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PenakuinHa Koneris: g
Ocapuui B.B. — pokTtop negaroriYyHUX Hayk, npocbecop, _.
peaaKuinHoT Konerii; __
Haymyk |.M. — kaHaupgaTr neparori4yHUX Hayk, 3acrynHm<
peaakuinHoi Konerir, |
fomeHIoKk C.l. — noKTOp TEeXHIMHUX HayK, Npodecop;
[opbaTiok P.M. — nokTop negaroriyHUX Hayk, npodgecop;
NasapeB M.l. — gokTOop NneparoriyHUX Hayk, npodgecop;
MauuHcbka H.l. — QoKTop negaroriMHuX Hayk, AOLUEHT;
Mensannenko O.C. — QOKTOp TexXHIYHMUX HaykK, npodecop; B
CnipiH O.M. — pOoKTOop negaroriyHux Hayk, npocbecOp,.,j};é:
kopecnoHaeHT HAINH Ykpainu; B
CyuieHko A.B. — pokTop negaroriyHuMx Hayk, npodgecop;

XoMeHKo B.I. — aokTtop neaaroriyHnx Hayk, npodecop.

174 IlHpopmaLinHi TexHoNorii B OCcBiTi Ta Hayui: 36|p|-nm<

npaub.— Bunyck 10. — Menitonons: ®OIMN OpaHopor TB
373 c.

fo 36ipHuka BBIAWNM MaTepianu, nNpuUcBsAYeHi akTyank
npoGnemaM O MOB'A3aHi i3 Cy4acHUM CTaHOM, nep
 PO3BUTKY, a TaKoK YNpOBaf)KEHHAM  Ta
md)opmaumumx TEXHONOrn y HaB4YanNbHUIA npou,eg
mcmmxenﬂn Ta eKOHOMIYHY cdepy.
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Anomayisn. Tlokazano, M0 ICHY€ IOTY>XHHN HaOlp 1HCTPYMEHTIB AJIA
OCIDKERHS TpOLECIB  camMoopraHizaiii y CKJIaJHMX CHUCTEMax SK
ljpﬂpwlﬂoro, TaK 1 IITYYHOrO TMOXOKECHHs. BOHM XapaKTepU3YyIOTh
WIAI0aCIEKTHICTE  KaTeropii  CKJIAAHOCTI -  MyJbTH(QPAKTAILHICTS,
*BOPOTHICTS, HENHINHICTB, PEKYPEHTHICTh, HECTIMKICTS, EMEPDKEHTHICTH

Mo, a kinki ' : ' i
no’ KUIBKICHA OLIHKAa JWHAMIKH OKPEMHMX MIp CKJIAaJHOCTI I03BOJISE
PBOIMTH TpouecH  MoHiITO

- i pm?ry, [IPOrHO3YBAaTH Ta nonepegmyBam

o e qH Kp.1»1303.1 HBHIIIa:; QKPGMa yBara NpUIUIAETHCS

— CHHeprequaHHOCTI, SIKI y [IOBHIA MIpP1 3aCTOCOBHI1 I MTOOY/I0OBH
HUX II€TarOr1YHUX CHCTEM.

, both natural and artificial origin.

multidimensional nature

i"eVETSibility, of complexity -

TS non-linearity, recurrence, nonstability,
duantitative evaluation of individual dynamical
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measures of complexity allows for monitoring, pre dicting ] |
unwanted critical or crisis. Particular attention is paid to Measures ,
0

complexity, which are fully applicable to build Synergistic ne
pedagogical systems.
Keywords: complex systems, complexity measures,

synergistic network pedagogy, visibility graphs, recurrent networks
dynamics modeling E
The nstability, the transience of complex natural and artificial gy
in relation to normal and natural perturbations, and their weak pred1 |
indicate, first of all, the crisis of the methodology of modeling, predlct .
Interpretation of complex systems [1]. The doctrine of the unity o;
scientific method states that for the study of events in such systems, the
methods and criteria as those used in the study of natural phenome
applicable. It becomes clear that in the pedagogical sciences notable
successes should be expected within the framework of interdiscipl , '
approaches and the theory of self-organization - synergetica [2], u-*,
the verge of a new, network paradigm generated by significant achiever k“
in the study of complex networks (complex networks) [3]. Complex [:L
include electrical, transport, information, social, economic, biological, ae 1 !
and other networks. The network paradigm has become dominant in the St
of complex systems since it allows you to enter new quantitative measust ‘u‘
complexity not existing for the time series [4]. Moreover, the netWe
paradigm provides adequate support for the main concepts of Indu 14 i)
[5], modeling and quantifying not only cyber-physics, but also cyber- — fo
systems that are associated with heterogeneous relationships In re]
virtual spaces. L
Previously, we introduced, formalized and adapted for syster
different nature, given their time series of their characteristics, qu .
measures of complexity, both for individual time series, and for ! 3
built on their basis, in particular: algorithmic, fractal, haos-
recurrent, non-existent, non-reversible, etc. [6, 7]. Significant  -
the introduced measures is their dynamism, that 1s, the ability 10 '
change in time of the chosen measure and compare it with the €0
dynamics of the output time series. This allowed us 10 comp[f: fim
changes in the dynamics of the system, which 18 described by 1y [6
with characteristic changes in concrete measurcs of complc:xil t‘
turned out that quantltatlve measures Of complex'ty A

