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ABSTRACT

A number of studies have been carried outwith the aim of determining the behavior of masonry structures
under different loading conditions. Among theseloadings, seismic forces are the firstand the most important types
come to mind due to theirdevastating effects (in-plane effect, out-of plane effect, etc.) onmasonry structures. In this
study, lab scale experimentsmentioned in the literaturehave been investigated to figure out the behavior of masonry
structures against inertial forces. The experimental methods and results incidental to these studies are referred.
Some studies on the shaking table are presented to determine the damage distribution of the whole structure.

Keywords: Masonry structures; Lab scale test, In-plane and Out-of-plane behavior.

OILIEHKA ITOBEAEHVS KUPIIMYHBIX COOPY KEHU ITPU BO3AEVICTBUM CEMCMUYECKNX
CHNAC IIOMOIIBIO AABOPATOPHBIX MACIHITABHBIX DKCITEPUMEHTOB

PE3IOME

brran nposeens! psj muccae0BaHMI C 1IeABIO OIIpeJeAeHNs] IIoBeAeHIsI KMPIIMIHBIX COOPY>KeHUI! IIpU pas-
AVYHEBIX YCAOBIAX Harpykenmst. Cpeay 9TUX HaIPy30K CeMICMITIeCcKie CUABI ABASIOTCS TAaBHBIMI U Hauboee BaK-
HBIMI, KOTOPBIE IIPVXOAAT Ha YM U3-3a MX Pa3pyIIUTEABHBIX BO3AeVcTBUII(DPEKT B 1110CKOCTH, P PeKTBHEILA0C-
KOCTM U T. 4.) Ha KUPIIMIHBIE COOPY>KeHNA.B 9ToM mccaeoBanum ObLAM MpOBeAEHB! Aa00paTOpHEIe MacITabHbIe
SKCIIEPUMEHTHI, YIIOMSHYTbIE B AUTEPaType, A4Sl BbIACHEH:I IOBeAEHNS KUPIMYHBIX COOPY>KEHMII IPY BO3AEICTBII
MHepUMOHHBIX cuA.JTpuBogsATCa DKCIIepuMeHTaAbHBIe METOABI M pe3yAbTaThl, OTHOCAIIMECS K STUM MccAe]0Ba-
HusM. IlpeacTaBaeHbI HEKOTOPEBIe MICCAeA0BaHNSA 110 BUOPAIIVIOHHOMY CTOAY, AASl OIIPpeAeA€HNs pacIpoCTpaHeHI s
HOBPEXAEHMAIIO BCeMy COOPY>KEHMIO.

Karouesnie caosa: Kupnimansle coopyskeHms:; /labopaTtopHslii MacTaOHbIi TecT, [losesenne B maockocTu

U BHE II10CKOCTIA.
LABORATORIYA MIQYASLI EKSPERIMENTLOR YARDIMI ILO SEYSMIK QUVVOLORO
MORUZ QALAN KORPIC QURGULARIN DAVRANISININ QIYMOTLONDIRILMOSI
XULASS

Miixtolif yiiklomoe seraitinde kerpiggurgularin davranisini miiayyen etmoak {iciin bir sira tedqiqatlar aparil-
misdir.Bu yiikler arasinda seysmik qiivvalar karpi¢gqugularina olan dagidici tesirlarine gore (miistovids tesir, fozada
tasir ve s.) asas ve an vacibidir.Bu tatqiqatda, atalet giivvalars maruz qalan kerpi¢ gurgularin davranisini aydinlas-
dirmagq iigiin adabiyyatda qeyd olunan laboratoriya miqyaslh eksperimentlor aparilmisdir.Bu tadqiqatlarla bagh
eksperimental metodlar ve naticalar taqdim edilmisdir.Qurgu tizrozadalerin yayilmasini teyin etmak {iglin vibrator
masa iizarinde bazi tedgiqatlar taqdim edilmisdir.

Acar sozlar: karpic binalar1; Laboratoriya miqyash test, Plane vs off-plane davranis.

Introduction

Masonry structures have been started to build since ancient times. Masonry temples,
mosques and government buildings that were built in old times and still existing prove this
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knowledge. It is known that many of these masonry structures were constructed by the
experiences of the builders, without regard to any regulations or principles. However, in the
recent period, regulations about design principles of masonry structures and evaluation of
behavior during the earthquake have been established. They are being tried to be developed.
In Turkey and most of other countries, many experimental, analytical and numerical studies
have been carried out both for the evaluation and development of these regulations and for
the investigation of the earthquake behavior of old masonry structures. In this study,
experimental works are usually included. Also, some analytical and numerical results have
also been included to make comparisons. The studies usually examine out-of-plane, in-plane
and damage distribution behaviors during the earthquake. In-plane behavior, which is
behavior in the earthquake direction, has been studied by many researchers. Within the
scope of this study, only four studies were considered. In Magenes and Calvi (1992), an expe-
rimental program on seismic behaviors of old brick walls was presented. Shear and compression
tests on full-scale walls had done extensive research on the basic material mechanical para-
meters. The relationship of aspect ratio and different failure modes to a wall shear strength
were discussed. Morever, Magenes and Calvi (1997) handled the problems of evaluation of
strength, deformability, and energy dissipation capacity of unreinforced brick masonry walls,
within the context of seismic assessment of existing buildings. Tomazevic and Klemenc (1997)
investigated the seismic behavior of confined walls. To develop method for modeling the seismic
behavior of confined walls, test results of walls with a h/l ratio 1.5 and 1:5 scale were used.
The last study about in-plane behavior Parisi and Augenti (2012) intended at providing a
simplified methodology to assess the effects of irregularities on the in plane seismic capacity
of unreinforced masonry (URM) walls with openings. Also, out-of plain behavior, which is
behavior in the direction perpendicular to earthquake direction, has been studied by many
researchers. In this study, only three studies were considered. Griffith et al. (2004) tested fourteen
unreinforced brick masonry walls. The test program included static, free-vibration, and dynamic
tests using harmonic support, impulse support, and earthquake support motion. Besides,
Lonhoff et al. (2017) and Abrams et al. (2017) made a literature review and made some sug-
gestions for out of plane behavior of masonry structures. To provide a comprehensive overview
of out of plane behavior, these two journals are selected. Furthermore, shanking table tests
conducted by Yi et al. (2006) and Lourengo et al. (2013) have been examined to make inferences
about the behavior and damage distribution of the whole structure under seismic forces.

In-Plane Behavior

Material properties are the most important parameter in the behavior of masonry structures.
For in-plane behavior, the material properties as well as the vertical loads and geometry of the
wall become important. Taking these variables into account, Magenes and Calvi (1992) conduc-
ted 5 full scale tests and preliminary experiments of bricks, mortar, mortar joints and wallets.
5 full scale walls having a width d = 1.5 m and a thinckness t = 0.38 m, with a height h of 2 m
(three walls) and 3 m (two walls). The purpose was to perform one preliminary monotonic
test, and to explore two values of aspect ratio and two values of nominal vertical compression
stress om (0.4 and 1.2 MPa). These walls were tested with the system shown in Figure 1. As a
result of the experiments different failure modes were observed.

Wall MI1m and MI1, h =2 m, om = 1.2 MPa. Wall MI1m was tested monotonically, wall
MI1 cyclically. The maximum horizontal load corresponded to the first diagonal crack, and
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decreased rapidly to a lower value. The failure mode concerned mainly the mortar beds,
with slight damage in the bricks. Wall MI2, h =2 m, om = 0.4 MPa. The first failure was due
to a shear sliding mechanism located at the top mortar layer, with an apparent friction
coefficient between 0.57 and 0.65. Thanks to the axial load increment the horizontal load also
increased up to the formation of diagonal cracks. The post peak behaviour was similar to
case MI1. Wall MI3, h =3 m, om = 1.2 MPa. The failure mode involved sub-vertical cracks
started in the central area of the panel, with extensive brick damage. The cracks extended
slowly, cycle after cycle, with a correspondent gradual strength deterioration. Wall MI4, h =3
m, om = 0.4 MPa. The mortar joints collapsed, allowing the formation of two wide diagonal
cracks. The increment of the vertical load was in this case critical to avoid a flexural failure.
The overall cyclic behavior seems to be strongly affected by the different failure mechanisms.

Figure 1. Test setup of Magenes and Calvi.

L
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Ty Regetion
wall e Slab
Specimen e
\\\
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i =m—— ]
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The horizontal load and horizontal displacement plots for all walls are shown in Table 1.
Besides, the horizontal and vertical load plots of all the walls are shown in Table 1.

As can be understood from Table 1, while W14 is failed wall with the greatest displacement
at the lowest load, W11 is failed wall with the lowest displacement at the greatest load. During
the experiment the vertical load was not kept constant due to the motion of the wall plane,
but this condition is recorded and shown in Table 1. Considering this information, the follo-
wing deductions can be made;

e  Shear strength is directly proportional to vertical stress. In other words, a masonry wall
has higher shear strength at lower floors.

e In constant wall thickness, wall height and shear strength are inversely proportional. So,
the more slender walls (h/d = 2) have shown apparently a shear strength sensibly lower
than the squatter walls (h/d = 1.34), for the same axial action. it is possible to overcome
the shear strength in floors which are used for commercial purposes and whose floor
height is higher than the other floors.
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Table 1. Properties of walls and test results

Walls h(m) | t(m) | ov(MPa) | Load Type Horz. Load-Dispalcement Horz. Load-Vertical Load
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Besides these inferences, the collapse modes of the walls are also important. Magenes and
Calvi (1992) encountered two different failure modes of the walls in their experiments;

e Inalower axial action, frictional failure of the mortar joints, and
¢ In ahigher axial action, tensile cracking of bricks.

After five years, again, Magenes and Calvi (1997) proposed three failure modes: rocking
failure, shear cracking and sliding. On the other hand, Parisi and Augenti divided the sliding
mechanism into two parts: bed-joint sliding and stair-stepped sliding. In-plane mechanisms
of Parisi and Augenti is shown in Table 2. Also, Table 2 provides some formulations and ex-
planations of the failure mechanisms. An application for = y = 0.02 and same support type
(fixed-fixed) is shown in Figure 2. Here, it is also possible to see the importance of the slender-
ness ratio.

Until now, unreinforced plain masonry structures have been studied. However, there
are also confined walls in masonry structures. Tomazevic and Klemenc (1997) examined the
seismic behavior of these walls. Confined masonry walls is shown in Table 3. with h/I ratio
1.5, made at 1:5 scale, were tested under seismic lateral load and vertical load.



Evaluation of Masonry Structures Behavior Under Seismic Forces Via Laboratory Scale Experiments

Table 2. Some information about failure models

Lateral strength

Failure Image of . Ultimate strength and meaning
. corresponding
Mode failure mode . of symbols
failure mode
|N s
LTI Ve = min{ Vi, Vi, Vsa, Vi }
rocking | d _
el ) VICZﬂ(l — Na)Ny
aiure - Nu, axial force
|N Na,normalized to the ultimate axial force
. V Tr—rvrr
diagonal R % l,, distance between the section where
i X, L= / —d L. .
tension X, Vae=BNe\[1 + 25 the flexural capacity is attained
cracking .
and the contraflexure point
N
AR CERTERRY B, ratio between diagonal shear strength at
[ioi 1 - . s
bed-joint Vi = =(y+ 1, Ng) N, zero confining stress and uniaxial
sliding | e r

compressive strength of masonry

p, shear stress distribution factor

stair-stepped

¥, ratio between sliding shear strength at
sliding Y .

1 .
Vi =~ ( +0.173/Ng)N,
! zero confining stress and uniaxial

compressive strength of masonry

Ug, fictitious friction coefficient equal to 0.4

Figure 2. Limit strength domains of (a) squat macroelement and (b) slender macroelement under fixed—fixed conditions.

04 - 04
== Rocking failure == Rocking failure
e - (a) i - (b)
Diagonal tension cracking . Diagonal tension cracking
03 Stair-stepped shding 0.3 Stair-stepped shding
== Bed joint sliding ‘ == Bed jomnt sliding

TR I e ol

In this part of the study, only the confined effect has been taken into consideration since
the other variables have been evaluated before. As a result of the tests, load-displacement
graphs and failure modes are given in Table 3. This figure shows that; confined walls show a
much better behavior than plain walls. With this information, the in-plane behavior part of
the masonry structures under seismic forces is completed. Now, out-of-plane behavior of
masonry structures, which is more critical than the in-plane behavior, will be discussed
under seismic forces.
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Table 3. Information about dimensions of walls and test results.

Some Informations and

load-displacement
hysteresis loops

0
d [mm]

Observed Situation Confined Masonry Wall Plain Wall
Results
WV
- I Dy I
" ;il rrie o 8 3.80/240/38‘mm model walls,
M b either confined at the
Dimensions T [T R vertical borders of the wall
and instrumentation - g with 20/38 mm RC tie-
w L .
of walls ] | columns(specimens AH) or
BH o without tie-columns
. " ’ I (specimens BH)
] 50 L=
Typical lateral

d [mm]

Typical walls after
lateral resistance test

Single diagonal crack
developed in the case of
walls BH, leading to a
sudden collapse along a
clearly formed diagonal
failure plane at much
smaller displacement
amplitudes than in the case
of confined masonry
specimens. Typical outlook
of specimens AH and BH
just before, or during
collapse, is shown in here.

Out-Of-Plane Behavior

Out-of-plane behavior has attracted much attention in the past. Nevertheless, there is a
general lack of alignment of which aspects of the seismic response that a structural model

should reflect.

Figure 3. Test rig configuration of Griffith et al.
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In this structural model, there are many subjects and variables to be questioned such as
boundary conditions, slenderness of wall, axial stress, modeling of corners, different actions
of walls, openings, effects of in-plane damage and type of analysis. In the scope of this study,
some publications have been discussed in order to reveal these situations. Griffith et al.
(2004) conducted out-of-plane experiments with the system shown in Figure 3. Summary of
key earthquake excitation test results for 110 mm (thickness) walls are given in Table 4.

Table 4. Test Results According to Some Earthquake Scenarios

Scenarios Displacement-time graphs Test Results (110 mm Walls) (ov=0)
‘I PGD = 16.6 mm
- PGD PWD PGA PWA
Y Excitation® (mm) (mm) (g) (g)
- £
4 x Nahini i L 100% NH 42 9 023 026
- . | Time (seconds)
;,, ) ; ; 200% NH 83 21 0.46 0.26
|—PWD =32.5 mm 300% NH 125 28 0.69 0.26
400% NH 16.6 325 0.92 0.26
+—PWD > 110 mm
1 50% EL 81.5 44 0.18 0.27
- i 66% EL 107.6 Failed 0.23 —
E
i 80% EL 1304 Failed 0.28 —
0.66 x El Cent § ‘
At I 100% EL 1630 Failed 0.35 —
. U PGD=107.6mm 50% PD 270 41 0.22 0.34
- 66% PD 35.6 65 0.28 032
n <. 80% PD 43.1 87 0.34 0.34
5 PR 100% PD 53.9 Failed 043 034
E:‘;‘ PGD =43.2 mm
. £l
0.8 x Pacoima Dam g;‘ 2« gl WA 2 3 o 2 N8 Note: PGD=peak ground displacement; PWD=peak wall displacement;
532 J Time (seccnds) PGA =peak ground acceleration; PWA=peak wall acceleration.
b “NH=Nahanni;: EL=EI Centro: and PD=Pacoima Dam.

Lonhoff et al. (2017) evaluated analytical and numerical approaches obtained as experi-
mental results. Four different analytical models are shown in Figure 4. The comparison between
these analytical models and the numerical model is made in Figure 5. From Lonhoff et al. (2017),
the following deduction can be made; there is no agreement for out-of-plane behavior and
new analytical and numerical models should be developed by conducting new experimental

Figure 4. Analytical models: (a) Paulay; (b) Griffith; (c) DIN EN 1996; (d) KTA2201.33.
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Figure 5. Comparison of the maximum accelerations from analytical and numerical analyses
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Abrams et al. (2017) reviewed a number of studies in the literature and made a review of
out-of-plane. The work is quite extensive. However, only a summary is given by way of Table 1.

Table 1.Brief information about Abrams et al. (2017) study

Variables Some Figure About Out-of-Plane Behavior Some informations
Ground motion along X.
Bour}d.ary As St grows, behavior of fixed-
conditions : .
fixed support is approached.
Se=1.8 Se=1 S¢=0.4
Walls span
horizontally Ground motion along X.
As well as
vertically
S¢=1.8 - W/1=0.36 S¢=1.2 - W/1=0.72
T — 3 " 1% three-dimensional damage
Three- ‘ | i) j—f \n; patterns may mch.lde dam.age
dimensional M p to corners or wall intersections
. B ﬁ 8 (this has been commonly
effects [T £ — oy B
et Bt observed as a result of
strong ground shaking)
. different inertial actions
Actions

occur during the earthquake

Axial stress

A special case where a lack
of vertical stress can be
significant is when an out-of-
plane thin wall acts with
orthogonal return walls that
do not resist vertical stress.
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Corners damage will influence
strength and behavior of an out-
of-plane wall since the stiffness
of the edge boundary condition
is decreased, or even worse,
the edge condition collapses.

Corners

Ground motion along X

Effects of openings on out-of-
Openings plane failure mechanism:

(a) without openings, (b) with
central window (c) with central
door and (d) with eccentric door

step 1: Ground motion along Z
Effects of step 2: Ground motion along X
previous in-plane
damage previous in-plane damage
changes out-of-plane

behavior significantly.

Damage To The Whole Structure And Results

Lourengo et al. (2013) and Yi et al. (2006) tested masonry structures under seismic forces
via shaking table and analytical model. Some of the damages and cracks obtained in these
studies are shown in Figure 6. For the whole masonry structure, different results and
supports output can be observed when considering cracks and breaks from Figure 6.

Figure 6. Damage patterns involving corners in an unreinforced concrete-block building, (Lourengo et al. 2013),
(b) cracking at base of left-hand flanged wall can alter the boundary condition (adapted from Yi et al. 2006).

Load Direction =

Load Direction =%

As a result, masonry structures are exposed to different effects during the earthquake,
such as out-of-plane and in-plane. These effects have been explored many times with lab-
scale experiments by researcher. Similar comments are made as a result of the experiments.
However, there are various doubts as to whether these results are very close to each other
and can be made a general rule. Nevertheless, when the experimental studies are examined,
it is evident that masonry structures are more fragile against the out-of-plane effect that they
are exposed to during the earthquake. In addition, tensile forces during the in-plane effect
often encourage the wall to failure.

11
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AHHOTAIIUSA

B craThe paccmaTpuBaercs HOBBIE ITOAXOABI K YIIPABAEHUIO II€PEBO30YHEIM IIPOLIECCOM CKOPOHOPTAIINXCS
IPy30B B MEXXAYHAaPOAHBIX IepeBO3KaxX. DTOT BIJ DKOHOMUKU I10 IePeBO3KM CKOPOIIOPTAIIMXCS IPY30B OTHECEH K
MOJeAN DKOHOMUKe Aeduriuta. SIBAsgeTcss SKOHOMMIECK!U BHITOAHBIM I13-3a HEBO3MOKHOCTM HalTH ajeKBaTHOI
3aMeHbI IePeBO30K OT AB€PU A0 ABEPIL.

ITers TOBapOABUKEHMATIOAOOHBIX TPY30B eCTh IMKAMYIecKas! M3MeHsIOIeecs 110 aHaAOTMM IyTeM BhIpaOOTKM
aATOPUTMOB TIOBeJeHIIsI Yepe3 YHIBEPCYM ee PeTpOCIIeKTUBEL. Bce cOOBITI B 11T 110 BpeMeHM YIIOPsAA0YeHbl U
peryaspusLIlepeBo3ka mpoMcXoANT IO cxeMe HaKOILAeHNsI TPy3a, IiepeMelleHysl B Ky30B aBTOMOOMAs 1 Ipeodpa-
30BaHUA T.€. I€PEBO3KN U3 ITyHKTa A B IyHKT b.

Ilo mapameTpy CMHXPOHM3AIMM yJaCTHMKOB 1IeIIH, IIePeBO3UMBIil IPy3 OTHECEeH K pecypcaM-1IeHHOCTSIM, a ero
ITlepeMelrieHre C TIOMOIIBIO PecypCcoB-3aTpart: MHpopMarmy, (pUHAHCOB, PHEPIUM, MaTepHal0B, TPYAOBBIX peCcypCoB.

ITporjeccHOCTh Yepes3 TPOMIHOCTH M3MEHEHNsI COCTOSIHIL ITpejMeTa TPYAa(IPy3a)sBASeTCsl OCHOBON MeXaHU3Ma
MeHe XXKMEHTa I MMapTHepCTBa YIaCTHMKOB Iienu. Peryaupyercs oHa CreIMaibHBIMU JOKYMEHTHPOBaHHBIMU ITPO-
buasmu.

KatougeBbre ca0Ba: ABTOMOONABHEIN TPAHCIIOPT, CKOPOIIOPTSIIMIACS I'PY3, 3aKOHBI (POPMUPOBAHMS CUCTEM,
AETepMUHN3M, YHUBEPCYM, aATOPUTM, MOJeAb SKOHOMUYECKOro AepuUIlnTa, LIellh TOBapOABVIDKEHN:, IPUHIINII
MeHe/AXMeHTa, CUHepris, IIOTOKM pecypcoB, AOTUCTHKA, IIPeAMETHl TPyad, CUHXPOHM3alus, (PYHKIMOHAAbHbIE
IIpOLIeCChl, AOKYMeHTaAbHble IPOPIANL.
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NEW APPROACHES TO THE MANAGEMENT OF THE TRANSPORTATION PROCESS
OF PERISHABLE GOODS IN INTERNATIONAL TRAFFIC

ABSTRACT

The article discusses new approaches to the management of the transportation process of perishable goods
in international transport . This type of economy in the transport of perishable goods is related to the economy mo-
del of deficit. It is cost-effective due to the inability to find an adequate replacement for door-to-door shipments. The
chain of distribution of such goods is cyclically changing by analogy by developing algorithms for behavior through
the universe of its retrospectives. All events in the chain are ordered and regular in time. Transportation takes place
according to the scheme of accumulation of cargo, moving to the car body and converting it. transportation from
point A to point B.

According to the parameter of synchronization of the chain participants, the transported cargo is related to
resource values, and its movement by means of resource costs: information, finance, energy, materials, labor resources.

Processuality through the threefoldness of changing the state of the object of labor (cargo) is the basis of the
mechanism of management and partnership of chain participants. It is governed by special documented profiles.

Keywords: road transport, perishable goods, laws of system formation, determinism, universum, algorithm,
economic deficit model, chain of distribution, management principle, synergy, resource flows, logistics, objects of
labor, synchronization, functional processes, documentary profiles.

BBeaenue

OueBnaHoI 00IIeN TeHAEHIIel B IPUpOAe (1 He>KMBOM OCODEHHO) SBASIeTCs CaMOIIpo-
U3BOABHOE paspyllleHne IopsKa T.e. HapyIlleHre roMeocTasa.

I'omeocras — ®TO IpoI1iecc B SKMBBIX ¥ HEXKMBBIXOPTaHM3MaX, KOTOPble 110 MHEHHIO aHIA.
Vccaeaosateasn Y KenHoManogaepskupaeT IOCTOSAHCTBO BHyTPeHHel cpeAbl OObeKTa, KakK OIl-
peAeAsIIoNIero yCAOBUs er0 >KU3HI, U 34eCh,IIOBePXHOCTHBIE 3HAHUS CTAaHOBATCA Bce Doaee
OCHOBaTe/AbHON U1 OOCTOSATEABHON MYAPOCTBIO.

B HacrosImme Bpems cIrpoc Ha I1epeBO3KM, U B YaCTHOCTI,Ha I1epeBO3KY CKOPOIIOPTSIIIIXCS
IPy30B BhIpa’kaeT COBOKYITHYIO OOIT[eCTBeHHYIO IIOTpeOHOCTDL B 9TOM Blije IlepeBo3ok. VI 3aech, K
3aKOHaM, I10 KOTOpPBIM GOPMUPYeTCs BCsAKas CHCTeMa OTHOCATCS: 3aKOH OpTaHM30BaHHOCTH,
3aKOHIIOA00pa, 3aKOHMephI, IAe YIIPaBAsSIOT CIIPOCOM —CTUMYAUPYIOT, COAEVICTBYIOT U pery-
AUPYIOT €To.

DBOAIOLNS OCYIIECTBASIETCA IIyTeM OTOOpa MPU3HAKOB, AeTEPMIHUPOBAHHBIX CTa0MAb-
HBIM Pa3BUTHEM, TAe B AeTepMU3Me ecThb OllpejeAeHHas1 XKeCTKOCTh CBsI3ell Kak MexXay ¢asza-
MI OAHOTO IIpollecca, Tak U MeXKAy IIpolieccamy, 4To obecrieurBaeT GpopMUpOBaHIEe YCTONIN-
BBIX COLIMaAbHBIX CTEPEOTUIIOB ¥ yCTaHOBOK AI00OTO IIpoliecca.

ITorpebaeHne ecTs ABVDKYIIIas CiiAa DKOHOMIYECKOTO IIporpecca, IAe pasMep IoTpeon-
TeAell B OIIpeJeAeHHBIN IIep1o/, BpeMeHN, BBIpa’keHHBII B ITpOIieHTaX, Ha3blBalOT PeITIHIO-
BBIM IIPOLIECCOM K YCAOBUAM BBeAeHI:sI OM3Heca Ha TpaHCIIOpTe OTHeCeHO MMHIMaAbHOe IpH-
CyTCTBI€ KOHKYPEHIIUM BHYTPU OTpacAM MeXAy pasHBIMU BUAaMM TPaHCIIOpPTa M eCTh CTa-
O1AbHOCTH IOTpeO.AeHN s TPAaHCIIOPTHOM HPOAYKIINM (YCAYT).

B npuHnuite, cnennduka mepeBo3Ku CKOPOIOPTSIINXCS TPY30B OT ABePU A0 ABepU U
CIIelIMaAU3MPOBaHHbIN ITOABVXKHON COCTaB,II03BOASIOT DTOT B/, IIEPEBO30K OTHECTU K MOJe-
AU PKOHOMMYECKOTO AeuIinTa, KOrda IpeAaaraiorcs He YCAYTY, CTOMMOCTh, KOTOPBIX pacTeT
BMeCTe C KaueCTBOM, a A4eAal0TCs IIPeAA0KeHNsl, KOTOPBIM IIPAaKTUYeCK HeBO3MOXKHO HallTH
aAeKBaTHOM 3aMeHBHI.
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Hoevte n00x00vt k ynpasrenuto nepeso3o4HbIM NPOYUECCOM CKOPONOPMAWUXCA ZPY306 6 MEKOYHAPOIHBIX nepeso3Kax

ITo muenmio uccaegosareass M. Iloptepa, 11eroyka noTpedUTEABCKON LIEHHOCTU DTOTO
BIJA IIepeBO3KM, HaYMHAeTCs C Ha4aAbHOM CTaguM ABVIKEHIST 4OCTaBKIU CKOPOIIOPTSIIeNcs
MPOAYKIIUM MAacCOBOMY MAM eAVHUMYHOMY ITOTPeONUTeAI0, YTO MOXKHO CIMUTAaTh OCHOBHBIMMU 1
BCITOMOTaTeAbHBIMI BUAAMUAEATeABHOCTI B 1€V TOBapOABVIKEHNs 10 CO3JaHUIO e€ IIO0T-
pebuTeabckoit ieHHocT!. [1].

BsauMogericTBrie BHYTpH LIeNIN OCYIIeCTBAseTCs B popMe IIUKANIHOCTH, T.e. TAKOTO Me-
XaHM3Ma ABVDKEHUs M Pa3BUTIS, KOTOPBIN oIlpejesieT ¢ 00sA3aTeAbHBIM yJacTyieM JyeloBeKa
(kak cormaapHOro paKTOpa), CyIiecTBoBaHye 1100011 MCKYyCCTBEHHOI CICTEMBI, T.K. 4eA0BeK B
oO111ecTBe HaXOAUTCs B IIPOCTPaHCTBEHHOM M3MepPeHII ero CyIllecTBOBaHms [2].

HeHb TOBApPOABV>KEHNA €CTh arperrpoBaHHasl CAO0KHasA cucreMar.e. O6"be,ZI,I/IHeHI/Ie HecC-
KOABKMX OOBEKTOB ABVIDKEHI C MIX ITapaMeTpaMI B DA€MEHTbI 0o.aee BBICOKOTO YPOBHS C X
coraacoBaHVE€EM BO BpEMEHIN (6IO,ZL)KeTHBIM, a He aCTpOHOMI/ILIeCKI/IM) HO,ZI,O6HI)IM cricreMamM
Ipucymmn CBOﬁCTBapaSBMTMﬂ " agalitTaiiyiyi K HOBbBIM YCAOBMAM IIyTE€M CO34aHVSI HOBBIX BAe-
MEHTOB CO CBOMMMU CBA3JIMU,A0KaAbHBIMHI IEASJMN U CPEACTBaMU X AOCTVIDKEHIIA.

