
ensuring the coordinated operation of all mod-
ules of the onboard IMS and the formation of
solutions in real time. The formation or cor-
rection of knowledge bases is provided by the
training module. The results of the correction
are used in the modules for analyzing the situ-
ation and forecasting situations.

The command interface performs the in-
teraction of the pilot with the aircraft, inform-
ing the pilot, on the one hand, about the state
of the control object and the environment
through on-board information systems, and,
on the other hand, influencing the aircraft and
its systems using various means and controls
[6]. It should be noted that modern sensors
used in aircraft are mainly built on the basis of
microprocessors and therefore they are usually
called intelligent devices.

To ensure the operation of the system as
a whole, it must include a link that integrates
the remaining links. The characteristics of a
person allow him to be such a link, since a
person can adapt to various conditions, relying
on intuition, he is able to make decisions
quickly, without having a choice of options.
However, it must be borne in mind that a per-
son gets tired very quickly when performing
monotonous actions. This. as well as many of
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the shortcomings of a person can be compen-
sated by automatic devices with a rational dis-
tribution of functions between the pilot and
the autopilot.

System Analysis of Intelligent Aviation Sys-
tem. An intelligent aviation system belongs to
organizational and technical systems, there-
fore, it has the characteristics of technical and
organizational systems. These properties de-
termine the basic principles of the functioning
of the IAS, which are aimed at managing the
safety of the aircraft flight.

Complex organizational and technical
systems (for example, aviation and transport
systems) are characterized by a large array of
input multidimensional data that affect the
safety of their operation, taking into account
their heterogeneity. It is the use of artificial
intelligence methods and system analysis that
makes it possible to process such data. In ad-
dition, artificial intelligence tools are widely
used in operator decision support systems in
such systems. Based on this, the development
of methods for assessing and predicting the
threat of an aviation accident based on direct
control of changes in the values of variables
affecting flight safety using artificial intelli-
gence tools is an urgent scientific problem.
The solution of this issue will make it possible
to identify the immediate causes of the acci-
dent and take appropriate measures to parry
these accidents.

System analysis is carried out on the ba-
sis of a predictive control model (PMC) of an
aircraft flight based on an effective intelligent
algorithm. The improvement of the predictive
model of aircraft flight is considered when
flying in the longitudinal direction. The intel-
ligent control algorithm is mainly designed to
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study and improve the PMC parameters based
on the minimization of various time intervals
of the objective functions. The proposed
model of the aircraft takes into account the
dynamics of the aircraft and the restrictions
imposed on it. Non-linear aircraft dynamics,
gust-driven disturbances, parameter uncertain-
ty, and environmental changes are considered
major obstacles to aircraft control to ensure
good flight performance.

Development of an aircraft control safety
methodology based on a predictive control
model. An accurate mathematical model of an
aircraft is considered an important first step to
analyze and control an aircraft system that can
be used to solve control and stability prob-
lems. The resulting model changes flight char-
acteristics that are used for surface control and
flight system design. Correcting the direction
and altitude of the aircraft with less error dur-
ing its flight is the main goal of control. In this
case, the goal of control in the process of
flight dynamics is to correct the direction of
the aircraft around its center. The definition of
flight dynamics is summarized as the science
of guiding air vehicles and the task of steering
around certain three dimensions called pitch,
roll and yaw control [7]. The block diagram of
the PMC flight control is shown in Fig.2.
Flight control is based on a predictive control
model.

This model includes a block of predicta-
ble control variables that are compared with
the initial values of the variables. The differ-
ence signal is transmitted to the optimizer,
which receives the values of the cost function
and the constraint at the same time. The opti-
mizer signal is transmitted to the aircraft and
thus the system output is formed.
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Figure 2 — MPC fight control block diagram

An intelligent control algorithm is pro-
posed as a powerful and intelligent method for
solving the problem of setting PMC parame-
ters to improve their performance [8].

This algorithm is considered one of the
most effective algorithms for tuning parame-
ters of various types of controllers for many
practical applications. The algorithm has im-
portant features such as working with multiple
parameters that are used for initialization
when parameters with fewer than other types
of algorithms are used. Another important ad-
vantage is that the convergence rate does not
depend on the parameters used. The algorithm
requires several tuning factors to reduce the
longitudinal deviation of aircraft motion from
non-linear aircraft dynamics, gust interference,
parameter uncertainty, and environmental
changes.

The proposed PMK as an effective con-
troller that can cope with uncertainty, nonline-
arities and disturbances is used for aircraft
control tasks. The MPC based on an intelligent
algorithm is used to control the longitudinal
movement of the aircraft in order to reduce
low-frequency vibrations. The function of the
algorithm is to find the best PMC parameters
based on the decay of various objective func-

tions in the time domain. Basically, the PMC
calculations are performed at each sampling
time, which can be configured by the control
system designer. These calculations depend on
measurements and prediction of upcoming
output values. There are two calculation styles
in MPC: the first one is the calculation of the
setpoints, the second one is the control calcu-
lations. Control calculations contain process
limits and other parameters that you can set
manually.

Control calculations depend on reducing
predicted deviations from the command trajec-
tory. The main idea of the MPC strategy is
shown in Fig. 3.

PAST FUTURE

4 »
w Ld

- —+— Reference Trajectory
e —=— Predicted Output
+-  Measured Output
Predicted Control Input
— [Past Control Input
Prediction Horizon
< 4
| | | | | | | | |
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>
Sample Time
k  k+1 k+2 k+p

Figure 3 — The idea behind the MPC strategy
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On the left side of the ordinate axis, the
values of the variables at the previous point in
time are indicated, on the right side, the pre-
dicted values.

Different colors on the graph indicate:
prediction horizon, trajectory curve, predicted
output, measured output, predicted entry con-
trol, previous controlled entry.

The action of the MPC controller de-
pends on a mathematical representation called
the cost function (J(k)). The mathematical rep-
resentation of system constraints and the cost
function is presented below [9, 10]:

J (k) ZQ. ¥ (k +ilk) — 1 (k + ik)]” +
i=1

M1
+ E R.[Au (k +ilk))?
i=0

Given that:
Vmin < ¥ (K+i|k) < Ymax

Aupgin < Aunl(k+ilk) < Adpay

In the equations above, the prediction
horizon is denoted as P and the control hori-
zon as M. Discrete time as k, i-interval indica-
tor P, Q, and R denote the inference error
weights and the change in the manipulated
variable, respectively.

In addition, and r(k+i | k) represent a
prediction and a command based on the output
at time k+i, respectively.

In addition, u(k+i | k) and Au(k+i | k)
represent the best prediction based on the ma-
nipulated variable and the prediction rate of
the manipulated variable at time k+i, respec-
tively.
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The proposed MPL controller will re-
ceive a signal from the control stick and set
the control stick point value in inches as a sys-
tem input to represent the system control sig-
nal. Pilot joystick command values are select-
ed as stepped, multi-step, and square wave
signals. The MPC strategy is used to predict
the control signal depending on the stick sig-
nal and the stick inch setpoint as system input.
The proposed control design was developed
using the MPC toolkit in Matlab.

Taking into account the sampling time
period (Ts) and the number of applied control
signals (N), the MPC methodology will oper-
ate at a certain rate equal to 1/N*Ts. You need
to know that the choice of suitable T is im-
portant, as it calculates the length of the pre-
diction step. In addition, the behavior and per-
formance of the MPC is inevitably affected by
the choice of P and M. In addition, there are
two numerical weight parameters, Q and R,
which must be carefully chosen for the input
and output of the system, respectively. As a
result, an intelligent algorithm is used to ob-
tain the best Ts, P, M, Q and R values.

This study is focused on tuning the pa-
rameters of the MPC to control the longitudi-
nal flight of an aircraft using an intelligent al-
gorithm. The main goal of optimization is to
identify the optimal parameters of the MPC
that improve the damping characteristics of
the onboard system by reducing the integral
absolute error in time.

Conclusion

The concept of building an intelligent
aircraft control system is considered, which
increases the functionality of the system for its
adaptation to the controlled object and helps
pilots make the right decisions when perform-
ing important and critical tasks from the point
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This concept is based on the creation of a pre-  from gusts of wind, parameter uncertainty and
dictive control model as an effective controller ~ environmental changes.

that can cope with uncertainty, non-linearities

and disturbances, used for aircraft control  Conflict of Interests
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used to control the longitudinal motion of an  interests related to the publication of this
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viation of the aircraft's motion from the non-
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Abstract

The article examines the results of introducing a technology for increasing the corrosion
resistance of metal in the shipbuilding and aircraft industry by adding chalk and talc nanopowders
to fillers, as well as substantiating the rationality and economic efficiency of using chalk and talc
nanoparticles in the production of paints and varnishes, discussing in detail the method of obtain-
ing nanoparticles and the application of the obtained experimentally nanopowders for the prepa-
ration of a new type of enamel. Also, in connection with the trend towards ecologization, the arti-
cle pays special attention to the environmental component of the production process, determines
the degree of danger that the manufactured enamel poses to the environment and the human body.
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Gomiqayirma v aviasiya sonayesindd lak vo boya ortiiklarinds
nanotabasir va nanotalk asash doldurucularin tatbiqi ilo metalin

korroziyaya davamlihgimn artirilmasi

N.V. Fatyanova
Azarbaycan Déviat Daniz Akademiyasi (Z. Oliyeva kiic., 18, AZ1000, Baki, Azarbaycan)
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Xiilasa

Mogalada dolduruculara tobasir vo talk nanotozlarmin slava edilmasi yolu ilo gomigayirma va
aviasiya sonayesindo metalin korroziyaya davamliliginin artirilmasi texnologiyasinin tatbiginin naticalori,
habelo tobasir vo talk nanohissaciklorinin istehsalinda istifadonin rasionalligi vo iqtisadi somoraliliyi
osaslandirilir, nanohissaciklorin alinmasi tsulu vo oldo edilmis eksperimental nanotozlarin yeni név
emallarin hazirlanmas: iigiin totbigi otrafli miizakira olunur. Homginin, yasillasdirma tendensiyasi ilo
olagodar olarag magalads istehsal prosesinin ekoloji komponentins xiisusi digqgat yetirilir, istehsal olunan
emallarin atraf miihito vo insan organizmino yaratdigi tohliika dorocasi miiayyan edilir.

Acar sozlor:  tobasir nanohissaciklori, talk nanohissaciklori, korroziya, nanotexnologiya, lak vo boya
orttiklari, gomiqayirma, aviasiya sonayesi.
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IToBbllIEeHHE KOPPO3UOHHOM CTOMKOCTH METAJLJIA 32 CYET MPUMEHEHUs
HANOJTHUTEJIel HA OCHOBE HAaHOMeJIa U HaHOoTaJIbka B JIKM B cyno- u

aBHACTPOCHUH

H.B. ®arbsiHOBa
Aszepbaiiosicanckas eocyoapcmeennas mopckas akademus (ya. 3.Anuesa, 18, baxy, AZ1000, Azepbaii-
odorcan)

JLsl mepenucKu:
®dateanoBa Hatanes / e-mail: nice.natali92@mail.ru

AHHOTANUA

B cratbe paccMaTpuBaroTCs pe3ynbTaThl BHEAPEHUS! TEXHOJIOIMU HOBBIIIEHUS KOPPO3HUOHHOM CTOM-
KOCTH MeTajula B Cy/IO- U aBHACTPOSHUM TOCPEJCTBOM JO00aBJIICHUS HAHOIOPOIIKOB MENa M Talbka B
HAIOJTHUTEIU, a TaKke O0OCHOBaHA PAIMOHAIBHOCTh M DKOHOMHUYECKas 3(PPEeKTHBHOCTh MPHUMEHEHUS
HAHOYACTHI[ MeJla U TalbKa B MPOIECCE TPOM3BOICTBA JIAKOKPACOUHBIX MaTepraiaoB (JIKM), mompobHo
pPacCMOTPEH METOJ IOJYUYCHHS HAHOYACTHL W IMPUMCHCHHE ITOJYUYCHHBIX 3KCIICPUMCHTAJIbHBIM HYTéM
HaHOMOPOIIKOB JJisl MIPUTOTOBICHUS dMajieii HOBOrO Tuma. Takke B CBSI3U C TEHACHIIMEN HA 3KOJOru3a-
A0 B CTaThe 0CO00C BHUMAHHUE YACISCTCS KOJIOTHIECKON COCTABIISIONICH TPOU3BOICTBEHHOTO TIPOIIEC-
ca, OIpezesieHa CTENEeHb OMACHOCTH, KOTOPYIO MPEACTABISICT M3TOTOBJICHHAS] SMaJb I OKPY’Karomen
Cpelbl M OpraHu3Ma 4esI0BeKa.

KiroueBble c10Ba:  HaHOYACTHIIBI MEJa, HAHOYACTHILBI TAJIbKA, KOPPO3Usl, HAHOTEXHOJIOTHH, JIAKOKpa-
counsle MaTepuaisl (JIKM), aBuactpoeHue, cy1ocTpoeHueE.
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Beenenune

B nacrosiiee BpeMsl cyliecTByeT HeMa-
JIO pa3IMYHbIX METOOB 3aIlMThl CYAO- U
aBHAKOHCTPYKIMHA OT oOpacTaHus M KOppO-
3UM, OJJHAKO OJHHMM U3 Oosee HaA&XKHBIX U
IIPOCTBIX METOJOB YMEHBUICHMS IIPOLECCOB
KOPPO3UU 3TUX KOHCTPYKLUUH CYUTAETCS IO-
KpacKa IIOBEPXHOCTH JTAKOKPACOYHBIMU MaTepH-
anmamu (JIKM).

Koppo3nonHneie paspylieHuss HaHOCSAT
HETIONPAaBUMBIN ymiep0d Koprycy, TpyOorpo-
BOJAM M MPOYMM KOHCTPYKLUSM, TaK Kak
BCJIEICTBUE KOPPO3HMOHHOIO BO3JEHCTBUSA B
MeCTaX, IOJBEPrarwluXcsi KOPPO3HOHHOMY
pa3beaHNuI0, METalll CTAaHOBUTCSA TOHBIIE,
BCJIEICTBHE YETO YMEHBLIAECTCA IJIOTHOCTHh W
IIPOYHOCTh KOHCTPYKIUI U KOpIyca B OOIIEM.

Koppo3sus (ot nat. COrrosio — «pa3besa-
HUE») — TMPOIECC CaMOIpPO-U3BOJIBHOIO pa3-
pPYLIEHHUS 3JIEMEHTOB, Yallle BCEr0 METaJJIOB,
MOJI BO3JECHCTBHEM XMMHMYECKOTO, 3JIEKTPO-
XUMHUYECKOT0  JINOO  (PU3UKO-XMMHUYECKOTO
B3aUMOJCUCTBUSA C OKPYXKAIOLIEH Cpenoi.
Koppo3nonssle pa3pymeHus MOryT IPUBECTH
K OCTaHOBKE pabOThl BCEM YCTAaHOBKH JMOO
oTnenbHOro €€ aneMeHTa. /s ycTrpaHeHus
MOCJIEACTBUM  KOPPO3UOHHBIX  pa3pyLICHUM
TpeOyeTcsl BBIIOJIHEHUE JOPOTOCTOSIIIUX pe-
MOHTOB.

Koppo3us kopnyca aBUallMOHHBIX U CY-
JIOBBIX KOHCTPYKLHH NPOUCXOAUT IOJ BO3-
JIeCTBUEM arpeccuBHON cpenbl (arMochepbl
U MOpckoil Bojbl). CienyeT Takke Y4ecTs,
4yTO OOJIbIIAS YAaCTh ABUALIMOHHBIX U CYAOBBIX
3JIEMEHTOB U MEXaHU3MOB KOpIyca OJHOBpe-
MEHHO TO/IBepraeTcs BO3JIEHCTBUIO KOPPO3U-

pa3pylIeHus
HaIpPsHKEHUS.

OHHOTO U MEXaHUYECKOTO
Kpome Toro, xoppo3noHHbBIE pa3pylie-
HHUSI HAHOCAT KOJIOCCAJIbHBIM MaTepHabHbIN

yiiep0 B CBS3H C MPSIMBIMH MTOTEPSIMH (TIOTEPU

17

Mertauia). OIHaKO KOCBEHHbIEC MOTEPU ropas-
0 Bblle OpsiMbIX. K KOCBEHHBIM MOTEPSIM
OTHOCHTCSI KOJIO-THYECKHUTH yIIepO, a Takxke
yiep0 JKU3HU U 3I0POBBIO YEIIOBEKA.

B HOBOM ThICSYENeTHHM HaMETUIACh
TEHJCHIIUSI K POCTY MOTPEOJICHUs IKOIOrHYe-
cku OesomacHbix JIKM, mostomy ocoboe
BHHUMaHHUE B CTaTb€ YAENEHO BOIPOCAM BO3-
JIEHCTBUS IpoLecca U3ro-TOBJIEHUS 3Majll Ha
OKpPYXKAaIoIlyIO Cpe/ly U OpraHU3M YeJIOBEKa.

B cuny Toro, 4to spa HAaHOTEXHOJIOTHH
HACTyIWJIa CPaBHUTEIBHO HEJAaBHO — BCETO
HECKOJIbKO JIeCSITKOB JIeT Ha3all, Ha Cero-
THSIIHAA IeHb MaJlo pa3paboTOK U HCCIEeH0-
BaHUN 1O paccmarpuBaeMoil temaruke. [lo-
ATOMY JaHHas paboTa MpeACTaBIsETCS aKTy-
aJIbHON B acIleKTe NMPUMEHEHHs HAaHOTEXHOJIO-
ruii B npousBoactBe JIKM mia cymo- u
ABUACTPOCHUS B IEJSIX TOBBIIICHUS KOPPO3U-
OHHOM CTOMKOCTH METAJUTMYECKUX MTOKPBITHI.

Ieas crarbm — JaTh CPAaBHUTEIBHBIN
aHanmu3  (PU3MKO-TEXHOJOTUYECKHX CBOWCTB
00pa3loB Kpacok ¢ J00aBKaMU KalblIWTa,
TaJIbKa, HAHOMEJIa U HAHOTAJIbKA; IPOJEMOH-

CTPUpPOBATH  IPEUMYILECTBA IPUME-HEHHUS
HAIlOJIHUTEJIEH HAa OCHOBE HAHOMENIa B
msrotosinenn  JIKM g cyaoBelIx U

aBUAKOHCTPYKIM, Oylarojapsi KOTOpeIM oOec-
MICUYNBACTCS MOBBIIMIEHUE (PYHKIIMOHAIBHBIX
CBOWCTB 0€3 CHMXEHMS MX OCHOBHBIX Xapak-
TEPUCTHK.

ITocranoBka 3agauu

OCHOBHBIMU 33/1a4aMH SIBJISIFOTCS:
- IIOJIy4YEHUE U aHAJIU3 Pe3yJIbTaTOB IpoLecca
DKCIIEPUMEHTAIILHOIO  IOJIy4eHUS  HAaHO-
IIOPOLIKOB M€Jla U TaJIbKa,
- pazpaboTka panuoHanbHOro cocrasa JIKM c
IIPUMEHEHUEM  HAIlOJHUTEIEH Ha OCHOBE

HaHOMECJIa W HaHOTaJIbKa JIsI ITOBBIIICHHUA
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KOPPO3HOHHON CTOMKOCTH MeETaula C LEJbIO
npuMeHeHus nonydeHHslx JIKM B cyno- u
aBUACTPOECHUY;

- JI0Ka3aHUE€ NPEUMYILECTBEHHBbIX Xapak-
TEPUCTUK 5Majedl Ha OCHOBE HaHOMela B
CPaBHEHMM C 3MAJIIMH Ha OCHOBE TallbKa U
HaHOTAJIbKa;

- 00OCHOBaHME 3KOHOMHYECKOW 3(PdekTun-
HOCTH MPOMBILIUIEHHOTO TOJy4YEHHs] HAllOJIHU-
TEJsl HA OCHOBE HaHOMEIA.

Pemenue 3agaun

JIns 3a1UThl U AEKOPATUBHOM OKpPAaCKU
W3/1eNIUi Cy/10- U aBUALMOHHON TEXHUKH HC-
MOJIB3YKOTCA PA3JMYHbIE CHCTEMBI JIAKOKpa-
counbix nokpeituii (JIKII), coderarontue mo-
cieaoBaTenbHO HaHeceHHble cinon JIKM pas-
JMYHOTO HasHayeHus. B cucremax akokpa-
COYHBIX TOKPBITUHA BO3MOYHO COYETAaHHE
MHOT000pa3usi cBorictB JIKM myis moBbitie-
HUS IPOYHOCTHBIX, aAT€3UOHHBIX, aHTUKOPPO-
3UOHHBIX, 3alIMT-HBIX U JE€KOPAaTUBHBIX Xa-
PaKTepUCTHK MOKPBITH [1].

IIpuMeHeHHEe TOW WM WHOW CUCTEMBI
MTOKPBITUH JUIsl BHEITHUX ITOBEPXHOCTEN M3Je-
JUH Cyll0- U aBUAIIMOHHOW TEXHUKH 3aBUCUT
OT pecypca paOOThl, HAa3HAUYEHUS, YCIOBUMU
JKCIUTyaTanuu. JloJroBe4HOCTh, HAJIEKHOCTh
1 IEKOPAaTUBHBIN BUJ MOKPBITUSI ONPENETSIOT-
Csl MHOXKECTBOM (DaKTOpOB, TaKMX TaK CBOW-
ctBa JIKM, cxema mOCTpOEHUsl CUCTEMBI 3a-
IIUTHOTO TOKPBITUS, PEXKUM U YCIOBUS (op-
MHUpOBaHUs KaXXJI0ro u3 cio€s. B mpouecce
nonydeHus: d(PQPEeKTHBHOTO, KaueCTBEHHOTO
MOKPBITUSL KKl M3 MEPEUUCICHHBIX (ak-
TOPOB B OTAEJIBHOCTH M BCE OHU BMECTE B3s-
Thle UMEIOT 0cO000€ 3HaYeHHE B Ipoliecce Mo-
nydenust kayectBeHHoro JIKII.

ITpu paspaborke JIKM ocHoBHO# 3ana-
YeH SBIAETCS 3allUTa y3JI0B M JeTallell KOH-
CTPYKLHI CyI0- U aBUALIMOHHOW TE€XHUKU OT
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naryOHOTO BO3JCHCTBHUS OKPYKAIOIMIEH CPEIbl.
IToBEpXHOCTh METAUIMUECKUX JeTallell OIHO-
BPEMEHHO I[0/IBEPraeTCs CIOKHOMY BO3JEH-
cTBUIO MHOTHX (pakTopoB. K Takum pakropam
OTHOCATCS: OOLIMPHBIA TUaNa3oH IepenasoB
TeMIepaTypbl BO3IYIIHON aTMocgepbl, coJ-
HEeYHas pajualus, NOBBILIEHHOE YIbTpaduo-
JETOBOE W3JIy4YeHHE, DSpO3Msi, HEUu30exKHOoe
BO3/ICIICTBUE B IpoLecCe AKCIUTyaTalluu To-
pPIOYMX M CMa30YHBIX BEILECTB, & TAKXKE JIpy-
I'MX arpeccuBHbIX kuakocrei. Kpome srtoro,
JIKII [0mKHO BBINOJHATH  JIEKOPATHUBHBIC
GbyHKIIH.

JIKII nnst cyno- u aBUAalMOHHOM TEXHHU-
KM, IIOMMMO OCHOBHBIX CBOMCTB, TaKMX Kak
anresusi, KOPpo3UOHHAs CTOMKOCTh, (PU3HKO-
MeXaHU4Yeckue (JIaCTUYHOCTb, TBEPAOCTD,
CTOMKOCTh MpHU yjAape), 3allUTHBIE, JEeKopa-
THUBHbBIE CBOMCTBA, JOJDKHBI 00JIajaTh TaKkKe
(GyHKIIMOHAJIBHBIMU CBOICTBaMM — BJaro3a-
IIUTHBIMH, aTMOC(EPOCTOMKUMHU, TEPMOCTOM-
KHMH, APO3NOHHOCTOMKUMY, aHTH-
cTaTuueckumu [2].

Kopposuonnoe Bo3zaeiictue JIKII mpu-
BOJUT K BO3HHKHOBEHHUIO /1€()EKTOB IIEHKU
JTAHHOTO TOKPBITHUS U, COOTBETCTBEHHO, YBE-
JUYMUBAET NMPOHU-IIAEMOCTh arpecCUBHOM cpe-
B K 3aIIUIIAEMON ITOUIOXKKE.

@ynknmonansHele  JIKII  ucnone3yrot
JUISL 3aIlMTBl U3JIE€IUA OT BO3JIEHCTBUS aTMO-
cepHBIX W BOAHBIX BO3JCHCTBUH, XMUMHYe-
CKUX pEareHTOB, PpPaCTBOPUTEIEH, MOIOIIUX
BELIECTB, TOPIOYMX U CMA304YHBIX MATEPHAJIOB,
Ouonorudeckux (GpakTopos, A MPUIAHUS TTO-
BEPXHOCTH aHTUCTAaTUYECKUX CBOWCTB, IIO-
BBIIIIEHUSI TBEPAOCTH U U3HOCOCTOMKOCTH TO-
BEPXHOCTH, BPEMEHHOH 3alIUThl IOBEPXHOCTH
W3JIEIMH NTPU TPAHCIIOPTUPOBKE U XPAaHEHHH.

Heo0x0auMo OTMETHTB, YTO YKECTOode-
HUe

9KOJOTHUYCCKOIo 3aKOHO-aTCJIbCTBA,

OrpaHUYMBAOUICTO COACPIKAHUC PACTBOPHUTC-
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J€il U MHBIX TOKCHUYHBIX KOMIIOHEHTOB B pe-
LENTypax, TpeOyeT pa3paboTKU IKOIOTHUECKU
yucteix JIKM [3]. [Ipu stom cucremst JIKII
JNOJDKHBI  00J1afjaTh  BBICOKMMM  3aLIUTHO-
JIEKOPaTUBHBIMU CBOWCTBaAMM Jis obecriede-
HUS JOJITOBPEMEHHOM 3alUThl KOHCTPYKLIMM
U3JIEIUH Cy10- U aBUALlNOHHON TEXHUKH.

Ha npotsbkeHun nocnegHux AecsTuiie-
TUW HAY4HbIE UCCIIEIOBAHUS B 00JACTH MHHO-
BALIMOHHBIX TEXHOJIOTMM JIOKA3bIBAIOT LEJe-
co00pa3HOCTh NMPUMEHEHHUS HAHOTEXHOJIOTHUH
JUIs. M3TOTOBJICHUS AHTUKOPPO3UOHHBIX Kpa-
cok. C nmpUMEHEHNEM HAaHOHAIIOJIHUTEIEH OT-
KPBIBalOTCSI HOBBIE BO3MOXHOCTH JJIsl COBEp-
LIEHCTBOBAHUS TEXHOJIOTUU IPUTOTOBJICHUS U
noselieHus kadectsa JIKM, nmosromy paspa-
6oTka ontuMansHBIX cocTaBoB JIKII ¢ mpume-
HEHUEM BBICOKOKAYECTBEHHBIX HAHOHAIIOJIHU-
TeJIed MMEET BA)KHOE HAy4YHOE U IpaKTH4e-
CKO€ 3HAYCHHE.

HOI[ HAHOTCXHOJOI'NIAMH IIOHHUMACTCA

o0nacTh TpUKIATHOW U (yHIAMEHTAIbHOM
TEeXHUKU M HayKH, KOTOpas 0ToOOpa’kaeT COBO-
KYTHOCTb TEOPETUYECKOI0 000CHOBAHMS,
IIPAKTUYECKUX METOJOB HCCIIEJOBaHUs, CHH-
Te3a W aHaln3a, IPOU3BOJACTBEHHBIX METOJIOB
U NPUMEHEHHS MPOAYKTOB C 3aJaHHOW aTOM-
HOM CTPYKTYpPOH IOCPEACTBOM KOHTPOJIMpYE-
MOT0 MaHMITYJIMPOBAHHSI KOHKPETHBIMH MO-
JeKyJaMHi M aToMaMM (TIPUCTaBKa «HAHO» OT
rped. «nanos» 00O03Ha4YaeT OJHY MHUIMAP-
HYIO 4acTh Yero-I.).

HanoHnanonHuTens iMu Ha3bIBalOTCA Ma-

TepHaibl, B MATPHIIE TIOJIMMEPa KOTOPHIX pac-
TpeeNieHbl IpyTue MaTepuaibl W BEIIecTBa,
KOTOpble 00pa3yloT o0nacTu HaHOMAacHITada.
Pa3mep 060co0I€HHBIX YaCTHUI] TOTO MaTepu-
ajla HaXOJIUTCS B HAHOJHMANa3oHEe KaK MHHHU-
MyM IO OJTHOMY M3MepeHHI0. YacTHIIbl HaHO-
HATOJHUTENS MPEUMYILECTBEHHO UMEIOT pa3-
mep menee 100 M. CBoiicTBa KOMIIO3UTOB
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ONPEAEIAIOTCS UHTEHCUBHOCTBIO MOJIEKYJISp-
HOTO B3aWMOJICUCTBUS MEXIY MaTepualaMu
MaTpULIbl U HAIIOJIHUTENEM, a TaKKe IIoLia-
JbI0 TIOBEPXHOCTU pazjeina. Bwicokas ynenb-
Hasi IIOBEPXHOCTh IO3BOJISIET CYILECTBEHHO
CHI)KaTh CTEIICHb HAIIOJIHEHHs KoMITo3uTa [4].

OntuMuzanus mapaMeTpoB  CHHTE3a
HaHOPAa3MEPHOCTH HAIOJHUTENS Ja€T BO3-
MOKHOCTb COKPaTUTh €0 yJIelbHbIN pacxo U
IIPOM3BOUTH MaTe€pHaibl, OTBEYAIOIUE Ooee
BBICOKMM TpeOoBaHusM. HaHoHanomHurenu —
3TO aKTUBHBIE a/IUTUBBI HOBOI'O IOKOJIEHHUS.
ANIMTUBBl — TEXHOJIOTHYECKHUE 100aBKU, 00-
JIeTYarolye U yCKOPSAoIUe CMayuBaHue MO/I-
JIOXKKH, TUCIIEprUpOBaHUE MUIMEHTOB, yCTpa-
HEeHHE /1e(heKTOB, OTBEPKACHUE HA 3Talax u3-
TOTOBJIEHUS, TPAaHCIOPTUPOBAHUS, XPaHEHMSI
JIKM u npu ¢popmuposanuu JIKII.

[IpumMeHeHrne MOPOLIKOB U HaHOMOPOII-
KOB BO MHOIOM 3aBUCHUT OT UX CTPOEHHUS U
MPOSBIISAEMBIX (U3UKO-XMMHUYECKUX CBOMCTB,
MI03TOMY HX HCCIIEJOBaHMS SBISIOTCSA aKTy-
QJIbHBIMH HA CETOJHSIIHNN JCHb.

3KC1’[epl/lMeHTaJ'leaﬂ HacTb

[Ipy oMol MHKPOCKONUYECKUX HC-
CIIEIOBAaHUII MOXXHO OHNpPENENIUTh pa3Mephl,
¢dbopmbl yacTul, oOpa3oBaHKUE arjaoMepaToB U3
qacTul U T.A. 1 onpeneneHns B3auMOCBS3H
TEXHOJIOTUYECKUX, (PHU3MUECKUX U XHUMHUYE-
ckux cBoiictB JIKM 1 cBOMCTB MUHEpPAIbHBIX
HanoJiHuTeNe ObUl MPOBEAEH MHKPOCKOIHU-
YECKHI aHAIIN3.

Tak, B kauecTBe 00pa3llOB HaIOJHHUTE-
neit ObUTH B3STHI M€ M TalbK. AHaIU3 o0pas-
0B mnpoBojwics B HMHCTUTyTE reojoruu u
reopusukd npu MHHHCTEpCTBE HAyKH M 00-
pasoBanus AzepOaiikanckoit PecrryOnuku.

Muxkpockonnyeckue U CCIIEIOBaHMS
IIPOBOJIMJINCh HA IMPOTPAMMHOM MHMKPOCKOIIE
JEOL JSM 6610lv, mpemHasHaueHHOM JIst


https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
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uccieoBaHus MOP(HOIOrHIeCcKoro, (ha3oBoro,

JJIEMEHTHOTO COCTaBa M MOJIEKYJIIPHOU
CTPYKTYpbl MaTepHaJloB U BeuiecTBa. MHUKpo-
CKOIIMYECKUN aHaIu3 Meja IoKa3ajl, 4To Mell
SIBJISIETCSI OCAJOYHON TOPHOM MOpOJOW opra-
HUYECKOT0 (300reHHOro) npoucxoxaenus. 1o
pe3ylbTaTaM aHallu3a XUMHUYECKOro COCTaBa
Mena Obu1o BhIsiBNIeHO Hainuue CaO B cocTase
B Oousbiiom kosmuectse (96,89%), a MgO B
masioM kosmdectBe (3,11%). Xumuueckas
dopmyia mera CaCO3. MuHepalbHBI COCTaB
MeJla CXO0X C M3BECTHSIKOM, HMEET MEJKO-
JTUCTIEPCHYI0 MOP(OJIOTHYECKYI0 CTPYKTYpY.
B cocraBe Mena HeT mpumeceld, OH HMeEET
MHUKPOCKOIIMYECKUH pa3Mep 4acTHll.
XUMUYEeCKUN aHalu3 TajbKa IOKa3al,
YTO OH UMEET KPYIHOJAUCIIEPCHYIO CTPYKTYPY.
Tasnbk NnpeacTaBiIeH YelylWyaTbIMU U JIMCTOBA-
TBIMU arperaraMi, TOHKO-UEIIyW4YaTbIMHU I10-
polamu, TaONUTYATBIMU KPUCTAJUIAMU WA BO-
JIOKHHUCTBIMH MAacCaMu, IUI0XO OrpaHEHHBIMU U
C TPYAOM PaCIIEIUIOIMMHACSA Ha TOHKHE IUla-
CTUHBI.  XuMmHueckas (opMmyna  Tanbka
Tanpk sBiA€TCI MHUHEPAIOM MOHOKIMHHOU

niIn

CHUHTOHHMH. B coctaBe Tajlbka MPUCYTCTBYET B
OONBIINX KOJIMYecTBaX OKcHa Kpemuus SiO;
(65,57%) u oxcun marmust MgO (33,25%).
[Tpumecu B Buae okcuaa amomuuus Al,Oz u
okcuaa xeneza Fe,Osz mpeacraBieHsl B cpaBs-
HUTEJIBHO MaJIoM KoinyecTBe. Takum oOpa-
30M, MBI IPUIIUTA K BBIBOAY, YTO TaJIbK Mpe/I-
CTaBJICH HE B YHCTOM BHJE, TaK KaK B €ro CO-
CTaBe OOHApYXeHbI puMecH. Pa3mep gactwil
TaJbKa — MUKPOCKOITHYECKHIA.

TaJlbk ¥ MeJT 3HAYUTEIEHO OTINYAFOTCS
JPyT OT JIpyra 1Mo (pU3UKO-XUMHUISCKUM ITOKa-
3aTeNsiM U CTPYKTypaMm CBOMX KpHCTaJUTHYe-
CKUX PEIIeTOK, OJHAKO HEe3HAYUTEIBHO OTIIH-
YarOTCs 110 pa3Mepam.

Ha ceronmusmauii neHs Haunbolee pac-
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MPOCTPAHEHHBIM U TPOU3BOIHUTEIBHBIM CIIO-
COOOM TMOJIy4eHHUs] HAHOMOPOUIKOB SIBJISETCS
TOHKOE MEXaHWYECKOEe U3MeNbUeHHE (IHcTep-
rupoBanue) marepuanoB (OT jat. dispersio —
paccesiHuie). B mpowmbliieHHOCTH M 1abopa-
TOpUAX AJI AUCIIEPTUPOBAHMS TBEPIBIX TeEJ
UCIOJIB3YIOT paziUYHble MEIbHUIBl (BUOpa-
LIMOHHBIE, CTPYHHBIE, IIIAPOBBIE, OHCEPHBIE).

[ToBbIIeHNE  TUCHEPCHOCTH  MOXKET
OCYILIECTBIISATHCS MTOCPEICTBOM HM3MENbYCHUS
MOPOIIKOB B JHCIIEPTallHOHHBIX MEIbHUIAX.
[ToaTromy oba obOpasma (Men W TallbK) OBUTH
oTnpasjieHbl B MHCTUTYT MOJMMEpHBIX MaTe-
puasioB npu MUHUCTEpCTBE HAyKu U 00pa3o-
BaHus AP Ha momon B yHHBEpcaJbHYIO pe-
KYIYI0 SKOHOMHUYHYIO BEPTUKAIBHYIO MEJb-
auiy VLM-2. JlanHas MenpHUIA TIpeIHA3HA-
YeHa JUIsd M3MeJbueHusi o0pas3ioB B Jiabopa-
TOPHBIX YCIIOBHSX.

Takum 006pazoM, UCHIBITYEMbIE HAMU 00-
pas3ipl Mella U Tajbka OBUIM M3MENbYEHBI 10
HaHOYaCTHUIl. BblT MpoBeAeH MMKpPOCKOMUYe-
CKUH aHalu3, MOKa3aBIIHMH, 4TO HAHOTAJIbK B
pasMepax 3HAYMTEIBHO YCTYNAeT pa3Mepam
HaHoMmerna. Jlake mocie momosia Tajbka He
yIAIOCh TOOUTHCSI 3HAYUTEIHHOTO YMEHBIIIE-
HUS YaCTHI] U U30aBUTCSI OT UTOJIbYaTOu (pop-
MBI, TOTJ]a KaK MeJ 33 3HAYUTEIbHO HEOOJb-
10€ BpeMsi HAMHOTO YMEHBIIIHJICS B pa3Mepax
cBoux vactull (puc. 1 u 2).

Pucynox 1 — Mopdomnoruueckoe u300paKeHHe
HaHOTaJIbKa
Figure 1 — Morphological image of nanotalc


https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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Pucynok 2 — Mopdonoriuueckoe H300pakeHUE
HaHOMCIIa
Figure 2 — Morphological image of nanochalk

[IpoBeneHHBIC ASKCIIEPUMEHTHI TIOKa3a-
JIY, 9TO TOJIBKO JIUIIIb Yepe3 HECKOJIBKO YacoB
CyXOTro ToMoOJia HaOJIOAAIOCh YBEIMYECHUE
yIeIbHOU TMOBEPXHOCTH YAaCTUYEK TallbKa, B
TO BpeMs KaK MeJl B TEYCHHH 4aca JIOCTHraeT
TpeOyemMoil yIenbHONH MOBEPXHOCTH YACTHII.
Tak, mpu OIWHAKOBBIX YCIOBUAX [UIsI Mela
TpeOyeTcss MCHEe [UTMTEIHLHOE TUCIIEPTUPOBaA-
HHE, YeM IS TallbKa. Takke HeoOXOaUMO OT-
METHUTH, YTO TP U3MEIILYCHUH YaCTHUI] TAJTbKA
JUTISL YITYYIICHUS Ka4eCTBa JIUCIICPTUPOBAHHUS
MOHAI00UNIOCh  100aBlIeHHE TMOBEPXHOCTHO
aktuBHbIX BemiecTB (IIAB). Takum oGpazom
MOKHO M30€XaTh SIBICHUS CaMO3aJICYMBAHU
TpEIIMH B YacTUIaX TajbKa 3a C4eT aacopO-
nuu. AJCOpOUpYIOIIME BEUIECTBA  YCHIIST
JIENCTBUE pa3pyIIaONIUX CUJI, HO OyAyT OKa-
3pIBaTh HETATHBHOE BIIMSIHHEC Ha OKpPYXKaro-
myto cpeny, nockonbky ITAB moryr BbICBO-
00XTaTh MOHBI TSDKEIBIX METALUIOB. B oTiu-
4He OT TallbKa, B MEJIE TAKOTO HE MPOUCXOIUT.
Bbu10 yCTaHOBJIEHO, YTO MPH CYXOM IOMOJIE
JUTUTEIHHOCTRIO OKOJIO Yaca obecredynBaeTcs
J0CTaTOYHAsl AUCIIEPCHOCTh MeJa, TOrja Kak
TaJbK JTUCTIICPTHPYETCS B TCUCHUU HECKOJIb-
KHX 4acoB ¢ goOasiaeHueM [1AB.

JIJis vccnetoBaHUsSl COCTAaBOB M CBOWCTB
JIKM Ha cynopeMoHTHOM 3aBoje «buowu-
Ditbar» B JaKOKPACOYHOM Y4YacTKe ObUIM CO-
3MaHbl 3 00pasia CyJAOCTPOUTEIBHON KpacKu
[1d-115: 1-it obpasenr - KOHTPOIBHBIN 00pa-
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3em; 2-ii oOpaser - ¢ HAMOJHUTEIEM TaJIbK;
3-i1 oOpaser - ¢ HaNOJIHUTEIEM HAHOMEIT;
4-ii oOpa3serl - ¢ HaNOJHUTEIIEM HaHOTAJIbK.

Owmane [ID-115 Obuta W3roTOBJIICHA B
coorBerctBuu ¢ 'OCT 6465-76 [5] mo penen-
Type, IpuBeaEHHON B TabiuIie 1.

Jlnst mpoBeieHUs SKCIIEpUMEHTa B Kade-
CTBE TMOJUIOKKHM HamMHu Oblla BbIOpaHa CTailb
PCJI1-32, xotopast Obli1a OKpalieHa BceMu 4-Msl
SMaISIMU (KOHTPOJIBHBIM 00pa3IioM, U3rOTOB-
JICHHBIM Ha 3aBojic «buOu-2ibar» Ha OCHOBE
Mea, U TpeMsl MOJTyYeHHBIMA HaMu 0o0Opasiia-
MH).

Ta6auna 1 — Penentypa cynossix JIKM Ha ocHo-
BE€ pa3HbIX HAIOJHUTEIEH

Table 1 — Formulation of ship paints and varnishes
based on various fillers

Cocrasisionge KoMIo- Bec cocraBasiiommux
HEHTDI KOMIIOHEHTOB
CocTaB KpacKk Ha OCHOBE HATIOJTHUTEJISI HAHOM e-
Jaa

JTax I1D-60 0,435
Juokcun turana (TiO,) 0,092
Hanonautens (HaHOMEN) 0,343
PactBopurens 0,114
Karanuzarop 0,016

CocTaB KPacKH Ha 0CHOBE HATIOJHATES] HAHOTAIbKA
Jlax T1D-60 0,435
Juoxcun turana (Ti0,) 0,092
HarmosHuTenb (HaHOTAaJIbK) 0,343
PacTtBOpuTens 0,114
Karanuzarop 0,016

CocTaB KpacKH Ha OCHOBE HANIOJIHUTEJIS TAJIbKA
Jlax T1D-60 0,435
Juoxkcuy turana (Ti0,) 0,092
HanonauTens (Tanpk) 0,343
PactBopurens 0,114
Karanuzarop 0,016

Ilocne Hpe,[[BapPITeJ’ILHOfI O4YHCTKH,

o0e3)xupuBaHus U 00paboTKU cTanu Bce 4 00-
pa3na ObUTM HAaHECEHBI Ha CTAJLHBIC TUTACTH-
HBI U OCTaBJICHBI C IEJIbI0 3aTBEP/ICBAHUS Me-
TOAOM Xo0yoaHOW cymku. [locie BhICBIXaHUS
Bce 00pa3ilbl OBUTH OIMYIICHBI B MOPCKYIO BO-
Iy B Lenax (pUKCUpOBaHUS M3MEHEHHMH, Mpo-
UCXOJSIIUX C KXKABIM U3 00pa3IoB B ecTe-



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2023, cild 15, Ne 3, s. 15-27
Fatyanova N. V.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 3, pp. 15-27
Fatyanova N. V.

CTBEHHBIX YyCIOBUsX. MccrmenoBaHus mpoBo-
qunuchk Hamu Ha 60, 120 u 180-#1 nenn 3kcie-
pumeHTa. CpaBHUTENbHBIA aHANU3 (U3UKO-
TEXHOJIOTHYECKUX CBOMCTB 00pa3I0B KPacok ¢
no0aBKaMM KalblIUTa, Tajlbka, HaHOMENa H
HaHOTaJbKa mpoBoauiics B MHCTUTYTE reoso-
ruu 1 reopusuku npu MUHUCTEPCTBE HAYKHU U
obpazoBanus AP.

CornacHO HpPOBEIEHHOMY CpPaBHUTENb-
HOMY aHaJIu3y 5Majieii ObLIO YCTaHOBIIEHO,
YTO 3Majlb HA OCHOBE MeJla UMEET OJAHOPOI-
HYIO CTPYKTYpy Onaromapsi TOMy, YTO YacCTH-
[l MeJla PaBHOMEPHO pacIpe/ielieHbl B COCTa-
B€ dMaJli, TOTJa KaK dMallb Ha OCHOBE TallbKa
MMEET HEOJHOPOAHYIO CTPYKTYpPY 3a CYET
pacmpesielieHdss B COCTaBe KPAacKh OTHOCH-
TEJIbHO OONBIIMMH KYCKaMH.

HccnenoBanue U nociueayromuil aHamms3
60, 120 n 180-mHEBHBIX 00pa3IlOB MOIOKEK,
OKpallleHHBIX BceMHU 4 oOpa3inamu 3maiel 1mo-
kazamu, uro Ha 60-if m 120-if nenp sKmepu-
MEHTa IMOBEPXHOCTh 00pa3lia CTajau, MOKPHI-
TOW SMajbl0 HA OCHOBE HaHOMENa, UMeeT 0o-
Jiee MEJKOAMUCIIEPCHYIO CTPYKTYpY, 9Ta dMallb
0oJiee TUIOTHO MpUIIEraeT K MOBEPXHOCTH, HE
HaOJI0AaeTCs BCIYYHBAHUs, B OTIMYUE OT T10-
BEPXHOCTH 00paslia CTalli, IOKPBITON IMAIBIO
Ha OCHOBE HaHOTAJbKa.

