B MATEMATUYHI METOAW, MOJE/I TA IHGOPMALLIMHI TEXHOOTIT B EKOHOMILI

PO3OUT 2. MATEMATUHHI METOLN, MOLES
TA IHOOPMALIMHI TEXHONOTI B EKOHOMIL|

EKOHOMIKO-MATEMATNYHA MOAE/b ®’FOHEPCHNX KOHTPAKTIB
ECONOMIC AND MATHEMATICAL MODEL OF FUTURES CONTRACTS

YK 368:519.86
DOI: https://doi.org/10.32782/bses.77-30

Llecnis O.B.

K.T.H., AOLEHT Kadenpn
€KOHOMIYHOI KibepHeTUKM
HauioHanbHWiA TeXHIYHWIA
YHiBEpCUTET YKpaiHu

«KUIBCbKUIA NONITEXHIYHUIA IHCTUTYT
iMeHi Iropsi CikopcbKoro»

LlecniB O.C.

maricTp,

KuiBCbKUiA HaLjioHasIbHWIA YHIBEpCUTET
iMmeHi Tapaca LLleBueHka

AeiiHeko M.B.

marictp,

HaujioHa/IbHWI TEXHIYHNIA
yHiBEpCUTET YKpaiHu

«KWIBCbKWIA MOMITEXHIYHWIA IHCTUTYT
iMmeHi Iropsi CikopcbKkoro»

Tsesliv Olha

National Technical University of Ukraine
"Kyiv Polytechnic Institute

named after Igor Sikorsky"

Tsesliv Oleksandr

Kyiv National University

named after Taras Shevchenko
Deineko Myroslava

National Technical University of Ukraine
"Kyiv Polytechnic Institute

named after Igor Sikorsky

Y cmammi po32/isiHymo meHOeHyii po3sUmKy ¢hOHOOBUX PUHKIB. [JOC/IIOXEHHST (hOHOOBUX PUHKIB
Cb0200HI Habysae MeopemuyHo20 ma NPaKmMuU4Ho20 3Ha4YeHHs. PiHaHCOBI PUHKU Ue OCHOBa PUH-
KOBUX BIOHOCUH, ma Bax/1uBull IHOUKamop cmaHy eKOHOMIKU. DiHaHCOBUL PUHOK He Mi/lbKu CKepo-
BYE MOMIK KOWMIB BIO B/1aCHUKIB 3aowjadxeHb 00 Mo3UYasIbHUKIB, asle i BUHaYae PIBHOBXHY UiHY
Ha mosap. B YkpaiHi ocmaHHiM YacoM, y 38'3Ky 3 BK/IOYEHHSIM 1 00 cucmemu C8imoBoe2o (hiHaH-
C0B020 PUHKY, 3'8U/1acsi 20cmpa HeOBXIOHICMb BUBYEHHST UiHOBOI OUHAMIKU Ha Pi3HUX ce2MmeHmax
hOHO0B020 pUHKY. Ha daHomy emarti, po3po6/IoMbLCS MamemMamuyHi Memoou 07151 AOC/IIOKEHHST
Hepeay/isipHOI NoBEOIHKU Ha (hiHAHCOBUX pUHKax. B cmammi po3pobsieHa mamemamuy4Ha Mooeslb
OuHaMIKu ¢h'to4EePCHUX KOHMPaKmIs Ha (hiHaHCOBOMY PUHKY. [oKasaHa MOX/1UBICMb MPo2HO3yBamu
YiHU Ha OCHOBI HefliHItIHOI Modesti mpeHOy. [NobydosaHa HeniHiliHa Mamemamuy4Ha Mode/lb OUHaMIKU
h''oyepCHUX KOHMpaKmig, 3acHoBaHa Ha cucmeMi He/iHItHUX AughepeHUitiHUX piBHSIHHSIX. Po3pa-
XYHKU nposedeHHI Ha npuk/iadi gh’rodepcis Ha kasy CLLIA.