Hu ogna orpacap, B TOM 4ricae ¥ TpaHCHIOPT, HU CEKYHABI He CTOMT Ha MeCTe U He SIBASIeTCs
OKOHYaTeAbHOM, YTO IIPUBOAUT K IOSABACHUIO psija IIOHATUM, KATeTOpUii, II0AX0A0B, KOTOpbIe
004eryaroT IIOHMMaHMe CyTU SIBAeHMs], Ipoliecca, TexHoaoruu. ITpu sTom, a1060e 4e40 401K-
HO OTAMYATLCS KaKOM-HMOYAb IIpUMedaTeAbHON OCOOEHHOCTBIO, IAe CUTYals ITOCTVKeH
HOBOTO BCera CBsI3aHHA C ITOMCKOM IIOA00HOCTH.

Anaaorust —3TO IIpaKT49eCcKoe yHOTpe6AeHI/Ie, OIIepumpyloIiee ¢ y>xe Haﬁ,ZLeHHbIM, yXe
IIOHAITHBIM, IIOCTUTHYTBIM. HpI/I 9TOM, Pa3MBIIIAA Had ITpOLjeCCOM MINYT BHa4dale 000CHO-
BBIBAIOINYIO OIIOPY MBICAV], Hepe6mpa51 BCe M3BECTHDBIE ITOXO>KECTH, I II0 3aBEPIIEHNIO paccC-
MOTpPEeHN:I OCTaHaBAVMBAIOTCs Ha IIpoLecce 0AM3KOM K aHaAN3NPyeMOMY. 141 34€eCb, BCé HOBbIE
3HaHM:1 BO3HMKAIOT I10 IIPUYNMHE ITOCTVM>KEHN F/ly6I/IHHOFO HasnAareAbHOTO, CMbICAa pacc-
MaTp1MBaeMOIO IIponecca, rae M3MEHEHIT OINYIIEHVI €TO peaan3any O03Ha4al0T M3MEHEHNT
B OTHOIIEHWISIX MEXKAY COCTaBAgIOIIVIMIL DTOTO ITpoLecca.

KpurndyecknMn mapameTpamiu BHeINIHel CpeAbl KaK CpeAu AeVICTBI IIell TOBapOABU-
JKeHMs sIBAsIeTCs TeMIl M3MeHeHMIT oDI1ecTsa 1104 BO3AelCTBIeM OIlpeeAeHHBIX MHHOBalIN-
OHHBIX Pe3yAbTaTOB. 3alllUTHbIE peaKlMI CUCTeMBI K OlIpeJeAeHHBIM BlJaM M3MEHeHUI BO
BHEIITHell cpeje OCHOBaHBI Ha BBIPaOOTKe aATOPUTMOB IIOBeAeHNUs Yepe3 IIPUHITUIIBL U YHU-
BEpPCyM B IIpollecce eé peTpOCHeKTUBEL. IIpuHIINI — 9TO conmaabHas 4aHHOCTh CIIOCOOHAs
3aTparusaTh OllpeJeleHHble MHTepechl AI0Aeil. YHUBEPCYM — 9TO KOrda BCeAeHCKOMY 11eA0MY
npucyt 5pPeKTUBHO paboTaIOMINIT MEXaHU3M Pa3BUTU IIOCAEAYIOIINX AeVICTBUII Ha Oase
IIpeAIIecTBYIOIINX pa3orpeBaloninX Bo3AelcTsnuil. Yepes ontuMaabHOe (HOpPMaTUBHOE) KO-
AMYEeCTBO BpeMeHM, CIA U CPeACTB.

ITpon3BoaCTBO yCAYT Ha TPaHCHOpPTe, X paclpejeleHrie OOMeH 1 oTpeOAeHNe SIBASIOTCSA
00sA3aTeABHBIMU U (POPMUPYIOIINMI DKOHOMIYECKe OTHOIIIeHN:. Y cayra IIpuodpeTaeT 1o-
TpeOuTeAbCKYI0 (OpMY, TOABKO IIPU ee peaansaliy B cpepe oOpallieHs 1 BOCIIPOU3BOACTBa.

Ha prinke ToBapOB 1IOTpeO0MTEABCKOTO CIIPOCa, B YaCTHOCTY Ha IIPOAYKTHI IIMTaHIs], BKAIO-
Jasi I CKOPOIOPTSIIMeCs, 3aTpaThl Ha MX IIPOU3BOACTBO cocTaBAsAIOT 10% B cTpyKType cebec-
TOMMOCTHU IIPOAYKLIMY, @ CTOMMOCTD UX AOCTaBKI KOHEYHOMY IToTpeduTteaio gocturaet 50%.

IIporHo3 cTpyKTyphl phIHKa Ipy30IIepeBO30K CKOpOHopTaAIericsa mpoaykuun B 2018 ro-
Ay TIO BIAaM TPaHCIIOpPTa TaKOB: aBTOMOOMABHEIN — 74,5%, Keaesnogopoxueit 14,3%, peqHoir
— 0,2, mopcxoit — 0,5, aBuanmonnsin 11,0%.
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Puc. 1. CraTucruka repeBo3Ku CKOPOHOPTAIINXCS IPY30B aBTOMOOMABHBIM TpaHcropToM 3a 2015-2018 rr.
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ObMeH TOBapaMI OCYIIIeCTBASeTCs Ha OCHOBE X CTOMMOCTH, BeA4YHa KOTOPOI1 U3Mep-
sieTcs OOIIeCTBeHHO HeOOXOAMMBIMI (Ha OCHOBe HOPMATMBOB (METPIUK)) 3aTpaTaMi TPyAa, a
Tak>kKe YPOBHEM CIIpoca U IIpeAA0>KeHss9epe3 OpraHn3alliOHHbIe MHHOBALNN, TAe IIpaBuaa
PeryAmpyIoT IIPOLeCCH, @ METOABI — BBIIIOAHEHNe AeCcTBUI U ontepanuit. Aas 9pdeKTUBHOI
ONTMMM3alMH IIPOLeCCOB HEOOXOAMMO MMeTh Bcerga 004bllle peryAnupyeMbIX IlapaMeTpoB,
4eM peryanpyeMbIX IlepeMeHHbIX.

ITpu »TOM 3aKOHBI MeXaHMKM 1 (PUBUKM OTHOCSTCS K BO3MOXKHOCTSIM KOMIIaHMY, TAe (op-
MaAbHOCTY (PYHKIIMOHMPOBAHII PeaAN3yIOTCs B BIIe 3alIpeTOB, OOpeMeHeHNII 1 OTpaHJe-
Huil. Hanboaee mpeanodTnTeAbHON OpraHmu3alyeil 4esTeAbHOCTH SIBASETCS CICTeMHO-aATo-
PUTMIYECKIIT 1104X04, T.e.OCyIllecTBAeHe OIlpejeeHHOl 110cAel0BaTeAbHOCTU (pa3bl Ipo-
11€CCOB, AeTepPMUHMPOBAHO-TIPUBOASAILRN K 11e1€BOMY pe3yAbTary.

IIponecc opraHmMsanuy panyoHaAbHOIO (PYHKIIMOHMPOBAHMS 1IN TOBapOABVKEHIs,
CBOAUTCS K BBIOOPY paliOHaABHBIX IIyTell AOCTVKeHMs Iiedeil 91oi tenu. K nmpunnmmnam
palOHaABHON OpTaHM3al Uy OTHOCATCS: HaauduelleAeil, ®1acCTUIHOCTb AeVICTBIU, yCTOMYIN-
BOCTb, pa3deleHre U Koonepaunus TpyAa,AMHEITHOCTh, IIPSIMOTOYHOCTh PeCypPCHBIX ITOTOKOB,
r1OKkocTh. [Toa00HBIE TPMHITUIIBI OpTaHM3alNI CO34aI0T MHTeTPalYIOHHbIe IBMEHEHNs B CIC-
TeMax, OTIMChIBaeMble DKCIIOHEHITaABHBIM 3aKOHaM [3].

ITpu ®TOM, BCe COOBITIA IIO IIepeMeIleHNIO0 TOBaPHOJ MacChl IIPOVCXOAAT BO BpeMeHMU
YHOPAAOYEHHO U PeryAspHO, IpY KOTOPBIX IPUYMHBI BCerda IpeJonpeaeasioT CAeACTBIe, a
M3MeHeHIsI OAHOI IIepeMeHHOI IIPOMCXOAAT TOABKO B OAHOM HarlpasaeHnu. VI 3aecn, OusHec
eCTh DKOHOMIYeCKasl AesTeAbHOCTD, AalOIas OOIeCTBeHHYIO IIPUOBIAb.

anaBAeHme OTKAOHEHMIMMN OT 3allAaHMPOBAaHHBIX 6M3HeC-HpOHeCCOB B eI TOBapoOA4-
BVIKEHIIST ITO3BOASIET COKPATUTDh IIOTEPU B HUX, YBEANMINTD 3allac (I)I/IHaHCOBOIZ IIPOYHOCTI I
pacinpmTb BO3SMO>KHOCTU TPAHCIIOPTHOTO ITPEAITPIISITIISI B KOHKYPEHLINIL.

Iler» TOBapOABIKEHIS —9TO II0CAeA0BaTeAbHOCTh COOBITII, IpegHa3HaYeHHas 445 Y A0B-
AeTBOPEeHMs IMOTpeOHOCTeNl B CKOPOIOPTSIINXCS IIPOAYKTaX. 34eCh AOTMdeckKast Ierlb TOBa-
POABVIKEHIIS 104 pa3dyMeBaeT COBOKYITHOCTb AOIVICTUYECKMX OIlepaliuii 110 M3MEHeHIIO COCTO-
SHUN IIpeaMeTa TpyAa, KaK OCHOBHOIO IIOHATHS B A€SAT€ALHOCTY Y€/A0BeKa, COCTOSIIIETO U3 €T
HaKOILAeHNs, IlepeMellleHNs U M3MeHeHNs, BBIIIOAHAeMBIX I10CAeA0BaTeAbHO,C MOMEHTa 3a-
PO>KA€HIs TOBapOIIOTOKa (OAMH BAajeAelr) 40 MOMeHTa IOsIBAeHIs APYTOTo BAajeAblia Ipy3a
Ha COOTBETCTBYIOIIeM IIOTPeONTeAbCKOM PBIHKe.
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B kxauecTBe mpeAMeTOB TpyAa, NAM PeCypCcOB-1IeHHOCTel, BhICTyaeTuH(pOpMalus, dHep-
rust, MaTepyst. CONpPSKeHHOCTh COBOKYITHOCTH ITPOLIECCOB BHYTPU 3B€Ha HaJ IPeAMeTOM Tpy-
Aa (HakoIlAeHMe, lepeMellleHNe, IIpeoOpa3oBaHie) KaK yHIUBepcyMa (aAropuTMa) OpraHu3aln
AesITe AbHOCTH, €CTh CITIOCOOHOCTD BHYTPU 1eIIN AUKBUAUPOBATh CTBIKOBBIE Y3KIie MecTa MeXK-
AY COCTaBASIOIIVMMI LIeTIM Ha OCHOBE AOTMCTUYEeCKMX IIPUHITUIIOB (ITpoJaBel]-IIoTpeduTean
B3alIMHOI OTBeTCTBeHHOCTH). JocTiKeHne TpeOyeMoll cTelleHy CMHXPOHM3alM 110 IapaMeT-
Py B3aMOAENCTBIS Ha OCHOBE AOTOBOPHBIX OTHOIIEHUIA B LI TOBaPOABVIKEHMS A0AXKHO
coctaBAATh 65-70%.IToa peryaspHpiM MeHeAXKMEHTOM B IelM TOBapOABVIKEHIs ITOHMMaeTCs
OpraHmM3anys IIPOLIeCCOB yIpaBAeHus (ILAaHMpOBaHIe, KOHTPOAb, y4eT, aHaAu3, KOOpAHa-
111151, KOMMYHMKaIIMM),KaK COBOKYITHOCTH OIlepaliuii, BeAyIINX K 00Opa3oBaHMIO 1 COBEPIIIeHCT-
BOBaHMIO B3aMIMOCBS3/ MEXAY 3BeHbSIMMU LeII TOBAPOABVIKEHIS.

Omnepanun 1o M3MEeHeHMIO COCTOSHUIO IIpeJMeTa Tpyaa (pecypca-IieHHOCTH) OCyIIeCTB-
A51€TCsl TI0/, BO3AeVICTBIEeM pecypcoB-3aTpaT (mHpopMans, (pUHaHCH,MaTepyaAbl, SHeprus),
MMeIOIINX MpsIMOe HallpaBAeHNe ABVDKeHMS 445 MHpOpMaly,9HepIuy,MaTepralos 1 00-
paTHOe ABVDKeHMe 445 (PMHAHCOB U TPYAOBBIX PeCypCcoB B COOTBETCTBUM C 3aKOHAMM (PUBVIKIAL.
IToaoOHoe B3amMoOODOpaTHOe ABVKEHMe pecypcoB B Ipoliecce (PYHKIIMOHMpOBaHUe Iierei
TOBapOABVIKEHMS co34aeT 9(p(PeKT CUHepIum, HO MPU YCAOBUILUTO pecypchl-3aTpaThl Hall-
paBAeHHBI TP ABVKEHNY IPOTUBOIIOA0KHO APYT APYTY.

Tak 0Opasom, peryAsapHbI MeHe A )KMeHT IIpearioAaraeT OpraHM3alliio er0 OCHOBHBIX COC-
TaBASIOIIUX:CTPYKTYPY, (PMHAHCDI, OM3HeC-IIpOllecchl, MapKeTHHT,y4yeT, DKOHOMMUKY, AOIVC-
TuKy. Tax, busHec-Ipollecc aHaAM3a pbIHKa IIe€peBO30K 40A>KeH BeCTNCh B HallpaBAeHMsX:

— ODmMIT aHaAU3 PhIHKA aBTOTPAHCIIOPTHBIX IEPEeBO30K (POCT PBIHKA, 9AaCTUYHOCTD, OC-
HOBHBIE TPEHABI); aHaAM3 PhIHKA OTHOCUTEALHO BUAOB II€PeBO30K (CTeIleHb HaChIIeHN,
KakK I10/4e4€H PHIHOK HOBbIe IIPeAA0KeHs); aHaAU3 PhIHKa OTHOCUTEABHO IIePeBO30K CKO-
PONIOPTAIIMXCs IIePeBO30K (CTPYKTypa CIIpOca, CTeNeH! B3aliMO3aMeHAeMOCTH, Cuaa
MO3UIIUM HTOTO BAA IIE€PEBO30K Ha PhIHKe);

— aHaAM3 YYaCTHUKOB PBbIHKa:IIepeBO3YMKIU (pbIHOYHAS,IIPOM3BOACTBEHHAs IIPOrpaMMa,
acCOPTUMEHT BUAOB IIePeBO30K);KOHKYPeHTbI (HaCKOABKO CUABHBIN KOHKYPEHT, HACKOABKO
CI/AbHA ero IMPOU3BOACTBeHHAs IIPOrpaMMa,OTANINS OTAABHBIX IIePeBO30K KOHKypeHTa
II0 eT0 peaabHbIM XapaKTepUCTUKaM (110 criocobaM paclpoCTpaHeH!s , 10 LieHe U T.A.);
IIOCPeAHMKM (KaKye (PYHKIIUI BBIIIOAHSIOT, CTPYKTYpPa, IIOKPBIThIe PBIHKM); BCIIOMOTaTeAb-
HBle CAy>KOBbI (Kakue (PyHKIIUM BBIIIOAHSIOT); IIOTpeduTean (IMOTpeOHOCTY, IIOKyIIaTeAb-
Hasl CIIOCOOHOCTD, OTHOIIIEHNE C IIepeBO3uMKaMl, He COOTBeTCTBUE X pealbHBIM Xapak-
TepUCTUKaM K TpeDyeMBbIM, IIepeBO3KM rAa3aMy IOTpeduTeas);

— aHaAM3 «MapKeTUMHI MUKC»: IIePeBO3KI (aCCOPTUMEHT, IPOM3BOACTBEeHHas IIporpamMMma,
IMOKOCTDh IPeANPUATHUS); IPOABVKEHNEYCAYT (CTeTleHb U3BeCTHOCTHU ITepeBO3unKa, I10A-
XOAsIIIe peKAaMHble HOCUTeAM, peKAaMHasl cTpaTerys); IleHa (ypoBeHb IIeHbl, Bapuaris
LIeH, cucTeMa CKMAOK); AUCTpuOyIus (ILAOTHOCTh OXBaTa,BO3MOKHOCTh pacHpoCTpaHe-
HIS, IIPeUMYyIIecTBa paclpoCcTpaHeHus);

— aHaAmu3 OKpPY:KaloIllell cpeabl: Ipupoda (KauMat, MHPpaCTPyKTypa); DKOHOMUKa (DKO-
HOMIYeCKe IIOKa3aTeAl, KOHBIOHKTYpa,BKOHOMMUECKIII POCT); OOIIecTBO (COLaab-
HbIe HOPMBI, >KM3HEHHbIe IIPUBLIYKM); TEXHOAOTW: (HayKa, TeXHIYeCKUI IPOrpecc); IIpaBo
U IOAUTHUKA (IIpaBOBble HOPMBI, IIOANTUYECKIE YIPEKACHIA).

AeTaabHOCTh, MTH(POPMALIMOHHOTO pecypca MOXKeT OBITh yBeAudeHa 3a cdeT MCII0Ab30Ba-
HI1s1 DOABIIOTO KoAmdecTBa (paKTOB, apTyMEHTOB, MHEHUIA.
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ITporieccHOCTh Yepes TPOMIHOCTH (Pa3OBLIX COCTOSHUI B PeryAsSpHOM MeHeAKMeHTe eCTh
OCHOBa €ro CHUCTeMOODpa3oBaHMs B BMAe OPTaHM30BAaHHOIO CUABHO CTPYKTYPUPOBAaHHOTO
MeXaHM3Ma. 34eCh IIPOLeCChl AeTePMIUHIPYEMBI, T.€. B3alMOAEIICTBYIOT TOUYHO IIpeABUACHHBIM
0o0pa3oM, rae A0TUCTUKA pallOHaAU3UpPYyeT CUCTEMY MeHe/KMeHTa IIepeBO30K C TOUKM 3pe-
HI1Sl 9KOHOMIM COBOKYIIHBIX 3aTpaT B LTI TOBaPOABVIKEeHI.

Toraa mocaeaoBaTeAbHOCTbh B 4OATOCPOYHON HEPCIeKTUBe — KOHIeHTpalus YCUAUA B
CpeAHeCpOYHOII IepCIIeKTNBe U M300peTaTeAbHOCTh B KPaTKOCPOYHOM Ilepuode, KOTOphle-
COBMECTHO CO34aI0T YCAOBUS AAS Pa3BUTHs 1IeNell TOBapOABVKEHNS Yepe3 ONTUMM3aLIo
UCIIOAB30BaHNsI OTpaHIMYeHHBIX pecypcoB-3aTpar. V 3aech BaxkHO 004a4aTh HOAPOOHOI MH-
opmarnmeit TuIa «cerogHsA Ha CeTOAHSN CETOAHs Ha 3aBTpa».OHa MOXKeT ObITh MCII0Ab30Ba-
Ha KaK OCHOBHasl, AOTIOAHUTeAbHasl,CIIpaBOYHasl.

Llertb TOBapOABVMIKEHMS IIPU IIEPEBO3Ke CKOPOITOPTAIIVIXCS TOBAPOB IIPY MX CMeIllaHHOM
COODIIIeHNN 10 CBOel CYyTU A0AXHa OBITh (POPMUPOBAHHOI,a AAs BBIIIOAHEHUSI MHTETPUPO-
BaHHOI (PYHKUMMB HIX, CMe>KHbIe (PYHKIIMOHAaAbHBIE YPOBHU AOAXHBI COe AVTHATDHCSL.

]_IQHI/I TOBAapOABIVPKEHII, KaK €CTeCTBEHHO-TIOPpTaTBHbIE O6paSOBaHI/I}I,p€H_IaIOT Hp06/1€-
MbI KOMMYHI/IKaLU/H/I,HOAHOMO‘II/IIZ " I1eA€BbIX YCTAaHOBOK 4Y€pe3 pa3BUTHE TaKMX KaTel"OpI/IIZ
KakK YCTOIZ‘-II/IBOCTI), B38]/IMO,ZI,€I7[CTBI/I€, C6aAaHCI/IpOBaHHOCTL.MCHOABSyeMI)Iﬁ 34€Cb IIyTh — MH-
Terpanuns IponeccoB IMAaHMPOBaHMII, ydeTa U AVICIIETINPOBaHIA.

[TapTHEPCTBO, C TOUKM 3peHUS TeXHOAOTUM peaan3alyy Ley TOBapOABUKEHIS 401K~
HO peraaMeHTHpPOBaThCs Ha OCHOBe Ipoduas [4],T.e.Habopa 0a30BLIX JOKyMEHTOB, BKAIOYa-
IOIero MeKAyHapOo/AHbIe U HallMOHaAbHbIe CTaHAAPTHI U UX criellnUKaIiy, orpejeaseMble
A4Sl HUX OTPaHMYeHNs, I MeTOAMYECK/ e peKOMeHAallu/ M0 peaan3alui U NoAAe P >KaHIIO
COOTBETCTBYIOIIVIX ITPOLIECCOB.

Uncao coraacosaHmii B 1eIiM TOBApOABVKEHNs BO3pacTaeT IIPOIIOPLIMOHAAbHO KBagpaTy
yycaa cyobekTos. ITpu sTom paboTa nmapTHepcTBa TpeOyeT olpeJeAeHHBIX AMYHBIX OTHOIIIe-
HII U YeTKO OIpeJeAeHHBIX MeCT COeAVHeHNs COBMECTHOM AesATeAbHOCTH Ha MHpOpMaIu-
OHHO-TEXHOAOTMYECKOM YPOBHe.

3akA04dYeHue

Taxkum o6pa30M B3alIMOAENCTBUE Y49aCTHUKOB L€l TOBapOABV>KEHINT BKAIOYaeT B cebst
Oopranmsanmio KOpriopaTuBHBIX OTHOIIIEHNA, PEMHKMHNPUHT KAIOYEBbIX 6M3H€C-HpOH€CCOB,
VMHTETpUpOBaHHOE 11AaHMNPOBaHME,CO34aH1e €AVTHOT'O I/IH(l)OpMaLU/IOHHOFO IIPOCTPaHCTBa A4
KoopArHanny 11 KOMMYHMKaOVNM YIaCTHIKOB eIV, 9TO IIPMBOANUT K IIOTEPE IIapaAIMbl MeCT-
HOIO IIpUCYTCTBIIL.
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ABSTRACT

The huge amount of property damage, loss of use and death incidents involving in masonry structures after
major earthquakes have kept interest on dynamic performance of URM structures on the agenda in the scientific
research. This paper assembles brief information on earthquake performance of unreinforced and retrofitted masonry
buildings. It considers how the performance of retrofitted masonry buildings compares with that of unreinforced
masonry (URM) buildings in roughly same conditions with regard to ground acceleration, soil and structural cha-
racteristics. Reporting common observed in-plane and out-of plane failure mechanisms and occurring reasons the
paper then compares the seismic performance of URM and retrofitted masonry buildings against inertial forces.

Key words: Masonry buildings, Seismic performance, Failure mechanism.

CPABHEHUE YCUAEHHBIX Y1 HKC COOPY>XEHUM B YCAOBUSIX CEMCMUYECKOTI'O
BO3AENCTBUSI IPVICUABHBIX 3EMAETPSICEHUSIX

PE3IOME

OrpoMHBIlT 00BeM MMYIIIECTBEHHOTO yilepOa, IIOTepy B HKCIlAyaTallMi ¥ CMepTeAbHble MHITMAEHTEI, CBA3aH-
Hble C KUPIMYHBIMY KOHCTPYKUMAMM IIOCA€ KPYIHBIX 3eMAeTpsCeHNI, COXPaHIOT MHTepec K AMHaMIYecKIM Xa-
pakTepuCcTMKaM HeapMMpOBaHHBIX KuprnmaHbIx coopykenmit (HKC).B sroiicrathe cobpana KpaTKas mHpOpMaIisa
O BO3JEVICTBUU 3eMAETPsICEHNII HaHeapMIUPOBaHHbIE U YCUAEHHBIEKUPIINYHEIecoopy KeHms.PaccmaTpusaeTcs a¢-
(pexTMBHOCTLY CMAEHHBIX KMPITMIHBIX COOPY>KEHMII 110 CpaBHEHMIO C HeapMMPOBaHHBIM KUPIIMYHEIM COOPY>KeHVeM
(HKC)mp1 0AMHAKOBBIX YCKOPEHMAX 3€MAM,IPYHTOBBIX U CTPYKTypHbIXXapakTepucrukax. Cocrapasst otder o0 00-
mux HabA10AaeMBIX MeXaHI3MaX IIA0CKOTO U IPOCTpaHCTBeHHOTOPa3pyIIeHNs,B CTaThe CPaBHMBAIOTCS CeMCMU-
gyeckne xapakrepuctuky (HKC)u ycraeHHBIX KMPIIMIHBIXCOOPY KeHMI, BO3HUKAIOIVIXOT MHEPLIMOHHBIX CHA.

Karouesbre caoBa:Kuprnansie 3ganns, CeficMudeckre XapakTepuCTHKY, MeXaHnsM pa3pyIieHmns.

GUCLU ZoLZOLO SORAITINDS GUCLONDIRILMIS VO ARMIRLOSDIRILMOMIS
KORPIC QURGULARIN MUQAYiSosi

XULASO

Boyiik zalzalalar tasirinden karpic qurgularda amals galon maddi ziyan, istismar itkilar ve 6liim hadisalari-
nin movcudluguarmirlesdirilmemis kerpic qurgularin (AKQ) dinamik xiisusiyyetlari vacib shamiyyat kasb edir.
Bu moaqalade armirlagdirilmemis va giiclandirilmis karpic qurgulara olan zslzals tssirlari haqginda qisa moalu-
matlar toplanmigdir.Eyni yer tacila vo eyni grunt xiisusiyystloere ve struktura malik olan giiclendirilmis karpic qur-
gularin ve armirlagdirilmamis karpic qurgularin (AKQ) effektliyi miiqayise edilir.Miisaids edilon miistovi ve foza
dagilma mexanizmaler haqqinda hesabat tortib edersk maqaladas giiclandirilmis ve armirlagdirilmemis karpic qur-
gularda (AKQ) atalat giivvelerden yaranan seysmik xiisusiyyatlor miiqaises edilir.

Acar sozlar: Yigma yapilar, Sismik performans, Go¢me mekanizmasi.

Introduction

Although their history dates back to the earliest times, the behavior of unreinforced ma-
sonry (URM) constructions is still among the least known in part. One of the most important
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reasons for this uncertainty is that the material properties of the components, which vary from
region to region, lag behind other building materials such as concrete and steel which have
been started to use after thousands of years due to the construction quality and low lateral
resistance against inertial forces. As a consequence, URM buildings in developed countries
do not satisfy the engineering approaches in terms of playing complex role against seismic
forces and in reinforced concrete (RC) frame designs masonry is used as infill walls by neg-
lecting its contribution to lateral resistance. On the other hand, including developing countries,
a considerable part of the construction stock in the world is made up of URM buildings. Due
to the economical and widespread availability of materials, especially the advantage of being
easy to construct, URM structures will be one of the first alternatives in the developing
countries to come to mind after reinforced concrete and steel structures in the future. In passing,
as well as in developed countries in case of historical heritage, willing to protect the architec-
tural masterpieces -formed masonry- that preserved their original form for centuries such as
monuments, churches, etc. let masonry to retain its presence.

In this paper, some of the researches conducted on the performance of URM and retrofit-
ted URM structures after major earthquakes that have occurred during the last two decades
in which that have been reviewed in the study. The general evaluation has been made and
resulted on this fundamental question: How did the retrofitted URM buildings perform in
comparison with that of conventional URM buildings in the most general sense? Pursuant to
this goal, the characteristics of the earthquakes and the URM buildings that were mentioned
in the studies and the observed common performance of both URM and retrofitted URM buil-
dings were reported.

Earthquake Characteristics And URM Building Properties
The 2010 TabanliEarhtquake (Turkey)

Tapan et al. (2013) investigated the effect of Tabanli (Van) Earthquake which had a mag-
nitude of Mw=7.1 and a roughly 5 km focal depth. In terms of structural systems; the buildings
in Van city center are mostly composed of 4-5 storey reinforced concrete buildings, while the
proportion of URM buildings in Ercis is higher than Van city center. In villages, almost all
buildings are brick walls built of mud brick, light concrete blocks or stones, usually using sludge
lumber [1].

The 2003 Califonia Earthquake (America)

Hardebeck et al. (2004) have carried a study considering the effect of the California earth
quake in the region with focal depth of 7.1 km and M = 6.5 magnitude. The areas affected by
the seismic event are URM buildings built about 100 years ago [2].

The 2008 Wenchuan Earthquake (China)

Zhao et al. (2009) have investigated the lethal impact of Wenchuan Earthquake which has
a magnetude of 7,9 with 19 km focal depth. The structural systems mostly includes stone work
houses consist of precast concrete plates based on reinforced concrete beams supported by clay
brick walls; with wooden roofs with light roof tiles often used in one or two storey buildings
and a considerable amount of dwellings are URM buildings in rural areas [3].

