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Cekmig «MaremaTuka,
CTATUCTUKA, MEeXaHIKa»

Bridging the Gap from Synthetic to Real-World Scenes
Editing with Flow Matching

Y. Azarov, V. Golomoziy

Flow Matching (FM) [1] is a recent generative modeling framework that surpassed
previous diffusion approaches in many domains including conditional image generati-
on task. Given an easy-to-sample source distribution po (usually standard multinomial
Gaussian) and complex target distribution p1, FM aims to learn a vector field u(z,t)
such that the solution to the differential equation

Pl w @), 0@ ==

transports po to pi over time t € [0,1] i.e. ¢1(z) ~ p1. Given conditional interpolation
path pi(z|r1), 1 ~ p1 and correspondent ut(z|z1), the vector field is trained with
conditional flow matching objective:

Lerm(9) = Erta[0,1],010p120pe (alan) [wo (62) = ue(z | 21)]?]

Despite producing visually compelling images, this approach still demonstrates a
lack of spatial understanding and physics in generated images. In particular, it is hard
to guide a model into objects editing while maintaining a consistent plausible geometry.
A natural way to improve spatial awareness, as was done in [2] with 3DIT, is to train the
model on synthetic scenes generated with 3D engines and the correspondent editings.
The resulting model exhibits good understanding of even unseen synthetic objects but
introduces a domain shift towards synthetically generated scenes and poorly generalizes
to real photos.

In this work we mitigate the domain shift by introducing a separate Flow Matchi-
ng model that drifts real-world scenes distrubution towards simplified render-like
representations and reconstructs them back after editing. This allows to further extend
the application scope of the 3DIT model outside the synthetic-only scenes.
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MopgentoBaHHSI CKOPUHIOBOI OLHKN PU3UKY KJliEHTA i3
3aCTOCYBaHHSM METOAIB MaLUMHHOINO HaBYaHHS

M. Angpeesa, B. T'onnomo3suii

V cepi cTpaxyBaHHs BasKJIMBO OI[IHIOBATH MMOTEHIIAHI PU3UKY, OB SI3aH] 3 KOXKHAM
KiaieHToM. CTpaxoBi KOMIAHIl IparLyTh PO3yMiTH, HACKIIBKKM UMOBIDHO, IO KJIIEHT IIO-
JACTh CTPAXOBY BMMOTY B MaiOyTHBOMY. MeToro mi€l poboTu € mobyaoBa CKOPHUHTOBOI
OIIHKYU PU3WKY KJII€HTa — IHUCIOBOrO MOKA3HUKA, II[0 IPYHTYETLCA HA OLiHI| fiMoBipHOCTI
MOJIaHHS CTPaxoBoi BuMoru. PopMasIbHO I HMOBIPHICTL BU3HAYAETHCS SIK:

P(claim = 1|2),

e T — BEKTOD XapaKTepuCTHK kiieHra (coumianpro-memorpadizna indopmanis, Tum
TPAHCIOPTHOrO 3acofy, perioHansHi 0co6aUBOCTI TOmWO).

Jis qocitiizKeHHs BUKOPHCTOBYETHCS PeasibHa 0a3a JaHHX, mo MicTuTts moHaxm 500
THUCSAY 3aIUCIB IPO CTPaXyBaJbHUKIB. ¥ Hill IpecTaBIeHO Pi3Hi TN 3MiHHEUX — GiHapHI,
KaTeropiajbpHi Ta YUCIOBI, & TAKOXK BKa3aHO, YN IIO/IABAB KJI€HT BUMOTY Ha BHUILIATY. Y
paMKax poboTu 34iHCHIOETHCS:

® 3aCTOCYBAaHHsI DPI3HMX MOjeJedl MAaUIMHHOIO HABYaHHSA Ui Lepe0aveHHs
fmosipHocTi Bumtatn (kmacmdikaniiina 3amaga), 30kpema logistic regression,
XGBoost Ta in.;
e 1106yJ0Ba CKOPHUHIOBOI OIIHKH PU3UKY KJIIEHTA HMIJIAXOM HOpMaJizalil oTpuMa-
HuX #MOBipHOCTEH Ha O0paHill mkaJi.
3aBAsSKE MOJEIIOBAHHIO CKOPHHIOBOI OLIHKHM DH3HKY KOMIIAHIS OTPUMYE MOXKJIMUBICTD
kiacudikysarn xiienTiB 3a piBmem pusuky. Ile, y cBoo depry, m03BoJisie mpUHMATH
oOI'pyHTOBaHI pinieHHs mo10 Tapudikarlil, BU3HaYeHHs YMOB CTpaxyBaHHdA ab0 BiAMOBH
B YKJAJeHHI JOTOBODY.
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J-trivial semigroups and their subsemigroup and ideal
lattices

N. Arskyi

A semigroup S is called J-trivial if the Green’s relation J on S coincides with the
equality relation. In particular, all nilsemigroups are J-trivial.

By Sub(S), £1d(S), RId(S) and 1d(S) we denote the lattices of all subsemigroups,
left ideals, right ideals and two-sided ideals of a semigroup S, respectively.

Proposition 1. The class of J-trivial semigroups is closed under taking subsemigroups,
Cartesian products, Rees quotient semigroups and unions of ascending chains.

Proposition 2. Let S be a J-trivial semigroup and L be one of the lattices Sub(S),
L1d(S), RId(S) and Id(S). Between two elements T1,T> € L, T1 < Th, there are no
other elements of L if and only if |75 \ 11| = 1.

Proposition 3. All maximal left, right and two-sided ideals of a J-trivial semigroup
are its maximal subsemigroups. All maximal subsemigroups of a nilsemigroup are its
maximal ideals.

Let S be a J-trivial semigroup and L be one of the lattices Sub(S), £Id(S), RId(S)
and Id(S). For T € L set

Tf ={ae ST |Tu{a}eL},
TZ:{a€T|T\{a}€L}.

If S is a semigroup with zero and M € S, set

Annj(M) ={z eS| xzM =0}, Ann, (M) ={z eS| Mz =0},
Ann(M) = Ann; (M) N Ann, (M).

Proposition 4. Let S be a nilsemigroup and I € Id(S) \ {S}. Then
(@) Ifycsy = Ann(S/I) ~ {0};
(b) IZId(S) = Ann(S/I) ~ {0};
(€) IRracsy = Anne(S/1) ~ {0}

(d) Iy sy ={aeSNT| a’el}.
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Parameter estimation in the Vasicek model
with stochastic volatility

R. Atdaiev

We consider the following Vasicek model with stochastic volatility:
t t
Xt:X0+/ (a+bXS)ds+/ o(Ys)dWs, te[0,T), 1)
0 0

where the process Y is independent of the Wiener process W, and the diffusion coeflicient
o(Y) satisfies the condition: for all ¢ > 0, 01 < o(Y:) < 02 a.s. with some positive
constants o1 and os.

We prove that equation (1) admits a unique strong solution, which can be expressed

a a
Xt:(X0+;)ebt—g

We construct estimators for the unknown drift parameters a and b based on the
continuous-time observations of the sample paths of the processes X and Y and study
the consistency of the estimators. Two methods are considered.

The least squares estimator of (a,b) is obtained by formally minimizing the functi-
onal:

as
t

+f o (Ys)e" D aw,, te[0,T].
0

T 2
[ (Xt—a—bXt) dt — min.
0
The maximum likelihood estimator is obtained by maximizing the likelihood function
of the form:
T a+bX; 1 7T (a+bXy)?
exp / dXt—f/ ———dt ]| » max.
0 o2(Yr) 2Jo o2(vh)

Simulations of the estimators were performed, and their means and variances were
computed. The numerical results confirm the consistency of the estimators.
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MeTop ycepegHeHsi gns 3agadi Kowi ontumansHoro
KepyBaHHSI CUCTEMOIO iHTerpo-aundepeHuianbHux
piBHsAHb Ppearosbma

B. B. Bakaii, O. M. CraHXXulbKHuii

Posrasgaerbes 3a1a4a ONTUMATIBHOTO KEPYBAHHS CHCTEMOIO iHTer po-AudepeHITiaTbHuX
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piBHsiEb Ppearosbma

T

=eX (t,x, ‘/(;? tp(t,s,x(s))ds,u) ,z(0) = zo (1)

3 kpuTepiem skocti J(u) = & (m (%, u)) — inf.
BBoauThcsa iHTErpajbHe CepeiHe

1 A ¢
Xo(m,u):AliHrnooZ . X(t,x,fo @(t,s,x)ds,u)dt. (2)

Bazadi (1) cTaBUThCs y BIAIOBLAHICTD ycepeHeHa 3a/ja4a ONTUMAILHOTO KePYBaHHS

_ T
¥ =eXo(y,u),y(0) = zo 3 kpuTepiem sxocti J(u) = & (y (7,u)) — inf. (3)
€

OrpuMana HaCTyIHA TeopeMa Ipo 3B’a30K 3aga4 (1) i (3).

Hexaii B o6nacri Q = {(t,z,y,u) |z € DcR™,t >0,y € R u e U c R™} sukonyio-
ThCA HaCTyHHl yMOBI/I:

1) X (t,x,y,u) — Bumipna no ¢, obmexena crasnoo M i 3axoBonbuse ymoy Jlinmms
3a 3MinHUME T,y i u 3 dynxnieo a(t) > 0;

2) ¢(t,s,z) menepeprra B {(¢,5,2) |t > 0,5 > 0,z € R"}, |¢| < M i dynkuis ¢
3aJJ0BOJIbHsIE yMOBY Jlinmuns:

u(t,s) 20:p(t,s,21) — o(t, s, 22)| < p(t, 8)]z1 — 22[; Juo > 0= u(t, s) < po

oo 1 t T
i f wu(t, s)ds < po; — [ ([ ,u(T,s)ds) dr -0, t— oo.
0 t Jo 0
T T T
Jeg >0 Ve € (0;60],¢ (f ° a(s)ds+ [ ° als) (f © u(’r,s)d’r) ds) <1
0 0 0

3) Pose’szok ¥ = Y(t,u0), y(0,u0) = zo ycepesuenoi 3anaui (3) BusHAUeHU [
BCix ¢ > 0 Ta cramgux KepyBaub ug € U i mexursb B obsacti D pa3oMm 3 JesKHM CBOIM
P-OKOJIOM, IPUIOMY p HE 3aJEXKHUTh BiJ € Ta u;

4) PiBHOMIpHO BifiHOCHO x Ta w icHye rpanuns B (2);

5) @yuknia ¢ 3axoBosbHse yMoBy Jlimmuig 3i cranon L B D;

6) Icuye ontumasnbue kepysanus u” (¢,¢) B 3agaqi (3).

Toni Vi > 0 Jeg = e0(n) > 0 Ve € (0;e0) J* > —o0 i |J(u*(t,e)) — J*| < 7, me
J* =infuep®(u) (F - gomycTuMi KepyBaHHs ).
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Properties of the Shannon, Rényi and other entropies
for some probability distributions

I. Bodnarchuk, Yu. Mishura, K. Ralchenko

‘We consider various entropy measures and establish their properties for selected di-
screte and continous probability distributions. Namely, we calculate the Shannon, Rényi
and generalized Rényi, Tsallis, Sharma—Mittal entropies and the Kullback—Leibler di-
vergence for exponential, gamma, chi-squared, Laplace and log-normal distributions,
and also calculate the modified Shannon entropy for normal, exponential, gamma, chi-
squared, Laplace and log-normal distributions, for such values of parameters of distri-
butions that supply the boundedness of their density.

The dependence of the entropies in parameters of the distributions mentioned above,
along with some discrete distributions, is also studied. In particular, we provide the new
proof of the fact that the Shannon entropy of the Poisson distribution increases with
the intensity A, study in detail the behavior of the Shannon entropy of gamma distri-
bution as the function of two parameters, using properties of digamma and trigamma
functions, and then analyze the behavior of all entropies for exponential as the function
of intensity A.

The robustness of Shannon entropy is established. That is, we prove that some
convergences of distributions imply convergences of Shannon entropies.

Moreover, Shannon entropy of Gaussian vector is investigated. This entropy contains
logarithm of determinant of covariance matrix. We find minimal and maximal values of
the determinant and establish on which vectors they are realized, assuming that we know
the entropies of one-dimensional distributions.

Results of our reserch are presented in [1].
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ANroputmM CTaTUCTUYHOIrO MOAE/OBAaHHSA BUNALKOBOIO
npouecy Ha OCHOBI BeliBneT-po3knagy

. Boiiko, 3. BuxxxBa

Hexait X (t), t € R — Bunamkosuii npouec, takuit mo E[X (t)] = 0 ana scix t € R.
MaeMo HacTynHU# BeflBIeT-pO3KIAI:

X(t) = orpor(t) + > > njpin(t),
kez j=0kez
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ae {wok,¥jk :j €No,keZ} e OHB y L*(R),
bovi= [ XOpor@®dt, miri= [ X(©Ux(0) at.

Posrisaemo HabMKeHHS BHUIIaAKOBOI'O IIPOIECy YaCTKOBUMHU CyMaM#H:

N-1
XNy ()= Y Eonpor(t) + Do Y mirtjn(t),

|k|<ky J=0 |k|<k;

me kn = (kg(N), ko(N),...,kn-1(N)).
Y [1] nmoBenena Teopema, IO rapaHTye 30DKHICTL y CepeaHBOKBAAPATUIHOMY
XNy (t) = X(t), kn — oo.

Y nonosiai noxasamo, mo orpumana ouinka mabamkenms E[ Xy, (¢) — X(¢)]? zo0-
OparkeHa y BUIJIsSII BUpPa3y, IO 3aJeKUTh Big 3minnoi N, ge BigOysBaeTbcsi 0Opus He-
CKiHYeHHOT cyMu BeitBier-poskiany X (t).

Ha ocHOBI jaHOT OI[iHKY JJ1s 33/1aHOT TOYHOCTI MOJEIOBaHHS € > 0 BUSHAYEHO 3HAYE-
HHA N, 3 AKUM HOB’sI3aHA KIJIBKICTh JOJTAHKIB y paAgax Mogemi XN k. (t), Ta moGymoBaHO
QJITOPUTM YHCEJBHOIO MOAEJIOBAHHA BHUII3IKOBUX IIPOLECIB.
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InBepcopu undp HeCKiH4€eHHOCMMBOJILHOIO
$-300parkeHHs1 Yncen Ta 300pa>keHHs1 Ynucen y
KaHTOPIBCbKNX CUCTEMAX YUCSIEHHS

O. Boupgapenko, H. Bacusienko

B gonosini posrasigaeTbesi P—300parkeHHs YUCEST OAMHUYHOIO IHTEPBAJY, K€ Mag€
JIBOCTOPOHHLO HecKindenuumit andasit (A = Z = {0,+1,+2,...}) i Bu3HAUeHe oaHieIO
V/5-1

2

[OJATHROK ipPAIiOHAJIBHOK OCHOBOI T = ~ 0.62 — 30JI0T€ BiAHOIIEHHS, KA €

JOJTATHUM KOPEeHeM DiBHSIHHS 22 +z-1=0.
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Hna 6yns-sixkoro wucaa x € (0;1) icuye enuuuit ckimuennuit Habip HiaMX YUCea
(1,02, ...;am) ab0 eaquHa MOCTIAOBHICT () € L= AXx Ax ... x AX ... Taki, mo

m k-1
_ AP
T = bal + Z (bo‘k I_I ®ai) = AalaQA“am,(@)’
k=2 =1

oo k-1
N
T = bo‘l + Z (bo‘k I_I 90%) = Aalag...an..J
k=2 =1

n—1
A6 On=0_, =7 b, = ¥ 0;=
i=—o0
JlonoBie IpuCBAYeHa HeNlepepBHIN QYHKIT, 03HAYEHINl B
. ™ . . . D _ P
®-neckinvennift Touni pisnicrio (A )= Al oy [—as]...[~ay]... TKa HA3MBaE-

72, axmo n < 0,
1-7"*1 gxmo n > 0.

Q1Qg...Qp
ThCA tHEepcopom P—300parkeHHS THCEIL.

Hexail (sp,) — IOCHIIOBHICTD HATYDANBLHUX YUCEI, Sy, > 1, Ap = {0,1,...,8,—-1}, L =
A1 x Ag x.... 300paxkenns qucia x € [0;1] y KAaHTOPIBCHKIil CHCTEMi 9HCTIEHHS 3 TIOCTi-
oo
: _ g — A(sK)
BOBHOCTI OCHOB (Sp,) Ma€ Buruan € = Y, —o— = AR o e (an) € L.

hoq 51525k
TuBepcop g miel  cucremMm  300pa’keHHsI  YUCEJ  O3HAYYEThCST  PIBHICTIO
(sn) (sk)
I(ZZ? = Aa17.L..(xn,...) =A

[s1—1-aq]...[spn—1-ap]...”
Tlopisuanbauil anasuis eaacrusocreit dynxuiit I(z) i Z(x) npononyerses y qonosini.
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Laws of the iterated logarithm for iterated perturbed
random walks

O. Braganets

Let (€x,mk)k>1 be independent identically distributed random vectors with arbi-
trarily dependent positive components and T := &1 + ... + §x—1 + i for k € N. We call
the random sequence (T%)k>1 a (globally) perturbed random walk. Consider a general
branching process generated by (Tj)k>1 and let Y;(¢) denote the number of the jth
generation individuals with birth times < ¢t. Assuming that Var&; € (0, 00) and allowing
the distribution of 71 to be arbitrary, we prove a law of the iterated logarithm (LIL) for
Y;(t). For a family (z¢) of real numbers denote by C((z¢)) the set of its limit points.

Theorem. Assume that o2 := Var€ € (0, 00). Then, for j > 2,

C(( Y (1) —EY; (1) D> e)) =[-1,1] as.,

(2((25 - 1) (5 - 1)) o227 1127" loglogt) /2

where p = E£ < oo.
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This result complements the recently proven LIL for iterated standard random walk
in [2]. In particular, we obtain a LIL for the counting process of (Tk)k>1-

Theorem. Assume that 0% = Var¢ € (0, 00). Then

C(( YO —p ' fyPlnsyldy e))

=|-1,1] a.s.,
(202u~3tloglogt)1/2 [ ]

where p = EE£ < 0.

The latter result was previously established in the article [1] under the additional
assumption that En{ < oo for some a > 0. We show that the aforementioned additional
assumption is not needed.

Cnucok niteparypun
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Po3Mip MiHIManbHNX KOHTPONIbHUX MHOXXUH A1
ABilikoBOro 300pa>keHHs1 4yncen sigpiska [0, 1]

O. 4. BUHHAIUUH

Hexait A ={0,1} — andasit, L = Ax Ax - x A+ — MHOkuHA (IPOCTIp) MOCIiAOBHO-
creit enementis andasiry, P = {p;,Dg,...,P,} — PiKCOBAHA MHOKHHA BIOPSIAKOBAHHUX
HabOPiB D; = PilPi2...Pim, €I1eMeHTiB andasiTy (MHOKHHA 3a60POH).

Hexatt K(P) — nigmuoskuna L, sika micturs noctigosrocti () € L, cepexs nHabopis
MOCJITOBHUAX €J€MEHTIB AKNX HEMa€ eJIeMEeHTIB MHOXKUHU P, To6TO

K(P):{(Ocn)ELI Ak+1--Qktm; * P; Vk’EN,VpiEP}.

Ockinbku crop’exrusHe Bigobpaxenus L B [0;1] 3amae koxysarHs [1] (306paskentst)
qHCeN MBOrO MPOMiXKKa, TO nepexojgoM Bifg L 10 K(P) (IisxoM NpOpiJzKeHHs) OTPH-
My€TBCs KJIAC MHOXKHH KaHTOPIBCBKOTO Triy ([JOCKOHAJIUX Hije HE INiJbHUX MHOXKUH) 3

[0;1].

OsnavenHsi. Muoxnna (3a60poH) P Ha3MBAETHCSH KOMMPOALHOW MHOXKWHOIO, SIKIIO
K(P)=o.

JIema. (Kpumepili Konmpoavrocmi MHodcuny 3a6opon). s Toro mob MHOXKHHA P
3ab60poHeHnx HAOOPIB KOBXKUHU N OyJia KOHTPOJILHOK, HEOOXiAHO i JOCTATHBO, 106 MHO-
skuia K (P) He MicTu/Ia HECKIHY€HHMX YUCTO MEPIOAMYHUX IIOCJII0OBHOCTEH 3 Tepioqom
(rag...ag), me k < 2™.
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B gonoBigi nponoHYHOTBCS Pe3yJIbTATH JOCJIIKEHHS MiHIMAJBHOI'O PO3MIpy KOH-
TPOJILHOT MHOXKWHH, IO CKJIAJAETHCS 3 BIOPSIKOBAHUX HAGOPIB JOBXKWHU M. 3HAXOIH-
TBCSA TOYHA OILIHKA 3HHU3Y, JOBOLUTHCHA ICHYBAHHS KOHTPOJIBHO! MHOXKXHUHH i3 33,JaHOI0 B
TOYHIN OmiHIl 3HMU3Y KIIbKICTIO ejeMeHTiB.

Cnucok niteparypu
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3actocyBanHa COP gna otpumaHHsa 300pakeHb 3a
gonomoroto LI

O. K. I'aBpuiu

Y poboTi AOCII2KEHO reHepaTUBHI MOJesi Ha OCHOBI CTOXaCTUYHUX MudEpeHIlialib-
HUX DIBHSAHB JJIs 3339 TeHepallil 300pakeHb. 30KpeMa, PO3IVIIHYTO TPU MOJEJI.

1. Knacmara mozens nudysil saemymienas (DDPM)

- [Ipamuii npouec:

t
X =vVar Xo+V1-age, 5(1;=I_Iai, a; =1-0;.
=1

- 3BOpOTHI# mporuec:

po(Xe—1|Xt) = N (Xeo1; po(Xe, 1), Be 1),

Ie:
1 I—Cltt ~ 1—C_¥t_1

X, t) = — | Xt — —— (X, t) |, = — Pt.

ue( t ) &t( t m 9( t )) Bt 1-a Bt

2. PemepaTuBHA MOJENb Ha OCHOBI ouminkm rpasienta (SBGM, VP SDE)
- IIpsamuit uporiec:

dx(t) = —%,B(t)X(t)dt +/B(t) dw (t),

e W(t) — 6poyHiBCHKHII PyX.
- 3BoporHiil mponec (3a dopmyno ArgepcoHa):

ax (@) = [-3 8OX (1) = 50V lown(X0) | b + VD) AWV (1),

ne Vy logpe(Xt) anpokcumyeTbes ominkoio sg(X¢,t).
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3. Momudikania SBGM 3 Bukopucranuam npouecis Jlesi — mogens Jlesi-Ito (LIM)
3i crifftkuM po3nofginoM i3 mapaMeTpoM « = 1.5, 10 BpaxoBye CTPUOKONOAIOHY PUPORY
30y peHb.

- IlpsMuit mporec:

2 p 5
dX,; = _gﬁ(t) X dt + ﬁ(t)é dL,gl"’),

e LEI‘S) — 1.5-crifikuit nponec Jlesi.
- 3BOpoOTHI# mporiec:

dXy = b (t, X;) dt + B(t) 3 dLD,

—
ne b (t,X:) - neska dbyHKIis, AKy 3HAKIEHO SBHO.

Y pobori geTasbHO peasi3oBaHO BCi TPH MOAesi, IPOBEIEHO TPEHYBAHHA HEUPOHHUX
MepeXK Ha MPUKJIAJl 33Ja4i reHepariil 300pakeHb Ta 3JiHCHEHO MOPIBHSIJIBHUN aHAJi3
SKOCTi pe3yabTaTis.

Cnucok nitepatypn
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Po3B’A3HICTb 3a4a4i ONTUMaNbLHOIO KepyBaHHA AN
BUPOA>KeHOT NnapaboniyvHOl BapiauiliHOT HepiBHOCTI 3
nepioguYHNM po3B’A3KOM

B. C. T'opb6au

PosrasiaeThesa 3a1a4a ONTEMAIBHOTO KEPYBAHHS JJIsl BUPOIXKEHOT JIHIRHOT €BOJTIO-
nitinoi Bapiamniiinoi mepisnocTi, ge 0cOb6aUBY pOJIb BiAirpaioTh BIACTHBOCTI AeaKOI Baro-
Bol (yukii. Bigomo, mo gis Takux cucreM 0e3 BHPOJKEHHS icHye 6arato pe3y/abTaTiB
OO PO3B’SA3HOCTI, OAHAK Yy BHUIAJIKY HeoOMexkeHHX abO BUPOJKEHMX Bar CTaHJAPTHI
YMOBH, dKi 3a0€3Me4yI0Th PO3B’A3HICTh, HE BUKOHYIOTHCA. [le TPpU3BOIUTD 10 HEE€TUHOCTI
po3B’sa3kiB Ta edpexry JlaBpenTnEBa.

OnTumizarnis y nepiofUYHuX peKuMax Ma€ BaXKJIHUBe 3HAYEHHS JJIs ITUPOKOTrO KJIACy
OPUKIATHAX 33029, 30KpeMa B MEXaHili (KOIMBAJIbHI CHCTEMH), eKOHOMINI (IuKiIivni
npouecu), enekTpoerepreruy) (nepiogmasi pexxumu reseparopis) Ta Giomorii (6iopurmn).
3aBIaHHA ONTHMI3AIil y TAKUX CHCTEMaxX MOKe IIOJIATATH y MiHiMizalil BUTpaT eHeprii,
3abe3mnedenti cTabigpHOCTI b0 MakCcUMaJbHIM BiAmOBiIHOCTI OaxKkaHill TpaekTopii.

Jonst asasisy BuxigHOT 337434l BUKOPUCTOBYETHCS CIEIiaJbHE IePETBOPEHHS, SIKe J0-
3BOJISIE 3BECTH 33JaHUM 00’€KT KepyBaHHS J0 BinmOBigHOI BapiallifiHOl HepiBHOCTI 3 He-
obMeKeHUMH KoedilieHTaMu MOTeHI[iaIbHOr0 THILY B KJIACHYHUX npocTtopax CobosieBa.
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Haui, Ha ocHoBi HepiBHOCTI Xapai-llyankape, JOCHIIKYIOTbCA YMOBH iCHYBaHHS €THHOTO
MePioUIHOTO PO3B’SA3KY, M0 33J0BOJIBHSIE 33JaHUM KPUTEPill ONTUMANIBHOCTI. 3amporo-
HOBaHWH miaxix BiAKpuBae MOXKJIUBOCTI A1t €(heKTUBHOTO KEPYBAHHS IIUPOKUM KJIACOM
BUPO/I2KEHUX €BOJIOIIHHAX CUCTEM i3 MePiOANYHOI0 UHAMIKOIO.
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Asymptotic normality of local linear regression
estimator for mixtures with varying concentrations

D. Horbunov, R. Maiboroda

Consider a sample with n subjects O1,...,05. Each subject from sample, Oj,
belongs to one of the M sub-populations (components). The true number of component
which O; belongs to, k;, is unknown, but the probability that O; belongs to m-th
component

m
P(NJ' = m) =Pjn
is known for all 1 <j<mand 1 <m < M.

For each subject O;, one observes a bivariate vector of regressor and response, which
is (X;,Y;). It is assumed that X; and Y; are connected by the following regression model:

Y =g (X;) +e5, 1<j<nm,

where g(m) is an unknown regression function for m-th component and ¢; is a random
error term. The errors {sj};?:l have zero mean and are conditionally homoscedastic.

In order to estimate g("™)(zo), the modified local-linear regression estimator

Qr(lm)(azg) from [1] is used. That is, if (a(zo),b(x0)) is a stationary point of the
weighted least squares functional

Jn

I (20;a,b) = z a$T K (20 — X;) /1)(Y; — (a +b(zo — X;)))?,

then L[]T(,,m)(a:o) = a(zo), where h > 0 and K : R — R,. In the functional above, {a,
are the minimax coefficients, described in [2].

Let zo be a discontinuity point of the regressor density function. Under certain
conditions, the following weak convergence holds:

Vh(g5™ (w0) = g (w0)) =" N (™ (20), Sy (20)),

where 1™ (z¢) and S(Qm)(xo) will be presented during the talk.
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desiki BnacTtusBoCTi HaniBNpaBu/bHUX MipaMmifj,

B. P. Jynuuk

Y 1926 poui 6purancexuit misor II. I'poysc cdororpadysas 3ropu Bemuky mipa-
mimy Xeomca y T'isi, moGynosamy 4500 pokis Tomy [1]. STk BHsBmiOCs, KOXKHA 3 if rpa-
Hell yBirHyTa BCcepeauHY Bif ocHOBH no BepmwuHHu. lle 03Ha4ae, mo B OCHOBI mipaminm
JIEXKWUTH PIBHOCTODPOHHI HamiBIpPaBUIBLHUE BOCBMUKYTHHK. Bueni BBaXkalorh, 0 came
me Hajzasnao mipamizi crifikocti mporsrom 4500 poOKiB IPOTHCTOATH NPHPOSHUM CHIIAM,
TaKKUM, K 3JIUBU, 3€MJIETPYCH Ta I'paBiTanifiamii ctuck. OCKinbKu mipaminu pi3HOro Tu-
Iy € eJleMeHTaMH 1 Cy94acHOI apXiTeKTYpH, TO TOCTIIKEHHS BJIACTUBOCTEN PIBHOKYTHHX
HAIIBOPAaBUJIbLHUX MipaMia € akTyaabHHM. Y gaHii poOOTi BBeIEHO MOHATTS HAIMIBIDA-
BUJIbHUX DIBHOKYTHHUX Ta piBHOpebepHux mipamizn. J/loBemeHo, mo B OCHOBI PiBHOKYTHOT
HANIBIPABUJIBLHOL IipaMijiy JIEKUTH PIBHOCTOPOHHIH HANIBIPABUIBHUNA MHOTOKYTHUK [2],
a B 0CcHOBI piBHOpeOepHOI HaniBupaBuiIbHO! HipaMigu — piBHOKyTHHE HamiBIpaBUIbHHE
MHOrOKyTHHUK. CHOpMyYIbOBAHO Ta SOBELEHO P TBEPIKEHb II0A0 B3AE€MO3B SI3KY, O3HAK
i BacTUBOCTEH HamiBOpaBWJIbHEX mmipamifg. Jlocaimkeno xkom6iHallil HAMiBIPaBUIBHUX
mipaMiz Ta iHIMUX TeOMEeTPUIHUX Tij.
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Cratnyna 3agava rpasiTauiiHol B3aemogaii Tin
CKiHYEHHOro po3mipy
. dynesuy
Bigomo, 1m0 rpaiTamniiina B3ae€MoOdisi ABOX TiJ HPOMOpIiiiHa X MacaM Ta 0BepHEHO
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nmponopuifHa 10 KBajpaTy Biactani Mik HuMu. lleil pakT HEOJHOKPATHO BHUBEJEHO i3
YCITSIKUX eKCIEPUMEHTATBHUX CIIOCTEPEXKEHb. AJie el 3aKOH B MEpINy Yepry CTOCYEThCS
B3a€MOJiH, me Tijla MOXKJIMBO BBaXKATH MaTrepianpHuMu Toukamu. [ljs Tin, po3mip axux
€ CyTTE€BUM y NODIBHAHHI i3 BiACTaHHIO MiK HMMH, Taka (HOpMa 3aKOHY BCECBITHBOI'O
TSKIHHS B2Ke He OyJie JaBaTH TOYHI Pe3yJIbTaTH.

Hocainusim TaKy rpapiTamiiny B3a€MOJil0 MOTEHITIAJIFHUM METONOM, CIEPINY OJHO-
ro abCcomOTHO TBepAOro Tina i Marepiamprol Touku (2 moTiM mBOX Tin) Gymo mokasaHo,
o:

a) SIkmo 3a 1eHTp(K) NpUBeAEHHS CUJI rpaBitanil npuiinaTu nentp(u) inepuiit Tis,
y 3arajJbHOMY BHUIAJKY CHJIU HE 3BOASATHCH 0 PiBHOAINHOI - 6yme mpucyTHiit

. . 4
MOMEHT NPHEJAHOT apu Cua 4-ro mopsaky mamaocti O (‘%| ) (d - xapakrepu-

crmanmil po3mip Tin(a), r - BincTrans Mix merrpamu imepuil).

6) Cumnosa B3aemozis Bix posemHeHHs: noTeHniamy ATT i3 TOYKOBOK MACO0 mpwH-
3BOAUTH A0 JOJATKOBOI CHUIM 5-TO HOPAAKY Majocti (m - Maca MaTepiajabHOT
Toukd, Jp,J - MomenTn inepuii ATT):

- 3ym 6
Fo(F) = :—SM—

( 3ym 15ym _p
—
r

TT.]p‘F 2r7 J’F)F‘FO

KA 3AJIEKHUTD Bijg Ta He CuiBmajae€ i3 HAUPSMOM 7, IPU3BOAAYIH A0 IOSBUA MO-
MEHTY IPUKJIAZEHO! mapu CHJI J0 Tiaa

- 3 a|s
M(F):% [7x J7] + O H

B) IlomupeHHS BHKIAIOK [0 BHIAIKY IBOX TijJ MOKA3y€ AHAJOTIUHI pe3ybTaTH -
CHJIM 10 5-TrO MOPAIKY MaJIOCTi 3BOASATHCS A0 PiBHOAINHOI, ajie IPU3BOIATEH Yy
3arajJibHOMY BHUIIAJKY [0 PI3HHX MOMEHTIB 0O0epTaHHSI

N 3yma - 3ym1 .
My = T[r x J17]; M2y = TT[T x Jof]
ABTOopmu
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OuiHka 3ane>XXHOCTi KifIbKOCTi CTYAeHTIB Bij,
couiasibHO-eKOHOMiIYHUX pakTopiB

. 3aryna, M. Ckuaan

y Cy4YaCHUX YMOBaX PO3BUTKY OCBiTI/I Ba2KJINBUM IIHTAHHAM € BILJIUB COLIiaJ'IbHO—
eKOHOMIYHUX (DaKTOpPIB HA KiJIBKICTh CTY/IEHTIB y 3aKJa/1ax BUINOI ocBiTh. JlocsizkeHHsa
iel 3aJ1e2KHOCTI JTO3BOJIsSIE€ OIIHUTH OCHOBHI TEHJEHIIT Ta ChOpMyIIOBATH peKOMeHmaril
IO0 OMTUMIi3alil OCBITHBOI MOJIITUKHA.

OCHOBHUME COLIAIBHO-€KOHOMITHUMH (PAKTOPAMH, IO BIIKBAIOTH HA KiJIbKICTH CTY-
JIeHTIB, € piBeHb JOXO/IiB HACEJIeHHS, 3affHATICTh MOJIO], AepKaBHe (DiHAHCYBAHHSA OCBi-
TH, geMorpadidni NMOKa3HUKU Ta perioHasbHI ocobmuBocTi. JIys OIIHKM BIJIMBY NHX
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GaKTOpPIiB 3aCTOCOBAHO METOMU MATEeMATHUIHOI CTATUCTUKH, 30KPEMa KOPEeJAIifiHuil Ta
perpeciituuii anasis.

Junamika KigbKoCTi 3000yBadiB B
Vkpaiui, 2014-2024 pp.

B xoxi mocnimxkenns 6yso onparboBaHo gani 3a ocramui 10 pokis. Orpumani pe-
3y/IBTATH BKA3yIOTh HAa 3HAYHUN BIJIMB DIBH: J0X0AiB cimell (koedinienT merepminarnii
R? = 0.78), a Taxox mepzasuoro (imancyesanms oceitu (8 = 0.65, p < 0.01) ua wu-
CeJIBHICTD CTYAEHTIB y 3aKJajax BHUIOI OCBiTH. BUABJIEHO TaKOXK HEraTUBHUU BILIUB
6e3pobiTTsa cepen mosoni (8 = —0.48, p < 0.05) Ha AOCTYNHICTH BUIIOL OCBITH.

TakuM 4UHOM, OJIS CTUMYJIIOBAHHS 3DOCTAHHS KiJIBKOCTI CTYJEHTIB y BHUIIMUX Ha-
BYAJLHEX 3aKJIa43aX HeoOxigHo 3a6e3neunTn cTabiIbHy CONianbHO-eKOHOMIUHY miqTpHM-
Ky, 30inpmuTn GiHAHCYBaHHSA OCBITH Ta CTBODUTH YMOBH JJid IIO€THAHHSI HABYAHHS 3
MPAIEBJIAIITYBAHHAM. BUKOPUCTAHHA CTATHCTHYHUX METOJIB J03BOJsIE HE JIUITE Tij-
TBEPAUTHU Ii BUCHOBKH, aj€ ¥ KiIbKICHO OIiHETH IX BIIMB, IIO MOXKe OyTH KOPUCHHM
ISl TIOIAJIbINOT PO3POOKK OCBITHBOT MOJITUKH.
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OuiHloBaHHA NapameTpiB KOHUEHTpauin 4na cymiwei

B. B. 3wiii, P. €. Maii6opona

B pobori posrisisaerses mobymoBa Ta NOPIBHAHHS OmIHOK HEBiZOMOro mapamerpa
KOHIeHTpaniil cymimi. Byno sukopucrano sunazakosi Bennuunan € € R, ne &,1=1,...,n
BiZIIOBima€e i-My cnocTepekeHHIO y BuOipi. IcHye Bermynna K, 10 MOXKe IpuiiMaTh 1Ba
3Ha4eHHs, To0TO K; = j, me j = 1,2. Ha ocHOBI niel 3MiHHOT BHOIPKY MOXKHA PO3ILIHTH
Ha KOMIIOHCHTH, aJie CHpaB)KHi 3HAYCHHA BEJIMYHWHU HE CHOCTepiI‘aIOTbCH, Bi,ZLOMO JIAIIIe
¥#MoBipHOCTI pz, 3 K010 cnocrepiraeroca K.

Braxkaemo, mo posmoain &;,¢ = 1,...,n € pi3aum mma xoxHO! KOMnoHeHTn. Hexait
F; — dynxmnia posnoainy & ana akoro K; = j, ne j = 1,2, Tob6T0:

Fi(z)=P(& <z |Ki=j), j=1,2.

Toxi po3smonin & MOXKHa 3alUCaTH, SK MOJEIb JBOKOMIIOHEHTHOI CyMimIi 3i 3MiHHOO
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KOHIIEHTPAITi€I0:
P& <x) = Pi(x) :plel(x) +p$FQ(x).

Posrusiny i #imosiproctTi pf € BiZIOMHMU 3 TOYHICTIO [0 HEBIZOMOrO LAPAMETPY VU, TOLI

p% = p} (v). TonaTkoBO HMOBIPHOCTI MOKYTB 3aJI€2KATH BiJ| JIESKOI JOMOMIXKHOI CIIOCTE-
pexyBanoi 3minHOi ¢ € R. Hanpuksiaz, skuo gasi orpuMani y pisHi MOMeHTH 4acy, TOA
t Byne IO3HAMATH MOMEHT “acCy juis i-ro cnocrepexents, pr = p(t;,v).

VIMOBIpHOCTI MOXKYTb ONHCYBATHCS IT'aPMOHIYHOI MOJIJLTIO 3 nepiogom 17

(t,T,m) 1(1+ i (2 t_m))
s, Ly,m) = — Sin ™ )
P 2 T

ab0 JIOriCTUYHOI MOAEJIII0 3 MacimTaboMm s > 0:

-
1+exp(t’m).

s

p(t7m7 s) =

B 060ox mozensx mapaMeTrp m € 3CyBOM i BBaAXKA€THCS HEBITOMHM.

Jna nobynoBu ONIHKM BHKOPHCTOBYETHCSA METOJ HafiMeHIIMX KBaJpaTiB Ta METO/T
Halbinbmol BiporigaocTi. Y Meroai HafiMeHIINX KBAAPATIB [ist OOYUCIIEHHS OI[iHKYA BU-
KOPHUCTOBYETHCS (DYHKI[IOHA:

R 1 n n
Rp(a) = —\2 ;u[i](a)Uﬂr[i] + ;(u[i](o‘))zﬂ[i] ,
me Uj = Y37 upiy(a),
pi(a) = {p.(a))n
VAR (a)

TyT (.)n, € OnepaTopoM ycepeaHeHHs, TO6TO

ui(a@) =

(p. () =~ 3ria),

a omeparop Ap () = ((p.(@))?)n—((p.(a)))?. Taxox susmauaeTscs mipa ;) = 7(£f4])-
Buxopucranns £[;] 1a u[;](e) 03HAYAE, IO BHKOPHCTOBYIOThCS 3HadueHHS & Ta (o)
BiJIMOBiHO, 171 AKMX OYJI0 BUKOHAHO MEPECTAHOBKY Y HMOPSAKY 3POCTAHHS.

Toxi ouinky HEBIZOMOro nHapamMerpa v MOXKHA 3aIlUCATU:

by, = arg max R, ().
ael

ZKicTh OIiHOK HAaMMEHIINX KBAJAPATIB MOPIBHIOETHCH 3 SKICTIO OIIHOK MeTOay Halbinb-
wol BipOrimHOCT] y BHIAAKY, KOJIX IJIBHOCTI KOMIIOHEHT BBAXKAKTHCS BiJIOMUMU.

ABTOpHM
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PocrucaaBs €srenouu MailiGopoga — mpodecop kadeapu Teopil WMOBIpHO-
cTei, CTATUCTUKYM Ta AaKTyapHO! MATEMATHKH, MEXaHIKO-MATEMATHUHWH (DaKyIbTeT,
Kuiechkuit naunionasbuuii yuiBepcurer imeni Tapaca Illepuenka, Kwuie, Ykpaiua;
E-mail: rostmaiboroda @knu.ua

Mobypnosa matematuyHoi mogeni P&L crpaxosoi
KOMNaHit

10. 1. Kupnarenko, B. II. 3y6uenko

VmoBu nosroMacmTabHOT BifiHu B YkpaiHi, exkoHOMiuHA HecTabinbHICTH i 3pocTaro-
43 PeryJIiTOpHA HEBU3HAYEHICTH CTBOPIOIOTH MOTPe0y B TOYHUX i THYYKHUX IHCTPYMeEHTaX
A1t OLiHKY (piHAHCOBOI CTIMKOCTI CTPAxXOBUX KOMIAHIH. Y NbOMY KOHTEKCTI aKTya bHHM
€ mo0ynoBa maremarnanol mogesi npubyrkis i 36utkie (P&L), sika KO3BOISAE IPOTHOZY-
BATHU I'POIIOBI MOTOKH Ta PE3YJIBTATUBHICTE MISIBHOCTI CTPAXOBUKA 3 YPaXYBaHHAM K
nemorpadiuynux, Tak i PiHAHCOBUX YHHHUKIB.

Mera poboru — po3poburu azanrusHy Mogens ¢popmysanuas P&L crpaxoBol koMma-
uii Ha ocHOBI mopTdesns cTpaxoBux AOroBOPIB. Y MOIe i BPAXOBAaHO AK aHyiTeTHi, Tak i
PU3UKOBI BUIM CTPAXYBAHHS YKUTTA. J[JIs1 pO3paxyHKiB BUKOPHCTAHO KJIACHIHUN aKTY-
apHnmit 6a3uc am92 ta cydacHy Tabauipo cMeprHocTi ELT15, Mo 103Bossg€e TOpiBHIOBATH
BIIUB pi3HmX gemorpadivnux mpumymens Ha (hiHAHCOBI MOKA3ZHUKH.