KniouoBi cnoBa: yiHa, iHOekcu UiH, ¢h'rodepcu, ¢hiHaHCOBUl PUHOK, HefiHiliHa MamemamuyHa
MOOE/Tb.

In the article, the tendencies of the development of stock markets are considered. The study of stock
markets today is gaining theoretical and practical importance. Financial markets are the basis of mar-
ket relations and an important indicator of the state of the economy. The financial market not only
directs the flow of funds from owners of savings to borrowers, but also determines the equilibrium
price for goods In Ukraine recently, in connection with its inclusion in the world financial market system,
there is an urgent need to study price dynamics in different segments of the stock market. At this stage,
mathematical methods are being developed for irregular behavior in financial markets study. In this
work, methods of nonlinear algebraic equations are used for forecasting the price of futures contracts.
In these methods, nonlinear algebraic equations, also called equations with polynomials, are defined
as equations with polynomials. Considered the method of price forecasting of futures contracts based
on a nonlinear trend model quadratic parabola. Traditional methods of modelling the dynamics of
stock market indicators, such as: stochastic and approach based on the theory of deterministic chaos,
require additional research. Methods of stochastic analysis occupy an important place in modelling the
pricing of various financial instruments. Despite the simplicity of the model, it has a significant draw-
back — the price of the asset can acquire negative values, which do not correspond to the economic
content. The problem of correct description of stochastic variables corresponding to certain financial
indicators is inherent in several other models. One of the ways to solve this problem is devoted to this
article. The article develops a mathematical model of the dynamics of futures contracts in the financial
market, which is based on a system of nonlinear differential equations. The algorithm of the developed
scheme of adaptation model adaptation scheme. The mathematical model based on the theory of
deterministic chaos. Calculations are carried out on the example of US coffee futures. The results of
the calculations are provided.

Key words: price, price index, futures, financial market, non-linear mathematical model.

MoctaHoBKa npoGnemu. TpaguuiiHUMK MeETO-
JaMn MOoAENoBaHHA AMHaMIKM MOKasHMKIB (pOHA0-
BMIX PVIHKIB € CTOXaCTUYHWI Ta NigXi4 Ta 3acHOoBaHW
Ha Teopii geTepMiHOBaHOro xaocy. [etepmiHoBaHWi
Xaoc MPONOHYE NOACHEHHS HeperynsapHoi NoBeLiHKN
y cucTemax, siki He € CTOXaCTUYHVMMU, K pe3ynbTar
CKNaAHMX HeNiHiiHMX B3aeMo/ili BHYTPILLHIX napame-
TPiB faHNX CUCTEM.

ICHYIOTb METOAN HENiHINHI anredbpaiyHi piBHAHHS.
B unx metogax HeniHiiHi anrebpaiyHi PiBHAHHS, sKi
TaKOX Ha3nBalTb PIBHAHHAMYK i3 MHOroYIeHamMu,
BM3HAYAKTbCA 5K PIBHSIHHA i3 moniHoMamu. Po3rns-
HEMO MeToZ, NPOrHO3yBaHHS LLiHW (0'F0YEPCHUX KOHTP-
aKTiB Ha OCHOBI HesiHINHOT Moaeni TpeHay KBagpa-
TUYHOT Napadonu.

Mobyoyemo maremMaTuyHy MoAenb  AWHaMIKu
(o'Ho4epPCHUX KOHTPAaKTIB Ha (PIHAHCOBOMY PUHKY,
3aCHOBaHY Ha HeiHINHMX AnepeHLUIRHNX PIBHAHHAX.

AHanisa ocTaHHiX pocnifmkeHb i nyGnikauiid.
3acTocyBaHHs METOAIB HENiHIMHOT  AvHaMikn Ao
(piHAHCOBOTO AOC/IMKEHHS PUHKY Oy/10 po3noyaro
Bb. MaHgens6poTtom [1, c. 582], M. CamyenbCoHOM
[2, c. 467], AKnin 3anpOnNoHyBaB /151 ONUCY LiHW aKLili
BMKOPUCTOBYBATU MOAENb [EOMETPUYHOIN0 (EKOHO-
MIYHOr0) GPOYHIBCLKOIO PyXy.

