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VISION-BASED LINE FOLLOWING CONTROL FOR A DIFFERENTIAL-DRIVE
MOBILE ROBOT

Plamen PETROV
Automation of discrete production dept., Technical University - Sofia, Bulgaria
e-mail:_ppetrov@tu-sofia.bg

Abstract: This paper proposes a vision-based line following controller for a differential-drive mobile robot. First, a ki-
nematic model of the robot suitable for path following applications is derived. A feedback control, which achieves local
asymptotic stability of the nonlinear closed-loop system is designed and analysed. A camera model and the perspective
point transformations are given. A line detection algorithm based on Hough transform is used in order to extract the posi-
tion and orientation of the robot with respect to a detected reference line in the task space.

Keywords: Differential-drive wheeled mobile robot, kinematic model, line detection, vision-based control

1. INTRODUCTION and the line detection algorithm are described in
Section 4. Conclusions are given in Section 5.
In more than three decades, there has been an in-

creasing interest in wheeled mobile robots for indus- | &1
trial [1], public [2, 3], and scientific [4] applications.
One of complexity in achieving autonomous naviga-
tion of mobile robots is the information for their en-
vironments, which must be obtained in real time from
sensor systems. The use of visual information is an | =
attractive solution and the visual servoing is a field of
extensive research. In indoor applications, computer
vision is often used for precise localization and es-
pecially, by using landmarks indicating a desired =
trajectory, which should be tracked [5]. Numerous ;
image processing algorithms for detecting lines in the &
task space from data provided by cameras are re-
ported in the literature, such as in [6, 7, 8].

In this fig.1 The differential-drive wheeled mobile robot Pio-

paper, we consider the problem of controlling the neer-3DX equipped with a camera
motion of a nonholonomic differential-drive mobile
robot Pioneer -3DX (Fig.1), based on the information 2. KINEMATIC MODEL

obtained from a monocular camera mounted on the

robot. More specifically, we consider a straight-line A plan view of the differential-drive wheeled
following control task. We design a feedback controlopile robot considered in this paper, is shown in
which achieves local asymptotic stability of therig 2. The kinematic scheme of the robot consists of
nonlinear closed-loop system. A line detection algop|atform with two independently driven wheels
rithm based on Hough transform [9] is used in ord&founted on the same axle and one free wheel (cas-
to extract the position and orientation of the robofpr). The wheels of the robot are assumed to roll
with respect to a detected reference line in the taglithout lateral sliding. The coordinates of pofit
space. The rest of the paper is organized as followghich is located at the centre of the wheel axle, with
In Section 2, a kinematic model of the robot in errofespect to an inertial franfexy, are denoted byxg,
coordinates is derived. In Section 3, the propossgly The anglegis the orientation angle of the robot
controller and stability analysis is presented. Thgjin respect tdFxy. Two coordinate frameBxpypzo
camera model, the perspective point transformauonéndDXDyDZD are attached firmly to the robot at points

P andD, respectively, in such way, that th@axes are
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parallel to the longitudinal axis of the robot, and the =p +RdP 2
_ Po = P +Rdp )
z-axes are perpendicular to the ground. The centre OL
the coordinate systelDxpyp7p is at distancén from wher ]
the ground. A monocular camera is placed in front of The coordinate frameBxgyr and Dxpyp are de-
the mobile in such way that the camera optical axis ffed to describe the error kinematics during the line
perpendicular to the surface of motion and the origitfacking process. For this purpose, the coordinates
of the camera frame coincides with the centre of thend orientation of the framiexgyr in the coordinate
coordinate systenDxpypzp. Its projection on the frameDxpyp can be expressed in the form
ground is at distancg ahead from the wheel axle. A e=T(pPs— Pp) (3)
reference trajectory is defined by a moving referenceh _[ ]T 3is th twre:
coordinate framdRxgyr such that theg axis is tan- where e=lg, e, ] L Isthe error posture;
gent to the desired path and oriented in the direction n =[x y. @] 00, p, =[x, vy, 6 OC°,
of motion to follow.

e R 0S0(2) is orthogonal matrix.

co¥ sind O
Y“ and  T=|-si® cof O
0 0 1

is a3x3 invertible matrix.
Differentiating (3) with respect to time and taking
Ypi------- . into account equation (1), after some work the error
kinematics for straight-line path following applica-
tions can be described as follows

e=f(e)+g(@)u (4)
Where éz[ey eg]TDD2 ; (@) =[v, tane, 0]

»
»

F Xp X and g(é):[—(ey tane, +d) —1]T are C' vector

fig.2 Differential-drive wheeled mobile robot geometry functions; vy is the longitudinal components of the
linear velocities of point®; u:=w:=4@ is the angular
velocity of the mobile robot and considered as control
Since the mobile robot is moving on a horizontajnput, in this paper. We note that the angular veloci-
plane, in that follows, for simplicity of exposition we ties of the wheels are easy obtained from the linear
will use a coordinate franexpyp instead oPxsyrze,  and angular velocities of the robot by using algebraic

where it is possible. Using the coordinatesyr) of  relationships and are omitted in this paper, for brevity
the reference poinP, the configuration of the of exposition.

system is described by three generalized co-
ordinates 3. CONTROL DESIGN

= o' no® 1
q [XP Ye ] - @ The path following geometry used in this paper is

Let us denote byp, =[x, y,| OO the coor- represented in Fig. 2. Consider a differential-drive
dinates of poinP with respect to the framiexy; the robot moving forward on a flat surface. We assume
coordinates of poind with respect to the franfexy  that the pathc is a straight line which for simplicity
coincides with the-x. In this sectionwe present a
: path following controller design for the differen-
with respect to Fxy Dby 0. If the vector g drive mobile robot described by the nonlinear
d2 =[d 0] ODO? is the vector from the origin of system (4). We assume that the linear velogitgf
frame Pxgyp to the origin ofDxpyp, expressed in the the robot is positive and constant. In this case, using

coordinate framePxgsyp, then the coordinates of the parameterizatioref e;) and given a patlt, the
pointsD andP are related by path following problem consists of finding a feed-

by P, =[% Y| 00?2, and the orientation d*D
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back control law for the system (4) with control inpuiare depicted in Fig. 3. The control paramkjevas
u, such that the state vectey,e;] ' tends to (,0]", chosen to b, = 10.
ast — . We propose the following control law

u= knyey (5) . ‘ Error ‘coordinates - ey; et-—

wherek, is a positive constant. The closed-loop sys- | | |
tem has the form T TTTI T TTTTT T T T
e=me) (O R e - IR
where ! | |
R e ‘
m= [vX tane, -k v, tane, —k dve, - kyvxey]T : 2 ~t : |
The pointé=0is an equilibrium point of the o / | | |
closed-loop system. The stability of the equilibrium 02} --- -/ ----- oo R et
point will be analyzed based on the stability of the | | |
linearization of (6) about the origin. We gave ~  *°7 77777 T T .
e=Me @) 1 1 1
4 6 8 1(
where s
M= Drd@:o' fig.3 Evolution in time of the error coordinates:(solid

. line) and g (dashed line).
Let V:R? - R be aC! scalar radially un- ine) and & ine)

bounded positive definite quadratic function of the

state€ given by 4. LINE DETECTION AND ERROR POSTURE
V =g'Ve (8) ESTIMATION
where ] ] ] ]
In this Section we describe the algorithm based on
1/2 0 ) L
| = Hough transform for line detection, in order to extract
0 (@/2k, the posture (position and orientation) of the robot

is 2x2 diagonal matrix. The derivative ®fresults in ~ With respect to the detected line in the task space by

. 9) using data obtained from a monocular onboard cam-

Using the LaSalle’s invariant principle [10], it era. The camera is placed in front of the mobile robot
can be shown that the origin of the linearized syste@nd the origin of the camera frai@g:ycz: coincides

(7) is asymptotically stable. Indeed, from (9), it fol-with the centre of the coordinate systBxbynzp, at
lows distanceh from the ground. The optical axis of the

V=0=e =0=e¢ =0. (10) camera is perpendicular to the surface of motion, as
v y shown in Fig. 4. The focal length of the camera is

Suppose thag(t) is trajectory that belongs to set yonoted by.
S: S={ed0?|V =0} . From (7), it follows The geometric relationships between the onboard
e=0n@=0 e =0)n (&.20 11) camera anq a feature point from the ref_e.rence line, is
€=0n06=0=6=0n&=0 1 shown in Fig. 4. Let us denote the position of a fea-

Thus, =0 is asymptotically (and also expo-tyre pointB on the reference lin& with respect to
nentially) stable equilibrium point for the linear sys+ha camera framey

tem (7). Hence, based on the Indirect Method of

Lyapunov [10], the origine=0 is also a locally c

asymptotically stable equilibrium point for the Xg

nonlinear system (6). “ps =| “ys |OO°. (12)
Simulation results for the evolution in time of the c

error coordinatesg(t) with initial conditions %8

e (O):[025 0,1]T for a rectilinear reference path
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2] Vo We use the Hough transform to detect the refer-
ence line in the images obtained from the onboard
Xc XD camera. In the Hough transform, one involves a
7 DEIC transformation of a line in Cartesian coordinate space
Image plane to a point in polar coordinate space [9]. The method
f extracts the parameters of the line from its boundary
v Zc points. In order to apply the Hough transform, in most
: cases an edge detection preprocessing step is desir-
[ able.
i The procedure of isolating a line in an image from
: the robot’s camera is illustrated by using the Image
L Processing Toolbox of Matlab software. A sample
""""" b image acquired by the onboard camera with resolu-
tion of 640x480 pixels is shown in Fig. 5.

Original Image

fig.4 Camera configuration and coordinates frames

The corresponding pixel coordinates in the image
plane are obtained as follows

U |
1
I Ps =| Vs :c_TcCpB DD3 (13)
1 4
where the3x3 inve;tible matrixT¢
fSJ 0 U fig. 5 Original image captured by the camera
T.=| 0 fs, v, (14)
O 0 1 The color image is first converted in grayscale

. T . . .(Fig. 6).
is the so called intrinsic camera calibration matrl)s 9. 6)

[11] and 6, S, are the camera scaling factors . In
(14), the angle between the camera axes was set to be
n/2. Using (13) and (14), the coordinates of p&nt

in DxpYpZp are obtained as follows

DXB

P Ps = DyB =CZBRch_l| Ps (15)
D

Zg
whereR [1SO(3) is a rotation matrix about thg

axis by angler and€z, =h. Thus, knowing the in-
trinsic camera parameters given by (14) together with
the position and orientation of the camera with re-
spect to the robot and the ground, and the coordinates
of feature points from the reference line in the image
space, by using (15), it is possible to extract the PR3e
sition of the robot with respect to a detected referen%%
line in the task space.

Grayscale

ey .

fig. 6 The image in gray scale

After that, the Canny edge detector is used to
ntify edges in the image. The resulting image is
own in Fig. 7.

10
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Lgeld Value Min Max

FHy (557,21 2 557

H point2 [465,478] 465 478
theta 11 1 1T
rho 546 546 546

fig. 10 Information for the extracted line

Given the coordinates of the two reference points,
the position of the mid point of the line with respect
to the principle point in the image plane is easy cal-
culated. After that, by using (15) the error coordinates

The Hough transform provides information abouPf the robot in the task space are determined in order
two parametersé( p) of the extracted line in polar t0 implement the control law proposed in (3).

coordinates, (Fig. 8). The accumulator space is given
with 6 as abscissa anpdas ordinate. 5. CONCLUSION

fg 7 Canny edge detectlon

In this paper, a vision-based line following con-
troller for a differential-drive mobile robot has been
proposed. A kinematic model of the robot suitable for
path following applications has been derived. A
feedback control, which achieves local asymptotic
stability of the nonlinear closed-loop system has been
designed and analysed by using Lyapunov stability
theory. A camera model and geometrical relation-
ships between the camera and features on the refer-
® @ 4 0 2 @ o w ence line have been presented. A line detection algo-
rithm based on Hough transform has been used in
order to extract the position and orientation of the
The dominant (detected) line is now found andbot with respect to a detected reference line in the

automatically drawn into the original image (Fig. 9).task space, in order to implement the proposed
feedback control law.

Hough transform

fig. 8 Hough space -4( p) of the extracted line

Hough line
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CPABHUMTEJIHO U3CJIEABAHE HA TEXHOJIOI'MUTE 3A BBP30
N3PABOTBAHE HA ITPOTOTHUIIM 1 BHP30 U3PABOTBAHE HA
P®OPMOOBPA3YBAILIKM MTHCTPYMEHTH

Anapusina BOIIEBCKA! T'eopru TOJOPOB? Toxop HEILIKOB®
lKaTe/:[pa »KoMImioTepHH Hayku u HmkeHepcTBo”, Texundecku dakynrer — burosns, P. Makenonus
e-mail: abocevska@yahoo.com

Z1aGoparopust ,CAD/CAM/CAE B unnycrpusta”, Texumuecku yuusepeuter - Cogust, Boarapus

e-mail: gdt@tu-sofia.bg
2KaTe;[pa » ABTOMaTH3anus Ha IUCKPETHOTO MPOou3BOACTBO”, Texuuueckn yausepcuteT - Codust, brirapus

e-mail: tnesh@tu-sofia.bg

Pe3tome: B To3u noknax € ganeH mMperiie] Ha paslHYHUTE TEXHOJOTHM 3a OBP30 M3pabOTBaHE HAa MPOTOTHIN KAKTO H
CpaBHEHME Ha OCHOBHMTE XapaKTEPUCTHUKH HAa KOMIIOHEHTHTE MOIYy4YEHH Upe3 Te3H TEXHOJOTHH. XapaKTEPHCTHKUTE ca
CBBP3aHH C IPanaBoCcTTa Ha MOBbPXHHUHATA, TOYHOCTTA HAa Pa3MEPUTE U MEXaHWYHHUTE cBoiicTBa. Hampasena e knacugu-
KaIysl Ha ITOITYJISIPHATE TEXHUKH 32 (OopMOo0Opa3yBaIy MHCTPYMEHTH 1 TSIXHOTO CpaBHEHNE Bh3 OCHOBA HA TPAHHOCTTa Ha
HMHCTPYMEHTA, BpPEMETO Ha pa3BUTHE HAa MHCTPYMEHTA U Pa3XOJUTE 3a pa3BUTUC HA MHCTPYMEHTA.

KnrouoBu nymu: nporotunu, 66p30 nporotunupane, 6sp30 u3paborBane Ha HopMooOpa3yBalId HHCTPYMEHTH.

1.BbBEJEHUE

CBBpeMEHHUAT TIIO0AJIEH Ma3ap ce XapaKTepH-
3upa ¢ Oe3KOMIPOMHCHA KOHKYPEHIMS W Herpe-
KBCHATO MPOMEHSIIN C€ MOTPEOMTENICKU KaIlpHU3M.
ToBa HpUHYK/IaBa BCEKH MMPOU3BOAUTEN HA U3ICIHS
Jla ThPCH BB3MOXKHOCTH 3a ChKpalllaBaHe Ha CPOKO-
BETe 3a MPOCKTHpPaHE W IMPOU3BOJICTBO IIPH BbH3-
MOXKHO TI0-HHCKH THPOU3BOJICTBEHH pa3xoiu. Enun
OT HAYMHWTE 3a ITOCTUraHe Ha TOBA € M3IOJI3BAHETO
Ha TEXHOJIOTMUTE 32 ObP30 IPOTOTUIIMPAHE U3BECTHU
kato Rapid Prototyping: Rapid Tooling.Hatpyna-
HUST TIpe3 IOCIECTHUTE TOJWHM OIMT IOKa3Ba, 4e
nnterpupanero Ha RPu RT texHonoruure B ukbia
MPOEKTUpaHe — MPOM3BOACTBO HA HOBO WIJIM MOJIH-
GbUIMpaHO H3[e/IUe HEKOJIKOKPaTHO, a B OTACIHHU
cllydyad MHOTOKPATHO, ChKpallaBa TO3HM IHMKBJ MPH
MTOCTUTAaHE Ha BHCOKO KadecTBO. OCOOEHO ChINECT-
BEHO MPEAMMCTBO € Bb3MOXKHOCTTa MHOTO OT Jieii-
HOCTHTE TPH Pa3BUTHETO Ha M3JEIUETO Ja ce pea-
nusupar napaneino. RP/RT texHosorusra € 4yecto
BT Hal-IO0OpPOTO BB3MOXKHO PELICHUE 3a MPOM3-
BOJICTBO HE CaMO Ha €AMHUYHM MTPOTOTHIH, HO M Ha
MaJIKH ¥ CpEJHO TOJIEMU CEPHH Ha M3JCIHUs ChC
CJIO’KHM BBHIIHU CBOOOJIHO U3KPUBEHH MOBBPXHUHU
M 0COOCHO Ha TaKMBa ChC CJOXHA BBTPEIIHA Ieo-
MeTpus. Ta3u TEXHOJIOTHs MO3BOJISIBA BPEMETO 3a
MPOM3BOJICTBO ] CE€ M3MeEpBa HE B CEJAMHUIIM WU
MeCelH, a B 4aCOBE U JIHHU.

2. BbP30 IIPOTOTUIIUPAHE

Texuukure 3a Obp30 npororunupane (RP) ca
aIuTHBHU mpouecH. KoMmoHeHTHuTe ce u3rpaxiaar
MOCJIEIOBATENIHO B CJIOEBE, JOKATO C€ MOCTHIHE
KpaiiHaTa reoMmerpusi. HaumHa Ha wu3rpaxaaHe Ha
CJIOGBETE W TPHIIATaHUsl MaTepual ChIIECTBEHO Ce
pa3IMyaBaT MEX/y pa3jInaHUTE TPOLECH.

[Mpunaranero Ha texHosioruure 3a RP 3amousa
chC ch3maBaHeTo Ha 3D Mozen Ha MPOTOTHITHOTO
u3nenue. [Ipu To3u mporec MoOKe Ja ce U3MOJ3Ba
pasnuyHa u3xonaHa uHpopmanusi. Ce3ganenust 3D
MOJIeN ce KOHBepTHpa B HeyTpaieH dopmart. [Ipen-
mouutanuaT popmar ¢ STL, HO MOXKe 1a ce M3IMOII-
3BaT pa3auyHu TpaHciatopu. OxoHUaTeNHO nehu-
uupanusT 3D moxen B STL popmar ce “Hapsizea” Ha
CJIOEBE Upe3 THhHKH YCIOPEIHH HAIIPEYHU CeUeHHs,
Taka d4e ce oOpasyBa (PHU3WYECKUS TPOTOTHI OT
opurunanuure CAD naunu, (¢pur.1).

Bcsika TeXHOJIOTHS MMa MPEMMCTBA U HEJOCTAThIIH,
KOMTO TpsiOBa na ObJaT MOJAPOOHO  ONIpeNelICHH,
npeau na O0pae m3Opan RP mpomec. B mporuBen
ciydaii Moxe J1a ObJie MPOU3BEICH YacT, KOSATO U3-
ISUT0 HE OTrOBapsl Ha M3MCKBAHUATA HA TIOTPEOHTES.

2.1Tpuaarane Ha RP

OCHOBHO TNIPHIIOKCHHE:

Konuentyannu moaeau. B cpaBHeHHE ¢ KOH-
BEHIIMOHAIHUTE TPON3BOJCTBEHH IPOLECH TEXHH-
KHTE 32 ObP30 MPOTOTUIIHPAHE TTO3BOJISABAT OBP30 H
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€BTHHO M3pabOTBaHE HAa NPOTOTUIIM HAa MHOTO
CloKHU 4YacTH. ToBa mpemocTaBd AM3aliHEPCKUS
€KHII C Bb3MOXKHOCT 32 ITPOBEpPKa U MOIUPUKALHS Ha
MpOTOTHIIA B paHeH eTam. /luzaiiHa Moxe na Obzae
KOpUTMpaH M MOAMGHULIMpAaH Npead B3eMaHe Ha

3D CAD reometpHa

OKOHYATEJIHOTO PELICHUE 3a MPOU3BOJACTBO. YacTra
MoJTy4eHa upe3 Obp30 MPOTOTUIIMPAHE MOXKeE /1a ObJe
MpuiaraHa Kato KOMYHHMKAI[HOHEH MHCTPYMEHT He
caMo 3a Iu3aliHepCKUs €KUll, HO CHIIO Taka U 3a Oc-
TaHAJINUTE OTHEIIH.

KoHCTpYKITHS 0T caoeBe

¢ur.1 [Ipuniun Ha cb3gaBane Ha npotoTun npu RPrexHonornsTa

*  DYHKIHOHAJIHHU WM NMOJY-(PYHKIMOHAIHH
Moaean. Hsxoun mpomecu 3a 6bp30 MPOTOTHIHPAHE
MO3BOJISIBAT CH3/AaBaHETO HA HAMMBJIHO (YHKIIHO-
HAJIHU YaCTH, aKO ChOTBETHOTO MpWIaraHe Ha 9acTTa
He € MHOTo B3uckarenHo. Yacture mosydyenn ¢ RP
Morar aa OBJaT NPUIOKEHH TPH aceMOnmpaHe,
KaKTO ¥ Jia W3MbBJIHABAT (PYHKIUATA Ha (UHAIHO
MPOU3BEICH YaCT Ha 3aJI0BOJIMTEIIHO HUBO. BhIipeku
TOBA, MHOT'O YECTO MOJY-(YHKIIMOHATHUTE YaCTH Cca
HaIpaBeHHM Ype3 HM3Moi3BaHe Ha mporecu 3a RP ¢
MaTepualid, KOUTO YEeCTO HSAMAT aJeKBAaTHOTO (u-
3MYECKH CBOICTBAa 3a OKOHYATENHO MPWIOKEHUE.
Te3n mony-QyHKIIMOHATHN YacTH MOTaT Ja Obaar
MIPHUJIOKEHH 32 IPOBEPKa HA YACTUTE, JIECHO MOTAT Ja
O0baar criio0eHM WM W3MOJ3BAaHH 32 ONUTHH W3-
CIIeZIBAHMS, KOUTO Pa34nTaT CaMo Ha TEOMETPHTa Ha
4acTTa, a He Ha CBOIICTBaTa Ha MaTepHaia.

* Mogaenu, oopa3uu. Yacture nosyuyeHu upes
RP morar na ObmaT NpHIOKEHH KAaTO MOJIEIH 3a
MPOU3BOJICTBO HA HHCTPYMEHTH OT CHJIMKOHOBA I'yMa
3a MaJKO CEpUITHO MPOU3BOACTBO Ha ()yHKIIMOHATHU
yactu. ToBa ce OChIIECTBSBA UPE3 JICCHE O] BAKYYM
WIM KaTO MOJICIH 33 €IHOKpAaTHA yrmoTpeda mpu Je-
€He 1o cTomsieMH Mojend, Taka RP wactu ce yHu-
mo’XkaBaT 1Mo Bpeme Ha mporeca. RP wactu chino
MoraT J1a ObIaT MPHUII0KESHN M KaTO MOJICIH 32 JIECHE
B ISICHYHU (DOPMH.

e MWHCTPYMEHTH TMOJY4YEeHHM 1O JUPEKTeH
HAYMH. 32 HIKOW NPWIOXKEHUs, mporechT Ha RP
MMO3BOJISIBA MPOM3BOJCTBOTO HA WHCTPYMEHTHTE Ia

Oblle HANpaBeHO JWPEKTHO, T.6. 'MEKH' WHCTPY-
MEHTH, KOUTO MOTar jJa ObJaT MPUJIOKEHH CaMo 3a
MaJIKO CEpUHHO TPOM3BOJICTBO U "TBBPAU" WHCTPY-
MEHTH 3a TOJISIMO CEPHIHO MPOU3BOICTBO.

2.2BuoBe metoau 3a RP

Crepeoautorpadus (SLA). SLA e emna ot
Hali-ctapute TexHoyioruu Ha RP, xosro matupa ot
cpenara Ha 1980r. SLA mMoxe na ObJe MpHUIOKCHA
32 YACTH ChC CIIOYKHA TEOMETPHUS U C IOBBPXHOCT Ha
Ka4eCTBO KAKTO U KOHBEHIIMOHAIHO 00paboTeHuUTE
KOMITOHEHTH. SLA dYacTWTe 9eCcTO ca H3IOJI3BaHH
KaTo MOIEIM 3a IPOM3BOACTBO HAa CHIIMKOHOBHU
(dhopMu TIpu JIeeHe IO BaKyyM HIIM JICCHE Ha MHO-
TOKOMIIOHCHTHA TEPMOPEaKTHBHA CMEC.
IIpeaumcrna:

¢ JloOpa 3aBbpIiIcHA TIOBBPXHOCT;

e JlecHo ce MOTy4aBa CJI0)KHA TEOMETPUS U

e OO6wmo B3eTo, MMa A00pa reOMETpUYHA TOY-
HOCT.
Henocrarsuu

e HeoOxoauMu ca AONBIHHUTEIHU CTPYKTYPH,
KOUTO TpsiOBa 11a ObJaT OTCTPaHEHH;

e Yacrtute mMorar 1a ce neopmMupart, 0coOeHO ¢
AKPHWIHH CMOJIH U

e CMonuTe ca OMacHM W TPsOBa BHHUMATEITHO
obcmyxKBaHe.

CelleKTHBHO JiazepHo cuHTepyBane (SLS).
To3u MeTo.1 M03BOJIsIBA OBP3UTE MPOTOTHUIH A3 OBAAT
u3pabOTEHN OT pa3jIYHA MATEPUANH, TaKa 4€ IO-
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ny-QyHKIMOHAIHM YacTH MOTaT Jia ce Mojydar Iu-
pekTHO. YacTHTe KOWTO MMAT CIIOXHA T€OMETPHA
Morar sia ObJaT HalnpaBeHU OT MpaxooOpa3eH Mate-
puan. ®akThT, e ce mpuwiara npax KaTo OCHOBEH
Marepuall OrpaHH4aBa KaueCTBOTO Ha MOBBPXHOCTTA
Ha ¢uHanHata yact. [IpOM3BOACTBOTO HA HHCTPY-
MEHTH MOXe€ Aa Obie NpsSKo ¢ npuiaraneto Ha SLS
4acTHuTe, N3pabOTeHU OT METAJICH Mpax MpH mpoleca
RapidTool.

IpeaumcrBa

* He e HeoOXoauMa MOMBIHUTENHA TEPMUYHA
00paboTKa Ha 4aCTHUTE, OCBEH aKo T€ Ca KepaMHYHH,

* YacruTe yecTo Morat 1a ObaaT noiydeHu oe3
JOIBITHUTEIHHA CTPYKTYPU U

* Yactu oT pa3inuyeH MaTepual Morar 1a obaat
MOJYYEHH AUPEKTHO.

Henocrarbum

* TIloBbpXxHOCTTa Ha 4YacTHTE € TMopecTta |
OKOHYATEeTHATa IOBBPXHOCT MOXeE Jia ObJie MopecTa;

* [IlpouechT Ha 3arpsBaHe U OXJAKAAHE Ha
MalllMHATa MOXeE JIa OTHEME I0-IBJIT0 BpeMe 1

* YactuTe MOXe 3HAYUTENHO Ja ce aehopmu-
par.

H3pabdoTrBaHe HA 1eJI0BH Ype3 HACIOSIBAHE Ha
gucroB Matepuana (LOM). Tosu merox e 4ecto
OIMCaH KaTo MpEeBpbIIaHe Ha XapTusra B 16pBo. [1o
npunoun LOM e npunaran 3a npaBeHe Ha IbPBEHU
MOJIENIM 32 ISICBYHO JieeHe. Te3u Mozenu ca aocrta
U3APBKINBA U CHOTBETHO OTHOBO YHOTPEOUMH.
LOM e enHa oT Hali-HKOHOMHWYHUTE TEXHOJIOTUHA HA
RP u e ornuyna 3a mpaBeHe Ha TOJIEMH YacTH C OI-
pelesieHa reOMETPUYHA CII0XKHOCT.

IIpeaumcTBa

* JIbpBeHHTE YacTH MOraT Aa ObAAT IMOKPUTH C

ISICHK, MPOAYITYBAHU U J1a UMAT pe30a;

e Tonemure yactu mMorar fa ObJaT HAIpPaBEHU
OBP30 U CPABHHUTEITHO EBTHHO.

Henocrarbum

e JIbpBEHHUTE YACTH C MAJIKO HAMPEYHO CCUCHHE
YEeCTO UMAT MaJIKa SIKOCT;

e JIepBeHuTEe YacTh abcopOupar Biara, OCBEH
aKo Ha MOBBPXHOCTTA C€ MpHJara Oompe/elieHa Ipo-
uenypa u

* 3akIrOuYUTENHATA IUIONI OpEJa JOMbJIHHUTEI-
HaTa o0paboTKa € He3aJOBOJUTEIIHA B CpaBHEHUE C
HSKOHW ApYru TeXHUKH Ha RP.

MopesmnpaHe Ype3 oTJIaraHe Ha pPa3TONeH Ma-
tepuai (FDM). To3u MeToa mpuHaAIEKU KbM Kiaca
Ha TexHosoruu 3a RP, xouto ca wu3BecTHH Kato
KOHIICTITyaJJHu Mojenu. ToBa € Taka, 3ailoTro B
CpaBHEHUE C JPYT'H TEXHOJIOTHUH KaTo Hampumep SL,
CB3JIAJICHATE MOJIeH OOMKHOBEHO ca HE(YHKIIHO-
HAITHK OT TJIe/lHA TOYKa Ha TAXHATA SIKOCT M 3aKJI0-
YHUTENHATA TIOBBPXHOCT € HEe3a0BOJIMTENIHA, aKO Ce
CpaBHH C JpPYyrd TEXHOJIOTHH KaTo Hampumep SL.
[Ipe3 mociepHUTE TOAMHH HMa TMOMOOpEHHE Cliel
kato Stratasyse3masa mammuure Maxumu Titan.
KonuentyaaHure MOJenu ca MNpeIHA3HAYCHH Ja
OCHTYpSIT ObP3 HAUMH 32 Ch3JJaBaHE HA YacTTa, KOSITO
e MOXxe J1a ObJie MPOBEPEHA 3a rPyOu IPEIIKH U J1a
MOXe Ja ObJe MpujiaraHa KaTo KOMYHHKAIMOHEH
HHCTPYMEHT MEKAY MPOAYKTA U AU3AWHEPCKUS CKHII.
IIpeaumcTBa

* Yacrute morar ja ObJaT HAlpPaBEHU OT pas-
JIMYHA MaTepUaId U

* MammHaTa MOXe JIECHO /2 ObJie MOHTHpaHa
1 U3M0JI3BaHa B o(uc.

Henocrarbum
* JloOpa 3aBBpIICHA IOBBPXHOCT;
* HyxHa e omnopHa cTpyKTypa;

Ta6J.1 'panaBoct Ha moBbpxHuHaTa (UM Ra)3a usdpanute TexHoaoruu 3a bIT

'brua Ha uzrpaxiase, o/creneHu

TexHoJIOTHS - MATEPHAJ JleGeanHa Ha CJI0s 10 30 50 70 90

SLA — Enokeupa (ACES cTmi) 0,15 39,9 28,8 21,5 16,7 6,3
SLS —IMoaucTupeH 0,20 65,2 35,6 32,6 24,7 20,6
SLS —Haiijon 0,10 28,5 36,9 36,5 39,2 11,8
LOM - Xaprus 0,10 29,2 27,7 25,3 23,3 16,9
FDM - ABS 0,25 56,6 38,6 26,4 22,7 17,9

Ta64.2 TouyHoCT Ha pa3MepuTe 3a 30paHuTe TexHosoruu 3a bIl

Inanupanu pasmepu ot CAD moaeasT (Mm)

| Cpenna |
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WN 0NN

TexHosorus - MaTepuasi 3450 50,35 52,50 56,00 60,00 71,00 75)00Gounoct
Peasinu pazMepu Ha U3ciaeABaHuTe YacTu (MmM)
SLA — Enokcnpg (ACESTun) 34,83 50,57 52,77 5585 59,97 70,97 74/94 97
SLS —Ioauctupen 34,43 50,45 52,62 56,48 60,14 71,31 75/12 97
SLS —Haiison 34,77 50,37 52,59 5599 60,39 70,65 74,99 97
LOM - XaprTus 34,67 50,61 53,20 55,98 59,92 71,05 74,86 97
FDM - ABS 34,38 50,07 53,45 5546 60,09 70,42 75,08 95
Ta0,1.3 UHAMKaTHBHN MEXaHWYHH CBOMCTBA 3a W30paHuTe TexHoJoruu 3a BIT
Texuonorus Marepuan SAxoct Ha Mopaya Ha eqacTHYHOCT  CKJIEPOCKONNYHA
omba (MPa) (MPa) TBBpaOCT D
SLA Enoxcnn 55-65 2,150-2,600 80-85
Axpuat 35 1,100-1,200 78
LOM Xaprus 26-66 2,514-6,697 55-70
Ionuectep 85 3,435 -
FDM ABS 35 2 495 105 Tebpmocr 1o
Poksen
Bocbk 3,5 277 33
SLS dun HalJIoH 36 1,400 -
AKpuiieH mno- 10 1,100 )
aMMmep
Haiinon 49 2,828 -

* KoMnoHeHTuTe MMAaT MajKa SIKOCT BbB BEp-
THKAaJIHA TIOCOKa,

¢ TlIpouechT npotuya OaBHO 3a YaCTH C TOJSIMA
Maca u

* Jlomara kpaiiHa OBBPXHOCT T' TIPaBU Heat-
PaKTHBHH HHCTPYMEHTH.

2.3 CpoiicTBa Ha yacTuTe Mojy4enu upe3 RP

Cnennute maparpadu OLCHSIBAT HIKOJKO KIIFO-
YOBU CBOMCTBA, IMEHHO:

e TI'pamaBoCT Ha MOBHPXHUHATA

¢ TouHocT Ha pa3mepuTe

* MexaHUYHU CBOWCTBA.

I'panaBoCT Ha MOBHPXHHHA HA YACTHTE MO-
aydyeHu 4pe3 RP. I'pamaBoctra Ha NMOBBPXHHHATA
MOJKe Aa Obae u3Mepena cbe croitHocTr ot 0 mo 90,
(Tabmuma 1). Ot JaHHUTE MOKE J1a CE OTYETE, Y€ UMa
€/IHO 3HAYMTEIIHO Pa3HOOOpa3ue B rpamaBoCcTTa Ha
MOBBPXHOCTTA B 3aBUCHMOCT OT: TEXHOJIOTHSATA, Ae-
OcnmuHATa HA CIOS, W3MOJ3BAaHHA Marepual U OT
BI'bJIa HA U3TPAXKIAHE HA MOBBPXHOCTTA. bruiIbT Ha
m3rpaxaane e ocobeHo BaxxeH nu RP norpeburensr
TpsiOBa J]a OCOYU KOSl IOBBPXHOCT TPsOBa J1a MMa
Hal-100pO Ka4ecTBO, 3a Jia Ce rapaHTHpa, Ue YacTTa €

W3rpajicHa B MpPaBHJIHATA MMOCOKA, 32 MOCTUTaHE Ha
JKEIIAHWSI Pe3yITar.

TouyHOCT HA pa3MepHUTe HA YACTHUTE, MOJIyde-
Hu upe3 RP. M3mepenu ca chmm oOpasnu Ha HU3-
NUTBaHe, 32 Ja Ce YCTaHOBU TOYHOCTTA HA JIMHEWH-
HHUTE pasMepH 3a pa3IMuHUTE TEXHOJOTHH 33 ObP30
NPOTOTUNHpPAHE, B CPABHEHHE C YCTAHOBEHHUTE pa3-
mepu Ha CAD Momena Ha W3NUTBaHWSA 0OOpasell,
(Tabmuua 2). Ot Tabnuuata MOXe Aa C€ BUAH, Y€
TOYHOCTTA 3HAYHUTEITHO CE MPOMEHS B 3aBHCUMOCT OT
MpUIaraHata TeXHOJOTHS M Ha KOATO pa3Mep ¢ Ha-
npaBeHo u3MepBane. OT TaHHUTE MOXKE J]a CE OTYETE
4e HUTO €lIHA OT TEXHOJOTHHUTE, KOUTO CE Pa3IIICHK-
mar "He e mno-roynHa or 97,8%. RPwmonenure ca
CKIIOHHM Ha Wu3KpuBsiBaHe W RP mortpeburenst
TpsiOBa 11a B3eMe B IIPEBU/I JIMHEHHATA HETOYHOCT Ha
pa3MepuTe M W3KPUBSBAHETO HA MOJEIHUTE TPH OIl-
pelernsiHe Ha MPUJIaraHeTo Ha YacTTa.

MexaHWYHHU CBOiiCTBa Ha 4YacTHUTeE, MOJIYYeHU
ype3 RP. Ocobeno TpymHo € na ce u3MepBaT U
CPaBHSBAT MCXaHWYHHUTE CBOWCTBA HA YaCTHUTEC IO-
JNy4eHH upe3 Obp30 NPOTOTHIIUPAHE IO peAula
npuarHA. MaTepuanuTe u MpolecuTe U3MOJI3BaHH 32
MOJy4aBaHE HAa YaCTUTE HEMPEKBCHATO CE MOJI00Ps-
BaT M B PE3yJITAT Ha TOBA € MOJ00peHa MEXaHUYHATA
SIKOCT W OCTAHAINTE XapaKTECPUCTHKH HAa YaCTHUTE.
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Tabmunara 3 mpencrassi NaHHY, NPEJOCTABEHH OT
JIOCTaBUMIUTE HA MaTepHaId UIM CAMUTE IIPOU3BO-
JIUTEJIN HA 000py/IBaHe.

3. BFbP30 U3PABOTBAHE HA ®OPMOOB-
PA3YBAIIIM THCTPYMEHTH

ITpousBoauTEINTE BCE MOBEYE CE CTPEMST KbM
TEXHOJIOTHH 3a 0bp30 m3paboTBaHe Ha (popmoobdpa-
syBanm uHctpyMmentu (RT) He camo KaTo anrepHa-
TUBA Ha OBP30TO NPOTOTUIHPAHE, & CHELUATHO U 32
3aM0YBaHEe HA MAJKO MPOM3BOJICTBO, KOETO HE OI-
paBllaBa MHBECTUIMU 33 KOHBEHIIMOHAIHH TBHPIU
HHCTPYMEHTH.

3.1 Knacupukanusa Ha TexHojgoruute 3a RT

B MomeHTa ronsiM Opoil HHCTPYMEHTH MOTar Ja
ObJaT TPOW3BENCHU 4pe3 MpuiaraHe Ha pPa3InIHU
TEXHOJIOTHH. 3a IeNIuTe Ha KiIacu(UuKarusaTa, HHCT-
PYMEHTHUTE ca pa3/ieJicHH Ha TBBPAM WIM MEKH U
CBIIO TaKa JUPEKTHU WIK HHAMPEKTHH ((ur.2).

HNucTpymMeHTHTE 32 MaJIKO CEpUMHO IMPOU3BOI-
CTBO YECTO WM3BECTHHU KAaTO MEKH HHCTPYMCHTH B
pe3yaTaT Ha TOBA Y€ TE3W MHCTPYMEHTH ca m3pado-

TEHU OT MaTePUAIId KaTO CHJIMKOHOB Kay4yK, CIOK-
CHIHA CMOJIA, CIUIABH KOUTO MMAaT HUCKA TOYKA Ha
TOTICHE WJIM aJyMUHHH, KOWTO Ca IO-JICCHU 3a pa-
00Ta, B CpaBHCHHE ¢ Yenunurte. MHCTyMeHTHTE 3a
TOJSIMO CEPUIHO MPOU3BOJCTBO Ca HM3BECTHU KAaTO
TBBPIY MHCTPYMEHTH W OOMKHOBEHO Ca HaIpaBCHH
OT TBBPAH CTOMAHH.

Ilpu AUPEKTHUTE WHCTPYMCHTH, WHCTPYMEHT €
ce3nanen ¢ mporeca Ha RP.Ilpu uHaMpeKkTHH WH-
CTPYMEHTH, CaMO MOJCITBT € Ch3daICH Upe3 Mpuja-
rane Ha texHonoruute Ha RP.To3m monmen ce us-
MoJI3Ba 3a MOJyyaBaHE HAa WHCTPYMCHTa OT MaTe-
pHUa KaTo CHJIMKOHOB KaydyK, CIOKCHIHA CMOJIA,
MEK MeTaJ WIA KepaMHUKa.

3.2CpaBHeHne Ha TexHoJoruure 3a RT

TexHonoruute 3a u3paboTBaHe Ha (GopmooOpa-
3yBallld WHCTPYMEHTH Ca MHOTO Pa3jM4YHH €IHA OT
IIpyTa, 3aII0TO T€ MpEeIaraT roJisiMO pa3HooOpasue
OT IPOIIECH, KOMTO MOTaT Aa ce u3dupar. BaxkHo € n1a
ce 0TOENIeKH, Y€ CPABHEHUE MEXKIY TE3M TCXHHKHU €
Heobxomumo. CpaBHEHHETO Ha TE3W TEXHUKU € Ha-
IpaBeHO Ha 0a3aTa HA CJICTHUTE KPUTCPHUH:

BBP30 H3PABOTBAHE HA HHCTFYMEHTH

MerE EHCTPYMEHTH

TeBpIH HHCTPYMERTH

HuanpekTan
MEKH
HHCTPYMEHRTH

JHpEKTHH MeKH
HHCTPYMEHTH

JupekTHE HuanpexTan
TEBPIE TEBPIE
HHCTPYMEHTH HHCTPYMEHTH

Selective Laser

Sintering of Sand Arc Jpray Metd RapidTool 3D Keltool
Casting Moulds ooimg
. \ Silicons Rubber Lzminated Metzl
Direct AIM | | Moulds ‘ | Tooling
- Spin Castmg with
L. Composite Vuleanised Rubber
= Moulds

Castable Resm
Moulds

Castzble Ceramic
Moulds
Plaster Moulds

¢ur.2 Knacudukarnus na RT texHomnorusita
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Ta0J.4 CpaBHEHHE Ha TEXHOJOTHUTE CIIOpE] TPaHHOCTTA HA HHCTPYMEHTA

TpaiiHocTa Ha MHCTPYMeHTA

10-200 §poii Ha yacTH) 201-2000

IToseue or 2000

Silicon rubber mould

Spin casting with vulcanized
rubber mould

Castable resin mould
Castable ceramic mould
Plaster mould

Direct AIM

Arc spray metal tooling

SL composite

RapidTool
3D Keltool

Laminated metal tooling
SLS of sand casting moulds

Ta61.5 CpaBHeHI/Ie Ha TCXHOJIOTKMUTE CIIOPE pa3XoqUTE 3a pa3BUTUC HAa UHCTPYMCHTA

Pa3xoau 3a pa3BuTHE HA HH-

crpymenta $500-$2000 $2001-$10 000 IMoseue ot $10 000
SLS of sand casting moulds Arc spray metal tooling RapidTool

Silicon rubber mould Direct AIM Laminated metal tooling
Spin casting with vulcanized SL composite 3D Keltool

rubber mould

Castable resin mould
Castable ceramic mould
Plaster mould

Ta6J1.6 CpaBHEHHE HAa TEXHOJIOTHHUTE CIIOPE/ BPEMETO 33 Pa3BUTHE HA HHCTPYMEHTA

Bpeme 3a pa3Butne

IMo-maaxo ot 1 cexmMuna 1-2 cexmMuun

IToBeuye ot 2 cexMuIIH

SLS of sand casting moulds
Direct AIM
SL composite

ber mould

Arc spray metal tooling
Silicon rubber mould
Spin casting with vulcanized rub- 3D Keltool

RapidTool
Laminated metal tooling

Castable resin mould
Castable ceramic mould

Plaster mould

TpaliHOCTTa Ha MHCTpyMeHTa (1a0i.4), pasxoauTe 3a
pasBuTHE Ha HMHCTpyMeHTa (Tabn.5) u Bpemero 3a
pa3BUTHE HA UHCTPYMEHTA (Tan.6).

Ot Tabnuna 4 Moxe 1a ce OoT4eTe 4Ye TEeXHOJIO-
THATE 32 HMHIUPEKTHA MEKH HHCTPYMEHTH HMAT
Masika TpaifHoct Ha nHctpymenTa ot 10-200napue-
Ta, 3aI[0TO MHCTPYMEHTA NPU TE3U TEXHOJOTHH €
HampaBeH OT MEK MaTepHal W Karo TakbB ObP30 ce
U3HOCBA. TEeXHOJIOTUHUTE 33 IUPEKTHH MEKH HHCT-
PYMEHTH H3I0J3BAT CPABHUTEIHO MOTBHPIU CMOJIH
1 3aTOBa TpaiHOCTTAa Ha MHCTpyMeHTa ¢ ot 201-2000
napyera.

PasxoasT 3a pa3paboTBaHe Ha MHCTPYMEHTA MPH
TEXHOJOTUHTE 32 HHIUPEKTHA MEKH HHCTPYMEHTH, C
M3KITIOYCHHE HA MHCTPYMEHTA C JbTa Pa3NpbCKBaHE

Ha MeTaia, ¢ Hai-Hucrk ($500-$2000)I1pu TexHo-
JIOTUUTE 338 TBHPIU UHCTPYMEHTH, Pa3XOAbT 3a pas-
paboTBaHe Ha MHCTPYMEHTa €  MO-BHCOK MOpagu
caMmusi pasxojJl 3a TBbPJ HMHCTPYMEHT U JBJITOTO
BpEeMe 3a MPOM3BOJICTBO, HA 00OPYABAHETO 32 OBP30
nporotunupane (Tabmuna 5).

TeXHOJIIOTHHTE 33 JUPEKTHH MEKU UHCTPYMEHTH
AMaT MaJKO BpeMe 3a paspaboTBaHe Ha WHCTPY-
MEHTa, ChOTBETHO C€ M3WCKBA MaJKO pPhUHa padoTa.
Ilpu TEXHONOTHUTE 3a MHANPEKTHH MEKH HHCTPY-
MEHTH BPEMETO 3a pa3paboTBaHe HA MHCTPYMEHTA OT
1 10 2 cegMunM € HEOOXOOAMMO 3a JOIBIHUTEIHUA
PBYHM OTICPAIUH 3a TPOM3BOJCTBO HA HHCTPYMEHTA
ot mojena (Tabauua 6).
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Abstract: This paper provides an overview of different technologies for rapid prototyping and compares the
main features of the components derived from this technologies related to the surface roughness, dimensional
accuracy and mechanical properties. Also, several popular rapid tooling techniques are classified. The com-
parison on these techniques is made based on tool life, tool development time and tool development cost.

Keywords: prototypes, Rapid prototyping, Rapid tooling.
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KNMHEMATHUKA B 3D IPOCTPAHCTBOTO HA MEXAHHUYEH MOJYJI C
OIUWINHAPUYHA U COEPUYHA CTABA

Banentun CJIABOB
karenpa ., [Ipunoxna mexannka”, XTMYVY - Codust, brirapus

e-mail: valslavov@abv.bg

Pe3rome: B paborara ce uzciiejpa KUHEMaTHKaTa HA MEXaHUYECH MO C LIIMHAPHYHA U cEepUYHA CTaBa, U €IaCTHYHO
OKauBaHe Ha OCHOBHOTO Ts10 B 3D npocrpancTBoTo. Ch3aieH € KHHEMaTHYeH MOJIEN Ha MOAyJIa, KOHTO € neduHupaH
KaTo MexaHuyHa cucrema ot 3 Teaa ¢ 10 crenenu Ha cBobona. ChCTaBEHH ca MAaTPHLM Ha pexoj ¢ pasmepHoct 4X 4
MEKIy KOOpAMHATHUTE cucTeMH. [lomydenn ca Marpuuu ¢ pasmepHoctT 4% 1 3a Bekropute Ha ONOKEHUETO HA MPOH3-
BOJIHM TOYKH OT Tenara. JlepuHupanu ca n3pasu 3a JMHEHHUTE CKOPOCTH Ha IPOM3BOJIHM TOUKH OT TellaTa Ha MEXaHH4-
HaTa CUCTEMa M TeXHUTE BIVIOBH ckopocTH. [lonyuenure popmynu ca ynioOHN P ONPEeNsHe Ha KHHETHYHATa SHEPIHys,

MOTEHIMATHATa EHEPTHs, EHePrUsATa Ha pa3ceiiBaHeTo u ap.

KiawouoBu AYMH. MCXaHHUYCH MOAYJI, MCXaHO-MAaTECMAaTUYHO MAaTPUYHO MOJCINPAHE, KHHCMAaTHKa

¢ur.1 KunematnueH Mozel Ha MOIYJT C MJIMHAPUYHA U ceprdHa Bpb3Ka

1. BbBEJEHUE

Martpuynata Mexanuka [1,2,3] cbBMECTHO CbC
CBOTBETEH MaremaTHueH codryep [6] u KOMIIOTHD
OpEICTaBsIBA MOIICH HHCTPYMEHT 3a Mexa-
HO-MaTEMaTHYHO MOJCIUPAaHEe HA CIOXKHH MeXa-
HUYHH CHCTEMH. BCsika enHa MexaHWYHa CHCTEMA ©
YHUKAJIHa ¥ 38 MOJCIUPAHETO CE ChCTABS CHOTBETCH
ICOPUTEHM.

B umxeHepHaTa mpakTHKa 4eCTO Ce Cpeliar Me-
XaHMYHH CUCTEMH, B KOMTO Ca BKIIOYCHHU OTICIHU
moaynu. Te3u Moaynu ca u3rpajeHu OT ABE U [IOBEYE
TeNa, CBbP3aHHU C IWIUHIPUYHH, CPCPUYHH, MPH3-
MaTUYHH, YHUBEPCAIHU U JIp. CTABU MOMEXIY CU. 3a
BCEKH €IMH OT T€3M MOAYJIM MOXE Ja C€ ChCTaBHU
CBOTBETEH aNTOPUTHM, KOHWTO na OBbJIe BKIIOYEH B
OCHOBHHS QJITOPUTHM Ha TOYHO OIpPEIENICHO MCTO.
MsCTOTO Ha BKJIIOYBAaHE CE OMpEIes OT MOJIOXKe-
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HHETO HA MOJyJa B KMHEMAaTHYHATA BepUra Ha Me-
XaHUYHATA CUCTEMA.

Ienta Ha Tasu paboTta € Aa ce U3CIEABA KHUHE-
MaTHKaTa Ha MEXaHWYECH MOJYJ C HWIMHIPUYHA U
chepuuna craBa. TakbB MOIYJ HampuMmep Mpen-
CTaBJIsIBa MIPEIHOTO OKauBaHe THII ,MakdepcoH” Ha
ek aBromoOmi [4,5]. Ilo-HaraTbk IOJIyYEHUTE
(hopMyIH 3a BEKTOPHUTE Ha ITOJIOKCHHETO W Ha JIH-
HEHHUTE CKOPOCTH Ha ITPOU3BOJIHM TOYKH, KAKTO ¥ 32
BEKTOPHUTE Ha BIIIOBUTE CKOPOCTH HA TEJIaTa, Ce M3-
MOJI3BAT 3a U3CJICIBAHC HA IHHAMHMKATA Ha MOYyJIa.

2. KHHEMATHYEH MOJEJI

KuHeMaTHYHUAT MOZEN Ha MEXaHWYCH MOIYIJI C
UJIMHAPUYHA U chepuyHa cTaBa e nokasaH Ha ¢ur.1.
Monynbt ce cbeToMm OT 3 TBBpIM Tena. Bpb3kara
MexIy Ta10 1 v TS0 2 ¢ HMIMHAPUYHO-OIIOpHA, a
MEKIY T10 2 1 T51510 3 € cheprana. OCHOBHOTO TSUIO
1 ce mpuema B Haii-00UIMS Cilydyail KaTo €JacTH4HO
OKaueHO Ts0. TO WM3BBPIIBA MaJKH JABWKCHUS B
IPOCTPAHCTBOTO M MMa LIECT CTEIICHH Ha CBOOO.A:
MaJIK{l TPaHCIalWU YCIIOPEIHO Ha OCUTE Ha KOOp-
murHaTHata cucteMa OiXiy1zy - X, Y, Z, ¥ MajJKa po-

taruu cupsamo ocute OpX;, Opy;, 0173 - chOTBET-
HO 6,,,6,,,6,,. Tsno 2 u3BbpUIBA OTHOCHTENHA PO-
tanus ®,, copsamo Tso 1. Tsmo 3 us3BbpuIBa TpH
OTHOCHUTENHM poTanud P, @ ,,, @ .. cpamo 710 2.
Taka nepunmpanara mexanmuna cucrema mma 10
CTEIIEHN Ha ¢BOOOA.

BekTopbT Ha 00001IEHUTE KOOPIUHATH, 3aIHCAH
B MaTPHUYCH BH]I €.

q:[xl i 'z 6y Hyl 6,

T )
chZ ch3 (D 23 (D 33:|10><1

3. MATPULIU HA TPEXO/

BeHukKM BEKTOpH ce€ MPOEKTHPAT B OTIPABHATA
(abconmoTHA) KOOPAMHATHA CHCTEMA, CIIPAMO KOSTO
Ce OTYMTA JABHKEHUETO Ha Mojayiaa. ToBa craBa Karo
Ce M3MOJI3BAT MATPUIM Ha MPEXOJ OT HEMOIBUKHO
CBBP3aHUTE CbC CHOTBETHHUTE Tela KOOPAMHATHH
CHCTEMH (JIOKAJIHM KOOPJMHATHH CHCTEMH) KBbM OT-

IpaBHaTa KOOpAMHATHA cucTtema. H3momsBar ce
MaTpHLM Ha MTPEXOJ1 C pa3MepHocT 4% 4.
Marpunara Ha Npexoi MeXIy KOOpAWHATHATa
cHcTeMa, HEMNOJABMKHO CBbp3aHa ¢ Tsuio 1 u or-
npaBHaTa KOOPIMHATHA CUCTEMA, UMa BHJa

A% = At) At Au, =

0
1 _921 Hzl le+Xl

_| s 1 -6 ly(1)+)/1 @
_gyl gxl 1 |n0+21
0 0 0 1
KbACTO
100 100120
0 0
ao=|® 10 [RY]..|_|o 10 1| g
00 1 0 0 11,
00O 1 0 00 1
1 0 0 x
010
At, = % @
0 01z
0 00 1
1 -6, 6, O
e 1 -6, 0
Aul_ 1 x1 (5)
-6, 6, 1 0

0 0 0 1

ManI/IIIaTa Ha Mpexoa MEKAY KOoOpAWHATHATa
CHUCTEMA, HCIOABUIKXHO CBbp3aHa C TsJIO0 2 u or-
IpaBHaTa KOOpAWHATHA CUCTEMA, UMa BUJa

AJ =AJAt].Au, (6)
KbIACTO
100 1001}
1 1
A o|0 T ORI | fo1 01} @)
2 1
001 001l
000 1 0 00 1
1 0 0 0
0 cosb,, - sinp
AU2= . 12 12 (8)
0 sin®, cospb,
0 O 0 1

Marpuiata Ha HPeXoJ MEXIy KOOpIWHATHATA
cuCTEeMa, HEMOABM)KHO CBBP3aHa C TSUI0O 3 M OT-
MpaBHaTa KOOPIWHATHA CUCTEMA, UMa BUIA
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AJ =AJ.At2.Au, 9)
KBbJACTO
100 10012
2 2
aie|® 10 [Ri]..[_|o 10 5| 10
001 0 01lg
00O 1 000 1
C®h,,CD,,
U2 =| S®,,.S0,,Ch,,+CD SO,
~CP,,.SP,,CP .+ SO SO

C=cos S=sin

4. BEKTOPU HA ITOJIO’)KEHUETO HA
IMPOU3BOJIHUA TOYKH OT TEJIATA

HpOI/I3BOHHI/I TOYKH OT T€JjlaTa Ca O3HAa4YCHU C

C,, 1 =1,2,3. Bexropure Ha MOJOKEHUETO HA HPO-
H3BOJIHA TOYKH ..

TEeMH UMaT BUJA
T
Fei :|:I><Ci e 1] (13)

kbeto |\l iyl ca koopauHatute Ha mpowms-

B JIOKQ&JTHUTC KOOPJAWHATHH CHC-

i=1,2,3

BoiHa Touka C; B CBBbp3aHaTa ¢ TAJIOTO i KOOP.IH-
HaTHA CHCTEMa.

