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Adnotacja. Model zaleznos$ci miedzy wielko$cia inwestycji kapitalowych i produktu
krajowego brutto (PKB) wedlug rodzaju dzialalno$ci ,,Transport, gospodarka magazynowa,
dzialalno$¢ pocztowa i kurierska” jest ustalona. Jako dane eksperymentalne do obliczenia
zalezno$ci wzrostu PKB Ukrainy od wielko$ci inwestycji w sektorze transportu wykorzystano
nastepujace wskazniki makroekonomiczne: dane statystyczne dotyczace inwestycji kapitalowych
i produktu krajowego brutto wedlug rodzaju dziatalnosci "Transport, magazynowanie,
dziatalno$¢ pocztowa 1 kurierska";wielko$¢ inwestycji w transport ladowy i rurociggowy w
cenach aktualnych; wielko$¢ inwestycji w transport wodny; wielko$¢ inwestycji w transport
lothiczy, wielko$¢ inwestycji w magazynowanie i dzialalno$¢ pomocniczg w dziedzinie
transportu; wielko$¢ inwestycji w dziatalno$¢ pocztowa i kurierska. Prowadzone sg badania
poréwnawcze jakosci iteracyjnych algorytméw liniowych i kombinatorycznych metoda
grupowego rozpatrywania argumentow (MSUA). Udowodniono skuteczno$¢ stosowania metod
grupowego rozpatrywania argumentéw w prognozowaniu PKB.Faktycznie udowodniono, ze
wskazniki wykorzystywane w prognozowaniu majg zgodny (synergistyczny) efekt mnoznikowy
na PKB,wkazujace na temat nieliniowego zwigzku migdzy zastosowanymi wskaznikami
inwestycyjnymi a wynikowym wskaznikiem rozwoju gospodarczego - PKB. Za pomoca modelu
w polaczeniu iteracyjny, kombinatorycznej sqcombi (c), prognozy warto§¢ PKB w nastgpnym
roku jest ustalona. Prognozowane kwartalne warto$ci zmiennych na nastgpny rok sa rOwniez
wyznaczane poprzez obliczenie wartosci trendu liniowego w programie Excell. Do prognozy
inwestycji kapitalowych otrzymano rownanie trendéw liniowych inwestycji kapitatowych dla
kazdego rodzaju dziatalnosci gospodarczej w przysztych okresach i otrzymata prognoze
catkowitych inwestycji kapitatlowych. Prognozowana wartos¢ PKB, obliczone z pomoca
potaczonego modelu iteracyjno-kombinatorycznego (sq combi ¢), a wyniki obliczen pozwolity
przewidzie¢ nastgpujaca zalezno$¢: wraz ze wzrostem inwestycji kapitatlowych zapewnia sig¢
przyspieszony rozwodj gospodarczy; wdrazaja nowe technologie i procesy podnoszace poziom
konkurencyjnosci podmiotéw gospodarczych, towarow i ustug; wzrasta kwalifikacja personalu;
przyspiesza si¢ proces ksztaltowania w kraju klimatu inwestycyjnego korzystnego zaréwno dla
inwestorow krajowych, jak i zagranicznych; pojawia si¢ rozwoj efektywnych proceséw
integracyjnych, przyspieszaja si¢ procesy integracji gospodarki krajowej z gospodarka $wiatowa,
wykorzystywane sg korzysci korporacji i migdzynarodowego podziatu.

Stowa kluczowe: gospodarka narodowa, system transportowy, modernizacja, produkt
krajowy brutto (PKB), informacyjne wskazniki inwestycyjne, modelowanie, inwestycje
kapitatowe, rodzaje transportu.
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Abstract. The model of dependence between the volume of capital investments and gross
domestic product (GDP) by type of activity "Transport, warehousing, postal and courier
activities" is determined. The following macroeconomic indicators were used as experimental
data to calculate the dependence of Ukraine's GDP growth on the volume of investment in the
transport sector: statistical data on capital investment and gross domestic product by type of
activity "Transport, warehousing, postal and courier activities"; the amount of investment in land
and pipeline transport at actual prices; volume of investments in water transport; volume of
investments in air transport; volume of investments in warehousing and ancillary activities in the
field of transport; volume of investments in postal and courier activities.