MeToay CTOXaCTMYHOrO aHanisy 3aimarTb Bax-
nnBe Micue B MOAENIOBaHHI LHOYTBOPEHHST Pi3HO-
MaHITHUX (PiHAHCOBUX IHCTPYMeHTIB. CToxacTnyHa
Mogesnb ANns onucy hiHaHCOBUWX aKTUBIB i OLIHKM Bap-
TOCTI OMUIOHIB, WO IpyHTyBanacb Ha GPOYHIBCbKOMY
pyci, Bnepwe 6yna nobynosaHa bauesnbe, Monpu
npocToTy Mmogeni 1M NPUCYTHIA CyTTEBUA Hepo-
NiK — uiHa aKkTMBy MOXe HabyBaTu Bif'€MHUX 3Ha-
YeHb, WO He BiAnNoBigae eKOHOMIYHOMY 3MicTy. Ha
OCHOBI MOfenNi reoOMeTPUYHOr0 BPOYHIBCLKOTO pPyXy
Bnek [2, c. 247] i Woyn3 [3, c. 152] BuBenun 3Hame-
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HUTY chopMyny AN OLiHIOBaHHA ONuioHiB. MNpobnema
KOPEKTHOIO OMUCY CTOXaCTUYHMX 3MIHHUX, L0 Bifd-
noBsigatoTb MNEBHUM (PIHAHCOBMM MOKa3HUKam, npu-
TaMaHHa psagy iHWux mogenei. OgHOMY i3 WIAXIB
BUPILLEHHS L€l Nnpo6aeMn NpucBaYeHa gaHa crarTs.

dopmynioBaHHA Uineii ctarTi. MeTow paHoi
poboTn € CTBOPEHHA ajekBaTHOI MaTeMaTUyHol
Mozeni AUHaMIKK (P'loYepCHUX KOHTPaKTIB Ha piHaH-
COBOMY pWHKY. CNporHo3yBaTty LiHW Ha OCHOBI Hesli-
HIHOT Mogeni TpeHay. MobyayBaTn HeniHiliHy maTte-
MaTU4Hy MoAesb AUHAMIKL (p'Fo4EePCHUX KOHTPAaKTIB,
3a [OMNOMOrOK CUCTEMU HENMIHIMHNX AnchbepeHLinHnX
PiBHSHb.

Buknap ocHOBHOro martepiany AochigXeHHs.
Po3rnsiHemMo MeTo, MPOrHO3yBaHHSA LiHW g)'F04YEePCHMX
KOHTPaKTIB HA OCHOBI HENIHINHOT MOoAeni TpeHAy KBa-
ApaTnyHOoi napabonu.

3a OCTaHHIi Micsiub OTPUManIn HaCTYNHI LiHW
(o'touepcHUX KOHTPakTiB Ha kaBy : 221,33; 218,94,
215,69; 209,33; 221,68; 220,2; 225,09; 219,34,
223,63; 219,26; 218,07. BBaxaemo, WO TeHAEHLis
PO3BUTKY CMOXMBaHHS B HANGIMKYOMY MaliGyTHbOMY
He 3MIHUTbCS, NepeabaYnTn PiBEHb CNOXMBAHHSA NPO-
aykty XBpoui T=n+1=12,

MpoaHastisyBaBLUM NPOMDKKM PO3rSHYTOrO 4aco-
BOIO psigy, MOXEMO CTBepKyBaTu, WO TeHAeH-
Lil0 PO3BUTKY PO3INAHYTOr0 ABULLE, NOTPIGHO OLi-
HUTW KBagpaTuyHo napabosno. Bukopuctaemo
MaTpUyHe PIBHAHHA Ta 3aHYMEepyeEMO OAMHWLi Yacy,
06 IXHA cyma 3a40BO/IbHANA yMOBY 2t = 0, MaeMO:

