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T. YE. ALEKSANDROVA I. V. KOSTIANYK

THE PARAMETRIC SYNTH ESIS OF THE C5M COSMIC STAGE STABILIZER OF T HE CYCLONE -3
CARRIER ROCKET IN TH E ACTIVE PART OF TRA JECTORY

The problem of choosing the numerical values of the variable parameters of the stabilizer of the C5M cosmic stage ofé&8dander rocket in

the active part of the giectory is considered. Currently, to solve the parametric synthesis problems of analog and digital regulatessatbnary
dynamic objects, the fAfrozen coefficientsd met hodidad mto segami sectians,ato r di n
each of which the mass, inertial and geometric characteristics of the stage are considered constant, in words, at eactimgrtenvaluesf the
coefficients of the coefficients of the mathematical model of the etuvision stage, as well as the value of disturbing forces and moments acting
on the stage. It is assumed that the stability of the stage at each moment of the active part of the flight ensuréy tifettstatight in the active

area as a whole. T method, firstly, does not have a rigorous mathematical justification and, secondly, is not able to provide conticueasiygn
requirements for the accuracy of regulators. The method of parametric synthesis of regulatorstatior@ry objects s@ut in this article is based

on finding the values of the variable parameters of the regulator delivering a minimum to the integral quadratic fualctidetaldcon the solutions

of the mathematical model of a closed control system. In this caseatamgiric synthesis algorithm includes a targeted choice of the functional
weighting coefficients, and the minimum of the functional is searched for using the Optimization Toolbox software in tEBWAThe Minimize

software in the MATHCAD. The proposedethod of parametric synthesis of the stabilizer allows to increase the speed of the closed stabilization
system and significantly reduce the static error of the lateral displacement of the center of mass. A comparative rtsestahilifation prosses

of the C5M cosmic stage of the CycleBecarrier rocket with a standard stabilizer and a stabilizer synthesized by the proposed method leads to the
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conclusion that the accuracy of the stabilization of the cosmic stage is significantly improved ingeheiabove parametric synthesis method.
Keywords: the cosmic stage of the carrier rocket, the active phase of the flight, the "frozen coefficients" method, the paraimesit cytfite
stabilizer, the additive integral quadratic functional.
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REVERSAL FUNCTIONS AND PROBABILITY DISTR IBUTION OF THE PANDO M CROSS
FUNCTIONAL FROM NORM AL MARKOV PROCESS

The process, which has the propertiestationary, normality and markovity, is considered. For a given time interval, an energy functional and a
crossfunctional are studieth this article In analytic consideration of the problems of probability theory and mathematical statistics, the iassismpt
widespread that the problem in question has been resolthd ¢haracteristic (generating) function is constructed. However, the operation of the
inverse Laplace transform causttge computational difficulties. As a numerical procedure, theerse Laplace transform is characterized by
instability, the degree of which increases with the transformation parameteapproach based on the applicationtloé reverse functions was
proposed and used, which made it possible to obtain an analytical ®aprés the generating function of the distribution of random values of the
crossfunctionalin this article Theanalysis of the statistical properties of the cross functional is carried out. The density of probability distribution and
the integral distbution law are obtained numerically using the inverse Laplace transform for the selakted of the observation tini& the
decrement of the processand its intensityA . The dependences of the density and distribution functions for given vdlilks parameters of
functionals are giverit follows from the calculations that an increase in the parariéteteads to the expansion of the values of the functional in the
peripheral regions of large deviations. Reducing the pararmgétégads to the localization of the values of the cifasstional in the fluctuation
domaind T The densityQd is symmetric with respectt Tt It has a unique maximum, two points of inflection, and an exponential asymptotic
behavior on the periphery

Keywords: stationary, normality, markovity, integral quadratic functional, energy functional andtgpeséunctional, statistical properties of
crossfunctional.
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T.D. HUTSOL

INFLUENCE ON PULSING BLOOD OF ANIMALS BY OWN AND EXTERNAL ELE CTROMAGNETI C

FIELDS

A theoretical model of blood flow in large blood vessels of animals is considered, which takes into account the eftéciragiestic fields on the
formed elements of the blood, both those created by the bloodstream itself and those exisérenivironment. Blood vessels are presented in the
form of uniform cylindrical channels with rigid walls, and blodd the form of Newtonian fluid. The solution of the Navi&tokes equation is carried
out under the assumption that the pressure poisabave the shape of rectangular pulses. To account for the additional effects on the blood flow of an
external electromagnetic field, a term was added to the equation that describes its effect on the charge and flowt @$ klomain Ithat the main
contribution to this effect is made by the magnetic component of the field. The nature of the behavior of the radial cahgendhbod flow
velocity appearing in this case, as well as the change of its longitudinal component, is investigatedwh thahie radial component of velocity
has a complex amplitude. The approximation of the frequency of the incident electromagnetic field to the frequencyepplestons leads to a
sharp increase in the radial component and the possible sediorenfablood corpuscles on the vessel walls. Simultaneously with the appearance of
the radial component of the blood, the longitudinal component also changes. Numerical analysis of the dependence tfdihal landi radial
components of the blood flowhowed their substantial dependence on the frequency of the external electromagnetic field, which has a resonant
character. The increase in velocity occurred at frequencies equal to the frequency of the pulsations of the blood Hammonits. At thesame
time, there is an assumption that the same effect can be expected if the blood is affected by a microwave field modltiated Byequencies,
which is possible, given the ability of blood in the vessels to perform the detection function.

Keywords: blood flow, external electromagnetic fields, Navigtokes equation, blood pulsation, velocity components, resonance pherjomena.
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T. N. LISETSKY

EFFICIENCY RESEARCH OF THE THREE-LEVEL MODEL OF SMALL -SERIES PRODUCTION
PLANNING

We consider the problem of finding ander portfolio that maximizes the total profit according to one of five optimization criteria and should fit the
beginning date of the planned period and the due dates specified by the customers. Also, we need to build for thifobodarfeastble(not vio-
lating the due dates) operational plan of jobs processing that would correspond to the minimum possible processing gmtgebtider portfolio.
We show that the problem in this formulation is a msii@ige scheduling problem. We describevpusly developed methodology for the problem
solving: the thredevel model of production planning. We substantiate the possibility of applying the methodology for any type-séisasafire
duction according to one of the five criteria of optimaliye show that independently of the production type considered, whatever is the original
production technology, and no matter how the rmatkige scheduling problem is implemented, we reduce the planning problem solving for any of the
five optimality criteri to obtaining a feasible solution of the msliage scheduling problem for the criterion of maximizing the start time of the earli
est job. We show that the efficiency of the msttige scheduling problem solving depends on the efficiency of solvirfigstievel of the thredevel
model. Therefore, we statistically investigate and prove the efficiency of solving the problem of minimizing the totalvesigigietion time of jobs
with precedence relations on a single machine. We show the efficiei®3@délgorithm for the problem solving for the case when the weights of
only terminal vertices of the precedence graph arezeon. We have shown that the approximation algorithm for this problem solving allows to solve
real practical large size problerfwe checked dimensions of up to 10,000 jobs). The solutions obtained by the approximatitmalgaincided
with those obtained by the exact R&I@orithm in 99.9®%6 cases.

Keywords: production planning, PS@lgorithm, exact algorithm, approximation atghm, combinatorial optimization, scheduling
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Introduction. Production planning in the currentt hat requires consideration ¢
conditions of tough market competition is a complex taskomplexity, on the one hand, and the implementation of
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sophisticated optimization algorithms, on th@esthand. terminal vertices coespond to the completion of the

Due to the taskods compl e xprddycts prpcessityl Fomeach adri@aptiheogchphcwei on  p |
optimization occupy the minds of scientists for about 7Rnow the deterministic processing time (an integrated

years. Economic and production criteria which becamglue indicating the allocated resources: material, human,
important relate to [1]: profit maximization, costs minimi production, etc.; the critical path of each guot deter

zation, orders fuliment just in time, energy resourcesmines its processing time). Also, we are given a weight

saving through the efficient equipment usage, the maXor each job'® "Owhere'Os the set of terminal vec#s

mum shortening in the production cycle of products.  dentified with a set of products. The value of weight is