BekropuTe Ha TMOJIOKCHHETO HA MPOU3BOJIHU
Toukd C; OT CBOTBETHOTO TSJIO, IPOCKTUPAHU B OT-
npaBHaTa KoopAuHaTHa cucteMa OgXoYoZp, CE Ompe-
JIETSIT OT

Rgi :Aio.rci i=12,3 (14)
5. BEKTOPHA HA ABCOJIIOTHHUTE JIU-
HEMHU CKOPOCTHU HA TPOU3BOJIHU
TOYKHU OT TEJIATA

BeKTOpI/ITe Ha aOCOJIOTHUTE JTUHEHHH CKOpPOCTH
Ha OPOU3BOJIHU TOYKHU Ci, MMPOCKTUPAHU B OTIIPAB-
HaTa KOOpAMHATHA CUCTEMaA, CC IOJydaBaT KaTO CC

nudepeHuupaT no Bpemero uspasure (14)
s+l

ng, 0A°
=_¢ = E DG 1.1~
dt [kzl( aqk)q"] “

KBJIETO € YacTHa MPOW3BOJHA OTHOCHO 0000IIe-
HaTa KoopauHaTa (.

Ve (15)

~S®,,.SP ,, SO ., +CD ,,CPD ., —Sb ,CD
CCD lSScD 2§(D 35’- Sq) l'gq) 33 Cq)lS'CCDZB

0
[Ug]axs 0 (11)

0

1

~C®,, S, So,,

112

6. BEKTOPU HA ABCOJIIOTHUTE BI'IOBU
CKOPOCTH HA TEJIATA, IPOEKTUPAHH B
JIOKAJIHUTE KOOPIUHATHU CUCTEMH

BekrTopsT Ha abcomoTHaTa BIIOBa CKOPOCT Ha
TS0 | - €, IPOEKTUPAH B JIOKAJIHATA KOOPAMHATHA

cucrema O)XYiZ Ha CHOTBETHOTO TSJIO, C€ IOJIy4aBa

KaTo CyMa OT INPOCKIOHUUTEC Ha abcosroTHATa BriloBa

CKOpPOCT Ha TAJIO |'1 W OTHOCHUTEJIHATA BbIJIOBA CKO-

POCT Ha TAJIO | BBPXY OCHTE Ha JIOKAJIHATA KOOPJIH-

HaTHa cucTema. ToBa ce OCBILICCTBSBA C U3pa3a.
Q =Y UTure Ul o

k=1

(16)

kbaero: U - marpuna Ha npexoj 3a bIIoBaTa
CKOPOCT Ha TSJIO i, IPOCKTHPaHa B JIOKAJHATa KO-
opauHatHa cucrema; Q,,€Q,€Q, - NpoeKuuH Ha

BIJI0OBATa CKOPOCT BBPXY OCUTC Ha CbOTBETHATA JIO-
KaJIHa KOOpJAUHATHA CUCTEMA.

xi 1

7. 3AKJIIOYEHUE

Ha ocHoBaTa Ha noxydenute (GopMyau € ch3ia-
JIeH aJITOPUTHM 3a MpecMATaHe ¢ KOMITIOTBP B CHM-
BOJICH BHJ Ha BEKTOPHUTE Ha ITOJIOKEHHETO M CKOPO-
CTTa Ha IPOW3BOJIHN TOYKH OT MEXaHHYHATA CHCTEMa
1 Ha BEKTOPHUTE HA BIIIOBHUTE CKOPOCTH Ha TeJyaTa.
[Tomy4yennTe pe3ynaTaTd ce HM3MOI3BAT 332 MOMIEIH-
paHe Ha TMHAMHKATa U TPENTEHUSATa HA MEXaHUYCH
MOJIyJI C [MJIMHJPUYHA U chepruyHa CcTaBa.

Jlutepatypa
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KINEMATICSIN 3D SPACE OF A MECHANICAL MODULE WITH CYLIN-
DRICAL AND SPHERICAL JOINT

Valentin SLAVOV
Applied Mechanics department, University of Chemical Technology and Metallurgy, Bulgaria

e-mail: valslavov@abv.bg

Abstract: In this work is investigated the kinematics of mechanical module with cylindrical and spherical joint, and elastic
suspension of the basic body in the 3D space. Is created kinematic model of the module, which is defined as mechanical

system of three bodies with 10 degrees of freedom. They are composed of transition matrices with dibefhsion
between coordinate systems. Matrices are derived with dimedsidnfor position vectors of any point of the bodies.

Expressions are defined for linear velocities of random points from the bodies of the mechanical system and their angular
velocities. The resulting formulas are suitable for determining the kinetic energy, potential energy, energy dissipation, etc.

Keywords:, mechanical mathematical matrix modeling, kinematics
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MN3I10JI3BBAHE HA TEHETUYHU AJII'OPUTMMU 3A OITUMU3UPAHE
PABOTATA HA AJAIITUBEH MEXAHU3BM 3A ATPETUPAHE C
INPEITPEJABAHE HA ®PAI'MEHTH
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Pe3tome: LlenTa Ha HacTosIIAaTa CTATHS € J]a CE M3CIIEIBAT BH3MOXKHOCTUTE 33 M3IOI3BAHETO HA TEHETHYHU AITOPUTMH
IIPH OTIpEJIENIAHE ONTUMAIHUA OpOH Ha MaKeTUTE, TaKa Ye 3aKbCHEHUATA OT arperupae ja ca MUHUMaiHu. [Tosryuenu ca
YHCIICHU pe3yiTaTu 3a ontuMusupane Ha A-AFR mexanusma npu peasen SMTP tpaduk, upes kouto pesyaratu ce Be-
puduLMpa npeIoKeHns noaxo. IIpeanoxeHns B HaCTOAIIATa CTATHS MOIXOJ MO3BOJIBA CHIIO Ype3 KAIKYJIATOp Ha
TEHETHYHH AITOPUTMH J1a C€ U3CIIE/IBA BIMSAHUETO HA [TAPAMETPHUTE M XapaKTePUCTHKUTE HA JAPYr'H BUAOBE TPAUK BEPXY

BpeMe3akbcHeHHsATa HA A-AFR Mexanm3ma.

KnrouoBu aymu: 3aKbCHEHHS IIPH arperupane, TeHEeTHYHN alrOpUTMH, HHTepHET Tpaduk, A-AFR

1.BbBEJEHUE

Peanu3upanuTe CKOPOCTH BBB BHCOKOCKOPOCT-
HHUTE 0E3)KMYHM MPEXH 3a MpeJaBaHe Ha JaHHU ca
3HAYUTEIHO IO-HUCKH [7] OT CKOpOCTHTE, C KOHTO
TE3W MpPEXH TMpenaBar BbB (U3MUYESCKUS CH CIIOH.
[enecb00pa3Ho pelIeHHe 32 NPEOoIsIBaHe HA TO3H
(heHOMEH TPH BHCOKOCKOPOCTHHUTE OE3KUUHU Mpe-
KU € U3MON3BAHETO HA MEXAaHM3MH 3a arperupaHe
[3],[5] Ha makerH, KaTo HampHUMEp MEXaHHU3IbM 3a
arperauus ¢ npenpenasane Ha pparmenta AFR. [Ipn
KOWTO, MHOXKECTBO MAaKETH ce (pparMeHTHpar, Ciel
KOETO (pparMeHTHTE C€ arperupatr B €IWH TOJIsIM
KaJbp U ce M3Mpaat, odaue ako Bb3HUKBAT IPELIKU
[0 BpeMe Ha IPeJaBaHEeTO, CaMO [OBPEICHUTE
(bparMeHTH OT Kaabpa ce mperpeaaBar.

Hacrositata craTusi B M3BECTEH CMHCHI € MpO-
IIbJDKEHHE Ha npeauinHara pabora [2], B KosTo ce
npeaiara efaHa MoAuUKalMs Ha Thil HapedeHHs
a/IaliTUBEH MEXaHM3bM 3a arperauus ¢ npenpenapa-
He Ha pparmentn A-AFR. ITo- nosy ca nanenu tpure
CTBIIKA OT paborara Ha Ta3d MOOUGMUKALMS Ha
A-AFR mexanm3ma:

1. [IpenaBaTensT B 3aBUCUMOCT OT MapaMETPHUTE
Ha paJMOKaHaNa, Pa3CTOSHUETO M0 IPUEMHHKA, Mpe-
MSITCTBHUATA 1O BT U UHTEp(EepeHIUsITa Onpeaess
Bujga Moxynamus U PHY ckopoct m pasmepa Ha
¢parmenra. Mzuncisea h - membT Ha Bpemero 3a
npenaBane Ha 3ariaBaure (MAC u PHY) yactu B
001110TO BpeMe 3a IpeiaBaHe.

2. Ilpu npucTUraHETO HAa BCEKU MakeT B Oydepa
ce or0Oensi3Ba HErOBOTO BpPEME M OT pasliUKaTa C
BPEMETO Ha MPHUCTHraHe Ha NPEAXOAHHS MaKeT
(xakto B [4]) ce W3uHMCAsIBa MHTEH3MBHOCTTA Ha
MPUCTUTAHE HA IMaKETHTE, PECIEKTHBHO YTHIIU3a-
mUsiTa KbM MOMEHTa p W BPEMETO, KOETO 4aka B
Oydepa Haii- pano mpucturnanus maker (HOL -
Head Of Line). Ako Bpemero Ha Haii- paHO
NPUCTUTHAIIUSL [AKeT HAJBWIIABA MAKCHMAJIHO
JOIYCTHMOTO BpeMe, ToraBa He3abaBHO ce OTXBBPIIS
(bparmenTHTE OT TaKMBa MAKETH HAITycKaT Oydepa).
ITo To3u HAYWH, NPUIOKEHUS TPEIABALIA MOTOYHU
ayAuo ¥ BUACO JAHHHU IIIE MOTAT JIa Ce BB3MOJI3BAT OT
NpeAnMCTBaTa HA arperupaHeTo Ha [MakeTH IpH
3ama3BaHe Ha 3aKbCHEHMATA IMOJ| OIpelesieHa
MpeIBAPUTEITHO 3a/]a/IeHa CTOMHOCT.

3. B poTuBeH ciay4aid, OT MOJYyYCHUTE B CTHIIKH
1 u 2, momeHTHH cToitHOCTH Ha h 1 p ce ompenens
Opost Ha TaKeTH- N , KOUTO ce PparMeHTHpaT U ar-
perupar. 3a menta ce U3MoJ3Ba 3aBHCUMOCTTa MEXKIY
Jieia Ha 3arjiaBHUTE YacTH B Kaabpa, Opos Ha arpe-
THPAaHUTE MAKETH M YTUIU3AIUATA, MPH KOSATO Ce
MUHAMH3HPAT 3aKbCHEHHSATA OT arperupaHe. Ako
OposiT Ha maketuTe B Oydepa e nmo-roysiM ot N, Torasa
caMo IBpBHUTE N MAaKeTa Ce arperupar, a JIpyrure
nakeTu Jakar B Oydepa 3a ciemsammsi Kaabp. Ar-
perupaHusT Kaabp Ce Ch3laBa OT MAKETUTEe HAMH-
pamm ce B MOMeHTa B Oydepa, 3arodBaiik OT TpH-
crurnanure Haii-pano (FIFO). ITaketnte mnpucTH-
raiy 1o BpeMe Ha MpeaBaHeTo Ha TO3U arperupan
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KaJIbp HE MOTaT JIa Ce arperupaT KbM TEKYIIH KaIbp
1 yakaT B Oydepa OO0 CIEABAIIOTO arperupaHe Ha
KaJIbp.

[pu onpeessiHe ONTUMATHKSA OpOi Ha MAKETHTE,
KOUTO (POpPMHUpAT arperupaHus Kaabp, TpsAOBa jaa ce
WMa TIPEIBU/I, YC arperupaIinsIT MEXaHU3bM MIOCTHTA
TI0- TOJIIMa TIPOU3BOIMTEITHOCT C YBEIMIaBaHe Opost
Ha MAKETHTE B arperupanus Kaasp (pa3zMepa), KOeTo
obadve ¢ 3a CMETKA Ha yBEJIWYaBaHE HAa 3aKbCHEHUETO
Ha MIAKETHTE, PECTIICKTUBHO MOHIKABAHE KAUYeCTBOTO
Ha oOcayxBane QOS.

[enta Ha HacTOAIIATA CTATUS € Ja CE& M3CIIeIBAT
BB3MOXHOCTHUTE 3a M3IOJI3BAHETO HAa TEHETHYHH
AIITOPUTMU TIPU OIPEENITHE ONTHUMATHUSA Opod Ha
nakeTuTe, KouTo (Ciaem Karo ce (parMeHTHpar)
(dopMupar arperupaHus Kaabp, Taka uye 3aKbCHe-
HHATA OT arperupane Ja ca MUHUMAJIHH.

2. BPEME3AKBbCHEHUSA IIPU ATPETUPAHE
C IPENPEJABAHE HA ®PATMEHTH

Arperupanure = MeXaHM3MH,  BKJIIOYHTEIHO
A-AFR nocrurar mo- royisiMa IpOU3BOJAMTEIHOCT C
yBeIMYaBaHE pa3Mepa Ha arperupanus kaabp (6post
Ha TMaKeTUTEe, KOUTO ro (OpPMHUPAT), T.€. IPU MAKCH-
MaJIHUS pa3Mep Ha KaJbpa Ce MOCTHra MaKCHMAal-
HaTa MPOU3BOIUTENHOCT. Pa3dupa ce, ToBa ce mo-
cTHWra 3a CMCTKa Ha YBEJIIMYaBaHE HA 3aKbCHCHUETO
Ha MaKeTuTe.

W3BecTHO €, 4e 3a PasNHUYHHUTE MPEKH MAaKCH-
MallHHUsl pasMep Ha Kajbpa € OrpaHuueH, T.e. U3-
MOJI3BAHETO HA MPOM3BOJIHO TOJEMH IO pa3Mep
KaJIpH He € Bb3MOXKHO. ['OpHaTa rpaHuia Ha pa3mepa
Ha KajJbpa 3aBUCH OT criocobHocTruTe Ha PHY crost u
€ OrpaHMYCHA OT BBTPCIIHATA TAMET U OT pa3Mepa Ha
Oydepa 3a u3npamaHe Ha IPeJaBaTCIIHUTES CTAHIUH.
3a na ce nocturHe 90%edexruBroct Ha MAC HuBo,
MaKCUMAaITHUAT pa3Mep Ha Karbpa clienBa na ¢ 32768
Gaiira mpu ckopocT Ha npeaaBane 216 Mbpsu 65536
Gaiira pu ckopoct 648 Mbps.Crenosatesnno, Opost
Ha arperupaHuTe MaKeTH B €JUH KaJbp ChIIO € Or-
paHuueH.

IIpu A-AFR mexarmsma, MAC kaaspa ce cbeTon
OT 3ariaBue W TsU10. Beuuku monera Ha MAC 3a-
rJIAaBHETO OCTABAT HEMPOMEHEHH, caMo ca [00aBeHH
TpH HOBHM TIOJIETa - pa3Mep Ha parMeHTa, HOMEp Ha
(parmenra u pesepBupano (cBo60aHO) moJe. Tsutoto
Ha KaJbpa ChIbpKa 3ariaBUsATa HAa (ParMCHTUTE H
TeNaTa Ha (ParMEHTHTE U KOHTPOJHO MOJE 33 mpo-

Bepka Ha cbhoTBeTHHUAT (parment (FCS- Fragment
Check Sequences).

[pucruramuTe nakeTu ce ChbXxpaHssaT B Oydep,
arperupar ce u ce M3mpaiar a0 nonyyarens. [lake-
TUTE C JJAHHH, MOJYYEHH OT MPEKOBHs CIIONW OUBat
arperupaHy B €WH KaJbp KaTo B MpeJHaTa 4acT Ha
KaJbpa ce 7100aBs U 3arnaBue. Beeku kaabp ce che-
TOM OT 3arjiaBHe U ofpelelieH Opoil MakeTH ¢ TaHHH,
Y HE HaJBHUIABA MaKCHUMAaJIHUS pasMep 3a Kaabpa
64K Gaiita, T.e. MAKCHMAJIHUST OpOM HA TAKETUTE C
JAHHH, KOUTO MOraT Aa ObJarT arperipaHu € orpa-
HuueH 1o 64K Oaiira.

Heka 03Ha4uM WHTEH3UBHOCTTA HA MPUCTUTAHE
Ha makeTure ¢ A, Opos arperupanu makera ¢ n, 1/
Jla € ChOTBETHO BPEMETO 3a MpejaBaHe Wi 00-
CITy’KBaHE Ha €JIMH MAKeT, a KOS(HUIUSHTHT Ha HATO-
BapBaHe WM yTuim3anusaTa —p=A/|L.

[peanaranusaT B HACTOSIIATA CTATUS TOAXOM 3a
omnpejieisiHE HA ONTUMAaJieH Opoil Ha arperupaHuTe
makeTu 3a agantuBHus A-AFR MexaHn3bM H3M0/13Ba
u3BecTHaTa (hopMyJIa 3a BpeMeTo 3a yakane B M/M/1
cHCTeMa 32 MacoBO 00CYyKBaHe:

1
Ry (1)

KBJIETO [/ - CKOPOCTTA Ha TIpe[aBaHe Ha MAKEeTHTE U A
- HHTCH3UBHOCTTA HA MIPUCTUTaHE HA TAKCTUTE.

Cunrtame, 4e BpeMETO 3a IpeAaBaHEe HA CIHH ar-
perupaH Kaabp € cymMara OT BpeMEHATa 3a MpeIaBaHe
Ha 3arJaBHETO Ha TO3M KaJbp U BCUUKHUTE N Ha Opoi
OT/IeJIHU MaKeTr/(hparMeHTH B HETO.

Crenosarento, ocBeH (1) KbM BpeMeTO 3a 4akaHe
TIpH arperupaHe TpsiOBa aa ce 100aBU U yCPEAHSHOTO
BpeMe, KOETO M3MHUHABA OT IPHCTUIAHETO HA BCEKU
eIMH OT mpenxoaHute N-1 makera A0 MOMEHTa Ha
NPUCTUTaHe Ha MOCIEeIHHS aKeT U CrII00sSBAHETO HA
arperupax Kazubp:

T= 1  n-1 @
H=-A'" 24
KBJETO [/ - CKOPOCT Ha Mpe/aBaHe Ha arperupaHuTe
Kaapu ¥ A’ - HHTEH3MBHOCTTA Ha CII00sBaHe Ha ar-
perupaHuTe KaJapu.

WHTeH3WBHOCTTA HAa Crio0siBAaHE HAa arperupa-
HUTE KaJIpH € N IBTH MO- HUCKA OT MHTCH3MBHOCTTA
Ha [IPUCTUTaHE HA MAKETUTE, ThH KaTO TO3M KaJIbp ce
(dbopmupa ciiesi MPUCTUTAHETO HA N OTACITHH MaKeTH
A’ =AM).

Bpemeto 3a npenaBane 6e3 arperupane (1/4) e
cymara OT BpeMeHara 3a NpejiaBaHe Ha 3arjiaBueTo U
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JIAHHUTE Ha TO3W KaJbp. BpemeTo 3a mpeaaBaHe Ha
enuH arperupad Kaxbp (1/4/) e cymara ot BpemeHarta
3a Ipe/laBaHe Ha 3arjaBUETO HA TO3M KaIbp U JaH-
HHUTE Ha N-Te Ha Opoil MakeTH B HEro, T.e. N MbTH
BpEMETO 3a IpeaaBaHe Oe3 arperupane, Ho 0e3 N-1
ITBTH BPEMETO 3a MpeJaBaHe Ha 3arjiaBhsTa HA OC-
tanajute N-1naketu B kaabpa. OTKBAETO:
K ©)
n-(n-1)h

3amectBaiiku B (4) 3a BpeMeTO 3a 4akaHe Mpu
arperupase ce rmoJjy4yaBa:

T= 1 + n-1
oH A2
n-(n-)h n

T'opHara (opmyna gaBa BpeMeTO 3a YakKaHe MpU
arperupaHe M3pa3eHO upe3 Jejia Ha 3arjiaBHUTE
4yacTH B Kajbpa - N, Opost Ha arperupaHuTe MaKeTH-
N, UHTEH3UBHOCTTA HA IPUCTUTAHE HA MAKETHUTE C A U
CKOPOCTTa UM Ha 00CITy)KBaHe - L.

Ot ananu3a Ha (4) ce BIKaa, 4e BPEMETO 3a Ya-
KaHe MOXKE J]a c€ MHMHHMH3Upa MO OTHOILICHHE Ha
Opost Ha arperupaHute Maketd - N, (IbPBUSIT WICH
HaMaJlsBa C yBEJINYaBaHETO Ha N, a BTOPUSAT- PacTe).

ITpu xapayepHara peanu3alys Ha TO3W aJallTH-
BEH arperupail MEXaHW3bM CJIE/IBa Ja Ce 3aKOAUpa

'u':

(4)

n® (- p?+2p% h- p? K )+ n(20° It — 2ph—-20°h) - p°h?

TabJIMYHO 3aBHCUMOCTTA Ha OpOsi HA arperupaHuTe
MaKeTH W 3ariiaBHUTE YaCTH B Kaabpa, U yTUIH3a-
LHATA, IPU KOATO C€ MUHUMHU3HUPAT 3aKbCHEHHUATA OT
arperupane (BX. cThika 3 OT paborara Ha MOCIE/-
HHSI) 32 HAMHPAHE ONTUMAIIHHS OpOil Ha MaKeTHTE -
N, B 3aBUCUMOCT OT Jiena - h i yruimsanusra — p, mpu
KOWTO 3aKbCHEHHETO € MHUHHMAIHO. Upe3 HmowieH-
HOTO yMHOXeHue Ha (4) ¢ A, HaMUpaHeTo Ha bpBaTa
NPOM3BOJIHA OTHOCHO N M npHpaBHsABaHeTo i Ha O ce
ompenenst Opost HA arperupaHnTe HakeT - N, (u3-
paseH 4ype3 [eja Ha 3arjlaBHUTE YacTH B Kaabpa - h u
yTHIH3auaTa —p=A/|l) TaKbB, Y€ BPEMETO 32 YaKaHe
[pH arperupane Ja € MUHUMAIHO:

1 n-1
+
P2
n-(n-H)h n

=0

®)

PasBuBaiiku (5) ce monyuaBa uspasza (6), T. e.
KBaJpAaTHO ypaBHEHHE, KOSTO WMa COWH HEOTPHUIA-
Tenen kope (7).

(2p( n= pn+ phn- ph))?

=0 (6)

_= @~ ph- 2*hyy @1 - 20h-20'nY + 40 p*+20°h- ph) o’

n

2(1- p*+2p°h- p°h?)

()
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IMo-nony HakpaTko ce KOMEHTHpa BHIIOBETE
tpaduk [1] B omopHata Mpeska Ha HTepHET, KOUTO B
3HAYWTE]HA CTENCH CE pa3ii4aBa OT TO3U IpH
M/M/1 mopnena. Eto 3aio, mogy4eHHTe MOCPEICT-
BoM (7) cToiiHOCTH 3a OpOst HA arperupaHuTe MaKe-
TH- N 32 eIMH TOYHO ompeJesieH Bua Tpaduk He ca
HCTUHCKH ONTUMAJHUTE CTOWHOCTH KM300I1110, a ca 10-
CKOPO OPUEHTUPOBBYHH.

AHanu3bT Ha JHEIIHATA CTPYKTypa Ha Tpaduka
[1] e HanpaBeH Mo OTHOIIEHHE BH/IA HA TPEHACSIHUTE
makeTn mocpenctsoMm |IP meitarpamu. ITpoTokombT
TCP 3nauuTenHO TOMUHMpA B CTPYKTypara Ha 00-
st tpaduk. [pubnnsnrenno 95% ot Bcuuku Oaii-
toBe, 90% or makerure unu /5% or morouure ca
TCP. Bropu e UDP, kato B o0mus ciydail cberas-
aBa 5% or Gairosere, 10% ot makerure unu 20%
ot norouure. pyrure |P nporokomu — IP v.6,kan-
cymupanus IP-in-IP u  ICMP cu pasgensar ocrasa-
mute npouent / no 100 % /B cTpykTyparta Ha 00-
st Tpaduk. [outr 80%0T makeTuTe ca ¢ IbJIKMHA
no- Maika ot Tununydara (MSS= 512 a TCP na-
keture 552 Gaiita. OcBeH TOBA, OKOJIO IOJIOBHHATA
MakeTH ca ¢ IbJuKuHU Mexny 40u 44 Gaiira, a 0KoJI0
60% ot nakerure ca ¢ AppKkUHA 44 Oailta WK 110-
kber. OT rienHa Touka qanHute (6aliToBere), KOUTO
Ce IpEHAcAT B TaKKMBa MAKETH TOBa ca 7% oT o0mus
ob6em mannu . Hag nonoBunaTa nanuu (6aiitoBe) Te

npeHacsAT B maketn ¢ pasmep 1500 Oaiita wnm
0~ BJITH.
Tabm. 1
Pasnpenenenue
Tpaduk IIBIDKHHA
Bxozm Ha OJioKa
MIOTOK QHHH
VolP/UDP P P
FTP/TCP P Wu LN
SMTP/TCP M M
HTTP/TCP P LNu P
IP P P
Ethernet P P

Hemo noseue, cratucTuuecku uacieasanus [1]
nokassat, 4e B |P Mpexure 3a pasiuka OT ejek-
TpoHHaTa Toma (Tabn. 1) moBeYeTo NPHUIOKEHUS
NPOLECHTE HA MPUCTUTaHE W O0JICITyKBaHe Ha GJo-
KOBETE JaHHW CE€ OIMCBAT C pas3NpeiCiCHUATa Ha
Iapero (P), Beiitoyn (W) wu/miam J1OroHOopMaiHo
pasnpenenenne (LN). CelnecTByBaT peaMia Ipu-
Oym3uTeTHN GOPMYIIH 32 CpEeIHUTE BPEMEHA 3a 4Ya-

JTM3UTETHH (OPMYJH 3a CPEIHUTE BpEeMeHa 3a ya-
KaHe (3aKbCHEHMATA) B TE3H CIIyvau:

1), P(CI+CS)

T, = (8)
H 2(1-p)
2 2
T, = 1 12+ PC+Cs 9)
H 2(1-p)
2 2
= 1PC+Cs (10)
H“ 21-p)

KbaeTo, 1/ e BpemeTo 3a mpenaBaHe (0OcimyxBaHe),
p=Aly e yrwmzammara, a C u CZca choTBeTHO

KBQJIpATUYHHUTE KOC(DUIIMEHTH HA pas3Mpee/ICHUsITa
Ha MMOCTBIIBAIKS MMOTOK KAJpHW W BPEMEHATa UM 3a
obcmyxkBane. DopMynuTe 32 TE3W KOSPUIIMEHTH ca
TPEICTABEHHU B JINTEPATYPaTa, HO TOHEXKE Ca CIOKHH
TYK HAMa J1a ObIaT JajIcHH.

CrnenoBarenHo,3a pa3IMIHUTE BUAOBE Tpaduk,
u3MoJ3Baiiku choTBeTHaTa Gopmyna (8)-(10), Bme-
cro (1) B u3paza (2) moxe aa Obje MojyueHa aHa-
noruuHata Ha (4) popmyia 3a 3aKbCHEHHUATA OT ar-
perupane. TpsiOBa ga ce 0TOEEKH, Ye 3a PA3IUKA OT
OCTaHAJIUTE BUIOBE TPAPUK B MPEXKHUTE JHEC €IUH-
ctBeHo 3a SMTP (ra6i.1) BpeMeHaTa Ha IPUCTHTaHe
U OOCITy)XKBaHE Ha MAKETHTE Ca C EKCITOHEHIIHATHO
pasmpeiesicHue, T.€. ChIIECTBYBA TOUHa (hopMyra 3a
3akbCHeHMsATa OT arperupane (4). Ilocmexnara e
nuepeHImpyeMa OTHOCHO N, TaKa MPUPaBHABANKH 5
Ha Hyla, MojydaBaMe KBaIpaTHO YpaBHEHHE, OT
KOETO HAMHUpaMe aHAIUTHYHUS u3pa3 (7) 3a 6post Ha
arperupaHuTe MakeTH MUHUMU3UPAIL 3aKbCHEHUSITA
[pU arperupaxe.

3. U3IIOJI3BBAHE HA KAJIKYJIATOP 3A
TFEHETUYHU AJITOPUTMMU,
BEPUOUKALIUA U YUCIIEHA
PE3YJITATHE

ITo-nmony e omucano peamuszupaneto Ha A-AFR
MojIelia TIPH M3M0JI3BAHETO Ha KaJKyJaTop 3a TeHe-
THYHM AIrOpUTMHU [6], upe3 KOWTO NpH H3BECTHH
napamMeTpu Ha Tpaduka B eaHa 0e3KMIHa Mpexa 1a
Ce HaMepAT ONTUMAIHWTE CTOWHOCTH Ha Opos Ha
arperdpaHuTe MaxkeTu- N,

[o-HaraTeK B HacTosmiaTa paboTa 3a aa ce Je-
MOHCTpPHpPA NPEUIORKEHHS OAXO0] 38 U3ITOJI3BAHE Ha
TEHETHYHU ANTOPUTMH MPU ONTUMH3UPAHE MeXa-
HH3Ma 3a arperaiys ¢ IpenpeiaBane Ha pparMeHTH ¢
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usnomssana Gopmyna (4). Ot HanpaBeHUs! MO- rope
aHaJM3 Ha JHEIIHATa CTPYKTYpa Ha Tpaduka ciensa,
Yye CpejiHaTa JBbJDKUHA HA MAKeTa € MPUOIU3UTETHO
600 Gaiita. B mpeaumnara pabora [2], B kosTO Ce
npeaiara pasmepsT Ha parmentute B A-AFR na e
64B, T1.e. 0.1 01 ngppkMHATA Ha nakera. ETo 3amo B
KaJIKyJ1aTopa € 1esiecho0pa3Ho aa Obae n3dpaHa Ta3u
croitroct (0.1) 3a rpanynapHocT Ha Opost Ha arpe-
THPaHUTE MaKeTH N.

B pabotara ce usmonsBa pa3paboTeHa C yda-
cruero Ha apropure Web Gasupana cucrema 3a
MOJENMpaHe W  KaJIKyJupaHe Ha TeHETHYHU
anroputmu [6].

IMo-ony HaKpaTKO ca OOSCHEHH OUOJOTMYHUTE
OCHOBHU HA T€HETHYHUTE AJTOPUTMH.

[ThIHOTO MHOKECTBO OT TEHETHYECH MaTepual
(BcuukM XOpPMO30MH) Ce€ Hapuya reHOM. XPOMO30-
MHTE C€ CBhCTOST OT reHu, OyiokoBe Ha JIHK, kato
BCEKH T€H KOJMpa KOHKPETEeH mpoTenH (MoXe 1a ce
KaXke, Y€ BCEKH I'€H KOJIWpa, pasiu4eH Oener, npu-
MEpHO IIBAT Ha O4HTEe). AJIETH Ce HAPUYAT BH3MOXK-
HUTE KOMOMHAILIMN OT CTOMHOCTH 3a OTIEIIHUA OeJrer
(mamp. cuabo ¥ KadsBO 3a 1BeTa Ha ouuTe). Beeku
TeH ChIIO TaKa UMa CBOE MACTO (OMpeieNieHa mo3u-
1Hst) B XpoMo30Mara.

IMpu penpoaykuusaTa, TEHUTE OT POIUTEIUTE
(bopMHpaT H3ILIO0 HOBA XPOMO30Ma uYpe3 peKoMOu-
Hauus (wmu kpocunrosep). HoBo ch3mageHoTo mo-
TOMCTBO CJie]] TOBa OMBA MOJJIONKEHO HAa MYTalus,
1.¢. enementu ot JJHK ce npomensrt.

[TpucnocodbuMocTTa Ha OpraHu3Ma ce U3MepBa OT
YCIIEIIHOCTTA MPe3 HErOBUSI JKUBOT.

Ha www.obitko.comca npeyicraBeHu HIKOH OC-
HOBHU HA F€HETHYHHTE aIropuT™Mu [7].

Te3u adropuTMH Ce W3MOJI3BAT KOraTo ce Ipe-
crie/iBa omnpejienieH pe3ynrar (1en), a HAMUPAHETO Ha
pEllICHHE H3UCKBA OTHOCHTEIHO TOJISIM BPEMEBH
pecypc WM B Cly4ad, B KOUTO HE € M3BECTHO HIIH
HSIMA pElIeHUE. AJTOPUTHBMA Ce CTApTHPa C MHOKeE-
CTBO OT pelueHus (OpeacTaBeHH OT XPOMO3OMH C
KOHKpETHa WH(OpPMAIHs 3a TeHWTE) HApPEUYCHH Ha-
yangHa nomnysanus. CbhriaacHO TAXHATA JKH3HECIIO-
COOHOCT ce M3bupaT perieHus, Kouto na GopMupar
cleiBalaTa nomyianus  (motomcrso).  Ha
TO-TTOIXOIAIIATE pelieHus (pemieHusTa ce CpaBHs-
BaT OT IJIeJJHA TOYKA HA PECIieIBaHMs Pe3yITat/ien)
ce JIaBar Mo-rojieMH IIAHCOBE MPU PEMPOIYKIHITA.
OuakBa ce HOBaTa momyJanus aa onjae mo-1o6pa ot
crapara. ToBa ce MOBTapsi TOKATO HAKAKBO yCJIOBHE

(mpumepHO: ompeneneH Opoil MOKOJICHUS WM Ha-
MHUpaHe Ha JA0CTAaThYHO J00pO pelleHue) € yaoBie-
TBOPEHO.

IMocnenoBareIHOCTTa TPH TEHETHYHUS  aJiro-
PHUTBHM MOXeE JIa C€ TPEICTABH I10 CIICHHUS HAYMH!

1) renepmpa ce cirydaiiHa momyiaus oT N Xpo-
Mo30MH (pelieHus Ha mpobema);

2) wusuncisBaHe sxkusHecnocoOHocrra f(X) Ha
BCEKH XpOMO30M N B Tiomyanusra (o omnpeaeicHa
neneBa QyHKIUSA — HapU4aHa ,QUTHEC QYHKIMA") H
onpejesiHe Ha XPOMO3OMHUTE C IPUOPHUTET MPH
Ch3/IaBaHEe Ha ciejBaiiara nomynamus (M Ha Opoi,
m<n);

3) ch3maBaHe HA HOBA MOMYJAMS Ype3 MOBTA-
PSIHE Ha CIICIHUTE CTHIIKHU JOKATO HOBATA MOMYJIaIHsI
Ob/ie 3aBbpLICHA!

3.1) 3anasBaHe Ha MPEIBAPUTEIHO ONpPEICICH
Opoii M OT Haii-1o0puTe pemeHus (ChoOPa3HO TIAX-
HaTa J>KU3HECTIOCOOHOCT — CTOHHOCTH Ha (QUTHeEC
GbyHKIMATA);

3.2) wu30MpaHe Ha JBa POJUTEIICKHA XPOMO30Ma
OT M XPOMO30MHTE;

3.3) KkpbBCTOCBaHE- BEPOSTHOCTHO C€ KPBCTOC-
BaT POJAUTENHTE 3a Jia (POPMHUPAT HOBO MOKOJICHHE
(mema);

3.4) wMyramusi - BEPOSITHOCTHO C€ MyTHPAT
Ch3/1a/IECHUTE HOBU XPOMO30MH;

3.5) mocTaBsiHE Ha HOBOTO MIOKOJICHUE B HOBATA
nonynanust (1o0aBsHe Ha N-M HOBH XPOMO3OMH H
3aIThJIBAHE HA MOMYJIAINSTA);

3.6) 3amecTBaHe - M3IMOJ3BaHE Ha HOBOIEHE-
pupaHata MOMyJalus 3a MO0-HATATBUIHOTO H3-
IIbJIHEHHE Ha AJITOPUTHMA;

4) npoBepka - aKO KpalHOTO YCIOBHE € YIOB-
JICTBOPEHO, CIIMpaHe, U BPBINAHE Ha Haii-100poTO
pelieHue;

5) UHKBI - OTUAM HA CTHIKA 2).

Ha ¢ur.1, 2, 3u 4 ca npencraBeHr pabOTHHU €K-
paHu OT pa3pabOTEHUTE EKCIIEPUMEHTATHI MOYJIH.

[MonyueHnte ¢ MOMOINTA HA TO3U AJITOPUTHM
YKCJCHN PE3yJITaTH ca Mmokasadu B Tabm.2. C - ca
JIAJICHN CITy4auTe, KOraTo 3a Oposi Ha arperupaHuTe
MaKeT N ce MoJIy4yaBaT CTOWHOCTH He Ha/[BUILIABAIIH
1, T.e. 6e3 arperupasne.

[To-HataThk B HacTosiaTa paboTa, ¢ Led BepH-
(bUKanUs HA TPEUIONKECHUS TMOAXOJ € H3IMOJI3BaHA

¢dopmyna (7).
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a' | @ http/BLI6L.. P~ B3 X

< [2 GA Calculator Jé&llﬁlm!‘l il G
File Edit View Favorites Tools Help

<?xml version="1.0"?>
- <transport>
- <initial>
<name>VH_BT</name>
<type>min</type>
<fitness>(1/((1/($n-($n-1)*$h)-$r/$n)))+($n-1)/(2%$r) /fitness>
<population>300</population=
<generations>1000</generations>
<crossover>2</crossover>
<mutation>1</mutation>
<alive>10</alive>
<report>everyg</report>
</initial>
- <units>
- <unit>
<check>0</check>
<name>r</name>
<type>0</type>
<from=0.6</from=
<to>0.6</to>
<step>1</step>
<fitval> 0 </fitval>
</unit>
- <unit>
<check>0</check>
<name>n</name>
<type>0</type>
<from>1</from>
<to>10</to>
<step>2</step>
<fitval>0</fitval >
</unit>
- <unit>
<check>0</check:>
<name>h</name>
<type>0</type>
<from>0.6</from>
<to>0.6</to>
<step>1</step>
<fitval>0</fitval >
</unit>
</units>
</transport> i)

#®100% ~

¢ur.2 Cpabprxanue Ha XML mozena Ha GA 3a ciydvast

Ta6.21.2 [Tonyuenure ¢ GA croiiHOCTH 3a Opost Ha ar-
pErupaHnTe MaKeTH- N MUHUMH3HPALIN 3aKbCHEHUSTA MIPH
YTHIM3ALMs —p U JIsU1 HA 3arJIaBHUTE YacTH B Kajbpa- h.

h\p 0.6 0.7 0.8 0.9

03 |- - 1.2 15
04 |- 1.1 1.3 1.7
05 |- 1.2 15 1.8

06 |11 13 1.6 1.9

Pa3paboTeH e alropuThbM U mMporpaMa KojaupaHa
Ha e3uka C 3a Tabynupane Ha Gopmyia (7) ¢ ToUHOCT
JI0 BTOpHS 3HaK ciep 3anerasra. M3mnonsBaiiku ta3u
mporpama Hamupame Oposi Ha arperupaHuTe MaKeTH-
N MUHUMM3HMpPAIL 3aKbCHCHUSITA 3a JIea Ha 3arjiaB-
HUTE 4acTd B Kajabpa - h u yrunmsanusira — p. Ilo-
JYYEHHUTE C IOMOIITA Ha TO3HM aJITOPHTBM YHCIICHH
pesynraru ca nokazanu B 1a61.3. Tyk cbiio ¢ ,-* ca
oTOeNsA3aHu CIIydauTe, Korato 3a Opos Ha arperu-
paHuTe makeTd N ce MojydaBaT CTOHHOCTH HE Hal-
pumasanii 1, r.e. 6e3 arperupane

|| File Edit View Favorites Tools Help

| T
———(Generation--———- No: 1
Fitness value = 2 4866946778711
r=10.6
n=1.1
h=06
--m-mm--Generation----—-- No: 2
Fimness value = 2 4858454312553
r=10.6
n=1.09
=06
-—-—-Generation--———- No: 3
Fitness value = 2 4858454312553
r=06
n=109
=06
-——-—-Generation--———- No: 4
Fitness value = 2. 4854166666667
r=106 |
n=108
h=06
-——-Generation-—--———- No; 5
Fitness value = 2.4854166666667
»r=06
n =108 |
h=106 =

H100% -

¢ur.3 Perrenus mo reHeparmn

Ta6.21.3 Bpoii Ha arperupaHuTe MakeTH- N MUHUMHU3H-
pally 3aKbCHEHHATA (YMCIICHU PE3yJITaTH) 38 ChOTBETHUTE
CTOMHOCTH Ha yTUIIU3aLMATa — p, A€Na Ha 3arJaBHUTE
4acTH B Kaabpa- h

h\p 0.6 0.7 0.8 0.9
03 |- - 116 | 1.54
04 |- 1.06 133 | 167
05 |- 1.19 146 | 1.78
06 |1.08 1.31 157 | 1.87

OT CpaBHCHHETO HA MOJYYCHUTE UHCICHH pe-
synrate (1a6:1.3) ¢ MOJTyYCHUTE TaKWBa C KaJlKyia-
TOpa Ha FeHETHYHH anroput™u (1abi1.2) ce BUKIa, Ye
PE3yNTATHTE MOYTH HAITBIHO CHBIAAT.

Pa3snukute ca OT pa3nukara B u30paHaTa TOYHOCT
3a TabynupaHe Ha Qopmyna U n3dpaHaTa 3a KaJKy-
JaTopa rpaHyJIapHOCT 3a Oposi Ha makeTuTe- N.
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Generation FitnessV r n h
1 2,486694678 0,6 1,1 0,6 .
2 2,485845431 0,6 1,09 0,6 Fitness V
3 2,485845431 0,6 1,09 0,6 | 24868
4 2,485416667 0,6 1,08 08 | 240
5 2,485416667 0,6 1,08 0,6
2,4864
6 2,485416667 0,6 1,08 0,6
7 2,485416667 0.6 1,08 0,6 | 24862
8 2,485416667 0,6 1,08 06 | 2486
9 2,485416667 0.6 1,08 06 | 34858
10 2,485416667 0,6 1,08 06 | 5 4g56
1 2,485416667 0,6 1,08 0,6
12 2,485416667 0,6 1,08 0,6 | 28
13 2,485416667 0,6 1,08 0,6 | 24852
14 2,485416667 0,6 1,08 0,6 o 200 400 600 800 1000
15 2,485416667 0.6 1,08 0.6

¢ur.4 Nsxonen Exceldaiin ¢ perenusita 1o reHepanin

[Monyuenure ¢ KankyiaTopa 3a T€HETHYHH aj-
roputMu U opmyia (4) 3aKbCHEHHS Ha arperupa-
K MEXaHW3bM IIPU CKOpoCT Ha npexpaBane 50
Mbps ca mokazanu B Tabn. 4. Te3u pesynratu ca
SMTP tpaduk. Bwkna ce, ue ¢ yBequuaBaHe Ha Ha-
TOBapBAaHETO, HAPACTBAT 3aKbCHEHUSTA, KOETO € B
ITBJTHO CHOTBETCTBHE C HANIPABEHUS I10- TOPE aHAJIM3.

Ta0J1.4 3akbcHeHus (B MS)npu arperupane 3a SMTP
Tpa¥K NOITyIEeHH C KaJIKyJIaTopa.

h\p 0.6 0.7 0.8 0.9

0.3 3,57 462 6,60 9,99
0.4 3,51 450 6,09 8,25
0.5 3,42 4,23 549 6,90
0.6 3,36 411 492 585

To3u MOAXO/ U KAIKYJIATOPHT 34 TCHETHYHU ajl-
TOPUTMHU MOTAT JIa C€ MU3MOJI3BAT ChIIO TaKa 3a Jia ce
M3CNIeIBaT 3aKbCHEHUsTA Ha arperdpamids Mexa-
HU3BM TPH OCTaHauWTe BHAOBe Tpapuk (Bixk.
Tab. 1).3a uscieBaHe BAMSHUETO HA MAPAMETPUTE
M XapaKkTepUCTUKUTE Ha ChOTBETHUTE M3TOYHHIM Ha
TpaduK BBPXY BPEME3aKbCHEHUSTA TP arperupaHe
CIe/IBa JIa Ce M3II0JI3Ba T0JIyYeHa aHAIOrHYHo Ha (4)
¢dopmyna (ChraacHO MPEUIOKEHUS MO- TOpPE MOJ-

Ha 6a3ara Ha aHanu3 Ha BpeMe3aKbCHEHUITA ITPH
arperupase € NpeaokKeH MOAX0 3a M3I0JI3BaHE Ha
TeHETHYHHU aJTOPUTMH 3a ONTHMH3MpaHe padoraTa
Ha aJIalTHBEH MEXaHU3bM 3a arperauus ¢ npemnpe-
naBaHe Ha QparmeHTH- A-AFR.

[MpeanoxeHuss B HACTOAIIATA CTATHS IOIXOJ
MO3BOJISIBA CHIO Ype3 KAJIKYyJIaTOp Ha TeHETHYHU
aNTOPUTMH JIa Ce W3CJIe/IBa BIMSIHUETO HA MapaMeT-
pUTE M XapakTePUCTHKUTE Ha BUIOBETE Tpauk
BBPXY BpeMe3akbcHeHmATa Ha A-AFR Mexann3ma.

[Monyuenu ca yucieHH PE3yNTaTH 32 ONTHMHU3U-
pane Ha A-AFR wmexannmsma npu peanen SMTP
TpauK, 4Ype3 KOWUTO pe3ysTaTd ce BepHuduimpa
NPEAI0KEHHS TIOAXOI.
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USING GENETIC ALGORITHMSTO OPTIMIZE THE PERFORMANCE OF
ADAPTIVE MECHANISM FOR AGGREGATION WITH FRAGMENT
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Abstract: The purpose of this article is to propose an approach for using of genetic algorithms for determining the optimal
number of packages so that delays of aggregation to be minimal. Numerical results are obtained for optimization of A-AFR
aggregation mechanism with SMTP traffic, through which results the proposed approach is verified. Proposed in this article
approach also allows through calculator of genetic algorithms to investigate the influence of the parameters and
characteristics of the other types traffic on delays of A-AFR mechanism.

Keywords. delays of aggregation, genetic algorithms, internet traffic, A-AFR
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METOIHUKA 3A OHEHABAHE HA KOHKYPEHTHOCTTA HA
JOTMCTUYHATA TEXHUKA ITPH TIPOTHO3UPAHETO ¥

Asexcu HUKOJIOB Hukoaaii KASAKOB
Katenpa , MImkeHepHa JTOTHCTHKA, [T0JJEMHO-TPAHCIIOPTHA U CTpOUTENHa TeXHUKa", Texanueckn yausepcuret - Codus,
boearapus
e-mail: alexi.nicolov@gmail.com e-mail:nkazakov@tu-sofia.bg

Pe3rome. B nHacrosiara cratus € NpeaIo)KeHa METOJAMKA 3a OLICHABAHE KOHKprHTOCHOCO6HOCTTa Ha BHJIKOBHUTEC II0-
BJAUTavYu IMOCPEACTBOM OLEHABAHE HA TEXHUTE KOJIMUECCTBECHU U KAYECTBCHU ITapaMETPH. IloctaBena e TEOPETUYHA OCHOBA
3a OIpPCACISIHE Ha KOHKYPEHTHOCTTA Ha AaJC€H IPOAYKT C LEJ MOAIIOMarane Ha INpoOCKTUPAHETO Ha 6'I>IIGHII/I u ONTUMHU-
3UPAHETO HAa HACTOAIIN MOJCIN U KOHCTPYKIIUU C OIJICJ NOBUIIIABAHETO H.

KuarouoBu JAYMHM: JIOTUCTHKA, IPOTHO3UPAHE, KOHKypeHTOCHOCO6HOCT, BHJIKOBU IMOBAWTaYU

1. OIEHKA HA TEXHUYECKATA
KOHKYPEHTOCIIOCOBHOCT HA KA-
PUTE

KonkypentocriocobHocTTa Ha  OBJTapckata
WKOHOMHUKa € mnpuoputeT. Ts uma ¢QuHaHCOBaTa
nojkperna Ha OneparuBHa mnporpaMa ,Pa3surue Ha
KOHKYPEHTOCIIOCOOHOCTTa Ha OBJTapckara HKOHO-
muka” 2007-2013 cpunancupana ot EBponeiickus
cbt03. Ta3n KOHKYpEHTOCHOCOOHOCT ce M3pa3siBsi B
KOHKYPCHTOCIIOCOOHOCTTA HA MPOAYKTHTE KOUTO TS
MIPOU3BEKIA.

CaMaTa KOHKYpPEHTOCIIOCOOHOCT Ha JaJICH IMpPO-
IIyKT MOKe J1a ce AerHUpa KaTo OTHOCUTEIIHOTO MY
MPEJCTaBSHE B Ma3apHO OTHOIICHUE CIPSMO APYTH,
CXOIHHM IO KadecTBa M mapamerpu mpoaykru. C
JpYrd JyMH, KOHKYTPEHTHOCIIOCOOHOCTTA OIpeAess
JIOKOJIKO €IUH MPOIYKT € MPEANOYMTaH OT IHOTpe-
ouTenuTe COpsSMO APYTH TOJAOOHHM TaKWBa WIIH,
[O-TOYHO, HETOBHUSAT Ma3apeH Jsut. [1azapHusT 151 Ha
JIaJieH TMPOAYKT MOXE Ja Bapupa, B 3aBUCUMOCT OT
MHOTO (haKTOPH, KOUTO CIIcABa Aa OBIAT aHAIHM3H-
paHH BHUMATEIHO OT Mpou3BoauTenuTe. Te3u dak-
TOpU MOTaT Ja ObaaT II0OANHU WU JOKaTHH. [I10-
0aTHOTO MPEBB3XOJCTBO HA NAJCH MPOU3BOIUTEI B
HUKaKbB CIIlydail HE O3HAuaBa, 4e¢ HETOBHUTE IIPO-
JyKTH ca Hail-peAnoYrTaHy Ha JIOKaJIHO HUBO.

W3BecTHO €, 4e ciiefl CerMEHTHpaHe Ha ma3apa e
He0o0xXoauMO M300p Ha KOHKPETHH THIIOBE Kapw 3a
MPOM3BOJCTBO. EJMHCTBEHOTO YCIOBHE € KOHKY-
PEHTHOCIIOCOOHOCT Ha Mpoaykra. ETo 3amio men Ha
HACTOSAIIATA CTATHS € Ja MPEIOKU METOAUKa 3a
OIICHsIBaHE KOHKYPEHTOCIOCOOHOCTTA HAa BIJIKOBHUTE

noBaurayn. Tst 1ie MoCTy»Ku NP IPOTHO3UPAHETO HA
napamMeTpuTe Ha JIOTHCTUYHATA TEXHHUKA.

ColuecTBYBaT pa3jinyHu pa3pabOTKH B TOBA Ha-
npaenenue. B [1] ca mokasanu pexuna (HHUHAHCOBH
MOKa3aTesH 3acsraiy KOHKYPEeHTOCIOCOOHOCTTa Ha
MPOJXYKTUTE B mpoiieca Ha nHoBauuu. C momorira Ha
TETJIOBHU KOE(HUIIMEHTH € ompezenieHa obobmanaria
OIICHKA 32 OYaKBaHATA MOJIE3HOCT Ha MPOLECHUTE
HHOBALMU 3a mpennpusruero. B [2] e pasriemana
(upMeHaTa KOKYpEHTOCHOCOHOCT W ca II0COYCHHU
peauua puHaHcoBu mokasarenu. B [3] obekr Ha u3-
crenBaHe € ¢upMa, HyXAaella ce OT OLCHKA Ha
HeWHaTa KOHKYPEHTOCMOCOOHOCT. BaxkeH eneMeHT ¢
OLICHKATa HAa HAACKIHOCTTA HAa BCEKH OT MPOH3BE-
KIAHUTE TPOAYKTH, 38 KOETO ca ChOpaHH HE0OXo-
JMMUTE CTATHCTHYECKH CBEJICHHsS,  OMpE/CICHH
OYaKBAHMUSITA HA KIMEHTUTE W M3YUCICHU IapamMeT-
puTe Ha HAJEKIHOCTTA. AHANM3MPAHU Ca MOJTy4e-
HHUTE CTOWHOCTH, M € HampaBeHa o0Ila OLEeHKa Ha
HANISKIAHOCTTA, Karo (akTop 3a KOHKYPEHTOCIO-
cobHocrTa Ha ¢upmara. B [4] ca mocouenu pas-
JMYHU TOKAa3aTead B T.4. U CYMapHH C KOUTO (u-
HAHCOBO C€ OLCHSABA KOHKYPEHTOCIIOCOOHOCTTA Ha
TYPUCTUYECKHUS IPOAYKT.

B HacrosIaTa ctaTus Ie ce CIpeM Ha OLCHKATa
C KOJIMYECTBCHH M KAYECTBEHU MapaMeTPH Ha KOH-
KYpEHTOCIOCOOHOCTTa Ha BHJIKOBUTE IOBIUrayH.
ChIecTBYBaT pa3IMyHU KiIacu(QUKAMK Ha TMapa-
METPHTE Ha JIOTUCTUYHATA TEXHUKA, U B YACTHOCT Ha
kapute [5,6]. IIpu pasriiexxaaHeTo Ha MAIIMHUTE II1e
pasrpaHuduM 3 THNA MapaMeTpH — KOJMYECTBEHH,
Ka4eCTBEHH U OTHOCHTENIHH, KOUTO I1ie ObJaT OCHOBA
NP U3rPAXKIAHETO HA METOAMKATA 33 OLCHIBAHETO
UM.
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Anexcu HUKOJIOB

Hukomait KA3BAKOB

BaxkeH eIeMeHT OT KOHKYPEHTOCIIOCOOHOCTTa Ha
MAIlIMHUTE € TSAXHATa MHOBATHBHOCT. EMuH oT ak-
TOpUTE, KOUTO MOTaT Jga ObJaT NPSKO MEPUIIO 3a
cTpeMexxa Ha (UPMHUTEC KbM Ch3JIaBaHE Ha KOHKY-
PEHTOCIIOCOOHH M HHOBAaTHBHU MIPOAYKTH, € OPOST Ha
W3Ia/ICHATE TTaTeHTH B KOHKPETHA 00JIacT U 3a KOH-
KpEeTHO Tpriiokenue. ToBa € (HakTop, KOWTO MPSKO
MOKa3Ba TOKOJKO ce padOTH B IIOCOKA MOBHIIABAHE
Ha KOHKYPEHTOCHOCOOHOCTTa Ha wuzfenusara. Cb3-
JABAHETO HAa HOBH NMPOIYKTH WIH CTPYKTYpPHH €Jie-
MEHTH BHHATH C€ MPEeNX0XkKIa OT MATEHTHO MpOoyd-
BaHE, KOETO JIaBa HHPOPMALUs JOKOJIKO ¢ paboTeHO
B Ta3u 00JACT M KAaKBH Ca TCHICHIIMUATE MPH Pa3BH-
THC HA TO3U MPOAYKT WIHM JPYTH, CXOJHU HA HETO.
IIpu ToBa mpoy4BaHe TPsIOBA J1a CE OT/IEIM BHUMAaHHE
Ha JIBJIOOYMHATA Ha BPEMEBHUS IMEPUOJ 3al0YBAUKH
OT MOMEHTA Ha MPOYYBAHETO M HA pa3Mepa Ha Bpe-
MeBuTe mHTepBanu. OTICHABaHETO Ha MHOBATHBHO-
CTTa MOXeE J1a c€ M3BBPIIN MOCPEICTBOM aHAIHM3 Ha
MaTEeHTUTe W IyOJMKAIMUTE B JajeHara o0JacT,
CBBP3aHU ¢ KOHKPETHOTO m3aenne. [lonpoben moaen
3a TaKOBa OLIEHsIBaHe € omucad B [9].