[To pe3ynpraTaM NpOBEAEHHOTO XHUMU-
YEeCKOro aHaiu3a ObLIO YCTaHOBIEHO, YTO B
cocTaBe dMalli Ha OCHOBE HAHOTAJIbKa HaJu-
yHe OKCcHaa jkene3a cocraBiser 1,42%, drto
CBUJCTETBCTBYET O TMPOTEKAHUU KOPPO3UH.
Hammume koppo3um B oOpasiie ¢ HaHOMEIIOM
Ha 60-ii m 120-if neHp SKCIepUMEHTa He OBLIO
3aucukcupoano. Ha 180-ii nenp skcmepu-
MEHTa JIJIsl BU3YAJIILHOTO CPaBHEHHs BCEX de-
TBIpEX 00pa3ioB ObUIM clenansl Gororpadu-
YeCKUE CHHMKH, Ha KOTOPBIX BHUJHO 3HAUYU-
TEJILHOE MPEBOCXOCTBO 00pa30OB HA OCHOBE
MeJa U HaHOMeJIa TI0 CPaBHEHHIO C 00pa3amMu
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Ha OCHOBE Tajibka W HaHoTajbka. OOpa3lbl
SMaJId Ha OCHOBE Meja M HaHOMEJa OTJIMYa-
JIMCh MCHBIIMM BCIYYHMBAHUCM, TOI'Ila KaK B
oOpasiiax sMalli Ha OCHOBE TalbKa U HAHO-
TajabKa HaOJIIOAANUCh 3HAUYUTEIbHBIE MpPU3HA-
KM Koppo3uH. TakuM oOpa3oM, ObLIN BbIsIBIIE-
Hbl NPEUMYLIECTBEHHbIE  XapPaKTEPUCTUKH
HSMalld Ha OCHOBE MeJla U HaHoMeJa, Oiaroja-
psl KOTOPBIM OHa 00JaaeT Jydiield KOppo3H-
OHHOM CTOMKOCTBIO, YE€M OJMajb Ha OCHOBE

TajgbKa U HaHOTaJIbKa (puc. 3 u 4).

Pucynok 3 — ®doroprapuueckuii caumox 180-
JTHEBHBIX 00pa3IOB AMaM Ha OCHOBE TajbKa (cie-
Ba) 1 MeJa (crpaBa)

Figure 3 — Photograph of 180-day-old talc (left)
and chalk (right) enamel samples

Pucynok 4 — ®dororpapuueckuit caumox 180-
JHEBHBIX 06pa3u0B OMaJIM Ha OCHOBC HAaHOTAaJIbKa
(cneBa) 1 HaHOMeNa (cripaBa)

Figure 4 — Photograph of 180-day-old nanotalc
(left) and nanochalk (right) enamel samples

[anee nns onpeneneHus aare3nOHHBIX
XapaKTEPUCTUK U KOPPO3MOHHOW CTOMKOCTH
Ha 3JIEKTPOHHOM MuKpockorne JSM 6610LV
Ol uccienoBanbl 180-aHEBHBIE 00pa3IlbI,
MOKPBITBIE SMAJIIMU Ha OCHOBE MeEJa, TaJlbKa,
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HaHOMeJla M HaHoTanbka. [lo uroram Mukpo-
CKOIIMYECKOT0 aHaJIn3a ObUIO YCTAaHOBJIEHO, YTO
sMaJlb Ha OCHOBeE Mena ciyctd 180 nHeil 3Hauu-
TENbHO OTJMYAECTCA OT IOBEPXHOCTH, IOKpHI-
TOW YMAJIbIO Ha OCHOBE TaJIbKa.

IIoBepXHOCTB CTanH, MOKPBITOM 3MalbIO
Ha OCHOBE Me€Ja, II0YTU PaBHOMEPHO IOKPBITA,
HaOmoaercss HeOOoJbIIOe BCIyYMBaHHUE, KOp-
po3us IPOTEKAET HE3HAYUTEIBHO, O UEM CBH/IE-
TEJNbCTBYIOT HEOOJIbIINE BKPAIUICHUS pPrKABUU-
Hbl. Ha mOBEpXHOCTH, IOKPBITOM 3Majbl0 Ha
OCHOBE TaJIbKa, KpaCKa OTCIIOWJIACh OT MOBEPX-
HOCTH, HAOJIIOJAIOTCSI CUJIbHBIE BKpAIUICHUS
P>KaBUYMHBI,
3MU [IPOTEKAET ObICcTpee.

Xumnueckuii a"Hammn3 180-qHeBHBIX 00-

COOTBCTCTBCHHO IIPOLCCC KOPPO-

pa3IoB, MOKPBITHIX 3MAJISIMU Ha OCHOBE MeEJIa,
TaJIbKa, HAHOMEJA U HAaHOTAJIbKa, TaK)Ke IOKa-
3aJl, 9TO MPOIECC KOPPO3HH HA TTOBEPXHOCTH,
MOKPBITOW dMabl0 HAa OCHOBE TaJbKa, IPOTe-
KaeT 3HAYUTEILHO ObICTpee, YeM Ha TMOBEpX-
HOCTH, OKpAIICHHOH AMallbl0 Ha OCHOBE MeTa.
Xots BkpamieHus okcuaa skeneza FeO mo-
SBUJIMCh Ha 00omx oOpasliax, OJHaKO Ha Mo-
BEPXHOCTH, OKpAIIEHHOW 00pa3IioM Ha OCHOBE
Mena, KOPPO3HOHHBIA TMPOIECC MPOTEKaeT
MeJJICHHEee, YeM Ha MOBEPXHOCTH, MOKPBITOM
JIKM Ha 0CHOBE TaJlbKa.

[To nToram MOpPQOIOrHIECKOro aHATN3a
Takke OBLIO BBISBIEHO, YTO TIOBEPXHOCTH, T10-
KpBITasi KpacKol Ha OCHOBE HaHOMEIa, UMEeT
0ojee MENKOIUCIIEPCHYIO CTPYKTYpy, Oonee
rIajKas ¥ Kpacka paBHOMEPHO paclipeeieHa
10 TTOBEPXHOCTH (puc. 5 u 6).

XUMHYECKUH aHaIM3 00pasIoB MmoKa3as
HE3HAYNUTEILHOE KOJUYECTBO OKCHA Keje3a
FeO B cocraBe sManM Ha OCHOBE HaHOMEIA,
3HAYUT, MPOIECC KOPPO3UU HA MOBEPXHOCTH
OKpAIIIEHHOW CTaJId MPOTEKAeT MEIJICHHEE, B
OTIIMYHME OT TIpoIlecca, MPOUCXOMASIIEIO Ha
MOBEPXHOCTH, OKPAIICHHON 3Mallbl0 Ha OCHO-
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BE€ HAHOTaJbKa. DTO MPOUCXOAMUT Oyaromaps
TOMY, YTO HaHOYACTHUIbl M€JIa MOCIE JUCIep-
rMpOBaHUA YMCHBIICHBI [0 HYXHBIX HaHO-
pazmepoB. M3Menb4E€HHBIN 10 TaKOro pazMepa

Men B coctaBe JIKM xopomio BiusieT Ha ajare-
3MOHHBIE U KOPPO3UOHHKIE cBocTBa JIKM.

S0um
01 Nov 2022

Pucynok 5 — Mopdonoruueckasi CTpyKTypa 3Maiu
I1®-115 Ha ocHoBe Hanomena (180-mHeBHBIN 0Opa-
3e1)

Figure 5 — Morphological structure of PF-115
enamel based on nanochalk (180-day sample)

Pucynok 6 — Mopdoorudeckas CTpyKTypa dManu
[1d-115 Ha ocHoBe HaHOTaNBKA (180-1HEBHBII 00-

paserr)
Figure 6 — Morphological structure of PF-115
enamel based on nanotalc (180-day sample)

Takum 00pa3oM, COIJIACHO TPOBEICH-
HBIM HCCJIEI0OBAaHUAM, Mbl IIPUIIUIM B BBIBOLY,
4yTo OJarofaps TEXHOJOTHMYECKUM, (u3nde-
CKMM M XMMHUYECKHUM CBOWCTBAaM Me€jla U Tajb-
Ka OHHM MOTYT HCIIOJb30BAaThCS B KAadyeCTBE
ganosauteias B coctase JIKM u JIKII. Onna-
KO M€l M HaHOMeJ, B OTIMYHME OT TajJbKa U
HAHOTAJIbKa, IMOJIHOCTBIO OTBEUYAKOT TpeOOoBa-
HUSM, KOTOpbIE NpeabsiBieHbl K JIKM.
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bnarogaps no0aBkam HaHOMeEna YycTa-
HOBJICHO Takke nosbiieHue croiikoctu JIKII
K pacTpEeCKUBAHUIO, YJIYYIIEHUE CBOIICTB,
MPUJAIOLINX TISHEL AMalli, YJIy4lIeHUE Peo-
JIOTUYECKUX CBOMCTB 3Malld U IOBBILICHUE
IIPOYHOCTHBIX XapAKTEPUCTUK 3Maju IpPHU Me-
XaHUYECKOM BO3JICHCTBUM, YIIYUILIEHHE aTMO-
chepocrorikoct W Biaroctorkoctu JIKM,
MOBBILIEHUE XMMHUYECKOM M KOPPO3MOHHOMN
crorikoctu JIKM. YHukaapHOCTH Mena 00y-
CIIOBJIEHA OCOOCHHOCTSIMH KPHUCTAJUINYECKOM
CTPYKTYpBI U IJIaCTUHYATON (POPMOI YacTHLl.

Haubonee BaXxHBIMU CBOMCTBAMM HaHO-
MeJa SIBJISIFOTCS] BBICOKasi Oen3Ha U MATKOCTb,
rupohoOHOCTh U OPraHO(UILHOCTh, BBICO-
Kasi TEPMOCTOMKOCTh, XHMHYECKass HWHEPT-
HOCTb U HU3KAasl 3JIEKTPOIIPOBOJHOCTD. 3a CUET
MSATKOCTH HAaHOYACTHUI] MeJla JIAKOKPAaCOUYHBIM
MaTepuaigaMm Mpuaaércs Xopouias nuudye-
MOCTb U 00ecreuynBaeTcsl HU3KUil abpa3uBHBIM
M3HOC IOBEPXHOCTH; TUAPO(YOOHOCTH U XHU-
MHUYecKasi CTOMKOCTh HaHOMeJa 0OecreunBaeT
JOJTOBEYHOCTh, AHTUKOPPO3UOHHYIO CTOM-
KOCTb, a TaK)XXe yJydllaeT BHEUIHWM BHJ I10-
BEPXHOCTH METaJlIa.

[InacTuyHOCTH HaHOUACTHI] Mena obec-
MEeYMBAeT HU3KYI0 BOJOHENPOHHUIIAEMOCTH,
XOpOIIYI0 YKPBIBUCTOCTh U BBICOKHME XapaKTe-
puctukn npoyHoctd JIKM, mnosimaercs
YKPBIBHCTOCTb, BOJJOCTOUKOCTh U aTMocdepo-
CTOHMKOCTb, YCHUJIMBAETCS XUMHUYECKass U KOp-
PO3MOHHAsA CTOMKOCTb, DPETYJIUPYETCS Maro-
BOCTb IIOKPBITUS M BSI3KOCTh KOMIIO3ULIUH,
YIIY4IIAIOTCS PEOJIOTHUECKHE XapaKTePUCTUKU
JIKM.

Takum oOpa3oM, dKCHEPUMEHTAIbHO

YCTaHOBJICHHBIE  MPEUMYIIECTBA IOATBEP-
KIAIOT YPPEKTUBHOCTh U LEIeCO00pPa3HOCTh
MCIOJIb30BaHUs 100aBOK HAHOMETA B COCTaBe
JIKM, npumeHsieMbIX B aBUa- U CYIOCTPOM-

TCJIIBHOM ITPOU3BOACTBC.
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Pacuér 3arpsi3HSIIOIIUX BeENIECTB OT JIAKO-
KPaco4YHOro Mpou3Bo/CTBA

[TockonbKy MPOW3BOACTBEHHAS TPAKTH-
Ka IOKa3bIBaeT, uyTo OoybimmHCTBO JIKM co-
JIEP)KUT B ce0€ KOMIIOHEHTBI, KOTOPBIE CITO-
COOHBI OKa3aTh IMaryoOHOE BO3JCHCTBHE Ha
OKPY)KAIOIIYI0 CpPeAy M OpPTaHHM3M 4eJIOBEKa,
HaMu ObUT TPOU3BEIEH PACUET 3arpsI3HSIIONTUX
BEIICCTB OT IPOU3BOJICTBA H3TOTOBJICHHBIX
HaMu 00pas3IloB.

[Tpu pUrOTOBIICHUH KPACKH U3 PaCTBO-
puTeNel BBIICISAIOTCS Tapbl PACTBOPHUTEIICH
[6].

"= Mo -8 10 (1)
rae My — KOJIM4eCTBO KOMIIOHEHTOB, UCIIOJIb-
3yeMBIX NpU MPUTOTOBICHUM Kpacku; On —
cymma Jietyuux gacteit u3 JIKM, 7%; oy — ko-
JUYECTBO PACTBOPHUTENS, BBIACIUBIICTOCS W3
cmecurens, 3%; I1"=1425,0 kr/r = 1,4235 1/r.

Buioenenue sewecms 6 suoe napos pacmeo-
pumeneii 3a cexynoy: IT" =0,075 r/cex

B Ttabnume 2 mnpeacraBieHbl KoJWYe-
CTBEHHBIC 3HAYCHUS BBIJCISIOIIMXCS IapOB
pacTBOpHUTEIIEH.

Tabauua 2 — Beigenstonuecs mapsl pacTBOPUTEINCH
Table 2 — Emerging solvents

Kcnmon 0,6785 1/r | 0,0370 r/cex
CoabBEHT 0,4735 1/ | 0,0220 1/ cex
VYaitr-cnupur | 0,2715 1/r | 0,0160 r/ cex

[To cremneHu BO3AEHCTBUS HA OPraHU3M
KCHJIOJI OTHOCHUTCSI K 3-My KJIacCy OIacHOCTH
(YMepeHHO OIacHbIE BEIIECTBAa), yaUT-CITUPUT
U COJIBBEHT OTHOCATCS K 4-My KJIaccy OIacHO-
ctH (BemectBa ManoomnacHele) mo ['OCT

12.1.007-76 [7].

IIsL1eBHAHBIE BRIACJICHHUSA
[Ipu noGaBieHWH B CMECHTENIh KPACOK
Pa3ITUYHBIX

MOPOITKOOOPA3HBIX  BEIIECTB


https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%81_%D0%BE%D0%BF%D0%B0%D1%81%D0%BD%D0%BE%D1%81%D1%82%D0%B8#%D0%9A%D0%BB%D0%B0%D1%81%D1%81_%D0%BE%D0%BF%D0%B0%D1%81%D0%BD%D0%BE%D1%81%D1%82%D0%B8_%D0%BF%D0%BE_%D0%93%D0%9E%D0%A1%D0%A2_12.1.007%E2%80%9476
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%81_%D0%BE%D0%BF%D0%B0%D1%81%D0%BD%D0%BE%D1%81%D1%82%D0%B8#%D0%9A%D0%BB%D0%B0%D1%81%D1%81_%D0%BE%D0%BF%D0%B0%D1%81%D0%BD%D0%BE%D1%81%D1%82%D0%B8_%D0%BF%D0%BE_%D0%93%D0%9E%D0%A1%D0%A2_12.1.007%E2%80%9476
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(Men, TaJdbK M T.I.) 3Ta 30Ha MPUHUMAETCS 3a
HMCTOYHUK MHTEHCUBHOI'O HEJIETY4ero Ibuie-
oOpa3oBaHUs.

Jnst pacuera MBUICBUJIHBIX BBIJICICHUN
MOPOIIKOOOPA3HBIX BEIIECTB HCIOJIb3YIOTCS
JaHHbIE, B3AThIC [l pacyeTa MbUIH.

O0ObeM IbUIN:

CexyHOHbIIL  8bIOPOC  3A2PAHAIOULECO
gewecmea:
6
_ kok, ok, ok, ok ok7.BeGel0 eex  (2)
3600

rae K; = 0,09 — BecoBas 1o nblieBoit ppak-
nuu; Ky = 0,06 — mosst mblm (OT BCei BECOBOM
MBUIH), TIEpexoAsmas B a’po3oip; Kz = 1 —
KOA((OUIIMEHT, YIUTHIBAIOIUN METCOPOJIOTH-
YecKue yclioBus (ckopocth Betpa); Ky = 0,1 —
KOA(QPUIHMEHT CTENEeHH 3alIMIIEHHOCTH pado-
YEero MecTta OT BHEUIHUX BO3JECUCTBHUH (ycIo-
BUs TblIeoOpazoBanus); Ks = 0,7 — koaddu-
[MeHT BraxHoctu marepuana; K7 = 0,8 — ko-
3¢ unmeHT kpynHoctu Marepuana; B = 0,4 —
koa¢ dunmeHT BoicoThl nepeckinku; G = 0,083
— CyMMapHO€ KOJHYECTBO TepepadaThiBacMoO-
ro MaTepuaa.

g = 0,00055 r/cex

T'0008vle 8bIOpOCHI NUMEHMHOL NBLIU:

Q =0,000295 1/r

[To creneHu BO3JCWUCTBHS HA OPTraHU3M
MBUICBUTHBIC BBIJCIICHUS OTHOCHUTCS K 3-My
KJIacCy OMacHOCTH (yMEpPEHHO OMacHbIe Belle-
CTBA).

Kak mokaspIBaloT pacderbl, BBIOPOCHI,
XOTs W BpelHbIE U MOTYT HAaHECTH Bpe] Kak
3JI0pPOBBIO, TaK M OKPYXKAIOMICH cpejie, He3Ha-
YUTENbHBI, SMajb OTHOCHTCS K KaTErOpUH
YMEPEHHO TOKCHYHBIX.

CerosiHss OJTHOW W3 aKTyaJIbHBIX TEXHO-
JIOTUYECKUX TPOOIEM SIBIISETCS TMOBBIIICHUE
TOHHHBI TIOMOJIa CBIPbS, CO3JaHHE MHO-
ro(pyHKIIMOHAILHOTO TOMOJBHOTO 000pYyIOo-

BAHMS, YMEHBILECHHWE 3aTpPAaT DHEPrUU IIpHU
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HaHOIIOMOIJIC.

CoBpeMEeHHOE MaTepuagbHOE IPOU3-
BOJICTBO OCHOBAHO Ha JMCIIEPTHPOBAHHH, 10~
CKOJIBKY OT CBOWCTB M KauecTBa MOPOIIKA 3a-
BUCHT MaTEepHaJIOEMKOCTb,

BCCro IMpOU3BOACTBCHHOI'O

CIIO)KHOCTh U
SHEPTOEMKOCTh
nporiecca [8].

bonbuine 3atrpaTsl 3MEKTPOIHEPTUU Ha
HAHOMOMOJI OOYyCJIOBWJIM MHOTOUYHCJIEHHbIE
WCCIICIOBaHMSI, KOTOPBIE HAIPaBIICHBI HA MO-
BBIILIEHUE PEHTA0EIbHOCTH MOMOJIBHOTO 000-
pydOBaHUST W Ha pa3pabOTKy HOBEHWIINX
YCTPOMCTB M METOJOB MOJIYyYEHUS HAHOIIO-
pomrkoB. HMccnenoBaHusi, HalpaBlIeHHbIE Ha
yIy4IlIEHUE KAYECTBEHHBIX XapaKTEPUCTHK
KpacKu, B Cly4yae HAXOXKICHHS ONTUMAIbHBIX
BapHUaHTOB, OyAyT CIOCOOCTBOBATH YMEHBIIIE-
HUIO 3aTpaT Ha PEMOHT, BOCCTAaHOBJICHHUE H
3aMeHy aBHa- W CYAOBBIX METAJUTMYECKHX
KOCTPYKIIUH, BBIMIEANIAX W3 CTPOS IO IPH-
yune pazbenanus JIKII kopposmeit. Tak Mo-
KeT ObITh HaliJleH YKOHOMHUYEecKHil OanmaHc B
JTAHHOM BOIIPOCE.

Jnst monmydeHuss MUKpO- U HaHOTalIbKa
OJIHOM M3 KOMITaHWH, 3aHUMAIOIIMXCS Hay4d-
HBIMH HCCIICIOBAaHMSIMA W pa3padOTKaMH B
00J1aCTH €CTECTBEHHBIX W TEXHUYECKHUX HAYK,
ObUIO pa3pabOoTaHO W M3TOTOBJIEHO TEXHOJIO-
ruueckoe obopynosanue. Llenpio mpoBoanMo-
ro aHajau3a ObUIO OmpeseNieHHe 1iernecoodpas-
HOCTHU TIOJTYYCHUS U3 TaIbKa YaCcTUI[ MUKPO- U
HaHOTanbKa. [IyTéM MHOTOYHMCIEHHBIX JKCITe-
PUMEHTOB M pacuéToB L1€JIecO00pa3HOCTh I0-
Jy4eHUs] JTaHHBIX 00pasloB ObUTa JT0Ka3aHa.
Opnako mepea HaMM CTOsUIa 3ajiada CpaBHe-
HUSL DKOHOMUYECKOW 3(PPEKTUBHOCTH TMOIY-
YeHHs YacTHIl HaHOMeJla C TOJyYeHHUEM Ya-
CTHI] HAHOTAJIbKA.

OO0pa3iubl HaHOMEa ¥ HAHOTAJIbKa ObLIN
MOJIy4eHbl HAMHU Ha JIaOopaTOpHOM 000pYIIOo-
BaHUM. [ monmyyeHHus 3THUX ke 00pas3loB B
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MPOMBIIUICHHBIX ~MaciTabax HeoOX0auMOo

NpUOOpPETeHUE CIEIHATIbHOIO TTOMOJIBHOTO
00opyIOBaHUsI.

Ha peiake A3sepOaiimkana mpeicTaBie-
HO HECKOJBKO KOMIIAHHUW, Mpeaiararomux
KOMIUIEKC ~MH)XUHUPHHIOBBIX  YCIYr  JJIA
NPEINPUITUH JTAKOKPACOYHOM, XUMHUUYECKOM,
He(renepepabarpiBaromeii,  HedTEXUMUYE-
CKOH, JepeBoOOpadaThIBAIONICH, AaBHAIMOH-
HOM, aBTOMOOMJILHOM, IHILEBOM, KOCMETHYE-
CKOM, MacJIOXHPOBOH W (papmManeBTHIECKOi
IIpOMBIIITIEHHOCTH. bnaromaps  xapakrepu-
CTUKAM I[PEAJIaraéMoro HMMH IOMOJIBHOTO
o0opynoBaHusi HaMH ObLIa OIpeaeNieHa KO-
HoMHuYecKass 3(PGEeKTUBHOCTh OT Mpolecca

MPOMBIINIJICHHOI'O TTOJIYUYCHHUA HAHOMCEIIA.

Jnis ompeneneHus 3KOHOMHYECKOH 3¢-
(EKTUBHOCTH MBI CPaBHWIHM TPON3BOJAUTEIb-
HOCTh HAHOTaJIbKa C TPOU3BOAUTEIHLHOCTHIO
HaHOMEJIA, a TaK)Ke Y/AeJbHBIC 3aTPaThl SHEP-
I'HH, PACXOJYyEeMOU Ha TMOMOJ KaKIOrO M3 Ma-
TepuanoB. COINOCTaBUM TIOJyYCHHBIC 3HaYe-
Hus (Tadi.3).

Tak, NpaKTUYECKH TPU HUICHTUIHBIX
MOKA3aTeNsIX YACIbHBIX 3aTpaT JHEPruu Ha
TTOMOJI HaHOTAJIbKa " HaHOMeIa
MIPOU3BOIUTENIFHOCTh HaHOMENA OoJiee 4eM B
2 paza TPEBBIIIACT MPOU3BOIUTECIEHOCTD
HAHOTaJbKa. OJTO OOYCIOBJIEHO CTPYKTYpOM
Mella, a TaKXKe MEHbBIIUM BpEMEHEM, 3aTpa-

YHWBACMBIM Ha IOJIYYCHUC HAHOMEJIA.

Taéauua 3 — CpaBHeHHE MOKa3aTeNel MPON3BOIUTENIFHOCTH M YACTBHBIX 3aTpaT SHEPTHH ISl HAHOTATb-

Ka 1 HaHOMEJ1a

Table 3 — Comparison of performance indicators and specific energy costs for nanotalc and nanochalk

IIpou3BoANTENBHOCTD, T/4ac | Y IeNbHbBIC 3aTPaThl YHEPTHH, CTOMMOCTE TTOMOJIb- MOIIHOCTE
kBt/4ac/t HOTO 000pyIOBaHUS MEJILHHMIIBL,

HAHOTAJIbK HAaHOMeE HAHOTAJbK HaHOMEI (KOMTIIIIEKT), MaH kBTt/4ac
0,031 0,065 8,1 7,8 141 100 11

Taxum o6pa3om, ObuIa JOKa3aHa 3KOHO-
Muyeckass 3QQEKTUBHOCTb U IMOATBEPIKIEHBI
MpEeUMYIIeCTBa MNPUMEHEHUsl HAaMOJIHUTEIEeH
Ha OCHOBE HaHoMmena B u3rorosieHuun JIKM
IUIL  CYHOBBIX aBUAaKOHCTpyKLui. B
CYJOCTPOUTEIBHOW  OTPaciM  HCIBITYEMBIE
JIKM Moryr mHOpUMEHSTBCS s IOKPACKH
a aBUACTPOCHMHU TUISL

n

KopIyca CyJHa, —
OKpacKH BHEIIHEW MOBEPXHOCTH CaMOJIETOB B
LESAX TOBBIIIEHNS] KOPPO3UOHHON CTOMKOCTH

MeTajia.

3akiioueHne

CornacHo TpOBEEHHBIM aHAIHU3aM ObLIT
CACJIaH BBIBOA, YTO TCXHOJOIHYCCKHC, (1)1/131/1-
YyeCcKHe M XHMHUYECKHE CBOMCTBAa MECTHOIO
MeJla M TajdbKa CBHUJIETEIBCTBYIOT O TOM, UTO

26

MECTHBIE MEJI U TaJbK MOT'YT HCIIOJIb30BaThCs
B KaueCTBE HAIOJHUTEISA B COCTaBE CYIOBBIX
n apuanoHHbIX JIKM u JIKII. B oTtnuuue ot
TaJbKa U HAaHOTAJIbKa, MEJl U HAHOMEJ IMOJIHO-
CThIO OTBEUYAlOT TPEeOOBAHUAM, KOTOPHIE
npeabsiBiaeHsl K JIKM.

OcHOBBIBasiCb Ha pe3yjibTaTax IpOBe-
NEHHBIX WCIBITAHUN, OBLTH YCTaHOBJICHBI HU-
KENEPEUNCIICHHbIE MPENMYIIECTBA MPHUMEHE-
HUsS HAHOMENAa B TPOU3BOJICTBE CYAOBBIX H
aBuannoHHbix JIKII: BeicOkast atmocdepo- u
BJIATOCTOMKOCTh ~ MOKPBITUM;  YIy4YIIEHHBIE
3aIUTHBIE CBOMCTBA; PETYIMPOBAHUE BA3KO-
CTH U MAaTOBOCTH KOMIIO3MIIMM; MOBBILIICHHAS
MPOYHOCTh HMOKPBITUI; 3((HEKTUBHOE UCTIONb-
30BaHUE MUITMEHTAa U BBICOKAsl YKPBIBUCTOCTD;

MpeloTBpalieHe 00pa3oBaHUs TPEUUH M
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HU3Kasg MOTEYHOCTh PU HAHECEHUH; YITydllle-
HUE PEOJIOTUUECKUX XapAKTEPUCTHK.

ObocHoBana »KoHOMHYECKas ddek-
TUBHOCTh W TIOATBEPXICHBI IPEUMYIIECTBA
MIPUMEHCHHUsI HAIIOJHUTEJICH HAa OCHOBE HAHO-
Mena npu uzrotoriaeHuu JIKM nist cyqoBbIX u
ABHUAIIMOHHBIX KOHCTPYKIIUM.

DKOJIOTHYHOCTh JIaHHBIX MaTepHaJIOB
JIOCTUTAaeTCsl BCJIEACTBUE BBICOKOTO COJIEpKa-
HUS CyXOTO OCTaTKa, T. €. CHUXKEHUS JIETKOJIe-
TY4UX OPTaHUYECKUX COCJAMHCHHUU B UX CO-
H 100aBKH,

craBe. Pa3nuunbple ITMTMEHTEHI

npumensemble B JIKM, B Oousblimei wiam
MEHBILIEH CTENEHHU COJEPKAT COCAUHEHUS Tsi-
KENbIX MeTaluioB. OHU MOTYT COAEPKAThCA B
BO3/1yX€ 30Hbl MOKPACKU U MPUTOTOBIICHUS B
asposoie xuakoro JIKM m okaseiBaTh cepb-
€3HO€ BO3/JCHCTBHE HAa YEJIOBEYECKUU oOpra-
HU3M.

Hamu Ob11 mpousBenén pacué€r 3arpsiz-
HSIOIIMX BEUIECTB OT JAKOKPACOYHOI'O MPOM3-
BOZCTBA. B cOOTBETCTBUM C MPOU3BEAEHHBIMU
pacuéraMu BBLIEISIIOIINXCS U3 paCTBOPUTENIEH

UX TapoB, a TaKXe pacuéTamu MbUICBUIHBIX
BBIJICJICHUH, BBISIBICHO, YTO, XOTS OHU W SIB-
JSIFOTCSI BPEAHBIMHA M MOTYT HaHECTH BpPEJ Kak
3JI0pOBBIO, TAK U OKPY’KAaIOLIEH cpene, TEM He
MEHEE€ OHHU SBISAIOTCS HE3HAYUTEIbHBIMH.
Kpacka ymepeHHO TOKcH4Has. JTO MOATBEp-
xnaetcs u TpedoBanuem ['OCT.

CoctaB KpacoK IOJITBEPXKIEH aKTOM,
MOJMMCAaHHBIM HAYaJIbHUKOM JIAKOKPACOYHOTO
ydacTKa CyJIOpEMOHTHOro 3aBoja «bubu-
DOitbaty». PesymbraThl anpoOupoBaHMs ObUIH
3aBepeHbl AKTOM HCIIOJIb30BAHUS PE3YyIbTATOB
Hay4HO-HMCCIeJ0BaTeabCKOl paboTsl «IloBbI-
IIEHNEe KOPPO3MOHHOM CTOMKOCTH KopIryca
Cy[Ha C NPUMEHEHHWEM HaHOHAIOJHUTENCH B
JIAKOKPACOYHBIX TOKPBITUAX» U IOJIy4SHHUs
KpacKy Ha MX OCHOBE.

KoHn@uukT uHTEpEcoB

ABTOp 3asBNseT 00 OTCYTCTBHUM KOH-
(IUKTa UHTEPECOB, CBSA3AHHBIX C MyOJIUKAIIH-
€l JaHHOW CTaTbH.
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Abstract

For a capillary-porous body formed from nanoparticles, the following characteristics are
determined: a differential distribution curve of pores and their total volume per unit volume of the body,
the number of reduced cylindrical capillaries in a given cross section, and a capillary pressure curve. The
latter are consistent with the thermodynamic relations of the displacement of the wetting phase. The
regimes of fluid movement are established, when the accompanying forces are: inertia, capillary,
gravitational. A mathematical description of diffusion-sedimentary processes in rotating metal friction
elements of braking devices is given.
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Xiilasa

Magalads, nanohissaciklardon ibarst kapilyar masamoli cisim ligiin asagidaki xiisusiyyotlor miisyyan
edilmigdir: mosamolorin  differensial paylanma oyrisi Vo onlarin cismin vahid hacmina diison {imumi
hocmi, verilmis en kasiyinds verilmis silindrik kapilyarlarin say1, kapilyar tozyiq ayrisi. Verilanlor nomlanms
fazasinin yerdayismo prosesinin termodinamik slagalarine uygundur. Otalat, kapilyar, cazibs qiivvalori zamani
mayenin horokat rejimlori miioyyon edilib. Oyloc qurgularinin firlanan metal siirtiinmo elementlorinda
diffuziya-¢okmo proseslorinin riyazi tosviri verilib.
Acar sozlor:  lent-kiindali aylac, siirtinma ciitli, ayloc qgasnagi, nanohissaciklor, maye, diffuziya-¢okma

prosesi, molekulyar ¢oki.
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AHHOTANNA
JAns  KamwuIspHO-TIOPUCTOTO  Tena, OOpa3oBaHHOTO M3 HAHOYACTHI, OIPEIETCHBI CIEAYIOIIUE
XapakTepUCTHKH: T depeHIranbHas KpUBasi pacpeieIeHus Top U X CYMMapHBIH 00beM B eAMHUIIE 00beMa
Tena, KOJMYECTBO MPUBEACHHBIX LUIMHAPUYECKUX KAaNWUIIPOB B 3aJaHHOM CEUEHMU, KpPUBAsl KalWIISIPHOIO
nasneHus. llocienHue CoOrmacyroTcsi ¢ TEPMOAWHAMUYECKUMH COOTHOLICHHSMH IIPOIECCAa BBITCCHEHHS
cMaumBaromield ¢aspl. YCTAaHOBICHBI PEXHMMBI JABWXCHUS JKHIKOCTH, KOTJAa CONMYTCTBYIOIIMMHM CHJIAMHU
SIBIISTIOTCSL MHEPIIMH. KalMUTApHBIE, TpaBUTannoHHbIe. [IpuBeneno Maremarndeckoe onvcanue qudy3noHHO-
CEJMIMEHTAIILHBIX IIPOIIECCOB BO BPAIIAIOIIUXCH METAUIMYECKUX (DPUKIMOHHBIX 3IIEMEHTaX TOPMO3HBIX
YCTPOMCTB.
KiroueBsble cioBa: JICHTOYHO-KOJNOAOUYHBI  TOpMO3, mapel TpeHus, o000 TOPMO3HOIO IIKUBA,
HAHOYaCTULIBL, KUJIKOCTb, 1 y3MOHHO-CETMMEHTAlMOHHbIE IIPOLECCHI,
MOJIEKYJISIPHBIN BEC.
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Introduction

The results obtained are due to new
approaches to the study of the properties of the
system "nanocapillaries - nanofluid” in the
chamber of the rim of the pulley of a band-
shoe brake. When studying kinetic properties,
this is primarily a rejection of established
ideas about constant diffusion coefficients in a
nanofluid, caused by the sedimentation of
nanoparticles in a liquid.

The analysis of literary sources and
the state of the problem are disclosed in the
first part of the article. The main questions of
the article: capillary-porous bodies formed
from nanoparticles; diffusion-sedimentary
processes in rotating systems; the discussion
of the results.

The purpose of the work is to
substantiate the performance of nanoparticles
in capillary structures and in liquid in rotating
brake systems.

Capillary porous bodies formed from
nanoparticles. The main structural
characteristic of capillary-porous bodies
formed from nanoparticles is the pore
distribution curve along its radius. The
integral pore distribution curve characterizes
the change in the relative pore volume V*
(ratio of pore volume to body volume) along
the capillary radius r. Curve V* = f(r) starts
from some value rmi, (minimum capillary pore
radius) and crosses the volume axisV * with
the value r = rma. Thus, within the limit rpip <
r < rma relative volume V* increases
continuously with increasing r. If in some area
ri < r <ry there is no such radius, then the
curve V* = f(r) turns into a straight line
parallel to the axis r. Addiction dvV*/dr = f,(r)

30

is called differential pore distribution curve or
differential equation of pore volume
characteristic [1, 2]. This curve can be
obtained from the integral curve V* = f(r)
graphic differentiation method. The total
volume of pores per unit volume of the body,

equal to the porosity of the body, is
determined by the relation
A e
I, =V_ = | —dr=|f(r)dr. 1
o Vow= [ 0= [0 @)

rmm

Maximum liquid content wmax Will be
equal to:

Tmin

a)max :Vn:axpi = HV,Oi, (2)
where p, — liquid density.

The specific content of liquid, or its
relative concentration (the mass of liquid in a
porous body, referred to a unit mass of an

absolutely dry body), is equal to:
L,=p J' f,(r)dr,

Uu=-—wo="-

Ps Ps
where ps - density of an absolutely dry porous
body.

To calculate the flow density of a liquid
passing through a porous body composed of
nanoparticles, the concept of a differential
curve of the surface porosity of a body is
introduced. Let the cross-sectional area of the
body be 1 cm?, part of this area is occupied by
capillaries (doors), the rest is the substance of
the body itself. If all capillaries are filled with
liquid, then the resistivity is:

L
IP|A1dL
U=2

(3)

PR (4)

where A — the area occupied by the liquid, i.e.
the area of all holes filled with liquid and
located per 1 cm? of the body section; L —
depth (thickness) of the layer.
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Let us denote the number of reduced
cylindrical capillaries [3] in a given section,
having a radius from r to r+dr, through dng
then the surface porosity (clearance) is equal
to:

Tmax

I, =A = I ar?
where ns - the number of capillaries per unit
area of the cross section of the body.

If A does not depend from L, that is
surface porosity is the same in any section of
the body, which is equivalent to the equality
of the surface and bulk porosity of the body
(71y = IIs), then you can write:

dn, dr.
dr

(5)

For many, especially for those rotating
with a period =, the surface porosity of the
body changes along the coordinates of the
body, therefore, along with the differential
volumetric characteristic of pores fy (r) the
differential surface characteristic of the pores
is introduced fs(r), equal

dA, 2 dn,
fs(r)_d—r—rzr i (7)

As an approximation, one can take 77y =
I1s. One of the main structural characteristics
of a porous body is the capillary pressure
curve p. = f (w). In finely dispersed systems
and capillary-porous bodies, the capillary
pressure curves, being irreversible, are smooth
and continuous, since discontinuities (a
combination of rheons and isons) are
insignificant and practically unobservable
(Fig. 1).

This occurs because the capacity of the
system (the porous body) is large compared to
the volume of the liquid redistributed in the
region of the rheon.

31

On the curves of capillary pressure
distinguish: minimum saturation w;; (wetting
phase volume corresponding to high capillary
pressures), which is independent of further
pressure increase; residual saturation wyo, zero
pressure; initial drying curve R, (displacement
of the wetting phase from 100% saturation to
®j;); absorption curve A4 (increasing saturation
from oy to wy;); secondary dehumidification
curve R.

S

(aplllary presure P., MPa
S

80 0
Saturation @, %

Figure 1 a, b — Capillary pressure hysteresis for
microcapillaries with a diameter of 48 um (a) and
60 um (b)

Experimental data for many materials
show that w;; same for primary and secondary
dehumidification curves.

Secondary drying and soaking curves
form a hysteresis loop RA with all subsequent
reference points lying inside this loop.
Primary dehumidification sweep curves that
start at the absorption curve A4, either meet at
the intersection of the curve (Fig. 1b) or
converge on the secondary drying curve in the
area close to the intersection. The behavior of
the absorption sweep curves is similar. Any
point within the hysteresis loop can be
obtained in many ways.

The regularities of the capillary pressure
curves presented above agree with the
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thermodynamic relations of the process of
displacement of the wetting phase.

In the process of an intensive flow of
liquid through a porous body, in addition to
capillary and gravitational forces; Inertial
forces are of great importance, which can be
estimated by the Reynolds criterion (Re),
Bond criteria (Bo) and Weber (We)

Re=pUL; Bo:ngz;We:LzL, (8)
n o o
where v - fluid velocity; L - characteristic size.
The Reynolds criterion characterizes the
ratio of inertial forces to viscous forces, the
Bond criterion - the ratio of gravitational
forces to capillary forces, and the Weber
criterion - the ratio of inertial forces to
capillary forces.
Combining the criterion We and Bo, one
can obtain the well-known Froude criterion:

L
JoL
which characterizes the ratio of the forces of
inertia to the forces of gravity.

There are modes when the dominant
ones are: 1) inertia forces; 2) capillary forces;
3) gravitational. For small numbers We and
Bo, the motion of the liquid is controlled by
capillary forces (Fig. 2) and the effect of
gravity can be neglected.

Fr=

©)

we
- A
Inertia s <<
0t
8, 401 02 7V NG,
o a1 \\\,
Laplllarity Gravity
ao1g
we
Figure 2 - Schematic relation of inertial,

gravitational and capillary forces during fluid flow
through a porous body
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For small Bo numbers, the We criterion
determines the decisive role of capillary and
gravitational forces. For large values of the
criterion Fr, the effects of gravity can also be
neglected.

In table shows the molecular weight of
materials for nanoparticles, on which the
forces acting on rotating volumes of nanofluid
in the pulley chamber.

Table — Molecular weight of nanomaterials for
nanoparticles

Nanoparticle materials

SiC ‘ Zn ‘ Cu ‘ZnOI Al ‘AI203
Molecular weight

40,1 | 654 | 69,55 | 81,41 | 227,03 | 502,06

Diffusion-sedimentation processes in

rotating systems. Consider thermodynamic
equilibrium in the pulley rim chamber, i.e., the
case when all flows and thermodynamic forces
are simultaneously equal to zero. This case is
of practical importance in determining
molecular weights from sedimentation. Forces
acting per unit mass of a component in a
system that rotates at angular velocity w, are
described by a dependence of the form

(- pg No'r + 2[90))- (oradps ), ; =0
(k=1 2,..,n-1),
where: w?r — centrifugal force (r — distance
from axis of rotation); p — nanofluid density;
2[9w] - Coriolis force; grady, - entropy

(10)

source intensity.
For a closed container, which is the

pulley chamber, the speed &, and hence the
mass velocity & are equal to zero at

equilibrium. Therefore, (10) can be written in
the form
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(- p8, Jo’r —(grad, ), ; =0

(k=1 2,...,n-1) )
This relation makes it possible to
describe the distribution of chemical
components at sedimentary equilibrium.

Consider first a binary mixture (n = 2). Then
from (11) we obtain

(1—,0191)6()2r _(gradltll)p,T =0, (12)
where the first factor can otherwise be written
as i.e., expressed in terms of the difference in
the partial specific volumes of the two
components. The chemical potential gradient
can be represented as a gradient of some
parameter  characterizing the  mixture
composition, for example ny, ¢1, Ny or p; (their
values will be presented later):

_[Om _[om (13)
(grady), _(5”11” grad n, (acjpjgrad c
etc.
Using these relations, we get
-1
grad n, oln f) o°r
=M,[1-p4)1 ——. (14
n, 1 pl)(Jraln n, ) RT 14
r M
grad &y li_¢[1-M2
Cl Ml
I f,)" o ()
(1—pg )1+ f| @T
olnn, ) RT
rad rad N
9 P9 : :Ml(l_plgl)(l_clplgl)
P1 N, (16)
-1
371+am f, EfL
n, onn ) RT
From here you can calculate the

molecular weight A, if all other quantities are
measured.

For ideal mixtures, for which the activity
coefficient f; = 1, there is no multiplier
containing this value. Then relation (14)
reduces to the well-known Svedberg equation
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[3] for determining the molecular weight M;
expressions on the left side (14) — (16) often
considered equal to each other. It is clear from
the foregoing which approximation this
procedure corresponds to. In practice we
usually have M, << M;j. Usually one deals
with molar dilute solutions, so that n, =~ 1. If
the solution is diluted so strongly that ¢, = 1,
then the right sides of (15) and (16) are
reduced to the right side of (11).

For n-component mixtures, using molar
concentrations n; as composition parameters,
we obtain

n-1
gradu; =Y’
i=1

From the equilibrium condition (10),
taking into account (17), we find (n - 1)
equations from which one can calculate (n - 1)
quantities n;, determining the distribution of
matter in the system. In this way, for an ideal
mixture, when y; is described by formula (14),
we find

o,
on.

grad n;. @17

grad n; 2

-M,(1-p3, )“F:Tr (18)

n;

Using (11) - (13), we express the
gradients of mass concentrations in terms of
gradients of molar concentrations:

grad ¢; grad n,

¢ n;
(19)
_(ni)c M,-M, grad n,
m=1 " Mm nm .
Substituting (18) here, we obtain

the relation which

grad c, ot

- {M -p8)-Yc, (M, - Mn)(lfpgm)} (20)

m=1

€j
o't
RT'
determines the mass distribution of the ideal
n-components of the mixture at sedimentation

equilibrium.
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Another method for determining
molecular weights is to study the rate of
sedimentation. Experimentally, in the chamber
of the brake pulley, the sedimentation rate of
the layer between the nanofluid and the pure
liquid is measured. In this case, both fluxes
and thermodynamic forces are nonzero. We
have phenomenological equations with
thermodynamic forces. In practice, the
Coriolis force can be neglected; then for an

isotropic system the tensors L reduced to
L the

equations take the form

n-1
IP=D LA

scalars and phenomenological

k, j=1
n-1

{(1—p9j)w2r—2ufmgrad xm} (21)
m=1

1 (i=12,..,n-1).

Introducing instead of the

phenomenological coefficients L. diffusion

coefficients D), we arrive at the following
form of phenomenological equations:
n-1
Jia — Z Biib DEJX
k, j=1

n—

{Z (& )h (0= p8, Jor —grad x,

m=1

} @2)
(i=12,..,n-1).

For the case of binary mixtures (n = 2),
this equation takes the form

32 = BflbDbX{(yX)‘l(l— P8 )e’r — grad xl}.(23)

Using (23) and choosing x = p; and b, =
P9, , we get
a

—D {(ﬂ”)ﬁl(l—pgz Jo’r —grad p, } (24)
P

J' =
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where D — diffusion coefficient. In a state far
from equilibrium, the system is homogeneous
in a large region between the boundary
(separating solution and pure solvent) and the
outer wall, i.e, we have grad p; = 0.
Therefore, in this region (24) we write in this
way:

a §
=2 D(u ) (1-p&)o’r. (25)
P,
With the help of dependencies (4-7), this

ratio can be rewritten in the following form:

_ ‘191 - 190‘ RTn, 1 . (26)
w*r  D(l-p39,)a, '

this shows what quantities you need to know
in order to calculate the molecular weight M;.
In particular, it is necessary to measure the
first factor, which is sometimes called the
sedimentation factor.

