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The efforts of researchers for analysis of the financial investment market are largely aimed at considering
multi-criteria problems with a large number of criteria, studying and solving investment management
problems in static and dynamic settings, building procedures for an adequate description of random
processes of market price changes, developing applied numerical methods and algorithms for solving large-
scale problems. These problems as tasks of management under conditions of uncertainty refer equally to the
fundamental problems of the applied theory of decision-making. The researches of R. Bellman, J. Danzig, R.
Merton, and G. Markowitz [1] are aimed at establishing the fundamental foundations and studying various
meaningful interpretations of financial analysis processes. Thus, in the static case, they obtained
fundamental results that had a wide practical application. The property of the distribution of the optimal
portfolio into risk-free and risky components for the case of the presence of a risk-free asset on the market
was established, and the fundamental properties of the equilibrium market of optimal portfolios were
investigated. Dynamic models of asset and liability management have found the most successful application
in the field of long-term financial planning, where the need for repeated decision-making is determined by
the essence of the process.
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3AJAYA TIPO  TIOBYIOBY ®YHKIIA g () N
YYTJIUBOCTI  MOJEJI PUHKOBOI = (1 SMjpq (1) + a2, 1 (O)r; (1) + Zﬂ,—r,- ), @)
BAPTOCTI AKIII{ s =t

i=1n telt,T]

Posrnssmemo 3amady mpo moOymoBy (yHKIIH
YYTJIIMBOCTI JJIi MOJENeld I[IHOyTBOPEHHS OfHi€l
aKIii Ta mopTQens akiii.

CkopucraeMoch, HaBeleHOO y pobori [2],
OUHAMIYHOIO MO0  (popMyBaHHS  PUHKOBOL
BapToCTi akuii. 3a CTPYKTYpolO BOHA BifNOBiTae
Bigomiit moxem VY. Illapma i Mmoxke Oyru 3ammcana
TaK:

Tyr: r,(t) — puHKOBa IiHA aKI[il Y MOMEHT Yacy
telt,,T]; @,,a,— HeBiOMi mapamerpu MOJENi;

SMq(t) —odyskuist iHmekcy (OHIOBOrO PHHKY;
I(t)— ¢yukuis ingexcy indusmii. s 3pydHOCTi
neperBopeHb npaBy 4acTuHy (1) mo3HAUMMO depes
f(tr,a), ne a=(x,a,). BBaxatumemo Takoix,
110 MalOTh MOYaTKOBI

Micie YMOBHU
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r(ty)=r, =r,(a), t, =t,(a), a Takox, mIO OCKUIBKA METOK0 MOJEHIOBAHHSA € OIMC Ta

O = @, CKaJsip, OCKUTBKH TIPH KOPOTKOTEPMIHOBOMY
MOJIeIIOBaHHI IMHAMIKU ()OpMyBaHHs IiHH aKii «,

Oimmspka po  cramoi. Y Takii mocraHosuwi f;—

KOC(IIIEHTH KOPENSIil MDK aKIisMH, SKi MOXKHA
OOYMCIIMTH Ha OCHOBI BIZOMOI CTaTHCTHYHOI
inpopmarii. 3rigHo [2], 3a yMOBH, IO IpaBa
yactuHa (1) HemepepBHa 3a CBOIMH aprymMeHTamu i
HernepepBHO-aAudepeHiiiiioBaHa 3a I,a, a TAKOX 3a
HerepepBHOI audepenuiioanocTi GyHKmii Iy,t,3a

@, icHye HemepepBHa mnoxigHa U(t, ;) =M.
ooy

s moxigHa 3a70BOJIBHSE JTudepeHIiabHOMY
PIBHSHHIO

ﬁzaf(r,t,al)qu@f(r,t,al) @)

dt or ooy
3a 0YaTKOBOI YMOBH

dry (e dt, (e

utty) =20 | £ (1 (o).t (@), ) to( ).
1 1

PiBusHHS 2) OTPUMaHO MIPSIMUM

mudepentiroBanHaM (1) 3a «;, a mo4aTkoBa yMOBa —
13 mudepeHITIIOBaHHS IHTETPATHHOTO PIBHSIHHS

rit,ay) = j f(r(z,o),7,0)dr +15(ty, ;)

to(a1)
1 Ma€ BUTIIA
u(t, ) = ar(t al)

