DOI10.33111/vz_kneu.32.23.03.02.012.018
YIAK 519.86 +330.46

Konsida 1O.B.

JOKTOP EKOHOMIYHUKX HayK, AOLEeHT, npodecop kadeapu
MaTeMaTU4YHOro MOAEMOBaHHA Ta CTaTUCTUKN,
KWiBCbKMIA HaLiOHaNbHWUI EKOHOMIYHUI YHIBEpCUTET
imeHi Baguma NeTbmMaHa,

M. KuiB, YkpaiHa

e-mail: koliada_yuri@kneu.edu.ua

ORCID ID: 0000-0003-3474-8706

Jlyk’saHeub T.B.

KaHOnOaT eKOHOMIYHUX HayK, OOLEHT,

AOLEeHT Kadeapn maTteMaTMYHOro MOgENOBaHHA Ta CTaTUCTUKM,
KuiBCbkMiA HaLioOHaNbHWUIN EKOHOMIYHWI YHIBEPCUTET

imeHi Bagnma M'eTbMaHa,

M. KuiB, YkpaiHa

e-mail: lukianets.tetiana@kneu.edu.ua

ORCID ID: 0000-0002-1506-3595

LWamapcbka ..

cTapLun Buknagad kadeapu

MaTemMaTU4yHOro MOAENBAHHSA Ta CTAaTUCTUKM,
KWiBCbKMIA HaLliOHaNbHWUI EKOHOMIYHUI YHIBEpCUTET
imeHi Bagnma "'eTbMaHa,

M. Knis, YkpaiHa

e-mail: shatarska_inna@kneu.edu.ua

ORCID ID:0000-0001-7070-9718

KNACTEPU HACEJNIEHHSA CYCNINIbCTBA TA IXHA B3AEMOAIA

Koliada Yurii

Doctor of Economics, Associate Professor, Professor of the Department of
Mathematical Modeling and Statistics,

Kyiv National Economic University named after Vadym Hetman,

03057, Ukraine, Kyiv, Peremohy Avenue 54/1

e-mail: koliada_yuri@kneu.edu.ua

ORCID ID: 0000-0003-3474-8706

Lukianets Tetiana

PhD in Economics, Associate Professor, Associate Professor of the Department
of Mathematical Modeling and Statistics

Kyiv National Economic University named after Vadym Hetman

03057, Ukraine, Kyiv, Peremohy Avenue 54/1

e-mail: lukianets.tetiana@kneu.edu.ua

23



ORCID ID: 0000-0002-1506-3595

Shatarska Inna

senior lecturer of the Department of Mathematical Modeling and Statistics
Kyiv National Economic University named after Vadym Hetman

03057, Ukraine, Kyiv, Peremohy Avenue 54/1

e-mail: shatarska_inna@kneu.edu.ua

ORCID ID: 0000-0001-7070-9718

POPULATION CLUSTERS OF THE SOCIETY
AND THEIR INTERACTION

AHoTauif. [JeMokpaTUyHin Aepxasi nepen NPUUHATTAM BaXMBUX PilleHb BNAacTUBO OMuU-
paTucsa Ha OyMKY 4reHiB cycninbctea. He 3aBxau BoaeTbCA NpoBeCcTn onnTyBaHHA abo Bomo-
iTM CTaTUCTMYHOK iHdopMmauieto, Wob 34INCHUTN EeKOHOMETPUYHE MOLENOBAHHA: BOHO, SIK
npasuo, fMiHinHe, HanMnpocTiwe. B Tol e yac B3aemogis iHAMBIAYMIB CYCMinbCTBA, iXHIX rpyn
3a NPUXUITBHICTIO YM CMINTbBHUMM iIHTEpecaMm LWUBUOKOMIMHHA | 3aBXAM HENiHINHA, WO CBigunTb
NpO HasiBHICTb OEKINbKOX LUNAXIB MOXNMBOIO pPO3BUTKY nogin. [ocsig npupogo3Hasymx guc-
LUUNNiH BKA3ye Ha OOUIMbHICTb BMBYEHHA MexaHi3My HeniHiHOI B3aeEMOogii y4YacHWKIB nogin,
LLO Crpusie TOYHILLIOMY i rMMBLIOMY OOCTiAKEHHIO coujianbHUX siBULLY, Binblu 3aranbHO B ryma-
HITapHUX HayKax.