Useful results are obtained with two
specific ways of choosing weights a; and the

J} =

1

+aln f,

M,
olnn

corresponding frame speed 9. In the first
case, as 3“ choose the average molar velocity
G" . At the same time, the weight a, equals
n.. Expression (26) then takes the form
G —4" In f
& . RT ([, oW, e
w’r D(L-p%, )" ohnn
where R — gas constant; T — bulk temperature

of the nanofluid.
This choice is convenient for molar

M,

diluted systems, since for such systems 9"
goes to zero. The second choice of practical

interest is that we take a, = p,9,; it means,

that 3 is the average volumetric velocity. In
this case, excluding 9, using the ratio
o+ p, 8, =1, we find that (26) can be
written in the form
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s
R (28)

28
RTn, oin f,

1+ :
DA-p9, N1-c,p9,) " alnn,

It has been shown that the average

Ml

volumetric velocity 9° can be neglected in a
number of important cases, in particular, if the
system is a liquid enclosed in some vessel.

Just as it was done after relations (14) —
(16), we can assume n, = 1 or (if, as usual in
experiments in the pulley rim chamber, (M,
>> M) ¢, = 1, which is a tougher assumption.
Then from (22) and (23) we obtain in the case
of an ideal nanofluid (f; = 1) Svedberg's
famous expression:

AR
' w'r DA-pY)’
Equations (28) and (29) are valid in the
region where one can neglect grad c;.

(29)

Practically ‘191‘ measured by observing part of

the boundary layer, the motion of which is
also determined by equation (28) and (29).

Thus, we deduced how the Svedberg
equation corresponds to the sedimentation
velocity, and the limits of their applicability
were determined. In particular, all the
quantities for the nonequilibrium state are
determined just as rigorously as for the case of
the equilibrium state.

The process of sedimentation in
multicomponent mixtures can be investigated
using equation (22) [4 - 7]. As a scale ax and

by again it is convenient to choose p,9, .

Then the speed 9° represents the average
volumetric velocity, which, as discussed
above, can often be taken equal to zero. At the
same time, using as parameters x; density p;
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for regions, where gradients p; can be

neglected, we obtain instead of (22)
n-1

P = 12—1: D; {Z;(ﬂp );; L-p9,) a’zr} (30)

(i=12..,n-1).

These equations make it possible to
calculate molecular weights (similarly to the
case of binary mixtures), if the necessary
quantities included in the corresponding
formulas are measured.

It has been shown above that diffusion
coefficients can be used instead of
phenomenological coefficients. Often,
however, especially when considering systems
that are in the field of external forces,
completely different quantities, the so-called
mobilities, are used instead of
phenomenological coefficients. Below we
show how the mobilities can be determined in
the general case and how these quantities are
related to the diffusion coefficients [8, 9].

Phenomenological equations have the
form (24). Instead of transforming these
equations to the form (25), we can write

n-1
J7 :piMiZUija(l_‘gj)mzr_
i1

n-1
ab  bx
- ZBU Dim

j, m=1

(31)
,n—1)

grad x, (i=1 2, ...

where UJ - are called nanoparticle mobility.

They have units of speed per unit of force per
mole (or N molecules). A comparison of this
equation with (31) shows that the mobilities
are related to the phenomenological
coefficients as follows:

1 n-1
*z L Akj :piMiUij
r=

(i, j=12,....n-1).

(32)
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When changing the main weights a, the
quantities on the right side of (32) are
transformed in the same way as the flow J% or
diffusion coefficients D*. It should be noted
that the mobilities are determined with respect
to "arbitrary" velocities of reference systems

9°, included in J;*, whereas the diffusion
coefficients are defined relative to the "basic"

velocity 9°, whose choice is fixed.
Eliminating the phenomenological coefficients
from (32) [or comparing (31) with (32)], it is
possible to establish a relationship between the
mobilities of nanoparticles and diffusion
coefficients:

MUa ZBabDbx< )

(i, 1:1,2,...,n—1).
This relationship

(33)

is the generalized

Fokker-Einstein  relation. If you chose
b.=%p, and X, = p,, as in the previous
cases, then relation (33) would take the form
n-1
piMiUija = ksziiO ka(/up)mlj (34)
(i, j=12,...,n-1),
For binary mixtures (n = 2) we have

B =a,/p,9,. hen the relation between the

mobility U’
and the diffusion coefficient takes the form

a, A
44@7001) . (35)

272

11 » Which we denote simply by U?,

AMU® =

Taking into account [4-7], this relation
oin f

can be written as:
1+ L. 36
( dln HJ (36)

ideal system, the activity
1, so the resulting relation

" rTU
a'2

D=

For an
coefficient f; =
simplifies:

36

D="2RTU". 37)
a'2
Finally, if we choose the “molar”
description, when the weight factor a; = njy,
then we get
D=RTU", (38)
i.e., the Fokker-Einstein relation.
We proceed to discuss the results

obtained.

The discussion of the results

Theoretical and experimental studies of
non-uniform nanocapillary and nanofluid
cooling of friction pairs of a model tape-shoe
brake of a drawworks made it possible to state
the following:

- a relationship has been established
between sedimentation and diffusion in a
nanofluid due to the intensity of the entropy
source: sedimentation is assessed using the
gradient theory when determining the
sedimentation  coefficient;  diffusion  of
nanoparticles was characterized by the
coefficient and their mobility in the liquid; the
selection by molecular weight of various
materials of nanoparticles was made;

- means providing local heat removal are
briquettes made of nanoparticles from various
materials and forming capillary structures
resting in metal perforated frames; the latter
are installed in three rows of different widths
(circular grooves on the inner surface of the
pulley rim, to which the fluid chamber is
attached);

- it has been established that the thermal
conductivity of nanoparticles in briquettes
with different capillary structures does not go
beyond a certain limit level with an increase in
their concentration; the thermal conductivity
coefficient of nanoparticles in briquettes is
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some integral property of this non-standard  has been justified.
two-phase system.
Conflict of Interests
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Abstract

The article studies a three-dimensional finite element analysis of voltages in pulleys and describes
the developed preprocessor for obtaining data for pulleys of various configurations. A model is construct-
ed that takes into account the features of pulleys due to geometry and loads on the basis of eight nodal and
twelve nodal isoparametric elements. When generating geometric data, the preprocessor needs twenty
punch cards to produce a mesh of any of the seven types of pulleys selected for testing in the test lab. For
a particular pulley under load, a very good agreement between the numerical and experimental results on
deformations was obtained.
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Qasnaglarda va bloklarda garginliyin tahlili
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Xiilasa

Mogalods gasnaglardaki garginliklorin ti¢olgiilii sonlu-element analizi toqdim olunub va
miixtolif konfiqurasiyali gasnaglar ii¢iin molumatlarin alinmasi moagsadilo islonib hazirlanmis
preprosessor tosvir edilib. Sokkiz nodal va on iki nodal izoparametrik element ssasinda hondoass
Vo yiiklora gora gasnaqglarin xiisusiyyatlorini nazara alan model qurulub. Handssi malumatlarin
generasiyasi zamani, sinaq laboratoriyasinda todgigat {i¢iin segilmis yeddi név gasnaqdan hor
hans1 birinin torunu alds etmok {igiin preprosessorun iyirmi perfokarta ehtiyaci var. Yiik altinda
olan konkret gasnaq ticiin deformasiyalar iizro ododi vo eksperimental naticolor arasinda ¢ox
yaxs1 uygunluq alds edilmisdir.

Acgar sozlar: tcolgilii sonlu-element analizi, gasnaq, blok, perfokart, garginlik tohlili.
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AHaJIM3 HANPSIZKEHUA B IIKMBAX U 0JI0Kax

CA. AaneBa, U.M. Kepumona

A3zepbatiodcanckutl 20Cy0apCmeeHtblll YHUgepcumem He@mu u npOMbIULIEHHOCTHU
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AHHOTAIUSA

B cratee mpencTaBieH TpeXMEpHBIM KOHEYHO-3JIEMEHTHBIM aHaau3 HANpsOKEHUHM B IIKKMBAX U
OmHcaH pa3pabOTaHHBIA MPEANpPOIleCCOp JUIS TONYYEHHS JaHHBIX [UISI IIKABOB  Pa3IUIHON
koHpurypammu. IlocTpoeHa Mojenb, YYIUTHIBAIOIIAasl OOYCIIOBJICHHBIE TEOMETpUEH W Harpy3KaMu
OCOOCHHOCTH IIIKMBOB Ha OCHOBE BOCHMH-Y3JIOBOTO M JIBEHAJIATH-Y3JIOBOTO H30MAapaMETPUIECKUX
aneMeHTOB. [Ipu TreHepanmy reoMeTpUdecKux JaHHBIX MPeInpoIeccopy Tpedyercs ABaauath neppoxapt
JUTSI TIOJTYYCHUS CETKH JTF000TO M3 CEMU THUIIOB IIIKUBOB, BEIOPAHHBIX VIS UCCIICIOBAHUS B HCTIHITATEIIFHOM
nmaboparopuu. [lJis KOHKPETHOTO MIKMBA IMOJ HATPY3KOH IOJIYYEHO XOPOIIEE COIIACHUE YHUCIECHHBIX U
AKCIIEPUMEHTAIBHBIX PE3YJIBTATOB 110 1ehopMaIusiM.

KaroueBble ciioBa: TPEXMEPHBI KOHEYHO-3JICMEHTHBIM aHaju3, MIKWUB, 00K, nepdokapra, aHaIu3
HaIpsKEeHUH.
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Beenenune

B cuioBbIX MexaHMUYECKHX Iepeaayax
YacTO WCHOJB3YIOT MIKUBBI U OJOKH pa3nny-
HBIX GOpM U pazmepoB. OOBIYHO METO/IBI MPO-
eKTUpOBaHUA OJOKOB OCHOBaHbl JIMOO Ha
OTIBITHBIX JAHHBIX, IMOO HA MPOCTEUIIEM aHa-
Ju3e HanpspKeHW. /[pyruM M3BECTHBIM NpH-
MEpPOM SBJISIETCSI MaxOBHK, CIYKAIIUWA JIs
YMEHBILIEHUS KOJIEOAHUNM YacTOThl BpallleHus,
BBI3BAaHHBIX M3MEHEHHEM KPYTAIIEr0O MOMEH-
Ta. Pasmepsl IIKUBOB pa3nuyHbl. Tak, Hanpwu-
Mep,
3aBojax llencunpBanuu [1], u3MeHsiercs oT
100 MM 1o 185 cm. UMeroTcsa HMIKUBEI CaMBIX
Pa3HOO0pPa3HBIX TeoMeTpudecKux GopM, mpu-
4eM BBIOOP KOHKPETHOTO THIA IIKUBA 3aBUCUT

ANaMCTp MKHWBOB, IIPOU3BOJUMBLIX Ha

OoT €ro Ha3Ha4dCHUI. 3KCH€pI/IM€HTaJII)HI)IX
JAaHHBIX W JIMTCPATypPbl 11O IMPOCKTUPOBAHHIO

IMIKMBOB HEAOCTATOYHO.

Meanio
JTaHHBIX JJI [IKUBOB Pa3NUYHON KOH(puUrypa-

CTaTbu ABJIACTCA IIOJTYYCHHC

LMY, TIOCTPOCHUE MOJEIHU, YUHUTHIBAIOLIEH
00yCJIOBJIEHHbIE T'€OMETpUel M Harpy3Kamu
0COOEHHOCTH IIKHBOB HAa OCHOBE BOCHBMHU-
y3J0BOIO M JIBEHAJaTH-Y3JIOBOI'O H30Mapa-
METPUUYECKUX DJIEMEHTOB.

Ecnu Ob1 ymanock ompenenuts Oosee
TOYHO MCECTO W BCIUYUHY HauOOJIBIIINX
HaNpsDKEHUH, MOXKHO ObUTO ObI OoJiee paro-
HAJIBHO IEpepaclpe/ieiuTh MaTepual U TeM
CaMbIM MOHH3HUTh CTOMMOCTb H IOBBICUTBH (-
(DEeKTUBHOCTH  MPOCKTHPOBAHWUSL.
Croco0bl MPOCKTUPOBAHUS IIKHBOB OCHOBBI-
BAKOTCSI MO0 Ha SKCIEPUMEHTAIBHBIX JaHHBIX

OObIuHEBIE

[2], tu60 Ha >JIEMEHTApHOM aHAIM3€ HaIps-
kenuit [3].

Pemenue 3agaun

[Tpenyaraercss u MoAPOOHO OMUCHIBACT-
Cs1 KOHEYHO-3JIEMEHTHBIN aHaJIN3 HaNpsKeHUH
IIKMBA C MOJHOM CTyNHULEH Kojeca U CO CIH-
11aM, UMEIOIIMMHU IUIMNTHYECKY0 (hopMy ce-
yenus. Ha puc. la u 1b moka3anbl paziuyHbie
KOH(HUTypalyy MKUBOB, OTHOCAIINECS K ATON
KaTeropu.

a) b)
Pucynok 1 a, b — Mogenu: a) 6e3 O6ypros; b) ¢
OypTamu

Figure 1 a, b — Models: a) without collars; b) —
Models with collars
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A L ;
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; = —f T wroe |o— |
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Pucynok 2 a, b, ¢ - — ITapameTpsl cedeHns IIKHUBA
Figure 2 a, b, c — Pulley section parameters
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Pucynku 2 a, b, ¢ WTIOCTPUPYIOT Ieo-

METPHUYECKHE TapaMeTpPhl, OMPEICIIIONINe
pa3nuyHble KOHQUTYpPAITUH IIKUBOB.

JlJis BBITIOJTHEHUS COOCTBEHHO aHaIM3a
HaNPSHKCHUH CYIIECTBYET IporpaMMa OO0IIero
Ha3HAYCHUS,

9JICMCHTHOM

OCHOBaHHas Ha  KOHEYHO-
aHanuze SAPIV [4]. dns nony-
YeHUs1 HeoOXOAMMBIX JTaHHBIX OblIa pa3pado-
TaHa

CreLManbHas IporpaMma-

IIPEIPOLIECCOP, COBMECTHMAs C MPOrpaMMOi
SAPIV.

Onucanne u MoaeaupoBanue. MetoJ Ko-
HEYHBIX 3JIEMEHTOB [5] mo3BosseT 3P peKTuB-
HO pacCUuTHIBaTh HANpPsDKEHUS B y37ax U Je-
TalAX TeJl CI0XKHOM (OpMBbI IpU pasIUYHbIX
BUJAaX HarpyxeHus. s KpaTKoCTH OTMETUM
TOJIBKO, YTO HAMHU HCIIOJIb3YETCS METOJ Iepe-
MEIIeHUH, MoApPOOHO ONUCaHHBIH B paboTax
[5-7].

SAPIV — 310 iporpamMma 00111eTo
Ha3HA4YEHUs IS aHaJIM3a KOHCTPYKIHI,
OCHOBAHHAas HA METO/Ie KOHEUHBIX 3JIEMEHTOB
U CIIOCOOHAs BBIMOJIHATH CTATHUECKUH U AM-
HaMHYECKHUI aHaIN3 MPOCTPAHCTBEHHBIX KOH-
CTpyKLUH Oonbiux pa3zMepos. Ee Oubnnorexa
AJIEMEHTOB COCTOUT M3 DJIEMEHTOB PA3INIHBIX
TunoB. Hamu ncTonp30BaH TpEXMEPHBIH dIie-
MEHT C TIEPEMEHHBIM YHCIIOM Y3JIOB.

Pucynku la u 1b mokaseiBaioT KOHGU-
T'YPalUIO IIKUBOB, JUISI KOTOPBIX MOXET OBbITh
BBINOJIHEH aHalIM3 HanpsbkeHud. [lng Hux
MO>KHO OBUIO OBl IIOCTPOUTH MPOCTYIO MOJIEINb
C WCIIONIb30BAaHHEM OalOYHBIX 3JIEMEHTOB.
Onnako OanouyHbIE JIEMEHTHI HE OyayT Ipa-
BUJIBHO OITUCBHIBATh COCAMHEHUS MEXIY CITH-
ek u OypToMm 000712, a TaKKEe MEXKIY CITHIICH
u Oyprom crymuipsl (puc. 1b m 2a), 1. e. B
HanboJsiee OMACHBIX, KaK M3BECTHO U3 OIBITA,
Mectax. HeocecMMMeTpUYHOCTh KOHCTPYKIIMU
U 3JUIMNTHYECKas (popMa CeueHHid CrHIl Aema-
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IOT HEBO3MOKHBIM HCIIOJIb30BAHUE TJIOCKUX U
OCECUMMETPHYHBIX 3JIeMeHTOB. CienoBareib-
HO, OCTAaeTCs BBIOPATh TPEXMEPHBIM CILIONI-
HOM DJIEMEHT.

CosmectHO ¢ SAPIV M0XHO IPUMEHSITH
JIBa THIA TPEXMEPHBIX 3JIEMEHTOB:

a) BOCbMH-Y3JIOBOH DJIEMEHT (KUPITHY) C
y4eToM H3rHOHBIX (hopM (Tum b);

0) 2JIEMEHT C NEPEMEHHBIM YHUCIIOM Y3-
708 oT 8 110 21 (TwiII C);
SAPIV,
COOTBETCTBYIOIIIME APYTUM THUIIAM DJIEMEHTOB

ITognmporpamMmsl  IPOrpaMmsl
(otnmuHbM OT 1b u 2¢), a Takke dIeMeHTaM
JUHAMHUYECKOT0 U BPEMEHHOrO aHalu3a, yJa-
JIeHbl, 4TOOBI caenath nporpammy SAPIV 6o-
Jee ympaBisieMol, 0COOCHHO €CIM OHa BBI-
IIOJIHSIETCS. HAa MHUKPOKOMIIBIOTEpE, Kak B

HAIIeM CiIydae.

I[TapameTpsl, onpeaesiionme MoaeIb
KKUBA. JJI MMOJHOTO OTpe/ieieHnsl TaHHOK
Mojenu Tpeldyercs cienyromas uHpopManus
(puc. 2 a, b, C): BHyTpeHHHUI paanyc CTYNHUIIBI
(HIR); Buemnuit pamuyc crymuipsl (HOR);
BHYTpeHHU# panuyc ob6oxa (RIR); skBuBa-
JICHTHBIH BHemmHU pamuyc o6oxaa (ROR);
cMmenienre crymuibl or ocu croumbl (OFH);
cmernrenne 06oma ot ocu cruiel (OFR); BBICO-
ta Oypta (BDRI); BbicoTa OypTa Ha CTYHHIIBI
(BDHU); Ooubliasi ¥ Mayiasi OCH DJUIMITHYC-
CKOT'O CEUYEHMs CIHUIBl Y CTYIUIIBI; YMEHBbIIIe-
HHUE pa3MepoB ceueHUus (YKJIOH) CIHIIBI Y CTY-
MUIBI K 000y 1151 OOJIBIION U Masiol ocei.

MopnenupoBanue obona. Ha puc. 3a
MOKa3aHO CEYEeHUE THUIMYHOTO KelloOKa Ha
000/1e KUBA, KOTOPBIA CIY)KUT ISl YITydIIe-
HUS «(eKTUBHOrO KOAPPHUIMEHTa TPEHUS»
[2, 3] mexnay pemHeM U 06oxoM. UeM BbIlIe
KO3 QUIMUEHT TpeHUus, TeM OONBIIUNA KpPYyTs-
MU MOMEHT MOXXHO TepeAaTh 4yepe3 ILIKHB.
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JIis  TOYHOTO MOJCIUPOBAHUS T'€OMETPHU
KaKJ0ro jkeno0ka moTpeOoBaIOCh ObI OYEHB
0OJIBIIIOE YHCIIO 3JIEMEHTOB. bbuto Obl Hempak-
TUYHO U HCOIIpaBAAHHO HCIIOJIB30BATHh TAKYIO
MOJPOOHYIO MOJIEb, MOATOMY CEUCHHE Ke-
J00Ka MOJICIMPYETCS SKBHUBAJICHTHBIM TIPSIMO-
yroJbHBIM ceueHueM (puc. 3 b). DKBUBaJICHT-
HOCTh JIOCTHTAETCS COXPAHEHHUEM W3rHOHON
JKECTKOCTH OTHOCHUTENILHO ocu Z. CedeHue
000/1a ONUCHIBAIOT HECKOJBKO IapaMeTpoOB
(puc. 3 a).

_,~,4_+_gm

e

v

I L
Py it e
2

Pucynok 3 a, b — JleiictBurenbaoe ceuenue 000/1a
napamMeTpsbl, orpeacIsArmue TCOMCTPUICCKUC
pasMepbl KaHaBOK (a), a TakXe HKBUBAICHTHOE
ceuenue obona (b)

Figure 3 a, b— The actual section of the rim
parameters, determining the geometric dimensions
of the grooves (a), as well as the equivalent section
of the rim (b)

Brruncnenme 3KBUBaNEHTHOTO CEYEHUS,
3a/laBaeMOro dJTUMHU TapaMeTpaMH, 3aIpo-
TPaMMHPOBAHO B TPEATNPOIeCcCOpe. XOTS W3-
ru0OHas JKECTKOCTh 000/1a M CMOJEIHPOBaHA
JOJDKHBIM  00pa3oM, MacCy SKBUBAJICHTHOTO
oboma Bce ke TpedyeTcs YTOYHUTH, UYTOOBI
[IEHTPOOEKHBIE CHJIBI 00OMX 00010B OBbLIH
TaK)Ke DKBUBAJICHTHBI. JTO JIOCTHTAETCS Clie-

IyIOIUM 00pa3oMm:
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P =0 (Ma ) €y

II€ Pog — OKBUBAJICHTHAs MaccoBas IJIOT-

HOCTb, COOTBETCTBYIOIIAs SKBUBAJICHTHOMY
cedycHHuIo 00oma; A,y - IUIOMAAb CCUCHUS K-
BUBAJICHTHOTO 000/1a; p - JCUCTBUTEIbHAS
MaccoBas IJIOTHOCTh; A - IUIOIIaAb CCUYCHUS
SKBUBAJICHTHOI'O 000/4a.

MopaeanpoBanue cnum. OJUITMITHYEC-
KO€ CEUCHHUE CIHI] MOACIUPYETCS ABYMS Tpa-
MeUSIMH, HMEIOIIUMHU o01ee ocHoBaHue. Ha
puc. 4 mokazaHa IpaKTUYECKas SKBHUBAJICHT-
HOCTb MEXAY JACUCTBUTEIBHBIMU MOJEIbHBI-
MU cedeHusMH. [Ipu 3TOM cymiecTByeT HEKo-
TOpasi pa3HOCTh MEXKAY H3THOHBIMH KECTKO-
CTSAMU DTUX CequI/If/'I OTHOCHUTECJIBHO OCH Z.

Yeenuqerroe
ceverye C-C

Pucynok 4 - IlpakTmueckas 3KBUBAJICHTHOCTH
MEXKIOY )Z[GflCTBI/ITG.HBHI:IMI/I MOACJIBbHBIMU CCUCHMUS-
MHU

Figure 4 — Practical equivalence between real
model sections

XoTs TpamnenueBUHAS UACATU3ALNS
HECKOJIbKO 3aHMKaeT (HaKTHUECKYIO JKeCT-
KOCTb (MeHee yeM Ha 9%), uMeeT MeCcTO KOM-
NEHCUPYIOMHA dPPEKT, COCTOSAMMIA B TOM,
YTO TEpPEMEIICHNs B METOJIe KOHCYHBIX JJie-
MEHTOB OOBIYHO JAFOT HECKOJBKO 3aBBIIICH-
HYIO )KECTKOCTh KOHCTPYKITHH [5].

Koneuno-3jieMeHTHast MoJeb. Tummy-
HBIH IIKUB YCIOBHO COCTOUT M3 OJIOKOB CITHI]
u 000108 (puc. 5 a, b, cupuc. 6 a, b, ¢, d).
BHOK CIINIIbI MO,Z[C.HI/IpyCTCSI C HUCIIOJIb30BaHU-
€M BOCBMH-Y3JIOBBIX JIEMEHTOB, a OJIOK 00012
— JIBCHA/IIIATH-Y3JIOBBIX 3JIEMEHTOB.
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Pucynok 5@, b, ¢ — Tunwunsie GIOKH IS MOJEIICH: a — IIKKMB, COCTOSIINI U3 OJIOKOB; D — GJIOK CIIHIIE;
¢ — 0110k 00012

Figure 5 a, b, ¢ — Typical blocks for models: a - pulley, consisting of blocks; b - spoke block; ¢ — rim
block

Pucynok 6 a, b, ¢, d — Koneuno-siemeHTHast MOJIENb GJIOKOB
Figure 6 a, b, ¢, d — Finite element block model
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Ha puc. 6 a, b, ¢, d nokazana koHe4yHo-
JJIEMEHTHAsT MOJEb OJIOKOB, M300pa’KEHHBIX
Ha puc. 5 b u C coorBercTtBeHHO. [losHbIH
IIKUB MOJIEITUPYETCS MyTEM CHUCTEMaTHUECKO-
ro ¥ TOOYEPETHOro OOBETUHEHHS STHX OI0-
koB. DakTHyecKkue HoMepa OJIOKOB 3aBUCST OT
0COOEHHOCTEH paccMaTpuBaeMoi MOJIETH.
Harpy:kenne. [IIkuBbl OOBIYHO HECYT CIEAY-
IOII[UE HATPY3KH:

a) Hazepyska, nepedasaemas om pemHs.
Hanomuum, 9to 00601 COCTaBlieH M3 CETMEH-
TOB, MPUHAICKAIUX JUOO cruiaM (BOCbMHU-
y3JI0BO# 3JIEMEHT), 1100 0001y (IBEHAALIATH-
y3JI0BOH 2JIEMEHT).

Harpyska ot peMHs Ui TPOU3BOIBHO-
ro yrna 6 (puc. 7) naercs BolpakeHuem [3]:

T =T, exp(—u0) (2)

rae pu u T; 0003HA4al0T, COOTBETCTBEHHO, KO-
3 PUIUEHT TPEHHUS U YCUIIHE PACTSIKEHUS Ha

HAaTSHYTOU BETBU.

Cezmenm

Pucynok 7 — Harpy3ska ot peMHs JUIsl TPOU3BOJIb-
HOTO yrJjia 0
Figure 7 — Belt load for an arbitrary angle 6

[Ipy MopenupoBaHWHM 3TOM Harpy3Ku
CUJIy HATSDKCHHUS PEMHs HAa JAHHOM CErMEHTE
IIPUHUMAIOT ITOCTOSIHHOW M COOTBETCTBYIOLIEH
cepeluHe yriaa Ha 3ToM cerMeHre. llomHbie
Harpy3ku, IepeaBacMble OT PEMHS K CErMEH-
Ty 110 ocAM X U Y, BBIYMCISIOTCA B COOTBET-
CTBUU C YPABHCHUSMH:

X = (—T,A0sinf — uT,;Ab6cosO)exp(—u,60) (3)

Y = (—TAbcosO + uT;ABsind)exp(—u, 08) (4)

rie X — cuina B TOPU3OHTAILHOM HAalpaB-
neHuu, 6 — yrimoBas koopawHaTta, AO — 1eH-
TPaJIbHBIN YTOJI CerMeHTa.

OTH cyMMapHble Harpy3KHu pacrpeaemns-
IOTCS TI0 y3JlaM Ha TIOBEPXHOCTH CETMEHTa B
COOTBETCTBUU C METOJUKOM [5] ¥ BBIYHCIISAIOT-
Csl C YU4ETOM BECOBBIX KOI()(PHUIIMEHTOB B COOT-
BETCTBYIOIIUX TOYKAaX JUIS Mojelieil ¢ OypTom
u 6e3 Oypra.

0) Llenmpobescnvie naepysku. lleHTpO-
OeXKHbIE HArpy3KH, BO3HHUKAIOIIUE IPU Bpa-
[IEHUH WIKUBAa, Mpeodpa3yloTcs B JKBUBA-
JICHTHBIE COCPEOTOYCHHBIC Y3JIOBBIC CHIIBI.
CymmapHast Harpy3ka JJisi DJISMEHTa B PaJld-
ATHPHOM HaTPaBJICHUU JIACTCS BRIPAKCHHEM

R = (pdv)Tw? (5)

IIpeanonaraercs, 4To BCA Macca dJie-
MEHTa COCPENOTOYECHA B €T0 LCHTPE TSHKECTH.
PanuaneHas cuna, COCPEIOTOUYECHHAS B LICHTPE
TSKECTHU, PACIIPEAENISACTCS 110 y3/1aM DJIEMEHTa
IPONOPLHUOHATIBLHO 3HaUYeHUSAM (QyHKIMH (op-
MBI, T. €.

Ri = f NiRdU, i=1....M (6)
4

3nmech
IUIOTHOCTh, T - PaMyC IEHTPa TSHKECTH dJie-

R - paauajibHasd Cujia, O - MaccoBasd

MEHTa, W — YII0Basi CKOPOCTh, V- 00beM, R; -
paauanbHas CWia, IPUWIOKEHHas B y3iie I, Nj;
- ¢ynkius Gopmbl i-ro y3ma, M - 4ucio y3-
JIOB B DJICMEHTE.

OTa paauaibHas Harpy3ka packiajbl-
Baercsa 3aTreM mo ocsiM X u Y. VYka3zaHHBIC
Iard  JIOJDKHBI OBITh BKJIIOYEHBI B MOJ-
MpOrpaMMy  COOTBETCTBYIOIIETO

nporpammel SAPIV.

QJICMCHTA
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IIpeanpoueccop. B 3aBucumoctu OT
pacroyiaraéMbIX KOMITBIOTEPOB M MAIIMHHOTO
BPEMEHU MOXHO C(HOpMyTUpOBaTh JOBOJIHHO
3¢ (heKTHBHBIC MPEANPOLIECCOPLl. MBI OmHIIIEM
MIPOCTOM MpeArpoleccop, HAMMCAHHBIM Ha
s3pike DopTpaH U NpeaHa3HAYCHHBIHN A CUH-
ThIBaHUS MapameTpoB puc. 1 u 4, a TaKxke
Harpy3ok tumna a) u b) u hopmuposanus ¢aii-
na gaHHbIX g nporpammbl SAPIV. Ilpor-
pamMMa BBITIOJHSETCS B TIAKETHOM PEKUME.
[Ipenmnpoueccop naHHBIX paboTaeT cleayro-
M 00pazoMm:

a) CeasHOCMb 371eMeHmOo8 No Y31am U
koopounamul. llogmporpamMmbl  reHepaluu
BCEX JIaHHBIX A OJIOKa, MPEACTaBISIOLIETO
CHUIy WK 000J, BbIIAIOT MH(YOPMAIMIO €ro
MPaBOil MOBEPXHOCTH; ATa HHPOPMALUS YTOU-
HSIETCS TIOCTe BbIXona u3 Oioka. B 3aBucumo-
CTH OT MOpAJKa cieqoBaHMs OJOKOB (0001
WIH CIIUIIA) STH TOATNPOTPaMMBI BBI3BIBAIOTCS
nonepeMeHHO. COOTBETCTBYIOLIME OOpallieHUs
O0BEIUHAIOTCA B HOANpPOrpamMMy, KOTOpas
dopmMHUpyeT MOJEIb KaXJ0Tr0 THUMA IIKHUBA.
Takue moamporpaMmbl BBI3BIBAIOTCS M3 OHO-
JMOTEKU MOANPOrpaMM, KOTOpas 3aBHCUT OT
YHcia THUIIOB IIKWBOB, BEIOPAHHBIX MOJB30Ba-
TEJEeM.

OceBass NMHHS TEPBOM CIHIBI BCET/A
uMmeeT HyJneBod yrona 6. JlaHHble reHepHupy-
IOTCSl B HAIpaBJICHUU MPOTUB YaCOBOW CTpeI-
k. ['eHepalnyst KOOpAWHAT TPOM3BOJIUTCS B
HWIAHAPAYECKON cucTeMe
R, 0, Z,
OpPTOTrOHAJIBHYIO

KOOpJIMHAT
KOTOpasi 3areM mpeoOpa3yercs B
CUCTEMY KOOpAMHAT
X, Y, Z. OueBuaHO, 4YTO NpPHU TaKOU CXeMme
HyMEpaIu y3J0B TMOJy4aeTcsl OOJbInas Iu-
pHHA MOJOCHI. Y MEHBIICHUE MIUPUHBI MTOJIOCHI
U COOTBETCTBYIOIIEE CHUXEHUE CTOMMOCTH
BBIYMCIICHUM JIOCTUTAIOTCA IEpEeHyMepaluein

y3710B. CxeMa NepeHyMepaluyu O4eHb MpocCTa,

U MBI HE TBITAINCH HAUTH ONTHUMAIIBHYIO CXE-
My.

0) Ceoticmea mamepuana. ns monyns
FOnra, xoaddurnuenta [lyaccona u maccoBoit
IUIOTHOCTU OepyTcsl CTaHAApTHbIE 3HAYEHUS,
€CIIM M0JIb30BaTeNb HE XOUET 3aaBaTh ux. Bee
CBOIicTBa OepyTcsl Ui U30TPOITHOTO MaTepua-
na.

8) Hanmuvie o naepysxax. Uadopmamms o
Harpy3Kax OT JICHCTBUS pPEMHS BBOJIUTCS IS
Ka)KJ0ro I0CienoBaTebHOro cermMenrta. Hy-
Mepalusi CeTMEHTOB COOTBETCTBYET HyMepa-
1K OJIOKOB CITHII M 000/1a Ha puC. 7.

Jnst Kak[0ro cerMeHTa, MOJABEPKEHHO-
ro AeMCTBUIO peMHs, 3aaeTcst yroia 6, yrio-
BOH pasMep A6 wu mapamerp, onpeaeSIOnInin,
JEHCTBYeT M Harpy3ka Ha Bec cermeHrt. Ilo-
CJIETHUY MapaMeTp UCIOJIb3YeTCs B OCHOBHOM
JUTSL TIEPBOTO U TIOCTIEAHETO CErMEHTOB 0O0Ja-
CTH Bo3zeicTBus peMHsa. Ecnu 3HaueHue yr-
JIOBOM CKOPOCTH HE 3a/laHO IOJIb30BaTENIEM,
OHO mpuMeHnsiercs paBHbiM 33,02 M/ Tlpu
MOJTOTOBKE JAHHBIX HCIOIB3YETCsl TMOHSATHE
UACHTUQUIUPYIOTCS
MPU3HAKY KAXKIOTO THUTA JIAHHBIX KaK MHEMO-

Makpokapt. CHavana
HUYECKHE MEPEMEHHbIE, COCTOSLINE U3 YEThI-
pex OykB. DTo obecmeymBaeT OOJBIIYIO THO-
KOCTh NpH cOOpKe NaHHBIX. UTOOBI M30exkaTh
TeHepaluu JaHHBIX U TMOCleaymeid padboTsl
nporpammbl SAPIV nipu ommOouHoi BXOIHON
uH(pOpMaIIUHU, Cpa3y Ke MOocIe BBOJAA JAHHBIX
MIPOU3BOJUTCS PAJT KOHTPOJIBHBIX OIEpaIui.
Ecnmm BeTpewaroTcsi ommbOOYHBIE JaHHBIE, TO
BBITIOJITHEHHE TPOTPAMMbl HEMEIJIEHHO TIpe-
KpaIaeTcsl ¢ MOCIEAYIOMNUM COOOIIeHHEM 00
OmmnoKax.

IIpuMep NOATOTOBKH [JaHHBIX JUIA
npeanpoueccopa. Ha puc. 8 nmokazan npumep
IIKUBA, /Ui KOTOPOTO BBIMOJIHSIMCH CTaTUYe-
CKHE UCTIBITAaHUS.
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PI/ICyHOK 8- PaBMepBI )51 06p5{z[1<a AAaTYMKaMU 9YT'YHHOI'O IIKKWBA, HIPOMCAIICTO CTATUYCCKUC UCIIBITAHUS

Figure 8 — Dimensions and order of gauges of cast iron pulley that has passed static tests

HpI/IMep IOATOTOBKH MCXOAHBIX TAHHBIX CTBCHHO, TaKHUM 06pa30M MOKHO HU3YYHUTb
U1l QHAJIUTHUYECKOM MOJEIU INPUBCACH Ha BJIMAHHC nepeMeHHoﬁ BBICOTHI 6ypTOB.

puc. 9. f) kapter BELT ompenenstor Harpy3ky
Hwke mpencraBneHo KpaTKoe ONMHCaHWE  OT PeMHS, IPUYEeM CETMEHTHI 1-5 3arpyskeHsbl
9TUX JIaHHBIX: MIOJIHOCTBIO, @ CEerMEHThl 6 U 12 3arpy:KeHbl
a) TepBas KapTa-3aroJIOBOK HJeH-  HamonoBuHy (puc. 10d);
TUULIHPYET pelraeMyro 3ajady; JUIMHA 3aro- g) kapra RIMCS 3angaer mapamerpsl ce-
J0BKa He 6oiiee 80 CHMBOJIOB; 4yeHus ooona (puc. 4);
0) xapra SPOKE 3amaer mnapamerpsl h) xapra CROSS-SECTION 3anaer pa3z-
OJ10Ka cruIlbl, MoKa3zaHHoro Ha puc. 10a; MepbI CEUEHUS CIULBI Y CTYIHUIIBI;
¢) xapra RIM 3anmaer mapamerpsl O10Ka 1) xapra TAPER onpenenser xonyc-
oboja, mokazaxHHoro Ha puc. 10b; HOCTH JUIS OOJIBIIION M MajIOM OCell DJUIMIICA
d) kapra ROTA 3azaer *xenaemyio opu-  ciuibl. OTCYTCTBHE ITHX JAHHBIX O3HAYaeT
SHTAIUIO IIIKHBA. OTCYTCTBUE KOHYCHOCTH;
HamomamM, dro TeHepamus JaHHBIX J) xapra RPM 3amaer yrioBywo CKoO-
HAuMHAETCS NPU PACHOJOKEHUM OCEBOM JM-  pOCTb;
HUM TIepBOii crmipl noa yriom 6 = 0°  (puc. k) kapra RUN sBisiercss mpu3HaKom
10c); BXOJIa B MIPEIPOLIECCOP TaHHBIX.
e) kaptel BDRI u BDHU omnpenenstot [Ipumep MOArOTOBKYU NAHHBIX IJIS MIPE.-

BBICOTY OypTOB Ha 000/i¢ ¥ CTYMIHIIE COOTBET-  IPOLECCOpPA:
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**TEST CASE ** MODEL 7 ** WITH BEAD **
MODEL
7
SROKE
2.575 4 3.1875 0.53125 50.0 30.0
RIM
21.0625 21.53 4.375 0.0 10.0 30.0
ROTA
30.0
BDRI
0.20
BDHU
1.6875
BELT
1000.0 3000
30.0
60.0
90.0
120.0
150.0
180.0
12 0.00
RIMCS
0.687 0.5 0.78 0.1575 26.75 0.3578 08950
CROSS -SECTION
2.500 1.350
TAPER
0.833
RPM
0000.1
RUN
END
Pucynok 9 — [IpumMep nmoAroToBKM AaHHBIX 7S MPEATNIpoIIeccopa

Figure 9 - An example of preparing data for the preprocessor
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Figure 10 a, b, ¢, d — Schemes for generating data from the beginning of the first axial line at an angle

6 =0°
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Pucynok 11 a, b — [Ipumeps! BeIdepuuBaHus CETOK
Figure 11 a, b — Examples of drawing grids

IIporpamma BbIYEpYHUBAHUS TeOMeT-
puu. s Toro yToObI 00eCeYnTh KOHTPOIh
OOJIBIITUX MAaCCUBOB JITAHHBIX U CBSI3HOCTH Y3-
JIOB M KOOpAMHAT, pazpaboTaHa mpocTtas Mpo-
rpaMma  IMOCTPOCHHUS
TPEXMEPHBIX
OHa OCHOBBIBa€TCA Ha MakeTe rpadUuecKux
MporpaMM, pa3pabOTaHHOM B BBIYHCIUTENb-
HOM 1IeHTpe [IeHCHnIpBaHCKOTrO YHUBEpPCUTETA.

AKCOHOMCTPHUYICCKUX

KOHCYHO-3JICMCHTHBIX  CCTOK.

Ha puc. 11a u 11b noka3zansl mpuMepsl BbI-
yepuuBaHus cetok. Puc. 11 b coorBercTByer
IIKUBY, JJI1 KOTOPOTrO OBLIN MOJY4Y€HbI SKCIIe-
pUMEHTAJIbHbIE TAHHBIE.

Ipumep cpaBHEHHS] BbIYHCIUTEND-
HBIX M JKCINEPUMEHTAIbHBIX Pe3yJbTaTOB.
Beliie Ha pa3nuyHBIX dTanax MOJACIHMPOBAHUS
ObUIM clieJaHbl HEKOTOphIe JIOMYUICHUS |
YIPOILIECHUsS, HAIlPUMEDP alIpPOKCUMALUs Ieo-
MCTPUU BOCBMHU-Y3JIOBBIMHU 3JICMCHTaAMU (pI/IC
6), ympomieHusi Mpu BBIYUCICHUN YCWIIMHA OT
PEMHs, BBCIACHHUC OJSKBHUBAJICHTHOI'O CCUYCHUA
xenoba obona (puc. 3a), MOIETHUPOBAHUE DJI-

JUINITAYECKOTO CeUeHUsl crulibl (puc. 4) u T. 1.
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[ToaTomMy anst omnpeneneHUs: TOYHOCTH MOJie-
JUPOBAHUSl KEJIaTelIbHO CPaBHUTH pe3yibTa-
ThI, MOJIyYE€HHbIE NPU YUCICHHOM MOJEIHUPO-
BaHHUH C SKCIIEPUMEHTAIIbHBIMU JJAHHBIMH.

Ha puc. 8 u3o0paxeH IIKUB, JUIsI KOTO-
pOr0 BBIMOJIHSUINCh CTaTUYECKHUE HMCIBITAHHUS.
Touku, B KOTOpBIX HANpPSLKEHHS OMNpenessi-
JUCh C TMOMOIIBI0 TEH30/IaTYUKOB, MOKA3aHbI
Ha puc. 8. YUUTHIBAIOCh TOJIBKO YCHJIHE OT
pEMHs, MPUYEM HATSDKEHHE PEMHS C Pa3HBIX
CTOpOH wIKuBa cocrtaBisger T; = 4449 H u
T, = 1335 H. OnpeneneHHabie TakuM 00pa3omM
JIBA YCWJIMS M Yroll KOHTakTa 6 peMHs co
[IKMBOM TIOJIHOCTBIO OMNPENENSIIOT Harpysky,
nepeaaBaeMylo OT PeMHsS, U He0OXOAUMOCTh
3aaHus KOO PUITUEHTA TPEHHSI OTCYTCTBYET.

Jlns Hamen cTaTUYecKoM 3aayu BCe y3-
JIbl Ha BHYTPEHHEUW MOBEPXHOCTU CTYMHIIBI 3a-
(UKCUPOBaHBI, T. €. HE YYUTHIBACTCS HArPy3-
Ka, oOycioBieHHas mocaakoi. HeciaoxHo
OTNPENEeTTUTh TakKe W Jpyrue TPaHUIHBIE
YCIIOBUSL.

B taGnuiie npuBeeHBl TEOPETUIECKHE
AKCIIEPUMEHTAIbHBIC 3HAYCHUS 1e(hOpMAIIHIA.
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Taoauna — CpaBHeHue nepopmannit
Table — Comparison of deformations

Pacnionoxxenue JlaHHBIE SKCTIEpUMEHTA UucneHHoe pelieHue YucneHHoe perieHne
TOYEK (Mozenb ¢ OypTaMn) (Mozenb 6e3 OypToB)
A Mexny +64(AS)u +75(A7) +75,6 +91,3
A Mexay -52(A6) u -101(AS8) -91,3 -109,4
A Mexay -20(Al) u +20(A3) -28,1 -30,6
A Mexny -10(A2) u -46(A4) +2,2 +10,9
B Menee +115(B1) +85,2 +91,3
B Menee -111(B2) -105,2 -115,9
C Menee +128(C1) +117,3 +123,1
C Menee -118(C2) -105,3 -110,0
D Menee +100(D1) +91,0 +104,6
D Menee -82(D2) -77,6 -91,2
E Memnee +76(E1) +90,3 +98,0
E Menee -62(E2) -717,5 -91,4
F Menee +66(F1) +77,5 +91,3
F Menee -75(F2) -84,3 -104,6

Mecta u3MepeHUs HalpsHKEHUH Ha
LIKMBE TEH30JaTYMKaMU HE COBIAJIAI0T C TEMHU
TOYKaMHU, JJIsi KOTOPBIX OBUTH TOJYYEHBI TEO-
pernyeckue 3HaueHus. ClenoBaTenbHO, JKC-
IEpUMEHTAJIbHBIE 3HAYEHUsl, COOTBETCTBYIO-
€ TEOPETUUECKUM TOUYKAM, JTOJKHBI JIEKATh
MEXKY JBYMSI COCEJHUMH U3MEPEHHBIMU DKC-
MEePUMEHTAIbHBIMA 3HAYCHHUSIMH WU OBITh
MEHBIIE JKCIEPUMEHTAIIBHOTO 3HAYCHHUS B
Onmuxaifedt Touke. Takas MeTOIMKa MPUHSATA
BMECTO HMHTEPHONSAIUU, UYTOOBI COXpPaHUTh
SKCIEPUMEHTAIBHBIE JIaHHBIE B HCXOJIHOMU
dopme. Ilpu 5TOM MBI UCXOOUM M3 JOIYIIE-
HHUS O TOM, 4YTO HANPSDKEHUS H3MEHSIOTCSH
MEXKYy IOCIEA0BATEIbHBIMU TOYKAMHU MOHO-
TOHHO. OTMETUM, OJHAKO, YTO MPU KEIaHUU
MOKHO BBIYHCIIATH AeQOpMaIii B MECTaxX H3-
MepeHuil. B Tabnune nmpuBeneHbl pe3yiabTaThl
JIBYX YHCIICHHBIX PEIICHUN: OJHO COOTBET-
cTByeT (opme (aKTHUECKH HCIBITAHHOTO
IIKUBa ¢ OypTamu, a Apyroe - MKUBY 0e3 Oyp-
TOB.