According to the principle of hierarchical planningdetermined by the potential complexity and importance of
[21 6] which represents a philosophy to address complepose jbs, without which, in general, the product an
problems for a wide variety of systems, authors 69]7 pe released. Also, an ambiguity of the jobs related to the
have proposed a thréevel planning model for smadle  npeed of obtaining a new scientific solution may affect the
ries productions. It was aimed to solve the problem @fei ght 6s val ue. Jobs are proc
building a coordinated schedule of jobs processing byrasources divided into separagifficiently autonomous
set of enterprise resources. Thedtional diagram of the ynits: multi-resources A multi-resource is a stable group
model is presented in [8]. Also, they develop a system gf shared resources, for example, a brigade, a group of
interrelated models and methods which allow to take inigquipment of the same type, singifile subdivision.
account the complexity of a modern production and tulti-resources can be physically located in the same or
obtain close to optimal solutions to the planning probleny different organizations. In the general case, a meti
due b the global optimum search strategy. The first levgource may include equipment of different types. This is
of the model is based on solving the problem of the totgktermined by the production need or if it allows more
weighted completion time of tasks minimization (TWCT)efficient fulfilment of the specified orders.
for the case when only terminal vertices of the precedence \we need:
relations graph have a naero weight coefficient 1 to find an order portfolio thahaximizes the total
(TWCTZ problem). The TWCTZ problem solution deter profit according to the chosen optimization criterion; it
mines the tasks priorities and minimizes the time they pasgould fit the beginning date of the planned period and the
through the production cycle. . due dates specified by the customers;

The proposed models and methods are universal in ¢ (o pyild for this order portfolio a feasible (not
nature and can be implemented for planningrganiza  jglating the due dates) ogeional plan of the jobs pack
tional or production systems in various sectors of @ Ngges processing on mutsources: it should maximize
tional economy, in particular [1, 7], for planning of dis {he start time of the earliest job, i.e. the time correspond

crete type production, building industry, project maragéng to the minimum possible processing time of the entire
ment. The developed models and methods of hierarchigaler portfolio.

planning can also bepplied in computeaided design The five basic optimization criter are the enter
systems, information control systems, scientific resear?hr i seds t ot al profidt maxi mi za
automation systems, etc. case

ases:
The purpose of this article is to substantiate the effi )in the absence of producto

ciency of using the methodology developed in [7] te o, [7, 10] that the criterion in this case is eqléva to the

tain an operational plan forkitrary objects with a net 4ta) weighted completion time of products minimization

work representation of technological processes. We shQWierion with a partial ater given on the set of jobs of

that the efficiency of the problem solving is determined by,qp product (the TWCT problem):

the efficiency of solving TWCTZ problem. Then, we 5y gypject to the condition: each prodi@t ‘Chas a

carry out the efficiency study of its solving algorithms. 4, date’@ that must not be violated (ust in time
The Problem Statement.Suppose that we have aNplanning).

order portfolio [79] which is a set ofn packages of 3) subject to the conditions: each prodi@t‘Chas a

interrelated job®  0,0,8,0 . We call a package, que dateQ: the total weighted tardiness of tasks in regard

"Q p,&, a product (under a product we may also mean the their due dates must be nmirized.

entire series ofiniform products). Customer specifies for 4) subject to the conditions: each prodi@t‘Chas a

each product the technology of its production and thgue datéQ and a given absolute value of prafit for its

desired optimization criterion (one of the five basic eriteprocessing. The profitas not depend on the completion

ria listed below), as well as the beginning date for thgme of the task if it is not tardy in regard to its due date.

planning period. Also, the customer sets thue date®2 Ot her wi s e, the planning syste

for all products in accordance with their optimization crizero;

teria, except for the case of optimization according to the  5) subject to the conditions: all products have due

first basic criterion. On each subsgta partial order is datesQ. We need to minimize the total ¢qperalty for

given by an oriented acyclic graph. The partial ordeisng the planning system) both for eadss and tardiness in

obviously determined by the technology of processing thegard to the due dates.

job packages. Each job can begin only after completion of  The Problem Solving Methodology.The problem

its predecessors. The vertices of the graph correspondifothis formulation is a mukstage scheduling problem

the jobs, the edges indicate the precedence relations. TRESSP). Experts together with specialists in applied
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mathematics should present the initial technological-proc  § compact schedules construction (algorithm 1).
ess in the form of an MSSP adequate to the actual prod¥ge distribute the products from the beginning of the-plan
tion process. Examples of such presentation of MSSP ariag period and minimize their completion timeg this
given in [10, 11]. algorithm;

The optimization problem in this formulation cannot 1 nondelay schedules construction (algorithm 2).
be solved #iciently. We cannot obtain et solutions of We distribute the products from their due dates set by the
MSSP because of its practical complexity. Appmate customers;
solutions basically carerge to a stepy-step optimization  construction of schedules that ensure highest pri
which does not take into account the possibility ofrity products processing in the specified due dates{algo
searching for a global optum by a given cterion. rithm 3);

Therdore, an hierarchical approach to the planning prob  p) redefining the set of common vertices according
lem was proposed in {B] containing the following three to the actual distribution information. If the set of com

levels. mon vertices has changed, then we rebuild the model and
Level 1: preliminary (predictive) planningThis construct a new sequence of aggregated jobsofke the
level includes: TWCTZ problem). To do this, we aigaperform the pro

a) building a model of technological aggregation teedures starting with the building the graph of the critical
reducet he probl emds di mensi opaths offprofusts. Tosbuild the: graphg \yer usegthetset 6fn
of the original precedence graph to the level of nraiti common vertices obtained during aggregated jobs distri
sources (stable groups of resources working together) dpigtion;
aggregated jobs construction (combining related epera  €) complementing the priority ordered sequence ob
tions of the same product executeuthe same multie- tainedas a solution of the TWCTZ problem with aggre
source). The processing time of an aggregated job-is geat ed j obs which |ie outside
termined by its critical path in this mult@source; We assign corresponding MPSS numbers to the added

b) building a model of design aggregation. This i$0PS;
the graph of critical paths of the products processing with ~ d) distribution of the obtained schedule among multi
common vertice. In the graphs where each vertex has gsources with binding to the planned pdriWe do it
processing time, the critical path is the route of the max#sing one of the above distribution algorithms, with such
mum total length. Procedures for finding a critical path i§Xceptions:
the graph are discussed in detail in [8]. A graph of critical 1 we perform the algorithm on a initial precedence
paths constructed by such rulessha smaller size, since it graph of the aggregated jobs;
includes only vertices on critical paths. Thus, we aggre T Wwe partition the aggregated jobs into batches (the
gate the model to a fsi nghumbenoditcrationsés équalto he numbebatches, weo n .
aggregated jobs may process on rgtiources that re perform the iterations for batches instead of one iteration
quire a setup (preparatory work) to process jobs with difor aggregated jobs with full processing time);
ferent characteristics. We combine such jobs, according to €) as a result of multiple performing of actions de
certain rules, into common aggregated job if such jobs @sribed above, we generate a whole series of possible fea
not require the setup of the muléisource when changing sible plans that diffein a specific type of criterion, due
one job to another. We indicate this on the precedendates, weight coefficients, manufacturing technology. Ex
graph by common verticesn this case, the setup is-re perts evaluate obtained plans (alternatives) in different
quired only at the beginning of the schedule and each timentexts and choose the best plan to pass it to the third
whenthe multr esour ce swi tches- feveboh the modele Bhe imadified iAnalytie efarchy
mon vertexo jobs to ot her Pracgsg cae heased o evalgate she pladisifs use al

c) TWCTZ problem solving [ This problem serves lows to make a reasonable choice of production plan from
to determine the jforities of the products and the the set of feasible ones under conditions of uncertainty.
processing order of the aggregated jobs. This, in turn, is |f we could not obtain a plan satisfying the specified
the basic information for solving problems on the secori@quirements, thenformational model of the first level is
and third levels of the model. It was shown in [7] that wéubject to adjustment. We can exclude or add new-prod
can approximate any of the five basic criterig & UCts, purchase new equipment, change the production
TWCTZ prcblem with corresponding weighting coeffici techndogy, etc.
ents.The algorithm is described in [7], its modification in ~ Thus, after performing the first two levels of the
[10]. As a result, we obtain a priorifydered sequence of Planning model, we obtain:
aggregated jobs with a breakdown to maximum priorithe optimal prtfolio of orders as the expertsaiixde from

subsequences (MPSS). he execution some products or their parts that violate the
| 2 . o ] customerodos due dates (they d
Level 2: coordinated planningt includes: an additional equipment or delay products is undesirable);

a) preliminary distribution of the aggregated jobs ofhe coordinated plan of the aggated jobs pra&ssing in
the constructed graph of critical paths. We break down thgulti-resources approved for implementation by the
common vertices to clarify the information about theiexperts;
combining at the dtsbution stage. Tomplement the co the due dates in the MSSP are determined by the
ordinated planning, we have developed the following disompletion times of the products in the approved plan.
tribution algorithms [710: Level 3: exact (operational) planninmcludes [D]:
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a) disaggrgation of multiresources and aggregatedproximation algorithm from [7] on a computer with 1 GHz
jobs to the level of the initial technological model; processor frequency. Then we averaged the data for all
b) the most compact operational plan is an arbitrayalues of the paramet& The solving results are summa
feasible (not violating the due dates we got at the secorided in Tables 14.
level of the model) solution of the MSSP by thiderion

of maximizing the start time of the earliest job. An exam Tablel7 The average timt solve the problem
ple of methodology to solve an MSSP is given i} [1 by exactPSealgarithm (in seconds)