1

af(l’(f,al),r,al)u(T a)+ +dr0(al)_
j or T ir doy
tO(al) af (r(t’ al)’ 7, al)
ooy
dt (0‘1)

f(r(ty(e) o) to(an), ) ——= 3)

[TouaTkOBY yMOBY st (1)yHKu1'1’ gytiuBocTi  U(t,)
. TakuM 9uHOM,
mis (1) moOymoBaHO (YHKIIO YYTJIMBOCTI, IO
OIUCYE 3aJIOKHICTD I[IHU aKI[il BiJ mapamerpa o, a

oTpuMaemo, nokiasim B (3) t=t,

TAKOXX TIOYaTKOBY YMOBY. Y TIOAaibIIOMY HEIO
MOXHA CKOPHCTaTHCh TIpU PO3B’s3aHHI 3ajmadi
imenTudikamnii mapamerpis moxedni (1).
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aHani3 JUHaMikd (OpMyBaHHS PUHKOBOI BapTOCTI
nopTdens  aKIiii, JUHAMIKy HOro CKJIaJOBUX
3aIUIIEMO TaK

dr, (t

DD _ (g, My )+, 1O, (t)+Zﬂ.,r, ),
|=1,N,te[to,T].
MatematnuHa Mojedb  (QOpPMYBaHHS  PUHKOBOI

BapTOCTIi optdens, skuii ckiaaaeTses 3 N akiiiit
Ma€ BUJIST

A 0 0i0
dr
- 0 A 0 0 |+
d, 00 0!A h
I — r ,
_dt 0 Bu PBusi b -
dry ; Iy
at ) [ Pa 0 PP

ﬁNl ﬂN 2 ﬂN 3 : 0

ae A =aSMig () + aip | (1).
Jlns1 3aranbHOro BUMAJKY CUCTEMa MaTUME TaKUil
BEKTOPHO-MAaTPUIHUHA BUTIIS

‘;: (BY +b(t)A® +c(t)A?)r (D), telt, T],  (4)
ae:

0 fn Bs :ﬂlN
B = ,521 0 ﬂ23 ﬁZN '

:BNl IBNZ ﬂmzi 0
b(t) = SM;nq (1), c(t) = 1 (1),

A0 0 A2 0 0
A=l 0 AP0 [A®=| 0 AP0

0o A o oA
20T = (any, g 1), ADT = (@19, Qg )
Cucremi 3BuYaiiHUX audepeHialbHIX PiBHAHD (4)
BiITIOBiIAIOTh ITOYaTKOB1 YMOBH
r(ty,A) =ry(A),t; =t,(A), me A - o0’eanana
MAaTpHIIS TapaMeTPiB MOJIEI.
VY nopanmpmoMy BBakaemo, mo r(t,A)- BekTop
¢azosux koopauHart; I,(A),t,(A) — HenepepBHO-

mudepenuiioani ¢ynkuii. Cucremy (4) Oymemo
JOCIDKYBaTH ~ Ha  3aMKHYTUX  OOMEKEHHX
MHOKHHAX (pa30BOrO IPOCTOPY, AKi OHMHCYIOTh 3
OJTHOTO OOKY 0OMEXKEHICTh IHBECTHIIIHHOTO Pecypcy,
a 3 IHWOro OOMEXKeHICTh  OYiKyBaHOI
npuOyTKOBOCTI a00 PHHKOBOI BapTOCTi akuii Ha
peaIbHOMY PUHKY
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O, =T, = {r: 1|7 (t)r‘sl,s=1,2,...N},t elt,,T].
@, =¥, ={r:p(rt)<ihtelt,T],

ne |l (t)— 3amani KyckoBoO-HemepepBHI BEKTOp-
¢bynkuii  posmiprocti N ;  w(r,t)— ckamspna
¢dyHKIisA, HemepepBHa 3a [ pa3oM 31 CBOIMH

YaCTUHHUMH MOXITHUMH 32 KOMIIOHEHTaMH BEKTOpa
r; W¥,— 3aMkHyTa OHyKJIa MHOXHHA, L0 MICTHTh

BHYTpIIIHIO TOUKy I =0 mus Beixt €[ty;T].

AHAJII3 TMHAMIKH PUHKOBOI BAPTOCTI
IOPT®EJISI AKIIA

JIyis mocipKeHHS MOBEAIHKHM PO3B’SA3KIB CHCTEMHU
(4) ckopucraemocs meronom (yHkirii JIsmyHoBa 3a
YMOBH TX OJHO3HAYHOCTI 1 HEMEPEPBHOCTI Pa3oM 3
YaCTUHHUMH TIOXIJHUMH HAa MHOXXMHAX BH3HAYECHHS.