B rtabnuiie moka3zaHo corjacuwe Mo Jie-
dbopmaruu 11 BCEX TOYEK, KPOME OJIHOM.
OyeHb XOpOILIO COMIACYIOTCS U 3aKOHOMEPHO-
CTH WU3MEHEHHs HedopMmaruii, KpoMe OIHOMH.
BeposiTHO, Ipek1IEBPEMEHHO YTBEPKAATh, UTO
TOYHOCTbH MOJIEJIA IOCTATOYHA JJISI BCEX TUIIOB
HAarpy30K, OJHAKO OHa YJIOBJIETBOPUTEIbHA

JUIsl JAHHOTO YaCTHOTO Ciy4asi HarpyXeHUs.
[TonTBepkIeHO TaKXke, 4YTO MOXHO CHelaTh
HEOOXOJMMBIEC YIIPOIIECHUS TIPH MOJCIUPOBA-
HUU 337a4u 0e3 MOTepu 3HAUUMOCTH Pe3yib-
TaToB, IIPU YCJIOBUHU MPABUIBHOCTHU JOIYIIE-
HUH. XOTS TMHAMHUYECKHE NCIBITaHUS IIIKMBOB
elle TOJbKO HAYaJlMCh, MOXKHO OXHJATh, YTO
MOJIy4aeMble B HUX JKCIIEPUMEHTAJIbHBIE 3HA-
yeHus aedopmaruii Takke OyJIeT XopoIo co-
IJIACOBBIBATHCS C PACYETHBIMH.

braronpusaTHOE BIMSAHUE NOAKPEIUICHUS
mKUBa OypTaMy Ha CTYIHUIIE XOPOIIO BHIHO
U3 AHAINTHYECKUX  PE3YJIbTAaTOB, IPHUBE-
JIEHHBIX B TaOJIHIIE.

3aki0yenue
B pacnopspkeHMHM KOHCTpyKTOpa IO-
SIBUJICSL MOIIHBIN 1 3 (HEKTUBHBIA HHCTPYMEHT
— TIPEIIpPOLEcCop, MO3BOJSAIOIUN KOHCTPYK-
TOPY BBIIIOJIHUTB LEJIYI0 CEPUIO PAcUeTOB UL
UCCIIEIOBAHMSI  BIIMSHUSA PA3JIMYHBIX  KOH-
CTPYKTUBHBIX napaMeTpoB. Takoll noaxon
JIOJDKEH, MO CYIIECTBY, 3aMEHHMTh OOBIYHBIH
Croco0 MPOEKTUPOBAHUS, UCTIOJIB3YIOIIHH J10-
pOTrOCTOSIIIME UCTBITAHUS MTPOTOTHUIIA B MOMC-
KaxX yCOBEpPILIECHCTBOBAHHON KOHCTPYKIUH.
Ha npaktuke sl yMEHbIIEHHS KOH-
LEHTPaLlUN HANpSHKEHUH NPUMEHSIOTCS Tall-
TEJbHBIE NEPEXO0Jbl MEXKAY CTYNULEH U CIH-
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e, a takke Mexay cnuied u o6ogom. Jle- KoHduaukT untepecon

TaJIbHOE MOJEIMPOBAHUE TaJTEIbHBIX IEpe- ABTOpBI  3asBISIIOT 00 OTCYTCTBHH
XO0JI0B TpeOyeT OOJBIIOro YKcia 3JIEMEHTOB U KOHGIMKTa  HHTEPECOB,  CBA3AHHBIX  C
COOTBETCTBYIOIIETO YBEJIMYEHUS CTOMMOCTH  IyOJMKAlMel 1aHHOW CTaThU.

BBIYMCIICHU.
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Distinctive Features of Raman Spectroscopy of Crude Oils of the
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Abstract

Raman spectroscopy provides useful information about hydrocarbon fluid inclusions in crude oils.
In particular, the presence or absence of hydrocarbon functional groups may be qualitatively determined.
In most oil spills situations, it is desirable to have more than one analytical technique for detecting of
spilled oil to its suspected source. In this paper we present first results of Raman scattering spectra of
crude oils taken from 6 Qil-gas Production Companies of Azerbaijan Republic.
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Abseron yarimadasina maxsus xam neft niimunalarinin Raman sapilmasi
spektrlarinin farglandirici xiisusiyyatlori
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Xiilasa

Raman spektroskopiyasi, xam neftin torkibindoki karbohidrogen mayelori barado faydali
molumatlar verir. Xiisusilo, karbohidrogen funksional qruplarinin mévcud olmast vo ya olmamasi bu
metodla keyfiyyatli sokildo miiayyan edilo bilor. Molum oldugu kimi Neft dagilmalari ilo alagali oksor
hallarda, dagilmis neftin agkarlanmasi vo ehtimal olunan manbanin miisyyanlosdirilmasi tigiin birden ¢ox
analitik metodun olmast mogsads uygundur. Bu maqalads biz Azarbaycan Respublikasinin 6 neft qaz
cixarma idarosine moxsus xam neft niimunolorinin Raman sopilmasi spektrlorinin dl¢tilmasinin ilkin
naticalorini toqdim edirik.

Acar sozlor: Raman sopilmoasi, LIDAR, Is1§in Raman sopilmasi, lazerin praktiki totbiqi, neft girklonmasi,
lazer spektroskopiyasi, xam neftin siialanmasi.
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He()TH ANILIEPOHCKOI0 MOJYyOCTPOBa
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AHHOTaNUA

CrniekTpocKonusi KOMOMHAIIMOHHOTO paccessHUs CBETa JaeT MOJIe3HY0 HH(POPMAIHIO O BKIIOYEHHUAX
yIIIeBONOPOIHBIX (onnoB B Chipoil Hedtu. B wacTHOCTH, MOXeT OBITh KAaUECTBEHHO OIpEAETICHO
HaJIMYUE WIM OTCYTCTBHE YIJIEBOJOPOAHBIX (YHKIMOHAJIBHBIX Tpymn. B OonpmmMHCTBE cHUTyanui,
CBS3aHHBIX C pa3IMBaMH He(PTH, >KEIaTelIbHO HMETh 00Jee OJHOT0 AaHAIMTUYECKOTO METoda s
oOHapyXeHHusl pa3nuToil HepTH M ompeneneHHs MPEAIoNIaraeMoro HCTOYHUKA. B cTaTbe mpeacTaBieHb
MIEpPBBIE PE3yNbTAaThl CIEKTPOB KOMOMHAIIMOHHOTO pAaCCesIHHUS CBHIPOW He(PTH, TONYy4eHHBIX OT 6
HedTerazonoobBaromX KomMnannid AzepOaipkanckoit PecryOmmku.

KiroueBnble ciioBa: PamanoBckoe paccesnue, JIMJIAP, KOMOMHAIIMOHHOE paccesHHE CBeTa,

UCIIOJIb30BaHKUE JIa3€pOB HAa MpaKTHKe, HE(PTSIHOE 3arps3HEHHE, Ja3epHast
CTIICKTPOCKOTIHSI, SMUCCHS M PACCEsTHHUE ChIPOH HeTH.
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Introduction

Crude oil is very wide and diverse class
of substances [1-5]. The complex nature of
crude oil, may lead in complex chemical
analysis method. In our previously published
paper, we described KA-14 LIDAR developed
at National Aviation Academy of Azerbaijan
to detect oil spills on water surface of Caspian
Sea and earth of Absheron peninsula [5-11].

According to existing literature 4
different techniques (infrared spectroscopy,
fluorescence (FL), gas chromatography and
low temperature luminescence) were used to
identify oil spills on water surface and to
establish spills source. FL spectra and
identification of oil spills on Caspian Sea as
measured by KA-14 LIDAR, developed at the
NAA, were published by the authors of
present artocle and the results have been
described in [8-11].

Laser Raman spectroscopy is used in
many scientific-research centers of world as a
standard analytical method. At the same time
as a tool in petroleum research, its role has
been hindered by the high FL background.
This FL background has such high intensity,
that it is completely obscures any band due to
Raman scattering (it is well known that
intensity of Raman scattered bands is about
10-5 times less than intensity of excited light
[12-16]).

In this paper we present the first results
of Raman scattering spectra of crude oils
taken from 6 Oil-gas Production Companies
(OGPC) of Azerbaijan Republic.

Analysis of scientific and technical
literature on the topic

The Raman method is widely use for the
purpose of studying and confirming the
composition of useful fossil migrations for
obtaining oil spectra from different oil fields.
The study showed that fats had similar
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molecular-mass regions, which were specific
to a baseline region.

An analysis of the literature shows that
Raman spectra of oils are observed in a wide
range of the spectrum, including high-
frequency. The most pronounced stripes of
Raman bands are observed in the following
wavelength: ~ 450 cm™, ~ 1350 cm™, ~ 1550
cm™, ~ 1600 cm™, ~ 1730 cm™, ~ 1770 cm™,
~ 1850 cm™, ~ 1950 cm™ [1-4, 12, 14-16].

Compared to other methods, Raman
spectroscopy facilitates the process of direct
measurement in solid, liquid and gaseous
media. The pattern has a number of
advantages, such as special training and the
absence of neutral to absorption strips.

Raman spectroscopy is widely used also
for obtaining oil spectra from oil fields. When
measuring the wavelength of A = 532 nm in
most substances are presented spectra in
which radiation absorption occurs as a result
of observation of FL, which is distinguished
by wider maximums compared to the Raman
signal.

To avoid FL effect, it is necessary to
take measurements at a wavelength of
A=1064 nm or longer using a portable
spectrometer. Measurements ~ with  a
wavelength of L = 1064 nm look promising for
the analysis of crude oils by the Raman
spectroscopy.  Our  measurements  of
Azerbaijanian crude oils by using the KA-14
LIDAR showed that the observed high
intensity FL strongly quenches weak Raman
spectra. In addition, we tried to perform
measurements of Raman oil spectra using
devices in the Laser Spectroscopy laboratory
of the National Aviation Academy. Such
devices include: *laser "Quantel Brilliant B"
(main beams at A = 532 nm, A = 255 nm and
A=266 nm; epulse duration-5 ns; *power 310
mJ, 170 mJ, and 60 mJ respectively; *MDR -
41 spectrometer, *photo detectors FEU - 62
and FEU - 100.



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2023, cild 15, Me 3, s. 51-58
Pasayev A.M. va basq.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no.3, pp. 51-58
Pashayev A.M. et al.

Unfortunately, the FL generated in the
crude oils was extinguishing the expected
Raman scattering spectrum (Figure 1).
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Figure 1 — Room temperature FL spectrum of
crude oil of Absheron OGPC (Pirallahi, Artem).
Measurements were carried out with help of the
KA-14 LIDAR developed at NAA. The spectrum is
excited by the CRF - 355 laser line of wavelength
A =255nm

In accordance with the above described,
it was decided to carry out measurements on a
special (manufactured in Japan) Raman
installation located at the Institute of Physics
of Azerbaijan National Academy of Sciences.
This setup is performed using the excitation
Spectra of YAG: Nd** laser second harmonic
(A =514.5 nm).

Conclusion

Analysis of the available literature,
calibration and maintenance of KA-14 LIDAR
was carried out. An analysis of the available
literature has led to the conclusion that the
Raman spectra of crude oil is a fairly reliable
method for creating Raman spectra of crude
oil debris on water and earth surfaces and a
Data Bank based on these spectra. The results
given by the measurements carried out on the
basis of the caliber are consistent with the
results published in modern literature. The
scientific and technical requirements of the
research work put forward have been
experienced and clarified. Thus, it was
decided to measure the Raman spectra of

crude oil samples from 12 OGPCs of
Azerbaijan. On the basis of the project,
separate spectral analysis of the extracted oils
in different zones of Absheron peninsula and
the creation of Raman spectra’s Data Bank of
oils based on the data obtained are underway.
The mentioned zones included 8 (eight)
OGPCs belong to AzNeft (Azerbaijan) and 4
(four) Joint Ventures under AzNeft: OGPC: 1.
Absheron; 2. Narimanov; 3. Oil Rocks; 4.
Amirov; 5. Siyazan; 6. Tagiyev; 7. May 28; 8.
Bibiheybat; Joint Ventures: 1. Balakhani Oil;
2. Muradkhanli Oil; 3. Surakhani Oil; 4.
Binagadi Oil.

Measurement of Raman spectra by KA-
14 LIDAR did not give any positive results. It
was obviously to expect for this, since weak
Raman scattering lines (10 degrees weaker
from the intensity of the excitation laser) are
screened with strong FL lines of oils (10™
degree’s from the intensity of the excitation
laser). Therefore, we decided to carry out the
measurement of Raman spectra of oils using
the Raman device available at the Institute of
Physics of Azerbaijan National Academy of
Sciences. Some of these first results is
presented in Figures 2-7.
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Figure 2 — Raman spectrum of crude oil of OGPC
named after Tagiyev. The measurements were
carried out by Raman spectra measurement
equipment at the Institute of Physics Azerbaijan
National Academy of Sciences. Spectrum was
excited using YAG: Nd** laser's second harmonic
(A =514.5 nm).
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Figure 3 — Raman spectrum of crude oil of
Lokbatan-BUTA OGPC. The measurements were
carried out by Raman spectra measurement
equipment at the Institute of Physics Azerbaijan
National Academy of Sciences. Spectrum was
excited using YAG: Nd** laser's second harmonic
(A =514.5 nm).
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Figure 4 — Raman spectrum of crude oil of 28
May OGPC. The measurements were carried out
by Raman spectra measurement equipment at the
Institute of Physics Azerbaijan National Academy
of Sciences. Spectrum was excited using YAG:
Nd** laser's second harmonic (A = 514.5 nm).
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Figure 5 — Raman spectrum of crude oil of
Bibiheybat OGPC. The measurements were
carried out by Raman spectra measurement
equipment at the Institute of Physics Azerbaijan
National Academy of Sciences. Spectrum was
excited using YAG: Nd** laser's second harmonic
(A =514.5 nm).
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Figure 6 — Raman spectrum of crude oil of
Narimanov OGPC. The measurements were
carried out by Raman spectra measurement
equipment at the Institute of Physics Azerbaijan
National Academy of Sciences. Spectrum was
excited using YAG: Nd*' laser's second harmonic
(A =514.5 nm).
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Figure 7 — Raman spectrum of crude oil of Qil
Rocks OGPC (Neftjanie Kamni).

The measurements were carried out by Raman
spectra measurement equipment at the Institute of
Physics Azerbaijan National Academy of
Sciences. Spectrum was excited using YAG: Nd**
laser's second harmonic (A = 514.5 nm).

As can be seen from Figures 2-7, the
characteristic features of the Raman scattering
spectra are observed as a weak wide bands in
the spectral ranges of : +200 - 600 cm™, «1500-
2300 cm™ and +2400-3400 cm™.

The Raman spectra of crude oils of the
remaining six OGPCs excited using YAG:

Nd** laser's second harmonics (A = 514.5 nm)
are basically similar to those shown in Figures
2-7. Finally, it is worth noting that we plan to
perform Raman scattering spectra of
Azerbaijani oils using near-infrared laser lines
to exclude a high-intensity FL background.
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We contacted some colleagues in the Institute
of Spectroscopy Russian Academy of
Sciences and agreed on measurement
questions. The equipment available in this
organization (has a radiation wavelength of
1064 nm (1.16 eV)) excites Raman scattering
spectra and significantly reduces the FL
intensity of crude oil spectra.

One of preliminary results of Raman
spectrum of crude oil taken from Lokbatan-
BUTA OGPC is presented in Figure 8.

Finally, it is worth noting that we plan to
perform Raman scattering spectra of
Azerbaijani oils using near-infrared laser lines
to exclude a high-intensity FL background.
We contacted some colleagues in the Institute
of Spectroscopy Russian Academy of
Sciences and agreed on measurement
questions. The equipment available in this
organization (has a radiation wavelength of
1064 nm (1.16 eV)) excites Raman scattering
spectra and significantly reduces the FL
intensity of crude oil spectra. One of
preliminary results of Raman spectrum of
crude oil taken from Lokbatan-BUTA OGPC
is presented in Figure 8. Finally, it is worth
noting that we plan to perform Raman
scattering spectra of Azerbaijani oils using
near-infrared laser lines to exclude a high-
intensity FL background. We contacted some
colleagues in the Institute of Spectroscopy
Russian Academy of Sciences and agreed on

measurement  questions. The equipment
available in this organization (has a radiation
wavelength of 1064 nm (1.16 eV)) excites
Raman scattering spectra and significantly
reduces the FL intensity of crude oil spectra.
One of preliminary results of Raman spectrum
of crude oil taken from Lokbatan-BUTA
OGPC is presented in Fig. 8.
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Figure 8 — Raman spectrum of crude oil of
Lokbatan-BUTA OGPC. The measurements were
carried out with the Raman installation, which is
available at the Institute of Spectroscopy of
Russian Academy of Sciences. The spectrum was
excited by the YAG:Nd3+ laser (L] = 1064 nm).
Horizontal axis- Raman shit, cm™. Vertical axis-
intensity, rel. units

Frequency values of Raman scattering of
crude oils obtained from the final processing
of spectrum (Figure 8) is shown in Table 1.

Table 1 — Frequency values of Raman scattering of crude oils obtained from the final processing of

spectrum (Figure 8)

Peak Nol Peak Peak Peak Peak Peak Peak Peak
@ No2 | No3(c) | No4 No5 No6 No7 No8
Sample cm? (b) cm* (d) (e) (f) ) (h)
cm? cm? cm? cm? cm? cm?
Lokbatan - 205 1090 1150 1200 1490 1570 1750 1950
Buta OGPC
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Planned measurements in the Raman
scattering spectra of crude oil from the
remaining eleven organizations will allow the
creation of a Data Bank of crude oils from
Absheron peninsula of Azerbaijan.
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Abstract

In the article, the issue of pipeline thickness calculation with methods based on modern
technologies is considered. According to the coefficient of working conditions of the pipeline, the
calculated resistance to tension (compression) is determined and the thickness of the pipe is calculated
based on the obtained result. Also, as a result of the calculation of the pipe elements, the stress-
deformation state is analyzed along the surface of the pipeline where the technical inspection is carried
out. During the calculations, both the analytical method and modern software are used. A three-
dimensional spatial model of the pipeline is built through the software, and a report on the strength and
stability of the pipeline under the influence of a number of forces is conducted. Also, as a result of the
technical diagnostics of the pipeline, the possibility of future operation of the pipe element is determined.

Keywords: main gas pipeline, strength, stability, stress-strain, calculated resistance, temporary
resistance, yield strength, reliability coefficient, allowable stress.
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Magistral qaz kamarlorinin Kkonstruktiv etibarh@min miiasir

program tominati vasitasilo hesablanmasi
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Xiilasa

Mogalods miiasir texnologiyalara osaslanan tsullar ilo boru kemarinin galinliginin hesablanmasi
moasalasina baxilmigdir. Boru komorinin is soraiti amsalina uygun olaraq dartilmaya (sixilmaya) hesabi
miiqavimati toyin olunmus vo alinan noatico asasinda borunun galinligi hesablanmigdir. Elaco ds, boru
elementlorinin hesablanmasi naticasindo komorin texniki miiayino aparilmig sothi boyunca gorginlik-
deformasiya voziyyati tohlil olunmusdur. Hesablamalar zamani hom analitik dsuldan, ham do miiasir
program tominatindan istifado olunmusdur. Program tominati vasitasilo boru kemarinin tig6lgiilii foza
modeli qurulmus vo bir sira qlivvalorin tasirindon komorin méhkamliya vo dayanigliga hesabati
apartlmigdir. Homginin, boru komorinin texniki diagnostikasi naticesinds boru elementinin golocokds
istismarinin miimkiinliiyli miiayyon olunmusdur.
Acar sozlor:  magistral gaz komoari, méhkomlik, dayaniqliq, gorginlik-deformasiya, hesabi miigavimat,

milvaggati miigavimat, axma hoddi, etibarliq amsali, buraxilabilon gorginlik.
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? Asepbaiiovcanckuii 20cyoapcmeennblii yrugepcumem Hegmu u npomviuiienrocmu (np. Asaonwe, 16/21,
baxy, AZ1010, Azepbatioxncan)

s nepenncku: VcmaiisiioBa @uman / e-mail: fidan.ismayilova.2014@mail.ru

AHHOTAIIUSA
B cratee paccMoTpeH Bompoc pacdera TOJIIWHBI TPyOONpPOBOJIAa METOIAMH, OCHOBAaHHBIMH Ha
COBpEMEHHBIX TexXHOJOTrusaX. CompoTuBIeHHE TPyOONpPOBOAA PACTSIKEHHIO (CXKATHIO) OMPEAEISIH II0
ko3 duumeHTy ycaoBuil paboThl U IO pe3ybTaTy PacCUUTHIBAIN TONIIMHY TpyObl. B pesynbraTe pacuera
TaKxe ObUIO ONpeAeIeHO HAPSHKEHHO-AeQOPMAIMIOHHOE COCTOSHIE BJIOJIb TOBEPXHOCTH TPYOOIPOBOAA.
IIpu pacuerax HCHOJB30BAIUCH KaK aHAJUTHYECKUE METOJbI, TAK U COBPEMEHHOE IPOTrPaMMHOE
obecriedenne. C TOMOLIBIO MPOTPAMMHOTO OOecIieueHHsI IOCTPOEHa TpexXMepHas MpPOCTPaHCTBEHHAsS
MOJIeJIb TPYOOIIPOBOJa M MPOBEACH OTYET O MPOYHOCTH U YCTOWYHMBOCTH TPYOOIPOBOAA MOJ JEHCTBUEM
psaga cuin. Takxe B pe3ylbTaTe TEXHWYECKOW TUArHOCTUKH TPyOONpOBOJa OmpejaesieHa BO3MOXKHOCTH
JabHENIIeN SKCILUTyaTaluy 3JIEMEHTa TPYOBI.
KiroueBble cioBa: MarucTpaibHBIM  Ta3ompoBOJ, MPOYHOCTh, YCTOWYMBOCTb, HANPSKEHHO-
neopMHpPOBaHHOE  COCTOSHHME, pacdeTHOE CONPOTHUBICHHWE, BPEMEHHOE
CONPOTHUBIICHUE, MPEAEN TeKY4eCTH, KOd(QPHUIMEHT HAAKHOCTH, JOITyCKaeMOe
HaIpsDKEHUE.
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Giris

Istismarda olan boru kemarlarinin gole-
cokda istismarmin mimkiinliyi — neft-qaz so-
nayesinin on vacib masalalorindon biridir.
Mohz bu sababdon, boru kemarlorinin texniki
vaziyyatinin vaxtasirt miayina (diagnostika)
edilmosi zoruridir. Istismar dovriinde bas vera
bilocok galinliq itkilarini nazars alarag, boru
komorlorinds aparilan texniki diagnostika islo-
ri bir sira moarholods aparilir [1]: Hazirhiq isle-
ri; Texniki inspeksiya; Diagnostika; Kamarin
moveud texniki vaziyyati vo goalacok istismar
miimkiinlityii haqqinda yekun aktin tortibi.

Bildiyimiz kimi, neft-qaz madon qurgu-
lar1 istismar edilon vaxtdan etibaron bir sira
xarici vo daxili amillarin tasirlorine moruz ga-
lir. Istismar miiddoeti dovriinde bu tasirlor ke-
morin miixtolif elementlorinds, asason do boru
divarmin qalinhiginda itkilorin yaranmasina
gotirib ¢ixarir [2]. Komarin miixtalif togkiledi-
cilorini (xatti hisso, dirsok, kec¢id vo s.) alagoe-
londiyi gaynaq elementlorinds yaranan qiisur-
lar kamarin istismar miiddatinin azalmasina,
hotta dayanmasina da sobab ola bilar. Biitiin
bu kimi tasirlori nazarotds saxlamaq tigiin vax-
tasir1 boru komorlarinin diagnostik miiayinasi-
nin aparilmasi vacibdir [3]. ©gar boru kamar-
lori movcud standartlarin taloblorine uygun
olaraq miitomadi yoxlanilmazsa, har hanst yii-
kiin tosirindon komarin gozali voziyyato diis-
masi  vo miirokkablosmolorin bas vermasi
qacilmazdir. Hal-hazirda gostorilon problemin
holli ii¢iin praktikada bir sira metodlar totbiq
edilmokdadir. Konstruktiv etibarliligin artiril-
mas1 komords aparilan texniki miiayins islori
naticasinda oldo olunur. Aparilan diagnostika
islori bir sira statik vo dinamik yiiklorin tasi-
rindon komoardas bas vera bilacok potensial toh-
liikalorin askar olunmasinda miihiim rol oyna-
yir. Diagnostik iglorin gdriilmasindo moagsad —
neft-qaz komorlarinin galacok istismar miim-
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kiinlityliniin miiayyan olunmasidir. Mahz bu
soboabdon, kemarin istismari zamant boru ko-
morlarinin konstruktiv etibarliginin hesablan-
mas1 masalasi boyiik aktualliq kasb edir.

Isin magsadi

Toadgigatin moagsadi — goriilon diagnostik
islor naticasinda boru kemorinin miixtolif ele-
mentlorinin galiq istismar resurlarinin toyini-
dir. Todgigatlarda “STAAD.Pro” program to-
minat1 vasitasilo proses modellogdirilmis, ri-
yazi hesablamalar naticosindo gaz kamarinin
divarinin qalinligi tayin olunmusdur.

Tadgig olunan magistral boru kamarinin

istismar voziyyatinin tohlili asagidaki ardicil-
ligla aparilmigdir.
1. Boru kamarinin dartilmaya (sixilmaya)
hesabi miigavimatinin tayini. Istismarda olan
magistral boru komorlarinds konstruktiv eti-
barliligin miiayyan olunmasi tigiin méhkomli-
ya vo dayanaqgliliga hesabat aparilmalidir. Bu-
nun Giglin  6nco komarin dartilmaya R Vo si-
xilmaya R% goro (miivaqgoti miigavimat va
axma haddi) normativ miigavimatlorinin mini-
mal giymoti miiayyan olunur. Bu hesabi mii-
gavimatlor gostorilon gaydada hesablanir [4]:

__ RP'm, __ R}m
kike ka'ke

R = min{R;; R,}
Burada: R} - dagilmada normativ miigavimat,
MPa; kqag/sm? ; R} - axma haddi, MPg;
kqg/sm?; m - boru xattinin is soraiti omsali;
ki vo k, - materiala gors etibarliliq amsaly;
k. - boru xattinin toyinatina géro etibarliliq
omsalidir.

Boru komarinin yerlosdiyi  arazinin
uygun goldiyi kategoriyaya asason tayin olun-
mus is soraiti amsalinin giymatlori cadval 1-do
verilmisdir [5]. Materiala géra va boru Xattinin
toyinatina goro etibarliliq amsallari, miivafiq
olaraq, cadval 2-4-5 asasan segilir [6-8]:
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Cadval 1 — Boru kamarinin mohkamliys, dayaniqliga vo deformasiyaya hesablanarkon is soraiti omsali.
Table 1 — Working condition coefficient while calculating the strength, stability and deformation of the

pipeline.

Boru kamoari vo onun sahssinin kateqoriyasi

Boru kamorinin mohkamliya,
dayanmiqliga va deformasiyaya
hesablanarkan
is soraiti omsal1, m

Daha ohomiyyatli sahslords binalar daxili kompressor stansiyalar daxili, yeralti

qaz anbarlarinda diametri 1200 mm-lik neft borularinin su kegidindo B 060
Magistral boru Xatlorinin su keg¢idlari, domiryol kegidlari, avtomobil yollari,
¢otin kegilon bataqliglar, kompressor stansiyalari ilo Kosismolor, sar buraxma 0.75
Vo gobuletmas montagalorinda | va Il
I 0.90
v 0.90
Cadval 2 — Materiala gors etibarliq omsali, k;
Table 2 — Reliability factor by material, k;
Borunun xarakteristikalari Materiala gors etibarliq
omsali, K;
Biitov texnoloji tikis xotorsiz tisulla 100% nazaratden keg¢mis yayma poladdan 134
Vo termiki mohkamlandirilmis qaynaqli borular '
Biitov texnoloji tikis iizro 2 torofli elektrik qdvs qaynagi ilo hazurlanmis, 140
yayilmis vo doyiiliib hazirlanmis tikissiz borular '
Ikitorafli elektrik qovs qaymagi ilo hazirlanmis xatorsiz vo ya dagidict olmayan
100% nazarstdon kegirilmis azlegirlonmis vo ya karbonlu poladdan hazirlanmig 1,47
gaynaqli borular
Ikitorofli qovs qaynagi ilo aparilmis az legirlonmis vo ya karbonlu poladdan 155
hazirlanmig qaynaqli borular va digor tikigsiz borular '
Cadval 3 — Materiala gors etibarliliq omsali, k;
Table 3 — Reliability factor by material, k
Borunun xarakteristikalari Materiala gors etibarliliq
omsali, ky
Az karbonlu tikissiz 1,10
R} /RT < 0,8 iizro azkarbonlu vo az legirlonmis diiz tikisli vo spiralvari tikisli, 1,15
qaynaqli
RZ /R} > 0,8 lizrs yiiksok mohkomlikli poladdan hazirlanmig 1,20
Cadval 4 — Boru xattinin toyinatina gors etibarliliq omsali, k,
Table 4 — Reliability coefficient according to the designation of the pipeline, k,
. Boru xattinin toyinatina gors etibarliliq omsali, k;
Borunun sorti
diametri, mm Qaz boru Xatti tigiin Neft vo neft
P<5,4 MPa 5,4<P<7,AMPa 7,4<P<9,8MPa mohsullari Gigtin
500-2 godar 1,00 1,00 1,00 1,00
600-1000 1,00 1,00 1,05 1,00
1200 1,05 1,05 1,10 1,05
1400 1,05 1,10 1,15 -
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2. Boru kamarinin divarinin
qalinhgmmin tayini. Boru xattinin verilmis P
is¢i  (normativ) tozyiq altinda lazimi

mohkomliyini tomin edon hesabi galinligi &

(mm) asagidaki diisturla hesablanir [9]:
_ _nPD @)

2(R+nP)

Burada: P — is¢i tozyiq, MPa; n — yiiko gors

etibarliliq amsali; D — borunun xarici diametri,

mm; R — polad ii¢lin qirilmada buraxilabilen

garginlik haddidir.

3. Yeralti magistral gaz komarindo
texniki miiayino islorinin  aparilmasi.
Texniki diagnostika islorinin aparilmasinda
osas moagsad — boru komorinin potensial
tohliikoli hissolorini askar etmok, qiisurlarin
tohliiko daracalorini qiymatlon-dirmak,
tohliikali hissolorin prioritetini miioyyon edib
gabaglayici tomir iglori apar-maqdan ibaratdir
[10]. Mdvceud texniki tapsiriga osason,“Astara-
Qazimommod” yeralt1 magistral qaz komorinin
187-ci km sahosindo layiho tozyiqi Piay=5,5
MPa, maksimum icazo verilon is¢i tozyiq
1soPisi=1,8 MPa qobul edilmisdir. Borunun
xarici diametri D= 1220 mm, poladin markas1
iso 17T'1C-Y-dur. Texniki diagnostika zamani
gaz komorindo “Olympus 27-MG” markali
ultrasos prinsipli gqalinligdl¢on cihaz vasitasilo
instrumental 6lgma islori yerina yetirilmisdir.
Todgigatlarda oldo olunmus faktiki
molumatlar osasinda boru xsttindo mdveud
daxili tozyige miivafiq minimal buraxilabilon
qalinliglar hesablanmig vo faktiki minimal
galinliglarla miigayiso olunmusdur. Belsliklo,
instrumental 6lgmolor, minimal qalinliglar va

istismar yiiklori osasinda qaz komorinin
tohliikosiz  istismarmin  miimkiinliiyli  fakt:
Oyronilmisdir.
Masalanin halli

Tadgig olunmus boru xattinin tohliikasiz
istismar ehtiyatlarinin giymotlondirilmasi, on-
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larda miisahids olunmus sathi qiisur va ¢atis-
mazliglar nozors alinmagla birbasa 6lgmalor
noticasinds miioyyan edilmisdir. Faktiki mini-
mal en kasik galinliglar1 isa daxili tozyiq altin-
da moéhkomliys hesabatinin naticalarins asasen
aparilmisdir.

“Astara-Qazimommod” yeralti magistral
gaz komarinin  L=187,74-cii km-do acilmis
surfda P=1,8 MPa tozyiq altinda aparilan 6l¢ii
islori naticasinda kemorin miixtalif yerlorinds
divarinin qalinlig1 miiayyon olunmusdur:

e ustdo — 12,18; 12,24; 12,36; 12,45;
12,40; 12,58; 12,65 mm (8 ora = 12,18 mm).

« yanda — 11,96; 11,95; 11,80; 11,91;
11,96; 11,93; 11,98 mm (6 orta = 11,80 mm).

- altda — 9,85; 9,64; 9,49; 9,19; 9,25;
9,30; 9,38; 9,48 mm (8 orta = 9,19 mm).

Homginin, borunun yan va alt sathinds
dorinliyi 5+6 mm olan korroziya yaralart va
layli korroziya mohsullar1 agkar olunmusdur.

Komorin en Kkasiyinin verilmis sortlor
daxilindo tolob olunan minimal galinhigmnimn
hesabi giymati belo toyin edilmisdir:

_ mPD 11181220
2(R+n-P)  2(260,87+1,11,8)

Komarin alt sothindo aparilan olgi
islorindo alinan naticonin (korroziya yaralari
nozors alinmagla) hesabi qiymotlo miiqayisasi
naticasinda bu hissonin artiq istismara yararsiz
oldugu miioyyon edilmisdir.

= 4,6 mm

Konstruktiv modelin
Komorin méhkomlik vo dayanaqliliq analizi
standart STAAD.Pro Connect Edition
program tominati vasitasilo yerino
yetirilmisdir [10-11].

Modellasdirilmis 1220 mm-lik magistral
gaz komorinin sado sxemi sokil 1-do
verilmigdir. “Astara-Qazimommad”  yeralt1
magistral gaz komoarinin 187,74-cti km-do
istifado olunan metalin xiisusiyyatlori codval
5-do gostorilmisdir.

yaradilmasi.
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Sakil 1 — Qaz kamorinin sadslosdirilmis modeli
Figure 1 — A simplified model of a gas pipeline

Cadval 5 — Metalin xiisusiyyatlori
Table 5 — Properties of metal

Gostaricilar Faktiki Olctilori
Sixhq , ton/ m® 7,849
Elastiklik modulu, E ,

KN/ sm? 20000
Stirtismoa modulu, G,

kN/ sm? 7722
Puasson amsali 0,3
Axiciliq haddi, Fy,

kN/ sm? 24,5

Max Von Mis
Nmm2
<=84.1
0
103
g |
121
10
139
1l
158
a

176

Totbiq olunan yiiklarin paylanmasi

Totbig olunan riyazi modelds, metal
kiitlo daxil olmagla, komordo yaranan isgi
tozyiq nozoro alinmigdir. Yiiklorin paylanmasi
sxemi sokil 2-do gostorilmisdir.

Sakil 2 — Totbiq olunan yiiklorin kemarin sathi
boyu paylanmasi

Figure 2 — Distribution of applied loads along the
surface of the pipeline

Gorginlik-konsentrasiya zonasimin miiay-
yan edilmasi

Totbiq olunmus yiik kombinasiyasinin
tosirindon boruda yaranan axma haddinin
maksimal giymotinin 379 MPa oldugu
milyyon edilmisdir.

Max Von Mis
N/mm2
<= 116

132
149
165
182

3

231

297

Sakil 3 — Boru kamari elementlorinds yaranan garginlik haddinin giymatlondirilmasi
Figure 3 — Estimation of stress limit in pipeline elements
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Komarin konstruktiv. modeli STAAD.
Pro program tominatinda modellosdirilmis,
metal c¢okisi vo komords yaranan isci tozyiq
nozors alinarag, tohlil olunmusdur. Gostoril-
mis diagramda geyd olunan rogamlar komoarda
yaranan garginliyin artmasi istigamatindo sira-
lanmigdir. Komorin asagi hissasinds alinan
garginliyin axma haddinin (379 MPa) metalin
fiziki xtisusiyyatlorino uygun goalon axma hod-
dindon (350 MPa) boyiik olmasi sababindan,
komords yaranan gorginliyin buraxilabilon
gorginlik haddindan boyiik oldugu miiayyan
edilmisdir (sokil 3).

Natica

“Qaz Ixrac” Idarssino moxsus “Astara-
Qazimommod” yeraltt magistral qaz komorinin
187,74-cti km-do agilan surfda boru kamarinin
xatti hissasinds “Olympus 27MG” markal ult-
rasos prinsipli galinligélgon cihazi ilo defek-
toskopiya islori aparilmigdir. Monitoring pro-
sesindo komarin sathinds holqovi istigamoatdo
olgiilor aparilaraq, faktiki divar galinliglarmin
borunun st sathindo 12,18 mm, yan sathinds

11,80 mm, alt sothinds isa 9.19 mm oldugu
miioyyan edilmisdir. Komorin alt sathindo 5+6
mm korroziya yaralar1 askar olundugundan,bu
hissads galinligin faktiki qiymotinin 3,19 mm
oldugu askarlanmisdir. Boru kamoarinin riyazi
hesablamasindan alinan hesabi galinlig: faktiki
galinlig1 ilo miigayiss olunaraq (3,19< 4,60),
komorin istismara yararsiz oldugu gonastinas
golinmisdir. Komorin  konstruktiv.  modeli
STAAD.Pro program tominatinda modellasdi-
rilmis, metal ¢okisi vo komordo yaranan isci
tozyiq nazors alinaraqg tohlil olunmusdur. Ali-
nan gorginliyin axma haddinin (379 MPa) me-
talin fiziki xisusiyyatlorine uygun galon axma
hoddindan (350 MPa) boyiik olmasi sobabin-
don, komards yaranan garginliyin buraxilabi-
lan gorginlik hoddindan bdyiik oldugu miiay-
yan edilmisdir.

Maraglar miinaqisasi
Miislliflor bu magalads arasdiriimast to-

lob olunan maraglar miinagisosinin olmadigini
qeyd edirlar.
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Abstract
Various models are used to determine the main filtering parameters. With the help of these models,

the flow rate, pressure distributions, reservoir and well permeability are determined. Note that the com-
plexity of the considered oil production processes makes it possible to mathematically describe the filtra-
tion process. However, when predicting technological indicators for designing the development of oil
fields, rather simple models built on a single basis turn out to be the most acceptable. These models make
it possible to carry out the most correct comparative analysis of various methods for increasing gas recov-
ery, to implement multivariate systems to select the optimal development option, and to systematize the
initial information.
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Sferik radial siiziilmo zamam ii¢ 6l¢iilii modelin tatbiqinin
skin-faktora gora toyini
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Yazisma liiciin:
Qadasova Elmira / e-mail: elmira_gadashova@hotmail.com

Xiilasa

Stiziilmanin asas parametrini tayin etmok {igtin miixtalif modellardan istifads olunur. Bu modellarin
komayi ilo hasilat, tozyiqin paylanmasi, layin vo quyunun Kegiriciliyi toyin olunur. Bu miirokkab
modellarin totbigi neft ¢ixarmada siiziilmo prosesinin riyazi modelini verir. Ancaq geyd etmok lazimdir ki,
neft yataglarinin islonmo proyektini verarkan, texnoloji gostoricilor asasinda asas modelo géra bir godor
sadolosdirimis siiziilmo modellarini vermok olar. Bu modellor miixtalif istismar metodlarim bir-biri ilo
miiqayiso etmok imkani yaradir. Buna goro sistemli verilmis informasiyaya oSasen yatagin optimal
variant1 hesablanir.

Acar sozlor:  lay, skin-faktor, skin-zona, kontur va quyudibi tozyiq.

DOI 10.52171/2076-0515_2023_15_03_66_70

YK 622.246

IIpumeHenune Moaese TpexMepHoOu, cpepruuecCKU-PAINAIBLHON
(puabTpaALMH ¢ YYETOM CKMH-30HbI
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Jisi nepenuckm:
I'aparmosa Dnemupa / e-mail: elmira_gadashova@hotmail.com

AHHOTAIIUSA

st ompenienieHnss OCHOBHBIX IMapaMeTpoB (HIBTPAIN MPUMEHSIOTCS pa3inudHbie Moaenu. C mo-
MOIIIBI0 JTAaHHBIX MOJIETICH OmpeeNstoTcs NeOuT, pachpesesieHue NaBlIeHHs], MPOHUIIAEMOCTh IUIacTa U
CKBaXWHBI. OTMETUM, YTO CIOKHOCTh PACCMATPUBAEMBIX MPOIECCOB HEPTENOOBIUN O0YCIOBIMBACT BO3-
MOYKHOCTh MaT€MaTHUECKOT0 OMUCaHus rporecca Guibrpannud. OIHAKO IpU TPOrHO3UPOBAHUHN TEXHOJIO-
THYECKHX MOKa3aTesIel JUIsd MPOSKTHPOBAHUS Pa3paOd0TKU HEPTSIHBIX MECTOPOXKIACHUN Hauboyiee mpueM-
JIEMBIMU OKa3bIBAIOTCSI IOCTATOYHO MPOCThIE MOJEIIN, TOCTPOCHHBIEC HA €UHON OCHOBE. DTH MOJEIH 03-
BOJISIFOT HanOoJiee KOPPEKTHO MTPOBOANTh CPABHUTEIbHBINA aHAIN3 PAa3IMYHBIX METOJIOB YBEJIUYCHUS He(-
TEOTJa4H, OCYIIESCTBISATE MHOTOBAPHUAHTHEIN BBEIOOP ONTHMAIBLHON CXEMBI pa3paOO0TKH, CHCTEMATH3UPO-
BaTh UCXOJHYIO HH(POPMAIIHIO.

KiroueBble cioBa:  1miact, CKUH-(QakTop, CKUH-30Ha, KOHTYPHOE 1 3a00HHOE JTaBJICHHE.
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BBengenue
[IpakTHKa 1MOKa3bIBACT, YTO IS OTIpE]Ie-

JICHUSI TEXHOJOTMYECKUX ITOKa3aTeiel paspa-
O00TKM HE(QTSHBIX MECTOPOKICHUNH HE00XO0-
VMBI CTICU(UYECKUE HCXOJHbIC TaHHBIE O
acTe, npu3adoiHOM 30He CKBAKUHBI H T.JI.

Lleas padoThl — Ha OCHOBE cepuue-
CKOW paaualibHOW MOJEIH MPEII0XKHUTh MaTe-
MATHYECKYI0 MOJIENIb JIJISl ONPEACICHHUS OC-
HOBHBIX IOKa3aTeliell HEPTSIHOTO MECTOPOXK-
JCHUS C YY€TOM CKHH-30HBI B TPU3a0O0HHOU
30HE HEPTSHOU CKBKUHBI.

ITocTanoBka 3axa4yn

Boiaenenne MUHMMalbHO HEOOXOAUMO-
ro yuciaa (akTopoB, ONPEACIAIONIMX Haulo-
JIe€ CYIIECTBEHHBIE YEPTbl MOJAEIUPYEMBIX
IIPOLIECCOB, NPUBOANUT K IOCTAHOBKE HOBBIX
3ajad  QuubTpanuu. B HacTosimee Bpems
MPeJIOKEHBl pa3Hble MaTeMaTHYeCKUe Mo/e-
JIM ¥ COOTBETCTBYIOLINE UM METOJIMKH pacue-
Ta TEXHOJIOTMYECKHUX IIOKA3aTeNIed, OTpaka-
IOIIME COBPEMEHHOE INPE/CTaBICHUE O (UIIb-
Tpauuu He(pTH B MOPUCTOH cpejie.

YcoBepiieHCTBOBaHHE Tpolecca (Huiib-
TpalMK YIJI€BOJOPOAA IPHU HCIOJIb30BAHUN
cepuuecko-paualbHOM MOJENH JaeT BO3-
MOJKHOCTb 00Jie€ AETalbHO ONPEAEIUTh MPo-
L[ECChI, KOTOpPbIE BO3HUKAIOT B MPHU3a00NWHOI
30HE C y4eToM CKuH-(akTopa [1-7].

Pemenue 3anaun

CymiecTBytomiasi MOJ€Nb, TOMOTHEHHAS
COOTBETCTBYIOIIMMHU HAaYaJIbHBIMU W TpaHUY-
HBIMH YCIIOBHSIMH, MOXXET peajn30BaThCs B
YUCIEHHYI0 MOJENb TPEXMEPHOTO IO TOJI-
IIMHE WK 110 IPOCTUPAHUIO IIIacTa.

[Ipun TpexmepHOM MOAETUPOBAHUU OI-
HOBPEMEHHO YYHUTHIBAIOTCA AS()QPEKTHI, CBS-

3aHHBIE C TOJILMHOM, MOIIHOCTBIO, HEOIHO-

68

POJIHOCTBIO IJIACTA B CAaMOM IIJIaCTE€ U NpHU3a-
OolHOW 30HE (TrpaBHTALMOHHAS Ceaparws,
KaluUISIpHasi IPOIMUTKA, THAPOIMHAMUYECKHIMA
MacCOOOMEH MEXy CBSI3aHHBIMU CIIOSIMH
pa3HOil NMPOHUIIAEMOCTH B IUIACTE U CKUH-
30HE) W 10 IIACTY.

BnepBbie nnpuMeHeHrne TpeXMEpHOM Mo-
nenn npumenun W.A. Yapssii [3]. ABTOp
YKa3bIBa€T, 4YTO IMPHU OMNpPEIEJICHUU [eduTa
CKBQ)XMHBI, HECOBEPIICHHON 1O CTENEeHH
BCKPBITHSA, €CJIM BEJIMYMHA BCKPBITHS IUIacTa
Mana, obnacte (pUIBTpalUU YCIOBUN pa3du-
BaeTCs Ha JIBE 30HBIL.

[lepBast 30Ha HaXOJIUTCS MEXAY KOHTY-
pOM TMHUTaHUS U PagUycoM, pPaBHBIM WJIH
OOJBIIKMM TOJILIMHBI IJIacTa. B naHHOM 30HE
JIBIDKEHHE MOXXHO CUUTATh ILJIOCKOPAIUaIIb-
HBIM.