MHorouneH gpyroro ctyneHs (ksagpartHa napa-
6ona) onucyeTbcsa hopMysoH:

y, =219,49+0,293t - 0,016t 1)

BukopuctoBytoun MHK ans ouiHOK napameTpis,
MOTPIGHO PO3B’A3aTW HACTYMHY CUCTEMY PIBHSHb:

"y, =na, +alzn:t+azzn:t2
z t=1 t=1
t=1

nty, = aozn:t+ alitz + azzn‘}“3
Z t=1 t=1 t=1

t=1

"y, = aOZn:t2 + alzn:ﬁ + azzn:t“
Z t=1 t=1 t=1

t=1

MigctaBnmo:

S n(n+1)(2n+1)

t=1
n 2
Z 3= [n(n + 1)]
t=1 2
Zn:t4 _ n(n+1)(2n+1)3n? +3n+1
=1 5

MapameTpu napadbonmn MOXHa OLHUTN HACTYMHUM
PIBHAHHSAM:

a=(T7) 1y,
Y, =219,49+0,293t —0,016¢>. 1)
CTBOpMMO ajeKkBaTHy MaTeMaTuyHy MOAE/b
ONHaMIKN (P'HOYEPCHNX KOHTPakKTiB Ha piHAHCOBOMY

PUHKY, 3aCHOBaHy Ha HEeNiHIHUX AndepeHUinHnX
PIBHAHHSAX.

+

- f** r+++ a
! +HI i * !l-.JH' I,,++

—!I+T$li

Puc. 1. Ornapg - ®’touepc Ha kaBy CLUA

Lkepeno: nobydosaHo 3a iHghopmayietro [10]
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221,33 1|-5] 25 11 0 110
218,94 1|-41 16 TT=0 110 O
215,69 11-3|09 110 0 1958
209,33 11-2) 4 Det(T'T)=1038180
221,68 1011

y= 220,2 T=11/01] 0 0,207 0 -0,0116

! -1

225,09 101]1 (T'7)’= 0o 0009 0
219,34 112 1| 4 -0,0116 0  0,00116
223,63 11319 2415,56
219,26 1/]4]16 T'y = 32,23
218,07 1]5 125 2411,53

MapameTpy Mogeni MatoTb MEBHUIA EKOHOMIY-
HUA 3MicT (puc. 1). Ona MoaentoBaHHA AMHaMIKM
NMOKa3HUKIB (POHAOBUX PUHKIB CKMaeMo cuctemy
PiBHAHB (2).

dX, (1) _
dt

a, (t) X, (t)+a, (t)X, (t) X, (t)+

+a, ()X, (t) X, (t)

@)

pe X, (t) — uiHa koHTpakTy, X, (t)— 06'em TopriB

i X, (t)— «BigkpuTnii iHTepec»; X, (t) X, (t) — o6o-
poT Topris; X, (t)X;(t) — noTouYHa NiKBIAHICTL PUHKY,
NMokKasye B3aEMO3B'SI30K MiX LiIHOIO 4OroBOPY Ta «Bif-
KPUTUM iHTEepecom»; X, (t)X,(t) — B3aeMo3B's30K
MiX 06CArOM TOPriB Ta «BiAKPUTUM IHTEPECOMY.

Hesigomi napametpu a, (t),a,(t).a,(t).b, (t),
b, (t).bs(t), ¢, (t).c,(t).c;(t), BM3HAUAKTL CTyMiHbL
BNAMBY BiAMNOBIAHWX MOKa3HMKIB PUHKY Ta X B3ae-
MO3B'A30K. [laHi napameTpu € 3MiHHUMW Ha OEeSKOMY
[OCUTb BE/TMKOMY BiApi3Ky Yacy, asie KyCKOBO-MOCTiHi
Ha HEBE/IMKOMY iHTepBasli. BOHN xapakTepusyrThb:

a, (t) —[1/cek] yacToTa 3MiHW LjiHW;

