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SMOOTHING SPLINES FOR GDP GROWTH MODELS:
UKRAINE AND OTHER EU COUNTRY

Recently economic relationships have become significantly more complicated.
This is happening due to different reasons mentioned in [1]. A striking example is the
modeling of time series. Therefore the results of modeling time series with a high
degree of uncertainty, based on the basic regression models implemented in statistical
packages of applied programs (PAP), depend on the mathematical qualifications and
experience of experts in subject areas [1]. In this case it is not always possible to
construct adequate models that ensure the required accuracy of prediction and the
correspondence of the behavior of the model to the behavior of the initial time series
[2]. There is a need to improve methods of formalizing time series. After analyzing
the literature sources [3-5], the authors of the article suggest to study time series
using methods and models relevant to the behavior of the process. Namely, using
spline interpolation. Spline interpolation by time series alone is not a new approach
but — with the development of the PAP — the number of available interpolation
dependencies has increased noticeably. In this work we use the Curve Fit Toolbox of
the MATLAB software environment, namely the smoothing spline.

As an example of the proposed approach, the authors considered the time series —
the dynamics of GDP growth (%) in Ukraine and two EU countries — Austria and
Hungary (Figure 1).

From Fig. 1 it can be seen that the per capita GDP in Austria increased by
42,812.0 USD (21.9 times) to 44,857.0 USD. The average annual growth of GDP per
capita in current prices is 930.7 USD or 6.9%. GDP per capita in Ukraine increased
by 280.0 USD (by 15.4%) to $ 2,099.0. The average annual growth of GDP per
capita in current prices was at the level of 10.8 dollars or 0.55%. GDP per capita in
Hungary increased by 12,286.0 USD (21.0 times) to 12,900.0 USD. The average
annual increase in GDP per capita in current prices was 267.1 USD or 6.8%.
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Fig. 1. GDP growth rates of Ukraine, Austria and Hungary

After the analysis of the initial data, a classic problem of modeling time series
arises (Fig. 1) using the new approach of a smoothing spline. It is clear that the
application of the adapted complex mathematical model can provide valuable
informations on the long-term dynamics of GDP behavior and the identification of
space-time patterns in it.

If your data is noisy as in case of time series, you might want to fit it using a
smoothing spline. Alternatively, you can use one of the smoothing methods from
Filtering and Smoothing Data. The smoothing spline | (s; p) is constructed for the
specified smoothing parameter p and the specified weights w,. The smoothing spline
minimizes:

150)= P00 - )F - )] (d—“j %@
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where (X, Vi ) =12,....N — approximate data;

Wi — the weights of the data (if they were not specified, they are taken to be
equal to one);

P — smoothing parameter, varying from 0 to 1, which determines the curvature
of the resulting spline.

Fig. 2 shows the smoothing splines obtained by the authors. Table 1 shows the
main characteristics of the computational process.

Table 1
Assessment of variability
Fit name SSE R-square DFE Adj R-square RMSE Parameter
Austria 0.0163 0.9996 0.1291 0.9702 0.3553 0.99876719
Hungary | 0.0321 0.9996 0.1291 0.9717 0.4990 0.99876719
Ukraine 0.1443 0.9997 0.1291 0.9775 1.0573 0.99876719

According to Fig. 2 and the data of Table. 1, the proposed method makes possible
to calculate the interpolation line, however, the presence of a sum of error squares
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(SSE) indicates that linear regression does not give absolute forecast accuracy,
although the observation points lie on the interpolation straight line.
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Fig. 2. Interpolation of GDP point data with a smoothing spline

On the other hand, to expect this is just as unnatural as to assume that all sample
values are exactly equal to their average arithmetic mean. Therefore, the authors of
the article propose to supplement the calculations by calculating the mean-square

error of the estimate:
S / SSE 5
yX n—2 ( )

where SSE — sum of error squares;
N — number of observations.

Using the formula (2), the authors obtained the following results:
S ustria = 00020375 S, .., =00040125 S, ... =0,0180375 (3)

According to (3), the root-mean-square error estimates, which characterize the
deviation of real data from the regression line, are quite small in all three cases. That
allows to draw conclusions about the successful application of smoothing splines to
the interpolation of time series.

Note that for these data sets, the default parameter p is close to 1, which indicates
that the smoothing spline is almost cubic and very close to the passage of each data
point. Smoothing of cubic splines and default splines are the same for internal points,
but diverge at the end points. The fact that still in specific cases, like these examples,
can not find a better interpolation than the cubic one. Therefore this research shows
the great meaning to create new algorithms that based on main principals of
interpolation.