Bropas 30Ha pacnonoxeHa MeXIy
CTEHKOM CKBaXHHBI U IMIMHIPUYECKON MO-
BEPXHOCTBIO, TJie IBUXKEHHE OyJIeT MpocTpaH-
CTBEHHBIM, T.€. TPEXMEPHBIM.

JlanHyro 3amadyy MOXKHO TPHUMEHATH H
JU1s1 HE(TSAHBIX CKBAYKWH C y4€TOM CKUH-30HBI.

N3 xypca moa3eMHON THIPABIUKH W3-
BECTHO, YTO ypaBHEHHE (UIBTPAIIUH MOXKHO

3alncaTh.
k dP
Y @

r7ie K — MPOHUIIAEMOCTb I10 ra3y; U — AMHAMU-
dp
decKkas BA3KOCTh Ia3a; —-— TPajJMEHT JiaBJie-

HU.

HU3BectHO, 4YTO WA

pazmanLHoﬁ MOACIHN IIomaab CCUYCHU I1Ia-

cepuyuecku-

CTa OTPEIeISICTCS
F =2xr?
YMHOXKas IEBYIO U MPaBYIO YacTh YpaB-

HEeHUs (UIbTpalid Ha TUIONIAAb CEUCHUS
IL1aCTa, HMEEM.

k
Q —vF—;an

()

ar
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YuuTeiBas CKMH-30HY, MOXXHO MHTEIPHU-
poBaTh ypaBHEHHUE:
R R P,
Qu| ¢l dr Fldr|_

+ =|dP
27k| ik, kT i )

(o

[Tocne nHebonpmMX MpeoOpa3oBaHMit
HaxOoauM.

1

R

Qu 1

27k R_

C

a0

C S

1
OTHHMaeM 3HaYCHHUE R_:

c
27k| R 5K, R, R

c c

1k 1
Rc ks Rk
[TpoBenem HEOONBITYIO TPYIITUPOBKY:

i)j| = Pk - Pc (6)
Rk

_1).(Ri_

1 1
)+ (—
RS) (RC

Qu. (L
27k | K,

OTcro1a MOKHO ONIPEIEITUTh 3HAUCHHE
00BEMHOT0 pacxoa:
k (R -R)

QZZ” .
ofk o1y 11 (7)
{(ks 1 (Rc RS)+(RC Rk)}

1
Ecnu BBIHECTH 3HAUEHUE (R—) 3a CKOO-
c

Ky, TO B KOHCYHOM BHUAC C YYETOM CKHH-30HBI

NMCEM.
szzzk‘Rc P-P ©
# [S +( _R }
Rk
rme S — ckuH-pakTOp, KOTOPHINM ompene-
JISICTCA.
k R
S=(—-1)-1-=2), ©)
(k )~ ( Rk)

S
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rac ks — HPOHUIACMOCTh ILJIaCTa B CKHH-

30He; Ry 1 R — koHTypHOE 1 3a00itHOE naB-
nenue; R — paamyc ckBaxuHbl; Ry — pannyc
KOHTYpa CKBaXXHUHBI; Rs — pajinyc CKMH-30HBI.
Kak BumHO W3 ypaBHEHHs, OOBEMHBIN
pacxoJl ISl )KUJKOCTU 3aBUCUT OT MHOT'OUHUC-
JIEHHBIX MapaMeTpPoOB, B TOM YHUCJE OT CKUH-

(dakTopa.

Ecim S =0, 0 numeem ypaBHCHHUE JUISI
HEC)KMMAEMOM JKHJIKOCTH TpH CPEpUUICCKU-
pauaIbHOM MOJETU (BUIIETPALIHH.

YuuteiBasi, 4yto Ry » R, ypaBHeHue
GUIBTpAIU OTHOCHTEIHHO OOBEMHOTO pac-

X04a MOXKHO 3aIrucarh Tak.

27k

Q:_'Rc Pk_R; (10)
)7 S+1

3akiro4eHue

Bomnpockl u 3amaun, pacCMOTpEHHBIE B
JTaHHOW paboTe, OTHOCATCS K 0a30BBIM IOJIO-
KEHUSIM THAPOJUHAMUKH TUIACTa. AHAIH3 T0-
Ka3bIBaeT, YTO NpPU MCCIECTOBAHUU JIaHHOU
MOJICNIN BIIMSIHUE pPajuyca CKUH-30HBI U KO-
¢ uIMeHTa TPOHULIAEMOCTH B JTaHHON 30HE
BJIMSIIOT HA BEJIMYUHY IPUTOKA KUAKOCTH.

Ha ocHoBe ucciienoBanuii ycTaHOBJICHA
dbyHIaMeHTalbHas
I0IMasi €JMHCTBO M B3aMMOCBSI3b MEXKIY OC-

3aBUCHMOCTh, OTpaka-
HOBHBIMH THUIPOJMHAMUYECKHIMH T1apamer-
paMu Iacta M CKBaXHMHBI C y4e€TaMH CKHH-
¢axTopa.

KoHnguukT uHTEpECcOB

ABTOpBI 3asBISIOT 00 OTCYTCTBUM KOH-
(bIMKTa UHTEPECOB, CBSA3AHHBIX C MyOIHMKAIU-
€M JJaHHOM CTaThM.
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Features of Elastoplastic Deformation Powder Composites of the
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Abstract

The features of deformation of a powder system consisting of plastic (iron) and elastic (cast iron)
particles are considered. To solve the problem of deformation of such a system, the model of continuum
mechanics is taken as a basis, although after compaction of a powder medium, it consists of a matrix and
pores, which is called a powder or porous medium. In this case, to apply the principle of continuum, the
region of space is subdivided into small subregions corresponding to the size of the powder particles. The
considered mathematical problem makes it possible to solve the technological problems of pressing the
axis of symmetrical products with height transitions.
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“Damircuqun” tip ovuntu kompozitlorinin elastikiplastiki
deformasiyasimin xiisusiyyatlori

A.T. Mammadov, M.C. Hiiseynov, B.B. Musurzayeva, A.A. Cafarova
Azarbaycan Texniki Universiteti (H. Cavid pr. 25, Baki, AZ 1073, Azarbaycan)

Yazisma liiciin:
Mommadov Arif / e-mail: ariff-1947@mail.ru

Xiilasa

Mogalads, plastiki (domir) vo elastiki (guqun) hissaciklordon ibarst olan ovuntu sisteminin
deformasiyasinin xiisusiyyatlorino baxilib. Belo sistemin defromasiya mosalasinin halli {igiin osas kimi
kontinium mexanikasinin modeli gabul olunmusdur. Baxmayaraq ki, ovuntu miihitinin sixlasdiriimasindan
sonra bu miihit matrisdon vo mosamalordon ibarat olub, ovuntu vo ya masamoli miihit adlanir. Bu halda
kontinium prinsipinin totbiqi {iciin ovuntu hissaciklarinin 6lgiilorine uygun olaraq foza sahasi kigik
sahoaltilara bolinmiisdir. Baxilmis riyazi holl hiindiirlilyiino goro kecidloro malik olan oxa simmetrik
momullarin texnoloji problemlarini hall etmoys imkan verir.

Acar sozlar:  elastiki-plastiki miihit, domir, guqun, diskret xarakter, riyazi model.
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AHHOTAIUSA

PaccmarpuBaroTcsi 0COOCHHOCTH JIe)OPMUPOBAHHS TOPOIIKOBOW CHUCTEMBI, COCTOSINEH M3 Ilia-
CTHYHOM (’Kene30) u ynpyrou (4yryH) gactui. Jis pemenns 3aqaun 1eOpMUPOBaHNS TAKOH CHCTEMBI 3a
OCHOBY B34Ta MOJIETIb MEXAHUKH KOHTUHUYYMa, XOTA IOCJ€E YIIOTHEHHSI TIOPOLIKOBON CpPeNlbl OHA COCTO-
UT U3 MATPHIIBI U NOP, KOTOPask Ha3bIBAETCS MOPOLIKOBOW MIIM OpUCTOM cpenoil. Ilpm aTom it mpuMme-
HEHHs TIPUHIIMIA KOHTHHYyMa O0JIACTh MPOCTPAHCTBA TOJpasJielieHa Ha Malible 1M01001acTH, COOTBET-
CTBYIOIIIME pa3MepaM 4YacTUI[ MOPOIIKOB. PaccMoTpeHHas MaTemMaTHyecKkas 3ajada MO3BOJIAET PELIUTh
TEXHOJIOTHYECKHE MPOOIeMBbl MPECCOBAaHUA OCECUMMETPHUYHBIX, UMEIOLIMX IO BBICOTE MEPEXOIbl U3Ze-
T,

KiroueBnble ciioBa: yrnpyromiacTudHad Ccpcaa, KeJjC30, 4YyryH, ):[I/ICerTHHﬁ XapakKTep, MaTeMaTu-
gccKasa MOJICIIb.
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Beenenune

NHTEHCHBHOE NPOHUKHOBEHUE WACH H
METOJIOB MEXaHHKH KOHTHHYyMa XapaKTepu-
3yeT COBPEMEHHOE COCTOSIHHE TEOpUHU Ipec-
COBAaHMSI TOPOILIKOBBIX KOMIIO3UTOB U JHUC-
nepcHbIX cMmecedd. IeHTUYHOCTh MHOTHUX BO-
IIPOCOB MIPECCOBAHUS IMOPOUIKOBBIX KOMIIO3U-
TOB U 00paOOTKM METAJUIOB JABJICHUEM I103-
BOJISIET O0OOIIUTH MHOTHE HOBBIE MPOOIEMBI
U TEOPETUUYECKUE BBIKJIAJIKU B 3TOW 00JIACTH.

Mexay TeM B CBSI3U C TUCKPETHBIM Xa-
paKkTepOM MOPOILIKOBBIX MATPHUIl M MOPUCTHIX
TeJ1 W IJIaBHBIM 00pa3oM HX CIOCOOHOCTHIO
o0paTuMO HM3MEHSTh CBOM 00BEM KOHTHHY-
allbHOE OMHCAaHHE AITHX BOIPOCOB 00OIamaeT
PAI0OM 0COOEHHOCTEH.

['unoresy OIUIONIHOCTH  HCIOJIB3YIOT
npu OOBACHEHHH JIIOOOH MOJENH KOHTHHYY-
Ma. Mcxong u3 3TOro, MOXKHO MoJjararb, 4To
YacTUIa CPelbl - DJIEMEHTHBIA HOCUTENb €€
CBOWCTB HaXoJUTCs B JIIOOOM yyacTke obia-
CTH MPOCTPAHCTBA, 3AMOJIHEHHON JaHHOM cpe-
JIOH.

B cBsA3M ¢ TeM, 4TO B MOPOLIKOBOM Cpe-
Jie WM KapKace MOPUCTOrO Tela HaXOJATCs
KaK TOPOIIKOBBIE YaCTHIIbI, TAK U MOPHI, BO3-
HUKAeT CJEeAYIOIIMI BOMpoc: CIeAyeT JIU MOJ
MOHATHEM CIUIOIIHOCTH IIOPOLIKOBOM CpENbl
[0/Ipa3yMeBaTh COYETAHHUE IOPOIIKOBOIO Te-
na u op? Ecnu mpuMeHUTh K 3TUM MaTepua-
JaM HW3BECTHBIE TOHSTHS MHOTO(A3HBIX CH-
creM [1, 2], MmoxeT ObITh copmyTUpOBaH
OTBET Ha JAHHBIM BOMPOC CIEAYIOIINM O0pa-
30M: TIOJT YAaCTHUILIEH Cpenbl CIAeNyeT TOHUMATh
00J1IaCTh TPOCTPAHCTBA, pa3Mepbl KOTOPO
MeHbIlIe 00paslia B IIEJIOM U B TO K€ BpeMs
3HAQUUTENIbHO TPEBBIIIAIOT pa3MEPbl OTIENb-
HBIX YacTHIl TOPOIIKa, MOp WU PACCTOSHUE
Mexay Hamu. OObeAMHEHUE TaKUX OO0JacTeit
Ha30BE€M MOPOILIKOBOH, WU MMOPUCTON CPEOH.
[Ipu npuMeHeHnU NMPUHIMIIA KOHTUHYYMa 00-
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JACTh MPOCTPAHCTBA, B KOTOPOM HAXOAUTCS
u3ydyaeMas cpena, MOAPA3JEISIIoT Ha Mallble
0100J1aCTH, BETUYMHA KOTOPBIX COBIIAJIACT C
pa3Mepamu yactull cpenbl. Camu nmojgo0nactu
OTOXJIECTBIISIIOT C TOYKAaMU IPOCTPAHCTBA,
3aMO0JIHEHHOTO CPEIOH.

[To ymOMSHYTHIM MallbIM  OO0JACTIM
OCYILIECTBIISIIOT C HUCIIOJIb30BAHUEM OIlEepaluii
ocpenHeHust (pa3ma3bIBaHUs) TPEICTbHBIN
MepexXo/i, CBA3AHHBIN C ONMpeaeIeHUEM KHHe-
MATUYECKHUX, TUHAMUYCCKHX M TEPMHUUYCCKUX
MapaMeTpoB, XapaKTEPU3YIOIINX COCTOSHUE
JJAHHOM YIIPYTOIUIACTUYHOM cpensbl [3].

MeToapl  XOJOAHOTO TPECCOBAHMS CO
B3aMMHBIM TEPEMEIICHUEM MPEecc-3JIEMEHTOB
MOJIYYIJIA IITUPOKOE MPUMEHEHHE B TIOPOIIKO-
BOM METAJUTyprHH MPU MU3TOTOBJICHUH KOMIIO-
3UTHBIX 3arOTOBOK OTHOCHUTEIBHO CIIOXKHOM
koHpurypamuu. Cxemy mpeccoBaHus OIpee-
JSIeT YCTAaHOBIICHHBIA BUJ 3aKOHOB JIBHYKEHUS
IIPECC-2JIEMEHTOB. TeopeTudeckn HenocTa-
TOYHO U3YyUYEHO BJIMSHUE CXEMbI MPECCOBAHUS
Ha pacrpefieieHne OCHOBHBIX XapaKTEPHUCTUK
dbopmyemoro uzaenust B ero ooreme. HeBos-
MOXHO YYUTBIBATh JOJKHBIM 00pa3oM CXemy
MPECCOBAHUSI TpPHU XOJIOAHOM (HOPMOBAHUHU
CYIIECTBYIOIIMMH METOJIaMH  HCCJICIOBAHUS
HaIPsSKEHUN U TNIOTHOCTEN.

B paGore [4] mpennomnaraercs omnuca-
HUE B paMKax MpeACTaBIeHUI MEXaHUKH KOH-
THHYyMa TIOBEJEHUS KOMIIAKTHPYEMOIO Me-
TQJUIMYECKOT0 TMOPOIIKA WM TMOPOLIKOBOM
cmecH. IlpuHuMarorcs oOmien3BecTHbIE cle-
JyIOIlKe AOMYIIEHUS:

- BO BCE MOMEHTHI BPEMEHH MaTepHual
M30TPOINEH;

- 2 peKThI, MPUBOASIINE K HECHMMET-
pUHM TEH30pa HaIpsHKeHUW Tpu 1edopMUpPO-
BaHUU, OTCYTCTBYIOT;

- MEXIY XapaKTepUCTUKAMU U COCTOS-
HUEM CpPEeIIbl B JIOKaJIbHON (popmMe MOTryT OBITH
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OMHCaHbl PEOJIOTHYECKHE CBOWCTBA MaTepHa-
na;

- BIIOCIIEACTBHM MOXHO IpeHeOpeub
WHEPIUOHHBIMH (PP eKkTamu.

Ha omnbiTe ucnonb30BaHus B MEXaHUKE
TPYHTOB U CBIITYYHUX CpPEJ OCHOBAHBI IEpBbIC
Tpu pomyuieHus [5]. Korga ckopoctu mpuiio-
KCHUSI Harpy3KH HeOOJbIINe, TOCIeIHee 10-
MYIICHUE XapaKTEPHO IS Mpoliecca KOMITaK-
TUPOBAHMSI.

DKCrepuMEHTaIbHO 000CHOBaHHOE
MPENOJIIOKEHUE TPEACTaBIsIeT OCHOBY MHC-
MOJIb3YEMOM MOJENIH CIUIOIIHON cpeabl. ITO
MIPEINOJIOKEHHE TOBOPUT O TOM, YTO Ipeccy-
€MO€ B yKa3aHHBIX YCJIOBHSIX BEIIECTBO SBJIS-
eTCsl TUIACTHUYECKHU ynpouHstomumcs. Kak mo-
0aBKa B IIUXTY TBEPJOW YACTHIBI (ITOPOIIOK
YyryHa) yIpouHEHHE MOPOIIKA KeJie3a, TaK 1
W3MEHEHUE  TOPHUCTOCTH  OOYCIOBJIHMBAIOT
YIPOYHEHUE MOPOILIKOBOIO KOMIIO3UTA B II€-
JIOM.

OnHO3HAYHO CBSI3aHBI MEXKIY CO00# TpH
BHUJAa YNPOYHEHUS NPU MOHOTOHHOM Harpy-
xeHuu. [Ipu 3TOM HCXOAHBIE TTApaMeTphI TO-
poIllKa YyryHa W 3HAY€HUE MOPUCTOCTHU B Te-
KyIIHA MOMEHT Je(QOpMHUpPOBAHUS TPUHUMA-

€TCsl B KAUECTBE ITApaMETPOB YIIPOUHECHHUS.

Ileabr0 JaHHON CTAaTbH SBISETCS IIO-
CTPOEHUE HA OCHOBE MAaTeMAaTHYECKOW MOJIEIIN
XOJIOJTHOT'O TPECCOBAHUS YIPYTOILUIACTUYHOMN
MOPOIIKOBOM CpElbl C YYETOM 3aBUCHUMOCTH
OCEBOT0 M OOKOBOTO JIaBJICHUHN OT MOPUCTOCTH
3arOTOBKH.

Mogaesap ynpoyHeHusi kommno3ura. 13
00X 3aKOHOMEPHOCTEH MEXaHWKH YIpOd-
HSIOIIEHCS TTACTHYECKUM JehopMupoBaHUEM
MOJENM KOMIIO3UTa, COCTOSILIErO0 W3 MOPOILI-
KOBBIX YaCTHUIl *keJje3a, YyryHa u mop (pucy-
HOK) CJI€yeT TO, YTO B IAHHOM CJTy4ae MEXIy

IMOPHUCTOCTBEO MW  KOMIIOHCHTaMM  TCH30pa
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HaIPSKEHUH UMEETCS] COOTHOILIEHUE, KOTOPOE
MOJKET OBITh Ha3BaHO B JaJIbHEHIIIEM yCIIOBU-
em ympouHeHnus [6]. Ha ocHoBaHum pormyiiie-
HUs 00 M30TPONUHM Marepuala B 3TOM YCIO-
BUU COJIEp)KaTCs MHBApPHAHTHI TEH30pa W Jie-
BHUATOp HANPSKEHUN, U OHO UMEET BHI:

f(0,,0,,0) =0, 1)

rne 0, =09, )
1 1

q; = [O'ij _§q15ij j(aij _§Q15ij j’ 3)

O — TCH30p HANpsUKCHWH, Oy — TCH30p [Ie-

dopmanuii, € —IOPUCTOCTB.

ko

Pucynox — Mogenb CTpYKTyphl yIpyroIjacTH4-
HOI'0 KOMITIO3UTA KCJIIC30YYT'yH: 1 - >xene3Hast Mat-
pu1a; 2 - 9yryH-HaIOJIHUTEND; 3 - TIopa

Figure — Model of the structure of an elastic-
plastic composite iron-cast iron: 1- iron matrix; 2-
cast iron filler; 3- time

MeTtopl OnucaHus U3MEHEHUs] MEXaHU-
YECKHMX CBOMCTB METAUIMYECKUX MOPOIIKOB U
cMmeceil mokasbiBaet, 4to GyHkuuu f cooTBeT-
CTBYET TOBEPXHOCTh HArpyXeHusi B H300pa-
JKAIOIEM IPOCTPAHCTBE TEH30pa Hampsxke-
HUW, KOTOpas ABJISIETCS BBITYKJIOW, 3aKPBITOU
U UMEEeT 0COOCHHOCTh, HampuMep pedpa, 11bdo
MOXET OBITh Taakod. B mocnemnem ciydae
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neOpMUPOBAHNE AHATUTUYECKU BBIPAKACTCS
BBITIOJIHCHUEM JIBYX CIICIYIOUIUX YCJIOBHU H
MIPOUCXOJUT Ha pedpe KyCOUHO-TIaJKOU Io-

BCPXHOCTH.
»(0,,9,,0) =0, (4)
w(0;,0,,0) =0, )

Iie ¢ U ¥ - riaajakue QyHKIUM CBOUX apry-
MEHTOB.

Hamu paccmoTpeHbl cxeMmbl (OpMHpO-
BAHMS OCECHMMETPUYHOM 3aJa4d B LNJIUH-
JPUYECKUX KOOpJAMHATax. B Tekymmii MOMEHT
ne(pOopMUPOBaHUs paccMaTpUBAETCS HaIps-
KEHHO-1e(OPMUPOBAHHOE COCTOSHUE, U IIO-
TOMY LiesiecooOpa3Hee HUCIOJIb30BaHUE Mpe-
CTaBJICHUs DUiepa.

B oOmem ciaydae ocHOBHas TIpymnna
ypaBHEHUM:

® YPaBHEHUE PAaBHOBECHS

do, N dz,, N

-2 =0, 6
dz dr r ©)
do, _'_dz'rZ +‘7r -0, _o, @)
dr dz r

® YPABHCHUC HCPA3PBIBHOCTHU
dg, dg 4 1dp
+——L+L=——,
dz dr r p dt

(8)

KoMmoHeHTHI TCH30pa HaHpH)KeHHfI, KO-
TOPBIC OIPECACTIAOTCI TCOMCTPUYCCKUMHU CO-
OTHOIICHUAMMU

dg
e =—L, 9
= ar 9)
dg
e, =—2=%, 10
=g (10)
e =1L, 11
0= (11)
26 = 9% 4% (12)
dr dz

ITo dopmyne [7] ompenensiercs CBs3b
MEXy TOPUCTOCTHIO U TUNIOTHOCTBIO:

p=p1-0), (13)
rae p, —IUIOTHOCTh MaTepUalla MOPOIIKa.

K 3anmucanHoil cucteme ypaBHEHUI B
cily4yae TJaJKOW MOBEpXHOCTH [00aBisieTcs
ypaBuenwue (1), a cucrema ypaBHenuii (2) mo-
OaBisieTcss B cllydyae KyCOYHO-TJIQAKOM I10-
BEPXHOCTH.

CooTHoOLIEHHS acCOLMMPOBAHHOIO 3a-
KOHa CKOpOCTH JeOopManuii CBS3aHBI C
HANPSDKCHUSMU, JUIS TIQJKOW TTOBEPXHOCTH
HArpy>KEHUS 3TO UMEET CICAYIOITHI BHUI:

€ =H——, (14)

(e; —Tensop ckopocteit nedopmanuit), a ans
KYCOYHO-TJIaJIKOI mpuHuUMaeTcs B popme:

& :ud—¢+xd—l’”, (15)
do; do;
rae pV,X - MHOXHTENM Jlarpanxka.

K 1ByMm rpynmnaMm COOTHOIIEHUH NMPUBO-
JIT B KOOPJIMHATHOM Gopme ypaBHEHHs. DTH
COOTHOUICHUS SBISIOTCS CKOPOCTSIMU JI€BHUa-
TOPOB HampsDKEHUH U ckopoctell nedopma-
1A, KOTOpbIe JUIsi 00OMX YKa3aHHBIX BHUIOB
ITOBEPXHOCTEH HArpyXeHUs SBIISIIOTCS OJMHA-

KOBBIMHU
c 1q o q
7z A M1 r- A M1
3~ _ 3 , (16)
1 1
e, —-¢€ e —-¢€
3 3
o 7q1 o _7q1
3~ _ 3 , (17)
1 1
e —-¢€ e ——¢
3 73
o, —-0q
3 _Tn
e, —<€ rz
3

B cnywae rimaakoil moBepXHOCTH 3TH CO-
OTHOIICHMSI TPUBOAAT K CKAJIIPHOMY paBEH-
CTBY:
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1

3 dg,

(eij - % ed; )(eu - % es; ) (20)

B cayuae
HarpyKeHus
MEXaHUYECKOM MOJENN CBs3aHa C 3aJaHuEM

df

df
=y—, (19)
da,

rIe

e.o;, =e; 7°

ij “ij i

IJIAJIKOM  TOBEPXHOCTHU

JlalbHenas  KOHKPEeTU3alus
KOHKpETHOTO BHJa QyHKIMH f, a B ciydae Ky-
COYHO-TJIAJIKOM MOBEPXHOCTH OHa CBs3aHa C
3alanueM sBHOTO BHna GyHKuuid ¢ u y. On-
HAaKO B OCYILIECTBJICHUU SKCIIEPUMEHTAIbHON
[IPOrpaMMbl IO OIPEAEIECHUIO BEJIMYUH yKa-
3aHHBIX (YHKIHMA WMMEIOTCA 3HAYUTEIbHBIC
TPYJHOCTH, CBSI3aHHBIE CO clielU(UKON MpoU-
HOCTHBIX CBOMCTB IIOPUCTBIX ITOPOLIKOBBIX
KOMITIO3UTOB.

B pabotax [8-11] yka3aH nyTh peuieHus
3ajauu, TpeOyromeld TOJbKO 3HAHMS 3aBUCH-
MOCTEHl 0CEeBOro M OOKOBOI'O JaBJIEHUH Kak
(GyHKIIUI TOPUCTOCTH.

Jlnsg  ycTaHoBIeHUS BUJA T'PAHUYHBIX
yCIIOBUN HEOOXOJUMBI MOCTAHOBKA M pellie-
HUE KOHKPETHBIX 337a4 B paMKax IpeJCTaB-
JIEHHON Mojenu. XapakTep B3auMOICUCTBUI
BHYTpPEHHEH IOBEPXHOCTH pPabOYMX DJIEMEH-
TOB Tpecc-(hOpMBbI C MOBEPXHOCTHIO Ipeccye-
MOT0 Tejla, a TaKKe reOMEeTPUYECKHe 0COOEeH-
HOCTH MPECCyeMOil 3aroTOBKH JOJKHBI OTpa-
KaTbhCsl B ATHX YCJIOBUAX. [[s1 BTyNKH BHYT-
PEHHEro pajaunyca a, Hapy>KHOTO pajauyca 6 u
KOHEYHOH BBICOTBI N yCTaHOBJIEH BHI AITHX
YCIIOBH.

B3sB B KauecTBE OCHOBHBIX KOOpJAUHAT
TUIOCKOCTh HWKHero myancoHa (Z =0) u no-
jarasi, YTOo OH He JeOpMHUpPYEMBbIi, moayda-
eM:

(21)

IIpeanonaraem Takxe, 4TO BEPXHUHU ITy-

Uz|z:h =O'

aHcoH ( Z = h) rarxoke He qehopMUPYEMBIi.
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do, 0.
dr |,_,

O,Z[HOBpeMCHHO mnpearojaara€Tcs, 4To 1o

(22)

CpPaBHEHHMIO C BEJIMYMHOW oceBoil aedopma-
Takas Jedopmanus
BECbMa MaJIa U SIBJIAECTCS YIPYToi.

uf‘r:a - uf‘r:b =0.

oUuMu 3THUX DJJICMCHTOB

(23)

Torma HapyXHbIe OOKOBBIC IOBEPXHO-
CTH MaTpHIbl ( P =06 ) U BHYTPEHHETO CTEepPXK-
HI (P=a) MOXXHO OTHECTH K MOBEPXHOCTSIM

TpeHus. B cootBercTBUM ¢ popmyioit Kynona
(3aKOH BHEILIHEr0 TPEHHUS) MOYKHO 3alHiCaTh.

:—/IO'r‘

r=a

(24)

VZ‘ r=a’

(25)

|TVZ| ‘r:b - io-r|r=b’

riae A - KodQPUIMEeHT BHENTHETO TPEHHUSI I10-
poirka ¢ OOKOBBHIMH CTEHKAMH MATPHIBI U
CTEPIKHSI.

CxeMbl TMpeccoBaHUsI, WCIIOIb3YEMBIC
Ha TIPAKTHKE, XapaKTePU3YIOTCS B3aWMHBIM
NepeMEeLICHUEM OTHOCUTENIBHO JIpyr Jpyra
npecc-hOpMbI HAPYXKHOW MaTpPHUIlBI U BHYT-
PEHHETO CTEPIKHS.

[IpuHsTHE BO BHUMaHUE 3aKOHA B3a-
MMHOTO CMEIIEeHHUs YKa3aHHBIX BBIIIE dJIEMEH-
TOB TIO3BOJIIET YTOYHHUTH COOTHOIICHUS (24) 1
(25).

[lepememnienue mpecc-3JIeMEHTOB B
HaIpaBJICHUH, COBIIAJAIOIIEM C BEPXHHUM ITy-
aHCOHOM M HE NPEBOCXOSIIEM €ro rnepeme-
[IeHHE MO aOCOJIIOTHOW BEIMYMHE, MPUMEHS-
eMble Ha MPAaKTUKE 3aKOHBI JABMKEHUS Ipecc-
3JIEMEHTOB COOTBETCTBYIOT BBILIEYKA3aHHBIM,
MOSTOMY TakoW BBIOOp TMEpeMeIleHus] He
OTPaHUYMBAET OOLTHOCTD.

Ha none cMemenunii Ha rpaHuIe «Ipec-
CyeMoe TeJ0 — MOBEPXHOCTh MaTPHIIbI» CMe-
IIeHHE BepXHero myaHcoHa pasHo Wi, a mat-

puttbl — Wo,
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KommioneHnra cMmemenuss Ha 3TOM TIpa-

W, | < W, (26)

HUILIC

UZ‘ (_p» ABIOWEACH GyHkumeid Z He

HYyJIeBOH, Oy/leT HEeNmpephIBHO HU3MEHSTHCS OT
HyNsl HA HIDKHEeM myaHcoHe a0 W; Ha Bepx-
HeM. B cBf3M ¢ OTCyTCTBHEM pa3phIBOB
CIUIOIIHOCTH, a TaKXe OOJIbIINX T'PaJueHTOB
PacCMOTPEHHON BETMYUHBI uz|r:b no Z, cBOM-

CTBEHHBIX NPECCOBAHHIO NPU 3HAYUTEIBHBIX
CKOPOCTSAX NPWIOKEHHUS Harpy3kd, MOXKHO
MPEIOI0KHTh, 9TO 3Ta (PYHKIMS MOHOTOHHA.
OTa MOHOTOHHAasI HETMpepbIBHAs (QYHKIHS U3-
MEHSIETCs B TIpeiesiax

o<, <M. @)

B COOTBETCTBHH € NPOMEKYTOUHBIM
3HAUCHUEM HAXOIUTCS 3HAUCHUE Z,, NPUHAI-
Jexariee npoMexyTky [0, h], korma

uz|r=b (Zb) :Wz .

OO6pa3yromiasics KOOpJAUHATON Z, MaTpH-
ma pa3duWBaeTcs Ha [BE COCTaBJISIOMINE:
0<Z<Z,uZ,<Z<h.

Ha mepBoM ydacTke B COOTBETCTBHUH C
(26) OymeT MeTh MECTO HEPAaBEHCTBO:

|uz| , mpu 0<Z7Z<Z,

<,

a Ha BTOpOM 1

bz[\/v2 Z,<Z<h.

r=|

u, | ,  TIpH

r=|

OTH JBa HEPABEHCTBA O3HAYAIOT CIICTY-
[olIee:

- Tpu 0<Z<Z,, Te. Ha TEepBOM
YYaCTKe, IIOPOIIOK JIBIDKETCS MEIJICHHEe
Hapy>KHOU MaTpHIIbI;

-mpu Z,< Z<h ou xBmwkercs ObICT-

pee.

DTO CyXJICHUE CIIPABEIJIUBO TAKXKE IS
BHYTpeHHEro crepxkHsA. COOTBETCTBYIOLIYIO
TOYKY Ha €ro MOBEPXHOCTH O00O03HAUYUM Kak
Za

VYka3aHHasi TpPaKkTOBKa cCHELU(PUUYECKUX
CBOMCTB KMHEMAaTHYECKOIO MOJsl Ha MOBEPX-
HOCTSIX TPCHHUS UMEET BHIUMBIC CIIC/ICTBHSL.

PaccMoTprM 4YacTh MHOBEPXHOCTH IO-
POIIKa, ABHXKYILYIOCS OBICTpee HapyKHOH 1o~
BEPXHOCTU MaTpPUIIBI.

KacarenpHoe TpeHHe MOpOIIKa B 3TOM
cllydae O CTEHKU MaTPHIIBI MPETATCTBYIOT €T
JBIDKCHHIO B HANPaBICHUH JBIKCHHS BEpX-
Hero myaHcoHa. J[Jisl 4acTé MOBEPXHOCTH IO~
pOIIKa, JBHXKYILIErocs MeJeHHee OOKOBBIX
CTCHOK MAaTpHIIbl, BHEIIHEe TpeHUue Oyrer
CMOCOOCTBOBaTh IMEPEIBMKCHUIO TOPOIIIKA,
KacaTelbHOE ycuine e OyIeT MpOTHBOIO-
JI0)KHO TIO 3HaKy OTHOCHTENBHO Ciydas, pac-
CMOTpEeHHOTO BbIIIIe [12].

C y4eToM 3TOro MOTPaHUYHBIC YCIOBHS
(24) u (25) MoryT OBITh KOHKPETH3HPOBAHBI
CJIeIyIOIINUM 00pa3oMm:

lor|r:b npu Z, <Z <h;
Ty, =10 npu Z=2Z, ;(28)
~Ao,| , mpu 0<Z<Z;
—ﬂa,|r:a npu Z, <Z <h;
Tal,, =10 mpu Z=Z,  ;(29)
Ao,| . mpu 0<Z<Z,;

I'pannunbie ycmoBus (21) u (22) 3ana-
I0TCs croco0aMu, BKITFOYAIONIMMU J[Ba HE3a-
BUCUMBIX IapameTpa Z, u Z,. Oba 3TH mapa-
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MeTpa, Kak OOBACHSIIOCH BBIIIE, XapaKTEepH-
3YIOT 3aKOHbl JBHXXEHHS OOKOBBIX IIpecc-
JJIEMEHTOB. 3aKOHBI JBU)XCHHs, B CBOK OYe-
penb, ONpeleNsoT cxeMy npeccoBanus. VMHa-
4ye TroBOps, NMpeNIokKEeHHbIM crnocol 3amaHus
I'PaHUYHBIX YCJIOBUH YYHTBIBACT CXEMY Ipec-
COBAHMA.

KpoMe rpaHUYHBIX YCIIOBHIA, HEOOXO-
MO YYHUTHIBATh (PaKTOPHI, BO3ACHCTBYIOIINE
Ha IIPOLECC YIUIOTHEHUS nopomka. [Ipu ydere
JaBIICHUS STUM (PaKTOPOM CITY>KUT PaBEHCTBO
CPEIHET0 HAIPSDKEHUS HAa BEPXHEM ITyaHCOHE.
OTO yCIIOBUE 3alUCBIBACTCS CIEAYIOUIMM 00-
pazom:

9 b

m!gzhthdZ =p.

(30)

IIpn mpeccoBaHuu 10 ynopa BEIUYUHY
NEPEMEIIEHUST BEPXHETO IIyaHCOHA CIEHYET
IIPUPABHATh BEIMYHMHE CMELIEHUS BEPXHETO
CJIOSI TIOPOIILKA:

Ul , =W,. (31)

3ananue ycnoBuil (30) u (31) Tpebyer
Hanmnuue BenuunH P u W;. Ha mpaktuke »TH
BEJIMYMHBI HEU3BECTHBI, MOATOMY OHH OIIpe-
JEJSIFOTCA U3 PEILICHUs TOCTaBICHHOM 3a/1auH.
B »TOoM KkauecTBe 3ajJaBaeMOM BEIIMUMHOMN
CITY)KUT KOHEYHAsi CPeIHssI MOpUcTocTh. OHA
XapaKTEePU3yeT KOHEUHBIM pe3yabTaT MpoIlec-
ca MPECCOBAHUS W BBIPAKACTCS CIICTYIOIIAM
obOpazom:

2 hb
6, =m£.!9,dr dz, (32
e Qcp — cpenHee 3Ha4YEHHE IMOPUCTOCTH I10-

CIIe TIPECCOBaHMS.

[Mpu 3amannbiX ycnmoBusax (21), (23),
(28), (29) u (32), pemras ypaBuenus (28), (29)
u (32) u ompenenuB pacrpeesieHle BceX He-

78

U3BECTHBIX BEJIUYUH (B TOM 4YHUCIe o U Uy),
HaxouM 3HaueHus P u W;.

B cBsi3u C BBIIIEHU3II0KEHHBIM MOXHO
YTBEpkKAaTh, YTO TPU PEIICHUU IOCTABIICH-
HOM MaTEMaTHYECKOM 3aJayd OJHOBPEMEHHO
pemaercs ¥ TEXHOJOTMYecKas mpodsiema Jyis
IPECCYeMOro IO YKa3aHHOW CXeMe H3JeNus
[0 KOHEYHBIM CpeIHEeH MOPHCTOCTH U pa3Me-
pam. MoHO ompeAenuTs TpedyemMoe ycuiue
MIpecCcoBaHUs, XOJ IyaHCOHAa W pacrpejaene-
HUE OCTATOYHOM MOPUCTOCTH.

OnHako yka3aHHBIM BbIIIE METOJ MC-
CJIEZIOBaHUSl MPUMEHUM JJISI OCECUMMETPHY-
HBIX, MMEIOUINX MEPEeXOAbl MO BBICOTE H3e-
Ui, JI7s 3TOro Ha 4acTsax IMOBEPXHOCTSX, Ia-
paJUIeTIbHBIX OCHOBAHMIO, 3a/Al0TCSl TPaHWY-
HBIE YCJIOBHS B COOTBETCTBHH C (23), a Ha 10-
BEPXHOCTH OCHOBAHHMSI - YCIIOBHUS B COOTBET-
ctBuu ¢ (15) u (22). BokoBble MOBEPXHOCTH
XapakTepu3ylTcs ycaoBusaMu (28) u (29).

3akiro4eHue

B pamMkax mnpeuiokeHHON MoJenu Me-
XaHWKH KOHTHHYyMa MOXeT OBITh perieHa
clemyromias 3ajadya: 1Mo HeoOXOIUMBIM KO-
HEYHBIM pa3MepaM BTYJKH, €€ KOHEYHOH
cpeaHel mo oObeMy MOPUCTOCTH M JIAHHOH
CXeMe IPEeCCOBAaHUS MOXKHO BBIYMCIMTH pac-
IIPEJIEJICHUE  OCTATOYHOM  IOPUCTOCTU H
HanpsDKeHUN B 00beMe U3JeNns U3 MOPOILIKO-
BOT'O KOMIIO3UTa

Pemenne kpaeBoil 3agaun mporecca xo-
JIOTHOTO TIPECCOBAHUS HE 3aBUCUT OT BHJA
MOBEpXHOCTU HarpyxeHus. OHO onpexaenser-
Csl 3aBUCUMOCTSIMH OCEBOTO M OOKOBOTO J1aB-
JIEHUS OT TIOPUCTOCTH.

Kondaukr uarepecon

ABTOpBI 3asBJISIOT 00 OTCYTCTBUU KOH-
(IUKTa UHTEPECOB, CBA3AHHBIX C MyOJIUKAIIH-
€l TaHHOU CTaThH.
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Abstract

GSM standard mobile telecommunication networks are analyzed, their simplified physical model
and vector models of these networks are developed based on it. Analytical models of these networks and
methods for calculating probability-time characteristics is proposed based on the M/M/1 type single-
channel mass service system, which includes Poisson flow, exponential service time and unlimited queue.
Numerical values of the probability-time characteristics such as the probability of the length of the queue
in the system, the average number of requests and its average stay time in the system, the average waiting
time of all requests in the queue, as well as the fully normalized average value of the stay time of requests
in the system are calculated and analyzed through the conducted experiments.

Keywords: GSM standard mobile telecommunication networks, base station subsystem, switching
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center, vector model.
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GSM standarth mobil telekommunikasiya sobokalorinin ehtimal-
zaman xarakteristikalarmin todqiqi

M.H. Hasanov, F.H. Mammadov, S.A. Sultanova, Q.A. Israfilova
Azarbaycan Texniki Universiteti (H. Cavid pr. 25, Baki, AZ1073, Azarbaycan)
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Xiilasa
GSM standartli mobil telekommunikasiya sobakalorinin analizi aparilmig, onlarin sadslogdirilmis

fiziki modeli vo onun osasinda bu sobokalorin vektor modellori islonmisdir. Oziindo Puasson axinin,

ekponensial xidmat vaxtini vo geyri mohdud névbani ehtiva edon M/M/1 noév bir kanalli kiitlavi xidmat

sistemi osasinda bu sobokolorin analitik modellori vo ehtimal-zaman xarakteristikalarinin hesablanmasi

metodlar1 toklif olunmusdur. Aparilalan hesabi eksperimentlor vasitasilo sistemds ndvbanin uzunlug

ehtimali, sorgularin orta say1 vo onun sistemds orta qalma vaxti, biitiin sorgularin névbadaki orta gozlomo

vaxti, elaca do sorgularin sistemds qalma vaxtinin tam normalasdirilmis orta giymati Kimi ehtimal-zaman

xarakteristikalarinin ododi qiymotlori hesablanmis vo onlarin analizi aparilmisdir.

Acar sozlor: GSM standartli mobil telekommunikasiya sobokslori,baza stansiya alt sistemi, kommutasiya
alt sistemi, mobil stansiya alt sistemi,idaro etma sistemi,istismar-texniki xidmat morkazi,
vektor modeli.
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HUcciaenoBaHue BPEMEHHO-BEPOSITHOCTHBIX XAPaKTEPUCTHK ceTel
MOOMJIBLHOM cBsi3u cTanaapra GSM

ML.I'. I'acanos, ®.I'. Mamenos, III.A. Cyaranosa, I'.A. UcpadusioBa

Azepbatiosicanckuil Texnuueckuti Ynusepcumem (np. I Jorcasuoa, 25, baxy, AZ1073, Azepbatiosxcan)

Jus mepenucku:
I'acanoB Mexmaw / e-mail: mhasanovnew@gmail.com

AHHOTAIUSA

B 370l craThe mpoaHaNM3UPOBaHBI CETH MOOWMIBHOW CBsi3u cranzapra GSM, Ha HX OCHOBe
IMOCTPOCHBI WX YINPOIICHHAs (u3ndeckas MOJEIb W BEKTOPHbIE MOJAEIH 3THX cered. I[lpemnoxeHbl
AHAIUTUYECKUE MOJEIU 3THUX CeTel M METOAbl pacueTa BEPOSTHOCTHO-BPEMEHHBIX XapaKTEPUCTHK Ha
OCHOBE OJHOKAaHAJIBHONH CHCTEMBI MaccoBOoro oOciyxuBaHus Ttuna M/M/1, Brovaromei
ITyacCOHOBCKHI TOTOK, 3KCIOHEHIIMAILHOE BpeMs OOCIY)XKMBAaHUS W HEOTPAHUYCHHYIO OdYepelb.
UucneHHbIE 3HAYCHUS BEPOSTHOCTHO-BPEMEHHBIX XapaKTePUCTHK, TAaKMX KaK BEPOSITHOCTH JTMHBI
OKUJIAHHSB CUCTEME, CpPEllHEe KOJIMUYECTBO 3asBOK U CPEIHEE BpeMs UX NMPeObIBaHUS B CUCTEME, CPEJIHES
BpeMs OKHJaHUSA BCEX 3asBOK B OYEPEIU, a TAKXKE MOJHOCTHIO HOPMAaJIHU30BAaHHOE CpPEIHEE 3HAUCHHE
BpEMEHHU MPEOBIBAHUS 3aIIPOCOB B CHCTEME PACCUUTAHO M MPOAHAIM3UPOBAHO B PE3YyILTATE IPOBEICHHBIX
SKCIIEPUMEHTOB.

KuarueBble cjioBa: Cetn MOOWIBHON cBs3u  cranmapra GSM, mnoacucremMa 0a30BBIX — CTaHITHH,

moacucreMa KoMmMyTalmu, 1moAcCucreMa MOOHUJILHBIX CTaHHHﬁ, CUCTEMA YIIpABJICHUA,
HCHTP SKCIUTyaTalluu U TCXHUYCCKOTO O6CHy>KI/IBaHI/I$I, BCKTOpHAs1 MOACIIb.
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Introduction

GSM (Global System for Mobile
Communications) standard mobile networks
are the most modern and rapidly developing
field of telecommunications [1]. In these
networks, the area where communication is
provided is divided into separate cells, while
the subscriber usually receives the same
service package in each cell. Thus, when
moving from one cell to another cell,
subscribers can freely use communication
services regardless of the area. During
relocation, the connection created by
subscribers (voice call, data, etc.) should not
be interrupted and its continuity should be
ensured, as it is ensured by the so-called
"hondever"” device. The connection created by
the subscribers is captured by the neighboring
hives, as if in a relay, and the subscribers
continue to exchange information over the
Internet.

GSM standard mobile telecommuni-
cation networks use time division multiple
access(TDMA) method. The structure of the
TDMA frame includes 8 time positions in
each of 124 carriers. Block and ultra-precise
coding is used in order to protect against
errors in radio channels during the
transmission of informational data on these
networks. At the small displacement speed of
mobile stations, both increasing the coding
efficiency and slow changing of working
frequencies with a speed of 217 jumps per
second during the communication session are
ensured. Gaussian frequency manipulation
with minimal frequency shift is used in GSM
standard mobile telecommunication networks.
Information processing is carried out within
the framework of its intermittent transmission
process, which ensures that the transmitter is
connected only when the information is given,
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and it is disconnected at the end of the
transmission. In the case of the converter
device, a pulse excitation long-term and linear
prediction codec is used. The speed of
information conversion in these networks is 13
kbit/s. Functional interaction of network
elements is carried out through a number of
interfaces. All functional components of GSM
standard mobile telecommunication networks
interact according to the 7Ne to common
channel signaling system CCSS.These
networks have advantages such as high-speed
and high-quality information transmission
(voice call, data, etc.), low cost of equipment
and services, small size of user equipment,
and the ability of subscribers to use mobile
phones when switching to other GSM
networks [2, 3]. These advantages make the
selection of GSM standard  mobile
telecommunication networks as a research
object even more urgent.