2.METOJUKA 3A OHEHSsIBAHE KOH-
KYPEHTOCIHHOCOBHOCTTA HA BUJI-
KOBUM NIOBAUT'AYHN

2.1CnoupaHe Ha TaHHHU U TEXHAAT AaHAJIN3
Hamuuuero Ha IOCTaThYHO KOJMYECTBO AaHHH,
KaTO TEXHUYECKHU [apaMeTpU Ha MAIMHHU, CBbP3aHU
¢ 6e30MacHOCTTa U KOHCTPYKTHBHUTE Bb3MOMKHOCTH
[PU NPOCKTUPAHE, NATEHTH U JP. € OT U3KJIIOYUTEITHA
BO)XHOCT MPHU HW3TOTBSHETO HA OLEHKA HA KOHKY-
pPEHTOCIIOCOOHOCTTa Ha MammHara. Konkoro e
HO-TOJSIM 00EMBT Ha NaHHUTE 3a BCEKHM BPEMEBU
UHTEpBAl W IBJIOOYMHATA HA BPEMEBUS MEPHUOJ,
TOJIKOBA IT0-TOYHA O OMJIa oLeHKaTa. 3a Ta3u Lel ce
npwiarat aBromarusupann WEB 6asupanu cucremu
Ch3/laBalld KiIacU(pUIMPaHa MO JKEIAHW TPYHNH U
kaTeropuu uHpopmarys. V3kirounrenHo ynooHu ca
CUCTeMHTE OopueHTHUpanu kbM XML, kouto nma op-
raHu3upar nHGopMaIMoHeH 0OMEH MEeXIy GupMara
OT elHa CTpaHa ¥ HMH()OPMAIMOHHUTE H3TOYHHIIU

(marenTHUTE Chy)0U U T.H.) OT apyra. Upe3z XML
uHpopManusITa Ce MPEACTaBs B IAbpBOBHIHA (ife-
papxu4Ha) CTPYKTypa MpU CIIa3BaHETO Ha Ompejie-
nenure B cranaapta na World Wide Web Consortium
(W3C) cuntakTHYHHM MPaBUIIa, KOETO ChOTBETCTBYBA
Ha CTpyKTypaTa Ha WH(OpPMAaLUITa B rOpernocode-
HaTa cucTeMa. ENWH OT Hal-MOIIHWTE WHTEpQEHcH
Ha goctbma kbM XML moxymenture ¢ DOM
(Document Object Model)I'sii kaTo JTOrHCTHYHHUTE
CHUCTEMH Ca JWHAMHYHU W OTBOpeHu, To 1 WEB —
Oaszupana wuH(pOpPMAIOHHA CHCTEeMa TIPHUTEXKaBa
CBLIUTE CHCTEMHH CBOMCTBA 4pe3 CHeHUaIM3UPaHu
Webnpunoxenus. [7,8].

2.2 OmnpenejisHe HAa OCHOBHUTE MapaMeTpH, Ha
0a3zaTa Ha KOMTO Ie Ce OlEHSIBA KOHKYPEHTO-
CIOCOOHOCTTA

Besika eHa MalliMHa HpUTEXaBa peAuia Iapa-
METpH, OT KOUTO HSKOM Ca BOJEINH, a JPYru ca
(YHKIMOHAJIHO CBBpP3aHM C TAX. |JIaBHUTE mapa-
METpH, [0 KOUTO ce N30Hpa eI1H BUJIKOB IIOBIWrad
ca TOBapOHOCHMOCTTa MY U BHCOYMHATA HA TOJEM.
Ha Tasu 6a3a BcHYKM OCTaHAIM MapaMeTPH Momaaar
B ONpEJeNiCHH TPaHWIM, B 3aBHCUMOCT OT KOHCT-
PYKLUSITA HA MallMHATA, TUMA Ha ABUTATENsI, 000-
pyaBanero u ap. Ilpu OLEHSIBaHETO HA KOHKYPEH-
TOCHOCOOHOCTTa HA MalllMHATA TOCPEJCTBOM HH-
(dhopmaroHHa cucTeMa € HeoOXOAUMO J1a UMa Bb3-
MOXHOCT 3a 3afaBaHe (ompeneisHe) Ha OCHOBHHU
napaMeTpH, eAMH WIH MoBede, Ha 0a3a Ha KOETO
JNAHHUTE ce QUITPUPAT U Ce OTPEALIIAT 00IaCTUTE, B
KOUTO TOMAajJaT CTOMHOCTUTE Ha mapametpure. Ma-
TEMaTHYECKUAT M3pa3 Ha 3HAYCHHETO HA BCEKH Ma-
paMeThp ce onpeesst Ype3 TEriIoBHH KOS(UIIUEHTH.

[MapameTpuTe HA BHJIKOBUTE MMOBHIA4YM Ca TOBA-
POMOAEMHOCT, BHCOYMHA HA I[OJAEM, CKOPOCT, CH-
TYPHOCT, eprOHOMUS U TU3aiiH, EHEPrOEMKOCT, Maca,
reOMETPUYHH pa3Mepu u Jpyru. Enementute Ha
MAalllHHATA BIUSSIT Ha Te3u mapamerpu. I[lpaBu ce
Tabnua 3a BCHYKHTE MApaMETPH, KOSATO OTYUTA U
JaHHUTE Ha KOHKypeHTHuHTe (pupmu (1adn.l).Cren
MOITBJIBAHETO U C€ OMNpPEeISIT OCHOBHUTE Mapamer-
pu(Te3n ¢ Hal-rojsIMa TEKECT 32 KOHKYPEHIIHATA).

Ta0.1.1 [IpuMepHa TabnMIa 32 CTOMHOCTH Ha KOHKPETHH MapaMeTpH NP KOHKYPCHTHTE

Ne ITapameTrsp Enement TersoBu Mpouseoautesa | Koukypenr 1 | KonkypeHrt 2
KoeuumeHT | ty % tyi

1.1 | Tosapomonemuoct | JIpuraren

1.2 IMogemua
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ypenoa
1.3 Xump.
cucreMa
1.4 Crup.
cucreMa
1.5 Juzaitn
1.6 Kopnyc
1.7 VYnpasmn.
cucreMa
2.1 JlBuraren
2.2 ITopemua
ypenoa
2.3 Xump.
cucrema
2.4 Ckopoct Crup.
cucrema
2.5 Juzaiin
2.6 Koprmyc
2.7 VYnpag.
cucrema

2.30mnpenesisine HA OLEHbYHUTE 00J1aCTH

Ha 6a3a Ha ompeiencHUTE OCHOBHH IMapaMeTpH
cileqBa aa ce OIpeaessT 00JIaCTHTE, B KOUTO ITOMaaatT
ocTaHaluTe, (PYHKIUOHAIHO CBBP3aHU MAPaMETPH.
[Ipu konuvecTBEHUTE HapaMEeTpPH TE3U O0JIACTH ce
ompenenaT Ha 0a3aTa Ha OrpaHMYCHHS, CBHP3aHU C
KOHCTPYKTUBHUTE BB3MOXKHOCTH, KAKTO M OTpaHH-
YeHus, Kacaelu Oe3omacHOCTTa. [Ipu kauecTBeHHUTE
mapaMeTpu HsMa KOHKpPETHAa CTOHHOCT, KOATO Ja
MoOXe na Obae oneHsBaHa. ONpeneNnssHeTo Ha OIeH-
KaTa cTaBa Ha 0a3a Ha CTATUCTUYECKH JAHHH, a Olle-
HBbYHATA 00JACT Ce 3aJaBa C paslpeicICHHETO Ha
YECTOTHUTE Ha 3aJaBAHETO HA OTHECIHHUTE KaueCTBEHHU
mapaMeTpyd KaTo ONPEACISNIM 3a Ka4eCTBOTO Ha
MalllfHATA.

2.4 U3roTBsiHe HA MPOTHO32a 32 M3MEHEHHETO Ha
CTOIHOCTTA HA Pa3rJIesKIaHus MapaMeTbp

Ha ocHoBa Ha cbOpaHWTE OaHHU CE€ H3TOTBAT
MIPOTHO3H, MPOCIEIIBALIM OYAaKBAaHOTO Pa3BUTHE HA
CTOMHOCTTa Ha IIapaMeTbpa B ObAEIle W Ta3H IIpo-
THO3a Ce M3II0JI3Ba KAaTO NOIBJIHHUTENECH (HaKTop IpH
OLICHSABAHETO Ha IapaMeThpa.

2.50ueHsiBaHe HA MapaMeTpHTe
Upe3 cTaTHCTHYECKHSI MOJIEI CE TIPaBU OLICHKA Ha
CTOMHOCTTA HA BCEKH OT/EJICH MapaMeThp.

2.6 O0ma oneHka Ha ngOI[yKTa
OOmiara ouenka 777" ce 3amaBa KaTto cyma OT
BCHYKH OIICHKH Ha OTICITHUTE TTapaMeTPH:

Tooua = iTk = Zm:i Kty @)
k=1

k=1 j=i
KbJeTO Kijca TerJI0BHU KOCQHUIIMEHTH 3a BCAKO b Ha
BCEKHU €JIEMEHT (k=1,2,....m n
(=1.2,....n.

IoaxomabT MOKE 14 CE€ M3I0I3Ba U 3a BCEKH Ia-
paMeThp 3a CPaBHEHHE C KOHKYPEHTHUTE MOJIETIH.

3. OHEHKA HA KOJIMYECTBEHU
ITAPAMETPH

3a 1a Obe enuH MPOAYKT KOHKYPEHTOCIIOCOOEH,
TpsiOBa HETOBHTE MapaMETPH Ia OTrOBapsAT Ha OII-
peIeiICcHH M3MCKBAHWS HAa MOTPEOMTEIMTE M 1a 3a-
JIOBOJISIBA HYXAUTE UM. T.e. OMXMe MOTJIH [1a KaKeM,
4e eIUH IPOIYKT € KOHKYPEHTOCIOCOOEH KOraTo €
KayecTBEeH. KauecTBOTO Ha MPOAYKTA € XapaKTepH-
CTHKa, CTPOT'O MHAMBHyaTHA 32 BCCKU MOTPEOUTE,
HO BCJEACTBHE Ha IBIATOTOAWIIHYA HAOIIONEHUS W
aHaAIM3W MOraT Ja ce pa3paboTAT CIMHHU HOPMH,
Cropel KOUTO MPOJYKT, OTTOBAPSIN HA NAJCHU yC-
JIOBHSI, MOKE JIa CE CUMTA 32 KAYECTBEH.
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Anexcu HUKOJIOB

Hukomait KA3BAKOB

ChIecTBYBaT peluila HOPMH ChC KOUTO pas-
JMYHUATE IbPKABH OMNPEJCNIAT H3UCKBAaHHATA Ha
rPAaHUYHUTE CTOWHOCTH HA HSAKOM MapaMeTpu Ha
Kapure.

B Pycwust chliecTByBa €IMHHA HOpMa Ha Tapa-
METPUTE Ha YHHBCPCAIHUTEC BHIIKOBH ITOBIWTAYH,
KOHMTO CJIC/IBa [Ia Ce ChOJII0AaBar, 3a Ja Ce ONMpeaein
€/IMH MPOIYKT KaTO Ka4eCTBCH, KOSITO € pa3paboTeHa
0T MMHHCTEPCTBOTO Ha ABTOMOOHWIIHATA IPOMHMIII-
neroct Ha CCCP u Bim3a B cwia Ha 20 mexemBpu
1985r. nox Haumenosanue I'OCT 4.393-85 (Cuc-
TeMa MOKa3aTejell KayecTBa MPOAYKIMH ABTOMO-
rpy3urku Bunounsie obuiero npeanasxHadenus. Ho-
MEHKJIaTypa nokaszaresieil” — JIbpikaBeH CTaHaapT Ha
CCCP, pericTBall 1 KbM MOMCHTA.

KavecTBOTO Ha BHJIKOBHU ITOBJIUTAYU CE OMIPEIEIIS
OT HETOBUTE IMApaMETPH, a 3a Jla MOXKEM Ja Ompejie-
JIMM JIOKOJIKO TOM OTrOBapst Ha TE3W YCIIOBHsI, TPSAOBA
Jla IMaMe OIIPEICIICHU TPAHUIU Ha TE3W MapaMeTpH.
TOCT 4.393-85H¢ nmaBa CTOMHOCTH, KOWUTO Ja CE
crasBar, a caMoO I0COYBa IIapaMCTPHUTE, KOHTO ca
NpPSKO CBBP3aHH C KA4eCTBOTO Ha YHHBEPCATHHTE
BUJIKOBU IOBIUrayHu.

OCHOBHHM TEXHHUYECKH W3HUCKBAHHWA IO OTHOIIE-
HHe Ha 0e30MacHOCTTa HA MPOJYKTHTE Ca JAJCHH B

Te3u ycIOBHU BUAOBE OTPAHUYEHHS €A (hYHKIMS
Ha BPEMETO U MOTAT Jia BAPUPAT, KAaTO YeCTOTaTa HA
U3MEHEHUEe He € MOoCTosHHA. Hanmpumep, npu ch3ja-
BaHE HA HOBA TEXHOJOTUS MM MaTepualy ¢ pas-
JIMYHY XapaKTepPUCTUKH, OMXa MOTIM 3HAUMTEIHO 1A
ce TIOBHIIAT KOHCTPYKIIHOHHHUTE BB3MOKHOCTH, IIPH
KOETO, B JaJCHHS MOMEHT OT BPEME CE MOJTydaBaT
Pa3TMYHY CTOHHOCTH HA TEXHHYECKHUTE OTPAHMICHHS
B CPaBHEHHE C TPEIHHA MEPHOX OT BpeMe. AHajo-
T'MYHO, HANPUMEp, TIPH BIM3AaHETO B CHJIA HA HOB
CTaHZAPT 3a 6E30TACHOCT, BBIIPEKH TEXHHUECKUTE
BB3MOKHOCTH 33 U3MbIHECHHUE, JajicH NapaMeThp He
Tpa6Ba 2 NPEBUIIABA ONPEAEIeHa CTOMHOCT, KOETO
CTECHSABA OLICHbUYHATA TPAHMUIIA.

CnejioBaTeNHO, BbB BCEKH €AMH MOMEHT OT
Bpeme t; umame Muaumanaa O™ u Makcumanaa O
rpaHMIa Ha CTOMHOCTTA Ha mHapameTspa  Xi
(i=1,2,...n), T1MOCPEICTBOM KOHMTO MOXKEM Ja H3-
BBPIINM OIIEHKA 3a HETOBOTO KadecTBO. 1 opHaTa
IPaHMIIA Ha OTPAHUYEHHETO CE 3a/aBa C MO-ManKaTa
CTOWHOCT Ha TOPHHUTE TPAaHHIIM Ha JBETE OTpaHHUC-
HAS:

Oimax — m"{ogsax niwax} (| = 1’2’”) (2)

I[OHHaTa TpaHHIla Ha OTPAHUYCHUECTO CC 3aj/iaBa C

JOPYTd CTAHIAPTH KaTo 1ISO 13563-1:2001 “Sing|e Mo-rojisMaTa CTOMHOCT Ha JOJIHUTEC TpaHUIK Ha
side loading fork-lift trucks - Part 1: Stability tests* —ABETC OTPAHITICHHUL.

TecroBe 3a cTaOMIHOCT HA CIHOCTPAHHO TOBAPEINU
BunkoBu nosauradn.; BJC ISO 6292:2010 Camo-
XOJIHW WHIYCTPHAIIHA Kapu W Biekaun. CripadHa
e(heKTUBHOCT M SKOCT Ha €JIEMEHTHUTE Ha CIMpadkKa-
Ta", KaKTO W JIPYTH CTAHAAPTH, Kacaeuly OTACITHUTE
€JIeMEHTH KaTO CMEHSIEMH ChOPHKEHUs, ABUTATENH,
€JIeKTP0003aBeKIaHe, EPrOHOMUTHOCT, MAPKUPOBKA
u JIp.

Beuuky Te3u M3MCKBaHMS Ca 3a0bIDKUTEIHU U
TpsiOBa J1a 3ajerHaT mpu pa3paboTBaHe HA Kapu 3a
CHhOTBETHATA CTpaHa. ETo 3a1110 TSAXHOTO U3CiIeBaHE,
aHATM3UpPaHE U TPYIUpPAHE ca HEOOXOAUMH 3a BCECKU
MPOU3BOIUTEIL.

bu Morno na ce xaxe, ye rpaHUIIMTE HA CTONHO-
CTUTE Ha KOJMYECTBEHHUTE MapamMeTpu MoraT Ja ce
paszeNarT Ha CIIETHHUTE JBa BUIA:

e 3aBHCHMH OT yCIIOBUsTA 3a Oe3omacHOCT O —
OTIpEJICIICH! OT CTAaHAAPTHUTE

e 3aBUCHMH OT TCXHHYCCKH OrPAHUYCHUS
O,, — ompeneneHd Ha 0a3a HA TEXHUYECKATa Bb3-
MOXKHOCT 3a H3IIbIHCHUE.

min

o™ = maxO; TT'”} (i = lZ...,n) 3)

Taxka nojgydyceHara 06J'IaCT BbB BCCKU CJIUH BpEC-

MEBU IEpuoJ € MaKCUMajlHa WU MHWHHMaJHa CTOfI-

HOCT, MpHUTEKaBa CPpCAHOAPUTMCTUYHA CTOI71HOCT,
KOATO 1€ 6’])[[6 H3I10JI3BaHa 3a 6333 3a OLICHsBaHE.

_min + OMmax
Oi”p :% (4)

OtHocuTenHaTa oueHka 1.°™ Ha mapaMmerbpa Ou
I

MOIJIa a Ce 3ajaae Karo OTHOIICHHE Ha aGCooT-
HAaTa CTOHHOCT HA OTKJIOHEHHETO CIPSAMO Ta3u
CpelnHa CTOMHOCT KbM CpeIHaTa CTOMHOCT Ha oOna-
crra. Odopms ce obmact, B KOATO KOJKOTO €
mo-6JIM30 CTOMHOCTTa Ha MapaMeThbpa A0 CpeaHaTa
CTOWHOCT, TOJNKOBa € MO-BUCOKA OLCHKAaTa, KaTo
MakcuManHara i croitnoct e 1 (ur. 2).

AKO B [IazeH MOMEHT t; iMaMe CTOMHOCT Ha ma-
pameTspa Xi, TO ca Bb3MOXKHH B CITy4ast:

1. Xi> O, , ToraBa oTHOcuTenHara onenka T,”""
e Obxe:
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20
18

16 —

14
12 - —

TexHU4eCcKu orpaHuyeHus
Ycnoeua 3a 6e3onacHocT

ElOueHbyHa obnact

1 2 3 4 5 6 7

9 10 11

¢ur.1 Ouenbyna 06acT Ha apaMeThp MO BPEMEBU NEPHOJIN, OTPAHUYUCHA OT TEXHUYECKH U 06E30M1aCHOCTHH YCIIOBHS

1,2

0,8
0,6

0,4

max
0

Oi-mm 0;

¢ur.2 Ornocurenna onerka 1,”"" Ha napamerbpa

oM —
-I-iomH = | 1 (5)
qmax _ Oicp
2. X < 6, , TOTaBa OTHOCHUTENHATA oLeHKa 1,
e Obe:
o= Olmin
Tiomn = X | , (6)
Oicp _ Oimln

3a menuTe Ha KOHKYPEHTOCIIOCOOHO TPOEKTHpa-
He, CJellBa J1a c€ ThPCH IO-BHCOKAa OTHOCHTEIHA
OIlCHKa 3a TapameThpa, T.e. JOOJMKaBaHETO Ha
CTOMHOCTTa My MAaKCHUMAaJIHO 10 CpeJHaTa CTOMHOCT

o7.

B Tasu BpB3Ka MpH OLCHIBAHETO KOHKYPEHTO-
CrocoOHOCTTa HAa MPOJIYKTHTE CIICABA JIa CE BHBEIC
KOC(UIIMCHT 32 MHOBATHBHOCT HA JAJICHUS CIICMCHT.
Bceku enyH mapamMeThbp Ha MaIlIMHATAa MOXKE J1a Objie
(GYHKIMS OT eUH WK MOBEYE EIEMEHTH Ha Malllu-
Hara. MHOBaTMBHOCTTAa 3aBHCH MPSKO OT Oposi Ha
M3aJICHUTE MATeHTH 32 AaIeH CTPYKTYpPEeH eJIeMEHT
Wwin MammuHata kKaro 1sio. CrienoBaTenHo, TO3d
(dakTop Moke na OBl MPSKO MEPUIIO 3a OIICHSBA-
HETO i. 3a 1a MOXKEM J1a OLICHIM WHOBAaTHBHOCTTA Ha

JIaJIeH mapaMeThp, ceBa Aa ro aHaIu3upaMe, 3a Jia
ONpeNeIuM OT KOM CTPYKTYPHH €JIEMCHTH Ha Ma-
IIMHATA TOM € (PYyHKIMs, T.c. KOU CICMCHTH Ha Ma-
[IMHATA OIPEJCIIAT CTOWHOCTTAa Ha TO3U MapaMeTh.
Crnen W3BBPIIBAHE HA aHAIM3a W ONpCACISIHE Ha
€JIEMEHTHTE, OTIPENEIISINY TapaMeThpa, ClieaBa Jia ce
HaTpaBy MPOyIBaHE HA MHOXKECTBOTO Ha MATCHTHUTE,
CBBP3aHU MPAKO C T3 KOHCTPYKTUBHH €IEMEHTH U
JIaHHUTE J1a CE aHATM3UPAT CTATUCTHYECKH.

4. OHEHKA HA KAYECTBEHHN
ITAPAMETPHU

KauectBenure mapameTpu camu 1o cebe cu He
CBhIBPXKAT CTOMHOCT M 3aTOBA TE€ HE MOTAT Jia Obaar
OIICHEHH JTUPEKTHO. TSAXHOTO OLEHSIBaHE € HEOOXO-
MO, ThH KaTO KOCBEHO T€ MOTraT [a BIUSIAT Ha Hsl-
KOM KOJHMYECTBEHH MapaMeTpd, (QYHKIIMOHAIHO
CBBP3aHU ¢ TIX. Hampumep, THIT HA H3IOI3BAHOTO
TOpHBO ((DYHKIIHOHAIHO CBBP3aH C CHEPrOEMKOCTTA,
BJIMSHHUETO BBPXY OKOJIHATA Cpe/a, IOCTHIaHUTE
CKOPOCTH ¥ MOMEHTH, & OT TaM U MPOU3BOAUTEITHOCT
W JIp.), BUA Ha TpaHcMucusrta cucrema ((pyHKIHO-
HAJIHO CBBP3aH C TOYHOCTTA Ha IO3UIHOHUPAHE,
MaHEBPEHOCTTA U JIp.) U JAPYTH.

OICHSIBAHETO Ha KAYCCTBCHUTE MApaMETPU W3-
BBpIIBAME Ype3 CTATUCTHYCCKO IMPOYUBAHE IMOCPE]-
CTBOM aHKETHH KapTH, CBhIBPXKAIIA OICHKH Ha
Ba)KHOCTTA Ha OTICIHUTE KAYCCTBEHH IMapaMeTpH 110
ckana ot 1 1o 5 Ha moTpeduTeNnH, MPOU3BOAUTEIN H
nuctpudyropu. [lonydeHnTe JaHHK Ce aHAIU3UPAT.

OrieHKaTa Ha Pa3MJISKIAHUS HapaMEThp MOJTy4-
BaMe€ KaTO CpeaHaTa OICHKAa OT BCHYKH aHKCTHH
KapTH YMHOXKHM T10 TeTJIOBEH KOe(UIIMEHT, KOWTO €
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PaBCH Ha OTHOLICHUETO HAa Cp€AHATa OILICHKAa Ha Aa-
JACHUA TapaMEeTbp KbM CpEAaHaTa CTOMHOCT Ha
OLICHKUTC HAa BCUYKU IMApaMCTPU B aHKETHATA KapTa.
TOGCT, TO3U TCTJIOBCH KOG(I)I/IHI/ICHT IIoKa3Ba 3Hadu-
MOCTTa Ha JaACHUSA NapaMETbp CHOPSIMO BCUYKHU OC-
TaHaJIW 110 MHCHUEC Ha CKCIICPTH. TOGCT, aKo ca na-

neHu mapametpure Xi, X, X, ..., Xp, TO:
- =2
= —T T
Ti(m :-I—i.KiT:Ti.rlle (7)
T T

KbIeTO: 1, € CTaTHCTHYecKaTa OLEHKA Ha [-THs

napameTsp, T| € Cp€aHaTa aHKCTHA OLICHKA Ha i-THs

napameTsp u:
m

2T
T, = J'::n : (8)

KBIACTO Me 6p0${T Ha aHKCTUPAHUTE, KiT € TCTJIOBCH

CTaTUCTUYCCKHU KOGCI)I/ILII/IGHT n

T
=, 9)
=

KBJETO T € cpemHaTa OIEHKa OT BCHUYKH OIICHCHU
napameTpH.

K =
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CTTa Ha BWJIKOBU MOBAUTa4Yu IPHU HNPOTrHO3UPAHC HaA
apaMeTpuTe UM.
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OrneHsIBaHETO Ha KOHKYPEHTOCTIOCOOHOCTTa Ha
MAIIMHUTE B MPEANPOCKTCH €Tall € OT ChIICCTBEHO
3HAYCHHUEC 33 PA3BUTHE Ha MPOU3BOJACTBOTO. B Ha-
CTOSIINS TPY] € MPEUI0KEHA TCOPETHYHA OCHOBA HA
METOJIMKA 32 OICHSIBaHE HAa KOHKYPEHTOCIOCOOHO-

METHODOLOGY FOR EVALUATION OF THE COMPETITIVENESS OF
LOGISTICS EQUIPMENT WITHIN IT'S FORCASTING

Alexi NICOLOV Nikolay KAZAKOV
Logistics engineering department, Technical University-Sofia, Bulgaria
e-mail: alexi.nicolov@gmail.com e-mail:nkazakov@tu-sofia.bg

Abstract: In this article we suggest a methodology for evaluating the technical competitiveness of forklift trucks by
assessing their quantitative and qualitative parameters. A theoretical basis is served for defining the competitiveness of a
particular product to aid designing of future and optimizing current models and constructions in order to increase it.

Keywords: logistics, forecasting, competitiveness, forklift-trucks
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Pe3ome: B pa60TaTa € HallpaB€H aHAJIM3 Ha KMHETOCTAaTUKAaTa Ha TPAHCMHUCHUATA, U3BEACHU Ca 3aBUCUMOCTHUTE, AaBalllu
BB3MOXXHOCT 3a OIIPEACIIIHE HA BBPTAILIUTE MOMCHTH, HATOBAPBAIU OINPEACIEHU 3B€HA OT MEXaHU3Ma. OHpC,Z[eJ'IeH € K.
II.A. HA TPpaHCMUCHUSATA. ITokazana e Bpb3KaTa MEXKAY UBMEHEHUETO Ha NMPEAABATCIHOTO OTHOILIEHUE HA BapuaTopa U u3-
MCHCHHUATA HAa BbPTALIUTE MOMEHTHU U KOeq)I/IL[I/IeHTa Ha MMOJIe3HO JACHCTBUE.

KiawouoBu JAYMH. TPAHCMUCHS, BApUATOP, 3aTBOPCH III/I(i)epeHL[I/IaJIeH MCXaHU3bM.

1. YBOJ

B pa6orara [1] eHanpaBeH KHHEMATHYEH aHAIIN3
U CHHTE3 HAa TPAHCMUCHOHEH MEXaHH3bM ChCTaBEH
OT 3aTBOpeH audepeHInaNeH 306H MEeXaHU3bM |
(pukIMoHeH BapuaTop TopouneH tumn. CTpykrypara
Ha pasriexiaanata cxema (¢ur.1,[1]) e Takasa, ue
BXOJIAIIOTO , MEXIMHHOTO
U M3XOSIIOTO 3BEHO Ha Bapuaropa oOpasysar 3a-

TBapsllaTa Bepura Ha JudepeHInaTHUAT
MexaHu3bM. Ilopagu ToBa, 4Ye IpenaBaTeIHOTO
OTHOIIEHHE Ha 3aTBOPEHUAT Au(epeHIUaNICH
MEXaHU3bM C€ BIMiA€ OT IperaBaTeIHOTO
OTHOIIGHHE Ha 3aTBapsAIIMSAT MEXaHH3bM, B
CIIEAICTBHE OT HM3MCHCHHETO Ha MPENaBaTEIHOTO

YHUCII0 HA Bapuaropa Ie ce MPOMEHH W TOBa Ha
Istata  TpaHcMucHus. brmaromaperwe Ha - Oes-
CTETIEHHOTO W3MEHCHHE Ha TPEAaBaTeHOTO OTHO-
[IEHHE Ha BapHaTopa Ce MojydyaBa M OE3CTEHEHHO
M3MEHEHHE Ha OOLIOTO MpEeAaBaTelIHO YKCIO Ha
TPAaHCMHCHSATA M TO B MHOTO TOJIAM JManasoH. 3a-
OEJIEKUTETHO B CITydas € JOCTHIaHeTo Ha Oe3KpaiiHo
TOJIIMO TIPEIABATENHO YUCIIO T.€. CIIMPAHE Ha M3XO-
JSIIIOTO 3BEHO IMPU JBWKEHHE Ha BXOIANIOTO, O€3
nipeKpoRarHeAHIB R S B TIvIT T A TRpasKavie fil e Trxce
najie 3aKIoUCHNE, JIajli PasTIeKIaHuAT MEXaHU3bM
¢ KMHEMAaTHYHO TIOIXOJSII 32 TPAHCMHCHS MEKITY
KAHETUYEH aKyMyJaTop Ha eHeprus (MaxOBUK) H
3aJIBIDKBAIIUAT MOCT Ha €JIEKTPOMOOWII. 3akiode-
HHUSATA OT AHAIM3HT KATETOPHUYHO IMOKA3BaT, 4Ye B
KHHEMATHYHO OTHOIIEHUE MEXaHU3MBT € HAIThIHO
MOAXOAN] 32 U3IBIHEHUETO Ha Ta3H (QYHKIIHS.
Hacrsmara paGora uMa 3a 3amada Ja yCTaHOBU
KaBM ca BB3MOXKHOCTHTE HAa MEXaHW3Ma IO OTHO-

[ICHUC TOJIEMUHATAa Ha TPEAABAHUAT BBPTSII MO-
MEHT, C IIe7l pa3MIHPsBAaHETO HA HETOBHTE EBCHTY-
AIHU TIPIJIOKCHMS, HAPUMEDP KaToO TIIaBEH MPEBOJ
Ha TPAHCIIOPTHA WJIM TEXHOJIOTUYHA MAITHHA.

2. KHHETOCTATHUKA HA TPAHCMHUCH-
OHHHUSA MEXAHU3'BM

Ha ¢ur.l e nameHa KhHeMaTHYHATa CXeMa Ha
pasriexjaHara TPAHCMHUCHS, YMETO YCTPOMCTBO H
OPHMHLUI Ha JeficTBre ca crueanure: OT BXOISIIUST
Bau (4) 10 U3XOISAIIUAT CBHP3aH HEMOIBIKHO C BO-
nwioto (H) ABWXKEHHETO ce IpejaBa Mo JBa IIbTS.
EMuHUAT- OT HEMOABMKHO MOHTHPAHOTO BBPXY Ball
(4) 3p0H0 Koseno (1) mpe3 caTeNIuTHOTO 3BOHO KO-
neno (2) mo Boaminoro H cBBp3aHO HEMOIBMIKHO C
M3XOJSIIMAT Basl. BTOPHST - OT MOHTHPAHHSAT BBPXY
Ban (4) Bxomsui topouna (5) Ha Bapuaropa, mpes
MeXIuHHATa poika (6) kbM usxoasmusT Topoun (7)
u3paboTeH 3aeqHO0 Che 3b0uaT BeHen (3), 3arernex
cbe carenurure (2) MOHTUpPAaHH HA BOAUIOTO H.
JlBeTe ABMXKEHUS CE€ CyMHPAT BbPXY BOIHUIIOTO KaTo
[peIaBaTeHOTO OTHOLICHUE HA TPAHCMHUCHSATA (iT)

[1] mexny Bxomsmara (wl) U M3XOAsIIaTa (%)
BITIOBH CKOPOCTH CE JlaBa OT U3pasa;

_iv(i+iz)

iy iz

Y4yacTBalUTE B TOPHMAT U3pa3 MPENABATCIHH OT-
HOLICHHS |7 W iy, 2 CBOTBETHO IIPEAABATEIHOTO

i (@)

OTHOILIEHHE HA 3HOHUAT MEXaHU3bM (iz)l/l Ha Ba-

puaTopa (iV ) .
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¢ur.1. KunemaTnyHa cxema Ha 3aTBOpeH AU epeHIHaIeH
3b0EH MeXaHH3bM ¢ QPUKLIHOHEH BapHaTop B 3aTBapsilaTa
BepHura.

B wm3pas3sr (1) npenaBaTenHUTE OTHOIICHHS Ha
3BOHUAT MEXaHW3bM U BapuaTopa ca IOJIOKHUTEITHH
4HCIIa, KOUTO CE JaBaT OT PABeHCTBATA iz = Z3/7; U

iy = Rg/Ry, kblieTo Z 1 Z3 ¢ GposIT Ha 3b0MTE HA
xonenata 1u 3,a Ryu Rz KOHTakTHHTE pajguycH Ha

Topouaute oT BapuaTopa (dhur.1)

Kakro ce Bmxma ot (1) mpu iy >iy npenasa-
TEJHOTO OTHOLIEHHE Ha TPAHCMHUCHATA € IMOJIOKH-
TEJTHO, CJICAOBATEHO BXOAAIIMAT U U3XOIALIMAT Bajl
HUMaT €IHOTIOCOYHHU BIIIOBH CKOPOCTH, TOKATO TPH
iz <liy IpemaBaTEIHOTO OTHOLICHHE € OTPHLATEIHO
U TOCOKMTE Ha BBPTEHE HA BXOMAIIOTO M M3XOJsA-
IIOTO 3BEHO Ca MPOTHBOMOJIOKHKU. OT ToBa CieBa,
Ye MpH MOCTOSIHHA MOCOKA W TOJIEMHUHA HA BXOJSA-
mara BbriaoBa CKOPOCT (a)_L) M3MEHEHHUETO Ha TIpe-
JABaTEIHOTO OTHOIIEHWE Ha Bapuaropa BOAH 0
TpPOMSIHA KaKTO Ha TOJICMHHATA TaKa U MOCOKATa Ha
M3XOSIIATA - (W -

Ha ¢ur. 2 ca nageHn briioBUTE CKOPOCTH U BBp-
TSIIUTE MOMECHTH 3a 3BCHATA HA CTTUIIUKIMIHHUS Me-
XaHU3bM OT pasriiexaaHara TpaHcMucHs. 3BeHara 1
U 3 ca 3aJBWKBAIIN, CICIOBATEIHO BIIIOBUTE CKO-
POCTH II[e Ca ETHOMOCOYHH ChC CHOTBETHHTE MO-
MEHTH ICUCTBAIM BbPXY 3BEHATA.

OcBeH TOBa BITIOBUTE CKOPOCTH Ha 1 1 3, KaTo BXO-
IS0 W U3XOAIIO 3BEHO Ha TOPOMIEH BapHaTOp Ca
NPOTHBOIOJNIOKHN B CJIEACTBUE, OT KOETO MIe ca
IPOTHBOMONOXKHN 1 MoMeHTHTe M; u M. Tlopaan

ToBa, 46 M, € CBIPOTHBHUTEIEH IIc MMa IIOCOKA
IPOTUBOMONOKHA HA (J, CIEOBATEIHO IPU CMsHA
Ha TOCOKaTa Ha (J, 1€ CE CMEHS M IOCOKaTa Ha

M, . Ha ¢ur.2 »rooBure CKOpPOCTH, CHIIM U MO-

MCHTHU IIpH iT >0 ca JaJICHU ¢ IUIBTHU CTPCJIKH, a

npu it <O ¢ myHKTHpaHH.

¢ur.2. ‘briroBu ckopocTH U BEPTAIIN MOMEHTHU JeHCTBAIIH
BBPXY 3BCHATA HA CHUIUKINIHAS MEXaHU3bM

Mmaiiku nipenBua, ye JUMUTHPAIL 332 TOBAPOHO-
CHUMOCTTa Ha pa3riieXJaHaTa TPAHCMHCHUS € BBPTI-
MHUAT MOMEHT, KOWTO Ime ObAe mpemaBaH IIpe3
(pUKIMOHHMS BapHaTOp, OCHOBHA 3ajada Ha KWUHE-
TOCTATHYHUAT aHAJIN3 e OBbIe OmpenesssHe Ha MO-
MeHTa M3 BbB (DyHKIUSA OT HAaTOBApBaHETO Ha U3-

xoJa (M H) ¥ OCHOBHHUTE MapaMeTpH Ha TPAHCMU-

CcusITa.

Ot yciioBusdATa 3a PABHOBECUE Ha CHULMAKIUYHUA

MEXaHU3BM ((IJI/IFZ) CJi€JiBa YpAaBHCHUETO!:
M 1~ M 3 +M H = 0

KBJIETO 3HaKbT “+” mpen My e B cuna npu i<0, a
3HakbT “-* mpu i>0. SIcHO € ChINO Taka , 4e MpH
npeHeOpersaHe Ha BPEIHUTE CHIPOTUBICHUS , CY-
MaTa OT BXOISIIATE MOIIMHOCTH € PaBHA Ha H3XO-
JsIIaTa, KOETO 3allMCaHO ChC CHOTBETHUTE BIIIOBH
CKOPOCTH ¥ MOMEHTH

JlaBa u3pasa:

M @y + M3 = My ay 3

Crnen m3passBane Ha M4 ot (2) 1 HeroBoro 3amect-

)

Baneto B (3) 3a aBaTa pekMMa Ha paboTa ce Mojy-
YaBaTt CICAHUTEC YpaBHCHUA

3a it >0- (Mg +My )y +Maw; =My wy (4)
3a it <0- (Mg =My )+ Maws =My ay (5),
Cﬂe[[ KaTO IOPHUTC ABC YpaBHCHHSA CC pa3acyiaAT C
CL)_LI/[ OTHOLICHUATA Ha BIJIOBUTE CKOPOCTU CC 3allu-

maTr CbC CHBOTBCTHUTE NPEAABATCIHU OTHOIICHUA
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“s = 1.on = = or (4)u (5) ciien choTBETHUTE
2 I VAR z
npeobpa3yBaHus C€ CTUra JI0 U3PA3UTE:
. Mg © iy [-i
3a it >0 3 :.V( .T) (6)
My ir(L+iy)
. My~ iy (L+i
3a IT <0 El :_V( .T) (7)
My it (L+iy )
3nanure “+” w “-“ CchHBHAjAT ChC 3HAKA Ha iT , 32

KOMTO € B CHJIa ChOTBETHHS U3Pas. 3aMECTBAHETO Ha
(1) B (6) u (7) u cboTBeTHUTE NpeoOpasyBaHus U
CHKpALIEHUS BOJH JIO:

M3g*_ iz

MH 1+iz (8)
Mz _ 2y —iz(1-iy)

My (1+iy Ja+iz)

Kaxro ce Bika OT mMbpPBOTO OT ypaBHEeHHsATA (8) npu
MOJIOXKUTETHUTE CTOMHOCTH MOMEHTBHT, KOHTO Ha-
TOBapBa M3X0Ja Ha BapuaTOpa HE 3aBUCHU OT Ipeja-
BaTEJIHOTO OTHOLIEHHWE HAa BapHaropa, TOH € Io-
CTOSHEH U HEroBaTa CTOHHOCT ce Ompenens OT
MPEAaBaTETHOTO OTHOIIEHHE HAa 35OHUSI MEXaHU3bBM.

IIpu  orpumaTenHUTe  CTOMHOCTH  Ha IT
HAaTOBAapBAaHETO, KaKTO Ce€ BIXJIAa OT BTOPOTO
ypaBHEHME c€ M3MEHS BbB  (QYHKIUS  OT
IpeaBaTeIHOTO OTHOIIEHHE Ha Bapuaropa. 3a aa ce
IIpecMeTHE CTOHHOCTTA M3/MH 3a
TIOJIOXKUTETHUTE NPEaBaTeIHM OTHOLICHUS M 32 Ja
ce Hayeprae rpauka 3a OTpHULATEIHUTE , €

HEOOXOMMO J1a Ce 3Hae Anana3oHa Ha N3MEHEHHE Ha
NpenaBaTeHOTO OTHOIIEHWE Ha Bapuaropa |
CTOMHOCTTa Ha MPEIAaBaTEIHOTO OTHOIUCHHE iz .
JnanazonsT Ha u3MeHeHue [ 3 ] Ha iy, Moxe jma ce
npueMe OT Iy min = 03 10 iymax =3 OT Koero
clieqBa , 4e MPEeAaBaTeIHOTO OTHOMIEHHE HA 3OHHUAT
MEXaHM3bM TPsIOBa JIa € PABHO Ha €HATA OT TOPHHTE
croiiHoctd. ToBa rapaHTHpa, uye TNPeaaBaTeHOTO
OTHOIIICHHE Ha TPAHCMHCHSATA i IIE 3ama3Ba 3HaKa
CH 3a IENHAT IUala3oH Ha PErylupaHe Karo MpH
iz = 03To0it me Gpae oTpHUATEICH, a MpPH iy =3
nosnoxuresed. Crel 3aMecTBaHE Ha CHOTBETHHTE
CTOWHOCTH MOKE Jia ce Hadeprae Tpadukara Ha
BTOpHAT OT wu3pasure (8) u 1ga ce IpecMeTHe
cToriHOCTTa Ha hpBUAT. Ha ¢urypu 3a u 30 ca na-
nend rpadukure Ha oTHomenuero M3/ MH u mpe-

JAaBaTCJIHOTO OTHOLICHUEC Ha TpAaHCMUCUATA IIpU
iT < 0, TOCCT IpPHU €AHONMOCOYHO BHPTCHE HA BXO-

JSIIMAT U U3XOSAMIMAT Bal HA TPAHCMHUCHSATA .
Ilpu 3amectBane Ha iz =03, B mBPBOTO

ypaBHeHue oT (8) ¢ KoeTo ce rapaHTupa paboTa Ha
TPAHCMHUCHATA CaMO C HOJIOKHTEHO MPEAaBaTEIHO
OTHOIIEHHE Ce NOoJTyYyaBa, Y€ MOMEHTHT, KOWTO Ha-
TOBapBa M3X07a Ha Bapuaropa ¢ camo 23% ot HaTo-
BapBaHETO HA W3XOMIIMAT Bajl HA TPAHCMUCHSATA,
KOETO € MHOro OyaromnpusTHO 3a Bapuartopa. Kakto
ce BIXKAa OT (Gur.3a NpH OTPHUIATETHUTE IperaBa-
TEJIHM OTHOLICHUsI HATOBApPBAHETO Ha BapHaropa ce
M3MEHsI C M3MEHEHHE Ha HEroBOTO MpeIaBaTeIHO
otHotreHue B rpanunute ot 20% no 60% nponenta
OT HaTOBapBaHETO HAa TPAHCMUCHUSITA.

Ot npyra cTpaHa IpH cpaBHEHHE Ha TpadUKUTE
ot ¢ur.3a u 4 ce BUXK/a, Y€ 3a MOCTUTAHE HA LENIUS
JMana3oH Ha peryjupaHe Ha TPAHCMHCHUITA IIPH
OTpHULATENHUTE TpeaaBaTenHu oTHoweHus (¢ur.30)
JOCTaThYHO M3MCHCHHE Ha Iy, B pamkuTe Ha 15+ 3

JIOKaTO MpPH TMOJOXKUTEIHUTE TOBA HM3MEHEHHUE €
03+3.

0e
0.4

0.2

-02

¢ur. 3a I'paduka va orHorennero M 3/ MH (iV ) npu

OTPHULATEIIHO IPEAAaBaTCIHO OTHOIICHNUE HA TPAaHCMHUCHSITA

¢ur.36 I'paduxa Ha MpepaBaTEIHOTO OTHOIICHUE HA
TPaHCMHCHATA IpH i7 = 3
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25 3

(=3

15

I

¢ur.4 I'paduxa Ha MpeaaBaTETHOTO OTHOIICHHUE HA
TPAHCMHCHATA NIPH i, = 03

2 KOEOUIIUEHT HA ITOJIE3HO
JIEUCTBUE HA TPAHCMUCHUSATA

3a ompejensHe HA K.II.J. TPAHCMHUCHSTA ce pas-
MIIeKAa KaTo MEXaHWYHAa CHUCTeMa, BKIIIOYBAIA
KaKTO MOCJICA0BATENHO TaKa U MapalieHO CBbP3aHu
MOJIYJIH IO cxemaTa u3o0pas3eHa Ha ¢ur.4.

"
i Pil

¢ur.4 Cxema 3a onpenensiHe K.I1.J. Ha TPAHCMUCHSTA

Kakro ce BukzIa OT cxemaTa BXOIAILATa MOIIHOCT
Psx ce paszmens Ha nBa notoka. Exunusar notok- P

€ TO3HW , KOWTO MHHAaBa Mpe3 3p0HuTE KoJiesia 1w 2 ,a
JIPYTUAT Tpe3 BapuaTopa W 3bOHUTE Koiena 3 u 2.
To3u KJIOH OT cXeMara mnpes , KOMTO MUHABA MIOTOKBT
MomHOCT P BriIOYBa caMoO eOMH  MEXaHH3bM
(3pbHara mpemaBka 1-2) ¥ HErOBWST K.ILJ. -/], L€
ObJe paBeH Ha TO3M MEXaHU3MA - /], . JpyrHusT KIOH

OT cXeMaTa BKIIFOYBA ITOCJICIOBATEITHO CBBP3aHH [1Ba
MEXaHNn3Ma — BapH aTop C K.I.O.-/), U 3b0CH Mexa-

HU3BM C K.ILX. /],5,, OT KOETO clelBa, 4e Koedu-
IUEHTHT Ha TOJIE3HO JICHCTBHE -/];, HA TO3M KJIOH IIIE
Oble paBeH Ha IPOU3BEICHUETO /), /7,4, . Koedu-

[MEHTHT HA MOJIE3HO NEHCTBHME 3a pasriekaaHaTa
MEXaHHYHA CUCTEMA, Ce onpeaens [2] oT u3passT :

-1
LI
m M

KbACTO C ql nu q” , Ca O3HAYCHU KOC(i)I/IHI/IeHTI/ITe Ha

nr (12)

pasrnpeencHre Ha MOLIHOCTTA B IBaTa KJIOHA.
KoedurueHnTsT Ha pasmnpeneneHne Ha MOIIHOCTTA

(ql) 3a CBOTBCTHHUAT KJIOH CC ONPECACIA KaTO OTHO-
"n
MCHUEC Ha u3XoJdamara MOIIHOCT (PI ) Ha KJIOHa

KbM CyMapHaTa U3XoJdIlla MOIIHOCT Ha CUcTteMara.
C’I)HIO TakKa TpH6Ba Ja 6’])[[6 CIIa3€HO PaBCHCTBOTO

n
Zqi =1. 3a xoeUIUEHTHT (| € B CHJIa PABEHCT-
i=

BOTO
M
a :&_ (13)
WMy
OTHOIIIEHUETO Ha BIIIOBUTE CKOPOCTH “ e mpe-

JaBaTeJIHOTO OTHOIICHWE HA TPAHCMHCHATA i ,a3a
OTHOIICHHETO Ha BHPTSIIUTE MOMEHTHUTE M]/MH ,
KaTO MOMCHTH TMPHIOKCHH BBPXY 3BCHa OT CIH-
LUKIMYCH MEXaHH3bM [5] ¢ B CHJIa PAaBEHCTBOTO:

M1 1

=+ -

MH ~ (1+i,)m
Crien 3amectBane Ha (14) B (13 )3a KOeUUHEHTHT
0; ce moxiydvasa :

_ T
q| =t T+ . (15)
( Iz ;5232
3HaKBT B JIICHATA CTpaHa Ha PaBEHCTBOTO CE OIpe-

JIens OT 3HAaKbT Ha IPEIaBaTEIHOTO OTHOIICHHE Ha
tpancmucusta . [Ipu it >0 3HaKBT € OTpHLATENCH,

(14)

npu it <0 -monoxuTeNeH.

Hpyrus koepuuueHT Ha pasmpenesicHHe Ha MOII-
HOCTHUTE CE OIpenaes OT

1= I
=l — 16
i (L+iz Jzs2 (o
Crnien 3amectBane Ha (15) u (16) B (12) ce ctura mo
U3pa3bT 3a ONpEeIsHEe K.I1.J. HAa TPAHCMHCHSATA
1
= i i
+ T T T +1
(L+izW3a2  (+iz 2w

(17)
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Ipu 3amectBane Ha (1) B (17) 1 kato ce mpuemat
CTOMHOCTHUTE /737 = 0,95[4] urny =09 [3] MOXKeE
Jla ce HauepTasAT rpauKUTe Ha U3MEHEHHE Ha K.IL.
Ha TpaHCMUCHsATA BbB (DYHKIMS OT NPEaBaTeHOTO
OTHOILCHHUE Ha BapHaTOpa.

Ha ¢wur.5 n ¢ur.6 ca nanenu rpagukure Ha /)1 Cb-
OTBETHO TIPH MOJOKUTEIHO M OTPHULATEIHO Mpeaa-
BaTEJIHO OTHOIICHNE Ha TPAHCMHUCHSTA.

0764
0744
0724

074
0687
0667
0647

062

06

04 1 15 2 24 £
i
¢ur.5. I'paduka Ha pyHxuusaTa /] (iV ) 32 HOJI0>KUTEITHO
NIPeAaBaTeIIHO OTHOIICHNE Ha TPAaHCMUCHSATA
0.8
0.7
0.6
0.5

0.4

05 1 15 F 25
W
dur.6. Tpaduka na pynxumsra 7y (i, ) 3a oTpunaTennn

CTOMHOCTH Ha NpEeaaBaTCJIHOTO OTHOILIEHUE HA TPAHCMU-
cusita

3. U3BOJIN

PasriexnanuaTa HalpaBeHW B HACTOSANIATa pa-
0oTa BOAAT JIO CIIEJHWTE BAXKHH 3aKiaodeHus: [Ipu
MOAXOIANIO MOAOPAHH TapaMETPH HA TPAHCMHUCHSTA,
a 10 TOYHO NPENABATENHO OTHOLIEHWE Ha 3bOHUS
MEXAHM3bM U 3HAK Ha NPENABATEIHOTO OTHOLIEHUE
Ha TPAHCMHCHATA MOTaT Ja CE MOCTUTHAT JA0CTATh-
YHO 100pH 32 NPUIIOKEHUE B IIPAKTUKATA PE3YITATH.
Kakro ce Buxaa ot (8) npu mooXXuTeaIHO IpeiaBa-
TEJIHO OTHOIIIEHHE iT HATOBAPBAHETO HA BapUaTopa

€ MOCTOSIHHO M ChC HUCKA CTOWHOCT, a K.I.1. ((ur.5)
€ OTHOCHUTENTHO BHCOK. OCHOBHHUAT HEIOCTAThK MPH
paboTta C OTPHUIATESIHH CTOWHOCTH € HHCKHAT
K.I.1.(pur.6), NperMyniecTBOTO B TO3M CiIydaid
(bur.3.0), € ye UEnHMAT AUANA30H HA M3MEHEHHE HA
iT ce peanM3upa IPH OTHOCHTEIHO MAIKO H3Me-

HCHHMC Ha NPEAaBaTCJIHOTO OTHOIICHUE HA BapuaTopa
iy =16+3.
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FORCESANALYSISAND MECHANICAL EFICIENY OF TRANSMISSION
MECHANISM INCLUDIN C.V.T. AND TOOTH DIFFERENTIAL MECHANISM

Kostadin STOICHKOV Yavor SOFRONOV
Technical University - Sofia, Bulgaria,
e-mail: kks@tu-sofia.bg

Abstract: In the paper is make analysis of the forces and the moments acting on the elements in transmission mechanism.
Found are the dependencies between these parameters and a transmission ratio. Obtained is a total mechanical efficiency of

the mechanism as function from C.V.T ratio.

Keywords: transmission mechanism, C.V.T., differential tooth mechanism
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EXPERIMENTAL RESEARCH OF ROUGHNESS VARIATION OF HIGH CON-
CENTRATED CERAMIC ALUMIUM OXIDE ON CIRCULAR CUTTING IN
ABRASIVE JET MACHINING TECHNOLOGY

Horatiu BULEA
Manufacturing Engineering departament, Transilvania University of Brasov, Romania
e-mail: bulea@unit bv.ro.

Abstract: This research is to analyse and define the standard conditions between different physic and technological pa-
rameters which give the surface quality of hyght aluminum oxide ceramic pieces on circular cutting in abrasive jet ma-
chining technology.

Keywords: Ceramic, aluminum oxide, cutting in abrasive jet machining, roughness variation
INTRODUCTION

Different pieces from mineral-ceramic materials
meaning aluminum oxide, can be produced at tt
final dimensions and form or they can achieve th
final stage with different final procedures. The final
goal of this research is to analyse and define tt
standard conditiondetween different physic and
technological parameters which give the surfac
quality on circular cutting in abrasive jet machining
technology for the aluminum oxide ceramic pieces.

