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1.16. llporaosyBanns KPH3OBHX ABHIN B CKJIAJHHX Mepekax

B ocranni 10-15 pokiB Bce OLIBIIOI0 TTOMYJISIPHICTIO KOPHCTYETHCS FaNy3b
JUCKPETHOI MareMaTHKH, $Ka OTPUMaJla Ha3By Teopill CKIAJHAX Mepex
(complex networks) [1-6]. Bora BABYAa€ XapaKTEpHCTHKH MEPEXK, BPAXOBYIOYH
HE TUIBKA IX TONOJNOTO, ale M CTATHCTHYHI BIACTUBOCTI, PO3MOJIN Bar
OKpeMHX BY3IiB i pebep, edextn posnoBciopkenns indopmaii, CTHKICTs i 1
Jlo cKnamHux Mepex BiXHOCHTHCH €JICKTPMYHi, TPAHCIIOPTHI, iHQOpPMAILIH,
ComaibHi, Gionoriuni, Heliporri Ta immn Mepexi [1-10]. Mepexsa mapagirva
CTana JOMIHYIOHOIO NPH JIOCIIDKEeHHI cxinanaux cucrteM. Cnpasa B TOMY, MO
MCPeXHa GOpMa CKIIAJHOT CHCTEMH 03BOJISE BEECTH HOBI MipH CKI2HOCT], AKi
HE ICHYIOTb JUISl 9aCOBOTO pany.

Paime mamm Gyno BBE/ICHO pI3HI KLIBKICHI MIipH cxiaggocTi WA
OKPEMHX YacOBHX PsfiB, 30Kpema:

- AITOpHTMIYHI [11];

- GpakTansni [12]:
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_ xaoc-muHamidHi [13];

= pexypeﬂTHi [14];
_ geexcrencuBHl [15];
- gepesepcHBHi [16] T2 1.
CyTTEBOIO NIEPEeBAr0I0 BBEJCHMX MIp € IX JUHAMIYHICTE, TOOTO MOXIMBICTE
BiICTeXyBaTH y daci 3MiHy obpaHoi Mipd Ta MOpIiBHIOBATH 3 BiINOBiAHO
NMHAMIKOKO BHXiJHOrO 4acoBoro psiy. lle jpos3Bonmno Ham chiscrasaTH

KDHTHUHI 3MiHM JWHAMIKM CHCTCMHM, IO ONMCYETHCS 9YaCOBMM DPAOM, 3

' xapakTepHAMH 3MiHAMH KOHKPETHHX MIpP CKIaHOCT. BUABAIOCK, IO KiNBKicH

| : N g
- MipH CKJIATHOCTI PearyloTh Ha KPHTHYHI 3MiHM B AWHAMIIll CKJIAJIHOI CHCTEMH,

|

| 0 JI03BOJIHE BUKOPHCTOBYBATH IX B IIPOLECI J[IarHOCTHKH Ta MPOrHO3YBaHHS
| MalifyTHIX 3MiH.
Y nmasiéi poGOTI MM NOrJISHEMO Ha CKJIaJHl €KOHOMIYHI CHCTEMH SK Ha

MEpEXl, BBEACMO MEPEXHI MIpH CKIGNHOCTI 1 aJaNTye€MO 1X 3 METOoIo

[}

. IOCTIDKEHHS KPU30BHX ABUIIL.

Meroan neperBopeHns yacosoro paay B rpag. OcrasHiM gacom Oyno

R T I T T T mm——

3a0PONOHOBAHO KiJIbKA MIAXOJIB /10 MEPETBOPEHHS YaCOBHX TOCIIOBHOCTEH Y

I ]
d
i
4
W
i

| CKIIafHl MepexenomiOni Binobpaxenna. [{i MeTo M MOXH2 YMOBHO IOJUIATH
- Ha /iBa knack [17]. Ilepumii Gasyerncs Ha JOCTIDKEHH] OMyKIOCTI HOCHIOBHAX
| 3Ha¥eHb YacOROro psijy i oTpuMaB Ha3By rpadis Buammocri (visibility graph)
[18]. Jlpyrwit ananizye R3Aa€MHY HaONMIKEHICTh pPI3HHX CErMCHTIB YacoBol
! 1ocTiAoBHOCTi i BHKOPHCTOBYE TexuiKy pexypeHTHOro anaisy [14, 17].

y [lepm nix MEPEHTH N0 OCHOBHOI YaCTHHH poOOTH, HAraJaemo HeobXigal it
HOAANBIIOro BHKNIAY OCHOBHI XapakTepHcTHKH rpadis.

Joxaneni ra rno6anbui xapaKTepHCTHKE Mepex

q)opMaHBHO Mepexa ABIgE co00r0 rpa‘b G(N ’ E) , Y AKOMY N = {1,2,..., n}

MHOXHWHA BepuiMH (areHTiB) 1 £ - MHOXUHA pebep, 1O

> B3aeMogiio arentis. Tlpu ananisi ckiagHuX MEpex, AK 1 B TEOPL
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rpadiB, BHKOPHCTOBY fepen 5
oMy T4 Mepe)KHi miACTPYKTYPH- ’ s

Tl o e e K B N
ropops4d Ipo npocti rpadu 1 1Po iXHi CKTA/Hi aHCAMOI, Mepexi. Koxgn
AKTEpH3YETHCS CTYNEHEM (degree), T00TO KiNBKicTIO 38"3KiB, gy

By30Jl Xap
BXOATh B HBOro. PaKkTHIHO CTYIiHB — € MIHIMa/IbHA JIOKaJbHA iH(opyagiy

[ToBua indopmalis PO MEPEKY MICTHTBCA B 1l MATpHIll CyMiKHOCT| §. g
mepexi 3 N ByaliB S € KBJIpaTHOIO MATPHIICIO N x N . 3na4enns ii eneverri

