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The subject of research in the paper is the process of forming a criterion base to evalu-
ate the effectiveness of carrying out modification changes in a transport category air-
craft. The goal is to develop supporting criteria for making decisions regarding the 
expediency of modification changes, namely, during design, during production, and at 
the stage of its operation, at each stage of the life cycle of a new transport category 
aircraft. The complexity of the task lies in the need to develop a model for evaluation of 
the consequences of changing the aircraft for each stage separately, which would col-
lectively determine the integral effectiveness of its modification. To evaluate the effi-
ciency of basic aircrafts in operation, there are a number of economic indicators of 
their efficiency, in particular, the cost of an aircraft hour and the transportation of one 
ton of cargo per one kilometer, which are only partially taken into account when ana-
lyzing the efficiency of aircraft modifications, although in the case of aircraft transport 
category, specific cost criteria for the entire life cycle both for the base aircraft and for 
its modification is required. For their development, a method of estimating the cost of 
the entire life cycle of the aircraft is proposed, as well as a method of dividing modifi-
cation changes according to the parameters of the upper level (PMD), which is used at 
the stage of designing the devices, and the lower level (PPO) for the operational stage. 
On the basis of and taking into account the specifics of the specified methods, indica-
tors of additional labor costs that arise during the implementation of modification 
changes in the conditions of production and at the stage of aircraft operation have been 
developed. The proposed criteria take into account indicators of the transport efficiency 
of heavy aircraft modifications and the integral efficiency of the modification, taking 
into account the costs at all the main stages of the life cycle of the modification. The 
scientific novelty of the obtained results is as follows: the supporting criteria for the 
adoption of decisions regarding the expediency of modification changes at each stage 
of the life cycle of a new transport category aircraft are proposed, i.e. during design, 
under the conditions of production and at the stage of its operation. Such criteria will 
ensure the integral efficiency of the transport aircraft modification. 

Keywords: transport aircraft, base aircraft, aircraft modifications, aircraft efficiency 
assessment models. 

Introduction 
The process of creating modifications of transport aircrafts of all weight categories has developed 

widely. On the basis of the changes, the problem of continuously improving the productivity (flight and hour 
one) of this type of aircrafts is solved. 

This goal can be achieved by increasing three parameters: commercial load mcl, distance of transpor-
tation L and cruising speed Vcruise. 
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In heavy transport aircrafts, the value of these parameters has usually already been achieved, and 
when creating modifications, other goals are set and implemented: reducing the mass of structural elements, 
reducing labor costs in the production process, reducing costs per unit of useful work, reducing costs at the 
stage of operation, which leads to the need to develop special models of their assessment. 

Analysis of recent studies and papers 
The creation of heavy transport aircrafts is a feature of the Ukrainian school of aircraft construction: 

Аn-132D, Аn-22, Аn-124, Аn-225 [1]. The excellence of their flight and technical characteristics is recog-
nized all over the world, so they are still regularly used. 

Of course, the most important indicator for aircrafts is their economic efficiency, laid down by 
O. Antonov [2] even during the design and production process. 

This approach is based on the earlier developments of domestic researchers on the economics of 
transport category aircrafts at the stage of their operation, which forces developers to look for optimal solu-
tions at the design stage [3]. 

Taking into account such circumstances, the State Enterprise Antonov [4] has developed a methodology 
to evaluate decisions based on a set of flight-technical and cost indicators, which is fully implemented during the 
creation of modifications of transport category aircrafts [6] with increased flight and hourly productivity. 

When solving tasks of this type, prognostic models are most often used [5] with an assessment of the 
economic efficiency of the developed aircrafts at the time of their commissioning and for some subsequent 
period [6]. 

The study [7] provides models for evaluation of the economic efficiency when making modifications 
to the transport aircraft structure. The paper [8] presents an analysis of operational and economic indicators 
of transport category aircrafts for various purposes, data on reliability, the main reasons for aircrafts failure, 
engines and components. 