Y cTatTi No6yAoBaHO AMHAMIYHY HEeniHiHy maTtemaTtniHy mogens (MM) mMexaHiamy B3ae-
Mogii pi3HMX (y CeHCi cBoOix ynogobaHb i BNnacHOro Bubopy) BepCTB HacCerneHHs CycninbCcTaa.
lMpoBedeHO SAKICHUI aHani3 po3rfsHyTOI MoAeni, pe3ynbTaTu SKOro ChnpusiioTb: Mo-neplle,
CTBOPEHHIO MPOrpamHOro NPOAyKTY — iHA)OpPMaLiNHMX TEXHOIMOTIN Y KOHTEKCTi npobnem cu-
HepreTMYHOI B3aeMOZIT KnacTepiB HapogoHACENeHHs AepXaBu; no-gpyre, opmMyBaHHIO CTpa-
Terii 4OUiNbHOro CniBiCHYBaHHS Pi3HMX rpyn nogen.

Po3pobneHo TexHiky sikicHoro aHanisy MM Ha npeameT pisHOMaHIiTHOro oyHKLiOHyBaHHS
MexaHi3My O0CrigXyBaHOro sfBuMLLA: HaBedeHO aHaniTMYHi hopMynu noLlyKy koopauHaTt cTa-
LioOHapHUX TOYOK AMHAMIYHOI MoAaeni, BU3HA4YeHO cnocib obYMcneHHs1 BNacHMUX 3Ha4Y€eHb Heni-
HIMHOI AMHaMIYHOT Mogeni, AKMMN BU3HAYaeTbCA ii CTivkicTb.BuknageHe y ctaTTi cnig cnpuii-
MaTK sIK HOBITHI CNOCIO BMBYEHHSI PYLUIHMX CWUI CYCNiNbCTBA — METOAMUKY BCEOCSHKHOMO
KOMM'IOTEPHOMO AOCHIIKEHHS pOo3LlapyBaHHSA HaceneHHs1 AepXXaBu Y KOHTEKCTI NPUAHATTA Jo-
NIEHOCHUX AN CycninbCcTBa pilleHb. Amke nporpamHa peanisauis mateMaTUyHOi moaeni Ta
3acobiB ii IKICHOro Ta KifbKiCHOrO BMBYEHHS € iHhOpMaLiHOK TEXHONOTIt0, sIKoK 3abesnevy-
€TbCHA onepaTvBHE OTpUMaHHSA iHpopmaLii, Wo € nposBom uudpoBsisauii cycninbctea (Und-
pOBOI €KOHOMIKW, aBTOMaTM3aLil MPOEKTYBaHHS TOLLO).

Knro4yoBi cnoBa: koMm'loTeEpHE MOLEMOBAHHSA, HEriHiMHA AMHaMiYHa Mopernb, eHome-
HonoriyHa Moernb, SAKICHUA aHani3, cTauioHapHi TOYKW, BrAcHi 3Ha4eHHa maTpuui AKobi.

Abstract. The democratic state is typical for rely on the opinion of society members before
making important decisions. It is not always possible to conduct a survey or have statistical
information to carry out the simplest econometric modeling: it is usually linear. At the same
time, the cooperation of individuals in society, their groups based on affection or common
interests is fast-moving and always non-linear. It is indicate the presence of several ways of
possible development of events. The experience of natural science disciplines indicates on the
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study expediency of the non-linear interaction mechanism of event participants. There is
contributes to a more accurate and in-depth study of social phenomena, which is more
common in the humanities.

In the article has been built a dynamic non-linear mathematical model (MM) interaction for
different society’s strata mechanism (in the sense of their preferences and their own choice).
There are concluded a qualitative analysis of MM, the results of which contribute to: firstly, the
a software product creation — information technologies (IT) in the synergistic interaction
problems context of population clusters of the state; secondly, the formation of a strategy for
the expedient coexistence different people’s groups.

Has been developed the methodology of MM qualitative analysis, which show to different
functioning of the investigated phenomenon mechanism: analytical formulas for finding the
stationary points coordinates of the dynamic model are given, it is determined the method of
eigenvalues nonlinear dynamic model calculating, which determine its stability

In the article is present the latest studying way of the society’s driving forces — the all-
embracing computer study methodic the stratification of the state’s population in the context of
making decisions that are fateful for society.

The software implementation of the mathematical model and the means of its qualitative
and quantitative study is an information technology that ensures the prompt acquisition of
information, which is a manifestation of the digitalization of society (digital economy, design
automation, etc.).

Keywords: computer simulation, nonlinear dynamic model, phenomenological model,
qualitative analysis, stationary points, eigenvalues of the Jacobi matrix.

