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JokTop pisnko-MaTeMaTHYHUX HAYK, Tpodecop,
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Y cTaTTi 3anponOHOBAaHO KOHLENTyaJbHO HOBUM MeTOZ0JIOTIYHUN
mifxiJ 1o aHanisy ¢iHaHCOBUX YAaCOBUX PSAAIB, SKUHA aBTOPH 3aCTOCO-
BYIOTb Pa3oM 3 iHIIUMH ISl AOCHi/P)KEHHS CKJAJHOCTI (QiHAaHCOBUX
puHKiB. CyTb 1JbOTO MiAX0AY MOJIATAE B TOMY, 1[0 JJI1 NO6YJ0BU HO-
BUX Mip AMHaMIi4HOI CKJIaJHOCTI pUHKY 4acoBi psau ¢GiHaHCOBHUX Ja-
HUX MONepe/HbO NepeTBOPIOIOTHCA B CKJIaJHi Mepexi Ha OCHOBI ifel
peKypeHTHOCTI To4ok ¢a3oBoi TpaekTopii cuctemu. [ani s noby-
Jl0BaHOI Mepexi po3paxoBY€eThCS LIMPOKUN Habip MOKA3HUKIB, 1[0 Bi-
Jlo6pakaloTh pi3HOMaHITHI ClleKTpaJibHi i TomosIoriyHi XapakTepuc-
TUKW Mepexi. Peasnisanisa ajaropuTMy KOB3HOrO BiKHaA [J03BOJISIE
npocniakyBaTy rpadofuHaMiKy CKIaAHOI cucTeMHU. SIKILO Ta YU iHIIa
3 BU3HAYEHUX MIp CKJIQJHOCTI IPOSIBJISIE€ XapaKTepHY MOBeiHKY y 4ya-
ci, ika 36iraeTbcs 3 NEBHUMU KPUTUYHUMU 3MiHaMHU Ha GiHaHCOBUX
PHUHKaX, il MOXHAa BUKOPHUCTATHU Y AKOCTI iHAMKaTOpa-nepejBiCHUKA
Takux 3MiH. [IpoBesieHe ekcniepuMeHTa/lbHe JOCTIP)KEHHS CKIAaJHUX
Mepex, Mo6yA0BaHUX Y paMKax 3allpONOHOBAaHOTO MeTO/0JIOTYHOTO
miAgxoAy, NiITBEPAUIO MO0 aJIeKBAaTHICTb i BUCOKY 3J]aTHICTb J10 Ie-
pefi6adyeHHs KpU30BUX ABUIL Ha GOHAOBUX PUHKaAX.

Kio4oBi cioBa. Ckaadwi mepeici, epagpodunamika, pekypeHmui me-
peici, OUuHaMiuHa ckaadHicmb, duHamMika poHO08UX PUHKIB, aHA/I3 Ya-
cosux psdis.
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A. 1. Tynakosa

MarucTp MaTeMaTHKH,
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tuliakovaanna@gmail.com

B craTbe mpessiokeH KOHLENTYaJbHO HOBBIA MeTOJO0JIOTHUeCKHUH
NOAXOJ K aHa/JU3y GUHAHCOBBIX BpeMEHHBIX PSZ0B, IPUMEHseMbIH
aBTOpaMU HapsAjy € JPYTMMH AJNS UCCJIeJ0BaHUSA CI0XKHOCTH QU-
HaHCOBBIX PbIHKOB. CyThb 3TOro Mojxoja 3aK/J4aeTcs B TOM, UTO
JJIs1 TIOCTPOEeHUs] HOBBIX Mep JAHWHAaMU4YeCKOW CJ0XKHOCTH DPBbIHKa
BpeMeHHble PsAZbl NpeABapUTENbHO TPAaHCPOPMUPYIOTCH B CJIOXK-
Hble CEeTH Ha OCHOBE HJieH PeKYPPeHTHOCTH To4eK $pa30BOH Tpaek-
TOPUHM CUCTEMBl. 3aTeM [Jis IOCTPOEHHON CeTH pacCUUThIBAETCS
LWIMPOKHUM Habop MokasaTesel, OTpaKalLIUX pa3HOOOGpasHbIe
CIeKTpaJbHble U TONOJOrHYeCKHe XapaKTepPUCTHUKHU ceTH. Peanusa-
LAA aIrOpUTMa CKOJIb35Lero OKHa M03B0oJIsIeT NpocaefuTb rpado-
JUHAMUKY CJIOXXHOW cucTeMbl. EciM Ta Wi vHasg U3 BbIGPAHHBIX
Mep CJIO)KHOCTH NpPOSABJsieT XapaKTepHoe MOoBeJleHHe BO BpeMeHH,
COBMAJlamllee C onpeJieleHHBIMA KPUTHIECKUMU U3MEeHEeHHUsIMU Ha
GHUHAHCOBBIX PBIHKAX, TO €e MOXHO HMCNO0JIb30BaTh B KauyeCcTBe HH-
JUKaTopa-npeJBeCTHUKA TaKUX M3MeHeHUU. [IpoBesieHHOe 3KcIe-
pUMeHTa/llbHOe HCCAe[0BaHUE CJIOXKHBIX CeTeHl, MOCTPOEHHBIX B
paMkax npejjiaraeMoro MeToA0JI0THYecKoro nojAxo/a, NoATBepu-
JIO ero aZleKBaTHOCTb M BBICOKYI0 CHOCOOHOCTb K INpejACKa3aHHUIo
KPU3HWCHBIX IBJIEHUH HAa GOHJOBBIX PbIHKAX.

KniwoueBbie cioBa. Ci10xcHble cemu, epado0uHaMuKd, peKyppeHmHble
cemu, QUHAMUYECKAsl CA0HCHOCMb, OUHAMUKA (POHO08bLIX PbIHKOS, HA-
JIU3 8PEMEHHBIX ps1008.
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The authors propose in this article a conceptually new methodological
approach to the analysis of financial time series, which is used along
with other methods for the study of financial markets’ complexity. The
core idea of this approach is construction of new measures of mar-
ket’s dynamic complexity on the basis of transforming the time series
of financial data to «complex networks» based on the principle of re-
currence of states in system’s phase trajectory. Then for built network
is calculated a wide set of measures that represent a variety of spec-
tral and topological characteristics of the network. The realization of
«sliding window» algorithm allows tracing the graphodynamics of the
complex system. It’s expedient to use as an indicator-harbinger of
changes in the financial markets such from selected measures of comp-
lexity, which demonstrates a characteristic behavior in time, coinci-
ding with certain critical market changes. Experimental studies of
complex networks, constructed in the framework of proposed metho-
dological approach, confirmed their adequacy and high ability to pre-
dict the crisis phenomena in the stock markets.

Key words. Complex networks, graphodynamics, recurrence networks,
dynamical complexity, stock markets’ dynamics, time series analysis.
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Bcryn

Binomwuit HaykoBuii xxypHan «Nature Physics» y 2013 porti Bu3Ha-
4nB «(hOKYCOM» CBOTO BHIYCKY HampsiMox «CkiajHi mepexi B ¢i-
HaHCax» 1 3aKIMKaB (i3UKIB 1 MATEMATHKIB 3aMaTUCS JOCIIKEHH -
MU MOYJIMBOCTI €()EKTHBHOT'O 3aCTOCYBaHHS HOBOI HayKOBOi 00JacTi
«Teopii CKJIaTHUX MEPEK» 10 HAMaKTyalbHIIIUX MPOOJIEM B ICHYIOUii
CBITOBIiH (piHaHCOBII cucTemi [1].

Teopiﬂ ckinaguux mepexx (TCM) 3aranom siBisie coboro He OKpe-
MUii HANPSMOK, a JI0BOJIi IMPOKY MIKIUCLUIUIIHAPHY 00J1aCTh 3HAHb,
J10 SIKOI BIJHOCSATBCS JOCIIKEHHs. CaMOro Pi3HOMAHITHOIO XapakTe-
py mpo Oyzosy cBitry. TCM LIBHAKO PO3BHBAETHCSI, HAPas3i 3aK/IA/ICHO
il OCHOBHI MOHATTS Ta OTPUMAHO TUIBKH Tiepini pe3yibratu. Jlocmia-
HUKH, 10 TPAIIOIOTh Y il 001acTi, MPUNAILIN 3 MaTeMaTUKH, (Pi3UKH,
6ioJ10r1i, MEIUIMHY, €MiAeMIOJIOrii, TeIeKOMYHIKaIlii, 1HpOopMaTHKH,
COIII0JIOTi1, EKOHOMIKH. BiIOBITHO pe3y/bTaTH JOCIIIKEHh MAIOTh SIK
TEOPETUYHE 3HAUCHHSI, TAK I IPAKTHYHE 3aCTOCYBAHHS B LIUX HAYKaX.

Y xourekeri TCM, ckmanni mepexi (anri. complex networks) —
ue rpadu (Mepexi) 3 HeTPUBIANILHUMH TOIOIONYHIUME BIaCTUBOCTSI-
MU — BJIACTUBOCTSIMH, SIKI HE 3YCTPIYAlOThCS B MPOCTHX MEPEKkax,
TaKHX K PETYJSPHI PEUIiTKA a00 YHCTO BUIAIAKOBI Ipadu, ajae 4acto
CIIOCTEpIrarThes B rpagax, 110 MOJENIOITh pealibHi cucTeMu. Biac-
HE TOIOJIOTIYHI BJIACTUBOCTI MEPEXi CKJIa/JaloTh OCHOBHHH MpPEAMET
pocmikentss TCM, Tomy 10 came BOHU CyTTEBO BH3HAYAIOTH (yHK-
LIOHYBAHHSI MEPEXKI, 1 TOMY MOXYTb POSIIIS/IATHCS a0CTParoBaHo BiJ
NPUPO/Y MOXOKEHHS AOCIIUKYBAHOT CHCTEMH.

[TpoTsiromM ocTaHHIX POKIB aHAJI3 CKIaJHUX CHUCTEM Pi3HOI MPUPO-
Wl OTPUMAB HOBHIA iMnan,c 3aBJISIKU TIEPEXOIY OI[HOBI/IMipHI/IX 4aco-
BHX IOCIIJIOBHOCTEH, 10 TCHEPYIOTHCS CUCTEMaMU Y TOH 4M IHLIMH
croci0, 10 MEPEKHMX YU HABITH MYJIBTUMEPEKHUX BiIOOpaXeHb ya-
COBHX psiziB [2].