In the studies, indicators of economic efficiency were compared with individual flight technical pa-
rameters. 

With regard to newly created modifications, the method of their specific evaluation according to cost 
indicators was first presented in paper [9] for short-haul passenger aircrafts. 

Parameters that change in the processes of creation and operation of transport aircrafts modification 
The classification of parameters characterizing the modification of a transport category aircraft is 

given in papers [1, 2]. According to it, there are two large classes of variable parameters – PMD and PPO.  
They differ in their impact on changes in the starting mass of modification and implementation at dif-

ferent stages of the life cycle: 
– PMD – a group of control pa-

rameters (upper level (CP)u), that are modi-
fied during design, the change of which 
leads to an increase in the starting mass 
compared to the mass of the base aircraft 
( m

0m (PMD)> b
0m ); 

– PPO – a group of control pa-
rameters (lower level (CP)l) that change at 
the stages of production and operation and 
do not lead to a change in the starting mass 
( m

0m (PMD)= b
0m ). 

Adequately to their status, a 
scheme of decision-making supporting 
criteria throughout the life cycle of the 
modification, taking into account integral 
indicators of its effectiveness, has been 
formed (Fig. 1). 

 

Fig. 1. Decision-making supporting criteria in the structure  
of stages of the modifications life cycle 
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From the data shown in the figure, it follows that decision making according to the criterion of specific 
costs must be carried out at the design stage as calculation PMD parameters, such as life cycle cost, modifica-
tion performance and calendar resource, which are laid down for the main power elements, are obtained. This 
approach will reduce the number of options that will be considered at the next stages. 

For the stages of the modification production and operation (taking into account the change of the 
PPO parameters, weight and cost equivalence models of parameters, which are used in the general scheme of 
evaluation of the modification according to integral indicators of efficiency, are required. 

Integral criterion of cost effectiveness of modification changes 
As already mentioned, the integral indicators of a heavy aircraft are: 
– the total useful work performed by the modification during the operational phase; 
– full value costs for the modification life cycle. 
In this case, their relation acquires the status of a criterion of integral efficiency: 

 
 stages loperationa  theduringaircraft   theofoperation  entire the

coast cycle life full
lc В .  (1) 

This criterion in parametric expression has the form:  

 
NLm

B
В




cl

lc
lc ; (2) 

 htlc ТАВ  , (3) 
where Тh – declared resource in flight hours; N – the number of flights per life cycle with average flight 
times; Аt is determined by the average costs per flight time, taking into account all phases of the life cycle. 

 apsfuelemamedadt ВАААААAA  , (4) 

where Аad, Аed – aircraft and engine depreciation costs; Аam, Аem – aircraft and engine maintenance costs; 
Аfuel – fuel costs; Аs – crew salary expenses; Вap – indirect (airport) costs. 

The complete work performed by the modification during its life cycle at the stage of its operation is 
estimated by the expression 
 NLmW  cl , (5) 
where mcl·L is the useful work done by the modification in one flight. 

Thus, the decision-making supporting criterion for the implementation of modification changes of 
the main parameters of the modification will be written in the form 
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Criterion (6) should be classified as an integral group. The dimensionality of the criterion 
[UAH (USD)/kg × km/flight] fully confirms its integrality, since it includes the amount of commercial load 
mcl, the distance of transportation L, that is, the main distinguishing feature of the modification (its flight per-
formance) and the declared resource Th. In addition, based on this criterion, it becomes possible to evaluate 
the effectiveness of the first group of modifiable PMD parameters. 

During the life cycle, there are also changes in the second group of parameters (PPO), which do not 
lead to an increase in the take-off mass of the aircraft, but instead improve some parameters at the expense of 
others, which is usually accompanied by an increase in labor costs Т0 on the implementation of such proc-
esses and leads to a change in cost indicators: flight hours Аh and cost of air transportation a. 