S NOPiBHIOIOTE 1, AKIIO BY3/IH I T2 Jj 3’enHani MDK coboro, Ta 0, KO

py3nd He 3’cuHani. JUIs HECOPSMOBAHUX MEPeX sj =8 Ta s; =0. Topi mug

cTynens k; Byana i oTpuMyemo: k; =) 5;; .
J

He Bci BeplMHH Mepexi MalOTh OJHAKOBY KLUIBKICTH pebep. I'onossow
XapaKTEPHACTHKOI0 MEPEXi, SKa 3a/1a€ po3NojL1 pebep BEpIIHHH, TOOTO CTymiH:
BEPIIMHH, € PO3NMOALI CTyIEHIB By3liB P(k), mo BH3HAYa€ iIMOBIPHICTH TOIO,
IO BY30X i Mae€ CTyniHb k; =k, IHaKIIe KQXY4H, BATIAIKOBO BUOpaHa BEpIIMHA
mMaTEMe piBHO k pebep. Mepexi, axi xapakrepmsyrothes pisaama P(k),
JEMOHCTDYIOTh ~ JyXe  DI3HOMaHiTHy  nosexiaky. Jlo  Haiuactime
CHOOCTEPEXYBAHUX NPUKIANIB PO3NOALLY CTYIIEHIB BY3JIiB HANEKATS:

—<k> <k >k

posnoain ITyaccona P(k) =e :

, (1)
CKCIIOHEHIIFHMH posmopin P(k) o Gk s (2)

CTeNeHEBHM po3nonin P(k)c1/kY | k 0, »>0.(3)

Llompu Te, mo Bci BHmenasenexi Gynxnii P(%) cmapatoTh HpH BEHIEE :
NIPHHIMIIOBA BIAMIHHICTE Misx posnoaitamu (1), (2), 3 omHOro boki &
po3nozinom (3), 3 ikmoro, monsrae n Tomy, 1o i (1), i (2) xapakTepisys -n

TIEBHUM | i
Macmrabom. Ile nonoxenns MAKCHMyMYy U1 pO3IOALTY [Tyaccosa %%

192



|

\

;.

— OBKHHA CTIA/IAHHS TS eKCIIOHEHIIHHOTO posnoaity. Crenenesui

n.onill (3) H
pO3MOALIOM cryneHiB (3) HasuBalOTh Oe3MacmTabHEME ug

¢ XapaKTepPH3YEThCA THNOBHM - Macmrabom. Mepexi 3i
mneHCBHM
Macmaﬁno-innapiamnumu (scale-free). Came Oeamacmrabui Mepexi wacto
C[IOCTEPIraloThCS Y CKIIAIHAX PEaNbHO ICHY}O4MX CHCTEMaX.

Y pasi CTENEHEBOr0 PO3MONLTY MOXUIHBE ICHYBAHHA BY3NiB 3 Jyke
BACOKAM CTYTIEHEM (ra6iB, hubs a60 KORIICHTPATOPIB), AKI NPAKTHIHO BiJACYTHi
B Mepekax i3 MyacCOHOBHM HH eKcroHeHIiHaUM posnoainamu (1), (2). Came
HASBHICTG KOHIIEHTPATOpIiB MOSICHIOE OCOOJMBOCTI TOBEJIHKH i CHPHYHHSIE
Garato pi3HMX CHELHIYHAX BIACTUBOCTEH Oe3macinTabHmX Mepex.

Po3Mip OKONY BY3Jia, KM BU3HAYAECTHECSA HOro CTYNEHEM, BKa3y€e Ha HOro
BKIMBICTS, HAUPHMKIAY, B SKOCTl KOHI[EHTpPAaTopa B Mepexi. Y BeIHKHX
MepeXax, CTBOPDCHHX BHIIQJIKOBHM IPHEAHAHHSM BY3JiB, KOHIEHTPATOPH €
PUIKICHAMHE, Y TOH 9ac fK B PCalbHUX MEpeXaxX BOHH YacTO 3yCTpIYaroThes 3
gabarato BHIIO MMOBIpHICTIO. DOpMaIBFHO € BH3HAYAETHCA NOBEAIHKOIO
XBOCTa PO3MOALIY CTYIEHIB BY3.1B.

[TosHauwBiin wuepes p(k) HOPMOBaHWIl PpO3MOAUT CTYIEHIB BY3JIB,

CepefiHi¥ CTYNiHb PpO3NOAUTY & BH3HAYAETHCH TaK:

k dX
<k>= Y plk)-k=2M/N.
k=]
Iyr M - xinexicts By3)1iB, N ~— kijnbkicte pebep Mepexl, Kmayx —

MakCHMaNbHUH cTyniEb By3na. J[is KiHIEBOro pPO3MIpY BHITQIKOBOIO rpaga [3]
PO3NOALN crymenis BysniB p(k) € GimomiamsHAM, skuii 3a dikcosaHoro k B
HECKIRYeHHi# rpannni cTae posnoainom Ilyaccona.

Buma OpraHi3allifs Mepex pealsHOI0 CBiTy 3a3BHYail NPU3BOAMTE /O

R . .
¢ JMOBUBHEHHs 3aracapms posmoxiny. THmoBi KiacH Mepex MarTh abo

fgo 3aracaroyl



(k) exp(—k/k) , (4)

(5 vacmtab k Ma€ MOpAJOK CEPEIHBOr0 CTYICHH By3na. Be?oMaClﬂTaﬁni
£03TOAUIE CTYTIEHIB, Kl CTaialoTh 33 CTENICHEBUM 3aKOHOM, MAlOTh XBjcy Takg:
opmu:
p(k)c1/k”. (5).