Llst crarTst NpUCBsIYCHA NOCIIIKCHHIO IMHAMIYHOI CKIIAHOCT (hOH-
JIOBUX PUHKIB 13 3aCTOCYBAaHHSIM OJIHOTO 3 METOJIIB TePeTBOPEHHS Ya-
COBOTO PsIY B CKJIAJIHY MEPEKY Ha OCHOBI KOHIIETIii peKypeHTHOCTI.
Cam meTon TMEPETBOPEHHs YaCOBOrO PANY B «PEKYPCHTHY MEPEKY»
B3STO 3 poOOTH [3], B sIKiii TAKOX MPOBEJCHO AHATITHIHMUIA OIS 1 Killb-
KOX IHIIIUX ICHYFOUMX METOJIIB IEPETBOPEHHS YaCOBHX PSJIiB B rpad.

MerToro naHoi poboTH € po3poOka METOIOIOTIYHOTO MiIX0Ty aHa-
T3y CKJIAJHOCTI Cy4acHUX (DOHIOBHX PUHKIB Ha OCHOBI rpadoauHa-
MIYHOTO METOJY OCIiIKEHHS.
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JocaigxeHHA rpadpoJMHAMIYHMX XapaKTEePUCTHK
dinaHCcoOBHMX YacoBUX pAAIB

VY Hamomy J0CIHiKeHH] 3raJlaHuil BUIIE METOJ NIePETBOPEHHS Ya-
COBOTI'O PSAY B PEKYpEeHTHY Mepexy [3] cTaB sIpoM METO10JIOTIYHOTO
MiIXOy, B OCHOBY SIKOT'O IOKJIaJICHO HPUHLMII OOPaXyHKY Xapakre-
PHUCTHK Psily B KOB3HOMY BiKHI, LIO JTO3BOJISIE JIOCIIKYBaTH Tpado-
JUHAMIKY CUCTeMHU. BkazaHmii miXix CKIaaeThes 3 TAKUX €TaIliB:

Eran 1. Ilepsunna o6pooxa ginancosux yacosux psois.

Eran 2. ®aszosuii npocmip cucmemu, 0sa sapianmu nod6yoosu
Mpaekmopii.

Eran 3. /locnioscenns pexypenmuocmi ¢pazogoi mpackmopii.

Etan 4. Pospaxynok nokasnuxie Ha niorpyHmi 6iKOHHOI MEXHON0RI.

Eran 5. Ilob6yoosa mepedici 3a mampuyero peKypenmHocmi.

ETan 6. Pospaxynok Kkomniekcy Mepexichux Xxapakxmepucmuk.

Etan 7. Cniecmasnenns ounamiku po3paxosanux nOKA3HuKie i ou-
Hamiku inoekcy. Tlowyk inouxamopie, nepeosicCHUKis.

Eran 1. Ilepeunna o6pooka gpinancosux uacosux paoie.

JlociimkeHHs 0KpeMoro GOHI0BOTO PUHKY POBOAMMO HA OCHOBI
aHalli3y JaHMX, L0 NPOAYKYIOThCS B PE3yIbTATi TOPriB HA BIAMOBIA-
Hilt O6ipxi. Po3rasitHemMo yacoBuii psiji 3HaU€Hb Oiparcosozo indexcy | 3a
oOpaHwmii mepiof, a TaKOX YacOBl pAIU IIiH negrnoco Habopy 3 K piz-
Hux akmin — Py, Po,..., Pk, 3 OJIHAKOBOIO I[I/ICerTI/ISaIIi(-ZIO (ToOTO,
HAMPHUKIAL, SKIIO pOSFJ‘IHI[aIOTLCSI JICHHI 3HAYEHHS UiH 3aKPUTTS, TO
HEOOXi[IHO BIEBHUTHCSA, WO YaCOBi PSIM BiANOBIJAIOTH OJHAKOBIH
MOCITIIOBHOCTI JIaT — TOPrOBHUX [IHIB, SIKI 3aHYMEPYEMO B TOPSIKY
3pocranus t = 1,..., M):

O
(PO, ma Vk=1...,K

Y JesKUX BUIAJAKAX MOJAJIbLII PO3PAXYHKU MOXKHA POBOJHTH i
JUIS IMX BXIIHUX YacOBMX PAIIB iHIEKCY abo IIiH aKIlii, ane Takox
OyzeMO IpALFOBATH i 3 MOXIAHUMU YACOBUMH PSIAAMU NPUOYMKOGOC-
meitl (aHTJI. returns):

{ret |(t)_W} ,
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P -R(t-1"

{ret_Pk(t): P 1) } vk=1..K,
k t=1

SKI TI€ JTOMAaTKOBO «HOPMANI3YI0OMbCsy TUIIXOM BIIHIMAaHHS Cepell-
HBOTO 3HAUCHHS Ta MOAAJBIIOTO ICHHS HA CEPEIHBOKBAJPATUUHE
BiAXWiIeHHs. TakuM MOXiJHUM YaCOBUM PSZIaM HOPMANI306AHUX NPU-
OymKoeocmeil yxe BIacTHBA CTAIliOHAPHICTD.

Bynyemo cyminieni rpagiku i MpoBOIMMO Bi3yalbHUN aHali3, 3BEp-
TAlOYM yBary Ha po3Me)KyBaHHS Ha IEepioJiy pi3HUX THITIB IUHAMIKH, a
TaKO’X BUSABIISIEMO OCOOJMBOCTI y JMHAMIll JAESIKUX OKPEeMHX aKIiH,
3a HEOOX1THOCTI BUJTY4a€MO BHITaIKOBI BUKHIH.

Ha puc. 1 st npukiany HaBeeHO CyMIllleH] Ha OJIHii [IKaili Bij
0 mo 1 vacoBi psau JEHHUX 3HAYEHb 1Hz[e1<cy Hoy Jlxonca (anrm.
Dow Jones Industrial Average — djia) Ta ioro HOpMmani30BaHHX
npubyTKoBOCTEH 3a mepiox dacy 3 01.03.1984 no 27.06.2016. Ha
PHCYHKY IO3HAYEHO JaTH BCIX BILOMHUX KPH3OBHX SBHUIL| 3a JaHHH
nepioa 4acy. 3 puc. | BUIHO, 1110 HOMITHUM (UIYKTyalliIM 4aCOBOTO
psy 1HOEKCY BIJMOBIJAIOTH 3HAYHI KOJMBAHHS HOPMalli30BaHUX
pUOYyTKOBOCTEH.

1

—— 17.08.1998 v T3 !
returns l28.02.2001 i 01.08.2011

— djia

0.9 1102007 | g

e | 2%7.06.2016 i
E 03 116.09.1992
B o4l
S B0 10.03.2000 T 20.01.2016
03 19.10.1987 18.03.1994 27.04.2010 5
12.06.2015
a5l } 03.07.199% l 57 10.199711-09.2001 tt |
27.02.2007 t
0.1~ 09.10.2002 16.09.2008 11.12.2014
0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
time, days

Puc. 1. TTopiBHsuIbHA JUHAMIKA YaCOBHX PsAAiB (OHI0BOrO iHAEKCY djia
Ta OT0 HOPMATi30BaHUX MPUOYTKOBOCTEH returns
(01.03.1984—27.06.2016)
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Eran 2. @azoeuii npocmip cucmemu, 06a eéapianmu noodyooeu
mpaexkmopii.

CrtaH CHUCTEMH OIHUCYETHCSA CYKYMHICTIO i3 d ICTOTHHX 3MIHHUX
cmany {Y1, Ya,..., Y4}. BrnopsakoBanuii HaOIp 3HAYCHb LUX 3MIHHUX Yy
TIEBHUI MOMEHT 4acy t — eexmop cmany V()= (Ya(®),Y2(b),. .., Ya(t)) —
€ TOYKOI0 y d-BHMIpHOMY (a30BOMY IPOCTODI. HOCJ‘III[OBHICTL BEK-

TOpiB {\/ (t)}t:1 YTBOPIOE AMCKPETHY MPAEKMOpIlo cucmemy 3a aHaji-
30BaHu# Mnepiof yacy. EBoonis TpaekTopii onucye AMHAMIKy CHCTe-
MU Ta il ammpaxkmop. ®opma TpaexTopii 103BOJISIE POOUTH BUCHOBKH
110710 XapakTepy Mpolecy.

Y IOCIIUKCHHSIX peanbHux cKnaouux cucmem OyBae Tak, WO CIIO-
CTepeKyBaHOI iH(pOpMaLii HEAOCTATHBO JUIsl MOOYA0BH pealbHOI (a-
30BOI TPAEKTOPIii CHCTEMHU: HE BCi 3MiHHI CTAHY MOJKHA CIIOCTEpIiraTu
YM aJIeKBaTHO BUMIPSTH, a00 B3araji Moke OyTH HEBiJOMO, CKIIbKH B
CHCTEMI TAKMX ICTOTHHX 3MIHHHX CTaHy (TOOTO HEBIOMOIO € pO3Mip-
HicTh (azoBoro npocropy d). Yacto pociiiHMK Ma€e y CBOEMy pO3IIO-
pAIKeHHI iH(OpMaILio mpo HOBemHKy TUIBKM OZHI€T 3MIHHOI CTa-
HY — TOOTO OJHOBUMIipHUH YacOBHH DS, IO MPOIYKYETHCS CHCTE-
Mor0. B Takmx BHmajnkax 3a3Buyail 3aCTOCOBYIOTH Teopemy TakeHca,
L0 JI03BOJISI€ 3 TAKOTO OJHOBMMIPHOIO YacOBOI'O Psly METOAOM 4Ya-
COBHX 3aTPUMOK IOOYIyBaTH (pasoBy TPAEKTOPIIO, CKBIBAICHTHY 32
CBOEIO TOIMOJIOTIYHOIO CTPYKTYPOIO OPHUTIHANBHIN TpaekTopii cucre-
mu. Jlnst Takoi moOy/0BH, 110 YaCTO HA3MBAIOTb «PEKOHCMPYKYIEID
ammpakmopay, HeoOX1IHO 1Ba BXIJHUX [apaMeTpu — PO3MIPHICTb
BKIIAJIEHHs { 1 yacoBa 3aTpumka t [4].

[pu nocmimKeH X GOHAOBOTO PUHKY, K CKIIHOI IMHAMIYHOI CHC-
TEMH, TaKO’K HEOOX1/JHO BU3HAYMUTHCS 3 PO3MIPHICTIO (pa30BOT0O 1poc-
TOPY CHCTEMH 1 TIEI0 HASBHOIO CIIOCTEPEKYBAHOK iHPOpMALi€ErO, O
MOJKe OyTH BUKOpHUCTaHA JyIs ieHTH(DiKalii Ta OIIHKY ICTOTHUX 3MiH-
HUX CTaHy cuctemu. PonzoBa Gipka NPOAYKYE 4aCOBI PSIM LiH OK-
peMnx (binancosux axTuBiB (axuiii) 1 yacoBi psau iHgekciB. bipxko-
BHii 1HIGKC — I IHTCrPaIbHHA MOKA3HKK, IO PO3PAaXOBYETHCS HA
OCHOBI OIPXKOBUX KOTHPYBaHb II€BHOI IPYIH aKLii (Tak 3BaHOTO «iH-
JICKCHOTO KOIIMKay). SIK IpaBuilo, cami 3HAYCHHs HACKCY ISl aHasli3y
JTUHAMIKW PUHKY HE BayKTHBIi. bibiie 3HaUeHHS MarOTh 3MiHU 1HIEKCY
3a JIeSKHUIT 4aC, OCKUIEKH BOHH JI03BOJIAIOTH POOMTH BUCHOBKH IO 3a-
rajbHUN HAMPSIMOK PYXy PUHKY, HAaBiTh y THX BHMIA/KaxX, KOIU LiHH
aKIliif Bcepe/iHi 1HIEKCHOTO KOLIMKY 3MIHIOIOTECS B PISHAX HANPsIMKaXx.