Taking into account such circumstances, there is a need to develop models of the type 

 ),(, 0clh TmfAa  . (7) 

Naturally, the cost of air transportation а' and the cost of an aircraft hour hA  after such modification 
changes significantly depend on the ratio of parameters in the right-hand side of the expression (7) Δmcl/ΔT0 
at Δmcl≠0 and Т0≠0. 

Modification changes of PPO parameters include: 
– unification of the design of the modification and the base aircraft; 
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– commercial conversion of the aircraft for seasonal air transportation; 
– reducing the number of failures and increasing the reliability of the modified design, etc. 
Fig. 2 shows the scheme for obtaining weight equivalents of the expediency of modification changes 

in PPO parameters. 
At the same time, all modification changes are recognized as appropriate in the economic sense, if 

they lead to a decrease in the cost of an aircraft hour 

 cruiseclh VmаA  , (8) 

or life cycle cost 

 hafcruisecllc ТВVmаB  , (9) 

where Vcruise – cruise speed; Baf – annual flight in hours; Тh – calendar (declared) resource in hours. 

Thus, the expediency of modification changes of the PVE is determined by the angle of inclination α 
of the dependence Δmcl(ΔT0) 
 maxarctg  , (10) 

which, in turn, determines the decision-making supporting criteria in the form of equivalents: 
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 I – advisable to change                             (11) 





 )(
0

cl aa
T

m
 II – not advisable to change                     (12) 

The specificity of criteria (11) and (12) is that the decision is made regarding Δmcl, that is, according 
to those parameters that the designer can influence under the conditions а'<а and thereby economically jus-
tify the effectiveness of the decisions made. 

 

Fig. 2. Graphic representation of the limits of expediency of modification changes by condition Δmcl(ΔT0): 
Т0 – additional labor costs;  

а, а' – the cost of air transportation of 1 ton of cargo per 1 km of the route before and after changes in PPO  

 

Fig. 3. Scheme of the influence of the main parameters on the change in the cost of air transportation 
(USD/ton·km) of the basic option and additional labor costs Т0 on а' (USD/ton·km) when changing PPO 
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In addition, the "more/less" sign defines the limits of possible solutions, equivalently suitable for evalu-
ating the effectiveness of changing parameters regardless of their category and for aircrafts of different purposes. 

The implementation of criteria (11) and (12) is associated with specific modification changes and for 
specific aircrafts with different indicators of labor costs ΔT0 and commercial load Δmcl. Based on this, effi-
ciency equivalents must be developed for each specific type of aircraft and conditions of its production. 

The most generalized (which reflects all combinations of modification changes) is the criterion of 

specific costs for the full life cycle of the modification lcВ . It describes the monetary costs incurred per unit 
of useful work performed by the modification at the stage of its operation. 

Values of lcВ  were determined on the basis of passport data of domestic aircrafts, declared at the 
time of their commissioning. 

Its index score is given as a parameter [USD / (mcl∙L∙N)], where mcl – mass of the commercial load 
transported (in tons); L – transportation distance (in km); N– number of flights per life cycle. The results of 
the numerical evaluation are given in the table. The most effective ones are modifications with a minimum 

value lcВ . 
When comparing regional passenger and transport aircrafts, it should be recognized that aircrafts modi-

fications have a criterion of specific costs lcВ  that is slightly worse than the modifications of the Аn-148-100 
aircraft. 

Table. Results of a numerical evaluation of the criterion of specific costs for the full life cycle of aircrafts modification  

Aircraft type An-26 An-32 An-132U An-124-175 An-124-200 An-124-355 An-148-100 An-148 An-148-100M 

lcВ , [USD / (mcl∙L∙N)] 0.62 0.61 0.51 0.59 0.63 0.62 0.50 0.48 0.85 

At the same time, it should be noted that the value of such indicators of transport aircrafts as An-32 
and An-132U is somewhat worse than that of modifications of the heavy transport aircraft An-132. This is 
explained by the insufficiently high resource and short length of the airlines on which they are operated. 