MeTomOMOriYHO MOIe/Ib CIUPAETHCA HA MPUAOMU AKTYapPHOI MATEMATUKM, JUCKDE-
THOTO (iHAHCOBOrO aHaJi3y Ta iMiTamiifimoro MogemroBamHs. Peanizarmis 3iilicHena B
Excel i Python i3 mo6ynoBoio 1eTalbHOTO I'DOIIOBOIO MOTOKY JJsl KOXKHOTLO THILY [0-
FOBOPY Ta arperyBaHHAM Pe3y/IbTATiB y eauny cTpykrypy P&L.

Cnucok nitepatypu

[1] By6uerxo B.II. "Maremarnani ocHoBm crpaxysanHs kurtta'. Kuis, BIII] «Kuis-
CcbKU yHiBEpcuTeTs, 223 c. - 2016.
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Amplitude-frequency characteristic of the sensor signal
of a piezoelectric shear waves gyroscope

T. Kovalenko, I. Ulitko

In the mathematical model of a piezoelectric gyroscope based on shear acoustic
waves, a layer of thickness 2h is considered, —h < z < h. The anisotropy axis of a
transversely isotropic piezoelectric material is the Ox axis, which lies in the middle
plane Ozy of the layer. The excitation of waves by an electric field at the frequency w is
carried out through entire surface electrodes at z = +h: E, = +(Vp/h) exp(iwt). At the
absence of surface mechanical loads at z = £h: 0, =0, 724 = 0, T2y = 0 one can predict
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that displacements u,; and u, will not depend on the coordinates = and y and will be
determined from one-dimension (z - coordinate) Coriolis-coupled equations

Puy, 1 (0%u ou
L= 2 _0%u, — 200 —2 |,
922 cf( otz 0T T 0y )

2uy 1 0%y 9 Oug
= = | —— — Qouy +2Q ,

0822 cg( o2 o "ot

where Qp is the angular velocity about z - axis, ¢ is the velocity of piezoelectrically
induced shear wave in the direction of anisotropy, c2 is the velocity of purely elastic
shear wave. In the presentation we will consider in detail the solution of these equations
in the form of piezoelectrically coupled and uncoupled components of shear waves, the
dependence of their frequencies and amplitudes on the angular velocity, etc. From this
solution, in particular, the important value of the couductivity current I associated with
primary and secondary operating modes of the gyroscope is determined. For the small
angular velocities (Qo/w << 1) the expression of I, representing the amplitude-frequency
characteristic (AFC) of the sensor can be given in the form

A Qo ¥/ Pcos A A
I(A)=2C1C'0Vo)\1{1+k%5|:7cos L +(—Oj( cosA2 _ Qcos 1)]}

A1 sin A1 w N\AasinAg  Apsing

where A\; is the normalized wavenumber of a primary mode, and A2 is the same of
secondary mode of a gyroscope, Co is an electrostatic capasity of the layer, P, @ and
kfs are some finite quantities formed by the material constants of piezoelectric material.
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Accelerated operations for Permutational Wreath
Products

A. Korzhuk, A. Oliynyk

Let (G, X) and (H,Y) be permutation groups. The wreath product of the permutati-
on group (G, X) with the abstract group H is defined as follows

GiH ={[g,h(z)]: g€ G, h(z) e H*}.
The exponentiation of (H,Y) by (G, X) is the permutation group

H1G=(GtH,YX),
30



such that every [g,h(z)] € G2 H acts on f(t) € Y by the rule:

FOET = (4 (1)) O.

We propose an approach to perform GPU accelerated operations on elements of
permutational wreath products. Let m € Zyp, 2Zny 2+ -2 Zp, be an element of the wreath
product of the regular cyclic groups of finite orders ni,...,nq, d > 2. Then 7 can be
stored in an m-ary heap, where the index of the kth child for the heap node i can be
computed using the following equation:

d-1 1
child(i, k) =1+ > [ n; + [i— (1+
=1 j=1

The proposed data structure allows efficient implementation of various operations
such as action, multiplication, order, and finding of inverse element. We demonstrate the
effectiveness of our method through an experiment that finds all possible isomorphisms
between Zs t Z3 and Zs3 1 Z3 : Z3, revealing 40223304 possible isomorphisms, including
an example from [1]. The results of our experiment are publicly accessible and can be
reproduced in Google Colab, with common portrait operations on CUDA structured in
a Python package https://bit.1ly/413xRWy.

Cnucok nitepartypu

[1] Oliynyk A., Prokhorchuk V.. On exponentiation, p-automata and HNN extensions of
free abelian groups. Algebra and Discrete Mathematics Volume 35 (2023). Number
2, pp. 180-190 DOI: 10.12958,/adm?2132
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3akoH NOBTOpPHOro norapucgpma ans BUNALKOBUX pafiB
Aipixne: rpaHM4HNiA BUNagoK

P. O. Kocrorpus

Ilin BumankosuM psaaoMm [lipixime Mu po3yMieMo y naHiit JOTOBiNiI BUIAIKOBU pan 3
napamerpom s > 0 Bumy

(log k)~
Xa(s)= 3 S8,
=5 kl/2+s
e a € Ry in1, n2,... - He3a/JEXKHI KOMIT BUMAJIKOBOI BEJIMYUHHU 1) 3 HYJIHOBUM CEPETHIM

i ckinuennow aucunepciero. Y 2023 poui 6ys0 J0BEIEHO 3aKOH IIOBTOPHOTO JIOTApU(PMa
(3I1J1) gna Bunaakosux psazais Jipixse npu s — 0+ 3a ymosu a > —1/2 (aus. [1], Teopema
3.1). ¥ pobori [2] 6yno nosegeno 3I1JI pjist rpaHAYHOrO BHIAJAKY o = —1/2.

Jnsa cim’ dynkniit (x4) nozaaunmo yepes C((z¢)) MHOXKUHY 11 TPAHUYHHUX TOUOK.
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https://bit.ly/4l3xRWy

Teopema. Hexait E[n] =01 02 = E[n?] € (0, 00). Toxi

C((( & )1/2 > M7]k:se(0,e_e)))

202log1/s logloglog1/s b ki/2ts
=[-1,1] wmm.

IpannuHuil BUNAJ0K TEXHIYHO CKuaAHimuil, ajpke mpu nepexomi Bixg o > —1/2 no
a = —1/2 BinBysaerbes Ga3oBuil mEpexis] y aCUMITOTHUIN UCTIEPCil BUNIAIKOBOTO DALY,
0 OJIAra€ y 3MiHi creneHeBol acHMITOTHKH HA jorapudmiday.

Jawme mocaimkenus 6yno ninrpumane HamnionaabauM pOHIOM TOCHIIKEeHb YKpaiHU
(npoekT 2023.03/0059 ‘BHecok a0 cydacHOI Teopii BUNAJKOBUX DsIiB’).

Cnucok niteparypu
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AHani3z anropuTmis peaykuii po3mipHocTeii

O. B. Kor, A. C. Ouailinuk

B nmocnimkeHH] npeacTaBieHO aHaJi3 aJrOPUTMIB peayKIll po3MipHOCTell, MO BH-
KOPHUCTOBYIOTbCA ¥ 00po01i MOBHUX maHuxX. OCHOBHOIO METOIO € BH3HAUeHHs Hailede-
KTHBHIIIIOT0 METOLY 33 KPHTEPiIMH TOYHOCTI MOIE/IIOBAHHS, IMIBUAKOCTI BUKOHAHHS Ta
37aTHOCTI /10 iHTepnpeTtanil pe3ynbraris. Busuanorsca Taki aaropurMu sk PCA (Princi-
pal Component Analysis), LCA (Linear Component Analysis) ra SVD (Singular Value
Decomposition), k0xkeH 3 AKHX 3aCTOCOBYETBCH [0 CEMAHTHYHHX MOZEIeH y KOHTEKCTI
06pO6KU IPUPOSHOI MOBH.

AsropuTME pemyKIlil PO3MIpHOCTEH BIAIrparoTh KJIIOYOBY POJIb Yy CTPYKTYDPYBAHHI
Besmkux HaOopiB manux. PCA BHKOPHCTOBYETHCH I 3MEHINEHHS KiJBKOCTI po3mipiB
JAHUX OUIAXOM Binbopy HafiBarkiusimmux 3Minamx 3a Kpurepiem Bapiarmerocti. LCA,
noxiouo mo PCA, cupsMoBaHuii Ha BHUSIBJIEHHsS JIHIMHUX 3ajexkHOCTeidl. B To#l 4ac sk
SVD poskiagae OpUriHAIBHY MATPHIIO HA TPU IHINI MATpHUIl, IO T03BOJSIE BUABUTH
IPUXOBAHI CEMAHTHUYHI CTPYKTYPH y HAaHUX. AHan3 e(DEeKTUBHOCTI I[UX METOMIB MOXKJIU-
BUil Uepe3 MOPIBHSAHHS MOKA3HUKIB TOYHOCTI Ta CKJIAJHOCTI 0OUHCIIEHD.

YV paMKax JOCJiJKEHHs IIPOBEIEHO NMOPIBHAIBHUN aHAJI3 BIJIUBY aJCOPUTMIB pey-
kuil po3miprocreit, takux sk PCA, LCA ta SVD. Koxen 3 meTogis 6yB 3acTocoBanuit 10
crienuivHOrO JaTaceTy 3 METOH BU3HAUYEHHSI YACOBUMX MOKA3HUKIB BUKOHAHHS Ta ede-
KTHBHOCTI KJIACTepH3aIlil CeMaHTUIHUX Mojeseii. JlocmiazKeHHsT 30Cepe2KeH0 Ha, OIiHIT
3IATHOCTI KOXKHOT'O METOIy IO 3HMXKeHHsI po3MipHocTeil 6e3 3Ha4YHOI BTpaTu iHdopMma-
TUBHOCTI gaHuX. AHaJi3 TaKUX ACHEKTIB JOMOMATra€ BUSBUTH ONTHUMAJIbLHI ITIAXOMM JIs
[IOZAJIBIIOTO 3aCTOCYBaHHA y cKiaaaaux NLP 3amadax Ta 3abe3nedye niirpyHTS JJIS PO-
3yMiHHS MaTeMAaTHYHUX NMPHUHIUANB poOOTH BUODAHUX AJTOPUTMIB.
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PobacTHa cTilikicTb aTpakTopy napabonidyHoro
PiBHSIHHS LWOA0 30BHIiWHIX 30ypeHb

A. KpacHeeBa, T. 2Kyk

TIpoxoBxKyr0un KOCIiAKeHHS, po3no4ari B [1], posrnsiHeMO HACTYNHY 3aAa<Iy

{ ) O _ 1y (1,2)), (1,2) € @ = (0, +00) x (0,1), "
y(t7 0) = dl(t)v y(t,l) = d2(t)7 y(ovm) = yo(:l:), T € (Ovl)v

ne 36ypenna d = {di,d2} € U c (L°°(0,+oo))2, Yo HANEXKHUTH (PA30BOMY TIPOCTOPY

X = L2(0,1) 3 nopmoto |||, f € C1(R) — sanana neninitina dbywuxuis, nus axoi £(0) =0
Ta icayors kKoucTanTu C' > 0, aj,az >0, p > 2, X € R Taki, mo

—C—ailslP < f(s)-s<C—asls|?, f'(s) <A (2)

Tlozuaaumo y(t, Yo, d) po3s’ssok (1) B MmoMenT 1acy t > 0, i 6yaemo BBaxkaTu, mo U ckia-
maerbes 3 Tux d = {d1,da} € (L (R+))?, ana axux di,ds € aBCOMIOTHO HEePEPBHIMU
ta d1(0) =d2(0) =0, di,d2 € L(R:) i |d|eo < R.

OCHOBHUM De3yJITATOM POOOTH € TeopeMa, L0 JOBOAUTH PODACTHY OINIHKY THILY

AG, ska xapakrepusye Biaxmienus ||y(t, yo, d)||e poss’askis sagadi (1) Big rmobansHOTO
arpaxTopy © mesbypenoi cucremu. Tyt |ly|eo = glsl(f) [y —o|.

Teopema. Hexail g 3amadqi (1) BukoryoTscs ymosu (2), 30yperHs d HAIEXKATH KJIACY
U ta © c X € robanbHuM arpakTopoM He3bypenoi 3agadi (tobro qisa d = 0). Toxai icuye
vyeK={yeC(R4) : v(0) =0, v ~} Taka, mo s BCix yo € X Ta d € U A1 pO3B 3Ky

sanadi (1) y(¢,yo,d) BUKOHYeTHCS ONiHKA tlim ly(t,yo,d) e <v([d]les)-

Pobory Bukonano 3a nigrpuvmku Harionasnsaoro ¢dpougy mociimkens YKpainu, npo-
ext 2023.03/0074 "Heckinuennosumipai eBosroniiini pisasang i3 6araro3Ha<HOIO TA CTO-
XaCTUYHOIO TUHAMIKOIO".
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T. 27, Ne 2, c. 229-237.

33



ABTOpn

Anna OnekcanppiBua KpacHeeBa — acnipanTKa 2-ro pOKy HaBYaHH:, MEXaHIKO-
maremarnannit akynprer, Kuiscpbkuil Hanionansuuit yuisepcurer imeni Tapaca Illes-
wenka, Kuis, Ykpaina; E-mail: krasnyeyeva@gmail.com

Tersina IOpiiBua 2Kyk — acmipanTka 3-r0 pPOKy HABYAHHS, MEXaHIKO-
maremarnanuit  daxynprer, KuiBchbkuit wnamiomanepuumit ymiBepcmrer imemi Tapaca
IlleBuenka, KuiB, Ykpaina; E-mail: zhuktetianabQknu.ua

BpaxyBaHHS1 KpUBUHM Npu aHani3i TEPMOHANPY>XXeHOro
CTaHy [BOLWIAPOBOro uuniHapa

A. KynpsasBueB

Jlare DOCHiIKEHHS € JIOTiYHEM NPOAOBXKEHHSM poboTm aBTopa [1], me posrisamascs
0CECHMETPHIHUI HANPYKEHWH CTaH JBOIIAPOBOTO IHJIHAPA, IO BUHUK YHACJIIJIOK TEp-
MiYHOTO yaapy, To6TO pi3kol 3MiHU TeMIepaTypHu 30BHIIIHbOTO cepenopuina. Ilomepenne
OOCITIiNKeHHS I'DYHTYBAJIOCS HA OJHOBHUMIDHIHM MOZea mpoIecy NOMIUPEHHS Telia, TO0-
TO TaKOl MOjeJi, sSIKa He BPAaXOBY€ CKiHUEHHICTH pajiyca nuaingapa. Take HaOIU KEHHS
JIOCUTH TAPHO OMHCYE HECTAIIOHAPHI TEMIIEPATYPHI MO Yy BHIAAKY, KOJH TOBIIUHA ITH-
JIiHJpa 3HAYHO MEHIe Horo pajiycy. BoHO, HAUpUKIIAK, 1a€ 3 JOCTATHBOI HPAKTUIHOI)
TOYHICTIO PO3MOZIN TeMmeparypu B IuaiHgpuvHill wacTuri kKOopmyca peakropa BBEP-
1000, ToBmuna crinku gxoi ckaagae 10% six fioro BayTpimabOrO pasiycy. IIpore 3 po-
CTOM BiJHOCHOT TOBIIIMHH MIAPiB MUIIHAPA TOYHICTH OJHOBUMIPHOTO HAOIUXKEHHS A, TA€.

B pamiit poboTi po3riauyTo ocecumerputine HAOIMIKEHHS PO3B’I3KY HECTAI[iOHAPHOT
3a/]adi TelIonpoBigHoCcTi. 3 MaTEMAaTUIHOI TOYKH 30Dy II€ IPU3BEJIO JO 3aMiHU TPUTO-
HOMeTpUYHUX PYHKIIH Yy BUpa3ax BJACHUX (DYHKINN BiAMOBiAHO! ceKTpasbHOI 3a7a4i
Ha muriagpuyHi Qysknii. Meron po3s’a3ky 3agadi npu npoMy He 3MinuBcs y nopiBaaHH]
3 O,E(HOBI/IMipHI/IM BUMIAJKOM: JIJIs1 fioro 3HAXOJXKECHHA BUKOPHUCTOBYBAJIACA TIEPETBOPEHHSA
Jlammaca 3a 9aCOBOIO KOOPAHHATOIO.

Orpumanuii po3B’430K € BUIBHMM Bij| BUIEBKA3aHOr0O HENOJIKY. Bil 103BOJIsi€ OTpU-
MyBaTH TOYHI 3HAYEHHS TEMIIEPATYPH, & BiAMOBIAHO i HATIPYXKEHB, Y ABOMIAPOBOMY II¥-
JiHApi Ui 6yAb-sIKMX CHIBBIJHONIEHB MiXK TOBIIWHOIO HIapiB i BHYTpPINIHBOrO pajiy-
ca muiaingpa. Jlanuit BUCHOBOK OYB HiATBEDKEHU IIISXOM NODPIBHSAHHS DE3YJIbTATIB
IJisi TOBCTOCTIHHOTO IMJIIHIPA 3 Pe3yJIbTaTaMM, OTPUMAHUMU 33 JOIMOMOTOK CKiHYEHHO-
esiemenTHOro nakery CalculiX.
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Differentiable Bounds on Loss Functions in the Mixture
Model with Varying Concentrations

O. Mikushova, V. Miroshnychenko
We are currently researching a mixture model with varying concentrations [2], where
observations Oj, j = 1,...,n, belong to one of m components with unknown indices
rj € {1,...,m}, while mixing probabilities p¥,, = P{x; = k} are known.

We consider the linear regression model Y (0) = ¢, foz(o))Xz(O) +¢(0), where

X (O) is a vector of regressors, and (O) is a zero-mean error independent of X (O).
Given the sample {&; = (zj,y;)}, our goal is to estimate 0¢ ) and 6, using the loss

function
m n 2
L= 30 Y aba0p) (vi= 07 @)
k=1i=1

where af, (6,) = 27, pl, T,
(p n)ict, 1,k=1"

The following bounds for L were derived, which can be differentiated with respect
to the parameters 0, 05 to enable optimization

are minimax coefficients, with I'), = PnPE and P, =

1 m n m 9f x 2
LI < T3 e 35 YA D) (v - £ @)
k=1i=1 t=1

NgE!
NgE

pﬁm( ef k(ﬂﬁz)) :

k=1t

1i=1

n
L] < T3 HF\ >

In the special case m = 2, we obtain:

k=1 \i=1

2 n 2
<l 3 (St (- 1))
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MoA+: Mixture of Autoencoders with Varying
Concentrations for Enhanced Image Clustering

V. Miroshnychenko, V. Tunik

In this work we consider the improvement of the vanilla Mixture of Experts
model [1] for unsupervised image clustering by introducing a mixture with varying
concentrations. This addresses expert dominance, enhancing training balance and
clustering performance.

The model is tested on the MNIST dataset, a benchmark of n grayscale handwritten
digit images X;,¢ = 1,n, treated as a mixture with M = 2 components.

In the MoA+ framework, each trainable expert is a convolutional autoencoder
(CAE), similar to simplified U-Net or SegNet, where image X; is reconstructed into

image X, using k-th CAE with MSE error. A trainable convolutional gate network
assigns mixing probabilities P, = (pﬁn);:yk:l, where p¥  is the probability of the image
i to belong to component k, clustering images by selecting the most suitable CAE.

To address expert imbalance, MoA+ uses a modified loss function inspired by k-

means, incorporating minimax weights A, = (a¥ ka:l = (PTP,) P, = (T) Py
[2]:

Moo I M 1 M [ n R 2
loss = 35 3 aiin (Xi = Xi)” < \| 2 3\| 2 (Zpﬁn(Xi *Xi,k)z') ;
k=14=1 k=1 Ak N k=1 \i=1
where Ay are eigenvalues of matrix I';,. This regularizes the gate network, balancing
expert contributions.
Compared under identical conditions, the standard MoA achieved a Normalized
Mutual Information (NMI) of ~ 0.08, while MoA+ scored ~ 0.8, showing significantly
better clustering performance.
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LUBuakictb 30i>KHOCTI UiH AncKpeTn3oBaHux A3iCbKux
ONUIOHIB KyMiBAi OO0 UiHW B HenepepBHOMY 4aci
FO. C. Mimypa, II. . Poik
OmnuioH € BaXKJIUBUM IHCTpyMeHTOM Ha hiHAHCOBHX pHHKax. BiH nae mpaso (ase e
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060B’30K) KynuTu (Oonuion Kymismi) abo mpogaru (ONIiOH NPOJaXKy) mesdkuil dbinanco-
BUIl aKTHB 3a 3a3aJerifb BU3HAYEHOIO 1iHOI K (CTPaKOBOIO IIHOIO) B JesdKH# dac
T (uac BukonauHs). [[iHa, 3a SKOW KyIye€TbCs ONI[OH, HA3UBAECTHCA LIHOKO a00 mpemi-
€0 ommniony. IcHye 6araTo BuAiB OMNITIOHIB, TAKUX K €Bponeichbkuil, AMEpPHKAHCHKHIL,
AsiliceKuii TOI10.

Y pobori posrnsHyTO apudMernuHuit A3iMCbKEiI ONIiOH KymiBjii 3 HemepepBHUM
gacoM [1], To6ro Takuil onmion, Ay AKOro crpaifkosa miHa BigoMma, a niHa onriony dop-
MY€ETBhCsI HA OCHOBI cepeIHbOI ITiHM (DiHAHCOBOTO AKTHUBY IIPOTATIOM IIEBHOTO IIEPIOIy.

Taxum umnoMm, dhopMmyrna aas BU3HAUEHHd Ifinu A3I#CHKOro OmIfiOHY KymiBii Mae
HACTYIHUN BUIJISI:

. 1 ,T o2
C{LS =6_7TE (max(?f €UWt+(r 2 )tdt—Kyo))z
0

e r — BIJICOTKOBA CTaBKa, 0 — BOJATUJIbHICTh, K — cTpaiikoBa miHa, T — 4ac BHKO-
waunst, W = {W;,t > 0} — sinepiscpkuit mporec.

Axkmo K =0, 10 Cgs = 1:fT’t. Axkmo K > 0, 1o Cgs He MOXKHA 3HANTH aHAJiTH-
4go. Pobora npucsgyeHa aHajizy IIBHAKOCTI 30iKHOCTI HAOJMXKEHOI ITIHKM ONIIOHY J0
crnpaBxKHbOI iHK Cgs.

YV poboTi 6ysi0 pPO3TISHYTO HAOJIMKEHHS iHN Yepe3 AMCKPETH3AIII0 9aCcOBOrO iHTED-
BaJIy Ta HaOJIMXKEHHs iHTerpaJy JiBow cyMmor Pimana.

HBugkicrs 30ikHOCTI OTPUMAHOT LIHM 10 CUPAB2KHBOT LIHM OLIHIOBAJIACS 3d OO~
MOTOK OBOX MiAXOAiB: 3 BUKOPHUCTAHHSIM T'eHEPATPUCH JIOTHOPMAJILHOTO DPO3MOALIY Ta
dopmymnu Ito.

HaJii orpumMani oninku nopiBHIOBasKCH. BUsBUIIOCH, 110 OLiHKA, OTPUMAHA 33 OO0~
Morom ¢popmynu ITo, Kpama, NPy I€BHUX MPUIYINEHHSAX, IPU BCIX 3HAUEHHAX IapaMe-
TPiB, TOMY IIpH HPAKTHYIHUAX PO3PAXYHKAX MA€ BHKODHCTOBYBATHUCS CAME BOHA.

Peanizamia Ta TectyBamnsa Oynu BukoHaHi y mporpamMHOMy cepexosuini Matlab.
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Centralizers of monomial derivations of the form
(zy)"D,, in the Lie algebra W,(K)

Y. Molochynskyi, O. Tyshchenko

Let K be an algebraically closed field of characteristic zero, K[z, y] the polynomial
ring, and let Wa(k) be the Lie algebra of all K-derivations on K[z,y]. Every derivati-
on D € W2(K) can be uniquely written in the form D = fo, + gy, f,g9 € K[z, y].
From the geometric point of view, a derivation D is a polynomial vector field on
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K2. Every polynomial f € K[z,y] defines the Jacobian derivation Dy by the rule
Dy(h) =det(J(f,h)), where J(f, k) is the Jacobi matrix of the polynomials f, k.
Further, for any derivation D € W2 (k) one can consider the centralizer of D in the
Lie algebra Wa (k).
CWQ(k)(D) = {T € Wz(k) | [T,D] = 0}.

The structure of centralizers of derivations is of great interest (see, for example, [1], [2],

3D)-

Using some results of [2] we proved the next statement:

Theorem. Let D = —z"'y"d, + a™y™"*'dy, n > 0, be a Jacobian derivation from
Wa(K). Then:
a) If n = 0, then Cyy, (k) (D) is a free module of rank 2 over ker D c Wa (k) with
free generators D and Eo, where E3 = 20, + y0y is the Euler derivation.
6) if n > 1, then Cw, (D) is a free module of rank 1 with free generator Dy, =
—x0z + YOy
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OavH KoHTUHYanbHUA Knac dpakTanbHux PyHKLUINA,
03HaYeHWi B TepMmiHax (i-300pa>keHHs1 AificHUX dncen

B. Hazapuyk, M. IIpauboBuruii

Hexait As = {0,1,...,s—1} — s-koBHii andasiT, Ls = AsXAsX... — IPOCTIp MOCTIAOBHO-
creil ejeMeHTiB aﬂ(l)aBlTy, |gin| — cToxacTrmara marpuns, ans HKOT BUKODPHUCTOBYHOTHCS

YMOBH: ¢in > 0, Z gin =1 Vne N i H mgx{qm} = 0. Bigomo, 1o dasa 0os6iabHo20

i=0 n=11€
wucaa € [0;1] icnye nocaidoenicms (an) € Ls, maxa wo

ap-1

oo n—1
Qs
T =fBaq + Z Bann H dojj = Aalag...an..w Bann = H Gin- (1)
n=2 j=1 i=0
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o
Poskran uncna x B pan (1) Ha3uBAETHCA Q-IPEICTABICHHAM, 8 3amuC AL o, ... —
Q%-306pakeHHAM. KO Gin = % Vie As, Yn € N, 10 Q%-306pakeHHAM € KIaCUIHUM
S-KOBHM 300DasKEHHSIM THCEJI.

Posrasimaersea dyukmisa f,, O3HAYEHA PIBHICTIO

Q% Q%
Ja(@ = Adfas o) = Ajal oy flag-oal...lan-anl...

ne (an) — mudpu s-kosoro 306pazkenns wncta a = A5 (an) € Ls.

O3zuauenns (yHKIl, B3araai KaKydd, € HEKOPEKTHUM, OCKIJIbKH 3HAYEHHS (PYHKIT
Bia 1BOX pisHEX 306pakeHb Q%-6iHApHHX 4YHces, HE CIIBIAAAIOTH. TOMY JAOMOBHMOCH
HaJasi He BUKOPHCTOBYBATHU OJHE i3 ABOX 300parkeHb, a came 3 nepiogom (s —1).

Teopema. @yukiia f € HemepepBHOIO Ha yci#t obsiacTi BH3HAYEHHS 33 BUKJIIOYEHHS
3aiveHHOl KigbKocTi Touok. DyHKIis f Mae CKiHUeHH] Ta KOHTHHYAJbHI PiBHI, IPUIOMY
OCTaHHI € HiZe He mMiTbHUMU HYILBOI Mipu JleGera.

c—1
1 1 :
(robro sxmo an(z) = 5=, To Bn(y) = %57), xomm ¢ — nemapme; i 36epirae nudpy 3,
KOJIM C — TIapHe.
YV DOmoBifi IPOMOHYIOTHCS PE3YNAbTATH HOCIIXKEHHS CTPYKTYPHUX, TOIOJIOTOMETPH-
YHAX T3 (PPAKTAJLHUX BIACTHBOCTEH PyHKIIT f,.

Axmo a = AF o0 . ,an € {0,c},c € A, T0 bynxmia fo 36epirae nudpy
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Aunanor dyHkuii CepniHCbKOro, 03Ha4eHuin B TepmMiHax
NaHUIOroBoro 300pa>keHHs1 Yncesn 3i CKiH4eHHUM
andasiTom

O. Hikopak

Hexait As = {eg,e1,...,es-1} — andasit (0<ep <ej <..<es—1), Ls = As x Ag % ...
— TPOCTIp mOCaimoBHOCTEH eeMeHTiB anxdasity. Janyrozo6um Ag-0pobom HAZUBAETHCS
BHDPA3 BAILY

/a1 +1jag + ...+ 1/ap + ... = [0;a1,a2,...,an, ...],

(an) € Ls. Mg muoxuru E 3uavens ganmorosux Ag-apobis mMaiors Miche chiesigno-
[IE€HHS

min {E} = [0; (es-1,€0)] = do,
ap€Ag
max {E} =[0; (eo,es-1)] = d1.
anp€Ag

Teopema. [2] dxkmo e; = ej—1 +d, @ = 1,s—1, ne d = di — do, TO A JOBLIBHOTO
x € [do; d1] icaye nocninosricts (an ) € Ls, Taxa mo
z =[0;a1, ..., an, ...]AS.
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Banuc [0; al,...,an,...]AS Ha3UBAETHCS AAGHUI0208UM Ag-306pasicennasm GUCTA T.
BeiBmu nmepekogyBaHHSA an = €q,, , ,ue ap € {07 1,...,8 - 1}7 OTPUMAEMO AGHUI0206€ S-
CUMBOABHE Ag-300paHCEHHA TVCEIT: Aal

Posrasigaerbea dyukmisa f, o3HadeHa plBHOCTHMI/I

f(I_AAr ) A , He

apaz. ﬂlﬂz B

[2¢n, — anl, AKIo an € {0,1},

[2¢n — [07"] |, sxmo an, €{2,3,4},

/Bn(a'ru cn) =

Cn, AKIIO Qi F 2,

c1 =0,cnt+1 = neN.

1—-cpn, 4KIO ap = 2.
Teopema. Dyuxkrmis f € HemepepBHOIO HiZe He MOHOTOHHOIO (DYHKI€IO HeoOMexKeHOT
Bapiarii.

Y A0uOBiZi HIPOLOHYIOTHCH PE3YJIbTATH OCJIJIZKEHHS TOLOJOrOMETPUYHHUX, CTPY-
KTYPHEX T2 BapialifiHux BJAACTHBOCTEH (DYHKITI f, IO € aHAJOTOM y3araJbHeHHs (DyH-
kil CepmiHCHKOro, 3allpOIIOHOBAHOrO B [1].
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Ob6uucntoBaHicTb B TepmiHax anroputmis Mapkosa

C.-€.B. HosikoBa

PopMaJjibHe CTPOre O3HAYEHHs] OOYUCIIOBAHOCTI € KPUTUYHO BarXKJIUBUM KOMIIOHEH-
TOM Yy ZOCJIJKEHHSX 3 OCHOB MATEMATHKH, KOMII'IOTEPHUX HAYK Ta Teopil ckyagHOoCTi
obumciaenb. Bigomi kinbKa /1eCATKIB Pi3HUX O3HAYEHBb, IPOTE YCi BOHU € eKBiBAJIEHTHIMU,
TOOTO IPUBOASATH O OJHOTO U TOTO K KJIACY AJITOPUTMIYHO OOYUCTIOBAHUX IPOHIeM, o
miaTrBepmKye Bigomy te3y Unopua. Cepes 3aIpOnOHOBAHKX MiAXOLIB BUAIISIETHCS 3AIPO-
nosoBauuit Mapkosum (|1]) croci6 BU3HAYUTH MOHATTSA OGYHCIIOBAHOCTI 33 JOIOMOTOO
[IPOCTUX [IPABUJI IEPENUCYBAHHSA CJIB.

Busnauumo nopManbuuii anropurm Mapkosa ax Habip M = (A, X, P,Np), B axomy
A — andasit agropurmy MapkoBa, X € A — CKiHYeHHAa MHOXXWHA BXIJHUX CHMBOJIIB,
P — cKiHYeHHa BIOPSJKOBaHA MHOXKHHA IPABUJI II€PENUCYBaHHS BUIMIAAY a — b abo
a—.b,a,be A*, Np — cKiHUYeHHa MHOKHHA {HCTPYKIil /1T HACTYIHOTO MPABUJIA, IO
[IePeBIPATHMETHCS HA 3aCTOCOBHICTE. IlepeBipka 3aCTOCOBHOCTI IPaBHUII MEPEIHUCYBAHHS
HOPMaJIBHOT'O aJaropuTMy MapKoBa nmo4nHaeTses 3 0-ro IpaBuia Ta 3 MOYaTKY PAAKA, HA
SAKOMY IIPAIIOE AJCOPUTM. Y BHIIAIKY, KOJIU OCTAHHE [IepeBipeHe MPaBUIO € 3aCTOCOBHUM
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Ta TepMiHAJBHUM, HIiCJdA IEPENHUCYBAaHHSA PAJIKA AJTCOPUTM MPHUIHUHSETHCA. B iHIIOMY
BUIIQJKY TICJIS MEPENUCYBAHHS PSAKA MEePeBipKa MOYMHAECTLCA 3HOBY 3 0-ro mpaBMia.
Ao micss nepeBipKy BCiX MpaBuil 2KOHE 3 HUX HE BUSBUJIOCH 3aCTOCOBHUM , BHKOHAHHS
AJIrOPUTMY IPUIHUHAETHCA. THIOPIiHroBa IOBHOTAa MOBH HOPMAJIBHUX aJIropuTMiB Mapkosa
posraananacs y [2].

B pob6oTi 6ya10 cTBOPEHO iHTEpIpeTaTop /15 HOPMAJLHUX aaropuTMiB MapkoBa Mo-
oo Python. Pogrisnyro npuxmagu peasnizarnil apudmvernannx HyHKIHH, 30KpeMa MHO-
JKEHHSI, TOJABAHHsI, MOZYJs DI3HUIN, 3HAXOMKEHHS OCTadi Bij minenns ta HalbinbImo-
O CIIJBHOTO HiIbHUKA. 3aCTOCOBAHO HOPMAJIbHI aJropuTMu MapKoBa /17 MOPiBHIHHS
ABOX UHCEJ B yHAPHOMY Ta OiHAPHOMY NIPEACTABJICHHI, /i1 COPTYBAHHSA, Ta O0IUCIICHO
CKJIQIHICTh BiANOBiHUX aJIrOpuTMiB.
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Stcohastic center of quadratic systems of stochastic
differential equations

O. Perehuda, A. Rykhlik

Let (Q,F,P) be a complete probability space and w(t) be a standard one-
dimensional Wiener process on . We consider stochastic differential system of Ito’s

form
{dx(t) = fi(z,y)dt + g1 (z,y)dw(t), (1)
dy(t) = fQ(x’y)dt + gg(.’L’,:y)d”LU(t),

where f1, f2, g1, g2 are (non random) real polynomails in the variables z, y without
constant terms.

In the present work, we shall give a stochastic version of the center problem for
systems of stochastic differential equations on the plane.

Definition. We say that system (1) has a stochastic center at the origin if there is
a non-constant analytic function H(z,y) in a neighborhood U of the origin such that
for any (xo, yo) € U, if (x(t),y(¢)) is the maximal solution of system (1) with the initial
conditions x(0) = o, y(0) = yo, then for all 0 <t < o(z0,y0)

H(x(t),y(t)) - H(zo,y0) =0 a.s.
Observe that if the curve {(z,y) € R? : H(x,y) = H(x0,v0)} is closed, then o(zo,y0) =
+00.
Theorem. Let notations be as in Definition. Then system (1) has a stochastic center,
if and only if for all (z,y) €U,
g1(, y) (w y) +g2(=, y) (ar y) =0, (2)
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8*H 0%H 9%H
2 +2g1g27+g§7)=0 (3)

A2 s 2 L
T,y)— z,y)— + —(91 ——=
N 2y oy 2 o Ox? 0xdy Oy?
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MopiBHANbHMIA aHanNi3 ycniWHOCTI abiTypieHTIB Ta
CTYAEHTIB MeXaHiKkoO—MaTeMaTU4Horo cakynbrety

B. A. ITozgusakos

O1iHOBaHHs 3HaHb abiTypi€HTIB Ta CTYJEHTIB € BaXKJIUBUM €JE€MEHTOM OCBITHBOT'O
npoLecy, OCKIJIbKU JO3BOJISE HE JIMINE BU3HAYUTH PIBEHBb IiATOTOBKU BCTYIHUKIB, & ¥
CIPOTHO3YBATH IXHIO MOZAJIBINLY akageMiuny ycmimuicts. [Tonpu Te, mo BcTynHi oninku
HaCTO PO3IJISAAAIOTHCS AK IHAUKATOP 3HAaHDL 1 3ai6HOCTEl, IXHA BiANOBIAHICTE ceMecTpo-
BHM DE3yJIbTATAM HABYAHHS 110TPEOYE [LOAATKOBOrO aHAJII3y.

Y nift poboTi JOCHIIPKYETHCS B3AEMO3B 130K Mi>K BCTYIIHUMU T4 CEMECTPOBAMHU OI[iH-
KaMH CTYZeHTiB. AHAJI3 NPOBOAUTHCS 3 BUKOPHUCTAHHAM CTATHCTUIHUX METO[IB, BKJIIO-
Halo4yu KOpedaIiiHuil aHami3, perpecifine MO/eNOBaHHSA Ta NE€PEBIPDKY THILY PO3IOJIIILY
OIIIHOK.

Hocaimxennsa 6a3yeTbca Ha JAHUX CTYIEHTIB MEXaHIKO-MATEMATHYHOTO (DAKYIbBTETY
manpaMmy 112 «Craructukas, mo po3moduanu Hasdanug y 2021 pomi.

Y pe3ynbraTi IPOBELEHOTO JOCIIAXKEHHS He 0Yy/I0 BUSBJIEHO CTATHCTHUYIHO 3HATYINOT
3aJ1€2KHOCT] MiK BCTYIHHUMH OIIHKAMH Ta CEMECTPDOBHMH De3yJbTaTaMH CTYAEHTiB. Bo-
nHOYac 6ymo moOymOBaHO KiIbKa perpeciiiHnx Mojesneil, IKi OMUCYIOTh 3B 30K MiXK OIliH-
KaMH 33 pi3Hi cemecTpu. 30KkpeMa, OTPUMAHI PIBHSHHS LO3BOJSIOTH IPOTHO3YBATH OL[iH-
KU B Hi3HIMUX CEMECTPax Ha OCHOBI pe3ysbTaTiB momepesHix.
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YucenbHe mogentoBavHss CAOP 3i ctpubkamu metogom
AVHAMIYHOT 3pi3Ku
. IlnaToHoB

Posrnsagaerbes 3a1a9a YUCETBHOTO MOJIETIOBAHHS CUIBLHOTO PO3B’SA3KY CTOXACTUIHO-
ro gudepenIfiagbHOr0 piBHIHHS

t t t oo —~
X = Xo + f a(s, Xs)ds+ f b(s, Xs)dBs + f / c(s, Xs-,2)N(ds,dz),
0 0 0 J-oo

ne N(ds,dz) — xomnencosana Bunaaxkosa Mipa Ilyaccona, mobyl0BaHa 3a IPOIECOM JIEBi
Zt.
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3 BUKOpHCTaHHAM HOBOIO Hiaxomy — auHaMiqHoi 3pisku (dynamic cutting), ne mo-
pir 3pi3aHHS 337a€ThCA B TepMiHax Mipu mpouecy JleBi Zi, MoxkeMo moOyAyBaTU IBA
BapiaHTH anpOKCHMAIl PO3B’A3KY:

1,7 .
- X, - mani cTpuOKH BUIANAIOTLCS,
2, . . .
- X T — Mauri cTpubKM 3aMiHIOIOTHCH HOPMAILHOIO allPOKCHMAIIEI0.

Topni 3a cranmapTHux npunymens Jlinmuns, [leano va Koedinientu CJP, iHTerpos-
HOCTI T2 06MEXKEeHOCT] 110 ¢, MU Ma€MO HACTynHI oninkn moxubok B LP mrs cxemu Efepa.
1

a) Hexait p> 1, a € (0,2). Togi gnsa gosimsrOTO £* € (0, 35

2¢ 2-a 1 . *
2, —{'Y/\ } — S5 te
sup |X1, - X T|H <n p(1+¢) .

te[0,T] ¢ Lr() ”

6) Hexait p > max(1,a) i nosnaunmo p* = p A 2. Toai

1,7 —{’Y/\72< } _p-a
sup |X:—- X, |H <n PO 47 pra
te[0,T] Lr ()
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Strong consistency of drift parameter estimator
in the Langevin equation driven by tempered fractional
Brownian motion

O. Prykhodko, K. Ralchenko

We investigate the Langevin equation in the following form:
t
Yy =y0+9/ Ysds+o0Xe, t20,
0

where the initial value yo is arbitrary, and the constants 6 and o are positive. As the
noise process X, we take the tempered fractional Brownian motion B{{ 5 or its second
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kind Bg_’/\, defined in [1] and [2], respectively, for H >0 and A > 0 by

Bira @ = [ [ghr ()] ams,

t _1
B0 = [ [ohan) on [ -9l au]aw,

H-1 H-1
where gl ,(s) = e (e (t-5), 2 —e A+ (=s) 2 and W is a two-sided Wiener
process.
For the continuous-time observations of the process {Yz,t € [0,T]}, we consider the
estimator s 5
Oy = Yr—%
T~ 2 9,°
2 JT V2

Moreover, we construct the following discrete-time counterpart of Or:

2 2
n Ynnkl - yo)

nm 1,2
2 Zk:o Ykn’l

O, (m) = , n>1, m>2.

The main result is a theorem about strong consistency for 87 and 6,,(m) for the cases
of Bé 5 and Bg.x As auxiliary results, almost sure upper bounds for the increments of

B}_I 5 and Bg y are established.
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Optimal codimension one gradient flows on closed
surfaces

A. Prishlyak, I. Ovtsynov

We use a separatrix diagram for defining a codimension one flow. This diagram is a
complete topological invariant for Morse flows on a closed surface. It is a graph embedded
into a surface. Its vertices are sources and its edges are stable manifolds of saddles.

‘We consider codimension one gradient flows on closed surfaces with minimal number
of singular points. There are two types of such flows: with saddle-node (SN) and wi-
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th saddle connection (SC). We use chord diagrams to specify flows up to topological
trajectory equivalence using separatrix diagrams.

A chord diagram with a marked arc is a complete topological invariant of an SN-flow
and a chord diagram with a T-graph — of an SC-flow. It was used to study topological
equivalence of Morse flows on closed surfaces in [1].

An SN- (SC-) flow on a surface is called optimal if it has the least number of si-
ngularities among all the SN- (SC-) flows on this surface. And next theorems are useful
to consider.

Theorem. An SN- (SC-) flow on a closed surface is optimal if and only if it contains
only one sink and one source.

Theorem. Two optimal SN-flows on closed connected surfaces are topologically equi-
valent if and only if they have the same type of saddle-node and there is an isomorphism
between their chord diagrams.

Theorem. Two optimal SC-flows on closed connected surfaces are topologically equi-
valent if and only if their chord diagrams are isomorphic.

We list all chord diagrams for SN- and SC-flows on orientable surfaces of genus at
most 2 and nonorientable surfaces of genus at most 3. For each of diagrams we found
inverse one that correspond the inverse flow.

One can find out about the results of this research in more details in [2].
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Comparative analysis of discrete Langevin Diffusion
sampling algorithms
M. Pushkar, V. Golomoziy

Let m be a probability distribution on R? with a smooth density. The Langevin
diffusion process is defined by the following SDE

1
dXi = §V10g7r(Xt)dt+th (1)

has 7 as its invariant distribution, and under suitable regularity assumptions, the distri-
bution of X; converges to m exponentially fast as ¢ — oo [1].