[Tokasuuk ¥ y TMOTATBIIOMY KIaCHDIKYE Mepexi. SKWo ¥ <2 , posmogin ge
vae KIHLEBOTO CepeHboro <k > mpu HECKIHYCHHIH rpasuui Mepexi. Skmo
y<3, Topi He iCHYE KIHIEBOrO JPYroro MOMEHTY, | Mepexa He wac
epKONSIIHHOTO NOpOTy IO BiHONIENHIO JO PO3POCTAaHHA il Bysnis, [i
KOMITOHEHT 3B’S3aHOCTI 3AIMINAECTHCS CTIHKMM [0 BHMAJKOBHX DO3’€lHaHb
6ymb-sikoi Kibkocti By3iB. Komu y <4, NepKoJALis Ta IHIIl BIaCTUBOCTI, ik
04iKY€ThCS, OyAyTh aHAIOTT4HI eKCIIOHCHLIIMHO Crafarodii Mepexi.

O6uaBa CTENeHeBHi 1 EKCNOHEHI[IMHMM 3aKOHW CHaJaHHd PO3MOALLY
C{YNEHIB JaloTh 3MOTY 3MOJICIIOBATH HCEPIBHOBAXHHUM IIPOLEC 3POCTaHHA
Mepexi, 3THO 3 SKEM IIPH TOCTI[OBHMX HacOBHX KpOKAX BYy3MH Ta peopa
NIOJAIOTHCA [0 HAABHOI Mepexi. SIKIIo By3iy JOBITbHO MPUEAHYIOTECS 10 OyAE
SKAX 3 HagBHEX BY3JiB, TO pe3yibTaTOM Oyje CIHa/Al09HH XBICT
eKCHOHeHUiHHOI (GOPMH, OIHAK, SKIO MMOBIPHICTH NpPHE/HAHHSA J0 HAABHHE
BY3JIiB JIHIHHO 3aleXWTh BiJl CTyIeHs By3lia, TO MOXHa [0ka3aTH, MO XBICT

PE3YILTYIOUOT0 pO3MOAULY CTYIEHIB Ma€ CTeleHeBHH XapaKTep- OcraHit

MEXaHI3M, IO TIOACHIOE YacTy MOABY CTEICHEBHX 3aKOHIB, TAKOXK Ra3HBacTEC
b2 )
NCPEBKHAM NpUEAHAHHAM abo npuHIHnoM “OaraTi cTaloTh e GararmHMK
Y5 8 PREY, " 2 < ro
JIHIARAA po3Mip” Mepexi xapakTepH3yeThcs MOBATTAMA cepetibe

<I> i MakcEManbHOTO Imax Halikopormmx musxis. BuicTaHb ik By

OyTH 3’ : .
YTH 3 €ItHaH] tpsiMo a6o onocepesxoBano. IlsxoM M By3/1aMA lj
HaHKOpO’[my BiHCTaHB Mi)[( HUMM.
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s 38’ A3HOT Mepexi 3 N By3MB CepeiHi Ha¥KopoTmmi pugx

(N 1),Z j> (

= JOBKHHA HAHKOPOTIIOTO MIIAXY MUK BY3J1aMH [ Ta j, [, - HaiGinmsme
spadenHa 3 yeix [ , 3a7iaHuX Uil I1I€] Mepexl.

CepefHs JOBXHHA HAMKOPOTINOrO NUIAXY [a€ YABNCHHA IPO MEPEXY,
sarajioM, i € 11 rinobanbHOK XapakTepucTHKOW. Jlo3HauuBimu posmomin

OBXKHHH LUIAXY K P(l), cepeHiii HAUKOPOTIIHM MUIAX BH3HAYAETHCS:

Imax
<l>= 3 P(O)-1, (T)
[=1]

ne Lay — MAKCHMAlIbHA IOBXHAHA HAHKOPOTHIONO IUIAXY.

JIokanbHOIO BEJIHMYHHOIO, SKA XapaKTepU3ly€e OKpEeMHM BY301 m, €

koedimienT xinactepHocri C . KoedimieHT KIacTEpHOCTI BiMIIOBIIAE PIBHIO

3B’3aHOCTI By3JIB y MepeXl. BiH XapakTepu3ye TEH/ISHIIII0 0 YTBOPEHHS IPyH
B33€EMO3B’A3aHMX By3JiB, Tak 3BaHuX Kk (clique). KpiM Toro, /s KOXHOTO
KOHKDETHOIO By3Jia KOE(IUIEHT KJIACTEPHOCTI IOKA3YE, CKUIBKA HaHOMDKIUX
CYCIAIB LBOTO BY3/1a € TAKOX HaHGIFKIMMK CYCiAaMH OJ(AH UL OHOTO.
Koedinjent knacrepHoCTi Ans OKpeMoro Bysna 7 Mepeki BH3HAYAEThCS
Tak. Hexali 3 By3na m suxomuts k,, peGep, siki 3'€AHYIOTH HOro 3 IHIIMMA £
By3amu, Haﬁﬁnmmn cycilamu. SIkimio nprmycTHTH, IO BCi HaHOmDKT
CyClmm 3’ exnani besnocepentso onuH 3 oHAM, TO KiNBKiCTh pebep MK HEMH
CTaHOBHuNa 6 Km(ky —1)/2. TobTo ne wWMCHO BiFUOBINAE MAKCHMAIBHO
MOXI¥BIH KinkkocTi pedep, skuMu MoXyTh GyTH 3’€HaHI HaUOMMKYl CyCLIH
*0paroro pysya Binsowenns peansnoi kinekocri pebep Ep,, AKi 3’ €/HYOTH
’ HakOmiei CYCINB NMEBHOTO By3na, 10 MAKCHMAIEHO MOXJIHBOI (TaKol, 3

, FeUHalG I cycimm nporo By31a Gynum 6 3’¢THan] Ge3nocepenbo OHH 3
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3 oanavenss (8) BHILTHBAE, MO koedili€HT KIACTEPHOCTI 6ym"ﬂltomv~'3

bl y

~ - 4

,j"- 'L'J: Y I
iy " i

“““,A" ,‘ t;‘1

B A || !

Al

CTHTB HKOJTHFX ITHKIIB, nopiBHIOE HyJEBL. A KOCOILieRT Kigorans. .