Thus, after performing the first two levels of thdw : | 500 1 750 | 10001 3000 | 5000 | 10000
threelevel modeli independently of the production type[™ - 0.732| 2.677| 6.723|226.110| 1159 41| 106545
considered, whatever is thegiginal production technel 5 0518| 1.896| 4.760|160.087| 820 .863| 7543.40
ogy, and no matter how the MSSP is implemeritede 7 |0.463| 1.693| 4.250|142.955| 733.018|6736.13

r%duce the plzla_nmng problem SO'V'T‘Q for f‘""”y_glf th'\jsfg’“ 10 |0.387| 1.417| 3.558]119.684 613.692| 5639.57
above optlma Ity Criteria to o talnlng a Teasible 15 0294 1.077] 2.703] 90.910|466.152| 428374

the rlest job. For diferent eptimalty crieria, only 22| 0201 0.13¢] 1,864l 62020318 016/2672.45
due da;es ii] MSSP v:':\ry The gL:e d;zas ;reld’eternyﬂne 20 [0.117] 0.428] 1.076] 36.176]185.497]1704.64
. J
the coordnated planning algorithm at the second level 775 _[0.076] 0.277| 0.694| 23.353[119.746[1100.42
the model. And they, in turn, depend on the prieoity gg 8'823 g'ﬁg 8;471; 23';(2): 1533?; 1412:.2;
dered sequence of aggregajelds obtained as a solution : : : : - -

-~

of the TWCTZ problem. _ Table 2i The average time to solve the problem
Thus,_ t_he efficiency of the MSSP solutlon depends by the approximation algorithm (in seconds)

on the efficiency of the TWCTZ problem solution. Now _

we justify the efficiency of the thrdevel model for plan 500 { 750 | 1000 | 3000 [ 5000 | 10000

ning of arbitrary objects with a networkpresentation of | 2  [0.075| 0.273 | 0.686 | 23.086 | 118.38|1087.83
the technological process with optimization according to— 2 10:055| 0.200] 0.501 | 16.850| 86.401] 793.991
any of the above five criteria. 7 0.050 | 0.182| 0.456 | 15.348| 78.699 | 723.208
Efficiency research of TWCTZ problem solving ig 88;2 81;; 8222 igggg g;ggg igggég
algorithms. The TWCTZ Problem Statem¢h®]. A par : : : - : .

. oblern Stateme:hol. 25 10.025] 0.093 | 0.233| 7.840| 40.198 | 369.405
tial order on the set of tasks Q0,8 ,Q is given by 35750 566 10.165| 5.538 | 28.394 | 260.033

an oriented acTycllc grap We“know a processing tinde 25 10,0141 00501 0.125 | 4203 | 21550 198.037
for. each taskQof the graph™O Each terminal vertex 90 10016100581 0.147 1 2.929] 25276232278
(without successors) of the graph has a webghtOther 95 10.0061 0.0221 0056 1.876| 9.620| 88.401
vertices have zero weight. We need to find a sequence of

tasks that rimimizes the functionalBd & © | E Wwhere Table3i The percentage of approximate solutions that coincide

0 is the completion time of a ta¥RHere, the tasks mean with the exact solution

aggregéed jobs. "O is the graph constructed on thg" £| 500 | 750 | 1000 | 3000 | 5000 | 10000
productsdé critical pat hs .| T2h e10@00 noOXD Mm00.W| €100.0 | To@CS| 1000 |t he g
indicate common aggregated jobs fdfatient products. 5 100.0| 100.0| 100.0| 100.0 | 100.0 | 99.2

Exact algorithm for TWCT problem solving is given| 7 100.0| 100.0| 100.0| 99.2 99.2 99.2
in [13], polynomial approximation algorithm for TWCTZ 10 ]100.0| 99.2] 100.0] 100.0 99.2 99.2
problem solving see [7]. 15 99.2| 99.2| 98.3| 99.2 98.3 98.3

To study the efficiency of TWCTZ problem solving|___25 99.2| 983| 99.2| 983 | 983 | 983
algorithms, we have developed two generators of bengh 50 | 98.3| 97.5| 983| 983 | 975 | 975
mark instances. The first one generated arbitrary prege_75 | 98.3| 983 | 97.5]| 975 | 975 | 96.7
dence graphs with a given completenegs 90 | 97.5| 96.7] 96.7] 975 | 96.7 | 96.7
Q Q&& pjc p mmwhereQis the number of L35 | 96.7] 958] 958] 958 | 958 | 95.0

arcs in the graph and is the number of vertices. We Table4i The average percentage of deviation of approximate

geneated the graphs taking into account the required solutions from the optimum

percenage Q of the number of terminal (weighted)

vertices. The second generator determined the weights]¢ £ ] 500 | 750 | 1000 ] 3000 | 5000 | 10000

the terminal vertices and the processing times of all johs. 2 i i i i i I

The parameers were set in such ranges: 5 T i i T 1 0.56
e e am e
T 2 GUXpIP & WK WY 15 | 071] 0.81 | 1.68 | 0.80 | 1.65 | 1.25
T Q vpgwmowmmomn 25 | 0.78| 1.60 | 0.93 | 159 | 152 | 1.63
T o ~ mp m(uniform distribution); 50 | 1.30| 2.41 | 1.83 | 1.71 | 2.49 | 257
T an~ mp 1 Tfuniform distribution). 75 157 | 1.70 | 245 | 2.58 2.53 3.45
We generated 20 instances for each dimension and 90 233] 3.19 | 335 | 251 3.32 3.48

parametersQand "Q All 7200 generated instances were 95 | 3.10| 3.87 | 3.97 | 3.70 | 435 | 494

solved both by the exact PSorithm [L3] and the ap
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On average for all runs, the solutions obtained by thegorithm execution. The above mentioned structures for
approximation algorithm coincided with the solutions obpermuations are not formed on zeweighted tasks.
tained by the exact PS&lgorithm for TWCT problem Thus, the complexity of the piblem solving is determined
solving [13] in 98.47% of cases. by the number of vertices loaded with weight and the

To illustrate the dependence on the paramgteve number of common vertices.
show in Table 5 the average solving time by the EC
gorithm for 500 jobs instances.

Table57 Dependence of the solving time by the P&@orithm
(ms) on the paramet&@at: v T T

5 10 20 30 40 50
2 |304.216350.791/563.722791.3271140.631238.54
5 57.960132.291313.470583.533929.8151090.51
7 44.850102.424273.629486.206917.665950.243
10 | 34.107 87.600219.364405.449818.008758.752
15 | 28.020 68.996/175.420299.893546.218646.184
25 | 21.349 60.836141.692224.383344.195411.478
50 | 17.429 40.751 91.327140.863171.903239.971
75 | 15.904 30.889 66.413 96.053124.591119.478
90 | 13.203 27.871| 55.428228.646 | i
95 | 12.422 24.632) 53.258 | i i

Thus, we can conclude that:

1. The approximation algorithm allows to solve real
practical problems of large dimensions.

2. In comparison withthe PSGalgorithm for the
gereral case of the TWT problem, the solution
time of the approximation algorithm is an order
of magnitude shorter.

3. With an increase in the grgphsfdspromlpatogiesss ctrhgi
solving time decreases, but the accuracy of the
solution ofthe approximation algorithm desa-
ses.