Comparative study of quality of iterative linear and combinatorial algorithms applying a
group method of data handling (GMDH) is carried out and efficiency of use of group method of
data handling at forecasting of GDP is shown. It is proved that the indicators used in GDP
forecasting have a joint (synergistic) multiplier effect on GDP, which indicates a nonlinear
relationship between the investment indicators used and GDP. Using a combined iterative-
combinatorial (sqgcombi ¢) model, the forecast value of GDP for the next year is determined. The
forecast quarterly values of variables for the next year are determined by calculating the values of
the linear trend in Excel. To forecast capital investments, the equation of linear trends of capital
investments for each type of economic activity of future periods is obtained and the forecast of
the total volume of capital investments is obtained. The forecast value of GDP was calculated
using a combined iterative-combinatorial model (sqgcombi c), and the results of the calculation
allowed to predict the following dependence.An increase in capital investment provides
accelerated economic development; new technologies and processes are introduced leading to an
increase in the level of competitiveness of both business entities and goods and services; staff
qualification increases; the process of forming a favourable investment climate in the country, for
both domestic and foreign investors, accelerates; the development of effective integration
processes is taking place; the processes of integration of the domestic economy into the world
economy accelerate, and the advantages of international division and cooperation are employed.

Key words: national economy, transport system, modernization, gross domestic product,
informative investment indicators, modelling, capital investments, transport types.
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AHoTanifg. BrusHaueHOo MoZenb 3alIeKHOCTI MIXK 0OCATOM KalliTaJdbHHUX IHBECTHIIN Ta
BaJOBMM BHyTpimHIM mnpoxykrom (BBII) 3a Bumom mismbHOCTI «TpaHCIOpT, CKIaJCBKE
TOCHOJAapCTBO, MOMITOBA Ta Kyp'epchKa MiSIBHICTE». B SIKOCTI eKCIIepUMEHTATbHUX AaHUX I
oOuncnenHs 3anexxHocTi pocty BBIT Ykpainu Bing oOcsry iHBECTHIIH B TPaHCIIOPTHY raiy3b
BUKOPHCTAHO TaKi MaKpOCKOHOMIUHI MOKa3HUKH: CTATUCTUYHI JJaHi KalliTalbHUX IHBECTHUILIN Ta
BaJIOBOTO BHYTPILIHBOTO NPOJYKTY 32 BHJOM AisUIbHOCTI «TpaHCIopT, CKIIalIChKe roCIoIapCcTBo,
MOLITOBa Ta Kyp'epchbKa MisUIBHICTBY»; O0OCAT IHBECTHIIH B Ha3eMHHMH 1 TpyOOIpOBiIHHUN
TpaHCIIOPTY (DAKTUYHUX I[iHAX;, OOCST IHBECTHII B BOJHHI TPAHCIOPT, OOCSIT IHBECTHIIHA B
aBlallifHUI TpaHCHOPT; OOCST IHBECTHUIIIH B CKJIQJICKE TOCIIOJAPCTBO Ta JOMOMIXHY JAisJIBHICTD
y cdepi TpaHCHOPTY; OOCST IHBECTHIIH B IOMITOBY Ta Kyp'epchbKy HisutbHICTH. [IpoBemeHo
MOPIBHANBHI TOCHIIDKCHHS SIKOCTI ITepaIifHMX JiHIHHUX Ta KOMOIHATOPHHX alTOPHTMIB
METOJIOM TpymnoBoro ypaxyBaHHs apryMeHTiB (MI'YA). [Toka3aHa eeKTHBHICTh BHKOPUCTAHHSI