£ "."’AR R
‘-I' Y d

1o He Ml PHOCT]
: y = . . . ',' 'f; ‘ -,1!:
oBHICTIO 3 €/IHaHOI MEPEX1 JIOPIBHIOE OMiHMj, Koe bitfiagr

OyAB-SKOTO By3Ja I
] . AK CC 1€ 3 o
KIACTEPHOCTI MEPEXKI <C> 03HAYyETHCH peime 3navenns C, i

' 3
v .3

1
> :!
I el

5
ok ’_.‘.

1 1 A '|'(
\

k
g

'Efli“

BY3J1IB.
[BUIOI0 XAapaKTEpHCTHAKOI0 By3ia € NMOCEPEAHHITBO (betw )-Bm

Bi06paXae poib By3Ja B YCTAHOBJICHH] 3B’ A3KIB Y Mepexsi M TIOKa3ye, cKinggy
HAMKOPOTIIMX HUISXiB IPOXOJHTH Yepe3 e By3oi. L1 xapakrepucruka 6y1a
3aNpPONOHOBAHA COMIOJIOraMH, 1€ ocobu (By3nH) 3 OUIBIIHM MOCEpeHHITEOM
BI/IPalOTs TOJOBHY PONb y BCTAHOBIEHH1 3B’S3KIB MDK IHINMMH Byiami
mepexi. [TocepeJHHITBO 0, BY3Ja /M BH3HAYHMO SK

o, = ), B(i,m, j)/B(i, j),

I#]
ae B(i,j) - 3aranbHa KUIbKICTP HAWKOPOTIIMX IUISXIB MK By3JaMH i Ta j,
B(i,m, j) - xinbKicTh HAWKOPOTINMX LUISXIB MIX i Ta J , TAKHX, {0 MPOXO/ATS
9€pe3 By3on m. Benwauny O,y TAKOX Ha3WBAKOTH HABAHTAKCHHAM (load)

HEHTpANBHICTIO NTocepeHANTBa (betweenness centrality).

JUist OKpeMEX BY3JB 06YHCIIOITE TAKOXK (HII [IapaMeTpH, cepesl AKX
BX1/THHHA/BHXIAHUH CTYTiHS BY3JIiB; BiZicTaHp Bij JaHOro By3Ja [0 KOXHOM 3
IHITHX; CepejHs BincTams Bl JaHOro By3na o IHIIHX: exCIEHTPHIHICTS
(eccentnmty) — HaWOUTbINa 3 MiRiMasEmuX Eificrameil Bij JAaHOro By3id 10
THIOKX,
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omHOro By31a 110 iHWOro, MUIBHICTh — BIAHOLIEHHS YAca pebep B Mepexi 110
\AKCUMATBHO MOXJTHBOI KUIBKOCT1 pedep Ui IaHOTO Yucia BY3JiR: KiTbKicTs
Tpial, niamMeTp Mepexl (HaOUIBILY reo/Ie3uYHy BiZICTaHB).

CrpyKTypHMil aHam3 MEPEX BIIIOYAE: BHABNCHHA KK (Migrpym, mo
opsizaHi MiX coGor0 MilHINIE, HDK 3 BY3Namd iHITMX KIK); BHSBICHHA
KOMIIOHEHT MEpEeX1; 3HAXOJDKEHHA MOCTIB (BY3/1B, IPH BUJIATIEHH] AKHX MEpexa
pO3DAJaEThCA Ha HE3B SI3HI YaCTWHHU); TPYTl CKBIBAJIECHTHHUX BY3JIB (SKi MarOTh
MAKCHMAIBHO CXOX1 IPOQLII 3B’ A3KY).

I[loBepHEMOCH 1 KOPOTKO PO3IIISHEMO ANI'OPHTMH NIEPETBOPEHHA YaCOBOIO

| Py B CKNIaJ(HY MEPEXY.
| ['padu BugamMocti. CiMEHCTBO aJrOpHTMIB BHIMMOCTI SBISE C0DO0IO
, Habip METONIB, fKi NEPETBOPIOIOTE YAaCOBHU pAJl Y MEPEKY BINOBIIHO IO
cneip@iunoro reomerpudsoro kpurepiio [18]. ['omosre npu3HaYeHHA TaKHX
METOMIB ¥ TOMY, 00 TOYHO NepeTBOPIOBATH iHGOpMAIlIo, 10 30epIracTecs y
BUIJIAL 9aCOBOI'O psy B AIbTEPHAaTHBHY MaTEeMaTHA9IHY CTPYKIYpPY, TaK IO
[HOTYXHi 1HCTpYMEHTH Teopii rpadis B KiHIEBOMY MiJCYMKy MOXHa Oyio 0
BHKOPHCTATH JUIS XapaKTEPUCTHKH YaCOBUX PAIB 3 1HIIOI TOYKH 30pY, 3 METOIO
HOIONAHEA PO3PUBY MIXK HENIHINHMM aHANI30M YacOBHX PANIB, JHHAMITHHMHA
cucTeMamu | Teopiero rpadis [17, 18].

AJIrOpUTM, SKHH BHKOPHCTOBYETBCH IS Bifl0OpaXKeHHs JacOBOro PRy B
§ MEpexy HasMBacThCH rpaom Bummmocti (visibility graph). HMoro moxwua

- OliMcaty TakuM 4uHOM. Posrissemo wacoBmdt pax Y (f)=D’l,)’2,v-"J’n]

E AOBXMHM N . KoXHy TOYKY JaHMX 9YacOBOro psAy MOXKHA PO3TJANATH K
BEPIIMHY B acouioBanii Mepexd, a peGpo Gye 3'€xHyBaTh B BEpIIHHH, AKIIO
ABL BIAOBIAN] TowicH Mamx MOXYTh "GaguTH" OJMH OJHOIo 3 BEPTHKAIHHOIO

. 6apy wacosoro pany.