The 2009 Abruzzo Earthquake (Italy)

Indirli et al. (2012) have conducted a on the URM constructions in the Abruzzo Earthquake
that occurred in the Historical Centers of L'Aquila and CastelvecchioSubequo region. Nearly
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all URM buildings have become unusable in the earthquake of M = 6.2 magnitude in the Ab-
ruzzo region, located in a tectonic basin with silt, sand and small gravel in the center of the
Italian [4].

The 2010 Darfield Earthquake (New Zealand)

Ingham and Griffith (2011) have researched the effects of Darfield Earthquake on URM
buildings. The earthquake was recorded as the most damaging earthquake after the 1931
Hawke's Bay earthquake. This earthquake with a magnitude of 7.1 and a focal depth of 10
km. The ground that predominantly affected by the earthquake is composed of sand, gravel
and former mash. The buildings in the district are typically URM structures, which can be
characterized as 2 or 3 floors, the height of which is the most common of 2-storey buildings
and consists of stand-alone or row buildings [5].

The 2015 Gorkha Earthquake (Nepal)

Sharme et al. (2016) have investigated the seismic performance of URM buildings in Gorkha
Earthquake with M = 7.8 magnitude and 15 km focal depth and its aftershock with M =7.3
magnitude.The buildings in the rural areas of Nepal were built as URM buildings. Materials
in local areas, for example using mud bricks, bricks and stones. Many residential and public
buildings in Kathmandu District are not built in accordance with the 1980s Nepal National
Building Code [6].

ObervedCommon Seismic Performance of URM Buildings

Although the seismic performances of URM buildings differ from each other according to
the material, workmanship, ground class and ground motion characteristics in the earthquakes
mentioned in the first part, studies have been carried out in which these structures are usually
damaged or collapsed with the same mechanisms after major earthquakes . The common reasons
for the poor performance of URM buildings are given below.

Large openings in the walls caused in-plane failure and X shaped diagonal cracks were
formed in the peers. Wall segments are overturned and detached due to out-of-plane effects.
Due to the collision of the adjacent buildings, there were big cracks in the walls. (Figure 1)

Figure 1. Damaged 4-storey URM building due to in-plane and out-of plane actions [3]

n R L
7 S

URM buildings are made of weak materials. The heavy roofs are seated on the walls with
poor connections. Anchorage and steel tie were not used at the intersection points of the ortho-
gonal walls. Figure 2 shows the material crushing of the URM building after the earthquake.
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Figure 2. Collapse due to poor and disaggregated masonry [4]

Global in-plane and out-of-plane mechanisms are sometimes formed at the same time.
There are also structures where detachments and vertical cracks occur at the same time due
to overturning. This is due to the irregular distribution of unconscious steel-tie strengthening
in time. (Figure 3)

Figure 3. Mixed collapse mechanisms: out-of-plane and in-plane damage [4]

Spliting (usually with vertical cracks) have been observed in the walls due to the irregu-
larity of the material or the subsequent openings. Because of the poor anchors of chimneys or
niches, these elements have fallen. The reason for this fall is that the behavior of these non-
structural elements can not follow the structural deformation behavior. Gable walls are over-
turned because they are not connected with bond beams. (Figure 4)

Figure 4. Overturning of gable wall [4] and chimney [5] due to lack of anchorage

Poor connections between walls and floors or inadequate shear force transfer result in
structural integrity and vertical cracks. The walls perpendicular to the directions of seismic
forces were subjected to out-of-plane bending. Vertical cracks were also formed in this case.
(Figure 5)
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Figure 5. Vertical cracks near the corner due to out-of plane action [6]

: {
Seismic Performance of Retrofitted URM Buildings

Most of the architectural buildings built in Europe since the beginning of this century are
URM constructions. In many areas of earthquake hazard, these structures need more per-

formance against to seismic forces. The concept of strengthening is not a new term. Throughout
the history of architecture, some techniques have been used to improve the earthquake per-
formance of constructions. These techniques have been developed with the results of laboratory
studies and design procedures.

The 2010-2011 Darfield Earthquakes (New Zealand)
The vast majority of URM buildings were out of use after the February 2011 earthquake.

Table 1. Usability of URM buildings [7]

After Sept4, After Feb 22,
Table 1. Tagging 2010 Mw7.1 2011 Mwé6.2

Red 21% 82%
Yellow 32% 17%
Green 47% 1%

The City Council of Christchurch has made building assessments and affixed placard to
the buildings concerned that the use of the building can be used safely (green), restricted use
(yellow) or unsafe (red).

Generally retrofitted URM buildings, there was little damage compared to the buildings
did not. Strengthening with rigid vertical elements yielded better results than strengthening
with flexible elements, since the existing walls are closer to the deformation behavior. Figure
6 shows the percentage of damage in URM buildings retrofitted and conventional URM
buildings.

Figure 6. Damage ratios between URM buildings retrofitted to 67 % NBS and those with no retrofit [7]
60%

g

Percentage of buildings
N
g

0%_1 I ,I .

insignificant moderate heavy major destroyed

Damage level
m67 <%NBS<100 No retrofit

As can be seen in Figure 6, more than 75 percent of the retrofitted buildings can be used.
Restricted use of 20 percent was left, remaining 5 percent was heavily damaged. Unreinforced
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URM buildings can be used safely at 3 percent, 50 percent restricted use and remaining 47 per-
cent is unsafe to use.

The 1997 Umbria-Marche Earthquake (Italy)

In 1997, two magnitude M = 5,5 and 5,9 earthquakes occurred on the same day. A detailed
analysis of the buildings carried out after the earthquake in Umbra for retrofitted buildings.
On the average, buildings without any strengthening received D2 or higher damage, D3 with
51% damage and D4 31% damage. In buildings with roof strengthening, there was no major
damage from D2. It was seen that D2 damage (27%), D3 damage (27%) and collapse (D5) were
8% when URM buildings were reinforced only by steel-bonds. (Table 2)

Table 2. Seismic performance of buildings duruing earthquake [8]

Damage Level %
Type of strengthening DO D1 D2 D3 D4 D5  Number of Mean damage ratio
buildings

None 17 51 31 29 0.57

Ties 19 43 27 3 8 37 0.33

Ringbeam 12.5 25 37 19 6 16 0.24

Ties and ringbeam 20 4 4 5 0.10

All strengthened 5 22 41 22 4 5 58 0.29
Conclusion

When the researches are evaluated in terms of seismic performance, it is seen that the seismic
resistance of the retrofitting URM buildings compared to the unreinforced constructions are
similar in almost all regions of the world.

Despite the fact that ground, earthquake and masonry buildings characteristics are quite
different from each other, there are some common points from the view of seismic resistance.
The most fundamental point is that seismic strengthening improves the URM building perfor-
mance.

Although the retrofitting techniques used were different, URM buildings with structural
integrity showed better performance compared to the buildings where local strengthening was
applied.

In some former URM buildings, combined in-plane and out-of-plane damage patterns
were formed after the earthquake. The reason for this is probably not enough and good quality
of strengthening due to the fact that they were retrofitted a long time ago.

Very few reinforced URM buildings have retained to be serviceable after the earthquake,
but the overturning of gable walls or detachment of chimney parts from adjacent buildings
made these strictly usable or out of use. On the other hand, it was seen that the falling pieces
caused injuries or even death to people passing by. This supports that the seismic strengthening
should be local, structural and even regional.
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XULASO

Magqalada neft quyularinin istismar olunmasinda istifads olunan yeni konstruktiv icrali mancanaq dezgahi-
nin kinematik parametrlari, hazirlanma ve qurasdirma zamani yaranan 6l¢iisiiz parametrlor olan xatalarin tosirini
nazare almagla dirsayin uzunlugunun, kanatin uzunluguna olan nisbatinden ve nisbi ekssentrikliyi nazers alan
amsaldan asili olaraq analitik iisulla todqiq edilorak com konstruktiv va texnoloji xatalarin tosiri qiymatlondirilmis
va bu xatalarin tesirini nezars almaqgla mancanaq dozgahinin asas kinematik parametrlori olan stanqmn asqir noqta-
sinin getdiyi yolun, onun stiret va tacilinin toyin olunmasi iigiin analitik ifadslor toklif edilmisdir. Mancanaq daz-
gahini xarakterize edon parametrlorden tocriibi shamiyyat kosb edon asas parametr olan stanqin asqi ndqtesinin
tocilinin stanqlar kolonnasinda yaranan dinamiki qiivvelare tesirini tadqiq etmak {i¢iin onun ideal harmonik ha-
rokat zaman1 yaranan tacilden sapmasi miiayyan edilorak xata emsali ve 6lgiisiiz kinematik parametr giymatlon-
dirilmisdir.

Acar sozlsr:mancanaq dozgahi, xata, rotor, plunjer, stok, blok, dirsak.

EVALUATION OF THE INFLUENCE OF THE TECHNOLOGICAL AND CONSTRUCTIVE ERRORS ON
THE KINEMATIC PARAMETERS OF THE NEW CONSTRUCTIVE USE OF PUMPING UNIT

ABSTARCT

The article deals with the analytical determination of the kinematic parameters of the new design of the pumping
unit for oil wells operation, taking into account the dimensionless kinematic parameters, the ratio of the length of the
crank to the length of the rope and the relative eccentricity characterizing the errors in the manufacture and installation
of the pumping unit. Analytic expressions proposed for determining the main kinematic parameters, taking into
account the total design and technological errors, that is, the displacement, speed and acceleration of the suspension
point of the rod of the pumping unit. To study the effect of acceleration of the point of suspension of the rod, which is
the main practical parameter characterizing the pumping units for dynamic forces in rod columns, the deviations of the
actual maximum accelerations from the maximum accelerations are determined with perfectly harmonious motion and
the error coefficient and the dimensionless kinematic parameter.

Keywords: pumping unit, error, rotor, plunger, stock, block, crank.

OLIEHKA BAMSIHUSI KOHCTPYKTUBHBIX M1 TEXHOAOTMYECKMX IIOTPETHOCTEN HA
KMHEMATUYECKUE ITAPAMETPBI HOBOI'O KOHCTPYKTUBHOI'O MCITOABHEHMSI
BE3BAZIAHCHUPHOTI'O CTAHKA-KAYA/AKIN

PE3IOME

B craThe paccMOTpeHBI BOITPOCHI aHAAUTIYECKOTO ONpeAeAeHNs KMHeMaTIYeCcKIX IlapaMeTpOB HOBOTO KOHC-
TPYKTUBHOTO MCTIOAHEHNU CTaHKa-KadaAKy AAs1 DKCIIAyaTaly HepTAHBIX CKBa’KMH C y4eToM Oe3pa3MepHBIX KI-
HeMaTU4YeCcKUX ITapaMeTpOB, OTHOIIIeHe AAMHEI KPUBOIIINIIA Ha AAMHY KaHaTa ¥ OTHOCUTEABHOTO DKCIIEHTPIICH-
TeTa, XapaKTepU3YIOIIye ITOTPeITHOCTI M3TOTOBAEHN M MOHTaXKa CTaHKa-Kadaakit. ITpeaaoskeHsl aHaAnTIdecKue
BBIpasKeHUM A5 OTIpejeAeHNs] OCHOBHBIX KMHeMaTIdeCcKIX ITapaMeTpOB C YIeTOM CyMMapHBIX KOHCTPYKTMBHBIX
U TEXHOAOTMYECKIX TIOTPEITHOCTell, TO eCTh IepeMellleHNy, CKOPOCTU M YCKOPeH!s TOUK! TIoABeca ITaHIy CTaHKa-
Kayaaku. Jas iccaeA0BaHNS BAVISIHME YCKOPEHIUs TOYKY ITOABeca IITaHIH, SIBASIOIErocsl OCHOBHBIM IPaKTIYeCKIM
ITapaMeTpOM XapaKTepU3yIOIIuii CTaHKa-KauyaAKy Ha AMHaMU4ecKye YCUANY B KOAOHHKI IIITaHT, OIpejeAeHbl OT-
KAOHEHIsI AeVICTBUTEABHBIX MaKCMMaAbHBIX YCKOPEHMUIT OT MaKCUMa/AbHOM YCKOPeHUII IpM MAeaAbHO TapMOHIYeC-
KOM /BVDKEHUM U IIPOM3BeAeH OlleHKa Kod(dPuilieHTa Iorpentsocreii 1 6e3pasMepHOro KMHeMaTIIecKoTO I1a-
pamertpa.

Karouesrbie CA0Ba:CTaHOK-Ka4valkKa, IIOrpeuIHOCTh, POTOP, IIAYHKep, IITOK, 6/101(, KpHMBOIINII.
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Yeni konstruktiv icrali balansirsiz mancanaq dozgahinin kinematik parametrlarina com konstruktiv va texnoloji xatalarin tasirinin qiymotlondirilmasi

Problemin aktuallig1. Neftcixarma sonayesinin effektivliyi daha ¢ox totbiq olunan avadan-
liglardan asili olur. Neftin darin quyulardan ¢ixarilmasi {i¢iin xiisusi nasos qurgularindan, yani
mancanaq dazgahlarindan genis istifads olunur. Bu avadanliq neftcixarma kompleksinin ay-
rilmaz bir hissasini togkil edir.

Mancanaq dezgahindan quyunun dibinds qurulan stanqli quyu nasosuna iraliloma ha-
rokoti vermoak {iclin istifads edilir. Enerjiys sorf olunan xarclori azaltmagq {i¢lin mancanaq doz-
gahinin ¢evirici mexanizmi mitkommal kinematik sxema malik olmalidur.

Son zamanlar balansirli mancanaq dazgahlari ilo yanas: yeni konstruksiyali mancanaq
dazgahlarindan da genis istifads olunur. Yaradilan yeni konstruksiyali mancanaq dazgahi-
nin konstruksiyas1 ham sads, ham iqtisadi baximdan alverisli, ham da y1gcam konstruksiyaya
malik olmalidir. Qeyd olunan tistiinliiklari nazare almaqla Azesrbaycan Texniki Universiteti-
nin “Masinlarin konstruksiya edilmasi” kafedrasinda yeni konstruksiyali balansirsiz manca-
naq dezgahinin konstruksiyasi islonib hazirlanmisdir (qurgu Avrasiya Patent togkilat1 tore-
findon patentlosdirilmisdir Ne201650057/26, 2017).

Masslanin qoyulusu. Masin ve mexanizmlarin nazari tadqiqi zamani hall edilon mass-
lalarin sadslesdirilmasi tigiin kinematik ciitlar ara boslugsuz ve xetalarsiz ideallasdirilmis me-
xanizmlor kimi nazardan kegirilir. Lakin masin vo mexanizmlarin istismar tocriibasi gostarir
ki, real mexanizmlarda biitiin bandlasrin 6l¢tilari layihslendirms zamani gabul edilmis Olgiilar-
dan forqlenir. Bu bandlarin hazirlanmasi, yigilmasi, qurasdirilmasi, onlarin yeyilmasi, elastiki
va temperatur deformasiyalar ve s. zamani yol verilon xatalar ile slagadar olur. Masalen, ma-
sin vo mexanizmlarin bandlori miitlaq sort, geyri-elastiki vo araboslugsuz gebul edilir. Firlan-
ma harakati edan ideal kinematik ciitlords bu o demakdir ki, yuvanin diametri onun daxilin-
do yerlasdirilmis valin diametrino tamamils barabar olur ve bu val yuvada heg bir araboslu-
gu ile otuzdurulmayib. Lakin real mexanizmlards valin yuvada firlanmas {iciin o bu yuvada
miiayyan haroakatli ara boslugu ilo otuzdurulmalidir. Miiayyan istismar prosesindan sonra
hatta goriison sathlarin yeyilmasi naticasinda bu ara boslugu da artir.

Mancanaq dezgahinin har hansi bir konstruksiyali ¢evirici mexanizmini layihslondirar-
ken onun kinematik parametrlarini, yani stanqmn asq1 noqtasinin yerdayismesini, siiratini ve
onin tacilini istanilon zaman arzinds toyin etmak talab olunur.

Sakil 1-da yeni konstruktiv icrali balansirsiz mancanaq dezgahinin ¢evirici mexanizminin
kinematik sxemi gosterilmisdir. Bu mancanaq dezgahi sads sekilde dirsskdan 1, blokldan 2 va
bir ucu stanqin asq1 néqtasing, diger ucu ise dirsays 1 barkidilmis kanatdan 3 ibaratdir. Dir-
sek miiayyen bucaq siiratinds stanqn asqi noqtesinin reversiv haraketi temin edir. Bels ki,
yuxar1 blok 2 asq1 noqtesinin yuxar1 haraketinds bir terafe, asag1 harakatindo ise aks torafs fir-
lanur. Bu kinematik sxem dirseyin bir terafe firlanmasi halinda bir tam dovrds, stanglarm asq:
noqtesinin yuxartya ve asagiya dogru bir tsikl harekatini temin edir.

Mancanaq dezgahinin gevirici mexanizminin bandlsrinin 6lgiilsrinin hazirlanma, y1gilma,
qurasdirilma, onlarin yeyilmasi, elastiki vo temperatur deformasiyalar vo s. zamani yol verilon
xotalar ils alageali model kimi gebul edak.

Hazirlanma, y1gilma, qurasdirilma, onlarin yeyilmasi, elastiki ve temperatur deformasi-
yalar vo s. zamani yol verilon xatalar dirsayin eyni voziyyatinda real va ideal ¢evirici mexaniz-
min aparilan bandinin veziyyatlarinin farqi kimi gebul edilir.

Sokil 2-da y181lma, qurasdirilma, yeyilms, elastiki vo temperatur deformasiyalar va s. za-
mani yol verilan xatalar ilo mévcud olan yeni konstruktiv icrali mancanaq dezgahinin gevirici
mexanizminin sxemi gostorilmisdir.
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Sakill. Mancanaq dezgahmin gevirici mexanizminin kinematik sxemi

Coam texnoloji va konstruktiv xatalarin tasirini nazers almagla stanqin asq1 noqtesinin yer-
dayismasini, siiratini ve onin tacilini toyin edak.

Sakil 2. Mancanaq dezgahinin gevirici mexanizminin hesablanma sxemi

Mancanaq dezgahinin gevirici mexanizminin € noqtesinin herakat tenliyini tertib etmak
tiglin koordinat sisteminin baslangicini stanqin asq1 noqtesinin asagi 6lii noqtesine uygun go-
lon C; noqtesinda qobul edirik (bu halda € ndqtesi dirsayin firlanma oxundan maksimal me-
safads uzaqlagir). Onda C noqtesinin dirsayin ¢ bucagina uygun gslsen yerdeyismasi

S, =C(C, =C1’F’—C’F’:C{F’—(r’c03¢+l’cosﬂ)=(,/Cl’A2 —F'A? )—(r’COSgo+I'cos,B’)=
= J(+1)P —E? —r'cosp—1"cos B = I\ (A' +1) —&2A% —r'-cosp—1'cos (1)

!

r
buradad’ = I -Ol¢listiz kamiyyat olub xatalarin tasirini nazarsa almagla dirsayin uzunlu-

!

gunun, kanatin uzunluguna olan nisbatini nazersalan amsal; &’ = —- — xatalarin tesirini nezara
r

almagqla nisbi ekssentrikliyi nezere alan amsaldir.
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@ vo B bucaqlar: bir-biri ilo qarsiligh slageds oldugundan soakil 2,b-don
GB'=r"-sinp+E'=1"-sin g’
buradan

sin g’ = % =2(sinp+¢')

@ vo B bucaqlar1 arasinda alagen
c0s ' =1-sin? f' = 1-(2/(sinp+ &)}

Bu ifadalari (1)-do nazars alsaq

S=I'J(X' +1 — 227 1" -cosp—1'J1- (A (sinp + ')

Bu ifads stanqin asq1 noqtasinin getdiyi yolu daqiqlikls teyin etmays imkan verir. Tocriibi
hesablamalarda bu ifadeni sadslagdirmak {iciin kokalt1 ifadalari Nyuton binomuna goras si-
raya ayirmagq olar:

1 12 912 14 414 16 116
Jar vy - <faray-erarfp=1ea -4 4 £A

20+2) 8a+Af 180+af

1

- (sing+e)f =f-(2(sing+e) :1—%(/1'(sin o+ &)

S Ging+ &) - (A eing+ & )f - .

Praktiki hesablamalar {i¢iin bu siralarin birinci iki haddini gotiirmeak maslahat goriiliir.
Onda

12 912

S= I’[1+ A - 2?13/1')} - r’cow—l'(l—;(}t’(sin ¢>+g’))2j -

=r'|1-cos +£sin2 +&'A'sin —£+}ug(2
propen e YT 2

sin¢p= 1-cos2 cgs 2¢ oldugundan

ﬂ,’ . 8121!2 /1’8’2
S=r{1-cosp+—(1-c0s2¢)+e&'A'sinp - + 2
[ o+ (L=cos2g) P ) 2 @)
Bu ifadeni zamana gore bir dafs diferensiallasaq, onda stanqin asqi noqtasinin siiratini
asagidaki kimi tayin ederik

V :z_‘:‘:r’-w[sin¢+%sin 2(p+g’/1’c05(p} (©)

Bu ifadeni zamana gore bir dafe diferensiallasaq isa, onda stanqin asq1 néqtasinin tacilini
asagidaki kimi tayin ederik
dv

azazr'-a)z[cos¢+/1'0032qp—8%'singo] 4)
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MBalumdur ki, yeni konstruktiv icrali mancanaq dezgahinin ¢evirici mexanizminin an va-
cib kinematik xarakteristikalar: dl¢iisiiz kemiyyat olan dirsayin uzunlugunun, kanatin uzun-
luguna olan nisbatini nazers alan amsal (1) vo nisbi ekssentrikliyi nazero alan emsaldir (¢)
Sokil 1-don

A
r 1J_rﬁ ' E(li 3)
. r U rEA r k,; o _E _EZxA; E ks
AM=—= - —At gl=—= - =¢
oA (8] ke T TEAL A K
I r
burada A, , A, vo A;-uygun olaraq mancanaq dezgahinin com konstruktiv ve texnoloji xo-

A A A
talar; k, =1+ —, k, =1+ —% vo k, =1+ —2 -dl¢iisiiz kamiyyaetlor olub com konstruktiv vo
r I E

texnoloji xatalarin dirsayin radiusuna, kanatin uzunluguna ve eksentritetin uzunluguna olan
nisbatini nazars alir.

Onda (2), (3) vo (4) ifadalori uygun olaraq asagidaki sokilds olacaqdir

2192 2 2
S=r-k 1—005(p+i LY (L—cos2¢p)+ e K singo—LklkS2 RS ©)
4\ k, K, 2(k, + Ak, ) 2 kk,

V=rk- a){sin(p+/21[::1] sin 2;0+g/1[:i3] cos (p} (6)

2 2

a=r-k '“’{COS‘/’JF’{EJCOS 2(;7—51{::3} sin go} @)
2 2

Mancanaq dszgahinin kinematik parametrini xarakterize edan parametrlorden tocriibi
shamiyyet kasb edean asas parametr stanqin asq1 noqtesinin tacilidir. Miisyyen edilmisdir ki,
neft quyularmin stanglar kolonnasindaki dinamiki qgiivvalar tacilin qiymatindsn ve onun de-
yisma gqanunauygunlugundan asili olur. Odur ki, mancanaq dezgahinin stanqglar kolonnasin-
da yaranan dinamiki qiivvaleri analiz etmak iiglin stanqin asq1 noqtesinin tacilini iki adad top-
lanan soklinds ifads etmak olar:

a=2a +a, (8)
burada a, = -K, - @* COS ¢-stanqin asq1 ndqtesinin birinci név harmonik dayisen tacili;

a, =r-k, - ;{li c0s2¢p—& g{k3J sin - stanqin asq1 noqtesinin ikinci név harmonik deyigen
kZ kZ

tocilidir.

. . . . - __+10mm
Normativ senadlars asasen com konstruktiv xatani toxminon dirsak ligiin Al = _5m »

. 30 e 50
kanat ticiin A, ="J0"" vo eksentrited ticiin Ay =50 qobul edorok hesablamalar aparilmis

va hesablamalarin naticalari ise sokil 2-da gostarilmisdir.

Sekil 3-ds xatalarin tesirini nazere almagqla stanqin asqi noqtasinin tacilinin dirsayin don-
mo bucagindan asililiq qrafiki gosterilmisdir. Qrafikin analizi gostarir ki, stanqin asq1 noqte-
sinin birinci név maksimal tacili a, =r -k, - @* cos¢ dirseyin dénma bucaginin ¢ =0°ve 180°

giymatlarinds, stanqin asqi noqtasinin ikinci név maksimal tacili a, = r-kl-wz/l[k—ljcos Z(pfgﬂ{ki]sm(p

2 2
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dirsayin dénma bucagmin ¢ =90° ve 195° giymatlarinds, com maksimal tacil issa =a, +a,

iso dirsayin dénms bucaginin ¢ =135° vo 345° gqiymetlorindayaranr.

Pnc.3. Stanqin asq1 noqtasinin tacilinin dirsayin dénmse bucagindan asililiq grafiki

a, m/san’
04
| |

0.4

—h—g] —4—a) —=8=—d

Qeyd olundugu kimi haqigi maksimal siiratin va tacilin ideal harmonik harekat zamani
yaranan siirotdon vo tacilden sapmasi stanglar kolonnasinda yaranan dinamiki qiivvelare
asasl tosir gostorir. Odur ki, yeni konstruktiv icrali mancanaq dezgahini xarakterizo eden
kinematik parametrlori giymoatlondirmak {igiin hoaqiqi maksimal siiratin ve tacilin ideal
harmonik haraket zamani yaranan stirat ve tacilden sapmasini tayin edirik

Ky )
Q= Bemax _ 1{cos<o+/1(klj cos 2¢—€l{3} sin go} ®)
as;  Cos@ k, ke

burada ag;- ideal harmonik harokst zamani stanqin asq1 ndqtesinin maksimal tacili; €2 -

haqiqi maksimal tacilin ideal harmonik heroket zamani yaranan maksimal tecilden
sapmasini nazars alan kinematik parametrdir.

Konstruktiv ve texnoloji xatalarin kinematik parametro tosirini giymoatlondirmak tigiin
(9) ifadesini sorti olaraq asagidaki sokilde yazmaq olar

Q:i cosp+ 1 k Cos2¢p—¢ L9 sing |=1+1 K cosZga_g ks me
cos @ k, k, k, ) cose k, Jcosg

:1+ﬂ,[k1J(m2¢—5ﬂ{k3th(o=l+;( (10)

k, ) cose k,

burada P /{ Ky J cos2p _ /{ks}g 0" olglistiz kinematik parametrlori (4,&) nozere almagla kons-

E cos @ k,

truktiv ve texnoloji xotalarin kinematik parametra (£2) tosirini nazars alan xata emsalidir.
Yuxarida geyd olunanlari nezers alaraq sokil 3-do xata eamsalinin ( ) 6l¢ciistiz kinema-

tik parametrlordon (4,¢) asililiq grafiki qurulmusdur. Qrafikden goriindiiyti kimikinematik

parametrlor (4,&) artdiqca xota amsali (¥ ) da pillovari olaraq artir. Bu da stanqin asqr nog-

tosine alave dinamiki qgiivvalerin diismesinag, detallarin intensiv olaraq yeyilmasine ve man-
canaq dazgahinin xidmat miiddstinin azalmasina sabab olur.

Noaticalar

1. Taklif olunan ifadalar texnoloji ve konstruktiv xatalarin tesirini nazers almaqla yeni kons-
truktiv icrali manca-naq dszgahinin stanqmin asqr noqte-sinin yerdsyismasi, siirati ve
tacilinin deayisma qanunauygunlugunu daha daqiqlikle tayin etmays imkan verir.
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Miiayyen edilmisdir ki, mancanaq dezgahinin texnoloji ve konstruktiv xatalarinin yeni
konstruktiv icrali man-canaq dezgahinin keyfiyyatini xarak-terize edan kinematik para-
metrs tasiri Ol¢lisiiz kinematik parametrlar, yani dirsayin uzunlugunun, kanatin uzunlu-
guna olan nisbatini nazarsalan amsal (A ) va nisbi ekssentrikliyi nazars alan amsal ( &)

artdigca daha boyiik olur.

Sokil 4. Xata emsalinindlciisiizkinematikparametrlardan ( A,& ) asililiqqrafiki

4

1

09

Pmax = 135°

ky = 1,02
o k, = 1.015
ky=1.2

08

06

05

04

03

02

01 [—— e

0
0 02 04 0,6 08 1 12 14 16 18 2 2,2

A— 10,1 olduqda M— %03 olduqda @=— %-02 olduqda @=— 4=0,1 olduqda

Hesablamalar gostorir ki, com texnoloji vo konstruktiv xatalarin mancanaq dezgahmin asas
kinematik parametrlaring, yoni stanqinin asqi néqtesinin yerdayismasins, siiratine ve te-
cilina tasiri toxminan (3...9%) teskil edir.