Table61 Initial feasible sequence for TWCTZ problem solving

4. The average percentage of the deviation of tHe S & Common? .
sdution obtained by the approximation aigo 1 0 12 No 12
rithm from the optimum is 1.4%. 2 0 14 No 26
5. The condltlon_s of the polynomial component o 4 0 15 Yes 41
the PSGalgorithm are not met on anzge for 3 0 11 No )
1.53% of the total number of instances; 5 0 14 No 66
6. With an increase in the percentage of the number 7 0 3 Yes 08
of terminal vertices, the time to solve increase 6 0 52 NO 120
according to a law that is close to linear. P o 5 Yes 145
An example to the TWCT problem solving.Corsi- 10 0 19 Yes 164
der the graptof the critical paths of the three products 13 0 = No 171
shown in Fig. 1We give the initial feasible sequence of
tasks in Table 6n tables 6 and 4 is thevertex number 16 0 21 No 192
in the graph of critical paths of products 18 0 18 No 210
The exact PS@lgorithm for the problem solvini 20 30 18 No 228
based on permutations of the following structures: a chain; 9 0 28 No 256
an elementary construction, constructionsandv [13]. 11 0 16 No 272
We build the constructions in the process of a proble 14 20 B No 280
solving on the basis of weighted task¥e move these 12 0 6 No 286
structures into earligpositions in the current gaence in 15 0 19 No 305
accordance with their priorities. The interval of theif___17 0 16 No 321
move, as well as the combinatorics of their consimac 19 10 17 No 338

during the problem solving, is determined by coom

vertices which relate in the precedence graph it The priorityordered sequence of aggregated jobs
structures under consideration. Obviously, the smaller théth a breakdown to MPSSes is the result of the problem
number of common vertices, the less complexity of thgolving by an exact algorithni§]. We show it in Table 7.

1" Mdzd ¢ 1 0y’ sdeOdz' degse s Isjndz Yydesets bkdz' o jtemdlsjlskz ¢ml wée. d
OdzOdz' L, EftcOo dz' dzde" I[sO 44 @ARLEWIBOY' 2 dz' Isjndesztse’ *, 723
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The result of the problem solving by tla@proximation PSGalgorithm for TWCT problem solving [13]
algorithm [7] coincides with that obtained by exact algo99.
in [7] for TWCTZ problem, due to the presence of weights

rithm.

in
97% cases. Hence, the polynomial algorithm proposed

o _ ~only on the terminal vertices of the job precedence graph,
Table71 Initial feasible sequence for TWCTZ problem solving statistically significantly yields exactolition. We pre

0 M) a Common?| - "Q

1 0 12 No 12

2 0 14 No 26

4 0 15 Yes 41 1

3 0 11 No 52 '

5 0 14 No 66

7 0 32 Yes 98

9 0 28 No 126 2

11 0 16 No 142

14 20 8 No 150 3000

6 0 22 No 172 3.

8 0 25 Yes 197

10 0 19 Yes 216 4,

13 0 7 No 223

16 0 21 No 244 5

18 0 18 No 262

20 30 18 No 280 8400

12 0 6 No 286 6

15 0 19 No 305 '

17 0 16 No 321

19 10 17 No 338 3380 7.
The optimal functional value is 14780. 8.

As a result of the PS@&lgorithm execution, the pro
cedures associated with the enumeration of various con
structions were not performed.

The approximation algorithm [7] is based on the al
gorithm for a seriegarallel graph [7]. In contrast to theo.
exact algorithm, the enumeration of various cases of the
structures construction is excluded in advance in it. The
solutions obtained by both algorithms coincided since in
the solving process the conditic f or t he- st
mation and their enumeration were not fulfilled. 10.

Conclusions.We have shown that whatever was set
the initial manufacturing technology for products, an-ade
quate scheduling model should be constructed to obtain
the production opational plan. And then, obtaining all-
good operational plan for any of the five basic criteria of
optimization reduces to a single uniform problem. We
have to build a feasible schedule by the criterion of maxi
mizing the start time of the earliest job fbetmultistage
schedule problem adequate to the initial technologicaj
process of the production or object under consideration.
For various optimization criteria, we have to change only
the due dates determined at the second level of the three
level model a the completion times of the products durin
the coordinated planning. Since the efficient due dates
depend on the efficient solution of TWCTZ problem, the
threelevel planning model is efficient when its first level
is efficient.

We have shown that th@aroximation algorithm for
TWCTZ problem solving [7] allows to solve real practical
large size problems (we checked dimensions of up {o
10000 jobs). The solutions obtained by the approximation
algorithm coincided with those obtained by the exact

[dmgdas .

pose to use it in planning for arbitrary objects with a net
work representation of technological processes.
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O. O. MISHCHENKO, V. Y. VOLOVSHCHYKOV, V. F. SHAP[ V. A. GUZHVA
INFORMATION TECHNOLO GY OF SOFTWARE PROJECTS RISKS EVALUATION

Problem of software projects risks evaluation is identiflRdview of modern approaches to risks evaluation is carried out. Analysis of software
projects risks evaluation methods is performed. Analysis of sensitivity, scenarios method, simulation mexedrigassessment are reviewed.
Conclusions on importance of risks evaluation faftivare as @ervice" software application systems at design stage are performed. It's proposed to
perform software projects risks evaluation with expert assessmenthysieglization of corresponding information technology. Mathematically risks
evaluation technology is realized by Delphi method and ranking. Term of confidence interval is used as stopover ctitenfmutational procedure

of Delphi method with the gbaf coherent expert opinion obtaining. Calculating procedure envisages initial expert data correction by expert opinions
revision and correction of expert group person@elnsistency of expert opinions in mathematical technology on ranking method kénghetith

using of Kendall concordance coefficient, and its significance is evaluating on the basis of Pearson &feserned mathematical apparatus
formalizes solution of risks evaluation problem. Methods of software projects risks evaluatioreiamdangithematical technologies requires a big
amount of calculating operations. Information support increases the rate and precision of such operations, ensurés amdablatained results
accumulation. Information support of software projects riskaluation is realized as software application system. At development of software
application system functional and nonfunctional requirements, database model and its structure were defined. Pringgaiesranodd analysis,

data modeling, modern dgs patterns, CASE software tools were used. It's proposed to realize software application system of information technology
in accordance with cliergerver architecture, dedicated application server with distributed access rights with using of IDE sNbjBe&®P means

under MySQL control. Conclusions on possibility of software application system using by performed validation and venfitagapertise and
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PHPUnit using are made. Results of this work may be used for development of software psifeetgatilation information technology.
Keywords: risk evaluation, software project, expert assessment, Delphi method, ranking method, requirements, model, structure, software
application system
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V. L. LYSYTSKYI, D.Y. ORLENKO

MODELS FOR THE FORMA TION OF IT COMPANY S TRATEGIC PORTFOLIO O F PROJECTS

Increasingof unpredictability, novelty and complexity of the external environment of modern enterprises of IT industry has led todhereatdg
such manageent mechanisms that can ensure malofgoordinated and effective decisions to adapt enterprises toxtema competitive
environmentensure their survival and successful developniandrder to adapt to rapidly ehging environmental conditioriisis necessary to apply
management thas associated not so much with the definition of a strategic position-f@sngand strategic planning), as with a timely, téak
response to rapid and unexpected charfgesnation of adequate management forces enterprises to engage in the refofe¢heistrategy and the
solution of the arisen strategic tasks simultaneously and in parallel, to apply scientifically based management infechadiogiéstreation of
such technologies requires the availability of adequate models of productiotiescti¥ IT companyA set of interrelated models of forming a
strategic portfolio of IT projects of a company, whose activity is aimed at creating a finite number of IT projects imetkteofdime and resource
constraints, is proposed. set ofinterrelatedmodels for the formation of IT projects strategic portfolio activity of which is aimed at creating a finite
number of unique software products in conditions of time and resource constraints is proposed. Qualitative and qoesthitdvef modig of
IT company production activity were used while developing a set of modelgemedatech set of models of expert procedure asktof models of
optimization procedurelhe set of expert procedure models for assessing of IT projects signifieafizes the hierarchies analysis method. The set
of models of optimization procedure implements the method of linear programming which allows to determine the effetiieeddttbe IT projects
portfolio in the medium term which ensures achievemegbaipany strategic goals. Based on the developed set of models, a generalized algorithmic
model for the formation of company strategic portfolio of projects is formed and can be used to create information tdohstiag@gic planning of
IT company prduction activitiesn conditionsof dynamic external environment.