THEORETICAL PART 7/ L

An abrasive jet uses water that is pressurized up .-
275x103 PA and driven through a small sapphire
orifice at 762 m per second, or about two and a half . . .
times the speed of sound.Garnet abrasive is théﬁ? related by the equation Bernqulll anq written at a
pulled into this high-speed stream of water in a lon oint befor(_e water exit n.oz.zle with d diameter and
carbide mixing tube. A stream of abrasive-ladefifter Water jet nozzle left it fig.1:

fig.1 Cutting in abrasive jet technology [1]

water moving at 305 m per second exits the carbide _ . Hp= 1:::_'2. (1)
tube. The abrasive strikes the material and cuts tiReplacing the jet speed depending le flow, we have:
material precisely. v, =Q/(n Ly 2

2 f(m-7

On circular cutting in abrasive jet machining tech-, . .
9 J g Static pressure valup)(chamber pressure required to

nology for non-metals, roughness quality fig.1 deexpel water flow Q) through a nozzle diameter d is

pen.ds r?c?z.zle diameterd) given by the relationship ta_ke: .
« arc speedw) p=(k-2): .:E—‘j (3)
* water jet pressurep) where:p - density of water at working pressures of
* mixing tube diameterd) 300 ... 400 MPar(= 1010 kg / m); k - coefficient of
» abrasive grain (size,flow rate and hardness) jet formation water loss / loss of local water nozzle
» water flow Q) hole k =0.85 ... 0.9%

EXPERIMENTAL PART
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The material used is a powder of aluminum oxide « arc speedw)
with purity of 99.56% with the average size of}ir « water jet pressure)
granules mixed with an organic binder that volatilize « holle diameter (6mm,10mm)
at first heating,with ,density 2,37 kg/m3, porosity 5- The roughness parameter Ra was measured at
7%, strengh of breaking through traction 12 MPahree points in different areas of the workpiece
strengh to compression 42 MPa, strengh  to breajrocessed surface and the values considered the
ing the flexural 7 MPa.The aluminium oxide powdefgrithmetic mean of three measured values. With each
was pressed with a pressure of 250 MPa, bydiregrc speed of work cape were made 20 cuting holes
tional obtained the cylindrical shape with height ofyith D2= 6[mm] diameter and 20 cuting holes with
10 mm and a diameter of 25 mm.[5] D1= 10[mm] diameter ,and measure each time Ra
parameter in the conditions presented above,results
are presented in tab. 2 (values represent the average
measurements in the three measurement points).

table 2 Ra values in the conditions presented above

Arc speed Rafum] Rafum]

Va D1=10 [mm] D2=6 [mm]

[mmimin] | d1=0.2794 [mm] | d2=0.3013[mm] | d1=0.2794 [mm] | d2=0.3013 [mm]
175 172 193 121 152
348 184 231 143 179
450 2.09 2.86 164 197
6.27 228 337 168 222
9.99 245 398 2,02 265
11185 276 463 2.4 2.99

The measurement chart oRa[um] parameter
surface after circular cutting in abrasivejet in the
conditions presented above, are presented in Fig.3 for
arc speedVa=4,5/mm/min] and hole diameter
D1=10[mm] for nozzle diametet1=0,2794[mm]

fig.2 Ceramic piece

Circular cutting in abrasivejet machining
trchnology were performed on OMAX Precision

h. . h Meas. Instrum.: Mahr Data Acquisiion Beard | | Lt: 5.6 mm [M=5]
JetMachining Center, and roughness were made or|prewne — rec |l asun
brand-MAHR MarSurf XC 20. 1% g 950 mms

The system parameters are presentated in tab.1

table 1. Parameters values 00

Parameter Values Measure Units F | IR IR L RS A | L
Arc speed 1.75, 3.48, 450, 6.27, 9.9, 11.65 mm/min 10,8 mimictvl 4.Gmm
Nozle diameter 0.2794 0.3013 mm Profile: R (LC GS: 0.8 mm]

Ra 2.09 gm

Pressure at nozzle 345 255 MPa Rz 1598 pm
Abrasive flow rat 0.2948 0.2948 Kg/mi .
Mi;:f;’fub‘:'zir::eter i i m” fig.3 Ra roughness measurement chart at arc speed of 4.5
Abrasive size 5 5 um [mm / min], d1 = 0.2794 [mm] for hole with D1 =10 [mm]

The measurement chart oRa[um] parameter
%rface after circular cutting in abrasivejet in the
conditions presented above, are presented in fig.4 for

With the possibility of OMAX Precision Jet-
Machining Center, system parameters have chang
in the following order [2]:

e nozzle diameter(d)
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arc speedVa=4,5[mm/min] and hole diameter 4.00 -
D=6[mm] for nozzle diametet1=0,2794[mm 3.50
_ 3.004
g:::d:‘s:mm ggl:(rDa!aAouulsﬂan Board II:Ig g.g[:\r;niﬁkﬁr 'g 2.504
Pick-up: MPW=250 [6.0 %) VB: 4250 pm 3
I Wi 0.50 mm/s 2.004
| | Points: 11200 E-‘
— e —=in=—o S e r— 1.50 -
Profile: R [LC GS: 0.8 mm]
127 A i SRS SOOI NS . 1.00+
R 5 o B A W B 0.50
e e ! 0.00 ——
[0.8 mm/div] 4.0mm | <o /\ q <O
Profle: R[LC 5508 mm] — | »’.\ ‘b'& &{9 ‘.o’l/ q‘?) N,»@
Rz 1062 pm |
fig.4 Ra roughness measurement chart at arc speed of 4.5 Va[mm/min]

[mm / min], d1 = 0.2794 [mm] for hole with D2 =6 [mm]
—¥—d2=0,3013 mm

The variation oRa[um] parameter surface after d1=0,2794 mm

circular cutting in abrasivejet in the conditions_ fig.6 The dependence &fafuum] from variation of arc

presented above, are presented in fig.5 fP" hole dipeed speedalmm/min] for two difrent nozzle diameters
ameter D1=10[mm] for two nozzle diameter of D2 =6 [mm] hols diameter

d1=0,2794[mm]andd2=0,3013[mm].
CONCLUSIONS

500 The analysis results presented in tables and above
4.00 graphs the following conclusions:
1.Ascending order of degree of influence of pa-
E 3.001 rameters on circular cutting in abrasivejet rectitificare
% across the roughne&a is nozzle diameterdy], arc
X 2.004 speed ¥a), water jet pressurp), holle diameter
(6mm,10mm)
1.00 1 2. For constant nozzle diameteil=0.2794
[mm], the variation of arc speed(va), frora= 1,75
0.00 — — [mm/min] to Va=11,65 [mm/min] (6,6 time increase)
\/(\"’ RS @qi\ ng \/{3) increase roughnes®a from Ra =1,72[um] to Ra
Va[mm/min] > =2.76) [_um] for 1,6 time when the cutting hole di-
ameter is
—*—d2=0,3013 mm 3. For constant nozzle diamete2=0.3013

d1=0,2794 mm [mm], the variation of arc speedd), fromVa= 1,75
fig. 5 The depgndence of.Ra[um] from yariation of arc [mm/min] to Va=11,65 [mm/min] (6,6 time increase)
speedva[mm/min]for two dlfrent.nozzle diameters Bfl i crease roughnes®a from Ra =1,93[um] to Ra
= 10 [mm] hols diameter =4.63) [um] for 2,4 time when the cutting hole di-
ameter is
4. For constant nozzle diametel=0.2794
mm], the variation of arc speedd), fromVa= 1,75
rlhm/min] toVa=11,65 [mm/min] (6,6 time increase)
increase roughnes¥a from Ra =1,21[um] to Ra
=2.24) [um] for 1,8 time when the cutting hole di-
ameter iD2=6 [mm]
5. For constant nozzle diameter d2=0.3013 [mm]
the variation of arc speed(va), from Va= 1,75

The variation ofRa[um] parameter surface after
circular cutting in abrasivejet g in the condition
presented above, are presented in Fig.6 for hoei\%
ameter D2=6 [mm] for two nozzle diameter
d1=0,2794[mmJandd2=0,3013[mm].
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[mm/min] to Va=11,65 [mm/min] (6,6 time in- 10. The most important conclusion resulting from
crease) increase roughn&s fromRa =1,52 [um] the experiments is that roughné&ss increase when
to Ra =2.99 [um] for 1,9 time when the cutting hole the nozzle diameter, cutting hole diameter,and arc
diameter i9D2=6 [mm] speed increases.
6. To each constant arc speed)( fromVa=1,75
[mm/min]to Va=11,65 [mm/min](6,6 time increase) Refernces
Ra roughness is higher for cutting hole diam@ér 1. E. Herghelegiu, M. Radovanovic, Gheor ghe Brabie &
10[mm] than for cutting hole diameted2=6 [mm] Nicola}e Catalin Tampu, Influence of abrasive material
7. To each constant arc speed)(fromVa=1,75 duantity on surface

. _ . S quality generated by abrasive water jet operation, Interna-
[mm/min] toVa=11,65 [mm/min] (6,6 time increase) tional Journal of Modern Manufacturing Technolo-

Ra roughness is higher for nozzle diametepies nages 43-48,1SSN 2067-3604, Vol. IIl, No. 2 / 2011

d2=0.3013 [mm] than for nozzle diameter 7 Radovanovic, M., (2005). Abrasive Water jet Machin-

d1=0.2794 [mm] ing, Seventh International Scientific Conference "Smo-
8. The maximum increase of roughness Ra ahgan-2005", pp. 229-234, Smolyan, Bulgaria.

from Ra =2,76 [um] to Ra =4,63[um]from nozzle 3. Jankovi¢, P., Radovanovi¢, M., (2008). Water Quality

diameter d1=0.2794 [mm] to nozzle diameter Used By Water Jet Machines, Annals of the Oradea Uni-

d2=0.3013 [mm] at arc spee¥fa=11,65 [mm/min] versity, Fascicle of Management and Technological Engi-

; ; — neering, Volume VII (XVII), pp.1534 — 1538

Wh%n }rhheecﬁ]tit[,:?r%uhr?]leigé?gqaestgr% rgSg[m] rg]es are 4. V.A. Doroganov,1 E. |I. Evtushenko,1 and Yu. E.

: Pivinskiil. Refractories and Industrial Ceramics Vol. 48,
from Ra =1,72 [um] to Ra =1,93 [um]from nozzle 1, 2007
diameter d1=0.2794 [mm] to nozzle diameter 5 carloneP., Palazzo G. S., Cold compaction of ceramic
d2=0.3013 [mm] at arc speeWa= 1,75 [mm/min]  powder: computational analysis of the effect of pressing
when the cutting hole diameterDd=10 [mm] method and die shapiternational Applied Mechanics,

Vol. 43, No. 10, 2007
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METOIHUKA 3A OHEHKA HA KAYECTBOTO HA KOM®OPT ITPHA
ITBTYBAHE C ACAHCBbOPH

Kamun YYUYT'AHOB TI'eopru UJIMEB
Katenpa , MImkeHepHa JTOTHCTHKA, IT0JJEMHO-TPAHCIIOPTH al CTpOUTeNHa TexHUKa”, Texanueckn yausepcuret - Codus,
boearapus

e-mail: chuchuganov@tu-sofia.bg-mail: giliev@tu-sofia.bg

Pe3srome: LlenTa Ha HacTosAIaTa paboTa € pa3paboTBaHEe HAa METOMKA 33 OLICHKA Ha KA4e€CTBOTO Ha KOM(OPT NpHU IIbTyBaHe
¢ acancbopy. OT HaNPaBEHUAT NpETJIe]] Ha ChILECTBYBAILNTE MATEPHAIIM M CTAHAAPTU CBBP3aHMU C TEMara ca OIPEAeNICHH
IapaMeTpy CbC CbOTBETHUTE MM JOITYCTUMH CTOMHOCTH Upe3 KOHTO €IHO3HAYHO Jla Ce OIEHsBA KaueCTBOTO Ha KoMdopT
Ha BJIE3JIM B KCILIOATAINS aCAHCHOPH. 3a IeNUTe Ha METOANKATa € peanu3upaHa H3MepBaTelIHa CHCTEMa ChC CIICIIHaIIH-
3upaH copTyep, AaBall Bb3MOXKHOCTTA 33 BU3YAIH3UpPAHE U 3allCBaHe HA JaHHUTE HEOOXOIMMU 3a OI[CHKATa.

KirouoBu xymu: acancbop, KoM(OpT IpH IbTyBaHe, M3MEPBaTE/IHA CHCTEMA, OLCHKA

Ilenta Ha HacTosmarta paboTa € ChCTAaBsIHE Ha
METO/IMKA 32 OLICHKA Ha KAaYECTBOTO Ha KOM(OPT Ipu
IbTyBaHe ¢ acaHchopu. OCHOBHO TMOJ OIIEHKA Ha
KoM(opTa ce UMa MPEIBUA U3CICIBAHCTO HA JUHA-
MUYHHUTE MPOLECH, KOUTO MPOTHYAT MO BpeMe Ha
mpTyBaHeTo. CHOTBETHO TOBa O3HAUYaBa H3MEPBAHE U
OIICHSBaHE HA OCHOBHHU IapaMeTph XapaKTepH3H-
pamy TageHuSAT IpoIec COpsMO AeGHHUPAHU J10-
IYCTUMHU CTOHHOCTH.

. IMHAMMWYHHA MNPOHECHU U OCHOBHH
ITAPAMETPH

OCHOBHO [pH OLICHKA HA KAYECTBOTO Ha KOM(OPT
Ce M3CIIeBAT CIEAHUTE IPOLICCH:

1Ilpexoquu mpoLecH — ToBa ca MPOLECUTE MPU
MOTETJIsIHE, TPEMHUHAaBaHE OT BHCOKA KbM HHCKa
CKOPOCT W CIMPAHETO Ha acaHChOpHATa KaGHMHA Ha
eTakHaTa TUIomaaka. [lapamerpure, KOUTO Xapak-
TePU3UPAT MPEXOIAHHSAT MPOLIEC Ca:

- YCKOPEHHE TIPH TOTerTsHE — a [M/S];

- 3aKbCHEHHE TIPH 1Ipexofia — Oy, [m/s];

- 3akbcHEHHe npH crupane — d, [m/s;

-IbPBHUTE I[POU3BOJHMA HAa YCKOPEHHETO U 3a-
KbCHEHHMsATa —ap, dp,,, dp. [m/s7].

2. IMHAMWYHY TPOLIECH [0 BPEME HA YCTAHOBE-
HOTO JBH)KCHHE — TOBa € JBUKCHHETO 6e3 IpoMsIHa
Ha CKOpOCTTA CJIe/l IpoLeca Ha YCKOPEHUE U Ipean
MOMEHTa Ha TIOHH)KaBaHe Ha CKOPOCTTA MEXIY IBE
eTa)KHW HWBA B Crpagara. [lapameTpure, KOUTO Xa-
pakTepu3upar mporieca ca:

- HUBaTa Ha BUOPAIMOHHHUTE YCKOPCHHUs TIO
TPUTE KOOPIUHATHH OCH — dyx, vy, a,[m/s].

II. JOITYCTUMMU I'PAHUILIU HA ITAPA-
METPUTE, XAPAKTEPU3UPAIIIX KOM-
DOPTA

OT HampaBeHOTO JHUTEPATYPHO MNPOYYBAHE IIO
TemaTa 0sixa HAMEPEHHM OTACIHH MaTepHald OTHa-
CAIIM CE€ [0 KadecTBOTO Ha KoM(opT, HO B
[O-TOJISIMaTa CH 9acT T€ Ca HACOYCHH KbM pelre-
HHECTO Ha KOHKPETCH IpOO0JIeM BB3HHKHAI B IaJCH
BB3€J OT aCaHChOpHATa KOHCTPYKIHUs. ChIO Taka B
HSAKOM OT MaTepHAIUTE MMa LUTHPAHH MPEIOPHUH-
TEJIHA CTOWHOCTH HAa OTJCIHU MapaMEeTPH OTHACSII
ce 10 koMmdopTa Ipu METyBaHe, KOUTO CE Pa3InYaBaT
B 3aBHCHMOCT OT KOHKPETHHUAT mpom3Boguren. [lo
TemaTta cwinecTByBa u 1ISO cTranmapT, oTHacsI ce 3a
koMpopra npu neryBane (ISO/DIS 18738:2003 k0
B HErO €IMHCTBCHO Ca OKa3aHHU IapaMETPHUTE, KOMTO
TpsiOBa Ja ce M3MEPAT U METOIWTE, 10 KOWTO 1a ce
aHAIN3UPAT.

OT HampaBeHOTO MPOYYBaHE MO Temara ca 0000-
IIEHH TPaHWYHUTE CTOWHOCTH Ha IapaMeTpPHUTE,
KaKTO ¥ HHBaTa MPH OICHKA Ha KOM(OPTA MPH ITh-
TyBaHe —Tabnmna 1.

Ta0J1.1 ['paHUYHN CTOHHOCTH Ha OCHOBHUTE Iapa-
METPH TIPH OLICHKa Ha KOM(pOPTA NPHU IIBTYBaHE C ACAHCh-

opu
Onenka Ha Ka4eCTBOTO HA KOMOpT
Hesano-
Otnuuno(1) Jlo6po(2) BOJIUTEII-
Ho(3)
ad ad<1 19,d<15 | 1.54d
[m/s] ' ’ ) T
ap ap<2 2<ap<4 4<ap
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[m/s]

a
(/<] a <0.1 0.1< 0.3 0.3<a
L. [dB] L.<40 40< <60 60< L

Juana3on Ha usMmepBanusara: @, — [0+100HZ]; L
—ckana ,A"“.

OcBeH mapaMeTpuTe XapaKTepH3UPAaIld IPOLe-
CHTE 3a OLCHKAaTa Ha KoMQopTa HpH IBTYBaHE, OT
CBILECTBCHO 3HaUCHUE € U HOBOTO Ha yma (L [dB]),
KOCTO acaHChOpHATA CHCTEMa M3JTbyBa IO BpeMe Ha
paboTaTta cu. 3a Ta3M LEd OCBEH AMHAMHUYHHTE T1a-
paMeTpu ce 3aMepBa HHBOTO HA IIYM B KabHHATA TI0
BpEME Ha LEIHAT LMKbI Ha acaHchopa. OT Havai-
HUSIT MOMCHTA Ha 3aTBAapsiHE Ha BPATUTE [0 ITBIHOTO
MM OTBapsiHE NPH JOCTHIAHE Ha JKCIAHMST CTaK
CBIJIACHO CIIOMEHATHST II0-TOPE CTAHIAPT.

lIl. ©BAMEPBATEJIHA CUCTEMA 3A U3-
MEPBAHE KAYECTBOTO HA KOM®OPT

3a 1a ObJIc Bh3MOKHO CPAaBHIBAHETO HA PCATHUTE
napaMeTpu XapakTepusupaiiu komdopra ¢ Jomyc-
TUMHTE € HEOOXOIUMO TE JIa CC U3MEPSAT U 3aluIiar.
ToBa 1me fase Bb3MOKHOCT 32 aHAIM3UPAHETO UM U
CHOTBETHO CHCTABSIHETO Ha KpaifHaTa OICHKA 33 Ka-
YECTBOTO Ha KOM(OPT Ha KOHKPETHUAT acaHChOP. 3a
Taszd 1el € Ch3/ajieHa Clelualu3upaHa MOOMIHA
M3MepBareliHa CHCTEMa 32 U3MEPBaHe Ha KaueCTBOTO

¢ur.1 MoGunHa u3mMepBaTeIHa CUCTEMa 3a U3MEpBaHe
Ha KauecTBOTO Ha kKoMpopr ERQMMS —crpykTypHa

cxema
VI3MEPBAHE Hi KOMOOPTA { “ 6, 14 5 9
“ ‘ ‘ ¥¥cxopeme [mis2)
w\ w‘
SO e R S g 000217
- ’ i 3euK080 g0 [dE]
- 12,511

¢ur.2 Perucrpupain copryep nra ERQMMS

IV. OHEHKA HA KAYECTBOTO HA KOM-
®OPT

HpI/I OLCHABAHECTO Ha KAa4YCCTBOTO Ha KOM(i)OpT ce

Ha KOMd)OpT _ ERQMMS (Elevators Ride Quallty cIia3Ba cijeJHaTa IoCjIeJ0BaTeIIHOCT OT ACUCTBHUS.

Mobile Measurement SystenJrpykrypHaTa cxema,
Ha KOATO € TMoKa3aHa Ha ¢urypa 1, kpaero: 1 - mpe-
HOCHM KOMIIIOTBP ChC CHIEIMAIU3UPaH PErHCTPHpAL]
codryep; 2 - aHasoroBo-unpoB npeodpasysarern; 3
- mrymomep; 4 - ycunsaren; 5 - 1aT4MK 3a U3MepBaHe
Ha ycKopeHue; 6 - [aT4yuk 3a n3MepBaHe Ha HaIsraHe
(omums mpeaHa3HAYCHA 33 XUAPABIMYHUTE ACAHCH-
opH).

3a ;1a ce rapaHTHpa TOYHOCTTA HA H3MEPBAHUATA,
OTYHUTAIINTE AATYULY Ca MONOpaHH CBIVIACHO H3HU-
CKBAaHMATA HA CTaHIApTa W NPUTEXaBaT HEOOXOIH-
MHTE TApUPOBayHU CBHUIETENCTBA OT CIICHUAHM3HU-
pana yabopatopust. JIpyr He o-MaJoBaXKeH eJIEMEHT
OT n3MepBareHaTa CUCTEMa € HAYMHBT 32 PEerucT-
pHUpaHe M 3alKMCBaHE Ha U3MEPEHUTE BEIMUYHMHH. 3a
Ta3M Lel € Ch3AaJCH ClelHannu3upan copryep mnpo-
rpaMHpaHETo, Ha KOWTO € U3BBPIICHO B rpadryHaTa
cpena Ha mporpamHusT npoaykr LabView. OcHos-
HUAT M3IJIe/1a Ha coTyepa e 1oka3aHa Ha gurypa 2.

1. 3ammcBar ce OCHOBHUTE TEXHUYECKU JaHHU
Ha aCaHChOPa, KOWTO Ca.

1.1 Buaa Ha 3aaBHIKBAHETO

- eJIEKTpUYECKO (€HOCKOPOCTHO, IBYCKOPO-
CTHO, YECTOTEH PEryJIaTop;

- XUAPaBIMYHO (MEXaHMYHO WM IPOIOp-
[IHOHAJIHO YIPABJACHWE Ha KIAMAHHUAT OJIOK,
YECTOTEH PEryJaTop);

1.2 Cxema Ha oxkauBaHe Ha KaOWHATA;

1.3 HomwuHanHA CKOPOCT;

1.4 ToBapomoJaeMHOCT;

1.5 Mpenna3sHaueHne Ha cCrpagaTa B KOSTO €

MOHTHUPAH.

2. U3MmepBaT ce OCHOBHUTC BCIMYMHH 3a
omeHKka Ha KoMdopra — YCKOPCHHS, 3aKbCHEHHS,
bPBU MPOW3BOIAHM, BHOPALUOHHH YCKOPEHHS U
Iym;

3. UsBbpiuBar ce aHanM3 Ha IOJIy4YCHUTE pe-
3yntatd (CpaBHEHHE C JOMYCTHMMHTE CTOMHOCTH -
Tabmn.1);
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4. CnbcraBs ce KCIEPTHO 3aKIIOYCHHE 3a Ka- 3a 7a ce oHarJIieu TpecTaBeHaTa METOIHMKA 3a
94eCTBOTO Ha KOMGOPT (B 3aKIIFOUCHHETO MOXKE [la C€  OIICHKa Ka4eCTBOTO Ha KOM(OPT MpH IIbTyBaHe ca
3aluilie W eBeHTyalHaTa [PUYMHA B CIy4ail Ha He-  MpEeICTaBeHH B rpaduyeH W TaOUueH BHJ 4acT OT
KOM(OPTHO ITHTYBAHE). pe3yiTaTuTe OT MPOBEACHO ChIJACHO METOHMKATa

U3CJIEBAHE HA PEATHO MOHTUPAHU aCAHCHOPH.

e ]
A
2 vl \
§ 0,00 j ’\ AL AN W / \ /J\ PPN . NN B, WY V.J’ \
o \J VU
1.50 \ [ \"I‘
Y
S 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600
Bpeme, s
¢ur.3 Jluarpama ma yckoperuero 1o oc Z — &[m/sy, t[s]
6,0
4,0
& 20 ‘& M\
e 1/ nw-.h AAAARAN L \Mﬁﬁ!‘;@ wr Ll
i DstidauY henaua ik il
= -207 +— V V
T
—602

"00 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 27.0 280 290 300 310 320 330 340 350
Bpeme, s

dur.4 Jluarpama Ha IbpBaTa IPOM3BOHA HA YCKOPEHHETo (apbiBane) 1o oc Z — ap[m/s?, t[s]

o i n 7 i
E - o Loan [N A ) I I T1allt
NI Al T A U ATl L TYA IRVl PR DA T A [V T WA [V
LRI R AN RV W A A AN LN A
b VAN TV AW VR VTV T AT T T, e i A Mo Y
IR ALY ATA R VIV [ 1L R | AL AT (A
U ’ i i v L'EA L \U : v v’ | Vi 1“f 1 'Z
i 8]
¢ur.5 lnarpama Ha BUOPAIIMOHHOTO YCKOPEHHETO 110 oc Z — a/z[m/SZ], t[s]
Ta6.1.2 [TomydeHu pe3ynaTaTd OT MIPOBEACHUAT CKCIICPHMEHT
HOpeI[CH HO- amaz a'pmasx dnpmgx d pﬂpmax dcma><, dpcmgx avz,c av><,c aVy,c Leq
Mep [m/s] | [m/s] | [m/s] | [mis] | [m/s] | [mis] | [m/s] | [mis] | [m/s] | [dB]
> 1 1,3 3 1,7 1,8 0,4 1 0,45 0,28 0,23 56
l 1,6 4 1,6 1,7 0,5 1,3 0,42 0,24 0,18 49
Cp.cToiiHOCT 1,45 3,5 1,65 1,75 1,45 1,15 0,485 0,26 0,205 525
Ornenka 2 2 3 1 2 1 3 2 2 2
Huga xHa xomdpopt: 1-0TandHO, 2-100p0, 3-HE3aJ0BOIUTEITHO
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V. I3BOJIN

Cnen cbCTaBIHETO HAa METOOMKATA M aHAIM3H-
paHe Ha pe3yiTaTuTe OT NPOBEACHUSIT EKCIIEPUMEHT,
MOTarT Ja Ce HalpaBAT CIEIHUTE U3BOJIMU:

1) Meroaukata gaBa BB3MOXHOCT 3a €IHO-
3HAYHO OIpEJCINITHE Ha Ka4yeCTBOTO Ha KOMQOPT Ha
BJIE3JIM B €KCIIOATALINUS ACAHCHOPHU.

2) Upe3 u3MepBaHHATA, KOUTO CE MPOBEKAAT
MIPHU OIIEHKAaTa MOTaT Jla C€ JIOKAJIM3UPAT U MPUUIHN-
HUTE, B CITy4ail Ha 3aBUILIEHH CTOMHOCTH Ha HSIKOU OT
OCHOBHHUTE TapaMeTpH XapaKTepH3UpaIld OTICITHU-
T TIPOIIECH.

3) TloaydeHure pe3yiaTaTH NPU OLEHKATA MO-
raT Jla CIIOMOTHAT Ha €Tall MPOSKTUpaHe W MPOHU3-
BOJCTBO Ha aCaHCHOPHU BB3JH. ToOBa 1I€e AOBENE 10
ONTUMU3UPAHU ACAHCHOPHU KOHCTPYKLUHUHU MPenoc-
TaBSAIIN 0-100pP0 Ka4eCTBO HA 0OCITyKBaHE.

VI. IPUHOCH

1) Ce3maneHa € METOAMKA 3a OIEHKA HA Ka-
YECTBOTO Ha KOM(OPT NPH IIBTYBAHE C aCAHCHOPH.

2) OO0oO6meHn ca IOIMYCTUMH CTOMHOCTH, C
MOMOILIITA HA KOUTO 4 CE /Ia/ie KaYeCTBeHA OLICHKA 3a
HHBOTO Ha KOM(OPT Ha KOHKPETEH acaHChOpP.

3) Peanusupana e u3MmepBarenHa CUCTeMa, C
IIOMOIIITa HA KOSATO Ja CE U3MEPAT HEOOXOIMMHUTE 32
OIICHKATA IMapaMeTpPH.

4) Cw3aaneH e crenuaiu3upan codryep peru-
CTpHUpAI] U 3aMUCBAIll CTOMHOCTUTE HA U3CJICIBAHUTE
BEJIMYHMHH.
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ASSESSMENT METHOD OF LIFT RIDE QUALITY
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Abstract: The purpose of this work is to develop a methodology for lift ride quality assessment. From an overview of
existing materials and standards relevant to the topic are defined parameters and criteria which will be used for unambi-
guously assessment for ride quality of lifts putted into a service. For that reason was created a measurement system with
specialized software which can visualize and record the data needed for the assessment.
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AHAJIN3 HA PUCKA OT ABAPUA HA ITIOJABHU’KEH KYJIAKPAH C
HEBBPTAIIA CE KYJIA IIPUMUHEHA OT TEXHUYECKHU
HEU3IIPABHOCTH

Kaaun PAJIJIOB
Karenpa , TeXHOIOrusA M MEeXaHU3aLKsl Ha CTPOUTEIICTBOTO", YHUBEPCUTET IO CTPOUTENICTBO, APXUTEKTYpa U reoae3ns,

Boarapus, e-mail:kradlov@abv.bg

Pe3tome: B HacTosmiata pa3paboTka e HpeuIoKeHa METOJMKA 3a W3BBPIIBAHE HA OICHKA Ha TOJICMHHATa Ha PUCKa
BCJICJICTBUC HAa TEXHUYECKH HEH3IPABHOCTU Ja CE CTUTHE 10 CEPUO3HA aBapus Ha KyJIaKpaH, KOATO € B ChCTOSHHE Ja
IIpeU3BHUKa FOJIEMHU MaTepUAIHU HIETU U JOPH YOBEILKHU KepTBU. Upes U3NoI3BaHe Ha CUCTEMHUS OJXO0J CE U3BbPILIBA
KOHCTPYKTHBEH aHaJIM3 Ha MOJABMKEH Ky/TaKpaH C HEBBPTAINA CE KyJIa, IPH KOHTO CE yCTAHOBSABAT OTKA3UTE HA OCHOBHUTE
KOHCTPYKTHUBHH BB3JIM U KOMIOHEHTH, UMAILl{ ONpPE/eNAIlo 3HaYeHNe 0 OTHOIICHHE Ha HeroBarta Oe3aBapuiiHa paboTa.
Ha 6a3a Ha MeTozna J[bpBO Ha OTKa3HTE CE M3CJIEBAT aBAPUHHUTE MOCIIEAOBATEIHOCTH 32 PA3JIMYHH EKCIUIOATAIIHOHHH

CbCTOSIHMA HA KpaHa.

KiawouoBu AYMH: Ky.HOB KpaH, pUCK OT aBapus, OTKa3, TCXHUYCCKa HCU3IIPAaBHOCT TOBAPONIOJACMEH KpaH, 0e30MmacHOCT

1. BbBEJEHUE

BcencTBue Ha WHTEH3MBHOTO pa3BUTHE Ha
CTPOUTEJIHHUS CEKTOP MPe3 MOCIeAHUTE FOAUHH BCE
0- IIUPOKO HA CTPOUTEIIHUTE IUIOLIAIKH 3a0YBaT
Jla Ce HW3MO0JI3BAT CTOMAHEHUTE KOHCTPYKIHHU Ky-
JIOBU KpaHoBe. ToBa ca TOBApOIMOJEMHHU MAIMHH,
KOHTO ca 0cO0CHO HEOOXOIUMH IIPU U3rPaKAAHETO
HA MHOTOETa)XHH CTPajy, KOETO TH MPABU E€IHU OT
Hali-BaKHUTE M HAH-4€CTO M3MOJI3BAHU B CEKTOpA.
EfHOBpEMEHHO ¢ TOBAa HApacTBaT M M3MCKBAHHATA
CBBbp3aHM C MOBHWIIABaHE HAa e(EKTHBHOCTTA U
MPOM3BOJUTEIHOCTTa Ha TsXHarta pabora, KOETo
TpsiOBa Jja CTaBa B YCJIOBHATA HA €HO BUCOKO HHBO
Ha 0e30MacHOCT, KaKTO 3a XOpaTa W OOEKTHUTE Ha-
MUpAIIF Ce Ha CTPOUTEJHATA IIOIIA/KA, Taka U 3a
Te3W OT OOKphINaBamara cpena. [IpaBumarta 3a Oe-
30MacHa eKCIUIoaTalis Ha BCEKH KyJIakpaH ca
MoJpOOHO ONMKMCAHK B TEXHUYECKATA JOKYMEHTAIHSI
Ha KpaHa, KOSATO Ce JaBa OT (pupMUTE MPOU3BOIH-
Tenu Ha kpana [1]. Bernpeku toBa obaue B cTpou-
TeJIHATA MPAKTHKA Ca U3BECTHU MHOKECTBO CIIy4au
HA MHIUJICHTH U 3JIOMOJIYKU CBBP3aHU C KyJlaKpa-
HOBE, KaTro JocTa OT TSIX 3aBbpIIBAT JOPH C 4O-
BEILIKU JKEPTBH.

B paspabotkara [2] ca aHaNMM3MpaHW CITydanTe
CBBp3aHM C aBapHu Ha KyJOBHU KPaHOBE Ha CTPOU-
TEJIHU TUIOIIAAKH U Ca aHAJIM3MPAHH ChIIO Taka U
MOPAXKEHUSITA, KOUTO Ca OWIM HAHECEHU BbPXY
OKOJIHUTE OJMU3KOCTOSIIM CTPajd W ChOPBIKEHHUS.
Ha ¢ur.1- a). e nokazan npeodbpHan ce B Typiums

kynakpan mnpe3 2006, koiito oOcmyxBaa cTpou-
TeHaTa IUIOIIAJKa 3a M3rpakpaHe Ha 19 ertaxHa
crpana. Kynara Ha kpana e umaina Bucounna 30 m,
KOTaTo TOH cee peoObpHAT .

; = 23
a) 6)
¢ur.1. ABapuu c kynakpasose: a) npe3 2006 B Typuyus; 0)
npe3 2008 BvB OumnuHuTe

Bcenencteue Ha cBoeto npeobpsbiuane (pur.1-a))
KpaHa € TPeIU3BUKaJ CJICTHUTE IIETH U 3JIO0TOJIYKH:
CMBPT Ha KPAaHHUCTa, KOMTO NpH MPEeoOPBIAHETO ce €
HaMupan B KaOMHAaTa Ha KpaHa, CEpHO3HH IIETH
BBPXY CTpaguTe HAMHPAIIN ce B ONM30CT A0 KpaHa,
n3pa3sBalli ce B KOHCTPYKTHBHH TOBpEIN Ha HO-
CeIl CTOMaHOOSTOHHH KOJIOHH W IUTOYH; CMa4yKaHU
aBTOMOOWJIM HAMUpAIX ce B OJIM30CT 10 KpaHa. Ha
¢wur.1-6) e ca mokazaHd 4acT OT IOCIIEAUIMTE Ha-
CTBIIMIA BCEIACTBHE HAa aBapus Ha KyJIaKpaH IIpe3
2008 BbB @ununuHUTE, NMPU KOSNTO YETHPUMA pa-
OOTHMLIM Ha CTPOMWTENHATA IUIOMIAAKa ca OMiM ce-
PHO3HO HapaHEHH M ca OWJIM HAHECEHW CEPUO3HU
LIETH BBPXY CrpajuTe HaMHUpaIly ce B OJIM30CT 10
KpaHa.

MHOTOTO Cciy4an Ha WHIMACHTH W 3JIOTIOTYKH C
KyJTakpaHOBE HHU Kapa J1a OOBpHEM II0-CEPHO3HO
BHUMAaHWE Ha BBIIPOCUTE CBBP3aHU C OIICHKATa Ha
pUCKa OT HACTBIIBAaHE HA CEPHO3HH aBapUH TIPH
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TsAXHAaTa paboTa NPUYMHEHU OT TEXHHUUYECKH HEU3-
npaBHOCTU. [lopajM KOHCTPYKTHBHOTO MHOT000-
pasue Ha KyJIOBUTE KPaHOBE U HEBH3MOXHOCTTA JIa
ObJaT 00XBaHATH BCHYKHUTE, TO B pa3paboTKara Iie
ObAaT pasriiefaHd €JHU OT Hal-4ecTO W3MOJ3Ba-
HUTC KOHCTPYKIIMM Ha KyJakpaHOBEe, a HWMEHHO
TOJIBIKCH KyJakpaH C HEBBPTAMmA ce Kyna. Ilpm
TE3W KPAHOBE MPOTHBOTEKECTTA € pA3IMONIOKEHA
TpM BbpXa Ha KyJaTa, CTpellaTa € XOPU3OHTaIHa a
HU3MEHEHHMETO Ha oOcera Ha KpaHa CTaBa IMOCPEICT-
BOM TeryieHa KpaHoBa koiuuka [3]. Kynosus kpan
Ce MPHIBIKBA MO PEJICOB BT, KOUTO € MOHTHUPAH
KbM CIEIHAJICH (YHIaMEHT.

IenTa Ha HacTOsIIATa pa3paboTKa € Ja ce MPEeIOKH
METOJIMKA 3a W3CII/IBAaHE Ha PHCKa OT aBapws Ha
CTOMAaHEHH KOHCTPYKI[MM Ha TOJBWKHH KYJIOBU
KpPaHOBE C HEBBPTAIA C€ KyJia, BCIEJACTBHE HA TEX-
HUYCCKM HEWM3MPABHOCTH B HOCENaTa KOHCTPYK-
[UATa, KOUTO Ca CBBP3aHH C HH3UUCCKUTE TPOIECH
(yMOpHH IIpolleCH, CTapeeHe W JAp) BH3HHKBAIIHA B
OCHOBHHUTE CHCTEMH M KOMITOHEHTH Ha KpaHa.

2. METOJUKA 3A OLHEHKA HA PUCKA OT
ABAPUS HA KYJIOBU KPAHOBE

Ipu onieHKa Ha prCKa OT aBapus Ha ITBPBO MSCTO
TpsiOBa na ce GopMynupa KpaiHOTO HEXKEIaHO Ch-
OuTHe CBBP3aHO C KyJlaKpaHa, KOETO B CIydyas €
CIICIHOTO. ,aBapus BOJCINA JO OMACHOCT 3a HaHa-
CSIHE Ha IIETa BbPXY HMYIIIECTBO U OKOJIHA CPEIa WITH
BB3MOXHOCT 32 HapaHsBaHe Ha xopa“, KOsATO IO Ha-
TaThKa IIe HapudaMe ,CEPHO3Ha aBapus WIH CaMo
saBapus’. Bp3MOXXHUTE IBTHINA IO KOUTO O MOTJIIO
Jla Ce CTUTHE 10 HEXKEJIAaHOTO ChOUTHE IIe HapuyaMe
»ABApUIHU TIOCIICAOBATEIHOCTH . 3a aHaiu3a Ha
BB3MOKHHUTE aBapUHHM MMOCICIOBATCIHOCTH IIEC CE
n3nomssa metona JspBo Ha Otkasure (Event Tree
Analysis - ETA) [4].

Hexenanoto cp0uTHE Cce MOCTaBs HAa BbpXa Ha
J'PBOTO Ha OTKa3uTe. To3u MeTo] caMm mo cebe cu
NPEACTAB/ISIBA HHIYKTHBHO-JIOTHYECKH METO/, KOUTO
u3passBa MOCICANIINTE, KOUTO OMXa MOIJIM Ja Ha-
CTBIIAIT BCJIEACTBME HAa BBL3HMKBAHETO HA JAIEHO
Ha4YaJlHO CHOWUTHE, KoeTo ce Hapuda "M3xomaHO
Cos6utne”. JIppBoTo Ha OTKa3uTe TPsAOBA A ChIb-
pxa B cebe cH NaHHHM 3a OTKAa3UTC Ha OTICIHUTE
CJIEMCHTH Ha KyJlaKpaHa, KOUTO B CIydYas CC SBSBAT
U3XOJHU ChOUTHUA. B mporeca Ha aHanmm3a Ha pucka
OT aBapus Ha KpaHa ¢ HEOOXOIUMO Ha 0a3a Ha WH-

JKCHEPHHS OIUT J1a ObJIaT HAMEPCHHU OHE3U CHOUTHS
M CchYCTAHMS OT CBHOWUTHS, KOUTO  HMMAT
HA-CHIECTBEHA POJIL U JOIPUHACAT HAi-MHOTO 3a
HACTBIIBAHETO Ha aBapus Ha kpaHa. Jloru-
Ko-rpadmueckus moxen Ha JIbpBoro Ha OtTkaszute
TpsiOBa Ma OBJE TOCTPOSH C MOAXOIAII HM300p Ha
CHOMTHATA W TEXHUTE CHUETAHMSA, KOUTO TPsAOBa na
ObIaT BKIIOYBAHM OT TJIeHA TOYKAa Ha TIXHATa
3HAYMMOCT.

B HagaoTo € HeoOxXo MO Ja OBIAT ONpeneIcHI
TpaHUIIUTE B KOWTO IIE C€ IPOBEXJA aHAIM3a Ha
pucka Tbil kato IbpBoTo Ha OTKa3UTe Ha KyJIaKpaHa
OM MMaJIo pa3iIMyeH BHJ IPU Pa3IMYHUTE CKCIUIOA-
TAI[MOHHH CHCTOSIHHS B KOHTO CE HAMHpa KpaHa B
JlaicH MOMEHT OT BpeMme. [IpekomMepHOTO yBennya-
BaHe Ha pa3Mmepa Ha JbpBoTO Ha OTKa3UTE Cce yBe-
JMYaBa ¥ BEPOSTHOCTTA OT TPEIIKU IPU HETOBOTO
noctposiBare. [lopaan Ta3u mpudnHa € HE0OXOIUMO
MpeIBapuTeNIHO 1a ObIaT JeGuHHpaHU EKCIuIoaTa-
[IMOHHHUTE CHCTOSHUS Ha KpaHa. 3a IeNuTe Ha Ha-
CTOSIINTE W3CJICABAHMSA HAH-TOJNSIM WHTEpeC OT
TJIeJHa TOYKAa Ha BEPOSTHOCTTA 3a HACTBIIBAaHE Ha
aBapus IMPEJACTABISABAT CICIAHUTE JBE EKCIIoaTa-
[UOHHU ChCTOSHHS HA KyJIaKpaHa:

*EKCIJIOATALIMOHHO CBCTOSIHUE Z - KpaH IIOJX

TOBAap B ChCTOSIHUE Ha MOKOM. TyK KyllakpaHa € B
paboOTHO CBCTOSHME C OKadeH Ha KyKara TOoBap, HO
BCHYKH KPaHOBH MEXaHW3MH Ca B CBCTOSHHE Ha
MOKOIi;

*EKCIJIOaTALlMOHHO CBCTOSHHE Z, - KpaH IIOJ

TOBap B ChCTOSIHHE Ha JIBMKeHHE. TyK KyJakpaHa € B
paboTHO CHCTOSIHHE C OKAa4YeH Ha KyKaTa TOBap, U ce
M3BBPILIBA €JHOBPEMEHHO MPHIBIKBAHE HA Kylia-
KpaHa M BbPTEHE Ha CTpeJiaTa Ha KpaHa.

YcnoBuero 3a 6€30MacHOCT Ha KyJakpaHa
1Ie UMa BUA:

Q=[q] 1)
KbaeTo [Q] € MOmyCTHMHST PUCK OT CEpHO3HA aBa-

pHS TIpH eKCIUTOATAIMATA Ha KyJTIaKpaHa,
Q —peanxHO CHIIECTBYBAIIMA PHUCK MpPU EKCILIOATa-

IUSTa Ha KyJTaKpaHa;

B peanna pazpaboTku € J10Ka3aHO, 4ye OT-
Ka3UTe Ha MAIIMHHUTE KOMIIOHEHTU C€ pa3lpeneneT
OCHOBHO IO eKcroHeHuuaneH 3akoH [5]. Kato ce
IpreMe XUIOoTe3aTa 3a TOBa, 4e Pa3NpeIeIeHHETO Ha
CllydalfHUTE OTKa3M Ha TEXHUUYECKUTE yCTpoilcTBa 3a
0e301acHOCT Ha KyJlaKpaHa ¥ Ha OTAEIHUTE BH3JIH Ha
KyJlakpaHa ce IOAYMHSBAT HA EKCIIOHCHIIMAJICH 3a-

54



Briarapcko criMcanue 3a MEXKCHEPHO MpoeKTupane, opoit 17, ssayapu 2013

KOH, TO TOTaBa U3pa3a 3a U34YUCIIIBAHETO HA PUCKA OT

aBapusi MOXKE J]a Ce 3alHIIe Ype3 3aBUCUMOCTTA!
Q(T) =1-P(T) &)

KBJIETO T € Iepuoja OT BpeMe Ha HapaboTKa Ha

MalllHaTa, 32 KOHTO C€ OLEHsSBa BEPOSTHOCTTA 32

Oe3aBapuiina paboTa;

P(T) — BepositHocTTa 3a 0Oe3aBapuiiHa paboTa Ha

KyJlaKpaHa 3a Mepuo]| oT Bpeme Ha Hapabotka T,
T
P(T)=exp[-] E(t).dt] 3)
0

E(t) — uHTEH3HUBHOCTTA Ha OTKAa3HUTE, KOSTO € PaBHA
Ha BEPOSATHOCTTA 3a TOBA 4e clie] 0e30TKa3Ha paboTa

3a TEpUOA OT BpeMe t, TO aBapuATa ¢ HACTBIH
BeIHAra B CJICIBAlMsi MOMEHT OT Bpeme. basure
JaHHA OOMKHOBEHO IPE/CTaBAT MHTEH3MBHOCTTA HA
OTKa3WTe Ha MAIUIMHHHUTEC KOMIIOHCHTH M BB3JIH B
MepHa enTuHuIA ,,0poii oTka3m 3a 1 gac”.
[IpakTHYeCKUTE JaHHH MOKAa3BaT, Y€ CIE] U3TH-
YaHEeTO Ha M3BECTEH KPaThK HAYalIeH MepHOo[ OT Ha-
YajoTO Ha MyCKaHEe B €KCIUIOATAIMS HA MAIIHMHATA,
To ciex ToBa dpyHkimaTa E(t) =const e mocraThuHO

cTabujiHa W TIOCTOSHHA M IOpaAM Ta3d NPHYMHA
MOXKEM J1a TOJYYMM 3aBUCHMOCTTA OIUCBALIA €K-
CIIOHEHIIMAIIHOTO PAa3lpele/ieHHe HA BEPOATHOCTTA
3a Oe3aBapwuiina paboTa Ha KyJIoB KpaH [6]:

P{)=exp(ET) (4)
KbAETO T =é € cpeaHaTa HapabOTKa Ha KyJlakpaHa

10 Bb3HUKBaHE Ha aBapwus;

ITo TO3M Ha4YMH BEPOSTHOCTTA 3a aBapus Ha Ky-
JIaKpaHa B 3aBUCHMOCT OT IIepUOja Ha HapaboTKa Ha
KyJlaKpaHa MOXKe JIa Ce€ 3aluilie BbB BH/A:

Q(T)=1—exp(—5j (5)
T

ITopaau Ta3u npuunHa 3a Aa noctpouM JbpBOTO
Ha OTKa3uTe € HeoOXOAMMO IMPEIBAPUTEIHO Aa pa3-
mojlaraMe ¢ JIOCTaThuHO Oorata 0a3a JaHHM 3a WH-
TEH3UBHOCTUTE Ha OTKAa3WUTE 32 OTAEIHUTE KOHCT-

PYKTHBHHU €JIEMEHTH Ha KyllakpaHa E .

3a ga MoraT MPUYMHHHATE B3aUMOBPBH3KHU Ja Ob-
JIaT TMPENCTaBeH! 110 HATJIEJCH HA4YMH C IIOMOIIA Ha
JIbpBO Ha OTKa3W, TO C€ M3MOJ3BAT JBE OTICIHH
IPyIH CTPYKTYpHH eleMeHTH (OJIOKOBE) NpH II0-
cTposiBaHeTo Ha [IbpBO Ha oTka3u: Jlornueku onepa-
Topu ¥ CHMBOJTH HA CHOUTHSI, KOUTO MOIPA3ALIAT U
CBBp3BaT onpeeneH opoi crouTns. O603HaYeHHETO

HA OCHOBHHTE JIOTUYCCKU OMEPATOPH, KOUTO IIEC H3-
[oJI3BaMe € gafeHo B Ta0i. 1.

Ta6J1.1 V3n0513BaHU JIOTHYECKH ONIEPAaTOPH

Jlormyecku

HaumenoBanue Onucanue
oneparop
Usxopamoro crouTre
Jlornuecku 1€ HACTBIIH, aKO ChIIE-

omeparop ,, 11" CTBYBAaT BCUYKHU BXO-

TSN

W3xoasiioro chOuthe

Jlormyecku
1€ HACTBIIM aKO CE €
orieparop cOBIHAIIO TTOHE EIHO OT
SAJIN”

BXOOAIINUTE CHOUTHS

AKO TpeArnooKUM, 4e MOAOpPaHUTE H3XOJHU
CHOMTHS Ca HE3aBHCUMH €[HO OT APYro, TO TOraBa
BEPOSATHOCTTA 32 HACTHIIBAHEC HA KPAaWHOTO CHOUTHE
BCJICJICTBHE HA HAKOJKO U3XOIHU CHOUTHS, KOUTO Ca
CBBP3aHu c Joruuecku omepatop "N" ce ompexnens
o ciieJHaTa popmya;

Q.(M=Q(E,nE,nE;n...... E)=

FQETRETIRET).....QE,T) (6)
KBICTO N ¢ OpOAT HAa W3XOIHHUTE CHOUTHS, KOUTO
ydacTBaT B ChOTBETHaTa IM-Ta aBapuiiHa mocieno-
BaTEIIHOCT,

BeposiTHOCTTa 3a HacThIIBaHE Ha KPAHHOTO Chb-
OuTHe BCIIEACTBHE OT WM3XOTHH CHOWTHSA KOHTO ca
CcBBp3aHu ¢ jorudecku omepatop "WJIN" ce ompe-
zienst o cieaHara Gpopmyna:

Q,(A=Q,(E,0E,0E,0..E)=
=1-QE:)QE,)QE,)..QE,) =
=1-[1-Q(E))].[1- Q(E,)]...... - Q(E,)] @)

3. KOHCTPYKTHUBEH AHAJIN3 HA IIOJ-
BU/KEH KYJIAKPAH C HEBBPTSIIA CE
KVYJIA

IloBeyeTo OT TEXHHMUYECKHTE CUCTEMM Ha Malllu-
HUTE ca JIOCTa CJIOXHH C TOJIIM Opoil Ha KOMIIO-
HEHTUTE W TIOJCUCTEMHTE, KOWUTO TH H3TPaKIaT.
ToBa mpaBu HWIEHTU(PHUKANNATA, OICHKATa W TPEI-
CKa3BaHETO Ha pHCKa OT aBapus HAa MalluHaTa
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BCJIC/ICTBME HA TEXHHUYECKA HEU3MPABHOCT J0CTA
cioxeH. B Hacrosimata pa3paboTka pasriexaame
KOHCTPYKLUSITA Ha TOABUXKEH KYJIaKpaH C He-
BBPTAIIA CEe KyJa, KaTo ChCTaBeHa OT 6 OTaenHu
MEXaHWYHU ITOJACHCTEMHU, KOUTO CE CYMTA, Y€ MMAT
Hali- ChIIECTBEHO BIMAHHUE BbPXY 0€30I1aCHOCTTA Ha
Kynakpana. Te ce o3HauaBar ¢ OykBure S, S,, S,

S,, S u S . Te3u mogcucreMu ca NOKa3aHU Ha

¢ur.2 :

MOACKCTEMA 11T

NOACHCTEMA TV

P

NOACHCTEMS 1T

B
m NOACUCTEMA T
\r =z =

MOACUETEMA YV

FAAIATA

W

MOACUCTEMA Vi

¢ur.2 [Toncucremu Ha MOJBIKEH KyJIaKpaH C HEBBPTAIIA
ce Kyna

0

kK

*Tloncucrema | — moxcucrema
Konuyka. Ts ce o3HayaBac S;

Ha KpaHOBaTa

*[ToncucreMa |l — moacucrema Ha MexaHu3Ma 3a
W3MCHCHHE Ha oOcera Ha KykaTa Ha KpaHa. Ts ce
O3HauaBac S, ;

*Tloncucrema Il - mogcucTema Ha MexaHn3Ma 3a
BBPTEHE Ha cTpellaTa Ha kpaHa. T ce o3HauaBac S;;

*Tloncucrema |V - moacucreMa Ha MOAEMHHSA
MEXaHHW3bM 3a BIWraHe M CIIyCKaHE HA KyKaTa Ha
kpaHa. Ts ce o3HauaBac S, ;

*[Togcuctema V - moacucreMa Ha OCHOBHATa
MeTalHa KOHCTPYKIHMS Ha KyjakpaHa. Ts ce o3Ha-
yaac S;

*Tloncucrema VI - moacucreMa Ha MeXaHHW3Ma 3a
IbTyBaHE Ha KynakpaHa. Ts ce o3HauaBa ¢ S .

B pesyarar Ha aHaM3 Ha Pa3pabOTKU MOCBETEHU
Ha TPOOJIEMUTE CBBP3aHH C OE30MACHOCTTa HA TO-
BapOIOJCMHNA MAIIWHU M MAIIHHHHA EJIEMCHTH C€
cpOupa HeoOXxoauMaTa 0a3a JaHHU 32 WHTCH3UBHO-
CTHTE Ha OTKA3WTE 3a OTACIHUTE KOHCTPYKTHBHHU
SJIEMEHTH W BB3JIM Ha KyJakpaHa E , xouro msrpa-

KIAT OTAEIHUTE PasrIexIaHu HOACUCTEMH S, S,

S, S, S u S [7], [8] Tesu mannm morar na

ObmaT HaOpaHM OIIe OT KAaTAJIOXKHH MaTepHalld WIIH
Ha 0a3a Ha EKCIUIOATALMOHEH OIUT, KaTO WHTEH-
3UBHOCTTa Ha OTKasute E mpencrasmsia Opost Ha

OTKa3UTE Ha CHOTBETHHS ejeMeHT 3a 1 uac.

4. PASPABOTBAHE HA BJIOKOBU CXEMHU
3A ABAPUMHUTE INOCJIEJOBATEJITHOCTH

[Ipn oueHka Ha pUCKa OT aBapus Ha KyJlaKpaHa
B&)XHA pOJ Wrpac MpPaBWIHOTO AehUHHpAaHE Ha
NPUYUHHO-CJICAICTBEHUTE BPB3KU MEXKIy OTACITHUTE
CIlyJalHU M3XOJHU CHOMTHS, YUSITO MHAMBUIYaTHA
BEPOATHOCT 32 Bb3HUKBAHE € C Pa3IMYHA 4ECTOTa, HO
T€ BCUYKHUTE JONPHUHACAT M BOJAT KbM €IHO €IUH-
CTBEHO KpaiHO chOMTHE, @ UMEHHO aBapus Ha KyJia-
kpaHa. IloctposiBar ce [IbpBera Ha OTKazute 3a
BCAKO €IHO OT pAa3riexkAaHUTE EKCIIOAaTalUOHHU
ChbCTOSIHMS Ha Kpana. Ha ¢wur.3. e nokazana npwu-
MepHa OJIOK CXeMa 3a IbpBO Ha OTKAa3WTE 3a pas-
TJISKAAHOTO EKCIUIOATAallHOHHO ChCTOstHME Z; . Ha

OJIOK cxeMaTa ca HM3MOJI3BaHH O3HAYCHUS 33 WH[IH-
BUYQJIHUTE OTKAa3W HA KOMIIOHCHTHUTE M CHCTEMUTE
Ha KyJIaKpaHa OT THIIa Ei(”, KbeTo j =1+6 e Ho-
Mepa Ha CBHOTBETHATa MOJCHCTEMAa Ha KyJlaKpaHa
chriuacHo ¢ur.2, a i € HOMep Ha KOMIIOHEHTa yda-
CTBaIll B ChOTBEeTHATA moncucrema. OT Ta3u cxema
MOJKE JIa C€ M3YUCIU PUCKA OT aBapus Ha KYJIOB KPaH
NPU T3JICHOTO CKCILIOATAIIMOHHO ChCTOSHHE
Q,, T(3 4 01752 008248

KPAIIHO CBETHE

¢ur.3. [IpumepHa 610K-cxeMa Ha IBPBO HA OTKA3UTE Ha
KyJIOB KpaH IIPY €KCIIOATAMOHHO CHCTOSHUE Z;
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5. 3AKVIIOYEHUE

B HacTosimiata pa3paboTka € ImpeyioKeHa Me-
TOJIMKA 32 OIICHKA Ha PUCKA OT aBapus Ha IOIBHKCH
KyJIaKpaH ¢ HEBBPTSIIA C¢ KyJia BCICACTBUC HA TEX-
HUYCCKHA HEHM3MPABHOCTH. YCTAHOBEHH Ca OCHOB-
HUTE MOACHCTEMH OT KOHCTPYKIMATA Ha KyJIaKpaH,
KOMTO HMAaT ONPEAC/AII0 3HAUYCHHE 3a HEromara
Oe3aBapuiina pabdoTa.

C momornira Ha Merona JIspBo Ha OTKa3UTe aBa-
PHIHHUTE MMOCICIOBATEIHOCTH Ha KyJJaKpaH MOrar aa
ce mpenacrtaBiaT mon (QopMara Ha JIOTUYECKU
OJIOK-CXEMHU OT KOUTO CC M3YUCISBAT BEPOSITHOCTHUTE
3a HACTBIIBAHC HA aBapWs HA KpaHa 3a ChOTBETHHUTE
aBapUHU MOCIICIOBATEITHOCTH,

Baarogapnoctu

IIpencraBenuTe U3cienBaHUSA Ca YacT OT HAy4yHa pas-
padorka no oroop Ne BH 130/12, punancupan ot
ITHUIT npu YACT.
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RISK ANALYSISOF FAILURESWITH TRAVELLING TOWER CRANE WITH
NON-ROTATING TOWER CAUSED BY TECHNICAL DAMAGES

Kalin RADLOV
Technology and mechanization of building department, University of civil engineering and geodesy - Sofia, Bulgaria

e-mail: kradlov@abv.bg

Abstract: The present development is devoted to methodology development for assessment of risk to severe
failure of tower crane as a result of technical damage, which can cause damages and victims in outer world. By
using the systematic approach is made construction analysis of travelling tower crane with non-rotating tower,
there are determined the faults of its main components, which have mostly importance for tower crane flawless
operation. Through the method Fault Tree Analysis are investigated the break-down scenario for two different

operating states of tower crane.

Keywords: tower crane, risk to failure, fault, technical damage
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AHAJIN3 HA JIMTEPATYPHHUTE PASPABOTKHU B OBJIACTTA
,PABIIOJIATAHE HA OBEKTH” B KUTAHN

Huxoaaiit KASAKOB
Katenpa , MImkeHepHa JTOTHCTHKA, [T0JJEMHO-TPAHCIIOPTHA U CTpOUTENHa TeXHUKa", Texanueckn yausepcuret - Codus,
boearapus
e-mail: nkazakov@tu-sofia.bg

Pesome: B Hacrosiara cTaTHs € HalpaBeH aHAIW3 HA HAay4YHMTE W3CIEIBaHUS B OCHOBHATa OOJIACT HA JIOTHCTHKATA
"Pasnonarane Ha o0extu” 3a Kutaii - cTpana ¢ Haii-ToJsIM TeMIT HA HKOHOMUYECKO Pa3BUTHE, KaTO c€ ONpeAens Bpbh3KaTa
MEXly HayJHUTE M3CIIEABAHNS B IOCOUEHATA 00JIACT U Pa3BUTHETO Ha NKOHOMUKATA.

KuarouoBu JAYMHM: JIOTHUCTHKA, pa3lojaraHe Ha 06CKTI/I, KHTafI, KOHKprHTHOCHOCO6HOCT

Pasmonaranero Ha 0OCKTHTE B €{HA MaKPOJIOTHU-
CTHYHA U II00ATHA JIOTUCTUYHA CHCTEMA € ChILECT-
BEHO HAIIpaBJICHUE B aHAJN3a U YCHBBPIICHCTBAHETO
u. Upes Hero ce pemaBaT pa3IUdHU IPOOIIEMH KaTo
MHOBAIlMOHHATA TIOJINTHKA, Ch3aBaHe HA YCIIOBHS 32
ONTHUMAJICH JIOTHCTUYEH MEHWIKMBHT, OTpEIeisTHe
Ha KOH(HUTYpanusATa W BHAA HA JOTHCTUYHATA Mpe-
Ka, apXUTEKTypaTa Ha BEPUTUTE HA JOCTAaBKa, Kb
Jla CE Pa3MOoJIOKAT ChOPBHKCHUSITA, KOU KIHUCHTH H
masapu e ce OOCTY)XBaT; KOU NPOIYKTH IIE Ce
MPOM3BEXKIAT/CKIAUPAT TaM, KaKbB TPAHCIOPT Ja
Ce M3IO0JI3Ba U JIp. TIPU KPUTECPHUH: HUBO HA 00CITYX-
BaHETO Ha KIUCHTUTE, ONTUMAIHU Pa3XOJd, ONTH-
MaJIeH TPAHCIIOPT U T.H..