In practice, sampling from 7 is performed using discrete-time approximations of (1).
We consider three such algorithms: the Unadjusted Langevin Algorithm (ULA), the

45



Metropolis Adjusted Langevin Algorithm (MALA), and the truncated modification of
the latter algorithm (T-MALA). These are defined by the respective updates:

5
ULA: Xpi1 = Xn + 5vlogw(Xn) +V/8 Z,

b
MALA: Y =X+ 0V log (X)) + /8 Zn,

X o Y  with probability a(X,,Y),
T x, otherwise,

T-MALA: Same as MALA, but with truncated drift Vlogm(z).

where Z,, ~N(0,14) and a(z,y) is the Metropolis-Hastings acceptance probability.

We perform a comparative analysis of these algorithms via a variety of metrics
(such as acceptance rate, autocorrelation, ect.) on different target distributions (Gaussi-
an, Gaussian mixtures, ect.) with the goal to assess the trade-off between algorithmic
complexity and sampling efficiency.
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Knac TpubiH-dyHKUili, NOB'A3aHUX 3 S-CUMBOJSIbHUMU
KOAYBAHHSAMU 4ucen 3 HyNbOBOK HAAINLLIKOBICTIO

C. Parymnsk, M. IIpansoBurtuii, O. Bapanoscbkuii, I. JIncenko
.
. . _ COAS -
Hexa#t N 3 s — dikcosane wmcmo (s > 2), As = {0,1,...,8 = 1} AZ 00 0, .
s-cuMBoJibHe 300pacenus uucia x € [0;1], rouosoriuno exksiBajenTHE KIACUIHOMY S-
KOBOMY 300DarKeHHIO:
z =A% =21 4 Q2 Qn oo,
T= Aalazman... s + s2 +..t sn +.., (a") € As 3
* . .
A?ﬁﬂz 5 — apocuMmBojbHe 300paxkenns umcia x € [0;1], romosoriuno exsisa-

JIEHTHE KJIaCHYHOMY IBifikoBOMy 300paxeHHo, (Bn) € AS°. Posrnagaerscst yHKIfiL
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f(Afxltxg...an,...) = Aﬁlﬂg,..ﬁ"...’ ae

0, npuay € Ag + &,

Bn, IPA Qint1 = Qn, (1)
1, npu g € As NAg £ g,

1= Bn, 1P Qn+1 # Op.

B1 =

BnJrl =

3 pusnadenus nudp (Bn) 2*-306pakenns suadennsa byHK 6auumo, mo mudpa SBp
3aJIe’KUTh BiA n mepmux nudp apryMenTa, To6To € QYHKI€0 n 3MIHHUX, ©p : AL — Aa.
Binwme roro, B = ®1 (0‘1)7 Bn+1 = <Pn+1(0417 cey Oy OCnJrl) = 'Y(ﬁ'ru Qn, an+1)~

Teopema. @yukuisa f, o3HadeHa pisHocTsaMmu (1), € HeIEPEPBHOIO HijJle HE MOHOTOH-
HOIO Ha ycili obsacTi Bu3HauenHs. Oyuknia f Mae CKiHUeHHI Ta KOHTHHYaJbHI piBHI.

JlomoBine MpUCBAYEHA DPE3YJIHTATAM HOCJiPKEHHs] CTPYKTYPHUX, BapialiiHUX Bja-
CTHBOCTEH [aHOT0 KOHTHHYAJIBLHOTO KJIACY HEIEePEepPBHUX Hijle He MOHOTOHHHX (DYHKILH,
AKi € y3araJbHeHHSM HeqaudepeHenifiopaux ¢dyHKIi Byma, Bysgepiixa, HenepepBHUX
KAQHTOPIBCHKUX IIPOEKTOPIB TOIIO.

KoucTpykiis ¢yHKOil, mo € OCHOBHUM O00’€KTOM pO3IJISAYy, CTOCYETbCS S-
CHMBOJIBHOTO 300pa’KeHHd apryMeHTa 3 HYJIbOBOK HA UIMIIKOBICTIO, TOIIOJIOTiYHO
eKBiBaJIeTHE KJIACUYHOMY S-KOBOMY, & 3HA4YeHHA QYHKIII — JIBOCHMBOJIBHOTO. Ilpm
UBOMY YMOBa Ha nepiry uugpy 300pakeHHs: 3Ha49eHHs (PYHKIHT CyTTEBO 3araJibHimi.
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AHani3 edeKTUBHOCTI pi3HMX CTpaTerii ynpassliHHS
noptdenem ansa IT-komMnaHiii B ymoBax 3pOCTaHHS
KOHKYpPEeHLT Ha YKPATHCbKOMY PUHKY

€. A. Pynuk, B. B. Cobuyk

YV poborti nposeaeHo aHaJi3 epeKTUBHOCTI PI3HUX CTpaTeriil ynpasBiiHHe noprdenem
nns I'T-koMmmaHill B yMOBaxX 3pOCTaHHs KOHKYPeHITT Ha yKpalHChKOMY PUHKY. Po3risgaryTo
edexTuBHICTL AistmbHOCTI omHOro 3 mposiguumx omeparopis 1T pumky B po3pisi Tumis
OTPHUMAHUX AOXOiB, Ix reorpadivuruil po3mo i, BIINB CE30HHOCTI CE30HHOCTI, BUSIBJIEHO
iX B3aeMoito Ta natepHu. JleTanbHui aHasi3 AiSIbHOCTI KOMIIAHIM H03BOJIUB OTPUMATH
BU3HAYUTH (PAKTOPH, SIKi € BU3HAYAJILHUMHU JIJISI CTPYKTYPHU JOXOJIB.

Ha ocHoBI mux maHux 3ampOIOHOBAHO CTPATEriio yupasiinmas moprdesneM IPOLYKTIB
xoMmmaHil Ha 11 Tpaguniinux puHKax. 3aIPOMOHOBAHA CTPATEris MOXE CTATH OCHOBOIO
I aanTallil B yMoBaxX peaJbHOro Oi3HeCy Ta BIPOBA/IXKEHHS B IMIPAKTUYHY peaJli3aliio
micsst BignoBigHux Kopekuil 6r0mKeTiB.

Pesyabraru HOCTiIKEHHS MOXKYTh Oy TH BUKOPUCTaHI Jis1 BUOOPY OITUMAJIBHOT CTPa-
Teril Ha purKy I'T, a TakoXK U1 pO3pOOKM HOBUX MiJAXOIB JO YIPaBJiHHA HOpTdeneM
B YMOBAaX 3pOCTar4ol KOHKYPeHIl B T.4. B IHIIUX iHAYCTPisaX.
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On the finiteness problem for automaton groups over a
binary alphabet

A. Russyev

Let X be a finite non-empty set. Denote by X * the set of all words over the alphabet
X including the empty word A. The length of word w € X* is denoted by |w].

A finite invertible automaton A over the alphabet X is a tuple A = (X,Q,@,A),
where @ is a finite set of states, p : Q@ x X — @ is a transition map, A:QxX - X is
an output map, and for each state q € Q, the map mq : X - X given by mq(z) = M(q,z)
is a permutation. The automaton A is called degenerate if there exists a permutation p
such that w4 = p for all states g € Q.

The transition and output maps of the automaton A can be extended to the set
QxX*. ForqeQ,we X* and z € X we set

e(q,wz) = p(p(q,w),z), (g, A) =g,
Mg, wz) = Mg, w)A(p(q, w), z), A(g,A) = A

The extension of the output map defines a map f, : X* — X* for every state ¢ € Q given
by fq(w) = A(g,w). The group generated by the set {fy : ¢ € Q} is denoted by G(A)
and called the automaton group generated by A.

The nucleus of the automaton A is a subset of the set @ defined by

N(A) = mo{m,w) tgeQwe X*, w2 n}.

Theorem 1. Let A = (Q, X, ¢, ) be an invertible automaton over a binary alphabet
X such that N(A) = A. Suppose that there exist states q1,¢2 € Q and letters 1,22 € X
such that ¢(q1,z1) = p(g2,22) and mq, # 7g,. Then G(A) is infinite.

Let A2 denote the set of non-degenerate invertible automata A with n states, n > 2,
over the binary alphabet {0,1} such that A'(A) = A. Let F? be its subset of automata

which do not satisfy the conditions of Theorem 1.

Theorem. llm |Fol/|AS] = 0.
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MeTtoan MalWKWHHOrO HaB4YaHHS B aKTyapHOMY
pe3epByBaHHI

M. CaBuyeHKO

B po6otri po3rsisgnamoTbCcsa METOAU PO3PaXyHKY pe3epBY CTPAaxXxoBOI KOMIaHIil, sSKwuit
BuHEK, aje He Oys 3asaBienuii (IBNR). 3 ycix MOXKJMBHX METOLIB PO3PaxyHKY LAHOIO
pesepsy (nammorosuit, Meron Boprxyerrepa-Pepriocora, Ke#in-kon MeTox, a uTHBHAN
MeTox, Mero Berkranepa) GiabiI [eTaJdbHO AOCHAKYIOTHCS JAHIIOrOBIH MeTo i Me-
Ton BopuxyerTepa-Pepriocona.

AHamgiTHYHO Ha 3reHepoBAaHUX MeTonoM MouTe Kapso JaHuX paxyeThCs pe3epB 3a
xounennielo bopuriorrepa-Peprioncona. Oninka cyMapHOro 30UTKy MJis ¢-r0 POKY Ha-
crauas moail 3a meromoM Bopuxyerrepa-Pepriocona MOXKHA 3AIMUCATH TAKUM THHOM!:

. 1
CﬁF = Cin—it1 + Am; (1 - TLA) , 2<1<n,
| VA

a BeJIUYUHY BiANOBITHOTO pe3epBy TaK:

. 1
I:f,L-BF:)\TI'i(l—nA)7 2<i<n.
| VA

o Cin—i+1 — CHOCTEPEXKYBaHEe 3HAYEHHs BUlLAT y pik (4,n — i+ 1);

e \m; — aumpiopHa OI[iHKA Ie He BUIIAYEHUX 30UTKIB y DIiK 4, ;e A — me ampi-
OpHA OI[iHKA 3araJibHOI BEJIMYUHU 30UTKIB, & 7; — YACTKa IUX 30UTKIiB, sKi 111
3aJIUIIHINCS 10 BUIJIATH (HA OCHOBI MOJESI PO3BHUTKY ).

e fir — development factor aja k-ro nepiomy;

. R?F — BiAnmOBigHWH pe3epB AJIA {-TOTO MEPIOLy CIOCTEPEIKEHHT;
Y poboti BUBUAETHCS, HACKIILKE €(PEeKTUBHIINOI AJI8 IPOrHO3yBAaHHs HEOOXiZHOTO pe-
3epBy € 00y IOBAaHA HEHPOHHA MEPeXKa.
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MapkoBcbke TpUCMMBOJIbHE 300paXkeHHS 4ucen Ta
MOro 3acToCyBaHHSI B KOHCTPYKTUBHIA Teopii SI0KasbHO
cknagHux dyHkuil

. Cepriiiko

Hexait As—1 ={0,1,...s—1} — andasit, Ls = As x Ag X ... — npocTip nocaigoBaoCTE
esieMeHTiB ajadasity, qo, q1, ..., ¢s—1 — PiKcoBaHM HAOIp TOMATHUX MIMCHUX YUCEJ TaKUuM,
mo qo +q1 +...+qs—1 = 1 Vi € A, ||gi;|| - cToxactuma Marpurts, me gio +qi1 + ...+ @i[s-1] =
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1,Vi € As, saka me MicTuTb HyJiB (gi; > 0). Toni mns nosineHOro wncna z € [0;1] icaye
nocainosuicts (o) € Ls Taxa, mo

oo k-1
M,
m:Bal + Zﬁakafﬁl anjaj+1 :Aallag.“akuw (1)
k=1 j=1
g =1 s—2
1€ Bagag,: = oy 'Zo dayis Bo =0, B1 = qoyesfBs—1 = 'Zo qi- Posknag uncna x B psaf (1)
1= 1=

. M
HA3UBAETHCA MAPKOBChKe M -npedcmasaenis qucia, a cKopoderuti 3amuc Ag as...ay ...
— tioro Ms-306pascerts.
O6’exTom posraany € dyHkiis f, osHadena na [0; 1] pismicTio

M. M-
f(CC = A(yfaﬂ) = A’ylzﬁ.'ynmv e (2)

0,mpu ay =0, Yn, IPUA Op = Qn+1,
= = N. 3
" {LHPH ar #0, Tntl {1*’)/”,1'[[)1/1 Qn F On4l, ne (3)

JHana ¢yHKIig € aHaaoroM HemepepBHOI Hige He audepeniiioBHol Tpubin-dyHKIIT,
03Ha46HOI y TepMiHax Qs-300parkeHHs YUCeJ, IO BUBIALACH y poGori [2].

Teopema. Oyukuia f € HeIepepPBHOIO Hife HE MOHOTOHHOIO (DYHKII€I0 HEOOMEIKEHOT
Bapianii Ha yci#t obsacTi BU3HAYEHHS.

Y nomnoBiAi IPOTOHYIOTHCS Pe3yJIbTaTH JOCJIIKEHHS CTPYKTYPHUX, BapiamifiHux Ta
dpakranpHux Bracrusocredt dynxnil f.
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ABTOpn

Hap’s Cepriiiko — Ykpalucbkuil gep:kaBauil yHiBepcurer imeni Muxaiina Jparo-
manoBa, Kuis, Ykpaina; E-mail: 21fmf.d.serhiikoQ@std.npu.edu.ua

EdekTuBHICTb rinote3u npo cniBBigHOLWEHHS 4aCcTOT
AHTUCUMETPUYHOT | ocecumeTpuyHol POpPM KOMIMBaAHb
PiAVHN 3 BiSIbHOIO MOBEPXHEID MPU KYTOBUX
KOJIMBAHHSAX pe3epByapa

JI. Cuoiika

PosrasiraeThes 3a1a4a Mpo KyTOBI KOJTMBAHHS CHCTEMH "pe3epByap - piauHa 3 Bijib-
HOI HMOBEpXHEK''Ha MagTHUKOBOMY minsici. Ha Bigminy Bix 3amadi mpo mocrynasbHUi
pyx Tizma HOCiS 3a7ata 3HATHO IMOCKJIAJHIOETHCS i JOBOJUTHCS MIYKATH MOTEHIHAJI PYXY
piaunu @ y dopwmi

B=go+&- F+D-Q,
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Jie ¢o — MOTEHITia] XBUJIBOBOTO PYXY PIAMHE, € — MIBUAKICTH MOCTYHIAJIBHOTO & W — KYTO-
BOro pyxy Tina mocis; () morenmian Crokca-2Kykoscskoro. Heobxigmicrs nogarkoBoro
BBE€JICHHsI BEKTODHOI'O IOTEHINia/ly 3HAYHO IOCKJIAJIHIOE 33734y 1 € MaJo JOCJIiIKeHb
KYTOBOTO PyXy Tijl 3 piUHOIO B HeJIiHiHI{ TOCTAHOBII.

Bymo posrasHyTo 3amady npo cuioBe 30yAXKEHHSI PyXy CHCTEMH i3 CTAHY CIOKOIO
CHJIOBUM iMIyabCcOM cinycoimanbaol dopmu. [IpoaHasizoBaHO pe3ysbTaT PO3PaxXyHKIB
3MiHH aMIUTITY] KOJUBAaHb PIIVHU 33 AaHTUCUMETPUUHOKI i 0CECUMETPUYIHOI0 (hopMaMu
Oas pe3epByapa pagiycom 1 M, rimbuHOI 3amoBHeHHS 2 M i npm moBxkuui miasicy 5
M. Bignmosigui wactoTrn antucumerpudHOl i ocecumerpuarol dopm € 4,524 i 6,032, Tob-
TO iX BigHomeHnHsa npubausno 3/4. Ile 3Ha4HO Bigpi3HAETHCA Bij NPUHHATOI B MeTO/aX,
OCHOBAHHUX HA BUKOpUCTAHHI npuHiuny befirmena-Jlioka, fe anpiopuo npuiimaeTnscs Big-
sHomenus 1/2. Bkasanuii npuknaj cBiganTts npo norpeby B KOPeKLil Hanepe  NpHRHATO!
rimoTesmu.
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Ob6uuncneHnsa cyHkuii JIanyHoBa, Helipomepexi Ta
aHani3 cTiikocTi cucrem audpepeHuianbHUX pPiBHSAHb

B. O. Ckpunuk

Posrnsgaersca n-Mipaa cucTeMa gudepeHIiaJIbHUX PIBHIHD

&= f(z) (1)

3 ACUMIITOTUYHO CTINKUM ToJsIoKeHHsIM piBHOBaru x = 0. Toxi Bizmomo, mo icHye dyHKITisS
Jlanynosa

V:V e (05(0)), a1, an, a3 € K : (2)
o1 ([z]) < V(2) < aa(]]),
(VV(z), f(2)) < —as([z]),

ne kaac K - e HerepepBHi, MOHOTOHHO 3pocTaodi Ha [0, +00) dbyHKIIT, AKi JOPIBHIOIOTH
mymo npu z = 0. Xoua obepuena Teopema Jlsmynosa rapanTye icuyBamus Takoi QyH-
KIil, mpore 1T moOy10Ba i CKIAHAX HEJIHINHUX CUCTEM 3aJIUIIAETHCS HETPUBIaIbHUM
3aBjaHHAM. Y poborti [1] 3anpomnonoBano migxijg Ha OCHOBI HeHpOMepeXK, IO J03BOJIE
HaOJIUXKEHO 3HAXoAUTH MYyHKIT JIanyHOBa IUIs crenialbHUX KJIACiB 33734, e MOXKJIUBe
ix mpencTaBieHHs y po3memeHomy eurasagi. e mossonsie npencraguru (2) wepes3 Hedi-
poMepexy, 10 BiJKPUBAE HOBI MOXKJIMBOCTI JJIsT QHAJIZY Ta CTIMKOCTI CKJIAJHUX CUCTEM.

VY niit poboTi KOCTIIKYIOTHCS JTiHeapU30BaHi YaCTUHM CUCTEM A epeHIaIbHUX PiB-
HSHB, Ay gKux (2) OyAylThCs TpPaAUniHHMME METOAAMH, 3 BEKOPHCTAHHSM BiZOMHUX
anasitTwarEx miaxoxis. OTpuMani pe3ysIbTaTé MOPIBHIOIOTHCS 3 IMigXOZAMM HA OCHOBI
HelipoMepesK, IO allPpOKCUMYIOTh GyHKIIT JIamyHosa. OcobyiuBy yBary mpuIiJeHoO 3aCTO-
CyBaHHIO Teopil crilikocTi 3a gonomorow Gyukuiit Jlsnynosa u0 jinifinux Ta HejxiHilHMX
CHCTEM.

Ilokaszano, 1o /Jis JiHeapu30BaAHUX CHCTEM TPATUIIHHI METOIU JO3BOJISIIOTH OTPUMa-
T (2), aKa, TpUHAKMHI JIOKAIBLHO B OKOJI TOYOK PIBHOBArH, 30ira€ThCs 3 pe3yabTaTaMMU,
OTPHMAHUMH 33 JOMOMOroi0 Hefipomepex. Jlo Toro x, Tpaauniitai meronu € 6inbin ede-
KTHUBHUMH 3 009HCITIOBAJIBHOI TOUKH 30pYy. Lle minTBepaKye JOIIIbHICTE IX 3aCTOCYBaHHSI
71 JIOKAJIbHOTO aHaJi3y CTIHKOCTI.
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3Haxop KeHHs1 MeXX rpaHuLb 30KHUX YUCNOBUX
NnocniJOBHOCTEN Ta CyM psigiB

€. A. Taprouceka, A. JI. Taproucekuii

Jana poGoTa MpUCBSAYE€HA HOBOMY METOAY 3HAXOJKEHHsI MeXX rpaHuli 36i>kKHOT 1mo-
CJIIJOBHOCTI, IIO 33J0BOJIbHSE TIEBHUM YMOBaM. Tak0oK, Ha OCHOBI pe3yJIbTATIB PO MeXKi
rpaHuni 36iXKHOT MOCTIMOBHOCTI, OTPUMAHO HOBHUH MeTOJ HAOJIMMKEHOTO 3HAXOMMKEHHS
CYMM YHCJIOBOTO PSAY i3 JOBIJIBHUMH YJI€HAMU, IO 33J0BOJILHSE MEBHUM 0JATKOBUM
ymoBaM. [Ipu npoMy B OZHOMY YaCTHHHOMY BHIIAJKY BAAJIOCS CTBOPUTH METOJ TOUHOTO
3HAXO/KEHHA CYMH DATy. 3apa3 HaBeJIeMO TiJIbKH TeOpeMY IIPO MexKi rpaHuni 36i:KHOT
nocaimoBHOCTI. 3ayBarxnuMo, WO el pe3ynbraT y3arajlbHIOE pesynabrarn poboru [1].

Teopema 1. [lano 36i:KHY IOCHIAOBHICTD T, L1, ..y Tt—1, LTty .-, L2t—1, ... TAKY, IO IPH
dixcopanomy teN iT miamocminoBHOCTI {Z2nt+q oo IPH ¢ = 0,1,...,t =1 € 3pocTarounmu,
anpu q=tt+1,..,2t—1— cnagaumu. Takox

max x; < min T
i=0,1,...,t—1 J=tyt+1,...,2t—1

Ta OPH BCIX N > t COPABAXKYETHCS HEPIBHICTD

Tn — Tn—t
m< ——<l,1l<m<l
Tn — Tn+t

Toni

(i = 1) (@ise = 72) +)

lim x,¢€ max
0 Im-1

Im—-1

((lm —m) (Tire — i) +x¢)
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Mpo yTouHeHHs1 xapakKTepu3auiiHOol HepiBHOCTI Ans
HOpPM (-cybrayccoBux BUNaAKOBUX BENINYUH

. B. Tuxoneunko, P. €. dAmHeHKO

Ha mpocrtopi ¢p-cy6rayccoBUX BHUIIAJKOBHUX BEJUYUH MOXKHA 3a]1aBaTH Pi3HI HOpMH,
30KpPEMa TaKI SK:

7o(€) = inf{a > 0: Eexp(A¢) < exp(p(ar), A e R},

0,(6) = sup e n(”),
@ (n)

V@(f) = SuP |E§ |7
n.)n

Jlus nmx HOpM cupaBeiusi Taki xapaxkrepusaniiini mepisrocti [1]:

GEEAGE
v (£) 2 0,(¢),
ve(© s e (32) 000 ()

7o (€) 2 —=ve (),

\/_ \/_

Ta in. 3okpewma, (1) OTpUMAHO, BHKOPUCTOBYIOYH BiAOMY OLIHKY [jIsl 3AJIMIIKOBOTO WJIEHA
|6 < ﬁ,n > 2, i3 Bigomoi dbopmynu Cripminra

=\2rn(nfe)"en.

¥ pob6orax [2, 3] HaBegeno kpami mexi ggs 6, mo Ko3Bosse yrounmru sk (1) Tax i
HU3KY IHIIIUX HEPiBHOCTeH nJis p-CyOrayCCOBUX BUIIAJKOBUX BEJIHYHH.
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3akoHu oguHapHoro norapucdma ana "poskneeHmnx"
npouecis BigHOB/IEHHSA

I. O. ®emrenko

Tlosrauaumo gepes (Sy, )neN CTAHAAPTHE BUNAAKOBE OIyKAHHS 3 HEBiJl€MHUME CTPHO-
kamu. Hexait (Tn)neN € MOCJIi JOBHICTIO HE3AJIEXKHUX BUNAIKOBUX BEJIUYUH, IPU IIBOMY
g KoxkHoro ¢ € N penmmaunna T; Mae TO# caMuil po3moai, mo i S;. Bumagkosuii mpomec
(N(t))t=0, Busnadennit sk N(t) := X571 1{1, <}, € AHAIOIOM CTAHIAPTHOTO IPOLECY

BigEOBNeHHS 1 Binomuil sk "poskmeennit" (decoupled) mponec BigmoBnenus. Kpim Toro,

s KOXHOTO ¢ > 0 Bumazxora semmamna N (t) mpeacTapase cOBOI0 CyMy HE3AJTEHKHIX
1HAVKATOPIB 3 HECKIHYEHHUM YUCJIOM JOJAHKIB.
3 BUKOPHUCTAHHSAM De3yabTariB crarti [1] HaMu Gyg0 OTpUMAHO TPU DI3HUX 3aKOHU
onuHapHOro morapudma g N(t) 3a npumymess, mo
- mucnepcisi S1 € A0JATHOI Ta CKIHYEHHO);
- gucnepcis S1 € HeCKIHYEeHHOI, IIPOTe PO3IOALI S HAJEXKUTH 00J1aCTi IPUTS-
TFaHHSI HOPMAJBLHOTO PO3IOIIITY;
- po3mogin S1 HameXuTb 00JACTI NPUTAraHHA (-CTiKOrO DPO3MOZILY O o €
(1,2).
HHaue nocnigxkenusa 6yno ninrpumane HamioHaaIbHUM (POHIOM TOCTITKEHb YKpATHU
(mpoekT 2023.03/0059 «Brecok 1o cyvacHOI Teopil BUIAAKOBUX DAIIBS ).
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Testing statistical hypotheses about the relationship
between blood groups and various indicators

A. Tsarenko

In today‘s world, different branches of science are constantly developing and many
scientists are trying to explore as much as possible everything around us. One example of
something that may be of interest is the search for patterns in the human body between
its physiological and social, behavioral, etc. characteristics. In particular, it is worth
highlighting such a characteristic as blood type. It is important in the medical field and
can directly affect the human body.

In this work we conducted several studies to test the hypotheses about the relati-
onship between blood types/resistance factor and such indicators as a student’s GPA,
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chronotype (owl/lark), personality (extrovert/introvert), incidence of illness (per year),
the level of stress resistance by which students evaluate themselves, and taste preferences.

First of all, we studied the average score. We has found the appropriate distribution
of the data, built various graphs and histograms, and tested hypotheses about the distri-
bution using the Shapiro-Wilk and Kolmogorov-Smirnov tests. To check the dependence
on blood groups, we used Fisher’s F-test (testing the homogeneity of the mathematical
expectation) and Levene’s test (testing the homogeneity of variance).

Then, the dependence between blood types/resistance factor and categorical vari-
ables such as chronotype, incidence, stress resistance, and taste preferences was investi-
gated. Frequency histograms were plotted and various tests were applied, including Fi-
sher’s exact test, x2 test, and modified x? test with Yates’ correction.

In addition, it was investigated whether blood types affect a students’ taste
preferences (meat or fish, or neither). The investigation was performed using all the
tests mentioned above. Moreover, we considered the homogeneity of samples of students
with different types of taste preferences (Fisher’s exact test was also used here).
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Probabilistic Approach to the Study of Boundedness of
Solutions of One Type of the First-Order Semilinear
Difference Equations

A. Chaikovskyi, O. Liubimov

We investigate the sufficient conditions for the boundedness of solutions of the semi-
linear difference equation in complex numbers

z(n+1) =azx(n) + f(z(n)) +y(n), n>1 (*)

in critical case |a| = 1.
We introduce the following Assumptions (A).
- The function f:C — C and the input sequence {y(n)}n>1 are assumed to be
bounded.

- Re (f(p e2mit) ~ae2ﬂ9) converges uniformly on [0,1) 3 6 to some real-valued
function ®(0) as p > +oo .

Combining the celebrated results of the probability and ergodic theory with the
geometric consideration of the problem, we show that under fairly general conditions
this difference equation has all the solutions bounded.

Our main result is the following theorem.

Theorem. Suppose that the assumptions (A) hold. If a;g;ra is irrational, function ®

is Riemann-integrable and, in addition, there exists some constant 8 < 0 such that
condition

N
5 y(n)e(—nw] o[ e

1
N
holds for all but finitely many natural numbers N, then for every (1) € C the solution
{z(n)}nz1 of the difference equation (*) is bounded.
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This result is interesting, because it allows the function f and input sequence y(n)
to have quite ”bad” behavior in some sense. In many works, which study the difference
equations of the form (%), the function f is assumed to be Lipschitz continous (for
instance, see [2]).
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Local input-to-state stability for the PDE-ODE system

T. Yusypiv

Evolutionary systems without uniqueness play an important role in the general
theory of infinite-dimensional dynamical systems. The main object of the qualitati-
ve theory for such systems is the global attractor, i.e. a compact invariant uniformly
attracting set [1]. In paper [2] it was proved that the undisturbed case for the next
problem

{‘371‘ = A u-f(u)+ B(z)v(t) + D(z)di(t), z€Q, t>0
U|QQ:0

dv

P _Fo)+ / G(z)u(a, t)dz + da (1),

where © € R™ is bounded domain, A is N x N matrix such that %(A + A*) >
vl, u=u(zt)=(u',...,uV),v=0(t) = (v!,..,vM) are unknown functions, B, D,G €
L?(Q) are given matrices of corresponding dimensions, di € L (0,+00;RY) ds €
L= (0, +00; RM) are incoming "disturbing"signals, and for all u,w € RN y e RM

feCl(]RN RM), Fecl(R“ RM),
Zf (w)u' > v Z\u P e, Z|f (W] <cz<Z|u [P+ 1),

M

(Df (wyw,w)gn 2 =cs - |wlgn, 2 F (9)y" 2 wslylga - ca,
=1

v1,V2,V3,C1,C2,C3,c4 are positive constants, p; > 2,47 = 1, N, has a global attractor,
and that this attractor is stable in the sense of local ISS, i.e. 3r > 0,38 € KL,3v €
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K V|z2olle < V|d|lec <, Vt>0: [|Sa(t,z0)lle < B(|z0]e,t) +v(|d|), where K and
ICL are well-known classes of function comparisons.
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BukopucTaHHs anropntmiB MalWMHHOIO HaBYaHHSA ONs
JaHNX 3 nponyckamu

T. O. Aduesnu, A. B. IloGepexkeunb

Y mporeci 360py Ta aHaJi3y TaHUX YaCTO BUHUKAE IpOobeMa IPONYIIEeHNX 3HAYEHb.
Boun MoxkyTh 3’aBnaAruca 3 pi3mmx npwumn: Texuiuni 360i y cucremax 360py maHHX,
JIFOJICHKI MMOMMJIKHU Tij] 9ac BBeJeHHs1 iHdopwmalil abo HaBiTh cBimoMe HeGakaHHS pe-
CIIOH/IEHTIB BiZIIOBiTaTH HA IEBHI 3alIUTaHHS B ONMUTYBaHHAX. He3aJse:KHO BijJ NpUYUHY,
BigcyTHI maHi MOXKYTb CyTTE€BO BINIMBATH HA PE3Y/ILTATH AHAJI3Y, CHOTBOPIOBATH BUCHOB-
K{ Ta 3HHKYBATH TOYHICTH HPOTHO3iB. IMmyTaris — ne nmporec 3a0BHEHHST IPOIYIIEHTX
3Ha4YeHb HA OCHOBI JOCTYIHOI iH(OpMAaIlii, 110 /103B0JIsA€ MiHIMI3yBaTH BUKPUBJIEHHS J1a-
HHUX Ta HiJBUINUTH IXHIO JOCTOBipHiCTH. [IpaBunpHuit ninxin go immyramii cupuse 36epe-
JKEHHIO CTATHUCTUYHOI TUIICHOCTI JOCHIIKeHHS Ta J03BOJISIE OTPUMYBATH Oibin HaTiliH]
pe3yAbTATH.

Y poboTi po3risajaeThes aaropuTM MauHHOro Hapuanua XGBoost (Extreme Gradi-
ent Boosting) nys iMmyTanii nponyneHux JAaHUX Y TOPIBHIHHI 3 TAKMMHA CTATUCTHIHUMA
merogamu, sk KNN (k-Nearest Neighbors) Ta immyranmis 3a gomomoror perpecii. Bin-
IOBiIHI METOA¥M NPOTECTOBAHO HA 3rE€HEPOBAHUX MAHUX i3 BUKOPHCTAHHSIM MOBTOPHUX
punpobysanb MonTe-Kapso, a Takok Ha JaHUX paHIy3bKux depmepis 3a 2022 pik.
IIponycku B maHux OyJ10 3reHEPOBAHO BiAIIOBIAHO 10 TPHOX THIIB IPEICTABJIEHUX Y CTAT-
i [1]: MCAR (Missing Completely at Random), MAR (Missing at Random) i MNAR
(Missing Not at Random).

AJITOPUTM MAITUHHOTO HABYAHHS MOKA3aB KPAIly TOYHICTH MOPIBHSHO 3 TPAIMUITIH-
HAMH CTATHCTHIHUMY METOAAMH, IPOoTe HOoTpedye 3HATHUX O0IUCTIOBAIBLHUAX PeCypPCiB i
Tacy.
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MeToau MalMHHOro HaB4YaHHS y 00pobui gaHux
CyO0BUX pilleHb

T. O. Adueuy, O. B. ITobepexkennb

Ilouynnaroyu 3 2010 poKy MK MOKEMO CIIOCTEDITATH 3HAYHUN PO3BUTOK Tajy3i mTy-
4HOro iHTesekTy. [ ChOrojHi MaliMHHE HABYAHHS € OJHUM 3 HANLIOTYXKHIIIMX METOAIB
aHaIi3y HJAaHWX, SKUU A03BOJise OyayBaTH MOZE/i HABITH B HANUCKJIAIHIIIMX BUMIAIKAX
TaKuX 9K 00pobka mpupomHoi MoBu. ORHOIO 3 3a7ad4, 3 KO 4YaCTO MOXKe 3yCTPITHUCH
CTATUCTUK € 33J1a49a Kiacudikallil TeKCTy, caMe I8 3a/1a9a BUHUKA€E KOJIH CIIPaBa CTOCY-
€ThCs aHAJII3y pillleHb CyAy HA OCHOBI TEKCTIB CyI0BOI CIpaBu.

B pobori posrismaerscs momens tpancdopmepa BERT (Bidirectional Encoder
Representations from Transformers), sax oxun 3 HafledeKTUBHININX MeTOAIB 06POGKH
MPUPOAHOT MOBH 1 Kinacudikarii TekcTy, skuil 6yB mpejcTaBiaenuit B cratti Attention is
all you need (2017) [1]. IIpr 06po6ui marnx, Gys10 BUKOpuUCTaHO Pizai kOMGiHANIT MeTOAIB
nonepeHbOI OOPOOKM TEKCTY: TOKEHi3allis, JieMaTu3allis, 3BeJeHHs [0 HHKHBOI'O
pericTpy Ta BUKJIIOYEHHSI CTOI CJIiB, IO J03BOJISI€ 3MEHIIUTH BILUIMB HE3MICTOBHOI iH-
dopmarii Ha TiATOHKY MOZesi JJisi yHUKHEHHS [epeHaBYaHHs. TaK0K 3aCTOCOBYBAJIUCH
pizui moxeni embenepiB gy Tekcry.

Byno npoanasizoBaHo gaHi €UHOrO JepKaBHOTO PEECTPY CYIOBHUX DillleHb YKpaiHu
3a 2017 pixk. B 3B’a3ky 3 Mamum o6caroMm (1466 cmocTepe:kKeHb) i 3HAYHOIO He36aMAHCO-
BaHICTIO HAHWX, IPU HABYAHHI Mozesi TpancdOpMepa SOCATHYTA TOYHICTH, IPHU OLmiHI]
Mogesi Ha TecTOBi# yacTuHi ganux craHoButh 50%, npu HasBHOCTI 6 KiaciB cepen Kia-
cudikoBaHUX TAHUX.
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Attack-Resistant Recommender Systems

V. O. Arzamastsev

Today, recommender systems are the most commonly used approach for building
personalized applications. Unlike other machine learning algorithms, such as LLMs,
recommender systems lack a well-defined threat model, a risk assessment framework,
and universally accepted security guidelines. As a result, it is currently impossible to
conduct security audits of these systems and implement protective mechanisms at the
design stage.

This work explores the main approaches used for generating recommendations,
proposes a threat model for recommender systems, outlines the most common attacks,
provides recommendations for building secure systems, develops a security testing
methodology, and experimentally demonstrates the necessity of protective mechanisms.

To achieve this goal, we defined 8 threat categories relevant to recommender
systems, analyzed 7 common attacks [1], and improved Bandwagon and Reverse
Bandwagon attacks. In addition, we provided a risk assessment framework and security
recommendations, following the OWASP Top 10 framework guidelines for Generative
Al and LLM |[2].

Finally, we conducted an experiment to prove that our methodology can be used
to create attack-resistant recommender systems. We executed the improved Bandwagon
and Reverse Bandwagon attacks against an SVD-based recommender system trained
on the Moviel.ens 100K dataset. The Bandwagon attack changed the popularity of an
item from 0% to 80.4%, and the Reverse Bandwagon attack changed the popularity of
an item from 57% to 4%. Next, we applied our methodology to find the vulnerability,
rate the risk, and fix the security issue. After that, the impact of the Bandwagon attack
was reduced by the factor of 11, and the impact of the Reverse Bandwagon attack was
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reduced by the factor of 6.
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MopaentoBaHHA nowvpeHHs iHpopmauii B couianbHux
MepexKax i3 BUKOPUCTAHHAM TFiOPUAHNX areHTHUX
nigxoais

. Adoniun

3 pO3BUTKOM IU(MPPOBUX TEXHOJOTIH COIaJIbHI Mepe:Ki CcTajiu OCHOBHUMH KaHaJa-
Mu nommupenHs indopmarii. IIpore auraMmika IHOTO IPOIECY 3ANHIIAETHCS CKIIAIHOIO
711 IPOTHO3YBAHHS, OCOOJIMBO B yMOBAX KPH30BHUX CHUTYaIiil, 60poTsbu 3 (deiikoBuMu
HOBHHAMHU abO0 peaJizaliil MAapKeTHHTOBUX CTpATEriii. 3aBAaHHAM IBOTO JOCJIIKEHHS €
po3pobka edexTuBnol Mogesi nomupenns indopMariil, 10 BpaxoBy€ CTPYKTYPY COL{iaIb-
HHX MEPeXK Ta 0COOJIMBOCTI MOBELIHKN KOPUCTYBAUiB.

Jlna BupimeHHs 11i€l 3aaa4i TPONOHYETHC MiAXiT, 3acCHOBaHMH HA TiOpUAHIN Mozei
aBTOMATA. POSFJ’IHHBMO aBTOMAT:

A=(Q,V,4,5)

ne:
- @ — ckiHYeHHA MHOXKHHA TPBOX CTaHiB, a came: SO (meindopmosanuii, nowa-
TkoBHE cTan), S1 (imdopmosanuii) Ta S2 (PO3HOBCIOIKYBAY);
- V — mabip By3:iB rpady, o BiAIOBija€ KOpUCTYBaYaM MepPeKi;
- § — i#imoBipHicHA DYHKIS TEPexo/iB, sIKa 3aJa€ WMOBIPHICTH TEPEXory MixK
pi3HuMu cranamu;
- S — nabip KOpUCTYBa4iB-areHTIB, IO MOYWHAIOTH MOITUPIOBATH 1HMOPMAIIO
(ix cran oapasy MiHAeTbCs Ha S2).
CormiaJbHa MepexKa HOTAEThCS Y BUIJISLI HEOPI€HTOBAHOTO Ipady, /e BY3JH - KOPUCTY-
Badi, a 3B’4A3KHU - IIgxu nomupeHus indopmanil. Jns 3aganns #imosipricrol dyrxmil
BHKOPHUCTAHMO MOeJIi 3MINaHOro BIJIUBY, [0 JO3BOJINTEL OTPUMATH OiIbIn HAGIMIKEHHH
10 peasibHOCTI pe3yJsbTaT. Taka MOJesb IO€IHYe MOXKJIMBOCTI IMOBIpHICHUX aBTOMATIB,
o 3a0e31e4Yy0Th MIBUIKE MOAEIIOBAHHS, 13 JeTa/bHIIIo0 06pOOKOI0 areHTHOI B3aEMO-
it
OuikyBaHU# pe3yabTaT JOCTIKEHHS — CTBOPEHHS aJITOPUTMY, IO TO3BOJIUTH ede-
KTHBHO IIPOrHO3YBATH mOmMHPeHH: indopMmaril, BpaxoByOUN sK JOKAJIbHI, Tak i rio-
banpui dakropu B3aemozii. Ilogaabima pobora mepegdadae aHasi3 mapaMmeTrpiB Mojesi
Ta OUIiHKY 11 edpeKTUBHOCTI B pi3HUX CIl€HAPIAX.
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Encrypted kNN Over Composite-order Elliptic Curves

K. Baibula, A. Anisimov

This work proposes an encrypted scheme of the k-nearest neighbors (kNN) algorithm.
The scheme and protocol are based on the use of composite-order elliptic curves and
the bilinear map (pairing) to enable homomorphic operations on encrypted data. The
described protocol is designed to fill the gap that exists in the current state of secure
classic machine learning algorithms.

Let x4 = (%1,%2,...,7¢) be an f-dimensional vector, which Alice wants to classify,
without revealing, in Bob’s dataset Xp with labels Y. We use a semi-homomorphic
encryption system from [1]:

R

KeyGen: Choose two random generators g,u < G and set h = u92. Then h is a
generator of order ¢i. The public key is PK = (n,G,Gi,e, g,h). The private
key is SK = q1.

Encrypt(PK,m): To encrypt a message m using key PK, pick a random

R

r < {0,1,...,n— 1} and compute C = g™h" € G.

Decrypt(SK,C): To decrypt a ciphertext C using the private key SK = g1, compute
C% = (g™h")9 = (g9 )™. Then, compute the discrete log of C'! base §.