Keywords: setof models, optimization procedymexpert procedure, portfolio of IT projects, enterpriséormation technology.
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Introduction. Modern stage foUkrainian economy external environment, increasing competitiordamestic
development is characterized by high dynamics of aand foreign markets, development of information
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technologies tools and information technologies. All thigreate a finite sef - * =Y p_g of IT projects

actualizes tategic aspects of enterprisgproduction (ITP). Further, ITP is understood as an activitycofating
acivity managementin the IT sector andequires a a unique software product in terms of time and resource
consciousselectionof common development directions toconstraints. It is assumed that for implementation of
achieve longerm corporate goalgonsideringexisting . x & ~ at a given time interval the company has limited
restrictions dictated by both the external and interngésources (labor, information, energy, natural, basic and
environment of the IT companyepending on the level circulating funds, etc.)All the necessary qualitative and
of instability of the external environment, there are fouguantitative information about past and current state of the
classes of enterprise management methods2[13]: T company, its internal and external environment, and the
management methods based on execution contral]{3, results of its production activities is known. The task is to
extrapolatioAbased control methods [&]; management create aset of models that fan such portfolio of IT
methods based on the prediction of Change (the futureci@mpanyprojects from- * ¥~ that at a given medium
partly predictable) [56, 7]; management methods basederm time interval, in conditions of available limited
on flexible urgentsolutions (the future is unpredictable)resources provides maximum allowable amounprofit
[1,3,8,9], which are the methods of strategiGyith minimal risks for the company.
management that prie management of strategic Set of modelsA qualitative analysis of acenulated
capabilities of enterprise [3,5,9]. Strategyformed by empirical evidence generalization of IT company
these methods determines the direction of developmentfgfctioning experience are the source ftgtermining
the enteprise towards its target statehile leaving the promising directions of its teategic development.
freedom of choicetaking into account the changing Therefore when developing aset of models for the
situation in the external environment, current restrictiongrmation of an effective portfolio of ITaznpany projects
dictated by both the internal and external environment @PP) it is proposed to use qua"tative and quantitative
the enterprise. Application of strategic managementmethods of modeling. Fig. illustrates general scheme of
methods to formation dthe portfolio of IT projects will  formation of EPP, that contains an exp@rbcedure
allow to link portfolio projed¢s with the achievement of designed to determineffective structure of the IT
the strategic goals of the Idompany provided that the companyprojects poffolio.
limited resources for projects are effectively allocated [3, As a theoretical basis for the expert procedure, it is
10]. proposed to westhe hierarchy analysis method [1dfich
Therefore, the purpose of the work is to increii® presumes decomposition of theoplem of defining the
profitability of the IT company by creatingsetof models  project portfolio morphology intoincreasingly simpler
for the formation of a strategic portfolio of projects thagomponentsinteraction of wich is determined by the
ensures effete achievement of comparsjrategic goals hjerarchical model ofmpact of- * & ~ on the increase
taking into account existing resource constraints. of the IT companyrofit. At the first level of the hierarchy
Formulation of the problem. Achieving the thereis one vertex that determines focus of the problem
competitive advantage off company $ not only a (increase oprofit).
consequence of the successful implementation of its The second level is determined by main objectives of
portfolio of projects, but also theorrect selectionof the |T company:profit increase; cost reduction; risk
morphology and projects portfolio structure that cetee  requction. The third level is determined ByP groups

vector of IT company strategic development in awhich se¢ directions of the IT companyproduction
competitive external envirment.Due to that, there arises gctivity. The lower level of the hierarchg formed by

the task to form areffective portfolio of IT company . x « ~g
projects with an incremental style of behavior that can

Qualitative Criterion
indicators of optimality
. Resource
IT projects ' v constraints
~
1 O- % | 1
: O el N?orphololg_v '//O )
g of the project
- By e = o1 ore— o -
i O——— Expert portfolio | | Optimization Oi
procedure k DTty cedure I
B Priority procedure v
- T = J 55 -
" A ITP € P < 2
~
n O ~Onm
[—" )

Effective portfolio
of projects

Fig. 1. General scheme for the formation ofeffective portfolio of companiT projects
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Based on the hierarchy for each of its maternal standards for expenditure of resources for
vertices an estimation of weightoefficients, that implementation and realization of the project;
determine degree of its dependence on the vertices of the profitability of . * ™ ~ ;
lower level that affect it, is giverkor the formation of requirement for the volume of projects realization.
estimation a group that contaifisexperts from among IT Since the focus of the problem in determining the
companyleading specialists is formeHachexpert with a morphology of th&EPP was to increaske profit of the IT
numberQ O p,i, forms a matrixof paired comparisons so company linear form of the linear programming is the
o & . The elementsd of the generalized matrix following:

0 & of pairwisecongruenciesre determined by the

expressioy B ¢ . The normalized eigenvector 0 wo @O 1 AQ 2
that corresponds to majorizing matrix rabtdetermines
local priorities of lowetlevel elements. Based on the loca
priorities of the hierarchy vertices anbly using the
hierarchical synthesis proceduref global priorities
0,0 mB U0 p, of IT projects that make up
composition of are foundThe compositiorof - * ™ ~ customer-
that determinethe morphology of EPP are found by '

ranking - * “according to degree of decrease of their wl T“’.mb?r of projects Oﬂh. nome-nclature.
S, . X o~ Maximization of revenue {2s carried out when the
global priorities0 and selection of the first in

restrictions are met.

l/vhereb T profit from the realizatiomf projects;

&1 profitability of project;

0 1 expected amount of riskletermined by the
probability that completed project will be paid by

set inthe resulting row, the sum of global prioritiés is Limitations of projecimplementation volume
equaltg, Ty R RT isadmissiblesrror.
Prioritiesv o
i®o v, (3)
L P 0 my R, (D)
where )i power of ~ , are found by rationing Where 0 i requirementsfor project implementation
0 0 7T1.Herewithy B 0 p. volumein t.he_ planned period
A setD 0  of modelsd that providethe Restriction on resources
expert procedure contains: S
0 i algorithmic model ofthe hierarchical model ww »,Qpaqa, 4
formation; ~
0 i algorithmic model of the formation for all of wherew i norm of the expenditure d€th resource for
hierarchy maternal vertices of pairwise matriGesand one project ofcth nomenclature
generalized matrices; Restrctions on  production volumes of'@h
0 1 algorithmic model for determining the local nomenclature projects
priorities of the vertices for the second, third and fourth D
hierarchy levels; 1 o 1,Q péE, (5)
0 T algorithmic model for determining global . ) -
priorities. * N~ where value| is determined by the existing contractual
0 i algorithmic model for thedrmation of a set obligations of IT company -
of ITP projects thatlefinethe morphology of the EPP. [ 1 projects market opportunities of€h
As a theoretical basis for creatitige optimization nomenclature
procedureit is proposed to usdinear programming The mixed formof writing a linear programming

method that allows in the mediusterm perspectivdo ~ objective makes it very difficult to assign an initial

define volumes of prodation of . * ™ ~ thatensures Support plan when solving it by a finite method.

achievement of IT company strategic objectives. Therefore, it is proposed to determine its solution by the
A general approach to solving the problem oM-method.

volumetric planning assumes that the IT company is A setd 0  of modelsd that providethe

aware of the following information: optimization procedureontaing12]:

Qi the project nomenclature number from, 0 ) algorithmic model of initial Simplex tables
0 pE: formation that are required by-mMethod

& i power of” : 0 1 algorithmic model for determining solution of

& i volumes of limited resources (labor resources dhe objective (#), L o
various professional groups, fund for operating time of U T algorithmic model for verifying reliability of
equipment for various purposesaw materials and € obtained solutions . _
consumables energy carriers, information resources, U | algorithmic model of conducting numerical

salary fum, etc.);’Q p,a; experiments
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Algorithmic model M = <M M, > for the formation of
strategic portfolio of IT projects

Qualitative information

Hierarchies analysis method

"f

Algorithmic model
M, =M, i=13)
for definition of projects

Quantitative information

Monitoring data

W

\

portfolio morphology £, € P

Lincar programming method

-
Algorithmic model

M, =M, i

13

for definition of

projects volume

\

Efficient portfolio of

IT company's projects

Fig. 2. Generalized structure of the algorithmic model fag formation
of the IT companygtrategic portfolio projects

0 1 algorithmic model for studying stability 4
boundaries of the obtained volumetric optimal plan fog
implementation and realization of projects from ’

Fig. 2 illustrates a generalized structure of
algorithmic modelh & g Gfor the formation ofthe
strategic portfolio of projects.