§ Cx ;
. *Ma anroputmy BHEMOCTI npeacTasieHa Ha puc. 1.
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Network

Prc. 1. ImocTpanis mepeTBOpEHHA 9aCOBOTO PANY Y MEPEXKY 3a JIONOMOTOI0
anropuTMy rpady BUIUMOCTI

Y BepXHii 9acTHHI pHCYHKY 300paxeni nepmi 10 3Ha9eHb 4aCOBOTO PAy
3d IOIOMOroX0 BEpTHKAIBEHHX cMyT (OapiB). Pozrmsgnaroun Take 300pakeHHd K

NEBHAN IaHAMA(T», MH 3B’ I3YEMO KOXKEH Oap (KoXHY TOYKY YacOBOTO paTy)

H ' o AHIM
4 IUbOMY rpadiky koxen BY30J BIUIOBIAAE (B TOMY X NOPAIKY ) A
qac jcTh  MIX
OBOTO Dy, a nmBa BysnM 3'emmami, sxmo icHye  BUZAMI '
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BiTH JUIA BeNMKHX HabopiB Jammx. Onepxana Mepexa, IOTIM aHAMI3YETHCA 3
CTaHIAPTHAX  METOAIB, SKi BKIIOYAKTL PO3PAXYHOK

{OBIJTH] MlplIIOI(a3HHKlB
""“’J--‘ |

ICHTHHE anaxiz i ckiaami Mepexi. TexHonoriio pexypeHTHEX
ff? PH) nana sisyanisanii pexyperTHOCTeH y dasosomy IpOCTOPi
2 Ha inei Ampi [Tyankape moJo peKypeHTHOCTi $ha30BOro NPOCTOPY
" ~ cucreM. PexkypeHtHa ok JiarpaMa  BijoOpaxae HagBHi

‘%g’p<<

.,s' jocTi y ¢opmi OimapHoi Mmarpuui R, ge R; j=1, #xmo X; j €

craﬂy Xi,1 R; ; =0 y npoTunexHoMy BANAIKY.

‘MIGHOMaClIlTaﬁfIHX pUC peKypeHTHOl AlarpaM# (OKpeMHX TOYOK,

i%.

" HHX | BEPTHKANLHEX JiHIHHIX cTpyKTyp) [17].
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3 FOJIOBHMX TNepeBar MeToAy € Te, 0 WyTIHBICTH ITOKa3HUKIB

‘_fﬁ ! OBAaTH, 3MIHIOOYH 3HAYEHHS He JUIIE po3Mipy BIKHA Ta KPOKY
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r' ( ; __‘ ]

s, , alle M TaKWX BXi[HMX apryMEHTIB, SK: [TApaMETPH BIJIaICHHA,

IICHIOIOYH KOMIUIEKCHY out MOC/iJOBHOCTI, BOHH HaJal

| _,I?

B ’ 3HAYATH 3araNbHAR PiBeHs CKJIAJHOCTI, TOMI AK 0COOHBOCTI
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[iC m C Jlmon NMpOaHAM3yBaTH 3MIHH ne'repumonauoc'n CUCTEMH Y

.. ¢ pexypeu'mmc Mip y MajoMy pPYXOMOMY pixui (mi-MaTpHUI

Ala aM) ), 03BONISIE BUABUTH CYTTEB] 4acOBI mamcc'n Oxpemi



| AR S
T4 MEPENKHOCTI YaCOBHMX HOCHIA0B
R

g

3p’g30Kk 1€l PeKy peHTHOCT] T T ‘
eTbCsl Ha (bynnamen-ranbaiﬁ CTPYKTYPHIii AHANIONTT MUK PeKypeiThiy

ATHIME  MepexaMi pzaram. O6uasa
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3 e M
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1A KOMIUIEKCHEX CTATHCTHIHHX MIPaX.

OneuM 3 HanNpAMKIB aHanizy CKIaHUX MCPEX € 1X BI3yamsalis, fka
e

’

jo3BONAE OTPAMATH BajUmBy iHpopMalilo Mpo CTPYKTYpy 1 Bi

Mepexi 0Oe3 ToYHMX po3paxyHkiB. KopoTkud ONAC OCHOBHMX MOIYJADHIE {

] Ul

npodeciifHuX IHCTPYMEHTIB Ta BIAUOBIAHMX JITEpaTyPHHX [DKEpel MoXHa
HAUTH, Hanpukian, B [19]. V maumiii poboTi HaMA BUKOPHCTOBYBABCA HpOrpaMHAH 3aci0
Gephi [20].

Nunamixa MepexHHEX Mip ckagHocTi B yMoBax QiHAHCOBHX KpH3.
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fa puc. 2 npeactaBnedi rpadH, sxi noGymoeami mug SO0 i

acOBOro psy 1HACKCY HIMELBLKOro oHI0BOTO PUHKY DAX.

MaTpHll CYMDKHOCTI, pO3paxOBYBAIUCH MEpPEeXHI MIpH

’T1 SIK OITMCAH] BUILE, TaK 1 AesKi AoaaTkosi. [lani BIKHO 3MIITYBaNoCh 3

o
s
.
q

KpPOKOM 1 Ipoliefypa MOBTOPIOBANACE &K JO MOBHOIO BHYEPNAHHS

Ay. Pesynerati pospaxyHki ¢ikcysamuch y BHTIANI YHCIIOBOTO

Ul MOPIBHAHHA 3 JMHAMIKOK) BHXIJHOTO YacoBoro psay abo IHIIMMHU

|

IBHIOETECA Jui (inaHcoBux kpu3 1929. i 2008pp. [TapameTpH

UB: IMpHHa Bikna — 500 mmie, Kpok 3MilmeHHs — 5 AHiB. MOMEHTH
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Puc. 3. Ilop

I3 BpE3HAYEHHA CTYNEHs BEPIIMHHM 3pO3yMUIO, MO HOro

JHAYEHHS JOCATAE€TBCH Y MacmrabHO-1HBapiaHTHHX MEpEekax,

KOHIIEHTPATOPH 3B M3KiB. 3 HaO/DKEHHAM 10 KPHU3U CHCTEMa CI

crac OUIBNI Xa0THYHOK), a CTYNIHBP BEpIIMHU 3MEHINYETHCA.
COOCTEpIracMo Ha pHC. 3. Buxiz 13 Kpu3d CYIPOBOIKYETECH HOBEP
PIBHIB 0 MONEepefHIX 3Ha4YeHb. SIKIIO > HEBAOB3l Maec MICIE
KpH3H (JK y BHIafKy 3b), KapTHHA MOBTOPIOETHCA.