Conclusions 
1. A criterion base for decision-making support based on the cost integral indicator of the effective-

ness of the implementation of modification changes of PMD parameters that change at the general design 
stage and PPO parameters that change at the production and operation stages, i.e. by the sum of all stages of 
the life cycle, has been formed. 

2. The structure of decision-making supporting criteria is formed by: 
– indicators of transport efficiency of heavy aircraft modifications; 
– criteria for the integral efficiency of the modification, taking into account the value and additional 

labor costs ΔT0 at the main stages of the life cycle. 
3. New decision-making supporting criteria in the procedure for evaluating the effectiveness of 

modification changes are proposed: 

– for the stage of modifications development – the criterion of specific costs for the life cycle lcВ , 
which is based on the ratio of all types of costs to all useful work, performed by the modification at the stage 
of its operation;  

– for the stage of production and subsequent improvements - criteria for the expediency of modifica-

tion changes, taking into account the labor costs for their implementation 












)( '

0

lc аа
T

m
; 

– for the stage of operation of transport aircraft modifications - a method of information presentation 
of commercial flights in the form of competitiveness indicators [7]. 

The use of such a set of criteria in relation to modification changes on domestic aircrafts showed that 
their application significantly reduces the options for modification changes that are considered and reduces 
the level of subjectivity in their implementation. 
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Критеріальні основи оцінювання модифікацій транспорних літаків за вартісними показниками 

Л. В. Капітанова, Д. С. Кірносов, В. І. Рябков 

Національний аерокосмічний університет ім. М. Є. Жуковського «Харківський авіаційний інститут», 
61070, Україна, Харків, вул. Чкалова, 17 

Предметом досліджень у статті обрано процес формування критеріальної бази для оцінки ефектив-
ності проведення модифікаційних змін у літаку транспортної категорії. Метою є розробка критеріїв підтри-
мки прийняття на кожному з етапів життєвого циклу нового літака транспортної категорії рішень щодо 
доцільності модифікаційних змін, а саме: при проєктуванні, при виробництві та на етапі його експлуатації. 
Складність задачі полягає в необхідності розробки для кожного етапу окремо моделі оцінки наслідків змінення 
літака, що у сукупності визначала б інтегральну ефективність його модифікації. Для оцінки ефективності 
базових літаків, що знаходяться в експлуатації, існує ряд економічних показників їх ефективності, зокрема, 
вартість літако-години і перевезення однієї тонни вантажу на один кілометр, що лише частково беруться до 
уваги при аналізі ефективності модифікацій літака, хоча у випадку з літаками транспортної категорії потрі-
бні критерії питомих витрат за весь життєвий цикл як для базового літака, так і для його модифікації. Для їх 
розробки пропонується метод оцінки вартості усього життєвого циклу літака, а також метод поділу моди-
фікаційних змін за параметрами верхнього рівня (ПМП), який застосовується на етапі проєктування апара-
тів, і нижнього рівня для етапу експлуатації (ПВЕ). На основі й з урахуванням специфіки вказаних методів 
розроблено показники додаткових трудовитрат, які виникають при реалізації модифікаційних змін в умовах 
виробництва й на етапі експлуатації літака. У запропонованих критеріях враховано показники транспортної 
ефективності модифікацій важкого літака й інтегральної ефективності модифікації з урахуванням вартісних 
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витрат на усіх основних етапах життєвого циклу модифікації. Наукова новизна отриманих результатів поля-
гає в наступному: запропоновано критерії підтримки прийняття на кожному з етапів життєвого циклу ново-
го літака транспортної категорії рішень щодо доцільності модифікаційних змін, тобто при проєктуванні, в 
умовах виробництва і на етапі її експлуатації. Такі критерії забезпечать інтегральну ефективність модифі-
кації транспортного літака. 

Ключові слова: транспортний літак, базовий літак, модифікації літака, моделі оцінки ефективності 
літака. 
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