Constructed algorithmic model prevents the ;.
possibility of many errors at a design stage of the

program.
The constructed set of models &
0 0 0 ,Q p,u provides a clear formulation,

purpose, content of individual parts of the progratiows  ©-
paying considerable tantion to ensuring the simplicity of
software implementation structure of the algorithmiqp,
model, to significantly reduce costs, time expenditures for
developing the software solution for the task of forming of-
the efficient portfolio of IT company projest that 4,
operates in a competitive environment of IT industry.
Conclusions. The set of models of the expert
procedure for determining the significance of IT projects
was developed. The set of models of the optimization
procedure for determining the effediwstructure of IT
projects which determines the company strategic goals
was elaborated as well. Besides, the algorithmic model for
the formation of the company strategic portfolio of
projects was worked out which can be used to create
information technolog for strategic planning of the

company production activities. 4
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H. V. VIETROVA, V. O HUZHVA

ANALYSIS OF THEMARK OWI TZ6 S AND MOOBLS NGRSECURITIES
PORTFOLIO CONSTRUCTI ON

The conclusions about the strata of society, various parties are supported by, have been made. The question arisparaf neyisiving the ways
of forming the investment portfolio, since the degree of influerfcmacroeconomic indicators on the stock market behavior changes. The stock
market is one of the key elements of the financial system of any state. The essence of the securities portfolio, theanththdamain objective of
portfolio investment, the mare and methods of forming the securities portfolio in the conditions of instability of the Ukrainian stock market are
considered. It describes the process of forming a securities portfolio, which is divided into five stages: determinmgninedpedves and
priorities, conducting an analysis of securities, creating a portfolio and choosing management tactics, revising aapdréghtuating portfolio
performance. On the basis of Markowitz©6s matidnallandsaftware TThebapplied sapahittidse | ar e
of portfolio investment models are explored, which realize the main idea of Markowitz to form an optimal securities, pehifeliat the same time
having fundamental differences. And the main difference Ton 6 s model , wh i c hfrea asset] alodgeveth risky seeurittesa Am  r i s k
optimal securities portfolio is being built using ten risky stocks of various sectoral activities of Ukrainian enterjriséiseudarkowitz model and
using riskfree assets (government corporate bonds) for the Tobin model. Also the composition, profitability and risk of the optimal ipotttli
Ukrainian stock market are determined. In addition, a graph of profitability and risk dependencies is constructedctvipaiateof the chart is a
certain portfolio with a certain number of investments in the stocks of listed companies. The conclusion is made ots thietagsed, focusing on
their difference depending on the choice of the model of portfolio formation
Keywords: securities, investment portfolio, portfolio formation, risk, profitability, Markowitz model, Tobin model.

L. Jlotguml ol . [.

rdefwrreryvic fdradagdl who voé Juffuuoundd R 1 [t vAnfrow A w

1ot wl
I MisOdzdz' &3 yYyOMBsd3 o ddzd & O 9 i Adde@Vdz] figdae | cifvsifas s * o W isted3lzo Odzdew  * dzo j Misd y ' 2 datsc
ofdzdolz BOSCtwjSCdsd Yyddrn ' dZHJCOlste' @9 dzO@ Yo jH dSk WsdHBsotet jedesz. A
BzawiCs’' Hjty Ood. ('l dviHtodsW jindrw fpi'lsddglzd = §f Of jto' o, Mdesodzj L O HOdzdz? ' G5
B IssHd Wstthlzo Odedzy § stelsW jdzv  y' dededr O jte' @ o Ekditseo O daj MlsOB ' dz¥ dasfyls” Iz
fstelst j dzv  y' dzded nts LYHO fdgjtatade?, daCE R’ wids! jlsOf ' o: o dL dzOyj dedzv * dzo j Misdy' 2 dzd R
fOfjtt' o, Mmottjdd (el jdvy *° odetstkz kOSCKJSd LftOsd dadzy, Jisid widjv 1§ St
CdW st dBOY " 2 deffdzils O Ofptgm g O] dedz?y 2O sfdetse BsHjd&z' [OLitse' yo BsH j &' vtsB
sy j d desets ' dzo jMlsko Odedz, WwWC' tejOd Lbks yd thdsoadkz ‘'Hjs [ Ofjsoy@ip hHL
kO s+ ff tod de3j JofdiEefifls "0." HW teSL EAZYHO' s MW cdzseo dz2O o' HMB dede’ Mls! (BsHJdz2' uvise' dzC
fOfjteOBd fioded?2 BjLEdLdSCtsod?2 OSIsde. Js1kHE ! MY GYfkddBOod dd2 f(dadcly jd

COdkL jodm' wigh gasfmils' EC©O dafy! SR § Hitd' Blse L O (ssHj dzd* [ OwSse' YO
(i seOlsdodzdR Ged ¢Oy' 2) LO &SHj dkds uvess' d0. IdL d@Oyo' k! v mMS&OH, §t&

WisdzH so sdslz tod dgl B Iz Hslztd “Iscs Me'ts ettc OW * € L Odzj y detsfilsj 2 HtedBbkkCtso sl O tdLd¢ iz,
S dzr € Mlss 9 C dzOH § d& o OCy'’ dzOo jHjdzdr CtBf Odz 2. t sBdls! v o dMmdasea ¢ L
LOdzj Y detsfyls® 1] ez oWfBisdgize Girdzy f StolsW j dzw

sdzt ytseo ' jdesda'©: f OF J ted, "dze i Msdy 2dzd? ¢ stelsW j dz Wistodsz o Odzdzy  f StelsW j dzw
utsB ' dzO.

L. 1. Jruotyuel o t. ¢.
Ru}ﬂ{brriJMRr P roctfsedsl RAO R v [fuwrAtdf (h RCc P Lotmmudxm A
1V 1

I fsMmizjHd] otejdw otLddSOjl otftsh fjtjMdskcd d Mts jteh
L3 dgv jlsiw Mmjfjdd otLHj2MsadY KOCkE! CsdsiduiMSdr ddHdS Oktsteses dzO® § o
Cdzs yJ ot dzj d3j delstso W ddzOdzmso 52 MdMmlsj s’ dz¥ Bsets EsmMkzu Omiss O. t OfMdzOIsted o O L
¢ 0o dzOW yj d» Yl jd dscs ddojmisdlese Oddy, hEhdashs: d dSJlSISHr W st &3 tot
FCteOd dzm € s dsts Yis'dae&S®. [fdM 90jIsmw ftesyi M Wsteddteso Odzedw § tstelsW j dzv  yj dede’ -
ddzoe i Misdydtsdede’ » yjdzi2 d fodstedlsjlstss, tjtztsac;chdsz OdzOdzdL © yj dede" = B EZABOG
fotelsW j dzv  d¥ jeEUsiddeCdas fiplstd  f Stels ¥ § dzw . [OLtsOBOlsfaO'Isfr]W Okzestedlsdsd U MS 5§, ddal
BsHjdzd [ O tsoadyd d dhBsHjdd uvtse ddzO. {BMEZY HOE s ftodC dzOHdzr | o BL 3y desMlisc
sfdetse dzgzs  dHj ¥ W O dste moy@dzdifts st Isd 3O dz! dzts e s q’stclsWszW Yyd dedz" = BEBOG, o Ists
tOmMMEOsttdo Oj MW ckOodatsj Blddud) &EsHjdd vseddkd, C(sSkstOw oCds ydjls o df
BjLiedMEtsor 2 OCId@dz! da'lske stftstinie ¥ jsdf'ls dyizi dedz" = BEBRBOE M dMftsd LtseOdzdjd3 HJ Mwisd
HiWisjd desfplsd EStcOddmSdrn ftojHftedwisd?2 6 dsHjdkd [ OttitsedyOd d M dmfsd o
sBdZdcOYd2) 5 &BSH| MM cBETO0s [ fw G umMshls: J tdhS cfksdBOd dsct sty |
ssets, Mbtesdlsmwy ctcOWde LOoadMmMdBsMmisj?2 HBAtHdsMd d ttdMfO, cH i iMEOFBOY st
odzsy jdzd?2 o OSydd fGAedorijHde@gdss fify CosrdpftOlzdf &5 § sdzlzyj dede” d3 o L zdz! sOOd3, ©OF yJ dals
BisHjdzd Ystddiose Oddw f Stels¥ j dzw .

sdzs yjor j ypdizem Q: B3O d, ddzoj mMisdydtsdedz 2 fstelsWjdzr, Wstedidtetso Odzedj f tstclsW
v tsB d dzO.