284

‘|‘




dynamiCS of a complex system, which allows them to be used

S it t::is prOCESS and prediction of future changeé.
er, on the example of network complexity we show how they
the study of system dynamics. It i1s known that the most
methods for converting time sequences to the corresponding
-urrent, visibility and correlation graphs [4]. The technology
diagrams for the visualization of recurrences in the phase space
" Henry Poincare’s idea of the recurrence of the phase space of
ical stesz. According to the Takens theorem, the equivalent phase
dy[-lmmca th);t stores the structure of the original phase trajectory can be
t::teocrteodry com one observation or time series by the method of time delays:

),where m 1s the dimension of the attachment, 7 -

In this pap

of recurT
s based O

1) = (W Ui g Uit (m-1)t
e time delay (the real time delay 1s defined as 7 -Ar). The recurrent diagram
dows the existing repetitions in the form of a binary matrix R, where
R =11t X; it is adjacent to the state x;, 1 R; ; =0 otherwise. Neighboring

lor recurrent) states are those x; that fall into a m-dimensional area with a

nds ¢ and a center in X;. It 1s clear that the parameters m, 7, ¢ are key for

teurrent analysis. The recurrent diagram is easily transformed into a matrix
of adjacency, on which the spectral and topological characteristics of the

Taph are calculated [4]. In fig. 1 shows a phase portrait and a corresponding
vaurrence diagram for a well-known Lorentz attractor.

The algorithm of the graph of visibility is realized as follows. Take a

f ! ' : i
e series ¥(r)=[y,, Y2.,-»¥Yn] of length N . Each time point data point can
% considered as a v

k. ertex m an associated network, and the edge connects
0 Vertices if two

orresponding data points can «see» each other from the
In the time series (Fig. 2a). Formally, two values of the
. :t([he [i\me ls) and y, (at the time 7,) are connected, if for any
s Yesle ), Which is placed between them (i.e., t,<t.<ty), the
| On Ve <ya+(yb__ya)tc—t‘a
algOri[hm (F; | e

1s satisfied. A certain modification of the

ighed or not) G, =(X,,E,), called
i be Ay XXp: a,Be{l,...M}, q # B} a set of links
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rodes of different layers Gy and Gg at a#B. Myyy

- ltiplex) network is 2 partial interlayer case and contains a fixed Number f
(multip

nodes connected by different types of bon(.is. |
Multiplex networks are characterized by correlations of iffere;

rure. which make 1t possible to introduce additional spectra] and
na g

. ' [l multiplexes.
topological measures, which we ca | - -
0po (gjonsidel' for example, the overlapping of links between differens

betwecen

layers.

1000 sz
4 '.0.0

oo
7001

400

300-

: -»
0

100-HCMCHCH<
0% %8t

Fig. 1. Lorentz attractor (a) and his recurrence plot (b).
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Fig. 2. Converting the time series to the graph by the visibility
graph algorithm (a) and the horizontal visibility graph (b)
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! e edge overlap obviously equals
a

'.' The [Q]

| W and determines the number of layers in which
[
s ])
AL T A |
osent. Its value lies on the interval [1/ M, 1] and equals 1/ M if
P cists only in one layer, that 1s, 1f there is a layer ¢ such that

==
T
<9
L
=
-
o
L P
—
Q
—
Q"

IV p#a - If all layers are identical, then @ =1. Consequently,

serve as a measure of the coherence of the output time
o high values indicate a noticeable correlation in the structure of time
eTes. |

.,;ﬁes —— 0% between the two layers is defined as the total
Zumber of bonds that are shared between the layers o and g:

Oaﬁzzagag ,where o # 3 .

The peculiarities of the use of appropriate measures of complexity for
systems of different nature are discussed.

| References
L Saptsin V., Soloviev V. “Relativistic quantum econophysics - new

pirdigms in complex systems modelling” / arXiv:0907.1142v1 [physics.soc-
ph}, 2009.