METOMIB TPYNOBOTO BpaxyBaHHS apryMeHTiB npu mnporHozyBaHHi BBII. JloBeneno, mio
BUKOPHCTaHI TOKAa3HWKH TPHU TIPOTHO3YBAaHHI  MAalOTh CYMICHHH  (CHHEpPTETHYHUIN)
MyJIbTHIDTIKATHBHIA BB Ha BBII, mo cBigumTh mnpo HENmiHIIHI B3a€MO3B’SI3KH  MiX
BUKOPHCTAHUMH IHBECTHLIHHMMHU TOKa3HUKAMH 1 pe3yJbTYIOUYMM TOKa3HHUKOM PO3BUTKY
exoHoMikd — BBII. 3a gomomororo KoMOIHOBaHOI iTepariiiHO-KoMOiHATOpHOI (SOCombi c)
MoJeNl BH3HAuYeHO NporHo3He 3HaueHHs BBII Ha HactynmHuil pik. Bu3HaueHo mnporHo3sHi
KBapTaJibHI 3HAYE€HHS 3MIHHHUX Ha HACTYIHH PiK 32 JONOMOT'OI0 PO3paxyHKY 3Ha4YeHb JIiHIIHOTO
tperay B Excell. s mporHo3yBaHHs KamiTanbHUX IHBECTHI OTPUMAHO PIBHSHHS JiHIHHUX
TPEHIIB KaIliTANbHUX I1HBECTHIII TO KOXXHOMY BHUAY EKOHOMIYHOI MisITBHOCTI MaiOyTHIX
MepioiB 1 OTPUMAHO MPOTHO3 3aralbHOrO OOCATY KamiTalbHUX iHBecTHHIA. [IporHO3HE
sHadeHHs BBII, po3paxoBane 3 HomoMoror KOMOiHOBaHOI iTepalliifHO-KOMOIiHATOpPHOI MoOJei
(sgcombi €), a pe3ynbTaTH PO3paxyHKY IO3BOJNIMIM CIPOTHO3YBATH TaKy 3alIeXHICTh: NpH
30UTBIICHHI O00CATY KaIliTAbHUX 1HBECTHINH 3a0e3MedyeThcsi MPUCKOPSHUH PO3BUTOK
€KOHOMIKH; BIIPOBA/KYIOTHCSI HOBI TEXHOJIOTII Ta MPOLECH, 110 MPU3BOAATH /10 3pOCTaHHS PIBHS
KOHKYPEHTOCIIPOMOXKHOCTI 1 Cy0’€KTIB TOCIIOJApIOBaHHS, 1 TOBAapiB i MOCIYT; MiJABUILYETHCS
kBamiikaliss nmepcoHay; MPHUCKOPIOEThCS Tporec (OpMyBaHHS IHBECTHIIIHOTO KJIiMaTy B
KpaiHi, CIIPUATIMBOTO 1 JUIsl BITYM3HIHUX, 1 JJIsI 3apYODKHHUX 1HBECTOPIB; BiIOYBA€THCS PO3BUTOK
e(eKTUBHMX IHTErpaliiiHUX NPOLECiB, NPHUCKOPIOIOTHCS MPOLECH IHTErpamii BiTYU3HSIHOT
€KOHOMIKH B CBITOBY €KOHOMIKY, 3/[IHCHIOETHCS BUKOPHCTAHHS TIepeBar MiXXHapOAHOTO MOy 1
Koomepaitii.

KnarouoBi ciaoBa: HamioHalbHa €KOHOMiKa, TPAHCHOPTHA CHUCTEMa, MOJAEPHI3alis,
BaoBHH BHYTpilHii npoxykr (BBII), indpopMaTHBHI iHBeCTHLIHHI MOKa3HUKH, MOJEIIOBAHHS,
KamiTanbHi IHBECTHUIII], BUIU TPAHCIIOPTY.

Target setting and its significance. Successful implementation of investment
policy will contribute to the implementation of one of the main tasks of the country’s
economy, which isto increase the number of major sources of domestic investment
resources. This will create the necessary preconditions for growth in production and
expanded reproduction of GDP to improve the welfare of the population. Therefore, it is
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expedient to determine the informative investment indicators that particularly influence
the dynamics of Ukraine’s GDP.

Actual scientific researches and issues analysis. The following scientistshave
conducted studies to tackle the problem,inter alia onmodelling thesystems impact on the
efficiency of the national economy by group method of data handling: A. Bulgakova, A.
Horshkov, A. lvakhnenko, V. Zosimov, V. Stepashko, Yu. Yurachkovskyi.

Using the basic method, we are to model the relationship between the amount of
capital investment and GDP by type of activity “Transport, warehousing, postal and
courier activities”.

