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1. Introduction

Aviation is one of the most important branches of
the national economy, the effective functioning of
which is an integral condition for stabilization,
structural changes, development and carrying out
foreign economic activity, satisfying population and
social production transportations needs and
protection of national interests of Ukraine.

Naturally, it is hard to overestimate air transport
place in logistics and cargo delivery due to its
obvious advantages: speed; wide geography; high
reliability and safety of cargo deliveries; permanent
control over cargo transportation.

2. Problem statement

All productive indices of aviation transport in the
field of cargo transportations have stable tendency to
growth year after year both in Ukraine and in the
whole world. This fact illustrates the necessity of
updating existing and constructing new Air Cargo
Terminals for creating land servicing system of air
cargo transportations, cargo processing and their
further delivery to a final receiver.

At the same time, taking into account the present
day technical level, technologies, economics and
reliability, the importance of capital investments
effectiveness is growing, as unreasonable technological
and planning decisions can lead to considerable
losses both in the course of constructing new
installations and reconstructing those in operation.

Besides, along with the tendency of technological
processes development, dealing with cargo
processing in Air Cargo Terminals, there exists not
only more complicated organization principle,
increasing investments into construction works,

but also the necessity to decrease the probability of
delays and failures in work.

These specific circumstances determine the
necessity of creating economic and mathematical
models of complicated technological processes
going on in Air Cargo Terminals in order to check
their proposed technological and planning decisions
and thus obtain optimal ones at designing and
operation stages, due to changing initial parameters
of the system.

3. The analysis of the latest publications
and researches

Theoretical and methodological bases of the
research consist in the logistic and systematic
approach to the investigation of processes, occurred
during production organization in transport systems.
Research-and-development activities of foreign and
Ukrainian researchers on market economy problems,
logistics, chain supply management, namely works
of W. Cook (1998), W.H. Cunningham (1998),
W.R. Pulleyblank (1998), A. Schrijver (1998),
O.V. Goncharuk (1991), O.A. Lashchenykh (2006),
O.F. Kuzkin (2006), E.S. Ventsel (1998),
A.A. Smekhov (1998), M. Yannakakis (1997), have
been used in the research. However, all these
investigations do not take into account the systematic
character of air goods traffic management, peculiarities
of handling and storage different types of goods in an
airport. The models created earlier don’t include huge
amount of criteria, reflecting quality of loading-
unloading fronts and warehouses work in an airport.
Lack of system research, done by domestic and
foreign scientists in the field of Air Cargo Terminal
technological and planning decision optimization,
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proves the necessity of generalization of theoretical
and practical experience in this field and creation
multicriterion model of an Air Cargo Terminal
technological and planning decision optimization.

4, Multicriterion economic
and mathematical model

Multicriterion economic and mathematical model,
which gives the possibility to describe, with
sufficient accuracy, ground cargo processing and
select optimal variant of Air Cargo Terminal
technological and planning decision with minimal
costs is used and expressed mathematically in
finding minimum of function of several variables.

Taking into account the necessity to create a
model, which characterizes peculiarities of different
types of cargo processing and storage as well as a
great number of criteria, reflecting the quality of Air
Cargo Terminals work in the conditions of market
economy, the optimization problem is solved in two
stages.

At the first stage, are considered parameters,
which are characteristic for different cargos as well
as criteria, performing functions of standards. At the
second stage, the multitude of optimized parameters
is expanded and new criteria are entered into the
model, characterizing the process of functioning Air
Cargo Terminals for specific cargos.

Thus, the task is to determine such values of Air
Cargo Terminals technical and technological
parameters Z, Ty, tsay, Hy , Byarh, Which — provide
the best criteria combination.

Here, Z, is a number of loading-unloading
machines; T, is time of loading-unloading front and
warehouse work during 24 hours; tg,, is the term of
cargo being kept in warehouse; H,, is a number of
tiers for storage; B, 41, IS Warehouse width, etc.