Taklif olunan ifadaler com texnoloji ve konstruktiv xatalarin tasirini nazers almaqlayeni
konstruktiv icrali mancanaq dezgahmin layihslondirilmasi zamani miihiim shamiyyat
kasb eds bilar.
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XULASO

Calovda metal ovuntular tifiirmekls maye poladdan oksigenin kenarlagdirilmas1 masslesine baxilir. Mg ve
Al-la oksigensizlogdirmanin izahini vermoak tigiin MgO-ALOs sisteminin hal diaqrami taqdim olunub. Aliiminium
va silikokalsiumun slavasila paladin ardiciz oksigensizlasdirilmasinin qrafikleri verilib. Oksigenin aktivliyinin [O] -
[Si] va [O] - [Al] sistemlorinde tarazliglart qiymetlondirilmisdir. Maye polada iifiiriilon magneziumun sarfinden
poladda oksigenin miqdarimin asililig1 qeyd olunur. Gostarilmisdir ki, maqneziumun sorfi artdiqca oksigenin po-
ladda migdar1 monoton azalir. Metal ovuntularin iifiiriilmasinds oksigenin faktiki vo hesabi miqdarmin qrafiklori
verilib.

Acar sozlar: maqnezium oarintilari, oksigensizlosdirms, hal diaqramyi, posa fazasi, metal ovuntulari, aliiminium,
silikokalsium, hesabi-taraz qiymatlar.

PACKMCAEHUE CTAAU B KOBIIE ITPOAYBKOV META AAMYECKX ITOPOIIIKOB
PA3IOME

PaccmatpuBaeTca BOIIPOC yAaA€HNs KUCAOPOAa U3 KUAKON CTaAu IPOAYBKOV MeTaAAndecKaX IOPOIIKOB B
koBIne. a5 0bbsicHeHUs packucaeHus Mg u Al ripejcraBaeHa guarpamma coctostHs cucteMsl MgO-ALOs. JdaHsr
rpadmKM ocAeA0BaTeABHOTO PacKICAEHNS CTaaAn 400aBKaMy aAIOMUHIS U cuAMKoKaalys. OIjeHeHsI paBHOBeC-
HOCTHU aKTMBHOCTHU Kucnopoga B cuctMmax [O]-[Si] u [O]-[Al]. Taxke mpeacTaeHa 3aBYCHMOCTb KOAMYECTBA KICAO-
POJa OT pacxoAa MarHus, IIOpoAyBacMOTO B KUAKYIO cTaab. [ToKasaHo, 4TO C yBeAUY€eHNEM pacxoda MarHus IIpo-
JICXOAUT MOHOTOHHOE CHIDKEHIe KOAMYEeCTBa KcA0poa B craan. IlpeacraBaenst rpaguky GakTIIECKOro U pac-
9JeTHOTO KOAMYECTB KICAOPOJa IIPY IMPOAYBKe MeTaAANIeCKUX IIOPOIIKOB.

Karouesble ca0Ba: CriaaBbl MarHusi, pacKicAeHne, AarpaMMa COCTOSIHILS, III1aKkoBast (pasa, MeTaaandecKue
ITOPOLIIKY, aAIOMIHUI, CUAVKOKAABIINI, PaCIeTHO-PABHOBECHBIE 3HAUEHIL.

DEOXIDATION OF STEEL IN THE LADLE BY BLOWING METAL POWDERS
SUMMARY

Consideration is given to removing oxygen from liquid steel by blowing metal powders in a ladle. To explain
the deoxidation of Mg and Al a state diagram of the MgO — Al203 system is presented. The graphs of the sequ-
ential deoxidation of steel by the addition of aluminum and silicocalcium. The equilibrium activity of oxygen in
the [O]-[Si] and [O]-[Al]. system is estimated. Also presented is the dependence of the amount of oxygen on the
consumption of magnesium produced in molten steel. It is shown that a monotonic decrease in the amount of oxygen
in steel occurs with an increase in magnesium consumption. The graphs of actual and calculated amounts of oxygen
when purging metal powders are presented.

Keywords: magnesium alloys, deacidification, state diagram, slag phase, metal powders, aluminum, silico-
calcium, calculated-equilibrium values.

Giris. Sads elementlardan oksidlerin yaranmasinin sarbest enerjisinin miiqayisasi gosatirir
ki, gelovitorpaq metallar1 oksigena gars1 an reaksiya qabiliyyetli metallardir. Magnezium va
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oksigen arasinda 1600°C-de maye demirds taraz nisbat amgar=6.4*10"" ¢ox kigik qiymats malik-
dir. Maqgneziumun oksigena kimyavi harisliyi polad istehsalinda adastan tatbiq olunan oksi-
gensizlagdirici elementlara nisbatan xeyli yiiksakdir, ona gors maqnezium kompleks oksid iin-
stirlori yaradaraq oksar oksigensizlesdirma mahsullari ils qarsiligh tasirde ola bilar. Aliimi-
niumla oksigensizlasdirilmis poladlarin aridilmasinde MgO-AlOs faza diaqramu (sokil 1) gos-
torir ki, maye altiminatlar yiiksok temperaturlarda terkiblarin genis intervalinda mévcud ola
bilarler ve magneziumun agqarlar: olan giltorpaq toplantilarinin globullasmasina komak eds
bilar. Lakin diger oksigensizlagdirici elementlardan farqli olaraq magnezium poladaritmas pro-
seslarinin yliksek temperaturlarinda (Pwg=0.17MPa 1560°C-da) maye damirds kicik hall olma
qabiliyystine malikdir. 1560°C-ds onun maksimal hall olmas1 maye maqgneziumun artiqhg:
ilo tarazliqda 0.028% teskil edir. Magneziumun hsll olmasi karbonun, silisiumun, nikelin isti-
rakinda artir. Masalon bazi yiiksak legirli poladlarda 10% Ni istirakinda maqneziumun hall
olmasi 2.4 dafe artir. Maye demirds onu silisiumla legirladikde magneziumun hall olmas1 26%
yiiksalir. Tacriibade maye polada magneziumun (MgC2) birlasmasi va ya orintiler (Si-Mg,
Mg-Si-Bo, Mg-5i-Al ve b.) formasinda daxil edilmasi oksigensizlasdirmays miisbat tasir gostor-
molidir, xtisusan bu daxil etma ovuntular sekilindas bilavasite maye metal iiftirmakls hayata
kecirilir.

Magqneziumun orintilari ils (Si-Mg, Mg-Si-Ba, Mg-Si-Mn) polad iifiirmakls oksigensizloas-
dirmada oksigenin yiiksok miqdarinda (a.>0.06%) oksigenin miqdarmin azaldilmas: istiqame-
tinde effekt altiminium kimi bels klassik oksigensizlasdiricilarin istifadesinde alinan naticaler-
don az farqglenir. Bu halda magneziumun manimsanilmasi oksigenin yoni onun rabitalagdiril-
mosi tigiin serf olunmug migdarmin daxil edilmis magneziumun timumi miqgdarmna nisbati 9%-i
tisteloamir va yaranan kompleks iinsiirlarin tarkibinds 19% MgO olur. Mg-Si-Ba arintisinin
istifadasi halinda oksid fazasinda yalmiz bariumun izlari tapilib.

Sakil 1. MgO-ALOs-un hal diagrami
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(M-MgO; A-Al20s; L-maye faza) [1]

[2, 5. 229] isin malumatlarina gore tokco maqneziumla oksigensizlosdirilmis poladda hall
olmus oksigenin migdar1 aliiminiumda oksigensizlasdirmadikina nisbaten az deyil, ona bax-
mayaraq ki, magqnezium oksigenin aktivliyinin azalmasia komok edir. Artiq altiminiumla
oksigensizlosdirilmis poladi magneziumla emal etdikde poladda magneziumun hall olmasi
naticasinda oksigenin aktivlik amsali azalir, ona gors amiiniumun miisyyen miqdari ils taraz
olan oksigenin [O] miqdar: faktiki artir. Lakin MgO-Al:Os maye iinsiirlarinin (ve ya bark bir-
lasmoanin) yaranmast iiglin lazim olandan yuxar1i maqneziumun miqdarin: artirdiqda oksige-
nin taraz miqdar oksidin aktivliyinin azalmasi ucbatindan daha da ¢ox azaldila biler. Ogar
oksigensizlagdirma mahsulu MgO-ALQOs-diirss, aliiminiumun minimal aktivliyi, hansi ki 0.013-a
barabardir [2], onda oksigenin taraz miqdar1 7.3*10%% togkil edir. [3]-ci isin moalumatlarina gore
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aliiminiumla darin oksigensizlesdirmadan sonra maqneziumun daxil edilmasinds poladda
oksigenin miqdar aliiminiumla adi oksigensizlasdirmada nail oluna bilmayan ¢ox kigik qiy-
moatadak (0.0001%) tezlikls azalir. Cox kigik giymatadak oksigenin konsentrasiyasimnin azaldil-
mas! aliiminiumla oksigensizlasdirmadan sonra maye poladda qalan oksigensizlagdirmanin
ilkin moahsullarinin demak olar ki, tam kenarlasdirilmas: sayasinds bas verir vo aliiminiumla
taraz oluna yaxin hall olmus miqdara uygun golir. Oger ayyarlarda maqnezium daxil olana-
dak giltorpagin mismara oxsar toplantilar1 miisahids edilirss, onda onun oturdulmasindan
sonra toplantilar yox olur, yalniz 2.2-2.8mkm 0lgiilarli sferik tinstirlor miisahids olunur.

Metal ovuntulan iifiirmakla poladdan oksigenin konarlasdirilmasi. Aliiminiumun artig-
Iig1 ils ilkin oksigensizlasdirilmis polada maqneziumun daxil edilmasi (aa>0.028%) oksigenin
kenarlagdirilma siiratinin shomiyyatli artmasina gotirir (sokil 2). Bu halda timumi oksigenin
miqdarmni 0.08-dan 0.068-dak azaltmaq ticiin lazim olan vaxt aliiminiumla (0.8kq/t) oksigensiz-
lagdirmads 8 daq ve yalniz agar aliiminiumla ilkin oksigensizlasdirilmis polada 2 daq sonra
silikokalsium (2.2kq/t) daxil edirlorse 5daq taskil edir. Oksigenin konarlasdirilmasinin miisa-
hids olunan siirati silikokalsium daxil edildikden sonra AlOs tinstirleriniin magneziumun ko-
moyile dayismasils izah olunur. Qlobulyar formali kalsium aliiminatlarinin yaranmasi {insii-
riin sathinin onun hacmina nisbatini azaldir, bu Stoks tenliyine gors iinsiirlorin kenarlasma
stiratinin artmasina gotirir. Aydindir ki, magnezium arintilsrinin tatbigi her seydsn avval geyri-
metal tinsiirlarin terkib ve morfologiyasina tesir etmays imkan verir. Maqnezium daxil edil-
dikdan sonra gotiirtilmiis metal niimunalarinds miisahids olunan oksid tinstirlsrini terkib va
morfologiyaya gore li¢ novds siniflagdirmak olar: 1) iri kompleks faza struktura malik olan ve
iri qlobulyar (~65mkm) maqnezium altiminat matrissasinda Al2Os kristallarin 6ziinde aks et-
diron ve SiO2-nin izleri, belo {insiirlar avvallar arintiden silikokalsium daxil edildikden 30sa-
niys sonra ya nisbaton gotiiriilmiis niimunslarde miisahids olunmusdur; 2) qobulyar, adsten
<4.5mm ol¢ili stisegakilli, bu aliiminatlarmn terkibinds 46-61% MgO ve SiO:-nin izlari olur; 3)
altiminiumun oksigensizlagdirilmesinde miisahide olunan MgO-asag tarkibli giltorpaq top-
lantiya oxlar tinstirlar.

Sokil 2. Aliiminum va silikokalsiumun slavasile poladin ardicil oksigensizlagdirilmasi:

([Olum, [O]s, [OJv-poladda oksigenin uygun olaraq iimumi, taraz ve baslangic miqdari)
1-faktiki naticelar; 2-hesabat naticalari

!
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MgO-ALQO:s faza diaqramina uygun olaraq terkibinda bdyiik migdarda MgO olan globul-
yar tnsiirlar 1600°C maye halda olurlar, onlar asagidaki reaksiya tizra giltorpagin maqneziumla
barpasinda yaranirlar: 3Mg+Al:Os=3MgO:[Al]. Maqgneziumla daxil edilon elementlar yaxs:
oksigensizlagdirilmis polad tiglin (sintinin daxil edildiyi moments aa>0.030%) giltorpaq tinstir-
larinin gevrilmasina zaif tosir edir (silisium) ve ya timumiyyatls tosir etmir (mangan, barium).
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Lakin barium magnezium aliiminatlariin morfologiyasina xeyli tosir gostorir. Mg-Si-Ba
arintisinin daxil edilmasindan sonra maye metalda yaranan globulyar iinstirler, silikokalsium
va ya Ca-Si-Mn arintisilo emalda alinan iinsiirlars nisbaton azdir ve daha dispersdir. Bels arin-
tilarin giltorpagin bark {instirlerini maye aliiminatlara ¢evirmak qabiliyyeti daxil edilen mag-
neziumun miqdaridan va oksigensizlagdiricinin daxil edilms aniinda oksigenin timumi tar-
kibindan asilidir.

Yiiksokgiltorpoq horgiilii (60% Al:0s) 50-tonluq galovda elektropoladin silikokalsium
ovuntusu ils tftirtilmasinds gosterilir ki, aliiminiumun kicik asqarlarmin tatbiqini nazerda
tutan oksigensizlagdirma texnologiasinin istifadesi poladin istehsalinin real saraitlarinda [O]-
[Al] sisteminin tarazligmna nail olmag1 tamin etmir; metalda oksigenin aktivliyi xeyli tarazdan
yuxaridir (sokil 3). E.h.q. metodu ils oksigenin aktivliyinin 6lgiilmasi [O]-[Si] sistemi iglin ta-
raza yaxindir. Bu alinmis naticalari [2, s. 160] isin miislliflori onunla izah edirler ki, qovslii so-
badan maye buraxildigdan sonra onda istirak edon mangansilikat iinstirler oksigenin aktivli-
yini tayin edirlar, bu, [O]-[Al]-un tarazli§1 {igiin hesabiys nisbaten yuxaridir. Bundan bagqa
posada ve odadavamlilarda da oksigenin taraz aktivliyi yiiksekdir, bu analoji tesir gosatirir.
Sekil 3-da iki eksperimentin mealumatlar: teqdim olunub, onlarin gedisinds polada silikokal-
sium {ifiiriilmiisdiir. Ufiirmoaden sonra oksigenin aktivliyi [O]-[Si] sistemindo tarazligdan xeyli
asag1 olan giymatloradok asag1 olmusdur vo [O]-[Al] sistemindaki tarazliga yaxinlagsmisdir. Bu
onunla izah olunur ki, magneziumun istirakinda srintide olan mangqansilikat tinstirlor dagilir,
manganin ¢ox kicik miqdari iloe magneziumaliiminium silikatlara gevrilir. Bels izah {instirlerin
rentgen mikroanalizatorunda skanlagdirilmasi ils tesdiqlenir, onun naticeleri tinsiirlarin tor-
kibinin toyini tizra (%) asagida verilib.

$akil 3. Tarkibinds 0.1% C; 0.4% Si; 1.2% Mn; 0.2% Cr olan A (1) poladinda, torkibinds 0.4% C; 0.28% Si; 0.90%
Mn; 1.0% Cr olan B (2) poladinda oksigenin aos va ao-a aktivliyinin eksperimental toyin olunmus hesabi-taraz

giymeotlarinin miiqaisesi; [Olim-A(3) ve B(4) poladlarinda oksigenin iimumi konsentraisyasi
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I- ovuntularin iifiiriilmasindan avval; II- tifiirmadan sonra; III- ¢alov; IV- araliq ¢alov

MgO | CaO | ALOs | SiO2 Mn MgS

Adi texnologiya

- 2-3 10-32 | 44-55 | 10-24 -

Magneziumla emalla

50-55 | 5-6 18-20 | 20-22 | - 10-1
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Tokmoenin gedisindo ayyarlar ¢alovdan gotiirtilmiisdiir ve tinsiirlerin torkiblarini yaxs:
toqdim edirlor. Adi texnologiyasi ilo miiqaisede poladi magneziumla tifiirmadan sonra iin-
siirlorde MnO-nun miqdar1 yox olan daracasins qadar azalir, MgO-in miqdari ise xeyli artir.
Sekil 3-daki malumatlar metalda oksigenin timumi miqdarma maqneziumla poladin tfiiriil-
masinin bels tasirini saciyyslendirir. Adaten iifiirmaden sonra poladda adi texnologiyaya nis-
baton (0.008%) oksigenin daha asagi miqdarini (0.006%) alirlar. Lakin tokmodo tokrar oksid-
lagsma ucbatindan hazir metalda oksigenin ¢ox kicik migdarini almaq miimkiin olmamisdir.

Poladda oksigenin miqdar iifiiriilan maqgneziumun sarfindan (sakil 4) [4], posada FeO ve
MnO-nun konsentrasiyasindan [5] asilidir. $akil 5-ds silikokalsium, magnezium karbidi ve
aridilmis fliis (60% MgO, 20% CaF2 va 20% Al:0s) giltorpaq horgiilii 50-tonluq ¢alova tiftiriil-
diikden sonra elektropoladda oksigenin torkibinin deyismasi gostarilib. Miiayyan olunmus-
dur ki, Al:Os-un tinstirleri MgO-ALOs tipli tinsiirlore gevrilirlor. Yeni geyrimetal tinstirlorin
yaranmas1 ovuntularin iifiirtilmasinds giiclii qarisdirma vo FeO vo MnO sakilinds posadan
oksigenin daxil olmas ile ¢agrilan posa ve metal arasinda reaksiya ils sortlonir. Aydindir ki,
ovuntularimn iifiiriilmasindas iki proses yer alir: tarkibinds miisyysn miqdarda FeO vo MnO
olan posanin sathinden oksigenin daxil olmasinin tasiri altinda geyrimetal {insiirlarin flotasi-
yas1 vo linsiirlorin yaranmasi. Metal vo posa arasinda kiitlodoyismesinin soyuq modellasdiril-
moasinin ve habels ¢alov saflasdirma proseslarinin senaye todqiqatlarinin naticelarinin tahlili
[6]-c1 isin miialliflorine o naticoya golmoayes imkan verdi ki, poladda oksigenin timumi miqda-
rimin saviyyasi asasan posada FeO ve MnO -nin miqdarindan asilidir. FeO+MnO ¢ox kigik
miqdarinda poladda oksigenin {imumi miqdar1 ¢calovun divarmin novii ils teyin olunur. [1,
s. 301]-isin malumatlarma gore silikokalsiumu iifiirdiikds poladda timumi oksigenin son miq-
dar1 xeyli deraceda onun ilkin migdarindan asilidir. ©heng ovuntusunu {iiftirditkds oksigenin
ilkin miqdarindan asili olmayaraq onun stabil kicik miqdarin1 almaq olar. Bels forq onunla
izah olunur ki, tifirmadan qabaq oksigenin yiiksok timumi miqdari ¢alov posasinda FeO-nun
yiiksok miqdarma uygun galir. Silikokalsiumla {ifiirmads metalin daha giiclii qarigdirilmas:
kalsiumun buxarlanmasi ucbatindan posanin daha tam barpa olunmasini temin edir. Bu, ok-
sid tinsiirlarinin yaranmasina gatirir, onlar tiftirmenin bdyiik olmayan davamiyyatinds me-
taldan kenarlasmaya gatmairlar. Poladda oksigenin aktivliyi silikokalsiumla va ya terkibinde
silikokalsium olan qarisiqlarla tifiirme halinda asagidir. Emaldan avval (siirat) vo sonra (max-
rac) imumi oksigenin [O] miqdarinin giymeatlari ve onun aktivliyi ao (n-aritmalarin sayidir)
gotirilib:

Ovuntunun tarkibi MgO 75%MgO+25%Al | 80%MgO+20%CaF2 | 60%MgO+20%Al+20%CaF2
[O]*10%, % 70/40 170/35 80/20 95/30
a0*10%, % 13/6 40/11 17/6 30/13
n 2 2 14 2
Ovuntunun torkibi | 60%MgO+20%CaF2+20%Cx30 Ck30 Sothi posa
[0]*10%, % 80/30 90/34 130/30
a0*10%, % 102 29/4 20/18
n 1 24 3

Bu magneziumun daha giiclii oksigensizlasdiricilik qabiliyyati ilo izah1 olunur. Aydindir
ki, silikokalsiumun ovuntusu ils poladin iifiiriilmesinds geyrimetal iinsiirlors gore metalin
yiiksak temizliyine nail olmaq tictin FeO ve MnO-nun posada asag1 miqdarina nail olmaq ¢ox
vacibdir. Oksigenin va geyrimetal tinsiirlerin miqdarina gore poladin yiiksek tomizlik dera-
casina o halda nail olunur ki, agar bosaldilmadan sonra oksigenin konsentrasiyasinin sonraki
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azalmasi bas verir [7]. Karbonun az miqdart ilo (<0.15%C) poladin aridilmasinds metal daha
da oksidlesdiyine gora poladin magnezium arintilori il karbonun asag1 miqdarlarinda tiftirtil-
mosinds arzu olunan naticaler vermayas bilor. Bu halda daha temiz magneziumla ve ya magq-
nezium orintilarile emal olunan polad olur. Bu, terkibinds magnezium olan globulyar {instir-
lorin kenarlagdirilmasinin on alverisli soraitlorile izah olunur. CaC2 ve silikokalsiumla poladin
tifiiriilmasi barabar oksigenszilasdirici tasir gostarir; onlar barabar daracads poladin tomizlik
daracesine tesir gostorir [7].

Sakil 4. Ufiiriilan maqneziumun sarfinden poladda oksigenin miqdariin asililig
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Sakil 5. Ovuntularla iifiirmadan sonra posada (FeO+MnO)-nun miqdarindan metalda timumi oksigenin asililig1
1-ilkin aridilmis fliis; 2-silikokalsium; 3-maqnezium karbid
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Sakil 6. Karbonun miqdarinin asili olaraq ¢alovda poladin iifiiriilmasi ti¢iin materiali se¢ma sxemi
1-maqnezium; 2-silikokalsium; 3-maqnezium karbidi
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Sakil 7. Ovuntularn iifiiriilmesinds oksidenin faktiki ve hesabi miqdar1
a-fliisds, K=0.35, b-silikokalsiumda K=0.2; 1-shang; 2-arimis fliis; 3-MgO-CaF2-Al:Os arimis fliis; 4-arqon;
5-silikokalsium; 6-silikokalsium va fliisiin qarisig1
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Tarkibinde <0.15%C olan poladlarin silikokalsiumla ve CaC2 ils emal halinda nazarat olun-
mayan qlobulyar {instirlorle yanasi metalda ham ds giltorpagin arzu olunmayan tinstirlori
agkarlanir. Sokil 6-da poladda karbonun miqdarindan asili olaraq tifiirma {igiin materialin
secilma sxemi verilib [79]. Kristallasmadan sonraki tinsiirlerin minimal miqdarmi temin etmak
tiglin derinliyine gors hatta metalin maksiumal miimkiin oksigensizlasdirilmasi, agar tokma-
do tokrar oksidloagsmaden metalin diqqgetle miihafizasi temin olunmayibsa, effektli olmaya bilar
[8]. Bununla slageadar olaraq tokrar oksidlasmanin qarsisin1 almagq tigiin bels tisulla emal olun-
mus poladi miihafize olunan miihitds ve ya vakuumda tokma arzu olunandir. Silikokalsium
ovuntusu ils tiftirmadan sonra polad giltorpagdan ve ya boyiik olmayan giltorpaq klasterlor-
den yaranmus kalsium aliiminatin qlobullarin1 6ziinde saxlayir [1, s. 201]. Slyablarda oksid
tinstirlarinin tadqiqi gosterdi ki, fliislarle emalla metal iifiiriilon fliisiin ve maye poladda tu-
tulan fliislorin ve tinstirlerin hissaciklori arasinda reaksiyalarin mahsullarinin boyiik olma-
yan miqdarmi 6ziinda tegkil edir. Aydindir ki, ager fliisiin {ifiiriilmesinda oksigenin timumi
miqdar: artiq metalda olan {instirlerin (ssassb Al20s-iin) tizmasi ve giliclii qarismasi naticasin-
do oksigenin timumi miqdar1 azalirsa, onda silikokalsiumla emal halinda magneziumun maye
aliiminatlar1 maye poladda yaranirlar vs fliisiin tiftirtilmasinds olduguna nisbaten ¢atin ke-
narlagirlar. [1, s. 201] isin miialliflori terafinden taklif olunan oksigensizlogsdirme modelins gora
oksigensizlosdirma siirati verilon vaxt aninda poladda oksigenin {imumi miqdarma miitona-
sibdir; maye polad sabit siiratlo atraf miihitden oksigeni adsorbsiya edir; metalin tokrar oksid-
lasmosi naticasinda fliisle tifiirdiikde Al2Os-in va silikokalsiumla iiftirdiikse mCaO*nAl2Os-un
miqdari artir; silikokalsiumla {ifiirdiitkde mMg+nAl:Os=mMgO*nAl2Os reaksiyasi naticasinda
ALOs oksidi mMgO*nAlLQOs-a gevrilir, reaksiyanin siirati Al2Os-un miqdarina miitonasindir veo
kifayast qadar yiiksakdir. Miisyysn ehtimallarla fliisiin ve silikokalsiumun tftirtilmasi tigiin
asagidaki timumi tenliyi istifads etmak olar:

[O]¢/[Ols=n+(1+n)exp(-Kt),

burada n=[O]./[Ols; [O].- oksigenin taraz miqdaridir. Ogar absis oxunda Kr-nin giymsatini,
ordinat oxunda Ig[O]+/[O]c qiymatini qoysaq onda {ifiirmanin faktiki davamiyystini istifads
edarak vo oksigenin miqdarinin baslangic ve son giymatlarini har bir tacriibi aritma tiglin c1-
zaragq, $okil 7-da taqdim olunan naticalari aliriq. Siirat konstantasi K bels sokilda toyin olun-
musdur ki, (1) tenliyine gore tacriibi malumatlar hesabi ils yaxs: iist-listo olmusdur. Fliisiin

(4.1)
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iiftirtilmasinde K-nin giymati 0.32, silikokalsiumun {ifiirtilmasinds ise 0.20 togkil etmisdir.
Sonuncu halda K-nin daha asag qiymaetlari faktla razilasir, bu, onu gostarir ki, silikokalsium
ovuntusu ils poladin iifiiriilmasinda oksigenin iimumi miqdarini ¢atin asag1 salmaq olar.

Forz etmoak olar ki, posa ve metal ovuntularinin qarisiqlar: ils poladin iifiiriilmasi oksige-
nin daha tam kenarlagdirilmasina gatirar. Bu halda oksid iinstirlerine gora poladin daha miim-
kiin yiiksek temizliyina nail olmaq olar. Eyni zamanda {insiirlarin morfologiyasinin dayismasi
tomiz silikokalsiumla metalin iifiiriilmasinde oldugu deracads, ancaq xeyli onun az sarfinda
bas veradakdir.

Naticalar: 1. Metal ovuntular ve posa qarisiqlarimin birlikds tifiiriilmasi ils armatur pola-
dmin calovda oksigensizlasdirilmasine baxilmisdir. Miisyyen olunmiisdur ki, maqnezium
arintilorinin ovuntular ilo poladin tfiirtilmasinds oksigensizlosdirme effekti aliiminium kimi
klassik oksigensizlasdiricilorls tifiirmadas alinan effektdon az forqlenir. Altiminiumun artiqli-
ginda ve maqneziumun daxil edilmasinds oksigenin poladdan kenarlasdirilma stiratinin kas-
kin artmas1 miisahide olunur. MgO-ALO:s faza diaqramma uygun olaraq ovuntularla {ifiirme-
da poladin tarkibinds MgO tipli qlobulyar oksidler 1600°C-ds maye halda giltorpagmn barpa-
sinda yaranirlar.

2. Mg-Si-Ba arintisinin ovuntulari ils poladin ¢alovda {iftiriilmasinds barium maqgnezium
aliiminatlarinin morfologiyasina ciddi tesir gostarir. Bu halda yaranan qlobulyar iinstir-
lar silikokalsium ve ya Ca-Si-Mn orintisile emalda alman {instirlare nisbaton daha dispers-
dirloer. Adi texnologiya ilo iiftirmaye nisbaton magnezium orintilorinin ovuntularmin Gfi-
riilmoasilo emalda poladdan kiikiirdiin kenarlasdirilmas: yiiksok effektls bas verir. Ufii-
riilon magneziumun sarfi artiqca poladda oksigenin miqdar1 kaskin asag diisiir.