J defiso 59 Odzdw

Introduction . The last global financial crisis madeinvestors, which required a revision of the attitude towards
certain adjustments to the investment policy of moghe formation of investment portfolios. At the same time,
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the previously dominant investment strategies of mostarn on speculation from secuegi transactions, then the
investors aimed at international securities marketavestor forms his portfolio of securities that can be
changed to the opposite, facing domestic investmeaarned. The task of the investor in this case will be to
sources. In this regard, the issues of improving investmeatquire undervalued securities at a certain moment, whose
strategies become important, allowing tnonly to market price at the time of purchase is lower than the true
optimize them, but also to make timely adjustmentgrice and to get rid of overvalued securities in time and
depending on the influence of various factors. thereby receive a certain profit in the future [6]. It is very
The main objective of portfolio investment is to giveimportant to apply capital diversification in the formation
to set of securities such investment characteristics, whiofi a securities portfolio. The more stocks of various
are unattainable from a positioi @ single security [1]. companies in the inget or 6 s portfol i o, t
The portfolio of securities is that tool by means of whiclthe investor has to make a profit. Therefore, the most
the investor provides the required stability of income atommon is the soalled "diversified portfolio”, that is, a
minimal risk [2]. The main goal in the formation of theportfolio with a variety of securities. In other words, a
portfolio is to achieve the most optimal combinatiorportfolio consisting of stocks, bonds and otkecurities
between risk and income for the investor. The portfolicof diverse companies ensures the stability of obtaining a
must include elements of different risk and profitpositive result [7].
Moreover, depending on the intentions of the investor, the 4) Portfolio audit.
share of multipurpose elements may vary. This task arises The securities portfolio should be periodically
from the general principle that aj¢es in the investment reviewed in accordance with the existing situation in the
market: the higher the potential risk borne by theconomy and the goals of the investor.
instrument, the higher the potential income it should have 5) Portfolio performance evaluation.
[3]. As the portfolio represents a set of various securities, The last stage of securities portfolio management
an investment decision is equivalent to choosing thimplies a periodic assessment of the portfolio's efficiency,
optimal portfolio from a set of possible portfolios. Thistaking into account the income gained and the risk that
problem is called the problem of choosing an investmeatose or could arise during the management period.

portfolio [4]. Analysis of securities portfolio formation
The process of forming a securities portfolio can bmethods. At formation of the portfolio of securities a
divided into several stages [5]: large number of models and methods from which it is
1) Definition of investment goals and priorities possible to allocate is used:
From the point of view of the formation of the 1 Michael O'Higgins and Gardner's method;
securities portfolio, the goals can be divided into ¢ H. Markowitz's model;
categories: f Model Sharp;

9 investment security, which means protecting § Tobin's model.
investments from market shocks and the stability  |n article two models are considered: Markowitz's

of receiving income; model and Tobin's model. Markowitz's model [8] is the
I profitability of investments; cornerstone of the theory of the investment portfolio. This
1 increase in the cost of investments. model allows you to define indicators characterizing the
2) Conducting analysis of securities. amount of investment dnrisk, and makes it possible to

The analysis of securities is the application ofompare various alternative capital investment options
fundamental and technical analysis. Fundamental analysisiong themselves.
is a study of the overall economic situation, the financial ~Cumulative portfolio risk, H. Markowitz divided into
situation of ndividual companies, and the state otwo parts. To the first part, he referred to the systematic
industries. Technical analysis is based on the study ik, which is caused by the econoppsychological and
price movements for financial instruments, the basis @litical situation in the country, which simultaneously
which are the market movement charts for previousffects all securities equally.
periods of time, market statistics, data on change®ak s The second is the specific risk that each specific
market rates and forecasts of future price movements. security has, which can be eliminated by managing the
In addition, the formation of the securities market isecurities portfolio. Dividing the risk into components
influenced by the rating of the company and the securitiggives the investor the opportunity to analyze securities
which are selected on the basis of stock indices. The resuim all sides and to determine thestrengths and
of this stage is adt of securities, the most profitable andveaknesses in optimizing the portfolio.
least risky, for inclusion in the portfolio in a certain period The critical line method developed by H. Markowitz
of time. made it possible to determine the range of acceptable
3) Portfolio formation. portfolios and to distinguish invalid and effective
At this stage, investment assets are selected on fhertfolios.
basis of the analysis carried out and taking into account Effective portfolios are portfms that contain
the sgcific goals of the investor. An investor's portfoliominimal risk for a given income or bring the maximum
may consist of securities (stocks) of one company if thgossible income for a given level of risk that an investor
investoro6s goal is to becanmke[9. he owner of the compan
and at the same time receive dividends. If the goal is to
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The theory of H. Markowitz allows investors to
measure the level of risk and determine effective
portfolios, butit does not specify the relationship between A Oom A A,
the level of risk and the required profit.

The form of the mathematical model of the direct
task of H. Markowitz at which the portfolio risk does noiwhere A i investment portfolio risk level;

exceed the specified valde: &, ®i the share of theth andj-th financial asset in
the portfolio;
::"p wiof Ag K, K 1 standard deviation of returns of théh and
p j-th securities;
v m 1 coefficient of correlation ofi-th and j-th
rr securities profits.

wom ALk A The standard deviation of the profit of a security is

l;r calculated by the fonula:

[ M 4

’p

v w p

L¥ A YL i i 8
o W T p

The form of the mathematical model of the inverse
task of H. Markowitz, at which the portfolio profit is not
lower than the specified valie:

The correlation coefficient of the securities is found
by the formula:

6
v XK
" wom AL T El where ‘1 O i the covariance of the-th and jth
::; securities yields, which is calculated by the formula:
S . . Bi i i
l;,, w1 ‘1 O oV 8
[l 2
I’y i The problem of using the Markowitz model in the
v w p practical financial activities of enterprises for the selection
{r . of an optimal investment portfolio is due to the following
v w T factors:
where portfolio profit is: 1 the model does not take into account the time
factor, in partialar, it gives an answer to the
. . guestion regarding the number and type of
L wl, securities at the expense of which an investment
portfolio should be formed, but ignores the
where @ 1 the share of thé-th financial asset in the question of the most optimal time to acquire and
portfolio; sell assets;
¢ i the number of securites that make the T the complexity of collectig information and
investment portfolio; statistical calculations on which investment
i T average profitability (mathematical expectation) decisions are based,;
of thei-th financial asset; 1 the model does not take into account the
i 1T expected value of the portfolio profit. methodology of fundamental and technical
The average profit of theth financial asset is the analysis of stocks.
formula: The main conclusion that follows from the concept
of Markowitz is thatwithin the framework of the strategy
p of minimizing investment risks, one should select an

[ % ih investment portfolio in which priority is given not so
much to the securities, the risk level of each of which is
where"Yi the period for which the profibf the security is minimal, but the combination of assets with minimal

considered; correlation between their levels of profitability.
iz profit of the security in a particular mortth Such a strategy is r.nore.pragr.natlc than choosing the
The risk of the securities portfolio is: most profitable or least risky financial assets. Moreover, at

a given level of profitability, the risk will be the smaller,
the greater the level of divsification of the investment
portfolio [10].
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The most successful attempts, actual and in modern Economiemathematical model of  portfolio
conditions, are the models of J. Tobin and W. Sharfgrmation with minimal risk:
developing the theory of H. Markowitz. In the model of H.

Markowitz, the securities portfolio was formed v
exclusively of risky assets. This shortcoming was rp WA C WOoMmAKLOT ET
overcome in the Tobin model, which includes, along with ~ I'?
risky securities, a certain ridkee asset in the study. He tr
focused on the behavior of an individual investor who . . ,
invests money in securities, guidey his own ideas about Ly L w tw I
the optimal ratio of profitability and risk. L

The model of J. Tobin is based on the assumption :: .
that, in addition to risky portfolio investments, there are w w P
risk-free

securities on the stock market (the risk value olvherei i expected value of riskee asset profit;
which tends to ze), which allowed it to significantly ® i share of a risiiree asset in a portfolio.
simplify the task of forming an optimal portfolio. The values of input variables and coefficients

These riskfree assets J. Tobin attributed bonds agiscussed earlier.
securities, income and return amounts that are fixed by the The Tobin model isimpler than the H. Markowitz
terms of the loan. The second assumption that underlig®del, it allowed us to more clearly formalize the notion
the J. Tobin model is that the price of bonds is naf profitability and risk. However, it did not answer the
accidental, and is dictated by market conditions. Thguestion about the effect of individual assets on the level
assets, the risk level of which is high and must be takei risk and return on the investment portfolio.
into account when choosing the optimal investment Consider the assets of companies in various sectoral
portfolio, J. Tobin attributed the staek areas of activity, we estimate their profitability and risk
Proceeding from this, J. Tobin made an obviougdicators, and by forming investment portfolios we
assumption that when individual assets are included igduce the degree of risk to a possible limit.
their portfolio, an investor should be guided by the rule  Purposes and research problemsThe purpose of
that the norrandom price of risky securities (stocks) this work is the implementation of software for solving the
should be higher than the noandom price of riskfree  problem of forming a portfolio of securities.
securities (bonds) , that is an indispensable condition of To achieve this goal, the article solved the following
the optimal investment portfolio is inequality tasks:

performancet i . f analysis of common models for the formation of
It should be emphasized that in the model of J. a securities portfolio on the Ukrainiastock