IMocTanoBka mpodsaemu. byjb-ske CycHniibcTBO HEOHOPIIHE, TIEPI 32 BCE Y PO-
3yMIiHHI BOJICBHSIBIICHHSI HOTO YJICHIB CTOCOBHO COIIaIbHOT UM MOJITHYHOI TEMaTHKH.
1106 miaroTyBaT BUBaYKEHE PIllICHHS, CITiJ] 3HATH i PO3YMITH MOKJIMBY JUCTIO3HIIIFO
pyuriitnux cui. Taka iHpopMmalis BIpTyaJbHOTO YMHY OTPUMYETHCS Ha IiJICTaBl
KOMIT FOTEPHOTO MOJICITIOBAHHSI 32 HAIBHOCTI MaTEMAaTUYHOI MOJIEINI SBUIIIA.

Mera gocaimkennsi. Onucati MaTeMaTHYHO B3a€MOJIII0 PI3HHMX 3a MOTJSAAMU
rpyH HaceJIeHHs CYCHUIbCTBA Ta OTPUMATH Ha MIATPYHTI TaKO1 AMHAMIYHOI MOJIEN pi-
3HOMAaHITHI BipTyaJIbHI CIIeHapii MOBEMIHKN KJIACTEPIB HACEICHHS 32 Pi3HUX CTApTO-
BUX YMOB.

MeTtoauka gociainzkeHHsi. BUkiazeHe B CTaTTi 3alI09aTKOBYE HOBHM IMiJIX1 Y BH-
BUYCHHI CKJIQJHUX COIIaJbHUX SIBUII, 1110, BPEIITi-PEIIT, SIBIATAME COOOI0 CBOEPITHE
EKCIIEpUMEHTAIbHE YCTaTKyBaHHSI HOBOTO TUIY. AJIXKE aJieKBaTHA IWHAMIYHA MOJIEIb
3aBISIKM KOMIT FOTEPHOMY MOJIEIIOBaHHIO HaJlaBaTUME KiUTbKICHY iH(MOpMaIio mpo
MOKJIMBHH 1epedir nojil, sika Oyie HOPIBHIOBATUCS 3 PeaIbHUMU JIaHUMHU.

Beryn. Tpagumiline KOMIT'IOTEpHE MOJICIIOBaHHS NOTPEOYyE CTATUCTHYHUX JaHUX
10710 TOCIiKyBaHOTO 00’ €KTa, BOJIOMITH SKMMH HE 3aBXKIIN BIAETHCS, IHKOJIHU PUH-
IIUTIOBO HEMOXKIIUBO [1].

Jist TirOoKOoTO Ta BCEOIYHOTO BUBUEHHS HEMIHIMHOTO 00’€KTa HAIIOi yBard, J0C-
JDKYIOYA MEXaHI3M HOTo (YHKITIOHYBaHHS, CIIiJl TIPAarHyTH OMHCATH IEH MpPOIeC
JUHAMIYHUMHU DPIBHSHHSMH, SIK MPAaBHJIO, CUCTEMOK 3BUYAWHUX IU(EPEHIIaTbHUX
PIBHSIHB TEpHIOTO MOpAAKy. KoM’ roTepHe MOIETIOBaHHS, 32 HAsIBHOCTI HEJIHINHOI
HOBJICHHIO KJIFOUOBHUX (DaKTOPiB (UMHHHKIB) JOCIIKYBAHOTO SBUIIA, BHACIIIOK YOTO
BHOYIIOBYIOTECS BipTyalbHi, alie TpaBaoMoAiOHI crieHapii MOKIIMBOTO PO3BUTKY IIO-
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nii. CitiJi HaroJIOCHTH, IO y TaKUW CTOCIO mepeadavaroThes HEe JIUIIEe eKCTPeMalTbHi
BapiaHTH €BOJIIOIIT COIIAIbHUX MPOIIECIB, ajleé YHUKAIOTh KaTacTpo(higHOTO PO3BUTKY
MOJTIH.

SIKIo 171s emoXu JIHIHHOT apaIurMu MOJICITIOBaHHS, J1e PIrypylOTh CHCTEMH JIi-
HIWHUX AWHAMIYHUX PiBHSHb, MAa€ MiCIl€ OJHO3HAYHHMMA 3B’ 30K «IIPUYMHA — HACII-
JIOK», TO 3aCTOCYBaHHsI HeliHiHHOT MM BKka3ye Ha KijbKa NUIAXIB PO3BUTKY MpOIIe-
ciB. [lo-iHmoMy, 3’SBISIETECS MOXKIMBICTH PO3poOIsITH Oa)kaHi HACIIIKH, CBIIOMO
¢dbopMyroun NOoTpiOHI MPUUUHHU.