In conclusion, the authors want to note that the countries they have chosen are not
considered by chance, but are chosen by the agricultural sector. Hungary is an
industrial country with highly developed agriculture. Highly developed horticulture
and viticulture. In Hungarian agriculture since the early 1990s. there were often signs
of a crisis, which were explained by the general decline in the economy as a whole
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and by the great loss of the number of markets. Austria is an example of how an
agricultural and industrial country builds an innovative economy with the
predominance of the tertiary sector in the form of information technology and
services with a wide dissemination of scientific and educational clusters. Ukraine has
great prospects in agribusiness — it’s able to influence the world’s food markets, the
food security of the world largely depends on Ukraine.

References:

1. Li Z, Shan J., Gabbert U. Development of Reduced Preisach Model Using Discrete
Empirical Interpolation Method // IEEE Transactions on Industrial Electronics. — 2018. — T. 65. —
Ne. 10. — C. 8072-8079.

2. Zhang Y. et al. Study of Drillability Evaluation in Deep Formations Using the Kriging
Interpolation Method // Chemistry and Technology of Fuels and Oils. — 2018. — C. 1-4.

3. Zhang G. et al. A node-based partly smoothed point interpolation method (NPS-PIM) for
dynamic analysis of solids // Engineering Analysis with Boundary Elements. — 2018. — T. 87. —
C. 165-172.

4. Zhu H., Gao C., Chen H. An unconditionally stable radial point interpolation method based
on Crank—Nicolson scheme // IEEE Antennas and Wireless Propagation Letters. — 2017. — T. 16. —
C. 393-395.

5. Xinhua L. et al. A novel approach for NURBS interpolation through the integration of acc-
jerk-continuous-based control method and look-ahead algorithm // The International Journal of
Advanced Manufacturing Technology. — 2017. — T. 88. — Ne 1-4. — C. 961-969.

131



KNOWLEDGE MANAGEMENT

Anamenko A. B., maricrp,

Xapuenko T. O., K.e.H., 1oueHT Kadeapu,
Kuiscoxuii nayionanvHuil yHisepcumem mexmono2it ma Ou3auHy
M. Kuis, Ykpaina

OBI'PYHTYBAHHSA YIIPABJIIHCBKHUX PIIIIEHD
B CUCTEMI MEHE/UKMEHTY IIIIAIIPUEMCTBA

AxmyanvHicms memu. OOTIPYHTYBaHHS YIPABIIHCHKUX PIIIEHb € Ba)XJIMBUM
MPOIIECOM, IO 3B’sI3y€ OCHOBHI (DYHKIIIT yIIpaBIiHHA, 111J1l BUPOOHUIITBA 1 EKOHOMIUHI
MOxJIUBOCTI. CaMe pillieHHs, 0 MPUIMAarOThCS KEPIBHUKAMU OyJ1b-sIKOT OpraHizailii,
BHU3HAUAIOTh HE JIMIIE€ KOHKYpPEHTO3/aTHICTh MIANPUEMCTBA, ajle W MOXKIIMBICTb
CTIMKOI'O PO3BUTKY B IIBUIKO 3MiHHMX YMOBaxX icCHyBaHHS [1, c. 42-44].

[Ipu oOrpyHTYBaHH1 YIPaBIIHCHKUX PIllI€Hb, y TEPIILY YEpry, aHali3yIOThCs
€KOHOMIYHI YMOBHM JOCSTHEHHS LIJ€H MiANpUeEMCTBA. BaximBa yBara mpu IboMy
MPUALIAETBCS MaTepiaIbHO-TEXHIUHIN 0a31, 0COOIMBO, PIBHIO (PI3UYHOTO 3HOIICHHS
Ta MOPAJIBHOTO CTAPIHHS OCHOBHUX BHPOOHMYMX (POHIB 3 METOK MOXJIHBOCTI
M1JBUILIEHHS KOHKYPEHTOCIPOMOXXHOCTI MTPOTYKIIIi.

Memoro yieci pobomu € TOCIIIKEHHSI OOIPYHTYBAaHHS YNPABIIHCHKOTO PIIIEHHS
110/10 MIJIBUIICHHS €(PEKTUBHOCTI AISJILHOCTI MiAMPUEMCTBA.