Setting the issue

One of the main features of GSM
standard mobile telecommunication networks
is that their subscribers are mobile and not
"bound" to a specific location, they can move
within the entire network area and beyond.
When it is done, as a rule, the connection is
not interrupted, because the service calls are
directed to the neighboring cell that is not
busy and has sufficient signal level. The
structure of these networks includes more
elements  and different  types  of
communication channels, which make their
structure makes it even more complicated. As
a result of this, a large number of physical and
probabilistic processes occur during the
transmission of information on networks,
which seriously affect their characteristics.
Therefore, it is necessary to wuse a
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mathematical apparatus that takes into account
the physical and probability processes
occurring in the network during the
development of analytical models of these
types of networks and methods of calculating
probability-time characteristics. For this
reason, M/M/1, which includes Poisson flow,
exponential service time, and unbounded
queuing, allows taking into account the
physical and probabilistic processes occurring
in the network in order to develop analytical
models of GSM  standard  mobile
telecommunication networks and calculation
methods of probability-time characteristics.
The issue of using 1 type of one-channel mass
service system is set.

The purpose of the work

Analysis of GSM standard mobile
telecommunication networks, development of
their simplified physical and vector models, as
well as on the basis of this M/M/1 type single-
channel mass service system, which includes
Poisson flow, exponential service time and
unlimited queue. Proposing methods of
calculating analytical models and probability-
time characteristics of networks, calculating
the numerical values of these characteristics
through computational experiments and
conducting their numerical analysis.

Physical model of GSM standard mobile
telecommunication networks. This model
includes five subsystems such as base stations
subsystem BSSS, switching subsystem SSS,
mobile  stations  subsystem,  network
management system and other networks
subsystem [4, 5]. The physical model of GSM
standard mobile telecommunication networks
is shown in figure 1.
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ISD, SEDEL, DOHS, AVC ,SNOGN

.
—le SWITCHING SUBSYSTEM (358)

ITPTN

MRCN L] L] L] . e o o
RTBS,BSC . .
ICCN
BASE STATIONS SUBSYSTEM (BSSS)

L ] L] L] ° L ] L L ]
Ms;, M5z, Ms3, ...; Mgy,

NETWORK MANAGEMENT SYSTEM AND
OPERATION TECHNICAL SERVICE CENTER

MOBILE STATIONS SUBSYSTEM (MSSS)

‘OI'HIR NETWORKS SUBSYSTEM (ONSS) ‘

Figure 1 — Physical model of GSM standard
mobile telecommunication networks

The switching subsystem SSS performs
the function of providing information and
includes the authenticity verification center
AVC, It includes the subscriber database 1SD,
the database of "Home" subscribers DOHS,
the subscriber equipment database includes
SEDBI and the switching nodes of the GSM
network SNOGN, which perform the
following functions spend [4, 5].

AVC performs verification of the
authenticity of subscribers and thus ensures
the prevention of unauthorized access to the
network. Every time the subscriber opens the
phone, makes a voice call, sends an SMS, etc.,
the authenticity of which is checked through
mobile switching based on the information
received from the AVC.

In ISD, information is stored about both
active subscribers in the service area of the
mobile switching center, as well as home
subscribers belonging to this mobile switching
center and temporarily operating in it, i.e.
subscribers of other telecommunication
operators or other regions.

In DOHS, both the subscribers
belonging to the mobile switching center and
the provided services, their status, the location
of the subscribers, etc. are stored.
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SEDBI stores information about mobile
phone identification numbers, which are used
to block stolen phones.

SNOGN manages base stations and base
station controllers located in the service area
of the network. Its main function is to connect
network subscribers. Connections between
landline telephone and intercity
communication networks ICCN, as well as
other communication networks are made
through this node .

The base station subsystem BSSS
performs all the functions related to the radio
interface. Within this subsystem,
reception/transmission base stations RTBS
and base station controllers BSC operate. Its
service area is divided and managed into
hives, each covered by a RTBS. RTBS mobile
stations provide a physical radio interface
between CS and BSC. The RTBS includes
receiver/transmitter assembly, digital
processors and switching equipment of
various purposes. The equipment of RTBS is
built on the modular principle, which allows to
increase the number of radio frequency
devices. All important  high-frequency
equipment, digital devices and power sources
work in a structurally autonomous mode.
Directional antennas with a horizontal plane
radiation pattern width of 120° are used in
RTBS. The content of RTBS education
includes diagnostic devices that also have an
indication of status and operating modes. For
testing and tuning RTBS, it is possible to
connect it to an external terminal. BSC
manages the distribution of several base
stations and radio channels, controls the
connection between base stations and the
switching center of mobile communications,
performs connection switching and frequency
hopping adjustment, as well as makes
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decisions about the quality of service of the
"relay” transmission based on the information
received from RTBS.

The network management system and
operation-technical ~ service  center s
considered the central element of the GSM
standard mobile telecommunication network
and includes the network management system
and the operation-technical center. The
management system ensures the management
of this network, and the operation and
maintenance center performs its operation and
maintenance. The operational and technical
service center ensures monitoring of network
traffic and control of emergency signals
occurring in all network elements, depending
on the nature of the emergency that may occur
in the network and its elimination
automatically or with the active intervention
of personnel. This system has access to both
SSS and BSSS subsystems.

Mobile stations subsystem CS BSSS
contains mobile stations CS and they carry out
mutual communication of network
subscribers.

The other networks subsystem includes
the public telephone network ITPTN, the
mobile radio communication network MRCN
and the intercity communication network
ICCN.

Vector model of GSM standard
mobile telecommunication networks. In
order to expand the physical model of these
networks given in figure 1, its basic model can
be written with the following vector:

W =[K,B,M,D,S],
where K, B, M, D and S are subvectors
showing the switching subsystem, base
stations subsystem, mobile stations subsystem,
other  networks  subsystem, network
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management system and operation and
maintenance center subsystem, respectively.
The K - subvector can be written as:

K= [VAvc ’VISD ’VDOHS’VSEDBI ’VSNOGN ]!

VAVC ’VISD 7VDOHS ’VSEDBI and VSNOGN

where
authentication center subsets, subscriber
database subsets, "Home" subscriber database
subsets, subscriber equipment database
subsets, and switching nodes subsets of the
GSM network, respectively.

The B- subvector is equal to:

B= [VRTBS ’VBSC ]’

wherevRTBS and Vesc are receive/transmit
base station subsets and base station controller
subsets, respectively.
The M-subvector can be written by the
following formula:
M =[M;,M,,M,,...M,]

M,,M,,M,,...M,

where - are subsets of N

number of mobile stations.
D= [VITPTN 'VMRCN ]’

VITPTN are VMRCN

where subsets  of
receive/transmit base stations and controller
subsets of base stations, respectively.

Incoming

requests
—

Queue

Service channel

()

S == [\/ITPTN 1VMRCN ’V|CCN ]’
\ V \Y

where n are "'™T™NCTMRCN gnd  TIceN public

telephone network subsets, mobile radio
communication network subsets, and long-
distance communication network subsets,
respectively.

Analytical models of GSM standard
mobile telecommunication networks and
methods of calculating probability-time
characteristics. In order to study these
networks, we consider them as single-channel
M/M/1 types, which include Poisson flow,
exponential service time, and unbounded
queuing, let's describe it in the form of a mass
service system (figure 2).

Since there is a regular flow of requests
in this system, only one request falls into the
queue at each time, or one request from the
queue is transferred to the service channel,
that is, the process of "death and reproduction™
takes place in the system [6, 7]. Therefore, the
mass service system given in figure 1 is
depicted as a transition graph of the "death
and reproduction™ scheme (figure 3).

Requests to be
served

Figure 2 — Description of GSM standard mobile telecommunication networks as M/M/1 type mass

A A

Xo | X1 | %

u n

A A

Xees | | Xk | | Xen

u B

Figure 3 — M/M/1 type mass service system representation as a transition graph of the “death and

reproduction” scheme
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At this time, the transition states of the
system take the following form:

X, -the service channel is not busy;

x,-the service channel is busy, there is
no queue;

X, - the service channel is busy, there is
only one request in the queue;

X, -the service channel is busy, there
are k — 2 requests in the queue;

X, the service channel is busy, there are

k —1 requests in the queue,
X, -the service channel is busy, there

are k number of requests in the queue.

Since the flow of requests to the system
is stationary, the transition intensity takes a
constant value [6,7],i.e. 4, =4,
k=0123,..4 =1, k=0123,...

At this time, the probability of having k
number of requests in the system in a
stationary state is determined by the following
formula:

Pe = po [Ti% (A1 12) = po (A1 )"

Since the series is cumulative in this

formula, its initial value can be written as
follows:

(1)

Po :1/2::1(/“#)k -
=1L+ (A1 ) IL-21 ) =
=1-(Ap)=1-p

(@)

where p,k,Aand u are respectively the load

of the system, the number of requests, the
intensity of requests entering the system, and
the intensity of serving requests.

In this case, the probability of the length
of the queue resulting fromk number of
requests entering the system can be calculated
by the following formula:

p, =(@1-p)p" A3)
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Based on the mathematical expectation
of k number of discrete random quantities in
the considered system [8, 9], the average
number of requests in the system and its
variance are determined by the following
formulas, respectively:

N =20k == p)X ko' = plA-p).

o?=), (k=N)*p,=pll-p)* (4)
where p, and N — are determined by formulas
(3) and (4), respectively.

According to Littla's formula, the
average time of requests in the system can be
determined as follows:

T=N/2 (5)

If we take into account the formula (4)
and A = pu in (5) and solve it, we will get the

final formula for the average time of requests
in the system:

T =1/ u(l-p) (6)

The probability that there are at least m

number of requests in the system, as well as

the probability that there are less than the

number of requests in the system are
determined by the following formulas [8-10]:

Plkzmi=3 " (1-p)p"=p",
Pk <m}=1-p" (7)
Now let's look at defining the
characteristics of the queue in the system. The
average number of requests in the system is
equal to the sum of the average number of

requests in the service channel and the average
number of requests in the queue, that is:

Ns = N x +Nqueue (8)
where is N x the average number of requests
in the service channel, N qeweis the average

number of requests in the queue, whichdefined
as follows:
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Ngewe =N — p (9)

where N - is determined by the formula (4).
Calculation of the average number of
requests in the queue if we consider and solve
formula (4)-(9).
We get the final formula for

N quewe = p* /(1= p) (10)
Using Littla's formula [8, 9], the average

waiting time of all requests in the queueW
can be determined as follows:

Woe = Ngew /A =(p2 11— p))/ 2 (11)
where N quewe - is determined by the formula
(10).

If we take into account the formula (10)
and A= puvalue in (11) and solve it, we will
get the final formula for calculating the
average waiting time of all requests in the
queue:

We = p/ u(l-p) (12)

The fully normalized average dwell time
of requests in the system indicates how many
times the requests exceed the average waiting
time in the service channel due to the presence
of a queue in the system. In the considered
M/M/1 mass service system, the fully
normalized average stay time of requests in

the system T nom is equal to:

-Fnorm =-|_-/)_(, ;ZID/}, (13)

where T - is determined by the formula (5), x
- is the processing time of requests in the
service channel of the system.

If we consider and solve the formulas
(4), (5) in (13), as a result, we will get the final
calculation formula for the fully normalized
average value of the requests staying time in
the system:

T rom =1/(1— p) (14)

Results of computational experiments
and their analysis. In order to determine the
EZX numerical values of the probability-time
characteristics of GSM standard mobile
telecommunication  networks,  calculation
experiments were carried out using Excel
software. This time
0 =0;0.1,0.2,0.3;0.4;0.5;0.6;0.7;0.8;0.9and
1 =10 requests/s/based on formulas (4), (6),
(12) and (14) using the initial data, the average
number of requests in the systemN , the
average waiting timeT , the average waiting

time of all requests in the queue andW the
fully normalized average of the requests
staying time in the system the numerical

values of timeT .mwere set, the obtained
results are given in table.

Table — Numerical values of probability-time characteristics of the system

EzX |0 |01 |02 |03 |04 |05 |06 |07 0.8 0.9
N 0 |011 |025 (043 |067 [1.0 |15 233 |40 9.0
T 01 011 |043 [0.14 |047 [02 [025 |033 |05 1.0
A 0 |0.007|0.017 [0.029 | 0.044 [0.067 |0.1  |0.156 |0.267 |06
Toorm |10 111 [125 |143 |167 |20 |25 |333 |50 10
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Figure 3 — Graphs of the average number of requests in the system: a) and the average stay time

b) depending on the system load

Based on the values given in Table 1,
the average number N of requests in the

system and the average stay time'l_'graphs of
dependence on the load of the system were
constructed (fig. 3a, b).

The analysis of the graphs shows that
the average number of requests in the system
increases with the increase of the system load
the dwell time increases as a whole, when the
load changes in the rang p=0+0.5, both the

average number of requests in the system and
the values of the average dwell time slowly
increase, and when it changes in the range of
p=0.5+0.9, ajump is observed.

Conclusion

GSM has analyzed standard mobile
telecommunication networks as a whole, their
provision of high-speed and high-quality voice
and data transmission, low cost of equipment
and services, small size of user equipment,
and the ability of subscribers to use mobile
phones when switching to other GSM
networks. It is noted that it has such
advantages. Information transmission
processes in  GSM standard  mobile
telecommunication networks were analyzed, a
simplified physical model of these networks
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and its vector models were proposed in order
to expand this model.

In order to study the characteristics of
GSM standard mobile telecommunication
networks, they are described as a M/M/1 type
single-channel mass service system containing
Poisson flow, exponential service time, and
unlimited queuing. and possible transition
states are shown. Based on M/M/1 type mass
service system, analytical models of GSM
standard mobile telecommunication networks
were developed and based on these models,
methods for calculating their probability-time
characteristics were proposed. Numerical
values of the probability - time characteristics
such as the probability of the length of the
queue resulting from requests in the system,
the average number of requests and the
average stay time in the system, the average
waiting time of all requests in the queue, as
well as the fully normalized average value of
the stay time of requests in the system, and
their numerical value analysis was carried out.
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Abstract

The matters are considered related to Poisson distribution- based voice transferred using IP packets,
as well related to the assessment of the memory buffer size in NGN networks when transferring self-
similar traffics. In order to assess the memory buffer size in these networks, the approaches are proposed
based on Poisson distribution- based voice, as well corresponding one- channel classic mass service
systems of M/M/1 and M/D/1 types reflecting exponential and deterministic distribution laws of the
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Miixtalif nov trafiklorin otiiriilmasi zamami NGN sobokalorinda
yaddas buferinin hacminin qiymotlondirilmasi

F.H. Mammoadov, M.H. Hasanov, N.C. Qarayev
Azarbaycan Texniki Universiteti (H. Cavid pr. 25, Baki, AZ1073, Azarbaycan)

Yazisma iiciin:
Hasanov Mehman / e-mail: mhasanovnew@gmail.com

Xiilasa

IP paketlori ilo otiirilon Puasson paylanmasina asaslanan nitq ve eloca da 6ziina banzar trafiklorin
otiirtilmosi zaman1 NGN sobokoalorinds yaddas buferinin hacminin giymatlondirilmasi masalosine baxil-
mugdir. Bu sabokalords yaddas buferinin hacminin giymatlondirilmasi ti¢iin Puasson paylanmasina asasla-
nan nitg, eloco do 6ziino bonzor trafiklorin xidmot vaxtlarinin eksponensial vo deterministik paylanma
ganunlarint 6ziinds aks etdiron uygun bir kanalli M/M/1 va M/D/1 név klassik kiitlovi xidmot sistemlori
osasinda yanasmalar toklif edilmisdir.
Acar sozlor:  NGN sobokslori, nitq trafiki, 6ziine banzor trafik, yaddas buferi, yaddas buferinin hacmi,

bir kanall1 klassik kiitlovi xidmat sistemlori.
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Ouenka odbema Oydepa mamsatu B cersix NGN npu mnepemaue
pa3JIM4YHbIX TUNOB Tpaduka

®.X. Mamenos, M.X. I'acanos, H.Y. I'apaes
Asepbauoocanckuii Texnuueckuti Yuusepcumem (np. I Joicasuoa 25, baxy, AZ1073, Azepbaiioxncan)

JLJISl MepennucKu:
I'acanoB Mexman / e-mail: mhasanovnew@gmail.com

AHHOTaNUA
Paccmotpen Bompoc oreHkn oObema Oydepa mamstu B cetsx NGN mpu mepemade pedw, OCHO-

BaHHas Ha pacnpeneneHus [lyaccoHa, a Takxke camornogo0Horo Tpahukos, nepenaBaemele |P-nakeramu.
Hns oueHkn oObema Oydepa maMsATH B 3THX CETIX, NMPENIOKEHBI MOAXOAbl HA OCHOBE KIIACCHYECKHX
OJHOKaHAJIBHBIX CHUCTEMax MaccoBOro obcmyxuBanus tuna M/M/1 u M/D/lc cooTBETCTBYIOLIMMHU
9KCIIOHEHIINATBHBIMY U JETEPMUHUPOBAHHBIMH 3aKOHAMH pacTpeAesieHIs] BpeMeH 00CTyKHBaHUS.

Kmrouesnlie ciioBa: cetu NGN, peueBoit Tpaduk, camononoOHbIH Tpaduk,0ydep mnamsTH, 00beM

Oydpepa mamsTH, OJHOKAaHAJIbHBIC  KIACCHMYECKHE  CHUCTEMBbI  MAacCOBOTO
00CTyKUBaHMS.

91



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2023, cild 15, Me 3, s. 90-96
Mammadov F.H. , Hasanov M.H. , Qarayev N.C.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 3, pp. 90-96
Mammadov F.H., Hasanov M.H., Garayev N.Ch.

Introduction

New generation networks are universal
multiservice networks that transfer infinitely
many information (voice, data, video and
multimedia, etc.) based on NGN packet
commutation. This information creates the
information flows in the networks. These
information flows circulating on NGN networks
are characterized by non-homogeneity and non-
stationarity [1]. All the information flows
exchange falling to the share of the network
entry are implemented in the form of IP packets.
The traffic transferred by IP packets is
characterized by rate of fall (packet/ sec.),
average length of the packet (bit, byte),
interpacket time gap, traffic intensity (bit/ sec.),
lost packets percentage and accidentally
accepted packets percentage. We can
conveniently classify the traffics transferred on
NGN networks with the packet commutation
into two groups [2]:

e Poisson distribution- based voice traffic
created using loT device.

e combined traffic with self-
feature.

Poisson distribution- based voice traffic is
characterized by ripple factor, high latency sen-
sitivity, as well low information loss sensitivity.
This traffic includes the signs of stationarity,
simplicity and post- impact signs [2].

A stationarity sign indicates that the
probability characteristics do not depend on the
time. It does not depend for these flows on the
probability on the falling of certain incidents on
the time gap with the length t, as well selection
of their benchmark.

A simplicity sign demonstrates the
probability of falling two or more incidents on
infinitely many short time gap.

Post- impact sign demonstrates that the
voice information, falling on the networks entry,
fall on this entry not depending of each other.

similar
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These features show that the distribution
of interpacket gaps in the voice traffic is subject
to exponential law, and the packets flow is
subject to Poisson distribution. Therefore, the
nature of the network traffic had been
considered for a long time to be consistent with
the Poisson process, and it was modelled in
accordance with the Poisson model.

However, as multiservice networks with
new packet commutation were created based on
modern technologies as time went on, there was
the need for the clarification of the nature of the
network traffic. This matter was successfully
solved by the scientists from leading
Universities and Research centres all over the
world. Main purpose of the researches was to
develop models that characterize the characte-
ristics of network traffic.

The network traffic was widely studied in
Boston University, University of Berkeley,
University of North Carolina, as well in some
Western research and educational institutions.
The most interesting work in this field is the
research conducted by the of Boston University
staff - Mark Crovella and Azer Bestavros [3].
These researches demonstrated that the packets
circulating on new networks types fall on its
nodes not separately, but as a whole set and are
of the leap nature. Thus, based on the results
obtained from the measurement of the features
of real network resources, these studies proved
that the network traffic has self- similar feature.
For this purpose, taking into consideration self-
similar features of the traffic, it was necessary to
review developed network models for different
networks using real data. The reviews were
implemented both in local and in global
networks. During this process, many interesting
questions arose related to the formation of the
traffic with self- similar feature. The explanation
for these questions was given in more detail in
the researches conducted by Mark Crovella and
Azer Bestavros.
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For the first time, high- precision study of
the network traffic was conducted by Leland and
Daniel Wilson in Ethernet local networks based
on hundreds of millions of the packets [3].
These studies proved that the traffic in Ethernet
local networks has self- similar feature. Main
point was the demonstration of the fact that it
was not always possible to model self- similar
traffic through Poisson process used in the
teletraffic theory.

The fact that the network traffic has self-
similar feature was determined also by a number
of the scientists studied Ethernet traffic in
Bellcore network, such as W. Leland, M. Taqqu,
W. Willinger, D. Wilson [3]. It is also was
revealed that computational methods based on
Markov models and Erlang formulas, which
were successfully used in the designing of the
telephone networks, lead to unreasonable
optimistic solutions for the computer networks
and incorrect assessment of the load.

Another one research conducted in this
field is the study of Asterisk network traffic by
J.A. Taradayev and K.A. Bokhan [3]. Asterisk
VolIP telephony server traffic was studied in this
research. Main point of the research was
determining self- similar feature of the traffic. In
order to do it, statistical processing of the data
was implemented on selected server using a
number of the methods. As a result of the
research conducted it was determined based on
Hurst exponent that Asterisk network traffic has
self- similar feature. Nowadays, the network
modelling is successfully implemented taking
into consideration self- similar feature of the
traffic.

Self- similar feature of the traffic is
associated with one of the types of fractal
processes, i.e., with the fact that when the scale
changes, the correlation structure of self- similar
process remains unchanged. Fractality is a
feature specific to self- similar processes. Fractal
is mathematical structure of any part similar to
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the whole. Fractal concept was first introduced
by Franco-American mathematician Benua
Mandelbrot [4]. From mathematical point of
view, fractal has fractional (incomplete) value.
One of main features of the fractal is its self-
similarity, i.e., invariance, in other words, scale
invariance. In comparison with purely random
process, self- similar process seems less smooth,
i.e., more unequal, in other words, has greater
dispersion [4]. In such a case, important
problems have emerged such as conducting
perfect analysis of self- similar processes and
developing the algorithms for the synthesis of
the network traffic reflecting main features of
these processes.

There is a number of such the algorithms
nowadays. Thanks to the wuse of these
algorithms, the transmission capacity of main
channels of the networks is used relatively
economically. When submitting the information
flows from different sources on one main
channel the frequency band of this channel is
allocated to each of the sources by statical or
statistical submission method. In such a case,
unlike static multiplexing on the frequency band
of main channels of the networks, the benefit is
obtained equal to certain band during statistical
multiplexing. In most cases when analysing self-
similar feature of the network traffic statistical
multiplexing algorithm is widely used [4].

Experimental studies [5-9] show that the
self- similarity of the traffic is formed due to the
distribution of the size of transferred document
on the network, caching effect, the setting of the
users on the file submission, human factor,
superposition of variety of the communications
in the network, as well combination of many
isolated information sources. In addition, self-
similar traffic is able to be formed in the
network due to the user behaviour, network
scaling and  reconfiguration, as  well
autocorrelation in non- Poisson traffic within
different time scales. These reasons lead to
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serious leaps in the traffic intensity in NGN
networks. It should be noted that self- similar
stochastic processes theory is not as advanced as
Poisson  processes theory. However, in
comparison with Poisson model, self- similar
processes model more accurately characterizes
the features of the network traffic.

Setting a problem

NGN networks designing is multi- stage
process based on Poisson distribution- based
speech, as well complex transfer of the traffic
with self- similar features. The features of these
traffics and the processes occurring when they
are transferred separately have significant
impact on the memory buffer size of the
networks under consideration. In this regard,
when  designing the  networks  under
consideration, it is necessary to assess the
impact of the traffic features on their memory
buffer size and to conduct their comparative
analysis. Therefore, this research sets the task to
assess the memory buffer size of the networks
under consideration when transferring Poisson
distribution- based voice, as well self- similar
inbound traffic and analysing the results
obtained. Such the problems are usually solved
using mathematical devices such as one-
channel classic mass service systems [10-12].
Therefore, in order to assess the memory buffer
size in the networks under consideration in this
research, Poisson distribution- based voice, as
well corresponding one- channel classic mass
service systems of M/M/1 and M/D/1 types
reflecting the distribution laws of the service
time of self- similar traffics were used.

Research objective

Assessing the memory buffer size in
MGN networks based on Poisson distribution-
based voice, as well corresponding one- channel
classic mass service systems of M/M/1 and
M/D/1 types reflecting exponential (M type) and
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deterministic (D type) distribution laws of the
service time of self- similar traffics, as well
conducting comparative analysis of the results
obtained.

Solution of the problem

The memory buffer sizeq,, ; was assessed
based on the method demonstrated in [11].
Based on this method, the memory buffer size of
NGN networks is determined as follows, taking
into  consideration the Hurst exponent
characterizing the degree of self -similarity of
the traffic:

Qvur
whereat H is Hurst exponent, p — shows the
network load.

If we solve this formula taking into
consideration Hurst exponent H = 0,5, we
shall get the following formula for one-
channel classic mass service system of M/M/1
type reflecting the feature of Poisson
distribution- based voice traffic and the
distribution of the distribution of the service
time based on exponential law:

Gour = P(1-p). )

Required buffer size in one- channel
classic mass service systems of M/D/1 type
reflecting self- similar feature of the network
traffic and deterministic service time shall be
able to determined as follows:

Qpus= (p/ A=) [(1-p)(H/(A-H))).
(p*12(1-p) /=), 3)

The (3) formula is simplified for the

system under consideration at Hurst exponent

H = 0,5 and gets the following form:
Qour = pI(1-p) — p*12(1-p). (4)
In order to determine required memory
buffer size in NGN networks p = 0; 0,1; 0,2;
0,3;0,4; 0,5; 0,6; 0,7; 0,8 and H=0,5; 0,6; 0,7;
0,8 inputs were used based on the (1) — (4)

— p1/2(1—H)/(1_p)H/(1—H), (1)
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Formulas and computing experiments were
conducted Based on the results of conducted
computing experiments, the graph of
dependency p of required memory buffer size
on qpyr Network load was built (Fig.) and
comparative analysis of obtained results was
conducted based on this graph.

Conclusion

When p network load and H Hurst
exponent value increases, the memory buffer
size of the network in M/M/1 and M/D/1 models

Q'buf

M/MIL modeli, H = 0.6

decreases as a whole. When the network load
varies within p = 0 + 0,6 required memory
buffer size values at Hurst exponent H= 0,5, 0,6,
0,7 in M/D/1, and H = 0,5, 0,6 in M/M/1 get
very close values. When the network load varies
within p=0+0,1 and p =0+ 0,4, the memory
buffer size values in the networks under
consideration at corresponding values of Hurst
exponent H = 0,7 and H = 0,8 coincide with the
values of the memory buffer size in M/M/1 and
M/D/1 models when the network load varies
within p =0+ 0,6.

MUDLL modeli, H= 0.8

M1 modeli, H= 0.8

MUVEYL modeli, H = 0.7

MDY 1 modeli, H = 0.7

Comparative analysis was conducted of
required memory buffer size of the networks in
M/M/1 and M/D/1 models at Hurst exponent H =
0, 5 when the network load varied within p =
0-+0,8 . In such a case, it was registered that, the
memory buffer size of the network in M/M/1
model had been increased in average by 22.4% in
comparison with M/D/1 model.

Comparative analysis was conducted of
required memory buffer size of the networks in
M/M/1 and M/D/1 models at Hurst exponent H =
0, 6; 0,7 and 0,8 when the network load varied
within p = 0 +0,8. In such a case, it was
registered that, in comparison with M/D/1 model,
required memory buffer size of the network in
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0
Figure — The dependency of the memory buffer size in NGN networks on the network load

M/M/1 model had been increased in average by
27.6%, 43.9% and 74.7% correspondingly at Hurst
exponent H=0, 6; 0,7 and 0,8.

Comparative analysis was conducted of the
values obtained at H = 0,6, 0,7 and 0,8 for the
memory buffer size of the networks at M/M/1
model network load p = 0 =+ 0,8 and Hurst
exponent H = 0,5. As a result of the analysis
conducted, it was registered that, in comparison
with the values obtained at H = 0,6, 0,7 and 0,8,
the memory buffer size in the network at Hurst
exponent H = 0,5 had been more by 73,4%, 48,9%
and 25,8% correspondingly at the latest Hurst
exponent values.
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Comparative analysis was conducted of the
values obtained at H = 0,6, 0,7 and 0,8 for the
memory buffer size of the networks at M/D/1
model network load p = 0 =+ 0,8 and Hurst
exponent H = 0,5. As a result of the analysis
conducted, it was registered that, in comparison
with the values obtained at H = 0,6, 0,7 and 0,8,
required memory buffer size in the network at
Hurst exponent H = 0,5 had been more by 64,4%,
47,3% and 14,7% correspondingly at the latest
Hurst exponent values.

The dependency of the memory buffer size
of the network in M/M/1 and M/D/1 models on the

network load was completely analysed. As a result
of the analysis conducted, it was registered that
while Hurst exponent values increase in these
models, the buffer memory of the network rapidly
increases, which is justified by the grouping of
homogenous packets and increase degree of the
network load by the leap in the models under
consideration.
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In the article, the analysis of various schemes of pseudorandom number generators is carried out
and their main shortcomings are recorded. Taking into account the identified shortcomings, the principle
scheme of the pseudo-random number generator based on the linear feedback shift register algorithm is
proposed to ensure the confidentiality of transmitted data in communication and control systems. The
work algorithms of the control and controlled registers, which are the main parts of the proposed device
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Xiilasa

Magqalods, psevdotosadiifi rogom generatorlarinin - miixtalif sxemlorinin analizi aparilmig vo
onlarin asas ¢atismazliglart qeyd olunmusdur. Miioyyan olunan catigmazliqlari nozers alaraq, rabito vo
idaroetmo sistemlorindo Otiiriilon molumatlarin mexfiliyinin tomin olunmasi {igiin xatti oks rabitali
siirisma registri alqoritmi osasinda psevdotosadiifi roaqom generatorunun prinsipial sxemi toklif
olunmusdur. Toklif olunan qurgunun osas hissolori olan vo PIC16F84A mikrokontrollerlori osasinda
reallasdirilan idaraedici vo idara olunan registrlorin is alqoritmlori gostarilmisdir. Magalonin sonunda iso
toklif olunan prinsipial sxem osasinda reallagdirilan qurgunun imumi goriiniisii oks olunmusdur.

Acar sozlor:  Xotti oks rabitali siirlismo registri, psevdotasadiifi rogom generatoru, psevdotasadiifi roqgom
ardicilligy, satistik xiisusiyyet, konfidensialliq, korrelyasiya.
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AHHOTaNUA

B craThe npoBeAeH aHAIU3 Pa3IUYHBIX CXEM F€HEPATOPOB MCEBAOCTYUYaHHBIX YACET U OTMEUYEHBI
X OCHOBHBIC HCIAOCTATKH. C YUE€TOM BBISIBJICHHBIX HEAOCTATKOB MPCJIOKCHA NPUHIUIINAIbHAA CXEMa
reHepaTopa ICEBJOCITYYalHbIX YHCEI Ha OCHOBE alTOPUTMAa PETUCTP CHABHTra C JMHEWHOW oOpaTHOU
CBA3BIO JIA obecrieueHust KOH(i)I/I,ZIeHHI/IaIIBHOCTI/I nepeaaBacMbIX JaHHBIX B CHCTEMax CBA3U U
ynpasneHus. [lokazaHbl anropuTMbl paOOTHl YHPABISIOMIETO W YIPABISIEMOTO PErHCTPOB, KOTOPHIE
SIBIITFOTCS. OCHOBHBIMU YaCTSIMU TPEAJIaraeMOro YCTPOMCTBA U pean30BaHbl Ha 0a3e MUKPOKOHTPOJUIEPOB
PIC16F84A. B xoHIe cTarbd OTpakeH OOIMMU BHUI yCTPOMCTBA, PEATHM3OBAHHOTO MO MPEIIOKCHHON
NPUHIUIHATBHON CXEMeE.

KualoueBble cioBa:  peructp CABUra C JMHEHHOW OOPAaTHOW CBS3BIO, TEHEPATOpP IICEBAOCITyYaWHBIX
YHcesl, IOCIENI0BaTENbHOCTh  ICEBAOCIYYalHBIX  YHMCEN, CTaTUCTHYECKOE
CBONCTBO, KOH(HIEHIIMAIBHOCTh, KOPPEIISALHSL.
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Giris

Hal-hazirda, miixtalif doracads tosadiif-
liyo malik olan ardicilliglar formalasdirmaq
ticiin ¢oxlu sayda iisul vo metodlar mévcud-
dur. Lakin praktikada bu tisullarin oksariyyati
xassolori tosadiiflik toloblorina cavab vermo-
yan ardicilliglar formalasdirir. Homginin bura-
da hesablama resurslarinin mahdudlugu ciddi
sokilds ¢atinlik toradon problemlardon biridir.
Belos ardicilliglar formalasdirmagq tigiin miixto-
lif generatorlardan istifados olunur [1]. Bunlar-
dan biri statistik xtisusiyyatlorino géra maksi-
mal doracads ideal tosadiifliya boanzor ardicil-
liglar generasiya edon psevdotasadiifi ragom
generatorlaridir (PTRG). Tosadiifi ardicilliq
generatorlarinin xiisusiyyastlorino vo real vaxta
yaxin rejimda islomok ehtiyacina gors, PTRG-
nin hazirlanmas1 vo istifadosi mosolosi ¢ox
yiksok aktualliga malikdir. Hal-hazirda
PTRG-larin miixtolif novleri mévcuddur. ©n
genis totbig olunan novlori: xotti konqurent
generatorlar; Fibonaggi roqom ardicilliglar:
asasinda langimoalarlo additiv generatorlar; or-
ta kvadrat metodu osasinda igloyon generator-
lar; xotti oks rabitali siiriismo registri asasinda
isloyan generatorlardir. Xatti konqurent gene-
ratorlarda totbiq olunan riyazi modelds para-
metrlor diizgiin segilmadiyi halda formalasan
ardicilliglar ¢ox kigik perioda malik olur. Fi-
bonagg¢i rogom ardicilliglart asasinda longimo-
lorlo additiv generatorlar vasitasi ilo oldo olu-
nan ardicilliglar isa boyiik perioda malik olsa
da, tosadiifi deyildir.

Orta kvadrat metodu osasinda isloyan
PTRG-nin osas c¢atismazligi iso generasiya
olunan ardicilliglar arasinda korrelyasiyanin
moveud olmasi va ¢ox kigik perioda malik ol-
masidir. Qeyd edok ki, bu generatorlar vasitasi
ilo formalasan ardicilliglari avvalcadon prog-
nozlagdirmaq miimkiin oldugundan malumat-
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larin sifrlonmoasi ti¢iin tolob olunan agar forma-
lasdiricist kimi totbig olunmurlar [2].

Isin magsadi

Otiiriilon molumatlarin konfidensialligi-
n1 tamin edon, homginin Kifayat qodor bdyiik
perioda, caldliys malik {i¢ adad xatti oks rabi-
toli siirlismo registrindon ibarast PTRG-nin vo
onun hor {i¢ registri tglin is algoritmlarinin
reallagdiriimasidir.

Masalanin qoyulusu

Xotti oks rabitali slirligmo registri asasin-
da PTRG iki siiriisma registrinin (idaraedici vo
idara olunan) biri-biri ilo geyri-xatti slagolon-
dirilmasi prinsipi ilo isloyir [3]. Burada idaroe-
dici registrin ¢ixisinda mantiqi “1” saviyyasi
formalasan zaman idars olunan registrin ¢1-
xiginda psevdotosadiifi roqgom ardicilligr (PT-
RA) generasiya olunmaga baslayir. Ogor ida-
roedici registrin ¢ixisinda mantigi “0” saviyya-
si formalasarsa, bu halda idara olunan registr
iso diismiir vo he¢ bir ardicilhiq generasiya
olunmur [4]. Qeyd edak ki, mohz bu sababdon
yekunda yaranan zaman langimalori qurgunun
asas ¢atismazligi hesab olunur [5, 6].

Masalanin halli

Qeyd olunan ¢atismazlig: aradan galdir-
maq lg¢iin {i¢ adod xotti oks rabitali siiriisma
registri (idarsedici-XORSR1 va idars olunan-
XORSR2, XORSR3 registrlor) osasinda
PTRG-nin prinsipial sxemi sokil 1-do oks
olunmusdur. Burada hom idarsedici hom do
idara olunan registrlor PIC16F84A mikrokont-
rollerlori tizorinds y1gilmigdr.

Qurgunun  is  prinsipina  osason
PIC16F84A mikrokontrollerinin (MK) 18-ci
pinina (RA1 portuna) baglanmis agar gapanan
zaman burada formalasan montiqi “1” soviy-
yasi hom idarsedici (XORSRI1) registri iso sa-
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lir, hom do hor iki “VO” (ANDI1 vo AND2)
moantiq elementlarinin girislorina verilir. Belo-
liklo, mantigi “1” soviyyasinin tasirindon son-
ra idaroedici (XORSR1) registrin ¢ixiginda yo-
ni, 17-ci pindo (RAO portunda) generasiya
olunan ardiciliq “VO©” (ANDI1) montiq ele-
mentinin digor girisina verilir. Noaticads, “VO”
(AND1) montig elementinin ¢ixisinda aldo
olunan montigi “0” vo ya “1” saviyyasi idaro
olunan (XORSR?2) registrin 18-ci pinina (RA1
portuna) verilir. Homginin, burada idarsedici
registrin (XORSR1) RAO portunda generasiya
olunan ardicillig eyni zamanda “YOX”
(INV1) montiq elementinin girisina verilir, in-
vers olunur vo “VO” (AND2) montiq elemen-
tinin digor girisino verilir. “V9” (AND2)
montiq elementinin ¢ixisinda oldo olunan
montigi “0” va ya “1” soviyyasi idara olunan
(XORSR3) registrin  RA1 portuna verilir.
Qeyd edok ki, burada idara olunan registrlor-
don hansmin girisino (RAL1 portuna) mantiqi
“1” soviyyasi verilarss, homin registr 6z vo-

ziyyatini doyisir va yeni psevdotoesadiifi roqgom
generasiya edir.

Ogor idars olunan registrin girisino mon-
tigi “0” saviyyasi verilorso hamin registr av-
valki rogomi yenidon tokrarlayir. Aydindir ki,
burada idaraedici (XORSR1) registrin ¢ixigin-
da formalasan PTRA idars olunan registrlarin
(XORSR2 vo XORSR3) takt tezliklorini
miioyyan edir. Bu proses maksimal period ol-
do olunana godar periodik olaraq davam edir
vo hor dofo idarsedici registrlorin ¢ixisinda
formalasan ardicilliglar arasinda “XOR” man-
tiq omoliyyati yerina yetirilir, yoni, yeni PTRA
generasiya olunur.

Burada (sok.1) idaraedici (XORSRI1) re-
gistrin uzunlugunun L;=3-5, idara olunan re-
gistrlorin (XORSR2 vo XORSR3) uzunluglari-
nin is9 uygun olarag, L,=5 vo L3=7-0 boraber
oldugunu qurgunun maksimal periodunun [7-
9] ifadesindo nozoro alsaq, reallasdirilan
qurgunun maksimal periodu Tma=31496-a bo-
rabordir.

+ 5V

] i
| Protereaa [

Sokil 1 — Ug odad xotti oks rabitoli siiriismo registri osasinda PTRG-nin prinsipial sxemi
Figure 1 — The principle scheme of PTRG based on three numbers of linear feedback shift registers
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PTRG-nin PIC16F84A mikrokontrolleri
osasinda reallasdirilan idarsedici registrinin is
alqoritmi sokil 2-ds oks olunmusdur.

Baslangic ardicihq
(BiN=001)

RA1

Delay

'

BIN1:=BIN
BIiN2:=BIN

I

BiN1-i 2 pozisiya
sola siiriisdiirma

|

BiN1-in O-1bitlorinin
sifirlanmasi

|

BiN2-in 0-1 bitlorinin
sifirlanmasi

l

BiN2:=BiN2& BiN1

|

PORTB:=BIiN

!

BiN-i 1 pozisiya saga
siiriigdiirma

I

BiN:=BIN+BIN2

Cixis signah

Sokil 2 — Idarsedici registrin (XORSR1) is alqoritmi
Figure 2 — Working algorithm of the control register
(LFSR1)

Algoritmin is prinsipi belodir: Tlkin olaraq
programa ikilik baslangic rogem (BIN) daxil
edilir vo idarsedici registrin RA1 portu prog-
ram torafindon periodik olaraq yoxlanilir.
Ogor RA1 portunda montigi “1” soviyyasi for-
malagarsa, bu halda daxil olunan ardicilligin
0-c1 va 2-ci xanalarinda yerloagon bitlor arasin-
da “XOR” montiq omoaliyyati yerino yetirilir

va yeni bitin giymati hesablanir. Daha sonra
slirligmoa registri bir pozisiya saga siirligdiiriiliir
va yeni bitin giymati hamin pozisiyaya geyd
olunur.

START

A

Baslangic ardiciiq
(BIN=01011)

Delay

'

BiN1:=BiN
BiN2:=BiN

!

BiN1-i 3 pozisiya
sola siiriisdiirmo

|

BiN1-in 0-4 bitlorinin
sifirlanmasi

|

BiN2-in 0-4 bitlorinin
sifirlanmasi

|

BiN2:=BiN2¢&: BiN1

|

PORTB:=BiN

|

BiN-i 1 pozisiya saga
siiriisdiirmo

'

BiN:=BiN+BiN2

Cixis signah

Sokil 3 — idaro olunan registrin (XORSR2) is alqoritmi
Figure 3 — Working algorithm of the managed register
(LFSR2)
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Baslangic ardicihiq
(BIN=1100000)

Delay

|

BiN1:=BiN
BiN2:=BiN

|

BiN1-i 1 pozisiya
sola siiriisdiirmo

|

BiN1-in 0-5 bitlarinin
sifirlanmasi

|

BiN2-in 0-5 bitlorinin
sifirlanmasi

|

BiN2:=BiN2& BiN1

|

PORTB:=BiN

|

BIiN-i 1 pozisiya saga
siiriisdiirma

|

BiN:=BiN+BiN2

Cixis signah

Sokil 4 — idars olunan registrin (XORSR3) is alqoritmi
Figure 4 — Working algorithm of the managed register
(LFSR3)
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Beloliklo, hor dofa generasiya olunan ye-
ni bit hom ¢ixisa yoni, PORTB-o otiiriiliir,
hom do siirlismo registrinds geyd olunur va bu
proses maksimal period aldo olunana qodor
periodik olaragq davam edir.

PTRG-nin PIC16F84A mikrokontrolleri
osasinda reallasdirilan idars olunan registrlarin
is alqoritmlari isa sokil 3 va sokil 4-do-do oks
olunmusdur.

Idara olunan registrlorin (XORSR2 va
XORSR3) is alqoritmlori idaraedici registrdo
(XORSR1) oldugu kimidir. Burada XORSR2-
do daxil olunan ardicilligin O-c1 va 3-cii xana-
larinda yerloson bitlor arasinda, XORSR3-da
isa daxil olunan ardicilligin 5-ci vo 6-c1 xana-
larinda yerloson bitlor arasinda “XOR” mantiq
amoliyyati yerina yetirilir va yeni bitin giymati
hesablanir. Daha sonra siiriisma registri bir po-
zisiya saga sirisdiriiliir vo yeni bitin qiymati
hamin pozisiyaya geyd olunur. Belalikla, hor
dofa generasiya olunan yeni bit hom ¢ixisa ya-
ni, PORTB-o otiiriiliir, hom do siirligma regist-
rindo geyd olunur vo bu proses maksimal pe-
riod alda olunana gadar periodik olaraq davam
edir.

Toklif olunan qurgunun tmumi gorii-
niisti sokil 5-do tosvir olunmusdur.

Sokil 5 — Ug odod xotti oks rabitoli siiriismo registri
asasinda PTRG-nin iimumi goriiniisi

Figure 5 — General view of PTRG based on three linear
feedback shift registers
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Burada XORSR1, XORSR2, XORSR3
registrlorinin vo reallasdirilan qurgunun ¢i-
xisinda (MC74F86N-XOR mantig elementinin
cixisl) aldo olunan ardicilliglart vizual olaraq
gormok Ttg¢iin isiq diodlarindan istifado olun-
musdur.

Notica

Ug odad xatti oks rabitoli siiriismo regist-
ri osasinda reallasdirilan psevdotasadiifi rogom
generatoru Kifayot qodor boyiik caldliys vo
perioda malikdir. Burada hom idarsedici hom
do idars olunan registrlorin uzunluglarin1 daha
boyiik segarok generasiya olunan ardicilligla-
rin periodunu daha da artirmaq miimkiindiir.
Homg¢inin daha boyiik takt tezliyino malik
mikrokontrollerdon istifade edorok qurgunun

coldliyini daha ¢ox artirmaq olar. Qeyd edok
ki, qurgu reallasdirilan zaman ‘“zaman loangi-
mosi” Kimi catismazliq aradan qaldirildig:
ticiin real vaxta yaxin rejimds islomoys imkan
verir vo otiiriilon moalumatlarin konfidensial-
liginin tamin olunmasi ti¢iin an optimal vasits-
lordan biri Kimi totbig oluna bilar.

Burada idaroedici vo idaro olunan re-
gistrlorinin baslangic qiymotlorini tosadiifi
segarok formalasan ardicilliglarin kriptodaya-
niglihgini vo statistik xtisusiyyatlarini miikom-
mollosdirs bilarik.