3 oz1HOrO GOKY, MIHCHO MOXHA PO3IIIAIATH TiIBKH OJXHOBUMIPHHIA
YaCOBUH A IHACKCY SK HAWOUTHIT iHPOPMATUBHHIA 1HTETPATLHUH TI0-
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Ka3HUK PUHKY, 1 IPH [BOMY IPOCTHIi 1 3py4HHii y BUKOPHCTaHI. 3 iH-
moro OoKy, MOXHa o6paTH neBHU HaOip (OZTHOBHMIPHHX 4aCOBHX
PSAAIB LiH OKPEMHUX aKUiH i IOCTABUTH KOXKHIA 3 HUX y Bi/INOBIAHICTH
OKpEeMy 3MiHHY CTaHy CHCTeMH, SIKILO L BUAETHCS KOPCKTHUM 3 110~
ML LiIeH aHali3y cHcTeMH pHHKY. BpaxoByroun BHKIaJCHe, IpPO-
TMOHYEMO /Ba BapiaHTH MOOYNOBH (ha30BOTO MPOCTOPY i TPAEKTOPI
CHCTeMH, SIKi Ha3BEMO YMOBHO «PCKOHCTPYHOBAHA IHJEKCHA TPA€K-
TOpis» 1 «pealbHa TPAEKTOpisi HAOOPY aKIIH».

«Pexoncmpyiiosana indexcra mpaexmopiny. Y Q-BuMipHoMy (aso-
BoMy mipoctopi (d = () Oymayemo 3a MeToioM TakeHca mapy TpaeKTopiii:

I. o1HY — 3 BXIJJHOTO 4acoBOI'O psAy 1HIEKCY {\/I (t)}l:tl 3 BEKTOpa-

mu crany Burnsany V, (1) = (I(t), 1(t—1),..., I(t—(q - 1) 1));
II. iHmy — 3 HOro moXiJHOIO YacoBOTO psiAy HOPMaJi30BaHUX

npuOyTKOBOCTEH {Vret_,(t)}\'\ill 3 BekTopamu Vi, | (1) = (ret_I(t),

ret I(t—r),...,ret_ I(t—(q—1)1)).

3BOPOTHHMIA MOPANOK KOOPUHAT HE BUNAIKOBHH — 1€ HEOOXIIHO
JUISL 3pYHOCTI HAaKIaJaHHs JTMHAMIKH iHICKCY Ta 00YNCITIOBAHUX T10-
Ka3HHKIB, K¢ 3IIHCHIOETBCS HA OCTAHHBOMY CTalll AIrOPUTMY (IHB.
Ertan 7). Hpn BHKOPHCTAHHI TaKOi PeKOHCTPYHOBaHOI TPAEKTOPII CIIixL
naMm’sITaTH, [0 TIOYATKOBIM TOYILl TPaeKTopii, TOOTO MepIIOMy BEKTO-
py cTaHy BiamoBizaTiMe MOMEHT yacy t; =1+ (q— 1) .

Ha puc. 2 HaBeneHO BiANOBIIHI PEKOHCTPYHOBAHI aTTPAKTOPH IS
9acOBHX PSIIIiB, MPEACTaBICHUX Ha pHc. 1. Y po3paxyHKaX MH BHKO-
PHUCTOBYBAJIM TaKl MapaMEeTpH: PO3MIPHICTh BKJIQJCHHS ( = 3, 4aCOBY
3aTpuMKy t = 1.

15000+

15000

15000

5000 - 3000
a) b)
Puc. 2. PekoHCTpyiioBaHi aTTpakTOpH JUisi ONHOBMMIPHUX YaCOBHUX PSLB
doumosoro inaekcy djia (a) Ta HOro HOpMaTi30BaHUX HpI/I6YTKOBOCTeI/I (b),
po3paxoBani 3 mapamerpamu (4 = 3, T = 1)
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«Peanvna mpaekmopin naoopy axyiiy. JIns nadopy 3 K akiiii Ha
OCHOBI BIJIMOBIIHUX OJHOBUMIPHUX YacOBUX psAIiB (OpMyeMO JBi
nociigoBHocTi K-Bumipaux (d = K) BekTOpiB, KOOPAMHATH SKUX —
BMIHHI cmawny cucmemy puHKy — BIATIOBITAIOTh JMHAMIII ITUX aKI[iH y
BU3HAYCHI MOMCHTH Yacy:

. ogHa MOCHIIOBHICTH YTBOPIOETHCS 3 CYKYIMHOCTI BXIJHHUX 4aco-

BUX PAIIB — {\7P (t)}t'\i ,» JIe KoopauHatamu Bektopa crany Vp (t) = (Pa(t),

Py(t), ..., Pk(t)) € minm mux K akmiit y meBHmii MOMeHT gacy t =1 M ;
II. iHma moCIi0BHICTE (POPMYETHCS 3 CYKYITHOCTI IMOXITHUX Yaco-
BUX PSJIiB — {\E(t)}zl 3 BEKTOpaMH CTaHy \E (t) = (ret_P4(1),
ret_Pa(t), ..., ret_Pk(t)), koopauHaTH SIKMX € 3HAYEHHSIMH HOPMAJIi30-
BaHHX MPUOYTKOBOCTEil X K aKiiil y meBHuMit MOMEHT yacy t=1, M .

i 1Bi MOCITiAOBHOCTI 33a1at0Th napy K-BUMIpHHX TpaekTopili cTa-
HiB cucTeMu. B3araii-To MokHa moOyayBaTH KiIbKa map pi3HUX Tpa-
€KTOpIN pi3HOI po3MipHOCTI K — Bce Oyne 3anexaru Bia Habopy ak-
yitl, sIKi BUOMPAIOTHCS JOCTIAHUKOM JUISL aHalizy. 30Kpema, MOKHa
oOpatu Halip, MO CKJIATAETHCA 3 YCIX aKIil IHISKCHOTO KOIIUKY a0o
TIIBKK 3 TIEBHOI TPyNU akiii (Hampukian, i3 HaHOUTBIINM JEHHUM
00epToM, 3 HAWBHIIOK PHUHKOBOIO KalliTaNi3alli€l0 KOMITaHIA 4H 3
ypaxyBaHHSIM TaTy3€Boi IPUHAIEKHOCTI TOLIO).

Eran 3. /locnioycennn pexypenmnocmi ghazosoi mpackmopii.

Jly’)xe 4acTo peajbHi €KOHOMIUHI CHCTEMH JEMOHCTPYIOTh «PEKy-
PEHTHY» IOBEJIIHKY, TaKy SK HNEeplOJUYHICTh a00 ipperyspHy LHUK-
JivHIcTh. YacTo MOYKHA TIOMITUTH, IO €KOHOMIYHA CUCTEMa, 30KpemMa
(iHAHCOBHMI PHUHOK, 3a3HAIOYM 30BHINIHIX BIUIMBIB, MPOXOJIUThH Xa-
paKTEepHi €Tany eBOJIOIIi, enio moaAiOHI 10 THX, Mo BiaOyBayimcs 3
HEIO paHimie. SIKII0 MepeoCMUCTHUTH 3 Ii€] TOUYKH 30pYy, CTaHE 3pP0O3Y-
MIJIMM, 110 BECh TEXHIYHUI aHasi3 ()iHAHCOBUX PUHKIB CITUPAETHCS HA
KOHIIETIIIIF0 PeKYPEHTHOCTI.

Ha mpomy erami nmocmimkyemo moOyaoBaHI TPaeKTopii Ha peKy-
penmuicms (MIOBTOPIOBaHICTh) cTaHiB. CTaHW CUCTEMH BBAXKalOThCS
PEKYPEHTHUMH, SIKIIIO BIJTOBIIHI TOUKH (ha30BOTO MPOCTOPY € «OIH3b-
KHUMHK», TOOTO IIONAgal0Th B ASAKUN CIIBHUHN € -OKLJI.
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I'paciune 300paxkeHHs TpaekTopii y (ha3oBoMy MpocTopi MOrio 6
JIOTIOMOTTH B JIOCITIJDKCHHI TIOBEIIHKMA CUCTEMH 1 B TIEpEBIpIli 11 Ha pe-
KypeHTHICTb. [IpoTe, OCKUIbKH PO3MIpHICTH (Pa30BOTO MPOCTOPY CKIIa-
HOI CHCTEMH, SIK IPaBHIIO, OlbIIe 3, TpadiuHe BifOOPaXKCHHS TPAEK-
TOpii y HAILIOMY TPHBHMIPHOMY CBITi € HEMOXJIMBHM, 3 3pO3YMLIO Bi-
3yali3yBaTH peKypeHTchTb 3a JIONOMOTOI0 JIBOX- a60 TPBOX- BI/IMlp-
HUX TMPOEKIiil ayxe ckiaanHo. ToMmy mOTpiOHO BHOpaTH iHIIUI CIO-
ci0, yHiBepcanbHIMi. CKOPUCTAEMOCH 3 IIE€I0 METOI pPeKYpeHm-
Hoto diazpamoio [4].

Pexypenmna Oiazpama (i BIANIOBIIHA peKypeHmMHA MAMPUUs) €
3pYYHHM 1 3pO3yMiuM BimoOpakeHHsM O-BuMipHOT (a30BOI Tpaek-
TOpii CTaHiB CcHCTeMH 3aBIOBXKH M Ha [BOBUMIpHY MaTpHILO
MxM , ne 00uBI KOOpAMHATHI OCi € OCSMHU 4Yacy i Oyab-siKiii mapi
BekTopis crauiB (i, J) ze i, j =1, ..., M, craButbest y BiAnoBigHICTH
€JIEMEHT Li€] MaTpHLli: Tapu peKypeHTHHx CTaHIB y peKypeHTHm Mmar-
PHILI IO3HAYAIOTECS 3HAYCHHSM 1, a HA PEeKYpeHTHIH Hiarpami Bi-
00pakar0ThCsl YOPHUMH TOYKAMU, [TAPH HEPEKYPEHTHHX CTAHIB — ¢
0 B marpuui Ta Oine Bu{o6pa>1<eHH;1 Ha fiarpami. Take npencraBieHHS
¢ikcye iHGOpMAILIiIO PO PEKYPEHTHICTH Y TIOBEAIHIII CHCTEMH.