The aim of the articleis to model the impact of the transport system
modernization on the efficiency of the national economy.

The statement of basic materials.Definition of the model of dependence
between the volume of capital investments and GDP by type of activity “Transport,
warehousing, postal and courier activities”. The following macroeconomic indicators for
the period from 2012 (1% quarter) to 2018 (4™ quarter), 28 points in total, were taken as
experimental data for calculating the dependence of Ukraine’s GDP growth (UAH
million) on the volume of investments in the transport sector (statistical data on capital
investment and gross domestic product by type of activity “Transport, warchousing,
postal and courier activities” are given in Table 3.13): x1 - the amount of investment in
ground and pipeline transport at actual prices; x2 - the amount of investment in water
transport; x3 - the amount of investment in air transport; x4 - the amount of investment
in warehousing and ancillary activities in the transport sector; x5 - the amount of
investment in postal and courier activities.

In total, the sample contains 5 variables and 28 points and is divided into two
parts: 16 measurements - training sample A (data for the period: 1% quarter of 2012 - 4"
quarter of 2015); 12 measurements - validation sample B (data for the period: 1% quarter
of 2016 - 4" quarter of 2018).

Tablel 1
Statistical data on capital investment and gross domestic product by type of
activity “Transport, warehousing, postal and courier activities”*

Capital investments, UAH million

Quarter / Warehousing and | Postal and GDE’ U AH

Years . Gr_ound and Water Air transport|ancillary activities in|  courier million

pipeline transport| transport the transport sector | activities
1 2 3 4 5 6 7
X1 X2 X3 X4 Xs Y

Q1 2012 19921 35,7 275,3 2820,1 20,4 292 324
Q22012 43785 26,8 176,0 3642,6 354 346 005
Q32012 2601,8 41,7 1335 35819 168,0 387 109
Q4 2012 3691,8 28,4 195,2 41405 1724 379 231
Q1 2013 587,8 6,3 98,6 1779,2 5,0 303 753
Q2 2013 1189,4 37,3 137,6 2042,0 51 354 814
Q32013 1440,2 31,8 1316 3039,0 8,2 398 000
Q42013 1650,3 21,4 1553 39294 202,1 408 631
Q12014 590,3 29,3 73,3 1876,8 3.8 316 905
Q2 2014 1140,6 410 79,2 22304 4,1 382 391
Q32014 652,3 89,0 71,4 1820,4 9,1 440 476
Q4 2014 1072,6 48,8 96,2 39219 105,5 447 143
Q12015 1805,6 23,1 116,3 904,4 4,9 375991
Q2 2015 874,6 96,2 193,7 1935,6 2,8 456 715
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Q3 2015 2 386,9 111,6 125,6 2083,2 53 566 997
Q4 2015 2150,9 102,9 2231 3058,7 72,6 588 841
Q12016 1952,2 36,6 99,2 1439,6 13,3 455 298
Q2 2016 2 256,5 38,0 1777 21146 22,5 535701
Q3 2016 33655 53,3 218,4 2 646,5 18,7 671 456
Q4 2016 7.383,0 106,2 202,3 25271 66,5 722912
Q1 2017 3693,0 50,8 210,2 1454,0 6,6 592 523
Q2 2017 41819 55,4 260,4 1979,0 51,8 665 233
Q3 2017 46277 56,9 372,2 28521 53,7 834 287
Q4 2017 9455,6 74,6 340,4 5 640,6 285,3 891 839
Q12018 45429 28,1 508,6 3013,7 83,7 705013
Q2 2018 6 002,5 36,9 416,2 37482 1714 810 820
Q32018 6 402,9 75,0 328,0 3 466,8 61,3 994 850
Q4 2018 10945,0 60,3 318,7 4622,0 88,3 1048 023

Reference [1]

To solve this problem, agroup method of data handling (hereinafter GMDH) was
applied. For the first time,the concept of a group method of data handling was presented
by O.G. Ivakhnenko in 1971 (lvakhnenko A.G., 1971. 392p.). As mentioned in
(Ivakhnenko A.G., StepashkoV.S., 1985. 216p.), (StepashkoV.S., 2013. P.150-170),
GMDHis a high-capacity information technology for solving problems of structural-
parametric identification of models of complex objects, or modellingbased on
experimental data in conditions of uncertainty, as well as problems of data mining.
Subsequently, the group method of data handling was known under various designations
from “heuristic self-organization” (lvakhnenko A.G., 1982. 296 p.), (Ilvakhnenko A.G.,
1971. 392p.), “inductive self-organization of models of complex systems” (Ivakhnenko
A.G., 1970. P. 207-219) to “inductive modelling of complex systems”.