Tak mocsiraeThCs KEpOBaHA UM PETYIIHOBAHA €BOJIOIIS MO/, 10 BKpai BayKIMBO
JUTSL HETITHIHOTO TTPOCTOPY, B IKOMY MOTPIOHO 3MIMNCHUTH paIliOHATILHUH 1 TOIUTEHUI
BUOIp TPAEKTOPIi PO3BUTKY.

Buknaa ocHoBHOro martepiajy. IIponoHyeTbes IOACHKY CHITIBHOTY Oy1b-SKOTO
CYCHIJIBCTBA M0/IaBaTH Y BUTIISII KJIACTEPIB CBOEPIAHUX TPYI HACEIICHHS:

e rMepiry, HAWYKUCICHHINTY, CKJIAJAI0Th JIIOJIU 3 aKTHBHOKO JKUTTEBOKO MO3UIIIEI0,
MiATPUMYIOUN YPSIIOBI 3aX0H; HEXal I TPyIa OMUCYEThCS (PYHKITIOHAIBHOIO 3MiH-
HOIO X| = x(?), Ie BeJIMYMHA { — Yac;

® MPUXWIBHUKH MPOTHIIEKHOI TOUKH 30py MIOAO JIOAEH Mepiioi TPy yTBOPIO-
I0Th JIPYTy TPYIY, SIKa OTMMMCYETHCS 3MIHHOIO X, = X1(?);

® YacTKa CHUIBHOTH 31 CTINKUMHU, ajie BIAIMIHHUMU BiJl MIEpIIOT TPy MOTIsIaMK
Ha CYCHUIBHE KHUTTS OMIMCYETHCS 3MIHHOIO X3 = X3(f);

® iCHY€ JIATEHTHA MHOXXWHA JIFOJICH, 110 MPUXOBYIOTH CBOI MOTJISIH, 5IKa OIHUCY-
€ThCS 3MIHHOIO X, = X4(7).

IpurmyckaeTsest, 0 MPOTATOM MEBHOTO Yacy 3a3HAavCHI TPYIHA B CBOIM CYKYITHOC-
Ti HAJIYYIOTh CTAITy KiJIbKICTh HACEJICHHS N, 1 Ma€ MiClle PiBHICTb:

x;+tx+x3+ x4 = N.
[TpoTsiroM NEBHOTO Yacy TaKOX BUKOHYEThCS PIBHICTh
X.l +X.2+ X.3+ X.4_ = 0,
ne xj = %, (=1,2,3,4) — 1e mepii NoXiaHi BU3HaYeHUX (DaKTOpiB, sIKi XapaKTepu-
3YIOTh HIBUKICTh 3MIHFOBAHOCTI YMCEIBHOCTI KOXHOI TPyNHA 3 TMJIMHOM Yacy Ha iHTe-
pBaii ¢ € [ty, T]. Ha miacraBi crmoco0y TOJOBHUX MPOTOPIIHA i TPHHIUITY OLTIHIHHOT
B3a€MO/Iii 3MIHHHX [2] MOKHA OTpUMAaTH ()EHOMEHOJIOTIYHY MOJIETh B3aEMHOI JTWHA-
MIKH 3MIHHUX YUCEITBHOCTI KOJKHOI TPYIH CIIIJTLHOTH CYCITiILCTBA.
[HIBuAKiCT X; BapiaTUBHOCTI YHCEIHHOCTI MEPUIOl TPYNH 3MIHIOETHCS Y TaKUU
croci0: i BIUIMBOM 11 5k caMOi Ma€ Miclie 3pOCTaHHS, y B3aeMOJIT X, 3 iHIIUMH (ak-

TOpaMH SIBUIIIA TAKOX CIIOCTEPIraTHMEThCS MO3UTUBHUI BILTMB — TOOTO 301NIBIICH-
Hs1. OTKe, TIepIIe piBHAHHS THHAMIYHOT MOJIENI 3aIIUCYEThCS TaK:

. 2
X1 = C1Xq + C12X1X2 + C13X1X3 + C14X1X4 — C1Xq, (1)

Jie BEJIMUUHU Cj, C;2, Cj3, C14 — CKAIIAPHI KOCQIIlIEHTH, & OCTaHHIN J0JaHOK BigoOpa-
JKae BHYTpInTHI mporecu (60poTsOy) BCceperHi MepIoi rpymu.