UssectHo € [3], 46 B HAyKO3HAHHUETO OOIIUST
TEMI Ha HapacTBaHE Ha IOTOKa OT WHQOpMAaLHs ce
pasriexaa KaTo KOCBEH IOKa3aTel 3a CKOPOCTTa Ha
pa3BUTHE Ha 1ajicHa 00JIacT Ha HAyKaTa U TEXHUKATa.
B®B BpB3Ka ¢ TOBa OCHOBHO M3WCKBAaHE KbM H3TOY-
HUIUTE Ha HHPOPMAIIUS € OCUTYPSBAHETO HA JTaHHU,
OTPENCISANIN ChCTOSHUETO M TCHICHIIMUTE Ha pas-
BUTHE HA M3CIICABAHOTO H3JICIIHC.

OrpoMHHUST MOTOK OT WH(POpPMALUS INpe3 MOo-
CJICJTHUTE ACCETHIICTHS JOBEIC 0 MH(POPMAIIMOHHA
kpu3a. U3BectHo ¢ [1], ye crenmanucTuTe pasriex-
nat He moBede oT 15-17% or mHTepecyBamuTe TH
cratuu. M3non3Banero Ha WHpoOpMarmsaTa Ou Imo-
3BOJIMJIO Pa3XOJHTE 3a HAyYHHU HM3CIECIBAHUS U IPO-
eKTupaHe 11a ce cbkpatst ¢ 60%.

Ier HAa HACTOAMIOTO POYYBAHE € Ja CE HAIpaBU
aHaM3 HAa HAyYHUTE MyOIMKAIMd B OCHOBHATa 00-
JIaCT Ha JIoTHCTUKaTa "Pasmosiarane Ha oOekTH” 3a
Kuraii xato cTpaHa ¢ Hail-rojisiM TeMIl Ha UKOHO-
MHYECKO pa3BUTHE, W Ja CE OIpeJAein Bpb3Kara

MEX]ly HAYYHUTE U3CIICIBAHMS B IOCOYCHATA 00JIacT
Y Pa3BUTHETO HA HNKOHOMHKATA.

[Ipu aHanmm3a Ha JTUTEPATYPHUTE W3TOYHHUIIN IIIE
ce 0a3upa Ha:

e omnpexaenenuero Ha M.Iloptep 3a norucruka-
Ta,

* [IOCTaBEHATa IIeJl B CBETOBHATA MKOHOMHMKA 32
TTOIXOJIANIO pas3mojiaraHe Ha OOEKTH C KpaiHa el
KOHKYPEHTHOCIIOCOOHOCT;

* pa3MYHM HAYMHU 33 MPOYYBAHE M aHAJM3 Ha
KOHKYPCHTUTE C LIeJI Pa3KpHBaHE HA ITbTHIIA 3a 3a-
JIOBOJISIBAHE HA KIIMEHTHTE;

* (QopmuTe Ha CHTPYIHHYECCTBO KaTO THeEp-
CIIEKTUBEH €JIEMEHT B ChBPEMECHHATA MKOHOMHUKA M
JIOTHCTHKA;

* YIpaBJICHHUETO BHB BEPUTHUTE 32 CHAOAsIBaHE

* WHTErpanuiaTa Ha HWHOOPMANMOHHUTE TEX-
HOJIOTHUH;

*  W3CJIENBAHETO Ja € B IM0J3a Ha OBJITapCKUTE
(GbupMU 1 U3CIIEOBATEIIN.

ChritacHO TeopusiTa Ha cTaTucTUkKata [2], cTpyk-
TypaTa Ha SBJICHUATA MOXE Jla CC HAIMPaBU JIECHO
0003prMa U CHIIOCTABUMA C ITOMOIITA HA J1BA HAYH-
HA: Ype3 OTHOIICHUE Ha YacT Ha JAaJICHa ChBKYITHOCT
KbM HEHHHS IBbJEH 00eM (pasuiICHUTEITHH U3MEPH-
TEM Ha CTPYKTypara) WM 4Ype3 TEXHHTE ChOTHO-
mieHuss (CbOTHOCHTENIHM M3MEPUTENHM Ha CTPYKTY-
para). 3a ToBa IIe H3IIOJI3BaMe H3MEPHUTEIN KaTo
abcomoTeH o0OeM, abCONIOTeH MpHUpPAcT, TEMI Ha
pBCTa U TEMIT Ha TIpHpacTa.

Haii—0ypHo pa3BuBamaTa ce IKOHOMHUKA B CBETa
e Ta3u Ha Kutail. CBEeTOBHUTE MKOHOMHYECKHU MPO-
rHo3u couat, ye mpe3 2030 Kwurait me HagmuHa
CAIIl u me craHe mMbpBaTa UKOHOMHUYECKA CHJIa B
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csera. ,®panc npec” [13] mpencrass B uudpu mo-
CJIE/THOTO JIECETHIICTUE CIIOPE/ HAl-HOBUTE HATMIHU
nmanan ot gekemBpu 2011 r. Haii-ceuiectBeHuTe
MOKa3aTeJn 3a KUTalickata MKOHOMHUKa ca:
Bpyren BbTpenien npoaykr (BBII):

2002: 1,9rpumona monapa

2011: 7,6rpunona monapa

Bpyraust BeTpented npoaykr (BBII) wa Kurait
naec npeacrasisiBa 10%ot ceerosuus BBII cipsimo
4,4%mpe3 2002r.
Pacrex: 10,7%cpento na rogura or 2002roanHa

HHBeCcTHIINN:
UyxaectpanHu nHBecTULUH B KuTaii:

2002- 55vmnmapna monapa

2011-117, AMunuapna gonapa

Kuralicku HHBECTHIINU B Yy:KOWHA!

2002: 2,7munmapaa gonapa (caMo He(pHHAHCO-
BUTE CEKTOPH)

2011: 74, Munuapaa monapa.

Ha ¢wur.1 u ¢ur.2 ca mokasanu rpapuuecKu Hsi-
KOM Ba)KHHM 3a JIOTHCTHUKATA JaHHHU.

FO00

GO0

00

F0i)

2200

1000 ¢

2004
min = 1453.5

2002

2006

2008 2010

max = 6959.0

¢ur.1 Pazmep Ha OpyTHUS BBRTpelIeH NpoayKT Ha KnTait 3a meprnona
2002-2012

iy

RVANIAN

16
g
0 T
2002 2004
min = 9.3

2008

2005 2010

max = 30.4

¢ur.2 Temn Ha pbCTa Ha IPOMULILICHATa poayKiws Ha Kuraii 3a meprona 2002-2012

Hurtepec mpencrapisBa pa3BUTHETO HAa KUTAMC-
KATE W3CIIeIBaHMA B JIOTHCTHYHATa oOmacTra ,Pas-

rmoJiaraHe Ha OOEKTH’, WM3pa3eHo 4upe3 OposT U Te-
MaTHKaTa Ha HAYYHUTE MyOJIMKAIMK B Ta3W 00acT.
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Pasrienanu Osixa caiiToBeTe Ha CICKTPOHHUTE 0a3a
nanHu ¢ Hayunu nmyonukanuun Ha SPRINGERLINK,
EMERALD, SCIENCE DIRECTOT HampaBeHOTO
cpaBHenue ce ycraHoBH, ue SPRINGERLINKuma
o0mo 8598craTuu no aHanM3MpaHaTa TEMAaTUKA, OT
kouro 216 — HaydHHM, C BpeMcBa ABIOOYHHA
2005-20012.

SCIENCE DIRECTMa 262 HaydHu CTaTHH 110
TEeMaTHKAaTa IPH BPEMEBA IbJI0OUHHA!

* 1989wu no-pano - 4 6pos,
1990 - 2001 — 3@p.
2002- 2012 — 226p.

3a ananm3 e u3bdpana Oaszara ganuu Ha ,EMER-
ALD”, 3amoro OT HampaBeHUTE NpPOYYBaHMS Ha
caiita Ha “EMERALD” o6uust 6poii Hayunu myo6-
muKaimA € (63, KaTo Te ce Pa3MmpeleNiaT KakTo
cnensa(gur.3):

* 3amepuoaa go 1991 — 31op.
3a mepuoma 1991-2001- 7@p.
3a mepuoma 2002-2012 -655karo 3a 2012
rojIiHa € OTYETEHO camo 10 Mecell aBrycr(28.08.)

e Pncra 3a mamara 2012 e mporHo3upas -

HEMHO.
Pwcra o roxunu ce Bikaa Ha ¢ur.3 u gur.4
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¢ur.4 Pect no ronunn Ha myOnukanuute B obnactra “Pasnonarane Ha obektu” B Kutaid.

OT TOpEeroCOYCHUTE MaHHH C€ OMPEHEISIT OC-
HOBHHTE IapaMETPU — TEMI Ha PbBCTa, TEMIl Ha
npupacta U abcomotHus npupact (ta6a.l.1l). Ha
OCHOBaTa Ha jJaHHuTe B Tabnmna 1.1, Ha ¢ur.5 ca
MOCTPOCHH TpaUKHTE, TIOKA3BaIllM JUHAMHKATA Ha

pPBCTa HAa KOJHUYECTBOTO MyOJHMKALMKM B TOBa Ha-
MIpaBJICHHUE.

OT ropenocoycHus aHamu3 ce Bkaa, ue or 2007
rOJIMHA JWHAMUKATa Ha PBCTa U OCOOCHO TEMIla Ha
phCTa M TEMIIa HA TPUPACcCTa HA pa3pabOTKUTE B 00-
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JIaCTTa Ha pasnojiaraHeTo Ha 00eKTH C e HO[[O6'

pABaHC Ha KOHKYpPCHIIUATA, CUJIHO CC yBCJINYaBar.

Ta6J1.1.1 OcHOBHM napaMeTpu Ha myOaukanuute B obaactra “Pasnonarane Ha obextn” B Kurait

i ITerunerka n q AGCoIIoTeH TIpH- Temm Ha pbCcTa Temn Ha pupacta
pact
1 1992-1996 28 28
2 1997-2001 48 48 20 171,4 71
3 2002-2006 121 121 73 252 152
4 2007-2011 441 441 320 364,5 265
400
350 —=
300 — zZ 2 —<O—Tpupact
N
250 oL >
-7 / — -8— - Temn Ha pbCcTa
200 5 //
.ﬂ
150
//X/ — A — Temn Ha
122 K - /({ npupacra
0 0/

1992-1996 1997-2001 2002-2006 2007-2011

¢ur.5 /lunamuka Ha pbCTa Ha MyOIUKALUUTE

ToBa ce MOTBBpKIaBa W OT Oposi HA MyOJIMKa-
muute npe3 8-re mecena Ha 2012, 4nsato qUHAMUKA
npesumiasa Tazu Ha 2011,

3a Ka4eCTBEHOTO WM3CJIe/IBAHE MyOJUKAIUUTE TIO
TeMaTukara , Pasmonarane Ha 0o0ekTH" ca pa3ieneHu
Ha CIIEHUTE 0000IIEHN TEMATHYHH TIOATPYIIH.

-JIOTHCTUYEH MEHUHKMBHT M HHOBAIUN

-peBepCUBHA JIOTHCTHKA

-uHBecTHIMN B KnTaii

-supply chain

-KUTAWCKW MHBECTHUIINU B 4yKOMHA

-IT cucremu npu pasnonaraHe Ha 0OEKTHTE

-TEeXHUYCCKH U TPOCKTHU PEIICHUS

Ternara Ha Bcsika MOATPyHa B OOIIUAT 00eM OT
myOJIMKaIuy ca roKa3anu Ha Gur.6.

3a nma ce MOJyYd peaHa TMpEeAcTaBa 3a ChIb-
pPKAaHHETO W IEIUTEe B TEMaTUYHHUTE TOATPYNU HA
myOIuKalMuTe 1O TeMaTHKaTta ,Pasmoynarane Ha
00ekTH” IIe TTOCOYMM HSKOHW IO CHINECTBEHH Mpe-
CTaBUTEIH OT TSIX.

B [10] e mpeacraen AHP (analytical hierarchy
process)mosen 3a u300p Ha MACTO 3a pasloJiaraHe
Ha ChOPBKCHHE. MOAETBT OCUTYpsIBa paMKa, MOJ-

nomaraiga MEHHKMBHTa B aHAJIW3 Ha PasjInYHH
(akTopu, MECTOMOJIOKEHHE, OIIEHKA Ha alTepHATH-
BUTE 32 JIOKAJIM3AIUA, ¥ OKOHYATENICH U300p Ha Me-
CTO 3a pasroJiaraHe. AJITEPHATHBUTE CE OLEHSBAT U
CpaBHSIBAT 10 KOJIMYECTBEHHU M KaUeCTBEHH (haKTOPH.

B [8] e mocoueHo, ue pa3BUTHTE CTPAHU U3ITMTBAT
cmajg B INPOU3BOICTBEHHMTE OTPACIH, M JPYIHTE
IbPIKaBU BCE MOBEYE CE OPMEHTUPAT KbM MHOBAIIU-
OHHUTE KIIbCTEPHH MHHUIUATHBU. IIpEIIOKEH € MO-
JeJ TP KOWTO CE€ OTYMTa MECTOINOJOKEHHUETO M
KOMIIETEHTHOCTTAa Ha (upMara, ¢ Iei no-1o0opu pe-
3yATaTH MpU WHOBauMUTE. [IPUIOKEH € JeIyKTHB-
HO-KOJIMYECTBEH MOAXOI.

B [15] e mocoyeHo, Ye TEPUTOPHATHOTO PasIo-
JIOKEHHE HA MOCTOSHHUTE ChOPBKEHUs 1aBa KOH-
¢urypanuaTa 1 BUIa Ha JIOTUCTHYHATA Mpeka. Jlo-
THCTHYHUTE YNPABJICHCKH PEILEHUs TIPU KPUTEPUH:
HMBO Ha 00CITY)KBAHETO HA KIIMEHTHUTE U Pa3XOJH, ca
KbI€ Ja C€ PpAas3NoJoKAT ChOPHIKEHUATA, KOJIKO
CKIala U KbJE, KOU KIMEHTH M 1asapu e ce 00-
CIY)KBAaT; KOM TPOAYKTH INE C€ TPOU3BEK-
Jat/CKiIaaupaT TaM.

62




Briirapcko cricaHue 3a HHXEHEPHO MpoekTupane, opoii 17, suyapu 2013

O noructnuen

-

MEHUOXMDBHT U

UHoOBauuun 29%
O pesepcusHa

noructuka 4%

B uusectuuun 8
Kuraii 31%

O supply shain 21%

B kuraiickn
MHBECTULMU B

yyK6uHa 6%
OIT cuctemu npu

pa3nonaraHe Ha

obekTtute 4%
O rexHnueckmn n

NPOEKTHU
peweHus 5%

¢ur.6 Ternara Ha Bcsika HOATPYIA B OOIIUAT 00eM OT ITyOJIHKAIIH

OcobeHocTr Ha TIpoOiieMa 3a TEPUTOPHATHOTO
pas3IMoJIOKEHUE - PU HOB OM3HEC W IPU MPECTPYK-
Typupane. DakTopH, OTYUTAHU IIPU PEIICHUS 32
TEPUTOPUAITHO PA3MOJIOKEHHE. JBbPKABHO PEryJu-
paHe, MKOHOMUYECKH (aKkTopH; OJM30CT a0 Tasza-
pHTE; CYpOBHMHH; TPYAOBH PECYpCH; CHhCTOSHHE Ha
HHPPACTPYKTypaTa U [ICHA 32 TIOJI3BAHETO U; IpyrH -
OKOJIHA CpeJa, KYITYPHU U OUTOBU ACHECKTH U T.H.
Pasriienanu ca BRHIIHO pasmojiaraHe mo merona ”
[lenTbp Ha rpaBUTANUATA” U BHTPEIIHO pa3loiaraHe
Ha OOCKTHTE.

B cratusara[7] ca mpeiacraBeHH pe3yiTATHTE OT
MpOy4YBaHMATA 32 U300p Ha MSCTO MPU pa3IoJiaraHe
Ha JUCTPUOYTUBHUTE LEHTPOBE B JIOTMCTUYHATA
Bepura. M3cienBaneTo € M3BHPIUICHO HA TPH €Tama.
Ha mepBus etam e onpenernex, ooy reorpadcku pa-
HOH, 3a pasmnojaraHe Ha IUCTPUOYLIMOHEH LEHTHD
UACHTU(UIMPAH Bb3 OCHOBA Ha MeTona” [[eHThp Ha
rpaBUTANUAT”, OTYUTAWKH COIMATHO- HKOHOMHUYE-
ckute (akropu. Bropusar eram oT mporeca Ha MOA-
00p BKIIOYBA HICHTU(UIMPAHE HA aJTCPHATUBHU
MECTa 3a LIEHTHP 33 AUCTPUOYIHS, JICTHIIA U MPH-
CTaHMIIA, KOUTO J1a ObJAaT M3NOI3BaHU B 00OBBP3aHU
C TOBapOMOTOLIUTE B pAMKHTE Ha OINpeeieHaTa
reorpadcka obmact. Tpetmsar eram ce Qokycupa
BbPXY KOHKPETCH CalT 3a M300p Mexay ajrepHa-
TUBHHTE MecTa 3a LEHTHP 3a AUCTPHUOYIHs, Bb3 OC-
HOBa Ha KOJHMYECTBEH Moaxoia. ToBa BKJIIOYBA WH-

Terpupani Mojen oOequHsBAI] Pa3XoAnuTe 3a JHCT-
pUOYIHA C TPAHCTIOPTHHUTE PA3XOIH.

B [6] e npemioxken Mozen 3a pasmoiaraHe Mpu
peBepCUBHATA JIOTHCTHKA, H3TIOI3BANKH TEOPHUATA 32
CHCTEMHUTE TIPU HECUTypHa WH(pOpMaNus. 3a MbPBHU
BT € M3TPAJCH MaTEeMaTHIECKH MOJIEH U3ITON3BaiKN
grey systems theary

B [5] ce mpenocTass eMIupUYHO U3CIIEIBaHE Ha
(akTopuTe, BIUSCIU BEPXY HHOBAI[UHUTE B 00JacTTa
HA JIOTUCTHYHHUTE TEXHOJOTMH OT JOCTABYUIM Ha
soructuuHu ycnyru B Kutail. Pesynratu umar 3a
IIeJT 1a IOMOTHAT Ha KUTAWCKUTE KOMITAHWH, 3aHH-
MaBallld c€ C JIOTHCTHKA, Ja Pa3BUBAT II0-I00pH
CTpaTeruy 3a MpreMaHe Ha MHOBATHBHU TEXHOJIOTHU
B JIOTHCTHKATa W J]a TH MPEBBPHE B OCHOBHH HHO-
BaI[MOHHY JOCTABYUIM HA JIOTUCTHYHH yciyTH. Jlo-
THCTUYHUTE TEXHOJOTHH ca KIacCH(UIMpaHH B dUe-
THPHU TUIA. TEXHOJIOTMU O CHOWpAaHE HA JaHHW,
MH(POPMALMOHHU TEXHOJIOTHH, CKJIAJIOBU TEXHOIO-
THH, ¥ TPAHCIIOPTHU TEXHOJOTHU. Bb3ieicTBamure
(hakTOpH BKIIIOYBAT BHTPCIIHU M BHHIIHU (PAKTOPH.
PerpecroHHMAT aHamU3 ce HM3MOJ3BA 32 aHAIHM3 Ha
BIMSIHACTO Ha Te3U (DaKTOPU BEPXY TEXHOJOTHYHHUTE
WHOBAaIUH.

B [12] e pasriemnano npunoxenuero Ha XML B
JIOTUCTUYHNTE WH(OOPMAIIMOHHH CHCTEMH H3IIOJ-
3BaHU B JIOTUCTHYHHS MEHHKMBHT. [lokazaHo e ue
mpu  Mojenupane B Joructukata XML pemraBa
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Huxomait KASAKOB

BCHYKH TPOOJIEMH Ha TPaIWIMOHHUTE MH(OpMAIH-
OHHHU CHCTEMH.

B [9] ce pasmiexna perHoHaaHOTO PasmojioKe-
HHE Ha JIOTHCTUYHA CUCTEMA, KaTo Mojesa € Gasupan
Ha pasMuTUTE MHOXecTBa. OCHOBHUTE (aKTOpH ca
OTpa3ecHH KaTo Pa3X0.I, KATO B MOJIENA Ca BKIFOYECHH
TETJIOBHATA JWarpamMa Ha BOpPOHWH W TeHETHYEH
anropuThM. B Mojiena ca oTpa3eHn U perHOHAITHOTO
HWHIYCTPUAIHO Pa3lpe/ie/ieHUe U AUCTPUOYIHATA HA
CTOKHTE.

B [11] e pasrienan Monen 3a pasmoJjaraHe Ha
€JIEMEHTHTE Ha JIOTUCTHYHA CHCTEMA CHCTOSAILA CE OT
JIBE HUBA BB3IM —IbPBO HMBO-JOTMCTHYEH MapK U
BTOPO HMBO B TOBA YHCIIO JIOTUCTHYEH LEHTHD M
JIOTUCTHYEH TUCTPUOYIMOHEH cKiax. Padotu ce ¢
MHOTOHOMEHKJIATypeH TOoBap. MopaenbT paboTd c
TEHETHYHH AJTOPUTMH U ThPCH MUHUMAITHH Pa3X0an
3a 00CITy’)KBaHe.

B paGorara [4] ce mocouBa, ue B IMOCIIEIHUTE
TOJMHHU Ce 3a0eisA3Ba TOMSIM PBCT HA TOMOJIOTHIHO
TPOCKTHUpPAHE Ha JIOTUCTHYHH MPEKH, OCOOCHO B
pasmonaraneTo Ha ckmamose. IIpu pemraBaHeTo Ha
3ajauyaTa Beue ce paboTH ¢ MHOIO aCOPTHMEHTEH
TOBaponoToK. [IpecTaBen € ONpoCcTeH U yIo0eH 3a
U3YHMCIICHHUATA aJTOPUTHM.

H3Boan

1 HanpaBeH ¢ aHanu3 Ha JUHAMHMKATa HA pPBCTa
Ha MyOJMKaMUTE B O0JIACTTAa HA pas3lojiaraHe Ha
obexTH 3a Hali-OypHO pa3BUBaIaTa Ce MKOHOMUKA —
Ta3u Ha Kurail. YcTaHOBEHM ca BHCOKUTE TEMII HA
pPBCTa U TEMN Ha MPUPACTa MOKa3BaT HEOOXOIUMO-
CTTa OT pa3BUTHE B Ta3H 00JaCT.

2.AHanu3bT MOTBBHPKIABA MEPCHEKTUBHOCT HA
HAYYHHTE W3CJICIBAHMS B Ta3u 00jacT, 0COOCHO 3a
cTpaHa karo bwiarapusi.

33abensi3Ba ce CXONCTBOTO Ha TpadUKHUTE Ha
¢ur.1(Pasmep Ha OpyTHHS BBTPCLICH MPOAYKT HA
Kurtait) u ¢ur.4(PbCT 0 ronuHu Ha myOIHKALMUTE B
obnactra “Pasmosnarane Ha obektu” B Kwuraif) 3a
nepuoga 2002 — 2012, koero moka3Ba B3aWMHATa
BPB3Ka MEXKIY TSIX.

4. KadecTBeHHMAT aHajM3 Ha TeMaTUKara Ha
myOnukanuuTe B oomactra “Pasnonarane Ha oo6ekTn”
B Kuraii (®wur.6) mokassa, ye Npd HAIMYHETO Ha
BHCOK TPEHJ B Pa3BUTHUETO HA OPYTHUs BBHTPELICH
HPOJYKT € CHIIPOBOJAEH C pEIIaBaHETO Ha Mpoldie-
MHUTE B Pa3OJaraHeTo Ha MPOMHILICHH OOEKTH, C
OTFOBOPHTE HA BBIIPOCUTE KbJIE, KAK M 3aIl0 Ja CC

uHBecTUpa. HamuuueTo Ha TakaBa METOJIOJIOTHS U 32
Boearapus e mpenmnocTaBka 3a MOBHIIABAHE HA JIO-
BEPHETO HA YYXKJICCTPAHHUTE HHBECTUTOPH.

S5T'oneMusT TPOLEHT HAa NyOIUKAIMHTE CBBP-
3aHU C JIOTHCTHYHUAT MEHUDKMBHT ¥ WHOBAIlUU-
1e(29%) u Supply chain(21%) nokassa, ue ToBa ca
BOXHH HAaNpaBJICHHs 33 Pa3BUTHUETO M Ha Obirap-
ckuTe QUPMH, 0COOEHO CBBP3aHO C TeorpadCKOTO
nosioxxeHue Ha bvarapus.

6.CpaBHHUTEIIHO HEMAIIKUS [isT HA peBepCHBHATA
JIOTUCTUKA € MOKAa3aTesl W 3a HAy4HUs MOAXOJ MpH
peniaBaHeTo Ha po0ieMa cbe cypoBuHHUTE B KuTaii.

7.3abensA3Ba ce W NPOLEHTA Ha IMyOJUKanuuTe
CBBpP3aHU C KUTAWCKUTC WHBECTHIIMU B YyXOWHA,
KOCTO TOBOPH 32 HAYYHHAT MOIXOJ MPH U300pa Ha
MSCTOTO 332 MHBECTUpaHe. TOoBa € CBBP3aHO W C Ha-
pacTBaHe Ha TE3W WHBECTUIUH a0 74,7 Munuapna
nonapa mpe3 201 1.
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OB OJTHOM CBOMCTBE IIOCKOI'O TPEX3BEHHOI'O
MAHUITYJIATOPA

Iérp MOBETAMJIO
MMAIII um. bnaronpasosa A.A. PAH, Poccus
e-mail: petrp214@yandex.ru

Pe3stome: B Hacrosimei pabote peub uaer o0 OJHOM CBOHCTBE IUIOCKOTO TPEX3BEHHOI'O MAHUIYJIATOPA, KOTOPBIHA OTO-
KIECTBISIETCS B 3TOH paboTe ¢ pabounm 060pyIOBaHHEM OJHOKOBIIOBOTO MHIPABIMYECKOT0 3KcKaBaTtopa. Paccmarpu-
BaeMO€ CBOMCTBO CBSI3aHO C CYMMOH OMpPEETIEeHHBIX YIIIOB pacCMaTPHUBAEMOTO MaHUITYIATOPA.

KuroueBrbie cJ10Ba: TUTOCKHIA TpeX3BeHHbIﬁ MaHUIIYJISTODP; OTHOKOBIIIOBEII FHIIpaBJII/I‘leCKI/Iﬁ OKCKaBaToOp, pa60t1ee 000-

pyaoBaHHE

Pabota BBIMONTHEHA B pamMKax MPOrpaMMmbl QyH-
JIamMeHTanbHBIX uecnenoBanuiit OOMMITY PAH Ne 1
»HaydHbIe OCHOBBI POOOTOTEXHHWKH M MEXaTPOHH-
Ku’.

PaccmoTpuM mimockuid TPEX3BEHHBIW MaHUITYJIS-

top (puc.1). Bee ero miapHuphl — BpaluaTeibHbIe. 3a

O6nactb 4m
A)

O6nactb 2

I xBagpant

Hayajo IJIOCKOH MpsIMOYToJIbHOW JEKapTOBOM CHC-
TeMBbI KOOpJWHAT BBIOEpPEM MIapHHUp (manee darme
Bcero OyJeM Bce HIAPHUPBI HA3bIBaTh TOUKamu) A
(puc. 1a). Oce X HampaBUM BIIPaBO, a OCb Y BBEPX
(puc. la).

B) D, 6=270
180 <8 <270 270 <8 <360
=180 6=0
D
D (o
90 <8 <180
0<06<90
D 8=90

puc.1 a) TInockuii TpeX3BEHHBI MAHUITYJIATOP B IEPBOM KBAJPAHTE;
6) XapaxTep usMeHenus yria @

Vka3aHHas cuUCTeMa KOOpAMHAT pa3duBacT
IUIOCKOCTh HAa 4YeThIpe KBaapaHTa (MX Hymepaius
OCYIIECTBIISICTCS. IPOTHB YacOBOM CTPEIKH, TepBas
ykasaHa Ha puc. l1a). Bynem paccmarpuBath ceifuac
JHIIb IepBbIit kBagpaHT (puc. 1a). MHbIMU cioBamH,
Ha JOMyCTHMbIE 3HaueHus yrios a, 3,y (ux cyrs

BUIHA U3 pHc.la) HaNOXKEHBI CICAYIOLIME OTpaHHU-

 Huxuue ungexcet 1, J,K s yros onymenst.

YEHHUS: a’D[O..JT/Z) , X
y0(0...201) .

KpoMme 3TuX Tpex YIioB BBEIEM €IIE OJUH Yol -
6. Dror yron oueHuBaeT monoxenue 3seHa CD
OTHOCHMTEILHO TOPM3OHTANM MPOXOAAIIEH uepes3
touky D (puc. 16). DTOT yroja MOXeT NMPHHHUMATH

3HAYCHUS M3 MHTEPBaja [0...2D71 . 3a HyJeBOC 3HA-

po(o.nm)

YCHUEC ITOr0 yrijia MpUHATO IOPHU30HTAJILHOC pacio-
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noxxenue 3BeHa CD (Touka .. MO OTHOIICHHIO K
Touke A pacnonoxena pansire toukd C ). Or-
CUUTHIBATH Yrod & OymeM OT HYJEBOIO MOJOKCHHUS
10 YaCOBOM CTpEJIKE.

T'unoresa” 1.

B omucaHHOM TOJIEKO YTO Cllydae CyMMa YTJIOB
a,B,y nyrna 8 Bcerna paBHa:

a+[+y+0=201, npu (1.1a)
O<y<2i-a-pB
a+[+y+0=40r, npu (1.16)

2Ur-a-f<y<20r
I'panuna ,nepexmodeHus” MEXKIY dTHMH JIBYMsI
CyMMaMH ITOKa3aHa Ha puc. la )KUPHBIMH JIMHUSMH.
Ona npoxozsr 1o 38eHbsiM BC u CD , u 30ma 4071
JCKUT Kak Obl «gbiie» ux (mpu 3Tom 3BeHo CD
BCET/Ia MapajliebHO OCH .. M PACIIOIATaeTCSl UMEHHO
TaK Kak yka3aHo Ha puc. l1a).

MakcuManbHOE 3HAUYCHUE yTiia (ZDT— y) 3 (puc.

1a) GyneT AOCTUTHYTO MPU MAKCUMAJILHOM 3HAYCHUU
yriioB @ u [, ¥ napauielibHOM ocd X TIOJIOKESHUH

3gena CD (kak Ha puc. la):
(207-y)<m+a, (1.20).
MuHumanbHOe 3HaYEHUE yria (ZDT— y) Oyner
JOCTUTHYTO TP MHUHUMAaJbHOM 3HAYCHUH YIJIOB O
u [, U napauieibHOM OCH X TIOJIOKEHUH 3BEHA

CD (xak na puc. la):

(207-y) >a,

Takum oOpazom, yron(Z Ur- y) MOXET MpPUHU-

(1.26).

MaTh 3HAYCHUA U3 I/IHTCpBaHa:
a<(20r-y)<m+a, (1.28).
OTC}O,Z[a OYCBUJCH OHAIIa30H HW3MCHCHUA YrJia
(2 Or- y) KOTOPBI CTPEMHUTHCS K /T (B MHIKEHED-

HBIX pacy€Tax ero MO>KHO NMPUPABHATD 7T)4.

Temneps paccMoTpuM cilyyail MHOM WHTEpIIpETa-
i yriaa €. JIas 3Toro MoBEPHEM T'OPU3OHTANb,
OPOXOIAIIYI0 4epe3 Touky D , Ha JeBsHOCTO Tpa-
JlyCOB MPOTHUB 4YacoBOM cTpesiku. MHbIMU croBamy,

2 TepMuH THIOTE3a cefiuac HCTIONB30BAH TIOTOMY UTO, TEOPEMBI B ITOil pa-
6ore He JAOKa3bIBAIOTCA.

3 3I[CCL W fanee pedb HIACT O rpaHulax YKa3aHHOTO yIjia, B KOTOPBIX pac-
cMarpuBaeMasi CyMMma mprodperaet Bropoe cBoe 3Hadenue (B I'mmorese 1

sto 407).

4 Hike HaGmonaeTcs nogo6Has KapTUHA U IO3TOMY OHA JOIOJIHUTEIIBHO HE
KOMMEHTHUPYETCA.

yroa @ tenepb oleHuBaeT nojoxenue 3sena CD
OTHOCHTEIILHO BEPTHKAJIH IMPOXOISIIECH Yepe3 TOUKY
D . Jlnana3oH BO3MOHBIX 3HAUCHHH TaKOM Ke KaK K
panee. 3a HyJICBOE 3HAUYCHHUE MIPUHATO BEPTUKAIBHOE
nojoxenne 3Bena CD , xorma Touka C pacmoio-
JKeHa HIKe TOYKH D . OTCUnTHIBAaTh 3HAYCHUS yria
6 npooKaeM 110 YaCOBOM CTPEIIKE.

I'mmoTte3a 2.

B omnmcaHHOM TOJNBKO 4YTO CIIydae CcyMMa YIJOB
a,B,y nyrna 8 Bcernaa paBHa:

a+pB+y+6=2507, npu (1.38)
O<sy<2r-a-p3
a+ [+y+60=4501, npn (1.%0)

2Ur-a-p<y<20r

Bce BpIckazaHHBIE BBINIE COOOPA)KCHUS, BBIIIH-
canHble nocie (opmyn 1.1, n xacaromuecs nepBon
THIIOTE3BI, COXPAHSIOT CBOM CMBICI U ceiuac.

3ameruMm, 4To opmyiasl 1.3 MOKHO 3amucarthb B
Oosiee «kpacuBOoM» BHJE. [ 3TOr0 MOXXHO H3Me-
HHUTbh XapakTep M3MepeHus yria ¢ . EcTecTBeHHO,
YTO U3MEHHTHCS M AWANa30H €ro JOIyCTHMBIX 3Ha-
YeHUH.

Urak, mycth Teneps yroia @ OTCUMTBHIBAETCS OT
och Y, a TOYHEE OT €€ IMOJTO0KATEILHON MTOJTOBUHEI
JI0 3BEHA .. (IIPOTHB YacoOBOM CTPeKH). JIOIyCTUMBIi
IMara3oH 3HAYeHWH yriaa 4  Tenepb  Oyner

[7T/ 2...2DT]. WNupiMu cnoBamu K cymmam u3 ¢op-

myn 1.3 npubasnsercs yron 307/ 2. Torna paBen-
ctBa 1.3, 6 npuMyT BUI:

a+[+y+0=40r, npu (1.38)
O<sy<2r-a-p3
a+p+y+0=607, npu (1.3r)

2Ur-a-p<y<20r

Bo MHOrHX TpakTHYeCKH CYIIECTBYIOIIUX Ma-
HUITyJISITOpax ero mnepsoe 3BeHo AB moxker pacmo-
JaraTbCs HE TOJBKO B MEPBOM KBaJpaHTE, HO U B
yeTBepTOM. Paccmorpum stoT ciyuail. IIpu 3tom
COXPaHUM BCe, YTO OBIJIO BBIIIE CKa3aHO 00 yriax ...
CBoiicTBa IByX JPYTHX YIJIOB OYyIyT OIMCAHbI HIDKE,
o Mepe HEOOXOMMOCTH.

Pacu€tHas cxema B paccmaTpuBaeMoOM ceidac
ciIydae MOXKET OBITh COPMHUPOBaHA IBYMS, DKBH-
BaJICHTHBIMH CIIOCO0aMMU:

- TpPamWIWOHHO, KOTJa MAaHUMYJSITOp pac-
CMaTPHUBAETCS B YETBEPTOM KBAJApaHTE,
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- HE TPAJUIMOHHO, KOT/Ia BBEJECHHAs PaHEe CHC-
TeMa KOOPAMHAT MOBOPAYMBAETCA Ha JAEBAHOCTO
IpaaycoB MPOTHB YaCOBOU CTPEIKH OTHOCHTEIBHO
Touku A (Ipu 5TOM BepTHKAIb U TOPU3OHTAIb Me-
HSFOTCSL MECTAMH).

BbIGOp Mexay ITUMH JABYyMs CIOCOOaMH HC-
KIIIOYHTENBEHO JEN0 BKyca. B atoli paborte Oymem
MOJIb30BATHCS TPAIUIIMOHHBIM T0x010M. Ha puc. 2
MpPEJCTaBICHA pacyeTHas CXema, ISl PacCMaTpu-
BaeMbIX HUKE TUIIOTE3.

5=0
v B) C 8=90
B H <l 90<6<180
5 6=0 6=180
6=270C D C6=90
O6nacTb 61 270 <8 < 360 180 < 8 < 270
8=270
C 5=180

Obnactb 41

puc.2 a) IInockuii TpeX3BEHHBIII MAHUITYJISITOP B YETBEPTOM KBaJIPAHTE;

6) Xapaxrep uzmenenus yrios 6 u 0

CHavanma paccMOTpPHM Cllydail, BO MHOTOM
UICHTUYHBIA paCCMAaTPHBAEMOMY B IIEPBOI THITOTE-
3e. lHpIMU clTOBaMu, BCe cKa3aHHOE TaMm 00 yrie &
COXpaHseT CBOIO CHITY U ceiuac.

Ho, yron a Oynem 3amaBath WHave. A UMEHHO
OyZieM OTCUMTHIBATH €r0 OT OCH X , a TOUHee OT eé
MOJIOKUTENILHONW  TIOJIOBUHBI ~ NMPOTHUB  YacOBOM
crpenku 10 3BeHa AB . JlomycTumblii quama3oH
3HAYCHMH yria @ Tenepb OyneT [0...2D71 .

I'mnore3sa 3.
B omucaHHOM TOJIBKO YTO Clly4ae CyMMa YIJIOB ..
u yria @ Bceraa paBHa:

a+[+y+0=40r, npu (1.4a)
Osy<2lr-a-p
a+p+y+0=607, npu (1.40)

2Ur+a-f<y<2lrwu
2DT‘0’<ﬂSﬂmaX <n
I'panuna ,mepexmodeHusi” MEXIY dTHMH JIBYMSI

CyMMaMH aHaJIOTHMYHA TPaHULE U3 NMEPBOM U BTOPOH
runore3 (¢ HekoTopoi nodaekoi). IIpu 3tom, 3Ha-

YeHUs yriia (ZDT— y) MOTYT TPUHUMATh 3HAUYCHUS

U3 MHTEpBaJa:

0<(207-y)<a-m, (1.5a)

MakcuMasabHOE 3HAYeHHE yriia (ZDT— y) (puc.

2a) 6yzeT JOCTUTHYTO NPH MAaKCUMAJIbHOM 3HAUCHUH
yriaoB @ u [, ¥ mapajiieJbHOM OCH X TOJIOKEHHU

3BeHa .. (Kak Ha puc. 2a).
MuHuManbHOe 3HaYEHUE yria (2 br- y) Oyzner

JOCTUTHYTO IIPHM pacloiokeHuH 3BeHa BC mapai-
nenpHO ocu X (rouka C Ommxe K Touke A, yeM
TOYKa B ) U NpU MaKkCHMajJbHOM 3HAYCHUH yria )
(puc. 2a).

Tenepb paccCMOTPUM TY)K€ CHTYaLHIO, YTO U BO
BTOpOH runorese. COXpaHUM IIPU ITOM BCE CKa3aH-
HOE B TpeThel rumnotese 06 yrie « . [1o moBomy yria
6 Bce cka3zaHO BO BTOPO# THIOTE3€ U ceidvac OyaeT
QHAJIOTMYHO.

I'unoresa 4.

B omycaHHOM TOJBKO YTO CilIydae CyMMa YIJIOB
a,B,y nyrna @ Bcerna paBHa:

a+[+y+60=450r, npu (1.6a)
O<sy<2r-a-p3
a+pB+y+6=6,50r, npu (1.60)

2Ut+a-f<y<2brwu
2m_a<ﬂsﬂmax<n
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Bce cooOpaxkeHus, TPUBEICHHBIC BBIIIC ITOCIEC
dopmynbl 1.5 1 10 KOHIIA OMHCAHMS TPETEH THIIO-
Te3bI BEPHBI U 37ICh.

3amerum, yTo Gopmyisl 1.6 MOKHO 3amucarth B
Oosiee «kpacuBoM» BHJE. [ 3TOro MOXXHO H3Me-
HHUTh Xapaktep u3MepeHusi yria & . EcrectBeHHo,
YTO U3MCHHTHCS M JIMAIA30H €ro JOMYCTHMBIX 3Ha-
YeHUH.

HWrak, mycTh Teneps yroji & OTCUUTHIBACTCS OT
och Y, a TOYHEE OT €€ IMOJTOKATEILHON TOJTOBUHEI
1o 3eena AB (mportuB wacoBoit crpenkm). Jlomyc-
TUMBIH JMANa30H 3HAYCHUW yriia @ Temepb OyneT

[7T/ 2...2DT] . ubIMu cioBamMu 0T cyMM u3 Qopmyn

1.6a, 6 HeoOX0aMMO BbIUeCTh yron 77/ 2. Torma pa-
BeHCcTBa 1.6 mpuMyT BU!

a+[+y+0=40r, npu (1.68)
O<sy<2ln-a-p
a+[+y+0=60r, npu (1.6r)

2Ut+a-f<y<2brwu
2-a <P B, <7

m

B psime mpakTHYeCKH BaXKHBIX CIIy4acB IMPOCK-
THUPOBLIMKOB U HCCIIEAOBATENEH MOXET HHTEpPEeco-
BaTh opueHTawust 38eHa CD OTHOCHTENBHO HPSMBIX
NpoXoAsAmMX 4epe3 Touky D u He sBisommxcs
BEPTUKAIBHBIMHA U TOPU30HTAIBHBEIMEU. PaccMoTpum
9TOT Cily4aid mogpooOHee.

Jns sToro Oyznem HoBOpayMBaTh I'OPU3OHTANb,
npoxopsinyio 4epe3 touky D , mpotuB uacoBoit
crpenku Ha yron A . JlomycTuMble 3HaueHus yria A

JeXaT B MHTEpBaie [O...ZDT] (Ha pucyHKax He IO-
Ka3aHo).

I'unoresa 5.

B omucaHHOM TONBKO YTO CIydYae CyMMa YIIOB
a,B,y nyrna @ Bcerna paBHa (MpU PacoNOKESHUN

MaHHITYJIATOPA B IIEPBOM KBaJPaHTE):

a+pB+y+0=207+A, npu (1.7a)
O<sy<2r-a-p
a+f+y+0=40Ur+A, npu (1.76)

2r-a-pF<y<20r
U TIPH PAcCIONIOKEHUH MAaHUIYJISATOpPa B YETBEPTOM
KBaJ[paHTe:

a+fB+y+0=407+A, npu (1.78)
Osy<2br-a-p
a+f+y+0=60r+A, npu (1.77)

2Ur+a-fF<y<20rm
2Ur-a<pB<f

max <
MaxkcumanbHbple 1 MUHAMAaJIbHBIC 3HAYCHUS ITHX

paBeHCTB O4eBUAHBI. Bce cka3anHoe Bblle 00 yrie
(2 ur- y) COXpaHseT CBOI CHIy. EcTecTBeHHas

NONpaBKa MPU 3TOM — 3TO HEOOXOAUMOCTh BBIYUTA-
HHSA W3 JONYCTUMBIX 3HAYEHUH 3TOr0 yrjia 3aiaH-
HOTO 3HayeHus yria A.

B psijie NpakTUYECKN BOKHBIX 337144 CBA3AHHBIX C
paccMaTpuBaeMbIM MaHHUITYISITOPOM ymoOHee (ma u
0oJiee TPUBLIYHO) ONEPHPOBATH HE yriioM &, a yr-
aoM O (puc. 26). DTOT yroj mo3BOJSIET OLCHUBATH
nosoxeHre 3BeHa CD  OTHOCHTENBHO BEpPTHKAIH
npoxopsiieil yepe3 touky D . DToT yroa umeer
HyJICBOC 3HAUCHHC TPH BEPTHKAIHLHOM PacIoIOXke-
aun 3BeHa CD (touka D pacmonokena Hmke
Toukd C). OH OTCUMTHIBAETCS OT HYJIEBOTO TOJIO-
KEHHsI 10 YacoBOM cTpenke ((UKCHpOBaHA TOYKA
D ). CBs3p Mexay STHMH yrilaMH TakoBa (Ipu
paccMoTpeHnr yriia € OTHOCHTENBHO TOPH3OHTA-
JIH):

307 (1.8)

0=5—3—DT,HpM 0<dos—
2 2

1.8
9=5+g,HpH%T<J<2BT (1.8)

CBsI3p 3THX PaBEHCTB C YoM & mpH paccMoT-
peHUM BepTHKaieil oueBHAHA (HY)KHO HPHOABUTH
JeBSHOCTO TpaaycoB). Takum obpa3om, 3aaaB, Ha-
npuMep, 3HauYeHHe yria O MOXHO Cpa3y e ompe-
JICTIUTh 3HAYCHUS YrIOB € OTHOCHUTENBHO Kak Bep-
THKAJH, TaK U TOPU30HTAIIH.

Ecnu nomomHUTENBHO 3a0aHO 3HadeHUE yraa A,
TO HECIIO)KHO OLICHHTH HosioxkeHue 3BeHa CD mpu
TMIOJIOKEHUU TPSIMOI mpoxosieit uepe3 Touky D B
KaKOM-TO IIPOU3BOJILHOM ITOJIOKEHHH.

Ha ocHOBaHMU BCETO BBIMIE H3TI0)KEHHOTO MOYKHO
BBIIIUCATh CIEAYIOIINE JFOOOMBITHBIE M IOJE3HBIC
paBeHCTBA!

a+ B+ y+9d=3,50r, npu paccMoTpe- (1.%)
HuH | KBajspaHTa
a+ [+ y+0=5,507, npu paccMoTpe- (1.%)

Huu |V kBajpanra
AHaJOTUYHBEIM 00pa3oM MOXKHO PacCMOTPETh
MaHHUIIYJISITOP U BO BTOPOM H B TPEThEM KBaJpaHTE,
OJTHAKO 3TO ceivac He MMeeT (pU3NYECKOro CMBICIA,
Y [I09TOMY 3TOTO JIeNiaTh He OyIeM.
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Taxke 1O aHAJIOTMHM MOTYT OBITH PacCMOTPEHBI
MaHUIYJISATOPBl C OOJBIIMM YHUCIOM 3BCHBEB M C
Oosiee MIMPOKUMHU JWaria30HaMH 3HAYEHHH YIJIOB
a, 3. Oro 3aga4a i OyAyUIMX UCCIICTOBAHHUIA.

O4eBUAHO, YTO €CIIM PACCMATPUBACTCS MAHHMITY-
JIATOP, KOTOPBIH MOXKET paboTaTh U B IEPBOM U B
YETBEPTOM KBaJpaHTE, TO BHIIIC NMPHUBEICHHBIC pe-
3yIbTaThl JOJUKHBI OBITH OOBEIMHEHBI (y paccMaTr-
pUBAEMOT0 MaHUTYJIsITOpa OyAeT YeThIpe 00IacTH ¢
Pa3TUYHBIMH CYMMAaMH yTJIOB).

Ou3n4ecKuil CMBICH IJs1 PACIUCAHHOM TOJIBKO
YTO 33aJa4d MPUOOPETACTCsS OTOXKICCTBICHHEM pac-
CMaTPUBACMOTO MAHHITYJSATOpPa ¢ padoduM 000py-

JIOBAHUEM OJHOKOBIIOBOTO THIPABIMYECKOTO IKC-
KaBaTopa MpsMoro M 00paTtHoro Komnauus. Ipu 3Tom
NOJIy4eHHbIE cefiyac pe3ysabTaTsl MOIYT OBITH HC-
MOJIL30BaHbl TPH PaspaboTKe CHCTEM YIIPABICHUS
(korma BaKHBI TMEPEMEINCHUS 3yObeB KOBIIA IO
NPSIMOJIMHEWHBIM TPAEKTOPUAM), HIJIM TIPH pa3pa-
0OTKe JIOKaJIbHBIX KpUTEPUEB 3 dekTuBHOCTH [1].

JlutepaTtypa

1. Pobegailo P.A. Two local estimates of the efficiency of
the working equipment of single bucket hydraulic excava-

tor // Bearapcko criucaHue 3a MHXCHEPHO MPOEKTHpAHE,
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ABOUT ONE PROPERTY OF THE PLANAR THREE LINK
MANIPULATOR
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Abstract: In the present work a property of three link manipulator is investigated. Three link manipulator is equivalent to

the working equipment of the hydraulic excavator. This property represents the sum of angles of the manipulator.
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Pe3tome: B paborara ce npeyiara MeTo] 3a KOHIETITYaJIHO IIPOEKTHPAHE Ha IIPOM3BOJICH TEXHHIECKH 00eKT. MeTonsT ce
0aszupa Ha aHaJIN3 Ha chilecTByBamy Gopmynu. Toil e mpeacTaBeH Ype3 eBPHCTHIEH aJTOPUTHM U € WIIOCTPHUpPAH upes3
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KitrouoBH 1yMH: poeKTHpaHe, KOHLENTYAJIHO IPOSKTUPAHE, TEXHUUECKH 00SKT

1.BbBEJEHUE

KoHnenryanHoTOo NpoekTHpaHe € OCHOBHATa U
Hali-BakHa 4acT Ha IIpolieca Ha NPOEKTHpaHe Ha
texHuueckn o0ekt (TO), pesynraTuTe OT KOETO
MpEAONPeessT 0KoIo 2/3 0T KayecTBOTO Ha Obje-
IIOTO M3JEIHe, B T.4 M pa3xoauTe 3a Hero. B mo-
roysiMara CH 4acT TO IPEJCTaBIsiBAa TBOpUECKa Jei-
HOCcT. T'hH KaTo 3a BCAKA E€BPHCTHYHA JEMHOCT ca
HaJlNIE MHOXECTBO METOJM, CIEIBa, Y€ M 3a KOH-
LENTYaJTHOTO TPOEKTUPAHE CBINECTBYBAT MHOTO
METOIU 3a peanu3upaHero My. Hskom meromm ca
npejacrasenu B [2-5, 11,13-15].

Ilenta Ha Hacrosmarta paboTa € ga ce mpen-
JIOKW €IMH HOB METOJ 3a KOHLENTYaJHO HpOeK-
TupaHe Ha npousBosieH TO. CemUAT € MmoayuyeH
4ype3 JIOTHYEeH aHaJK3.

WsnonsyBanara B cTaTuaTa TEPMHUHOJOTHS €
B3aMMCTBYBaHa oT [5].

OcHoBHa wuaesi: Twil karo dpe3 dopmynu ce
npecMATaTr rotosute pemenus Ha TO, T.e. MeXIy
(opMynHTe M pelIeHUATa UMa BPb3Ka, CIIE/Ba, Ue Mo
(bopMynHTE MOTAT A2 CE THPCAT PELICHUTA.

3aBUCHMOCTHTE, 4pe3 KOUTO CE NpecMsiTa €IUH
TO, MOke 1a ce cuMTar 3a BHJ OIMCAaHHE Ha 00EKTa
(pasnuuHM BUIOBe omucaHus ca gaacHu B [4]).
Onucanuero “®opmymn” moxe na ce aeduHmpa
KaTO CBBKYIHOCT OT ()OPMYJIM, OIMCBAIIM OCHOB-
HHUTE WK BCUYKU WkeHepHu epektu (ME) Ha pas-
rnexxaanus TO u ja ce npeAcTaBy O CIeIHUS Ha-

YUH:

o= < f (U3, Bx))>, i=1,2,...n, Q)
kbaeTo M3 u BX ca ChbOTBETHO M3XOIUTE U BXOJIOBETE
Ha TO, ne 6posT Ha ocHOBHUTE Wi Becnukute E Ha
TO, f e pyHKIOHATIHATA BPB3Ka MEXK/Y BEIMYMHUTE
B CKOOMTE, a <>- Hapea0aTa Ha BEIMIUHUTE.

Omnucanuero ,Popmynu” ce sABIBA U MaTeMaTU-
yeH Moxen Ha TO, T KaTo BKIIFOYBA BaXKHUTE 3a
mporecute, peanmsupann B TO, 3aBUCIMOCTH.

Enno or Hali- CHIIECTBEHUTE OMMUCAHUS Ha 00EKT
€ HeroBus (PU3UYECKH NPUHIKII Ha neiicTBue (DIT)T),
KOWMTO TIpelCcTaBIsiBa MojipeaeHa cbBKynHocT oT E

(4]
CDHI[: <Bx;,1E; 3>, i=1,2,...n, (2)

2. TEPMHUHOJIOI'UA

W3non3yBanata B CTaTUsATa TCPMHHOJIOTHS € B
CHhOTBETCTBHUE C Ta3u OT [5]. B HacTosioro uscien-
BaHE JOMBIHUTEIHO C€ H3MOJ3yBa W TEPMHUHOJIO-
rusita 3a Bx u UE, nanena no- noiy.

Bxoa:

He3aBHCHM- BXOJ, KOWTO HE y4JacTByBa B 0O0IIa
(dhopmya, 3aeaHO ¢ ApyruTe Bxoaose Ha UE, B koiTo
€ BKJIIOYEH; TO3M BXOJ CaMO IOANOMAara peaiusu-
panero Ha WE, manp. Bx: mex.emepeus ¢ HE
» 6kmousanel uskniousane” na en. enepeusi

3aBHCHM- BXOJl, KOWTO Yy4acTBYBa BbB (opMy-
nata Ha UE, B KOWTO € BKIIOYEH

BBHIIIEH- BXOJI, KOITO nmocthnBa B TO oT okoJI-
HaTa TeXHUYECKa cpesa

BbTpelleH- BXOJI, KOWTO ce chxpaHsiBa B TO

cBbp3Bam (Mpou3BoAeH) - Bxoa Ha naneH UE,
KOWTO BXOJI CE SIBSIBA €THOBPEMEHHO C TOBA U3XO0J] Ha
cweeneH ME; Bx, koiiTo ce mosydaBa upe3 CbOTBETHH
npeobpazyBanus B TO
HNuxenepen edexr:

3aucumM ME- umxeHepeH edekr, KOWTO He
MPUTEKaBa HE3ABUCUM BXOJI

ne3aBucuM UE- umxeHepeH eekT, KOUTO TpU-
TEKaBa HE3aBUCHUM BXO]I
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3. AJITOPUTHBM

1. TexHoJIOrHs HA HAJACHCTEMATAa

Hapcucrema mpejctaBisiBa cUCTEMara, B KOSTO
y4acTByBa M 00ciy:kBa mpoekrupanus TO, a Tex-
HOJIOTHSI HA HaJAcHcTeMarTa ¢ JeicTereTo (mpen-
Ha3HAYCHUETO) Ha HaJCHCTEMATa.

[.1. OnpenensHe Ha TEXHOJIOTHATA B HAJICHCTE-
Mara (cucTemara, B KOSTO yJ4acTBYBa IPOCKTHPAHHSI
TO) upe3 ThpceHEe Ha OTTOBOP Ha BHIIPOCca “3a KaKkBO
CIIyXKH... (ICHCTBMETO) HAa HaAKCHCTEMATa? WM
“Kaksa e tenra? 3amio TpsoBa na ...(gelicTBue) Ha
TO?".

Hsikoun npumepu 3a TEXHOJIOTHS Ha HAaJICHCTEMAaTa
ca: pedykmop (3a bGopmawuna): npobusane Ha me-
man, Hamaisieane Ha obopomume HA e1eKMpPOOsU-
eamen, KIanaw npeonasen 3a Kagheeapka. noiyya-
8ane Ha MeyHo Kaghe, HAMANABAHE HA HANA2AHEMO HA
Kaghesapka.

[.2. AHanu3 Ha BB3MOXKHOCTHUTE 32 HPOMSHA Ha
TexHoyorusATa. ToBa € TBOpUYecka 3amada, KOSTO
MOJXKE J]a Ce PEUIN Ype3 MOMXOMALINTE 3a TasH Iell
METOAM - JIOTHYCCKH Pa3CHKACHUS, EBPUCTUYHU
METOIH, CITyYacH HAYWH.

[.3. YrTouHsBaHe HAa HOBHUTE H3HCKBAHUSA KbM
npoektupanus TO (ako uMa Takuea).