CnoyaTKy OO4YMCIMMO Mampuuyio éiocmanei {p, J} eJIEMEH-

-1 b
TaMH SIKOT OyIyTh BiJICTaHI MiX KOKHOO maporo (i, ]) TOYOK TPaeKTo-
pii (BEeKTOpIB CTaHIB):

pi.y =PV () V(i) =V () -V ()] -

—

[To3naunmo BeKTOp pi3HUII Z 1HOro KOOpAMHATH:

Z=V(i)-V(§)=| i) -(3). Yo ()-Yo (i), Ye 0)-Ya (i) |

Z Z, Z4

a JUI1 OOYHMCIICHHS BiJICTaHI MOYKHAa 3aCTOCOBYBATH Pi3HI HOPMH, Ha-
HPUKITAL:

«EBKJIiI0Ba HOPMa» “ZH =2z )
1

«MaHXETTEeHChKa HOpPMa) “Z“ =>4 1z,
2
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«MaKCHMaJbHa HOPMa» “Z“ = max |Zk|

3aysancennsn: Tlpn Bubopi HOpMI/I HEOOXiTHO 3BaKaTH Ha Te, IO
«MaKCHMaJlbHa HOpMay» HE 3aJIeKUTh BiJ pO3MIpHOCTI mpocTopy. lle
3py4YHO, KOJH HEOOXIJHO TIOPIBHIOBATH «PEKOHCMPYUOBAHI MPAEK-
mopii» pi3HUX PO3MIPHOCTEH BKIIaJIeHHS. Y 1IbOMY BUIQIKYy TaKi Mat-
puIl BificTaHeH MOXYTh MOPIBHIOBATHCS HANPSMY, TOMI K JUISl PEIIl-
TH HOPM HEOOXiJHO MPOBECTH MAcIITa0yBaHHA 3 ypaxyBaHHSM CIIiB-
BIZTHOIIEHHS! BUKOPUCTAHUX PO3MIpPHOCTEH BKIJIQJACHHS. AJle BHKO-
PHUCTaHHS TaKOi HOPMH IS «MPAEKMOopii Habopy akyiily MOXKe BH-
SIBUTHCH HEKOPEKTHIM — SIKIIO MAKCHMYM Oyzie 3HaXOIUTHUCS 110 O11-
HIi 1 Tiif camiii KoopaMHaTi (IO BIAMIOBIA€ NMEBHII aKILii), 1Ie HIBEITOE
3HAYMMICTh IHIIMX KOOPAMHAT BEKTOPIB CTaHIB (IHIIMX aKiid 3 Ha-
oopy).
3p03yMiJ10 1O LSt Mampuys 6iocmaneli CHMETPUIHA BiTHOCHO ro-
noBHOI piaronami. Taky MaTpHIliO 3pY4HO Bi3yasi3yBaTd y BHIJILIL
KObOPOBOi Kapmu 63acmuux eiocmanei. Jlam 3a 30BHIIIHIM BHIJISA-
JIOM KapTH HEOOX1HO BUOPATU & — nOpie peKyPeHMHOCHII.

Mampuys eiocmanetl {pi' i }.M, 1 00paHuit TOCIITHUKOM TIOPIT pe-

=1
KYPEHTHOCTI & JO3BOJISIIOTH JIETKO MOOYyBAaTH MAMPUYio peKypeHm-
M

HoCcmi { r . }i,j=1'

L)
ri=0(E-p;;),
ne 0() — dynkuis Xesicaia:

1,x>0,
0,x<0.

0(x)=

Mampuys  pexypenmunocmi TaKkOX CHMETPUYHA. [i uopno-6ina

BI3yasli3allisi Ha3UBAETbCSL peKypenmuolo diazpamoio. Bel mopanbiui

pO3paxyHKu OyAyTh MPOBOAMTHCS 32 MATPHULICIO PEKYPEHTHOCTI, SIKY

332 HEOOXIZAHOCTI JIETKO MPOJIOBXHTH, A0/AK0YM HOBI TOYKU 4aCOBHMX
pSiB.
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Ha puc. 3 300pakeH0 peKypeHTHi miarpamu i GparMeHTiB 4aco-
BUX PsAIB iHJeKkcy djia Ta oro HopMmali30BaHUX MPUOYTKOBOCTEH 3a
nepion yacy 3 03.01.2004 no 27.06.2016.

5 500___1000__1500 2000 2500 30005 10 10

o;~,~_,_,—’-—5“f,,,,a,~a/‘“"'~“~0 0nu-w-—»nrq.ﬂ‘*ungn*i}unhm-poqamo-0

% - - -5 -10 -10
500 1000 1500 2000 2500 3000 500 1000 1500 2000

500 1000 1500 2000 2500 3000

00 3000

3000 3000+
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1000

‘00 1000 1500 2000 2500 3000 500 1000 1500 2000

500 3000

a) b)

Puc. 3. PexypeHTHI giarpaMu Jijisl 4acOBHX PAAIB (GOHIOBOTO IHACKCY
djia (a) Ta #ioro HopMmaitizoBanux npudyTkoBocTei (b)
(03.01.2004 — 27.06.2016)

Eran 4. Po3paxynok noka3nukie na niorpynmi 6ikoHHOi mexmno-
nocii.

SIK 1 B monepeHix HAKMX TOCITIKEHHSX [4—7], Juls aHami3y 4aco-
BUX PS/IiB BAKOPHCTOBYEMO «TE€XHOJIOTII0 KOB3HOTO BIKHAY, 1[0 O3HA-
Yae po3paxyHOK OyJb-sIKMX MMOKA3HUKIB Ui BiKHA (l)lKCOBaHOI HIAPH-
o1 N (dparmenty gacoBoro mepiogy Takoi TPHUBAIOCTi), U0 HIOUTO
«KOB32€» M0 4acoBOMYy psiay 3 (ikcoBaHuM KpokoM S. Lle no3Bossie
HA BUXOJIi OTPHMYBATH 4YacOBi PS/IM LMX TOKA3HHUKIB i, Bi/MOBiIHO,
BUBYATH JIMHAMIKY TIOBEIHKH IMOKA3HUKIB y TIOPIBHIHHI 3 JUHAMIKOIO
puHKy (auB. Etan 7).

Ha upomy erarmi HeoOxinHO 00paTu 3HaUEHHS, SKi MH ITPUCBOKEMO
napamerpam N i S. Kpok y *oaHOMY pa3i He MOXKe MepEeBHIyBaTH
MIMPHUHY BIKHa — I1€¢ Ma€ OyTu B OaraTo pasiB MeHIIE YHCIO (3p03y-
M1JI0, TIIO YUM BOHO MEHIIIE, THM YaCTIllIe TUCKPETHU30BaHY y Yaci TH-
HaMiKy IOKa3HUKIB MM OTPHUMY€EMO, a 3HaYUTh OiJIbII MJIABHY 1 AeTa-
mi3oBany). Tomy Kpok S BHOMpaeMo sIKOMOTa MEHIIHMM, aje 3 ypa-
XYBaHHSM OOUYHMCITIOBAIBHUX MOKJIMBOCTEH IMpoLecopa, 110 3aCTOCO-
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BYETBCS JUIsL IPOBECHHs po3paxyHkis. [lix yac nmpoOHMX po3paxyH-
KiB BUKOPHCTOBYEMO BEIMKI KPOKH, TOTIM, 32 HEOOX1HOCTI, yTOUHIO-
€MO PO3PaxyHKH 3 MaJCHbKUM KPOKOM.

[TapameTpu BikHa 3a3BMuYail BU3HAYAIOTHCS JIO MOYATKY PO3paxyH-
KiB, BUXOJSYM 3 PI3HUX OCOOMCTHUX MIpKYBaHb JOCHIIHHUKA, 3 ypaxy-
BaHHSM HOTrO MOTMEPEeIHhOro JOCBiAY 1 Linel aHamizy. TuUlbku MOTIM
PO3PaxOBY€EMO TMOKa3HUKHU 0151 KOHCHO20 OKPeMO20 8IKHA — TOOTO TIEB-
HOTO (hparMeHTy 4acoBOTO PAIY. 3ayBa)XMMO, IO SKIIO MH PO3TIIsiAa-
€MO JICHHI KOJMBaHHS aKiii, To 250 TOUYOK 4acoBOTO psiLy — 1€ MpH-
OJIM3HO PIK, 5 TOYOK — THXKIEHB, 20 — Micslb, 60 — Maibke KBapTaJl.

Ilinkpecanmo, wo B LbOMY aJIFOPUTMI CBIZIOMO [IEPEHOCHMO 3a-
CTOCYBaHHsI KOB3HOTO BikHa 1 BUOIp mapamerpy N MIMpHHH BiKHA Ha
eTall, HACTYIHUI1 Hiciis 100YJ0BU PEKYPEHTHOI JiarpaMu /i nosHoi
4aco8oi Nocii008HOCMI, KEPYIOUNCh TAKUMH MiPKyBaHHSIMH.

[To-miepire, 30BHINIHIN BUTJISAA PEKYPEHTHOI Jiarpamu Iijaka3ye
JOCBIJTUEHOMY JIOCIIIHUKY, SIKy HEOOX1HO BHOpaTH HIMPHHY BIKHA,
100 Halie(eKTUBHIILIE BUKOPUCTATH 3aKJIaJieHy B jalarpamy iHdopma-
mito. binpmr Toro, aHamizyrouu MonepesHi0 KOJbOPOBY KapTy B3a€M-
HUX BiJICTaHEH, MOXKHA aJeKBaTHO KOPETyBaTH BHOIp TaHAeMy Hapa-
MeTpiB — 1mupuHU BikHa N 1 OpPOry peKypeHTHOCTI &. 3a3HauuMo,
IO IIMpPUHA BiKHA TOBHMHHA BH3HAYATHUCS TAaKOX 3 YpaxyBaHHIM
«008HCUHU NAM "M cUCmeMuy TIPO CBOIO CTPYKTYPY.