He meEm BaxomBi MepexHi MipH CKIagHOCTI OuneII A
tpexcy S&P 500 (sp) mpencraneri ma puc. 4. lle koedillieHTH KAk
(clust) Ta giamerp rpada (diam).

Ax BUmHO 3 PHCYHKY, BKa3aH1 MipH TAaKOX JOTIYHO MOBO

KPH30B1 mepiofy. Koedimienr KJIaCTEpPHOCT1 3pOCTAE Y JIOKPm“:

TIOMITHO . ‘ 2
: “MCHIYEThCA y mepion Biacue Kpu3u. le x caMe CIbe
AlaMeTpa rpada.
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ANNOTATION

Chernyak O. Basic directions development of Ukrainian school of economic
forecasting.

On the modern stage of development methods and models of forecasting socio-
economic processes works of the Ukrainian scientists play a substantial role.
The analysis of scientific activity of different Ukrainian schools of economic
forecasting is given in this paper. Their scientific problems, attained scientific
results and perspective directions activity is rotined.

Vitlinskyi V., Kolyada Yu., Harlamov A. Forecasting influence of level of
competitiveness on the indexes of development bank on soil of models
nonlinear dynamics.

The point model (a system of first-order nonlinear ordinary differential
equations) which is expanded indicators of competitiveness of the bank is
proposed in the article. Based on the models we conducted analytical and
quantitative analyses of the bank. With the help of computer simulation we
investigated the scenarios of bank’s operation by changing the competitiveness
indicators of the bank.

Blagun I., Dmytryshyn L. Probability characteristics forecasting of money
incomes spatial distribution based on gravity model.

The inter-regional unevenness of development, differentiation of money profits
of population, in a that number due to the sources of their forming, complicate
the study of the economic phenomena and processes. All statistical indexes,
which are used for this purpose, are probabilistic estimations, that requires

research of stochastic descriptions of the got values, in particular, determination

of probability of inequality of allocation of money profits of population.
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v'ﬂinskyi V., Katunina O. Modeling of subjective spaces quality of life jg
n

forecasﬁng of dgmand.

his paper analyzes the current approaches to the development of tools of

jemand forecasting and consumer behavior on the basis of modeling of
aubjective quality of life spaces. Formulated methodological prerequisites for
te development of model research units of demand, realizing the changing
epistemological paradigm of economics. Conceptually developed cognitive-
psychological trend transforming axiomatic study of consumption and demand.
Gonda V., Nestorenko T. The influence of the education availability on
migration processes in the knowledge economy era.

In this paper we study the factors attractiveness of cities as places of the
population residence. A model of individual decision-making about whether
higher education mm the era of knowledge economy was proposed. The

recommendations for the government in the field of migration policy were

developed.
Hrytsyuk P. Forecasting short-term stock price using the method of

homogeneous nearest neighbors.

This paper discusses the peculiarities of nearest neighbors method to the short-
term forecasting stock prices. To improve the efficiency of the method
infroduced and used terms "homogeneous nearest-neighbor" and "competent

pattern.
Zaruba V., Pignasty O. Continuous models predict the production

operation of production lines.




current theory and modeling for transient clearing functions by introducing ,
continuum description of the flow of product through the factory based on a
partial differential equation model for the time evolution of the Wip-dcnsity st
the production velocity. It is shown that such 2 model Improves the mismatch
between models for transient production flows and discrete event simulations
significantly compared to other clearing function approaches.

Zakharchenko P., Kussy M. Modeis of forecasting demand on innovative
resort-recreation products.

In this paper is devoted to solving of problem the applications of mechanism
mtersection of chaos in activity of resort-recreation complex. There zre reflected
peculiarities of health-resort activity in market conditions, and there are
grounded necessity and methodology of construction of dynamic nonlinear
model management of chaotic constituent.

Ivanov N. The information and analytical systems are in management
economic objects.

The conceptual model of construction of the research and mformation system,
based on approach of the systems, reflecting business processes, is offered, m
that information is presented by the method of problem space on the basis of
multidimensional databases (OLAP).

Klebanova T.. Gurvanova L., Mozenkov O., Kavun S. Scenario forecasting

of balanced territorial development based on fiscal policy instruments.




Jlchuk K., Polushenko V. Forecasting of efficiency of Insura
nee

Kov

busiﬂ

[n this
ethod, hased on fuzzy mathematics, the sociometric method and the Dempst
ster

oss is taking into account level of trust.

article comparative analysis of trust level evaluation was made b
Ie by: a

_ ghafer method. There were findings of modeling investigation of insuran
ce
sompany team. It was offered to use elasticity coefficient of trust level influenc
e

on €conomic indicators as a way of forecasting activity efficiency of the

nsurance company.

Ocetskiy V., Sidorenko D. Main directions of the innovation competition
status Ukraine.

The article outlines the main steps of the strategy of raising competitiveness of
the national economy, also given priorities increase innovation competitive
status of Ukraine. The proposed certain measures for the implementation of

innovative models of development of the national economy and increase

innovation competitiveness of the Ukrainian economy.

Kostin Yu., Minkovich A., Kostin D. Econometric models for analysis of

motivation methods of personnel at energy enterprises.