By encrypting each vector’s value, we get: Cx, = (Csy,. .., Coy ) — encrypted Alice’s
sample and X¢cp = {CxB1 o> Cxp, } — encrypted Bob’s database, where each Cy, =
(Cz;1s---+Ca; ;). Then Bob calculates the modified encrypted Euclidean distance like
this:

f ~ A f zi—x; )2 F
d5(Cxy,Cxp,) = [1 (G5, C5) = [T ™" Ay
j=1

PR CIEE TR A
= gl

where C'j =Ca; /C’zm. =g%¥i7%i.3p"i7 43 . Alice decrypts the resulting distances, gets
the k-nearest vectors, and finds the most common label from the vectors related to Yp.
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HDocnigxeHHust kombinauii 3D Gaussian Splatting Ta
reHepaTUBHUX Moaenen

B. B. Binascbkuii, 4. B. Tepemenko

VY cdepi 3D-penpesenTallil Ta peHIEPUHTY 3HAYHUI MPOrpec JOCATHYTO 3aBAgaku 3D
Gaussian Splatting (3DGS). Ils rexrosOris ycyBac 06MeKeHHS MIBUAKOCTI Ta PeRaryBa-
uas Neural Radiance Fields (NeRF), BUKODECTOBYIOYN SIBHE IIPECTABJEHHS HA OCHOBI
MinbiioniB 3D-rayccis. OnTumizoBanuit quisa nudepenianii Ta eeKTHBHOIO PEHJEPUHTY,
3DGS pmocsrae npoAyKTUBHOCTI B peaqbHOMY 4aci, 30epiratouu BUCOKY Bi3yaabHY JOCTO-
pipuicts. 3DGS edexTuBHME A8 PEKOHCTPYKII CIeH i3 3aXOmJIEHHX BHAIB i CIayrye
OCHOBOIO i1l PEHJIePUHTY CKIaJHuX 3D-cepenopui.|1]

B roit gac axk 3DGS nocdarae ycmnixy B peHIEPHHTY Ta PEKOHCTPYKIIT, Mexka po3-
MUPIOETHCA B OiK reHePATHBHUX HigX0AiB, 3HaTHUX cuHTe3yBarTH HOBI 3D-cepemoBumia.
Taki mogmesti, sk MIDI, 3anpoBajKy0Th KOMIO3uIliiny reseparito 3D-cien Gesmocepe-
JHBO 3 OJHOIO 300parKeHHsI, TeHepYIo4Yu Jekinbka 3D-06’ekTiB ogHOYacCHO, (dikcyOdn
Mi>KO0 €KTHI 3B’SI3KH Ta MPOCTOPOBUM KOHTEKCT. 1loTeHIiag Mmosdrae B aJamnTalil rexe-
patuBHEX (PpeRMBODKIB 0 penpesenTaniii, cymicaux 3 3DGS, no3Bossgrown 3aiicHIOBATH
BUCOKOSIKICHUY DEHJEPHUHT [IOBHICTIO CUHTE30BaHUX CBITIB y peanbpHOMY 4aci.|[2]

JlonaTKOBI JOCATHEHHsI Y IIBHAKOMY po3yMiHHI 3D-300pakeHb TAaKOXK BIIMBAIOTH
Ha reneparuBHuil ganguadr. Merogu, sk VGGT, 1eMOHCTPYIOTh 30aTHICTh BUBOIUTH
arpubyTu 3D-crenu 3 gekinbkox 300paskens 3a oxumH npoxin. Xoua VGGT B ocoBHO-
My PEKOHCTDPYIO€, HOrO 3JaTHICTH IMIBHAKO CTBOPIOBATH TOYHY 3D-cTpyKTypy miakpe-
CJIIO€ 3POCTAIOYY 3JATHICTh HEMPOHHUX Mepek iHTepuperyBaTu 3D-reomerpito. 11i meTo-
OH IIBAAKOl PEKOHCTPYKIN] MOXKYTBH AOMOMAraTH EHEPATHBHUM MOJEJISM CTBOPIOBATH
3D-rayccosi crienn, 3a5a091 IM IPABUJIBHY CTPYKTYDPY Ta reoMeTpiro, mob 3reHepoBani
CIIEHH BUDJIAAAJIU OB peanicTuaHO.[3]

IuTerpanis uux JOCHTHEHBb MPEICTABJSE LHEPCIEKTUBHUN HAUPAMOK JOC/I2KEHb:
BUKOPHUCTAHHS TeHEPATUBHUX MOzeseil ajs 6e3mocepeHpOro cuHTely mnapamerpis 3D-
rayccis. Take noegHanHs 00inge TBOpuwMil noreHnian reseparusHoro Il B moennanHi
3 BHCOKOIO TO4YHIicTIO peHjepuHry 3DGS. CuHepris MiK reHepaTHUBHUMHU METOIAMHU Ta
SABHUMH IIPEeACTaBIeHHAMY, TakuMu gk 3DGS, npoknagae nuiax g0 inTepakruBanx 3D-
JOMATKIB Ta iHCTPYMEHTIB CTBODEHHST KOHTEHTY.
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Fault-tolerance and reliability in PARCS Kubernetes

O. Bohusevych, O. Derevyanchenko

PARCS is a technology based on the control space concept, which allows solving
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parallel computation tasks in a distributed environment. Using the Kubernetes platform
to implement PARCS, as suggested in [1], opens room for enhanced reliability and fault-
tolerance. In conjunction with Azure reliability services, PARCS Kubernetes can be used
to run mission-critical workloads.

Reliability in PARCS Kubernetes starts with code release. Kubernetes supports blue-
green deployment, rolling updates, canary releases and feature flags. It also allows setting
pod distribution budgets to have a defined number of available pods during an update.
There are readiness and liveness probes to determine if a deployment was successful or
if a container is still functional. Increased load can be managed using load balancers and
CPU/Memory-based cluster autoscaling.

When deployed on Azure, a Kubernetes cluster can use Accelerated Networking
and Azure Backup to ensure low latency and geo-replication of cluster resources. To
mitigate data centre failures, Azure offers availability zones - separated groups of data
centres. There are also regional disaster recovery deployment models:

- Active-Active: Two AKS clusters in separate Azure regions with Azure Front
Door as a global load balancer.
- Active-Passive: Azure Front Door routes traffic to the primary region and
redirects it to the secondary region if the primary fails.
- Passive-Cold: Similar to Active-Passive, but the cold-region cluster is deployed
manually only in case of failure.
One can also use real-time metrics, logs and alerts accompanied by application-level
design patterns like retries, circuit breakers, compensating transactions, rate limiting,
throttling and event sourcing to enhance the reliability even further.
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Natural Language to SQL: An Agent-Based Approach
for Intuitive Database Interactions

R. Bozhko

SQL databases remain fundamental to modern information systems, yet creating
intuitive interfaces for non-technical users to query these databases continues to be
challenging. In this work, we present a comprehensive agent-based solution that enables
natural language interactions with SQL databases, effectively bridging the gap between
human inquiry and structured data retrieval.

Our approach implements a multi-step workflow agent built on the LangGraph
framework [1] that transforms natural language questions into accurate SQL queries and
meaningful responses. The agent follows a deliberate sequence of operations: identifying
relevant database tables, retrieving schema information, generating syntactically correct
queries, validating those queries for common errors, executing them, and formulating
human-readable answers from the results.
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The implementation utilizes a specialized toolkit containing three primary tools:
a table lister, a schema retriever, and a query execution engine. These components are
orchestrated through a directed graph workflow that incorporates intermediate reasoning
steps to ensure query accuracy. The agent leverages the GPT-40 language model to
make contextual decisions throughout the process, particularly when determining table
relevance and constructing appropriate queries.

Evaluation results demonstrate that our multi-step agent outperforms previous SQL
agent implementations in response accuracy. The system was tested using the Chinook
sample database [2], which models a digital media store with interconnected tables
representing various business entities.

Cnucok nitepatypu

[1] LangGraph: A framework for building stateful, structured reasoning systems with
LLMs. LangChain, 2024, https://www.langchain.com/langgraph.

[2] Chinook Database: A sample database for SQL Server, Oracle, MySQL,
and other relational database systems modeling a digital media store. 2023,
https://github.com/lerocha/chinook-database

ABTOpn

Roman Bozhko — 1st year Master student, Faculty of Computer Science
and Cybernetics, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine;
E-mail: rm.bozhko@gmail.com

Automation of decision-making in early warning
systems

R. Vasylyshyn

In modern times, the ability to predict future extreme events, related to climate
change, is the priority in vulnerable community protection. Disasters such as floods,
droughts, storms, hurricanes, and technogenic catastrophes kill millions of people around
the world. Frontline operators and emergency commanders have to make crucial deci-
sions quickly. That is why the speeding method of huge data processing with artificial
intelligence usage has become a relevant topic in science.

One direction of it is an automation process of decision-making in early warning
systems, which is shown in my work. The main goal is to explore whether the applying
of Al in emergency decision-making is effective.

In the work the current benefits of decision-making automation are represented:

) The process of detection as well as monitoring of future threats is quicker;
AT can deliver warnings faster and enhance communication;

a
6)
) Disaster risk knowledge can be sufficiently advanced;
)
)

H W

Artificial intelligence can create real-time simulation models that help to take
actions according to circumstances;

The usage of automation in early warning systems makes knowledge about
potential danger more achievable for people [1].

However, understanding all the benefits of artificial intelligence usage cannot be
considered without potential risks. For example, there is a danger of excessive formalism
in the procedure of decision-making. Also, the application of LLM for automation in
real-time data analysis of the potential consequences showed a probability of false and
missed alerts [2].

At the same time, the ethical side of decision-making artificial intelligence tools
utilization has remained one of the most discussed issues in modern science. Because Al
models have to proceed with exploring potential dangers without data distortion based
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on biases that exist or will be created in the future. Because there is the threat of wrong
data representation while training systems.

In scientific paper described why artificial intelligence has to be ethically guided to
ensure that technology is used responsibly and the algorithm is transparent.
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Andysia iHHOBaUiiHNX NPUKNAgHUX PO3POOOK Ha
OCHOBI NpUHUMNY PI3HOTUMHOCTI

M. Bacunwsuyk, B. Sacaascbkuii

Ilpunnun pisnorunnocti [1], ax peasizanisa pisHoMaHniTTs, Biepine 6yB 3aCTOCOBA-
HU#l IpYM BUPIIIEHH] 33734 ONTHMAJBHOIO PI3HOTHITHOTO De3epBYBAaHH: B KOCMIi4HIHi ra-
JIy3i, mogoBKyIOUN TepMin ciyxbu anaparis. Moro iHHOBaLiAHICTS HOJITaE ¥ HOELHAH-
Hi pi3HUX MeTO/iB i aJrOpHTMiB, IO 3HAXOAUTH 3aCTOCYBAHHS Yy BHUABJEHHI aedeKTiB
KPUTHYHOI iHIpacTpyKTypH, HGOPpMYBaHHI eHepreTUYHUX HopTdesiB KOMIaHi#i, aHamizi
mAaXpPaCbKUX TPAH3AKIIHA.

Iloennanus aJsgropuTMmiB 1 cTpareriifi y Oi3Hec-mporiecax YIpPaBJIiHHS CKJIQJHUMH
CHUCTEMaMH 3a JOIOMOroK0 iHGOPMAIifiHO-aHATITUYHAX CHCTEM JIO3BOJISIE JOCITATH
ONTHMAJIBLHUAX PE3Y/bTATIB, BPAXOBYIOUH 3MiHHI yMOBH Ta HemepenOaIyBaHy HMOBEIIHKY
06’€KTiB, [0 CHPUSE€ CTBOPEHHIO AJANTUBHUX cucTeM. Tak st epeKTUBHOI HaBiraril
BUKODHUCTOBYIOTBCS DI3HOTUIIHI HMiAXOAM, IO HOENHYIOTH aJrOpUTMH Teopii rpadis Ta
METOAM MANIMHHOTO HABUAHHS [JIsl MPOrHO3yBaHHA Tpadiky B peambHoMy daci [2]. Ileit
miaxin mO3BOJISE YHHKATH IIEPEIIKO[, 3MEHITYBATH 3aTPUMKH I€pe3 3aTODK I aBapii,
CKOPOYYBATH HYaC IOI3JKM Ta 3HUKYBATH ByIJeleBuil ciin. B ynpasnainzi 3amacaMu
MMOEHYIOThCS JeTepMiHOBaHI Ta croxacTu4Hi Mozeri. /lerepMminoBani, 30kpema EOQ,
ONTHUMI3yIOTh 06CAru 3aMOBJIEHb 33 CTA0IIBHUX YMOB, TOA] SIK CTOXACTHUYHI BPAXOBYIOTh
BUIAJKOBI KOJIMBAHHS TOMUTY Ta OLHIOITHL pu3uku merozoMm Mourte-Kapnao. Kowm-
binamia nux migxosiB 3abe3medye IHydYKe OajlaHCYBaHHS 3allaciB y 3MIHHHX YMOBAaX
[3]-

BukopucraHHs Pi3HOTHNHEX MiaAX0AiB y 6i3HEC-POIecax CIpUsIe
onTuMizalii pe3yspraTiB i aganTamii cucTeM A0 3MiHHEUX yMOB. Takwmil migxin ninsurnye
eeKTUBHICTb 1 THYYKICTh YIPaBJIiHHS CUCTEMaMH.
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AHani3 nonynsipHOCTi Ta BUKOPUCTAHHS
BeO-cppelimBOpKIB 32 4ONOMOro0 4acoBuUX psais

O. BepeTboHKiH

Y poboTi po3rafgaaeThCa JUHAMIKA TOMYJISPHOCTI TPOBITHUX BeO-dpeliMBOPKIB
(3okpema, React, Angular, Vue.js, Svelte, Next.js, Nuxt, Astro Tomo) Ba 0CHOBI anamisy
qacoBUX pAAiB. Jyia JocaijkKeHH:A BUKOPHUCTOBYIOTBHCA Bimkputi aani 3 Google Trends,
GitHub, Stack Overflow, npm Ta iHIIMX pelpe3eHTATHUBHMX IKepes 3a ocTaHHi 5-10
POKiB.

Mera mocizKeHHs: BHSIBJICHHSI TPEHIB, ITUKJIIYHOCTI, CE30HHOCTI Ta JOBTOCTPOKO-
BHX 3DYIIEHb y OOMyAsspHOCTI (ppefiMBOPKIB, IO L03BOJAE Kpalme 3pO3yMITH €BOJIO-
iro TexHoJIoriH y Be6G-po3pobii. OcobmBa yBara npuIiasieThCs MOPIBHIJIBHOMY aHAJIIZY
dpeliMBOpKIB 3 ypaxyBaHHsM 30BHINIHIX YHHHUKIB (pesi3iB HOBHX Bepciii, 3MiH mapa-
JIUTM PO3POOKH, BIIUBY BEJTUKUX KOMIIAHIN).

MeTonomoriss gociikeHHs BKJIO4Hae OOpOOKY 4YacoBMX DpSAIIB i3 3aCTOCyBaH-
HHM KOB3HOI'O CEPEAHBOrO, IEKOMIIO3HUIIl, aBTOKOpessanifiHoro amasnizy ta ARIMA-
MOIEeJ/JIFOBAHHA. TaKO)K ILJIAHYETBCA BUKOPUCTAHHA MeTO,Z(iB MAIMTUHHOTO HABYAHHA JId
MIPOTHO3YBAHHS IOIYJISIPHOCTI TEXHOJOTi#M y HallbamK4i pOKH.

OuikyBaHi pe3ysnbTaTu:

- BU3HAYEHHS JKUTTEBOTO IUKJY BeO-(dPefAMBOPKiB;
- noby/I0Ba IPOTHO3IB IX IOJAJBIION0 PO3BUTKY;
- pekOMeHAIl 111040 BUOOPY TEXHOJIOriH 3a/ekHO0 Bij cuenudiku npoexTis.

Orpumani BucHOBKE OyIyTh KODHUCHHMH SK AJjIs PO3POOHUKIB, Tak i mmsa xoMmmamii,
[0 TPUHMAIOTh CTPATErivHi PillleHHs I0J0 TeXHOJOTIYHOTO CTEKY.
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CTBOpeHHs1 BOASIHMX 3HaKIB B ayfioaaHux 3a
AOMOMOroOK HeMPOHHUX KOAEKIB

H. . Binniuyk

3acrocyBaHHs UMQPOBUX BOJSHUX 3HAKIB y aymiofaHUX € MePCIeKTUBHUM
PO3B’SI3KOM TaKWX AaKTyaJbHUX IpobseM, sgK 3amobiraHHa mMaxpaiicTBy 3 BHUKODH-
CTAHHSM 3TeHEPOBAHOTO MOBJIEHHS Ta BUSIBJIEHHS HEABTOPHU30BAHOTO TONINPEHHS
3Byko3anucis. HeronapHili pO3BUTOK HEWPOHHMX KOJEKIB CTAaBUTH IIijJ 3arpo3y Tpa-
JUIMIHHEA IPUHOIWN HAHECEHHS BOSHUX 3HAKIB, IO IOJIATA€ Y AOZABAHHI SKHANHMEHII
YyTHOTO TIIYMY, Ta 33 SKUM IIPAIOITE 1 CyYacHi CHCTeMH HA OCHOBI HEMPOHHUX MepexK
va kmraar AudioSeal [1]. IMix wac mocmimkenHs Oys0 BHSBJIEHO, IO CTUCHEHHS T4
PO3THCHEHHS ay/[l0CHTHAJLY 33 JOIIOMOTOI0 He#poHHOoro xogeky Descript [2] (DAC) 3uu-
JKy€ piBeHb BIIEBHEHOCTI y HAsIBHOCTI BoAgHOTO 3HAKYy AudioSeal cepen pizHoManiTHHX
3AIUCIB JIIOJCHKOTO MOBJIEHHS, Y TOMY YHCJIi 3T€HepOBAHOr0, y cepeausomy Ha 30%, npu
OpOMY MiHiMaJ’[bHO BIIJIUBAXOYHU Ha CHprIHHTTH CUTHAJIY JIFOAWUHOIO.

PesyabraToM JOCHI>KEHHSI € HOBHWHM MifXis 10 CTBOPEHHSI BOJSIHWX 3HAKIB, mepe-
BipeHuit peasizamiero moBor Python. Iligxin monsrae y cTBOpeHHI KiIBKOX CIOpigHe-
HHUX pelpes3eHTanifi ayioCuraajy y HPUXOBAHOMY JUCKPETHOMY HpocTopi o3nak DAC
LIJISIXOM TOCJIi JOBHOTO CTUCHEHHSI Ta PO3TUCHEHHS, Ta PEKOHCTPYKIIl CUrHAJY i3 O3HAK,
0o0paHuX Cepej Pempe3eHTAIi#l [ KOKHOI AUCKPETH Yacy TAaKHM YHHOM, IO MAaKCH-
Mi3ye neBHy dyHKIi0 f. BuspieHHs BOAAHOrO 3HAKY BIIOYBAETHCSA NMIISAXOM CTHCHEH-
Ha ayAiocurHasay 3a momoMoroo DAC Ta nopiBHAHHS OOYHCIIEHOTO 3HAYEHHSA f 3 IEB-
HUM IOPOTOBUM 3HaUeHHaM. Haflkpamux mpakTHYHUX Pe3Yy/IbTATIB BAAJIOCH JOCSTTH i3
f(D) = %| > T, ZdeDt(—l)i_lK(d)\, ne Dy — mabip osnak ana auckperu vacy t, T —
KiJIbKIiCTD OuCKpeT 4acy B aygiocursasi, K — BumagkoBo oOpaHa PpyHKIs Baru, o ciy-
ry€ KJIIOUeM [[JIs1 HAHECEHHS Ta IePeBipKU HASBHOCTI BOASHOrO 3HaKy. OTpuMani BoxsaHi
3HAKH MIiHIMAaJbHO BILIMBAIOTH HA JIIOJCHKE CIPUHHATTSA Ta IPOSBIAIOTH CTIHKICTH 10
IIOAAJIBIIOIO CTUCHEHHA Td HaHECEHHA JOJaTKOBUX BOAAHUX 3HaKiB.
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FNGpuaHi mynbTrareHTHi cuctemu anst epeKTUBHOCTI
Micit
M. HO. Boiitex, O. Il. KpaBueHKO

OyukuionyBanud MyabruareHTHEX cucteM (MAC) 6a3yeTbcs Ha B3a€MOAIT aBTOHOM-
HUX areHTiB, AKi MOXYTb OyTH K cTarioHapHuMu, Tak i Mobinsuumu MAC. Cramionap-
Hi areHTH XaPAKTEPH3YIOTHCS IIPOCTOTOI0 KOHCTPYKINI Ta BKJIOYAIOTH 0a30Bi (hyHKIO-
HaJbHI Moy, Akl BiAnOBinaOTH 3a 36ip AaHuX, nepenady iHdopmanii Ta KuaeHHs([1].
Bonu xapakTepu3yoTbCsd HU3bKUME BATPATAMH HA eKCILUIYATAILil0 Ta HU3BKHM DiBHEM
aganruBHOCTi. MOOinbHI arenTn € Oinbin CKAAAHWME IPUCTPOSMH, OCKIIBKHM MiCTATH
MOJIyJb HepeMileHHs Jyisl 3Minn no3unii B mpocropi|2]. e 3abe3medye rHyUKicTh y BUKO-
HaHHI 3aB/laHb, ajle BUMArae JA0JaTKOBOI'O €HEPrOCIOXKUBAHHS Ta YyIPABJIIHHA, OCKIIBKA
OCHOBHQ, €HEPrOBUTPATA Ar€HTY IPHUIALAE CAME HA IePEMIIeHHs y IPOCTOpi.

EdextupuuM € noennanHs cranioHapaux Ta MobGinpHux MAC y ribpuany MAC,
AKa IO€JHYye IepeBaru o0OOX THIIB CHUCTeM, Jle CTaliOHapHI areHTH 3abe3nedyroTb Oa-
30Be MOKPUTTS Ta €HEeproedeKTUBHICTH, a MOOIIbHI ar€HTH HAJAIOTH AUHAMIYHICTH Ta
ray4KicTs Koudiryparnil cucremu. lle mo3Bossge migBumuTe piBeHs BiamoBocTifikocTi 3a
PaxyHOK IIepepO3IOJiNy 3aBJaHb MiXK areHTaMu Ta 3abe3nednTu e@eKTUBHE BUKOHAH-
Hs wmicil. CreriasizoBaHi aJrOpUTMHU JO3BOJISIOTH 30LIBIIUTH e(hpeKTHBHICTH MOKPUTTS,
KOMyHIKail Ta €HeProCIO>KUBAHHS CHCTEMHU 33 PAXyHOK CHHXPOHI30BaHOI poborm BCix
KOMITOHEHTIB.
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Application of Machine Learning for Modeling and
Optimization of Business Processes in Beekeeping
Security Assurance

I. Volokhovych, V. Zaslavskyi

Beekeeping suffers from new risks which need new solutions on how to mitigate them.
Machine learning creates possibilities for modeling and optimizing safety processes within
this sector of utmost importance. The theoretical basis of machine learning application
in apiculture arises from combination of several scientific direction. The most promising
application of machine learning in beekeeping are:
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- Segmentation, augmentation, and delineation of agricultural lands. The method
uses Convolutional Neural Networks to semantically segment different types
of landscapes with high precision [1]. A system can assess the potential and
identify the most valuable nectar-producing zones with high precision. The
algorithms designed automate the analysis of big areas and greatly simplify
the planning of apiary operations in terms of time and resources needed.

- Optimal placement of beehives across a given territory. The spatial allocation
if beehives within a given areas is one of the hardest forward multicriteria
optimization problems that need the design and realization of hybrid machine
learning models. Such approach has the potential to lower bee loss and improve
honey production significantly.

- Simulation of interactions among different sets of bee colonies. Modeling of
this issue is scientifically challenging and at the same time practically useful
for the optimization of apiary layout design. The importance of the system is
its capability to predict the effects of introducing new genetic stocks into an
apiary, estimate risks and benefits of certain colony combinations, and advice
on the best organization of apiaries to get the greatest positive effects from the
colonies with minimal unfavorable interactions between the colonies.
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Three-valued autoepistemic logic

O. Halavai, S. Shkilniak

Expanding the capabilities of non-monotonic reasoning is a key challenge in the fi-
eld of artificial intelligence. In this paper, we present an autoepistemic logic with three
truth values (TAEL), which enhances non-monotonic reasoning posibilities by introduci-
ng uncertainty as a third truth value, enabling applications in logic programming and
knowledge representation while balancing expressiveness with computational demands
(1]-

The language of TAEL is the standard language of propositional modal logic over
a set of predicate symbols Ps, symbols of propositional compositions -, vV and with a
single modal operator K. We will refer to the language of TAEL as L.

Definition 1. A belief pair is a pair (P, S) of sets of interpretations P and S such
that S € P, where P and S are sets of 3-valued (T - true, F - false, L - unknown)
interpretations of the underlying first-order language. If we mark B = (P, S), S(B)
denotes as S and P(B) denotes as P. The belief pair (A; @), where A is the set of all
interpretations of predicate symbols Ps, is denoted L. The set {(P, S)| P, Se¢ A, S¢c
P } of all belief pairs is denoted by B.

Definition 2. Let B = (P, S) be a belief pair and let I be an interpretation. The
truth valuation function ©p 1 is defined inductively:

69


https://doi.org/10.52058/2786-6025-2024-7(35)-646-660

Op.1(®)= I{P) (P is an atomic formula)
Op,1(-P) = -0 (D)
T, if @B71(¢1) =T or @Byl(q)g) =T
®B,I((I>1\/q>2):{ F, if @B,1(<I>1)=Fand 9B,I(¢2)=F
1, else
T, if 9]3!1(@1) =T and ®B,I((I’2) =T
®B,I(‘bl&¢)2) = { F, if @B,I((bl) =F or @B,I(CDQ) =F
1, else
The formula K® is presented as follows:
T, ifVJEP:@B,J(‘I))=T
@B,I(Kq)):{ F7 if HJESSGB,J(‘:I)):F
1, else
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Image compression using the P-median algorithm

V. Haslo

To improve image processing, it is worth using compression algorithms. The image
size can be reduced by preserving only frequently occurring colors while assigning rare
ones to optimal values. In this case, the P-median algorithm can be used.

First, colors with indexes N = {1,...,n} are selected from which the optimal ones
will be determined. Then, a matrix of integer distances d between them is created. An
optimization problem (1) is formulated with the task of selecting a set of p colors with
the smallest distances. The conditions include: ensuring that color belongs to exactly
one representative (2), that the total number of representative colors is p (3) and the
assignment of each color to a representative one (4). The matrix x (5) will demonstrate
the relationship between colors, according to which they will be replaced.

n
d* :minzdijl’ij, (1)
T ]=1
n
S aij=1,j€N, (2)
i=1
n
> i =p, (3)
i=1
Zij < i, 0,5 € N, (4)
.’Eij=0\/1,l',j€N. (5)
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The algorithm was implemented using the Python programming language and the
AMPL algebraic modeling language. The required inputs are an image and the expected
number of representative colors. After computation, a compressed image with the speci-
fied number of colors is obtained.
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Software of identification object in video stream

M. Hoda

During the writing of the qualification thesis on the topic "Software of identification
object in video streamsa study was conducted to evaluate the performance of three
different neural network models. The best-performing model was selected for the final
software implementation.

The goal of this research is to automate the process of detecting and identifying
military objects in drone footage using machine learning methods and neural networks.

The study applied three object detection and classification methods: Faster R-CNN,
SSD, and YOLO. The evaluation criteria for their effectiveness were examined and
described. Additionally, an algorithm was proposed to determine the required number
of images for metric calculation with a given error margin. For each method, relevant
metrics were calculated, and a comparative analysis was conducted. The key findings
are as follows:

e o A quantitative analysis of the three identification methods based on the IoU
(Intersection over Union) metric showed that the Faster R-CNN model provides
more precise localization of military targets, outperforming YOLO by 4.5% and
SSD by 5.3%.

| Area of Overlap
¢ Area of Union
e An analysis based on the R metric, which reflects the average ratio of correctly
localized military objects to their total count, demonstrated that the YOLO
model has a higher detection capability, surpassing Faster R-CNN by 1.6% and
SSD by 5.8%.

Zi\:[1 i

Zf\il kz

e An evaluation of identification methods using the T metric, which measures
the average time required to localize a military object in an image, revealed

that YOLO operates faster, detecting and classifying targets 2.79 times faster
than Faster R-CNN and 1.43 times faster than SSD.

R=

_ ZZA:]l T;
N

T

Based on the evaluation results for each method and the assigned priorities, it was
determined that none of the approaches is the absolute best across all metrics. However,
considering the obtained results, the YOLO-based approach proved to be the most opti-
mal method for identifying and detecting military objects in drone video streams.
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Dynamic Labyrinth scheme simulation and analysis

V. Hranadzer, Y. Tereshchenko

In theoretical computer science, Dynamic Labyrinths [1] are known as Rdédding
networks and belong to the universal calculation concepts such as the Turing machi-
ne or register machine. Thus, with sufficient time and resources, a Dynamic Labyrinth
can be constructed to compute any computable function. Today, this concept is bei-
ng used for educational purposes after being transformed into "real"building blocks by
Elmar Cohors-Fresenborg.

Constructing Dynamic Labyrinths from blocks provides a concrete framework for
analyzing problem-solving strategies while reinforcing key concepts in automata theory,
programming, and discrete mathematics. Therefore, simulation of the Dynamic Labyri-
nth work and automation of its check for suitability and correctness in computing the
specified function can speed up the educational process and give insights on error handli-
ng.

‘We present an end-to-end pipeline for simulating and analyzing Dynamic Labyrinth
schemes using algorithmic methods and machine learning techniques. The pipeline consi-
sts of two key stages: using trained YOLO [2] model for block detection on the image of
created Dynamic Labyrinth, and running the detected Dynamic Labyrinth scheme for
analysis with software provided by the University of Cologne.

For YOLO model training dataset we created a Dynamic Labyrinth scheme simulati-
on algorithm, which generates 3D representations of random schemes and captures them
on the images. After training the model, we got mAP50-95 = 0.82 across all 7 block
classes on the testing set.
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BukopuctaHHsi reHepaTUBHOINO WTYYHOrO iHTEEKTY
ONa nNiaTpuMku opradisaudii Tabopis

B. B. I'pun

Opranizalfist AUTAYINX Ta MOJIOAIXKHAX TAOOPIB € Ba’KJIMBOI CKJIAIOBOIO BiMTOYNHKY
Ta PO3BUTKY MoJiofi. [IpoTe nponec mianypanHs TabipHUX 3MiH, POPMYBaHHA PO3KJIa-
Iy aKTUBHOCTEH Ta iX KOpUryBaHHs y BignosigHocTi 110 noTpeb y4acHUKIB € CKJIQHUM
3aBIAHHAM [JIs Oprauizaropis ta norpebye 3HavHuX pecypcis. Oguum i3 cyvacHux migxo-
JiB [0 BUPIIIEHHS IUX 3aBJAHb € 3aCTOCYBAHHS MPOIPAMHUX CHCTEM i3 BUKOPHUCTAHHSIM
wrygsoro inrenexty (1), 30kpeMa remepaTuBHux Mozeseif. Taxi cucreMu J03BOJIS-
I0Tb ABTOMATH3yBATH IJIAHYBAHHS DO3KJIALy AKTUBHOCTEH, OI[iHIOBATH IXHIO MOIYJIsIp-
HICTB Cepej] YIaCHUKIB Ta CTBODIOBATH NepCOHAJII30BaHI mpomo3unii Ha OCHOBI 3ibpanmx
JIAHUX.

MeTo10 HOCHimKEeHHS € aHAJII3 MOXKINBOCTEH BUKOpUCTaHHA remepatusuoro I pas
onTHMI3aIlil MpoIeciB nIaHyBaHHs B TAOOPAX Ta PO3POOKA KOHIEIMIIT TPOrpaMHOT CUCTe-
MH, SIKQ JO3BOJIUTH:

- aBTOMATHYHE CTBOPEHHS PO3KJIALY AKTUBHOCTEH 3 yPaxXyBaHHAM iHTEpECIB yUa-
CHUKIB, IXHBOT'O IIOIIEPETHBOTO JOCBIY Ta HOIYJISIPHOCTI 3aXO0iB;

- 36ip maHUX Ipo BiABIAYBaHICTH Ta OUIHIOBAHHS AKTUBHOCTEH y PEAJIbHOMY 4aci;

- (opMyBaHHS PEHTHUHIY AKTHUBHOCTEH 33 MONYJISPHICTIO AJIS MOJAJIBIIOTO AHA-
Ji3y;

- 3abe3neYeHHs NIEPCOHAJI30BAHOTO HiIXOAY A0 KOXKHOTO YYaCHHUKA Tabopy.

BarknBor CKJIaJ0BOI0 TAKOI CUCTEMM € BUKODHCTAaHHSA IeHepaTuBHUX Mogeseit 1111
JiIs CTBODEHHsI HOBHX iJiell akTHBHOCTel Ha OCHOBI iHTepeciB Ta mobakaub JiTelt [1].
Ile moO3BOMUTH YPi3HOMAHITHUTH TporpaMmy Tabopy Ta 3pobutu ii OiIbHI ITIKABOIO Ta
amanTusHOo. Y crarti CampMinder «Leverage Al for Summer Camp Managements»
[2] 3a3nagaeThCs, mo 3acrocyBannsa 111 B ynpasminai TaGopaMu J03BOJISIE 3MEHIIHUTH
aJMiHICTpaTHBHEe HaBAaHTAaXKeHHsI Ha IEDPCOHAJ, ONTHUMI3yBaTH BUKODHUCTAHHS DPECypPCiB
Ta HiJABUIUTYU 33/0BOJIEHICTh YYaCHUKIB.

OdikyBaHUM pe3yJIBTATOM JOCJiI2KeHHs CTAJI0 CTBOPEHHs KOHIENIil Ta IPOTOTUILY
MpOrpaMHOl CUCTEMH JJIsI MATPUMKE OpraHizarii TabopiB i3 BUKOPUCTAHHAM T€HEPATUB-
HOTO IITYYHOro iHTesekTy. Po3pobnena mrardopma g03BOJISE aBTOMATU3YyBATH MPOIECH
[JIAHYBAHHS Ta CTBOPEHHS PO3KJIALIB, 30KpeMa (popMyBaTH, peparysaTu Ta 36epiraru
TabipHi JHI 3 MOXKJIUBICTIO NOJaBaHHS TEKCTy, (HOTO, Bi/leo Ta TAOJIUIb JAJIS JIeTallb-
HOro omucy aktuBHOcTeil. IuTerpoBanunit I1I- dyuknionan 3abe3nedye reHeparitoo imei
[IJIsT HOBHX 3aXO[iB, aHAJI3 y>K€ CTBOPEHHX PO3KJAIIB i3 HIPOMO3UI[iAMH IIOKPAIIEHDb T
CTBOPEHHS KOHTEHTY [JIsI COIiabHUX Meperk. CHcTeMa CIPsSMOBAHA HA MiABHITEHHS SKO-
cTi BIIMOYMHKY ¥ PO3BUTKY AiTell 3aBAAKU IEPCOHAJI30BAHOMY IiJAXOAY Ta BpPaXyBaH-
HIO iHTepeciB y4acHHKIB, a Takoxk 3abe3meduye 36ip Ta aHAIi3 HAHMUX AJIS IOSAJIBIIOTO
BIOCKOHAJIEHHS TabipHOI nporpamu. BupoBagkenus reneparusaoro 1111 sigkpusae HOBI
MOKJIEBOCTI JIJISE OCYyYaCHeHHsI MiJXO/IB A0 opraHizaril JO3BiJJIA Ta BUXOBAHHS MOJIO-
i, pobsasyu 11i mporecu O6inbir eeKTUBHUMHU, THYIYKUMHU Ta OPI€HTOBAHUMH HA HOTPEOH
YIaCHUKIB.
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Methods of Building and Analyzing Causal Graphs in
Text Corpora

I. Dagil, I. Vergunova

Recent research in causal graph construction from text has produced a spectrum of
methods for extracting and structuring cause-effect pairs, each with its own strengths
and limitations.

Rule-based approaches use explicit linguistic cues and predefined patterns to
detect causal relationships, achieving high precision in clearly signaled cases, though they
often suffer from limited recall and domain adaptability. In contrast, ML approaches
rely on annotated corpora and features such as POS-tags and dependency paths to train
classifiers, enabling the capture of more varied causal expressions but requiring extensi-
ve feature engineering and high-quality training data. Deep learning approaches
have advanced the field by employing neural networks, including CNNs, RNNs, and
transformer models like BERT, which learn nuanced representations from context and
achieve superior performance on benchmarks such as SemEval-2010 Task 8, yet they are
data-intensive, computationally expensive, and less interpretable. Hybrid approaches
combine rules, traditional machine learning, and external knowledge to enhance accuracy,
as demonstrated by projects like CauseNet that aggregate millions of cause-effect pairs
from web text, though they introduce design complexity and require careful integration
of multiple components. Recently, LLM-based approaches have emerged, leveraging
large language models like GPT-4.5 Turbo in zero- or few-shot settings to infer causal
relations from vast corpora, benefiting from extensive pre-training and world knowledge
while still facing challenges in verifiability and cost.

Evaluation of these methods has been supported by several benchmarks, including
the Event StoryLine Corpus, the BECauSE Corpus, Causal TimeBank, the FinCausal
challenges, and the WikiCausal framework, which collectively provide a robust platform
for assessing the accuracy and generalization of causal extraction techniques.
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Mpo meToan crinkocTi i cTabinizauil MaTpn4HuUx
NiHIRHNX audepeHuianibHUX PIBHAHL 3 NOCTIRHUMMN
koedpiyieHTamm

K. leaucoB

Y momoBiai po3risaaoThes aarebpaltuai MeToau aHasily CTIHKOCTI Ta PO3B’A3yBaHHS
3azxad crabimizamil giHifiHUX MaTpHIHEX AudepeHIiaJbHIX PIBHSHDL 3 MOCTIHHUMH KOe-
dinientTamu. Taki piBHSIHHS MHUPOKO BUKOPUCTOBYIOTHCS B 33/1a9aX ONTHMAJIBHOTO KePy-
BAHHS, AHAJII3Y AMHAMIYHUX CHUCTEM Ta KOHCTPYIOBAHHS MHOXKHWHU DO3B’S3KiB JTiHIAHUX
cucrem pudeperniagpanx pisaaEs 1, 2].

Y mepiiiiit 9acTUHI OTOBII PO3TISLAAIOTHCA CTIHKICTh JIHIHHOTO MATPUIHOTO Aude-
peHIiaJbHOrO PiBHSIHHS, aJrOPUTMH aHAJI3y crifikocTi, 3a7a4i cTabinizanii Marpuuynnx
piBusus. JloBegeHo kpurepil acuMuToTHIHOI cTifiKoCTi, crifikocTi, HecTiiikocTi miniitHumx
MATPUYHUX PiBHAHB 3 HOCTIHHUMU KoedinienTamu. HaBeeHO aaropuTM aHai3y CTilKO-
CTi Ta 3aIPOMOHOBAHO AJTOPUTM 3HAXOXKEHHSI KOPEHIB MHOTOWIEHA, 10 BUKOPUCTOBYE
kputrepiit I'ypeina mnsa nepeBipku 3Haka AIMCHUX YACTHUH KODPEHIB Ta OiHApHWH MOMIYK.
Pos3s’sa3ano aBi 3amadi crabimizaiii MaTpuYHHX PIBHAHD 3 CHUMETPHYHHMH IIOCTiHHHME
MATPHUIISIMH.

V mpyrii#t qactuHi OTOBIAl PO3IIAAAIOTHCA peastidanil anropuTMiB, HABEIEHUX Y IEP-
MIOMY PO3/IiJli, HOsICHEHO IXHIO pobOTYy Ha JesKux npukiaagax. Onucani pesynbraTte 00-
YHUCIIOBAJIILHUX €KCIIEPUMEHTIB.
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AHani3 eMoOUiiHOro CTaHy KOpPUCTYyBa4da Ha OCHOBI
AaHuX 3i CMapT-NPUCTPOIB
. Opobin, I. HIkasap

MeTor0 nmoCyiKeHHA € po3pobKa KOMILIEKCHOI MOJei JJI OIiHKU DPIBHS CTpecCy,
HACTPOIO Ta TPHBOXKHOCTI 33 JONOMOrOK0 AaHumx 3 Hocumux upucrpois (Mi Band, Apple
Watch). BukopucroBytorscs ocHoBHi (iziosoriuni napamerpu: cepeuiit mynbe (H Ravg),
[OKa3HUKHK BapiabesbrocTi ceprieBoro purMmy (SDNN) ta sikicts cuy (SQ). Jdns pospa-
XYHKY IHJIEKCY CTPECy 3aCTOCOBAHO HACTYIHY hOopMyITy:

1
StressIindex = a- HRgpg + 8- ——— +v- (1 - 5SQ), 1
)+ B o+ (1-5Q) 1)

e «, B, 7 — eMIipuYHO BU3HAYEH] KOoedIIieHTH.
KpiM BuzHaUeHHd IHIEKCY CTPECY, 3alPOMOHOBAHO PO3PAXYHOK 1HIEKCY HACTPOIO 33
MOJIeJLIIO:
MoodIndex =6 -SQ +¢e¢- HRV — (- HRaug, (2)
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ne HRV — mokasHuK BapiabesbHOCTI CEpIeBOro putrmy, a d, €, ( — KoedirienTu, 1mo
BPaXOBYIOTH BILIUB BiJIIOBITHUX TapaMeTpiB.
O6pobKa JaHUX IPOBOTUTHCSA 3 HACTYIHOK CXEMOIO:
a) 36ip manux: BesnepepBHuil MOHITOPUHT (Hi3i0/JIOrIHNX IOKAZHUKIB IPOTATOM
24 roguu.
6) ITonepernHsi o6pobka: Olabrpanis currary 3a gonomorow Kamvas-dinsrpa,
HOpMaJii3allig JaHuX Ta BUIIJIEHHS PEJIEBAHTHUX O3HAK.
B) MopemntoBauus: [lo6yroBa Moneseif 3a momoMoroo anroputMmis SVM, neit-
POHHHEX ME€PEeXK T AEPEB PilleHb 3 BUKOPUCTAHHAM KPOC-BaJIigarii.
) Basiparis: IlopiBHEsSHHA OTPUMAHUX PE3YJBLTATIB 3 ONATYBAHHSAME KODUCTY-
BayiB Ta KJIHIYHUMHU HOKa3HUKAMU.
Ilonepenni pesynbraTu, oTpuMaHi Ha ocHOBI maHux 100 KopucTyBadiB, JIEMOHCTDY-
IOTh HACTYTIHY e(OeKTUBHICTH:

T

Merog, Tounicrs (%) | Fl-score (%)
SVM 85 83
Heitponna mepexa 88 86
JepeBa piess 82 80

HonaTkoBuii aHaJi3 MOKA3HUKIB BapiabeIbHOCTI CEPIIEBOTO PUTMY JO3BOJIUB IIiBH-
wuty TognicTs kiaacudikanii na 10-15% (p < 0.05). Buspeaeno, mo inrerpanis cucremu
3 MOOIIBHEME JOJATKAMH CIPUIE CBOEIACHOMY DEAryBAHHIO HA 3MiHY eMOI#IHOrO cTaHy
Ta MOKpaIlye NpodiakKTUKY ICHXOEMOIIMHUX po3JaiB. Pe3ynpraTu HOCITiIXKEeHHS Bij-
KPUBAIOTH MEPCIEKTUBHU JIJIs TOJAJBINOI ONTHMI3AI] aJrOPUTMIB MAINTHHHOTO HABYAHHST
Ta POBIIMPEHHS CIEKTPY AHALI30BAHUX IAapaMeTpis, mo miATBepIKyeThCA npansamu [1],

2], [3]-
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Po3pobka ocBiTHLOro 3acTocyHky ans poborn 3 MHP

4. B. dpoBosbCbKuii

Opnicro i3 dhopmanbanx momesneit anropurmy € MHP-nporpama. Mamwuna 3 HaTy-
panpHo3HayuuMu pericrpamu (MHP) — e ogun i3 pisHOBHAIB pericTpoBuX MauIuH, ixe-
asizoBaHol Mojesi Komir’orepa [1].
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Ilin gyac BuUB4eHHd CcTymeHTaMu (pOpMaJbHUX Mojesaell aaropurMmy Ha Kypci «Teopis
anropuUTMiBy» TM TOTPiGHO 0b6uucTI0OBaTU pe3ynbratu poboru MHP-nporpaum. i o6uncie-
HHSI 3a3BUYail BUKOHYIOTBCS BPYYHY, 33 JOMOMOTIOI0 TIAIEPY Ta PYYKU — IO € TPYAOMIic-
TKUM. Jl0 TOro K, AKIO JOIYCTUTHU IIOMUJIKY, TO OOYHCIIEeHH HEeOOXiJHO IOYNHATH CIIO-
qaTKy. ToOMy JOLIIBHOIO € aBTOMATHU3AIS IUX 004YnCIeHb. TaKOXK KOPUCHOIO JIJIsI 3aCBO-
€HHS CTyZeHTaMu MexaHizmy poboru MHP € moxauBicTs IHTEPAKTHBHOTO IOKPOKOBOTO
pukonauust MHP-tiporpamu. TIporte mig 9yac mpoBeieHOro anasiiszy He Oyso 3HaeHO 10-
CTYIIHUX 3aCTOCYHKIB, s1Ki 0 11e 3abe3neuyBanu. HagapHi 3acTocyHKHU 3a6€311€9yIOTH JIUITE
0OYHICTIeHHS KIHIIEBOTO pe3yabTaTy BUKOHaHHS MHP-nmporpaMu Ta B KpamoMy BHIAJAKY
OPYKYIOTH 3HAYEHHSI PEriCTPiB Ha KOXKHOMY KpOIii, npore BoHu ab0 € KOHCOIbHUMHE, ab0
MAaOTb He3py4HUU rpadivnunii inTepdeiic.