Maraglar miinaqisasi

Miiollif bu moqgalods arasdiriimasi tolob
olunan maraglar miinaqgisesinin olmadigini
geyd edir.
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Abstract

In recent times, the development of the TOPSIS method in complex and different directions allowes
people to work more efficiently in various fields. As an example of these areas, in the processing, analysis
and application of big data, we can show the selection of the best ones according to all possible parameters
of web browsers, the selection of the most important skills of managers, the selection of the most suitable
students for the majors, etc. The realization of such works has a positive effect on people in terms of time
and choice. With the help of TOPSIS, it is possible to choose the closest to the ideal among them, while
being able to evaluate the possible parameters of various nature, which are considered to be modern
problems, without clear information. That is, the better one is chosen from the given alternatives.
Although these methods and rules make people's work easier, on the other hand, they also present
problems related to managing uncertainties. Thus, information that is unknown to us, that is, inaccurate or
uncertain, cannot be managed simply by TOPSIS. Therefore, it is necessary to apply the TOPSIS method
not alone, but with fuzzy rules. That is, after adopting fuzzy values for alternatives and criteria, a suitable
mathematical model is created.

Keywords: Z-numbers, fuzzy logic, fuzzy rules, TOPSIS model, linguistic variables, Big Data,
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Xiilasa

Son dovrlarde TOPSIS metodunun miirokkab vo miixtslif istiqamotli inkisafi insanlar {igtin miixtalif
sahali iglordo daha rahatdir. Bu sahalora misal kimi bdyiik verilonlorin emali, analizi va tatbiqi islorinds,
veb brauzerlorin butun miimkiin parametrlorina goro on yaxsilarinin segilmosini, menecerlorin an
ohomiyyatli bacariglarinin se¢ilmasini, ixtisaslara an uygun tolobalorin segilmasini va s. bu kimi proseslor
misal gostora bilorik. Bu kimi islorin ger¢oklogsmasi insanlara zaman vo se¢im cahatdon miisbat tasir
gostarir. TOPSIS-in komoayi ilo miiasir prolemlardan sayilan miixtalif tobistli, salis molumatlari olmayan
miimkiin parametrlori giymotlondira bilmoaklo yanasi onlarin igarisinds ideala on yaxinimi se¢mok olur.
Yoni verilmis alternativlordon daha yaxsis1 secilir. Bu metod vo gqaydalar insanlarin isini yiingtillagdirso
da, digor torofdon geyri-miioyyonliklori idara etmoklo bagli problemlari do ortaya ¢ixarir. Belo ki, bizo
moalum olmayan, yani geyri-dagiq vo ya geyri-miioyyan molumatlar sadoco TOPSIS-Is idars oluna bilmir.
Ona gora do TOPSIS metodunu tok deyil, qeyri-solis gaydalarla totbig etmok lazim golir. Yoani
alternativlor vo meyarlara geyri-salis giymotlor manimsadildikdan sonra uygun riyazi model yaradilir.
Acar sozlar:  Z-ododlor, geyri-salis montiq, geyri-salis gaydalar, TOPSIS modeli, lingvistik dayisonlar,

Big Data, verilonlor bazasi
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AHHOTALINA

B mnocnennee Bpemsi pazsutre merona 1OPSIS B komruiekce W 1O pa3HbIM HAIPaBICHUSM
MO3BOJIMIIO JIOAAM Oosee 3¢p¢eKTHBHO paboTaTh B passIMUHBIX oOmacTsaxX. B kadecTBe mpumepa 3THX
HampaBleHU npu 00paboTKe, aHaNIW3e W NPUMEHEHHH OOJNBLIMX JAaHHBIX MOXKHO MOKa3aTh MOAOOP
NyYIIUX 10 BCEM BO3MOXHBIM TlapamerpaM Be0-Opay3epoB, OTOOp HamOoiee Ba)KHBIX HABBIKOB
MEHEDKEpOB, 1Moa00p Hanbosee MOAXOISMIIUXCTYACHTOB AJs crenuanbHocTedl u T. 1. OcyliecTBIeHUe
Takux padoT MOJIOKHUTEIBHO BIMSIET Ha JIIOACH ¢ TOUKH 3peHHs BpeMeHHu U BeiOopa. C momomipio TOPSIS
MOJKHO BBIOpaTh cpelld HHX HanOoyiee ONHM3KUE K HJieally, UMes MPH 3TOM BO3MOXKHOCTh 0€3 YeTKOi
WHPOPMAIIUK OICHUTh BO3MOXKHBIE TapamMeTpbl PazIMYHON MPHUPOJBI, CUUTAIONIMECS COBPEMEHHBIMU
npobnemamu. To ecTh W3 MPEUIOKEHHBIX AIbTEPHATHB BbIOWMpaeTcs Jydiuas. XOTS 3TH METOABl U
mpaBmiia o0JeryaroT paboTy JIOZeH, ¢ APYroil CTOPOHBI, OHU TaKXKe CO3AaI0T MPOOJIeMbl, CBA3aHHBIE C
yIpaBJIEHUEM HEOIPeeNICHHOCTAMHU. TakuM 00pa3oM, WHPOpMAIUs, KOTOpasi HaM HEH3BECTHA, TO €CTh
HETOYHA WM HeompeneneHHa, He MoxkeT ynpasiiatecs: TOPSIS. TloaTroMmy HE00X0ANMO MPUMEHSTH METOX
TOPSIS He oauH, a ¢ MOMOLILI0 HEYETKMX MHpaBWwi. TO €CTh NOCIE NPUHATUS HEUYETKUX 3HAUYCHUH
JIBTEPHATHUB U KPUTEPUEB CO3AETCs MOAXOASIIAs MaTeMaTHUeCKast MOJIEIIb.
KiroueBble cjioBa: Z-qucna, HEYeTKas JIOTHKa, HedeTKHe mpaBuiaa, monenb TOPSIS, nuarsuctu-

YyecKue epeMeHHbIe, OONIbLINe JaHHbIE, 0a3a JTaHHBIX.
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Giris

Miiasir dovrde comiyyatin tolobati vo
toloblori artdigca TOPSIS metodunun  tok-
millosdirilmasi masalasi  giindomds  xiisusi
yer tutmaga basladi. Belaliklo da, Qeyri-salis
TOPSIS, NR-TOPSIS, Z-TOPSIS kimi mo-
dellosdirmo tsullart yaradildi. TOPSIS-dan
forgli olarag onlar: geyri-solis miihiti idars
etmokla olagali, namizadlor ¢oxlugunun si-
linmasi, olava edilmasi, dayisdirilmasi nati-
casindo etibarliligin qorunmast ilo bagli, ¢ox
meyyarli qgorar qobuletms problemlarini
asanlasdirmaqgla olagsli funksiyalar yerino
yetitrirlor.

Isin magsadi

Bu mogalodo mogsad miiasir dovriin
tolobina uygun olaraq, TOPSIS-in tokmilloas-
dirilmasi yolu ilo geyri-salis gaydalar va Z
odadlor tothig etmokls alternativlorin giymot-
londirilmasi, onlardan an yaxsisinin segilmo-
sidir. Bu sobobdon ds, on yaxsi alternativin
secilmasi Big Data-nin tohliikasizliyi riski,
nogliyyat dayaniqligr kimi miiasir problem-
lorldan istifado etmoklo metodun realizasiya-
sina nail olunmusdur.

Bu isdo, geyri-salis ododlor iizorinds
omoallarin kémayi ilo geyri-salis TOPSIS ya-
nagmast Z adadlorin konsepsiyasii ilo slagoe-
londirilmis, geyri-salis gorar matrisi qurula-
rag geyri-salis TOPSIS yanasmasi qeyri-
mioyyanlik sortlori daxilinds dayanigli nog-
liyyat sistemlarinin giymotlondirilmasi tgiin
riyazi model yaradilmisdir [1, 2].

Qeyri-miiayyanlik soraitinds gorar go-
buletmo problemi va xiisuson do lingvistik
geyri-miioyyoanliyi idaroetmo ilo  olagoli
problemlor imumi problemlarin aktual mov-
zularindan biridir. Cox vaxt goarar goabuletma
problemlorini hall edorkon yalniz miitoxos-
sislor torafindon lingvistik giymatlondirma
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soklinda verilon malumatlarla kifaystlonmoak
macburiyyatinds galiriq. Bu sartlor daxilinds
gorar gobuletmo modellarinin inkisafi ling-
vistik giymotlondirmaloro xas olan qeyri-
muoyyanliyin lazimi daracads nozors alin-
masini talab edir.

Davamli olaraq noaqliyyat sistemlori
dovriimiiziin daha da vacib zoruratino gevri-
lir. llor orzinds nogliyyat faaliyyatlorinin sa-
yinda gozlonilmaz bir artim olmusdur vo bu
tendensiyanin yaxin illordo do davam edaco-
yi gozlonilir. Aydindir Ki, bu hadisalor miia-
sir goharlords hoyat keyfiyyatini asagi salan
hava cirkliliyi, ses-kiily vo s. kimi ekoloji
xarclori yaradir.Bu bohranin 6hdssindan gol-
moak ti¢iin baladiyys hokumatlari tokco somo-
rali, etibarli vo gonastli deyil, hom do otraf
miihito uygun dayaniql nagliyyat sistemlori-
no investisiya yatirirlar. Nogliyyatla bagl
gorar gobul edonlor tiglin bu ciir davamlh
nagliyyat sistemlarini necoa giymatlondirmok
va segmok problem sayilir. Ona géro do qis-
mon vo ya natamam molumat (geyri-miioy-
yanlik) soraitinds dayaniqli nogliyyat sistem-
lorinin secilmosi ticlin ¢ox meyarli qorar go-
buletmo yanasmasini togdim edirik. Toklif
olunan yanasma ii¢ marhaladoan ibaratdir. Bi-
rinci addimda nagliyyatin davamliligini qiy-
matlondirmok tiglin meyyarlar toyin edirik.
Ikinci morholods miitaxaessislor potensial al-
ternativlors, se¢ilmis meyyarlara gora ling-
vistik qiymot verirlor. Qeyri-salis TOPSIS
dayanigligimi giymatlondirmok va on yaxsi
alternativi segmok ti¢lin imumi ballarin ge-
nerasiyas: istifade olunur. Ugiincii addimda
yoxlama analizi aparilir. Homin analiz ¢okili
omsallarin tosirini toyin etmok {igiin gorar
gobuletma prosesindo aparilir. Yanagmanin
totbiq oluna bilacayini gostarmok iigiin riyazi
tosvir verilir. Toklif olunan isin giicii-onun
praktiki olaraq totbiq oluna bilmasi va geyri-
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miioyyonlik soraitindo yiiksok keyfiyyatli
hallor gobuletma gabiliyyatidir. Davamli in-
kisaf muasir nagliyyatla bagli qorar qobul
edonlar tgiin vacib bir mévzudur. Dayanig-
ligin neca doagiq bir sokildo miiayyanlasdirilo
bilacayins va dlgiilmayins dair bir ¢ox miiza-
Kirs aparilib. Brundtland Komissiyas: (Bir-
logmis Millotlor Toskilatinin Otraf Miihit va
Inkisaf iizro Diinya Komissiyas1, 1987) da-
yaniqligi, galocok nasillarin 6z ehtiyaclarini
odomok qabiliyyatina xalal gotirmodan bu
glinlin ehtiyaclarina cavab veron inkisaf ola-
rag toyin edir. Diinya Banki (1996), Loo
(2002) va Schipper (2003) dayanigligi 6lg-
mok tigiin iqtisadi, ekoloji va sosial baraboar-
liyin “G¢li naticasi”-ndon istifads edirlor. Bu
toriflordon istifado edarok dayaniqli nagliy-
yat, galocak nasillorin nogliyyat ehtiyaclarini
o6domok qabiliyyatino xalal gotirmadan bu-
glinkii nagliyyat ehtiyaclarin1 6domays gadir
nagliyyat kimi gobul edils bilor (Qara, 1996;
Richardson, 2005). Ekoloji cohatdon “tomiz”
(ekoloji zararsiz) nogliyyat niimunalarina:
enerjiya gonastli nagliyyat vasitalori, homgi-
nin biodizel, elektik va s. kimi tomiz yana-
caqli nagliyyat vasitalori vo s. aiddir. Daya-
nighh nogliyyat markazi (1997) dayanigh
nagliyyat sistemini tayin edir [3-5].

Masalanin qoyulusu

Qeyri-miiayyonlik, qorar gobuletmo
proseslorindo informasiya catismazligi ol-
duqda yaranir. Qeyri-salis ¢coxluglar nazariy-
yasi do qeyri-miiayyanliyi modellosdirmoak
tciin istifado olunur. (Litfi Zado, 1965).
Qeyri-salis ¢oxluglar nazariyyasinds linqvis-
tik termlordan garar gobul edonlarin an yaxsi
secimina istinad etmok tiglin istifads olunur.
Moasalon, bazar ertasi giiniindo yagis yagma
ehtimali linqvistik baximdan yiiksok, ¢ox
yiiksok, asag1 vo s. kimi toqdim oluna bilar.

Bu yazida, davamli nagliyyat ticiin, gorar go-
buletmo prosesini modellosdirmak tigiin gey-
ri-solis goxluglar nozariyyasindon istifads
edocayik, c¢iinki modelin bazi parametrlori
analitik olaraq miioyyan edils bilmaz va eks-
pert royini toalob edir. Masalon, mobillilik,
borabarlik, kompetentlik, xidmot keyfiyyati
Va S. geyri-salis ¢coxluglar nazariyyasinin ba-
zi bir-birilo olagali toriflori (Buckley, 1985;
Dubois & Prade, 1982; Kaufmann & Gupta,
1991; Klir & Yuan, 1995; Pedrycz, 1994,
Zadeh, 1965; Zimmermann, 2001) asagidaki
Kimi tagdim olunur.

Torif 1. X mihakimalor fozasmin
altcoxlugu olan geyri-salis A ¢oxlugu veri-
lib. A ¢oxlugu X fozasinda pgz(x) mansu-
biyyat funksiyasi ilo xarakterizo olunur. He-
min mosubiyyat funksiyasi X ¢oxlugundan
olan x elementino garsi [0,1] parcasindan bir
element qarsi goyur. pgz(x) funksiyasinin
giymoti x elementinin @ -ya mansub olma
doracasi adlanir (Kaufmann and Gupta). a
giymati biro no godar yaxin olarsa, X-in a-ya
aid olma doracasi bir 0 godar do yiiksok olar.

Tarif 2. Ucbucaq geyri-solis @ ododi
ti¢ komponentli @ = (ay,a,,az) kimi ifado
olunur. Saokil 1-do geyri-salis tichucaqll a
adadi tosvir edilmisdir.

Konseptual vo hesablama sadoliyi sa-
yasinda tighucaqli geyri-salis adadlor praktik
totbiglords ¢ox istifado olunur (Klir & Yuan,
1995; Pedrycz, 1994; Yeh & Deng, 2004).

A
1

3 oo,

1 (x)

v

0 51 &z 53
Sakil 1 — Ugbucaqli geyri-solis odad
Figure 1 — Triangular fuzzy number



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2023, cild 15, Ne 3, s. 104-110
Mammadova K.A.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 3, pp. 104-110
Mammadova K.A.

Ucbucagqli qeyri-salis @ adadinin ug (x)
monsubiyyat funksiyas1 asagidaki kimi tayin
olunur :

(0 x < a;
XxX—a
ag<x=<a,
_)azx—aq
”ﬁ(x)_< a3_x
a, <x <as
asz —az
0 x> as

Burada a;,a,,az igin a; < a, < as
odanilir. x dayiseninin a,ndqtasinds pz(x)
monsubiyyat funksiyasi 6ziiniin maksimum
giymatini alir. pz(x) =1 olduqda, belo
giymotlondirmo hesabi verilonlorin an ¢ox
ehtimal olunan giymotini gostorir. X do-
yiganinin a; noqtasinda ugz(x) monsubiyyat
funksiyas1 Oziiniin minimal qiymatini alir.
Uz (x) = 0 belo giymatlondirms hesabi ve-
rilonlarin an az ehtimal olunan giymatidi. a,
Vo aj sabitlori molumatart qiymatlondirmak
iclin mdvcud c¢oxlugun asagr vo yuxari
sorhodloridir. Bu sabitlor giymatlondirma
molumatlarinin  geyri-mioyyonliyini  oks
etdirir. [a;,a3] “dar” oldugda, qiymot-
londirmo molumatlarinin qeyri-salisliyi asagi
olur.

Xassa 1. Iki qeyri-solis ii¢cbucaqlh
d = (ay,a,,a3) Vo b = (by, by, b3) ododlori
liciin asas amoliyyatlar agagidaki kimi ifado
olunur [1-3]:

1) ticbucaqli iki geyri-salis adadin comi:
a(+)b = (ay + by, ay + by, az + bs),

a; =20,b; =20
2) iigbucaglt Iki geyri-salis ododin hasili:
d(x)b = (a; X by, a, X by, az X by),

a; =0,b; =20
3) t¢bucaql iki geyri-salis adadin forgi:
a(-)b = (a; — by, a; — by, az — b),

a; =20,by =0
4) icbucaql iki geyri-salis adadin nisbati:
a(/)b = (ay/by, az/by, as/bs),

108

a; =0,b; =0
5) iicbucaqlt geyri-salis adadin torsi:
a'=(1/ay,1/az1/as),
a, =0
6) ticbucaqli geyri-salis adadin oksi:
a=(—ay,—a;—az), a =0.
Xassa 2. Hor hansi hogiqi k vo
ticbucaqli geyri-salis @ adadi tiglin iki adad
tizorindo omoliyyatlar asagidaki kimi ifado

olunur [6, 7]:

1) tgbucagli  qeyri-salis odadin sabito
hasili:

2) K *a = (kaq, ka,, kas),a; =0,

k>0

3) sabitin tg¢bucaqlh  geyri-solis odado
nisboti:

K (k k k

7=<— ,— ,—>, a,=20k=>0

a a;’ ay as

4) iigbucagli  qeyri-salis odadin sabito
nisboti:

%= (%%%) a; =0,k =0

Yuxarida aparilan omaliyyatlarin isbati
sadodir.

Xassa 3. Ugbucagh iki gqeyri-salis
(@ b) ododi vo hor hansi hogigi k odadi
tiglin bu iki adadin kommutativ amaliyyatlar
asagidaki kimi ifados olunur [6] (sok. 2-4):

pa(x

0 a b1 o b2 as b3

Sokil 2 — Ugbucaql iki geyri-solis (a,b ) ododi vo
hor hans1 hoagiqi k odadi ii¢iin ododin kommutativ
omoaliyyatlar1

Figure 2 — Commutative operations of a number for
two triangular fuzzy (a.,b ) numbers and any real
number k
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FIS Variables

Membership function plots plat points 181

CP
LN

Kriteriler

Alternativier

T T T T
K Y C

T T T I

1

Sokil 3 — Iki odadin kommutativ omaliyyati
Figure 3 — Commutative operation of two numbers

FIS Variables

4 5 6 7 8 E
input variable "Alternativier”

Membership function plots plet points; 181

ped I

Alternativier

Kriteriler

T T T T T T
o] Y G

I T
1 5

T I T T
4 £ e =

output variable "Kriteriler”

Sakil 4 — Alternativlor vo meyarlar tizro mansubiyyst funksiyalariin grafik tosvirlori [5-8]
Figure 4 — Graphical representations of membership functions for alternatives and criteria [5-8]

a(+)b =b(+)a, a;, =>0,b;>0,k>0
a(x)b=hb(x)d, a;=0,b;=>0,k=>0
a(—=)b=b(-)d, a,=>0,b;>0,k=>0
Kxd=dxk, a;=0b;=>0k=>0

Matlab miihitinds ticbucaq qeyri-salis
odadlarin mansubiyyat funksiyalarinin qrafik
tosvirlari verilib.

Xassa 4. d = (a;,ay,a3) Vo b=
(by,by,b3) tgbucaql iki geyri-salis odod-
dir. Qraflar nozariyyasi ilo bagli metoddan
istifado edorok topalor arasindaki maosafo
asagidaki kimi tayin olunur:

d(ab) =

1
= \/5[(“1 —b1)? + (az — by)? + (az — b3)?]

Bu omaliyyatlarin isbati sadadir.
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Lingvistik  termlori qgeyri-salis
odadlars gevirmak iigiin geyri-salis ¢coxluqlar
nozariyyasi ilo bagl ¢evrilmoalordon istifado
olunur. Bu isdo meyarlart vo alternativlori
giymotlondirmok tdicin 1 ilo 9 arasinda
doayison giymatlondirms skalasindan istifado
edocayik. Codval 1-do alternativlor iigiin
istifado olunan linqvistik dayisonlor vo
geyri-salis  giymotlor  tosvir edilmisdir,
Codval 2 isa meyarlar igiin istifado olunan
lingvistik doyisonlor vo geyri-salis giymatlor
tosvir edilmisdir [8-10].

Cadval 1 — Alternativlor iigiin linqvistik termlar
Table 1 — Linguistic terms for alternatives

Lingvistik termlor Moansubiyyat
funksiyasi
Cox pis (CP) (1,1,3)
Pis (P) (1.3,5)
Kafi  (K) (3,5,7)
Yaxst  (Y) (5,7,9)
Cox yaxst (CY) (7,9,9)
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Cadval 2 — Meyarlar iigiin linqvistik termlor
Table 2 — Linguistic terms for criteria

Lingvistik termlor Moansubi yyat
funksiyasi
Cox asagr (CA) (1,1,3)
Asag1  (A) (1,3,5)
Orta (O) (3,5,7)
Yiiksok () (5,7,9)
Cox yiiksak (CY) (7,9,9)
Natica
Bu isdo, qeyri-solis bir miihitds
idaroetms sistemlorinin ~ dayanigligini

giymatlondirmok {ig¢iin ¢ox meyarli qorar
gobuletms yanasmasini toqdim edirik. Toklif
olunan yanasma ti¢ marhaladan ibaratdir.

Birinci marhaloda idaroetma sistem-
lorinin dayanigligint qiymatlondirmak {igiin
meyarlar miioyyanlosdirilir.

Ikinci morholado miitaxassislor meyar-
lara vo alternativlora lingvistik qiymatlor
verirlor. Qeyri-salis TOPSIS, hor alternativin
dayanigligin1 6lgmak ti¢lin ballar1 toplamaq
Vo iimumi bir performans hesabi1 yaratmaq

ticiin istifado olunur. On yiiksok bal toplayan
alternativ, on yaxs1 dayaniqli idaraetma
sistemi olaraq segilir vo tothig edilmasi
tovsiya olunur.

Uciincii, son marholodo gorar gobul-
etmo prosesino alternativlarin tasirini miioy-
yanlosdirmak tiglin meyar ¢okilarinin doqig
tohlil edilir.

Bizim yanasmamizin Ustiinliyii idars-
etmo sistemlorinin dayaniqligini gismon va
ya natamam molumatlarla giymotlondirmok
gabiliyyatidir. Toklif olunan yanasma daya-
niglt idaroetms sistemlorinin  giymotlon-
dirilmasinds va se¢ilmasindo praktiki olarag
totbiq edilo bilor. Qarar gobuletms prosesi
istirak  edonlorin
sahasinds aparilan tocriibalordon asili oldu-
gundan, verilonlor diggstlo secilmalidir.

sayindan vo mdvzu

Maraqlar miinaqisasi

Misllif bu mogalodo aragdirilmasi
tolob olunan maraqlar miinaqgigasinin olma-
digin1 geyd edir.

wmn

10.
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Abstract

In this article, the possibilities of application of artificial intelligence technology in diagnostics of
faults of electric motors are examined. The application of traditional diagnostic monitoring systems in the
diagnosis of motors faces problems in determining the normal and threshold values of several diagnostic
parameters that cannot be measured in working conditions in cases of lack of certain information. To par-
tially overcome these problems, it is also possible to provide a new hybrid control by applying artificial
intelligence-based diagnostic systems together with traditional methods to increase the efficiency and ac-
curacy of diagnostic control in the working condition. In the research work, fault diagnosis schemes using
neural networks, fuzzy logic, neural-fuzzy and genetic algorithms were studied, and their advantages and
disadvantages compared to traditional diagnostic methods were analyzed. From the conducted studies, we
conclude that the methods of artificial intelligence technology have a great potential in the diagnosis of
difficult-to-detect faults.
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Siini intellekt metodlar: asasinda elektrik mitharriklarinin
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Xiilasa

Mogalada, sitini intellekt metodlarinin miiharriklorin nasazliglarinin diagnostikasinda totbiqi
imkanlar1 nazordon kegirilmisdir. Miiharriklorin diaqnostikasinda onanavi diagnostik monitoring
sistemlorinin totbigi geyri-miioyyon informasiya catismazligi hallarinda, homginin, is¢i voziyyotdo
Ol¢lilmasi miimkiin olmayan bir sira diagnostik parametrlorin normal vo hadd giymatlorinin miiayyon
olunmasinda problemlarls iizlasir. Bu problemlari gismon aradan qaldirmaq, isgi vaziyyatds diagnostik
nozaratin effektivliyini vo doqigliyini artirmaq ti¢lin anonovi metodlarla yanasi, siini intellekt osasli
diagnostika sistemlarinin birlikds tatbiqgi ilo yeni hibrid nozarati tomin etmok olar. Tadgiqat isinds neyron
sobokalari, qgeyri-salis montig, neyron-geyri-salis va genetik algoritmlordon istifado edon nasazliq
diagnostikas1 sxemlori tadqiq olunaraq onlarin ananavi diagnostik metodlara nisboton tistiinliklori va
monfi cohotlori miiqayisa edilorak tohlil olunmusdur. Aparilmis todgigatlardan belo gonasts golirik ki, siini
intellekt metodlar1 ¢atin agkarlanan nasazliglarin diagnostikasinda boyiik potensiala malikdir.
Acar sozlar: elektrik miiharriki; siini intellekt, nasazliglarin diagnostikasi; neyron sabakalori; geyri-

salis mantiq; neyron-geyri-salis; genetik alqoritmlar.
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AHHOTAIUSA

B crarbe paccMOTpeHbl BO3MOXKHOCTM TPUMEHEHHUS TEXHOJOTMM MSITKUX BBIYMCICHUN B
JAUArdHOCTHKE HeHCHpaBHOCTeﬁ BHCKTPOJIBI/IFaTeHefI. HpI/IMeHeHI/Ie TpaAuIUOHHBIX CHUCTEM
JTUATHOCTHYECKOTO MOHHUTOPWHTAa TIPHU JIMAarHOCTHKE JIBUTATENel CTaJIKMBaeTCs C MpodiieMaMu
ONpeeICHUs] HOPMAJIbHBIX U MOPOTOBBIX 3HAUYEHUM psAlla TUATHOCTUYECKUX IMapaMeTpoOB, KOTOPHIE HE
MOTYT OBITh M3MEPEHBI B Pa0OUYMX YCIOBHAX B CIIydasx OTCYTCTBHA OIpeneieHHoil mHbopmarmu. Jis
YaCTUYHOTO MPEOJOTCHHSI 3TUX MPOOIeM TakKe MOKHO 00eCIeUnTh HOBBIA THOPUIHBIN KOHTPOJb MyTEM
NPUMEHEHUSI CUCTEM JIMarHOCTUKM HA OCHOBE HCKYCCTBEHHOTO HHTEIJIEKTa COBMECTHO C
TPaJIUIIMOHHBIMA METOJIaMU C IIeNbI0 TOBBIMICHUS 3()()EKTHBHOCTH M TOYHOCTH JHUArHOCTUYECKOTO
KOHTpOJII B pabodeM cocTossHUH. B pabore wW3ydeHBI CXEMBI JIUATHOCTUKHA HEHCIIPaBHOCTEH ¢
HCIIOJIb30BAaHUEM HEHPOHHBIX CETEl, HEUETKOMN JIOTUKH, HEMPO-HEUETKUX U F'€HETUYECKUX AJNTOPUTMOB U
MPOAHATIM3UPOBAHBI UX NPEUMYLIECTBA U HENOCTATKU IO CPABHEHUIO C TPAJAULMOHHBIMH METOJaMU
IUarHOCTHKH. VcciemoBanns MPUBOIAT K BBIBOAY, YTO METOMIBI TEXHOJIOTHU MSTKUX BBHIYUCICHUN UMEIOT
0O0JIBIIION MOTEHIIMAN B AUATHOCTUKE TPYIHOOOHAPYKUBAEMBIX HEUCIIPABHOCTEM.
KuaroueBble cjioBa:  3ICKTPOABUTAaTEdb, MSITKUME  BBHIYHMCICHHUSA, JUACHOCTUKA  HEHCHIPABHOCTEH,

HEUpPOHHBIE CETH, HEUETKAas JIOTHKa, HEHPOH-HEUETKUN, TEHETUYECKUE AT OPUTMBI.
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Giris

Dayison vo sabit coroyan miiharriklori
nogliyyatda vo sonayenin miixtalif sahalorinda
intensiv sokildo istismar olunur. Dayison is
miihiti vo dinamik yiiklonms homiso miihor-
riklorin stator dolaglarinda sargilararasi qisa-
gapanmalara, yastiglarin siradan ¢ixmasina,
rotor gubuglarinda zadalonmolora va s. kimi
boyiik nasazliglara sabab olur. Belo nasazlig-
lar diizgiin agkar edilmodikds vo vaxtinda ara-
dan galdirilmadigda miiharrikin dayanmasi ilo
noticalonir. Nasazliglarin erkon moarhalads
diagnostikas1 miiharrikin etibarliliginin artiril-
masina gotirib ¢ixarir. Bununla birgs, nasaz-
liglarin tayini ti¢iin gqabagcil askarlama metod-
larini totbiq etmoklo texniki xidmat xarcloring
gonaot edilir. EImi tadgiqat islorinin tohlillori-
nin naticalori gostarir ki, elektrik miiharriklori-
nin monitoringi, nasazliglarin diagnostikasi vo
askarlanmasi elektrik miihandisliyi sahasinda
¢ox vacib vo miirokkab todgigat sahasidir.

Sini intellekt geyri-miiayyanlik va gey-
ri-doqiglik soraitinds insan siiurunun yiiksok
Saviyyada diisiinmok va 6yranmok gabiliyyati-
no paralel olan intellektual hesablamanin yeni
bir yanagsmasidir. Yalniz doqiglik, aminlik vo
konkretliklo mosgul olan ¢otin hesablama me-
todlarindan forqli olaraq, real diinya problem-
larina geyri-daqiq vo ya qeyri-adekvat, lakin
iqtisadi vo ragabatli hallorin alds edilmasinda
effektivdir.

MUHSRRIK

NASAZLIGIN TOYINi

Y

N4

Bildiyimiz kimi, praktiki operatorlardan
alinan keyfiyystli molumatlar miihorrik nasaz-
liginin erkan marhalads doqiqg va etibarl diag-
nostikasinda miihiim rol oynaya bilor. Belalik-
la, bu sahays siini intellekt metodlarinin tatbi-
qgi oananavi diagnostika metodlari ilo miigayiss-
do daha tez uygunlasma, rahatliqg, ¢eviklik vo
daxil edilmis linqvistik biliklarin unikal xiisu-
siyyatlarini tomin edo bilor [1-3].

Miiharrik nasazhqlarmin ananavi diagnos-
tika iisullar

Elektrik miiharriklorinin nasazliglarinin
askarlanmasi1 vo diagnostikasi tiglin ¢oxsayl
anonavi yanasmalar movecuddur. ©n sado iisul
birbasa yoxlamadir. Klassik parametrlorin
giymotlondirilmasi tisullart miiharrik nasazlig-
larmin askarlanmasi vo diagnostikasi tigiin do
osaslt sokildo totbiq olunur. Burada faktiki
miiharrikdon goalon bozi 6lgmo signallarina
osaslanaraq, miiharrikin is voziyyati ilo bagh
miivafiq molumatlari analiz etmok {iglin para-
metrlorin toyini tisullarindan istifads edilir. So-
kil 1-do belo nasazligin askarlanmast prosesi
gostarilmisdir.

Parametrlorin giymatlondirilmosi meto-
du real vaxt hallari iigiin ¢ox uygundur. Lakin,
geyd edilon metod miharrikin is prinsipini do-
rindon basa diismayi va daqiq riyazi modeli to-
lab edir.

_PARAMETRLORIN
QIYMOTLONDIRILMOSI

4

VOZIYYOTIN
QIYMOTLONDIRILMOSI

Sakil 1 — Parametrlarin giymotlandirilmasi asasinda mitharrik nasazliginin diagnostikasi
Figure 1 — Diagnosis of motor failure based on parameter evaluation
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Bundan slavs, miiharrik gocaldiqca alin-
mis molumatlarin doqigliyi azalir. Son bir
neco il arzinds anoanavi diagnostika metodlari-
nin lzlosdiyi geyd olunan ¢atinliklori aradan
galdirmaq tgiin siini intellekt metodlarindan
istifads edilir. Siini intellekt texnologiyalar ti¢
asas hissadan ibaratdir: neyron sabokalor, gey-
ri-salis mantiq vo genetik algoritmlor [1, 3-6].
Neyron sobokalorin, geyri-salis montigin, ge-
netik alqoritmlarin va onlarin uygun kombina-
siyast (birlogmasi) ilo miiharriklorin nasazlig-
nin daha dorindon askarlanmasi vo diagnozu
tictin hibrid sistemlor totbiq edilo bilor.

Neyron sabakalar asasinda miiharrik nasaz-
hglarmn diagnostikasi

Qeyri-xatti funksiyalarin giiclii approksi-
masiyasi Vo adaptiv 6yronmo imkanlarina goéra
neyron sobokalor miharriklorin nasazliglarinin
diagnostikas1 sahasinds boyiik maraq dogurur.
Bozi todgigatcilar neyron sobokolor osasinda
nasazliglarin askarlanmasi tg¢iin - miixtolif
sxemlarin hortorafli todqgiqini aparmiglar. On-
lar sokil 2-do gostorildiyi kimi, miiharrikds ya-
ranan nasazliglarin diagnostikasi ti¢iin neyron
oks-yayilma sobokasinin - BP (Back-propaga-
tion) tipik strukturunu toklif etmislor. Burada
yaranan nasazliglara, sargilari burumlar: ara-
sindaki izolyasiya vo yastiglarin texniki vaziy-
yoti aiddir [3-7].

Burada | statorun coroyani,  rotorun
stirati, N¢ vo B¢ iso uygun olaraq miihorrik
sargilarinin izolyasiyasi Vo yastiglarin voziy-
yatini xarakteriza edon komiyyatlordir. Miihor-
rikin xarakterik tonliklorindan bilirik ki, giris-
lor (I, w) va gixislar (N, Bc) arasindaki slage
geyri-xottidir. Bu olagoni formalasdirmaq
ticiin BP neyron sabokasi totbiq olunur. Struk-
tur sokil 3-do gostarilmisdir.
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Sakil 2 — Baglangic xatalarin agkarlanmasi ti¢iin BP
neyron sobokasi
Figure 2 — BP neural network for initial fault detection

I vo @ giymatlori onlayn 6lgmo molu-
matlarindan asanligla alds edilo bilor. ©slinds,
sokil 2-doki BP neyron sobokasinin giris para-
metrlorinin saymi artirmagla (masalon I, vo
®>) dagigliyi artirmaq olar. Digar torafdon N
Vo B¢ sokil 3-do gostorildiyi kimi ekspert tora-
findon giymaotlondirilmalidir. Miiharrikin vo-
ziyyatinin monitoringi vo qusurlarinin diag-
nostikas1 ti¢iin miiharriki komiyyatco tosvir
edon N¢ va B giymatlori ti¢ vaziyyat soviyye-
sina (yaxsi, gonastbaxs, pis) osason tosnif edi-
lir. Neyron soboko ekspertdan diagnostika toc-
riibasini 6yronmok {igiin talim kegdikdan son-
ra, sokil 4-do gostorildiyi kimi, onlayn rejimdo
istifado olunur.

Miiharrikin voziyyatindan, stator coroya-
nindan vo rotorun firlanma siiratindon asili
olarag, neyron soboko yuxarida gostorilon iig
nasazliq soviyyasino uygun olaraq baslangic
nasazliglart gostars bilar.

Eyni zamanda digor todgiqatgilar da si-
niq rotor ¢gubuglarinin sayini agkar etmak ti¢iin
oxsar BP neyron sobokasino asaslanan miihar-
rik nasazliginin diaqnostikas: sxemini toklif
etmisdir. Neyron sobokoasi {igiin tolim molu-
matlar saz, eloco do simulyasiya edilmis na-
saz masinlardan aldos edilir. Onlarin toklif etdi-
yi perspektivli sxem simulyasiyalarda 100%
diagnostika doagiqliyina malikdir.
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Sakil 3 — Neyron sabokays osaslanan mitharrik nasazliginin agkarlanmasi ti¢iin 6yronma morhalasi
Figure 3 — A learning phase for neural network-based motor fault detection
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Sokil 4 — Neyron soboko asasinda miiharrik nasazliglarinin agkar edilmosi
Figure 4 — Motor fault detection based on neural network

BP neyron saboka ilo yanasi miiharriklo-  yalniz normal soraitds isloyon miihorriklordon
rin diagnostikasi ti¢iin digor bir neyron soboko  alinan molumatlarla 6yronilir. Sonra, dyronil-
novii olan SOM — o6ziinii toskiledon Xorito  mis SOM askar edilmomis 6lgmoa molumatla-
(self-organizing map) istifads olunur. rindan istifado etmoklo sinagdan kegirilir. Ob-

Molumdur ki, stator gorginliyinin geyri-  yekt Xoritalosdirmasindoki xiisusiyyst grupla-
simmetrikliyi, digli 6tiirmolordo vo rotor ¢u-  rina asasan, molumatlar miimkiin nasazliq ka-
buglarinda qirilmalarin yaranmasi, stator do-  teqoriyasina va normal SOM molumatlarina
laginda qisa-gapanma vo s. kimi miixtolif na-  goéro tosnif edilocokdir. Ekspert daha sonra
sazliglar eyni vaxtda bas vero bilor. BP neyron  real nasazliq molumatlarini miioyyan edos vo
sobokasindan forgli olarag SOM osasli yanag-  sonradan SOM-u yenidon 6yrotmok ii¢iin bu
ma heg¢ bir nazarst olmadan nasazliglarin tos-  molumatlar: istifads eds bilor. Bu yolla, eks-
nifatint 6yronmoak vo yaratmaq kimi praktiki  pertin nozaroti altinda toklif olunan metod 6y-
ustiinliiys malikdir. Buna géro do, miiharrik  ranms tigiin heg¢ bir malumatin mévcud olma-
nasazliglarmin avtomatlasdirilmis diagnostika- ~ dig1 nasazliq diagnostikasi islorini yerino yeti-
s1 sistemlarinin qurulmasinda SOM-dan istifa-  ro bilor. Bu metodlar yastiglarda yaranan na-
do etmok daha faydali ola bilor [7-11, 12]. sazliglar1 askar etmok {igiin firlanan masinda

SOM osasli motor nasazliginin diaqnos-  tadgiq edilmisdir. Simulyasiyalar gostormisdir
tikas1 sxemini qisaca asagidaki kimi tosvir et- ki, giris signalinin nisbaton kigik diapazonu
mok olar. Birincisi, tipik bir SOM sobokasi ~ zamani1 SOM nasazliglari diizgiin askarlaya bi-
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lir, BP neyron sabakasi iso ugursuz olur [3-5,
7,8]. Belalikls, miiharrik nasazliginin diagnos-
tikast li¢iin neyron sabokalardan istifadanin
dstiinliiyii onlarin 6z-6ziina uygunlasmasi vo
xotalarin gostaricisi ilo mévecud 6lgms signal-
lar1 arasinda slago qura bilon geyri-xatti yaxin-
lasma qabiliyystlori ilo baglidir. Homginin,
oyronma proseduru insan ekspertlari tarofin-
don idara olunur. Neyron sabakalora asaslanan
nasazliq diagnozu tmumi magsadli halldir.
Miiharrik diagnostikast modeli hagqmnda ov-
valcadon malumat talob olunmur. Yalniz talim
molumatlar1 avvalcadon alinmalidir. Bununla
belo, neyron sobokalora osaslanan miihorrik
nasazliginin diagnostikasiin kritik catismaz-
lig1 ondan ibaratdir ki, miiharriklorin operato-
rundan galon keyfiyyatli va lingvistik molumat
onlarin adadi yoniimlii gara qutu strukturlarina

MUHORRIK OLeMe

NASAZLIGIN

DEFAZIFIKASIYA
ASKARLANMASI INTERFEYSI

goro birbasa istifados edilo vo ya neyron sobo-
kolara daxil edils bilmoz.

Miiharrik nasazhqlarimn qeyri-salis man-
tigle diagnostikasi

Nasazliglarin linqvistik doyisonlor osa-
sida diagnostikas: biliklarindon faydalanmag
ticiin geyri-salis mantiqdan istifads edon ¢ox-
sayli mitharrik nasazliginin diagnostikasi tisul-
lar1 todqiq edilmisdir. Bir sira todgiqatcilar
miiharrik diagnostikasinda geyri-salis mantiq
istifado etmislor. Qeyri-solis mantigo osasla-
nan strukturun torkib hissasi fazzifikasiya
(geyri-salislosdirma) interfeysi, natico ¢ixarma
mexanizmi, qeyri-salis gaydalar bazasi vo de-
fazzifikasiya bloklaridir. Qeyri-salis diagnos-
tik nozarat sisteminin strukturu sokil 5-do gos-
torilmisdir.

FAZIFIKASIYA

INTERFEYSI QEVYRI SOLIs Giris

NOTICO CIXARMA

AL MEXANIZMI

QEYRI SOLIS QAYDALAR
BAZASI

Sakil 5 — Qeyri-salis moantiq asasinda miihorrik nasazliglariin diagnostikasi

Figure 5 — Motor fault diagnosis based on fuzzy logic

Burada iki nasazliq nazore alinir: stator
gorginliyinin geyri-simmetrikliyi vo agiq faza.

Diagnoz proseduru stator caroyanlarinin
amplitud xisusiyyatlorinin  tohlili  osasinda
hoyata  kegirilir. Qeyri-salis  nasazliq

diagnostikas1 sistemino giris kimi {i¢ stator
coroyant amplitudu I, 1y, vo I; segilir. Bu
girisloro dord gqeyri-solis iigbucagli vo ya
trapesoidal mansubiyyat funksiyast yani “gox
kigik”, “kicik”, “orta” vo “boyik” tayin
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edilmisdir. Stator sortlori 1ii¢ diizbucaqh
monsubiyyat funksiyasi ilo ifada olunur yani
yaxs1, zodolonmis va ciddi sokilds zodalonmis.
Umumilikds, yuxarida qeyd olunan iki
nasazlig1 askar etmok {i¢iin totbiq edilon 12
evristik IF-THEN geyri-solis notico ¢ixarma
gaydalart mévcuddur.

1.OGOR I ortadirsa, onda stator yaxsi
vaziyyatdadir;

2. |y kigikdirsa, ONDA stator zadalanib.
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Umumiyyatlo, bela geyri-solis
qaydalarin iki asas monbayi vardir. Birinci
evristik yanagsma mihoarrik operatorlarindan
oldo edilon linqvistik tocriibays osaslanir.
Digor tisul saz vo nasaz miiharriklorin 6lgma
signallarindan geyri-Salis nasazliq diaqnozu
qaydalarini aldo etmak ti¢iin bazi 6ziinii toskil
edon alqoritmlordon istifado etmokdir. Sxem
kompiiter simulyasiyalarinda eksperimental
molumatlarla yoxlanilir ki, bu da onun
nasazliglarin  diagnostikasinda miihiim rol
oynadigini gostorir. Niimuno {igiin asinxron
miiharrikdo qeyri-solis  montigdon istifads
edorok smmisg rotor ¢ubugu diaqnostika
sistemini tosvir edok. Bu sistemds tokco
nasazligin bas vermasi deyil, ham do qirilan
cubuglarin say1 da askar edils bilar.

Molumdur ki, rotor ¢ubuglarinin
qirilmast noticosindo  yaranan rotor
asimmetriyast olan miiharrikdo harmoniklarin
spektr xotlori (I + 2s) f; - do movcuddur.
Burada s - siirisma Vo f; - statorun tezliyidir.
Bu iki tezlikdo harmonik komponentlarin
amplitudlart A; vo A, ilo isaralonir. Siniq
cubuq nasazligi, bu iki doyison asasinda askar
edilo bilor. ©vvoalcodon miioyyon edilmis
boyiik va kigik geyri-salis terminlor olduqda
istifado  edilon tipik qgeyri-salis Qgayda
asagidaki kimidir:

* OGOR Al boyiik va A2 kigikdirsa;,
* ONDA bir girig ¢ubuq vardir.

Qeyd edok ki, bir qiriq ¢ubuq kimi
yaranmis  nasazliglar sobakasina
osaslanan nasazligin diaqnostika metodlarinda
oldugu kimi ododi giymotlor ovozino geyri-
solis  monsubiyyst funksiyalar1 ilo tosvir
olunur. Onlar sokil 6-da gostorilmisdir.

Digor niimunads geyri-salis mantiga
osaslanan miihorrikin  yastiq nasazliginin
diagnostikas1 sxemi qeyd edilmigdir. Prinsip
geyri-salis asaslandirma qaydalarindan istifado

neyron

edorok aparict vibrasiya
spektrini tohlil etmakdir.

signalinin  tezlik

yox baslangic bir bir va ya Ikl [}
i
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Sakil 6 — Siniq ¢ubuq nasazliglar1 ti¢iin moansubiyyat
funksiyalar1 (yox - smiq ¢ubuq yoxdur; baslangic -
baglangic xota; bir - bir siniq ¢ubugq; bir vo ya iki - bir
Vo ya iki siniq gubug; iki - iki siniq gubuq)

Figure 6 — Correlation functions for broken rod faults
(no - no broken rod; start - starting fault; one - one
broken rod; one or two - one or two broken rods; two -
two broken rods)

Bildiyimiz  kimi, yastiqlarin  is¢i
Vaziyyati onun vibrasiya signallarinda birbasa
oks olunur. Burada {Xioose, Xdamages Xtime} hom
zaman, ham do elektrik sobokasinds dasiyici
xarakteristik signallarin amplitudlarim ifads
edir. Umumilikds, yastiglarin zodalonmasini
Vo digar nasazliglar1 agkar etmok tiglin onlarin
sxemindo sokkiz geyri-salis diagnoz qaydalari
totbiq olunur. Asagidaki iki tomsil qaydasi
tosvir edilmisdir.