L Pn’go.gine L., Stengers 1. Order out of chaos. Mans new dialogue with
e/ Heinemann, London, — 1984. — 437 p.

3. .
4 Vito Latora, Structural measures for multiplex networks /
*gpdf/1308.3182v3, 2013,

. Soloviey V.M.

?Stems /I Herald

Network measures of complexity of socio-economic
of Cherkasy University, ser. «Applied Mathematics.
- 2015, No. 38 -
5 | , NO. 38 (371) - P.67-79.
e Marsh p The )

N
tnd
g DOfmaSS prody

be gy, “Toentsey V.

e\j\’ Industrial revolution: consumers, globalization and

ction. / Yale University Press —2012. — 420 p.

h Mi¢ ang stry . Synergetic flnd econophysical methods of studying
D.py Ctural characteristics of economic systems: [Monograph]

Yo Ueifémsev’ O-A. Serdyuk, v | kasy:
dine, 201 YUK, V.M Soloviev, O.D. Sharapov - Cherkasy:

’ --300p

ﬁ

Danj “complex systems / V.M. Soloviev, O.A.
1 , . ¥
‘chuk /7 Educational and methodical manual for

287



independent study of discipline. - Cherkasy: Publisher O. yy, VOVch;oK
2016. - 204 p.

EJJEKTPOHHE AHKETYBAHHS IEPIIOKYPCHUKIB IO/ jx
AJANTAINI B YMOBAX KJIACHYHOI'O YHIBEPCHUTETY

Cmapocma Bonooumup lsanogyy,

OOKMOP neoazo2i4Hux Hayx, npocecop,

Ilonaouu Onena Onexcandpigyg,

KaHouoam neoazo2ivHux Hayx, doueHm:

JIBH3 « Yorczopoocerkuti nayionanvHuil yrieepcumemy

Anomauin. TlpoBeicHO enexTpoHHe AHKETYBaHHSA IMEPIIOKYPCHHKIB 3
METOIO OCIIDKEHHS ajlanTaili CTYJAEHTIB /10 OCBITHHOTO MPOIECY B YMOBAX
KJIACHYHOro yHiBepcHTeTy. OnMCaHO NepeBard €JIEKTPOHHOTO aHKETYBAHHA
Ta BUSABJICHO MEBHI OCOOJIMBOCTI Y MPOLEC] afanTalill NepImoKypPCHHKIB.

Knrouoei cnoea: ananrtaisi, HasByaJibHAa Ta COINAJbHA ajantams,
CTYAEHTH-NEPLIOKYPCHHUKH, EJICKTPOHHE AHKETYBaHHA, KJIACHYHHH
YHIBEPCHUTET.

IIpobieMa aganraiiii 0COOMCTOCTI B CYCITIILCTBI € 3aBXK/IH aKTyaJIbHOIO
B rajly3l pi3HuUX Hayk ((inocodis, coLionoris, MCHUXO0Joris, nejarorika 1a
1H.), OCKUIBKH 3MiHa YMOB JXHUTTE JISUTbHOCT] JIFOTAHH CIIPHYHHSAE BiANOBLIHE
pearyBaHHs. 3aBepIeHHs HABYAaHHS B LIKOJI T4 BCTYI A0 3aKiajy BHIUIOI
OCBITH € HaJ3BMYAiHO BAXIMBHM €TAllOM B JKMTTI MOJOJOI JIKOMHH. 3
OJHOro OOKYy, MEPIIOKYPCHHKH IIOCTYIIOBO IIPHCTOCOBYIOTBCA [0 YMOB
BUILIOI IUKOJIM, a 3 IHIIOrO OOKYy, — CTYJNEHTH caMi BIUIHBalOTh Ha HOBE
OCBITHE CEpEJIOBHIE, HAa BHKJIAJayiB y MpoIeci OCBITHbOL TisBHOCTI
Jlocni/keHHs Pi3HHX acreKTiB ajanTauii CTYJCHTIB Nepuioro Kypey A%
MOMUIMBICTh ONEPATUBHO DPEatizyBaTH 3BOPOTHii 3B A30K I nokpayBsatt
YMOBH JXKHUTTEISIILHOCTI MOJIOIHX JIFOIEH.

Mera pobotH nosnsiracy BHsBICHHI neBHHX 0cOOaHBOCTEH aanTati A0
OCBITHBOI'O IIPOLIECY MEPIIOKYPCHHKIB B yMOBAX KJIACHIHOIO yniBepcHTeT)
MCTO/IOM €ICKTPOHHOTO aHKETYBAHHS.

Bianomuii Bitamsuaumii neuxonor I Bann (1989) [1, ¢. 99] 333’3“%
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