ToMy BUHHKae HEOOXIAHICTH Yy 3PYYHOMY OCBITHROMY BeO-3aCTOCYHKY, KM JOIO-
Marae crygentaM npu BupdeHHi MHP. Okpim BumesasHadeHoro yHKIIOHATY, B HBOMY
mepenbadeno moxximsicTb 30epiratu MHP-mporpamy y <daitn ta 3asamraxysaru i1 3
daitny, a TaKoXK eKCIOpTyBaTH Xix obunciens y daiii. Y 3acTOCYyHOK BOYJIOBAaHO peja-
kTop MHP-nporpaM, gakuii criosinmae KOpUCTyBada PO CHHTAKCHUYHI MOMUJIKH. TaKoXK
nepenbadeno 3anobixkuuk, koau MHP-nporpama npu po6ori Hag n1049aTKOBOIO KOHDIry-
pauiero Hikoam He 3ynuHsAEThCH. Ha momady m0 mporo, B 3aCTOCYHKY HASBHA IOBigka 3
onucom MHP-komanm.

JlaHuii 3aCTOCYHOK JO3BOJIUTH He JIMIIE aBTOMAaTH3yBaTH ODYUCJIEHHS, a 1 IIBUJ-
mre 3HaxoauTu nmoMuiku B MHP-mporpami. Buknangadam 3acTOCYHOK JO3BOJIUTH OinbIi
HAO0YHO AeMOHCTPyYBaTu pobory MHP-nporpam st Kpauoro 3aCBOEHHSI MaTepiaay CTy-
JI€HTAMH.
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padivune Buginenus R-R iHTepBanis gaHux
enekTpokapgiorpam 3a Xosntepom

M. C. €Edpemos, A. B. JIauiko

Hapasi cmocrepira€TbCss TPUBOXKHA TEHIEHITS 3POCTAHHS 3aXBOPIOBAHBb CEPIIEBO-
cyauHHOT cucremu. CydacHi MeTOAM AIarHOCTHKHU [IAIOTh 3MOTY OTpuMaru Oijbuie iH-
dopwmariii npo cran namierTa. I1pu nepBurHOMY aHaji3i Buxiguux nannx EKI' BuHukae
norpeba B Kiacudikamii meBHOI AIISHKH, 3 MOXKJIUBICTIO IOJAJIBINOrO aHAJII3Y.

Byso po3pobiaeno noporosuii anropurm 3Haxozzkenus R-3y6uis [1]. Anxropurm 6yso
nepesipeno ua 6a3i EKT' 3 apurmisivu 2], Bukmazgenol va pecypcei PhysioNet. Anropurm
suaxoguth Ha EKI' 6e3 mopyurenns purMmy yci massai 3ybui. Bysno mopaxosano F-mipy
nnsa 20 3 51 Buknagerux daitnis. Obpano daiinu, AKi MaroTh 61IBNIY KUIBKICTH PI3HHX
apurMiit. Ha daiinax 3 HagpauMHE apuTMiaMmu F-mipa xonmBaerbesa Mizxk 96%-100%.

Pozpobnene mporpaMue 3a0e3medYeHHs, K€ HAJA€ 3ac0o0U i PYYHOTO BUJIYIE€H-
Hs He3Hauymwmx R-R iHTepsasnie, nofymoBaHNX BUKOPUCTOBYIOUM IIPEICTABJIEHUH aJiro-
puTM 3a jgomomororo rpadivnoro inrepdeiicy [3]. IIporpama remepye mo4aTkoBHH rpa-
ik, AKU MOXKHA PEJaryBaTH B PEXXUMI PeaJbHOTO 4YacCy, MEPETSITHYBIMH MOYATOK Ta
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KiHerp HeoOxinHOT obutacTi, 1 11 Busrydennd. Ilporpama jgae 3Mory BUAIIUTH HOTEHIIHHO
noTpibui obnacti R-R inTepsais.
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FNGpuaHni nigxig A0 NPOrHO3yBaHHS 4acOBUX PsfiB Ha
OCHOBI HEMPOHHUX MepeX Ta CTaTUCTUYHUX METO/IB
A. 1O. 2XXurazgjyo

IIporno3yBaHHg 9acOBHX PSAIB € KIIOUOBHM iHCTpyMeHTOM y inamcosiit amasmiTu-
. Tpagunifiai crarucruyani mMeronu (Hanpukiag, ARIMA) ebexrusui jusa jainifinnx
3aJIe2KHOCTEN, ajle MAlOTh OOMekeHHs IM0J0 HediHifinux narrepHiB. Heilponni mepexki
(3okpema LSTM) 3garai BusBiaATH Ckaagel 3axOHOMIpHOCTI, ase ixmsa edexTmBHICTH
3aJIEXKUTH Bix 00CATY HAHUX Ta IMapaMeTpH3arii.
3anpononoBaHo ribpuanmit migxiza, mo inrerpye ARIMA ns amasisy saimifinol ckia-
noBoi Ta LSTM ana mozpemoBamua 3anumkis [1]. Apxitexrypa LSTM Bkao4ae asa
mapu (64/32 mefiponn) 3 L2-perynapusanicro. Kinnesnit nporao3 BU3HAYAETHCA CyMOO
KOMIIOHEHT:
—~ _ ~ARIMA , -I.STM
Yt =Y Ty
BaupouonosBanuil ribpuyuuil niaxig, wo xkombinye ARIMA juis sninifinux 3asexHO-
creit Ta LSTM fuis anasizy mesmiHifiHUX 3a/JMIIKIB, I0KA33B 3HUXKEHHS TOXUOOK IIPOTHO-
3yBaHHS IMIOPIBHIHO 3 OKPEMHMHA METOIAMH, OCOOIHBO [JIsI KOPOTKOCTPOKOBUX MOPH30H-
TiB. Mojiesb 1eMOHCTPYE aJalTHBHICTE 70 Pi3HUX THHIB Janux, 1e ARIMA 3a6e3neuye
crabinbaicTs, a LSTM nokpaiiye TOYHICTD 33 PAXyHOK ypaxXyBaHHS CKJIQIHUX IAaTTEP-
uiB. st goBrocTpokoux mnporuHosis mepesara ARIMA 36epiraeTbcsi 4epe3 mpoCTOTy
iHTepIpeTanii, ToAi K e€PeKTUBHICTb ribpuay 3ajeKUuTh BiJl 30aJIaHCOBAHOCTI KOMIIO-
HEHTIB Ta CIenudiKu YacOBOTO PSIy.
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Clustering of Ukrainian regions by indicators of
satisfaction with the quality of health care

A. Zadvorna

Cluster analysis allows us to identify homogeneous groups, in our case, regions by
various indicators. The following data were chosen to divide the regions into groups:
level of medical care, assessment of services by the patient, and morbidity [1], [2]. This
approach allows us to see which regions have shortcomings that need to be addressed
when developing a regional policy aimed at eliminating health disparities.

This paper presents a comprehensive regional analysis of medical indicators from
Ukrainian regions based on a cluster approach using the R programming language. For
the study, three separate datasets were taken, which have indicators on the level of
medical care, patient assessment of services, and morbidity by regions of Ukraine. Two
clustering methods were used for the three datasets separately: the k-means method and
‘Ward’s hierarchical method, which allowed us to have different perspectives on grouping
by the same indicators. Groups of regions with similar characteristics have been identi-
fied, which confirms the hypothesis that there are clusters with similar indicators that
require attention. It is shown which clustering methods provide the most interpretable
grouping of regions for each of the datasets. The average values of the variables for
different clusters are compared, and the features of each selected cluster are described.

The results demonstrate the effectiveness of cluster analysis in grouping regions
according to data on the level of medical care, morbidity, and satisfaction with medical
services. In this way, it is possible to assess the state of medical facilities, services,
vulnerability of regions to diseases, etc. to identify areas that need additional attention
and assistance from the state. Further research can be directed towards increasing the
scale of clustering, as well as optimizing clustering algorithms using more sophisticated
machine learning methods.

Cnucok niteparypun
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BukopuncTaHHsi 10KaNbHO PO3rOPHYTUX BEJTUKUX
MOBHUX Mojenen Ass MiHIMI3aLil KIJIbKOCTI 30BHILWWHIX
3anuTiB

M. O. Bagopo>xHmuit

Cyuacui Besuki MoBHI Mogesi (LLM) aKTHBHO BUKOPUCTOBYIOTHCSI B ABTOMATH3AIT
3aBJlaHb, 1 JOCTYI J0 HUX HafdacTime 3aificHIoeThCs depe3 xmapui API-cepsicu, sik-oT
OpenAl, Gemini yu Claude. Oguak wacti API-3anuTu npu3BoasTh A0 BUCOKUX (piHAH-
COBMX BUTDAT, 3aTPUMOK Y BiJIOBiIi Yepe3 Mepe>keBy Mepenady MaHWX i MOTeHI[iHHWX
PU3HKiB BUTOKY KOHbineHIiiiHOT iHdOopMaIii.

OpuauMm i3 pimens € moxambpre posropramus LLM, mo m03BOJs€ 3MEHIIUTH 3aJje-
JKHICTh Bij 30BHIMHAIX cepsiciB. OHAK 1€ PIlIEHHS] TAKOXK Ma€ CBOI BUKJIMKH, 30KPEMa,
BUCOKI OOYHCIIIOBAJIbHI BUMOTH, CKJIQIHICTh HAJIAIITYBAHHS Ta OOMEXKEHHS 010 PO3Mi-
py Mogeneit, axi MOKHA €(DEKTUBHO BUKODHUCTOBYBATH HA JOKAJIBHOMY OO/Ia HAHHI.

OnruMaabHUM BapiaHTOM € ribpuaHuil miaxia, Koau JoKaJabHi Momesi oOpobisaioTh
mpocti abo moproproBani 3amuTu, a API-3annTi BUKOPHCTOBYIOTHCS JIUINE B CKJIATHUX
BHIIQIKAX, 0 T0TPebyoTs noryzkuimux LLM. s jime 6iabmoro niasumenus edpexrus-
HOCTI MEPCIIEKTHUBO0 € KeIyBaHHS BiJMOBIIeH j1si IOBHOTO YHUKHEHHS 3aWBUX 3aIUTIB.
Y pesynbpTaTi Take KOMOiHOBaHe DiIlleHHs JO3BOJIsI€ 3MEHIIUTH KiJbKICTh 3BEDHEHB J0
xmapuux APl B pasu, onTuMisymoun BUTpATH Ta 3abe3medyoun OLIbITY aBTOHOMHICTH
CHCTEM.

Y nmaHi#t poboTi Ha NpUKJagl NOBHOMYHKIIOHAJIBEHOIO MACHITAOOBAHOIO TeJerpaM-
Gora [1] npomeMOHCTPOBAHO HPOGIEMy KOHTEKCTYaJsbHOI 00pofkn nanux, Bubyxatdol y
3B’g3Ky 3 uM Kinbkocti API-3anuTiB 10 BeIMKMX MOBHUX MOJe ie# Ta crrocobu KOMOiHy-
BAHHS JIOKAJIBHOTO X PO3TOPTAHHS 13 KEIIYBAHHIM [[JIs1 CYTTEBOrO 3MEHIIEHHsI KiJIbKOCTI
30BHIITHIX 3aMUTIB.

Cnucok niteparypu

[1] Telegram FZ-LLC and Telegram Messenger Inc., 2025. Telegram Bot APIL. Available
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MeTtoaw i nporpamti 3acobu aHanily nosegiHku rpyn vy
couiasibHUX Mepexkax

H. I'. Baxapuyk

Amnaniz conjampamx mepexx (SNA) 6asyerbcs Ha BHBYEHHI CTPYyKTYyDHHX BJIACTHBO-
creif rpadis: By3iis (yuacHukiB) i pebep (38°s13KiB). OCHOBHI METPHUKH BKJIIOYAIOTH: CINY-
nins (KIMBKICTD 3B’A3KIB), yenmpasvricms (BILIUBOBICTD ), UIALHICY, KAGCTEPUIAUIO
Ta 36°A3HI KOMNOKeHMU. BOHE H03BOISIOTH 1eHTH(IKYBATH KII0I0BI €/IeMEHTH Mepexi
Ta MOJesi X B3a€MOil.

I'pacoBi anropurMu € OCHOBHHM iHCTPYMEHTOM aHAJI3y. AJICOPUTMHU HallKopo-
Tiumx nuiaxis (Dijkstra, A¥) mossossaiors momemoBaTu nommpenss irdopmanii. As-
ropuTMu BusiBjieHHd cninbHOT (Girvan-Newman, JIyBeH) BUAUISIOTH KJIaCTEPH ydar-
cHUKIB 3a minpHicTIO 3B’s13KiB. PageRank i HITS Bu3HadaoTh 3HAYYINICTH BY3JIiB,
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6a3y04uuch Ha CTPYKTYDi BxoaiB/puxonis. KackangHi MmoaeJii onucyorh pO3HOBCIO/Ke-
HHS TTOBEJiHKOBUX NATEPHIB y MepeXKax.

Y nmochimkenni Bukopuctano Bigkputuit Reddit-garacer moao moBHOMACIITAOHOTO
propruenas Pocil B Ykpainy. Ilonepeusi 00poOka BKJIIOYAJIA OYUINEHHS, 00’€IHAHHS
TexCTy, 06po0Ky 9acy Ta axxepes. IIposeneno remarnare momenosannas (LDA), Bussie-
HO 5 kuouoBux TeM. CentumenT-anaiuisz (TextBlob) 3acsiguus nepesary nefiTpanbHOro
TOHY, TPOTE BUOKPEMJIEHO MKW MO3UTHUBHOI Ta HETATUBHOI €MOIIHHOCTI.

Bisyamizarnii: zmapu caie 1y TOHAJBHOCTEH, 2padiku wacmom KIIOYOBUX CJIB, &
TAKOXK OQUHAMIKG NYOATKAYIT SO3BOJIMIIN IPOCTEXKUTH PEAKIIIO CIIJIBHOTH HA MOl
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MexaHiCTu4Ha IHTepnpeToBHICTb HelpoMepex B
MeANYHIA AiarHOCTULI 3 BUKOPUCTAHHSAM PO3PIAXKeHUX
aBTOEHKOAepiB

M. 3ekTep

Heiiporni mepexi IeMOHCTDPYIOTH BHCOKY e(EKTHBHICTH B aHafi3l Meamunumx 30-
OpakeHb, OJHAK IXHA HEIPO30piCTh 00MexXKye NOBipy JKapiB Ta LIMPOKE BIPOBAJKe-
HHSI HEMPOMEPEXKEBUX TEXHOJOTIH B MEIUIHY TPAKTUKY. [[epCIeKTHBHUM MM IXOA0M Me-
xaHiCTHYHO! IHTEPHPETOBHOCTI € BHKOPHCTAHHS DO3DPIIKEHHX aBTOEHKOZEpiB (Sparse
Autoencoders, SAE), mo neKOMIOHYIOTH BHYTDIIIHI NpeACTABIEHHS Mepexki Ha Po3pi-
JiKeHi, iHTeprperoBani o3uaku [1].

SAE dopMyoTs BEKTOp 03HAK i3 6araTbMa HYJIBOBHMH Ta KiJTbKOMA AKTHBHUMH KOM-
IMOHEHTAMH, KOXKHA 3 IKUX MOXKe BiJIITOBIaTH IEBHOMY Bi3yaJbHOMY ab0 CEMAHTUYHOMY
xoHnenty. Take mpesCcTaBICHHS CIPOIIYE iHTEPHPETAIiio Ta Ja€ 3MOrY A0 Kay3aJIbHUX
BTDPYYaHb — HANPUKJIIAL, UIISIXOM IiJCUICHHS T IPUTHIYEHHS OKPEMHUX O3HAK.

Meron SAE-Rad (2] nosBonsic remepyBaTn paaionorivni 3BiTH 3 AETAJIBHAM ONHCOM
3Halaennx naroJoriii. CyTh METOMA TIOJISATAE B 3ACTOCYBAHHI PO3PIAKEHHNX aBTOEHKOE-
piB s iHTepnpeTanii BUXiAHUX 03HAK €HKOZEpa peHTreHiBcbkux 3uiMkiB Rad-DINO [3].
CemanTuvHUi 3MICT KOKHOT KOHKPETHOI O3HAKH ABTOMATHIHO BH3HAYAETHCHA OKPEMOIO
BEJIMKOI0 MOBHOIO MOZEJIIIO LIJITXOM aHAJII3y map “aKTHBHI O3HAKHU HA 3HIMKY — 3BiT” ¥
TPEHYBAJbHUX JAHUX, B PE3YIbTATI 90r0 03HAKHA OTPUMYIOTH OMHC IPUPOTHBOI0 MOBOIO.
JonaTkoBo, reHepaTuBHA AUdY3iifiHA MOJEb T03BOJISE Bi3yasi3yBaTH O3HAKH HA CAMHUX
3nimMkax. Ilig 9ac TecTyBaHHS MOBHA MOZEJb IPUWMAE Ha BXiJ TEKCTOBI OIUCH aK THBHUX
O3HAK JJIsT HOBOTO 3HIMKY i dopMmye KiHreBuit pajiosoriunumit 3sit. ExcnepumenTanbai
pe3yJbTaTH JEMOHCTPYIOTh €(DEKTUBHICTE JAHOT'O0 METOJY Ta IePCIEKTUBHICTD MOAIGHIX
miAXOAIB jist IHTEPLUPETOBHUX MEAUYHUX MOJEJEH 3 BUCOKMM piBHEM n0Bipu.

Cnucok niteparypu
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MaycciBcbkuii (HOpManbHUIA) 3aKOH po3noginy
BUNAAKOBUX KBAaTEPHIOHIB Ta AOro 3aCToCyBaHHSA

I. C. Bonkina, T. FO. Konomiens

Ksarepuionn 3afiMaiorTs Baxk/IMBe Miclie y CydacHiil Mmaremarnni Ta 1T 3aCTOCYBaHHSIX.
laycciBepkuit (HOpMaIbHUN) 3aKOH PO3NOJITY BUNAIKOBOI BEJHUHMHU IIHPOKO 3aCTOCO-
BYETBHCS /Il MOJEJIOBAHHS NPUPOJHUX MPOIECIB Ta TEXHIYHUX CACTEM. ¥ IO€THAHHI ITi
IBa HaIPSAMH JAI0Th MOXKJIMBICTH JOCJIJIKEHHS HOPMAJIBHOTO PO3IMOAIAY BHIAIKOBUX
kBaTepHIOHIB [1], AKmil BiAKpHMBa€e MePCIEKTUBY y BHBYEHH] 6araTOBUMIDHUX PO3MOAiniB
Ta 3HAXOAUTh 3aCTOCYBAHHS B 3aJ/1a4ax opieHTarlil, HaBiramil Ta 3D-MoaemoBanH].

VY nauiit po6oti po3pobiieHo Bi3yanbHy MOJEJb rayCCiBCHKOro (HOpMaJIbHOIO) PO3IO-
i1y BUOAJKOBUX KBATEPHIOHIB, SIKA € y3araJbHEHHSIM MPABUJIA TPHOX CUTM KJIACHIHOTO
HOPMAaJIbHOT'O PO3IO/ILY HA BUIMIAI0K CTAHAAPTHUX BiAXUJI€Hb KBATEPHIOHIB IPU 3aaHUX
ymoBax (puc. 1). Mopgens peanizosano mHa MoBi nmporpamysarrs Python.

Fayecisceinh (HopMansHmil) po3NOain BUNAAKOEKX KBaTepHIOHS Fayccinch kil (HOPMANHMA) PO3NDZIN IUNAAKOBMX KBATEpHIONIE

X KOMDOHEHT

Pwuc. 1. Bunagkosuii posmozia 100 (misopy4) Ta 1000 (mpaBopyd) KBaTepHIOHIB
3 HOPMAJIBHO PO3TIO/IiJIEHUMH KOMIIOHEHTAMHU.
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Mobynoea Text-to-Speech mogeni gns ykpaiHcbkoro
KOpMycy gaHux

P. B. Iinenko, f. B. Tepeuienko

Cunre3 moBienHs (Text-to-Speech, TTS) € Ba)KIMBUM HANPAMKOM [JOCJIJKEHb Yy
rajysi IMmTy4YHOro iHTeNeKTy, ajxKe cucteMu 1TSS J03BONAIOTH CTBOPIOBATH IHTEPAKTUBHI
roJIOCOB] ACHCTEHTH, MiABHINYBATH AOCTYIHICTHL indopmaril Ta po3suBaTu HOBI 3ac0bu
KOMYyHiKaIl.

B namniit po6oTi 6y710 pO3TIAHYTO Ta JOJAHO A0 PEMOPTY HACTYMHI MigX0oau A0 BHUPIi-
menng 3aga4i TTS:

e Mozilla TTS — Open source niatrdopMa i CUHTE3y MOBJIEHHS, IO HAJa€ MO-
2KJIUBICTh €KCIEPHMEHTYBATH 3 PI3HUMHK apxiTeKTypaMu Ta migxomamu Ha eTam mepe-
TBOPEHHS TEKCTY y MeJI-CIeKTPOrpaMu.

e HiFi-GAN - Cyuacuuii BOKOJEp, pO3pOOJeHMH HA OCHOBI apXiTeKTypH TeHepa-
TuBHEX 3MaraibHux Mepex (GAN), sxuil 3maTHUHA MEPETBOPUTH MEJ-CIEKTPOrPAMHA B
IpUPOHE, BECOKOSKICHE Ay io.

Pazom Mozilla TTS ta HiFi-GAN yrBOpoooTh edekTuBHy KOMGIHAIIIO: mTepIma
CHCTEMa BIQNOBiNAE 33 NEPETBOPEHHS TEKCTY y UPOMIXKHE NPEACTABJICHHS (Mes-
CIIEKTPOTrPAaMH), & APyra — 33 TeHepariio OCTATOYHOTO, IPUPOJIHOTO Ay [0 CHTHAJLY.

OcuoBHOIO 1p0o0aeMoI0 BaposamxeHus T'T'S-pinens g yKpalHChbKOI MOBU € BUCOKA
PeCcypCOMICTKICThL HaBYAHHS MOJeJel 3 Hy/isl Ta HEJOCTATHICTh MOTOBUX BUCOKOSKICHUX
pimess JuIs TOKeHi3alil yKpalHCBKOro TeKeTy. Po3pobka cneriaaizoBaHOro TOKeHi3aTopa,
AKUN BpaxoBye 0COOIMBOCTI (DOHETHKH Ta MOP@OJIOTii YKPalHCHEKOT MOBH, € KJIIOUOBUM
€JIEMEHTOM IJId HOCATHEHHA Haﬂe)KHO.I. HKOCTi CHHTE30BaHOI'O MOBJICHHHA.

3arajaoM, MOXKJIUBOCTI cydacHUX nigxoais 70 TTS BinKpHUBaIOTh NEPCIEKTUBU BIIPO-
BaJKEHHs y npoaykTu. IIpore meoOxinHO onmTumisyBaTu HaBYAJbHHUE IpOmEC Ta PO3-
pobuTH SKiCHWI TOKEHI3aTOP YKPAlHCBKOI MOBU J[Jjis TOZOJIAHHS IMOTOYHUX BUKJIMKIB,
3abe3nedenHs cTabibHOT AKOCTI CUCTEMHU Ta CKOPOYEHHS 4acy HABYAHHS 3 HYJd.
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Existence and uniqueness of solution for averaged
linear quadratic parabolic optimal control problem

O. Kapustian, A. Makarovych

For unknown functions ya = ya(t,z), v = u(t,z) € L2(Qr), t € [0,T], z € Q € R?,
QT = (0,T) x Q the following linear quadratic optimal control problem is considered:

83



J,r(u)=fA|:foT(ny124(t,ac)dac+'y1 fQuQ(t,m)dm)dt+

Y2 / yi(T,z)dm]dﬂeinf, (1)
Q
781/’48(;@) —Laya(t,z) =u(t,z),
yAlzean =0, (2)
yA|t:0 = yo(l‘)>
where
d 62

La= Y,

@ij S,  @ij = aji, (3)
ig=1  0z;0z;

and matrix A = {a;;} satisfies the uniform ellipticity condition:
A>3l

~1,72,73 are positive constants, and yo € L?(R).

A is a set of symmetric matrices satisfying the condition (3) with the same constant
~3. m is a probability measure on A.

Proven that for every m problem (1) (2) has a unique solution {gr,u~} (here yr
depends on A).
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3apaya iHtepnonsuii Epmita

O. Kamnyp, B. Boituenko

AxTyaJsibHICTD

3agada mosinomiasbHOl iHTepmosanil omeparopiB y risnbeproBux Ta CKiHYEHHOBHMIp-
HHX €BKJIJOBUX NPOCTOPAX € aKTYaJIbHOK NPOOIEMOI0 OOYHCIIOBAIBHOI MATEMATHKH.
OcroBu Teopil nosninomiansaol oneparopuoi inrepnonauii nobynosano B [1].

CucremMu, MO ONUCYIOTHCS ONEPATOPHUMH IIOJIHOMAMH, BHKOPHCTOBYIOTHCS IIPH
imerTudikaril 06’eKTiB HEBiJOMOI CTPYKTypH, po3mi3HaBaHHI 00pa3iB, eKoJIoril, €eKOHO-
mini, Tomo [2].
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ITocranoBka 3amaui

Hexait X,Y — rins6eprosi npocropu. HeobxigHo 3HaliT Taki By3aum iHTepnossanii x; €
X,1 = 1,m, Ta HaupaMmku mgudepenmiaiais I'ato h; € X,i = 1,m, mob aas omeparTopa
F : X — Y,y 3araaibHOMY BHUIAJKy HeJiHINHOrO, MOXKHa OysI0 MOOYIyBaTH €IAMHUMN
inrepnonsaniiinuii noxinom P, (z), mo 3a10BoabHse inTepnoasniiiunm ymosam Epumira

F(xl)=P(ZE7), F/(zi)hq;=P7’l($7;)hi, t=1,m, n>m.

OcHoBHI pe3yJbTaT.

Y poboti 3naligeno enementu xi, h; € X,7 =1, m, Ta BU3HA4YEHO iHTEPLHONALiAH] yMOBH
3a AKUMK N00yN0BaHO exunuil intepnonaut Epmita P, (x) Burasagy:

Pn(:E)= i Tzn: Li(eilveizv'"76ik:)(x:eil)"'(xveik)v (1)

k=01i1,...,05=1

ne (-,-) — ckangpuuit 106yTok B npoctopi X, {e; M, c X — OpTOHOPMOBAHA CHCTEMA
eneMeHTiB. Inreprnossniuuit momigom (1) Mae miHiMaabLHY HOpMY Ta 36epirae moaiHOME

BiAIOBiAHOTO CTEneHs.

BaCTO(ZyBaHHSI Ta YNCeJbHUHI €KCIIepuMeHT

OTpumani pe3ysibTaTu 3aCTOCOBAHO st (PYHKIHH OaraTbox 3MiHHUX, TPOBEIEHO TOPiB-
HJbHUI aHAJI3 ABOX IHTEPHOJANIHHUX (POPMYJI Ta IHUCETHHUN €KCIIEPHMEHT.
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Cxemu nignuciB i MynbTUNiANNCIB HA OCHOBI
npoTokonis Piata-LLlamipa ta LLIHoppa

. B. Kingsikosa, A. B. AHnicimoB

Cyuyacui kpunTorpadidHi IpOTOKOIN aBTeHTHOIKAIT Ta MYJIBTHIIIIACY MAIOTh BPa-
371MBOCTI TOB’A3aHi 31 3JIOBMHCHHM 3pPHBOM MiAIHCY Ta HEOOXigHICTIO edeKTHBHOrO
yIpasiiHHA ceKpeTHHMH Kiodamu. 3okpema, FROST Bpasznusuit 1o arak 3 Bubpanum
MOBiIOMJIEHHSIM, a eHepallisl KJII0YiB BUMAra€ 3Ha4HuX BUTpaT. KoMOiHOBaHI mpOTOKO-
U aBTeHTH(hIKAIT Ta MYJIBTUIIATUCIB TiABUINYIOTEH CTIMKICTH 10 aTak i 3abe3medyroTh
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FHYYKICTh BUKOPUCTaHHA. JIOCIII>KEHHA Ta peaJi3allis TAaKUX CXeM CIIPUSITHMYTh ITOKDa-
meHHIO Oe3meku nudpoBux mianucis y cdepi nudpoBoro JoKyMeHTOOHIry, dpiHaHCOBUX
TEXHOJIOTI# Ta {HMWX raay3sax.

Y pamkax pobotu 6yno mociimkeno cxemu FROST Ta SSS Ha 0CHOBI mpoTOKOIiB
®iaTa-ITTamipa Ta [IlHoppa, IX BIacTHBOCTI Ta MOXKJUBI cneHapil 3acTocyBanHs. Busas-
JIEHO TMOTEHITIWH] 3arpo3u JJIs HOCJIiI2KEHUX CXEM Ta, PO3TJISAHYTO MOXKJIUBI MIJISXH 1X yCy-
HeHHs. Po3pobiieHo Kpunrorpadidny cucreMy, o MOEJHYE IX IIepeBaru JJisd MYJIbTUILI -
MHUCY MOBiZOMJEHb. 3alpPOBAXKEHO MeXaHi3M MonepeHBOI aBTeHTH IKAIl, 0 yCyBae
ppasauBicts FROST no 3moBMucHOTO 3puBy mianucy. PeanizoBano MOXKIMBICTE MOBTOP-
HOrO mignucy 6e3 moBTOpHO! reHeparii K/IOUiB, IO 3HAYTHO CKOPOUYE UACOBI BUTPATH.
JlomaTKOBO BIIPOBA/IXKEHO MEXaHi3M PO3MOAIIY CEKPETHOro Kiwda 3a cxeMoro Illawmipa,
110 J03BOJISIE BiJHOBIIOBATH BTPAdeHi K04l 663 HeoOXiTHOCTI reHepallii HOBUX IJIsT BCIi€T
rpymnu, Ta 6e3 3aaeKHOCTI Big TpeTix CTopiH, mo migBumrye 3araabHy 6e3mMeKy CHCTeMH.
TakuM 4MHOM, 3aIllpOIIOHOBAHE pillleHHs 3abe3nedye edeKTUBHY aBTeHTHUdIKaIli0, 6e3-
mevHe KEPYBaHHS KJIIOUAMHU Ta HAIHHUI OPOIeC MyJIbTHIIIINACY.
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Evaluating research relevance through dynamic citation
metrics

Y. Kikhaiev

Evaluating the relevance of scientific research is critical for informed decision-making,
particularly in environments characterized by uncertainty. Traditional metrics like the
Citation Index (CI) and h-index often fall short in reflecting the topicality of recent
contributions, as they aggregate data over an extended period without distinguishi-
ng between past and current impact. This limitation necessitates the development of
dynamic approaches to research evaluation.

A time-sensitive metric that prioritizes recent activity can provide more accurate insi-
ghts into the relevance of ongoing scientific work. By focusing on citations within specific
intervals, such an approach highlights trends in research influence and supports better
funding allocation and collaboration strategies ([1]). These enhanced metrics ensure that
decision-makers can effectively address uncertainties in the evaluation process, fostering
innovation and strategic advancements in scientific fields.

Dynamic indicators provide a more comprehensive and real-time evaluation of a sci-
entist’s productivity and influence by capturing the evolving nature of their contributi-
ons. Unlike static measures, these indicators reflect trends in research output, citation
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impact, and collaboration patterns over time, allowing for a more accurate assessment
of a scientist’s career trajectory and influence within their field.
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Refined Descent Bounds and Last-Iterate Convergence
for Extragradient Methods

O. Kovalenko, V. V. Semenov, S. V. Denysov

We study monotone variational inequalities and operator equations arising as first-
order optimality conditions in convex optimization and minimax problems. We analyze
the extragradient algorithm, establishing a descent property that leads to a convergence
rate estimate for the natural residual in unconstrained problems.

Given a real Hilbert space H with inner product (-,-) and norm || - ||, the variational
inequality problem is to find z* € C such that

(Az*,y-2*) 20, VyeC, (1)

where C € H is non-empty, closed, and convex, and A : C' - H is a monotone Lipschitz
operator.
The extragradient method iterates as:

yn = Po(xn — MAzy,), @)
Tns1 = Po (Cﬂn - AAyn),

where A > 0 is a step size and Pc denotes projection onto C'.
A key descent inequality holds:

lzn+2 = znet]® + [Zne2 = Yns1 |* + 2MAZn41 = AYnat, Tt — Tns2) <
|Zn+1 — Zn ||2 + |Zn+1 — yn ||2 + 2XM(Azp, — AYn, Tn — Tpt1) (3)
-(1- )\2L2)”yn - ffn+1||2~
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Defining
Wy = H33n+1 - $n||2 + Hanrl - ynH2 + 2>\<A-73n - Aynafzn - -7377,+1>-

Notably, W, =0 <= xn, =yn €S.
For the unconstrained case (C' = ‘H), the method reduces to:

Yn = Tn — My,
In+l = Tn — AAyn

1

Choosing A\ = N the natural residual satisfies:
[Aey] < o, N 20 %)
IN| S —F/7—» ’
VN +1
where

D =d(z0, A7*0) = min |zo - 2.
zeA-10

We establish new descent properties for the extragradient method and derive a
convergence rate for the natural residual in unconstrained problems, providing further
insight into iterative methods for variational inequalities.
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MynbTuareHTHa cuctemMa Ans redHepauii Nnpouecis Ha
nnatcopmi Corezoid

M. Kosowmieub, €. Marieuko, I. IIIkasap

B pobori mpononyersCcst MysIbTHAreHTHA CHCTEMa sl ABTOMATH30BAHOI PO3POOKH
npouecis Ha mrardopmi Corezoid. Cucrema 103BOJISIE HA OCHOBI IPUPOSHOMOBHOTO OIUCY
aBTOMATHYHO '€HEPYBATHU IIPOIECH [JI BUPILIEHHA TUIIOBUX 3a/a4, TAKUX IK CTBOPEHH:
Telegram-6oTis Ta inTerparii 3 API.

MyabTHarenTHu migxia 6ya0 06paHo micasa MOPIBHAABHOTO aHAJI3y pi3HUX apxiTe-
kTypuux pimrens. Ha BigMiny Bix daitn-Tioninry mosHux moxesneit abo cucreM i3 mabio-
HaMH, MYJIBTHAr€HTHA CTPYKTYypa 3abe3nedye Oinblly THYYKICTH Ta MOXKJIMBICTH JIerKol
3MiHHE BEJHKHX MOBHHX MOJesei.
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Jna B3aemonil MixK areHTaMu po3pobyieHO ITPOTOKOJ OOMIHY IOBIJOMJIEHHSMHU Ha
ocuoBi JSON-dopmary.

Tlorouruil TPOTOTHI CHCTEMH IO3BOJISE TEHEPYBATH Hepesuki nponecu (3-4 momm),
3MIHIOBATH IX Ta NpOBOAWTH omTmMizamiro. PeasizoBano inrerpariio 3 Telegram API ta
MOTOJHUMH CepBicaMu.

VYV NOZAIbIINX JOCIIAKEHHAX IJIAHYETHCS PO3MIUPUTH HiATPUMKY iHTerpariit, 36ia1n-
MIATU CKJIAIHICTh M€HEPOBAHMWX MPOIECIB Ta peasidyBaTv CUCTEMY CAMOHABYAHHS HA
OCHOBI 3BOPOTHOI'0 3B’43Ky KOPHUCTYBadiB.

Cnucok niteparypu

[1] Chuan Tian, Yilei Zhang:Optimizing Collaboration of LLM based Agents for Finite
Element (2024)

ABTopmu

Mukouia Ouqerosuu Kosiomienp — crymenTt 1-ro Kypcy marictparypu, Gakyib-
TeT KOMII'IOTEPHUX HAYK Ta Kibepuerukwu, KulBchbruil Hanjonaabuu#l yHiBepcurer iMeni
Tapaca Illesuenxa, Kuis, Yxpaina; E-mail: nickkolomiets @knu.ua

€sreniii Osiekcanaposua MarBienko — cryienT 1-ro Kypcy marictparypu, dha-
KyJbTeT KOMIT'IOTEDHUX HayK Ta KibepHeTuku, KUIBCbKUiI HalllOHAJBbHUU YHIBEpCHTET
imeni Tapaca Illesuenka, Kuis, Ykpaina; E-mail: yevheniimatviienko @knu.ua

Ipuna Boaogumupisua HIkaap — cTyaeHTKa 1-ro Kypcy MaricTpaTtypu, Gakyib-
TeT KOMII'IOTEPHUX HAayK Ta KibepHeTukn, KuiBcbKuil HalioHAJIbHUN YHiBepCcHTET iMeHi
Tapaca Illesuenxa, Kuis, Yxpaina; E-mail: irynashkliar@knu.ua

Limit theorems for globally perturbed random walks

O. Kondratenko

Let (&1,7m1), (€2,7m2), ... be independent copies of an R2-valued random vector (&,7)
with arbitrarily dependent components. Denote by (Sy)n>0 the zero-delayed standard
random walk with increments &, for n € N := {1,2,...}, that is, So := 0 and S, :=
&1+ ...+ &, for n e N. Put

Tn:i=Sn-1+7n, neN (1)

The sequence T := (Tp)n>1 is called globally perturbed random walk. Many results
concerning T accumulated up to 2016 can be found in the book [1].
For t € R, define the first passage time into (t, 00)
7(t) :=inf{n>1:T, > t}, (2)

the number of visits to (—oo,t]
N(t) = Ly, <ty (3)
nx1

and the associated last exit time
p(t) = sup{n>1:T), <t} (4)

We prove weak law of large numbers for 7(¢) and strong laws of large numbers for
7(t), N(t) and p(t). There is a difference between the first order asymptotic behavior of
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7(t) and that of N(t) and p(t). The former depends heavily upon the right distribution
tail of n, whereas the latter does not depend on it at all.

We prove two distributional limit theorems for 7(¢) for some distributions of n. Also,
we obtain several functional limit theorems to quantify the rate of convergence in laws
of large numbers for 7(¢), N(t) and p(t).

The presentation is based on the article [2].
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AHani3 Ta onTuMi3ayisa apxiTeKTyp MOHITOPUHIOBUX
CUCTEM i3 3aCTOCYBaHHSAM METaeBpUCTUYHUX
anroputmis

C. B. Koctpung, I'. B. JliBincbka

IIpencraBieno HOBU miaxin go onTuMizanii apxiTeKTyp MOHITOPDHHIOBHUX CHCTEM i3
33aCTOCYBAHHAM METAaeBPUCTUYHUX AJITOPUTMIB, 30KpeMa aaroputmy Social Spider Opti-
mization (SSO [1]). OcuoBre 3aBaanus noJsirae B Minimizaiii GaraTokpurepiaabuoi GyH-
KIli1, BU3HAUEHOI HUXKIe.

Osuavenns: 1 (IlinpoBa ¢yskuis mMoriTopmerosoi cucremu). Hexait ¢ € @ — BekTOp
nmapaMeTpiB apxiTeKTypu MOHITOPUHTOBOI cucremu. Toni onrumizariiny 3agauy MOXKHA
3anuCaT IK

min F(z) = min (a-T(z) + 8- C(z) —v- R(z)),

zeQ) zeQ)

i H
- T(x) — cepenuiil uac peaxuii cucremu,
- C(z) — 3araspHi BUTPATH HA BIPOBA/PKEHHSA Ta EKCILTYATAIIO,
- R(z) — nokasHuk HaziitrOCTI POBOTH,
- a, B ta v — xoedinientn BaxkauBoCTI BigmoBigHUX KpHTEPIiB.

3a yMOB BUKOHAHHS OOMEXKeHb
T(I) < Tmax, C(x) < Cbudgeta R(I) > Rmin,

MH LIyKAEMO Take T, o Minimizye dyukuiio F(z) (aus. Busnavenns 1).

SanpononoBanuil miaxix 3a6e3nedye onTUMAIbLHEE 6AIaHC MiXK ONMEPATHBHICTIO, €KO-
HOMIYHICTIO Ta HaJifHICTIO, IO HiATBEP/IKYETHCS UYHCEJILHUMH €KCIEPHMEHTaMK Ha
MPUKAALl ONTHMI3aIil apXiTeKTyp CHCTEM MOHITOPHUHTY MiJACTAHIIN 3TiTHO CTaAaHIAPTY
TEC 61850.
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Methods for improving the efficiency of text data
classification in Ukrainian

O. Kutsenkyi

Text classification is a fundamental task in natural language processing (NLP), which
involves categorizing text into predefined classes. For low-resource languages such as
Ukrainian, training effective language models is difficult due to the limited availability
of annotated data. This lack of data can lead to poor model performance and complicate
the development of reliable NLP applications.

Research [1] showed that the standard multilingual BERT demonstrates insufficient
performance for the Ukrainian language due to the poor quality of the corpus used for
its training. The model was improved by further training BERT on a specially selected
corpus of fairy tales and literature for children, which significantly increased the accuracy
of word prediction in the test sets.

This study proposes improving the approach by applying more modern architectures,
such as MiniLMv2 or DeBERTa-V3 Small, which have lower computational complexity
but demonstrate high efficiency.

Data Augmentation, Back-Translation, and Transfer Learning methods are used
to improve model performance. Data Augmentation expands the training corpus usi-
ng synonymous substitutions, random word insertions and deletions, which improves
the model’s generalization ability. Back-Translation translates sentences into another
language and back, creating alternative formulations of the same meaning and improvi-
ng the semantic understanding of the text. Transfer Learning allows you to adapt pre-
trained models to classify Ukrainian-language text, reducing the need for a large amount
of annotated data.

Combining these methods is expected to significantly improve the quality of Ukrai-
nian text classification, make the models more resistant to variations in wording, and
reduce dependence on a limited set of training data. Thus, the proposed approaches will
contribute to the development of Ukrainian-language NLP systems and expand their
application in real-world tasks.
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CermenTauis nowkog>xeHb OyaiBenb Ha 300pa>keHHAX
MIiCbKOro cepeaoBuLa

A. JIncaneup, O. Kocyxa, T. I[lanuyenko

V nmawiit poboTi HaBeAEHO ONMKUC ABTOMATU30BAHOI METOAUKU CErMeHTalil 306pakeHb
MICBKOTO CEpEeIOBHINA, IO JAO3BOJISIE BU3HAYATH CTYIIHB IMOIIKO/>KEHHSI OyaiBesbh Ha
ocHOBI (pOoTO- ab0 aepo3OMKHU [Jid NMPUCKOPEHHS NPOIeCy OIIHKH pYyHHYBaHb, GOpMY-
BAHHS PEMOHTHHX IIJIAHIB T3 PO3LOALILY pecypcis.

Jna napyaHHs Moneseit Oyno 3i6pano gartaceT i3 290 peasbHUX 300parkeHb ITOMIKO-
IKeHuX OyniBenb, HA IKUX po3MideHo dyotupu Kiacu: “Byaisnsg”, “Ilomkonxkenus”’, “Ilo-
mKkomkene Bikuo” Ta “Imme”. Jga moxpameHHs axocTi Ta cTabinpHOCTI HaBYAHHSA 30-
OpaxkenHsa Oysu noxijieHi Ha maTdi BiAUIOBIIHOrO PO3Mipy, IO BIAIOBiTAE JOIYCTUMOMY
BXOIYy Mojeseil.