The principle of Air Cargo Terminals location
and parameterization foresees successive solution of
the following tasks:

1. Characteristic of existing dimensions, cargo
flows, and other parameters of external environment.

2. Making decision about Air Cargo Terminal
technological and planning outline.

3. Financial analysis of each variant of Air
Cargo Terminal designing decision.

4, Determination of current costs:
t

v
ECT :ZZ Exy +Txy )
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where E, - current costs for Air Cargo Terminal at
x variant of its location and y-one of its type;

x=1, i..., t and y=1, r...v — a number of Air
Cargo Terminal location variants and cargo
complexes types correspondently;

TXy — annual transport costs at Air Cargo

Terminal x variant of location and y — one type of
cargo complex.

5. Creation of the multicriterion economic and
mathematical model of Air Cargo Terminal, which
includes optimized parameters x, y € a.

6. Determining the multitude of permissible
values of parameters a, including x,y.

7. Calculation of the optimal values of the
parameter a.

The principles of Air Cargo Terminals economic
and mathematical modeling can be formulated in the
following way:

1. Formation of the multitude of optimality
criteria F, which are the most important during
decision making for modeled Air Cargo Terminals:
terminal capacity; staying time of transport means;
fuel and energy consumption; labor productivity;
capital investments yield; prime cost; current costs;
operational reliability; other criteria.

2. Determination of the optimality criteria
F statuses: criteria belongings; criteria constraints.

3. Determination of the multitude of optimized
parameters a, term of cargo storing, number of
loading-unloading machines, number of storing tiers,
warehouse width etc.

4. Determination of the multitude of permissible

values &g

5. Synthesis of the aim functions F(a,b) and
criteria constraints @(a,b).

6. Realization of the method of multicriteria
optimality.

7. Outputting optimal values of parameters &, .

At the first stage, the economic and mathematical

model contains vector of optimality criteria and
looks as follows:

F={R.K,...R},

where F - transport means staying time at the zone
of loading-unloading operations;

F, — prime cost of cargo processing in the zone
of loading-unloading operations;

F, — capacity of terminal front, which considers

guantity and type (productivity) of loading-
unloading machines;
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F, — capacity of terminal front, which considers
volume of cargo storage area;

F, — consumption of electric energy, connected
with loading-unloading machines operation as well

as illumination of cargo storage area and cargo
fronts;

F, — fuel consumption;

F, — number of workers, who provide loading-
unloading works;
F;, — capital investments yield.

Let’s consider the structure of criterion F, taking

as an example vehicle staying time in the link of
cargo operations. This period of time consists of
waiting for beginning cargo operations, time to be
provided with transport delivery and time proper for
loading-unloading  operations.  Knowing the
character of incoming cargo flow and servicing time
distribution law, the criterion F  will have the

following view:

kl{ kz +k5}
£ L(Zrks—k) Xy
=

K +k Xy +
Zy@--2
Zy
P :
Zy1 (ks —Ky)
where
kg =QqkKg ;
Ky =Qgkq (ViR +VR):
ks3=0;
Ta
_ 2 2y.
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Qg
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g X,

where T, — time of autoconveyor work during 24
hours;

t; — time for delivery, which doesn’t depend on
the length of cargo front, but depends upon the plan

of Air Cargo Terminal road development as well as
storage area and cargo front location, hours;

Ly — length of cargo front, m;

V,, — average maneuvering speed near the cargo
front, km/hour;

Xy — number of trucks deliveries to the cargo
front.

Prime cost of cargo processing F, depends upon

costs, connected with performance of initial and
final operations. In general view:

E
F2 = 7[)[' y
an

where E — annual operational costs, UAH;

Q2 — annual volume of cargo processing, t.

The value E includes costs on wages C,,, power
and lighting energy C,, fuel C; . Operational costs

for Air Cargo Terminal, which provides loading-
unloading operations and cargo storage, depend on
such rule-proclaiming parameters as Z,,Ty,t

Hy, Byarh €tC.
It is rational to represent criteria F;, F, in the
following manner:

sav?’