a, (t) — [1/ceK] yacToTa 3MiHM 060POTY TOPTIB;

a, (t) — [1/cek] yacToTa 3MiHW JTIKBIAHOCTI PUHKY;

b, (t) — [1/py6-cek] BNAMB LiHW 3MiHY 060pOTY
TOpriB;

b, (t) — [1/cek] wacToTta 3miHM 06CAry TOpTiB;

bsgt;— [1/wT-cex] BNAMB BIAKPUTOrO iHTEpPeCy

3MiHY B3aEMO3B'AA3KY: 006CATr — «BIAKPUTUIA IHTEPECY;
c, (t)1(t) - [1/py6-ceK] BNMB LiHW 3MiHY NiKBIf-
HOCTI PVIHKY;
C,(t)= [1/wT-cek] BNAMB 0GCAry TOPriB 3MiHY
B3AEMO3B'AI3KY: 00CAr — «BiKPUTUI iHTEpEC;

C, (t) = [1/cek] yacToTa 3MiHW BiAKPUTOTO iHTEpECY.

Ha nepwomy eTani nobygoBu TOYKOBOrO Mpo-
rHO3y BU3HA4YaKTbCHA HEBILOMI NapameTpu CUCTEMMU.
Ona yboro mogens (1) po3rnagaemo y chikcoBaHi
MOMEHTU yYacy t-2, t-1, t. Y maTpuuHiii doopmi e
3anuc mae Takuin Burnsag (3):

D[=Q[K )
dx, (t—-2) dx (t-1) dx,(t) dx,(t-2)
5, - | dt  dt | dt @
dxz(t—1)+dx2(t)+dx3(t—2)+dx3(t—1)+dx3(t)
dt dt dt ot dt
K. =1lay a, az by by by ¢; ¢; c3] ®)
A0 O
Q=/0 B O
0 0C
X, (t-2) X, (t-2)X,(t-2) X (t-2)X,(t-2)
A=X (t-1) X (t-1)X,(t-1) X (t-1)X,(t-1)
X0 XX X, (6)X (£)
Xl(t—Z)XZ(t—Z) Xz(t_z) Xz(t—Z)XS(t—Z)
B=X,(t-1)X,(t-1) X,(t-1) X, (t-1)X,(t-1)
X% X0 XX
X, (t-2)X,(t-2) X,(t-2)X,(t-2) X,(t-2)
C=X(t-1)X,(t-1) X,(t-1)X,(t-1) X,(t-1)
X, (6)X (1) X(0X:(0) X (0)

BekTop nepLumx NoxigHUX MOXHa 3HaNTX Pi3HUMMU
cnocobamu. FKLO TUMYaCOBI PAaM MakTb OAOBXMHY
no6/mM3y MiHIMasibHOI (TPU 3HAYEHHS PiBHS paay),
noxigHi 06UYNCNOITLECA METOAOM KiHLEBUX Pi3HULb.
AKLL0 X AOBXMHA YaCOBOro psigy CTaHOBUTb Oinblue
[ecATV 3HayeHb, HaWJOoLi/bHILE BUKOPWUCTOBYBATM
cnnaHu.

BekTop HeBifOMUX MapaMeTpiB CUCTEMU 3HAXO-
ONTbCS 3a POPMY/IOHD:

K, =Q'D, X;(t+1).

3HaiigeHi napameTpn cuctemm a, (t), a, (t),a, (t),

b, (t), b,(t).by(t), c,(t).c,(t).c;(t) nincTaBnsemo
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PakTUYHI 3HAYEHHSA

MPOrHo3yBaHHS LjiHWN KOHTPaKTy
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= [|DOTHO30BaHI 3HAYEHHS

Puc. 2. MopiBHAHHA WiHN peasibHUX ¢p’touepciB Ha kaBy B CLLUA Ta NnporHo3oBaHuX,
OTPUMaHMUX ONMUCAaHUM METOAO0M