OCHOBHMM  METOAOM  JOCHI[DKEHHS IIOBENIHKH
30ypeHUX TpPA€eKTOpii y Teopii YyTIMBOCTI €
3acTocyBaHHS (YHKIIH gyrnuBocTi [3], ski Yy

HAIIOMy BUMAJKy MaTUMYTh TaKui 3arallbHUM

BUTIISIT:
—@1) —(2

or (A A b)
oA

ne AP =q, iy Binmosinuiit MaTpuLi posMimenuit

2)

ule, A A% = i=LN,

ma micri (i,0) .

2)

0 —©@
on(A A ’t),izl,N,

oA,

ne AP = @, 1y BIIMOBIIHIA MaTPHI PO3MilCHHIT

02 A" A -

ma micri (i,0) .

Tyr UYLAY A?), U2t AP AP)-N —mipui
BEKTOpH (PYHKIIIH YYTJIIMBOCTI, IO XapaKTEepU3YIOTh
BEIMYWHY INBHIKOCTI 3MiHH 30ypeHOro pyxy B
3aNeKHOCTI  Bifm 30ypeHHA i-ro mapamerpa
BiTHOCHO pospaxyHkoBux 3Hauens AD, A?
Jaui mpuxonuMo 1o po3B’sI3aHHS BiIIOBITHU3 3a/1a4
Komri.
-0 @ ~0 <@ . .
Tyr A7 A ", r(A7,A " ,t) - MmaTpuIi mapamerpiB
i Ttpaekrtopiss cucremu (4). J[lns BuU3HauYeHHA
MMOYATKOBMX YMOB HEOOXiTHO TpomudepeHIiFoBaTH

32 AY A® inTerpanbue piBHAHHS:
T @ - ~@) 4
r(A(l),/\(Z),t):f (BY +b(z)A™ +c(r)A ) ir
o r(A®, A7)
+1, (A, AD),
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VY pe3yabTaTi OTpUMAEMO:
r(AY A@
Uil(t,A(l) ’A(Z)) — a(—'(l)'t) -
OA,;
T 16N —@
(BY +b(r)A™ +
o] c(@A YL AD, AD)Y 4

M A
b(r)r(A(l),A(Z),r)]dr+—dr°(A AT

dA®
BY+bt)A” + |dt, (A, A@)
o)A (A0 AP 1) | AT
Car(AY A9y

U A0 AP) =T
i

} (BY +b(r)A” +
o c(r)X(z))Uiz(t,A(l),/\(2)) +

c(0)r(AY, A® 7)dr +

)

(BY +b(t,)A" +c(t)A ™)

N dr, (AY, A@ 1)
r(A(l) 7 A(Z) ’ to)

dA®@

dty (A?, A®)

dA®@
BasBmm y ocranHboMy piBHAHHI  =1,, moOymgyemo
BUpa3 JUIs BH3HAYCHHS MOYATKOBUX YMOB MAaTPHIIb
(hyHKIIIH 9yTIMBOCTI.
Cucrema (5) TmTOBHICTIO BH3Ha4ae  (QyHKIII
gymmBOCTI st (4), a Takok XapakTepu3ye
YyTIHBICTH 11 PO3B’A3KIB A0 3MIHH HapaMeTpiB, IO
00yMOBJIIOIOTh TWHAMIKY CTaHy (DOHIOBOT'O PHHKY 1
MPOIIECH [IHOYTBOPEHHS HA HHOMY.

3B’A30K MIK @®YHKIIAMMU YYTJIUBOCTI
TA PYXOM ITPUBYTKOBOCTI HOPT®EJIA

Jis  BCTaHOBJNEHHS 3B S3KYy MK (QYHKIISAMHA
YYTJIIMBOCTI 1 PyXOM MPUOYTKOBOCTI 3aCTOCYEMO
mudepeHIiiang BUIUX TopsakiB (GyHKIii Oaratbox
3MmiaHEX [2]. Ilig pyxoM npuOyTKOBOCTI PO3yMiEMO
BEKTOp
Ar(A®, AP 1) = r(A® + AAD AP + AN 1) —
rit, A9, A® ty=r—r
II0 XapaKTepu3ye 3MiHy PHHKOBOI BapTOCTi I[IHHOTO
narepa I i BU3HAYa€ BEIMYHMHY BiIXWICHHS TPEHIY