3. Poladda karbonun miqdarindan asili olaraq ¢alovda onun iifiiriilmoesi ii¢lin ovuntu mate-
rialinin segilmosi tiglin sxem islonmisdir. Bu sxema asason, poladda karbonun miqdarinin
azliginda yalniz magnezium ovuntusunun, orta giymatindas silikokalsiumun, ¢oxlugun-
da ise maqnezium karbidinin istifadasi tovsiye olunur. Miisayyen ehtimallarla fliistin v
silikokalsiumun tifiiriilmasi tigiin imumi tenlik alinmigdir. Miixtalif terkibli ovuntularin
tiftirtilmasinda oksigenin faktiki ve hesabi miqdar: miiayyen edilmisdir.
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XULASO

Magqalada ikipillali silindrik disli carx reduktorunun kiitlo meyarina goére optimallasdirilmas: masslasins ba-
xilmugdir. Disli carxlarin kiitlolori comi maqgsad funksiyasi kimi gotiiriilmiis, o materialin sixlig1 ve ¢arxlarm hacmi
ol¢tiilori ilo ifade edilorak riyazi ¢evirmoalorden sonra osas tosir edici parametr kimi 6tiirma adadinden va ilisma
modulundan asili formaya gotirilmisdir. Magsad funksiyasinin minimum qiymsatinin tapilmasi ils optimallagdir-
ma masalasi hall edilmis, itigedisli pillonin 6tiirma adadinin optimal qiymetini hesablamagq {iciin alt1 deracali ton-
lik alinmisdir. Nyuton-Rafson medodundan, yaxud da Matlab ve ya Matcad proqramlarindan istifads etmokls mo-
salonin halli tisulu toklif edilmisdir.

Toaqdim olunan hesablama metodikas1 miivafiq konstruksiyali reduktorlarin kiitlasinin 10 — 20 %, uzunluq
Olctistiniin 7%-dan ¢ox azaldilmasini tomin edir.

Acar sozlar: reduktor, optimallagsdirma, magsad funksiyast, kiitls, 6tiirma adadi.

DOUBLE STAGE SPUR GEAR BOX OPTIMIZATION BASED ON MINIMUM MASS DESIGN
ABSTRACT

The article considers design constraints for the minimum mass of the double-stage spur gearbox. The total
mass of the gears has been used as an objective function and expressed as a function of the material density and
volume of the gears. After some mathematical operations, the total mass has been written in terms of gear ratio
and its module. Finally, the results of the optimization problem by using Newton-Raphson method or Matlab or

Mathcad software are presented by finding minimum value of the objective function and equation of the order of
six has been achieved to find the optimum value for the gear ratio of the first stage.

The proposed calculation method provides reduction in the mass and length of the gearbox by an amount of
10 to 20% and more than 7%, respectively

Key words:gearbox, optimization, objective function, mass, gear ratio.

OIITMMB ALV ABYXCTYIIEHUATOI'O HAVMHAPMYECKOI'O PEAYKTOPA
1O KPUTEPUIO MUHVIMA AbHOV MACCBHI

PE3IOME

B craThe paccMOTpeHa ONTUMM3aIMs ABYXCTYIIEHIATOTO HVUAWHAPWYIECKOTO 3yO4aToro peAyKropa Io Kpu-
TepUIO MMHMMaAbHOM Macchl. CyMMa Macc 3yDJaThIX KoAecC IIPUHATa Kak IieeBast QYHKIIVS U BhIpakalach depes
IIIOTHOCTU MaTepmada 1 oObeMa 3yOJaThIX Koaec. ITocae HEKOTOPBIX MaTeMaTHMIECKUX IIPeoOpa3soBaHUIIOBLI0
IT0y4EeHO 3aBMCUMOCTb BTOV CyMMBI OT IIepeaTOYHOTIO Y1cAa U MOAyAs 3alleniaenns. Hakowner, pesyabTatsl 3a-
Aady ONTUMM3alNY C UCIOAb30BaHIeM MeToAa HeiotoHa-Padcona u mporpammuoro obecriederust Matlab ran
Mathcad6bram pescTaBAeHBI IyTeM HaXOXAEHMSI MUHMMAa/ABHOTO 3HAYEHMVs I1eAeBOVl (PYHKIIUM M MTOAYYEHO ypas-
HeHle IIIeCTOTO TOPsIAKa, YTOOBI HaliTV ONTHMaAbHOe 3Ha9eHIe A4 IlepeJaTOYHOTO Yncia OBICTPOXOAHOM CTYTIeHIA.

ITpeasaraeMslit MeTOZ, pacdeTa obecriedrBaeT yMeHBIIIEH e MacChl U AAUHBI PeAyKTopa Ha BeAnduHy ot 10
20 20% 11 6oaee 7% COOTBETCTBEHHO.

Karouesble caoBa: KopoOKa ITepeay, ONTUMU3aINs, IjeAeBas GpyHKITN:A, Macca, IIepejaToqHOe 91CAO.

Giris. Miiasir mexaniki intiqallarin texniki saviyyasinin yiiksaldilmasi, vahid kiitlays ve
hacms diigen firlanma momentinin artirilmasi asas tedqiqat masslalarinden biridir. Lift, eleva-
tor va konveyerlarin intiqallarinda bels talablori 6dayan otiirlicii mexanizmlarin tatbiqi tolob
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olunur. Bu problemlarin halline nail olmagq iigiin tatbiq edilen elmi-tedqiqat {isullarindan biri
optimallasdirmadr.

Mexaniki otiirmalarin konstruksiyalar1 ve hesablanmasi [1 ve 2]-ds kifayet qadar genis
verilmisdir. Disli ¢arxlar reduktorlarmin bazi meyarlara gore optimallagdirma metodikasz ilo
[2]-da tanis olmaq olar. [3]-da liftlarin qaldirict mexanizmi {iciin layihalandirilmis d6rdpillali
konusvari-silindrik paket disli carx reduktorunun, daha yigcam konstruksiyasimi almaq tigiin
6l¢ii meyarina gors optimallagdirilmasi aparilmisdir. Tki pillali silindrik disli carx reduktoru-
nun optimallasdirilmasina [4] isinde baxilmigdir.

Disli garx reduktorlarinin ¢oxmagsadli goxmarhalali optimallagdirilmas: problemins [5]-
da toxunulmusdur. Burada goxsiiratli disli ¢arx otiirmasi qutularmin kinematik vo moéhkemlik
hesabatlari {izrs layihalendirilmasi ¢coxmaqsadli optimallasdirma problemi kimi formalagdi-
rilmigdir. Burada miixtalif disli ¢carxlarin eninin els se¢ilmasine cohd edilmisdir ki, disli ¢carxla-
rin material hacmi minimallasdirilmasina, 6tiirtilan giiciin iss maksimallagdirilmasina nail
olunsun.

[6]-da metalkason dozgahlarin dtiirmalar qutusunun disli ¢arxlarmim modulu va dislori-
nin say1 kimi konstruktiv parametrlarin elo tapilmasina cohd edilmisdir ki, eyni zamanda dord
maqsad funksiyasinin — elementlorin hacminin, ¢arxlarmn cevravi siiratinin, reduktorun eni ve
morkazlararasi masafasinin minimallasdirilmasi tomin edilsin.

[7] isinds iki pillali diizdisli ¢arx reduktoru tigiin iki imumilasdirilmis maqsad funksiyasi
formalasdirilmisdir; birinci maqsad funksiyasi reduktorun material hoacminin minimallasdi-
rilmasiny, ikincisi ise Otiiriilon giiclin maksimallasdirilmasini hadaflayir. [8]-do ise homin nov
reduktorun didilmae ve yeyilmo kimi triboloji aspektlari nazars almaqla, miixtalif dis profillari
vo yaglar tetbiq etmokls oxsar yanasma ila coxmagsadli otimallagdirilmasi aparilmis ve tak-
moaqsadli optimallagdirmaya nazeran ¢oxmagqsadli optimallasdirmadan istifads etmakls timu-
mi giic itkisinin iki dafe azaldillmasina nail olunmusdur.

Optimallasdirma metodikasi. Reduktorun optimallasdirilmas: meyar: olaraq disli ¢arxla-
rin kiitlalari comi gebul edilmisdir. Bu halda magsad funksiyasi bels toyin olunur [1]:

9m = M; + My, (1)

burada M; -birinci pilenin disli ¢arxlarinin kiitlsleri comi, M;; —ikinci pillenin disli ¢arxlarinin
kiitlalari comidir.

M; = M; + M,, 2)
burada M;- birinci pillonin aparan disli carxinin kiitlasidir:

M, = pV; = Pan%bv ©)

M,- birinci pillenin aparan disli carxinin kiitlesidir:

M2=PV2=P7TTd%b2=P%Mb2/ (4)

My = Mz + M,, ®)

burada M;- ikinci pillenin aparan digli ¢carxmnin kiitlasidir:
dZ
M3 :pV3 :p%bg, (6)

M,- ikinci pillonin aparan disli carxinin kiitlasidir:
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md3u?
4

M, = pV, = pT%p, = b 7
4= PVa=pPp—"Dsa=p 4 (7)

Yuxaridaki ifadalards p- disli carxlarin hazirlandig1 materialin sixligi, d ve b -uygun ola-
raq onlarm bolgii cevralarinin diametri va enlari, u; ve u, — uygun olaraq birinci va ikinci pil-
Ialarin 6tiirma adadlaridir.

Adaten aparan digli carxin eni aparilan disli ¢arxa nisbatan bir qadar boyiik gotiiriiliir [2]:

bl = 1,12b2, b3 = 1,12b4 (8)
Digor torafden

b, = %W (z1 + Dpq,,, )
bs = Z2uy (23 + Dipa,, (10)

burada ¥4, Vo ¥pq,, -birinci ve ikinci pillsler tigiin digli ¢arxlarin en emsallari; m; ve m; —
hamin pillalarin disli ¢carxlarmin ilisma modullari; z; ve z3 — hemin pillalarin aparan disli ¢arx-
larmin dislarinin sayidir.

Hesabati bir goder sadslegdirmok moqsodi ilo z; = z3, Ypq,, = Ypa,, qobul edak. (8), (9)
va (10) ifadalarini (3), (4), (6) vo (7)-do nazars alaraq ve 6z ndvbasinds sonunculari (2) ve 5)
ifadalarinda nazare almagqla (1) funksionalini yekun olaraq asagidaki kimi yazmagq olar:

2
Gm = 20721+ D, [ (1 + 11200) +m3 2 (14 112 (2) )] )

Ikipilloli reduktorlarda ikinci pills daha ¢ox yiiklandiyine gore bu pillanin modulu nisbe-
ton boytik qabul edilir. Adasten standart reduktorlarda m, = 1,5m; olur. Onda (11) ifadaesi bir
gadar do sadslagar:

u 3
gn =C [u1 + 1,120 + 3,382 +3,79 () ] (12)
1

u
u
burada
C= %mipzlz (z1 + Dpq,,,/
U = Uy Uy- reduktorun imumi Stiirmas adadidir.

(12) funksionalini minimallasdirmagq {i¢lin onun u;-o gors tdramosini alaraq sifira baraber
gabul edak:

3

d u u
Im _ ¢ 11+ 336u? - 338— —11,4—|=0
du, u;y uy

va yaxud
3,36u$ + uf — 3,38uu? — 11,4u3 =0 (13)
Bu tonliyin daqiq halli olmadig; {i¢iin teqribi metodlarin birindan istifads edilmalidir.

Naticalarin tatbiqi. Oldo edilmis naticonin praktiki shamiyystini yoxlamaq maqgsadi ilo
standart iki pillali I'J seriyali, iimum 6tiirme adadi u = 31,36 olan reduktorun {izerinds ade-
di hesablamalar aparilmisdir. Bu halda (13) ifadesi asagidak: sokls diiser:

3,36u$ + u* — 106u2 — 351587 = 0 (13%)

Nyutonun iterasiya metodunu tatbiq etmakls (13¥) tonliyinin kokiiniin u; = 6,88 oldugu
miiayyan edilmisdir. Onda reduktorun ikinci pillasinin 6tiirme adadi
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w3136,
Y

Standart reduktorun malum parametrlorine asasen onun disli ¢arxlarmin kiitlslarinin ce-
mini hesablayaq. Hesabatin naticoesi codvealds verilmisdir.

Pillo Ne | Digli ¢carxlar | Modul, mm | Diglerinsayr | Carxineni, mm | Enomsali | Carxmn kiitlosi, kq
I Aparan 2,0 30 80 0,4 1,76
Aparilan 168 55,3
I Aparan 3,0 30 120 04 5,95
Aparilan 168 186,6
Digli ¢arxlarmn iimumi kiitlesi, kq | ~250

Indi iss bu reduktorun garxlarmnin kiitlalerinin comini (12) ifadasina asasen toyin edok:

3,14
8

T
C= gmfpzlz(z1 + Dy, = +23-7,8-30%2-(30+1)-0,4 ~ 273 q/sm?

Burada p = 7,8 q/sm> poladin sixliidir.
9Im = 273[6,88 + 1,12 6,88% +3,38-4,56 + 3,79 - 4,56%] = 204 kq
Goriindiiyti kimi, reduktorun timumi 6tiirma adadinin verilmis giymatine asasen (13) ifa-

dasindan birinci pillanin 6tiirms adadini toyin etmakls reduktorun disli ¢arxlarmnin kiitlasini
250 kg-dan 204 kq-a qadar azaltmaq miimkiin olmugsdur. Bu faiz etibari ils 18,4% edir.

Qeyd edak ki, pillalarin ilisma modullarmimn nisbati dayisdikds natica bir qadar farqli almnur.
Belos ki, % = 1,6 gobul etsek u; = 7,1 va u, = 4,42 alinar. Bu halda disli ¢arxlarmn kiitlalarinin
1

comi 224 kq alinir ve faiz etibari ilo bu 10,4% toagkil edir.

Proqramlasdirma. Todqiq olunan masslonin Mathlab sisteminde analitik halli proqrami
asagida verilmisdir.

clear;clc
symsy g
u=31.36;
g=y+1.12*y"3+3.38*u/y+3.79*(u/y)"(3);
h=diff(g);

z=vpasolve(h);

figure(2);

y_new=3:0.1:8;

u_new=31.36;

r=subs(h,y,y_new); -3500
plot(y_new,r,'k'") -4000
grid -4500

Xlabel('U_I‘) 3 35 4 45 5 F:JT 6 6.5 7 75 8
ylabel('Differensial') Sakil 1.

Differensial
o
11
Q
8

-2500

Sokil 1-da ise hesablanmis proqram asasinda tonliyin kokiiniin qrafiki tosviri verilmidir.
Proqgramin hesablamasi ils (12) tenliyinin 6 kokii almur:

-6.8706131808256006275654845119537

6.8706131808256006275654845119537

3.4108763092524364975105536854294 - 5.94857541442455660676332419797571
-3.4108763092524364975105536854294 - 5.94857541442455660676332419797571
3.4108763092524364975105536854294 + 5.94857541442455660676332419797571
-3.4108763092524364975105536854294 + 5.94857541442455660676332419797571
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Bunlardan axirinci 4-ii kompleks adadlardir. Birincisi manfi adaddir. Ona gora de mantiqi
olaraq axtarilan kokiin ikinci natice oldugunu gabul edirik, yani u; = 6,871

Masalonin MathCad proqraminda halli daha asan ve ayanidir:

—6.8736090592105078213
6.8736090592105078213
3.4124056736421903008 — 5.951182466934223955i
—3.4124056736421903008 — 5.951182466934223955i
—3.4124056736421903008 + 5.951182466934223955i
3.4124056736421903008 + 5.951182466934223955i

3.36-u® + u? — 106.u% — 351587 = O solve,u —

Sakil 2. ikipillali silindrik disli ¢arx 6tiirmasinin qabarit dl¢iilarinin miiqayisasi:
a) standart reduktor ti¢iin; b) optimallagdirmadan sonra
171

90 504
228 221
1
|
|
i
60 336
a)
a0 4104
! |
! |
2394 250,2
60 418,8
724.8
b)

Yuxaridaki niimunads baxilan reduktorun disli ¢arx otiirmalarinin gabarit 6lgtileri de tod-
qiq olunmusdur. $akil 2-dan goriiniir ki, optimllagdirma naticasinda 6tiirmanin qabarit 6l¢ti-
lari do kigildilmisdir. Belo ki, standart reduktor {i¢iin bu masafs 777 mm oldugu halda, opti-
mallagdirmadan sonra 725-mma qadar azaldilmisdir. Bu ise 6tiirmanin gabarit dlgtistiniin 7%
azaldilmasi demoakdir. Reduktorun govda oOlgiilorinin de buna miitenasib olaraq azalacagini
da nazars alsaq toqdim olunan optimallasdirma metodu ilo timumi kiitlonin, uygun olaraq re-
duktorun metaltutumunun nazars sarpacaq qodar azaldilmasina nail olunacaqdir.

Naticalor:

1. Ik pillali silindrik disli carx reduktorunun kiitls meyarina gors optimallagdirmast masalasi
hall edilmis, minimum kiitloni tomin edacak 6tiirma nisbatinin se¢ilmasi metodikasi ve-
rilmisdir.

2. Otiirma adadinin minimum kiitlo meyarina gors tayin edilmasi iigiin analitik ifads aln-
misdir.
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Avtomatlasdirilmis layihe sistemi {i¢lin Matlab ve MathCAD proqramlari {igiin tatbigi prog-
ramlar verilmisdir.

Yeni optimallagdirma metodikasi ile ikipillali silindrik disli ¢arxin Otiirma nisbatlarinin
toyin edilmesinda reduktorun kiitlasinin ilo hesablamaqla reduktorun 10-20% azaldil-
masina nail olunmusdur.
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QORUYUCU QAZIMA BORU POLADLARINDA
YARANAN QUSURLARIN TOHLILI

KORIMOV R.IL
“Baku Steel Company” MMC
RaminKi@bakusteel,com

XULASO
Neft vo qaz¢ixarmada istifads olunan qoruyucu qazima borular1 ve onlarin muftalar: “Baku Stell Company”
MMC-ds fasilasiz tokma pastahlarindan alinir. Qoruyucu qazima boru muftalarinda istismar zamani bas veran
qusurlar va onlarin aradan qaldirilma yollar: tohlil olunur. Gésterilir ki, neft quyusunda istismar zamani1 mufta-
larin hiindiirlityii boyu toxminen diiz xatli ¢at yaranir. Bunun asas sebabi kimi mufta hazirlanan boruda metallurji
qiisurun - yayma batiglarinin olmasi gosterilir. Mufta hazirlanan poladin kimyavi terkibi standartin telablarine
cavab verir. Eyni zamanda muftada agilmis yivin biitiin parametrlori standartin teloblorini 6dayir. Ona gore do
fasilosiz tokiilmiis boru pastahlarmin yayma prosesinin toekmillosdirilmasi tvsiye olunur.
Acar sozlar: qoruyucu qazima borusu, mufta, metallurji qiisur, cat, yayma batigi, yivin profili, emission
spektrometr, metalloqrafik todqiqatlar.
AHAAU3 AEPEKTOB, OTPA30OBAHHBIX HA 3ATOTOBOK OBCA AHBIX BYPMABHBIX TPYB
PE3IOME

B OO0 «Baku Steel Company» obcaaHble OypUABHBIE TPYOBI U MIX MY(THI, UICITOAb3yeMble B HepTH — U Ta30-
A00BI4M, ITOAYJalOT HEIIPEPBIBHON OTAMBKOII 3arOTOBOK. IIpoBuieH aHaaAn3s AeeKTOB, BOSHUKAIOUIUX BO BpeMs
DKCIAyaTalny Ha MydTaX, 00cagHBIX OYpMABHBIX TPYO U ITyTH uX ycTpaHeHu:. ITokasaHO, 4TO BO BpeMs DKCIIAY-
aTauysl Ha HeTSAHON CKBa>KIHe 00pasyeTcs IpUOAN3UTEABHO IIPSAMOANHEHAs TpeIlyHa IO BhIcoTe MyPTHL. B
KauecTBe OCHOBHOJI IIPMYMHBI DTOTO ITOKa3aH HaAu4dMe MeTaAAypruieckoro gedekra — 3akarta Ha TpyOe, U3 KOTO-
poit n3rotosAeHa Mydra. XMMIIECKIII COCTaB CTaAM, 13 KOTOPOI U3TOTOBAeHa My(Ta COOTBETCTBYeT TpeboBaHEM
crangapta. OZHOBpeMeHHO TakKe OTBedaeT TpeDoBaHMeM CTaHJapTa BCe IapaMeTphl pe3LObl Hape3aeMol Ha MydrTe.
[TosTOMY pekoMeHAyeTCsI yCOBepIIIeHCTBOBaHYe ITpoIiecca IIPOKaTKU HEITPEPBIBHO AUTHIX TPYOHBIX 3aTOTOBOK.

Karouesnbie caoBa: obcagHas TpyOa, My(dpTa, MeTaaayprudeckuii AepeKT, TpellnHa, 3aKaT, Ipopuib pe3sosl,

DMUCCHOHHOII CIIEKTPOMETP, MeTaAA0rpadaecKe 1ccaeA0BaHMsL.
ANALYSIS OF DEFECTS, REFLECTED ON THE PREPARATIONS OF CASING DRILL PIPES
SUMMARY

In Baku Steel Company LLC, casing drill pipes and their couplings used in oil and gas production are produced
by continuous casting of billets. Provided an analysis of defects that occur during operation on couplings, casing
drill pipes and ways to eliminate them. It is shown that during operation, an approximately straight crack across
the height of the coupling is formed in the oil well. The main reason for this is the presence of a metallurgical defect -
dusk on the pipe from which the coupling is made. The chemical composition of the steel from which the coupling is
made meets the requirements of the standard. At the same time it also meets the requirement of the standard for
all parameters of the thread being cut on the coupling. Therefore, it is recommended to improve the rolling pro-
cess of continuously cast billets.

Keywords: casing pipe, coupling, metallurgical defect, crack, sunset, thread profile, emission spectrometer,
metallographic studies.

Giris. “Baku Steel Company” MMC-nin asas devizi Beynalxalq standarta cavab veren yiik-
sokkeyfiyyatli mahsulun istehsal edilmesidir. Buraxilan meahsulun keyfiyyotine nearat {iciin
miiassisoda asagidaki laboratoriyalar faaliyyet gostarir: spektral, kimyavi analiz, mexaniki si-
naq ve metallografiya.

Buraxilan mahsulun keyfiyystina bels diqqgetli nazarste baxmayaraq bazen istehlak¢i mii-
assisalordan reklamasiya senadlari daxil olur, onlarin tohlili bir ne¢e hallarda “Baku Steel Com-
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pany” MMC-nin buraxdigr mahsulun keyfiyystine iddianin asasan diizgiin olmadigini gos-
torir [1].

MBasoalon, “Samara neftqaz” AC A717 nomrosi altinda “Baku Steel Company” MMC-da
hazirlanmis &168x8,9mm qoruyucu borunun dagilmis muftasmi “Samara TTM” ASC-o todqi-
qat {iclin taqdim etmisdir. Qarsiya qoyulmus magsed borunun muftasinin materialinin key-
fiyyatini ve onun divarinda biitov catin yaranma sebablarini teyin etmak olmusdur.

Nozarst metodlari. Birbasa iimumi va yerli baxis nazarati ile tadqiqatlar TOCT PEH 13018
— 2014 va PDOS - 606 — 03 talablari ilo 200 — 600mm moasafodan 45°-don 90°-dok bucaq altinda
toloblora uygun laboratoriya masasinda otaqda aparilmisdir. Umiimi nazarati 20 Ik isiqlanma-
da, yerli nozarat ise 500 — 600 lk-lu lampalarla hayata kegirilmisdir. Umumi isiglanma bosgal-
ma lampalari, dolma va bosalma lampalari ils hayata kegirilib.

Qoruyucu borunun geyri — birbasa baxig nazarsti Canon EOS ve Canon Makro Lens fo-
toaparatlarinin istifadasi ile aparilmigdir. Bu aparatlar EF — AS60mm 1:2,8 USM obyektivi ila
tochiz olunub.

Tadqiq olunan obyektlarin ve onlarin elementlsrinin 6l¢giilmasi 1000mm-lik metallik 6l¢mo
xotkesinin TOCT 427 — 75 vo 150 — 0,Imm I'OCT 166 — 89 rogamli stangentsirkulun komayile
aparilmisdir.

Noticalarin miizakirsesi.Tedqgiqata taqdim olunmus uzunlugu 190mm olan dagilmis muf-
tanin koallalorinden birinde 35mm masafoda xarici sathde E25M kleymo vardir (sokil 1). Boru
da onun boyunca biitov ¢at vardir. Biitov ¢at zaif ayilmis xarakters malikdir ve boyuna (hiin-
diirliiye) istigametda paylanr (sokil 1 ve 2). Biitiin uzunluq boyunca ¢atin kenarlar1 ~5mm
aralanmisdir, bunun ucbatindan dagilmis muftanin tasvir olunan diametri 190mm tagkil et-
misdir. Catin kenarlarmin profili praktiki olaraq tam daqiqlikle tokrarlamir (sokil 3). Catin bii-
tiin uzunlugunda cavab sathlerinin siniqlart muftanin xarici sathine praktiki olaraq perpen-
dikulyar paylanir, bu kovrak dagilma ticiin saciyyevidir. Snigin ssthinds sevron sekil onu gos-
torir ki, markalanmaya aks olan topaden is¢i birlosmanin tersfinden uzununa kévrak cat in-
kisaf etmisdir [2-5].

Kovrak gatin yaranmasimin forz edilon ocaginin sahasindon metallurji xarakterli agilan
quisur darinliyi ~3mm olan yayma batig1 tapilmigdir (sokil 4). Catin kenarindan 40mm-dak
masafade muftanin xarici sethinds yayma batiginin izlari miisahids olunur (seokil 5). TOCT632
— 80. P.22 taloblarine asasen “boru ve muftalarn xarici ve daxili ssthinds qaysaq, kogus,
yayma batig1, qatvari ¢atlar vo qum izlari...” olmamalidir. Uzununa ¢atin kenarindan ~50mm
mosafada kasilmis iki uzununa makrotempletlorin miistovilorinde muftanin xarici sathine iti
bucaq altinda yerlosmis bir ne¢o yayma batig1 miiayyon olunmusdur.

QBTM muftanin daxili trapeseidal yivinin profilinin dlgiilmasi AVII-6 ikikoordinath 6l-
ciicli cihazin istifadesi ils uzununa makrotempletin radial miistavisinds aparilmigdir.

Yivin cadval 1-ds teqdim olunan 6lgiilmiis parametrlarinin naticaleri TOCT 623 — 80-nin
tolobloarine cavab verir.

Muftanin kimyavi terkibinin tayini. Muftanin materialinin kimyovi analizi “Q4TASMAN”"
optik emission spektrometrin istifadasi ilo fotoelektrik spektral analiz metodu ils aparilmis-
dir. Olgmalerin dagiqliyine nazarat PI'24a, PI'25a ve Y123 — 2 Dévlat standarti niimunalarina
gora yerino yetirilmisdir.
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Cadvel 1. QBTM muftanin ivinin profilinin 8l¢gmoelarinin naticalori

Markalama | Yivin addimi P,mm | Yivin profilinin hiind{irliiyiih | Profilin bucagy, «

1,624 14°35'19"
5,082 1,620 13°37'44"

A717 1,619 14°01'38
1,321 12°02'17"
5,086 1,615 13°09'56"

1,618 12°34'24"

I'OCT 623 — 80-nin taloblari
1,60+0,03 0
5,08 003 13(£29)

Cadval 2-da bir niimunada {i¢ 6l¢malarin naticalarine gora orta giymatlor gotirilib.

@168x8,9mm-lik borunun muftasmin materialinin toyin edilmis kimyavi terkibi TOCT
1050 — 2013-iin polad 50 markasina uygun galir vs kiikiird va fosforun miqdarina gérs TOCT
623 — 80-n1n taloblarini 6dayir[6, 7].

Muftanin materialinin barkliyi. Muftanin materialinin barkliyinin 6lciilmasi 251VRSD
universal barklikolgonin istifadasi ilo uzununa makrotempletdo TOCT 9013 — 59-a goro B
aqrabindas Rokvell {izra aparilmigdir. Olgmalarin naticalari cadvel 3-de taqdim olunub.

Sokil 1. Biitév uzununa ¢atlarlar olan@168x8,9mm-lik qoruyucu borunun muftasi

Sokil 2. Biitév uzununa gatla &168x8,9mm-lik qoruyucu borunun muftasinin dagilmasi
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Sakil 3. &168x8,9 mm-lik qoruyucu borunun dagilmasinin cavab saholori

BXG italmnr :"Q»O:msh;'-*"- A

4\7/2

P »-.—«nr&w)M‘x"\*"* 2

b) Daxili sath

Sakil 4. Kévrak uzununa ¢atin dagilma ocag sahasinda agilmis metallurji yayma batig
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Sokil 5. Muftanin xarici sethinde yayma batiglarinin goriiniisii

Cadval 2. Muftanin materialinin kimyavi analizinin naticelori

Elementin kiitls pay1, %
Niumunsanin

markast Fe C Si | Mn | Cr Ni Al Cu S P

A717 asast | 052 | 028 | 0,77 | 0,131 | 0,115 | <0,005 | 0,183 | 0,010 | 0,0014
T'OCT 623 — 80-nin talablari, polad50

> 047 | 0,17 | 0,50 - - - - - -

< 9538 T056 | 0,37 | 0,80 | 025 | 0,30 - 0,30 | 0,035 | 0,030
TOCT 623 — 80

< | | | | | | | | [ 0045 [ 0045

Muftanin materialinin barkliyinin 6l¢malariin alinmis naticalori HRB 95 — 97 sorti olaraq
690 — 750 MPa mohkamlik saviyyesine uygun galir.