ITo-gpyre, Takuil miIXiJl OPUCKOPIOE PO3PAXYHKHU, OCKIIBKH JUIS
KOXKHOTO OKPEMOTO BiKHA HE Tpeha MPOBOJMTH MOBHHIA MEPEPaxyHOK
MATPHIIb BIICTAHEH i PEKyPEHTHOCTI — JOCTAaTHBO NPOCTO MPHOpaTH
3aiBi «3acTapiii» S psKIB i CTOBOLIB y MAaTPULIIX 1 pO3paxyBaTH 10~
JIATKOBI HOBI PSUIKH 1 CTOBOL, 1O BIANOBIAAKOTH HOBUM S TOYKaM (a-
30BO1 TpaekTopii. ToMy 3py4HO OOUMCINTH MATpHUi IS [IOBHOI Ya-
COBOi MOCJIIOBHOCTI, @& MOTIM 3 Hei BUOMpaTH migMaTpuui, IO
BIAMOBIAAI0Th BikHaM. OTXke, «OAHOBUMIpPHOMY BikHY» wmupuHu N,
KOB3HOMY I10 BXiJIHUX YaCOBHX DPsi/iax, TETEp BiAMOBITAIOThH «IBOBH-
MipHi BIKOHIISD» — Hi,Z[ManI/IHi NxN, 0 KOB3aIOTh B3J0BXK nmiaro-
HaJed MaTpHlb Bi/ICTaHEH i peKypeHTHOCTl Taki migMaTpHIll MOXHa
PO3IJISIATH SIK OKPEMI CAMOCTIiiHI MATPHII BiZICTAHEHi 1 peKYPEHTHOC-
Tl BIAMOBIIHUX TpaekTOpii noBxuHU N, 110 € MpocTO pparMeHTaMu
3a3qayerip moOyJOBaHMX MAaTpuUIlb s MOBHOI Tpaektopii. Came
BCEPEMHI TaKUX «BIKOHEIb» OyAeMO Hajail MPOBOAMTH aHAII3 1 po-
3paxoBYBaTH Pi3HI CTATHCTUYHI MipH.

Jlo Toro, fK NMepeiTH 10 BUKIAJCHHS HACTYHOIO CTally HALIOrO
aJIrOpUTMY, 3pOOMMO HEBENMYKHI BIACTYI 1 PO3TISHEMO JCsKI KO-
PHCHI NOKa3HUKH, SIKI MOXKHA pO3paxyBaTH Ha OCHOBI BHUILENOOY0-
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BaHUX MATPHIll BICTaHEW 1 MaTpHIb PEKYPEHTHOCTEH 3 PI3HUMU & -
MOpOramH.

[To-niepire, 3a MaTpuIlero BiACTaHEW MOXKHA OOYMCIMTH 3HAYCHHS
KopenAayiiHo20 inmezpany.

C(e) = IImM—I%EO(S Pi. i) -

Bin € ocHOBOIO ISl pO3paxyHKY KOPENSIiHHOI pPO3MIpHOCTI at-
TpakTopa Dcorr (Bimomo, 1mo InC(g) o Dy Ine)) 1 KOpemsmiiHoi eH-
Tporii arrpaktopa Kcorr, 1110 € OIIHKaMU 3HU3Y I TAKUX BaXKIMBUX
XapaKTePHCTHK aTTpaKropa sk Xaycoopposa posmipnicms i Konmo-
20pI6CbKa enmponis, BIIMOBIHO.

Io-npyre, 3a M AMATPHULIME  PEKYPEHTHOCTI MOXKHA IPOBECTH
KJIACUYHUH 8i3YANbHUL GHANI3 1 KINbKICHUL AHANI3 peKyPEeHMHUX Oiae-
pam [4, 5]. BizyanbHa owiHKa giarpaM MOXe JaTd YSBJICHHS PO I0-
BE/IHKY TPAa€KTOPIi y MeBHi mepiou vacy:

® IIpU aHalli3] KPYIHOMACIITAOHHX CTPYKTYP JNOCIIUKYETECS mo-
Nnon02is AlarpaM, IO JA€ 3arajibHe yABICHHS PO XapakTep MpoLecy
3a 1ieii N1epioj — CTaliOHAPHICTH, MIEPIOAMIHICTE TOIIO;

® [PU TPYHTOBHOMY aHaJi3i IpiOHOMACITAOHUX CTPYKTYp IOCi-
JUKYETBCSL meKcnypa JiarpaM, 1o Jae iHGOpMaIlifo PO ICHYBaHHS

JIOKQJIbHUX SIBUI] — TMapaJieIbHUX BHUTKIB TPAEKTOpIi, JIaMiHAPHUX
CTaHiB Ta iH.

Komb6iHarii BepTHKaJIbHUX 1 TOPU3OHTAIBHUX JIiHIA (HOpPMYIOTH
NPSIMOKYTHI K1acmepu mouok (caMe 1l KoMOiHaIlii BAKOPUCTOBYIOTh-
Csl UTsl OOYMCIICHHS MIp KiIbKICHO20 AHALIZY PEKYPEeHMHUX Oiacpam).
OOumcneHHs IuX Mip y MiAMaTPUISX PEKYPEHTHOI AlarpaMu MoKasye
iX moBemiHKy y yaci. Psaa Mip 0OUHCIIOETbCS HAa OCHOBI MiJIPAXyHKY
2yCmuHU PEKYpeHTHUX TOYOK 1 TOOYAOBH YaCTOTHOTO PO3MOJLITY A0B-
SKUH I[iaFOHaJ'ILHI/IX miniit: RR — koedimient camonoaionocti, DET —
MOKAa3HUK JETEPMiHOBAHOCTI (nepez[6aquaHO0T1) DIV — JMBEPIeH-
1lis1, 3B0POTHA BEJIMYMHA MAKCHMAJIbHOI JIOBXKMHH JIarOHAIBbHOL JiHii,
ENTR — entpomist i TREND — tpenn. Jleski gociipkeHHS TaHUX
Mip TIOKa3aJd, 10 iX 3aCTOCYBAaHHS MOKE CIIPHSITH BHUSBJICHHIO TOYOK
Oidypkarii, nepexomis «xaoc — nopadoky. luui Mipu, Mo BUKOpHC-
TOBYIOTb I'yCTHHY BEPTHKAIILHUX 200 TOPU3OHTAIIBHUX CTPYKTYP, TaKi
sk LAM — naminapHicTh 1 TT — MOKa3HUK 3aTPUMKH, JO3BOJISIOThH
BUSIBIIATH NIEPEXOAH «xaoc — xaocy. CIiJ| 3a3HaYNTH TaKOX HEYyT-
JIMBICTh LMX MIp 0 BUMOT CTallOHAPHOCTI Ta JOBXHHH JTOCII/UKYBa-
HUX 9aCOBUX psIiB [4].
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Ha puc. 4 HaBesiIeHO AMHAMIKY pO3pax0OBaHUX BIKOHHUX Mip JeTep-
minoBaHocti DET minst wacoBoro psny iHnekcy djia Ta okpemo Juist ga-
COBOTO psy WOTO HOPMaIi30BaHUX NMPHUOYTKOBOCTEH IS BIKHA IIH-
puHOt0 B 250 1HIB 1 3 KpokoM B 1 1eHb (B 000X BUIAJAKaX CyMiIlIEHY 3
JTUHaMiKOr0 (OHIOBOrO iHACKCY djia).
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Puc. 4. Mipu nerepminoBanocti DET st wacoBoro psay inaekcy djia —
ts (a) Ta mus 9acoBOTO psITy HOro HOpMAaTi30BaHUX MPHOyTKOBOCTEH ret (b),
10 Po3paxoBaHi 3 mapameTpamMu N =25Q0S =1
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Eran 5. Ilobyoosa mepesici 3a mampuunero peKypeHmHocmi.

Ha ocHOBI MaTpulll peKypeHTHOCTI OyAyeThCsl CKJIaJHA Mepexa,
110 sIBJIsie co0oro rpad G, skuii ckiIamaeThes 3 meBHOro Habopy N Bep-
IIMH, TOEJHAHUX peOpamu. SKIIo mapa BepUIMH MO€AHaHI peOpoM, TO
BOHM Ha3WBAIOTHCS CyMidcHUMu. MaTpuIlsl CyMibKHOCTI Tpada — 1ie
matpuist A posmipom N x N, B sikiii kKoxHil mapi BepiuH (i, j) cTa-
BUTBHCS Y BIIMOBIHICT €JIEMEHT i-0T0 PsjIKa j-0ro CTOBOILIS, 1110 JOPiB-
HIOE OJIMHUIII, SKIIO MK IIUMH BEPITUHAMH € peOpo, 1 HyJII0 — SKIIO
HeMae pebpa. Y Teopii Mepe BepIIMHN Ha3WBaIOTh By3JlaMu, a pedbpa —
3B’s13kaMu 200 JTyraMu.

Jlisi KO3KHOTO OKPEMOTO BiKHA TOOYAYEMO MEPEXKY TAKUM YHHOM.
IocraBiMo y BIAMOBIAHICTE KOXKHIM TOULI (ha3oBOi TpaCKTOpll (ctan
CHCTEMH B NEBHHH MOMEHT 4acy) By30J Mepexi. Bysmu 3’eqHaemo
JlyraMu, SIKIIO BI/INOBI/IHI CTaHU peKypeHTHi. ToOTO MaTpuus Cymixk-
HOCTI Mepexi JIOpIBHIOE MATPHLIl PEKYPEHTHOCTI, TUIBKH HEOOXI1IHO
3aMIHUTH AiaroHanb — 3amicth 1 moctaButu 0, o0 B rpadi He Oyio
neteinb. Taka Mepeka Ha3UBA€EThCS € -PEKYPEHTHOIO [3].

3aysaogwcenns: AnpTepHATUBHI MIAXOAU IO NPHUHIUILY BCTaHOB-
JICHHSI 3B’S3KiB MK By3JIaMH-CTaHaAMH J03BOJISIOTH MOOYMyBaTH 1HIII
PI3HOBHIM PEKYPEHTHUX MEPEK — MEpeKy HaWOIKYMX CYCiliB Ta
aJanTUBHY Mepexy [3]. 3 Marpuili BicTaHeH MOKHA TTOOY/TyBaTH Mat-
PUILII0 HAHOMIKYMX CYCIAIB, KOJM 3 KOXKHOI BEpUIMHU BUXOASTH Ha-
npasjieHl pebpa 10 (PiKCOBaHOI KUIBKOCTI HaOmmxuux cyciniB. Ta-
KUM YUHOM (IKCYETBCS PO3MOALT BUXIJHUX 3B’S3KIB BEPIIMH, & PO3-
MO BXiAHUX Mae JesKy Bapiauito. [lonibna marpuis CyMiKHOCTI
BKe He Oyie cuMeTpudHO0. OJIHAK, CIIiJ| 3a3HAYHTH, IO IHTCPIPETy-
BaTH BJIIACTUBOCTI HANPaBJICHOI MepeXi CKIIAJHIIIE, Hi’K HEHArpaBlie-
HOi. AJIanTHBHA MEPEeXKa — HCHANPABIICHA, TIPH [LOMY 30€piraeThCs
yMOBa MOCTIHHOI KUIBKOCTI pebep It KoKHOI BepiuHu. Taka mepe-
Ka Oy1y€ThCsl ITEPATUBHO.