OcHosnuti  mamepian Oocniodcenus. [IUTaHHSAM TPUIHATTS yHPABIIHCHKUX
pIllIEHb MPUCBSIYEHO pOOOTH O6AaraThOX BITUM3HSIHUX Ta 3aKOpAOHHUX ydueHuX. Cepen
HUX 30KpeMa MOXKHa BUIUIMTH poOoTu 3akopaonHux ydenux C. bipa, /. Jepnoy,
P. JI. Kini, M. Meckona, X. Paiida, I'. Caiimona, ®. Teitnopa, O. Yaiita, P. A. ®dar-
xyTauHoBa, A. @oiing Ta iH., Ta ykpaiHcbkux yueHux FHO. A. JlaiiHOBCBHKOTO,
M. JI. danunosuy, O. JI. €pmoroi, T. C. Knebanonoi, JI. B. Jlazopenko, T. 1. Jleneti-
ko, P. M. Jlerm, T. M. Jlixtep, O. B. Makaproka, H. C. Opnenxko, O. 0. ITimenko,
H. B. IlickynoBoi, T. B. Cmauuno, O. O. Conogogoi, I'. B. Temnincekoro, H. I'. Uy-
MayeHKa, Ta IHIIMX. B iX mpansgx HagaeTbCs 1 PO3BUBAETHCS MOHATIMHUNA amapar
TEOpii MPUUHATTSA YHPABIIHCHKUX PIlIEHb, PO3POOJIIOIOTHCA METOIUMKH M MOJeni
NPUIHATTS pillleHb B pI3HUX cdepax YNpaBliHHS MIAIPUEMCTBOM (30KpemMa
1HBECTHULIIHIH, PIHAHCOBINA, MAPKETUHIOBIH, YIIPABIiHHSA KOHKYPEHTOCIPOMOKHICTIO
MIIIPUEMCTBA Ta 1H.).

VYnpaBiiHCbKe PIlIEHHSI € OCHOBOIO IMPOIIECY YMPAaBIiHHA. YTIIPABIATH — 3HAYUTH
BUpIlIyBaTU. TepMiH «yNpaBIiHCHKE PIIICHHS» 3aCTOCOBYETHCS y JIBOX OCHOBHHUX
3HAYEHHSX: K MPOIIEC 1 K SBUIE. SIK MPOIEC YIPaBIIHChKE PIIIEHHS — II€ MOIIYK,
nepepoOka 1 anamiz iHbopmarlii, po3poOJICHHsS aJbTEpHATUB, BHOIp Kpamoi 3 HUX,
3aTBEp/DKEHHS 1 peanizamis. SIK sBUIE yNpaBIIHCHKE PIIICHHS — 1€ IJIaH, HakKas,
nporpama, oCTaHoOBa, YCHE UM MUCbMOBE PO3MOPSIKEHHS [2, . 90].

[TpuiHATTS yIpaBIIHCHKOTO PIIIEHHS — II€ MPOIec BUOOPY CyO’ €KTOM MPUIHATTS
pillieHHs] Ha OCHOBI hopMaTizallli mMpoOJIEMHOT CUTYaIlli, aKTy CKJIQJaHHS CYKYITHOCTI
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aIbTEPHATHUB Ta KPUTEPIiB OIIHKU iX €(PEKTUBHOTO BUPIIICHHS 1 BU3HAYECHHS BILTUBOBUX
dbakTopiB Horo peamizaiii ¥ OIIHKY peami3allii 3 3aCTOCYBaHHSIM METOJIIB KOHTPOJIIO
BUKOHAHHS 1 OIiHKK HachiakiB [1, ¢. 17]. B. M. Ilpuiimak [2, ¢. 11] BBaxkae, 1110 miporiec
NPUAHATTS PIILICHHS — 1€ CYKYITHICTh B3a€MOTIOB’SI3aHUX MMOCIIJOBHUX JiM JIFOIMHU YU
TPYNH JIFOJIEH, SIKI 3/IIMCHIOIOTHCS 3 METOIO JOCATHEHHS MEBHUX LJIeH 1/a00 yCcyHEHHS
YM 3ar00IraHHs ITPOOJIEMHUM CUTYAITisIM.

Cdepu npuitHATTS yHpPaBIiHCHKUX pIIIEHb Ha MIANPUEMCTBI — (iHAHCOBA,
BUpPOOHWYA, KaJpoBa Ta 1HIN. | NpUIHATTA pilieHb B KOXHIA cdepi Mae CBOi
0COOMMBOCTI, CBOIO crernudiky. BiamoBigHO 70 TEMH HAIIOTO JOCIHIHKEHHS
poaHali3yeMo O0COOJIMBOCTI MPUUHSTTA PIlIEHb B KaJpoBiil cdepi miampueMcTBa, a
came — B KaJJpOBOMY MEHE/KMEHTI.