Metalloqrafik tadqiqatlar. Muftanin materialinin mikrostrukturunun tedqiqi dagilma-
nin farz etdiyimiz ocag vasitasilo kasilmis enine mikroslifde ve uzununa ¢atin kenarindan
~10mm masafeds uzununa mikroslifde aparilmisdir.

Polad denasinin 6l¢iisii 250mkm-dak olan iridensli perlit strukturuna malikdir, bu dens-
lorin sarhaddi tizra biitov ferrit toru ilo TOCT 5639 — 82 I ndmraye uygun golir (sokil 6 vo 7).
Belo strukturlu material dinamik va pulsasiyal1 yiiklorin tesiri altinda kdvrak dagilmaya me-
yillidir. Ona gor do belo materialin mohkamlandirici termiki emala ugradilmasi vacibdir.

Forz olunan dagilma ocag sahasine uzununa catdan gedsn yayma batigmindaxilinds ytik-
sektemperaturlu oksidlarin shemiyystli qat1 ve onun boyunca metalin karbonsuzlasmis qati
tapilmigdir (sokil 8). Uzununa mikroglifin seathinde hem da yiiksek temperaturlu oksidlarla
dolmus vo onlarin boyunca karbonsuzlasmis darinliyi 3 mm-dak olan bir ne¢o yayma batig1
miidyyan olunmusdur.

Muftanin divarinda uzununa ¢atin dagilmasi 300mkm-dak 6lgtiilorli qopmanin fasetlari-
nin yaranmasi ilo kdvrak transkristallik mexanizm {izra bas vermisdir (sokil 9).

Kovrak qatin kenari tizrs agilan qiisurun sathi sigallanmig goriiniige malik ve kovrak yiik-
soktemperaturlu oksidlarls ortiiliib, bu, isti yayma prosesindes yaranan metallurji yayma ba-
tiglar1 {igiin saciyyovidir.

Bu todqgigatlarin naticasi olaraq asagidakilar1 geyd etmoyi lazim bilirik.
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Cadval 3. Muftanin materialinin barkliyinin 6l¢gms naticalori

Niimunanin markalanmasi Olgmeo yeri HRB iizra barklik
Xarici toraf 96,7
Zavod topasi Ozak 95,7
Daxili toraf 94,8
Xarici torof 94,8
A717 Ozak Ozok 94,8
Daxili toraf 95,8
Xarici toraf 96,0
Isci topa Ozak 95,5
Daxili toraf 95,2

Soakil 6. Muftanin materialinin denalarinin serhaddi boyunca ferrit torlu iridanali perlit strukturu, enina kasik

“Baku Steel Company” MMC-nin istehsali olan QBTM “E” mohkemlikli &168x8,9mm qo-
ruyucu borudan alinmis dagilmis muftanin materiali polad50 markasina TOCT1050 - 2013
uygun golir, kiikiird ve fosforun miqdarma gore TOCT 632 — 80-nin taleblorine cavab verir Yivin
addimy, yivin profilinin bucagimn hiindtirliiyii TOCT 32 — 80-nin talablarins cavab verir.

Sakil 7. Muftanin materialinin densalarinin serhadlari boyunca ferrit torlu iridensli perlit struktu, uununa kasik

Uzununa, biitov, kovrak ¢atin dagilma ocagr sahasindas is¢i birlosmanin terafindendarin-
liyi 3mm olan “yayma batig1” tipli metallurji qiisur miisyyon olunmusdur. Bu qtisur TOCT 632 —
80 {izro buraxila bilmayan qiisur sayilir. Muftanin xarici is¢i sothindede darinliyi 3mm-dak olan
I'OCT 632-80 ils buraxila bilmayan “yayma batig1” metallurji qiisurlar miisyysn olunmusdur.

52



Qoruyucu qazima boru poladlarinda yaranan qiisurlarin tahlili

Gostorilon metallurji qiisurlar: logv etmak tiglin aritmads vo fasilesiz tokmade metal: yiik-
soktemperaturlu oksidlerin yaranmasidan etibarli miihafize etmak lazimdir. Bundan slave
aktiv qazsizlagdirma va fiziki tasir metodlarmin tetbiqi ile elektropoladaritma texnologiyasi-
nin tatbiqi talsb olunur. Bununla birlikds ham borunun ve ham ds muftanin yayma texnolo-
giyasinin rejimlarinin yayma batiqlarini Iagv etmak tigiin yeniden islonmasi zaruridir.

Sakil 8. Muftanin materialinin yayma batig1 sahasinds ve dagilma ocag1 sahasinds mikrostrukturu, enina kasik

Yayma bathgmm sathi

Uzununa ¢atm
smigmm sathi

Naticalar.1. Neft vo qazgixarmada istifade olunan qoruyucu borularin bir — birine baglan-
masi tigiin istifade olunan muftalarin keyfiyyeot gostoricilari tahlil olunmusdur. Miiayyan edil-
misdir ki, istehsal olunan muftalarin metalinin kimyavi torkibi TOCT 1050 — 2013-un talable-
rine tam cavab verir. Metalin torkibi kiikiird va fosforun miqdarma gore I'OCT 632 — 80-nin
toloblarini 6dayir. Muftada agilmis yivin biitiin parametrloride TOCT 632 — 80-nin taleblarini
tam 6dayir.

2. Is prosesinde muftada hiindiirliiyii boyunca cat bag vermisdir vo mufta siradan ¢ixmis-
dir. Onun makro ve mikrostrukturunun tedqiqi muftada metallurji qiisurun — “yayma bati-
ginin” olmasini askarlamisdir. “Yayma batig1”-nin movcudlugu ve muftanin hiindiirliiyii
boyunca dagilmasi iki amilin hall edilmasini tolab edir.

Birinci, borularin yayma prosesinin tokmillosdirilmasi {i¢iin yeni yayma vallarmin islon-
mosi zarureti yaranir.

Ikinci, mufta pestahlarmin termiki mohkemlendirmakls struktur va xassalerinin yaxsi-
lasdirilmasi lazimdir.
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Sakil 9. Muftanin materialinin yayma batig1 sahasinds ve dagilma ocagi sahasinds mikrostrukturu, enine kesik
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XULASO

Ovuntulari iifiirmakls ¢alovda maye poladin kiikiirdsiizlasdirma prosesinin termodinamikasima baxilir. Tlk
dafe olaraq iifiiriiloan ovuntularin asas komponenti kimi MgO-dan istifade olunmus va saflasdirma prosesinin
termodinamikasi giymatlondirilmisdir. Ufiiriilon ovuntularin terkibinds asas komponent kimi MgO-nun istifadasi
CaO ilo miiqayisada ¢alovun horgiisiiniin is¢i qabiliyyatinin xeyli yaxsilasmasina gotirir. Torkibinde maqgnezium
oksidi olan ovuntu qarisigmin iifiiriilmasinde poladin terkibinds kiikiirdiin miqdarmin dayisme xarakteri dyronil-
misdir. Metal-posa arasinda kiikiirdiin paylanmasimnin tarazliq smsallar1 miiayyen edilmis, qeyd olunmusdur ki,
poladin kiikiirdsiizlosma daracesi hem posa fazasinin torkibinden ve ham de onun metalla garsiligh tesir davamiy-
yoatinden asilidir.

Acar sozlar: kiikiirdsiizlagsma, polad, calov, saflasdirma, termodinamika, posa arintilori, magnezium ok-
sidi, tarazliq emsali, konsentrasiya.

AHAAN3 TEPMOANHAMMKU ITPOITECCA AECYAb®YPALINU
CTA/AU B KOBIIIE ITPOAYBKOW ITOPOIIIKAMM

PE3IOME

PaccmaTpuBaeTcst TepMoAMHaAMUKa TIporiecca AecyAbQyparnyy XXIAKON CTaaAM B KOBIIe ITPOAYBKOJ ITOPOIII-
KaMl, TIepBble B KayeCcTBe OCHOBHOIO KOMIIOHeHTa B COCTaBe ITOPOILIKOB 1CII04b30BaH MgO 1 nmpousseseHa olieHKa
TepMOAMHAMUKH IIporiecca padpuamposanns. Vicroassosanne MgO, Kak OCHOBHOTO KOMITOHEHTa ITOPOIITKOBOII
cMmecu 110 cpasHeHUIO ¢ CaO npMBOAUT K 3HAUMTEALHOMY yAy4IIIeHUIO pabOTOCIIOCOOHOCTM OOAUITOBKM KOBIIIA.
VIzyden xapakrep U3MeHeHIsI KOAMYeCTBa Cephl B CTaAM IIPU IIPOAYBKe IIOPOIIKOBOM CMEChIO, CoAep Kallell OKCIA
Marans. OnpeaeaeHsr KO9(PUITMEHTH paBHOBECHS pacpejeeHIs cephl MeXXAy MeTaa-I1aK, OTMeYeHo, YTO CTe-
IIeHb AecyAbQypalny CTaAM 3aBUCUT KaK OT COCTaBa I11aKoBoi (pa3bl, TaK U OT ee B3aMOAEICTBIIE MeTaAA0M.
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ANALYSIS OF THE THERMODYNAMICS OF THE PROCESS OF DESULFURIZATION
OF STEEL IN A LADLE BY BLOWING POWDERS

ABSTRACT

Thermodynamics of the desulphurization process of liquid steel in a ladle by blowing powders is considered,
the first MgO is used as the main component in the composition of the powders and the thermodynamics of the
refining process is evaluated. The use of MgO as the main component of the powder mixture as compared to CaO
leads to a significant improvement in the performance of the bucket lining. The nature of changes in the amount
of sulfur in steel when purging with a powder mixture containing magnesium oxide has been studied. The equilib-
rium coefficients of the distribution of sulfur between the metal-slag are determined, it is noted that the degree of
desulfurization of steel depends both on the composition of the slag phase and on its interaction with the metal.

Keywords: desulfurization, steel, ladle, refining, thermodynamics, slag alloys, magnesium oxide, equilibrium
coefficient, concentration.
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Giris. Fasilasiz tokmae pastahlarinin istehsalinda an vacib aspektlardan biri tokiilen maye
metalin yiiksak keyfiyyatinin tomin olunmasidir. Maye metalin keyfiyyeti iss onun saflagdi-
rilma daracesindan asilidir. Saflasdirmada magsad metalin asason kiikiird ve fosfordan mak-
simum doracado tomizlonmosidir.

Masalan, tesirsiz qazin sirnaginda ovuntularla tifiirmakls ¢alovda metalin kiikiirdsiiz-
logdirilmasi metallurgiya miiassisalorinde genis totbiq tapir. Kiikiirdsiizlosma {igiin shang
asasinda posa qarisiqlar: ve habels silikakalsiumun, CaCz, CaCNz, magnezium, NTM b. vo ya
onlarin posa ovuntularinin garigiglari istifade olunur. Ufiiriilon ovuntularin yiiksak reaksiya
qabiliyyeti onlarin maye metalla effektiv qarsiligl tasir sathi poladin kiikiirdsiizlagsmasi {iciin
alverisli termodinamiki va kinetik soraitlor yaradir. Bu metadun bir tistiinliiyti do hem ds on-
dan ibaratdir ki, reagent (posa qarisiqlari, metallar vo metallarin arintileri) qaz-dasiyicisinin
sirnagy ile Gftiriiliir, bu, ham ds metala miisyyen saflagdirici tesir gostarir [1]. Calovda ovun-
tularm tftirtilmasi ilo poladin kiikiirdstizloasma prosesi, iiftirmenin minimal davamiyyatini
tomin etmak vo ¢alovda metalin soyumasin azalmagq ticlin onun hayata kegirilmasi maksimum
ytiksak siiratle saciyyslonmalidir. Sonuncu xiisusan ¢ox poladaritms sexlarinds ¢alov-soba tipli
xtisusi qurgularin olmamasi halinda vacibdir. Calov-soba, masalon elektrik qovsii ilo metalin
qizmasini tomin edir. Bu sababdaen kiikiirdsiizlesdirici ovuntu materiallarinin sarfi minimal
olmalidir, yoni onlar yiiksak kiikiirdsiizlasma qabiliyyatine malik olmalidirlar. Xiisusi qapa-
ga malik olmayan turs horgiilii ¢calovlarin istifadesinds iiflirmenin davamiyyatini azaltmaq
lazimdir. Ciinki bu halda posa ve metal odadavamlilarla ve atraf miihitle kimyavi qarsiligh
tasirdas olur. Belslikls ovuntularla tifiirmakls calovda poladin kiikiirdsiizlosma prosesinin sa-
moarali texnoloji parametrloarinin toyini tigiin baxilan prosesin termodinamiki ve kinetik xtisu-
siyyatlori maksimal nezers alinmalidir.

Magqnezium oksidi asasinda ovuntularin iifiiriilmasila calovda poladin kiikiirdsiizlas-
ma prosesinin termodinamikasi. Posa arintilorinin ion nazeriyyasinden asili olaraq maye po-
ladda hall olmus kiikiirdiin asasi posalarla qarsiliql tesiri asagidaki reaksiya tizro gedir [2]:

[SIHO*)=[O]+(5*) )

Posada kiikiirdiin anionlarinin kalsiumun kationlar1 ile qarsiigh tesiri metalin
kiikiirdstizlessmasinin miisyyen daracasini temin edir.

(1) reaksiyasmin tarazliq konstantasi asagidaki sokil alir:

_ a(s*™)lo] _ (s*7)l0] f(s*D)fl0] @)
$ 7 a(0?Mals]  (02)[s] fOSfIST

burada ve sonrak: diisturlarda kiikiird ve oksigenin kiitls konsentrasiyasi faizlarls ifads olunub.

Kiikiirdsiizlosma prosesinin miqdar xarakteristikas1 kimi adsten posa ve metalda taraz
konsentrasiyalarin nisbestine berabar olan metal ve posa arasinda kiikiirdiin paylanma (kii-
kiirdstizlosma gostericisi) amsali gebul edilir.

Ls = ()/[8] 3)
(2) vo (3) ifadalarinds, aliriq
L, = k, 20D ©) 18] (4)

Sf(s*7) [0] flo]
Osasi posalar liglin oksigen va kiikiirdiin anionlarinin aktivlosme amsallarinin nisbati
sabit olur [2]. Ogar bu sabit nisbati tarazliq konstantas: {i¢iin diistura daxil etsak, onda (4) ifa-
dasindan almur:
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) » (027) fIS]
Ly = K; 0] rlo] )
(5) ifadasine asasan metal vo posa arasinda kiikiirdiin paylanma smsali Ky kontantast,
metal vo posada oksigenin konsentrasiyasi, metalda oksigen va kiikiirdiin aktivlik amsallar1
ils teyin olunur.

Aydindir ki, poladin kiikiirdsiizlesmasina posada oksigenin serbast ionlarmin yiiksak
konsentrasiyasi1 ve metalda oksigenin asag: aktivliyi komak edir. Bu ona isaradir ki, kiikiird-
stizlagsmanin an yaxs1 termodinamiki garaitleri o halda yaranir ki, hemin halda posa MgO ils
doyub, metal isa dorin oksigensizlasib. (5) ifadasini L, taraz kemiyyatinin hesablanmas iigiin,
agor K, konstantasinin giymati malumdursa, istifads etmak olar.

K kemiyyotini kiikiirdsiizlosme gdstericisinin tacriibi giymatlorine gore hesablamaq miim-
kiindiir [3]. Bu halda adebiyyat mealumatlarinin asasinda 1500°C temperaturda fis=1.22, fjo=0.78
va [O]=2*10% gobul olunmusdur. Metal arinti kimi karbonil demir xidmat etmisdir (0.84% [C],
galan agqarlarm migdari <0.01%-dir). K; ticiin 0.0262 qiymseti alinmisdir. Lakin bu isde oksige-
nin gobul olunmus miqdar: azaldilmisdir. Miixtalif todqiqatgilarin laboratoriya mealumatlari-
na gora [2] [C]-[O] vurgusu tarazliq seraitinds 1.8*10--dan [4] 3.4*103-dak [5] dayisir va karbo-
nun 0.8-0.9% miqdarinda 2.8*10°[5] kemiyyatini tagkil edir. 3*10°%-da (5) tenliyi asagidaki se-
kil alacaqdur:

Ly = 520K,(0%7) (6)

[3] malumatlarma asasan kiikiirdsiizlosma gostericisinin diizxatli asililifinin maillik bu-
cagmin posada oksigen ionlarmn kiitls konsentrasiyasinda tangensi 21.25 tagkil edir, buradan
aliriq K,=0.041.

(6) tonliyinde oksigenin serbast ionlarmin O* konsentrasiyast 100q posada (no2) oksigenin
mollarinin ionlarmin sayi ils, yani (O*)=Aomon=16ne- il slagadardir. ne- kemiyysti [3-un] diis-
turu ils teyin olunur:

Noz2- = Ncao + Nmgo + Mugo + Nro — M0, — 2Msio, (7)
burada oksidlarin mollarinin say1 (100q polada) nmo=(MeO)/Mwmio;

Muio- oksidin molekulyar kiitlesidir. (7) diisturu giiclii ssasi posalarda AlO; ve SiOf~ yal-
niz sade kompleks anionlarin yaranmasina oasaslanib. Aydindir ki, metal-ssas1 posa sistemi
tiglin (5) ifadasinden aliriq.

: f1s1 (0%

Okser hallarda metala iifiiriilon posasmalagstirici qarisiqlarin terkibindas {izgacli spat olur.
CaFz-nin kiikiirdsiizlasma prosesine miisbat tesiri malumdur [2]. Bu halda kiikiirdstizlasma-
nin gostaricisi B=(ncaotncar)/nsioztnaros diisturuna gora toyin olunan B posasmin asasiliyile
alagadardir [6, s. 129]. ajo=[O]fio=15*10-* oksigenin aktivliyinde bu alage demak olar ki, xatti-
dir va onda kalsium florun kiikiirdstizlosma gostaricisina tasirini toxminan slave vurgu ils na-
zara almaq olar:

Near (CaF,)
H=1+—2=1 71
+ nemgo +0.718 (Mgo)y’

)
burada 0,718 oksidin va kalsium florun molekulyar kiitlalarinin nisbatidir.

Polad ve posanin mealum terkibinds ve miqdarinda kiikiirdiin taraz terkibini, yeni onu,
poladda nail olunan minimal konsentrasiyasini ve habels posa ovuntularmin qarisiglar ile
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metalin tftiriilmoasinds formalasan posanin kiikiirdsiizlesdirma qabiliyyatinin istifade dere-
cosi ila hesablamagq olar. Senaye saraitinds samotdan horgiilii ¢alovda armatur poladlarinin
kiikiirdstizlagsmasi tictin 50% MgQO, 25% shang va 25% tizgacli spatin ovuntularmin qarigigin-
dan istifade olunmusdur. Ufiiriilon ovuntu qarigigmin miqdari tokiilon metalin 0.7-1.4% kiit-
lasini togkil etmisdir. Ovuntularin kimyoevi tarkibi codval 1-da verilib.

Ovuntu qarisig1 furmal calova maye metalin n~1/3 darinliyi gedar daldirmaqla A markal
texniki temiz arqonun sirnaginda verilir. Calova ovuntularin {fiiriilms davamiyyeti arqon
kemarinds >0.8MPa artirilmis tazyiqin qiymetinds 2.2-3.2 daq teskil etmisdir. Magnezium ok-
sidi, shang vo tizgacli spatin (2:1:1) qarisigin samotdan horgiilii calovda metalina tifiiriil-
mosinin asas texnoloji parametrlori cadval 2-da verilib. Ufiiriilon hissaciklarin 6lgiilari <0.630
mm tagkil etmisdir. Qeyd edak ki, sheng avezine maqnezium oksidinin istifads edilmasi ca-
lovun horgiistiniin daha gec dagilmasina komok edir. Bels ki, agor shang ve tizgacli spat qa-
risigindan istifads etdikde ¢alovun horgiisii tomirsiz 60-70 dafe islomaye davam gatirirdiss,
maqnezium oksidi istifade edildikde bazi hallarda horgii hatta 100 dafe temirsiz istifadaye
yararl olmugdur. Eyni zamanda aparilmig aritmalars gore ovuntularin sarfi metalin kiitlasi-
nin 1.02%-ni teskil etmisdir, arqonun sarfi ise qa=0.22m?%/t polad, iifiirms intensivliyi Vu=315
kq/(T-daq) olmus, ovuntularin iifiirtilme vaxti arzinde ¢alovda metalin temperaturu 14°C-dak
azalmusdir. Ufiirmenin bela parametrlorinds ovuntularin atmosfers ¢ixmasi ¢ox az olmusdur.
Ovuntularla metalin iifiiriilmasinden sonra ¢alovda posa maye sokilinds olmusdur.

Cadval 1. Ufiiriilon ovuntularin ve metal buraxildigdan sonra galan ¢alovda yaranan posanin kimyevi torkibi

Material Komponentlorin kiitle migdar, %

MgO | CaO | MnO | FeO | SiO:2 | ALOs CaF2 digarlori S
Ovuntu:
Magnezium oksidi 90.01 7.8 - 02 12 - - 0.75 0.025
Shang 912 8.01 - 0.55 2.8 1.26 - 2213 0.027
Uzgocli gpat 2.55 0.09 - 049 3.94 0.80 8242 980 0.054
Magqnezium oksidi ve {izgacli spatin qarisigy 70.14 04 - 0.50 3.06 1.05 20.62 4.179 0.027
Calov posast 60.5 87 03 03 16.4 6.3 75 - -

Metali sobadan ¢alova buraxdiqda soba yiiksak asasi posanin metalla intensiv qarigdiril-
masi naticesinda poladda kiikiirdiin miqdar1 orta hesabla 0.0021% azalmisdir. Metalin maq-
nezium oksidi, shang ve lizgacli spatin (2:1:1) ovuntularin qarisig ilo sonraki tifiiriilmasinda
onda kiikiirdiin miqdar1 0.006-0.012-den 0.0035-0.0105%-dak (orta hesabla 0.0025%) azalmisdir.
Biitlin aparilmig aritmalar tizrs kiikiirdsiizloasma daracasi orta hesabla 32% (cadval 2) tagkil
etmisdir. Metalin ¢alova buraxilmasimdan sonra posanin orta tarkibi cadval 1-das verilib.

Ovuntularin iifiiriilon qarisigindan va iiftirme prosesinds metalin sathinden onun hacmine
calb edilon posada yeni posa fazasi formalagir. Onun terkibi fasilesiz olaraq dayisir, clinki tifii-
riilon ovuntu qarisiqlarinin terkibi ilkin soba posasinin terkibindan farqlenir. Hatta har bir
aritma {iglin miisyyen forq mévcud olur. Ufiirmanin intensivliyinin ve soba posasinin ve ovun-
tunun kimyavi torkibinin qiymatlarine goérs (cadval 1) tacriibi aritmalarin araliq va son posa-
larinin tarkiblari hesablanmisdir. Araliq posa 45% slave etmokls soba posasinin tarkibine, son
posa isa hamin aritmada biitiin {ifiirtilon ovuntu qarisiglarmin terkibine malik olur. Bu natice-
lar cadval 3-da verilib. Araliq posanin tiglii sistema MgO-CaO-SiO: vo ya MgO-5i0Oz-CaF: (po-
sada bu komponentlarin com miqdar1 100% gebul olunmusdur) gatirilmasi gosterir ki, posa
sistemi MgO-SiO»-CalF: verilan tarkibde 1650°C likvidus temperaturuna malik olmalidir. Alii-
minium ve maqgnezium oksidlsrinin alave edilmasi bu temperaturu asag1 salir. Asagidaki tor-
kiba malik olan posa: 58.2% MgO; 16.5% SiO2; 12.8% CaFz; 8.5% CaO; 3.5% Al0s; 0.33% FeO
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1580°C-da tam arimis vaziyyatdas olur ve 1520°C likvidus temperaturuna malik olur. Bu me-
lumatlar natico ¢ixarmaga imkan verir ki, metala maqnezium oksidi, shang veo tizgacli spat
qarisig tfiirdiikdae (2:1:1) kiikiird maye posa fazas ile qarsiliqh tesirda olur.

Calov posasinda kiikiirdiin konentrasiyas1 metaln buraxilma ve sonraki kiikiirdsiizlosma
prosesi ovuntularla tifiirmada sobadan kenarlagdirilmis kiikiirdiin miqdari ils tayin olunur.
Cadval 4-ds bir sira eksperimental arintilorde metalda kiikiirdiin miqdarmin doayismasi veri-
lib. Soba posasimin ilkin komponentlari shang (65%), tizgacli spat (10%), silikat topasi va sa-
motdur. Ilkin soba posasinda kiikrdiin menbalori shang va {izgacli spatdir. Aydindir ki, ilkin
saflagdirilmis soba posasinda kiikiirdiin konsentrasiyasi 0.026 * 0.6 + 0.043 * 0.1 = 0.20% - dir.

Sobada saflagdirmadan ve metalin ¢alova buraxma prosesinde metadan posa fazasina
kiikiird kecir, onun kiitlasi mg = A[S], * 10™3my,-dir. Burada m,,- bu halda 1.884*10%kq ge-
bul olunmus metalin kiitlasidir. Metal1 ovuntularla {ifiirmanin avvalinde posada kiikiirdiin
konsentrasiyas: tagkil edir, (S)o = 0.020%+m"S/mp*100% =0.020%+100/3*A[S]o, burada mp-meta-
lin kiitlasinin 3%-na barabar gotiiriilmiis soba posasmin kiitlesidir. Calovda ovuntularla tifiir-
mads kiikiirdsiizlesmada posada kiikiirdiin migdariin sonraki artmasi bas verir. Ufiirmanin
sonunda kiikiirdiin posada miqdar1 m;=0.020*102m;+0.030ma+A[S]i*10? barabardir, burada
mn-ovuntunun kiitlasidir, onda kiikiirdiin konsentrasiyasti (S)»=0.027%-dir (codval 1). Ufiirmoe-
nin sonuna posada kiikiirdiin kiitls konsentrasiyas1 (%) uygun olaraq.

(S = 0,020 -T2 40,027 —"Z+A[S],

pMn mpy+7ty my+my My +My,

Mmn

Aydindir ki, metali ovuntularla iifiirma prosesinds posa fazasinda kiikiirdiin konsentra-
siyasl (S)o-dan (S)x giymatinadek metalin kiikiirdsiizlsasmasinin kegmasi, posanin kiitlasinin
dayismasi ve ovuntuda va soba posasinda kiikiirdiin miqdarmin farqliliyi naticesinds dayisir.
Ovuntularla iifiirma prosesinds metaldan kiikiirdiin kenarlasdirilmast A[S]»=[S]o-[S]x, onun
kiitlesi iso m; = A[S],, - 1072 toskil edir (cadval 5). Ufiirmayadok metalin kiikiirdsiizlasdiril-
masinin miitlaq effekti mg — 1.4 — 2 dafs ovuntularla calovda (m; ) qisa miiddat arzinde (2.5-
3.5 daq.) iifiirmadan yuxaridir. Lakin ovuntularla tifiirmada kiikiirdsiizlasma prosesi daha tez
kegir, posa emalagatirici materialllarin az serfini teleb edir ve metalin daha darin saflasdirma
daracesine nail olmaga imkan verir.

Baxilan aritmalards ¢alovda tifiirmads formalasan posanin torkibinds orta hesabla 40.5%
MgO, 22.4%CaO vo 9.5%CaF: olur. Bu halda (9) ifadasine asasen y=1.12 olur.

Cadval 2. Magnezium oksidi, shang ve iizgacli spatin ovuntu qarigiglarimn (2:1:1)
samot horgiilii calovda metala iifiirtilmasinin asas parametrlari.