The basic principles of inductive modelling of complex systems include the
already mentioned three, namely (Zosimov V.V., BulgakovaA.S., 2010. P. 112-118),
(lvakhnenko A.G., 1971. 392 p.), (Ivakhnenko A.G., StepashkoV.S., 1985. 216 p.): the
principle of self-organization, the principle of external complementarity, and the
principle of freedom of decision-making.

These principles formed the basis of the technology for solving the problems of
inductive synthesis of models based on experimental data.

The following results of modelling the economic process were received. To build
polynomial models used to forecast GDP, a software package based on the GMD
Hgeneralized iterative algorithm (Zosimov V.V., BulgakovaA.S., 2010. P. 112-118),
and a software package “Fully Automated Knowledge Extraction using Group of
Adaptive Models Evolution” (FAKE GAME), developed at the Czech Technical
University in Prague, (URL.: http://fakegame.sourceforge.net/doku.php) were used.

To model the dependence of Ukraine’s GDP growth (UAHmillion) on the volume
of investment, iterative algorithms were used, including three linear algorithms and six
with a quadratic function, including combined algorithms for building models:

a) Linear:

1) multi-row iterative (lin m);

2) relaxation (linr);

3) combined iterative (lin c);

b) With a quadratic function:

4) multi-row iterative with quadratic function (sq m);

5) relaxation quadratic function (sq r);
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6) relaxation-combinatorial quadratic function (sq c);
7) multi-row iterative-combined (sgcombi m);

8) relationaliterative-combined (sqcombi r);

9) Combined iterative-combinatorial (sgcombi c).
The modelling results are given in Tables 2-3.

Table 2
Results of linear dependence modelling*
No Algorithms
formodel | AR R? Model

construction
1 linm [0,098382| 0,55759 | ¥ = 264387.04 + 2301,%4 sx, + 249,56 = x; — 62,49 =%y + 13,58 5%,
2 linr 0,109024 | 0,560755 = 376393,94¢ 4 64,00 = x,
3 linc |0,095903]|0,528762 |y = 264B95,56 + 228740 s, + 346,53 %, — 83,30 6%, — 10,18 e %, + 16,85%,

*Source: Constructed by the author
The quality of the constructed model was calculatedunder subsample B as the
value of the regularity criterion, AR (). The accuracy of the model was also checked on

subsample B as the value of the coefficient of determination R

Table 3
Results of quadratic dependence modelling*
Algorithms AR
No.| formodel | R2 Model
. orm
construction
4 0.095903 | 0522860 v=466075,21 — 172812 = x, —
sqm , ,
a 116,40 53, + 10,28 e %2 + 0,02 ¢33 40,82 %, 2 %,
5 sqr 0,054643 | 0,815096 ¥=132928,72 +slxz,’ié,;?s;zfi?frnfnxn!n; fi?i,ij 2%, 42,05+ k] — 30,80 2 x, 4% + 464+ x] — 0,1
6 sqc 0,034439(0,809133 |y = 352822,23 — 10,27 s %, — 0,003 « 2+ 4,93 » 2y, 39 + 0,004 » x; 23, 23, — 0,0001 » 2] » x]
7 v = 304266,26 —
6,01 =%, — 351,13
. 2x, =004 25, 2% + 003 +xl— —0,20 s xf — 0,002 # %]
sqcombi m | 0,026342 | 0,844991 F 098 ex
+2.8 % 32y 5 2, —0,0001 23] 4+ 0,004 53, # %,
s%y +0,000001 5%, $%q #3; — 0,000001 # %, #xI+0,000001 %, +%; # x5 + 0,000001 = %%,
sxy —0,000002 ¢ %, + x? +x; — 0,00006 +xf +x! —0,000002 # =7 %]
8 . y=35815148 4+ 138 sx, — 0,01 = =]+ 0,01 ¢ %, +x, +x; — 0,00000001 = %] + %,
sqcombi r |0,026043 | 0,871419 # % + 0,00000001 +x*—0,00000001 +x3 + %, +x,
9 y =292416 + 0.256097* X, * X, —
sgcombi ¢ |0,009552|0.981387
—0.198123* x, * X, + 0.704721* X, * X,
*Source: Constructed by the author
—_V _Vy® :_
For each object, a remainder can be calculated € = Yi Yi , 1=12,.n, where
Y,