II. Un:xeHepHa uaest

HuzxenepHa unesi (M) e HAYMHBT 32 MOCTUTAHE
(peanmzarys) Ha riaBHata QyHKIUS HA (QU3HYECKO,
XAMHUYECKO WA OMOJIOTHYHO HUBO (B 3aBHCHMOCT OT
XapakTepa Ha IOTOINTE, Ype3 KOWTO Ce OCHUTYpsBa
rinaBHaTta QpyHkius ['O).

U= (I'd, H) 3)
kpaero H e HaunmHbT Ha GU3NIECKO, XUMHUIECKO MIIH
OHMOJIOTMYHO HHMBO 3a OCHINECTBsIBaHETO Ha ['D Ha
TO.

MU npencrasnsiBa ocHoBHaTa unaes Ha TO, upes
Hesl ce OCBhILECTBsIBa peanusupanHero Ha ['® na TO.
Nwmenno u3bopa Ha MM e emHa oT Hail- BaKHUTE
CTBIIKM, KOSTO HACOYBA CJCIBAIIMTE JCWCTBUS Ha
npoekranTa. [Tpumepu 3a N Ha msaxom TO ca na-
JICHH TI0- JIOTTy.

TO: 3v6en pedykmop; I'®: Ilpeobpasysane na
mex.enepeusi, HU npu mpaouyuonno uznvinenue
Hna TO: Bvpmene upes xonmypha 0gouya,

TO: lepanus, I'®: Ilouucmeane na opexa, HH.
Ilpemunasane na meuen npenapam npes opexama 3a
HelHOmo noYUCmeane;

TO: Kagesapxa;, I'®:. Ilonyuaséane na meuno
rkage; HH:. Paszmeapsine Ha Kogheun om HACUNHO
Kage 6 copewa 600a,

TO: Kpux, I'®D: I[losouzane na medxwcecm (npu
manxa npunoscena cuna), HH: Ileuenene na cuna
upes xuopasnuuen “ nocm” ( 3axon na Iackan),

TO: Ileppopamop; I'®: Ilonyuasane na Kpvenu
omeopu; HH. Pasxkvceane Ha xapmuama upe3 HA-
MUCK Ha Oemailn ¢ popmama Ha omeopa.

II.1. Ompenensiie Ha I'® u m3xompr M30 Ha
npoektupanus TO.

11.2. Haunn Ha nosxydaBane Ha 130:

I1.2.1. CecraBs ce xiacu(puKanus Ha MMOTOLUTE
WIH CE W3IO0J3yBa TOTOBa Takapa. llpuema ce, ue
N30 ce nosyuyaBa 4pe3 M3MOJI3yBaHE HA MOTOK (MO-
TOILH) OT KJIaCU(UKAIIUATA.

I1.2.2. 3a Bceku NOTOK CE TMPEICHSABAa BH3MOXK-
HocTTa 3a nonyuyaBane Ha M30. 3a Ta3u wen ce us-
MOJI3yBa MHKEHEPEH OIMUT, EBPUCTUYHU METOJH WIIN
Jp. METO/IH.

®opmymnupa ce M.

I1.2.3. M30upa ce 1Mo NpueTH KPUTEPHH U METO-
JMKa eIHa uian Hsaxoako WM.

II1. ,OnaxoBka” na U30

ITox “onakoBka” Ha W30 B HacTosmaTa pabdora ce
pa3bupa BUABT, NOJ KOUTO Iie ObJE HU3XOISIIUSAT
motok 130 B MOMEHTa Ha HAIyCKaHETO MYy Ha IPO-
extupanust TO, nanp. nakemupan, 6 omsopen cvo u
M.H.

II1.1. YrounsiBane Ha “onakoBkara” Ha M130.

II1.2. Tlo urdopmamusaTa OT T.1 OmpeacasHe Ha
BxomsmuTe moroud (Bxomose) 3a PIIJI, kouro ce
MoJTyJaBar oT IJ1. T. Ha ,,0TIaKOBKaTa”.

ChceraBsiHe Ha CIIUCHK OT TTOTOLIH.

I11.3. 3a Bceku moTok OT criuchka ot T.111.2:

II1.3.1. YTouHsiBaHEe Aanu TOW IIE CE MOJydaBa
(mpou3BOMEH BXOM) WM 1€ € BHHIICH BXOJ, WU
BBTpPELICH (M HEIPOU3BOACH) BXOI.

II1.3.1.1. 3a Bceku NPOU3BOJECH BXOJA CE€ H3-
meassaBat [V u V ot anropursma.

I11.3.1.2.3a BCeKH BBHIIECH BXOJ WJIA BBTPEIICH
(HEnpoOU3BOJEH) BXOJ C€ YTOYHABAT HEOOXOIMMUTE
BB3/ICHCTBUS BHPXY HEro C OIJIe]l peaju3aiusra Ha
m3uckBanugara or T.III.1. Tesum BB3AeHcTBHA IIE
npejacTaBiasBar ocHoBHU ¢QyHKImH (OD) u 1me ce
peaynmsupar 4pe3 crorBetHH UE, Hanp. cvxpanenue,
003Upame, nposedicoane, CMeceane u m.H..

Ilpumep
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Hexa npoexmupanusm TO e ycmpoiicmeo 3a
npooavicoa na kage. Ilpu neeo U30 e meuno kaghe.

111.1. ,Onakosxa”: uawa, 6vpraika, meyHo Ka-
e, 3axap.

111.2. Bxoosiwyu nomoyu: uawia, 6vpraika, meyHo
xaghe, 3axap.

I111.3.1. Bvmpewnu (nenpouzeoonu) nomouyiu:
yquia, OBPKAIKA, 3axXap; NPou3B00eH 6x00. MeyHO
xage.

111.3.1.1. 3a nonyuasanemo na meuno xage ce
cnedsam ocnoenume mouxku IN u V- . ocnognus
npumep 3a Memooa.

111.3.1.2. Bcexu om nomoyume ,, Yawu”, ,, Bvp-
kamku" u ,3axap” usuckeam O@i: cwvxpaHeHue,
0D, dosupane u OP3: nposedcoate.

IV. T'n.t. ,ba3oBo ¢pyHkunoHupane” (3aBHCHMH
HUE)

IV.1. Onpenensue Ha Bxoaa Ha TO (Bx0).

Bapuant: He ce mpuema BxO, T.e. Toii ocraBa
TbPBOHAYAITHO HEW3BECTEH, & HA MO- KbCEH eTar (T.
V) ce yrouHsBa.

IV.2. VTouHsiBaHe Ha IPAHUIMTE HA U3MCHEHHE
Ha M30-min- max,kato e Bb3MOXHO MiN= mMax ko
CTOWHOCTHUTE HE 3a 33/1aJICHU B T. “V3HCKBaHUSA KbM
npoektupaunus TO"- Bx. 3a6. kpMm T.1V.4.1).

IV.3. OmpenensHe Ha BEIWYMHUTE, KOUTO JHU-
PEKTHO WK Ype3 Bh3IACHCTBUETO BBPXY KOUTO OU ce
nosxyuw 130:

IV.3.1. 3agaBa ce BBOPOCHT ,I10 KakbB HAYWMH
Mose na ce moayun M30?”. Heka oTroBOpsT € ,Be-
murHa By,

1V.3.2. Tlpu oTkpuBaHE Ha BenuumMHaA Bj ce 3a-
JaBa BBIPOCHT ,Kak ce ch3maBa BeamuuHata Bq?”.
Heka otroBopsT € BennunHa Bo.

IV.3.3. 3agaBa ce BempochT ,Kak ce cb3maBa
BenuuMHaTa B,?”.

IV.3.4. TIpouechT Ha 3a1aBaHe Ha BBIPOCH 3a
MOJyYCHHUTE B MPEAXOJHATA TOYKA BEJIMYHMHA TIPO-
IIBJI’KABa JOKATO € Bb3MOXKHO.

Heka Te3u BenuuuHM OBJAT HAPCUCHU yNpPaB-
JISIBAHH BEJIMYNHH.

ChCTaBsiHe Ha CHHMCHK OT YIPaBISIBAHU BEJIHYH-
HH.

IV.4. 3a Bcska ynpaBisBaHa BETUYWHA OT T.
1V.3.4:

IV.4.1. Tepcu ce B 6a3a gaHHU ¢ POPMYITH WIH OT
JUTEPATYPHH W3TOYHUIIM HA BCHYKH HAJUYHH 3a-
BHUCUMOCTH, B KOMTO YYaCTBYBa pa3rjciKIaHaTa YII-
paBIIsIBAHA BEJIMYHMHA.

ChCTaBsiHE Ha CITUCHK HA 3aBUCHMOCTHTE.

3a0. B Hayanoro Ha alrOpUThMa HE ¢ BKIFOYCHA
JNEHHOCT MO ONpeACisIHe Ha W3HCKBAHHUATA KbM
MpOEKTHpaHus O0EKT, Thil KaTO Ce MPHUEMa, Ye Ta3u
JICHHOCT € U3BBH KOHIICTITYaTHOTO IPOCKTHUPAHE.

1V.4.2.3a Bcsika 3aBUCUMOCT OT CIIHChKA:

1V.4.2.1.TIpexncrass ce BuB Buaa B= f (O)), kb-
neto Oj ca OCTaHANINTE €IEMEHTH Ha 3aBUCHMOCTTA.

1IV.4.2.2. Anamu3 Ha ¢dopmynara ot 1.I1V.4.2.1,
KOWTO BKJIIOUYBA:

a) OTpeNeNSIHETO Ha YIPABISIBAIINTE BEIUYHHY;
ynpaBasiBamu Y ca Te3d BEIMYUHH, OT HAIUYHETO
U mpoMsiHaTa Ha KOuTO (YCJIOBHE) CiejBa MOJTyda-
BaHETO ¥ MpoMsiHaTa (CIIeJCTBUE) Ha pasriexIaHaTa
ynpasisiBaHa BeauduHa (M3) mpu MOCTOSHCTBO Ha
OCTaHAIIUTE BEJIMYMHU OT (opMyJara, T.. HAIHIIE €
MPUYMHHO- CJICJCTBCHA BPB3Ka MEXKIy yIpaBIIsBaIla
U yIIpaBJsiBaHA BEIWIHHA.

0) ocraHamuTe BeNWYMHHM (aKO MMa TaKHMBa) ca
kouctanture (Const) B 3aBucumocrra; Const ca
BCHYKH CIIEMEHTH Ha 3aBHCHMOCTTa, KOHTO HE ce
SIBSIBAT YTIPABIISBAIIN BETHIHHH.

Jlumcata Ha ympaBisBaIlM BEIWYMHUA BBB (op-
MyJiaTa € ¢IMH KPUTCPUl 32 HEHHOTO OTCTpPaHIBAHE
OT pasriekKaaHe.

B) MPOBEPKA Ha BH3MOXKHOCTTA Ja ce noyuu 130
B xkenanute rpanund (1.1V.2).

Jlumcara Ha Ta3u BE3MOKHOCT € BTOPH KPUTEPHUI
3a HEHOTO OTCTpaHSIBAaHE OT PasTIIeKIaHE.

ChCTaBsiHE Ha CIUCHK OT YIPABISBAIINA BEJH-
YHHU.

VYnpasnsiBanata BenuuuHa ¢ 130 Ha mociaemHust
UE na @I/, a ynpaBnsBamuTe- BXOJOBE 32 TO3HU
HE. Ilo 3aBucumoctTa ce ompenens UE. Ilo to3u
Ha4uH ce nojyyana Bx, Ha nocnegnus UE. Toii kaTo
Bx,=U3,.; u3xoapT Ha npennocieanus VUE e uzsec-
TEH.

Taka ce moyyyaBaT €IUH WU TOBEYC BAPUAHTHU
ot nocnenuust UE. U36upa ce:

a) eJIUH OT TSX WU

0) HAKOJIKO OT TSAX WJIH

B) BCUYKH

B HacrosAmms anropuTBM ce pasriiekIa caMmo
cilydaii a).

3a6. Axo nonmyuenute UE ca He3amoBonmuTeTHH
ce MPEMHUHABA KbM:

a) onpenens ce U3Xoaswus noTok Ha TO;

0) yTOUHSBAT C€ BEJIMYMHUTE, KOMTO XapakKTe-
pHU3UpaT TOTOKA; TOBA Ca CAUHUIUTE 32 M3MCPBAHE
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Ha CHOTBETHHUS MOTOK, JaJCHU B MexayHapoaHaTa
u3MeputenHa Sl; Te3u BeTMYMHY Ce pUeMar 3a yii-
PaBJISIBAHU BEIUYUHHY;

B) noBTapsr ce T.IV.4.

ITo- HataThbK ce mpeMuHaBa KbM mpeaxojeH UE
(T.IV.5).

IV.5. 3a Bcexn Bxomsmr nmotok Ha UE ce 3amaBa
BBIPOCHT ,,Bx me Obae mpou3BoeH, BHHIICH WIN
BbTpenieH (HenpousBoneH)?”. Kpurepuit € Bb3-
MOJKHOCTTA 32 peajn3upaHe Ha BBTPEIICH BXO/ 1 aKO
TS € HaJuIe- [enechobpazHoctTa oT Hero. Yecto
BXOJBT € BHHIIICH.

[Ipu HanMuYue Ha IPOU3BOJCH BXOJ CE MPEMHUHABA
kbM T.IV.6, a npu Hanuuue Ha BHTpElIeH (HEMpOu3-
BOJICH) BXOJ] C€ YTOYHSIBA KaK TOH IIIe CE pealu3upa.
BBHIIHUAT BXOJ HE W3UCKBA JOMBIHUTEIHU JCUCT-
BUSL.

IV.6. 3a Besika yrpasisiBama BeJanurHa (BXO Ha
UE):

1V.6.1=1V.3, "o 3a U3,,1.

1V.6.2.9V.4, 5o 3a 1U3,1.

IV.6.3. CeriacyBane Ha U3, 11 Bx,:

Hetinocrra ot T. IV.4.2.28 B ciyyast mpezcras-
JsiBa ChIIIACYBaHE, T.C. IPOBEPSBA CC JAIH U3XOBT
W3, Ha pasrnexxganua ME Moxe na ce peanusupa B
rpanunmre Ha BX,, wanp. axo Bx, e onpedeneno
npemecmeane, mo oanu Mszn.q Ha paszenesxcoanus UE
Modice Oa peanusupa moea npemecmsare. Ilposep-
KaTa ce U3BBPILBA Ype3 JuTeparyper ananu3 Ha UE,
BKJI. M 4Upe3 M3BBPIIBAHE HA MPECMATAHUSA MO CHOT-
BETHU (OPMYIIH.

AKO CBITIaCyBaHETO € TMOJIOKHUTENHO, To ME, 4,
OTrOBapsII] Ha pa3riiexaaHara (opMyia € Bb3MOXKEH
3a M3MOJI3yBaHE. AKO CBIVIACYBAaHETO € OTpHUIATeN-
HO- pasriiexaanara 3asucumoct- ME ornana.

3a6. Bx. 3a0enexkara kpM T.IV.4, HO MO OTHO-
HICHUE Ha pasriiexnanus 1s3.

IV.7. To3u npoiiec Ha pa3KpUBaHE 0T3a]l- HANIPE
(BchuraoCcT oTmscHO HaisiBo) Ha WME mpomsikasa
Jokaro ce gocturae g0 3amganmenus B T.JV.1 BxO
(pur.1- npuero € yCIoBHO, Ye OPOST HA BXOJOBETE 3a
Bceku UE e pasen Ha 2). [IpemunaBa ce KbM T.V.

Axo Bx0 He e u3BecTeH, TO ce IPEeMUHABa KbM T.
IV.8.

IV.8. IlpeueHsiBa ce HEOOXOAMMOCTTA OT IIPO-
abmxaBaHe Ha OIIJ] namsaBo. Kato xpurepuit moxe
Jla CIIy’)KU BB3MOXKHOCTTA 32 JIOCTAaBSIHE OT OKOJIHATA
TEXHUYECKa Cpe/ia Ha TE3U MOTOIH.

V. I'ar. ,Cnomararenno ¢pyakuuonupane” (He-
3aBucumu UE)

V.1.3a Bceku Bx Ha momy4enus no- rope ®I1/] ce
YTOYHSIBA BUJIa HA TIOTOKA- MPEKBbCHAT WM HEIpe-
KbCHAT. [Ipu IbPBUSA MOTOK € HEOOXOIMMO OCHIY-
psiBaHE Ha MPEKHCBAHETO U MPOIMYCKAHETO MY B Ch-
OTBETEH eTan oT ¢pyHKIMoHupaHeto Ha TO.

AKXO MOTOKBT € MPEKbCHAT (IMCKPETEH) Cce Ipe-
MHHaBa KbM T. V.2, a aK0 € HEeIpeKbCHAT- KbM T. VI.

V.2. Tlo npoawbDKCHHWE Ha JMHUATA, H300pass-
Ballla IOTOKa, ce mobOaBs HeszaBucuMm ME ot Buma
»Brmousane/ m3kmouBane” (, Crmpane/ myckane”,
»OTBapsiHe/3aTBapsiHe” ¥ Jp. MOIXOJISINO HAUMEHO-
BaHUE).

V.3. YrounsiBa ce popmynara na ro3u UE, kato B
HEsl HE y4acTBYBA 4Ype3 CBOM BEIMYMHU MOTOKBT OT
1.V.2.

3a0. M3scHsABaHETO Ha BHJa HAa TIOTOKa HA pa3-
rnmexgan MME w mocaensammre neiicrBust ot 1.V
MOXke Ja ce w3Bppmm W B T.IV BemHara cien
noyty4aBaHeTo Ha choTBeTHUS UE.

TpsibBa ma ce orOenexu, 4e GHOpMyIHUTE HE
BKIouBaT He3zaBucumu WE, mopamu koeto upes 3a-
BUCUMOCTHTE € HCBH3MOXKHO J1a 0BT OTKPUTH TO3U
Bua UE. Tlo Ta3u npuurHa JOTUYECKU CE MPELEHsIBa
KbJIe ©Ma HEOOXOAMMOCT Aa ce H00aBH HE3aBHCHM
HE.

VI. Ynpasaenue

3a oTOensi3BaHE €, Y€ TYK C€ pasriiexaa camo
BKJIFOYBAHETO M M3KIOYBaHeTo Ha TO, TBH Karto
CaMOTO yIpaBJeHWE KaTo TMPOIec, MPH KOWTO TpH
HEO0OXOJUMOCT CE€ MPOEKTHpa CHUCTEMa 3a aBTOMa-
THYHO yIpaBlieHUE € U3BHH 00XBaTa Ha HACTOSAIIOTO
H3CIeABaHE.

VI.1. VYrounsBaHe Ha HeOOXOZUMOCTTA OT
BKIIIOYBAHE WM WM3KIIOYBaHE Ha OOcKkTa- pabOTHO U
aBapuitHo.

[Ipu mojoxuTENEH OTrOBOP CE MPEMUHABA KbM
1.V1.2, a npu otpunarenes- ¢bm 1.VIIL.

VI.2. YTo4HsBaHE HAa HAYWHA HA peaM3upaHe Ha
(dyHKIIMATA- 9pe3 MOKYIMHU H3JCIUS UIH Ype3 Mpo-
eKTHpaHe.

IIpu pemenue ,mokymHU u3aenus — BB OI1J] Ha
npoektupanus TO ce oTpassiBa QyHKOMSTA, a TPH
peleHue , IpoeKTupane” ce npeMruHasa koM T. VI.3.

VI.3. Kato ce pasmiexna KaTo CaMOCTOSITEIHO
U3JICNTUC HOBOTO M3JICNIAE CE MPOSKTHpA IO HACTOS-
HIMs aJropuThM, Kato ce 3anovune ot 1.I. Cren mo-
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nmyyaBane Ha HeroBust OIIJI, chuAT ce npucbenu-
HsBa kbM OIIJ] Ha OCHOBHOTO U3JENHE.
VIIL. I'a.t. ,Besonacnocr”

VII.1. Crnen aHanu3 Ha MOJIyYEHHUS 10 TO3H MO-
meHT OIIJ] ce mpemMHHaBa KbM OTpa3siBaHE Ha pe-
3yNTaTUTE OT aHAJM3a B HEro. 3a aHaiu3 OT IJI.T. Ha
Oe3omacHocT BK. [9].

VIIIL. dp.ra.T.

VIIL.1. M360p Ha nIpyrw IJIeTHWA TOYKH, HArp.
eKcIuToaTaus, 00CIIy)KBaHe, PEMOHT, YTHIH3ALIUSI H
ap.

VIII.2.3a Bcsika n3bpana Ii1.T:

VIII.2.1. Auamu3 Ha CbOTBETHAaTa JIEHWHOCT,
MpoOJIEeMHTE, KOUTO C€ MOSBSIBAT U HAYMHA HA TAX-
HOTO pelllaBaHe.

VIII.2.2.Otpa3zsiBaHe Ha pe3yJITaTUTE OT aHAIN3a
B IIOJIy4eHUs 10 To3u MoMeHT DII/I.

3a6. Exna u cpma ¢opmyna (ME) moxke na ce
noBTapsi BB PII/], HO pu HanM4YKMe HA WHKEHEPHA
000CHOBKA 3a TOBA.

IX. Ilpecmsaranus

AJNTOPUTBMBT 332 HEOOXOIMMHTE MPECMSITAHHUS,
KOUTO TPsIOBa J1a C€ U3BBPIIAT OT TECOPSTUYHA [IL.T. Ca
nanenu B [6].

X. OnpocTeH cOOpeH YepTex

X.1. Marepuanuszauus Ha Gpopmynia:

X.1.1. YTouHsiBaHEe Ha YCIIOBHSTA, IPU KOUTO €
n3BeseHa ¢popmynara. Te3u yciaoBust TpsiOBa na Ob-
AT peamu3upaHd B MaTepHaIM3aluiaTa Ha (GopMmy-
jara.

X.1.2.TIpobseMu 3a periaBaHe:

A. TIpoGiemu ot opmMyara:

Al. OnpenensiHe 3a Beska BeawdrHA OT HopMmy-
Jata ¢ KaKkBa ChCTaBHA YacT (M €BEHTYalHO Xapak-
TEPUCTUKATa HAa CBCTABHA 4YaCT, HANp. pasmepu,
Gopma, mamepuan u Op.) € CBbp3aHa.

A2. Bcesika BelMYMHA W3HMCKBA DEIICHUETO Ha
cboTBeTeH mpobiem (mpoGiiemu). 3a Tasu Len ce
ChCTaBs MPOOJIEM 3a pelIaBaHe, CBbP3aH C OCHIY-
PSABAHETO HA BCSKA BEJIMYHMHA YPE3 ChCTABHATA YaCT
win xapakrepucrukara i (1.A1). Iogxonsmy BbII-
pocH 3a 3a/1aBaHe ca: KaKbB, 10 KaKbB HAYMH, KOJIKO,
KaK 1 JIp.

A3. Tlo uadopmarusita ot 7. AL u A2 yrouHs-
BaHE Ha HANMEHOBAHMATA HA CHCTABHUTE YaCTH Ha
MaTepuanu3aiuiaTa Ha GopMyiara U riaBHaTa QyH-
KIIMS Ha BCSAKA ChCTaBHA YacT.

b. IIpo6nemu ot OIII:

b1. Hauun Ha CBBbp3BaHE Ha MATEPUATU3AIUUTE
Ha Bcuuku popmynu (UE).

Tyk cTaBa gyma camo 3a €JH Bb3MOXCH HAUYUH
Ha CBBP3BaHE, THU KATO MO NPHUHIUI THPCCHE HA
BapHaHTH HAa B3aMMHO pAa3IOJIOKECHUE € O0CKT Ha
reoOMeTpUYHOTO mpoekTupaHe Ha TO, koeTo He e
00EKT Ha HACTOSIIOTO Pa3rIeKIAHE.

B. IIpo6nemu n3pba I/

B1. OnpenensiHe Ha OKOJTHATa TEXHUYECKA cpea
(OTC), ¢ xosito TO B3aMMOEHCTBYBA.

B2. Odopms ce npodnem ot Buma “Hauwmu Ha
CBBp3BaHE HA BCEKH BBHIIEH BX U BbHIIEH (M3BEX-
nan) U3 ¢ OTC".

X.2. TepceHe Ha pelicHHE Ha MPOOIEMHTE U
ChCTaBsiHE Ha ONPOCTEH cOOpEH YepTeX Ha MpOeK-
TUPAHOTO H3JICIIHC.

Twpcenero Ha MaTepuanu3alys Ha GopMmysa 1Mo
NPUHIIKI € TBOPYECKa 3a/a4a U KaTo TaKaBa MOXe Jia
Ce pelIn KaKTO Ype3 JOTUUECKHU Pa3ChKACHHUs, TaKa 1
ype3 MOAXOAAIIN €BPUCTUYHN MeTou. JleitHoCThTE
ot no- rope (1.IX) ca npenHasHaueHH 3a HACOYBAHE
Ha ThpceHeTo Ha pemerue. CoriiacHo TBbpaeHue 8,
JAJICHO TO- N0y, OpOsAT HAa MaTepUANTH3ALUUTE Ha
enHa GopMyIia € roJasIMO YHUCIIO.

TpsibBa ma ce orOenexu, 4e B Ipoleca Ha KOH-
LENTYaIHOTO TPOCKTHPAHE Pa3TICKIAHHUAT ajro-
PUTBM ce€ SBSBAa HMTCPALMOHECH, T.C. BB3MOXKHO €
MHOTOKpPAaTHO 1a ce 106aBs (mpomenst) 6azopust PI1J]
(mosyuen B kpast Ha T.IX OT anropurbMa) B 3aBUCH-
MOCT OT moJiy4eHa HoBa nHpopmanus. Taka Hanpu-
Mep cliell TojiydaBaHe Ha 0a30BUsI BApHAHT CE MPO-
Besxaar npecmstanus ot 1 u Il Huso [6], kouro Moxe
Jla M3MCKBAT ChOTBETHHU mHpoMeHu. ChIIOTO ce OT-
Hacs pH rocieasany yrounenu npecmsranus (111 u
IV HuBO), mpu ocurypsBaHe Ha HEOOXOJUMHUTE
CTOWHOCTHM HA BEIMYMHM Ha mortormre u ap. Urepa-
MUOHHUAT XapaKTep HE € OTPa3cH B aJropuUThMa C
LIeJT HErOBOTO ONPOCTSIBAHE.

IHpumep: Jla ce npoexmupa TO ,, [Ipexwvcsay’.

1.1. 3a xakeo ciysicu 6KIOU6AHEMO U USKTIOUEA-
Hemo Ha ejl. 8epucu upe3 npeKsceaia?
3a éxmousane u UKIIOYGAHE HA ell. YPeou.

1.2. EOun 6b3M02iCer Hauun 3a 6KIIOYGAHE U U3-
KIIO4U6Ane Ha el. gepuca e Kamo ypeovim cam ce
BKIIOUBA U USKTIOUEA, HAND. NO AHALO2UsL C MOCED,
KOUMO ce 8KNI0Y8a Upe3 0amuux 3a mezio u pene npu
nocmaegane Ha QUIUIKU 6 He20 U ce UBKTIOU6A Upe3
damuyuk 3a gpeme u peiemo.
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JIOCT

VR PR | Fe=F1112

1

EJL EHEPTTHA

W1

IpEMECT BEIFOYEAHE BJI.EHEPIHA
BEEE M3 YR AHE %‘
EF2 W=l W2

¢ur.8 IIpexscrau ¢ npemecrane upe3 UE , Jloct”

EILEHEPTH A
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MEX. EHETHA TpETH CAEOH Ha  |PPoe CTEAHE EETTHUEaHe | EIIEHENTEHA

——— = Hwmx HREIFIUEAHE =

T F=_F E. Wi=nW1 W2

¢ur.9 IpexneBau ¢ npemectane upe3 UE , Tperu 3akon Ha Hroton”

Peanuzupanemo na masu udess o3nauaea, e 3a
6ceKuU 8U0 yped mpabea 0a ce NPoeKmupa agmoma-
MU3UPAHO KOMYMUpaue Ha eil. gepucu, KOemo uje ce
0CHUECmea8a om chneyuuuHyu 3a ypeoa ceolcmed.
Ilo masu npuuuna ce npuema, 4e MeXHOAOUAMA
HAMA 0d ce NPoMeHst.

1.1, I'®: npexvesauvm e ycmpoucmeo 3d
BKNIIOYBAHE U USKIIOUEAHE HA KOHMAKMHU NAACMUHU,
npe3 koumo npomuua en. mok. M30: npemecmesane.

11.2.1.11]e ce nonzysa knracugpuxayusma om [5].

11.2.2. Haxou udeu ca:

HUL: pvuno npemecmeane ma uacm om npe-
KbCHAM NPOBOOHUK UL MEXAHUYHO A6MOMAMUYHO
He2060  npemMecmeane,  HaAnp.  upe3s  peie
(enexmpomacnumen nauuw) ¢ yen cveOuHsBaHe UL
pazeouHssane HA NPEKbCHAMUMe 4acmu; u 0eama
Hauuna umam eona u cowa MU, xosmo ce pearuzupa
no pasnuuer Hayuw, a umenno MU e , npemecmeane
Ha yacm om npogoOHux”.”

HU?2: paskvceane na eOun om npogooHuyuUme u
NOCIe08aul0 CoeOUHABANE HA PA3KbCAHAMA YACH,

11.2.3.U360p na HH1.

111.1. Jluncea “ onaxoska”, mvii Kamo OUpeKmHo
ce KomMymupa 6xo0siu u u3xoosiuy NOmox om ei.
eHepeusl.

INV.1. He ce npuema Bx0, mwvii kamo no mosu
HAuUuM ce pauupasa 6posim Ha Gb3MOANCHOCTHUME.

INV.2. Hexa excnepumeHmanio 0a e yCmaHnoseto,
ye M30=3 mm.

IV.3.1. JJlo xaxkve Hauun modice da ce Noayuu
npemecmeane?”. Upez npomsma na Ovidcuna |.
Benuuuna By: (npomsina na) ovnocuna |.

INV.3.2., Kax ce cv3oasa senununama “( npomsna
na) ovaoicuna’? Ypes cuna F, m.e.By: cuna F.

1IV.3.3. Kak ce cv3oasa senuuunama * cuna’?”.
B3 nanazame p.

IV.3.4. Kak ce cv3dasa eenuyunama “ mansea-
ne"?". By cuna F .

Ynpaenssanu eenuuunu: Ovaxcuna |, cuna F u
Hanseame p.

IV.4.1. Cveékynnocmma om @opmyau, Kosamo ce
anamzupa e masu, dadena ¢ [12], zaeono c exnio-
yenomo 6 kuueama Ilpunooicenue 1. C oened nama-
JIABAHE HA 3aeMaHus 0bem ce paszenedxncoa camo 4acm
OM CHEKYNHOCIMA, KAMO AHAIU3Upanume Qopmyiu
3a dadeHu no- oony (6vc. gue.2-9). B uaxou om mesu
3a6UCUMOCU CA NPOMEHEHU OYKGeHUmMe O3HAYEHUS C
yen uzbs26ane HA eOHU U CbUWU O3HAYEHUs HA pa3-
JIUYHU 8ETUYUHLL.

B cvexynnocmma om ¢popmynu ce mopcsim mesu
Gopmynu, koumo cvovpoicam- | ulunu F ulunu p.

IV .4.2 3asucumocm

(monnunno paswupenue)
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Al=la AT | kvoemo Al e yovacenue, |- Ovnorcu-
Hama Ha MAIOMO, O~ KoeuyueHm HA JUHENHO
paswuperue u AT- memnepamyprama pasiuxa.

INV.4.2.1.3asucumocmma e npedcmasena 6 mosu
6U0 no- cope.

IN.4.2.2.q) npu npuem mamepuan u ObaA*CUHA
camo nanuyuemo na AT 6od0u do nossama Ha ee-
auyunama Al; nopadu mosa ynpaenasawa eeauuuna
YV e: AT; 6éx00 na UE “ Haepssane” we 06voe AT,
KOemo e 6eluyuHa Ha MONIUHeH HOMOK;

0) Const: |, a;
8) AI= 5 mm e nocmusicuma cmotinocm upe3 Ha-
epasane.

Bx=H3 1. monaunen nomok c¢ eauvuna AT.

IV.5. Bxy,. évruen 6xoo.

IN.6.1. ,Ilo xakve Hauun modice O0a ce Noayyu
monaunen nomok?”’. Upes npomsna Ha memnepa-
mypama T.

» Kax ce cwv30asa eenuuunama “(npomsana na)
memnepamypa’? Upes konuvecmeo monauna Q.

Ynpasnasanu eenuuunu: T, Q.

IN.6.2. a) Basucumocm “3axon mna Jcayn-
Jeny" Q=1 *Rt, kvdemo Q e koruuecmeomo monnu-
Ha, |- cunama na npomuyawusi mox npes npPo8oOHUK
cve cvnpomuseinerue R,a t e gpememo.

V. I; Const: R, t.B cayuas e npuemo, ue conpo-
MUGIEHUEMO e NOCMOSHHO, KOemO He € 3a0bidiCU-
menHo. Axko ce npueme, ue CHLHPOMUBTICHUEMO €
npomennuso, mo R ce npespvwa 6 ynpasnssawa
GeNUYUHA.

Bxn.1=H3n5: enexmpuyecku nomok ¢ eauduna l.

Bxp.1. evHUen 6x00.

111.7-8.Ilpuema ce, ue Bx,1=Bx0.

Hsxou Opyau 3asucumocmu ¢ ynpaensieanu 6e-
suuunu T unu Q ca dadenu no- dony.

INV.6.2". 6) 3asucumocm ,3axon na Ilapn”
TJTo=pa/p,, p/T=const, V=constxvdemo p e na-
nsieanemo, a T- abcomomuama memnepamypama Ha
dadena maca uoeanewn 2az, a 1u 2 ca 0ge cocmosnus
Ha 2asza.

IV.6.2". 6) 3asucumocm “Buxposu moxoge”
Q~(dd78/dt)2, kwoemo Q e konuuecmeomo moniuna, a
do /dt e ckopocmma, ¢ kosmo ce uzmens masHumHus
nomox @.

Hexa 3a no- namamvwmno pasenesicoane ce
npueme 8apuaHmvm a).

V.1. B copuume pasenesxcoanusi ca Hauuye 06a
6x00a. en. enepeusi u monaunna emepeusi. U osama
NOMOKA €A NPEKbCHAMU.

V.2. Cnupanemo na en. nomoka we cnpe u mon-
JIUHHUSL NOMOK, NOPAOU KOEMmo camo myK e Heobxo-
oumo oobassne na uesasucum ME * Bxuousa-
nelusxnousane”.

Om Opyea cmpana upe3 npexvCeaua ce KoMy-
mupam en. gepucu, m.e. 8 He20 Y4acmey8d Kamo
6X005U) U U3XOOSIU NOMOK ell. eHepausl, KOSImo npe-
Kbceauvm 6KI048a U uskmousa. Emo zawo 6ve I/
Ha npoexmupanomo uzdenue, creo ME “ Haepsea-
ne’, mpsbsa oa ce BKIIOYU
HE" Bxnousaneluskmougane”.

V.3. Bxooswusm u usxoosawusm ROMOK e ell.
eHepeust, Komo ce npoMeHs om 3azybume npu npe-
HacAuemo U npe3 nPOBOOHUYUMe U npe3 NPeKbCeaud.
Kamo ¢opmyna 3a HE" Bxmousane luzkmousane”
Mmooce da ce usnoazysa sasucumocmma Wo=1Wj,
kvoemo Wy u W ca ycnosno mapeuenu cvomeemuo
6x00aWama u u3Xooauama MOWHOCM, d 1] e Koe-
uyuenmvm Ha nonesHo oeticmaue.

Honyuenusm @IIJ] e npeocmasen na gue.2. Ha
@ue.10 e 0aden eoun sv3modicen onpocmen cooper
uepmedc, noayuer no I om ¢ue.2. EOun memoo
3a noxyyaeane Ha coopen uepmedic no 3adaden DI
e npeocmasen ¢ [4].

VI. Camusm npoexmupan obexm uma npeoua-
3HAYEHUEMO 3d GKIIOUEAHE U USKIIOUBAHE HA eil. NO-
moxk. Hecosomo exniousane wje ce u36vbpuiea puuHo,
a U3KNIOYBAHEMO MY ABMOMAMUYHO.

3a6. Tm NVII-IX om arcopumvma ce nponyckam
nopaodu ozpanuyenus 0bem Ha Cmamusma.

X.1. @opmyna A=l o AT

X.1.1. Koegpuyuenmovm o, ce cmama 3a nocmosi-
Hen (Hesasucewy om memnepamypama) 3a 0aden
memnepamypen unmepean. B mosu uwmepsan ce
cuuma, ye ObIHCUHAMA Ce USMEHS NO TUHEeH 3AKOH.

X.1.2.4.1. Al ¢ pazmep Ha yowvnocumen; | ¢ pas-
Mep Ha YOvadcumen, 0- ¢ MAmMepuala Ha YOwliici-
men, AT- X005 moniuHen NOMOK, KOUMO ce npe-
dasa Ha yovxicumers.

A2. [Ipobremu:

- kakea oa 6voe cmounocmma Ha Al?;

- kakea 0a 6voe cmounocmma Ha |?;

- KaKk»8 0a e Mamepuaid Ha YObaiCumens?

- 10 KaKb8 HaAyuM 0a ce npedade MONTUHHUL
HOMOK Ha YOvadcumens?

A3'. Yowvnocumen; I'®: yovicenue.

X.1'. ®opmyra Q=I°Rt

X.1.2". Jlunceam.
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X.1.2". 4.1'. Q ¢ monaunama, xoamo ce omoes
om npoooHUK, no Koumo npomuua er. mok; | e
C8BP3AH CbC CHNPOMUBTEHUEMO Ha NpoooHuKa Ru
NPUNOJCEHOMO HanpediceHue bpxy npogoonuka U; R
¢ mamepuand, ObIHCUHAMA U CeYeHUuemo Ha npo-
600HUKA, 1 HE e C8bP3AHO NPSIKO ¢ KOHKPEMHA CbC-
masHa wacm.

A2'. I[Ipobremu.

- kaxea oa 6woe cmotinocmma na Q?;

- kaxkea 0a 6wvoe cmounocmma Ha Ru U?;

- Kakve 0a e mamepuaid, ObIdXCuHAma u ceve-
HUemo Ha NPOBOOHUKA?

- 0 KaK»8 HAUUH 0a ce npedaoe HanpedCeHuemo
Ha nPo6oOHUKA"?

A3'. En. nposoonux;, I'®: 3azpssane.

X.1". @opmyna Wo=n Wy

X.1.1". Jlunceam.

X.1.27. 4.1”. W1 ¢ exo0suyume nocmosiiern mok |
u Hanpeosicenue U npu aunca na xomymayus, 1 ¢
HayuHa Ha peanuzupane na komymayusma, a Wy ¢
moxka | u nanpesicenuemo U @ nposoonuyume u xo-
Mymamopa npu Haauyue Ha KOMymayusl.

A2". IIpobaemu:

- kaxea 0a 6woe cmounocmma Ha \Wo?;

- 110 KaKb8 HA4YUH 0d ce pearu3upa KOMymayus-
ma?

- kaxea 0a 6woe cmounocmma Ha \W,?;

A3". En. nposoonux;, I'®: nposexcoane Ha ei.
MOK.

Eoun 6v3mooicen sapuanm na npoexmupanus TO,
npeocmagen upe3 onpocmen coOopen uepmegnc e no-
kazan Ha @ue.10. Ocnosnume cvcmasenume wacmu
na TO 3a nocouenu noo uzoobpad;icenuemo.

Kpaiinume pesyimamu om npunosicenuemo Ha
aneopumvma ¢ Opyau 3a8UCUMOCIU Ca NPeOCmageHu
Ha ¢ue.3-17, kamo cvomeemcmeuemo memncoy us3-
xoonama 3aeucumocm (3ae), @II] u onpocmen
cbopen uepmesic (OCH) e kakmo creosa:

a) 3ae:. F=cf, xvoemo F e namosapsanemo, f-
Odeghopmayusama, a c- KoeQUYUEHMbM HA eNACHUY-
nocm; @I ¢pue.3; OCY: ¢pue.11,;

6) 3ae. Fmp=uN, xvoemo Fmp e cunrama na
mpuene, [l e Koeuyuenmvm Ha mpuene npu nibs-
eane, a N- nopmannama cuna; @I ¢ue.d; OCY.
Que.12;

8) 3as: F=pS, xvoemo  F e cunama, p- nansea-
nemo, a S-nrowma; PI. pue.5;, OCY: ¢ue.13;

2) 3as: F=pS, kvoemo  F e cunama, p- narsiea-
nemo, a S-nrowma; PI. pue.6; OCY: ¢ue.14;

3a6. Cnyuau 6) u 2) ca eapuanmuu Mamepuaiu-
3ayul Ha eOHa U CoUd 3A6UCUMOCH.

0) 3as: F=am, kvdemo F e cunama, oeiicmey-
6aUA OMEBH HA CUCMEMAMA, a-3eMHOMO YCKOpeHue,
a m-macama na cucmemama, PI. ¢ue.7; OCY.
Gue.15;

e) 3ae6. F1. =F2.12, kvoemo Flu F2 ca curume,
NPULOJCEHU CLOMEENHO KbM €OHOMO U OpPy20mo
pamo na nocma, a |1 u 12- ovaocunume na oseme
pamena na rocma; @I ¢pue.8; OCY. ¢ue.16;

o) 3ae: R=-F, kvdemo R e peaxyusma , a F-
sv30eticmeysawa cuna; PI. pue.9; OCYH: ¢ue.17.

304 5

1T 2

rerereerezer e

¢ur.10IIpexscBau c npemecrBane upe3 UE , TormmnHO
pasmmpenue”
CbcraBHE YacTu: 1- KOHTaKTHA IUIACTHHA, 2- KOPILYC,
3- kamax, 4- HarpeBatela (IPOBOJHHK- OMPOCTEHO IPEa-
CTaBsiHe; M30JIAIMATA HEe € n300pa3eHa), 5- enekTponpoBo-
JIMa TeYHOCT (YIbJIKUTEI)

Mo

]

¢ur.11IIpexscBau c npemecrBane upe3 UE , 3akon Ha
XyK"
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CohcraBHH yacTH: 1- KOHTaKTHA [IACTHHA, 2- TJACKad, ChcraBHu yacTd: 1- ropHa KOHTAaKTHa IUIACTHHA, 2-
3- omopa, 4- xopmyc, 5- npyxuna, 6- Tppba BXoxHa, 7-  J0JHA KOHTAaKTHA IUIACTHHA, 3- pe3epBoap, 4- mommna

TpBHOa H3X0HA
5 ///
1

N el T
== He o L: | ﬂ"‘,"

¢ur.14IIpexscBau c npemecrBane upe3 UE ,Hamsrane
—= (3axon Ha [ackan)”
A CncraBHU 4YacTH: 1- MOJBIDKHA KOHTAKTHA IUIACTHHA,
2- HeNOABM)XHA KOHTAKTHA IUIaCTHHA, 3- onopa, 4- Kamnaxk,
¢ur.12IpexncBay ¢ npemectsane upe3 UE , Tpuene mpu  5- npyxkuHa, 6-6yrasno, 7- IUIHHIBD
rp3rane”
CbcTaBHM 4acTH: 1- nsBa KOHTAKTHA IUIACTHHA, 2-

CpellHa KOHTAKTHA IUIACTHHA, 3- JFICHA KOHTaKTHA IUIa- 1 2 3 4

cTuHa, 4- p3rad, 5- ocHoBa, 6- npeamnasuren
/ | /
gr
-

: o
S

o B

¢ur.15IpexbeBau ¢ npemectBane upe3 UE , Bropu 3akon
Ha Hroton”
CpcraBHu yacT: 1- ropHa KOHTAaKTHa IUIACTHHA, 2-
JI0JIHA KOHTAKTHA IIACTHHA, 3- TeXecT, 4-omnopa

P
|

¢ur.13IIpexscBau ¢ npemectBane upe3 UE ,Hansraune
(3axon Ha ITackan)”
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1 2 3 4 5 6
T é
Al /;/
T e —
N4
¢ur.16 IIpexscsau ¢ npemectsane upe3 UE , Jloct”
CncraBHU 4acTH: 1- ropHa KOHTAaKTHA IJIACTHHA,

2- 10JIHA KOHTAKTHA IJIACTHHA, 3-0CHOBA, 4-J10cT, 5-0c¢, 6-
TEXECT

¢ur.17 IIpexscBau ¢ npemecrBane upe3 UE , Tpern 3akon
Ha Hioton”
CwcraBHM yacTd: 1- OCHOBa, 2- Kamak, 3- IpyXuHa, 4-
BTYJIKa, 5- OyTOH, 6- ropHa KOHTAKTHA [UIACTHHA, /- JOJIHA
KOHTAKTHA MJIacTHHA

4. TBbPAEHUSA

TBBpACHUATa B HacTosAmaTa paboTa MpPEACTaB-
nsBaT 0000OUICHWE HA 3aKOHU, 3aKOHOMEPHOCTH,
NpUHIMNA U paBwia. [lo- goy ca u3BeneHN HIKOU
TBBPIACHHS, OTHACSIIN CE [0 HACTOSAIIMS METOJ,

KaKTO U JI0 KOHIICNITYAITHOTO MPOSKTHPAHE KaTO IIsi-
JI0.

Teepaenne 1: Meroaure 3a KOHIENTYAaJTHO
NpoeKTHpaHe HA KOHKpeTeH TO cbheTaBAT eBpH-
CcTUYHA Oe3KpaifHocT (GPOSAT UM € roJIsIMO YHCJI0)

Jokazamencmeo. Cwenacno Tevpoenue 30 [8]
Memooume, upe3 KOUmo Mmodice 0a ce peulu eoHda
eBPUCMUYHA 3a0a4d CbCMABIM espucmudna 6es-
Kpaunocm, a mull  Kamo  KOHYenmydaiHomo
npoexmupane e npeou CUYKO MEopuecKa OetuHOCH,
yuemo npeoHasHaueHue e peuleHue Ha KpeamueHda
3a0aya no npoekmupawe, Mo u memooume 3d
KOHYEeNMyaniHo  npoekmupame  uje  CbCmassim
egpucmuyHa be3Kpaunocm.

3a eepucmuuna 6Gesxkpaiinocm [8] e npuemo
yucromo 1 000 000.

Teepaenne 2. OT nageH BHI ONMHCAHUE HA
TeXHHYECKH O00eKT MOKe /[a ce MOJY4Yd eBpH-
CTHYHO 0e3KpaiiHa CHBKYIHOCT OT pellieHHsl Ha
o0exTa (OpPOAT HA pelIeHUATA € TOJISIMO YHCJIO0)

JHoxkazamencmeo. Budose onucanus na TO ca
npedocmasenu ¢ [4]. Hexa ce npueme 3a uzxooHo
O0aden 6uo onucanue. Om eoHa cmpana Mooupuka-
yuume na TO cvcmassam egpucmuyna Oe3KpatiHocm
[Tevpoenue 5 [8]], a om dpyea cmpana écsxa mo-
ougpuxayust Modce 0a ce npedcmasu upes npuemust
8UO U3XOOHO ONUCAHUE, KOemO 03HAYA8d, He masu
Moougpuxkayusi modce 0a OvOe NoyueHa no mosd
OnucaHue ako mo npeosapumento 6voe CbCMaseHo.
Om mosa cnedsa, ue GCuuKu moougukayuu Ha
obexma mozam 0a ce NOAYYAM NO U3XOOHUSL GUO
onucanue.

Kato cnencrBue oT rOpHOTO TBBPIACHHE MO OT-
HOIIGHWE Ha KOHKPETHO omucaHue- ,dopmynu”
ciezBa

Tebpaenue 3. BposAiT Ha pemeHnsiTa Ha Tex-
HUYeCKH 00eKT, MoJiyuyeHH upe3 (opmynau, cbe-
TaBJsSABAa €BPHCTHYHA Oe3kpaiiHocT (Oposir Ha
pelIeHusTA € TOJISAMO YHCI0)

KbM TE3u TBBpACHUSA MOraT Aa ce N00aBsT U
TBBP/ICHHUATA, KOUTO BaXKAT 32 BCEKH METOJ Ha Mpo-
eKTHpaHe, KOUTO OTHECEHU KbM pa3riewIaHHs Me-
TOJI LIIe U3TJIeKIAT TaKa

Tebpaenue 4: Ot meroaa ,H3caenBaHe Ha
dopmyan” Moxke Jga ce WOJYYH MeraMmeroj
(TeppaeHue 29 [8])

Iox Tepmuna ,meramerox” ce pasbupa METOm,
Yype3 KOWTO Ce MOJTy4aBaT MHOKECTBO ((haMuiiusi) ot
METO/I 332 KOHIICTITYaTHO MPOCKTUPAHE.
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Tebpaenue 5: MertonbTt ,U3ciaenBane Ha
¢dopmysn” Moxke 1a 0bae moaupuuupan (Tewp-
nenue 32 [8])

Tebpaenne 6: MertonbTt ,U3ciaenBane Ha
¢opmyan” 3a KOHIENTYaJHO MpoekTHpane Ha TO
MOKe Ja ce M3M0JI3yBa 3a pa3BHTHe Ha cede cH
(Tebpuenue 36 [8])

B [8] ca manenu mokaszareicTBata Ha TOPHUTE TPH
TBBPACHHSI, HO OTHECCHH 32 ITPOM3BOJICH EBPUCTUUCH
MeTo/. T KaTo MpH KOHLENTYaJTHOTO IPOEKTUPAHE
KaTo MpaBMJIO Ce pelliaBa TBOpHYECKAa 3ajada upes3
U3IOJI3yBaHE HA EBPUCTUYHU METOJAH, TO OOLIHUTE
TBbpAEHUs OT [8] Morar na ObAaT OTHECEHU U JI0
BCCKM METOJl 32 KOHIICTITyaJHO IPOCKTUPAHE, B
ciydasi MeToasT ,3cnenBane Ha popmynn’.

Tebspnenue 7. Besika dopmyna, cpabpikama
TeXHHYECKH BEJHYNHH, Ce SIBABA KOJUYECTBEH
U3pa3 HA MH)KeHepeH edekT

Hoxazamencmeo: Umxenepen edekr [5] e 3akon
WIN CJEJCTBUE, WM NPUAPYXKABAIIO TH SIBICHHUE,
KOHWTO Ca HAMEPHJIM WIIM MOTaT Ja HAMEpST MPUJIo-
xenne B TO. B [7] ce pasrnexna HescHOTaTa Ha
JNe(UHULIUUTE 32 3aKOH, 3aKOHOMEPHOCT, MPABIJIO U
MPUHIUII U ce OOOCHOBaBa MPABUIHOCTTA HA W3-
NoJI3yBaHe Ha 0000IIEeH TEPMUH “TBBpACHHUE .

Bcesika dopmyna chabpika ChIIECTBEHH H OOCK-
THUBHO CHIIECTBYBAIIH BPB3KHA MEXKY BEIIMYUHU U IO
Ta3W IPUYHMHA MOXKE J1a ObJIc HapeYCHA KOJIUYCCTBCH
n3pa3 Ha TBbpAeHHe. Jau U kora AazieHo TBbp/CHHE
e HaMepH npuiokenne B Obaemd TO (ako He e
HAMEPHJIO B CBHIICCTBYBAIIUTE TaKMBA) € TPYIHO 1A
ce JOKaXke, HO ChBCEM JIOTHYEH M3IIISKAA U3BOABT,
4e € BBIIPOC HA BPEMe BCSKO TBBPJICHUE, OTHACSIIIO
ce JI0 TeXHHYECKH BEJIUYUHH, Ja Oblie BKIIIOUYECHO B
HsakakbB TO.

Tebpaenue 8: Marepuaau3anuure Ha BCSKA
¢opmysna cbCTABAT eBPUCTUYHA Oe3KpaiiHOCT
(OposT UM € roJisiMO YHCJI0)

Hoxazamencmeo: Cwrnacio Tewpaenne 5 [8]
OposiT Ha MOAM(DUKAIMUTE HA EBPUCTUYCH OOCKT
CBCTABAT €BpUCTHYHA Oe3kpaiHOCT. THil KaTto Ma-
Tepuanu3anus Ha GopMyJsia Npe/CTaBisiBa eBPUCTH-
4eH OOEKT, T.e. 00CKT, KOMTO ChIBpKa TBOPUYECKH
npo6iieM, To TBBpIEHNE 5 BaXKu U 32 Hes.

5.3AKJIIOYEHUE

@opmynute ca Bua omucanue Ha TO. Te ce
pasznuyaBar oT octaHaiguTe onucanus Ha TO [4] no

TOBa, Y€ BKIIOYBAT YIPABJIIBaHA W YIIPABIISABAIIH
BEJIMYMHH, KOUTO MOTAT JIa CITy>KAT KATO OCHOBA IPH
ThPCEHE HA MaTepuanu3anus Ha QopmynaTa, pec-
nektuBHO WE, Ha KO¥TO TS € HOCHTE.

MetonsT ,,U3cnensane Ha Gpopmynu” Moxe 1a ce
M3IOJI3yBa KaKTO TPH ,,PHUHO” KOHIIECTITYAJIHO TIPO-
ektupaHe Ha mpowusBojieH TO, Taka m kato 0a3za 3a
apTroMaru3upano mnpoexktupane Ha DIIJ[ upes3 cwe-
TaBstHEe Ha 0a3a maHHu ot popmysu- UE.
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METHOD “EXAMINATION OF FORMULAS” FOR CONCEPTUAL DESIGN OF
TECHNICAL OBJECTS

Michail LEPAROV
Department of Fundamentals and Techniques of Design, Technical University-Sofia, Bulgaria
e-mail: mleparov@tu-sofia.bg

Summary: A method for conceptual design of any technical object is proposed in the paper. The method is based on the
analysis of existing formulas. It is represented by the heuristic algorithm and illustrated by an example.

Keywords: design, conceptual design, technical object
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LEAN MANUFACTURING APPROACH IN THE OPTIMIZATION OF SEVERAL
PROCESSES OF TOOLING AND EQUIPMENT PROVISIONING,
MAINTENANCE AND UTILIZATION IN A COMPANY FOR MAINTENANCE,
REPAIR AND OVERHAUL OF AIRCRAFTS

Krustina ATANASSOVA
English Language Faculty of Engineering, Technical University - Sofia, Bulgaria
krustina.atanassova@gmail.com

Abstract: The LEAN Manufacturing Approach is applied within an organization dealing with maintenance, repair and
overhaul of aircrafts in order to define and manage several critical points regarding the tooling and equipment provisioning,
maintenance and utilizatiothe purpose of this paper is the development of a scientific approach for the problem solving

part and clarification of the specific processes mentioned. It is mandatory the essence of the processes to be improved as a
concept in order the company to sustain its continuous improvement philosophy and achieve even better results and success
in the future. At the same time the introduction of new processes for maintenance and provisioning is of high importance
and needs to be discussed and re-evaluated.

Keywords: LEAN, optimization, pull principle

1. INTRODUCTION life cycle. When a waste has been located, if it is not

useful to some extent, it must be eliminated immedi-

Since the company is quite young, the equipmer@ely. If it's application or occurrence are mandatory,
and tooling are only several years old. There exigt the very least be reduced to the minimum [2].

some official processes for their provisioning and

basic maintenance but they are not thorough ar

precise enough regarding all of the specific needs al

TYPICAL DISTRIBUTION OF ACTIVITIES

Activities which directly
enhance the product’s value

situations up to now. Moreover, unless creating
processes for their maintenance there will soon con
a need for buying new ones. Of course, it is obviou
that investments in buying new ones are inevitabl
but the question is how much and what exactly
Moreover, the costs for loaning tools and equipmer
are also present. The company often loans tools fro
other local as well as foreign companies and this, ¢
course, costs money as wdlhe described situation,

if left like this, will sooner or later lead to serious

damages, inefficiencies, unserviceable cases and cost

increases, unless corrective measures are taken.

Work which does not (e.g. assembly activities)

increase the product's i
value e.g. 5y

+ Over-production

* Rejects and
reworking

* Waiting times

Employee's

Wasle
© | activities

Activities which do not
create value but which are
unavoidable (e.g. gripping a
screw to assembly & casing,
or quality checks)

fig.2.1 Typical distribution of activities

Lean implementation is therefore focused on get-
ting the right things, to the right place, at the right
time, in the right quantity to achieve perfect work
flow while minimizing waste and being flexible and
S ~ ableto change.