Orintilorin Qsm, % Davamiyyeat, Vi, kq/t, qar, t, 0C [SIH/[S]IK", % @ o
ndémrasi ir, dog dag m?/t 51, "

1 1.0 3.00 33 0.23 1600/1590 0.007/0.005 28.6

2 1.0 3.33 3.0 0.24 1600/1580 0.010/0.005 50.0

3 1.1 3.25 3.4 0.24 1640/1595 0.007/0.005 28.6

4 1.0 2.95 3.4 0.24 1600/1585 0.009/0.007 223

5 0.9 2.90 3.1 0.22 1595/1580 0.010/0.007 30.0

6 1.2 3.16 3.8 0.24 1590/1580 0.011/0.008 27.3

7 1.0 3.00 33 0.22 1600/1585 0.010/0.007 30.0

8 1.05 2.84 3.7 0.24 1620/1600 0.011/0.009 18.2

9 1.13 291 3.8 0.22 1630/1620 0.009/0.007 222

10 0.98 2.50 3.9 0.25 1620/1590 0.010/0.007 30.0

11 1.14 3.25 3.4 0.23 1610/1610 0.009/0.007 22.2

12 1.05 3.50 3.2 0.27 1620/1605 0.010/0.006 40.0
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13 1.07 2.84 3.8 0.23 1610/1580 | 0.009/0.005 444
14 1.1 3.00 3.3 0.24 1600/1585 | 0.009/0.006 33.3
15 1.0 3.12 3.0 0.23 1610/1590 | 0.009/0.007 221
16 1.0 3.00 3.2 0.25 1620/1600 | 0.010/0.007 30.0
17 1.1 3.01 3.4 0.28 1610/1590 | 0.010/0.008 20.0
18 1.1 2.82 3.4 0.24 1630/1620 | 0.012/0.010 16.6
19 1.0 3.33 3.7 0.22 1620/1600 | 0.012/0.006 50.0
20 0.9 3.00 3.2 0.23 1630/1615 | 0.009/0.007 22.2
21 1.2 2.98 3.4 0.25 1600/1585 | 0.010/0.007 30.0
22 1.1 3.16 3.8 0.27 1610/1605 | 0.010/0.006 40.0
23 1.0 2.90 3.1 0.22 1600/1580 | 0.008/0.005 37.5
24 1.0 3.00 3.0 0.24 1615/1600 | 0.008/0.006 25.0
25 1.1 2.92 3.1 0.25 1620/1605 | 0.010/0.007 30.0
26 1.0 3.33 3.4 0.24 1610/1595 | 0.006/0.004 33.3
27 1.2 3.00 3.4 0.25 1610/1600 | 0.011/0.009 18.1
28 1.0 3.01 3.0 0.23 1615/1605 | 0.012/0.009 25.0
29 1.1 3.00 3.6 0.24 1610/1575 | 0.010/0.005 50.0
30 1.1 3.00 3.8 - 1620/1605 | 0.011/0.006 45.5
31 1.1 2.24 3.5 0.23 1605/1580 | 0.006/0.004 33.3
32 1.1 2.75 3.9 0.22 1615/1585 | 0.009/0.005 444
33 1.0 3.30 3.2 0.24 1620/1600 | 0.012/0.009 25.0
34 1.0 2.92 3.4 0.25 1615/1595 | 0.010/0.006 40.0
orta 1.05 3.04 3.4 0.24 1610/1595 | 0.010-0.007 30.0
*Ovuntularla metalin iifiiriilmasindan avval ve sonra kiikiirdiin miqdari, %
Cadval 3. Magnezium oksidinin, shangin va tizgacli spatin (2:1:1) qaris181 ile ¢alovda
poladin iifiirtilmasinda formalasan posanin kimyevi torkibi
Polad, posa (eritmanin markasi) Posada komponentlarin migdari, %-ls
MgO CaO MnO FeO Cak2 SiO2 AlOs
C13 57.61 8.42 0.34 0.49 10.37 16.63 5.49
(1.029) | (0.210) | (0.005) | (0.007) | (0.133) | (0.277) (0.054)
Ct3 57.38 8.35 0.35 0.50 10.20 16.85 5.56
(1.025) | (0.213) | (0.005) | (0.007) | (0.131) | (0.281) (0.055)
Polad 20 57.48 8.44 0.34 0.49 10.34 16.67 5.50
(1.027) | (0.211) | (0.005) | (0.007) | (0.133) | (0.2278) | (0.054)
Polad 30 57.60 8.41 0.34 0.49 10.37 16.63 5.49
Araliq Posa, % 57.52 8.45 0.34 0.49 10.32 16.70 5.51
Son posa, % 59.04 7.53 0.30 0.49 11.67 14.82 494
MgO-ALQO:s-SiO: sistemina 72.15 - - - - 20.95 6.90
gotirilmis araliq posa
MaO-SiOz-CaF: 68.05 - - - 12.20 19.75 -

Qeyd: Dairavi motarizalards -n-nin giymatlaridir, yeni 100q

Posada komponentin mollarinin sayidir

Kiikiird vo oksigenin aktivlik eamsallarini maye poladda aktivliyin parsial emsallarinin

giymeatlari esasinda asagidak: diisturla hesablamagq olar.

Lol SIS 18 fiof st

(10)

Cadval 4. Magnezum oksidinin, shangin ve tizgacli spatin ¢alovda tifiiriilmasinds metalda kiikiirdiin miqdar1

(2:1:1)
Oritmonin ndmrasi | [S]ik [S]n [S]o [S]x A[S]o A[S]k A[S]n [S]-
1 0.017 0.0135 | 0.0101 | 0.0058 | 0.0069 | 0.0115 | 0.0046 | 0.0038
2 0.0165 | 0.0135 | 0.0102 | 0.0069 | 0.0063 | 0.0096 | 0.0033 | 0.0038
3 0.0160 | 0.0145 | 0.0085 | 0.0048 | 0.0075 | 0.0118 | 0.0037 | 0.0030
4 0.0155 | 0.0110 | 0.0100 | 0.0058 | 00.055 | 0.0097 | 0.0042 | 0.0040

Qeyd: [S]ik — barpaetma prosesinin baslangicinda sobada kiikiirdiin ilkin miqdars;
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[S]n — barpaetma prosesinin sonunda sobada kiikiirdiin miqdari;

[S]o —metal1, calova buraxdiqdan sonra S-in miqdari (iifiirmaden avval);
[S]x —tftirma qurtardiqdan sonra;

[S]~ — kiikiirdiin taraz miqdars;

A[S]o=[S]ik —So — tiftirmayadak kiikiirdiin miqdarinin dayismosi;
A[S]i=[S]ik —[S]x-tftirmadan sonra;

AJS]n=[S]o —[S]x-tiflirma naticasinda.

Cadval 5. Posa fazasinda kiikiirdiin miqdari ve kiikiirdsiizlasma effekti

Oritmanin ndmrasi | mn, kq my, kq mg, kq mg, kq [ (8o, % | Sx%
1 205 1.500 2.430 0.748 0.285 0.316
2 185 1.315 2.045 0.562 0.255 0.272
3 200 1.498 2.425 0.748 0.285 0.315
4 205 1.126 2.055 0.748 0.219 0.265

Hesablar tiglin [3-5] adebiyyatlarin malumatlarini istifads etdik. Posa fazasi kimi soba,
araliq va son posalara baxdiq, onlarin terkibinlerini soba posasinin va iifiiriilon ovuntunun
molumatlarina ssasen hesabladiq. Oksigenin ionlarinin sayim (9) diisturu ils hesabladig. Soba
posasinda no2=0.539 va y=1.105, son posada orta hesabla arintilar tizre ne=0.69 va y=1.12 olmus-
dur. Aktivlik amsallarinin va kiikiirdiin paylanmasinin giymatlari cadvel 6-da verilib. Metal
va posada kiikiirdsiizlesmenin miixtalif merhslslerinde kiikiirdiin miqdarmin ve kiikiirdiin
paylanma amsalinin L nazeri hesablanmis giymatlorini istifade edarak metalda kiikiirdiin
haddi nail olunan taraz konsentrasiyasini hesablamagq olar [S]... Ona uygun gelan posada kii-
kiirdiin maksimal konsentrasiyasini (S)misara edak. Aydindir ki, (S)max [S].=Ls = 7/3L¢ —dir,
burada Ls-galovda posanin son terkibina uygun olan posa (3q/sm?) ve metal (7q/sm?) arasinda
sixliglarin ferqliliyini nazars almaqla kiikiikrdiin payanmasinin taraz hacmi emsalidir. Meta-
lIin haddi kiikiirdstizlosmasi hali {igiin kiikiird {izrs balans asagidak: nisbatls saciyyalanir. (S)m
(mp+mn)+S]..my, nisbatin sag hissasi ovuntularla {ifiirmanin baslangici aninda sistemda kiikiir-
diin kiitlasidir. (S)m kemiyyoetini [S]., vasitesile (kiitls) torkibi faizlors ifads edib, aliriq:

Sompy+my[Slymy
[S]m_7(/3?(m:+mn)[Ls]+mm

(11)

Baxilan hal tigiin (11) diisturu tizrs hesabatin naticeleri gostarir ki, verilon terkibde posa
altinda metalda kiikiirdiin hoddi qiymatlori (3+4)10- % toskil edir ve faktiki nail olunanlardan
1.45-1.75 dafo az olur (cadval 4).

Kiikiirdiin paylanma amsallarinin faktiki qiymatlarinin (5) diisturuna gors hesablanmis
taraz giymotlorle tutusdurulmas: poladin soba ve ¢alov saflagdirilma moarhalalerinds posa fa-
zasmin kiikiirdsiizlesdirma qabiliyyatinin istifade deracesini tayin etmaye imkan verir. Umu-
mi halda metal vo posa arasinda kiikiirdiin faktiki paylanma smsali L;( = OLg-1a saciyyalo-
nir, burada 6-posa fazasinin kiikiirdsiizlosma qabiliyyatinin istifade daracasidir:

0 = Ly(p)/Lscry = Ls(ry/Ls (12)

Posanin (3q/sm?) va metalin (7q/sm?) sixliglarmin miixtalifliyi ucbatindan (3/7L}) olur. Kii-
kiirdiin paylanmasimin faktiki emsalinin kamiyyetini eksperimental vo hesab1 malumatlarla
L;(f)=(S)/ [S] toyin etdik. Ls-in taraz qiymaotleri cadval 6-dan gotiiriiliib, 6zii ds hesablarda me-
tal1 ovuntularla tiftirmayadak polad-soba posasi sistemi {i¢iin, tifirmaden sonra hesabatlar-
da polad-son posa sistemi {i¢iin paylanma amsallar1 istifads olunub. Asagida kiikrdiin faktiki

61



Babanli M.B., Korimov R.I, Bayramov A.T.

va taraz paylanma amsallar1 vo posanin iiflirmoayadsk istifade daracasi (6-dok) ve metalin posa
ovuntulari ilo Gftiriilmasinden sonra (Bz)onlarin istifade deracelari gostarilib.

Cadval 6. Calovda ovuntularla mayenin tifiiriilmasinda metal v posa arasinda
kiikiirdiin paylanmasinin taraz hocmi amsallar:

Oritmonin némrasi | Tmet, °C | fis] flo] nt 1 Lt LE? L
0
2
1 1595 0.978 0.481 0.642 37.5 30.9 41.58
2 1602 0.978 0.481 0.632 36.9 30.9 41.58
3 1599 0.992 0.461 0.638 39.78 33.09 44.38
4 1603 0.925 0.530 0.642 32.15 26.68 35.78

+1-¢alovun araliq posasi tigiin
+2-soba posasi ti¢lin

+3-calovun son posast tigiin

Oritmanin ndomralari............... 1 2 3 4
Metalin orta temperaturu, °C 1595 1610 1600 1605
iftirmoyadak:

| T4 7 T 30.6(71.4) 30.6(72.1) 32.9(76.2) 26.6(63.2)
LS(f>(L;(f)) ........................ 12.4(28.6) 10.8(25.3) 13.6(31.95) 9.38(21.9)
OD. et 0.41 0.35 0.40 0.34
tifirmadan sonra.............

LS(Lg)errarrerrrrrrnnann. 41.7(97.1) 41.5(97.0) 44.5(10.36) 35.7(83.4)
Lsm(L:g(H)) ...................... 22.5(52.5) 16.75(39.22) 27.1(63.5) 19.18(44.65)
Oseeeeieeneniens 0.53 0.38 0.60 0.53

Bu malumatlarin tehlili gosterir ki, kiikiirdiin paylanmasinin emsallarinin taraz ve fak-
tiki qiymatlari arasinda slage vardir. Bu halda soba posasmin kiikiirdsiizlesme qabiliyystinin
istifade daracasi 35-40%, calovunku isa 45-65% tokil edir. 2 aritmosi tiglin 05(38%) alinmis kigik
giymsati, gazovuntu qarisig1 ilo metalin tiftiriilmasinin az davamiyyaeti ilo (2.3 daq, digor orit-
moloar tiglin 3.1 daq) ve ovuntunun azaldilmis sarfi ilo metalin kiitlosinden 0.95%, qalan orit-
moloar {igiin iso (1.08-1.11%) praktiki olaraq arqonun eyni sortinds slaqadardir. Aydindir ki,
hidrodinamiki garaitlers gore verilon aritmanin metali harakatin az migdarina malik olur ve
qarigdirma proseslari nisbatan yavasimis ola bilerler, bunun naticesinds Lsw ve 05y azalirlar.
Belalikls, posa amalagatirici materiallarin ovuntular: ile metalin iifiirtilmasinds posa fazasmin
kiikiirdsiizlosma qabiyyetinin istifade deracasi ham formalasan posa fazasinin terkibinden,
ham da onun metalla qarsiliqh tesir davamiyyetindan, yeni kiikiirdsiizlosma prosesinin kine-
tikasindan asilidir.

Noticalar: 1. Miixtolif ovuntular: {ifiirmakls poladin sobadan kenar emalinda saflagdiril-
ma prosesinin termodinamikasi tahlil olunmusdur. Ovvalki tadqgiqatlarda iifiiriilon ovuntu-
larin asas tarkibini CaO togkil etmisdir. Lakin ilk dafs olaraq tersfimizden ovuntu tarkibinda
MgO-nin istifadasi tovsiye olunmus ve onun termodinamiki giymatlondirilmasi aparilmisdir.
Ovuntu terkibinds MgO-nin asas komponent kimi se¢ilmasinde maqgsad tokmo ¢alovunun hor-
glirliniin tez dagilmadan qorumaq olmusdur.
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2. Ufiiriilon ovuntularin ve metal buraxildiqdan sonra yaranan posanin kimyavi torkibi
tadqiq olunmugdur. Malum olmusdur ki, ager shang ve {izgacli spat qarisigindan istifadas et-
dikda calovun horgiisii temirsiz 60-70 dafs isloyirss, maqnezium oksidi istifads etdikds bazi
hallarda calovun horiisii 100 dafe temirsiz istifadeye yararli olmugsdur. Magnezium oksidi,
shang va tizgacli spatin ovuntu qarisiqlarinin (2:1:1) samot horgiilii calovda metala iiftiriil-
masinin asas parametrlori miioyyon edilmisdir.

3.Magnezium oksidinin, shangin va tizgacli spatin ¢alovda tifiiriilmasinde metalda kiikiir-
diin miqdarmin deyisme xarakteri 6yrenilmisdir. Eyni zamanda posa fazasinda kiikiirdiin
miqdar1 ve kiikiirdsiizlogsmo effekti miiayyan edilmisdir. Calovda ovuntularla mayenin {ifii-
riilmasinds metal ve posa arasinda kiikiirdiin paylanmasmin tarazliq emsallar1 tapilmigdir.
Miiayyen edilmisdir ki, ovuntularla metalin tifiiriilmasinda posa fazasmin kiikiirdsiizlogma
qabiliyyatinin istifade deracesi ham posa fazasinin tarkibinden ve ham ds onun metalla qar-
siligh tasir davamiyyetindin asilidir.
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XULASO

Magqalenin asas maqgsadi miixtslif sinifli yanginlarn sondiiriilmasinds istifade olunan yangmsondiiriicii
vasitolorinekoloji cohatdan tohlil edilaroksecilmasindan ibaratdir. Yanginsondiiriicii vasitalar olan suyun, tozun,
kopiiklarin ekoloji xiisusiyyotlorine gora miisbat vo manfi cohatlari tohlil edilorak, yanginsondiiriicii vasite kimi
kopiiklars tistiinliik verilmasi masalalarine baxilmigdir.

Acar sozlar: yangisondiiriicii vasitalar, su, toz, kopiik, atraf miihit, ekoloji zerarlar, kimyavi maddaler.

AHAAV3 DKOAOTUYECKHUX ITOCAEACTBUN OTHETYIIAIIMX CPEACTB IMTPYUIMEHSIEMBIX
TPV TYIHEHVM ITOJKAPOB PA3ANYHBIX KAACCOB

PE3IOME

OcHOBHOI1 11eABI0 B CTaThe sIBASETCs IIpOBeJeHMe DKOAOTMYeCKOro aHaaAus3a IIpU BhIOOpe OrHeTyIIalliuX
CPeACTB MCIIOAB3YeMBIX AAs TYIIeHMs TOXKapoB Pa3AMYHBIX KAaccoB. B BuAe orHeTymamero cpejctsa ObBLAM
IpoaHaAM3MpOBaHbl HEAOCTaTKM U IIPEUMYIIeCTBa OTHeTYIIAlIX CPeACTB TaKMUX KaK BOAQ, IIOPOIIOK 11 IT€HEL.

Karouesbie caoBazozHenyuiumens, 6004, nOpouLoK, nend, OKpyxarouas cpedd, aKOA0UHeckutl yuepd, XUmMukamol.

EXPOSURE OF HAZARDOUS EFFECTS OF THE EXPOSURE OF THE FIRE FIGHTING EXPLOSIVES
USED IN THE REFRIGERATION OF SPECIFIC TIRE FLUIDS

ABSTRACT

The main purpose of the article is to analyze the environmental analysis of fire extinguishers used in
extinguishing various fires.The advantages and disadvantages of fire, dust and foam are the environmental
characteristics of a fire extinguisher, and the benefits of foams such as fire extinguishers are also considered.

Key words:fire extinguisher, water, dust, foam, environment, environmental damage, chemicals.

Giris.Bosariyyatin vo tobii ekosistemlarin qlobal tohliikalerinden biri olan yangin hadi-
solori 0zlinlin miixtslif inkisaf marhalalari tizre hamise diqgaetmarkazinds olmusdur. Yangin
—yanma ile yanasi miioayyen moakan ve zaman hiidudunda inkisaf edan kiitls vo istilik miiba-
dilssi tezahtirlerini 6ziinda aks etdiren miirakkab fiziki — kimyevi prosesdir. Yangmnlarin bag
verma sabaeblari, onlarin yayilmasi sartleri, yanginsondiirms effektivliliyi ve yangin menbe-
yinin mehdudlagdirilmasi - bu va ya diger amillar bir ¢ox miitexassislarin digqstini calb etmis-
dir. Yangin hadisalorinin aragdirilmasinda an vacib masalslarden biri yangimsondiirma vasite-
lorinin tahlilidir. Yanginlarin novii ve kateqoriyasindan asili olaraq, yanginlarin sondiiriilme-
sindo miixtalif texnika, alot vo avadanliglar, eyni zamanda yanginsondiiriicti maddalorden
istifads olunur [1].

Bas vermis yanginlarin kateqoriyasindan asili olaraq yanginin garsisini almaq ve sondii-
riilmak liglin avtomatik, mexaniki, xiisusi avadanliglar, eloco do miixtslif kimyevi maddalar
totbiq oluna bilar. Bu baximdan yanginsondiiriicii maddaler yangin miihitine ve alovun ya-
yilmasina miixtalif clir tasir gostora bilar [2].
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Isin magsadi. Miixtalif sinifli yangimlarin sondiiriilmasinda tatbiq edilon yangmsondii-
rlicii vasitalorin atraf miihite zararli tosirlorinin miiqayissli tohlilini aparmaqdir.

Masalananin qoyulusu.Yanginsondiiriicii maddalar bark, maye vo ya qaz soklinda tatbiq
edils bilar.

Su. Yangmsondiirms vasitasi kimi su, an genis yayilmis ve uzun miiddatli istifads olunan
yanginsondiiriicii vasitodir. Su yanma zonasina diisdiikds, yanan materiallardan ve yanma
maddsalarindan boyiik miqdarda istilik gotiiriir. Bu zaman su gismen buxarlanir ve buxara
cevrilarak hacmca 1700 dafe boyiiyiir, bunun sayssindae reaksiya veran maddalarin qarismasi
bas verir vo beloliklo yanginlarin sondiiriilmasine gatirib ¢ixardir.Odsondiiriicii vasito kimi
suyun agag istilikkegirma xassasine malik olmasi, yanan materialin sathinda etibarl istilik
izolyasiyas1 yaratmasi onu neinki yalniz sondiirmak {iciin, elace do materialin alismadan mii-
hafizo etmak {iglin do istifade etmayo imkan verir.Bununla yanasi yangmsondiiriicii vasito
kimi suyun asas ¢atismazligl ondan ibaratdir ki, yiiksak sathi garilma qabiliyyetine malik ol-
dugundan,bark materiallar1 va xiisusile lifli materiallar1 pis isladir. Yangin hadisalarinin qar-
sisinin alinmasina yanasmalarin daha da inkisaf etdirilmesi yanginsondiirticii koptiklarin, qaz-
larin, tozlarm iglenmasins va tatbiqine getirib ¢ixards [3, 23].

Tozlar. Yangimsondiirme sahoasinds yangimsondiiriicii vasite kimi istifade edilon diger bir
vasits iso yangmsondiirms tozlaridir. Bu yangmsondiiriicii tozlar geyri-tizvi birlosmalarin — fos-
fat, hidrofosfat, dihidrofosfat ve ya karbonat terkibli kimyavi maddalarin qarisigidir [20, 21].
Bu yanginsondiiriicii vasitelor miixtalif sinifli yanginlarn sondiiriilmesinds, asasen de D sinifli
yangmlarin sondiiriilmeasindatatbiq oluna biler. Onlar materiallara zararli tesir gostermir,
elektrik kecirici vo zoharlayici deyil, hom de donma qabilliystine malik deyil. Toz sakilli yan-
ginsondiiriicii maddslarin tarkibinde natrium bikarbonat vardir. O, havada olan oksigenin
yanma miihitine daxil olmasina mane olur. Bu tip yangmsondiiriiciilor hom effektivliyins, hom
ds igtisadi cehatdan sarfsliliyine gore ferglenir.Bu ciir yangmsondiiriiciilorin manfi cahati kimi
qapal yerlarda istifads edildikda tenaffiis orqanlarina ciddi zerar vura bilar [23]. Yanginson-
diiriicii tozlarla yanginin kasilms mexanizmi asasan yanan sathin yanma zonasindan tacrid
edilmasindan,yani, yanan buxar ve qazlarin reaksiya zonasina daxil olmasindan ibaratdir. Toz
torkibli yanginsondyirticii vasitelorle yangmin legvinin asas meyari onun xiisusi sorfi sayilir [22].

Umumilikdas, odséndiiriicii tozlarin terkibi miixtelif kimyavi qarisiglardan ibarat olur ki,
bu da onun tatbiq sahasini genislandirir. Kimyavi maddalarin tasnifat1 qlobal uygunlasdirma
sistemi bu qrup birlagmalarin ekoloji ve ekotoksikoloji xiisusiyyatlarini ayri-ayriliqda nazar-
don kegirmir, onlarin insanlar va atraf miihits tesir riskini nazars alaraq, geyri-iizvi kimyovi
birlosmaloar kimi sertifkatlagdirmisdir [22].

Kopiik. Hal — hazirda yanginsondiirma sahasinda yanginsondiiriicii vasite kimi on genis
yayilmis vasitalarinden biri de kopiikdiir. Yangmsondiiriicii kopiiklar asasen B sinifli yangin-
larin sondiiriilmasinda tatbiq olunur. B sinfins tezalisan ve yanar mayelsrin yangmi aid edilir.
Ogor mayelar suda hall olmursa (benzin,dizel yanacagi,neft vo s.) Bl yarimsinfina,agar suda
hall olursa ( masalen spirtlar) B2 yarimsinfine daxildir[23]. K&piiklarin asas yangmsondiirma
xtisusiyyotlari-tocridetma gabiliyystidir. Yanginsondiiriicii kopiik yanma zonasini yanar bu-
xar ve qazlardan, habels yanar materialin yanan sathini reaksiya zonasindan siialanan istilik-
dan tacrid edir.Yangmsondiirticii koptikler sasasen parcalanma xiisusiyystleri, qatihgh, artimli ve
dayaniqhi olmalar1 va s. gostaricilarle xarakterize olunurlar. Miiasir dévrds yanginsondiirma
sahasinda totbiq edilon yangmsondiiriicli kopiiklor 1960-c1 illorden etibaran istehsal edilir.

65



M.O. Qurbanova

Diinya tizro movcud yangmsondiirme kopiiklerinin bir ne¢o novii (AFFF, A sinifli koptikler,
AFFF-AR, FF-100, FFFP 3-6% , I1O -6, tolim koptiklari va s.) vardir ki, bunlar da miixtalif maq-
sadlar ticiin va ya xiisusi sistemlards istifads taleb edan standartlar va xiisusiyyatlars gors is-
tifade olunur.Respublikamizda iss yanginsondiirms sahasinds AFFF ve IO — 6 markal1 yan-
ginsondiiriicii koptiklarden istifade olunur[23]. Kopiiklor kompozisiya terkibli olub,esason
sothi aktiv maddaslarden ibarat olurlar. Buna baxmayaraq, miisyyen sinifli yanginlar olur ki,
onlarin sondiirtilmasinde ftorterkibli kopilikemsalogatirici maddaler totbiq edilir [6, 7]. Yan-
gmsondiirms zamani kopilikemalagatirici maddalar va ya onlarin pargalanma mahsullar: atraf
miihit tigiin tahlitke dogura bilar [8].Yanginsondiiriicii kopiiklarin ekoloji tesirlari dedikds,
9sasan su vo canli miihits tesiri nazere alinir, lakin, bu yangmsondiiriicii vasitalar biosferin
digar komponentlarine da tasir gostarir [9]. Otraf miihit ticlin ekoloji taesira malik yangmsondii-
riicli koptiklarin ekoloji vo ekotoksikoloji xiisusiyyatlari bioindikasiya yolu ile tadqiq edilir.

Belo ki, miialliflor yangimsondiirma kopiiklorinin bir hissasi olan miixtslif karbon zancir
uzunluguna malik natrium alkil siilfonatlarinin toksiki mexanizmini aragsdirmislar.9lde edilon
naticalarin etibarlilig: tigiin laborator tacriibalarin deyil, tobii su mahlullarindan istifadenin la-
zim oldugu geyd edilir [10]. Yangmsondiiriicli kopiiklorin atraf miihite tosirinin minimallas-
dirilmas1 hagqinda milli qanunverici taleblarin icrasi ¢arcivesinds miiallifler bioloji “yumsaq”
asash sintetik kopilikemolagetiricilarin ekotoksikoloji xassalarini tadqiq etdilar [11].Yaponiyaya
xas olan tabii su ve sualt1 biotoplarii modellasdirarak, bu maddalsrin canli orqanizmlars olan
kaskin ve uzunmiiddatli tesirleri Gyrenilmisdir.

Natice olaraq, sintetik yuyucu maddslarin bioloji “yumsaq” maddalarle miiqayisada yiik-
sok toksikoloji zararli olmast geyd olunmusdur.Homginin miisllif yanginsondiirms sahasinda
koptikemsalagatirici maddalerin (oleaton terkibli sethi aktiv maddslerin) istifadasinin effek-
tivliyi barada dos geyd etmisdir [12].

Ftortorkibli kopiikemalogatirici maddaler B sinifli yanginlarin sondiiriilmesinds, xiisusen
da yanan neft ve neft mahsullarmin sondiiriilmasinds effektiv yangmsondiirma vasitesi he-
sab olunur [13]. Ekoloji baximdan yalniz kopiiklarin par¢alanma moahsullarinin straf miihitin
komponentlorine shamiyyatli zorarli tesiri geyd edilir [14, 15]. Yanginlarin sondiiriilmasinda
ftortarkibli sulu kopiikemsalagatiricilarin istifadasi zamani straf miihite perfluorooktan sul-
fonit tursusu, onun duzlar1 ve perfluorooktan sulfonilflorid maddaleri atilir ki, bu da yuxari-
da gostorildiyi kimi, BMT-nin Stokholm Konvensiyasi (2009) ganunlarina ziddir.Bu ciir mad-
dalar ona gore tehliikeli hesab edilirler ki, onlar bioloji parcalanmaz maddalardir ve canl or-
ganizmlara moanfi tesir gostarir [16].

Baxmayaraq ki, miiallif yeni (qisa zancirli ftorlasmis karbon) ftortarkibli sulu kopiikemse-
lagetiricilerin, diger istifads edilen ftorterkibli kopiikemalagetirici maddslerenisbatds straf
miihit {i¢lin az zararli tasirs malik oldugunu bildirmisdir [17]. Bununla yanasi, diger miiallif
sintetik sathi aktiv maddalarin perftorlu sathi aktiv maddsleare nisbaten atraf miihit ticlin da-
ha az manfi tesirli oldugunu qeyd etmisdir [18].

Eyni zamanda otraf miihito xeyli miqdarda sathi — aktiv maddalarin atilmasi canli orqa-
nizmlar {igiin asash tehliike manbayi hesab olunur [19].

Umumilikds, yangimlarin sondiiriilmesinds istifads edilen biitiin maddaler kimyavi mad-
dalar hesab edilir. Bu yanginsondiiriicii maddalerin miixtslif sinifli yanginlarin sondiiriilme-
sinda tatbiqi,esasen, onlarin fiziki ve kimyevi xasseleri (misal olaraq, yanma zonasinin vs ya
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yanan maddanin soyudulmasy, reaksiya veran maddslerin yanma zonasmndan tacrid edilmasi,
yanma reaksiyasinin kimyovi tormozlanmasi va s) ilo baglidir.

Osas hissa.Yanginsondiiriicii maddalsrin kompleks tohlili zamani onlar- miisyyen xii-
susiyyetloro malik olan ayri-ayr1 kimyavi birlosmalar ve ya yangmlarin mahdudlasdirilmasini
tomin edon maddalar kimi dyranils biler. Son zamanlarda ise diger bir istiqamat olaraq, yan-
ginsondiirmads tetbiq edilon yanginsondiiriicii maddslarin ekoloji baximdan tohliikasizliyi
asas masalo olaraq ortaya ¢ixdi.