Y pamkax gOCHigKeHHST OyJ0 TPOTECTOBAHO UOTHPH OCHOBHI apxiTeKTypm:
SegFormer [1], U-Net [2] 3 enkomepom ResNetl8 [3], SwinV2 [4] ta ConvNeXt [5].
Vei mogeni Gyau ponoBHeHi eMOeAMHIOM OPUriHAJBHOTO 300pa’KeHHS Ta, MMO3ULIMHUM
embenmarom. Halikpami pesynpratn nokasasa mogens U-Net 3 ConvNeXt enkomepow,
MMOKAa3aBINK cepesHi mo Kiaacax merpuku loU — 0.537, F-mipa — 0.753.

Tlomanbimi gocsigzkeHHs: mepeg0avarOTh BIOCKOHAJIEHHS apPXiTEKTYyPH IMIJISXOM II0O-
kparienasa U-Net 3a 101IOMOro0 BUKOPHUCTAHHS MACOK IVIMOMHY 300parkeHb, CKJIQTHI X
MOjIesielf, a TAKOXK PO3IIUPEHHs i 6aJaHCYBaHHS MATACETY JJIs MiJBUINEHHS 3arajbHOT
SKOCTI cermeHTarfil.
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Imperative style queries as an approach to remote
procedure call

S. Lozhechnikov

The choice of boundaries between services in microservice architecture is a crucial
decision in software development, especially when system requirements are incomplete
or frequently changing and there is a universal approach which makes it easier to change
such decisions afterwards. At the same time, the logical bound between functional requi-
rements and those of service structure might not even exist, which implies introducing
changes into the business logic because of non-business requirements. As a potenti-
al solution, we suggest using an imperative language that can be split into chunks and
executed remotely based on the procedures being called. We developed a proof-of-concept
for such a language in JavaScripts. Here is a usage example:

instance.addHandler ({
regExp : /~getConfig$/,
handle : (key) => {
return require(config.json) [key];
¥
b
instance.delegate ({
regExp : /“method\./,
handle : (query) => {
return fetch(url, {
method: "POST",
headers: headers,
body: JSON.stringify({ query: query })
}) .then(resp => resp && resp.json());

¥
B
instance.call(*
$res = method.getResult ~ {"key" : "val"};
7?7 res.success @{;
=>res;
Yoo 4
? (getConfig ~ "isLogEnable") @{;
method.logError ~ $res.error;
};
=>{"success" : false, "error" : "cannot execute method.
getResult"};
};

¢).then(res => {// process response;});
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Green'’s relations and their generalizations on some
semigroups

K. Makovetska
The usual Green’s relations on a semigroup S can be defined by

L={(a,b)eSxS|Iz,yeS:b=x0a, a=yob},
R={(a,b) e SxS|Izr,yeS:b=aox, a=boy},
H=LNR=LAR,D=LVR=LoR.

The generalized Green’s relations on a semigroup S are defined as:

L ={(a,b) € S xS |kera; =kerb;},
R* ={(a,b) € Sx S| kera, = kerb, },
L = {(a,b) e Sx S| (Vx,y e S) (ax,ay € L) < (bz,by € L)},
RH# = {(a,b) e Sx S| (Vz,yeS) (za,ya € R) < (zb,ybe R)}.
We are giving the generalized Green’s relations on IS(X), the inverse symmetric semi-

group on a set X.
Theorem. Let a,b € I.5(X). Then Green’s relations in this semigroup are given by:

alb< Jz,y e IS(X) such that b=zoa, a=yob.
aRb < 3z,y € IS(X) such that b=aoz, a=boy.
aHb < Jz,y € IS(X) such that a=boxz =yob.
aDb < aJb < IS(X)alS(X) =1S(X)bIS(X).

Theorem. The generalized Green’s relations on the same semigroup are defined as:
al’b < Vz,yeIS(X), aozx=aoy<>box=boy.
aR*b < Vr,yeIS(X), xoa=yoa<>zob=yob.

al?b < Va,yeIS(X), (aozaoy)eLl < (boxz,boy)eL.
aR#*b = Yo,y e IS(X), (zoa,yoa)e R < (zobyob)eR.
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Development of an intelligent system for predicting
and monitoring IT product metrics

N. O. Mamonov, O. A. Kapustian

In today’s IT industry, effective management of product metrics is critical to maintai-
ning their quality, productivity, and competitiveness. Many companies face the challenges
of delayed response to performance changes, identifying problems only after they occur,
and the difficulty of forecasting key performance indicators. Using intelligent systems to
analyze and predict metrics allows companies to automate this process, ensuring timely
decision-making and optimizing the operation of IT products.

In today’s I'T environment, product metrics play a key role not only in the technical
aspect but also in the business strategies of companies. They influence decision-making
regarding resource optimization, user experience, and financial efficiency. Automated
intelligent systems allow to minimize the impact of the human factor, increasing the
accuracy of analysis, and providing more substantiated forecasts for long-term planning
of IT product development. [1]

As part of the research, an intelligent system was developed that uses machine learni-
ng methods to predict changes in key metrics of IT products. The system automatically
collects, analyzes, and visualizes data in real time, allowing for rapid responses to deviati-
ons. The results showed an increase in the accuracy of the forecasts and the effectiveness
of metrics management, which contributes to improving the stability and performance
of I'T products.
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A Comparative Review of Traditional and Deep
Learning Methods for UAV-to-Satellite Image Matching

I. Martsilenko, D. Chyruk, I. Minenko

This paper addresses the problem of locating a small image fragment, obtained from
a UAV or ground-based camera, within a larger satellite image of a given territory. Given
a large satellite image I of size M x N pixels and a smaller image fragment T, captured
by a camera, of size m x n pixels, where m << M and n < N, the goal is to determine
the coordinates where the fragment 7' best matches the corresponding area in image I.
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Formally, the problem can be stated as finding the coordinates (z,y) that maximize
the similarity function S(Iz,y,T):

(z,y) = argzna); S(Iz,y,T), xe[0,M-m], ye[0,N-n]
zy

where I, is the sub-region of image I of size m x n, starting from coordinates (z,y).

Extracted map segments with a pixel density of 1.019 m/px were paired with UAV
video frames from 26 drone flights using GPS logs and then scaled to 256x256 pixels.
The flight paths cover diverse areas, including fields, roads, forests, and buildings. The
final dataset comprises 30,128 satellite-UAV image pairs.

In this work, we used two groups of methods: classical methods (SIFT, ORB,
AKAZE, BRISK) [1], and state-of-the-art neural network-based methods: SuperPoint
[2] and its combination with SuperGlue [3]

As a result, we notice that while traditional methods demonstrate better inner-image
keypoint matching, deep learning approaches yield superior performance in inter-image
matching. Particularly notable improvements are observed when combining SuperPoint
with SuperGlue; however, even this approach requires further research and adaptation
to better address the specific context of this task.

Method Acc T1 | Acc T5 | Acc T10 | Mean Err px | Median Err px | 95th percentile Err | Max Err px
SIFT 0.002 0.007 0.012 114.467 110.419 217.785 280.822
ORB 0.001 0.005 0.011 77.207 71.787 158.701 210.530
Brisk 0.001 0.005 0.01 96.414 90.845 189.742 242.709
AKAZE 0.001 0.006 0.011 85.078 79.323 173.022 209.536
SuperPoint | 0.003 0.012 0.031 106.981 101.208 209.536 230.437
SuperGlue 0.02 0.074 0.1 112.988 108.298 224.613 240.860

Ta6muns 1. Methods comparison by accuracy and pixel error.
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Risk Analysis and Decision Support in Complex
Systems: A System Analysis Perspective

Y. Matiiko

Many modern infrastructures, from smart power grids to large-scale transportation
networks, are subject to uncertain events and potential disruptions. System analysis
methodologies provide the foundation for identifying vulnerabilities and quantifying the
probability and impact of risks in these interconnected environments. The goal is to
support robust decision-making that balances cost, performance, and resilience.

Risk Modeling and Assessment. Consider a network G with n nodes, where
each node 7 has a probabilistic parameter 6; representing the likelihood of a local failure.
Nodes and edges are interdependent, so the overall system risk R(G) depends on both
individual probabilities and the topological structure of G. A simplified approach uses:

n

R(G)=>(0i-wi)+ > uj0i0;,

i=1 (i,5)€E

where w; is a weight for the importance of node ¢, and o;; captures coupling effects
between connected nodes. This type of model can be extended for multi-stage failure
cascades.

Decision Support. A multi-criteria decision-making (MCDM) framework is often
adopted, incorporating:

- Risk Mitigation: Minimizing R(G) via resource allocation or protective
measures.
- Cost Efficiency: Balancing investments in safety and reliability against budget
constraints.
- Performance Metrics: Ensuring acceptable levels of throughput or quality of
service.
System analysis contributes by offering a holistic view of the network, highlighting critical
nodes and edges, and guiding the prioritization of risk-reduction efforts.

Results and Outlook. Preliminary simulations on synthetic network data suggest
that targeted reinforcements of a few highly connected nodes significantly lower fai-
lure propagation. Future research includes dynamic monitoring of risk in real-time and
adaptive strategies that respond to unfolding events.
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ABTOHOMHE KepyBaHHSA aBTOMODifieM 3a JOMOMOroo
asIropuTMiB rNMbOKOro HaBYaHHA 3 NiAKPINJIEHHAM
€. O. Martsienko, B. B. Bobusan, f. B. Tepermienko

Craructuusi nani npeqacrasieHi B odinitHoMy 3BiTi Komnaril Tesla crocoBHO 6e3-
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[eKH BUPOGJIEHUX Ta BBEJEHUX B €KCILIyaTallilo aBToMobiniB (3a 4-i keapruiabs 2024) [1]
JEeMOHCTPYIOTH NoBOJI BHCOKY dacToTy JITII aBTOMO6iNiB 3 yBIMKHEHUM PEKUMOM aB-
tominora (1 aBapis Ha 5,94 MiNBHOHA MUJIB) BPAXOBYIOYH 3aTraIbHy KiIBKICTH IPOAAHUX
aBToMObGiiB 7,25 MinbioHa onuHuIp (iHMOpMAIO B34TO 3 JOCIIAHUIBKOL crarTi [2]).
Kpiwm Toro, signosiguo g0 odinifinoro mxepena indopmanii komnanii Tesla [3], pexxum
ABTOIIJIOTa BUMAra€ 3aJiyY€HHs y [POIEC BOAis Ta He poOUTH TpaHCHOpTHUH 3acib aBTo-
HOMHHM, a TAKOXK MiCTUTH 0OMexkenunit (pyHknionasn. Buie naBegeHi pakTn BU3HAYAOTH
HeOOXiTHICTh ITOKpAIleHHs] MEeTO/JiB aBTOHOMHOI'0 KepYBaHHsI aBTOMOOIIAMHU Yy HAIIPAM-
KaX ITOBHOI aBTOHOMHOCTI, 30i/IbIIEHHS KiNMBKOCTI (pyHKITIOHATY, 3abe3medeHHsT Oe3MeKH.
CucreMy aBTOHOMHOI'O KEPYBAHHS aBTOMOOIIEM IIPOIOHYETHCS PEAi3yBaTH 33 10110~
MOTOK) METOAWK MAIIWHHOIO HaBYaHHA 3 Hi,Z(KpiHJIeHHHM, 10 TIOACHIOETHCA HACTYITHUM!:
- BiICyTHs HeOOXiAHICTH B po3MideHOMY HAOOpI JTAaHWX, OCKIJIBKHM areHT BUYUTH-
METBCSI T4 TECTYBATHMETHCST Yepe3 B3aEMOJIII0 3 CEPEOBUINEM;
- CTBOPEHO [OOCTATHIO KIiJBKICTh pPI3HOMAHITHHX CHMYJIATOPIB JOPOXKHBO-
TPAHCIOPTHOTO PYXY, AAKi MOXKHA BHKODHCTATH $IK CEPEJOBHINE JJis HABUAHHS
Ta TeCTyBaHHA areHTa (y IbOMY HAYKOBOMY JOCJIXKEHHI BHKOPHCTOBYETHCS
cumynaTop CARLA [4]);
- MalllUHHE HABYAHHSA 3 IMIJKPIMIJIEHHAM 3a PAaXyHOK CXeMHU HABYAHHSA Ta TECTy-
BAHHS HAJA€ MOXKJMBICTH CTBOPHUTH ABTOHOMHY CHCTEMY KeDYBAHHS ABTOMO-
bimeM, gxa Oyae alalTHBHOIO B XOAi poOOTH 3i CKIATHUMU, TUHAMIYHUMHU T
HEBU3HAYEHUMHE CIIEHAPIAMH JOPOKHBO-TPAHCIIOPTHOTO PYXY PEAJIbHOTO CBiTy.
JI1 BUKOHAaHHA 33/1a4i CTBOPEHHS CHCTEMH aBTOHOMHOI'O KepDYBaHH$ aBTOMObijiem
6ys0 0OpaHO CiMeHCTBO aJTrOPUTMIB T'PAJII€CHTHOTO HABYAHHS IiAKPIIJIEHHS MOJITHKH
proximal policy optimization (PPO) [5], ockinbkn:
- AJTOPpUTMU Hi,ELXO,JHTB AJI HaBYaHHA Ta TeCTyBaHHf{ a,FeHTiB y CKJIaAHUX Ta
JUHAMIUHAX cepefoBUIax 3 Ge3nepepBHuMH JisiMu (y KepyBaHHI aBToMOGiieM
— HEIePepBHI KyTH NOBOPOTY, 3MIHM IWIBUAKOCTI T& IPHCKOPEHHS TOLIO);
- mobpe MacmTabyIOTHCS HA BEJIUKY KiJBKICTH CrieHapiiB, fAKi MOXKHA BigTBOpUTH
y cumynaTopi CARLA;
- icHye HM3Ka TOTOBHX peaJizaliii aaropuTmiB y Burianai 6i6gioTek MOBH mpo-
rpamyBaras Python (manpuknax, Stable Baselines3 [6]).
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Applying BCMix codes to audio compression

O. Matsui

The BCMix codes proposed in [1] have proven well in natural language text
compression. The question arises as to whether their use in audio data compression
is effective.

We applied BCMix and Huffman codes to a sequence of differences between
consecutive audio samples, which were first extracted and zigzag-encoded from the wave
files. We also applied BCMix codes with an extended range of possible digit length
values, where each digit of the code might have 1 to 7 bits, and the code is defined by
24 digits.

‘We conduct experiments for three audio files taken from the internet archive. Each
file was encoded by BCMix, Huffman, Zip (with the best compression method) and
7z (with ultra compression level) compressions. The compression ratios and average
decoding times of 40 decodings are shown in Table 1.

Audio BCMix | BCMix1-7 | Huffman | Zip 7z
Piano concerto 1.49 1.58 1.60 116 | 165
106,334,806 bytes 432 ms 409 ms 1847 ms ) ’
Lecture recordings 1.42 1.50 1.51 1922 | 189
201,394,944 bytes 878 ms 759 ms 3316 ms ) '
Bohemian rhapsody 1.30 1.37 1.38 1.09 | 1.42
50,240,184 bytes 286 ms 311 ms 1460 ms ) '

Ta6suis 1. Comparison of the compression ratios and decoding times

The optimal standard BCMix code used on audio data is 4 times faster than
Huffman code and provides a better compression ratio compared to Zip compression.
The BCMix code with an extended range of possible digit length values gives an even
better compression ratio, that is close to the Huffman, without a significant difference
in decoding time.
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Statistical estimation and hypothesis testing on
impulse response function

A. Melnyk, I. Rozora

This work estimates the impulse response function (IRF) of a time-invariant linear
system on a bounded domain. The IRF is key to understanding the system’s internal
dynamics and external responses, with applications in signal processing, econometrics,
and control systems.

( I)n a linear system, the output Y (¢) is related to the input X (¢) through the IRF
H(t):

V(1) = [OA H(r)X(t-7)dr

where H(7) is the impulse response function and [0, A] is the integration domain.
This study estimates the IRF using an input-output cross-correlogram from a single
observation under a stationary Gaussian input. The estimator H(7) is given by:

f(r) = % /OTYN(t)XN(t—T) it

where Yy (t) and Xy (t) are the observed output and input signals, respectively, and T
is the total observation time.

The IRF estimator is shown to be asymptotically unbiased and strongly consistent.
A mathematical foundation for a goodness-of-fit test is also developed.

Simulations using R validate the method and determine threshold values for
parameters like sample size, indicating the method’s effectiveness for nonparametric
analysis of time-invariant systems.
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Handwritting-based video lectures summarization
survey

A. Mysechko

Educational video lectures play a vital role in learning new concepts, skills, and ideas.
Video summarization helps learners retrieve and search information from long videos in
an easier way. Handwriting-based videos are one of the difficult classes to summarize.
Current work addresses the latest research on this topic.
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In the baseline work [1], the authors presented a technique based on a fully convoluti-
onal network structure for the extraction of handwritten content as binary images. Based
on received features, they approximated relevant keyframes that were summarized in the
end. The proposed method outperformed the existing baselines at that time (2021), but
had problems with complex environments.

The next work (by timeline) [2] addresses limitations in traditional computer vision-
based methods by focusing specifically on content detection and tracking rather than
scene-specific targeting. Their system provides the ability to index and browse through
video lectures. However, it fails to scale for the video summarization task due to its own
complexity.

Several other works [3], [5] and [4] have similar approaches. However, further recent
works do not try to summarize the handwritten part of the video lecture. Models are more
generalized to any input lecture content. In addition, new approaches are considering
multimodal structures. The features of audio records in conjunction with processed video
frames increase summarization performance [6]. Also, it was shown that by selecting the
most important audio and video segments improves performance of video summarization.
Based on that, the same authors of [6] in the next work [7] presented a new fuzzy-based
deep convolutional kronecker network. As a result, created video summaries are memory-
efficient and have enhanced speed retrieval.

As a result, different handwritten-based video summarization approaches were
shown. The tendency among recent papers is to use multimodal models or transformers
(not addressed in this particular study). Current works have shown decent results for
video summarization. However, one of the common problems is poor robustness to noi-
sy and poor quality videos and semantic-based misunderstandings that can hinder the
model results. So, there is still room to increase the quality of video summarization.
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Depth-Guided Instance Segmentation for Structural
Damage Assessment

B. S. Mykhalin

The assessment of structural damage is a crucial task in various domains, includi-
ng disaster management, infrastructure maintenance, and urban development. Effective
and timely damage assessment enables authorities to make informed decisions, allocate
resources efficiently, and mitigate risks. Traditional damage assessment methods typi-
cally require manual inspections, which are often slow, expensive, and prone to subjective
errors. Moreover, in large-scale disasters such as earthquakes, hurricanes, and industrial
accidents, manual assessment methods may become impractical due to the sheer scale
of damage.

Recent advancements in artificial intelligence (AI) and computer vision have paved
the way for automated damage assessment systems. Among these advancements, instance
segmentation - a technique that identifies and delineates individual objects within an
image - has shown significant promise. However, traditional segmentation methods relyi-
ng solely on RGB imagery often struggle in scenarios involving occlusions, poor lighting
conditions, and complex urban landscapes. Depth information, which provides an addi-
tional layer of spatial context, can enhance segmentation accuracy by distinguishing
between different structural components and identifying damage more precisely.

The primary goal of this research is to develop a depth-guided instance segmentation
system that improves the accuracy and reliability of structural damage assessment. By
integrating depth information with instance segmentation models, this approach seeks
to enhance the identification of damaged regions, refine object boundaries, and reduce
false detections caused by challenging environmental conditions.
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ImnyTauis sk meToa nonepeaHboi 0OPOOKKU AaHUX

II. HaropHuii

V xoni BUKOHAHHS JaHO! pOOOTH JOCIIIXKEHO METOAM iMIyTarlil 3HAYEHb $IK CKJIa-
JOoBUI eTan nonepeaHbO] OOPOOKHK JTAHUX Y BUIAJKY HASBHOCTI IPOIIYCKIiB 3Ha4eHb. Bu-
3HAYEHO CYTHICTH iMIyTallil K MeTOoJa BiTHOBJIEHHS IPOIYIIEHUX 3Ha4eHb. Jlocriaxeno
OCHOBHI MeTOAM iMmyTaril 3HAUEHb, CePeJ IKUX: 3AII0BHEHH IPOIYCKIB cepeHiMu 3Ha-
YeHHSIMH, 3AII0BHEHHS 3 Iig00poM, perpeciiini meronu, eBpucTuvHi Ta iTepaniitui meronu,
Taki gk EM-anropurm, Multiple Imputation.

OxpeMy yBary HOpufijieHoO perpeciiinuMm MeromaM immyTanii manux. [Ijs nporo mi-
aibpano anasizoBany BuxigHy HenmoBHy BuOIpKy BimoMocTeil mopo crany 340poB’s pe-
CIIOHEHTIB, XxBOpuX Ha giaber. Busnaweno crarucruvni napamerpu Bubipku. Bussmeno
BUIIAJIKY HEPEAJICTHYHUX 3Ha4YeHb y BHOIpI (HanpuKia, iHgeke Macu Tina gopisuioe 0),
AKi iHTepnpeToBaHo fK npomyieHi. Iligroropneno BubipKy [0 MOJANBIIUX TOCTIIXKEHb
MeToAiB iMmyTaril JaHuX.

IIpoanasnizoBaHo MeTOAM IMIIyTAlil JAHUX HA OCHOBI 1eT€PMiIHOBAHOT Ta CTOXACTUIHOT
perpecii. 3’scoBaHo, 10 JAeTEPMiHOBAHA PErpecisi MPU3BOAUTDH 0 3MEHINEHHS MiHJIMBO-
cTi maHux, HaOJIUXKEeHHS 3HAYEeHb BHOIPKHU 0 perpecifiHol rinepIuIoiuHu, IIiIBUIIEHHS
eKcItecy rpadika po3noAiay 3MiHHUX, YIIILHEHHS Aiana30Hy 3HAUEHb BiATOBITHUX 3MiH-
HuX. Y IEeBHOMY PO3yMiHHI, namux npobsiem mo30aBjIeHa CTOXACTHYHA Perpecis, aky y
31iCHEHOMY JOCJIi/I?KEHHI 3MO/IeJIbOBAHO IIJISXOM JIOJaBAHHS CTOXACTUYHOTO ITyMy. Bo-
JHOYAC YKOIHUH 13 MeToiB iMImyTanil JaHUX 3 BUKOPUCTAHHSAM perpecil He € ieaJbHUM.
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Y BuUIIaJKaxX, KOJU IPOIYyIIeHa 3HAa4YHA KiJBKICTh 3Ha4YeHb IeBHOI BHOIDKOBOI 3MIHHOI,
BapTO 3aCTOCOBYBATH iHIII, OIIbII TPOAYKTUBHI MeToau iMmyTamnii qaHux. JlocsimKeHHs
TaKHUX MeTO,Z(iB CTaHOBUTH HepCHeKTI/IBy IO0AAJIBITHAX ,Z(OCJ'Ii,E[)KeHb.
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leHepauisi HeCTPYKTYpPOBaHOro piBHSA 3a 4OMOMOrOH
NOCTAaHOBKW 3aAa4i KOMiBosi>xepa

C. Hazapuyk

VY cyuacwiit irposi#t imgycTpil reneparis yHiKaIbHUX DIBHIB € BaXKJIMBHM ACIEKTOM
po3pobku irop, ocobsmeo y xxaupax roguelike, RPG rta survival. I'enepariist HecTpykTypO-
BAHOT'O DIBHS Ma€ HU3KY IIepeBar, 30KpeMa 301/IbIIeHHs PI3HOMAaHITTS ITPOBUX CUTYaIlil,
CTBOPEHHS YHIKAJIBHOTO JOCBify ZjIsi KOXKHOI'O I'PABLS Ta OITHUMI3alil0 BUTPAT HA PO3-
pobky piBHIB BpyuHy.

Icuye Ge3niv BapianTis rerepanii pisuis [1], 6labmicTs 3 skux GyayeThCa HA IpUHIHAI
(remeparis KIMHATH — reHepallis KOpUAOPY — MeHepalisa KiMHATH — PeHepariis KOpUaopy ).
B GaraThox TaKMX BapiaHTaX pe3yJbTaT Ma€ YiTKy CTPYKTYpY i MaiiKe mo30aBieHUit
BUIIAJKOBOCTI.

Y nagiit po60Ti MU BHUDIIININ BUKOPUCTATH 334349y KOMiBOSXKepa JJIs MeHepYBAHHS
piBHiB.

Hexait 3a7ana MHO2KHHA NPAMOKY THHX KIMHAT, 3 SKHUX IOBUHEH CKJIAJATUCA PiBeHb.
Tlepmry cTaBuMO Ha IOYATOK KOOPAMHAT i MO3HAYAEMO K mobynosamy. Hacrynny ximua-
Ty TeHEPYEMO, BUKOPUCTOBYIOUH 5K ONIp ONHY 3 n0o0ynoBaHUX KiMHAT. OBupaeMo BUIAJ-
KOBHUIl BEKTOD, AKUil BH3HAYAE pO3MileHHs HOBOI kimuaru BigHOCHO omipHOI, i mo3na-
qaeMo 11, sk mo0ymoBany. fKImo K mig 9ac reHepanii Mu MOCTABU/IN HOBY KiMHATY TakK,
1[0 BOHA I€PETHYJACH 3 BXKe HOOYJOBAHOIO, TO HAIPIMOK O0OPAHOTO BEKTODPY 3aJIHIIAE-
MO, a OHmipHY KiMHATy 3MIHIOEMO Ha TY, 3 SKOIO HOBAa mepeTHyacsd. Jlaai mpomgosxyemo
reHEePYBATH [OKU HE 3aKIHYSIThCS KIMHATH.

Ha npomy erani Mum MaeMO HOCTAHOBKY 3aja<i KOMIBOsizKepa, 1€ € MHOXKHMHA, KiMHAT,
skl Tpeba 3’¢gmarm kopupopamu [2]. Hampmkianm, HOCIIZOBHO 3HAXOAMMO HAWMEHITY
BiZiCTaHb MiXK KIMHaTaMU i MOEJHYEMO IX Y OJUH CIHUCOK. JIJIs BUIIaJKOBOCTI IPOIIOHYEMO
6yIyBaTH KOPHAOP He MiXK HalOJIUKYMMU CTOPOHAMHU KiMHAT, a Yepe3 JOBIIbHI CTOPOHU.

TakyM YMHOM MK OTPHMYEMO 3reHepOBAHUM piBeHb, AKU HE Mae sKOICh KOHKPETHOI
CTPYKTYPH. Moro moxua BHKODHUCTOBYBATH $IK [JIs1 CTBOPEHHSI YHIKAJIBHOTO irpoBOrO
JOCBiy IpaBIig, Tak i ajs OyIyBaHHS YHIKAJbHUX KapT 3aBJaHb, HAIPUKJIAJI, s Tpe-
HYBaHHs MOJILOTY HAa JPOHI.
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Jocnipg>keHHs anropuTmiB TPMBUMIPHOTO NaKyBaHHSA
ANA NOricTUYHUX 3aga4y

B. HuxxHuk

AJNITOPUTME TAKYBAHHS € BaXKJIMBOIO CKJIAJOBOIO HACTYIHOTO €TAIy PO3BUTKY JIOTi-
cTuKY, 0cOO/IMBO B yMOBax mepexoay Ao Jloricruku 4.0, me geasi mupiine BIPOBAIKY O~
TBCSI ABTOMATHU30BAHI Ta POOOTU30BAHI DIIEHHS HA CKJI3JaX i B TPAHCHOPTHUX BY3JIaX.
3aza4a TPUBUMIPHOIO NTaKyBaHHS HAJEXKUTH J0 Kiaacy NP-cknamgaux, a i po3s’a3aHHsa
YCKJIAQJIHIOETHCS TPAKTUYHUMH OOMEXKEHHSIMH — 30KPeMa TAKUMHU, IK 3a0e3MeYeHHs
cTifKOCT] maJeTw, HABAHTAXKEHHST HA [TAKYyBAHHI.

YV 1mpoMy JOCHiIKEHHI PO3IVISHYTO CydYacH] HiXOau [0 BUDINIEHHS 3aJadi TPUBHU-
MIpHOrO HaKyBaHHS 3 AKIEHTOM HA TUIOBY CTPYKTYDPy ajsropurmis. Binpumiicrs pimens
BKJIIOYAIOTH YOTHPH KJIH09OBI KoMmoHeHTH: (1) cxoBmme nnsi 36eperkenns imdopmanii
Ipo BiIbHUI IPOCTIp, 30KpeMa peaJtiizoBaHe dyepe3 Maximal Space Storage abo Guillotine
Cut Storage; (2) mero[ po3mimeHHs KOpoboK y qocTymHi obsacti; (3) MexaHi3m rpymy-
BaHHA KOPOGOK y rpynu abo mapm; (4) anropurMu nepesipku KOpeKTHOCTI, cTifikocTi Ta
36aJIaHCOBAHOCTI MaKyBaHHs. [[OMUPEHOI0 TPAKTUKOIO € (POPMYBAHHS TOPUIOHTAIHHIX
PiBHIB 3 0JIHAKOBUX KOPODOOK, SKi HOBHICTIO IOKPUBAIOTh IJIOMIMHY 1 YKIAJTATHCA OJUH
Ha OJHOIO.

Yepes 00YMCIIOBANBHY CKJIAQAHICTH 1 HemepeadadyBaHIiCTh 3a7ad4i, OlLIBIICT Cyda-
CHHUX CUCTEM I'€eHEDPYIOTh BeJIMKY KiJIbKICTh BapiaHTIB HaKyBaHHS 3 IOAJBITHM BUOOPOM
HafKPAIOro 3a KPUTEPisME MIiIbHOCTI 3aI0BHEHHS, TOJI0XKEHHS I[EHTPY Mac, crifikocTi
Ta PIBHOMIPHOrO po3noaity Baru. Oryis OXOIJII0E eBPUCTUYHI Ta METAeBPUCTUYHI METO-
1y, 30KkpeMa Gararomaposi Ta 6J1049HI cTpaTerii, aJropuTMH Ha OCHOBI iMiTarii Bigmasy
Tomo. MeToio poboTH € MOPIBHAJMBHUN aHAJI3 CHJIBHUX 1 CJIAOKUX CTOPIH aKTYaJbHHUX
AJITOPUTMIB y KOHTEKCT] X IPAKTUIHOTO BUKOPHCTAHHS [JIs 33439 aBTOMATH30BAHOTO
TTaKyBaHHA B Cy4YaCHUX JIOFiCTI/I‘IHI/IX CUCTEMaAX.
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Designing a model of a unified algorithmic
environment for AM process planning

M. Osiponok, V. Tereshchenko

The research is focused on a model of a unified algorithmic environment (MUAE)
[1] that serves as the backbone of the additive manufacturing (AM) process planning
framework. MUAE offers an alternative to the traditional batch-algorithmic approach
by ensuring that all components are built on shared data structures and procedures.
This eliminates the need for a separate pre-processing step for each algorithm, resulting
in improved time and memory efficiency. Given the wide range of algorithmic problems
in AM process planning, applying a MUAE can result in a more flexible system|[2].

To identify the optimal foundational data structure or a set of them, it is crucial to
assess the most frequently used operations and subroutines of the algorithms discussed
in [2]. Our research indicates that it is worth considering 2D and 3D cases separately
when constructing the MUAE in this context. In 3D problem scenarios, most algorithms
use nearest neighbor search or raycasting. Consequently, a MUAE based on an octree
and BVH-tree can significantly enhance overall performance. However, in 2D problems,
various tasks related to planar polygons often arise. Hence, a planar subdivision, includi-
ng but not limited to triangulation, represented as a doubly connected edge list, is a
reasonable choice for the MUAE.
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Fuzzy set approach to one flexible job-shop scheduling
problem
Ye. Osmak, O. Kapustian

The prioritization, selection and scheduling of maintenance and repair jobs in service
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companies is a complex decision-making problem under limited resources. The proposed
mathematical model bridges a gap between predictive maintenance and jobs scheduling
by developing a fuzzy multi-criteria integer linear programming (MILP) model, aiming
to maximize potential revenue while minimizing job execution time. A novel approach,
namely interval type-2 fuzzy numbers (IT2FN), is used to model revenue uncertainty.
Flexible job-shop scheduling problem (FJSSP) framework is used. By employing IT2FN,
the proposed model captures both the ambiguity in expert assessments and imprecision
in defining membership functions, providing a more nuanced representation of expert
knowledge (Li, 2021).
Key innovations include:

- FJSSP principles adapted to a service company contexts

- A time-indexed model for precise job allocation across mobile workshops

- Technician skill-level-based job assighment

- An interval type-2 fuzzy set approach capturing expert uncertainty and

membership function vagueness

The proposed approach is particularly relevant for industries reliant on expensive equi-
pment, such as construction, mining and power systems, where downtime reducti-
on and revenue optimization are critical. Future research directions include numeri-
cal experiments, machine learning techniques for fuzzy parameter identification, and
structural fuzziness to model uncertain available of mobile workshops (Mashchenko,
2022) \bibitem)
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dopnasaHHs ¢hyHKUiOHANY OUIHKM eHeprosMTpaTt a0
6enumapky HEPscore

H. I’sturopchbkuii

Pob6oua rpyna HEPiX pospobuna ¢dpeitmpopk HEPscore qns TectyBanHs npomy-
KTHBHOCTI CEPBEPIB 3a JOMOMOIOI0 JIOJATKIB BijJ CHIIBHOTH (DI3UMKKM BHCOKHUX €HEPTriii.
Ileit ppeliMBOPK Kepy€ BUKOHAHHAM TECTOBHX HABAHTAXKEHDL y KOHTeHHepax Ta GpopMye
3BaskeHy OIiHKy mpogykrusHOocTi. Hapasi HEPscore 30cepemxennuit na BuMmipoBauHi 06-
YHUCJIIOBAJIBHOI IOTYKHOCTI, ajle He Ma€ 3acobiB OIiHKM €HeproBUTPAT.

EneproedekTuBHICTbL € BaKIUBUM HDapaMeTPOM IIPH OIIHII OOYHCIIOBAJILHUX CH-
creMm. Bubip pecypcis 3 ypaxyBaHHSM €HEPrOCIOXKHUBAHHA 3HIKYE BUTPATH HA €JIEKTPO-
€Hepriio, 3MeHIIIy€e BILUINB Ha JOBKIJLJIA Ta 3abe3ledye BiAUOBIITHICTH CTaHIapTaM €Hep-
ro3bepexkeHHA. [CHyI0Yi MeTOnM BUMIDIOBAaHHS €HEPrOBUTPAT NJis HaBaHTaxkeHb HEP
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noTpebyTh aAMiHICTPATHBHUX NIpaB abo clemiaJpHOTO O0JaJHAHHS, O[O0 00MexXye X
BUKODHCTAHHS B PO3IOAINIEHUX CePeJOBUIINAX.

Y pociimzkeHHi 3ampomOHOBAHO po3mupenus (yuknionansy HEPscore gms Bumipro-
BaHHS €HEeProBUTpAT 0e3 moTpebu y CHeljaJbHUX IIpaBax JocTymy. Pimennsa po3pobiero
y BignmosimrOocTi 70 TexHiyHmx BuMOr HEPscore: Ha moBi Python, 6e3 croponuix yTu-
gir. Jlgst BEMIPIOBAHHST €HEPrOCIOKHUBAHHES BUKOPUCTaHO TexHOa0riio RAPL (Running
Average Power Limit) ma nponecopax apxitexrypm x86, 3 mIaHyBaHHSM NIOAAJBIIOTO
po3mupenHs miarpuMku Ha ARM apxitekTypy.

IIpoBenena Basinanis po3pobaeHol peastizallii JeMOHCTPYE KOPeIAIlio MiXK Iporpam-
HAMH BEMIDIOBAHHSMH T3 MOKA3HHKAMHK 30BHIIIHBOTO MOHITODHHIY IPH BHKOHAHHI pi-
3HUX PoOOUINX HaBaHTaKeHb. OTpruMaHi AaHi JO3BOIAIOTE TOPIBHIOBATH €HEPTroedeKTHB-
HICTh allapaTHHUX ILUIAT(OPM, IO CTAHOBUTH IIPAKTHYHY IiHHICTH IIpU BHOODPI 064uCIIIO-
BAJILHUX PECyPCiB.
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Context-Awareness in Version Control Systems

V. Pavlenko, O. Halavai

Version control systems (VCS) have become an integral part of the software
development process and collaborative teamwork. From IBM’s punch card utility
IEBUPDTE to today’s widely used Git and more recent systems like Pijul, VCS have
undergone significant transformations over more than 80 years.

Throughout their history, VCS have continuously adapted to technological
advancements and the evolving requirements of software engineering. The evolution
began with the first generation of local versioning systems, such as SCCS and RCS,
developed between the 1960s and 1980s. This was followed by a period dominated by
centralized, second-generation systems such as CVS, P4, and SVN during the 1980s and
1990s. The third generation, most notably represented by distributed systems like Darcs,
Bazaar, Pijul, and Git, emerged in the early 2000s and remains the industry standard
today.

Given the trend in the development of VCS, it is evident that this evolution
corresponds to the S model of the digital (discrete) revolution. With the increasingly
active development of technologies, particularly in the field of artificial intelligence (AI),
we can now see its influence in the emergence of new version control utilities.

Recently, AI has advanced to the point where it can generate complex code, and
some of the latest tools are now capable of automatically reviewing merge requests (e.g.,
CodeRabbit). Today, context awareness is deepening, enabling Al to better understand
complex codebases.

Coupled with the rapid development of AI, numerous research papers have explored
various aspects of contextual integration in version control systems in recent years.
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Thus, after more than 20 years of stagnation, we are on the verge of developing new
context-aware version control systems.
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MpoTokonun aoseaeHHs 30008’A3aHb HA OCHOBI A0Kas3iB
3 HYNbOBUM PO3rOIOLLIEHHSAM

M. A. IlepekormncbKuii

B ymoBax 3pocrarouol HeoOxigrocTi y npo3opocti (dinancosux ycranos Ta 6/0KIeiH-
nargopM 1o0Ka3u 3 HysboBUM po3rosomentaM (ZKPs) cTaroTh BaxKJIUBEM iHCTpYMEH-
TOM TepeBipKu (PiHAHCOBOI MJIATOCIPOMOXKHOCTI 6€3 PO3KPUTTS YyTauBoi iHdopMmariii.
Circom € opuum i3 Ha#bigbm 3pyunux ¢peitmBopkis mnsa nobygosu zk-SNARK cxewm.

s peanizanii gosemenus 30608’sn3anp y Circom 6yso obpano mnepeBo Mepkia sk
3acib komiTMeHTy. JIMCTOBI BepIIUHY MiCTATH XemoBaHy iHdopMariito npo 6ajaHcH KOPH-
cTyBadiB, BUKOpuCcTOoBy0un zk-friendly xem-dyukitito Poseidon. /ToseeHiss KOpeKTHOCTI
30008’ a3anuga 3aificHioeTbes uepe3 zk-SNARK cxemy, ska mepesipsie mpaBuiabHICTh 00-
YHCJIEHHS XeIliB Ta CyMu OajaHciB.

Y poborti 6ys10 npoBeeHO MOPIBHAIBHUI aHAJi3 peaJsizalliif 3 BUKODHUCTAHHAM: Je-
peBa cym-Mepkia, KZG-30608’s13aub, Circom + zk-SNARK.

TlopiBusiHO 3 HOUEPEAHBOIO POOOTOI0, OYyJIO JOC/IIPKEHO LPOAYKTUBHICTD iHIIKNX zK-
friendly xem-dyukuniit, rakux ax MiMC ta Rescue Prime. Ananiz mokaszas, mo Poseidon
JeMOHCTPY€e HaUKpalli IOKa3HUKH e(peKTUBHOCTI 3 TOYKH 30PY KiJIBKOCTI OOYHUCIIOBAIb-
HuX KpokiB y Circom. Ognak, MiMC Moxke 6yTu GinbII BUTITHUM IS IEBHUX CIIEHADIIB
3aBASKHU CBOIH HPOCTIill CTPYKTYPi, SKa JO3BOJISLE 3MEHIIUTH CKJIAIHICTD CXEM.

Circom nokazap Hafikparmyi pe3ysbrard Ioa0 KOHMIAeHIIHHOCTI Ta KOMIAKTHOCTI
JOKa3iB, Toai dK JepeBo cyM-Mepkia 0ys10 eeKTUBHINIUM y IIBUIKOCTI OOYMCIIEHHS,
aje moctymnajocs y 3abe3nedenHi npuBaTHocTi. KZG-3060B8’s13aHHA n10TpebyBaau OinbIne
pecypciB Ha reHepailliro A0Ka3iB, onHaK 3a0e3re4yBa/u YHIBEPCAJIbHICTH BUKOPUCTAHHSI.
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Knacudikauiss 4yacoBux psaais npu giarHocTuui
3axBOPIOBaHb

A. T IlepepBa

Cepueso-cynunni 3axpopiopans (CC3) € omui€o 3 IPOBIAHAX HIPUYUH CMEPTHOCTI
Y CBITi, 0 POOUTH X AIATHOCTHUKY Ta NPOMITAKTUKY KJIIOYOBUMH 3aBJIAHHIMHU CY4aCHOT
menunuHE. ABTOMaTH3anis npounecy ananisy enekrpoxapaiorpadivanx (EKI) curmanis
€ BaXKJIMBUM KPOKOM Yy HIJABUINEHH] TOYHOCT] Ta MIBUAKOCT! A1ATHOCTYBAHHSA TAKHUX IId-
TOJIOTiH, K apuTMii, imemiyHa XBOpoOa cepIid Ta iHINI MOPYUIEHHS CEPIEBOTO DUTMY.
3acTOCYyBaHHS METOMAIB aHAJI3y 4YaCOBUX Ps/iB y JIarHOCTHUI 3aXBOPIOBAHb J03BOJISIE
3MEHIIUTH BILINB JIIOACHKOr0 (PAKTOPA, I ABUINUTH AOCTOBIPHICTL pe3y/bTaTiB Ta ONTH-
MizyBaTu mpornec o6pobku Giomenuunux curHajis. CydacHi migxomau 6a3yiThCA HA BH-
KOPHMCTAHHI MAITHHHOTO HABYAHHS, AJTOPUTMIB BUSBJIEHHS XaPAKTEPHUX OCODIMBOCTEH
curuaJis Ta Ixupol kIacudikarmnil. ABromarnzosannit ananiz EKI'-curnasuis mae Bakiuse
3HAYEHHS Y KapAioJoril, OCKIJIBKY JO3BOJISIE JIIKAPSIM TIBU/INE PearyBaTH HA KPUTHUYHI
3MiHH B CTaHi IamieHTa, a TakoX 3abe3ledye MOXKJIHBICTH Bi/I1ajIeHOIO MOHITOPWHTY.
OpHuM i3 HePCHEeKTUBHUX HAILIPSMIB € 32CTOCYBAHHA AJTOPHTMIB MAIIHHHOIO HABYAHHS
OIS PO3MI3HABAHHS MATOJOrIYHHUX 3MIH y CEpPIEBOMY PHUTMi, IO [O3BOJISE MOKPAIIH-
TH TOYHICTBH [JIarHOCTHKU Ta CKOPOTHTH YaC HA OOPOOKY MaHwX. AHAJI3 9aCOBUX DI/IiB
EKT' no3Bossie oniHuTH BapiabelbHICTH CEPIEBOr0 PUTMY, BUSABUTH AHOMAJII Ta PO3Mi-
3HATHU NOTeHnikHi narosorii. BuposamkeHHs aBTOMATH30BAHUX AJITOPUTMIB y giaraocTu-
Ky CC3 cnpusiTiMe OKPAINEHHIO STKOCTI MEIUYHUX MOCJIYT, i IBUINEHHIO eheKTHBHOCTI
JiKyBaHHS Ta ONTHMIi3allii BUKOPDUCTaHHs pecypciB. Meroro miel poboTu € gociijgzkeH-
Hel METO/IB aBTOMATH30BaHOI 00poOKm Ta kiaacudikanil wacoBux pagis EKI'-curnasis,
po3pobka aaropurmy ixHBO! aHAMI3y Ta HOPiIBHSAHHS €(PEKTUBHOCTI PI3HUX MiIAXOIIB JJIs
MOKPAIEHHS TIarHOCTUKH CePIEBO-CYJUHHUX 3aXBOPIOBAHD.
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Mpo meTon 3HAx0a>KeHHSI ONTUMAJIbHOI MHOXUHMU
NPaKTUYHOT CTIMKOCTI NiHIAHOT cucTtemu
andpepeHuiaNbHUX PiBHSAHb HA NAOLWMHI

B. Ilerpenko

IlpaxkTuana crifikicTs cucrem gudpepeHniaIbHUX PIBHAHL € BAXKJIMBOIO TAJIy33I0 Te-
opil nuHamiuHux cucrem [1]. BoHa mop’sa3aHa 3 peaJbHUME 3aJa9aMU MOJEIIOBAHHS Ta
KepYBaHHS CUCTeM 33 HasgBHUX (a3oBux obMmekeHb. Ha BigMiny Bix KiaacuvHOT CTIMKOCTI
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3a JlanyHoBUM, siKa aHAJII3y€e NOBEIIHKY TPA€KTOPil y HECKIHYEHHO MaJIUX OKOJIaX PiBHO-
BaXXKHUX CTaHIB, IPAKTUYHA CTIAKICTb PO3IVISANAE CUCTEMHU B KIiHIIEBHUX IMPOMIXKKAX dacy
3a HagBHUX OOMeXKeHb Ha, cTaH. L[s KOHIenis Bigirpae KIo90By POJIb Y MIPUKJIATHAX 33~
nagdax. Hanpukias, y TEXHIYHEX CHCTEMAaX BasKJIUBO HE TaK 3a0€3[€YUTH aCHMITOTHIHY
cTifikicTh He30ypEeHOro PO3B’s3KYy, K I'apaHTYBaTH, IO NOBEJIHKA CHCTEMH B JMHAMII
He Buiife 3a 0OMeXxKeHHs, SKi MOB’sI3aHI 3 yMOBAME €KCILIyaTaii.