i is the forecastvalue found using the fuzzy neural network.The remainder is helpful for

studying the adequacy of the data model. This means that the requirements for the
independence of the remainders for individual observations should be met, the variance
should not depend on X. The results of assessing the adequacy of the obtained models
using the Kolmogorov-Smirnov criterion are given in Table 4.
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Table 4
Statistical indicators of the Kolmogorov-Smirnov criterion for the remainders of
forecasts obtained using polynomial models*
Sqcombi | Sqcombi | Sgco
m r mbi m

Model Linm | Linr | Linc | Sgm | Sgr | sqc

Normal distribution parameter
Average value 6.89 |-531| 761 | 696 | 3,69 | 2,07 3,48 2,13 | -3,31
Standard deviation 1.17 162 | 1,28 | 1,95 | 89 | 1,28 6,66 6,01 7,23
Extreme differences

Absolute 0.217 ]0,155]0,247)0,159 /0,199 | 0,117 | 0,119 | 0,095 | 0,162
Positive 0.217 ]0,155]0,247)0,159 /0,199 | 0,072 | 0,119 | 0,095 | 0,082
Negative -0.135 |-0,109|-0,175|-0,116|-0,151|-0,117| -0,072 | -0,054 |-0,162

Z Kolmogorov-Smirnov | 1.061 | 0,759 | 1,209 | 0,780 | 0,975 | 0,575 | 0,583 | 0,467 | 0,796
Significance (2-sided) 0.210 | 0,612 | 0,108 | 0,578 | 0,297 | 0,896 | 0,886 | 0,981 | 0,551
Form of distribution Norm | Norm | Norm | Norm | Norm | Norm | Norm Norm | Norm

* Source: Constructed by the author

Deviation from the normal distribution is considered significant at a value of p
<0.05; in this case, non-parametric tests should be used for the relevant variables. In the
study in all models, the probability of error is insignificant (0.210; 0.612; 0.108; 0.578;
0.297; 0.896; 0.886; 0.981; 0.551), so in all the obtained models, the values of the
variables are quite well inclined to the normal distribution.

Table 5
Statistical indicators of the Fisher criterion for the remainders of forecasts
obtained using polynomial models*

Model Fisher’s F-test Significance of F F critical
limm 51,36 0,0000048 2,40
linr 55,5 3,1000642 2,40
linc 17,39 0,000004811 2,40
sqm 51,36 7,87787080 2,40
sqr 102,79 0,025940648 2,40
sqc 6,20 0,000011887 2,40
sgcombi m 43,56 0,000011887 2,40
sgcombi r 45,44 9,46225677 2,40
sqcombi ¢ 51,36 0,00000481143 2,40

*Source: Constructed by the author
Model accuracy (%o)

98,14

81,51 20,91 84,50 8714
5576 56,08 5288 52,89
I I I - I

2
Fig. 1. Accuracy of the received models — value R (Constructed by the author)

The modelling results showed that exact models were found using multi-row
iterative-combined (84.5%), relational iterative-combined (87.1%), and combined
iterative-combinatorial (98.1%) algorithms.
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Training Sample Validation Sample
(points Q1 2012 - Q4 2015) (points Q1 2016 - Q4 2017)
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Fig. 2. Results of modelling using a combined iterative-combinatorial algorithm
(Constructed by the author)

Thus, a comparative study of quality of iterative linear and combinatorial
algorithms of GMDHis carried out and efficiency of use of a group method of data
handling at forecasting of GDP is shown.