Th Qq t

K, " day’
{XH(Zkg—kn}“}x”

— I:warhkCT Hy kris t
ft'savh (1_ an) day

where F,,, — the warehouse area, m?;

F3 =

Ko — a coefficient of the warehouse area
utilization;

k/es — a reserve standard of the warehouse area;

f —an area, occupied by one unit of cargo;

a, — an overloading factor.

The criterion, expressing electric energy
consumption K, can be presented in the following
way:

F5 =CpLrm (Qq»Zn) + Ciigh(Qq s tsavn Hi T
where C g\, — costs of power electric energy of

loading-unloading machines;
Ciign — costs of lighting electric energy.
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The criterion F;, expressing fuel consumption,
can be presented as follows:

365k, (2—a,)ko

F
6 ks
Kg = NenNenlkj + (Ky —KidMenl,
where N, — total power of loading-unloading

machine engine, kVt;

Nen — an engine utilization coefficient according
to its power;

k., ki — specific fuel consumption per 1 kVt of
nominal power per 1 year at normal loading and idle
operation, kg/kVt/hour;

The criterion F,, expressing number of workers,

handling loading-unloading machine, can be found
according to the formula:

tsh

where r — number of workers of a certain profession,
handling a loading-unloading machine one shift;

ty, — duration of a working shift, hours;

Hep — normative number of workers, employed
in repairing (maintenance).

The criterion, which expresses yield of capital
investments F; can be presented by the following
ratio:

pr
F8 — an
Abas
or
F8 = P ’
Abas

where A, —annual costs of basic assets, UAH;
P — an enterprise profit, UAH.
The value Ay, in Air Cargo Terminal, which

provides cargo processing and storage, depends on
rule-proclaiming parameters Z.,, Ty, te.y, Hu Byarh
i.e.

Apas = f(Z Thtsav, Hi o Buarh)

At the second stage, the economic and
mathematical model of parameters optimization
contains optimality criteria vector, which looks as:

Fer ={Fcr1 Fera, Fers}

where F.;; — current costs on Air Cargo Terminal
creation and functioning, thousands of UAH;

Fero a coefficient of loading-unloading
machines utilization to time during 24 hours;

For; — consumption of metals and materials for

racks as well as carrying and lifting equipment, t.
Total current costs are determined according to
the formula:

18
Feri= Zci '
i=1
where C; - i-th component of current costs,
=1,...,18;
C, — current costs of loading-unloading

machines taking into account normative coefficient
of capital investments E,, ;

C, — current costs, connected with structures,
communications, driveways operation;

C; — current costs, connected with construction
of open areas;

C, — current costs for racks;

C; — current costs for carrying and lifting
machines, working inside a terminal;

Cg — costs, connected with trucks standing idle
during loading-unloading operation;

C, — costs, connected with aircraft standing idle
during loading-unloading operation;

Cg,Cqy — costs, connected with waiting for cargo
handling operations by aircraft and trucks
correspondently;

C,o — costs for delivery and removing aircraft;

C,; — costs of wages of workers, employed to
service loading-unloading machines;

C,, — costs for power electric energy for
loading-unloading machines;

Cy3 — costs for cargo fronts and storage areas
lighting;

C,, — costs for warehouse pallets, used for cargo
processing at cargo front and storage area;

C,5 — current costs for storage buildings;

C,¢ — current costs for charging station in case of
electric loader usage;

C,; — costs, connected with mileage, travelled by
trucks about Air Cargo Terminal,
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1. Synthesis of aim function F = (a,b,) 7. Determining &, at which F_; — min
2. Determination of multitudes of permissible 8. Outputting a,, values
values of the optimized parameters i

&, taking into account parametric Q and
functional constraints

9. Is it possible to assign relative @
importance P, coefficient of

F criteria

3. Calculation of the F = (a_,,,b,) values

per?