OCKLUIBKH PEKYPEHTHI MEpexKi OyAyIOThCs UIsl IIOCIIIOBHOCTI Bi-
KOH, TO MOXHA TOBOPHTH IPO IHTEPIPETALiI0 EBOMOLIT TpaekTopii
PO3BUTKY CHCTEMH 3a NEBHMI mepion yacy noxunoro N y Burmi
JuHamivHOTro rpada 3 N BepimHaMu — TOYKaMHU TPaeKTopii. 3cyB BIK-
Ha Ha KPOK S JI0J]a€ HOBI S TOUOK TPAEKTOPIl 1 BUAAISIE CTIIBKH XK
HaMCTapIMX TOYOK, IO BXKE CTAIOTh HEICTOTHUMH.

Auie MepeKa — 1ie He IIPOCTO MOXKIIMBICTh KPacUBOI Bidyasizari
PEKYPeHTHOCTI y cucTemi. B 1aHoMy BHIanKy Mepexa — Lie IHCTpY-
MEHT npedcmasienis eBOIIOLIT CTaHIB CHCTEMH, 11O JI03BOJISIE IOCITi-
TUTH CIMPYKMYPHY Opeanizayilo 4acoBOI MOCHIJOBHOCTI CTaHIB y Ii-
JOMY, 32 JIOTIOMOTOI0 CHOCTEPEXEHHS TOMOJOTIYHMX BIACTUBOCTEH
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BiZIOBiTHO MOOymoBaHO1 Mepexi. EpekTuBHICT 3acTOCYBaHHS TaKo-
rO MAXO0Ty JI0 aHaTi3y 9acoBOI MOCIIJOBHOCTI (€BOJIOIIT TpaeKTOPIT)
00yMOBIICHa MOXIIMBICTIO 3aCTOCYBAHHSI IIOTYXKHOTO MaTCeMaTHIHOIO
amapary, 1o BKe po3poOnenuii y pamkax teopii rpadis. Lleii anapar
BKJIFOYA€ KOMIUICKC PISHOMAHITHHX Mip, IO JO3BOISIOTH KiBKICHO
OLIIHUTH MIMPOKUH TIEPEITiK BIACTUBOCTEH CKIIaTHUX MEPEXK.

SIKu10 MOpiBHIOBATH 11 HOBI MipH, pO3paxoBaHi AJs & -pPEeKypeHT-
HOi Mepexi, 3 THMH, 10 PO3PaXOBYIOTHCS B paMKax KilbKICHO20 aHa-
A3y peKypeHmuux 0iazpam, TO MEPEeXHI MIpPH JafoTh JCTaIbHIIINMA
CTaTUCTUYHHUNA OITUC TOTIOJIOTIYHUX BIIACTHUBOCTEH TPAEKTOPIi cUcTe-
mu. ToGro, ROCHiIAHMKM OTPUMYIOTH HOBMH NEPCHEKTUBHMH iH-
CTPYMEHT aHaJli3y 4aCOBUX IOCIIAOBHOCTEH, 10 103BOJIAE BUIOOYBa-
TH_KOHICNTYalIbHO HOBY KOPHCHY IH(OpMaLLilo 11010 3aKOHOMIpPHOC-
TeH, 3aKJIaICHNX Y BUCOKOOPTaHi30BaHUX YaCOBHX IOCIiTOBHOCTSIX.

Etan 6. Po3paxynox Komniexkcy mepeicnux Xxapakmepucmux.

Jist koxkHOTO 1OOYN0BaHOrO rpada, Wo BiANoBixae TNEBHOMY BiK-
HY 3 3araJibHOI IOCIIJIOBHOCTI BIKOH, PO3paxyeMO MOBHUIN KOMILICKC
PI3HOMAHITHUX MEPEXKHUX XapaKTEPUCTUK.

Juist aHam3y Mepexki HOCIIPKYIOTh XapaKTePUCTUKH OKPEMHX BY3-
JiB (JIOKaJIbHI), XapaKTePUCTUKH MEPEeki B LLTOMY (r7100albHi) Ta Xa-
PAaKTEPUCTUKH MEPEKHUX HIACTPYKTYP. YHUCIIOBI MOKA3HUKU HCSKHX
II00aIBHAX XapaKTePUCTUK Mepe>1<1 MOXYTb OYTH HpeICTaBJIEHI Y
BUTJISI/II QHAJTITUYHUX y3aralbHEHb ii JIOKAJbHUX XapaKTepUCTUK (Ha-
NpUKJIa] — HalMeHIle, HaiOuble, cepelHe 3HAYE€HHs JIOKaJIbHOTO
MOKa3HMKA, B3SATOr0 3a ycima By3namu). OKpiM TOro, mo riaodanbHa
XapaKTepPUCTHKA MOXe OyTH IpecTaBieHa y popMi OJHOTO YHCIIa, 1e
TaKOXK MOXe OyTd NPEJCTaBICHHS Y BUIJISA/I PO3MOALLY 3HAYCHb JIO-
KaJIbHOI XapaKTePUCTUKH BY3IIB 110 ycCiit Mepexi. HaBenemo ocHOBHI
MEPEKHI MOHATTS 1 XapakTepUCTUKHU [8], SKi BUKOPUCTOBYEMO Y Ha-
LIHX JOCIIDKCHHSIX.

Yucro BysniB y Mepexi N HasUBa€eTbCst posmipom Mepeofcz

LInsx — 1€ MOCIIOBHICTh CYMIKHUX BY3JIB 1 3B’s13KIB MiJK HUMH,
KOJIU BY3JIM HE MOBTOPIOIOTHCS. [Jukn — 1ie IUIAX, Y IKOMY MOYaTKo-
BUi1 1 KIHLIEBUH BY30J1 CIIIBIIQAAI0Th.

JIOB>KMHA KOKHOTO 13 3B’SI3KIB MK cymidgcHumu gy3iamu (3’ €Ha-
HUMH peOpOM) BBAXKAETHCS PIBHOIO OAMHMLI. Biocmannio 3(i, j) Mixk

naporo BysaiB (i, J) € nosxuna HAWKOPOTIIIOTO HUTIXY MDK HUMH y
Mepexi (abo nuisixiB, 00 B3arami-To ix Moxke OyTu 1 Kijbka). Taxuit
LITAX HA3MBAETBCS 2€00e3UUHOI0 TiHIcIO.
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CepenHe 3HaYSHHS MIKBY3JIOBOI BiZICTaHI cepell BCIX THX Tap BY3-
miB (i, J) , MDXK SIKUMH iCHY€e X04a O OJMH 3’€IHYIOUMH IX HUIIX (aKe
Mepexa MOXKE MaTH 1 He3 €JHaHI M’k COOO0 BY3JIH), HA3UBAETHCS Ce-
PEOHITl HAUKOPOMUIUIL WLIAX.

APLer(G) :6avrg <6(| J)>
MakcumainbHa Mi>KBY3JI0Ba BiJICTaHb HA3UBAETHCS diamMempom me-
peaci G:

diam(G) =3,,,, = maxa(i, j).
L]

CepenHiii HAWKOPOTIIMK TUIAX 1 AiaMeTp Mepexi € riIo0albHUMU
XapakTepUCTHKaMK Mepeski. Baxusy iHdopmaiio npo apximexmypy
MEPExKi MOKHA OTPHMATH LIIXOM BUBYCHHS 3aJIC)KHOCTEH CePeNHbOT
a00 MaKCHMaJIbHOI MIXKBY3JI0BOT BIJICTaHi BiJl pO3Mipy MEpPEKi.

Uucno 3B’53KIB By3/1a Ha3UBAEThCS cmynernem gysna ofi) . [lonst-

TS CTyNEHs — JIOKaJlbHA XapaKTepucTuka rpada. 3 Hei oTpumyemMo
HACTYITHI T7100aJIbHI XapaKTePUCTUKH MEPEXI.
Cepeonsn cmyninb gepuiun.

OLavrg(G) = <a(l)>| :
Maxcumanvna cmyninb 6epuiun.

Aax(G) = max(a(i)) -
Po3nooin cmynenieé éepwiun P“(n) mokasye WMOBIpHICTH TOTO,
110 HABMaHHsI BUOpaHa BepIIuHa Oyzie MaTH CTYIiHb N:

P (n) = P{a(i) = n}=%,

1€ M, — KUIbKICTh BEPIIMH y MEPEeXKi 31 cTyreHeMm N.

Po3smnozin cTymneHiB BepIIMH € HANMPOCTIMIO CTATHCTHYHOIO XapaK-
TEPUCTUKOIO0 Mepexi. [Ipu oMy, B OaraTb0X BUMAJKaxX BUBYCHHS Ca-
M€ Li€i XapaKTePUCTUKH (30KpeMa, BUSHAUYCHHS 610y PO3NOOLLY CTyIIe-
HIB BEpIINH) € HaWiHYOPMATHBHIIINM IIOJ0 PO3YMIHHS (yHIaMeH-
TaJIbHUX BIIACTUBOCTEH MEPEXKI 1 IPOIIECiB, IO B Hil BiOYBAIOTHCS.

Knacmepusauyia By3na — 11 JIOKaJbHa XapaKTEPUCTHKA MEPEXKI.
Bona xapakTepusye CTyIiHb B3a€EMO3B’ 13Ky MiXK COOOI0 HAWOIMKINX
cyciaiB aaHoro Bys3ia. KoediieHt knacrepusanii (200 K1acTepHOCTI)
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JIaHOTO By3J1a [IOKa3ye HMOBIPHICTb TOTO, IO HABMaHHs 00paHi aBa i
HAMOMMKYMX Ccycia cami BHSIBISIIOTHCS HAaWOMKYMMHU CYCiTaMu.
Skmo yci HalOMMKYl cyciiy By3iia B3a€MOIOB’s13aHI, TO KOe(IIieHT
KJIacTepu3allii JOpPIBHIOE 1, SIKIIO % 3B’SA3KIB MK HUMH HEMae, TO J10-
piBHIO€ 0. Po3paxoByeThCs 3a CIIBBIAHOUICHHAM:

clust(i)=—— 20
a(i)(a(i) —1)/2
VY uyncenbHUKy uncio A(i) — KUIbKICTh TPUKYTHUKIB (LIMKIIIB

JNOBXKHHM 3), TPHETHAHUX 1O IIHOTO BY3Jda, a B 3HAMCHHHUKY

a(i)(ou(i) —1)/2 — IX MaKCHUMaJIbHO MOXJIMBA KUTBKICTb.
Knacmepusauia mepesci, 1o € T100aIbHOI0 XapaKTEPUCTHKOIO,

BU3HAYAETHCS SIK CEPEHE 3HAYEHHs KJIacTepH3allii 110 BCIM By3JIaM:

clust(G) = clust,,,, = (clust(i)); .