Hal- hazirda diinya 6lkslarinin asas qlobal tendensiyasi atraf miihitin antropogen tasirla-
rinin azaldilmasi istiqgamatindaislarin goriilmesidir. Bels ki, 2004-cii ilde BMT-nin Daimi
Uzvi Cirklendiricilor hagqinda Stokholm Konvensiyasimin ratifikasiyast ilo alaqadar istirakg
olkalar atraf miihite ve insan saglamligina, o ciimladen qida mahsullarina menfi tesir gosters
bilacak bir sira iizvi maddalarin istifadesine qadaga qoyulmasini ve ya mahdudlasdirilmasimi
gorara aldilar[4].

2009-cu ilds Stokholm Konvensiyasinda qanunla istifadasi qadagan olunmus maddalara
yeni {izvi maddalar- perfluorooktan sulfonit tursusu ve onun duzlari, perfluroktan sulfonil-
florid alave edildi. Bu maddsler ftor asash kopiikemsalagatirici maddslerin pargalanma mah-
sullaridir ve otraf miihite manfi tesir gosterirlor.Tadqiqatlar gostarir ki, PFOS davamli, bio-
akiimulativ ve zaharli ¢irklondiricidir. Bu maddsalar ftoresasl kopiikemslagatirici maddalarin
parcalanma mohsullaridir vo atraf miihite manfi tesir gostarirlor. Bu da 6z névbasinds, yan-
ginsondiirma sahoasinds istifads olunan ftortorkibli kopiikemalogatirici maddslarin totbigini
demok olar ki, kaskin gokilds mehdudlasdirdi. ABS, Kanada, Avropa Birliyi, Avstraliya ve Ya-
poniya qaydalara sasasen yangimsondiirme koptikleri de daxil olmaqla PFOS-asaslh mahsulla-
rin istehsalin1 qadagan etmisdir. Birlosmis Statlarda AFFF — in atraf miihite tullanmasi ABS-
mn Otraf miihitin miihafizasi Agentliyi (EPA) ve Miidafis Nazirliyi terafinden qanunauygun
olaraq tenzimlanir.

2015-ci ilds Avropa Ittifaqin Regional Biirosunun hesabatina gors,Diinya Sshiyys Tog-
kilatma tizv olan Avropa 6lkalarinin 80% -don ¢oxu, Stokholm Konvensiyas: da daxil olmagqla,
kimyavi tohliikessizliys dair beynalxalq miiqavilalarden irsli gelan resmi chdslikleri yerine ye-
tirmayi 6z {izarilarine gotiirmiisdiirler.Uzv &lksler hamginin hiiqugi cohatden Avropa Birliyi
Reqlamenti ¢arcgivesindes da onlarin geydiyyatina, giymatlandirilmaesine, kimyavi maddalarin
icazosine vo mahdudlasdirilmasina, digar terafdends istifadoya verilmis tizvi ¢girklandiricile-
rin vo ya birlagmalarin istehsalgilari ils iglomaya razi olduqlarini tesdiqladiler. Avropa Birliyi
Olkealarinin faaliyyatinin miixtalif aspektlorinds ekoloji tonzimlonmalarls bagh miisbat dayi-
sikliklor geyd edilir. Halo onlarda kompleks problemlarin oldugu 70-ci illarden gebul edilmis-
dir ki, hans1 ki, onlar1 da miixtslif saviyyelor {izre hall etmak elods vacib deyil. ABS, Cin, Ka-
nada, elace do, Avropa Birliyi terafinden maliyyslasdirilon bu kimi 6lkalar atraf miihit ve in-
san saglamlig1 sahasinds aparilan elmi tadqiqat islerinds faal istirak edirlar[5].

Natica. Belalikls, maqalads miixtslif sinifli yanginlarin séndiiriilmasinds istifads olunan
yanginsondiiriicii vasitalarin tatbigine ve ekoloji baximdan tahliline dair materiallarin tohlili
aparilmisdir.Maqalada miixtalif tipliyanginsondiiriicii vasiteloarin ilkin ekoloji zararlori qeyd
edilmisdir. Lakin, tahlillorde gosterir ki, kopiikamalagatirici maddalerin diger yanginsondii-
riicli vasitalarlo miiqayisadeatraf mithitevurdugu zarar daha nazars ¢arpacaq daracadadir.
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Umumilikds, yangmséndiiriicii kopiiklor miixtalif sinifli yanginlarin séndiiriilmasindo

istifade oluna bilar, lakin bu igtisadi cehatden semarsli hesab olunmur.Ancaq nazars alsaq ki,

neft vo neft mahsullarmin yanmasi zaman: yangisondiiriicli vasite kimi yangisondiiriicii
koptiklardan istifads olunur,bu da neft sanayesi olan 6lkemiz tiglin xiisusi shomiyyat kasb edir.

Hal — hazirda FHN yangin bolmalarinin balansinda miixtslif markali yangmsondtiriicti

kopiiklor movcuddur.Bu baximdan da gsalacak islorde magsad, miixtelif sinifli yanginlarin
sondiiriilmesinda totbiq edilon yangmsondiiriicii vasitalorin xiisusile, yanginsondiiriicii
maddalar kimi koptiklerin atraf miihite zararli tasirlori daha ¢ox tehlil taleb etmakdadir.
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AHHOTADIUA

B craTpe mpoBoAUTLCS 0O30pP CYIeCTBYIONIMX ¥ IIePCIIeKTUBHBIX METOAO0B YIIPaBAeH: TPAHCIIOPTHEIM KOMII-
aexcoM. ITpoBoANTECS onmcaHMe CYIIeCTBYIOIINX TPAHCIIOPTHEIX IIP00.1eM KPYITHEMIIX MerarioA1coB Mupa.

Karogesbie ca0Ba: MeraroAuc, TpaHCIIOPTHOE I1AaHMPOBaHIe, MeTOAbI YIIpaBAeHye TPaHCIIOPTHBIM CIIPOCOM..
ETHODS OF MANAGEMENT OF TRANSPORT DEMANDM
ABSTRACT

According to the nature of all emerging transport problems and the same approaches to their solution, all
cities in the world can be divided into a number of main categories.

Cities that failed to solve transportation problems. In this category we have included the industrialized cities
of the world, the conditions of transport and traffic in which may remain unsatisfactory. The use of cars here is
not limited as a rule.

Cities that have made progress. In a number of cities, attempts have been made to use a systematic approach
to urban transport planning. The problems were identified, the necessary organizational structures were created,
a balanced transport policy was created, a set of measures was implemented on the way to the formation of the city,
the most convenient for life. Striking examples of "progressive" cities-Munich, Singapore, Vancouver, Stuttgart,
Portland (USA), Oslo, Vienna. The analysis of their experience within the framework of the classification chart points to
the fundamental differences from a number of cities that failed to solve the transport problems.

Keywords: metropolis, transport planning, transport demand management methods.

Coraacuo XapaKTepy, BCeX BOSHMKAIOIMMX TPaHCIIOPTHBIX HpO6AeM " OAMMHAaKOBBIM I10A-
X04aM K X peIIeHmnio MO>XXHO pa36I/ITI) BCe ropoda Mupa Ha ps4 I'AaBHbBIX KaTeTOpl/Iﬂ.

I'opoga xoTopele He cymMeAM pelIUTh TPaHCIOPTHBIE TpoOAeMbl. B saHHyI0 KaTeropuio
MBI BKAIOUMAY IIPOMBIIILA€HHO pa3BUThIe TOpOja CTpaH MIpa, YCAOBIs IIE€PeBO30K U ABVIKE-
HISI B KOTOPBIX MOTYT OCTaThCsl HeyA0BAeTBopuTeAbHbIMI. [IprimeneHne apromoOuaeit 34ech,
He OrpaHMuYMBaeTcs, KaK IIpaBuao.

I'opoaa, KoTopsle cymean 40CTUYb IIporpecca. B psge ropoaos Oblay IpeApUHATHI 10-
IIBITKM MCIIOAB30BaHMsl CHCTEMHOTO 1I0AX0Aa K TPaHCIIOPTHOMY TOPOACKOMY ILAaHMPOBaHUIO.
brrian onpeaeaensl mpo0aemsbl, co3jaHbl Hy>KHble OpTaHMU3allMOHHBIE CTPYKTYPHI, CO34aHa
cOasaHCHpoOBaHHas TPaHCIIOPTHAsI IIOAUTIKA, Peaan30BaH KOMILIeKC Mep Ha IIyTu K pOpMu-
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Memodvt ynpasaenus mpancnopmuoim cnpocom

POBaHMIO rOPOAa, CAMOTO YAO0OHOTO AAsl JKU3HU. SIpK1e MpUMephl «IIPOrPecCUBHBLIX» TOPOAOB —
Mionxen, Cunranyp, Bankysep, lItyTrapr, [lopraena (CIIA), Ocao, Bena. Anaaus ux omnsi-
Ta B paMKaX KAacCM(UKAIIMOHHOM AMarpaMMBbl, YKa3bIBaeT Ha KOPeHHbIe OTAMYMS OT psla
TOpOJO0B, KOTOPBIe He CyMeA) PeIllNTh BO3HUKIINE TPaHCIIOPTHEIEe ITPpO0.AeMBbI.

l'opoaa passBuBaomMxcs rocyAapcrs. BoAbIMHCTBO rOpOAOB CTaAKMBaeTCs B pa3BUBalO-
ITUXCSL CTpaHaX ¢ OOABIINMU TPAHCIIOPTHBEIMU ITpoOaeMaMu. CKasblBaeTcs 34eCh AePUITAT
TeXHIYECKIX 3HAHUIL, ¥ IIPY HTOM OTPaHMYEHHOCTh (PMHAHCOBBIX PECYPCOB, 3a AOCTYII K TPaHC-
IIOPTHBIM CHCTeMaM HY>KHO KOHKYpPMpPOBaTh C ITOAOOHBIMIU IIPUOPUTETHEIMU cpepaMi, Kak
34paBooXpaHeHNe, OOpa3oBaHNe I T. A.

Ha iyt x popmuposanmio ob1r1ert cbal1aHCHPOBaHHON TPaHCIIOPTHON CICTEMBI, OyAyT
AOMMHMPOBATD IeIIeXOJHble COOOIIeHNsI 1 OOIIeCTBeHHBIN TPaHCIIOPT, a 3aTOPBI CTaHYT He
HOPMOI1, a OOABIINM VCKAIOU€HMEM U3 IIpaBul, TOPoAa, KOTOpble 00s13aHbI IIPUMEHATD 2 Ha-
Oopa MoAUTIUECKUX Mep:

o HpOTI/IBO,ZI,eIZCTBI/Ie (aHTI/ICTI/IMyAI/IpOBaHI/Ie, YMEHbIIIEHNIE HpI/IBAeKaTEAI)HOCTI/I) I10€3A4-
KaM Ha MallllHax, IMoCpeACTBOM PEryAsATVBHBIX, IL1aHNPOBOYHBIX Me€P 11 LIECHOBBIX;

° COAeﬁCTBMe (HOOIleeHI/Ie, CTI/IMYAI/IpOBaHI/Ie) IIPMMEHEHI OGHIGCTBGHHOI‘O TpaHCIIOpTa,
YIUTBIBAs yAy4dIlleHlE€ Ka9eCTBa MAaCCOBBIX IIE€PEBO30K, B 9aCTHOCTU — A4S obecrieueHms
He3aBVICIMOCTI pa6OTbI MapHipyTOB, 1 O6LL[€CTB€HHOFO TpaHCIIOpTa OT 4aHHBIX YPOBHSL
3arpys3Kkmu YAI/I‘IHO-,ZI,OpO)KHOIZ CeTI.

Mepsl, mOMOTalOT CTUMYAMPOBaTh IIpMMeHeHe 00IIleCTBeHHOTO TPaHCIIOpTa, — 9TO IPo-
1lecc yAydllleHNs1 KauecTBa yCAYT, U CO34aHle YCAOBUIL A5l ITpoliecca yAy4IIeHNs TIeIIexoA-
HBIX [TepeABVDKEHMIA, a Takoke yA00CTBa, aKTMBM3aLVs MIX — HTO CITyTHUK 4451 YMEHBIIIeHNs T10-
€340K Ha aBTO B OOIIIel! cicTeMe TOPOACKIX COODIeHMIT. DTOT CABUT OyAeT A0BOABHO BO3MOXK-
HBIM, €CAJI MePBI COAENCTBIIS VICII0Ab30BaHNsI OOIeCTBEHHOIO TPaHCIIOpPTa MOIYT OBITH pea-
AM30BaHBI B KOMILAEKCe C OOIIMMI MepaMI aHTUCTUMYAUPOBaHU: II0€340K Ha aBTO.

BrraeasieTcss MHOXXeCTBO MeTOAOB U CTpaTernii AOCTU>KeHNs OTUMAa/AbHOM OpraHM3alum
ABVIKEeHISI TPAHCIIOPTHBIX IIOTOKOB Ha yAMYHO-AO0POXKHOI ceTu. MeToAbl, CIIocOOCTBYIONIe
oIlepaTMBHOMY YyIIpaBA€HMIO TPaHCIIOPTHBIMU ITIOTOKaMM, TOOY>KAalOT He TOABKO K M3MeHe-
HIIO MapuIpyTa, Tak ¥ K CMeHe BiAa TPaHCIIOpTa MAM IIyHKTa Ha3HaYeHIs.

Crparernnu 1 MeTOAbI yIIpaBAeHNs TPaHCIIOPTHBIM CIIPOCOM MOIYT OBITh pa3jeAeHbl Ha
ABa TUIIA:

o  QuHaAHCOBLIE METOABI ITPU Pa3yMHOM YCTaHOBA€HIN YPOBH: 11€H, KOTOpPbIe 6yAyT SIBASITBCSI
OIIpeAeAsII0INVMU IIPU AOCTV>KeHUN M3MEeHEeHUN B IOBeAeHUU TOpO>KaH. Ha IIpaKTHKe
OHI OCHOBaHbI Ha HaA0OTI'OBBIX 1 CIJI/IHaHCOBEIX MeXaHn3Max.

° AAMMHMCTpaTMBHLIe Mepbl CKOHIIEHTPMPOBAaHbI Ha peryAmnpoBaHIIL. Takme kak OorpaHmn-

YeHIsI ABVIDKEHU 1A BBOA 00s13aTeAbHBIX CTaHAapTOB 4451 TPAHCIIOPTHBIX CPpEeACTB.

Bansaue OAHOI U3 CTpaTel“I/Iﬁ Yy1iipaBA€HVsI CIIPOCOM Ha TPaHCIIOPTHbIE YCAYIT IIPONCXO-
AT TOAbKO Ha MaAylO 4aCTb 13 O6LU;€FO obbema I1epeBO30K, HO IIpU MNCIIOAB30BaHUMN X IIe-
PEKPECTHO IIPMHOCUT CYII€CTBEHHBIC PE€3yAbTaThI.

MeTO,ZI,IzI, CTpaTermum 1 mnporpaMmsl, IIOKa3aHHbIE Ha pPUC. 1 mamnboaee IIepCIIEKTVIBHBI B
PaMKax peaan3anyi B MOCKOBCKOM PEIVIOHE.
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Puc. 1. Cricok MeTOA0B yIIpaBAeHNs TPAaHCIIOPTHEIM CITPOCOM

YMHOE
CTPAXOBAHME

KAPMYNUHT K
nonocel gnAa
KAPMYNUHIA MOHETH3ALMA NAPKOBOYHbIX

NEPEXBATbIBAKOLUWE NAPKOBKKH

MNNATA 3A UCNONB30OBAHUE
MEPErPYMEHHOIO YHACTKA
A[OPOXHOMU CETU

NAATHBIE 30HbI, 0OPOTH,
MAPKOBKH

AHaau3 poccHiiCKMX 1 3apyOe>KHBIX MCTOYHMKOB, a TaK>Ke pe3yAbTaThl COOCTBEHHBIX JICC-
Ae/0BaHMIIIO3BOASIOT YTBEP>KAaTh, UTO OIIpejeleHHble MeTOABI YIIpaBA€HUs TPaHCIIOPTHBIM
CIIPOCOM IPU VICIIOAB30BAaHUM BMeCTe AalOT CuHepreTidecknii 5¢QQeKT MOBbIIIas CBOI0 dd-
dexTUBHOCTD, a Apyrue Ha0OOPOT. B HacrosIee BpeMs Hazpeaa HEOOXOAUMOCTb CO3AaHMS
9} PeKTUBHOI CUCTEMBI I MaTeMaTUYECKOIO aIrapaTa AAs BBIABAEHNS HanOo1ee IepCIIeK-
TUBHBIX KOMOVHAIIMI METOAOB YIIpaBA€HUs TPAaHCIIOPTHBIM CIIPOCOM YUUTHIBAsI CIIEIUPUKY
Pa3AMYHBIX MerarroAyncoB Mupa. PaccMOTpeHHBIN 1104X04, 1103B0AUT 5P PeKTUBHO 1 KadecT-
BEHHO OpPTraHI30BbIBaTh CICTEMY YIIPaBA€HNs TPAaHCIIOPTHBIM KOMILAEKCOM arAoMepariyii.

CIINCOK MCITIOAB3YEMBIX NICTOUYHNKOB MH®OPMAILIVN

1.  ByumkB.P.«TpaHcropr B ropojax, yA00HBIX A4s1 KU3HW»/ B. P. Byunk. — M.: «Teppuropus 6yaymero», 2011.
-576c.

2. AT. Mopos. TeppuropuabHO-TPaHCIIOPTHOE ITPOTHO3UMPOBAHUE U [11aHIPOBAHIE B MOCKOBCKOIL araomepa-
mym/Mopos A.I'., bayasu H.O., Xeitdurr IT.V.//AproTpancniopTHoe npeanpusitie. — 2014. —Ne 2. -C. 18-21.
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INSTRUCTIONS FOR AUTHORS

"The Baku Engineering University Mechanical and Industrial engineering" accepts original unpublished articles
and reviews in the research field of the author.

Articles are accepted in English.

File format should be compatible with Microsoft Word and must be sent to the electronic mail
(journal@beu.edu.az) of the Journal. The submitted article should follow the following format:
Article title, author's name and surname

The name of workplace

Mail address

Abstract and key words

The title of the article should be in each of the three languages of the abstract and should be centred on the
page and in bold capitals before each summary.

The abstract should be written in 9 point type size, between 100 and 150 words. The abstract should be written
in the language of the text and in two more languages given above. The abstracts of the article written in each
of the three languages should correspond to one another. The keywords should be written in two more
languages besides the language of the article and should be at least three words.

.UDC and PACS index should be used in the article.

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

In case the reference is in Russian it must be given in the Latin alphabet with the original language shown in
brackets.

Figures, pictures, graphics and tables must be of publishing quality and inside the text. Figures, pictures
and graphics should be captioned underneath, tables should be captioned above.

References should be given in square brackets in the text and listed according to the order inside the text at
the end of the article. In order to cite the same reference twice or more, the appropriate pages should be
given while keeping the numerical order. For example: [7, p.15].

Information about each of the given references should be full, clear and accurate. The bibliographic description
of the reference should be cited according to its type (monograph, textbook, scientific research paper and etc.)
While citing to scientific research articles, materials of symposiums, conferences and other popular scientific
events, the name of the article, lecture or paper should be given.

a)

b)

10.

11.
12.

Samples:

Article: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomerrik
and dimeric conapeetes of carnosine Uith zinc, Journal of structural Chemistry, VVol.51, No.5, p.824-832,
2010

Book: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, p.386-398, 2002

Conference paper: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information — Commu-nication
Technologies in Science and education. I International Conference.”Higher Twist Effects In Photon- Proton
Collisions”, Baki, 01-03 Noyabr, 2007, ss 384-391

References should be in 9-point type size.

The margins sizes of the page: - Top 2.8 cm. bottom 2.8 cm. left 2.5 cm, right 2.5 cm. The article main text
should be written in Palatino Linotype 11 point type size single-spaced. Paragraph spacing should be 6 point.

The maximum number of pages for an article should not exceed 15 pages

The decision to publish a given article is made through the following procedures:

The article is sent to at least to experts.

The article is sent back to the author to make amendments upon the recommendations of referees.

After author makes amendments upon the recommendations of referees the article can be sent for the
publication by the Editorial Board of the journal.



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University- Mexanika vo senaye miihondisliyi” - avvallor nagr olunmamis
orijinal asarlori vo miiallifin todqiqat sahasi iizro yazilmig icmal moaqalslori qobul edir.

Moqalolor Ingilis dilindo qobul edilir.

Yazilar Microsoft Word yaz1 programinda, (journal@beu.edu.az) iinvanina goénderilmslidir. Gondoarilon
mogqaloalords asagidakilara nozore alinmalidir:

Maqalenin basligi, miisllifin ad1, soyadi,

Is yeri,

Elektron iinvani,

Xiilaso vo agar sozlor.

Maqalada bashiq har xiilasadan avval ortada, qara vo boyiik horflo xiilasslorin yazildigi hor t¢ dildo
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiyiindo, moqalonin yazildig1 dilde vo bundan
olavo yuxarida gostorilon iki dildo olmalidir. Moagalonin har ¢ dildo yazilmig xiilasasi bir-birinin eyni olmahdir.
Agar sdzlor uygun xiilasalorin sonunda onun yazildig: dilds verilmokls an azi ii¢ s6zden ibarat olmalidir.

Mogalads UOT va PACS kodlar1 gostorilmolidir.

Mogqalos asagidakilardan ibarat olmalidir:

Giris,

Tadgiqat metodu

Tadqiqat isinin miizakirasi vo onun naticalari,

Istinad odobiyyat: rus dilinde oldugu halda orjinal dili métorzs icorisinda gdstarmoklo yalmz Latin olifbasi
ilo verilmalidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyystdo vo moatn igarisindo olmalidir. Sakil,
rosm vo grafiklorin yazilart onlarin altinda yazilmalidir. Cadvellords basliq codvalin iistiinde yazilmalidir.

Manbalor moatn icorisindo kvadrat motorizo daxilindo gdstorilmoklo moqalonin sonunda motn daxilindoki
sira il diiziilmalidir. Eyni monbays iki vo daha cox istinad edildikds avvalki sira say1 saxlanmaqla miivafiq
sohifolor gostorilmolidir. Masalon: [7,s0h.15].

Odobiyyat siyahisinda verilon har bir istinad haqqinda molumat tam va doaqiq olmalidir. istinad olunan monbanin
bibliografik tosviri onun ndviindon (monoqrafiya, dorslik, elmi moqalo vs s.) asili olaraq verilmolidir. Elmi mo-
qalalera, simpozium, konfrans, va digor niifuzlu elmi todbirlerin materiallarina vo ya tezislorina istinad edarken
maqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

NUmunalar:

Mbgqala: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, VVol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. Il International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Balka, 01-03 Noyabr, 2007, ss 384-391

Maonbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

Sahifa olgiilori: iistdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm vo sagdan 2.5 sm olmalidir. Matn 11 punto yaz: tipi
boylikliiyiindo, Palatino Linotype yaz tipi ilo vo tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifodon artiq olmamalidir.

Magqalsnin nagre taqdimi agagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moaqale miiollifo gdndorilir.

Mogqals, ekspertlorin tonqidi qeydlori miisallif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
tarafindan ¢apa toqdim oluna bilar.


mailto:journal@beu.edu.az

8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Makine ve endiistri miihendisligi” onceler yayimlanmamus orijinal
galigmalari ve yazarin kendi arastirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin baslig1, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig1 dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her {i¢ dilde yazilmis 6zeti birbirinin ayn1 olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az {i¢ s6zciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugsmalidir:

Giris,

Aragtirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun iist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde koseli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [Imi makalelere, sempozyum, ve konferanslara
miracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gosterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A 1. Appligation of Information-Communication Technologies
in Science and education. Il International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Balka, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; Ust: 2.8 cm, alt: 2.8 cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto bilyiik-
lukte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal aragtirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri génde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana génderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yaym Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler igin,(derginin kendilerine gonderilmesi za-
mani posta karsilig1) 30 ABD Dolar1 veya karsiligi TL, T.C. Ziraat Bankasi/Uskiidar-Istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.



ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - MexaHnueckue 1 IPOMBILILIEHHOIO CTPOUTEALCTBA ITYOJIHKYeT
OpUrHHAIBHBIC, HAYYHBIC CTAThH U3 00JIACTH HCCIICOBAHMS aBTOPa U PaHee HE OITyOIHKOBAHHBIE.

Cratbu TIPUHUMAIOTCS Ha AHTJIMMCKOM SI3BIKE.

Pykomucu IOMKHEI OBITH HaOpaHsl cornacHo nporpammel Microsoft Word u oTnipasiieHsl Ha 371€KTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

HasBanue cTathy, UMs ¥ (haMIIIKs aBTOPOB
Mecto paboThI

DICKTPOHHBIN aJipec

AHHOTAIIMS U KITFOYCBBIC CIIOBA

3ary1aBue cTaTbH IHILIETCS JUISL KOKIOM aHHOTAIINH 3arIaBHBIMHU 6yKBaMI/I, KUPHBIMHA 6yKBaMI/I M pacriojiara-
€TCA IIO LICHTPY. 3arnaBue u aHHOTaluu JOJIXKHBI OBITE MpPCACTAaBJICHBI HA TPEX A3BIKAX.

AHHOTAIMSA, HAIMCAHHAS HA SI3bIKE MPECTABICHHOM CTaThH, TOKHA coaepxath 100-150 ciioB, HaOpaHHBIX
mpudrom 9 punto. Kpome TOro, mpencTaBisioTcs aHHOTAMK Ha OBYX APYTHX BBINIEC YKA3aHHBIX A3bIKAX,
MePEeBO KOTOPBIX COOTBETCTBYET COJIEPKAHIIO OpUrnHaia. KiroueBbie cloBa JOMKHBI ObITh MPECTABICHBI
MOCJIE KaXK/I0M aHHOTAIIMU Ha €T0 SI3bIKE M COIEPIKATh HE MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

[IpencraBneHHbIE CTaTbU JOJKHBI COJEPIKATh:

BBenenue

Mertoj ucciaen0BaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccputaroress Ha paboOTy Ha PYCCKOM sI3bIKE, TOTJA OPUTMHANBHBIA SI3BIK YKa3bIBACTCA B CKOOKaX, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ayihaBUTE.

PucyHKH, KaDTHHKH, TPAQUKH ¥ TAGIUIbI JOJDKHBI OBITh YETKO BBIIOJIHEHBI U pPa3MeleHbl BHYTPH CTaThU.
INoxnwcn K puCYHKaM pa3MENIaloTCs 10J] PUCYHKOM, KapTUHKON WM rpadukoM. Ha3zBaHue TaOIMIBI MUMIETCs
HaJ TaOJINIEN.

CchIIKY Ha HICTOYHUKH JJAIOTCS B TEKCTE NU(PPOH B KBaJPaTHBIX CKOOKaX M PACIOIaraloTcs B KOHIIE CTaTbU
B HIOPAIKE IUTHPOBAHUS B TeKCTe. ECiM Ha OIMH M TOT K€ MCTOYHUK CCHUIAIOTCS /1Ba M Oojiee pa3, HeoOXo-
JUMO yKa3aTh COOTBETCTBYIOIIYIO CTPaHHMILY, COXpaHsAs HMOPSAKOBBIA HOMep IuTHpoBaHus. Hanpumep: [7,
ctp.15]. bubnuorpadudeckoe onucaHue cchUIaeMOi JTUTEPATYPHI TOKHO OBITH MPOBEIEHO C yYETOM THIIA
HCTOYHUKA (MOHOTpadus, yaeOHUK, HayuHas cTaThs  1p.). [Ipu cchlike Ha HAYYHYIO CTaThiO, MaTEPHUAIIBI CHM-
MO3UyMa, KOH(PEPEHILIMH WU JIPYrUX 3HAUMMBIX HayYHBIX MEPONPHUATHH JOJDKHBI ObITh yKa3aHbl Ha3BaHHE
CTaThH, TOKJIQJa WK Te3Hca.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knuza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies
in Science and education. 1l International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, ss.384-391

Cnmcok MUTUPOBAHHOW JUTEpaTypsl HabupaeTcs mpudtom 9 punto.

10.

11.
12.

Pa3mepbl crpaHuubl: cBepxy 2.8 oM, cHu3y 2.8 cM, crieBa 2.5 u cripaBa 2.5. Tekcer nedaraercs mwpudrom Pala-
tino Linotype, pasmep mpudra 11 punto, uHTepBan-oanHapHbli. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHBIN 00BbEeM OpUTHHAIBHON CTaThH, KaK IPAaBMIIO, HE TOJDKEH MPEeBHIIATh 15 cTpaHu.

Hpe)ICTaBJ'IeHI/Ie CTaTbH K IMCYATU NPOU3BOJUTCA B HUKEC YKA3aHHOM MOPSAIKE:

Kamaaﬂ CTaThs NOCBIJIACTCS HE MCHEEC JIBYM 3KCIICpTaM.

CTaThs IOCHLIACTCS aBTOpY JIA ydeTa 3aMeYaHul OKCIICPTOB.

CTaTBH, IOoCJie TOr0, Kak aBTOP Y4e€J 3aMCUaHHs DKCIEPTOB, peHaKHHOHHOﬁ KOJLUIeTHEl JKypHajla MOXET
OBITH PEKOMECH/IOBAHa K Ie4YaTu.
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