AHaNOTiuHI MipKyBaHHS BEAYTh JI0 TaKWX PIBHSAHb TUHAMIYHHUX MOJEJICH TPhOX
IHIIMX TPYIL:

- 2
Xy = C2Xz — Cz1X2X1 — C2X3, ()
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- 2
X3 = C3X3 — (31X3Xg1 — C3X3, 3)
- 2
X2 = CgXgq — Cg1XgXg — C4Xy. “4)

CykynHicTh auHaMiyHUX piBHSAHB (1)—(4) yTBOproe maremMatuuny moneiab (MM)
mudepeHIianii HaceJIeHHs Iep>KaBH Ha BEPCTBH, SKi B3aEMOIIIOTH Mi’K CO00¥0.

3ayBaxeHHs. Jlunamiuna HemiHiitHa Moaenb (1)—(4) 000B’SI3KOBO Ma€ MOYATKOBI
YMOBH X; = X; (), (j = 1, 2, 3, 4) — cTapTOBI YHCIIOB1 3HAYEHHS (PAKTOPIB AJIsl TOUKU
BIIUTIKY Hacy .

[Ipo BuOip xoediuientiB MM: y BUNaaKy MOJIeIIOBaHHS pedepeHaymy y aepiKasi
YHUCIIOBE 3HAYEHHS ¢; — II€ BIJICOTOK TOJIOCIB «3a», C; — «IPOTH», C3 — BIJICOTOK
THX, XTO ITHOPYBAaB IIf0 TIOJIif0, C,— BIJICOTOK HEMIMCHUX OIOJICTCHIB.

Pe3onno BBaxkaTH, 10 c;; = Cj; (z,] 1, 2, 3, 4) 00 Takui KOeQillleHT BKa3zye Ha
B3a€MOJLIFO BiITIOBIAHKX TPYII, a CaMi iXHi 9HCIIOBI 3HAYCHHS NIOTPEOYIOTH NIPEBEHTH-
BHUX MIpKyBaHb 1 JJOJATKOBOi ampiopHoi iH(opmauii npo nepedir B3aeMomaii Mik
rpynamu (KjgacTepamu).

Cyma mpaBux yacTuH audepeHmianbHuX piBHAHB (1)—(4) mmicis rpymyBaHHS 10-
JIaHK1B Ha0yBa€ TaKOTO BUTTISY:

Ci Xp (I—XJ)+CQX2(1—X2)+03X3 (l—xf)+c4x4(] )C4) 0.

MHOXeHHIM IbOTO plBHﬂHHSI Ha BUpa3 OTPUMYETHCA TaKa plB-
HICTB: C1 X1°C2 X2° C3 X3 " C4 Xg

1—X1 1—X2 1—X3

C2 Xz C3X3 ' Cq Xy C11X1'C3X3'C4X4 C1Xp" C2 Xz CgXy
=0

C1X1" C2Xz C3X3

HexTyroun Bii’eMHUMH JJOJaHKAMH y YHUCEIBHUKY KOXXHOTO Ipo0y, IepexoanMo

JIO HEPIBHOCTI:
1 1 1 1
+ +

> 0;

€2 X2° C3 X3 " C4 X4 €1X1°C3X3°C4Xq  C1X1°C2X2" C4Xq  C1X1°C2X2°C3X3
13 TTOIaJIHIIIAM TIEPETBOPEHHSM 11 JIIBOi YACTUHU OTPUMYETHCS BHpa3

1 1 1 1 1
. + + +
[[j=2€jxj €1X1\C3X3°C4Xg  C2Xp" C4Xg C2Xp" C3X3
1 1 C2 X2+C3 X3+ C4 X,
- + ( 2 X2+C3 X3+ C4 4) >0,

4
Hj=ZCixj C1X1 Cy X2 C3 X3 " C4 X4

. . : 1 1
10 J1a€ MOKJIMBICTh OTPUMATH HOT0O OLIHKY 3rOPH —5——— i , 00 CITIBMHOXKHUKH —
=2¢j ] 11
C2 Xp+C3 X3+ C4 X4 . . .
a ———————=MeHmi 3a |, ToMy iXHIM JOOYTKOM MO>kHa 3HexTyBaTH. Ha miacra-
€2 X2° €3 X3 " C4 X4
Bi IIi€i OIIHKM 3rOopW BiJOYBA€THCSA arOCTEPIOpPHE OIIHIOBAHHS TOYHOCTI IPOIIECY
KOMIT FOTEPHOTO MOJICITIOBAHHS 3a JIOTIOMOTO0 TuHaMiuHO1 Moaedi (1)—(4).
SxicHuit aHaniz MM noYMHA€ETHCSA 13 TMONIYKY CTalllOHAPHUX TOYOK, B SIKUX