Tobin, the solution to the problem of portfolio market;

optimization does not depend on the structure of the risk q selection of suitable models for the formation of

part of the assets; when it changes, it is enough just to the investment portfolio;

recalculatei with each change in the stture of the developed algorithmic software and

portfolio. The optimization problem is solved by the mathematical for the implementation of the

inequalityi 1 , where the risk part of the portfolio is selected methods:

considered as one average stock. o 1 developed information and software for the task
Mathematically, the task of optimizing the of forming a portfolicof securities.

investment portfolio in the J. Tobin model is a #ne The subject of the researchis the process of

objective function with quadratic nonlinear constraints. orming an investment portfolio of higtisk assets based

can be solved both to minimize the risk at a given level gfy the Markowitz model, and higisk and riskiree

profitability and to maximize profitability at a given level 3ssets using the Tobin model, taking into account the

of risk [11]. . _ specifics of the Ukrainian stk market.

The economignathematical model of the problem of The object of the researchis stock quotes in the

forming a portfolio with a maximum profit is as follows: period from 11/06/2016 to 11/06/2017. Quotations of
securities were taken from a source [12]. Depending on

’ stock price fluctuations, we calculate average rates of

rr i o iwoi Ag return, variances and risk indiors for each of the

Ly companies under consideration.

:: On the basis of the Markowitz and Tobin models for
the task of building a minimum risk portfolio by

i whk ¢D womAA K8 diversifying securities, a software product was developed,
p which was implemented in the Microsoft Visuatudio

I’y 2012 development environment, to write the program
Cr & ® p code, _the Gt progrgmming Ianggage was used. For_t_he
o formation of portfolios of securities were used securities

presented in table 1.

JIskz ¢ml we.
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Table 1i Securities

The result of the calculations are the graphs

Company Ticker Brofit Riek p][ese?:eg_li.rtw fig.dl grlld fig. 2, which show the dependence
of profitability and risk.
Xg‘:gﬁ_A UNAF 3.02% 9.87% I_Each point of Fhe chart has_ a certain portfolio wit.h a
HOLDING AST 10,15% 8,89% certain rjumber of investments in the shares of the listed
KSG AGRO KSG 0,97% | 14,97% | Ccompanies.
Ovostar Union ovo 2,23% 3,93% 0,25
Motor Sich MSICH 4,82% 6,89% 0,2
Raiffaizen Bank Aval | BAVL 8,78% 15,32% 5‘)0,15
Tsentrenerho CEEN 0,96% 6,13% @ 0,1
Dniproblenerho DNON 24,99% 44,12% 0,05
Ukrtelekom UTLM 1,01% 9,18% 0
Donbasenerho DOEN 4,75% 9,94% 3 3,7 4 5 7
Government PROFIT
corporate bonds 1,458%

Fig. 1. The dependence of profitability and risk on the

Tables 2 and 3 show the results of solving the Mar kowi tzds model
problem of forming a securities portfolio using these
models. The results are obtained usimplemented 0,08
information, algorithmic and software. « 0,06
. . £ 0,04
Table2iThe cal culation results i e
0,02
Share of securities in the
Company - 0
portfolio 3 37 4 45 5
Ukrnafta 4,86% " PROFIT
ASTARTA HOLDING 9,53%
KSG AGRO 0% Fig. 2. The dependence of profitability and risktoa
Ovostar Union 19,43% Tobinds model
i 0 . . . . . o
Mo.t]ff)r.S'Ch < Aval 11'270@ Forming portfolios with different income level it is
Raiffaizen Bank Ava 06'130/0 possible to make a conclusion:
Tsentrenerho 21'060/0 1 Minimum acceptable level of income according to
Dniproblenerho 3,58% the Mar kowi t z% on Tolnt eriodeloof 3
Ukrtelekom 24,12% 1.5%.
Donbasenerho 0% 2 The difference of results is proved by thaetfthat
_9§ Profit 3% unI_|ke the Markowitzdéds model ,
S also riskfree assets.
50 _ Besides, these models have various formula of
e g Risk 0,0168%% calculation of risk of the investment portfolio.
Nevertheless, the presence of a huge number of
Table3iThe cal cul ation resul tfgcto S quec{Iy ¥ mF“& qﬁf%cgng rﬁbe%dé”?am'cs of
listed issuers does not al w one to unambiguously predict
Com Share of securities in the[  and reduce to zero the risk of losing investments, but it is
pany : . . . . . -
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¢ S.DOVBYSH V.I. ZIMOVETS, M. V. BIBYK

OPTIMIZATION OF HIER ARCHICAL DATA STRUCT URE OF INTELLIGENT S YSTEM OF
FUNCTIONAL DIAGNOSIS OF TECHNICAL CONDITI ON OF COMPLEX MACHIN ES

The conclusions abottie strata of society, various parties are supported by, have beenTinaaeethod of informaticextreme machine learning of
the system of functional diagnosis of the technical state of a complex machine with the optimization of the hierarchicaltdegds considered. It
is shown that the functional efficiency of machine learning of the system of functional diagnosis is significantly infhyettoedocation in the
hierarchical structure of the recognition classes charactetizntgchnical site of the machine and its nodes. At the same time, for each level of the
hierarchical structure under consideration, a restriction on the number of recognition classes is imposed, which nekkestid peduce the degree
of their intersection in thepsice of diagnostic features. Optimization of the hierarchical structure was carried out in the process of infextrextien
machine learning of the system of functional diagnosis, which allows to maximize the information capacity of the systegiterias dor optimizing
the parameters of machine learning, we considered afiraddnformation measure of Kulbak, which is a functional of the accurate characteristics of
diagnostic solutions. In this case, the algorithm of machine learning represeniéitt@yate iterative procedure of finding the maximum global value
of the information criterion for optimizing learning parameters in the working (permissible) domain of determining it fuBasied on the optimal
geometric parameters of recognitionsdacontainers obtained in the course of machine learning, decision rules have been constructed that allow
making diagnostic decisions in a real time. As an example of the implementation of the method of optimization the $inmitidata, the machine
learning of the system for the functional diagnosis of a mine hoist was considered. As a result, alphabets of recazetidgractabeen created for
strata of all tiers of the hierarchical structure, providing the maximum functional efficiency ofadeaining.

Keywords: system of functional diagnostics, technical condition, informagiineme machine learning.
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I. V. SHELEHOV, S.O. PYLYPENKO, O. OSTOLYARCHUK, T.A. ROMANENKO
INFORMATION -EXTREME MACHINE LEAR NING OF KNOWLEDGE CO NTROL SYSTEM

The algorithm of machine learning f an automated subsystem of control of student sé kno
education system is considered. In this case, machine learning is carried out within the framework of infextnatienintellectual technology o
data analysis, which is based on maximizing the information capacity of the system in the process of its improvemauits Tietiedents' answers
to test tasks were considered as signs of recognition, which were evaluated on a scale from Oh® dlg0rithm of informatiorextreme machine
learning with parallesequential optimization of the system of control tolerances on recognition signs was suggested. The lower controldolerance f
recognition attributes, with a fixed upper control toleraneas considered as an optimized machine learning parameter. In this caseptjoesi
control tolerances on the signs of recognition, obtained in the process of parallel optimization, were used as theistddirtgegimplementation of
a machine larning algorithm with sequential optimization. Kullback modified information measure, which is a function of the exat¢ristiraof
classification decisions, was considered as an optimization criterion of machine learning characteristics. Siac#ithg sf knowledge control is
that the class alphabet is structured, so the enclosed structure of container classes of recognition, which characedspahéing levels of
knowledge, was considered. In this case, the enclosed structure wasterfised by the general center of scattering of vaetlization classes of
recognition. This structure, in contrast to polymodial containers of recognition classes, has allowed increasing oétieg effimachine learning
and the validity of decise rules. The verification of the workability of the suggested algorithm for machine learning was carried out on thebasis of
representative input matrix, which was formed on the basis of the student test results of the discipline.

Keywords: informationextreme intellectual technology, machine learning, optimization, system of control tolerances, recognition sign, hyper
spherical container of recognition class.
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