OpauM i3 KII0Y0BUX MOHATH TEOPil mpakTU4IHO! CTIHKOCTI € ONTHMAJIbHA MHOXH-
Ha mpaxTuvHO! crifikocti [1]. BoHa € TAKOX MHOXKHUHON NOYATKOBHX YMOB y (a30BOMY
[IPOCTOPI, BUXOASHYN 3 AKUX TPAEKTOPIl CUCTEMH 3aHINAIOTHCA IPOTATOM 33/{aHOTO IIPO-
MIXKKY 9acy B PerjaMeHTOBAHHX OOMEXKeHHAX Ha CTaH. J|OMOBib BUCBIT/IIOE BJIACTHBO-
cTi onTHMaNbHOT MHOXKHHK NPAKTHIHO! CTIHKOCTI pO3B’a3KiB cucTeM 3BMuUaiinux mude-
peHIiaJbHUX PIBHSHB. 3aMPOTOHOBAHO AJITOPUTM 3HAXOIXKEHHST ONTHMAJIBHOT MHOYKUHK
MPaKTUYHOI cTifikocTi JiHIWHOT cucTemu nudepeHNiaNbHUX PIBHAHB JPYTOTO HOPSAAKY 3
nocrifinumu KoedinienTamMu y Bunagky cranioHapaux ¢gas3osux obMexxkeHs y ¢popmi Kyui.
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OnTtuwmisauia SVGF gnsa cyvacHunx rpadpivHux
npouecopis

P. IlikyabcbKuii

TpacyBanHs nuisaxy csitiia MeTonoM MoHTe-Kapso € ogHUM 3 IPOBiJHMX MeTOJIB
PeHIEPHUHTY 300paKeHb Y KOMII'IOTEPHIH rpadini. 3aBAsgKu TOYHOMY MOJIETIOBAHHIO IO-
BeJiHKM CBiTJIa JAaHUU MeTOx I03BOJIsi€ OOYMC/IOBATH pPeasliCTU4HI Bi3yasbhi edekTu.
Opnax, obMeskeHi 06UMCIIOBAJIBFHI MOYKJIMBOCTI alapaTHOrO 3a0e3MeYeHHs Ta CKIAAHICTh
MoJienieit B3aeMoil cBiTia 3 06’¢KTaMU HABKOJHUIIEBLOTO CEPENOBUIIA OOMEKYE MAKCH-
MaJIbHY KiJIBKICTh CTOXaCTHIHUX BHOIDOK, IO MOXKYTb OyTH 00uncieHi y BUNAAKy iHTe-
pakTUBHOrO penjepuHry. Ile 3yMOBIIOE 3HAYHY AUCHEPCII0 Pe3yabTaTy MeToxy MouTe-
Kapio, mo Buriagae gk ’3anryMiene” 300pakKeHHs. 3BaKal04u Ha Ile, aKTYAJIbHUMHU €
JOCJIIIKeHHsT METO[iB BHUJAJIEHHS HIYMY - €BPUCTUYHHUX AJTCOPUTMIB IOCT-06pPOOKHU 30-
OparkeHHs, 110 3HAYHO 3MEHIIYIOTh AMCIEPCI0 Pe3yJIbTATY I[iHOK BHECEHHS HEBEJIMKOIO
3MileHHsT; TUTIOBMMHY TIi[XO[aMU € BUKOPUCTAHHS PE3yJIbTAaTiB CYCiTHIX mikcesniB 306pa-
JKEeHHs Ta IOIIEePeTHIX Ka,/IpiB B IKOCTi TOJATKOBUX JaHUX 3 PO3PAXyHKOM HA BiACYyTHICTH
piskux 3Mmin ocBiTienns. CTaHOM HA CHOTOLHI, OAHUM 3 HAOLIbII BIPABHUX METOAIB BHU-
nmanenns myMmy € SVGF (spatiotemporal variance-guided filtering).

YV mauiit po6ori po3pobieno meromu onrumizanii asroputmy SVGF 3 ornsay Ha
aApXITEKTYPY CydacHUX rpadivHUX IpOoIecopiB. A came, IPONOHYETHCSA METO]] ePeyIIo-
PAIKYBaHHS eJeMEeHTIB TaHWX 300parkeHHs 33 3HAYE€HHSM OCTadi BiJ MijeHHd iHIeKca
esieMeHTa Ha Aeskuil ninbHuk. Taka mozuddikalis H03BOJISIE MOKPAIIUTH JIOKAJIBHICTH
JOCTYIy A0 IaM’sTi I 9ac BUKOHAHHS AJTOPUTMY, IO MOJINIIye HOro epeKTHBHICTH;
y pobOTi MPOBOIUTHCS aHAJI3 AJITOPUTMY Y HOro pisHuX KOH(DIrypariax ta hopMyJIIo0-
TBHCSA NPUHNINUNN ONTUMAIBLHOTO BUOOPY KOHKPETHOTO PO3TALTYBAHHS JaHUX y TaM ATi mifg
gac pizamx cragift aaropurMmy s Oyab-aKHX mapaMerpiB HajamTyBaHHsS. Takox, 3a-
[IPOIIOHOBAHO METOJ, PO3IOIiNy HaBaHTaKeHHs Ha rpadidHuil nporecop Ipyu BUKOHAHHI
AJITOPUTMY, IO JTO3BOJISIE 3MEHIIUTH KIJIBKICTh OIepaliil JocTymy A0 maM’[aTi.
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IIpencraBieni onTuMizanii MarOTh CyTO iHXKEHEDHUH XapaKTep Ta He BILIMBAIOTH HA
SAKICTH PE3YIABTATY AJITOPUTMY; TAKUM YHHOM, BOHH JIO3BOJAIOTH MOKPAIMUTH €PEeKTUB-
HICTb aJIropuTMy IiHOK Jinme 30iJblIeHHsT CKJIAIHOCTI peaJizarii. EkcnepumeHTaIbHO
[IOKa3aHoO, IT0 po3pobieHi onTuMizariil 36inpmy0OTh IIBUAKOIII0 agroputMy SVGE y 1.3-
2.5 pa3u B 3aJIe3KHOCTI Bij KoHiryparl.
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Ensemble Method for M/G/1 systems’ steady states
probabilities estimation

D. Prystaichuk, Y. Tereshchenko

This paper extends the ensemble method to M/G/1 queues by employing multiple
slightly modified systems to improve rare-state simulation accuracy. Our approach yields
more accurate tail-probability estimates and enhanced stability compared to standard
methods.

The algorithm consists of three steps:

(1) Ensemble initialization: For each estimator i € {1,..., N}, sample variations 8y ; ~
U(-0.05,0.05) and ég,; ~ U(-0.1,0.1), then adjust arrival rate A; = (1 + 6x,;) and
service-time distribution parameters to modify E;[S] and C% ;

(2) Simulation: Run discrete-event simulation for each modified system, then convert
raw probabilities using likelihood-ratio corrections:

fi(8) = i )(p)s 1-p p( 1(0.%_0.%,1')5(8_1)).
i ~7i(s E 1 exp|—— ;

- pi 2 1+C%,

(3) Aggregation: Apply trimming to remove outliers and average remaining estimates.
For numerical validation, we tested an M /M/1 system with A = 1.0, u = 20.0, p = 0.05.
A 25 ensemble accurately estimated rare states (e.g., w10 = 8.01 x 107'* vs. analytical

9.28 x 10714) while standard Monte Carlo failed beyond s = 4. The ensemble method
achieved 10.6% average error with comparable computational cost.
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MopiBHAHHA wBuAKoaii Java-3acTocyHky 3
BukopuctaHHam Spring Web, Spring WebFlux Ta
Virtual threads

P. IIpokonuyk, B. Bo6uas

3rigHo 3 peiftuarom MoB nporpamyBanHHsa TIOBE, cranom Ha 6epesenb 2025 po-
Ky Java 3aiimae 3 micme, moctymaouncs suunre C++ ra Python. Kpocmnardopmenicrs,
fe3rneka, 3BOPOTHA CYMICHICTh - 11e Bce pobuTh Java xoporium BHGOPOM AJisi PO3POOKH
backend 3acTocyHKiB.

Haitnomyssipainorn ekocucteMor 1ist po3pobku backend 3acrocynkis Ha Java € Spri-
ng, sKa HaJla€ BEJUKY KiabKicTh Momysis: pobora 3 HTTP, 6azamu manux, Mikpocepsi-
CHOIO apxiTekTyporw Toimo. Moayne Spring Web manmae 3pyunuil Habip iHCTpyMeHTIB
nns 06pobku HTTP-zanuris. Oguak, Spring Web BuxopucroBye mogens «thread per
requests, ska nepeadadaE BUAIJIEHHS OKPEMOro moTokKy Ha 00pobky HTTP-zamury, 1o
€ 3aTpaTHOIO omepariern. TakoXK, mig 4yac oOpOOKH 3alUTy HOTIK MOXKe OJIOKYBATHCHA Y
3B’$13Ky 3 O4iKyBaHHsAM onpanioBauus [/O oneparniit 3amicTs TOro, w06 BUKOHYBATH iHII
onepariii.

1i mpobyeMy BUpinTye aJpTepHATUBHUN MOIYJb — Spring WebFlux, axuit Hagae 3M0-
Iy ONPAIbOBYBATH 3AMATH B PEAKTUBHOMY CTHJII 3 BUKOPUCTAHHAM MOAesi «event loops,
matoun 3mory edexrusHo BuxopucroByBatu CPU. Pazom 3 mum, Spring WebFlux mae
HEJOJIKHU: CKJAAHICTh BiJIAr0/2KeHHsI, BUCOKHI IMOPIr BXOJKEHHs Ta HpobaeMu 3 Mmij-
TPUMKOIO CTOPOHHIX 6ibai0TeK.

YV Java 21 3’aBumacs koHnenris virtual threads. Borma mepenbauae BHKOpUCTAHHS
JIETKUX TIOTOKIB, #Ki, Ha BiaMiHy Bix 3Bmuaiinux(platform), He npus’s3ani 10 KOHKpe-
THOTO IOTOKY ouepamifinol cucremu. Takwmit miaxizg mae 3mory 3abe3meduTy OQHOYACHE
BUKOHAHHS HAraThOx 3a4ad, Mo 9acTo 6aoKyoTscs nix ac [/O onepanii.

Jlnsa mopiBHSAHHSA IIBUAKO/IT 6YJI0 CTBOPEHO 3aCTOCYHOK it pOBOTH 3 HOTATKAMH,
AKUA BEKOPUCTOBY€ ABa Mikpocepsicu: note-service(sorika po6oru 3 HoraTkamu) ta file-
service(cxosume npukpimrernx daimis). s note-service Gyso peanizosano asi Bepcii:
Tpauniiiny (3 BukopucrtanuaM Spring Web) ta peakrusny(Spring WebFlux). [Iposene-
HHSI HABAHTAXKYBAJBLHOTO TECTYBAHHS Ta OTPUMAHHS METPHUK MIBUIKOMIT 3 HCHIOBAIOCST
3 Buxkopucranuam Apache JMeter
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Training quadrotor control strategies using
reinforcement learning in a simulated environment
I. Ramyk, Y. Linder

Reinforcement Learning (RL) has become a powerful tool enabling training

112



autonomous agents to perform complex tasks in dynamic environment. In this study, we
applied RL for training quadrotor navigation strategies using a simulated environment.
The primary objective was to develop an autonomous control system that is capable of
navigating a drone from point A to point B while avoiding obstacles.

To simulate the environment, we used Microsoft Airsim, a flexible drone simulator
that offers a realistic physics engine, high-quality 3D environments, and a flexible API.
Air Sim was chosen because of the opportunity to integrate with Python and compati-
bility with the RL environment.

The environment was configured using the OpenAl gym interface, which served
as a bridge between the simulator and the training algorithm. The interface allowed
the RL agent to receive observations and then send control command to AirSim in a
structured, gym-compliant format. The training pipeline was designed using the RlLib
library, selected for its scalability, the underlying support for various RL algorithms, and
ease of integration with complex environment. For training, a policy was implemented
and adapted using proximal policy adaptation (PPO), which is a widely used algorithm
in RL problems. The trained drone successfully learned to navigate at a target place
while avoiding static obstacles.

These results demonstrates the feasibility of using reinforcement learning to train
autonomous drones and offers a reproducible setup which can be applied to more complex
control tasks, such as the pursuit problem.
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Ouivka gonapwu3auii Ta Mogeni Anst BU3HAYEHHS PiBHS
ponapu3auii B YKpaiHi

C. Poroswmii

Jomapusariis — 1ie mpoIec, 3a siKOT0 iHO3eMHa, BAJIOTa 9aCTKOBO ab0 MOBHICTIO BUKO-
Hye GYHKIIT HalliOHAJIbHOT BAJIOTH B €KOHOMII Kpainu. BuaindaoTs TOBHY moJapu3aliio
(3aMina HAIiOHAJIHHOI BAJIIOTH), YACTKOBY JOJApHU3AIii0 (BUKOPUCTAHHS 1HO3€MHOI Ba-
JIIOTH B OKPEMHUX CEKTOPax) Ta (HbiHAHCOBY HOJAPH3ALII0, IO NPOSBIASETHCE Y BUCOKIMH
qacTIi BAJIOTHUX JEMO3UTIB Ta KPEIUTIB.

Ormninka piBHs jgosapu3alii 3aificHIOETHCA Yepe3 KoedilieHT:

M}
DLD; = —- x 100%,
M,

e ]Wt* — obcAr geno3uTiB y iHO3eMHi# BasoTi, My — 3arajbHa CpOIIOBA Maca.

Juist BU3BHAYeHHS PIBHS [101apuU3alil BUKOPUCTAHO MOJEJb aBTOperpecil 3 posuosii-
seanmu naramu (ARDL), mo m03BOss€ aHAII3yBaTH KOPOTKO- T4 JOBrOCTPOKOBI B3ae-
MO3B’S3KH MiXK MaKPOEKOHOMIYHUMH 3MIHHUMH:

P q
Dy=a+ Y BiDii+ . v Xi—j+eu,
i=1 =0

e Dy — piBens gosnapwusarii, X; — noscuroowi 3Minui: piBens indami (I;), BagoTHIi
Kypc (E¢), obaikosa cTaska (Ry).
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YkpaiHa HEOZHOPA30BO CTHUKAJACS 3 IepiogaMu €KOHOMiYHOT HecTabiibHOCTI, dAKi
MPU3BOIUIN A0 AEBAJIbBAIll 'PUBHI Ta 3pocTanusa moaapusarnii. [ToBHoMmacmTabue BTOp-
ruesHs Pocii B YKpalHy CyTTEBO MOCHINIO MAKPOEKOHOMIYH] PU3UKH, IO CTEMY/IIOBAJIO
HaceJieHHdA Ta 6i3Hec 30epiraru 3ao0mmaazKeHHs y 611pmn cTabiinpHIM iHO3eMHIN BaJrOTI.

3 ypaxyBaHHaAM nux bakrTopis, y Moxeni gosapu3anii OyayTh BpaxoBaHI Taki IO-
Ka3HUKH, K TeMn 3MiHu peanbHoro BBII, piBers 6e3pobiTTsa, 06CAT MiKHAPOTHUX pe-
3epeiB, gedinur OoKeTy Ta piuHa 3MiHA O0CAriB IENM03UTIB y HALiOHAJNBHIN BaJIIOTI,
10 Bigo6parkaroTh MaKpPOEKOHOMIYHY HECTabiNbHICTh Ta PiBeHB AOBIpH [0 HAIOHAJIBHOT
BAJIIOTH.
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Application for Computer Control Using MIDI
Messages

S. Romankiv

In the modern world, along with the rapid development of media and electronic
music, the use of various devices that utilize MIDI as the primary standard for informati-
on exchange is becoming increasingly widespread. As a result, more and more people are
becoming owners of various devices that support MIDI protocol, such as MIDI keyboards,
DJ controllers, electronic drum Kkits, electronic pedal boards, and others. This makes the
creation of an application for converting MIDI messages into computer actions a relevant
task, which increases the variety of use cases for these devices alongside their primary
functions.

As a prerequisite, requirements were formulated based on the conducted analysis of
existing software solutions. After the development was finished, an automated testing
was implemented for the core functionality and an installer was created.

For developing interaction with the MIDI subsystem CoreMIDI framework was used.
A MIDI receiver client is created and an input port is opened for receiving incoming
messages. A non-blocking queue is used for transferring messages to the main thread.

A special timer in the application periodically checks the queue for incoming
messages. If any messages are found, they are checked for a match with the predefi-
ned patterns. On a successful match, the corresponding control actions are triggered.

The user interface was developed using SwiftUI framework that is native for macOS.
For proper separation of concerns between the user interface code and the one responsible
for the application’s functionality a SwiftUI-specific MV architecture was used [1].

The developed application supports multiple input devices, real-time monitoring of
incoming messages, data persistence across sessions, all major types of MIDI messages
and actions for computer control. It can be used for easy and convenient conversion of
MIDI devices into efficient computer control devices.
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MobinbHa kpocnnatdopmHa cucrtema 3
iHTeNekTyasibHUM MoOAyfNeM: AOCBi4 peani3auii 3a
aonomoroto Kotlin Multiplatform

. B. Pyaenko

CyuacHa po3pobka MOGIIBHUX JOAATKIB Ie4aJii YacTile CTHKAETHCS 3 TOTPeOO00 Imiji-
TPUMKH JEKIIBKOX I1aTdhopM npu MiniMaasuux suTpaTtax. Kotlin Multiplatform (KMP)
— Ile TEeXHOJOTIs, MO J03BOJSE MUCATH CHiMbHUM Ko s Android Ta i0OS, 36epiraroun
HATUBHUI KOPUCTYBAILKUN TOCBi,.

Y ubOMy HOCJIIRPKEHH] HPEJCTABICHO HiaXis 0 CTBOPEHHS COLiaJbHO-OPIEHTOBAHOT
MO6iBHOT cHCTeMH 3 IHTeNeKTyaIbHEM MOAYJIeM pekoMenparil, 3acuosanol na KMP. By-
JIO peaJsIi30BaHO PO3IOALT IPOEKTY 33 MOAYJIIMU, 110 Bignosigae npunnunam Clean Archi-
tecture, me coigbua 6i3Hec-yorika, pobora 3 Mmepexkero, bazamu mamux Ta Al-momynem
BHHECEHA y crinbpHuit Mmogyab ‘shared‘.

OcobauBy yBary IpuAieHO iHTerpamii iHTe/JIeKTyaJbHOTO MOJYJSA, KU 3IiHCHI0E
mepcoHasizoBaHi pexoMmenzanii Ha OCHOBI 33JaHHX IPOMTIB KOPHCTYBada. Po3rasmyTo
miaxogu a0 mOOYLOBH THYYKO! Ta po3mupioBaHo! apxiTekrypw, Bukopuctanas Kotlin
Coroutines, Flow, Ktor, a Tako:X camol KpocIiaTdOpMIeHOT CUCTEMH.

Cucrema CKJIaaJ1acsl 3 JBOX YAaCTUH: KJIIE€HTCHKOI MOOIIBHOT Ta cepBepHOT, peaJizo-
BaHOI 3a jonomorow ¢peiimpopky Ktor. Takuil momin 103BosMB 3a0€3M€YUTH MaCHITa-
6oBaHiCTD Ta MiATPEMYBAHICTH 3aCTOCYHKY.

Pe3ynpTaTu IpOEKTY JEMOHCTPYIOTh edeKTUBHICTH BuKOpucTanus KMP mna pos-
pOOKH COIiaJIbHO-OPIEHTOBAHUX JOAATKIB 3 IHTEJIEKTYaJIbHUMU MOIYJISIMU, 110 JO3BOJISIE
3MEeHIIUTH 00CAT AyO/II0BAHHS KOy, IOKDAIUTH MiATPAMKY IPOEKTY T3 3MEHIIUTH IaC
pO3pObOKH IIPOIYKTY.
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Ckpy4eHi MiHiMasnbHI HaniBNpaBW/bHI CKYTOIAW,
noB’si3aHi 3 Tinamu obepTaHHsA

M.-€. O. Pynuk

Sk Bigomo [1], cKyTOImOM HA3WBAETCS reOMETPUYHE TiNO, IO MICTHTHCS MiK mapa-
JIEJIbHAMH IIOBEPXHSAMHE, y SAKHX JIEKATh MHOTOKYTHHKH ! OCHOBU CKYTOIZa, BEPIINHHI
OCHOB MOXKYTb 3’€JHYBATUCS IIPAMOIO, 300 KPUBOIO, a00 Y-10Ai6HNM 3B SI3KOM, IPAIOMY
BCi mepepisu Tina, mo napaneabHi 4O OCHOB, € KJIACHYHUMU MHOTOKYTHUKAMU. Y NaHii
poboTi JocaifzKeHO CKpydeHi cKyToigu 6e3 Y-1moaibHOI IrpaHi 3 HamiBIpaBUJIBHUMH DiB-
HOKYTHHMHM MHOTOKYTHHKAMH B OCHOBaX. Bepmunu i 6iuni pebpa JexKaTh Ha AEIKOMY
Tini obepranua. V gexaprTosiit npaMOKyTHIH cucTeMi KOOPAUHAT IO0YIOBAHO MATEMATH-
YHY MOJEJIb CKPYYEeHHX MiHIMAJIBbHUX CKYTOIfiB 3 HANIBIPABUIBHUMU MHOTOKYTHHKAME
B OCHOBaX, BIIMCAHWUX Y JIOBiJIbHe TLIO obepranHs. OTPHUMAHO DiBHAHHS IPOCTOPOBHX
KpuBHX-TeJIic, mo € OiunuMy pedpaMu TAKUX CKyTOIZiB, & TAKOXK PIBHAHHS resikOIfiB y
6iurux rpamax. Po3risanyTo cKyToinu, BIucaHi y KOHyC nuIingp, napabosoin obepranus
Ta chepy. Popma 6iurux pebep i 6iuHMUX rpaneidl 3amexuTh Bif dopmu Tina obepran-
He. Y poboTi TAaKOXK JOCTIJKEHO CKpydeHI MiHIMaJIbHI CKyTOIIM 3 HAMiBIPABUJILHUME
PiBHOCTOPOHHIME MHOIOKYTHUKAMHU B OcHOBax. Jocaimkeno 6iuni rpami i 6iuni pebpa Ta-
KHX CKyTOIiB. 3p06JIeHO BUCHOBOK, 1[0 CKPyUeH] MiniMasbH] HamiBopaBuabHi CKyTOIAH
3 pIBHOCTOPOHHIMM HAIIiBIIPABUJIBHUMH MHOTOKYTHHUKaMK y OCHOBAX IOB’S3aHi 3 JABOMA
moxidHuMy Tinamu o6epTaHHS TAK, 10 BEPIIWHY OCHOBH Uepe3 ofHy Ta Oiuni pebpa cKy-
TOia Yepe3 ofHe JeXKaTh HA OZHOMY 3 Tia obepranns. [loOygosamno TpuBuMipHi rpadixu
mapaMeTpUYHO 33 JaHUX IPOCTOPOBUX KPUBHUX Ta IeJiKOIAiB B cepegoBuiti MathLab 6.5.
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P03BNTOK NpakTUYHUX HABUYOK Yepe3 CTBOPEHHSA
AOAATKY ynpas/iHHA 3aBOaHHAMU

M. PyaidyeHko

Cucremu ynpasmainas 3apganasavu Trello, Jira #f Asana e momyisspHuMEU iHCTPYMEH-
TaMU IPOEKTHOro MeHemkMenTy . Trello 3pywnuil nus HeBesukux kOMang, Jira — mms
pO3pobHHKIB i3 rHyYKHME MeTOAOJIOTiAME, ASana MOEAHYE IPOCTOTY Ta (PYHKIIOHAIb-
HICTBH, aJIe BOHU MAIOTh sIK CBOI mepeBaru Tax i obmexkenus [1]. Ilonpu HagBHICTH TOTOBUX
pillleHb, TONIJIBLHO CTBOPUTH BJIACHUI 3aCTOCYHOK, IIIO MOYXKe MiCTUTH iIHHOBaIil peKOMeH-
manil [t po3MOiay 3aBAaHb, aHAJITHKY NPOAYKTHUBHOCTI, aianTaniro m0 crenudikm
KOMAaH/J[ TOIIO.

Hnsa peanizanii o6parno dpeiimBopk MoBu Python Django — nyst 6e3meusol po3pob-
ku, PostgreSQL — mys poboru 3 manumu, REST API — pua imrerpamii [2]. Apxire-
KTypa BKmodae mogeni: «Kopucrysaui», «lomxkuy, «3aBmanusay, «Eranus, mos’sa3ani
gepes ORM Django [3]. Ilepenfagero po3MerkyBaHHS AOCTYIY 33 POJISMH 3aBAAKH AB-
renTudikanii Django. PeanizoBano Kanban-dbyuknionansuicts (crarycu «Ouikyes, «V
mporecis, «3aBepiieHoy ) 3 MOXKJIUBICTIO agamraril mia Scrum.
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IIpoekT cupusie pO3BUTKY NPAKTUYHUX HABUYOK y BeO-po3pobmi, poboti 3 Django,
REST API, intepdeitcamu. Moxnusicts inTerpamnii Al migsumnrye npukiagHy IHiHHICTH
— ax MVP abo noprdosmio-npoexT.

OTKe, IPOEKT JJa€ 3MOT'y HAOyTH NPUKJIAIHIX HaBud0K Web/Python-po3pobku, exc-
mepumentyBatu 3 Al, UX, mpoIlyKTUBHICTIO Ta CTBOPUTH AKICHUH JIeMOHCTpAIHHUN Mpo-
E€KT.
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Layer Extraction Technique for Fine-Tuning of
Pre-Trained Convolutional Neural Networks

N. Savorona, O. Davydov, Y. Tereshchenko

Fine-tuning pre-trained convolutional neural networks (CNNs) for image classificati-
on often faces a trade-off between computational efficiency and accuracy|[3]. We propose
using layer extraction[l, 2| for classification task, a method that combines multi-layer
features from frozen CNN layers to enhance head fine-tuning accuracy without unfreezing
backbone parameters.

This approach extracts features from early, middle, and late layers of pre-
trained CNNs like ConvNeXt[4] (as those contain useful features at different levels of
abstraction|[5]), processes them via global average pooling, and concatenates them before
feeding to the classification head. Proposed method requires no architectural changes or
layer unfreezing, maintaining computational efficiency.

Experiments on CIFAR-10 and smaller datasets demonstrate that layer extraction
improves top-1 accuracy by 5-6.84% compared to standard head fine-tuning, achieving
86.11% accuracy on CIFAR-10 versus 79.2% for conventional head tuning. It reaches wi-
thin 3.16% of full fine-tuning performance while using 92.7% fewer trainable parameters.

Future work includes extending the approach to other tasks, such as object detection
and segmentation etc. Our results suggest that layer extraction is a promising technique
for improving fine-tuning accuracy without sacrificing computational efficiency.
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lMpo BMKOpUCTaHHSA MeTOAIB LITYYHOrO iHTENeKTy Ans
onTuMi3auii po3noginy pecypcis B eHepreTui

A. B. CaBuyk, FO. B. Kpak

JIomoBiib IPUCBAYIEHA AOCTIIKEHHIO METOMIB ONTUMI3aIil PO3MOAITY eHEePTeTHIHUX
pecypciB y CyIaCcHHX €HePrOCHCTEMAaX, sIKi BK/IIOYAIOTH PI3HOMAHITHI [Kepesa eeKTPO-
eneprii — Bix rtpaxunifinux (AEC, TEC, I'EC) no sigmosmroBanux (BiTpoBi #f cons-
4Hi eseKTpocTaHIii). POSBUTOK €HEPreTHKH CYIPOBOIZKYETHC CKJIAIHOIAMY iHTerparii
TAKHUX [2KEPEeJI B €IUHY CUCTEMY, HEOOXiTHICTIO 3a0€3NeYeHHsI THYYKOCTi, OIePATUBHO-
ro pearyBaHHs Ha 3MiHH, a Takok MiHimizanii Brpar mpu rpaucmoprysanni. CywacHa
eHepreTUKa NoTpebye HOBUX MiJXO/IB JO YIPaBJIiHHSA pPeCypCaMM, OCKIJIbKHU TPaJUILiiiHi
METONM BXKe He 3a0e3MevuyioTh HAJIEXKHOTO PiBHSA e(eKTUBHOCTI, aJallTUBHOCTI Ta CTiii-
KOCTi B YMOBAX 4YaCTUX KOJIMBAaHb HABAHTAXKEHHS, CHEPreTUIHUX KPU3 Ta FJIOGBJILHI/IX
TpaHcdopmarrii.

MeTot0 pobGOTH € CTBOPEHHST MOeJel 1 aJIrOpuTMiB IITY9YHOTO iHTEJIeKTy, sKi 3a6e3-
[MeYyIOTh OITUMAJBLHUN PO3MO/Iia eHepropecypciB. 3allpOIIOHOBaHI PillleHHS JTO3BOJISIIOTH
ABTOMATU3YBATH IJIAHYBAHHS Ta MPOTHO3YBAHHS CIIOXKWBAHHS, BPAXOBYBATH TEXHOJOTI-
qHi 0COOMMBOCTI fpKepes eHepril, 3HUKYyBaTH BUTPATH HA TPAHCIOPTYBAHHS T MOKPAIITY-
BaTu cTabinbHicTh eHeprocucTteM. Cepesl OCHOBHUX IIiAXO/IiB JTOCJi?KEHHsT BUKOPUCTAHO
faraToareHTHI CHUCTEMH, J€ ABTOHOMHI €JI€eMEHTH — TeHepPATOPH, CIOXKHBAYi Ta CHUCTE-
Mu 30epiranass — B3a€MOZLIIOTH y peanbHOMY daci, mpUAMAlOYNn KOJEKTHBHI pirmenms.
Tako>K 3aCTOCOBYIOTHLCS METOM MAIIWHHOTO HABYAHHS | HEHDPOHHI Mepexki JJisi aHaJIi3y
BEJIMKUX OOCATIB JAHWX, BUSABJIEHHS AHOMAJI#M Ta MPOTHO3YBAHHS CIOKUBAHHs. AJro-
PUTMHU ONMTHUMI3aIlil, 30KpeMa FeHeTUIHI Ta AJTOPUTMHU POIO JACTOK, BUKOPHUCTOBYIOTHCS
Os 6aaHCYBAHHS HABAHTAXKEHHS MIXK JIXKePeIaMu.

3anponoHOBaH] Nigxoau CHpPSMOBaHI Ha IMOKPAIEHHS HAMIHHOCTI eHepreTuvHol Me-
pexki, 3MeHIIeH s BUTPAT 1 migBunienss e(heKTHBHOCTI BUKOPHUCTAHHS HASIBHUX PECYpPCiB.
IITy4suil iHTETeKT JO3BOJSE THYYKO aJallTYBATUCS 10 3MiH, 3abe3ledyBaTH TapMOHIii-
HY iHTerpamiro BiTHOBMIOBAHUX JKepes i (pOpMYyBaTH HPO30PY, KOHKYPEHTHY MOIEb
enepropuaky. OcobauBy aKTyaJbHICTD Il pimeHHS MAOThL Aad YKpainu, gka mparte g0
€HEePTeTUYHOI He3aJIe2KHOCTI, CTIMKOCTI IHDPaCTPYKTYpH Ta IEPEXOAY JI0 CTAJIOrO pO3-
BUTKY B YMOBAaX NOCTIffHUX BUKJIUKIB.
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Image similarity detection system

1. Selezen

With the rapid growth of digital content, the need for effective detection of si-
milar or duplicate images has become especially relevant for social networks, cloud
platforms, and content moderation services. To address this, using modern image si-
milarity detection systems based on deep learning is proposed. These systems rely on
convolutional neural networks (CNNs) to extract semantic features from images, allowi-
ng for accurate comparison even when images are resized, cropped, or slightly modified.
One popular approach combines perceptual hashing with feature extraction models
such as ResNet or EfficientNet. Each image is represented as a feature vector, and
similarity is calculated using cosine similarity or Euclidean distance. For instance:

cos(0) = (v1-v2)/(Jor] x vz,

where v1 - v2 is the dot product (scalar product) of the two vectors, and |v1] x |vz||
is the product of their magnitudes (vector norms). During the studying of such
systems, several weaknesses were identified:

e Sensitivity to lighting and background variations.

e Influence of watermarks or text overlays.

e The challenge of selecting an appropriate similarity threshold.
To improve accuracy, it is recommended:

e Preprocessing images (resizing, denoising).

e Using indexing tools like FAISS for efficient search.
Deep learning-based similarity detection systems offer a scalable and accurate solution
for identifying visually similar images, provided that the key challenges are addressed
appropriately.
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AHani3z kpuntorpadidHux anropuTMis, 3aCHOBaAHUX Ha
BUKOPUCTaHHI BMNAagKOBUX 4ucen

. Ceneman

V cygacHOMy muGpPOBOMY CEPEIOBHIII, A€ MOCTIHHO 3pocTae obcsr KoHIiaeHIiHHOT
irdopmarii, kpunTorpadidni aaropuTMu, 3aCHOBAHI Ha BUIIAIKOBUX YHCJIAX, BiAIrpanTh
KJIIOYOBY pOJib y 3abe3nedenti 6e3nexu gqannx. BUKOPUCTAHHS BUIIAIKOBUX YHUCEN Y KPU-
mrorpadil € KPUTHIHUM [JIs CTBOPEHHS CTifKEX KJi0diB Ta 3amobiramnms arakam. IIpo-
Te mpobJsieMa reHeparlii CIpaBXKHBOI BUIIAIKOBOCT] 3aJIMMIAETHCA AKTYaJIbHOK, OCKIIBKH
KOMIT'FOTEPHI CHCTEMH, 3a CBOEIO MIPUPOIOIO, € JeTEPMIHOBAHUMH.

AKTYaJbHICTD JOCIIIZKEHHSI 3y MOBJIEHA TIOCTIHHO TOTPeHOI0 Y BJOCKOHAJIEHH] KPH-
nTorpadivHUX aJITOPUTMIB, OCKIJIBKHU 3’SIBJISIOTHCSI HOBI METOIM aTakK Ta 30iIbIIYIOTHCS
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00YHCIIOBAJIbHI MOYKJIMBOCTI 3JIOBMUCHHKIB. 3pocTarda KiJIbKicTh KibepaTak i HecaH-
KIIIOHOBAHUX AOCTYHIB A0 KOHMimeHmiitHOT iHdopMaIil miAKpeca0e BaXKIUBICTh HAYKO-
BUX JOCJiIKEHb y Ii# raJiysi.

Y npoueci poboTH 6YI0 TPOBEIEHO aHATI3 KPUNTOTPAdiYHUX aITOPUTMIB, 3aCHOBA-
HUX HA BUKODHUCTAHH] BHIIAJKOBHX THCEJI, TA JOCJIAZKEHO IXHIO 0e3meKy 3 ypaxyBaHHAM
nesakux MeroniB arak. OcHOBHY yBary mpujaiseHo agropurmam RSA ta ElGamal, ixaim
0CODJIUBOCTSAM Ta MOXKJIUBAM MOKparmeHHaM. Ilifg wac J0CaiIKeHHs TaKOXK BUSIBJIEHO
coinbai BracTHBOCTI KpUITOrpadivHUX AJIrOpUTMIB, 3aCHOBAHHX HA BUKOPHCTAHHI BH-
MaJIKOBUX YKCEJI, T4 TMPOBEJEHO MOPIBHSHHS I[MUX AJTOPUTMIB MiXK CODOI0.

IlpakTuwaauM pe3yabraToM poboTH € peasizoBanuil MOBOIO mporpamysanus Python
kpunrorpadiunnit anropurm RSA Ta po3pobsennit anonimuunit 3amudpoBanuil 4ar s
JBOX 0Cib, KU BHKOPUCTOBYE peasizoBanuil aaroputm RSA s mudpyBaHHs MOBi-
AoMJeHb. MeToto 1i€l po3pobKu € JeMOHCTPALis IPUKIIALY HPAKTHYHOIO 3aCTOCY BAHHS
kpunTorpadiunoro aaroputmy Ajs 3axucTy iHdopmamnil Big po3kpurTa y pasi mepexo-
nJieHHd 11 TpeThOI CTOPOHOIO.

Pesynbraru pocmigikenHs MoxyTh OyTH BHKOpHCTaHI y cdepax, mo moTpedyroTh
BHCOKOI'O PiBH# 3aXHCTy iHdoOpMalil, 30kpemMa B OaHKIBCBHKIill cdepi Ta eJeKTpOHHIM KO-
Mepirii. Po3pobienuit anoHiMHMI 3amudpoBaHnil YyaT AJIs ABOX OCIO MOXKe OYTH BUKO-
pI/ICTaHI/IfI AJIA IPUBATHOTO JIACTYBAHHA.
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Apantauisa SAS-cyHkuin ana R

€. CkBapKOBCbKUI

Y cy4yacHOMY aHaJi3i JAHUX BaXKJIUBO BUKODUCTOBYBATH IOTY2KHI IHCTDYMEHTH I
06po6KY Ta cTaTHCTHIHOrO ananizy. Mosa R [2] 3aBagku cBolif BigkpuTocTi Ta mupoxkomy
CIEKTDy NaKeTiB CTa€ BCe HOmMy/spHImON0, Toal sk SAS [1] 3ammmaerscs crangaproM y
6araTboX raJiy3sx, OCOOJIMBO B KJIHIYHUX JOCimKeHHSX Ta 6i3Hec-anasituii. Oguum i3
3aBJlaHb MOCHI2KEHHSI € 3JallTallisl OCHOBHUX PYHKITH SAS misa cepegosumma R, mo mo-
3BOJIUTH 30€perTy mepeBipeHi aJropuTMHU aHaIi3y, BOJHOYAC 3a0e3NeUyI0un JOCTYIIHICTh
BiAKPUTOTrO IPOrpaMHOrO 3a0e3IeTeHHs.

SAS ta R € MOTYXKHUMHU iHCTPpYMEHTAMH JJis aHAJI3y JAHWX, MPOTE BOHU MAIOTh
cyTreBi BigminHOCTI B cmHTakcuci Ta CTpyKTypi mporpamysamus. OgHuM i3 KIIOUOBHX
3aB/aHb [JIs KOPHCTYBadiB, sAKi mepexomaTsh i3 SAS mo R, e amanrania 3ualiomux QyH-
Knift Ta npomnenyp. OmHEM i3 migxoAiB € cTBOpeHHs bYHKIIN abo makyHkiB y R, mo
MOBTOPIOIOTH JIOTIKY SAS-Kozy, 36epiraroun HOro CTujb Ta HOCIIJOBHICTD.

Hapenemo npukjas cTBOpeHHs (DYHKIIIT COPTYBAHHS BXiTHOTO JAaTaCeTy Ha MOBI IIpO-
rpamyBanes R, 36epiraroun soriky ¢yuknii PROC SORT 3 moBu nporpamysamus SAS:

proc_sort <- function(data, by, nodupkey = FALSE) {
sorted_data <- dataldo.call(order, datalbyl), 1]
if (nodupkey) {
sorted_data <- sorted_data[!duplicated(sorted_datal[by]l), ]
}
return(sorted_data)

}

1s byukuia 103B0ss€ KOPUCTYBadeBi cCOpTyBaTy AaHi 3a 3aaHuMu 3MinauME (‘by*),
a Takox ycysaru nay6mikara (‘nodupkey = TRUEY), mo e amamorom ‘PROC SORT
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NODUPKEY* y SAS. TakuMm 4nHOM, KOPHCTYBadi SAS MOXKYTH JIerIe aJalTyBaTh CBiit
Kon mig R, BUKOPUCTOBYIOUM 3HAHOMY JIOTIKY Ta CTPYKTYPY KOMAaHI.
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Linear Upper Bound on a Segment XOR Cardinality

N. Skybytskyi

In theoretical computer science, bitwise XOR (exclusive or) is a fundamental binary
operation on nonnegative integers. We study the properties of bitwise XOR of sets,
extending concepts from combinatorial set theory [1]. Namely, for two sets X and Y of
nonnegative integers, we denote X @Y ={z @y |z€ X,yeY}.

We focus on XORs of segments of consecutive integers, leveraging insights from
algorithmic number theory [2]. We use a shorthand notation: [z, z+k) = {z,z+1,...,z+
k—1} for a nonnegative integer z and a positive integer k. The following result emerged
experimentally:

Conjecture. |[z,z+k)®[y,y+k)| < 4(k—1) for any positive integer k and nonnegative
integers x, y.

Remark. This bound is tight for infinitely many values of k. One series of particular
interest is k =2 +2 with £ =2" -1 and y = 3-2™.

This linear upper bound is much stronger than a naive quadratic upper bound of
|X ® Y| < |X]|-]Y| = k2. Even though we verified it computationally for all k < 2° + 2,
we ultimately failed to prove it rigorously. However, we managed to produce a slightly
weaker result:

Theorem. |[z,z + k) ® [y,y + k)| < 5(k — 2) for any positive integer k > 5 and any
nonnegative integers z, y.