[TpuwifHATTS pilieHh — CKJIaI0Ba YacTHHA OyIb-SIKOi YIPaBIIHCHKOI (DYHKIIII.
HeoOxiHICTh yXBaJIeHHsI PIIIEHHS MPOHU3Y€E BCE, IO pOOUTH KEPIBHHK, (POpMyrOoUH
Ul 1 mporec iX JOCATHEHHS. ToMy pO3yMiHHS NPUPOAM TPUUHATTS PIillICHb
HA/[3BUYAHO BaXJIMBO JJISl BCIX, XTO XOY€ IMpPOLBITATH B MHUCTEUTBI KEpyBaHHS.
BrockoHaneHHsl 3HaHb Ta BUBUYEHHS MPOIIECY MPUNHSATTSA YIPABIIHCHKUX PIlICHh HA
MIANPUEMCTBI  POOUTh BHUBYCHHS I1i€l TEMHU aKTyalbHUM Ta HEOOXITHHM IS
CTQHOBJICHHSI IOBHOLIIHHOTO MEHEKepa. BakMBiCTh YIpPaBIIHCHKUX pIlIeHb Ta U
MO-TIEPIIE, YITKO MPOCTEKYEThCA SIK yMOBA BUKOHAHHSI BCIX IHIIMX (DYHKIIH; O-Apyre,
€ Oe3nocepeHIM MPOAYKTOM AISUTBHOCTI KEPIBHUKIB YCIX PIBHIB YIPABIIHHS; [TO-TPETE,
€ OJHMM 13 B@XJIMBUX 3ac00IB (OPMYBaHHS COLIAIBHUX IHTEPECIB; IO-YETBEPTE,
BUCTYIIA€ OHIEIO 3 OpM peatizarlii comianbHux inTepecis [1, ¢. 56-59].

[1ig ynpaBIiHCEKUM PILIEHHSIM aBTOP PO3yMi€ MPOLEC BUPOOJICHHS Ta peaizalii
paIlioHaJIbHOTO BaplaHTa BUPIMICHHS NpoOJeMW YW BUKOHAHHS 3aBJaHHA abo0 sIK
¢bikcoBaHMI MpaBOBHI AaKT (HOPMAaTUBHUM YK IHOUBIAyaslbHUM). Ycl  craaii
YIPaBIIHCHKOTO PIIIICHHS B3a€MOIIOB’sI3aH1 i OJTHAKOBOIO MIPOIO BAXKIIUBI SIK JIJIS1 TEOPIi,
TaK 1 Juid NMPaKTUKA YOPaBIiHHS. YTPaBIIHCHKE PIMICHHS MOXXHA PO3TJISIATH SK BUJ
TUSUTBHOCTI, SIKa B1I0YBa€ThCS Y KEPIBHIN MIJCKCTEMI 1 TICHO MOB’si3aHa 3 MiATOTOBKOIO,
BUOOPOM Ta MPUHHSATTAM TEBHUX BapiaHTIB Jiid, TOOTO II€ BHI POOOTH B CaMOMY
armapari ynpaBJIiHHsI, IEBHUI €Tall poIiecy YIpaBiHHsA. TakoX yHnpaBIiHCHKE PIITICHHS
MOXHa BHM3HAQUMUTH SK TI€BHI [IIi KEpiBHOI CHCTeMH IOJI0 KepoBaHoi [3, c¢. 142].
OcHoBHUMH (haKTOpamMH, IO BIUIMBAIOTH HA SIKICTh YIPABIIHCHKOIO PIILIEHHS, €:
3aCTOCYBAaHHS JI0 CUCTEMH MEHEIKMEHTY HAyKOBUX MiJXOJIB 1 MPUHIIMIIB, METOMIB
MOJICITIOBaHHS, AaBTOMAaTH3allil KEpyBaHHS, MOTHBALlS SKICHOTO pPIIIEHHS Ta IH.
3BUYaliHO B NPUUHATTI OyAb-KOrO pINIEHHA NPUCYTHI B PI3HOMY CTYIEHI TpH
MOMEHTH: THTYIlIS, CY/PKEHHsS 1 pallOHANbHICTh. PiiieHHs Moxke OyTu e(eKTUBHUM,
SKIIO BOHO BCEOIYHO Ta HAyKOBO OOIPYHTOBaHE, KOJM IIiJ] yac HOro MiArOTOBKU
nepe10avyaroThCsl, BPaXOBYIOThCS Ta MPOTHO3YIOTHCS BC1 HACHIIKKA 1 pe3ysbTaTd Ta
Oynb-sKui TIepedir Mmoii.