akiii Bix mporHozoBanoi.  [lepmum HaOMMKEHHSIM
ULl pyXy IpuOyTKOBOCTI Oyne Bupas:
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Ar(A®, AP 1) =UNAY, AP AP + ...
+U Nl(K(l) , X(Z),I)AAN O

o — (6)
+U LA, A® )AA,P +...
+U " (A%, A% 1)AA .
Bupaz (6) € iHIiHEM BiTHOCHO MTPUPOCTY

napamerpiB i QyHKIIH gyTiauBocTi. s quHaMigHOl
mozeni (4) po3risiHeMO 3ajady Makcumizamii 3a
napaMerpaMd HOPMH PHUHKOBOI BapTOCTi mopTderns
LIHHUX Manepis.
1(A®,A?) = max [®(r(A®,A?,T))].

A(l)eGA,

A e,
3ajauy pO3rJISHEMO 3a HAsSBHOCTI OOMEKEHb Ha
Gbyukiii aytuBocti [2]:
Ut,AY, A?)eG, =

U'(t,A®, A®):

<1,

N
Y1, OU AP, AP
i=1

s,=12..N;,N, e N (7

U2(t,A®, A@):

<1,

N )
31, U (LAY AP)
i=1

s,=1,2,..N,,N, N
Ut,AY APy ey, =
UL, AY, A@Y Ut (e, A, AP) 1) =

YU, (AY,AP), U (LAY, AP <1
U2(t, AD, AQ) - P U 2(t, AD, AD) 1) = '
YU CAY AP U (6AD,AP) <1

(8)
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s 11 po3B’si3aHHSI 3aCTOCYEMO ITEpalliiHy CXEMy
IPaJliEHTHOTO CIYCKY:

ALY~ o+ gradT o(r(A®Y A@Y

ALY Zp
T woe® x0T
1=12N,k=012...

ne P — omepatist mpoekTyBaHHS BEKTOpa MapaMerpiB
A ua mmoxuny G cG,, p,- kpox cmycky.
MHOXM1Ha I0YaTKOBUX YMOB!
N
G, :{u (t): Y UM (t,)DUM(t,) < cz}.
k=1
Bona ommcye obmactb, B sAKid s QyHKIIR
YyTIUBOCTI OyZyTh BUKOHYBAaTHUCh OOMexeHHs1 (7) i
(8) mpu dikcopanomy A . ITapamerpu A Ha (K +1)
-1if iTeparii BUOMpaEMO i3 MHOKHUHHU:
dr, (A)
G0 =Crny2i) A,
T Let)AP) 1t (A),A))

;
—((B® +b(ty)A® +

96(A) _ (B® 4 b(t,)A® +
dA, 5
*D* dt. (A c”.
c(ty))A®) - r(ty(A),A) —2—2
(to) A7) -1ty (A), A)) dA,
HaBenenuit  BuIme aHami3 €  HEOOXIIHHUM

KOHCTPYKTHBHUAM IHCTPYMEHTOM JiJIi BWUKOHAHHS
HACTYITHOT'O €Taly y 3arajbHil CXeMi aKTHBHOTO
yrpaBiiHHSA mopTdeneM akimii, SKUH OB’ sI3aHUI
i3 pO3B’sI3aHHSAM 3a/ad TPOTHO3YBAaHHS PHUHKOBOI
BApTOCTI Ta e(QeKTUBHOI muBepcHdiKaIii - sK
HalOUTBII BaKIMBHX 3aJad Teopii Ta MPaKTHKH
MIPHUKJIATHOTO TTOPT(heTHHOr0 aHATI3Y.

Reference

1. SHARPE, W., ALEXANDER, G. and BAILEY, J.
(1995) Investments. New Jersey: Prentice Hall.

2. GARASHCHENKO, F., KULYAN, V. and
RUTITSKAYA, V. (2005) Quality analysis of
mathematical models of investment management:
Cybernetics and computing eng. 148. p. 3-10.

3. GARASHCHENKO FEDIR, KULIAN VICTOR
and YUNKOVA OLENA (2016) Simulation of the
Dynamics and Diversification of Stock Portfolio
Journal of Automation and Information Sciences. -
New York, Connecticut. - v. 48, issue 7. - P. 28-40.

Hapitiiona o penkonerii: 10.12.2022 p.