The results of research project about study of motivation aspects for personnel

on energy enterprises are presented in the paper. In the framework of research
the questionnaires are developed and sociological interviewing  for
| is carried out. On the basis of
eveloped for analysis of

of motivation for the

representatives of different groups of personne
data from questionnaires the econometric models are d
impact of individual factors on choice of certain methods
representatives of different groups of personnel at encrgy ente

POrohnya V. The strategy of intellectual capital - as 2 sourc

rprises.
e of knowledge

ge as a potential intellectual capital. .
LI RER

<-work strategies ar inextric e

ind predict future patterns.
Appointed place of management knowled
Goods, money, intellectual capital and proces

li“kS, which are based on the relationship betw
545
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Skrypnychenko M., Lebeda T. Methods and model the impact of tax‘ poli
olicy

on the dynamics of economic development.

The article specify the actual problem of estimating the impact of tax regulation
on the dynamics of macroeconomic development. The analysis of crisis
experience 1n fiscal mechanisms of macroeconomic regulation and modeling
approaches to assess the impact of fiscal policy on macroeconomic dynamics are
implemented. The methods of modeling and forecasting macro economic
development of Ukraine according to the tax and financial impacts and
econometric model assessment of the level of taxation on the dynamics of the
main macroeconomic indicators in the budget process are proposed.

Soloviev V., Solovieva V., Chabanenko D. Forecasting of the crisis
phenomena in difficult networks.

The difficult economic systems as networks are in process considered; it is
entered network measures of complication and their adaptation with the purpose
of research of the crisis phenomena in an economy.

Us G. Models of information interaction in ergatic knowledge management

systemn.
The man-machine system it is possible to examine as an intellectual ergafic

system on quality of which the groups of descriptions of man and computer

- fluence as to the mean of studies. The evaluation of quality of co-operation It

» = . f
and logical. A multivariable regressive model is built on the basis of method 0

group account of arguments, logical - on the base of fuzzy logic. As 2 resu

operation are developed in the man-machine system.
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ntsev N. Determination of the number of vehicles ;

Rumy? In the event of

failure and recovery.
i work the transport-logistical system serving consumers is considered, and for
s service to it is allocated exactly two cars which in the course of movement to
the consumer can fail and be restored by forces of drivers. Two classes of
systems of the mass service, describing functioning of transportno-logistical
system are considered: system with refusals and expectation. The basic

characteristics of the given system are found: throughput, probabilities of risk of

default of the order.

Medvedeva M. Strategies of organization repair transport and logistics
system.

The question of determination of stationary probabilities of the states of the
queuing system with an unreliable device, vacation and prophylaxis describing
functioning of both basic and auxiliary material stream of the logistic system is

considered in the article.

Benova E., Goncharenko M., Dubrovina N., Dubrovina V. Impact of
educational potential of economically active population on regional labour

markets development in Central and Eastern European countries

In the paper the problems of spatial distribution of educational potential of

economically active population are considered in the NUTS 2 regions of 6
basis of spatial econometrics

Central and Eastern European countries. On the
educational potential of

and insufficient flexibility of regional

Carried out, the regional disproportions

markets to socio-economic challenges are revealed.

Derbentsev V. Methodological asp

4

Crises

ects of research of financi



indicators you can use the price of oil and gold, whose dynamics in the Pre-crisi

. P . ‘ - . ° ; IS
period is characterized by log-periodic oscillations, imposed on the growing
trend.

Zakhovalko T. Modeling dynamics of ekologo-ekonomics potential of

agricultural enterprise

The purpose of work is a design and research of dynamics of ekologo-
ekonomics potential of agricultural enterprise. It is thus necessary to untie the
followings tasks: to build the mathematical model of task of land-tenure which
takes into account as economic so ecological indicators of activity, conduct
research of conduct and intercommunication of indexes.

Korolyov O. Recurrence analysis of time series methods in economy.

The points of applying recurrence plots analysis in economy are shown. The
basic methods and measures of recurrence plots are described. The main points
are the cross recurrence plot and recurrence residuals plot methods.

Korolkov V. Simulation model structural changes labor resources.

The article discusses the simulation model-Y1 and model-Y5S of structural
changes of the working age population. By using a defined methodology it was
performed forecasting of structural changes in the labour of Ukrane and
regions, which will happen in 2070 with the optimistic, realistic and pessimistic
scenarios change of demography. The decline in the population of working age
is identified, as a result of forecasting in all three scenarios. In these conditions,
unemployment will disappear, and the company will be forced to plan their

work in terms of expensive labour. Fall of the working age population will be

accompanied with changes in the load on employees.

Sazhenyuk V. Application of method of fictitious areas for untiing of class

of nonlinear economic-mathematical models.

‘mation i - atical
In the article the method of approximation is offered economic mathem

roper
which is based on the method of fictitious areas. Convergence of the prop
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. :on of approximating task to the decis; i
decision © cision of variation inequal:
quality and
got

ostimation of speed of convergence is investigated.

Saptsin V. On the economic metwork models and forming 4 :
mechanisms of the local market prices. g
A critical analysis of the rational behavior problems hypothesis and multj-a
mulation are performed. The network model and the ikt prif:t
mechanisms are proposed in a non-uniform, non-equilibrium, and reﬂectivi
market. The capabilities and features of their implementations are discussed
Klebanova T., Sergienko H. Complex models of the state economic sec;nﬁty
management.

Complex of state economic security (SES) management models by using
methods of inequality and regional disparities assessing, multivariate statistical
analysis models for researching the state competitiveness, integral evaluation of
Ukraine’s economic security, cointegration econometric models for studying of
SES components and interrelation between SES indicators in dynamic and
spatial context are constructed in this paper. It makes possible to form
management decisions aimed at supporting the proper level of economic

security.

Sigal A. About the joint application of antagonistic games and methods of

forecasting for modeling the economy.