Bucrosok: Y10CKOHAIOBAaHHS TPOIECY MPUUHATTS YHNPaBIIHCHKUX PIIIEHb 1
BIJIMOBITHO TMIJIBUIICHHS $IKOCTI TPHUHHATUX PIMICHb OCSATAETHCS 3a PaxyHOK
BUKOPHUCTAHHS HAYKOBOT'O MiAXOMY, MOJIEJIeH 1 METOIB MPUNHATTS pilieHb. Mojenb
€ TPEACTaBIEHHSAM cHCTeMHU 4M inei 00’exkta. KepiBHUKY HEOOXiTHO BHUKOPHCTO-
ByBaTH MOJIENI Yepe3 CKIAAHICTh OpraHizailiid, HEeMOKJIUBOCTI MPOBOJUTH €KCIEPH-
MEHTH B peaIbHOMY CBIT1, HEOOX1THOCTI mepeadavyaTy ManOyTHE.
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THE FORMATION OF SPECIAL COMPETENCIES OF STUDENTS
THROUGH THE ORGANIZATION OF PRACTICAL TRAINING

The Council of Europe identifies five core competencies required today by any
competent professionals:

1) political and social competencies related to the ability to take responsibility,
participate in joint decision-making, participate in the functioning and development
of democratic institutions;

2) competences relating to life in a multicultural society designed to prevent the
emergence of xenophobia, the spread of a climate of intolerance and to promote both
an understanding of differences and a willingness to live with people of other
cultures, languages and religions;

3) competencies that determine the possession of oral and written
communication, which is important in work and public life, to the extent that those
who do not possess them face isolation from society. This group of communication
includes knowledge of several languages, which is becoming increasingly important;

4) competencies related to the emergence of the information society. Possession
of new technologies, understanding of their strength and weakness, ability to be
critical of the media, Internet information and advertising;

5)competencies that realize the ability and desire to learn all life, not only
professionally, but also in personal and public life [1].

How to form the Competence of students?

— Score-rating system of evaluation is made to assess the effectiveness of the
student’s academic work with his participation.

— It forms a subjective position, responsibility for the result of their work.

— In the cells put down the maximum score that can be earned in the current
work, on the principle: how much earned — so much received.

— Together with students set the cost of work in points and the total.

Taking into account the above factors, we make a table:
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Topics
Educational the acti 1 2 3 4 S 6 ! 8 | etc.
of the students

Lectures:

—Visit

—Note-taking

Practical class:

—Visit

—Participation

—Preparation of presentations
—Group work

Independent work:

—On the instructions

—Creative

Participation in scientific work:
—Preparation of abstract

—The preparation of this article
—Presentation

—Participation in contests

—etc.

Execution of term papers

etc.

Development of communication
skills:

—To give advice to his classmates
who missed the lesson

—To obtain advice from experts
outside of the University,

the company

—To give to each other

(expert function)

Volunteer movement (selfless help)

After each lesson, put one point in each coordinate plane with the date. We
cannot do without updating. As a result, the student self — assesses his own result:
«l am a subject. | am entrusted to evaluate my own results.»

How does the system of formation of competencies, for example, for the
specialty «Management» through the organization of the system of practical training?
For example, after studying the subject «Management» students must master the
following competencies.

Interpersonal skills:

— be able to make decisions in conditions of different opinions;

— know and be guided by ethical and legal norms;

— be able to work in a team;

— to carry out business communication, conduct business negotiations.

Subject-specific competences:

— to be able to analyze the external environment and competitiveness of the
company to determine the prospects of development;

— determine the structure of the social system;

— own different ways of conflict resolution.
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Economic, organizational and managerial competences:

— the ability to critically evaluate the proposed options for management
decisions;

— develop and justify proposals for their improvement taking into account the
criteria of socio-economic efficiency, risks and possible socio-economic
consequences [2].

At the first practical lesson, | propose, together with students, to make the
following table, in which to consider and identify in which topics are studied
specifically those or other competencies.

Methodical system of competence formation

Student’s Topics

competences 1 2 3 4 5 6 7 8 9 | ...12
Generic competence:
Interpersonal skills:
1 | — be able to make \
decisions in conditions
of different opinions
— to know and be
2 | guided by ethical and \Y \
legal norms

— be able to work in a

3 team v v
Subject-specific
competences:
- to be able to analyze
the external
4 | environment and \Y/
competitiveness of the
company to determine
the prospects of
development
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