1. OGOR Xigpse Viiksakdirsa Vo Xime Orta
Va ya yiiksakdirsa, ONDA yastiq nasazligi var.

2. OGOR Xdamage ViiksaK Vo  Xiime
ortadirsa, ONDA yastigin zadalonma saviyyasi
yiiksokdir.

Bu diagnostika yanasmasi yastigin
“agir” sortlorinin askar edilmasinda 91,7%
dogigliya vo yastigin “yaxs1” vo “pis”
vaziyyatlorindo 100% doqiqgliys nail olur [4,
10].

Qeyri-salis moantigo asaslanan miiharrik
diagnostika daxili

nasazliginin tisullart
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lingvistik biliklorin - vo  toxmini diisiinmo
gabiliyyatinin tstiinliiklorina malikdir. Lakin,
belo bir sistemin konfiqurasiyasi praktiki
operatorlardan sldo edilon intuitiv tocriibadon
ohomiyyatli doracads asilidir.

Qeyri-salis monsubiyyst funksiyalarin
Vo geyri-salis gaydalarin he¢ bir monada
optimal olmasina zomanot vermok olmaz.
Bundan basqa, geyri-salis mantiq sistemlori
real vaxt rejiminds nasazliglarin
diagnostikasinin miirokkab sistemlorindo 6z-
Ozlino Oyronma qabiliyystino malik deyil.
Yuxarida gostorilon iki ¢atismazlhiq toklif
edilon metod vasitasilo neyron sabakalarin va
geyri-salis ~ moantigin  “neyron-geyri-salis”
(hibrid) birlosmasi ilo gismon aradan qaldirila
bilor.

Neyron-geyri-salis ~ mantiga  asaslanan
miiharrik nasazhqlarinin diagnostikasi
Bildiyimiz Kimi, hom neyron
sobokalarin, hom do geyri-salis montigin
oztinomoxsus istlnliiklori vo manfi cohatlori
var. BP-nin neyron gobokosinin  osas
catismazligit onun gara qutu molumatlarinin
emal strukturu vo konvergensiyanin asagi
stiratidir. Digor torofdon, geyri-salis montiq
insan beynino bonzor bir notico ¢ixarma
mexanizmino malikdir, lakin onun effektiv
oyronmo  qabiliyyasti  yoxdur. Qeyri-salis
monsubiyyst qaydalarimin vo funksiyalarinin
avtomatik sazlanmast klassik  qeyri-salis
montiq sisteminda ¢otin ola bilor. Bir so6zlo,
neyron sobokalori modellor olmadan ododi
yanagmalar kimi nozordon kegirilir vo geyri-
solis montiq yalmz linqvistik soviyyado
gaydalar va natico ¢ixarmaqgla moasgul olur.
Buna goro do, neyron soboakalarin va geyri-
salis montiqin bir hibrid “neyron-geyri-salis”
sistemda birlosdirmaklo onlarin har ikisinin
hom fordi catismazliglarin1 aradan qaldira,
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hom do bir-birinin istiinliiklorindon daha yaxs1
naticalor oldo olunmasina nail ola bilarik.
Oslinds, neyron-geyri-salis metod osasinda
miihorrikin -~ nasazhiglarinin =~ diagnostikasi
sahasinds bir ¢ox perspektivli naticalor aldo
etmisdir [3, 5, 6, 11].

Bozi todgiqatgilar torafindon geyri-salis
soboka sistemi (ANFIS-adaptive network-
based fuzzy inference system) osasinda
miiharrik nasazliglarinin diagnostikast sxemi
aragdirilmigdir. Oslinda, ANFIS bes saviyyali
birbasa rabito sobokosinin arxitekturasina
malik qeyri-solis montigli nstico ¢ixarma
sisteminin tatbiqidir.

ANFIS-in  strukturu
algoritmi  haqgqinda
golocok todgiqat islorindo yer ayrilacaqdir.
Burada aragdirilan diagnostika problemi
yuxarida miizakiro edilon kimidir. Giris vo
¢ixis qiymotlorinin se¢ilmosi do oxsardir.
Lakin, masalon, ANFIS-do Mamdani tipli
geyri-salis gaydalar yerino Sugeno tipli
dogquz geyri-salis gayda istifads olunur:

* OGOR Al boyiik va A2 kigikdirsa;

* ONDA f=pAl +qA2 +r.
burada f - cari geyri-salis gaydanin ¢ixisi, p,
Vo r isa ANFIS 6yronma algoritmi ilo tonzim-
lono bilon uygunlagsma parametrloridir. Son
diagnoz hollini gostaron ragomli ¢ixis molu-
matlar1, yani rotorun qirilmis ¢ubuglarinin say1
bu doqquz gaydalarin ayri-ayri ¢ixis malumat-
larindan hesablanir. Todgigatlar gostorir ki,
ANFIS osasinda miiharrik nasazliglarinin
diagnostikasi tisulu xalis geyri-salis mantiq
sistemi kimi ekvivalent diagnostik performan-
s1 tomin eda bilor. Bununla bels, ANFIS-da
geyri-salis mansubiyyat funksiyalar1 vo geyri-
salis gaydalar sinag va sahv yolu ilo deyil, to-
lim molumatlarindan "avtomatik™" olds edilir.
Digorlori geyri-salis neyron sobokasini (FAL-
CON - fuzzy adaptive learning control / deci-

Vo  Oyronma

otrafli  miizakiralors
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sion network) ti¢ fazali asinxron miiharrikds
siirtiinmo nasazliglarinin asgkarlanmas: meto-
duna asason miizakira etmislor. Onlarin sxemi
miixtalif yiik momenti hallarinda diagnosti-
ka/askarlamani tomin edo bilir. Istonilon diag-
nostika naticalorins slavs olaraq, tolim kegmis
FALCON-dan qeyri-solis If-THEN qaydalar
baximindan miivafiq evristik biliklor slds edo
bilarsiniz. Oslinds, gaydalarin alinmasi geyri-
salis neyron sobokalarin forgli xtisusiyyatlorin-
don biridir. FALCON vo ANFIS arasinda da
miigayiso aparilmis vo ANFIS-dan istifado et-
moklo oldo edilon diagnoz/ askarlamanin
FALCON-dan daha dogiq oldugu gostorilmis-
dir. Bundan slave, ANFIS ilo nasazligin agkar-
lanmasinin  yaxinlagsma siiroti FALCON ilo
miiqayisado daha siiratlidir. Lakin, ANFIS-da
diagnostik biliklarin ¢ixariimasi FALCON-da
oldugu kimi asan deyil. Sonda geyd etmok la-
zimdir Ki, geyri-salis neyron sobokalori hom
neyron saboakalorindon, ham do geyri-solis
montiqdon daha yaxsi miiharrik nasazliglarinin
agkar edilmasinin mohsuldarligin1 tomin eds
bilor vo neyron-geyri-salis asasli nasazliglarin
diagnostikas tigiin ideal tisulun FALCON-nun
geyri-salis gaydalarinin yiiksak siiratli 6yran-
mo ilo ¢ixarilmasi imkanlarini birlogdirmasi
gozlonilir.

Qeyri-salis neyron sobokoalori ham ney-
ron sobokalorin, ham do geyri-salis mantigin
tstlinliiklorina malik olmasina baxmayaragq,
ANFIS kimi moveud modellarin oksariyyati
geyri-salis giris/¢ixis molumatlarin1 birbasa
idara eds bilmaz. Digor todgiqatgilar bu ¢atis-
mazhig1 aradan qaldirmaq ti¢iin geyri-salis ¢1-
x1s molumatlarimi sado sokildo idaro etmok
tictin modifikasiya olunmus ANFIS toklif etdi.
Nasazliglarin diagnostikasimin bu sxemi heg
bir molumat g¢evrilmadon birbasa ekspertlor-
don biliklarin alds edilmasi ilo saciyyalonir.
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Genetik alqgoritmlar asasinda miiharrikin
nasazhqlarmin diagnostikasi

Genetik alqoritmlar (GA), téromoalari ol-
madan stoxastik optimallasdirma tsuludur.
Onun oriyentasiyasi tabii se¢imdan, elocos do
tokamiil prosesindon gotiiriilmiis ideyalardan
irali golir. Kompleks problemlarin universal
holli olaraq, paralel axtaris vo optimallasdir-
manin unikal funksiyalarina malikdir. GA ¢ox
vaxt mogsad funksiyalarinin toromolarini talab
edon adi optimallasdirma sxemlarina nisbatan
hall edilacok problemlor hagqinda daha az il-
kin malumata ehtiyac duyur [2, 7-12].

Belaliklo, tokco BP 6yranmo algoritmin-
don istifads etmok ovazins, neyron sabakalarin
Va geyri-salis mantiq sistemlorinin parametrlo-
rini vo strukturlarin1 optimallagdirmaq {igiin
GA-dan istifado etmok mogsadauygundur.
Prinsipcs, yuxarida nazordon kegirilmis biitiin
miihorrik nasazliglariin diagnostikasi metod-
larinin 6yradilmasi (ham yumsaq hesablamala-
ra osaslanan, ham do onanavi hollor daxil ol-
maqgla) GA-lardan istifado etmoklo hoyata
kegirilo bilor. Neyron sobokasino asaslanan
miihorriki nasazligimin diaqnostikasi sxemini
optimallasdirmaq {igiin GA-dan istifadonin
blok sxemi sokil 7-do gostorilmisdir.

Oslinds, neyron sobokonin miisyyanlog-
dirilmasi vo oyradilmasi giin iki GA totbiq
olunur: “designer” GA va “trainer” GA. Daha
otrafli desak, neyron sobokonin dizayn para-
metrlari, yoni gizli tobagalorin say1 va 6l¢iisii,
homginin neyron 6tiirma funksiyasinin x{isu-
siyyatlori GA dizayneri torofindon optimallas-
dirtlir. Bu iki parametrin konfiqurasiya prose-
durunda totbigi neyron sobokonin optimal st-
rukturuna vo miihorrik nasazliglarnin diag-
nostikasi ti¢iin parametrlora gotirib ¢ixarir.

GA hesablamast TMS320C40 DSP ¢i-
pindan hoayata kegirilir ki, bu da diagnozun ca-
vab miiddatini 300 saniyadan az bir miiddstds
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gostorir. Diagnostikanin effektivliyi bir nasaz-
ligin diizglin agkarlanmasinda faizi 98% - don
coxdur. Bundan oslavs, 0 hom do baxilan isle-

MUHORRIK

S

OLeMD

rin taxminon 66%-do hor iki nasazligin diizgiin
diagnostikasi ilo vo hallarin taxminan 100%-
do an az1 bir nasazligin 6hdasindan goals bilar.

MUTOXSSIS
DIAQNOZU

NEYRON $0BOKOS!

GENETIK
ALQORITM

Sakil 7 — Neyron sabokalari asasinda mitharrikin nasazliglarinin diagnostikasinda GA-nin tatbiqi
Figure 7 — Application of GA in motor fault diagnosis based on neural networks

Digor todgiqatgilar iso EIman neyron so-
bokasindan istifado edorok miiharrikin nasaz-
ligimin askarlanmasi sxemini toklif etdi. BP-
nin neyron saboakasindon fargli olarag, Elman
neyron sobokasi yaddas qovsaqlart va yerli ca-
ri birlogmalor sayasinds zaman siralarini proq-
nozlasdirmaq {iglin giiclii bir gabiliyyato ma-
likdir. Nasazliglar prognoz xatas1 gozlontilo-
rinds nozoragarpacaq doyisikliklor noticasindo
askar edilir. Daha sonra, prognozlasdirma do-
gigliyini artirmaqg vo beloliklo daha yaxsi na-
sazliq askarlama performansina nail olmag
mogsadi ilo Elman neyron sobokasi daxilinda
kontekst qovsaglarimin ilkin ¢ixis molumatlari-
n1 optimallasdirmag tigiin GA osash talim stra-
tegiyas tatbiq edilir. Bu metodun effektivliyi-
ni yoxlamaq t¢iin disli 6tiirma (reduktor) me-
xanizmindoa siini nasazliq yaradilarag kompii-
ter simulyasiyalar1 aparilir. Nasazliglarin as-
karlanmasinin dagiq naticoalori model haqgqin-
da hor hanst ilkin molumat olmadan oldo
edilmisdir. GA komoakei optimallasdirma {isu-
lu oldugundan, praktikada miistoqil sokilda
totbiq edilo bilmaz. GA-nin digor miiharrik na-
sazliginin diagnostika sxemlari ilo birlogmosi
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daha tokmillosdirilmis yeni nazarst sistemlori-
ni yaratdi. Lakin, GA ilo optimallagdirma tez-
tez boyiik hesablamalar talab edir va buna go-
ro do oldugca ¢ox vaxt alir.

Real vaxt rejiminds nasazliglarin diaq-
nostikasina yonoldilmis, yaxinlagma siiratini
yaxsilasdirmaq tgiin paralel icra ilo siiratli
GA-lar hazirlanmalidir.

Natica

Mogalada siini intellekt metodlarina
osaslanan miiharrik nasazliginin diagnostika
sistemlorinin son inkisaf texnologiyasini tod-
gig olunmusdur. Neyron sobokalori, geyri-salis
montig, neyro-geyri-salis vo genetik alqorit-
malar asasinda miiharrik nasazliginin an miia-
sir vo geyri-miioyyan informasiya gatismazligi
hallarinda diagnostikanin miimkiinliiyii arasdi-
rilmisdir. Qeyd olunan siini intellekt metodla-
rinin miiqayisali tohlili aparilaraq tstiinliiklori
Vo catismazliglar: tohlil edilmisdir. Aparilan
todgiqat isino asaslanaraq belo gonasto galirik
ki, siini intellekt metodlar1 miiharrik nasazlig-
larmin diagnostikasi tig¢iin kompleks problem-
lorin hallinds an prespektivli metod kimi isti-
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fado edilo bilar. ©nonavi va siini intellekt me-
todlarmin kombinasiyasi ilo galocokds daha
doqiq vo etibarli hibrid diagnostik monitoring
sistemlorinin yaradilmasi vo xtisusilo nagliy-
yatda istismar olunan elektrik miiharriklorinda
totbiqi bu sahads boyiik ugur hesab oluna bi-
lor. Bu mogalo elektrik miiharriklorinds siini
intellekt metodlar1 osasinda nasazliglarin diag-

nostikas1 sahasinds golocak todgigat foaliyyat-
lorimiz i¢iin baslangic noqtosidir.

Maraqglar miinaqisasi

Misllif bu magalads arasdirilmas: tolob
olunan maraglar miinaqisasinin olmadigini
geyd edir.
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Xiilaso

Mogalodo partlayici maddalorin  asas névlori, identifikasiya vasitolori verilmis, partlayici
maddolorin osas xiisusiyyatlori, hissalori haqqinda noazari biliklor togdim edilmisdir. Homginin partlayict
maddolorin agkarlanmasi {iglin ekspress tisullarinin tatbiq xiisusiyyatlori miioyyanlosdirilmisdir. Partlayict
maddolorin toyin edilmosinds yeni formatda yanagma vo milasir yeni texnologiyalarin on vacib
istigamatlordan biri oldugu gostorilmisdir. Partlayict maddalorin askar edilmasinds istifado olunan texniki
vasitolorinin beynslxalq standartlara, uygunlagdirilmasi aragdirilmigdir. Partlayici maddslori miioyyan
etmok ii¢lin istifads edilon cihazlar vo onlarin xarakteristikalari tohlil olunmusdur.

Acar sozlor: partlayict maddo, ekspress test, reagent, analitik todgiqat, detektor, partlayict madds izi,
brizant partlayict madds, mexaniki partlayis.
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AHHOTAIUSA

B cratbe mpejcTaBiIeHbl OCHOBHBIC BUIbI B3pbIBUATHIX BemiecTB (BB), cpenctsa naentudukaimm, a
TaKKe TEOPETHUECKHE 3HAHUS 00 OCHOBHBIX CBOMCTBAaX M COCTABHBIX YACTSIX B3PHIBUATHIX BEIIECTB.
Taxxe ompeneneHsl 0COOCHHOCTH MPUMEHEHHSI SKCIIPECC-METOA0B 0OHAPYKEHHS B3PHIBYATHIX BEIICCTR.
[TokazaHo, 4TO HOBBIA (DOPMATHBIA MMOAXOJ W COBPEMEHHBIE HOBBIE TEXHOJIOTUHU SIBISIFOTCS OJHUM W3
BaXXHENIIMX HampaBlieHud B onpeneneHun BB. Hccienoana amanrtanus TEXHUYECKHUX CPEJICTB,
HCIIOJIBb3YEMBIX IPH  OOHAPY)KEHHWH B3PbIBYATBIX BEHISCTB, K MEKIAYHApOAHBIM CTaHIApPTaM,
MPOaHAM3UPOBAHBl YCTPONCTBA, HCIIOJIB3YeMbIe JUIS HISHTH(UKAIIMK B3PHIBYATHIX BEHIECTB, U UX
XapaKTEPUCTUKH.

KiroueBble cjioBa: B3pPbIBUATOC BCIICCTBO, OKCIIPECC-TECT, pE€arcHr, AHaAJIMTHYCCKOC
HCCICO0BAHUC, ACTCKTOP, CJIC B3PbIBYHATOI'O BCIICCTBA, MEXaHHYCCKHUN B3PbIB.
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Giris

Son illar diinyanin bir ¢ox regionlarinda
terrorist aktivliyi siiratlo artmigdir vo basariy-
yat tigiin global tohliikaya ¢evrilmasi gorxusu
yaranmigdir. Terror aktindan hokumatlars, co-
miyyato, siyasi oleyhdarlara tozyiq vasitosi Ki-
mi tez-tez istifado edilir. Nogliyyat vasitolori
terroristlor ti¢iin daha colbedicidir. Nogliyyat-
da edilon terror aktlar: bir qayda olarag, ¢ox-
sayl tolafatlarla miisahids olunaraq igtisadiy-
yatin miithiim saholorini iflic edir, boyiik rezo-
nans yaradir vo comiyyatdo stabilliyi pozur.
Miilki aviasiyanin faaliyystino gqanunsuz mii-
daxilo aktlar1 yiiksok sosial tohliikadir. Terro-
ristlor insanlarin saglamligina, miilkiyyostino
gosd edorok Beynolxalq hiiququ vo dovlet
miistaqilliyini kobud surotdo pozurlar. Moahz
bu vaziyyat biitiin diinya hokumatlarini terro-
rizmlo miibarizo metodlarinin effektiv vasito
vo halli yollarin1 axtarmaga mocbur edir. Bu
vo digor saboblor Aviasiya tohliikasizliyi (AT)
sistemindo totbiq olunan xiisusi texniki vasito-
lorin tokmillosdirilmasini vo totbiq edilmasini
tolob edir.

Sornisin  toyyarasinin  konstruksiyasi
bortda bas vermis partlayisa son doraca zoifdir
(hassasdir): Britaniya miitoxassislori tarafin-
don keg¢irilmis sinaglarin naticalorino asason
hatta ugus soraitinds aliiminium konstruksiya-
da ti¢ millimetr kigik desik ekipaj heyoti vo
sarnisinlar {igiin facis ilo naticalons bilar.

22 dekabr 2001-ci ilds bas vermis hadisa
gostordi ki, ayaqgabida kegirilmis 50-100 g
TNT torkibli kicik partlayict qurgu toyyarani
mohv etmo bacarigina malikdir. Bu vaxta kimi
HG-nin istismara yararli olmamasi ii¢iin an azi
400-500 g TNT partlayict maddsnin olmas: ki-
fayat idi.

21 dekabr 1988-ci ildo Sotlandiyanin so-
masinda "Boing-747" tipli HG-doki mashur
partlayis 450 q TNT-nin ekvivalenti olan Sem-
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tex partlayict maddssinin yiikiiylo yaranmis-
di [1].

Molumdur ki, globallasan diinyada ef-
fektiv, somarali tohliikasizliyin yiiksok saviy-
yada tamin olunmasi kritik obyektlorin miiha-
fizosinds 6nomli masoaladir. Diinyada bas ve-
ron terror hadisalori aviasiya tohliikasizliyi sis-
temi qgarsisinda global problem kimi galmag-
dadir. Tohliikali asya vo maddalordon ibarat
terror vasitalorinin aeroportlarda baxis monto-
golarindan yayinaraq toyyaranin bortuna vo ya
aeroportun hoyati ohomiyyatli obyektlorina
kegirilmoasi ehtimali yiiksokdir.

Isin magsadi

Miilki aviasiya tohliikasizliyinin tomin
edilmasi moagsadi ilo innovativ texnologiyala-
rinin ekspress tisullarin todgiqi noticasinds ts-
tiin parametrloro malik partlayici maddolori
askarlayan qurgunun yaradilmas: texnologiya-
smin islonib hazirlanmasidir.

Hal-hazirda biitin név bark vo maye
partlayict maddolorin  (TNT, TEN, PETN,
RDX, HMX, NG vs s.), eloca do plastik part-
layic1 maddolorin (C1-C4, Semteks, Detasheet
va s.), keramikadan hazirlanmis odlu vo soyuq
silahlarin, mayelorin, xiisusilo do mulyaj olun-
mus halda 100% ehtimalla askarlanmas: Bey-
nalxalq aviasiya tohliikasizliyi sistemlori qarsi-
sinda global bir problem kimi galmaqgdadir.

Partlayict maddalor (PM). Zorbo, toz-
yiq, istilik va s. bu kimi xarici tasirlordon kim-
yavi reaksiyaya girorok otraf ogyalarin zodo-
lonmasina sabab olan miqdarda istilik ayiran,
tozyiq yaradan, habelo qaz ifraz edon bork vo
ya duru kimyavi birlosmolors vo ya qarisiglara
partlayict maddoslor deyilir [2].

Partlayzs - qisa vaxt arzinds kiillii miqg-
darda enerji ayrilmasidir. Partlayis yiiksok do-
rocado qizmis qazla (plazma) vo genislonmo
vaxti dagidici qiivvaya malik tozyiglo miisahi-
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do olunur. Partlayis bark miihitds bas verdikda
zorba dalgasindan olave, o, dagidic1 qlivvayo
malik xirdalanmis hissociklorlo do miisaiyat
olunur. Partlayis kimyavi enerjinin, masalon,
niiva (niivo partlayisi) va elektromaqnit enerji-
larinin (qigilcim bosalmasi, lazer siiast va s.)
ayrilmasi hesabina bas verir.

Mexaniki partlayig bagl fazada tozyiqin
todricon artmasi hesabina bas verir. Tozyiq re-
zervuarin divarlarinin méhkamliyindan boyiik
oldugda partlayis bas verir.

Kimyavi partlayrs. Bir anda bark vo ya
maye PM qaza cevrilir va o, avvalki hacmin-
don 1500 dofs boyiik olur. Qazin genislonmasi
1 san-do 5 milo (1mil=1609m), temperaturu
iso 3000-4000°C-ya ¢atir. Tam g¢evrilma pro-
sesi mikrosaniyslor godardir va giiclii sas va
zorba ilo misayiat olunur [3].

Partlayict1 maddalor 3 qrupa  bdolii-
niirlar:

1. Inisasiya partlayict maddolori-hassas-
1181 ¢ox olan

2. Brizant partlayict maddolori-hassas-
1181 az olan

3. Atma tiglin istifado olunan partlayici
maddalor.

1. inisasiya partlayic1 maddolari — hos-
sasligi ¢ox olur, onlar (kiilok, sos yaninda
kegondo) vo impulsverici kimi istifads olunur-
lar. Bu ciir maddoslor az miqdarda bombalara
doldurulur. Ciinki orada onlar katalizator kimi
ozlarini biruzs verirlar, ancaq onlarin partlayis
hocmi kigik olur (belo maddalarls islomak ¢ox
cotin olur).

2. Brizant partlayic1 maddalari (“bri-
zant” fransiz dilinda par¢alanma demoakdir)
3 sinfo boliiniirlor:

1. Cox giiclii (heksogen, ten, tetril)
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2. Normal (orta) giiclii (tratil, melinit)

3. Zoif giiclii (barit)

Bu maddslor bombalarin asas partlayici
hissasidir. Onlarin hassasligi az olur va partla-
yis etmak {igiin xiisusi gilica ehtiyaci var.

3. Atma iiciin istifads olunan partlayi-
c1 maddolar. Onlara ferverglords istifads olu-
nan maddoslor daxildir (pirotexnika sonati var:
onlar bu maddolari xiisusi birlosmoalordon ha-
zirlayrrlar).

Partlayict maddalarin asas xassalori asagi-
dakilardir:
1. Normal agreqat vaziyyat

Detanasiya stirati

Brizanthiq

Fuqgashq

Hossasliq

Sixliq

Kimyavi dayanigliq.
Partlayic1 maddolor miixtalif vaziyyatdo
olur: maye, bark, tor, noxud halida ola bilarlar.
Buna goro do onlar 6z sixligina gora secilir.

Brizantlig-Qess tisulu tayin olunur. Bu-
nun dg¢iin ¢uqun plitonin stiinde 2 ayri-ayr
hiindiirliikds olan silindrlorin arasina az mig-
darda (25-50q) partlayict maddonin niimunasi
goyulur. Partlayis naticasinda {ist silindr ori-
yarkon gobolok formali papaq formasini alir.
Sokildoki silindrin hiindiirliiyii iso doyisilir,
ovvalki vo sonraki hiindirliiyliniin forqi bri-
zantlig1 tayin edir.

Fugashq — dagintinin doracasini bildirir.
Trausl {isulu ilo tayin olunur. Bunun {giin si-
lindr formasinda qurgusundan xiisusi bomba
hazirlanir vo onun igindo balaca kanal agilir.
Homin kanalin ilkin hacmi su i¢ino doldurula-
raq Olgtliir, sonra iso partlayict maddonin az
migdarin1 igorido partladib vo omolo golon

No ko

boslugun hocmi Olgiiliir. AV-ni tapirlar vo bu
fugashigin doracasini bildirir.
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Hoassaslig — ¢ox vacib bir xassadir,
¢linki buna gors insan hayati bu ciir maddslor-
lo isloyorkon tohliikke altinda olur. Hassash
maddolorin hassashigini artirmaq {iglin x{susi
maddalor gatilir — qum, yaqut, siiso qirintilari.
Bu ciir maddolora sensabilizatorlar deyilir.
Onlarin hossas partlayict maddslorin giiciinii
artirmasi ondan irali golir ki, qirintilarin iti
yerlorinds alavs enerji toplanir [3].

Elo maddoler var ki, su, yag, parafin vo
s. flegmatizatorlar deyilir. Onlar digorlordon
forqli olarag partlayict maddslorin molekulla-
rinin Ustiindo olava gat yaranir vo enerji bu
moagamda azalir.

Partlayici qurgularin névlari va partlayi-
c1 qurgularin agkar edilmasi. Partlayict qurgu-
lar 2 grupa boliniir: 1) ©lds diizaldilmis part-
layict qurgular; 2) Zavodda diizaldilmis partla-
yict qurgular.

Zavod tsulu ilo diizeldilmis partlayici
qurgular normativ texniki sonadi ilo olur. Oldo
diizaldilmis qurgularda hor hansi bir hissani
insan 6zii diizaldir. Buna gora do belo qurgula-
ra homisa 2 element daxil edilir: 1. Korpus; Il.
Partlayici vasits.

Bundan slava bels konstruksiyalara saat
mexanizmi, impulsverici mexanizmlor daxil-
dir. Buna gors partlayisdan sonra galan galig-
lardan (boru hissalari, butulka va s.) bilmok
olur. Partlayici vasito detonatordan vo detena-
toru iso salan mexanizmdoan ibaratdir. Bu me-
Xanizm 5 (rupa bolunir: 1. Mexaniki; 2.
Elektriki; 3. Kimyovi; 4. Elektron; 5. Komp-
leks soklindo (asarti).

Partlayici qurgular istifadesine goro
asagidakilara boliintir: 1) Ovvalcadon obyekta
goyulmaq sortilo. Bunun figiin terroru hoyata
kegirmok istoyan soxs har hansi obyekto daxil
olmalidir. Belo qurgular ya agiq formada go-
yulur, yaxud gizli (videokaset, magnitofon,
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gond kisasi); 2) Poct gdndormalori iisulu ilo.
Partlayis moktub agilanda bas verir; 3) Nogliy-
yat vasitasilo.

Partlayici qurgularin asas hissalari asagi-
daki kimi tesnif olunur. Partlayict maddslarin
buxarlari, partlayict maddslarin izlori, madds-
lorin askarlanmasi {igiin ekspress tsullar var-
dir. Partlayict maddolorin izlarinin ¢ixarilmasi
va onlarla kimyavi reaksiyalarin aparilmasi, 0
ctimladen maddanin yanma sinagi zamani nii-
munanin gotiiriilmasi daxildir. Ekspress tisulla
partlayici maddalarin izlarinin sathi tizorindaki
partlayic1 buxarlarin agkar edilmasi, partlayici
maddolarin rentgen va neytron analizi, maye,
kristal formada partlayict maddslarin vo part-
layict maddolorin sothindo askar edilmasi da-
xildir. Spektroskopiya ilo obyekti birbasa ola-
raq toyin etmok miimkiindiir. Bazi partlayici
maddsllor yiiksok uguculug gabiliyyotino ma-
likdir. ©ldogayirma partlayici maddolarin izlo-
ri partlayisdan sonra cisimlordos 4 saatdan ¢ox
olmayaraq galir. Tez alisan mayelor vo oksid-
lasdirici maddos, yanacaq garigdirilaraq hazir-
lanir [4].

Plastik partlayict maddslorin askar edil-
mosinin asanlasdirilmasi ti¢iin, 1991-ci ildo
beynoalxalq birlik tarafindon onlarin ¢ox ugucu
maddolorlo nisanlanmasi haqqinda Konvensi-
ya gabul edilmisdir.

Partlayic1 maddolori askar etmok {igiin,
gaz xromotografiya metodundan, ionlarin
spektrometriya dreyfindon vo kiitlo spektro-
metriyasindan, xemilyuminessent metoddan
(EGIS), molekulyar niivo kondensasiyasi me-
todundan (“Edelveys-4”), rongli selektiv anali-
tik reaksiyalar osasinda kolometrik metoddan
istifado edirlor. Partlayici maddslori miioyyan
etmok {i¢iin istifado edilon cihazlar vo onlarin
qisa xarakteristikalar1 codval 1-do gostorilmis-
dir (sok. 1) .
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Sakil 1 — Partlayict qurgunun asas hissalori (1 - partlayict qurgunun qutusu; 2 — partlayict maddonin enerji monbasi 3
— magnit; 4- plastik partlayict madds (C-4))
Figure 1 — The main parts of the explosive device (1 - the box of the explosive device; 2 - the energy source of the

explosive substance; 3 - magnet; 4 - plastic explosive substance (C-4))

Cadval 1 — Partlayici maddoslori miiayyon etmok ii¢iin istifads edilon cihazlar vo onlarin xarakteristikalart
Table 1 — Devices used to identify explosives and their characteristics

Model, istehsalci . i Askar edild bilon I—Iassasllq,
fi Tayinati, detekts etma iisulu Partlayici miidyyan etmod
Irma o e s o .
maddolarin tipi miiddati
Hava gomilarinin salonlarinin,
“EDELVEYS 3”, bolmqlermm vo PM ila tgmasda Dlnamlt,_trotll, 3x109¢/m3:;
RUSiva olan insanlarin askar edilmosi plastik 15san
y iictin; Elektronun zobt edilmasi PM
gazoxromotoqrafik detektor
“EDELVEYS D'”arl';';iﬂom’ 5x10-10 g/m3;
4” Rusiya. Qazoxromotografik. P PM 120 san
“EGIS”, The Qazoxromotografik, . . . 10-11 g plastik
. . - Dinamit, trotil,
medics Inc., xemilyuminisent detektor . partlayici
ABS plastik maddo
) PM
« ’ Partlayici zoharlayici, narkotik ) )
IONS.CAN ’ maddalarin askar dilmasi Dinamit, trotil, 10-10 - 1.0 11q
Barringer - . Plastik
tigiin;plazma xromotoqrafiyasi plastik
Instruments Inc., (fonlarm yiiriiKliiyiiniin PM Parlayici
ABS-Kanada yurukiuyu maddo
spektrometriyasi)
(1-3saat)x10-10
Adi partlayict maddsler, TSN q paretlayici
“ITEMISER”, daxil olmaqla narkotiklar, . . . maddo
) . . . Dinamit, trotil, )
lon Track dinamit, Semtex agkar edilmasi . (probda);
o e plastik
Instruments, uctin. PM 100-300
ABS fonlarm yiiriikliiyiiniin piktogramm
spektrometriyasi (hom narkotik,
hom do PM f{igiin
« » Oksor horbi vo
.EVD 3000 2 PM-in termik pargalanmasi Kommersiya
Scintrex Security L .
naticasindo amala golon NO2- partlayict maddslari 5x10-11q
Systems,Kanada. . .
“EVD-8000” qrupunun qeydlyygtl Oksor harb_1 \) 10-12 g
- 2 Qazoxromotografik Kommersiya
Scrintex Securiry .
partlayict maddslari
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PM-i askar edon vasitalorin tohlili onu
gostorir ki, hal-hazirda PM-i agkar edon
qurgular sirasinda elo bir universal vasito yox-
dur ki, o terror aktlarina qars1 dayana bilor.

Qazanalizatorlarn tstiin cahatlori: is ga-
biliyyati geyri-mohduddur; PM-i tasdiq edir;
nazaratin naticalorini sonadlosdirir. Qazanali-
zatorlar iki osas parametrlo xarakterizo olunur:
hossasliq va selektivlik.

Hassashig-analitik cihazin qobul etdiyi
maddonin minimal miqdari, yaxud buxarinin
havadaki konsentrasiyasidir.

Selektivlik-kimyavi maddolori effektiv
ayira bilmak gabiliyyatidir.

Cihazin hossashiginin vo selektivliyinin
asagl olmasi cihazin maneosyadavamligini
asag1 salir vo yalan iso diismalorin sayini arti-
rir. Mitkommal qurgularda bu iki parametrinin
ikisinin do yiiksok olmasi lazimdir. Birinin
yiiksok, digarinin asagi olmasi cihazin etibarli-
ligin1 azaldir, totbigini mohdudlasdirir vo ha-
min cihazdan yalniz PM-nin olub-olmadigini
togribi askar etmok lazim goldikds istifads
olunur.

PM doymus buxarin yaratdigi tozyigos Vo
ucuculug gabiliyyatina gore bir-birindon forg-
lonirlor. Bu parametrlori yiiksok olan PM-in
gazanalizatorlar torofindon askar olunmasi
problemsizdir. Nitrogliserin vo digor nitroefir
osaslhi PM-do doymus buxarin tozyiqi yiiksok,
ucuculug gabiliyyati kigik, tetril, trotil, di vo
trinitrotoluol kimi partlayict maddoslords iso
ucuculuq gabiliyyati yiiksok, doymus buxarin
yaratdigi tozyiq iso kigikdir. Plastik PM-in ga-
zanalizatorlarla agkar olunmasi 6z effektivliyi-
ni itirir vo miirokkoblosir. Belo ki, plastik PM-
nin osasini togkil edon heksogen, oktogen va
TEN maddalari polimerlarlo hermetik lehim-
landiyindan onlarin uguculug gabiliyyati sifira
borabar olur.
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PM-in effektiv askar olunmasini xarak-
terizo edon faktorlardan biri do PM-nin hansi
temperatur soraitindo askar olunmasidir. Belo
Ki, otraf miihitin temperaturunun 5°C asagi
diismasi trotilin doymus buxarinin tazyiginin 2
qat asag1 diismasing, sabab olur.

Hava soraitinin uzun miiddst asagi tem-
peraturla miisayist olunmasi qazanalizatorlarin
totbigini mohdudlasdirir vo problemlar yara-
dir. Bu halda PM-i agkar edan digor qurgulara
hossasliq baximindan daha sart taloblor irali
stiriiliir. Havanin temperaturunun asagi diis-
mosi eyni zamanda kinoloji xidmatin do isins
boylik tasir gostarir.

PM-i askar edon gazanalizatorlar 2 ssas
metod osasinda istehsal olunur dreyf spektro-
metriyas1 Vo gqaz xromatografiyasi vo bu cihaz-
lar yerino yetirdiyi funksiyalara goro iki yera
boliiniir: detektorlar vo analizatorlar. Detektor-
lar portativ cihaz olub, havada yalniz PM mo-
lekullarinin méveudlugunu toyin edir.

Detektorla PM asagidaki iisulla agkar
olunur: obyektin tizorindon hava sorulur. De-
tektorlarin is prinsipi ion dreyfi spektrometri-
yasi lisuluna osaslanir. Askarlama prosesi real
vaxt rejiminds aparilir. Obyekt {izorindoki ha-
vadan gotiiriilmiis nimunas salfets biikdiliir.

Bu vaxt nimunski molekullar bir yers
yi1gisir. Sonadlars, insana bu tsulla baxis kegi-
rilorkon sathlor salfetlo silinir. Bu magsadla
analizatorlar x{isusi niimuna gotiiran igarisinda
salfetka yerlogdirilmis portativ tozsoran qurgu
ilo tachiz olunurlar. Bu isulla baxis kegirilor-
kon sathlor salfetls silinir. Bu mogsadlo anali-
zatorlar xtisusi niimuna gotiiron igarisinds sal-
fet yerlosdirilmis portativ tozsoran qurgu ilo
tochiz olunurlar. Bu iisulla nimuno detektor-
larda oldugu kimi distansion mosafodon gotii-
rulir.

Niimuns gotiiriilmiis salfet analizatora
daxil edilir. Qazétiiriicii tosir gaz vasitasilo
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analitik bloka otiiriiliir. Bu, kenar faktorlarin
niimunays edils bilacak xarici tasirlari kifayot
godoar azaldr.

Xromatik analizatora niimuns gotiiriil-
mis niimunanin sudaki mahlulu saklinds do
daxil edilo bilor. Qaz xromatografiyas: tisulu
asasinda yiiksoksiiratli analiz miiddsti bir nego
saniys olan oks antiterror aktlarinin qarsisinda
ovozsiz rolu olan portativ qurgular istehsal
olunmusdur.

Portativ cihazlar gagagmalgiligin, narko-
tik maddolorinin agkar olunmasinda bagaja
kompleks baxis kegirilmasinds boyiik rol oy-
nayir.

Diinya bazarinda hal-hazirda qazanaliza-
torlar iizro on bdyiik istehsalgilarni “GE ION
Track” vo “Shimiths Detection” sirkatloridir.
Bu sirkatlor laboratoriyalarda, gomrik vo
aviasiya tohliikasizliyi nozarstinds totbiq tiiin

stasionar, portativ, portal sakilli genis ¢esiddo
miiasir cihazlar istehsal edir.

Kecid portallar1 metalaxtaranlara oxsar IT
sokilli ¢argivodon ibaratdir. Funksiyas: kontaktsiz
tsulla soxslorin tizorindo partlayict vo narkotik
maddolori askar etmokdon ibaratdir.

Partlayic1 maddalorin detektoru “M- fon”
funksiyasi PM-in buxarlarini va izlorini agkar edib,
onun tipini identifikasiya etmakdan ibaratdir. As-
kar olunma va identifikasiya obyekt tizorindan ha-
va sorub niimuna gotirmok yolu ilo yerina yetiri-
lir. Detektorda radioaktiv ionlasma manbayi yox-
dur vo isi ion dreyfi geyri-xatti spektrometriyasi
prinsipins asaslanir.

Detektor hossasliga goro asagidaki xarakte-
ristikalara malikdir (codval 2):

e analiz olunan hava niimunasindo TNT bu-
xarlarina gors askar olunma hoddi - 1.10™ g/sm?

o TNT iizro agkar olunan minimal kiitlo had-
di — 50 ng.

Cadval 2 — Partlayict maddelorin detektoru “M- fon” texniki xarakteristikalar
Table 2 — Explosives detector "M-lon" technical characteristics

Analiz olunan hava niimunasinds PM-ni agkar etmo miiddati, san <2
Akkumulyator blokundan fasilosiz is miiddati, saat >4
Soboks blokundan fasilasiz is miiddoti saat >8
Akkumulyator garginliyi, V 24
Analitik blokun sorf etdiyi giic, V-A <35
Is¢i temperatur diapazonu, °C +5....+50
Nisbi riitubat (T=35°C) 95
Analitik blokun kiitlasi, kq <4

Detektorlar nitroefirlor, nitrogliserin (di-
namit) vo trotil kimi tez uguculuq gabiliyyati-
no malik PM-in askar edilmasinds avazsizdir-
lor. Detektorlardan forgli olarag, analizatorlar
PM-ni agkar etmoklo yanasi, PM-lar hagqinda
verilmis bazasindan istifado etmoklo analizin
naticalorinin emali sayasinds hom do onun
konkret tipini miayyanloasdirir. Analizatorlar-
da obyekt tizorindon niimuns gotiiriilmasi va-
cib olduguna goéro analiz miiddoti detektorda-
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kina nisbaton boyiikdiir. Analizatorlar kifayat
gadar gabarit dlgiilora malikdirlor, talob etdiyi
enerji do boytikdiir. Analizatorlarin detektorla-
ra nazoron istiinliyii analizatorlarin daha eti-
barli vo dogig moalumat aldo edo bilmasidir.
Analizatorlarin bir istinliyii do onlarda hor
iki dsulun qgaz xromatografiyas: va dreyf
spektrometriyasinin totbiq edilo  bilmosidir.
Belo ki, detektorlarda obyektin tizorindon nii-
muno avtomatik gotiirtildiiyti halda, analiza-
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torlarda niimunoni gétiirmak ti¢lin xtisusi bas-
liq vardir. fon dreyfi spektrometriyas: iisulu
caldliyi vo analiz miiddatinin qisa olmasi ilo
farglonir [5, 6].

Natica

Terrorizma qars1 effektiv oks qarsidur-
manin bir yolu da aidiyyati olan organlarin xii-
susi texniki vasitalorlo tachiz olunmasidir. Bu
texniki vasitolorin on 6ndo vazifasi birinci
novbada PM va PQ-1, giiclii zohorlayici va ra-
dioaktiv maddalari, odlu va soyuq silah-sursati
askar etmokdoan ibaratdir. Hava limani infrast-
rukturunda osas kritik obyektlor hava gomilori,
potensial partlayis monboayi olan YSM anbar-
lar1, navigasiya binalari, texniki xidmot ob-
yektloridir.

Bunun tglin aeroport vo aviasirkatlorin
on miiasir avadanlhiglarla tochiz olunmas: gii-
niin vacib mosalalorindondir. Askarlayici vasi-
tolorin is prinsipi mixtoalif fiziki metallara

osaslanir. PM vo qurgular1 askar edan totbig
olunan genis anonavi al yiiklorino vo bagaja
baxis kegirmok {igiin rentgen televiziya intros-
koplaridir. Bu qurgularin is prinsipi tomoqgrafi-
ya, transmissiya, difraksiya vo oks yayilma
texnologiyalar1 asaslanan PM-i an bdyiik ehti-
malla effektiv askar edon texniki vasitaloridir.
PM-in torkibi asason azot, oksigen, karbon va
hidrogendoan ibaratdir. Hor bir PM-do bu ele-
mentlorin  kondentrasiyas1 miixtalifdir. Odur
ki, PM elementlarin konsentrasiyasina goro as-
kar etmok hamiso miimkiin olmur. PM-i effek-
tiv agkar edon qurgulardan biri do isi gazxro-
matoqrafiyasi prinsipine yoni maddslorin bu-
xarlarinin analizina osaslanan gazanalizator-
lardr.

Maraqglar miinaqisasi

Miislliflor bu magalads arasdiriimas to-
lob olunan maraglar miinaqisoasinin olmadigini
geyd edirlar.
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IUTIOC MX TIePeBOJ] Ha aHTIMHCKUH S3bIK. PHCYHKH M TaONHUIBI pactio-
JIaraloTcsl HEOCPEACTBEHHO B TEKCTE CTaTbU PSIOM CO CChUIKAMU Ha
HUX.

IMoctynuBiye B peJakiHio PyKOIHCH IIPOXOISAT HPOLEAypy IIpo-
BepKH Ha IuiaruaT. MHaeKc OpUrHHAIBHOCTU JOJDKEH COCTaBILATH HE
meHee 75%.

CraTbl pELEH3UPYIOTCS JOKTOpaMH M KaHIWAATaMd Hayk,
Ha3Ha4YaeMbIMU pEJaKIMOHHOW Kosuernedl. K peneHsupoBaHuio
cTaTeil NPHBIIEKAIOTCS: WIEHHl PEIKOJUIETHH, PEICOBET M BeIyIIHe
crenranucTel. CpoK PEleH3UPOBaHUsI COCTaBIsIeT J0 3 MecsneB. B
ciIydae 3aMeYaHMH K CTaThe pelakius CBsbkeTcs ¢ aBTopoM. Ilocne
MIOBTOPHOTO aBTOPCKOTO PENAKTHPOBAHMS CTAThs HAIpPABISETCS U
MOBTOPHOM pELIeH3UH, a 3aTeéM Ha OCHOBAHHM OKOHYATEIBHOTO 3a-
KITIOYEHHUS PELIeH3eHTa PeKOJUICTHS YTBEpPXKIaeT CTaThIo IS ITyOiH-
Kaluy JH00 OTKIOHsAeT. Perakius ocTaBisieT 3a coO00H MpaBo MPOH3-
BOJUTDH PEJAKIIHOHHbIC U3MEHEHUS.

C menplo HCKIIIOYEHHs! OIEYaTKH IPU BEPCTKE CTaThbU Ipockda
MIPUCIIATh TEKCT U PUCYHKH B 3JEKTPOHHOM BHJe B hopmate Word for
Windows, mpudt Times New Roman 12, uurepsai 1,15.

IInarta ¢ aBTOPOB 3a MyOIMKAIUIO PYKOIHCH HE B3bIMAETCsl.

bonee moapo6Has mH(OpManus u obpaser] opOpMIECHHUS CTaThU —
Ha caifte: ama.com.az
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