TakuM YMHOM, KIIACTEPHU3ALlisi MEPEXKI XapaKTEpPU3ye CTATHCTUKY
IMKIIB, a caMe, TPUKYTHHUKIB y Mepexi. 3a3BH4all peajibHi Mepeki
XapaKTePU3yHTHCSI BUCOKOKO KIIACTEPH3ALIIETO.

Hasanmasicenns By3na (iHakiie Ha3HWBaIOTh nocepeduuumeo —
aHIul. betweenness) XxapakTepusye poiib By3jla y BCTAHOBICHHI 3B°513-
KiB y MEpexki — I0Ka3ye BiIHOCHY KiIBKICTh HAHKOPOTIUNX LUISXIB,
II0 TIPOXOISTh Yepe3 JaHUi B30I

iy -3

ik Yk
ne vy (i) — KiIbKiCTh HafKOPOTLIMX IIAXIB, IO 3’ €IHYIOTH BY3IIH |

Ta K i npoxonsATh 4yepes Aanmit Bysonm i (j=i,k=i), y;, — 3araabHa

KUTBKICTh HAMKOPOTIIMX MUISXiB, WO 3’€IHYIOTh BY3md | Ta K
(j=ik=i).

Ha BinmiHy Bif cTyneHs By3ia (10 JIsl OKpPEMOi BEPIIUHH BPaxo-
BY€ TIJIbKH i1 BIacHI 3B’A3KH 3 CYCIIHIMU BEpILIMHAMH) 1 KJIacTepu3a-
i1 By3na (110 U1 OKpeMoi BEpPIINHHU BPAXOBY€E B3a€MO3B’3KH TIJIBKH
il HAMOMKYMX CYCIIIB), OHSTTS TIOCEPE/IHHIITBA BY3/1a BIIOMBAE TO-
HOJIOTiI0 yci€l Mepe>1<1 (T00TO, /U1 OKPEMOI BEPIIMHM BPaxoBYE BCI
IJISIXU B3a€EMO3B 5131(113 MDK KO>KHOIO N1apOI0 BY3IIIB).

Skwo rpad) 38’s3HMH, TO JaHUA BY30J MOEJHAHMH 3 yCiMa IHLIN-
My Bysinamu. Toxi BiACTaHAMY Bij BY3&a | 10 PEIITH By3JIiB MEPEKi
Vj#i OyayTh NOBXHWHU HalKOpOTHIMX HUIAXIB (i, j) .
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Excuenmpucumem By3na — 11e MaKCUMaJbHa 3 IIUX BiJICTaHEH:

(i) = maxa(i, j)
j=i

Biooanenicms By351a — 11€ cymMa BCiX IIUX BiJICTAHEMH:

oli)=33(.J)-

j#
Bau3bkicms By3na BU3HAYAE€THCA SIK 00CpHEHA BiITAJICHICTH:

y(i) =1/ .

IToka3HUK CTyneHs BEpLIMHHU, MOKA3HUK OJIM3BKOCTI BEPIIMHH 10
BCIX IHIIMX BEPLIMH 1 MOKAa3HUK MOCEPEIHHULTBA BEPUIMHHU Y IMOE]-
HaHHI BCIX Map PeLITH BEpIIUH € Pi3HOBUAAMH TAaKOi XapaKTEpPUCTUKU
BY3I1a SIK YEHMPAIbHICMD, 1O O3HAYAE BAXKIUBICTH BY3/a B MEPEXKi B
JIeSIKOMY KOHKPETHOMY CEHCI.

Ie HaliBa)kIMBIIII JIOKAJIBHI XapaKTEPUCTUKU Mepexi. 3po3yMiio,
ICHYIOTb M 1HIIII.

Y paMKax HalMX JOCIIUKCHb CKIAAHOCTI Cy4acHHX (OHIOBHX
PHHKIB J€fKI 13 3a3HAUCHUX 2100aANbHUX MONONOIUHUX XAPAKMEPUC-
MUK MEPEeXK, PO3PAXOBAHUX 33 TAKOK METOJONIOTIE0, POSIIIAIAIOTECS
HaMH SIK MipU AMHAMIYHOI CKJIaJHOCTI PHUHKY.

CyKyIHICTb 3HAaYCHb OYyAb-KOI JOKAIbHOI Xapakmepucmuxu,
BIIOPSI/IKOBaHI TaK CaMo, K BEPUIMHH MEPEXki, IO BiIOOPaXkaioTh
CTaHM CUCTEMH Yy Yaci, NPEICTaBise COOOK0 yKe LiKaBy CTPYKTYPY,
O TOTpeOye OKPEMHX JOCIIPKEHb. 30Kpema, HaMH MPOBOIMITHCS
PO3paxyHKH CHTPOMIHHUX 1 MyIbTH(QPAKTATbHUX TIOKAa3HUKIB JUIs CY-
KYITHOCTEH CTYIEHIB BY31iB. Y pe3yibTaTi OyJl0o OTpUMaHO BUCHOBOK,
10 JMHaMiKa MOAIOHUX TMOKA3HUKIB, PO3PaXOBAHUX Ui KOB3HHUX Bi-
KOH, TeXK M€ IEeBHI CIeLU(IYHI 3aKOHOMIPHOCTI, IO J03BOJISE IHTE-
PIPETYBATH iX Y KOCTI Mip AMHAMIYHOT CKIIaJHOCTI PHHKY.

Ha puc. 5 HaBesieHO CyMilleHy 3 IMHAMIKOIO (POHIOBOTO HICKCY
djia nMHAMIKY BOX MEPEKHHX 2100ANbHUX MONONOIUHUX MIP CKNAO-
Hocmi.: KoediuieHTy kinactepusarii Clust i cepenHboro HaifkopoTIIO-
ro msxy APLen, po3paxoBaHUX Il PEKYPEHTHHUX MEpEeXK, 1MoOy-
JIOBAaHUX 3 YaCOBOTO PSAYy HOpMati3oBaHUX puOyTKOBOCTEH. L1 Mi-
pH y mepiofu KpU30BUX SIBHII MOBOSTE CeOC XapaKTePHUM YHHOM,
ane aHTHCHMETPHYHO: AKIIO KOChIUieHT KIaCTepH3aLlii y BUITAIKy
KpHU3 3pOCTa€, TO CEepPelHI HaWKOPOTIIMN HUISIX MOMITHO 3MEHINY-
€THCHL.
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Puc. 5. I'mo0anbHi TOMOIOTIUHI MipH CKITAHOCTI PEKyPEHTHIX MEPEeX,
MoOyZ0BaHMX 3 YAaCOBOT'O Psily HOPMaTi30BaHUX MPUOYTKOBOCTEH! I'et:
cepenHii HalikopoTimit nusix APLen (a) i koedimient kmacrepusartii clust (b)

[lapanenbHO PO3paxOBYEMO CHEKMPANbHI XAPAKMEPUCmMuKy Me-
peXi, sIKI TAKOXK PO3TIISAIAIOTHCS B IKOCTI Mip JMHAMIYHOI CKJIATHOCTI
PHUHKY.

CnexTpanbHa Teopist rpadiB 6a3yeTbes Ha anreOpaiyHUX iHBapiaH-
Tax rpada — Horo crnekrpax. Crnexktpom epagha G Ha3UBAETHCS MHO-
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JKUHA BIIACHUX 3HAYCHb Mampuyi cymiocnocmi A, MO BiIMOBIAA€E aa-
HOMY rpady.

Jns 3apaHoi MaTpuul A ferepMmiHaHT Burisiny |[AE—- A, ne E —
OJMHUYHA MATPUIsl, € MHOTOWICHOM BiJl A , IKUI Ha3UBAETHCS XAPAK-
mepucmuyHUM MHo2oyrenom mampuyi A. Baracui 3navenna mampuyi
A € HyISIMH IIbOTO XapaKTepUCTUYHOTO MHOTOWIECHY. BriacHi 3HaueH-
HSl MaTpulli A 3aJ0BOJIbHAIOTH PIBHOCTI AV =AV, e V — HEHYJIbO-
BU BekTOp. BekTopu V, 110 3a10BOJBHSAIOTH LIl PIBHOCTI, Ha3UBa-
I0TBCS 8IACHUMU @eKmopamu mampuyi A, 110 BIANOBIIAIOTH BIACHUM
3Ha4YCHHSIM. MHOXXHMHA BCiX BIACHUX 3HAYCHb MATPHIll A Ha3UBAETHCS
cnekmpom mampuyi A.

Xapakmepucmuunum muozounenom 2pagpa G Ha3MBa€eTHCS Bil-
TIOBITHUI XapaKTePUCTUIHUH MHOTOWICH HOT0 MaTpHIli CYMIKHOCTI A

g (A)=[rE-A.
Bnacnumu snauennamu cpagpa ). ; 1 enacnumu eeKmopamu zpa-

¢a V; Ha3MBAIOTHCS BIANOBIJHI BIACHI 3HAYEHHS 1 BIACHI BEKTOPH
HOro MaTpwili CyMi>kHOCTI A.
Cnexmp 2pagpa G — 11e CIeKTp HOTO MATPHUIL CYMIKHOCTI A:
N
Spect(G) = i }1:1 .
Haiimenmie i3 momaTHUX BIAaCHUX 3HAYCHb HA3MBAETHCSA IHOEKCOM
anzeopaiunoi 36’a3nocmi (anri. algebraic connectivity) rpada:

alg conn(G)=min{x; >0}.

L5 BennunHa BioOpakae «CHTy» 3B’ SI3HOCTI KOMITIOHEHT rpada Ta
BUKOPHCTOBYETHLCS TIPU aHAITi31 HAIIHHOCTI Ta CHHXPOHI3aIlii rpada.

BaxnmuBUME TOXITHUMH XapaKTEPUCTHKAMU MEPEXKi € CIeKTPab-
HUI pO3puUB, eHepris rpada, CIeKTpaJbHI MOMEHTH 1 CHEKTpPaJIbHUM
paaiyc.

Cnexkmpanvnuii po3pue (anri. spectral gap) € pi3HUIICI0 MiIXK Haii-
OUTBIIMM A, 1 HACTYIHHMM A, BIACHUMH 3HAYEHHSIMH MaTPUIl CyMiX-
HOCTI 1 XapaKTepu3ye IMIBUAKICTh TOBEPHEHHSI CUCTEMH JI0 PIBHOBAX-
HOT'O CTaHy:

gap(G) =A; —A,.