©

4. Analysis of the calculation results of

F =(a,,.b,) values and determining
possibility of the main criterion F__. selection 10. Determining &, values, at which

c

Fnain= 2 FrP, — min

11. Determining &,
Finain — Min

5. Does such a
criterion exist?

values, at which

6. Is it possible
to assign @, for
the rest criteria?

12. Determining

w 2
8opt =1 Min Z(—F' — F'O]

1 Fi

Algorithm of solving the multicriterion problem of Air Cargo Terminal parameterization
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Cig — costs for heating premises in case of
heated warehouses.

They are recruited according to the established
wage rates depending upon kind of works.

The criterion F.;,, which expresses loading-
unloading machines utilization with regard to time
during 24 hours, is determined according to the
formula:

£ _Qu2-an)KeKg
cT2 = 7 -
qT
The criterion  F.5,  which  expresses
consumption of deficit metals and materials for

racks and carrying and lifting equipment is
determined according to the formula:

1
Ferz =Qq nf Krestsavh 1 —0tn)Me +2Zm gy,
c

where m, — an amount of metal, spent for one rack
cell, t;

M gm — an amount of metal (material), spent on
a unit of carrying and lifting equipment, t.

In a general case, multitude A, of permissible
values of the optimized parameters vector represents
a closed region or a sum total of closed regions in
m-dimensional of parameters space, which consists of
A points with Cartesian coordinates A=(a,...ay),
specified by the following constraints:

. * ** .
— parametric: aj <aj <aj , j=1,....m;

— functional: G; < f, (3,5)<Ga*, g=1,....m;
— criteria; @(a,b) <@, , v=1,...k
where a",a”,G",G™ - values, expressing

application field of Air Cargo Terminal optimizing
parameters and resources, assigned for its
development;

@, — criterion constraints, determined during
the process of problem solving.

5. Algorithm of the multicriterion problem
solving

The algorithm of the multicriterion problem of Air
Cargo Terminal parameterization includes successive
decision of the tasks, presented in the Figure.

6. Conclusions

1. The multicriterion economic and mathematical
model of Air Cargo Terminal has been
developed, which includes optimality criteria,

characterizing Air Cargo Terminal functioning
quality, technical equipment and operation
technology and considers the volume of investments,
assigned for its technical infrastructure
development.

2. Methodology of optimal Air Cargo Terminals
technical and technological parameters
determination has been improved, which gives the
possibility to determine simultaneously a variant of
terminal complex arrangement taking into account
its type, number of loading-unloading machines,
working hours during 24 hours, the term of cargo
storage in a warehouse.

3. Two-level algorithm has been formulated for
Air Cargo Terminals optimization, which includes
interactive man-machine calculation procedure of
Air Cargo Terminal technological parameters
according to the multicriterion model.
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B.IO. IBannikoBa. bBararokpurepiajbHa MoJenb oONTHMI3anii TeXHOJI0r0O-IMVIAHYBAJBLHOIO pPillIeHHSA

BAHTAKHOT0 KOMILIEKCY aeporopTy

HamionansHuii aBiamiiinuii yaisepcutet, npocnekt Kocmonasra Komapona, 1, Kuis, Ykpaina, 03680