x;=0,(G =12 3, 4). Y HaumomMy BUIIQJIKy MAEMO CHCTEMY aIreOpaiyHuX PiBHSHb:

x;(c; Hepxo tepzxstepuxs—cpx) =0,
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X2(co—cox;—crx2)=0,
x3(c3—c31x7-c3x3)=0, )

x4(cy—cqrx1—cyx4) = 0.
3BiJICH BUIIJIUBAE TIEPIIUNA TPUBIATLHUAN PO3B’ 30K X;= X, = X3 = x4 = 0.
[TpupiBHIOIOYH 70 HYJISI BUPA3H B Ty’KKAX, TIOCITIIOBHO MAaEMO:
3 YETBEPTOTO PiBHSHHS BUILUINBAE

<, = C4— C41 Xq
4=
Csa
3 TPETHOr0 —
X = €3~ €31 Xq
3= -
C3
3 Ipyroro —
< = C2— C21 Xq
2 -
C2

3 MEPIIOTO PIBHIHHSA
C1 = C12Xz — C13X3 — C14 Xy
Cq '
[TixcTaBnsroun 40 OCTAHHBOI PIBHOCTI BHPA3M ISl 3MIHHUX X3, X3, X4, OTPUMYEMO
(dbopMyITy YUCIIOBOTO 3HAYCHHS (aKTOPy X;:

X1 =

(c1tciz+ c13+ c14) C2C3°C4
> !
C1°C2°C3°C4+C21°C12C3°C4 + C31°C13 C2°C4 + C41°C14C2°C3

X1 =

~ Omxe, po3paxyHKH HAJAl0Th KOOPAMHATH CTAL[iOHAPHOI TOUKH (x§, X3, X3,X3) 13
1H/IEKCOM «e».

Axmo moknactu x; = 0 (4acTKa CHITLHOTH 31 CTIHKMMM, ajie BiIMIHHUMH BiJ| TIep-
101 TPYITH MOTJISIaMU Ha CYCIIUIBHE JKUTTS, € JIOCHTh HE3HAYHOI)), TO MAaTHMEMO Ta-
Ky CTalliOHapHYy CUCTEMY PiBHSIHb:

2. _

citepxrtexs—cix; =0,
2. _
CQ—CZJ)C]fCZ)Cg—O,

C4—C4])C1fC§_X4:0 (Sa)
. _ C2—C1xq _ G401 xq .
3B1,I[CI/I OTPUMYEMO BHUPA3HU Xy = C—Z Ta X4 = C—Z 3 Apyroro 1 Tp€Tboro
2 4

piBHSIHB cucTeMU (5a).

i Bupa3u mifcTaBIsEMO A0 NEPLIOro PIBHAHHS cUcTeMH (5a) 1 SIK HACHiJOK Ma-

Cq CpCqtC C4q4+ C14 C2)" C2°C.
THMEMO GOPMYITY: X _ (cacacy 1224 14 2)2 2C4
€12°€21°C4+C14°C41°C2

Ot1xe, 00YMCICHO KOOPAWHATH CTalliOHApHUX TOUOK (X], X3, 0,X%) 3 iHIEKCOM
«e».

AHAaNOTIYHO PO3IJSIAETRCS BapiaHT (Xj, X3, X3,0) — BiACYTHOCTI JaTeHTHHX
qneHiB cycninbeTBa. Komm x5 = 0, TOOTO BiACYTHI JIFOIYM 3 TMPOTHIICKHOI TOYKOIO
30pY, TO PO3TIIAAAETHCS TaKa CHCTEMA PIBHSHB!

cptepxstcen X4fC% x;=0,

2 _
C3—C31 X C3 X3—0,

28



2 _
Ccs—Cqy X1 Cqx4=0, (56)
3BijicH, IIF0YH aHAJIOTIYHO MONIEPEIHBOMY BHITAKy, MATUMEMO BUPA3H:

_ 3—C31X1 _ G441 xq
3= "2 = 72
3 4

[Tepmre piBHsHHS cuctemu (50) cTae 3ale)KHUM JIUIIIE BiJT 3MIHHO X;, popmyma po-
3paxyHKY SIKO1 3aIUCYEThCS TaK:

X1 =

OTKe, MaEMO KOOPAMHATH iHIIOI cTafioha ‘b Sk (xl, 0, x§,x5).