This work is devoted to the development of aspects of the use of methods of

forecasting for modeling decision-making in an €conomy, based solutions of

antagonistic games, and also aspects of forecasting of future valu
f antagonistic games. An antagoni

es of economic

ind: . stic game 1S @
Indicators based solutions © 5




neoclassical antagonistic game, which simulates the situation of decis;

making under of uncertainty, conflict and economic risk. The solution of
specific problem is found.

Slushaienko N. Development strategy of large corporations in g market
economy.

This paper investigates the interaction and modeling strategies  large
corporations in market conditions. We study the choice of economic behayior
based on the selection strategy of economic activities of a competitor using the
methods of systems analysis, given the uncertainty and optimization players,
This method can be applied in practice, it is possible to simulate scenarios of
company behavior in different conditions.

Turlakova S. The analysis of the methodological approaches to the
management of herd behavior. _

The analysis of the methodological approaches to the management of herd
behaviour in the systems of different nature. The most applicable going is
exposed to the management and prognostication of displays of herd behaviour in
the economic systems. For the decision of the proper tasks of management
among other selected reflexive approach. Perspective directions of researches
are set in the study of herd behavior of management agents in the economic
systems.

Cibakova V., Dubrovina N.A., Bielousova S.V. features of distribution of

profitable enterprises and their financial results concentration in regions of
Ukraine.

The problems of non-uniform distribution of profitable enterprises within
regions of Ukraine is considered, the cluster analysis for ratios of profitable
enterprises and concentration of their financial results is carried out for regions
in Ukraine, the dependence of concentration of financial results of profitable

enterprises from conditions of economic external environment is shown.
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ghpyrko V., Dzyba V. DSS systems methodology for banking institutiong ;
utions ip

Ukraine.
The article describes the main features of DSS implementation i Ukrainian

panking institutions. The main sub-items of DSS systems were analyzed ip th
. : e

rerms of banking efficiency. Features of ETL-process in DSS systems are given

shumska S. Relationship dynamics domestic prices and nominaj official

exchange rate of hryvnia.

Presented quantitative estimates of the impact of exchange rate changes on

2012: from the dynamics of changes in the nominal official exchange rate to
prices of consumers and producers are presented. It is shown that the ERPT is
incomplete and varies in time and monetary policy has a statistical effect and
eliminates the effects of exchange rate fluctuations on domestic prices in the

country.
Zakharchenko P., Marakhovskiy A. Model of the investment providing of

innovative development resort-recreation complex.
The article is devoted to solving of actual problem the construction and research
of models of creation of the optimum investment program for providing of
innovative development national resort-recreation complex in the conditions of
transformation economy. It is offered and in theory grounded conception of the
financial providing the innovative processes, which allows adequately reacting
on the dynamics of change of economic environment. On its basis the model of

s bui ing i sourcin
forming the optimum investment program 15 built taking into account SOUrCINg

and limiting factors.
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Zakharchenko P., Gladka M. Management models by debt funds f
or
providing of innovative activity of resort-recreation complex.

Innovative aspect of economy resort-recreation complexes in modern termsg
acquires the special actuality that, in same queue, requires development of the
proper approaches of the financial providing of such processes, based on system

methods and models.

Grabarev A. Cognitive model of intensive development tourist and resort.

recreation complex.
In this paper the cognitive model of intensive development of the tourism
industry. Defined stages of cognitive modeling. A pulse modeling cognitive map

using cognitive modeling program. Show simulation results for the scenario of
intense development of tourist and recreational complex of Crimea.
Kirkova N. Analysis of level of employment is in resort regions.
The purpose of work 1s an analysis of results of influence of seasonal factor on
the level of employment in resort regions and determination of basic directions

of the social and economic stabilizing.

Kostenko A. Evaluation of the financial providing of health-resort
institutions’ on the basis of indicators of development.

The clusterization of health-resort institutions, concentrated in different resort
regions of Ukraine was carried out on the basis of indicators of development,
73development of health-resort institutions on the whole. Got results represent
the attempt of generalization and improvement of financial information quality,
which is necessary for the acceptance of administrative decisions in optimization
of the financial provision of health-resort institutions’ development.
Kazachkovskaya G. Image in strategy of development of tourism in resort
cities.

This work is devoted to solving the actual problem of image formation as part of

. . . b
a strategy for tourism development i the city-resort. The role of 1mage as
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 pportant component of the strategy of the resort. The basic directions of Image

formation city-resort.

Kycher S. Prospects of international cooperation tourist resort to complex

of seashore region.
The work analyzes the methodological approaches of international cooperation

rourist resort complex coastal region to improve the efficiency of economic
instruments to stimulate economic development of the city. The use of
marketing tools.

Gritsenko M. Prevention of risks in activity of attendant kooperativiv
resort — to recreation industry by imtroduction of mechanism of mutual
insurance.

The purpose of work is a ground of possibility of implementation attendant
cooperative stores resort-recreation spheres of certain types of services, which
will influence on diminishing of level of economic risks and increase of level of
efficiency of activity of enterprises resort-recreation spheres.

Zhigir' A. Entrepreneurial activity is in economic clearzones.

Consideration of basic models of economic clearzones from position of

entrepreneurial activity, history of appearance of economic clearzones, them

positive and negative sides.

Lemish E., Cheremisina T. Value of marketing plan for advancement of

seashore resort city.
A research purpose is determination of value of marketing plan of advancement

in a management the city economy of resort seashore city.

Evich Yu. Research of competition informative environment as stage of

prognostication of marketing strategy.
A research purpose consists of development of optimum algo

competition environment with the use of virtual technologies.

rithm of analysis of
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Balabanova K. Theoretical and methodological approaches pegy
a

management development resort-recreation enterprises.

The purpose of this article is research of going near the theoreticy]
methodological and practical ground of methods of decision of problem o;
management development of enterprises.

Gritsenko M., Chepurenko N. Financial planning is in modern terms of
menage.

A tesearch purpose is development of theoretical positions of the financial

planning on an enterprise.
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