E-mail: vicg@bigmir.net
HaBeneHo mpHHIMIKA €KOHOMIKO-MaTeMaTHYHOTO MOICTIOBAHHS CKJIaIHUX TEXHOJOTIYHHX IPOIECIB, SKi MPOTIKAIOThH
y BaHTOXHHUX KOMIUIEKCAaX aeporopTiB, 1100, 3MIHIOIOYM BXiJHI MApaMeTPU CHCTEMH, IIEPEBIpPATH TEXHOJIOro-
IUIaHYBaJIbHI PILIEHHSI, SIKI BUCYBAIOThCS, Ta OTPHUMYBATH ONTHUMAIbHI HA €Talax MPOEKTYBaHHs Ta eKCILTyaTarii ajs
e(eKTUBHOTO BHKOPHCTaHHS KaIliTaTbHUX BKJIAJNCHb Mg dYac OynmiBHUITBA  aepomoptiB. Po3poOieHo
OaraTokpuTepiaibHy E€KOHOMIKO-MaTeMaTH4YHy MOJIeNIb JUIS PO3B’s3aHHSA  3ajadi  ONTHMIi3alii  TeXHOJIoro-
IUIAaHYBAJIbHOTO DINIEHHS BCHOTO BAHTa)KHOT'O KOMIUIEKCY aeporopTy, SKa BKIIOYA€E KPHUTEpil ONTUMAIBHOCTI, IO
XapaKTepU3yIOTh SAKICTh (YHKIIOHYBaHHS, TEXHIYHE OOJaTHAHHSA 1 TEXHOJIOTIIO POOOTH KOMIDIEKCY, Ta BpPaXOBY€
po3Mip iHBECTHMiH, SKI BUAUIAIOTECS Ha PO3BHTOK HOTO TexHIWHOI iHQpacTpykTypu. ChopMyIp0BaHO NBOPIBHEBUI
AITOPUTM pillleHHs 0araToKpUTepialIbHOT 3aJa4l napaMeTpu3aliii BAHTa)KHOT'O KOMILIEKCY aepOoIopTy.
KirouoBi cjioBa: BaHTaXHHI KOMIDIEKC aepoIOpPTY, €KOHOMIKO-MaTeMaTHYHa MOJENb, KpHUTepii ONTHMAaIbHOCTI,
ONTUMI3aIlisl, TEXHIKO-TEXHOJIOTIYHI TapaMeTpH.

B.1IO. UBannukoBa. MHOrOKpUTEpHAJbLHASI MOAEe]Ab ONTUMHU3ANMU TEXHOJOTrO-IVIAHHPOBOYHOIO pelleHHs

rpy30BOro KOMILIEKCA a3pPONopTa
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IIpuBenensl NPUHIUIBI 3KOHOMHUKO-MATEeMaTHUYECKOTO MOJEIMPOBAHUS CJIOKHBIX TEXHOJIOTMYECKHUX IMPOLECCOB B
I'PY30BBIX KOMIUIEKCAX a3pOIIOPTOB, ITO3BOJISIOIINE, U3MEHSS BXOISIIUE ITapaMETPbl CUCTEMBI, IIPOBEPSATH TEXHOJIOIO-
IUTAHUPOBOYHEIC PEIICHUS U IMOIyJaTh ONTHMATbHBIC Ha dTAalaX MPOCKTUPOBAHKS M SKCIUTyaTanuy st 3 ekTuBHOTO
WCTIONIb30BaHUsl KAaNMUTAIbHBIX BIIOXKEHUH TPU CTPOUTENHCTBE a’pomopToB. Pa3paboTaHa MHOTOKpuUTEpHalbHAs
3KOHOMHUKO-MaTeMaTU4yeCcKas MOJENb Ul PELICHUS 3a1a4l ONTUMU3ALUU TEXHOJIOTO-IUIAHUPOBOYHOI'O PELIEHUS BCErO
IPY30BOr0 KOMIUIEKCA a3pOoINopTa, KOTOpPas BKIKYAET KPUTEPUHU ONTHMAIBHOCTH, XapaKTEPU3UPYIOINE Ka4eCTBO
(YHKIMOHUPOBAHUS, TEXHIUECKOE 000pyJOBaHUE W TEXHOJIOTHIO PaOOTHI KOMIUIEKCA, YIUTHIBACT Pa3Mep HHBECTHIINH,
BBIICIISIEMBIX HAa PA3BUTHE €r0 TeXHUYECKOH nHPpacTpykTypsl. CHopMynupoBaH ABYXypOBHEBBII aITOPUTM PEIICHUS
MHOTOKpPHUTEpHAIbHOMN 3a7jaur NapaMeTpU3aLuu IPY30BOro KOMILIEKCa a3poIopTa.
KioueBble cioBa: Tpy30BOM KOMIUIEKC adpoIoOpTa, KPUTEPUM ONTUMAIBHOCTH, ONTUMU3ALUs, TEXHUKO-
TEXHOJIOTUYECKHUE NTAPAMETPHI, IKOHOMHUKO-MATEMATHIECKAST MOJETb.
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