(c1c3cat a3 C4+ C14 Cs) C3'C4

X1, X
HOro siBUILA € (opMyBaHHS MaTpull Ako0i Loz 1, 2, 3, 4), saxa
Ma€ 00UHCIIOBATHCS ISl KOKHOI CTalliOHapH [ TOuKA’
YactunHi noxigani qruHamigHoi Mozeni (1) — (4) MaroTh Takuil BUTIISI:

6f1 X1, X2,X3 X4 a c1x1+ C12X1X2+C13X1X3+C14X1X4—C1X2
( - ) = ( 1) =C + C12X2 + C13X3 + C14X4 —

HacTtymaum KpoKoM SIKiICHOTO aHanisy HE g}l{/IHOI I/IH%\“I‘{HOI MM nocmimxyBa-

6x1 6x1
2 c1X4;
aHAJIOTI4HO:
dfl(xl, xz,xg_x4) — 6(C1X1+ C12X1X2+C13X1X3+C14X1X4—C1X%) — CirX
axz axz 1271
dfl(xl, xz,xg_x4) — 6(C1X1+ C12X1X2+C13X1X3+C14X1X4—C1X%) — CiaX
3x3 3x3 1371
dfl(xl, xz,xg_x4) — 6(C1X1+ C12X1X2+C13X1X3+C14X1X4—C1X%) — CiaX
a.X'4_ a.X'4_ 1471
afz 6(C2X2+ C21X2X1— C2X2) afz 6(C2X2+ C21X2X1—C2X%)
—= = (21X =Cy + C31X1 — 2CpX
axl axl 21 25 a 2 axz 2 211 2 2,
% — a(C2X2+ C21X2X1—C2X2) _ 0 — % — a(C2X2+ C21X2X1—C2X%)
6x3 6x2 6.X4, 6.X4, ’
% — a(C3X3+ C31X3X1—C3X§) _ - 6f3 — a(C3X3+ C31X3X1—C3X§) _ 0
x4 x4 1X3: 50, ax, ax, !
a 8(c3x3+ C31X3X1 —C3X3 a 8(c3x3+ C31X3X1 —C3X3
93 _ (c3x3+ c31%3%1 33)=C3—C31X1 2C3X3,f3 (c3x3+ c31X3%1 33):0.
Ox3 Ox3 70Xy 0x4
% — a(C4_X4+ C41X4X1—C4Xﬁ) =_ ¢ 6f4_ _ a(C4X4_+ C4_1X4X1—C4_X121) _ 0
x4 x4 41%4> 5 ax, ax, !
a 9(cqxq— C4qX4X1—Cax2 a 9(caxq— C4qXgX1—Cax2
ﬁ: (44- 41%4X1 44):0‘ﬁ: (4-4 41%4%X1— 44):C4_C41X1_2C4X4
6x3 6x3 6.X4, 6.X4_ ’

CrtpykTypHO QyHKITIOHATbHA MaTpHIsd SIko0i Mae TaKuid BUI:

€1+ C12Xz + C13X3 + C14Xg — 2 C1Xq C12X1 C13%1 C14X1
/ —C21X2 Cy —C21Xq1 — ZCZXZ, 0 0 \
\ —C31X3 0 C3 — C31Xq — 2C3X3’ 0 /
—C41X4 0 0 Cq — Cp1Xq1 — 2C4,X4,'

s TpuBianbHO1 ctamioHapHoi Touku (0; 0; 0; 0) dyHKIIIOHATEHA MATPHUIISI CTA€E
niiicHor0, ne inaekc 0 BKka3dye Ha HOMEP CTalliOHAPHOT TOYKH.
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CrexkTp BIacHWX 3HAYEeHb A JIMCHOI MaTpUIll BU3HAYAETHCS XapaKTEPUCTUUHUM
piBHsIHHSIM det(A — A-E) = 0, ne £ — oauauyHa matpuid. s 1aHoro BHUMAAKY
OTPUMYEMO TaKy PiBHICTB:

(c1=2A) (c2=2A) (e3=A) (4= 4) = 0.

3HaKW BIIACHUX 3HAUYCHb BU3HAYAIOTHCS 3HAKaMHU KOC(IIIEHTIB MOIEIII:
—xomu BCi 4; (i = 1, 2, 3, 4) € Bix’eMHUMH, TO Ma€ MICIIE CTIHKICTh MOJIEIIL;
— AKI0 X04a 0 OJIHE BJIacHE 3HAYEHHS € JOJaTHUM, TO MOJEIb € HECTIHKOIO.