Lean Manufacturing is a global organisational | ean aims to make the work simple enough to

approach, aiming at perfection in production vignderstand, to do, to manage and to continuously
specific tools for improvements, which utilizes allimprove it [3].

available resources to create real value and supply the
customer with it [1]. In this way, the Lean approach
identifies all the waste along the product or service

2. COMMENTS AND REMARKS ON THE
LEAN APPROACH

3. TARGETS OF THE PROJECT
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A small transformation project is initiated by the  Storage of tools and equipmentSome of the
author in order to manage the above mentioned sewost rarely used tools and equipment are stored out-
eral critical items regarding the tooling and equipside the hangar under a shelter. Moreover, often it is
ment provisioning, maintenance and utilization. Tha@ot known which equipment exactly where is located
targets of the project can be summarized as followssince there is no control in case of usage. The me-

chanics can easily go, take them, use them and then,
Increased value creation first requires return them to another location without any problem.
waste reduction A complete follow-up procedure is lacking.
Tools maintenance.As mentioned above, the
x tools are starting to get older and to break much easily
o due to incorrect, ineffective or sometimes even no
maintenance. Another cost that can be decreased. The
. Enploye's need (_)f maintenance_ proced_ures is undoubtedly
recognized and potential solutions need to be con-
Vel scing sidered as soon as possible.
activities Loaned tools. There is a procedure when the
company loans tools when very specific inspection or
: test needs to be done, or for some reason the tool is
L{';ﬁ;{,u;,ng'm:{e‘n'otmu;,;-mfs,;,;gj:;",;’“““ not available in the base. Very often the process of
: ' returning the loaned tools to their owner is quite slow.
fig.2.2 Increased value creation first requires waste reduc- COmmunication between all affected parts.
tion The departments most affected are those managing
the tools, those transporting them and those working
« cost reduction of purchases of new tools an#ith them. The problems are communicated between

equipment via sufficient and proper maintenance d¢hem and the management, and an agreement on the

the current ones and optimization of the capacity arftecessity of corrective measures is reached.
the workflow; Diagnosis Phase. The goal of this phase is to

. decrease of the percentage of broken tool€valuate alternative solutions and specifications in

which will immediately reflect on the reduction of theOrder to carry out a deeper research into the causes
purchasing cost as well; and make assessments from a holistic system’s point

Employee's
activities

. optimization of the process for loaned toolOf View [4].

return, faster action with respect to it and efficiency Storage of tools and equipment. The Ground
increase: Support Equipment (GSE) is often too big and not all

. 100% safety and security remain as a permé’—f it can be _stored pro_perly in the c_urrently available
nent target. space. During the winter or during other severe
weather conditions there is no way for it to be left
4. PHASES OF THE PROJECT outside the hangar because in this way it can be easily
damaged or get unserviceable.

Preparation Phaselt is of high importance to be 100IS maintenance.The percentage of broken

aware of the exact problem from the very beginniné.OOIS is high. Possible reasons turned to be not prop-

That is why the first step is to indentify it preciselyerly trained staff or noF good quality_ of the gqu_ip—
and simply. The sharper and shorter it is, the clearfjent. Some tools / equipment are neither maintained

the direction for corrective action is. properly, nor sufficiently provisioned. ,
Problem formulation. There are not precise It iS essential to quantify the non-value-adding

enough processes for the tools and equipment mafctivities. Interruptions and disruptions affecting the

tenance and provisioning and loaned tools proceduff0cesses need to be correctly recognized. Here the

This can lead to serious damage, inefficiencies, ufduipment efficiency is being recorded and evalu-

serviceable cases and cost increases, unless corrdgd- An analysis of the control is carried out.

tive measures are taken.
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Comments on GEE and OEEThe GEE and

without any interruptions, disruptions or waiting

OEE ratios measure the effectiveness of the technidahe. Obviously, when more tools and equipment are

equipment and indicate the specific losses.

| Total time (24h x 365 days)

=+ Planned standstills®

Available operating
time

' Planned operating time ;
standstills;

w

w

o

Real operating —|:: Unplanned standsiils
time Time overshooting
Rejects
Value creation _|—::
Reworking

[G\cna\ Equipment Effsctiveness GEE

value creationitotal ime }

Overall Equipment Effectiveness OEE value creation/planned time

* Plaisad dow limes e e e GEE

h “;lg. 1GEEand OEE Ratios

The OEE can be calculated even without
precise knowledge of the loss reasons
in per cent

085 analysis
has not yet
been done

CEE=

standard
pracessing time

planned oper. time

The OEE calculation
enables a calculation
of the size of the
losses and an estimate
of the potential
improvements

I {units, x standard| :
time,) ;

planned aper. time | &

T

Planned  Losses OEE The standard tine s |
operating defined as a target
time value for the
individusl oroducts

fig.4.2 OEE Calculation

in perfect condition, the smoother will flow the work
and less time will be consumed.

Alternatives. An option is to send all of the
equipment for regular maintenance abroad in specific
intervals of time. This, however, will lead to high
expenditures for shipment and for the maintenance
itself. Certainly, there is equipment that cannot be
maintained by any other than its original manufac-
turer or authorized staff. Another option is that the
authorized personnel of the manufacturer can come to
the facility and inspect the equipment on site leading
to high expenditures, but without the risk of damage
during the transportation. The third option is to create
an internal maintenance procedure. This will save
much time and resources. The concept needs to be
clarified, the possible outcomes to be evaluated and a
capacity check needs to be conducted to see which
solution is to be implemented.

Loaned tools.What happens is that when a tool
or equipment is not available in the base (though it
happens quite rarely because the base is completely
equipped with all the mandatory ones for its smooth
functioning), the equipment is either bought or
loaned.

5 WHY Technique — People do not fail, proc-
esses do

By means of the 5 WHY technique the core
problem is finally reached. The 5 WHY is a rather
simple but highly effective method to analyse a
situation and understand the major problem in it.

The company is widely well-known for itS \yhen this major problem is realized the solution

shortest turnaround time. Obviously, there will al

usually comes logically. The essential part here is to

ways deX'St. a pehrceﬂtage offbroken t(()jolsh tak'ngk'_mﬁot mix the effects with the causes. The procedure is
congl_ _erat|0n the um_ar? hE?‘Ctor and the r\1N0r Ingimple but gives immediate and sharp results. First,
conditions. But even with this percentage the CO:E;e situation is described or in other words, the effect

pany’s OEE is perfect. The work is always performe
for shorter time than the one originally planned. O
processing time is always less than the planned op-
eration time. This, of course, does not mean there arfs

]. In our case this is: the process of returning loaned
ools is rather slow.
The participants from the departments involved
asked 5 times the question why. The key here is to

0% losses during the production time, but t_hat thef*‘:‘:f{/oid assumptions and logic traps and instead trace
losses are compensated by means of continuous ifgs hain of causality in direct increments from the
provement procedures and_opt|m|zat|on. That is Wh%ffect through any layers of abstraction to a root
one of the goals of the project is exactly to decreagg, se that still has some connection to the original

the losses occurring due to unserviceable or impr

» roblem.
erly used tools. In addition, the company has alwa)?s

been aiming to sustain a constant flow of the work
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General problem

[ description
Problem split
recognition
Understanding Problem trigger
the situation Location or office where
events trigger the
L problem
Research 5 cause-effect
into causes relationships
fig.4.35 WHY technique
Identification of 5 Effect on
sivblems R;::;]:sm?r 1st WHY? 2nd WHY? 3rd WHY? 4th WHY? S5th WHY? roadworthiness
For certainworks ‘The task canberelated ; A
-more than a to extremely mportamt. ” |
The loaned tools The i e Sarewdriver is needed safety Zones. # {
are returned rather [qretum them slowly. 3 ¥
slowly. T‘cﬁ”ux)u@d’m Specialaccess maybe This is ofhighest ” 7
needed. _'ﬁ priority for the "
comparey and is always | WY
oss-checked. "
Toe mecanics may m
greseni tieed more time to
falfill all requiremerds .
The task to be “The tack maxy talce more |11’mommmxmny | The work to be. ; A
i Perfozmed is more ) Lime e t0 its g fEQuIre cemtainnon e
complex complexdry. l ‘outine mainterance.. extremely specific : H
%
L The tools maybe ”
teeded in differers. o
periods ofthe chedk. o~
e
”
The mechamics are ot No cne informs them.. There is no clearly Different people are There isno sufficient. e
. 3T WU SRCEEY dealing with the process for this. i
they need to retmn are loaned.but ondy o this. [ [loaned tools — H
them. this l i

fig.4.45 WHY Chart

Note that the fifth why suggests a broken process documented, implemented and controlled properly,
or an alterable behavior, which is typical of reachinghere will always be delays. Usually, the awareness
the root-cause level. A key phrase to keep in mind whether a specific tool is loaned or not, is present, but
any 5 Why procedure is "people do not fail, processémving no timeline restrictions allows to not strictly
do" [6]. The first several answers are too abstract aqay attention to the time factor. Moreover, sometimes
lead to answers out of our control. Whereas the lagte Ground Support Equipment engineers return the
flow of questions is actually, the target of the invesequipment by themselves. Sometimes the shipping
tigation. An insufficient process is in presence. department performs this and sometimes representa

Problem analysis.The problem emerging here istives of the lending companies come to take them
that quite usually the mechanics having finished witkvhile bringing or taking some other equipment from
a loaned tool do not return it back for shipment imer to the base.
mediately. The tool is being left at the workstation for A deeper understanding — the GSE engineer
some time until someone remembers to give it backole. In order to shed more light on the specifics of
Of course, sometimes the process is faster, but untitite loan of tools and equipment and further dig into
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the core of the problem, it is essential to describe thestablish exact criteria on how the equipment is going
GSE engineer responsibilities. The GSE engineer is be transported to and from the external store. The
responsible mainly for: simplest way is to transport them only in case they are
1) Assuring the necessary equipment and toolingeeded. Before explaining this, it is important to note
availability in the base. This generally, includeghat an assessment of the critical items under the
buying, loaning and maintenance. shelter needs to be carried out and a full list to be
2) The loan agreement of certain equipmentnade with all of the equipment that is to go there.
irrespectively of whether it is loaned from a Bulgar\What are the criteria according to which the items are
ian or a foreign company. (The shipping departmemhosen? As mentioned above, with respect to the de-
is just following the progress and status of the deliweision to store what is most rarely used there, is the

ery.) list made. The GSE frequency of usage and priority to
3) Preserving the relationships with the compathe work are to be identified. A survey is to be carried
nies loaning from or lending to. out within the other departments whether they need to

4) Sometimes the physical return of the particustore something as well. Only after these things are
lar equipment regarding the Bulgarian companies. done, the equipment assigned, is to be transported to
Design phase the external store.

External Storehouse conceptTo manage with Process functioning. Kanban suggests the pull
the situation a place at a 1, 5 km distance is to lpginciple [9]. When a request for GSE is received
rented. It needs to be fully put in order so that to bérom Production or on GSE engineer personal judg-
come a secondary store where equipment, tools angnt, the equipment is to be taken in or out of the
other materials can be sufficiently stored. The initiastore. In this way, no unnecessary movements are
prerequisites such as licenses and permissions areriade as well as the probability for some equipment,
be met. What needs to be done is a refurbishmentatready put in the store, to be found under the shelter
accordance with the safety regulations of the airpodgain, tends to zero.
since it is located there. All of the refurbishmen6S Techniqueln order maximum efficiency to be
procedures need to be set in a timeframe so that achieved it is necessary to preserve everything in
time is lost and there can be traceability. A Kaizen listrder and in perfect condition. The 5S (sorting,
is introduced in [7], where the specific tasks andtraightening, systematic cleaning, standardizing, and
items and the responsibility for them are assignedustaining) methodology describes how to organize a
When ready for exploitation, rules regarding thevork space for efficiency and effectiveness by iden-
utilization are to be established. A full control procestifying and storing the items used, maintaining the
is to be developed as well. The procedure needs to &ea and items, and sustaining the new order [10].
as simple as possible in order to minimize to théccording to this methodology is to be arranged the
maximum any type of waste that can occur or hasllowing:
already occurred due to lack of sufficient provision- 1) Thorough description of the equipment avail-
ing. The store is not directly inside the base. Conseble in the store(after the transportation) to be made
guently, a decision to store in it only the equipmenincluding all necessary data such as part numbers,
which is most rarely used, is communicated andendors, etc. i.e. an availability file together with a
agreed. This eliminates the constant waste for transardcopy of it (in case of system breakdown,) where
portation and time in case the distance to it is trathe entire inventory is described. It is to be constantly
elled many times every day. Moreover, basicallyypdated when movement to and from the store is
exactly this equipment needs storage anyway, beecurring.
cause it is the one which stays under the shelter. The 2) Separate areas should be optimally defined on
equipment that is frequently used does not get outsidde and on a general location file where the basic
the hangar because the mechanics are working witheiteas for storage are to be mapped e.g.: Tools; GSE;
each day. Materials; Others (in case in the future some other

Kanban. The Kanban ideology is that materials are to be stored there); An electronic diary
parts/materials/products are not supplied in case thatbe introduced where it can be easily checked:

a need is identified [8]. In this case it is essential té/Vho has requested equipment?
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-Date and time of entry and exit of the external stor@his means that a timeframe needs to be set for the
-What has been taken or put for storage maintenance implementation, the intervals and the
3) A periodical make of inventory to be estabthresholds. All these tools and equipment are to be
lished within 6 months interval in order to check theyathered in a file and a separate maintenance proce-
stored material availability and serviceability.dure for each different part nhumber has to be de-
Moreover, although in the external store are to be paigned. To ensure full time precision and continuous
many unserviceable parts and materials it is essentfidw all necessary data are to be input into the SAP
to check everything that is to be used again and pyogram. SAP will then remind for every tool /
recognize it. The safety and serviceability of thequipment maintenance when the time set comes. It
equipment are of highest priority. They are used owill also give all the necessary procedures and steps,
the aircraft and even the tiniest deviation can lead to implement the maintenance. Finally, when the
serious consequences as for the aircraft, the peopleroaintenance is done, it will issue a certificate for
board and the mechanics working on it. performed inspection, which will provide the infor-
5+3 S.As the safety, security, and satisfaction arenation regarding the maintenance, in case something
usually part of this methodology as 5+3 S, the secis broken or fit, missing, repaired or scrapped.
rity system and the anti-fire system are connected to Broken tools. Simultaneously, it is to be checked
an independent electricity source (accumulator) thow the other facilities have managed with the
assure possible switching to it in case of electricitprocesses of broken tools. A comparative analysis in

breakdown or external penetration. % and in case of drastic difference a deeper research
The following process is designed: for the reasons is to be carried out. Possible reasons
could be:

-insufficient theoretic and practical preparation for
the tool usage
[%‘ 7 - man-hours for maintenance and repair not com-
patible with the real time abilities of the mechanics.
Loaned tools.The goal of the design is to create a
continuous flow of information. The process de-
signed assures continuous up to date information
flow which turned out to be the most critical aspect of

oo™ the loaned tool procedure. 2 alternatives are sug-
gested for maximum optimization. Regarding the
fig.4.4 Process Chart already existing procedure the following steps are

considered as essential for implementation in order to
Tool Maintenance. The internal maintenance reach a better timing and cut of expenses.

procedure will reduce the costs to great extent, 1) The loaned tool/s / equipment enter the com-
eliminate the waste of transportation. Moreover, thengany.
is a job position — tool technician, in the company 2) The GSE engineers are aware when exactly
exactly for this, just the process needs clarificatiothe equipment is needed, i.e. which day, what time.
and standardization [11]. Consequently, there will b&hey need to make sure that it comes exactly on time,
no waiting loss because the tool technician is avaito that it is consistent with thast-in-time philoso-
able full-time. Up to the current moment there haphy and respectively, costs no money more than es-
been some maintenance procedures taking place, tiatated due to delays or early delivery.
neither regulated, nor standardized. As suggested 3) After delivery the equipment is immediately
above some tools need to be shipped to authorisprbvided to the production, so that they can start to
maintenance companies to fulfil the regulations rework with it. Thus, the constant flow is maintained.
quired. The process designed here covers the internal 4) The GSE engineers have also to be aware of
maintenance procedure of the company. The procets®e approximate time that is needed for the use of the
essence is to have a clear and regular procedure forralspective equipment (what inspection is to be made,
tools and equipment that can be maintained in-houder how long, etc.).
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5) After finishing with the equipment the me- gistics have to arrange that. At the same time, he/she
chanics immediately inform the GSE and the ships responsible for the order and delivery of the
ping department to return to the local company praquipment. This is too confusing and there can easily
vider. In this way, any waiting loss is eliminated fronbe responsibilities runaway.
the very beginning. KPls. KPIs to indicate the progress are selected as

6) The GSE engineer has to know during thédollows:
whole loan period which phase of the work with the  « monthly report of broken tools
respective equipment is reached. Thus, checking monthly report for movements of equipment
constantly the status of the equipment (how mucho and from the external store
time more it will be needed, etc.) he will be able to . month|y report for loaned tool expenses
react correspondingly. He will be able to extend or
shorten the loan period without additional punish- 5. CONCLUSION
ment expenses for the company. On the contrary,

haVing no such information he will not be able to All the above Suggested Steps are designed re-
contact in advance the respective company lendinghrding the LEAN principles and have the potential
the equipment and this will lead to unnecessany |ead to a long-term improvement, cost reduction
money losses At the same time, this will risk the and waiting time elimination. They can assure the
already established relationships with the companiesonstant work flow and lead to an increase of the

production rate. Some of them have already passed

Process name: Loaned Tools / the implementation phase, others are still in the de-

Equipment management sign.
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SCANNERS - HOW TO ENSURE ACCURATE COLOR RENDERING AND
MEASUREMENTS OF PRINTED TEST TARGETS FROM COLOR PRINTERS

Vladimir KAMENOV Valentin IVANOV
Department of Precision engineering and measurement instruments, Technical University - Sofia, Bulgaria
e-mail: vladokamenov@tu-sofia.bge-mail:vgi@tu-sofia.bg

Abstract: With evolving and rapidly changing technology of digital cameras, printers, and monitors, one would expect that
use of scanners would diminish over the time. Although digital cameras are the most popular devices used to capture
photos, scanners are still widely used for converting media such as pictures, artwork, documents, transparencies, slides, and
film negatives into an electronic format.

This article discusses calibration, characterization, and profiling of lower-end scanners. Use of ISO scanner calibration
targets, handful of software applications, and "how-to's" is described. Comparisons are made for different scanner targets
and software applications.

Keywords: Color Printer, Printing, Calibration

1. MEASURING SCANNER DYNAMIC RANGE 2. Scan the step wedge with color management
AND THE D ,.x VALUES turned off as 48-bit positive color image.

ISO 21550:2004 standard specifies methods fq/-
measuring and reporting the dynamic range of sca
ners. There are three common methods to determi
the maximum densit y:

1. The darkest patch which shows a difference i
the averaged digital value (RGB) of at least 1 com-

fig.1: Kodak Q13 Gray Scale step chart

pared to the previous lighter patdflethod 1; Table 2 Danes-picta BST13 (Kodak Q13) data on this step
2. The darkest patch which shows a visual dif- wedge
ference in comparison to the next lighter one by Part St Density | F-stop D Si
using a gamma correctierMethod 2; Number €PS| increment | equiv. | & | ©#€
3. The darkest patch showing a signal to noise 1" x
ratio (S/N) larger than a given value, e.g.Method | BST13 | 20 0.1 3| 20 1/%"
3

Method 3 is based on S/N ratio is the most objective
method for determination of Dmax values of a 3. The figure bellow shows the correct scanner
scanner. The engineering definition of dynamic rangevizard setup. Remember to scan with no embedded
is: Dmex COrresponds to the maximum recordable profiles and no other corrections than the gamma
signal (the raw value at which the sensor saturates,  curve, which has to be set to 1. Now you are de-
Dyin) divided by the read noise, which is the lowest scribing the scanner’s dynamic range, so the gamma
recordable signal (D) [3] - needs to be 1, meaning what comes in scanned, has

to come out on the monitor unchanged — theoreti-

2. Dinax ESTIMATION FOR MICROTEK 5800 cally:

SCANNER Estimation of Dy — @s in method J1]:
1. Open Imatest Software and launch the Step-

1.Use theKodak Q13 Gray Scale step chart. ~ chart module; _
This gray scale target is calibrated for density in- 2: Sélect and open the scanned Kodak Q13 im-

crement of 0.1 over 20 steps. Maximum density is2g€ file (tif); o
2.0D. 3. Select the area of step wedges by clicking and

dragging, excluding the numbers;
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may differ from descriptions found in "scanner” lit-
erature.

Grey Scale #13
Kodak Q13 Scan Target for Dmax Research.tif RMS noise in Dynamic
Jj-“'} f-stops (1/SNR) range in
Density response ‘F"” (Quality) f-stops (EV)
02| 19 Apra012 0554 43 ¥ ,
_ Density step =11 ﬂ/ﬂ Total: 5.85
2 4718498 crop of 1 | :
N 04| 4736x1330 pinels 0.5 (Medium) 5.85
3 48-bit color 0.25 (Med-High) 5.48
3 0.1 (High) 4.24
~—
3 08 o=
= =y Imatest
= o
2
5

88 o 36 Image Sensor
‘:} amma =067 = 11.75
U.J:_(_j« 17 B steps defetTed<0.55 (auty

Drmax = 5.95/3.322 = 13D

SNR (S/N): R, G, B, Y (Luminance)

RO s s s s s 7L = e * B g%_%g‘ﬁgg
fig.2: Kodak Q13 Scan Target for Dmax Research with = & ££§55§£§==%‘ g
gamma 1 and no profile embedded g,&gﬁ
@ A L 535

F M 585
4. Adjust the selected area by aligning the cya 2 Eg‘ﬁiﬁgg;y Somiion (B e
rectangles with step numbers. Click Zoom intore !

SNR (1/f-stop noise)

Pixel noise nommalzd to 1.5 density rangs: 201 pixels Noise spectrum

1.5)

veal the numbers. Click Yes, Continue: B0] Ao conezto Ren %=0m 0z ook Y=088% [
Iy 08
_:‘: 06 v
; 04
2 0z
=
. 0
gamma 1 and no proflle embedded E Lé;zxposureﬂTargetder;gigy) ve Frequenocyzr, cycleslgiiel
5. Data is calculated and charts generated: fig.4: Noise detail chart and estimate g, value
6. Review Noise detail chart and estimate the L . .
D Value (1.8D, see Figure 4). Calibration - by analogy to display devices,

i Summay, Several methods weredescrbed (04 7ESUL I & device being i romalzed, sar:
estimation of scanndy,, value - all based on is |,a S se:anners are aIWa S drive,n by software
measurements of Kodak Q13 step wedge. Both sirﬁ; plays, y y

ple and more elaborated methods providsg, = rough the manufacturer specific software drivers.

. . Thus it may be sometimes difficult to set scanner to a
1.8D for the Microtek 5800 scanner. The conclusion sired and defined state. Sufficiently calibrated state

is that this scanner is almost equal to the averaigoﬁen achieved by turning off (in software or driver
monitor D, but for more critical work some detail y g off ( )

in shadows may be lost. One more thing to mention %&Yﬂ fgs;l;rtzsfot?%g?g:;t b\';ﬁi':e e:)r;(:ar\]’\gteorpgg:;se'_
that the estimate®,, of 1.8 is significantly lower P ' '

than the stated in the product brochure, but this m h\;lr ael:]ti?]m?g;?dlrye 2ﬁéuus|(tj g:ae allsmoa?frn:gpoef?rt?)ngﬁ-
be due to the age of the scanner — 4 years. P gle
sure reproducible results.

5. SCANNER CALIBRATION, CHARAC.  SCATer haracerizaton s  process of .
TERIZATION, AND PROFILING g @ mapping
and device independent color space such as CIELAB.

Terms such as scanner calibration, ch:’;lracterizghe trans_form is typically built by using mathemati-
al techniques.

tion, and profiling are sometimes used interchangeg- : : .
bly with profiling being the most common meaning . 'I:he profile, software is u_sg_d to describe the de-
ce's full color range capabilities. The gamut of the

in the context of scanners and color management. J\ice is determined by measuring the RGB values
be consistent with conventional digital photograph y 9 :
r a set of known color patches. Measured data is

terminology, scanner calibration as described heg . . .
9y then used to generate input profile for the device.
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Profiles are then applied to an image in order to cascribing the color coordinate of each patch in RGB
culate RGB values for a defined color space. Typicalystem.
scanner profiling process involves scanning a refer- Next we scan the target on the profiled scanner. It
ence target that has numerous color patches. IT8 aisdmportant to set the settings in the setup window
HTC are examples of such reference standardsorrectly, i.e. no gamma, brightness and color cor-
Software is used to compare the color reference vakctions etc:
ues that accompany the target with the measured
values. Profiling and characterization do not change ®
the behavior of the scanner (same as for monitors).

Scanner profiling - It is of the utmost importance
to have a control over all the device variables that can
affect its color performance. With scanners, while [z
light source and internal optics are controlled quite | ..
well, it is the software that is the major source of | *
performance inconsistency. In technical terms,
scanner profiling aims to ensure that raw RGB values
captured by the scanner are consistently translatec
into standard color space such as CIELAB or
CIEXYZ. Rules for such translation come from
"calibrating" the raw input data to experimental data
recorded in scanner target (e.g. IT8). In other words,
the RGB signals acquired from a scanner (raw RGBYig. 6 Sheme about gamma, brightness and color correc-
are related to a spectral or colorimetric representation tions
(read patches in scanning target) through the process
of scanner profiling. Typical approaches create Blow the scanner is successfully profiled!
scanner profile by scanning a target containing a set
of color patches. The target is simultaneously meag. RESULTS OF SCANNER PROFILING AND
ured with a color measurement device to obtaiPROFILE EVALUATION. OBJECTIVE TESTS
spectral or colorimetric measurements in CIELAB - OBTAINING CIEDE2000 COLOR DIFFER-
color system. We will start with Profile Maker 5.0 ENCES:
module to get a profile created. In order to create the
scanner profile we will use the X-rite Eye-One Scan First examples include data generated from a
target 1.4 [4]: simple comparison of Lab values predicted by the

profile (A) and LAB values reported in the profiling
() et il target reference files (B). We will use the scanner

target (Eye-One Scan Target 1.4) to profile scanner
and then use the scanned values of the very same
target (for which LAB values are known) to validate
the profile. To get data (A), scan the physical refer-
ence target and save resulting scatifédile. Ref-
erence file (B) is usually provided by the target
manufacturer. It is the text file which can often be
downloaded from the web or just measured by spec-
trophotometer (e.g., Eye One-Pro). There are several
R tools to perform such comparison.

fig.5: X-rite Eye-One Scan target 1.4 4.1. Profile Maker 5.0 Software Results [6]:
Now, having both the generated LAB file of the
anned target embedded with the created scanner
ofile and the reference target file, measured in LAB

it Scanned Trge Vo s Prtn (B

Pl Sze
| | e |
Poceptal Rendeing ntent

haralia, ¥

Mean

The target is printed on special glossy photo papgr
in lab conditions and comes with reference files, deﬁr
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with Eye-One Pro available, open the Profile Maker 5 The patch displays on the figure are in the fol-

Measure Tool and launch the Calculating moduldowing order from left to right: 1.patch coordinates of

Open both files in the appropriate windows and inthe scanned target with embedded scanner profile,
spect the color differences: expressed in LAB values; 2. measured reference
values in LAB coordinates of the original scanner

target; 3. Graphical comparison between the two,
using the Delta E 2000 criteria.

After some arrangement the following figures present
the results in:

1. Graphical form, where the greatest delta E dif-
ference patches are situated to the left-most side;

2. Tabular data of all patches and the corresponding
color difference, starting with red for delta E >5 and
yellow for delta E >3;

3. Statistical representation of the data, where it is
clearly seen that the majority of color errors are in the
0 to 2.5 delta E interval, which is very acceptable:

fig.7: Profile Maker 5

Take notice at the obtained Delta E 2000 color
difference values. Delta E = 5 is normally considered [ |
acceptable for most applications. In our case the av-
erage is 2.37, which suggests the profile color pre-
diction is quite accurate.

4.2. Patch Tool - Babel Color Software Results
[5]:

Another tool fully capable of providing com-
parison of predicted and reference state for scanner =
targets is the Patch Tool application and its integrated
module — Gamut Tools. The goal here is the same as
in the above comparison — to compare the color co-
ordinates of the scanned target, derived in LAB space
using the created scanner profile, and the LAB values
of the original scan target, measured with spectro-
photometer Eye-One Pro. In other words we compare
the actual LAB values of the original scan target with
the LAB values, predicted by the scanner profile we
created, followed by a comparison of the profile ac- m——
curacy in Delta E 2000 units: | 5

o || e =

B W — [ — ] fig.8: Compariédn of the profile accuracy in Delta E 2000
fig.8 Comparison of the profile accuracy in Delta E 2000 units
units

98



Briarapcko criMcanue 3a HEXKCHEPHO MPpoeKTupane, opoit 17, ssayapu 2013

4.3. ColorThink Pro — CHROMiX Software Re- 7 Feadback
sults:

ColorThink Pro software provides basic as well as
detailed reports and visualization. As in the previous
examples a file containing raw RGB values, scanner
profile, and reference LAB values are needed. To
obtain the desired delta E2000 color differences be-
tween the scan target and the scanned image of the
same target, you need to specify the color manage-
ment profile of the scanner. After all it is the per-
formance of the profile, we created, that we are
evaluating. To do so, open in Color Think Pro the file
containing the Color values in LAB extracted from

Tt Faedback:

(i Repeny
[Wesbai of Jasples L840

(Beliva-C Fewwnla SEI000

the scanned image of the scan target. Tell the soft- feurs 108 = (36 saleem)
ware to assign these values to the scanner profile you foasape @ 55
just created. Next open the Eye One Scan Target 1.4. din & 407

| Fwidbev OE 4.0

Reference txt file containing LAB description of the
target without any color profile embedded. Now we
are ready to evaluate the color difference between fig.9: Preliminary results and setups
patches of the reference scan target and the real patch
colors, as predicted by the scanner profile, we are The color notation follows the list of color dif-
evaluating. Fig.9 shows the preliminary results anterences above: red is Delta E>5, yellow is >3 and
setups described. green is >0.5. The vectors denote the direction of
Here is the 3D representation of the Delta E 200¢olor difference change from scanned values to the
color differences between the reference values aigference values. One should also take into account
the scanned patches assigned with the scanner piee rendering intent, which deals with out of gamut
file, being evaluated. colors. In our case we use relative colorimetric intent:

Plot List ?
= ® 1 Scanned Target Viads.

Plot Celor
Otuecsior [ Toneusinals
© single coler
@) deaE color | Deta£2000
Dpacity:

Plot 551 O Points () Vectors

=

=

fig.10 3D representation of the Delta E 2000 color differences between the reference values and the scanned patches
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il Seanned Target Wiada,

Aes | Grd / Spin || Shieer

Dimensions: Coordinates
(@0} @ Lab [] Vettical Aais
[Cre) O [] Cross Aes
O Luv
Loeus

Backgiound

fig.11: Graphically the actual colors, their position in LAB space and the Delta E 2000 color difference vectors of change

5. SUMMARY (OBJECTIVE ANALYSIS) them) is not a coincidence and may be caused by the
limited color gamut of the scanner in the light tones,
1. When same target is used for profiling andr it could simply be due to dirt in the optical system
evaluation, the lowest (best) DE2000 andfthe scanner.
DE2000(max) values are obtained. For example,
profiling scanner using Eye One Scan Target 1.Gredits
target leads to a profile which when assigned to the In accordance to the authors’ science project of evalu-

scanned image of the very same Eye One Scan Tar ETQ the quality of office CCr)]|OI’ pgntﬁrs% Tlponsored bly thﬁ
. . ulgarian Science Research Fund, the following article wi
1.4 gives excellent results in terms of LAB colo investigate a part of the “jungle” of color management and

differences (CIEDE2000). . its implementation in color quality evaluation of scanners.
2. On the other hand, profiles created from one type

of a target show higher DE2000 values whemReferences

assigned to images of other targets. For example, http://www.imatest.com/
profiling scanner using IT8.7/2 target leads to @. http://www.datacolor.com/
profile which when assigned to a scanned image &f http://www.normankoren.com/
Eye-One Scan Target 1.4 (ST1.4) results in aboft http://www.marcelpatek.com/
four times as high DE2000 and DEOO max as if thé' hitp://www.babelcolor.com/

http://www.xrite.com
same target would be used. 7, N. Ahmed and K. R. Rag Orthogonal Transforms

3. In general, profiles created from any targets Usgg p;gital signal Processing, Springer-Verlag, New York,
above provide significantly higher DE20001g75.

(D2000max) values when assigned to Gretag R. Balasubramanian A printer model for dot-on-dot
Macbeth ColorChecker. This suggests that texture afilftone screens, in J. Bares, Ed., Proc. SPIE: Color Hard
the reflective substrates and colorants play @opy and Graphic Arts IV, 2413, 356-364, 1995.
significant role when scanning different media. 9. G.J. Braun, M. D. Fairchild, and F. Ebner, Color
4. The highest obtained Delta E 2000 difference g@mut mapping in a hue - linearized CIELAB color space,
over 21 units is probably due to measurement error [§fPro¢- IS&T/SID Sixth Color Imaging Conference: Color
the reference target, however the observed col lence, Systems and Applications, Scottsdale, AZ, No-
. . ! mber 1998, 163-168.
differences in the light pastel tones (almost all of
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CONTEMPORARY WEB TECHNOLOGIES, FREEDOM AND OPEN
INNOVATION

BorisTUDJAROV
Fundamentals and Technical Means of Design Department, Technical University of Sofia, Republic of Bulgaria

e-mail: bntv@tu-sofia.bg

Abstract: The implementation of the contemporary Web technologies in the Open Innovation (Ol) and the necessary
support (assurance of freedom) for the creative actions of the Open Innovator/s (Olr/s) are discussed. Knowing that the
innovation is based on challenging existing assumptions and ways of thinking, here attention is given on keeping informed
Olr/s about the possibilities to undertake creative actions, provoking them to do that and supply them with a suitable en-
vironment.

Growth and advantages of the Internet are analysed. Main contemporary technologies are pointed and related to the Ol
creative activities. Examples are given and explained.

Key Words. Open Innovation, Web Technologies, Internet, XML, X3D, Genetical Algorithm, Bacterial Evolutionary
Algorithm

1. INTRODUCTION Ol has its value in human society, so the means
for communication are very important. Today,
Henry Chesbrough [1] gives the following defi- Internet has become the most powerful communica-
nition of the term “Open Innovation” (OI): “Open tion tool for the people throughout the world. During
Innovation is a paradigm that assumes that firms cdAl process Olr/s have to work in collaborative envi-
and should use external ideas as well as intern@nment, because of the needs to share experience
ideas, and internal and external paths to market, as f#d information and to receive opinions and evalua-
firms look to advance their technology. Open Innot!ons. _ _ _
vation combines internal and external ideas into ar- From the viewpoint of cooperative work, we can
chitectures and systems whose requirements are @éstinguish people as individuals or groups, we can
fined by a business model”. distinguish machines as information machines or
Involvement of the Oppen Innovator/s (Oir/s) inworking machines, and we can distinguish informa-
the Ol process by Web based integrated enviroffon machines as recording medium or processing
ments (app”cations/systems) represents a perspectm@ChineS. This collaboration is itself ordered in time
solution for increasing of the efficiency of the firmsand space. Although the historical trends in coopera-
in today’s competitive global economy. The paper i§on between people and machines may be di-
privy to this perspective solution. Some importanyided by type of information machine, represented
functional supports for Oir/s are described and didy computers and working machines with power, the
cussed from the viewpoint of Ol process. Contenfollowing five phases may be applied to both [2]
porary Web technologies are pointed and examplé§able 1).
of their usage are given. The Internet ages began with this premise, pro-
viding a basis for performing more advanced creative
2. ADVANCED CREATIVE ACTIVITIESINA  activities in a global environment.
GLOBAL ENVIRONMENT One of the best presentations of the evolution of
the Web is given in [8]. Fig.1. is made by data got
Man's evolution passed different stages: frorffom there and represents the growth of the Internet
Neanderthal to Homo erectus and then to HomBy three charts: a) Global Internet Traffic (Petabytes
sapiens. During his long way the man invented mar§er Month), b) Global Internet Users (Billions) and c)
new things. His continuous quest for more and morkraffic/Users (Monthly MB per User).

amenities and facilities continues today. As itis described in [7] “Internet has been perhaps
the most outstanding innovation in the field of
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communication in the history of mankind” and fol-tion on Internet is a very important issue for the
lowing advantages are pointed: creation Ol means and environments.

» faster communication (speedy communica- 3. FREEDOM AND OPEN INNOVATION
tion);

+ information resources (the Internet is a virtual Which kind of freedoms are important for Ol and
treasure trove of information); what is the meaning of the word “freedom” in our

« entertainment (the Internet has become quitease?
successful in trapping the multifaceted entertainme| 30000
industry);

« social networking (the social networking has
become so popular, that no one cannot imagine t| 20000
online life without Facebook or Twitter);

« online services (by its online services the
Internet has made life convenient: humans can bo( 10000
tickets, pay taxes, arrange travels and etc.);

25000

15000

. 5000
e e-commerce (any type of commercial ma
neuvering or business deals can involve transfer 0
. . . O NS OO domMmS WVWON0GO O -
information across the globe via the Internet). 2332382333888888888888z3¢3
o o e e e e e e e N N AN NN NN N NN NN
o —o—Global Internet Traffic (PB/Month)
table 1 Communication phases
Pha | Characte- - a)
- Form of communication 25
-ses | ristic
. 2
1 Direct Man---Man
1.5
2 Paper Man---Paper---Man )
Workin . .
3 ny Man---Working machine e
machine

Man---Computer---Working

4 | Computer FEEEE R EE R R R
P machine $8888888885888¢888888¢8¢8
—e—Global Internet Users (Billions)
Computer
Man--------|-=----- Man b
5 Network l . )
Computer---Working 14000
machine

12000

It can be easily seen from the data above th 10000

Internet plays very big role in our life (in average 8000
every one Internet user has more than 12 GB month e00
transfer of information for the 2011 year) and th
Internet is not rationally used for the needs of

(mainly users search and refer to many electron 20%
documents, which include text, figures, tables an| o

4000

etc., without to use the knowledge that Internet c ga883889a¢888888¢8¢8¢8zs¢
provide for direct modeling, simulation, verifications —e—Traffic/Users (Monthly MB/User)

and etc.). So, the adoption of new techniques a

methods for modeling and representing the informa- c)

fig. 1. Growth of the Internet
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The author believes that Ol actions can rationally Here is the place to underline that research inter-
be undertaken only when Olr/s has: ests of the author are mainly directed to the less de-
» freedom to receive information (marked in theveloped in the moment freedoms marked as B and C.
work as freedom A) - the freedom to get recent (and Where are the reasons?
of course historical) information about and related to How to develop B and C?
the object of OlI; As it has been said above at present humans do

« freedom to make proposals (freedom B) - th@ot use Internet rationally. Mainly they search and
freedom to propose something new or somethinggfer to many electronic documents, which include
different (Olr/s have to be encouraged and interestéext, figures, tables and etc., without to use the deep
in making proposals); knowledge that they can provide for direct modeling.

« freedom to make predictions (freedom C) -The exchange of the information about the engi-
Olr/s have to know (predict) what is awaiting then€ering products (assemblies and parts) is not per-
(the result) after crossing the border the betwegRrmed on a suitable way, because the research about
routine and the innovative area; the data for description and exchange information is

. freedom to share information and receiveétill in the investigation stage. The engineering
opinions, evaluations and acceptances or disagrdglowledge is very important for the process of O,
ments (freedom D). because it can answer on many questions related to

By this classification of the freedoms there can bféedoms B and C. _
distinguished two types of Ol: rationally (by using all Here are pointed out the following three main

A, B, C and D) and randomly induced (by usind<ind3 of contemporary Internet usage for exchange of
mainly C). information and performance of concrete engineering

Today, the defined above freedoms are partiall{2SKs: _
supported by the Web technologies and depending on *  the engineers exchange through the Internet
this support they can be ranked as follow: 1-A, 2-Dfiles of conventional CAD (Computer Added Design)

3-B and 4-C. and office systems (for example: AutoCAD, Solid-
For assurance of A and D there are created maiyorks, MS Office and etc.);
means. » to overcome the restriction to have the same

Via the Internet, you can have an access to lategitstem on both sides, the engineers exchange general
researches in the field of medicine, technology angroduct description model files - for example: STEP
etc. Any kind of information on any topic is availableand IGES (the author has not informaton about
on the Internet. Currently the information is probablyavailable and approved full assembly description
the biggest advantage offered by the Internet. THesed on Web technologies — for example by eXten-
search engines of Google, Yahoo and other are $ible Markup Language XML[10]);

Olr/s service for finding information about every <« the engineers can use the partial work solu-
subject, known to the human being, ranging frortions installed on the Internet - for example: Geneti-
laws, market information, conferences, technical ineal Algorithm (GA) calculator or Bacterial Algorithm
formation and so on. The list is simply endless. (BA) tool [3, 5, 6].

One of the foremost targets of Internet is speedy The biggest problem here is which kind of mod-
communication. By using the Internet the Olr/s carling technology to use or how to develop a new one
communicate with Olr/s from the other part of thdor to make easier the relations between model, cal-
world in a fraction of second. Different types of serculations, visualization and simulations in Web en-
vices can be used: chat, video conferencing, megfonment.
senger services and so on. With the help of them, it It is clear that for solving the described above
has become very easy to establish a friendship whegpeoblem there is needed a global approach based on
you can share your thoughts and explore other ideagntemporary Web technologies.
and experience. As a future development, here have
to be expected the development of suitable modules CONTEMPORARY WEB TECHNOLOGIES
(Web based applications) for evaluation and voting,
and their addition to the means of communication.
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The widespread XML (Extensible Markup Lan-browsers work with XML, independently of its im-
guage) is a promising mean for providing the necegortance and wide usage).
sary structure of the Web based Ol environment. GA is used when pursuing a specific result (ob-
XML is readily interpretable by both humans andective), when the solution requires a relatively large
machines, and permits multilingual documents antime resource or in cases where the solution is not
programming languages, and facilitates multimediknown. GA starts with a set of solutions called “ini-
representation. XML allows creation of new stantial population”. According to their viability are
dards and at the moment there are more than 22Bosen solutions to form the next population (off-
XML based languages known to the author. Suckpring). To more appropriate decisions are given
languages, related to the Web based assurance of tigdter chances for reproduction. New population is
important relation: “calculations — model, visualiza-expected to be better than the old one. This is re-
tion and simulation” are: peated until some condition (for example: a number
» COLLADA - a standard for exchanging digi- of generations or a sufficiently good solution) is sat-
tal assets among various graphics software applicisfied.
tions; Cloud computing (programming) approach was
+ eXtensible 3D (X3D) [9] - X3D is the 1SO used. Cloud computing has been the most hyped
standard file format for representing 3D computeterms in recent times is a prolific technology that is
graphics, the successor to the Virtual Reality Modflourishing our days. It allows: consumers and busi-

eling Language (VRML); nesses to use applications without installing any-
« MathML- a language describing mathematicafhing; possibilities for access to their personal files
notations. just with connection to Internet; it allows much more

For to imagine the possibilities, given by theefficient computing and processing, about which the
contemporary Web technologies, below are present&fid users have to be least bothered.
and discussed some experimental applications, Cr&s...
ated by the use of XML technologies, PHP an
JavaScript languages.

4.1 Web based configurator of products

X3D real time comunications include real time
work with 3D models - possible changes of surface!
dimensions and dispositions (a web based config|
rator of drive sets is shown on fig.2 [4]). Web base
configurators are a typical Ol tool allowing the
product to be designed by the customer.

LLLLL

4.2 Web GA calculator and vehicle crash acci-
dents

As an example also is given the realized XML GAS
calculator, published in [3, 6]. As it is underlined™=
there the first GA calculator is realized by the usaga
of only Microsoft XML technologies and it works
only under Interrnet Explorer Browser. Here is pre
sented a new one calculator with extended functio
ality — this GA modeler and calculator has improve
interface and can be used not only under Intern
Explorer — its functionality has been tested also und
Mozilla Firefox and Google Chrome (unfortunatel
even today there are also many differences in fig. 2 X3D-Web based configurator
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A cloud application named “Web based GA calvery easy and can receive the calculation results as a
culator” is developed by using of XML, JavaScriptweb page and/or as a MS Excel file;
and PHP languages. * modeling of genetic algorithms is done by
The tool can have many purposes and very wid€ML description and an XML “transport” file (which
usage. For example it can be used for calculatiomsansports the user information to the server) is used;
corresponding to real needs or to be used as . results of calculations are represented by X3D
E-learning tool by using many already prepared angiodeling.
calculated examples, which can support students by The experiment, shown on fig.3 and 4, is made by
knowledge about the roles of the parameters of Gthe developed Web based GA calculator and X3D
calculations, the models of chromosomes and fitnegschnology. For the experiment case crash accident is

functions._ used. It has been necessary to write a special fithess
Following autcomes of the work on GA calculatorfunction by using the analytic geometry. The ex-
can be outlined: periment assists the activities in the field of vehicle

+ itis developed experimental cloud applicatiorcrash accidents investigation with different levels of
for very wide field of cases, which assures remotambiguities and can be used as a tool for final expert
creation of models of GA and receiving results; conclusions and checks.

» by using this application user can create and
edit the initial information about his concrete task

€ U locahost/Galm | [o-
O eample - Elsearch- o1 @ @ oo @ wusic [/ cames [of = privacy~
Free GA C; i )
Name Type Fitness i of the Chr il Generations | Crossover Mutation Alive Report
o: -
global $typepro; =
if (Stypepro=—"min") =
GA_crash NEW | min » | ¢omemsisr1000/ 36005 300 1000 9 9 4 everygen v
$u2m: u2+1000/3600;
$T1x ras] i
STily=Scrasny; ,
i i Ja
7, €
[ AddGene || inputGenef] | [ DeleteX] | [ Read Projeet | [ Save Project | [ Saveand Stan Project | /[ GA Calculator Y locaihostie
& /i =
N Name Type From To Period Del. X I 6 ! 2 nitpy/localhost/GA.htm € € [localhost/
1 crashX 0 250 350 0 ™ & @ x  Google | first ABC computer P- - B searcn
X Evideo v w () Search
.mashY E 250 I350 O Bl = e Free GA Calculations ;-)!
- jons ;- Name Type Fi
3 xip 0 31 318 0 [ m @ Free GA Calculations ;-)t ¥
| 0;
.‘”p EBW ij famc Type fncss ok gLotal s
| if (Stypepr
B 0 1500 1500 0 pel. I I ) 0: global Stypepro: 1| ||GA crash NEW ||| /min [¥]|fi¢
- Sulms=$ul*1000/3600; Sulms=$ulsl
STiy=Scrash¥; S$T2x=ST Suzms=gu2-1
.u1 EW I’UD o ] u e GA_crash_NEW| min ¥ | *sulms: $T2y=sTiy-sul STix=scrasn
: $T3x=$T1x-Suzex~abs (¢
=Ry roi > =
7 ulex 0 1 1 0 S ® e iy werebels | [AdiGene) [input Genelll) [Deei¥) [E
ul E! I] _ TH = e i
. [(AddGene | inputGenell | [ Delesid | [Fe| ¥ Hom s lyne
9 aphal 0 2 8 0 [Tl EH @ N ashx 0
N Name Type From
o B LI ZN = o 2 -
— 1 crashX 0 250
11 xp 0 343 33 0 [ ®E @ . OB n
crashY EEI |
12 (& E:ﬂs I315 o ] " e o
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Wp E:‘.ﬂ I - .
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fig.3 Web basedA calculator — vehicle crash analysis usage (different browsers)
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fig.4 X3D visualization (different view points)

Bacteria
(Nhld)

Generations

Fitness calc {Nm}

Name Type of the Chr

0: gichal Stypeprod if (Stypepro=="min") { //Initial =
Conditions 5¥Ygoal=10000: $¥init=10: SL1=100; SL2=100: |
$L3=100; $Xdisc=50; $Zdiat=20: //Constraincs SZhigh=10: !|
f/Caleulavion of X,Y and Z coordinaves of points 1,2,5,4 0 1000
§pdz=0; SP3z=§P4z+513*sin| (FTHETAZ+STHETAS) *pd (}/16Q)

§P22=§P3z+5L2%ain (STHETA2*pi () /L80) ; $Piz=§P2z; //if

robot has enough distance from the ground if ((§P1z-§2dist- =

Joma min ¥

Clones Infections

Length bact.
M) S

s Oy Length gene

transf.(l;,) Report

every gen. ¥

| AddGene || InputGenefl] || DeletefX] || ReadProject || SaveProject | [ SaveandStedProject |

N . Type From _ To  Period Del. X I

S CEN CHEN N O G =

Name

- [ O DN O O s
] |
[ AddGene || InpuGenefi] || Delete(X] | [ ReadFProject | [ SaveProject |[  SaveandStwnProject |
fig.5 Web base@ptimization by BA (working screen, XML model)

<?xml version="1.0" ?>
<transport>
<initial> - Parameters of BMA
<name>...</name>
<type>min<i/type>
<fitness>...</fitness>
<bacterias>...</bacterias>
<generations>...</generations>
<clones>...</clones>
<infections>...</infections>
<lbm>...</lbm>
<lgt>...</Igt>
<report>everyg</report>
<finitial>
<units »- Bacreria's genes description
<unit>
<check>...</check>
<name>...</name>
<type>...</type>
<from>...</from>
<to>...</to>
<step>...</step>
<fitval>...</fitval>
</unit>
<unit>

:funib
<:f'tinits>
</transport>
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Fitness value = 9720.4060488627
THETAI =170
THETA2=9
THETA3 =0
Ny | Generation-------- No: 996
4, Finess value = 9720.4060488627
THETA1 =70
THETA2 =9
THETA3 =0
-------- Generation-------- No: 997
Fitness value = 9720.4060488627
THETAI =170

THETA2 =9
THETA3 =0

Fitness value = 9720.4060488627
THETAI =70

A THETA2 =9
g THETA3 =0
Bl | = Generation-------- No: 999
i, 4 Fitness value = 9720.4060488627
THETAI =70
THETA2=9
THETA3 =0
-------- Generation-------- No: 1000
Fitness value = 9720.4060488627
THETAI =70
THETA2 =9

Goal Ystep = MAX THETA3 = 0
Constraints Zhigh > MIN distance from the ground, | ceryour Excer fiter
©min < ©1,2,3 < ©max

fig.6 Six legged robot — optimization task and results

The tool can have many purposes and very widaguities and can be used as a tool for final expert
usage. For example it can be used for calculatiom®nclusions and checks.
corresponding to the real needs or to be used as
E-learning tool by using many already prepared andl2 Optimization by Web BA application
calculated examples, which can support students by BA Web tool similar to GA calculator is devel-
knowledge about the roles of the parameters of Géped [5]. Below are discussed BA operators.
calculations, the models of chromosomes and etc. First operator here is Bacterial Mutatidh cre-

Following autcomes of the work on GA calculatoratesNyqnes NUMber of clones (copies) of an individual,
can be outlined: which are then subjected to random changes in their

 itis developed experimental cloud applicatiorgenes. The number of genes that are modified with
for very wide field of cases, which assures remotthis mutation is a parameter of the algorithm. This
creation of models of GA and receiving results; mutation step is performed on all clones of the indi-

« by using this application user can create andidual except one, which is kept the same as the
edit the initial information about his concrete taskoriginal. After mutating the same segment in the
very easy and can receive the calculation results agl@nes, each clone is evaluated. The clone with the
web page and/or as a MS Excel file; best evaluation result transfers the mutated segment

« modeling of genetic algorithms is done byto the other clones. These three steps operations
XML description and an XML “transport” file (which (mutation of the clones, selection of the best clone,
transports the user information to the server) is useéfansfer of the mutated segment) are repeated until

« results of calculations are represented by x3@ach segment of the chromosome has been mutated
model. once. This process repeats for each member of the

The experiment, shown on fig.3 and 4, is made bgopulatlon. _ o _
the developed Web based GA calculator. For the Next operator in a generation is the horizontal
experiment case crash accident is used. The expdggene Transfe Transferlt means copying genes ff(_)m one in-
ment assists the activities in the field of vehicle crasiividual to another one. First, the population must be
accidents investigation with different levels of amSorted and divided into two halves according to their
evaluation results. The bacteria with better evalua-
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tions are called superior half, the bacteria with worse « examples about the the pointed main problem,
evaluations are referred to as inferior half. Then, orthe overcoming of the gap between Web based
bacterium is randomly chosen from the superior hathathematical calculations and modeling, visualiza-
and another from the inferior half. These two bacterition and simulation, are given.

are called the source bacterium, and the destination

bacterium, respectively. A segment with a giverReferences

length which is a parameter of the algorithm is rant.Chesbrough H. Open Innovation: The New Imperative
domly chosen from the source bacterium and thfer Creating And Profiting from Technology, Harvard

seqment s used (0 overurt a seqment ofthe desfisess Sevon ess Sesen 2008, L
nation bacterium. The steps above (Somn.g t.htlvity Between Men and Machines, Memoirs of Graduate

bacteria, transfer the segmerjt) are repedigtimes, ofg?ggggf Egg;r:f%gr;)%;oggi_I\ggt.ropol|tan University No.
whereNiy is the number of “infections” per genera-3 penchev V., Tudjarov B. An application of cloud pro-
tion. gramming, evolutionary optimization and analytic geome-
Fig.5 and 6 present optimization task about they for the needs of vehicle crash analysis, XlII Interna-
robot’s leg movement solved with the developed BAional PhD Workshop, OWD 2011, 22-25 October 2011,

Web tool [5]. Gliwice, Poland, pp.24-29.
4.Tudjarov B., Bachvarov A., Boyadjiev |. Web-based
5. CONCLUSION VR for Pre-Sales Service Customization, Proceedings of

the 3rd Joint Conference PETO'08 and IMCM'08: Mass

. . . Customization of Services, Copenhagen, Denmark, 2008,
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ICC PRINTER PROFILESRESEARCH WITH COLOR THINK PRO SOFTWARE
ASA METHOD FOR COLOR MANAGEMENT EDUCATION

Vladimir KAMENOV Valentin IVANOV
Department of Precision engineering and measurement instruments, Technical University - Sofia, Bulgaria
e-mail: vladokamenov@tu-sofia.hge-mail:vgi@tu-sofia.bg

Abstract: In accordance to the authors’ science project of evaluating the quality of office color printers, sponsored by the
Bulgarian Science Research Fund, the following article will investigate a part of the “jungle” of color management and its
implementation in color quality evaluation, namely — ICC printer profiles. How do you know if your ICC profile is valid? If

the profile is for a printer, you can output a number of representative images and examine the prints under controlled
lighting. Various problems, including poor output quality or print-to-screen mismatching, are not uncommon, and it can be
difficult to root out the problem within the color management chain. Was the device behaving properly prior to generating
the profile (are all ink heads firing)? Is a series of gray patches really gray or do they only appear to be under this lighting?
Is the gamut of the device sulfficient to reproduce the colors in your images? Such questions are best answered with the
analytical and statistical data obtained from a profile. Looking at the problem as numbers can point you toward areas to
further examine then fix.

Keywords: Color, Color management, color management education

1. INTRODUCTION power comes in a surprisingly easy-to-use mode
called ColorSmarts Guide. Simply select the func-
How do you know if your ICC profile is valid? If tion, such as evaluating the quality of a profile or
the profile is for a printer, you can output a number (device, and select the tests in the box at the left. A
representative images and examine the prints uncstep-by-step wizard will ask you to select a profile or
controlled lighting. other necessary information, and the ColorSmarts
Various problems, including poor output qualityGuide will do all the work. You really don’t need to
or print-to-screen mismatching, are not uncommoiknow anything else about the program’s internal
and it can be difficult to root out the problem withir workings.
the color management chain.
Was the device behaving properly prior to ger 3. COLOR MANAGEMENT PRINTER PRO-
erating the profile (are all ink heads firing)? Is a serie FILESTESTS
of gray patches really gray or do they only appear
be under this lighting? Is the gamut of the devicHere we present a few useful tests that provide
sufficient to reproduce the colors in your imagesfeedback about how an ICC profile behaves. We've
Such questions are best answered with the analytiiselectedEvaluate a Profile and therEvaluate Neu-
and statistical data obtained from a profile. Lookintral Rendering, and then we are asked to select an
at the problem as numbers can point you toward are/CC profile.
to further examine then fix.
3.1. Evaluate a profile test
2. COLORTHINK PRO SOFTWARE ColorThink Pro did all the work in producing the
results in Fig. 1. You see the red, green and blue
One utility for gathering a wealth of information curves of the ICC profile (we selected an Epson
about ICC profiles is ColorThink Pro from Chromix Stylus Photo 2400 and glossy paper). As we move the
Company. It would take many pages to give acursor from left to right, we can examine the neu-
overview of all the features and capabilities of Coltrality of the curves within the ICC profile, from
orThink Pro, so we’'ll just hit the highlights. black to white, while keeping a close eye on the
ColorThink Pro is a new, improved and more powchroma bull's-eye at the lower right of the Profile
erful version of the original Color-Think. Its new Inspector window. A chroma value of O would indi-
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cate a perfect neutral; 0 chroma indicates no hue. Tlcurve the value is a whopping 16. Obviously some-

profile is pretty good; the worst area has a 1.0 chrorthing’s wrong with this profile, and thanks to Col-

at level 12. orThink Pro, we know why; due to a clogged print
Notice in the second Profile Inspector, a profile chead, there was no dark cyan ink used when the pro-

an Epson 2200, neutrality is so poor you can't s¢file target was built.

even a red dot in the chroma area. At this point in the

-  Profile Inspector Al e
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fig.1 The ICC profile
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fig.2 The first Profile Inspector window

fig. 2 - The first Profile Inspector window shows ¢the second Profile Inspector window shows a very
very low chroma value of 1.0 at level 12. Howevethigh chroma value (outlined in red) of 16, due to this
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profile’s having been built on a printer with a clogge( | e e

[\ Test Comphine

print head.