Lkepeno: nobydosaHO asmopamu 3acobamu npozpamMHo20 iHcmpymeHmapito Microsoft Excel

mMogesnb (1) i BB&XaEMO X NOCTIMHMMMK Ha KpOLi Npo-
rHo3yBaHHA. [ani Bupiwyoun 3aBgaHHA Kowi ans
CMCTEMM  3BMYANHMX AnDepeHLia/ibHUX  PIiBHSAHb
3 o4aTKoBMMM yMOBaMM y Touli t, X, (t+1) — npo-
THOCTUYHE 3HAYEHHA LjHW KOHTpakTy, X, (t+1)-
MPOrHOCTUYHE 3HAYEeHHS 06CAry TopriB, — NPOrHocC-
TUYHE 3HAYEHHS «BiJKPUTOrO iIHTEpecy». B pesynbrarTi
OTPVMMYEMO TOYKOBMIA MPOrHO3 Ha OAVH KPOK ynepea,
Mif, KPOKOM MPOrHO3yBaHHA PO3YMIETLCA TOprosa
cecisl, Ika MOXe CTAaHOBUTU OfUH [E€Hb, O4WUH TWX-
[OeHb, OANH MicsUb i T.4,.

Anroputm po3pobneHoi cxemu aganTauii mogerni:

1. OnucaHuM BuMLLE CMNOCOOGOM 3HAxXOAMMO Z
MOZEeNi — BEKTOP NapameTpis.

2. Mo mogeni (2) 6yayemo NPOrHO3 OAHIEK KPOK
Brnepes, 3agatuy novyaTtkosi yMOBU y TouLi t.

3. 3ailicHIEMO NepepaxyHoK napameTpiB Mogeni
K,,, 3 ypaxyBaHHAM OCTaHHIX OTPUMaHWNX peaslbHUX
3HauYeHb YacoBYX pAAiB. | TOMy po3ra4aemMo MoAeNb
(1) y HacTynHi chikcoBaHi MOMeEHTW vacy t — 1, t,
t + 1 TO6TO. 3AiICHIOEMO NEPEHECEHHS BiAiKy yacy
Ha oAuH iHTepBan Brnepeq, opmynn(4-5).

4. TligcTaBnsieMO 3HaWAeHi napameTpu al(t),
a, (t),a, (t).b, (t), b, (t).bs(t), ¢, (t).c,(t).c;(t) B Cuc-
Temy (2). Bupiwytoun 3aBgaHHa Kowi ans cuctemu
3BMYANHMX AMQIEPEHLa/IbHMX PIBHSIHb 3@ MoYartko-
BMX YMOB Yy Touui t+1, 3HaX04MMO BEKTOP NPOrHocC-
TUYHMX 3HAYEHb Y TouLi t+2.

B pesynbraTi po3paxyHKiB OTpuMasiv HacTyrMHi
pesynsratu.

BucHoBKuW. B faHiii po6oTi 6yna cTBOpeHa mMaTte-
MaTu4yHa MoAenb AMHaMiK1 )'F0YEePCHUX KOHTPaKTIB
Ha piHaHCOBOMY PUHKY. PO3rnsiHyTo MeToA NporHo3y-

Kl Bunyck 77. 2022

BaHHA LiHW (0'HOYEPCHUX KOHTPaKTiB Ha OCHOBI Heni-
HIHOT Mogeni TpeHAy KBagpaTuyHOT napabosnu.

MobynoBaHO HeNiHiiHy MaTemaTuyHy MoZesb
OVHaMIKLN  (P'OYePCHUX KOHTPakTiB, 3 BUKOPUCTaH-
HAM CUCTEMMW HEMIHINHNX AnbepeHUiiHNX PIBHSHb.
MpeacTasneHa maremarnyHa Mofesb, 3acHOBaHa Ha
Teopii 4eTEPMIHOBAHOro xaocy. MporHo3 oTpMMaHuii,
3a [0nomMoro Liei Mogesni npakTM4yHO cnisnajae
3 peasIbHMU 3HAYEHHAMMN.
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