Enepeia cpagpa (anrn. graph energy) — 1ie cyma MOAYJIB BIaCHUX
3HaY€Hb MaTPUIll CYMIKHOCTI Tpada:

173



HEMPO-HEYITKI TEXHOJIOTT] MOJIEJIFOBAHHS B EKOHOMILI 2016, Ne 5

N
Enrg(G) = Z:l|kj| :
j=

Cnexmpanvuuii padiyc (anri. spectral radius) € HaiOLIBIIAM 11O
MOJIYJIIO BIIACHUM 3HAYEHHSM MATpPUIl CYMIKHOCTI.

sp rad(G) = mjz»{xj|.

k-it cnekmpanvnuit momenm (aurn. spectral moment) marpwiii
CYMIXKHOCTI BU3HAYAETHCS BUPA3OM:

1 A

Ille omHMUM PO3MOBCIOKCHMM BHIOM CIEKTPY rpada € CIeKTp,
oTpuMaHwuii 13 matpui Jlammaca L.
Marpus Jlamraca L = D — A, ne D — niaronansHa matpuist N x N :

L

ae o(i) — cTymiHb i-0i BepurHu rpada.

Ha puc. 6 3a anajnori€ro 3 TONOJOTIYHHUMH, TMPEACTABICHUMH Ha
puc. 5, HABE/ICHO Napy MEPEKHUX CNEeKmpanbHux Mip CKAAOHOCHI:
anreraquOI 3B 5{3HOCT1 alg conn Ta CHeKTpajabHOroO pO3puBY Jap.
[Tpu npoMy mepimia mipa po3paxoBaHa JUIsl pEKyPEHTHUX MEpPEex, I0-
Oy/ZI0BaHMX 3 4aCcOBOT'O psiy (POHIOBOTO iHACKCY djia, TOAl SK Ipyra —
JUI pEKYPEHTHUX Mepexk, 00YA0BaHUX 3 YaCOBOTO Py HOPMalli3o-
BaHHX NMPUOYTKOBOCTEH.

Kpim 3a3Ha4€HOr0 BHIIE KOMIUIEKCY MEPEKHHMX MOKA3HHKIB, rpad
MOXCE BU3HAYaTHCh HAOOPOM AKICHUX XAPAKTCPHCTHK:

e npocTuii rpad — rpad, 110 He MICTUTL KPATHUX YT i METENb. 3a
croco0oM MoOyJ0BH BUKOPHUCTOBYBAaHI PEKYPEHTHI MeEpexi 3aBXIH
BUSIBIIIIOTHCS TIPOCTUMH,

® 38’13HMM rpad — rpad, B AKOMYy MK OyIb-SIKOK MApOK BEP-
IIMH iCHY€E X04a O OJTUH LUIAX;

e perysipHuii rpad — rpa(b, CTYIIEH1 BEPILUUH SIKOTO PiBHI;

e I0BHUI rpad — mpoctuil rpad, y ssIkoMy KOKHa THapa BEpUIMH
CYMIXKHA;

e cilnepiB rpad — rpad, Mo MICTUTH eiiepoBUl LUK (3aMKHY-
TUHM IUIAX, 10 MPOXOAUTH MO BCiM pedpam rpada, mpuuomy TiIIBKH
OJIVH pa3);
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e fiepeBO — 3B’A3HUHM anukmiyHui rpad. Yucno By3niB N 1 yucio
3B’s13kiB U cniBBinHOCATHCS sik N = U — 1.
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b)

Puc. 6. CriekTpaibHi Mipu CKIIaIHOCTI ISl PEKyPEHTHUX MEPEeK,
no0ymoBaHuX 3 4acoBoro psay ts inaexcy djia — mipa alg conn (a)
Ta 3 4aCOBOTO PsIy HOTO HOPMAITi30BaHUX MPUOYTKOBOCTEH ret —
mipa gap (b)
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Eran 7. Cniecmaenenna ounamicu po3paxo8anHux nOKA3HUKie i
ounamiku inoekcy. llowyk inouxamopis, nepeogicnuxie.

VY pes3ysnbTaTi BUKOHAHHS MOMEPEAHIX €TamiB OTPUMYEMO YaCO8i
pAOU PI3HOMAHITHUX MEPEKHUX IMOKA3HUKIB, MPUYOMY OJIHA TOYKA
TaKOTO YacOBOTO DSy BIAMOBITAE OKpEeMOMY BikHY. JIOBXKMHA TaKHX
pAAiB (IOPIBHIOE KITBKOCTI BIKOH) 3aJIC)KHUTh BiJ JTOBXKHUHHU MOYATKO-
BOTO psiny M, mmpuan BikHa N 1 Kpoky S:

W =[(M —N)/S]+1.

BuBueHHs 1MHAMIKK PI3HOMAHITHUX MEPEKHHUX IOKA3HUKIB J03BO-
JIsi€ BUSIBIIATH TIPUXOBaHI 3aKOHOMIPHOCTI B CTPYKTYpHiH opraHizarii
JOCIIJDKYBAaHUX YacOBUX MOCIIIOBHOCTEH, BIAMOBITHO POOUTH BH-
CHOBKH IIPO €BOJIIOLIIO MOBEIIHKM CUCTEMH, IO NMPOAYKYE Il 4acoBi
HOCIIIAOBHOCTI. TakuM YMHOM, 3aCTOCYBAaHHsSI TEXHOJIOTi KOB3HOTO
BIKHA Il PO3PaxXyHKY CIEKTPAJIbHUX 1 TOMOJOTIYHUX XapaKTEePUCTHK
CKJIQJIHAX MEPEXK JIa€ Ha3BHYAHO KOPUCHY TH(POpPMAITiIO IS aHai-
3y Y4aCOBHX Ps/IiB, HA OCHOBI SKHX IIi MEPEkKi CKOHCTpyiHoBaHO. Bax-
JUBUM IS 3a7ad JOCIHIPKEHHsS € Bi3yaJbHMM aHalli3 HaKJIaJIeHUX
rpadikiB JUHAMIKHA YacOBOTO sy iHIEKCY (IHTerpajbHOi XapaKTe-
PUCTHKH PUHKY) 1 JMHAMIKH MOOYIOBAaHUX PSIIiB MEPSKHUX ITOKa3-
HHKIB, 0OYMCIIFOBAHUX 1T BIKOH.

[Tpu Takomy Bi3yaJIbHOMY aHalli3i HEOOXiJIHO 3BEpTaTH yBary Ha
XapaKTepHi 0COOIUBOCTI MOBEAIHKU AOCIIIKYBaHOI MEPEXKHOI Xapak-
TEPUCTUKH y TOPIBHSIHHI 3 JUHAMIKOIO aHaJIi30BaHOTO (hiHAHCOBOTO
nokazHuKa. Hampukiaa, MoXKHa NOMITHUTH peakiii po3paxoBaHOT
XapaKTEePUCTUKU MEpexi Ha KpU3M abo MiAioMU PUHKY, IPUYOMY Li
peakiii MOXXyTb OyTH HE TIIBKH 3 JAESKOI0 3aTPUMKOIO Yy 4daci abo
CBOEYACHUMH, a i BUMEpemKarounMu. BusiBieHa 3aKOHOMIPHICTb J10-
3BOJISIE BXKE PO3IILIATH JaHy XapaKTePUCTHKY MEPEKi K iHOUKamop
BIJIMOBIZHOT CUTYyallil Ha PUHKY, a y pa3l BUIIEPEPKAIOY0i peakiii —
K nepeosichux [5—T7].

BusiBneHi 3aKOHOMIPHOCTI TMOBEIIHKM PEKYPEHTHHX MEpEX st
JIeSIKUX PUHKIB JTAaI0Th MOXKIIMBICTD C(hOPMYITIOBATH TiMOTE3y MPO YHI-
BEpCaIbHUI XapaKTep TaKoi 3aKOHOMIpHOCTI.

ITpu mepeBipiii rinoTes3u A IHIIMX PUHKIB 200 9aCOBHX IHTEpBa-
JIB CJIiI BpaXOBYBATH MOXJIUBY HEOOXIIHICTh KOPUTYBAHHS BXITHHX
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napaMeTpiB Ui PO3PaxXyHKy CHEKTPaJbHUX 1 TOMOJIOTIYHUX XapakKTe-
PUCTHK CKJIAJJHUX MEpPEeX, Y TOMY YHCIIi MapaMeTpiB IIMPUHU BiKHA 1
KPOKY, aJK€ PUHKH PI3HOTO PIBHS PO3BHUTKY JEMOHCTPYIOTh «Pi3HHIMA
TUIMH Yacy».

Hampukinii akneHTyeMo yBary Ha KOHIENTYaldbHIN MOmiOHOCTI
MK KOHCTPYIOBAaHHSM MEPEKHOI TOIMOJIOTIYHOI CTPYKTYpPH 3 BUCOKO-
OpraHi30BaHMX YaCOBHUX IMOCTIAOBHOCTEH 1 JOCIIIKEHHSIM BIACTHBO-
cTeil pa30BOro MPOCTOPY AMHAMIYHOI CHCTEMH, IO 0a3yIOTHCS HA BH-
BUYCHHI CYKYITHOCTI OKpEMHX 4acoBHX psaiB. KOHCTpylOBaHHS IWHA-
MIYHHX MEpPEX 13 4acCOBHUX PAIB 3 MOAAJBIINM PO3PAXyHKOM KOM-
IUIEKCY Ce(iYHIX TOMOJIOTTYHUX BIACTUBOCTEH € HOBUM MEpPCHEK-
TUBHHM HampsSMKOM B aHali3l 4acOBUX psAiB. Y TOH ke 4ac MOKHA
BBAXKATU BXKE TPAJAULINHUM JOCTIKEHHS (QyHIAMEHTAIbHUX Xapak-
TEPUCTHK CKJIAJHOI AMHAMIYHOI CHCTEMH 3a paXyHOK aHaji3y 4aco-
BUX PSAOIB, IO NPOIYKYIOTHCS Li€I0 cUcTeMor. HaiBaxauBimmm
y IbOMY BHSBISETHCS HaJeXKHa MOOYAOBAa MOJEINI JOCIHIIKYBaHOI
CKJIaJTHOi CUCTEMH HaBKOJIO CIIOCTEPEKYBAHUX YACOBUX PSIIIB.

Inest inTepmpetanii MaTpuIlll PeKypeHTHOCTI (a3oBOro IpOCTOpPY
cucTeMu (POHIOBOTO PUHKY SK MATpPUIll CYMIKHOCTI JAJs 1MOOYIOBH
CKJIQ/IHOT JMHAMIYHOI MEpeXi 3 4acOBUX PAJIB KOJUBAHb KYpCiB aK-
1[ii1, BUSBUJIACS Jy’KE€ TIPOYKTHBHOKO JUISI MONITYKY HOBUX aJCKBATHHUX
MIp AMHAMIYHOI CKJIAHOCTI PUHKY, SIKi, IO CYTi, € IOKa3HUKAMHU pi3-
HUX TMPOSIBIB BUCOKOI CTPYKTYPHOI opraHizaiii (iHAaHCOBUX YaCOBUX
psIiB.
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