3.2. Evaluate device RGB calibration test

Since an output profile provides data about th
device it is based on, this profile provides useful ir
formation about each device. When we click o
Evaluate a Device in the ColorSmarts Guide, we are
presented with six options. We selé&staluate De-
vice RGB Calibration. ColorThink Pro’s online help
(in the far right window) tells us this test will evaluate
the neutrality of a device at the time the profile wa
built. We simply select a profile and click the Nex
button. ColorThink plots the neutrals in a
three-dimensional graph that can be rotated. In Fig.
you can see the results from the same Epson 24

A8 =0
[

W Pt Akl 72
B Pefe Aschs 3 (1906

‘‘‘‘‘‘‘

Spinning this plot around an axis makes it much

easier to see where the grays fall outside a perfect
neutral; a perfectly straight line of dots running ver3.3. Gamut comparison tests

fig.4 The graph of Adobe RGB

tically from black to white.

One more useful test: we can compare the color

This is illustrated when we plot an RGB workingcgamut of any image to the gamut of any device using
space —Adobe RGB (1998)—using the same te:ColorSmarts Guide. We simply select an image and
The balls line up perfectly in the vertical axis. Each can ICC profile. We again selected the Epson 2400
the 256 values in Adobe RGB (1998) is neutral, and a drum-scanned image with highly saturated

benefit of all RGB working spaces.

ColorSmarts Gaide Sunmary

Tha Caerirmarts Gae o seiup your tzal m

[ ]
-
L
L ]
-
-
[
3
1

fig.3 The results of the test

4 riot L
p WP G| T
ll\; Tast Cossphing 1 @ Pl A 0K (1990

colors. In Fig. 3he gamut of the printer is in red and
the actual colors from the image are represented as
colored dots, one dot per color. You can see that some
yellow, blue and magenta dots fall outside the gamut
of this printer. We can spin this three-dimensional
graph to see the entire color space. Notice, too, that
the red gamut representing the Epson printer has a
controllable translucency so we can see where the
colors of our image fall.

Fig. 3 shows the gamut of a printer and an actual
image. Each colored dot represents the gamut of the
color in the image.

Fig. 3 show the results of this test how well the
printer behaves with respect to neutrals from black to
white. Fig. 4 shows spinning of three-dimensional

graph makes it easier to see where neutrals shift.

Notice that even in print, the graph of Adobe RGB is
perfectly straight along the vertical axis.

fig.5 Gamut of a printer
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4. CONCLUSION fice print equipment”.

ColorThink Pro and ColorThink are great teachReferences
ing tools because they show us how the color spacl- http://www2.chromix.com/colorthink/ _
of devices and images interact. One can even recor 2 Z(I).n ?/Vei?ég/Chll?léjé dicnoéompﬁggéame Models, Addi-
QUICleme movie of a spin of these gamut plots t . S Gustavsor;, Color ga’lmut’ofhalftone reproduction, J.
share with (_)ther researchers or students. The softw Imaging Sci. Technol., 41(2), 283-290, 1997.
presented is a valuable tool for the authors’ scien, R w. G. Hunt, The Reproduction of Colour, 3rd. ed.,
research project — “Development of a stand and  John Wiley & Sons, New York, 1975.

methodology for color print quality evaluation of of-
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METO/ HA KAPTOI'PA®UPAHE 3A KOHBEPTUPAHE HA TPUMEPHU
IMNAPAMETPUYHHU MOJEJIM OT PA3JIMYHU CAD CUCTEMMU B CATIA V5
R19

dann BHJIYKOBA
CERN, Iseiitapus
e-mail: fani.valchkova@cern.ch

Pe3tome: B nacrosimaTa craTus € mpeUIOKEeH METo[ 3a Kaprorpadupane Ha TPUMEPHH ITapaMeTPHYHN MOJEIH OT pas-
mmyan CAD cucremu B tasu Ha CATIA V% R19. To3u meton e ochuiectser B npoekra ,CMS in CATIA” B pamkute Ha
Epomnetickara nporpama B Llepn, llIseiinapus. Toit e pa3paboTeH Ha 6a3aTa Ha CBHINECTBYBALIUTE CTAHAAPTH 33 KOHBEP-
THpaHe, KaTo MapaJieJIHO C TAX CE M3IOJ3Ba METOIBT 3a KapTorpadpaHe Ha XapaKTEPUCTHUKHUTE, KOETO MO3BOJIIBA Jie-
TalIHO EKCTPaKTBaHE HA XapaKTEPHCTUKUTE OT OPUTWHAIHHSA MOJEN U YCIEHMIHOTO UM BB3MPOU3BEXKIAHE B IPUEMHATA
CAD cucrema (CATIA V5 R19). Crieqi KOHBEPTHPAHETO MOJEIUTE 3alla3BaT CTPyKTypara CH M MOraT Aa ObJar JIECHO

KOPHTHPAHH.

KnrouoBu nymu: xaprorpadupane Meronuka, CAD, 3Dmoznenn, kouseptupane, CATIA

1.BbBEJEHUE

I[Ipu CAD 1npoexTHpaHETO KOHCTPYKTHBHATa
XapakTepucTuka € abCTpakTHa T'eOMETpHsl, KOSATO
IIPEACTaBs KOHCTPYKTHBHUTE LIEIH M MOXe Jia Obze
M3M0JI3BaHa 3a KOHCTPYHMPAaHETO Ha (QOpMHUTE Ha
kommonentute [1,3]. C apyru aymMu KOHCTPYKTHB-
HHUTE XapaKTEPUCTHKU KAaTO Te3H, MMOKa3aHU B Tal-
muna 1., Mmorar na ce AeuHUpPAT KaTO KOMOUHAIIHS
OT abCTpaKkTHH XapakTEPHCTHKH HA (opmure (I'bB-
KaBa TEOMETPHYHA XapaKTEPUCTHKA, KOSNTO HE €
CBBp3aHa C IPYTd alUIMKallii) W KOHCTPYKTHBHH
LEJTH.

MaremaTiyecku i-Tata KOHCTPYKTHBHA Xapak-

TEPUCTHKA DF' moxe na 6bae MpeaCTaBeHa, KaTo:
DF' =F, 01} (1)
KBJETO Fdi MpeCTaBisiBa aOCTPaKIUs OT XapakTe-
puctuku B CAD npoeKkTrpaHeTo, KOsTO € ChCTaBCHA
Fi=U b f ji '

(j=12,...,p, HOMepa Ha TMOBBPXHHHATA); IpyIa

oT HAKOJIKO IIOBbPXHHUHHU:

|y TpencraBmsiBa KOHCTPYKTHBHH LETH, KOHTO

BKJIFOYBAT MPELH3HU XapaKTEPUCTHKH F‘i, (reomer-
PUYHU pa3MepH, TOJEPAHCH M TPamaBOCT Ha IO0-
BBPXHUHUTE), (PYHKIMOHAIHH XapaKTEPHCTHKU Ffi
(xaTo oceBa MMHUS, OC HA CHUMETPUsI, OC HA OTBOP U

Jp.) U MaTepuaHy XapakTepucTuku F, .

Xapakrepuctukure DF' B CAD numsaiina ce
OITICBAT KAaTo:

DF' =F, 0(F, OF, 0..0F))
O(Fy OF; O..0F;)OF, =

— i S i e
=F, D(IL:JIFMJD(glqujD F,
KOHCTpYKTUBHUTE XapaKTEPUCTUKH Ca OIMCaHU

C TEXHUTE CHCTABHU IOBBPXHHMHH, HO OTHOILECHUSTA
MEXIy Te3d IOBBPXHHHHM HE Ca ONpeleleHH 3a
TOYHOTO OMNpefesHe Ha KOHKPETHA TIeOMETPHS.
Ipumep 3a TakaBa HEOMpPEACIICHA XapaKTepHa Ieo-
MeTpusl e npeactaBeH Ha ¢ur. 1. Berpeky, ye Tpute
KOHCTPYKTUBHH  XapaKTePUCTHKH Ca HAPEYCHHU
">xn1e0", Te ca pa3NMYHM MOpaxy pasinyHara reo-
MeTpHsl Ha pa3pe3a. 3a MPaBHIHOTO KOHBEPTUPAHE €
HEoOXOIMMO [a Ce OIMIIEe Bpb3KaTa MEXIy Te3d
XapaKTEpUCTUYHU paBHUHH [2].

(2)

2. ®YHKIUA HA , KAPTOI'PA®UPAHE” HA
J._. XAPAKTEPUCTUKHUTE HA ®OPMUTE

IMpouenypara 3a ,kxaprorpadupane” Ha Xxapak-
TepucTUKUTE Ha popmuTe MOXKe 1a ObJe pa3aeneHa
Ha J1Ba eramna, ¢ur.2. [IbpBu eran ce U3BBPIIBA Upe3
npoueca ,kaprorpadupane” Ha QyHknus & ot ab-
CTpaKkTHa XapakTepuctuka Ha ¢opmure F, kBM

IpexojHaTa Xapakrepuctuka F, Bropusar eram ce
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M3BBpPIIBA Ype3 IMporeca ,Kaprorpadupane” Ha
Gyukius J, OoT abCTpaKTHA XapaKTEPHCTHKA Ha
¢dopmure F;, KbM XapaKkTepUCTHKaTa Ha IIPUEMHATA
CAD cucrema F,. 3a no-KbCHU €TaIy CHIIECTBYBAT

YeTHPU BUAA ,KapTorpadupaHe” Ha XapaKTEpUCTH-
KuTe: KaprorpadupaHe eIHO KbM €IHO, €IHO KbM

JIBE, 1BC KbM €THO U MHOTO XapaKTePUCTHYHO KbM
MHOTO XapaKTepUCTH4HO ,Kaprorpadupane”. Cb-
OTBETHO (yHKIMATA Ha ,KapTrorpapupane” ., Ha
XapaKTepUCTUKUTE Ha (OPMHUTE € CHCTaBeHa OT
Gyukuunre & ud,, KOUTO Morar aa ObAar mpen-
CTaBECHH KaTo:

Ta0.1.1 Kinacudukaiys Ha XapaKTepUCTHKHUTE Ha aOCTpakTHUTE GopMH.

Nwme Ha xapakTepucTukaTa

r eOMeTquHa (bopMa

M3nbkHAIOCT

Kned

Cirstn 5K71€0

OtBOD

Canstn oTBOp

Pe6po

Paspes

3akpbrieHue

dacka

|

OCHOBHU paBHUHU

PaBHWHzE 2
PaBHWHz 1
PaBHWHE 3
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f2

3

acne6 = £, 0,0 f, acne6 = £, 0,0 f,

1:2 f3 fe

5

owene6 = £,0 F,0 f,0 f,0 f,0 f,01,

¢ur.1. Xapakrepusupate Ha x1e0 ¢ pasianuHa Gpopma,onpeieneH upes passindeH Opoi NOBbPXHHHH.

d =59 F, - F, 3)
KbIETO © € CHMMBOJI, KOUTO MpPEACTaBs ChCTABHOTO
kaprorpadupane Ha GyHKUMHTE ) U T, .

3.IMTPOLEC ,KAPTOI'PA®UPAHE” HA
OYHKIUA 5

Hexa F, :{Fr: Ji=12,..., } Oblle MHOXECTBO
OT abCTPaKTHH XapaKTEPUCTHKH Ha MHOXCCTBATa U
F, ={F; i=12,..., } € MHOXECTBO OT MOBBPXHH-

HH, CHOTBETCTBAIM Ha E€JIEMEHTHTE OT MHOXKECTBO
F,, ako domg =F, , vald OF,, Torasa & e mpo-
uec Ha ,kaprorpadupane” Ha popmara F, xpm F,
KOETO MOXe J1a Ob/ie H3Pa3eHo KaTo:

d:F, - F,

Xy = 191()() ,
kbiero X OF,y, OF,, X e obpaten obpa3 Ha Y, a

(4)

Yy, ¢ obpa3 Ha X, upe3 pyHKIUATA o .
ITpouecsT ,kaprorpadupane” Ha QyHkumst J ce

HM3I0J3Ba 3a CKCTPAKTBAHC Ha TOIIOJIOTMYHU CJic-
MCHTU OT XapPAKTCPUCTUKUTC Ha q)OpMI/ITe, KaKTO
OCH, KpUBHU U BbIJIOBU CJICMCHTH.

1) Korato F. nFJ =¢(i % j) HSMa B3aUMO-

JIEWCTBHE MEXIYy XapaKTepHCTHKHTe Ha (opmmure,
IPOLIECHT MOKeE J1a O'b/Ie OIKMCaH KaTo:

5(F)=9(FOFR?D..OFP)=

(fofo.)o(r2off0.) -
0.0(fP0fP0..0f")=
F,O0F20...0Fp

kpaeto Fy = f 0 f; 0.0 f! e cberasen or mo-

BBLPXHHHMTE HA | -TaTa Xapaktepuctnka Fj u pe-

namusita f' 0 ) =¢(i Z j) € BspHa KOraro HsMa

B3aUMOOTHOLICHHS MEXKY XapaKTEPUCTHKUTE.

2) Koraro

BSaHMOHGﬁCTBHﬂ MCKAY XApaKTCPUCTUKUTEC Ha
(bOpMI/ITe. TomogoruyHuTe €JIEMEHTH Ha JABC B3au-

FinF) = ¢(i 3 j) CHIIECTBYBAT

F'u F! morar na

MOJICHCTBAIU XapaKTePUCTHKU A

ObJaT NPOMEHEHH, KAKTO M PE3YJITAHTHHUTE ajTep-
HATMBHU XapaKTEPUCTUKU U TE€OMETPUM. AKO MHO-
)KECTBOTO OT ONEPALMU HA CAMETPUYHH pas3inuku [
ca MPUIIOXKEHH 32 TE€3U XapaKTEPUCTHYHHU €JIEMEHTH,
Korato xBe xapakrepuctuku F, m F! cu B3ammo-
JeHCTBAT, MPOMEHUTE HA TOMOJOTHYHUTE EIEMEHTH
wa F, u F! morar na 6paat ussnevenu upes QyH-
KLIsITa 33 KapTorpadupane Ha mporeca o .
[ i = i

Ha mpuemem, we F, =Ui, f , F)=Uz,f' n

i i D impi fiCE
FonFlzg(iz]), f,0F , fJOF), ako apere
noeepxunan f, n f! cu B3ammoneiictrar, koero ce
IbIDKA HA B3aMMOJIEHCTBUETO HA XaPAKTEPHCTUKHUTE

F, u F) u npyrure nuua or xsere B3auMomenct-
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Ballld XapaKTCPUCTUKU OCTAaBAT HCIIPOMCHCHMU. To-
raBa noJjry4yaBame:

i i) =
s (FROF))=
Iy I, ( 6)
i i j i
U fp(tot)oy |
s=1s#u t=1t#1
kpaero f, O f) npencrasar cumerpmunnre pas-
JIMKY Ha IBETE B3aUMOACHCTBAIIY TOBbPXHUHHI fu' H
i.
£
MHOXECTBOTO OT OII€paluu C€ aHaJIn3upa KaKTO
cijaeaBa.

B MHOXecTBOTO OT onepanmuuTe UMamMe CJICAHUTC
IpaBuiia:

PE3YATATHT OT CUMETPUUYHUTC PaA3INIUA O s

(ADB)=(AOB)-(An B) @)
(AOB)=(A-B)O(B-A) ®)

Ot npeaxogaute HOPMYIH TTPOU3IU3AT CIICTHH-
TE ONEpAaLHH:

(hot))=(fhot)-(tnf))  ©

(hot)=(t-t)o(t)-%) @O
Morar na 6bAaT ONMUCaHW YETHPH Ciydas Ha B3au-
MO/JICUCTBUS HA XapaKTEPUCTUKUTE:

a) Axo f Of), ¢ur.3a, torasa f, Of) B

MHOKECTBOTO OT OII€pallMM J1aBa.

fOf) =1/,
fg n fJ =1, (11)
fj - f) =1/

oriof=(Roni)-(tnti)=t)-fl=1
6) ako f, O f, momyuasame:
tiofd=(roe)-(rn))=
fl-f) =1,

B) ako f| =

(12)

f,), Torasa:

NOf=6-1 =0

12)

i i i il
f,, f,) - mmua npenu fo=1f -1
B3aMMOJIENCTBHUE fl=1f -1
= fi_ fi j
f) =1 -1, -mma f) - paBumHa c xBe
clell B3aUMOAECUCTBUE  gyuIIHK BPB3KH
a) 6)

¢ur.3. Onepaumns f, O f! na nopspxuunure na s3an-

MOJIEHCTBAILM XapAKTEPUCTUKH

r)ako f} O f) ¢ur.36, umawme:

fl—t)=f., fi-f =f (13
o of) =(t-t)o(t-1)=fo1 @
Kato wusno mpuioxxeHWeTo Ha oOlepanuuTe Ha

CUMETPUYHHUTE PA3IUKH KBM XapaKTePUCTHIHHUTE
B3aMMOJICHCTBHA MOTaT Aa OBIAT U3Pa3eHH KaTo:

¢ f, =1,

fl 6l 0f),
fl.fl Of),
fl.Of);f0f),

flOf) = (15)

KbIACTO u va MNpCACTABAT NMOBbPXHUHUTE HAa ABC

XapaKTEPUCTUKHU npedu TIXHOTO B3aMMOJICHCTBHE, a
f, u ) npexcraBsT moBbpxHUHHTE Ha ABE Xapak-

TEPUCTHUKH C1ed TAXHOTO B3aUMOJIEICTBHE.
Od4eBUIHO TMpOIECHT 3a Kaprorpadupane Ha
¢byHkmaTa J, Moxe 1a ObJe U3MON3BAH HE CaMO 32

eKCTPaKTBaHE Ha TOIOJOTMYHM €JIEMEHTH Ha He3a-
BUCHUMUTE XapaKTEePUCTHKH, HO CHIIO Taka M 3a
UIeHTHUIUPAHe HA TONOJOTMYHM EJEMEHTH Ha
B3aMMOJCHCTBAIINTE IIOMEXAY CH XapaKTePHCTHKH.
IpencraBeHuTe XapakTepuCTHKH Ha Qopmure B
opurnHanmHara CAD cucrema wmorar mga Obaatr
TpaHcopmupanu ycremHo B mnpuemHata CAD
cucrema. ToBa mpencraBsiHe € KOMOWHALMS OT Opost
Ha peaJIHUTE ChUIECTBYBAIM MOBbPXHUHU HA MOJE-
na. Ha ¢ur.4. e mpeacraBeH npouec Ha napamer-
PUYHO MOJIENIpaHe M PE3YITAaHTHO CHCTOSIHUE Ha
HapaMeTpUYHOTO MOJIENIMpaHe 3a KoMrnoHeHTa. [Ipu
MOJEJIMIPAHETO MHOXKECTBOTO OT aOCTPAKTHH Xa-

pakTepucTuKu F, Ha MHOXECTBOTO Ha HpeJcTaBe-

HUTC KOMIIOHCHTHU CbABPIKAT UZHBKHAIOCN, oHcned u

paspe3 XapakTepuctuku, F, , ce u3paszgBar Kkato

00CeIMHEHO MHOYKECTBO OT TE3HU XapaKTCPUCTHUKU.
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F, = mnbekHanoct U ocned O paspes  (16)
u
usnvknanocm = £, 0 f,0 f,0 f,0 f 0 f
aene6 = f10 £0f,0F, 02 (17)

paspes = 20 7.

B3aumopeiicTBHETO Ha XapaKTEPUCTHKUTE MEX-
Iy orcnied u paspes HopMHpaT XapaKTEPUCTUIHOTO
MHOecTBO F',, ChOTBETCTBALIO HAa MOAEIUPAHUS
PE3YATaT, KOETO € Pa3InYHO OT M3MOJI3BAHOTO OPHIH-
HAJIHO XapaKTepUCTUYHO MHOXKECTBO F, .

HNmame:

F ', = usnvknanocm O cianocne6 O paspes (18)

B T0O3u npuMep HECBMHEHO Ce TIPOMEHS He caMo
XapaKTePUCTUYHHUAT Kiac (0T Jcied KbM cisan dicneb),
HO CBIIO Taka Ce MHPOMEHSAT M CHCTABHHUTE IO-
BBPXHHHH Ha XapakTepuCTHKHuTe. V3BOABT OT
npoueca Ha kaprorpadupane Ha ¢yHKUuATA 5

MOXE Ja 6’])[[6 n3pas3cH KaTo:
A ( Fn) =4 (u3nb1<Haﬂocm O orcne6 O pa3p63)
=(f,0f,0f,0f,0f0f)
O(RO0RORDEO(H001]) a8
=(f,0f,0f,0f,0f0f)x
O(f0f0fE0fi0f2017)
KBJETO,
1 g2 g2
por | ©

paspes

usnvkHaoCm f
3

fl a2
&~
7 al e

i
cranocne paspes
¢ur.4. IIporec Ha mapaMeTPUIHO MOZAECIUPAHE U PE3yIl-
TaHTHO CBbCTOSTHUE HA NMMapaMETPUIHOTO MOACIUPAHE 3a

KOMITOHCHTA.

usnvKkHanocm

Upes nporieca Ha kKaprorpadupane Ha QYHKIHsATA
$, ¢ Bb3MOXXHO Jia C€ OIpelen CMsSHATa Ha Xapak-

TCPUCTUKUTE, BKIIIOUYCHU B ONPCACIICHU B3aI/IMO[[eI71-
CTBUA M Aa CC€ MNOJYy4YU KOPCKTHO KOHBEPTHpPAHC Ha
TE3U XaPaKTCPUCTUKU.

4. TIPOLHEC , KAPTOI'PA®HUPAHE” HA
OYHKIUA 5,

Heka F§:{Fl9i,i:1,2,...,p} € MHOXECTBO OT
MOBBPXHUHHM, IMOJNYYCHH Ype3 Ipoleca Ha KapTro-
rpagupane  Ha  QyHKmuATa 5 Hexka
F, :{Faj,j :1,2,...,q} € MHOXXECTBO OT (hYHKIUU
HAa KOHBEPTUPAHUS BEUC MOIECI.

Axo domd, = F,,vald, O F,, ToraBa dyHkuusta
J, e HapeueHa KaprorpadupaHe Ha QyHKOUATAa B

F, n ce

npuemHata CAD cmcrema or F, xeM F,

OIIMCBA KaTo.
5, Fy - F,

=y, =‘92(Y1) ,
kprero Yy, OF,,y,0F,,y; € oOparHoTo u3o-

(20)

Opaxenue Ha Y,, Y, ,6 H300paKeHHETO OT (yHK-
usita 9,

Ha Gaszara Ha CbCTaBHM NMOBBPXHHWHH OT MOJY-
YEHUTE XapaKTEpPUCTHKH Ha QopMmure upe3 (yHK-
nusATa J;, NpouechT 3a Kaprorpadupane Ha QyHK-

LUHUTE € MPHUJIOKEH 3a ThPCEHEe U M3BJIMYaHE Ha
CKpUTHTE aTpuOyTH Ha TIOBBPXHUHHUTE (KaTto Tex-
HHUTE BEKTOPU W THIIOBE), 33 HACHTH(UIMpaHE HA
OTPAHUYUTEIIHUTE BPH3KA MEXKIY TOBBPXHUHHUTE
(manpuMep MEPHICHIUKYIIIPHOCT U YCIOPEIHOCT) U
3a M3BIUYAHC OMUCAHUETO HAa XapakTepHU (opmH,
MoJOOHM HAa TE3HW OT MPCANOYUTAHUTE XapaKTepH-
cTHKH. B Ta3u Hacoka kapTorpadupaHeTo Ha Xapak-
TEPUCTHKUTE Ha (Qopmure oT opuruHamHata CAD
cucrema kpM mpuemHata CAD cucrema moxe ma
ObJIc apXUBUPAHO.

[peamnonara ce, ye (QyHKUUHUTE, U3IOI3BAHU 32
aTpuOyTUTE U OrPaHUYUTEIIHUTE BPB3KH, Ca Hape-
4eHH (QYHKIHUHA HA MbPCeHemo W ca TPEICTaBeHH
4pe3 cuMBona ¥, . Ilpeanonarame, 4e Mmo-HATaTHK
GbyHKIMsATa, U3I0JI3BaHA 32 PEKOHCTPYHpAHE HA I10-
BbPXHUHUTE M OIMKCBAIl[A TEXHUTE BPB3KH, € Hape-
4yeHa QDYHKIUS HA 0ZpaHuyenusima u € IpeIcTaBeHa
4pe3 cuMBONa ,,. Torasa mpouecsT ,kaprorpadu-
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paHe” Ha QYHKIUS J, € CHHTEe3UpaH OT (YHKIIMS Ha
mupceneno ,; 1 GyHKLIUS HA 0ZPAHUMEHUAMA Ty,

U € OIMCaHa KaTo,
8, =8,,08,:Fy - F,,

Y=Y, =’92(y1) =’922(’921(y1)) '

KBJETO © IPEJACTaBs CHHTE3a OT JBeTe QyHKuuu J,,

(21)

ud,,.

PesynrarsT oT QyHKuMSATa HA Mbpcenemo I,
BKITIOUBA JBa Maparpada:

- IIbpBuAT € oOmMCcaHMETO Ha MHOECTBOTO
NOBBPXHUHHU, KOUTO BKJIIOYBAT aTpuOyTHTE Ha TeX-
HHUTE BEKTOPH, KPHBHU U TUIIOBE.

- BropusT e onucaHueTo Ha OrpaHUYHUTEITHUTE
BPB3KH MEXAY TE3U HOBBPXHHHH OT XapakTepu-
CTUKHTE.

Hexa REL ©Obne obnactra OT OrpaHMYHMTEIIHH
BpB3KH, ¢ Apyru nymu REL e mHOXecTBO OT mep-
nenaukynspuoct (R, ) R, , mapanennoct

(R ) R, pruoso pasnonoxenue (R, )R, , mpu-
nararenun (R, ) M CBbBMECTHH IOBbPXHHHH

( Ryyface )- TOBa MOKe 11a GB/€ OIIHCAHO KATO:

REL ={ Rperp' Rpar 1 Rang ’Radj 'Rsoface} (22)

P(REL) € mHaekc Ha MHOXkecTBo oT REL , xo-

€TO BKJIIOYBA BCHYKH ITOJJMHOKECTBA, C U3KJIIOYECHHE
Ha Mpa3HUTE, UMEHHO P(REL) # ¢ . 3aroBa pe3yi-

TaThT OT (yHKLHMSATA HA mMwbpcenemo &, € obean-

HEHHUE OT MHOXKECTBO IIOBBPXHHHH M OTPAaHUYUTEITHN

BPB3KU Ha Xapakrepuctukure. CienoBaTenHo QyH-
Kuusita o,, Moxe Ja ObJie mpeIcTaBeHa KarTo:

PO

521(y1) = H(Hl fi O P(REL)) (23)

Kkbaero i =1,2,...,p ¢ HOMep Ha XapaKTepHCTH-

kute Ha ¢opmute B opurnHanHata CAD cucrema,

i=12,..] e HOMEp Ha CbCTAaBHHTE MOBBPXHHHH,

crotBeTcTBaIl Ha F, B opurmaamnata CAD cucre-

Ma.
3amectBame Qopmyina (23) BB popmyna (24);3a
¢byHkimsaTa &, ce moxydana:

AV 1922(7_921()/])) -

=(t 00t OR, DR, O (24)

(1?0 0..620R, OR, OR DR,

DmefDth;Dﬂngz
OROR,0OR,OR,OR,

q .
—rl 2 q — i
=F0OF0..0F —iL_JlFa

dopmyna 24 mnoxas3Ba, ye MPOLECHT HA KapTo-
rpadupane Ha xapakTepuctukure or Fy,00F, e pea-
NU3MpaH 4ype3 mpoueca Ha kaprorpadupane J, upes
CHHTE3MPAHETO HA &,) U J,,.

KomOunupanero Ha nBere QyHKIHHM 3a KapTo-
rpadupane & u &,, dynkuusra xaprorpadupare
J _, Ha XapaKTEpPUCTHKUTE Ha (OPMHUTE B OpPHIHU-
Haimaata CAD cucrema xpMm mpuemnara CAD cuc-

TeMa MoraT J1a ObJaT MPEeACTaBeHH KaTo:
8 =0 F - F,

Yo =5, (%) =8, (9,(x,)) =

I (7921(791()(1)))

ITo To3u Ha4uH pe3ynraTute OT QyHKUUATA &, _,

(25)

Morart Cbuio ga 6T),HaT OIIMCAaHU KaTo.

(952 =a 225 812 )

(26)
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5.MTPEJJIO)KEHUE 3A UHTETPUPAHA
CUCTEMA YPE3 OYHKIIUATA 3A
KAPTOI'PA®UPAHE

MapameTpyieH Mogen H
opuruHanHatz CAC cucteme

!

ExcrpakTsane He
XapaKTepUCTAKITE >
Ha mogena

BranponsBenaane He
KapTorpachpate Ha
XapakTepucTukaTa Ha hopmate kaprorpacupariTe

XapaKTepucTkY.

Kaptorpacupare Ha
TEOMETPUUHUTE MOAETMA ¥
Tonepacr

Ha aTpubyTy
(rpanosocT uBsT 1 Ap.)

¢ur.5. Cxema Ha KOHBEpTHpaHe Upe3 MOAX0Aa 3a KapTo-
rpadupane Ha XapaKTEePUCTHKUTE.

Basa paHHN He — —

opurvHanHaTe
CAL cucreme

SmarTeam

Wurerpupana cucrema upe3 MOJIYJ 32 KOHBEp-
THpaHe Ha XapaKTepUCTUKHUTE, Oa3upaHa Ha Mmare-
MaTHYECKO MpEJICTaBsiHEe Ha Mpoleca Ha KapTorpa-
(upane Ha XapaKTepUCTHKUTE, HE € OMIIa mpuilarana
3a KOHBEPTHPAHE HA MapaMETPUIHU MOJEIU MEKIY
paznuuan CAD cuctemu. ®ur.5 ca npencraBeHn oc-
HOBHHTE 3aBUCHMOCTH IIpH KOHBEpTHpaHe, 6a3upaHo
Ha KapTorpadupaHero Ha xapakTtepuctukute. Cuc-
TeMmara BKJIIOYBAa MOJIYJ 3a IPOSKTHpaHe Ha TpH-
MepHH mapametpuuHud Mozenu (opuruHanHa CAD
cHCTeMa), MOJIYN 3a KOHBEPTHpaHE Ha XapakTepu-
cTukuTe (BKJIIOYUTETHO KOHBEPTHUPAHE Ha XapakTe-
pHUCTHKHTE Ha (POPMHTE, HA TECOMETPUIHUTE Pa3MepH
U TOJIEPAHCH), YHUBEpCalleH npeacraButen (6a3upan
HA KOHBEPTHPAHETO Ha XapaKTEPUCTUKU Ha MOJie-

JIOTUYHUTE E€JIEMEHTH OT XapakTepuCTHKara Ha
(dopmarta, chabpiKalla TONOJIOTHYHATA HH)OPMaLUs
Ha WHTEPaKTHBHUTE XapaKTepUCTHKU. DyHKumsiTa
$, e u3non3BaHa na JAepuHHpa KapTorpadupaHeTo

Ha xapakrepuctukure B npuemHara CAD cucrema
upe3 QyHKUMS HA mwvpcenemo F, U GyHKUHA HA

oepanuyenuama 9,, . OyHKUUATA HA mbpceHemo

OCBIIIECTBSIBA M3BEKIAHCTO HA aTPUOYTHTE U BPB3-
KHTE Ha XapakTepucTHkuTe. DYHKIUS HA O2paHu-
yeHusimMa ¢ W3IMOJI3BaHA 32 PCKOHCTPYHpaHE Ha Xa-
PAKTCPUCTHKHUTE M HW3yY4aBAaHCTO Ha CHOTBETCTBA-
LIUTE BPB3KHA MEKY XapaKTCPUCTUKHUTE.

Upe3 Te3u (PYHKIUH BCHYKU CHOTBETHU Xapak-
TEPUCTUKU HAa TPUMCPHUTE MAPaMETPUYHU MOICIH
MoraT aa ObJaT W3BAJACHW W KOHBEPTHUPAHU B IMPH-
emuara CAD cuctema, mopd B HIKOM CIIydad c€
cpelna B3auMOJCHCTBHAC MEXKIY XapaKTEPHUCTUKHTE.
AKO efHa xapaKTEpUCTHKAa B3aMMOJCICTBA C Apyra
XapakTepUCTHKA, OpUrHHaiHaTa (hopMa Ha MOJEa
MOJKe Ja ObJe MPOMCHEHA M MPHHIIUIIHO TOH CTaBa
pa3MYCH TUN XapakTepucTuka. Upe3 aHanm3ure Ha
MaTEeMAaTHYCCKUST MOJICN Ta3M MPOMsHA Ha XapakTe-
puctukarta Ha GopmaTta Moxke 1a Oble HaOIrOaBaHA
U CHOTBETHATA XapaKTCPUCTHKA HA KOHBEPTHPAHUS
MOJIeNI MOXKe J1a ObJIe KOPEKTHO TeHEPUPAHa.
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nHTEe), KOWTO ¢ OasupaH Ha ChINECTBYBAILIWTE W YT-
BBPICHH IO MOMEHTa CTaHAAPTH 32 KOHBEPTHPAHE
Ha TPUMEPHH NapaMeTPUIHN MOACTH.

6. NI3BOJIN

Ch3IaIcHUAT MaTeEMAaTHUECKd MOJeN Oelne H3-
MOJI3BaH 34 ONUCAHKE Ha TPOLECca Ha KOHBEPTHPAHE
Ha XapaKTEPUCTHKHUTE Ha TPUMEPHHUTE MapaMmer-
PUYHU MOJIENH U € IPEJICTABEH Upe3 ABe QYHKIMU 32
kaprorpadupane J, u J,. OyHkuuATa J; € U3HOI-

3BaHa 3a CKCTPAKTBAHC Ha I/IH(l)OpMaHI/ISITa 3a TOIIO-

METHODOLOGY FOR 3D PARAMETRICAL MODELS EXCHANGE FORM
DIFFERENT CAD SYSTEMS TO CATIA V5 R19

Fani VALCHKOVA
CERN, Switzerland
e-mail: fani.valchkova@cern.ch

119



@®anu BbJTYKOBA

Abstract: The paper presents a methodology for 3D parametrical models exchange from different CAD systems to CATIA
V% R19. This method is developed in ,CMS in CATIA” project in Cern, Switzerland. It's based of actuality standards for
converting, in parallel with them is used the methods for mapping features , which allows a detail extracting of the features

from the native model and the successful reproduction into adaptive CAD system (CATIA V5 R19). After converting the
models retain the structure and can be easily modify.

Keywords: mapping, method, CAD system, 3D models, exchange, CATIA
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IMPUHYJAEHU ITPOCTPAHCTBEHU TPEIITEHUA HA EJHOBDBKEH
KABUHKOB JIN®T, IOPOAEHU OT BATDHP

Bacua AXUHNUCKHN
KaTeznpa ,MImKkeHepHa JIOTHCTHKA, TOAEMHO-TPAHCIIOPTHA U CTPONTeNHa TexHuka”, Texaudecku ynusepcuret - Codus,
Bwirapust, email: v.ahchiski@gmail.com

Pe3iome: B pabora e u3cnenBaHo NpUHYICHUTE IPOCTPAHCTBEHH TPENTCHHUS HAa €IHOBBXKEH KaOMHKOB JIUGT. ChCTaBEeHU
ca M pelIeHn cucTeMu JuepeHIalHI YpaBHEHHS B MaTpUueH BuA. OTYETEHHU ca MaCOBH, HHEPLIHOHHUTE, EJIACTUYHUTE,
nemnupaiyTe 1 CHIOBUTE CBOIMCTBA, KAaKTO W MPOCTPAHCTBEHATAa TeOMETpUs Ha cucTeMara. CMyIICHUATA ca IOPOACHU
OT IOCTOSIHHO JIEHCTBAII YJIH C IIOPUBH BATHP X MOMEHT OT BHXpYIIKa. [Tomyuennte ¢popmynu ca 3a TUHAMIYEH CHHTE3 HA

HOBHU WUJIK YCBBBPIICHCTBAHU KaOWHKOBHU III/I(i)TOBe.

KiarouoBu JAYMM: IIPUHYJCHU TPCHTCHUS, CAHOBbKCHA JINHMUSA, 0606HIGHI/I CWJIN,BUPTYyaJlHa pa60Ta

1. YBOJ

Ot mo3HaTara JIUTEPATypa Majiko ca aBTOPHTE,
KOMTO Ca H3CJIEABAIN BB3JEHCTBHETO HAa BATHPA
BBpPXY BmKeHHTE JuHUH [7]. BaTbpa oka3sa HeOa-
TOIPHUATHO BB3JCHCTBHE BBPXY NUHAMHYHATA CHC-
TeMa W 3acTpaiiaBa (YHKIHMOHUPAHETO U, IPEBO3-
BaHETO Ha MbTHHULM U HamasiBa Komdopra Ha Mb-
TyBaHeTo. Penuia aBTopu ca myOJIMKYBaid CTaTHUH
[3,4,5,6]3a MmaTpuuHO MoeIUpane, KOMTO Osxa Mo-
JIE3HU 32 pa3paboTBaHETO Ha Ta3MW padoTa.

2. OBOBIIEHHU CUJIN

Ha ¢urypa 1 e majgeH nuHamMu4YHHS MOJET Ha
€IHOBBKCH KaOMHKOB JTU(PT B €THO MEIKIAYCTHIOUE C
enHa KaOMHa.

Cucrtemara e ¢ 8 creneHu Ha cB00Oa U CE OIIUCBA
¢ BEKTOpa Ha 0000IIEHNTE KOOPIUHATH:

a=[x Y z 64 gyl 6, q)yzgx:«]T

[Ipunoxennte BppXy AU(TA CHITH OT BATHPA 1
HETOBH TOPWBH Ca PEAYIHPAHH B CHOTBETHHUTE
MacOBH IICHTPOBE U UMAT BUAA:

M, =[M\M M ]" =M, +> M sin@Q;t) (10)
F =[FFFI =F, +> Fsin@t)

j =1.n - cunycouau

i=1,2,3-Ttena

3a Tsu10 1 xBamau 000OIICHUTE CHIIU Ce OIpe/e-
JISIT 1O CHeAHUs HavyuH [1]:

1)

Buptyanna pabota u 0000IICHN CHIM OT JCHUCTBAIL
BBPXY TSAJIOTO MOMEHT Ha aBounia M; um cuma K
MPHUJIOKECHA B MACOBHS LICHTHP T. P,

Ha ¢ur.2 e nokazano cobomuo tsuio | B 3D
MPOCTPAHCTBOTO C JCHCTBAIla BBPXY HErO CHIIA,
OmpeesieHa ¢ BEKTopa

Fi = I:Fx Fy Fz] ' (3)
1 MOMCHT Ha JIBOMIIA
T
Mi:[Mx Ivly Mz:l (4)

C BEKTOD Rgi Ha MpuiIoKHaTa Touka P; Ha cunata K
R =RY+Ul.r, (5)
Bupryannata pabota Ha cujgara U MOMEHTa ce
nedunupa ype3
OW, =FT.0R% +M .50 (6)
KBJCTO TPsiOBa Jia Ce B3eMaT IPEIABHT
ORY =0R? -U.i, .UX.00 =
&Dl
OR? =75 .U, &0,
b,
b,
00 =U® | Jb, (8)
b,

()

U ce onpenens ot kunematukara [1].

Kato ce 3amecrar (7) u (8) B uspasa (6), 3a Bup-
TyayHaTta paboTa Ha CuilaTa i MOMEHTA Ce MoJTy4yaBa;
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oW, = FiT.O'RiO - FiT_fF?i _[_JiQO 00 Ort (9) ce onpenenst 0600IIEHUTE CHITH:
+M.T.U® 00=F".0R? + Qr =F (10)
(_FT FO U® M T UQO) 00 = (9) QQ(F,Mi)z(—UiQOT.fgi.Fi+UiQOT,Mi ):

i -lpi oY i i)

=Qg.0R{ +Q, .00

UiQOT'(fgiT'Fi +Mi) )

c2xc2Qx

clxc1@x  c2yc2Qy B2xB2Gx
clyclQy c2z2c2Qz /E%EBBQQ((}};
Bl1xB1Qx clzc1®z\ \ . .

e
’dlr”ﬁ N
G0 yT:yE
-2
\KH\\
T2
~F2
o~
y3
1
Tl M
\\

¢ur.1 [lunamuaen Mozen Ha kKabuHa

Kato B3emem mpensun (1) To BupTyanHara pa-
00Ta Ha TE3M CUJIA U MOMEHTH €

nf nm
éVVe=Zl:FiT.5R?+Zl:MiT.J®i (12)

0 — 0 . — .
kpaero Ry =R, (qi ) ; 0, =0, (qi) ; 0i € BEKTOp
Ha 0000IICHUTE KOOPMHATH HA CHCTEMATA.
Bupryanuute nmmeitnn mpemectsanus ORC

BUPTYAJHUTEC BIJIOBU 3aBbpTaHUSA 5(')' Ha CHCTC-

Mmara c€ OnpeaAcAT OT.

¢ur.2 Tsio B IPOCTPAHCTBOTO 5RO = aR§’ 50, (13)
I aql i
=0 0T 0 0
3a110TO e re = U .rp . _

P Pi Pi Pi 5(.)' = ? Jql (14)

3.OBOBLIEHHU CUJIHA OT CUJIX U MO- C 4 .

MEHTH, JIEVCTBAIIU BHPXY MEXA- ”eﬂi’BaTeHHOZ BHPT(SY&HHZTa pabota ma Tenata

HUYHA CUCTEMA xBamay 1, Hocau 2 u kabuHa 3 ce Onpenerr oT:
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R? .
évve:[FiT a i +M T a |J5qi
0g; 6qi
KOETO MOJKE Ja C€ 3aIliIle BbB BUA.
oW, =Q,".J, (16)
kpaeTo Q. ¢ BekTop Ha O0OOOMICHWTE CHIM Ha

BCHUYKH BbHIIHHU CUJIM U MOMCHTH, ﬂeﬁCTBaHlH BBpPXY
MEXaHMYHAaTa CUCTEMA U CC ONpPeaACiis OT:

; OR?

Q= [ —L+M,7 29, J 17)
OQi

aq,

4 TUOEPEHIIUAJIHU YPABHEHHUS HA
INPUHYAEHUTE NIPOCTPAHCTBEHU
TPEIITEHUA HA EAHOBBXKEH KABUHKOB
JUDT

Kato B3emem mpensupn 7,8, u 17 u uspasure 3a
KHHETUYHATA M [TOTeHIIMaHa SHEPriH U pa3celiBaHe
Ha eHeprusTa U U3IoJ3BaHe Meroja Ha Jlarpamx ot
BTOPH POJ c€ mnojydaBar AnepeHLUaTHUTE ypaB-
HEeHUs Ha MPUHYJICHUTE MPOCTPAHCTBEHH TPEHTEHHS
Ha €THOBHXEH KaOMHKOB ITUQT:

M {d +Bg +Cg=

-S4-R(0,9)+Q
kbaero: M, C ca MaTpHIM CHOTBETHO HA MACHTE M Ha
eJIACTUYHUTE KOe(UIMEHTH Ha MeXaHWYHATa CHC-
tema aedunupanu B [1]; B e marpuua Ha aemndu-
pamure CBOMCTBAa HAa MEXaHWYHATa cucTeMa Jedu-
uupana B [2]; Q - cMymiaBamm 0000IIEHH cWila |
MOMEHT OT BATBP U BUXPYIIKH;

Su R onucBar HelMHEHHNTE CBOMCTBA Ha CHCTEMa-
Ta.

IIpn Manku TpenTeHHs OKOJIO YCTOMUYMBO paB-
HOBECHO IIOJIOKEHHE CHCTeMaTa JudepeHIratHu
ypaBHEHUS NPUIOOHBA CIIEIHUS BU

MG+Bq+Cq=Q

(18)

(19)

5.PEHIEHUSI HA CUCTEMATA JU®EPEH-
IOIUAJIHN YPABHEHUSA

ITosyyaBaHETO Ha OOIIUTE PEILEHHMS HA CHCTE-
mara (19) e cBBp3aHO C ONpeNesIHe HA HAYaTHHUTE
yenosust Ha aBmkenne ((0) u ¢ (0), kouro 3aBucsT
OT BUJIa HA [BU)KCHHE HA CHCTEMATa.

Ipyu XapMOHWYEH BHUJ HAa CMYLIABAIIUTE CHIIU U
Haganuu ycnosus t=0, q(0)=q,, q(0)=q,,

o0mure pemeHus Ha cucreMara AUpepeHLUaTHA

(15) ypaBHeHI/IH (19) ca:

[G Mq(0) +

q(t) = Z

rlr

(-a,G,M +,8H M +G,B)q(0)] . “'.cosft+

+Zgz—+hr2[Hr.M.q(O)+

r=1 Yr
(-a,H,M-5G,M+H, B)q(0)]e™ .singt+
a, G, +B H, +ikQG

+Re Lok
{kzc:);grﬂl, o - kQ+|2kaa4§2Q }
(20)
Gr=orlL+h Ry;
Ly =V V) -w, W/

Ry =V, W +w, V.
KbeTo: Q- e BEeKTOphT Ha 000O0IIEHHTE BBHHIIHU
CHIIH.
I'padukn Ha OpPUHYAEHHTE TPENTEHHS OKOJIO
ocra X Ha Hocaya ¢ur. 3

¢ur. 4a) Kabuna 1oj Bb3/1€HCTBUETO Ha BATHP U BUX-
pyuika
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¢ur.406) KaGma naHa or TpHnopTOTo BBKE
6.13BOJN

IMocTurHaTy ca LENUTE Ha MOCTABEHUTE 3a/1auu.
WscnenBa HU ca NPHHYICHHUTE MPOCTPAHCTBEHH
TPENTEeHUS Ha €IHOBBHKEH KaOuHKOB ymudT. CheTa-
BEHU Ca W PCIICHH CUCTEMHU Iu(EepPCHIUAIHU ypaB-
HeHWss B MaTpuueH Bua. OTYEeTEHH ca MacoBH
WHCPIUOHHUTE, CIIACTHYHHUTE, JACMI(PHUpAIIUTE H
CUJIOBHUTE CBOMCTBA U MPOCTPAHCTBEHATA TEOMETPHS
Ha cuctemara. CMyIICHUATa ca MOPOACHU OT II0-
CTOSIHHO JICHCTBAIII FJTU C IOPUBH BATHP U MOMEHT OT
puxpymka B 3D mpocrpancrBoro. Ilomyuenute
dbopmynu ca 3a IMHAMHYEH CHHTE3 Ha HOBU WU
YCBBBPIICHCTBAHN KaOWHKOBH JmdToBe. JlaneH e
BapHaHT Ha MPHUHYACHO Tpentene ¢wur. 4,4, otT Bs-
Thp M BBbXPYLIKA , KAKTO M UHLIUACHT C MaJaHe Ha
kabuHa ¢ur 4,6.
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SPATIAL FORCED OSCILLATIONSON MONOCABLE GONDOLA LIFT,
CAUSED BY WIND

Vasil AHCHIY SKI
Logistics engineering department, Technical University-Sofia, Bulgaria
e-mail: v.ahchiski@gmail.com

Abstract: In the work is studied spatial forced oscillations on monocable gondola lift. Systems differential equations in
matrix form are formulated and solved. Mass, inertia, elastic, damping and strength properties as geometrical features of the
transport system are taken into account. Disturbance are generated by constantly acting or with gust of wind and moment of
whirlwind. Obtained formulas are for dynamic synthesis for new or advanced gondola lifts

Keywords: forced oscillations, monocable ropeway, generalized forces, virtual work
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MATHEMATICAL STUDIESAPPLIED IN BALL BEARINGSRELIABILITY
ANALYSIS

Constantin BUZATU® Badea LEPADATESCU' |oan ENESCU?
!Department of Technological Engineering and Industrial Management, Transilvania University of Brasov, Romania
e-mail: cobuzatu@unitbv.rdepadatescu@unitbv.ro
’Department of Mechanics, Transilvania University of Brasov, Romania
e-mail:_enescu@unitbv.ro

Abstract: The evolutions of stresses in mechanical transmissions are not uniform. It was being developed analysis tech-
nigues and tests to find the influence of random efforts on the fatigue life, wear, etc. The paper presents mathematical
models and graphical dependence of the bearings raceway surface roughness upon the influence of the cutting parameters.
There are also presented some recommendations concerning the superfinishing process optimization.

Keywords: bearing, mathematical model, roughness, superfinishing

1. INTRODUCTION * the great number of parameters which have an
influence on the performances of the process which
A technical system, as a bearing, which is used iris analyzed,;

most of the machine components, and that is well « the occasional or circumstantial influence of
designed and tested, would not presents failure iBome factors;
function, if don't appear random factors during . the importance of the separate influence of
function. Studies shown that even the best te-ChnICEuifferent factors to the performances of the techno-
systems that were follow all the factors regarding thgogical system;

quality, can have failure during their life because of . the impossibility to drive the most of the pa-
the influence of random factors that are hard to prergmeters in a desired direction.
dict. . o . The roughness of the radial ball bearings race-
During bearing service life, transmitting of forcesyays has a great importance to their quality and du-
for different cinematic parameters imply relative disyapility. In the followings will be presented the
placements (between the moving elements) and of thgeoretical and practical results obtained at the
forces that act vectorial. Being phenomena whichaceway superfinishing with abrasive stones of white
exist in any bearing, defects caused by the wear haygiminium oxide EK1 (for rough superfinishing) and
Ir}fl[lgn[%? on their reliability and can appear becausgjicium carbide SC9 (for fine superfinish).
of [6], [7]:
- machining processes, assembly processes, set- o MATHEMATICAL MODELSOF THE
ting of elements which are in friction process; ROUGHNESS OBTAINED AT THE SUPER-
- constructive solutions as bad choosing of mate- £|NISHING OF BEARINGS RACEWAYS
rial and lubricants;

- quality and characteristic of function environ-  The superfinish process has a lot of factors of in-

ments (temperature, impurities); fluence. For designing the mathematical model, was
- exploitation conditions — deviation from pa-analyzed the influence of the working parameters: the
rameters those were set; pressure of the superfinish stone, the oscillation fre-

Between these factors, the geometrical and diyency, the work piece rotation speed and the super-
mensional accuracy and surface roughness havesgsh time.
great influence on the bearings reliability. It was done an experiment in which was made a
With the purpose of analyzing and optimizing ayariation for only one of the above factors, and then
technological process should be taken into consiggr another one, and for each trial were done about
eration the following [3]: 8-10 measurements. The graphical dependences are
illustrated in the figs.1-to 4.
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With the support of a statistical program wereThe graphic from fig.1 shows that, at very low pres-
calculated 11 regression curves (linear, quadrisure valuesR, of the superfinished work piece is
logarithmic, cubic, exponential, inverse, power, lohigh. When the pressure grows, the roughness de-
gistic, compound, S, grow). Their equations are listecreases very mach.

in Table 1.

table 1 Regression curves

The S—curve equation is:

is obtained foRy = 0,977:

Typeof thecurve | Equation

Linear Y =by + bit
Quadric Y = by + byt + byt?
Logarithmic Y =R + bynt
Cubic Y = bo + bt + bt? + bt®
Exponential Y = X

Inverse Y = by + b/t
Power Y = bye”™

Logistic Y = 1/[1/u + (k)™
Compound Y = kb

S InY = by + (by/t)
Grow InY = by + (byt)

perfinish machine Thielenhaus KM 85.

2.1 Mathematical model of roughness influenced 54

by the pressure of the honing stone

The observed curve from the figure 1 shows th
experimental values. The best fit curve of regressic

was obtained fos—model Rsq = 0,885).

RA[0,001 mmi

\

]

“,'“,
R '\\‘uﬁ
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o

P IMPg

fig. 1 The influence of honing stone pressur®to
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whereR; is the average surface roughness]and p
- the superfinish stone pressure [MPa].

2.2 Mathematical modd of roughness influenced
by the oscillation frequency of the honing stone

The graphics from fig.2 give the observed curve
and the best regression curves (inverse, c@idhe
best fit curve is the cubic curve of equation (2) which

- % TONZ,

(2)

whereR, is the average surface roughngss]} Nos

The work piece was the internal ball bearing rinc the oscillation frequency of the stone [ftjin

6203. The work piece were superfinished on a si

B Oirarvad

L 2]
- -

Ll

2000

fig. 2 The influence of oscillation frequency &,.

2.3 Mathematical modd of roughness influenced

50

by therotational speed of the workpiece

Between the work piece rotational spelg)(and
the speed of the work piece,) there is following

relationship (3):

mN,D,
V, =————
1000

®3)

Sig = 0,000 < 0,005, that means we can say with anwherev, is the speed of the work piece [m/miN]; —

error less than 5 % that the model is good.

the rotational speed of the work piece [inD,, —

the diameter of the raceway [mm].
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The graphics from Figure 3 give the observed curvEhe best fit curve is the cur&of equation (5), which
and the best regression curves (quadratic and cubis)obtained foRy = 0,893.

for the relationship between the average surface

roughness and the work piece rotational speed.

44

0z 1

0,00

Ra[0.001mm]

MNuse=1217 min

p= 0,28 Mpa
Oscillation angle= 20
Time= 155

Cubic

3000

el 1/ min

B Cheerwed

Chiadk i

LT

4000

fig.3 The influence of work piece rotational speedn

InR, = —3,81997+@1

)
whereR; is the average surface roughngss; t —
the superfinishing time [s].

Sg = 0,000 < 0,005, that means we can say with an
error less than 5 % that the model is good.

3. CONCLUSIONS

1. As the stone pressure increases, the roughness
of the surface is smaller, because the superfinish
process is more intensive. When the pressure is big-
ger than 0,3-0,4 MPa, the roughness is not better. The
stone clogs itself with metal chips. At very big pres-
sure values, there is a great probability of breaking
the stone [1], [4].

2. As the oscillation frequency increased, the av-

The best fit curves is the cubic curve (4), which igrage surface roughness decreased. the optimized
obtained for B, = 0,916.

R, =0,01303+ 7,% 10N, - ¥ ION2+ 1,8 T6N?

(4)

whereR; is the average surface roughnass]; N, —
the work piece rotational speed [ -
Sig = 0,001 < 0,005, that means we can say with arcreases, the average surface roughness increases,

error less than 5 % that the model is good.

2.4 Mathematical model of roughness influenced
by the superfinishing time , -

The graphics from fig. 4 show the observed curv@Urface roughness decreases. After a certain value is
and the best regression curves (inverse, cubic and &ached, the roughness remains almost stable. the

RA[0,001mm]

18 n

:‘ Nw=622 min’

S Ne=1217 min’!
i p= 0,28 Mpa

Oscillation angle= 20

l‘g}\

=1 Ikn-
'\“xn L
] f R it

Tisl

B

fig.4 The influence of the superfinishing time Bp

values are 1000-1100 min When the oscillation
frequency is too high, inertial forces are developed.
These may cause vibrations and also a high wear of
stone [1], [4].

3. When the work piece rotational speed in-

because of the smaller value of the traverse overlap
ratio.

4. When the superfinish time increases, the qual-
ity of the surface is better, and hence the average

peaks of the surface are cut down and now the stone is
acting like a grinding stone, removing a quality of
material from the work piece [2].

5. In analyze of every displacement point on the
contact surfaces between the bearing rings and balls,
tensions are dependent from the pressure distribution
on the contact surface, and that are influenced by the
bearing ratio obtained through superfinishing proc-
ess.

6. To optimize analyze of bearings reliability it
must taken into consideration the new theoretical
models of machining through superfinishing pro-
posed in [5], which explains the cutting fluid and
impurities action that are sedimented in surface micro
channels and that conduct to hardening of the surface
layer on the depth of im.
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