Aoz

3ayeasncennsn! HecTilikicTh MOJIENI O3HAYAE, IO MaJIuM 30YPEHHSM ii eleMeHTIB ab0 CKIaa0-
BUX BIJIMOBiIa€ 3HAYHA AMILTITYJa BUXITHUX XapaKTCPUCTHK, TOOTO MOPYIIYETHCS aJCKBATHICTh
MoJieni (BasTigarlist pe3ynbTaTiB MOJCITIOBAHHS).

Buxianene Buiie po3BuBae MmomepeaHe MOCTipKeHHs [3], Ae AMHaMidHA MOJENb
CKJIajajacs 3 TpbOX AU(EPCHIIAIbHUX PIBHSIHD.

[IIupoxomacmTaOHUN OOYUCITIOBAIbHHI E€KCIIEPUMEHT MPOBOJUBCS 13 BHKOpPHUC-
TaHHIM MM — cucTeMM TUHAMIYHUX PiBHAHB (1)—(4) Ta 11 pi3HOBUIIB:

e MM| — y KO’)KHOMY PIBHSIHHI MOJIE€JIi BPaXOBY€ETbCS (DAKTOP «BHYTPILIHBOI 0O-
pOTHOM»;

o MM, — 6e3 ypaxyBaHHS 3a3HA4CHOTO (PakTopy;

e MM; — OepeThbes 10 yBard BKa3aHUi (GaKTOp TIABKH JJIsI MEPIIUX JTBOX, TOJIOB-
HUX 3MIHHAX MOJIEJI X; 1 X3

o MM, —3raayBaHa 00poTh0a ¢irypypaiia JIMIIEC y JBOX OCTAHHIX PiBHSHb OCHO-
BHOT MOJIeJIi 32 PI3HOMAHITHUX [TOYaTKOBUX YMOB Ha yacoBoMy iHTepsadi ¢ € [0; 5].

Ha puc. 1 i 2 BigoOpaxkeHO BipTyajbHI CIieHapii pO3BUTKY IMOAii, BUKOPHUCTOBYIO-
4u nepiury (OCHOBHY) MOJIETb.

Puc. 1. I'padik iHTErpayibHUX KPUBUX MOBEIIHKK 3MiHHMX MM 13 TNIMHOM Yacy
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Puc. 2. ®a3oBi moptpeTn 3MiHEEX MM,

3a3HaueHe BiJITOBIAE PeajliiM CYYacHOTO CYCIIIbHOTO JKHTTS.

BucHoBKH. Y CTaTTi OTpUMAaHO HEJIHIHHY HEIepepBHY AMHAMIYHY MOJIEIb CITiBi-
CHYBaHHS YOTHUPHOX T'PYN BEPCTB HACENEHHS CYCIUJIbCTBA. BkazaHo amocTepiopHy
OITIHKY 3rOpY TOYHOCTI KOMH’IOTepHOI‘O MOJICJTIOBAHHS B3a€EMO/Iii 3a3HaUEHUX TPYII.

Po3pob6neno TCXHle sIKicHOTO aHaizy MM Ha mpeaMeT pisHOMaHITHOTO (yHKIIi-
OHYBaHHS MEXaHI3My ,I[OCJ'II,Z[)KyBaHOFO SIBUIIA:

® HABEICHO aHATITHYHI (OPMYJIU MOMIYKY KOOPAWHAT CTAIlIOHAPHUX TOYOK JIH-
HaMIYHOI MOZEII;

® BU3HAYCHO (YHKIIOHAIbHY MaTpuIio ko001 Ta croci® o0UHMCIEHHS BJIACHUX
3HAaYE€Hb HENIHINHOI AUHAMIYHOT MOJIENI, SKMMU BU3HAYAECTHCA 11 CTIMKICTD.

KinbkicHe BUBYECHHS TPAEKTOPiH MOBEAIHKM 3MIHHUX HeMNiHiHHOT MM minkom Bi-
JITIOBIIA€ peajlisiM Cy9acHOTO CYCITIILHOTO JKHUTTS.

3a3HaveHi pe3yNbTaTH, 6yz1qu y CYKYITHOCTI Ta TIOCJIiTOBHOCTI MiAIPYHTAM IS
NporpaMyBaHHS, JTal0Th MOMIJIMBICTH CTaTH TMPOIYKTOM IT, sxuii apiasTuMe co0Oo
CKJIaIOBY IU(POBOi EKOHOMIKH B YaCTUHI HEJIIHIHHOTO €KOHOMIYHOTO aHai3y.
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