It is proved that the indicators used in GDP forecasting have a joint (synergistic)
multiplier effect on GDP, which points to a nonlinear relationship between the
investment indicators used and GDP.

We determine the forecast value of GDP for the next year using a combined
iterative-combinatorial (sgcombi c) model.

At the first stage,based on the data of Table 1, the forecast quarterly values of
variables (x1, x2, x3, x4, and x5) for the next year are determined by calculating the
values of the linear trend in Excel.

To do this, a row of analysed data was selected, and a graph was built, where the X-
axis - time series (1, 2, 3... Q1 2012, Q2 2012, Q3 2013, etc.), the Y-axis - volumes of
capital investments (respectively ground and pipeline transport, water transport, air transport,
warehousing and ancillary activities in the transport sector and postal and courier activities).

We add the trend line and the trend equation to the graph (see Fig. 3-7)
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144 © Knowledge, Education, Law, Management



ISSN 2353-8406 Knowledge, Education, Law, Management 2020 Ne 1 (29)

Water transport
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Fig. 4. Linear trend of capital investments in water transport

Air transport

600

500

400 y=9,0221x +73,973
: waer .
. Suinseervet® RPTTLL Syavenseseee*”
100 .I. . --..-I.l-. .
0 I
o I

& &
F D
S
:
“,(-

Capital investments, TAH million

)
&
»

@
b‘*

Tn

ig. 5. Linear trend of capital investments in air transport

‘Warehousing and ancillary activities in transport sector
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Fig. 6. Linear trend of capital investments in warehousing and ancillary activities in the
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Fig. 7. Linear trend of capital investments in postal and courier activities

To forecast capital investments, it is required to substitute the values of future
periods in the obtained equations of linear trends of capital investments for each type of
economic activity (29 - Q1 2019, 30 - Q2 2019, 31 - Q3 2019 and 32 - Q4 2019). The
results of the calculations are given in Table 6.

Calculation of the forecast value of GDP *

Table 6

Capital investments, UAH million
Ground Warehousing and Postal and Forecast value
No. of Quarter and Water Air ancillary courier of G[?P_, UAH
period pipeline | transport | transport | activities in the activities million
transport transport sector
X1 X2 X3 X4 X5 Y
29 Q1 6480,4 71,0 335,6 30771 84,7 894 649
30 Q2 6 698,2 72,4 344,6 3096,4 86,3 927 049
31 Q3 6 916,1 73,7 353,6 31157 87,8 960 359
32 Q4 71339 751 362,7 31351 89,3 994 580
y = 292416 + 0.256097* x, * X, —
—0.198123* x, * X, + 0.704721* x,* X,

*Source: Constructed by the author.

Thus, based on defined models of linear trends, the total volume of capital
investments is forecast at UAH 41.7 billion next year, which is 7.2% less than in 2018.
At the same time, the forecast value of GDP, calculated using the combined iterative-
combinatorial model (sgqcombi c), is UAH 3,776.6 billion(6.1% more than in 2018). The
calculation results are graphically depicted in Fig. 8.
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Conclusions. The modelling of the influence of transport system modernization
on the efficiency of the national economy wascarried out. The modelling results show
that exact models were found using multi-row iterative-combined (84.5%), relational
iterative-combined (87.1%), and combined iterative-combinatorial (98.1%) algorithms.
To forecast capital investments, in the equation of linear trends of capital investments
for each type of economic activity, the valuesof future periods (25 - Q1 2018, 26 - Q2
2018, 27 - Q3 2018, and 28 - Q4 2018)should be substituted. Based on the models of
linear trends for 2018, the total amount of capital investments is forecast, and the
forecast value of GDP, calculated using the combined iterative-combinatorial model
(sqcombi ¢), is UAH 2,774,347.3 million (8% less than in 2018).

The results of the calculation allowed us to predict the following dependence: an
increase in capital investment provides accelerated economic development; new
technologies and processes are introduced leading to an increase in the level of
competitiveness of both business entities and goods and services; staff qualification
increases; the process of forming a favourable investment climate in the country, for
both domestic and foreign investors, accelerates; the development of effective
integration processes is taking place; the processes of integration of the domestic
economy into the world economy accelerate, and the advantages of international
division and cooperation are employed.
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