The following lemmas are central to the proof:

Lemma 1. For any fixed k, the optimization problem g(k; z,y) = |[z,z+k)® [y, y+k)| =
maxy,y has an optimal solution (zo,yo) with zo,yo < 4k.

Lemma 2. If we denote f(k) = maxs,y g(k;z,y) then two inequalities hold: f(2k) <
2f(k+1) and f(2k+1) <2f(k+1), as inspired by [3].

The proof of our main result proceeds by induction with the first lemma establishing
base cases and the second lemma helping with inductive steps.
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Text Uniqueness Verification System: Methods and
Implementation

O. Smetana

The text uniqueness verification system is based on a combination of lexical and
statistical analysis methods, integrating web scraping and natural language processing
(NLP) techniques.

Preprocessing and Text Normalization

Before analysis, the text undergoes preprocessing, which includes removing special
characters, converting all letters to lowercase, and eliminating unnecessary spaces. The
main goal of this stage is to unify the text format for further vectorization. The
preprocessing function is defined as:

T’ = f(T) = normalize(removeSpecialChars(lowercase(T)))

where T is the original text, and 7’ is the cleaned text.

Query Formation Using Keyword Extraction

The system identifies the most informative words in the input text using frequency
analysis methods and stop-word filtering. The weight of a term w; is calculated using
the TF-IDF method:

TF—IDF('wi) = tf(wi) . idf(wi)

where:

tf(wl) = f;:;?

fw,; is the number of occurrences of word w; in the document, and N is the total
number of words in the document.

. D
idf(w;) = log T

where D is the total number of documents, and d,, is the number of documents
containing word w;.
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Data Collection and Web Scraping

To find similar texts, the system uses the DuckDuckGo search engine. The text content
of retrieved web pages is extracted using the BeautifulSoup and requests libraries.

Vectorization and Similarity Calculation

To represent texts as numerical vectors, the TF-IDF method is used:

Va = (w1, w2, ..., wn)

Similarity between the input text V, and document Vj is evaluated using the cosine
similarity measure:

VyVa

cos(f) = ————
IValllVal

Threshold Similarity Value and Result Interpretation
The determined similarity level is used to decide on possible plagiarism:
S(Vq7 Vd) >T

where 7 is the similarity threshold.

User Interface

For ease of use, a graphical interface based on Tkinter has been created. It allows users
to manually enter text, upload documents in TXT, DOCX, and PDF formats, or analyze
web page content.
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Creating and Verifying Timestamps Based on the
Bitcoin Blockchain Using ECDSA and Schnorr Digital
Signatures

O. Stepaniuk

Centralized timestamping methods, such as RFC 3161 and RFC 5816, rely on trusted
authorities, undermining decentralization and privacy. The Bitcoin blockchain, supporti-
ng ECDSA and Schnorr signatures [1], provides a decentralized framework. This investi-
gation defines a formal system where Alice creates and Bob verifies timestamps using
ECDSA and Schnorr signatures in Bitcoin transactions.

The model utilizes the secp256k1 elliptic curve, with base point G and order n. Alice
computes ¢ = (j + H(jG||m)) mod n, where j € [1,n — 1] is a random integer, H is a
cryptographically secure hash function, m is the input data, and || denotes concatenation.
For the ECDSA signature scheme, ¢ replaces nonce k in r = (kG); mod n; for the
Schnorr signature scheme, ¢ replaces nonce r in R = rG.

Alice creates a timestamp by selecting j € [1,n — 1], calculating ¢ = (j + H(jG||m))
mod n, constructing a Bitcoin transaction, applying an ECDSA or Schnorr signature
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with g as k or r respectively, broadcasting the transaction, and awaiting block inclusion,
which timestamps the input data m without revealing m.

Bob verifies the timestamp with the transaction identifier tzid, hash H(m), and
point J = jG from Alice. Bob computes w = H(J||m) and Q = J + wG. For the ECDSA
signature scheme, Bob verifies Q, = r mod n, where @), denotes the x-coordinate of Q
and component r belongs to signature pair (r, s); for the Schnorr signature scheme, Bob
verifies Q = R, where point R belongs to signature pair (R, s). Successful verification
proves m existed at the block timestamp.

The model ensures security by using a random scalar j and point J = jG to protect
the private key, while integrity is maintained by cryptographically binding m to the
timestamp. Privacy is preserved as transactions are indistinguishable from standard Bi-
tcoin ones and decentralization is promoted without trusted third parties. Implementati-
on integrates with the Bitcoin Core CLI JSON RPC API.
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Using Transformer Models to Detect Psychological
Operations (PSYOP) in Ukrainian Texts

I. Stetsenko

In the context of the full-scale war in Ukraine, information security has become
critically important. A large part of the population consumes news through social media
and messaging platforms, particularly Telegram. As a result, citizens are increasingly
exposed to psychological operations (PSYOP) aimed at influencing their awareness and
behavior.

This work presents a model that uses deep learning to classify Ukrainian texts by
emotional tone, identifying potentially manipulative content. A pre-trained transformer-
based model, RoOBERTa adapted for Ukrainian, was fine-tuned for this task.

The model was trained on a dataset of news headlines labeled for PSYOP content.
For practical use, a Telegram bot, was developed to analyze texts in real time. The results
demonstrate satisfactory classification accuracy, confirming the potential effectiveness of
the proposed approach. To improve the quality of the analysis, it is recommended to
expand the dataset with better quality information.
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pynyBaHHs MynbTUMOganbHUX 00'€KTIB AaHMX

A. B. Cronuaruii

B pobGori poarismaeTbcsa 3aaada  KJaacTepu3anii MHOXKHHU MYJIBTAMOIAJIbHUX
00’€KTiB, KOXKEH 3 SIKHX CKJIQJAE€ThCA i3 HAOOPY TAOJIHIHUX HAHUX, OJIOKY TEKCTOBUX
JaHUX, Ta KiJbKOX HabopiB 300pakenb. OCHOBHUM MiAX0I0M 70 pobOTH i3 momibHAMHK
06’eKTaMu B Cy4aCHOMY CBiTi € BenuKi monesi Ha ocHoBi LLM, ski abo 31aTHI 06p0obaaT
TEKCT i 300pakeHHsl OJHOYACHO, a00 BUKOPUCTOBYIOTH OKpPeMi OJIOKHM [Jisi BEKTOPHU3allil
irdopmaril i3 mogaIbII00 06POOKOI0 OTPUMAHUX BEKTOPIB €IUHOIO MOIEJLIIO.

IIpoTe depe3 BUCOKI BUTpATH OOYUCIIOBAJILHUX PECYPCIB SK Ha HaBYaHHH, TakK i Ha
3aCTOCYBAaHHS MOJEJI, B PAMKaX HOCTABJIEHOT 33,134l ueit niaxizg ve € edpexkruBauM. Takum
9UHOM, METa IOJISITa€ B MOOYIOBI JIermoi 3a BUMOraMu CUCTEMHU, IO Oy/e CIPOMOXKHA
06pOOIATH BEJUKY KIJIBKICTh 3aIIUTIB Ha MOPIBHAHHS Ta [I0IAJIbIINE I'PYILyBaHHs 00’ €KTiB,
1[0 TOYATKOBO IPEICTaBIeHI MHOXKMHOIO HabopiB 10 1000 e1eMeHTIB B KOKHOMY.

B pesysbraTi po6oTu po3pobiaeH0 MYIbTHATEHTHY CUCTEMY, 110 PO3B’43y€ MOCTABIIE-
HYy 3aja4dy. [lobyoBaHa cucTeMa BUKOPHUCTOBYE HaOIp Mojeseld, mo 3ab6e311eIy0Th O TH-
MaJIbHe BUKOPHCTAaHHs HadBHUX pecypciB. Cucrema nepenbadae IpylnyBaHHSA HA OCHOBI
[IOIAPHUX IHOPIBHAHL €eMeHTIB. [3 MeTOI0 3MeHINeHHs KiBbKOCTI TAKUX IOPIBHSHD, CH-
cTeMa BUKOPUCTOBYE ajiropuTMu (pisbTpamii ais BiaciBy map - KaHAUIATIB, IOPIBHIOBATH
AKi HOBHICTIO He Mae ceHcy. [lapu, mo npoiinumu neit BinGip, € KaHIUIaATAMKA Ha TPYIy-
BaHHS. JI719 KOXKHOTO 06’€KTY MOJENb TPOBOAUTL BEKTOPU3AINI0 300paXKeHb 1 TEKCTIB 3a
IonoMoror Habopy monesei. IIpu mOpiBHAHHI CIOYATKY OTPUMYIOTHCS JOTATKOBI mMO-
Jis, 10 Bio6GpaxKarTh pedynbraru 06pobku map 300pakeHb/TeKCTiB B mapi 06’eKTiB, a
MOTIM Ha OCHOBI BCiX HAsBHHUX IOJIB 3IHCHIOETHCST OCTATOYHE MOPIBHAHHSA KAHIUIATIB.

B kinni anropurMm, npeacrasienuii HaOOpOM IPABHUII, BUKOHY€E IPYILyBAHHS HA OCHOBI
pe3y/IbTaTiB MOMAPHUX NOPIBHAHB.
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Automatic structuring and analysis of restaurant
reviews using BERT model

D. Taraniuk

The evolution of massive volumes of unstructured data has emerged as one of the
key challenges for information handling in today’s digital era. Among the various data
types, restaurant reviews hold a prime position due to their diverse linguistic expressi-
ons and inconsistent formatting, which pose a significant challenge for manual analysis.
This study proposes an end-to-end automated system that can analyze restaurant revi-
ews, developed with a blend of Artificial Intelligence techniques. Central to this system
are transformers — a powerful AI architecture renowned for its capacity to handle
sequential data effectively [1] — with BERT (Bidirectional Encoder Representations
from Transformers) playing the lead role in overcoming these challenges [2].

The main goal of this study is to develop a system capable of deconstructing revi-
ews into key elements such as food quality, service, ambience, and overall satisfacti-
on. By leveraging neural networks in conjunction with the BERT model, the approach
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attains high accuracy in discerning sentiments and standardizing the diverse expressi-
ons found within review texts. The system is trained and validated using thousands of
real-world restaurant reviews, encompassing critical phases of data preparation, whi-
ch include identifying review components, cleaning, and normalization [3]. Subsequent
stages involve model training and validation, where the data is meticulously divided into
training and validation sets to ensure robust performance [4].

The outcome demonstrates the model’s capacity to reach competitive accuracy levels
in correctly classifying review sentiments and extracting meaningful insights. This promi-
sing solution is poised to streamline analytical processes for restaurant chains, review
aggregators, and marketing firms, reflecting a broader significance in today’s information-
centric landscape. At the forefront of the modern AI wave, the integration of BERT for
analyzing restaurant reviews exemplifies a natural evolution in enhancing both precision
and efficiency in understanding customer feedback.
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Application of Mathematical Methods and Models in
Selecting the Optimal ERP System for an Enterprise

O. Tarasenko

Today, ERP systems are the primary tool for automating enterprise management.
However, selecting the optimal ERP system for an enterprise is a complex and often
subjective process. Existing approaches to ERP system selection do not adequately
consider the specific needs of the enterprise, which can lead to significant financial and
operational costs.

This work explores mathematical methods and models for justifying the selection of
the optimal ERP system that meets the specific requirements of the enterprise. The work
develops a comprehensive methodology, including the use of game theory, regression
analysis, optimization, and expert evaluations to formalize the ERP system selection
process.

To achieve this goal, we applied systems analysis methods to assess the functional
capabilities of different ERP systems and align them with the enterprise’s objectives.
Additionally, the impact of financial constraints on ERP selection was studied, and an
algorithm was developed that can be used in practical applications for selecting the best
ERP system.

The practical significance of this work lies in the creation of an economic-
mathematical tool for enterprises, allowing the reduction of risks and optimization of
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the ERP system selection process. The proposed methodology can be used to develop
software that automates this process, greatly simplifying decision-making for managers.
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Tpanccopmauisa IT-ranysi yepe3 po3Butok Large
Language Models

4. B. Tepewenko, K. 0. Bouaypsincbkuit

Apxirekrypuui#i npopus TpanchOpMEpIiB Ta PO3BHUTOK BEJIHKHX MOBHHUX MOZEJeH
(LLM) kapmmeanbHO 3MiEp0TE mapamadr [T-imgycrpii [1]. GPT-4o0, Claude 3.7 Ta
Gemini Ultra renepyrors dyHKIIOHATBHAR KO 3 TouHICTIO 10 92% vy Tectax HumanEval
ta MBPP, 6e3nocepeiHb0 BILIMBAIOYK HA NPOAYKTHBHICTH pO3POOHUKIB [3]. JTocstimken-
usa Stack Overflow moxasye, mo 83% nporpamicrie BukopucroBytwoTs Al-acucrenTn, 1o
3MEHTITy€e YaC HANUCAHHS TUTIOBUX KOMIMOHEHTIR Ha 35-47%.

Anami3 BaKaHCI!i BUABIISE CTPYKTYPHI 3MIHH ¥ TEeXHIYHUX CHeriagbHOCTSX. [Tasin-
HS TIONATY HA junior-po3pobuukis ckaagae 24%, 0cobamBo y Be6-ceKTOpi Ta TecTyBaHHI,
e LLM pocsarators 89% edextusaocTi y Hanucansi unit-recris [4|. Hait6igpm Bpasnn-
BUMHK € MO3WIlT, moB’a3aHi 3 mabiaonnow po3podkoio CRUD-gomaTkiB, cTaHIapTHEMEA
ETL-uponecamu Ta 6a30BuM aHasi30M paHux vepe3 SQL-3amnuTy, siki ycmimHao aBToMa-
TUBYIOTHCS 33 J101oMoro0 RAG-minxomy.

TTapanensHO HOPMYIOTHCS HOBI BUCOKOOIIAYYBAaHI TeXHIUHI creriamizamil: inKkenepu
3 fine-tuning ta RAG-cucrem (cepemns kommnencaris $195000), ML-inxenepn 3i cmeni-
asizaniero B GPUs-onrumizanii (KV-cache, quantization) ra LLMOps-apxitekTopu, 110
[POEKTYIOTH 1HMPACTPYKTYPY AJisi opkecTpanii mogesnedi [2]. Texuiuni poni Tpancdop-
MyoThCa y HanpsaMmky "augmented intelligence— po3pobuux crae apxirekTopom i Kypa-
TOPOM TEeHEepPaTUBHUX cucTeM. Front-end iH>XeHepu MepeopieHTOBYIOTbCS Ha PO3POOKY
inTepdeiicis qaa Al-driven cucrem, a back-end cnemiasictu dOKYCYIOTBCA HA TPOEKTY-
Bauui API-mapis qnga imrerpanii LLM y 6i3mec-mporecu. 3’sBASIOTHLCS HOBI TaTepHU
po3pobkn — LLM-as-Controller Ta Al-Assisted Code Review, 1mo 3MiHIOIOTH CTaHIAP-
THU JKUTTEBUI [IUKJI CTBOPEHHS IPOIPAMHOIO 3a0e3IeIeHHsI.
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3actocyBaHHa meToay Xada 419 BUSIBNEHHSA
TPeHO0BUX NiHi Ha (hiHAHCOBNX pUHKaX

T. A. Tumienko

Tpernosi minil y TexmiynOMy aHaJi3i (iHAHCOBUX DPUHKIB BHKOPHUCTOBYIOTHCS IS
BU3HAYEHHs] HANPIMKY DyXy IiH Ta ifgeHTudikalil HOTEHIIHHUX TOYOK pPO3BOPOTY
Tperay. 3a3Buuail ni sinil Oyayorbcs TpeiizepaMu BPYdYHYy, LI[0 BHOCHTH €JIEMEHT
cy0’eKTUBHOCTI B aHaji3. ABToMaTu3ailisi noOGy0BH TPEHAOBUX JIHIN JO3BOJILE AOCATTH
6inbII0T 06’€KTUBHOCTI Ta MOCJITOBHOCTI B TEXHIYHOMY aHAJIi3i.

Meton Xada 6yB po3pobienuil s po3ni3HaBaHHSA JiHIN Ha 300pakeHHX B 33Ja9axX
KOMIT'F0TepHOTO0 30py. CyTh KJIACHYHOTO IepeTBOpeHHs Xada mojsrae B Tpancgopmarii
TOYOK 3 IPOCTOPY 300paskeHHs y npocTip napamerpis (p, 0), ne p Bu3Ha9ae Bincrans Bifg
MOYATKY KOODAUHAT 10 JiHil, a § — KyT MiX nmepuneHguKyasspomM Ao jainil ta Biccio x. Ilpu
TAaKOMY IT€epEeTBODEHHI TOYKH, PO3TAIIOBAHI Ha OJHI# JiHil, BiqoOpakanThCs B KPUBI, IO
[I€PETUHAIOTHC B OAHIN TOYN] mapaMeTpu<IHOro IPOCTOPY.

CrangapTHuit anropuT™ MeTony Xada He 30BCIM MiAXOAUTH A5 (piHAHCOBUX PUHKIB,
TOMY MHOO 3aIPOIIOHOBAHO Psif Mojudpikariit ans fioro aganrarii. 3aMicTe BUKOPUCTA-
HHS BCiX TOYOK I[iHOBOro rpadika, aJaropuTM IPAIOE Julle 3 JOKAJbHUMH MAKCHMY-
MaMH Ta MiHiMyMaMmu. Y akymynaTopi Xada BIpPOBa?KEHO 3BaKeHe I'OJIOCYBAHHS, Jie
Bara 3aJIe’KUTH Bix Bigcrani Mizk TOUKOIO Ta moTeHIiRHOIO JiHi€r0. [/ BUABICHHS TPEH-
miB pi3uoi TpuBasocTi peasizoBaHO amANTHBHUN aHAMI3 3 PI3HMMH YACOBHMH BiKHAMUD.
CTBOpEHO cucTeMy BaJiganil JiHiil Tperay, siKa Kiaacudikye pisui noxil Ha JiHIT: TOoTHKH,
mpo6HoT, mMoBepHEHHS 10 JiHil i daabmusi mpoboi.

TectyBanusa MonudikoBaHoro Merony Xada mokaszajao Horo edeKTHUBHICTH y BUAB-
senHi 3HavmMuX JiHi nigTpuMmMku Ta omopy. Po3pobiena cucrema orinku sikocTi JrimHii
103BoJIsi€ BimdinmprpyBarn HaMOIRm 3HaUymi JiHil, mpu3nadatoun pizai Barosi xoedi-
MiE€HTH pi3HUM THIAM noAifl. Meros 0cobMBO eeKTUBHUN NPHU aHAJII31 BOJATHIBHUX
pHHKIB, Je TpaauIifiHi METOAM YacTO IPU3BOIANATH /0O BHUSBJIEHHS I[IOIAHUX TPEHJIOBUX
srimii.
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Design and Implementation of the Frontend Module
for a University Timetabling System

O. Timofieieva

Nowadays, the process of generating class timetables in higher education institutions
is a complex and labour-intensive task that belongs to the class of NP-hard combinatorial
problems. Consequently, there is a growing need for efficient automated solutions capable
of handling multiple constraints and user roles.

Modern research in the field of automated timetabling focuses on the development
and improvement of optimization algorithms (such as genetic algorithms, simulated
annealing, tabu search, and ant colony algorithms), the application of artificial intelli-
gence methods, as well as hybrid models combining heuristic and exact approaches (e.g.,
constraint programming or CSP).

The AcaTime web application, developed by a team of engineers, is designed for the
automated creation, viewing, and editing of faculty schedules in higher education insti-
tutions, taking into account such constraints as resource availability, teacher workload,
and the structure of academic programmes.

The system’s key functional components include: importing operational study plans
and teaching loads from Excel files generated by the Triton system; processing workload
data and automatic identification of group-based sessions; support for CRUD operations
on key educational entities (groups, subjects, teachers, rooms); a user-friendly interface
for faculty administrators and scheduling operators; a flexible constraint management
subsystem enabling further optimization of timetables.

The file import mechanism supports adaptation to various data formats using the
Factory Method design pattern. This ensures scalability and code reuse when integrating
with external data sources of different structure.

The project is implemented using ASP.NET Core Web API, PostgreSQL, Entity
Framework Core, C# 10, and Angular. The system offers strong potential for further
development and adaptation to the needs of different educational institutions. The
import subsystem and the frontend part of the system were developed directly by the
author.
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A System Analysis Approach to Multi-Criteria
Optimization in Large-Scale Networks

D. Tokarchuk

Modern technological systems, such as telecommunication or supply chain

networks, operate under complex constraints and conflicting objectives. System analysis
methodologies provide a structured way to investigate and optimize these processes,
incorporating multi-criteria decision-making and robust simulation techniques.
Model and Problem Statement. Let G be a directed graph describing the system’s
network, with nodes representing facilities (e.g., warehouses, data centers) and edges
representing operational links (e.g., transportation routes, communication channels).
Fach node i is assigned a set of parameters x; that quantify resource capacities,
throughput, or latency. A multi-criteria optimization problem can be stated as:

gl(il;(fl({Xi})7 f2({xi}), -, fm({xi})),
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subject to constraints x; € X;, ¢ € G, and coupling constraints across connected nodes.
Methodology. System analysis techniques focus on identifying major interactions and
feedback loops that drive the global performance. The main steps include:
- Parameter Identification: specifying key performance indicators (KPIs) and
mapping node-level data.
- Discrete-Event Simulation: modeling arrival rates, service times, or other
random events in the network.
- Multi-Criteria Optimization: applying evolutionary algorithms or gradient-
based methods with weighting strategies or Pareto front exploration.
A hierarchical structure is often used, combining node-level subproblems with system-
level coordination algorithms.
Results and Further Work. Preliminary experiments demonstrate improved resource
utilization and reduced operational costs compared to traditional single-criterion
methods. Future work involves integrating stochastic demand forecasts and adaptive
scheduling, aiming to accommodate unpredictable load variations in real time.
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The problem of aggregation, processing, and analysis
of internet traffic

Y. Tretiakov

The rapid growth of the Internet and increasing network complexity raise critical
concerns about security and performance. Real-time traffic analysis is essential to detect
anomalies and optimize network usage, but traditional tools often lack scalability and
responsiveness.

This paper presents a system for efficient network traffic analysis that combines high-
performance data processing with an intuitive interface. Using a modern technology stack
and microservices, it offers scalability, efficiency, and ease of use.

Developed with Rust for the backend and TypeScript/React for the web interface,
the system stores and processes traffic data in PostgreSQL. Its microservice architecture
distributes functionality across independent components, ensuring flexibility and simpli-
fied maintenance.

Microservices communicate via the QUIC protocol, enabling low-latency, high-
throughput data exchange. Unlike traditional HTTP/REST, this approach allows
parallel request processing and optimizes resource usage. Data are transferred in a propri-
etary binary format instead of JSON, further boosting performance.

Unlike Wireshark, which lacks parallel processing and real-time insights, the system
supports live traffic analysis and built-in statistical visualization. Compared to Suri-
cata’s rule-based attack detection, it enables interactive anomaly detection through vi-
sualization. Rust and asynchronous processing ensure high performance and large-scale
data handling.
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The React-based web application provides interactive graphs, filters, and monitoring
tools, making traffic analysis accessible to both professionals and beginners.

The microservice design supports horizontal scaling and seamless feature expansion.
New formats and protocols can be integrated without disrupting existing functionality,
ensuring adaptability to growing demands.
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RLaLLMA: Reinforcement Learning Augmented Large
Language Model Agents

B. Turbal, Y. Tereshchenko

Reinforcement learning (RL) struggles with sample efficiency and integrating natural
language constraints, while large language models (LLMs) excel at language tasks but
lack direct control capabilities [1]. We propose an RL-augmented LLM agents framework
(RLaLLMA) that combines these strengths [2]. Our approach uses a frozen basic RL
policy (Proximal Policy Optimization with MlpPolicy) to generate a recommended action
which is fed to an LLM alongside the current state and text instructions. The LLM then
determines whether to follow the RL’s suggestion or override it based on additional
constraints for different tasks, effectively creating a language-controlled policy adapter.

‘We validate our method on a Lunar Lander environment with three tasks: landing
safely (T1) - baseline task, following specific engine activation rules (T2), and avoidi-
ng repeated actions (T3). Comparing pure RL, standalone LLM, and our RLaLLMA
approach, we measure both episodic reward (Rw) specified by the environment and
instruction-following rate (Ct) - the percentage of steps complying with task soft
constraints:

Method | TLRw T2Rw T3Rw | TICt T2Ct T3Ct

RL 180 - - - - -
LLM -103 -125 -211 100% 98% 100%
RLaLLMA 192 121 28 100% 94% 98%

Results show RLaLLMA maintains high instruction-following rates while achieving
significantly better performance than pure LLM approaches. This demonstrates the value
of hybrid models that leverage both RL’s efficiency and LLM’s language understanding
capabilities.
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Finding Heightmap Gridline Segments in Segmented
Object Regions and Triangulating Such Regions for
Automated Realistic 3D Scene Generation from
Multimodal Geodata

A. Fisunenko

Our goal is to automate the generation of realistic 3D scenes based on real-world
places by their multimodal geodata (satellite images, heightmaps, terrain photos, etc.).
In one of the subtasks of this problem, we perform semantic segmentation of satellite
images, obtaining multiple regions of terrain objects of the same class (e.g. trees, grass,
soil, water bodies, roads, etc.).

We need to project these segmented regions on the underlying 3D landscape surface
represented by its heightmap, which we can describe without the loss of generality as
a function H, : X xY — R, where X = 0,a, Y = 0,b, a,b € N, and r € R*\{0}
is the heightmap’s resolution in the chosen units. We assume that the landscape is
approximated as a mesh with the uniform grid of vertices given by H,, and that our
regions are arbitrary non-self-intersecting polygons inside the rectangle [0,a] x [0, 5],
possibly non-convex and/or with holes that are simple polygons. If there are other regions
inside a hole, we treat them as separate polygons. Our goal is to find all segments of
heightmap gridlines that lie inside each region to triangulate it, accounting for the heights
of the landscape grid points, and make a 3D representation of the region.

To achieve it, we perform the following steps. For each polygon and hole side

(z1,91), (z2,y2), we find its intersections: with horizontal gridlines — by solving the
sides’ line equations for z with known y’s in a range [y1], |y2]; with vertical gridlines
— by solving the sides’ line equations for y with known z’s in a range [z1],|z2]. For
horizontal sides (z1,y*), (z2,y*), we iterate over x; values in the mentioned z range —

this gives intersections with vertical gridlines = = x;. For vertical sides (z*,y1), (z*,y2),
we iterate over y; values in the mentioned y range — this gives intersections with hori-
zontal gridlines y = y;. Each intersection point can be either the polygon’s vertex, a
hole’s vertex, a point on the polygon’s side, or a point on a hole’s side, and is marked
respectively.

Once we find an intersection, we add information about it into mappings of the
following structure: for all found vertical gridlines with equation = = z;, x; maps to the
y’s of this gridline’s intersection points; for all found horizontal gridlines with equation
Yy = yj, y; maps to the «’s of this gridline’s intersection points. For each polygon and
hole side, we also store all its intersection points.

Then, we iterate over intersection points on each polygon and hole side in ascending
order and form consecutive segments with these points. After that, for each gridline in
the mappings, we iterate over coordinates in ascending order and form the gridline’s
consecutive segments, skipping gaps between every two consecutive intersection points
on the hole boundary (using point markings) and including grid points with integer
coordinates that lie on this gridline inside the polygon. Finally, we form a planar straight-
line graph (PSLG) with all the resulting edges and vertices (found segments and their
endpoints) and triangulate it using constrained Delaunay triangulation [1].

After finding the landscape height h at each vertex (z,y) of the PSLG and turning
each such 2D point into a point (z,y,h), we obtain the final 3D region mesh on which
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we can further generate landscape objects.
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Cuctema BusiBneHHsi reorpacdidHnx cyTHOCTel B
YKPaATHCbKUX OrOJIOWEHHAX HePYyXOMOCTI

0. O. ®pankos, f. B. TeperieHko

AmHami3 OroJionens Mpo HEPYXOMICTh € MIHHUM J2KEPESIOM MPOCTOPOBOI iHdopMarii,
aJpKe TaKi TeKCTH 4acTo MicTsaTh faHi n1po micuesHaxomxeHHsi 00’€kTiB. ABTOMATHYHE
BU3HAYEHHs reorpadivHuX CyTHOCTEHN y IUX TEKCTAaX CIPHUsIE TOKPAIIEHHIO MOIIYKY, KJla-
cudikamil Ta aHaJIi3y PUHKY HEPYXOMOCTI.

3agada Mae HU3KY 0COOIMBOCTEH, a/12Ke OrOJIONIeHHS YaCTO HAIKMCAH] JBOMA MOBAME
abo Tx cyMimmio, MalOTh BapiaTHBHICTbh HAIIMCAHHSA HA3B, MICTATH IOMUJIKH Ta OAPYKiB-
Ku. e 701aTKOBO YyCKIIAIHIOE IpoIiec ix 06pobKu.

B manuiii pobori Mu posragmanu pi3Hi migxoau BupimieHHs Ii€l 3a7a4i: mpuxoBa-
ui MaproBcbki moneni (HMM); ymosni Bunaakosi nonsa (CRF); 6patu BeKTOpHE Ipe/-
CTaBJIEHHS CJaiB Ta momasaru ix Ha kiacudikarop; BiLSTM; momeni BERT; xom6inanil
nepesivYeHux Mmiaxomis.

Haitripmi pesysabraru cepen nmomanux mogesieil Oysim OTPUMAHI 3 BUKOPUCTAHHSAM
MIPUXOBAHUX MAapPKOBCHKUX MOJEJIeH.

YMOBHI BUIIAIKOB] OJIS CyTTEBO MOKPAIIUIN TOYHICTb.

BpaJsin BeKTOpPHI Ipe/icTaBIeH s CJIiB OTpEMaHuX 3a gonomorown FastText (CBOW).
Jomasanu 6ymesi ozuaku. Orpumanuit Bektop nomasanu na XGBClassifier. Ile mo3so-
JIUJIO TPOXHW MiJABUIIUTHU SIKICTh nepenbadeHsb.

Bukopucrosanuss BiLSTM naBajo cxoxi METPHUKH.

OuikyBaHo, daiin-Tioneni mozneni BERT nokazanu cebe maitkparmie. /logaBanHsa Ha-
Bepx BERT-mozeni BiLSTM He 1amo mokpalieHb.

3arajnoM HaMKpamono BUABHIACH (aiiH-TioHeHa bert-base-multilingual-cased mo-
nenb. Ha BamimamiitmoMmy martaceri merpuka macro average fl cramosmia 0.8401 mpm
accuracy 0.9841.
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Specialized Memory Allocator Architecture for OLAP
Database Management Systems

D. Tsomenko

Current generic memory allocators are not fully optimized for OLAP workloads and
can lead to latency increases, inefficient memory usage, and performance degradation
due to NUMA-related issues. Therefore, the specialized allocator architecture proposed
in this research includes:

a) NUMA-aware memory arenas to ensure memory allocation occurs on local
nodes, significantly reducing cross-node memory access latency.

6) Thread-local caches to minimize allocation latency, eliminate contention among
parallel query execution threads, and improve scalability on multi-core systems.

B) Query-local memory pools are designed specifically for large-scale temporary
allocations typical for OLAP queries, enabling efficient bulk memory deallocati-
on after query completion and reducing memory fragmentation.

r) SIMD-friendly memory alignment (64-byte alignment) to facilitate vectorized
processing of large columnar datasets, significantly enhancing CPU utilization.

n) Efficient handling of cross-thread memory freeing through lock- free or deferred
mechanisms to maintain high throughput in parallel query pipelines.

e) Adaptive memory reuse and release policies that balance between memory avai-
lability for subsequent queries and gradual return to the operating system,
maintaining optimal memory footprint over long-running database sessions.
The proposed architecture provides tailored memory management, significantly
improving the performance and stability of OLAP database systems on NUMA-
based hardware.
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MopiBHSAAHHS e(PeKTUBHOCTI BMKOPUCTAHHS
TPaAVLIAHNX KOAEKCIB 3 HEMpOMEpeXeBumMu ass
NMOTOKOBUX MY/NbTUMELIAHNX OAHUX

C. I. Yenanokos, IO. B. Kpak

3pocrauusa obcariB mynbruMernifinoro tpadiky Bumarae eeKTHBHHX METOAIB #Ho-
ro KOAyBaHHS Ta mepexadi. Tpaguniiini komexm, taki sk H.264 ta H.265, mupoko Bu-
KOPHUCTOBYIOTBHCA JJIsl 3MEHIIEHHS PO3MIpy JaHuX 6e3 3Ha4yHO! BTpaTH skocti. OnHaK,
OCTaHHIM YaCOM DPO3BUBAIOTHLCS HEHPOMEPEXkKEBI METOIU CTHCHEHHS, siKi JeMOHCTPYIOTH
BHCOKHUH IOTeHnian y 30eperkeHH] sKOCTI Ipu 3MeHmIeHHi 6iTpe#Ty.

3anponoOHOBAHO TiAXif, IO BKJIOYAE MOPIBHAAbHUN aHAJII3 TPASUIIMHUX METOIB
KOLYBAaHHS MYJIbTHMEAIMHUX JAaHUX i3 CcydacHUMH HelipomeperkeBumu migxomamu. [o-
CJIIJIKYEThCs AKICTh BiTBOpeHHs Bijgeo micas crucuenus (Merpuku PSNR, SSIM, LPI-
PS), mBuakicTs 06pofki, & TAKOXK BHMOTH JI0 alnapaTHOro 3abesnedenusa. [Iposenenmuii
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aHAJII3 IEMOHCTPYE MOTEHITAJ BUKOPUCTAHHS HEHPOMEPEXKEBUX KOJEKIB JIJIS MOTOKOBUX
JAHUX ¥ PeaJbHOMY daci.

JI1 eKCIepUMeHTaJIbHOTO aHaJjli3y BHKOPHCTAHO HAbip TECTOBUX Bineo, IO KOAY-
Basiuca tpaguniiaumu (H.265) ta neiipomepexkeBumu xogexkamu (Neural Compression,
Deep Video Compression). Oninka sxocti npoBogmnacs sk 00’€KTHUBHUME METPHKAMH,
Tak i eKCIePTHUM OI[iHIOBAHHSIM.

Ilix yac aHasi3y BUSIBJIEHO, 1[0 HEMpOMeEpeXKeBl KOJEKH [AO3BOJISIOTEH JOCATTH BUIOT
eeKTUBHOCTI CTHCHEHHsI MPU OJHAKOBIM a00 Kpamiil sskocTi BigrBOopenHusi. OnHak TXHE
BUKODHUCTaHHS NOTPebye 3HAYHUX OOYUCIIOBAJIBHUX PeCypCiB, IO MOXKEe OOMEXKHUTH 3a-
CTOCYBaHHS B peasbHOMY daci. ITomanbIimi JoCcHimKeHHS MOXYTh OYTH CHPSIMOBaHI HA
ONTHMI3AI0 HeMPOMEpEXKeBUX MOJeel il 3MEHIIeHHs IXHIX anapaTHUX BHMOT.
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A Novel Heuristic for the Precedence-Constrained
Knapsack Problem

D. Cherniakin, A. Anisimov

The Precedence-Constrained Knapsack Problem (PCKP) is a generalization of the
well-known knapsack problem that introduces additional constraints on the order in
which items can be added to the knapsack. Like the original problem, PCKP is NP-
complete [1], making it computationally challenging to solve optimally. In this work, we
introduce a heuristic approach that can function as a standalone greedy algorithm or be
integrated into a more complex optimization framework. The proposed heuristic is based
on a function that evaluates the “unit cost” of an item, considering all its prerequisite
items.

More formally, given a set of n items, each item i is associated with a weight wi and
a profit v;. The knapsack has a capacity ¢, and a binary decision variable z; indicates
whether item ¢ is included in the knapsack. Additionally, a precedence constraint graph
G = (V, E) is defined, where each directed edge (i,j) € E enforces that item j can only
be selected if item ¢ is also included. The objective function is given by:

n
max Z VT4

=1

subject to:
n
Swiwi<c, wmi>wx;, V(i,j)€E, x;€{0,1}, VieV.
=1

To guide the selection process, we propose a function G(v), defined as:

Zi v) Vi
G(v) = =P 7

Tiep(v) Wi
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where P(v) denotes the set of items that must be included in the knapsack if item v is
selected.
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Retrieval of semantically similar text fragments to a
query
V. Chuchkanov

In today’s world of vast information resources, finding relevant data can be challengi-
ng. This work presents an algorithm for retrieving text fragments that are semantically
similar to a given query.

The algorithm begins by extracting meaningful words from the input query based
on part-of-speech analysis. The selected words are then divided into 4-word chunks, and
through recursive search using an inverted index, the system identifies text locations
where these chunks (or their semantically similar counterparts) appear in close proximi-
ty. Semantic similarity is determined using cosine similarity between word vectors from
the Word2Vec model [1], with additional part-of-speech filtering. By restricting compari-
sons to words actually present in the text, the algorithm maintains both relevance and
computational efficiency.

The resulting sets of intervals for each chunk are then processed to select non-
overlapping segments, which are ranked according to the density of nearby intervals
from different chunks. This approach identifies text regions that most closely match the
original query’s semantic content.

For evaluation, the algorithm was tested on random texts and a specialized dataset
[2] containing original queries and their ChatGPT-generated paraphrases. The system
demonstrated approximately 80% accuracy while producing an average of 2.6 false posi-
tives per query, representing less than 0.65% of the total text size.
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Interactive VR application for visualizing and editing
three-dimensional graphs of mathematical functions

D. Shabanov

The integration of virtual and augmented reality (VR/AR) into educational tools
continues to gain momentum, offering new opportunities for interactive learning. In
particular, mathematical disciplines, which traditionally rely on abstract representati-
ons, can benefit from immersive 3D visualization to enhance understanding of complex
concepts.

In this study, we present a web-based application for visualizing and interacting wi-
th mathematical functions in three-dimensional space, with support for both desktop
and VR platforms. The application was developed using JavaScript in conjunction wi-
th modern web technologies, including WebXR for VR integration and Three.js for
3D graphics rendering. Math.js was used for dynamic formula evaluation, while a
formally verified parser was implemented in the Dafny programming language to ensure
correctness and reliability of expression parsing. The Dafny code was later compiled into
JavaScript for seamless integration.

The user interface was built with HTML and CSS, providing controls for inputti-
ng functions, adjusting graph parameters, and toggling display options. The system
supports custom variables in functions, with dynamically generated input fields allowing
users to modify variable values in real time. The result is a responsive, interactive 3D
surface that updates based on user-defined parameters.

VR support was implemented using WebXR, enabling interaction with the graph
through VR controllers or hand tracking. Users can manipulate the 3D graph by
translating, rotating, and scaling it within a virtual environment. This level of immersion
provides a more intuitive understanding of spatial mathematical relationships.

The proposed application demonstrates the potential of combining web technologies
with formal verification and immersive VR interfaces for educational purposes. It offers a
cross-platform, accessible solution for exploring mathematical functions and can serve as
a basis for further research into educational VR tools, particularly in STEM education.
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3abe3neyeHHs OOCTYNHOCTI y BeD-Aun3aiiHi:
OotpumanHa nacrtaHos WCAG

C. I'. IlTasimaHoB

JI0 KJII0YOBUX MWUTAHb CYYaCHOrO BeOAM3alHYy BiTHOCUTHCS TeMa BeO-HOCTYITHOCTI.
PiBHEUi gocTyn mis BCiX KOPUCTYBadiB, BKJIIOYHO 3 TUMH, XTO MAa€ OOMEKEHH, € OJHUM
i3 TOJIOBHUX 3aBJaHb Oyab-skoro iHdopmaritnoro pecypcy. HacranoBu Web Content
Accessibility Guidelines (WCAG, HacramoBn momo 3a0e3medeHHs NOCTYymHOCTI BeG-
KOHTEHTY) 33/lal0Th MIXKHADOAHI CTaHZADPTH, IO CHPHUSAITH CTBOPEHHIO IHKJIIO3HBHO-
ro inrepHer-npocropy. Hemooninka nux cTaHAApTIiB 0OOMeXKY€e MOTEHIIAJI KOPUCTYBAdiB,
30KpeMa 0ci6 3 mOpylmeHHSIMHU 30Dy, CJIYXy, MOTOPHKH, & TaKOXK KOTHITHBHHX (IIOHST-
TEBWX) BiAMIHHOCTEH, IO MOXKE NIPH3BECTH A0 COmianabHO! i3osanii Ta imdopmaniinoi
HEPIBHOCTI.

Hopwmu €eponeiicbkoro Coo03y CTUMYIOITH BIPOBAJXKEHH [U(PPOBOT JOCTYIHOCTI,
10 IOKpallye AKicTh BeGcalTis. 3riguo 3 mocaimkennam WebAIM (1], ananiz minbitona
FOJIOBHUX CTODPIHOK BeDO-CafTiB IOKa3aB, IO CepesiHs KiTbKICTh MOMHJIOK JOCTYIHOCTI
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cTaHOBUTH H56.8 Ha caiiT. [licias BIpoBaJiKeHHs pillleHb 3 JIOCTYIHOCTI OpraHiyHuil mo-
mykosuii Tpadik 3pic B cepeaubomy HA 12% [2].
Hnsa BI/IpiI_LIeHHS{ npobiemu BeO- ;LOCTynHO(:Ti BaJKJINBO JOTPHMYBATHUCH OA30BHX IIO-
paJ mpu CTBOPEHHI i po3pobiii Beb-caliTin:
- Horpumysaruce macranoB WCAG npu po3pobri BebcaiiTiB, 30kpema Ha BCix
eTalax: IJIaHyBaHHA, TeCTYBAaHHS, 3aIllYCK.
- IlpoBoguTHu aynuT JOCTYIHOCTI Ta aJalTyBaTH BXKe iCHY0OUYI udposi pecypcu
3 MeTOI0 PO3IIUPEHHS KaTeropiit TOCTymHOCTI.
- BukopucroByBaru cydacui TexHOMOril, Taki K aIbTEPHATUBHHUI TEKCT IS 30-
Opaskensb, aganTuBHi mpudTH Ta rOI0COBI iHTEpdEiicH.
- IMizBumrysaTu piBeHb 0Gi3HAHOCTI cepe tu3aliHepiB i pO3POOHUKIB IIO0 TPUH-
IUmiB AOCTYIHOCTI IMIJIAXOM BigmoBigHUX KypciB Ta TpeHinris.
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Optimization of a Modern Web System

S. Shevchuk

The objective of this paper is to demonstrate modern practices for optimizing appli-
cation performance.

Initially, the backend was deployed using AWS Lambda, featuring a basic set of
functions, while the frontend was served from S3 with a simple React implementation.
Later, I reworked the entire deployment by containerizing the application on EKS and
implementing a CI/CD pipeline, which significantly optimized the development process
and improved the developer experience (DX).

The use of Next.js with server-side rendering further enhanced page load times,
improved SEO, and provided a superior user experience compared to the traditional
client-side approach.

Integration of TRPC facilitated efficient data exchange between the client and the
server, reducing latency and enhancing communication security.

On the backend, employing Nest.js enabled the creation of a modular and
scalable architecture that simplifies maintenance and feature expansion. Utilizing dri-
zzle for database operations optimized data storage and processing, ensuring the stable
performance of the application even under heavy load.

In summary, by enhancing an existing project with these technological improvements,
I saved both development time and costs, paving the way for more efficient and cost-
effective future innovations.
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Methods of implementing hot-reloading in
programming languages

D. Shcherbak, K. Zhereb

Hot reloading is a feature in programming languages that allows making changes in

the source code of the program, while it is running, and see the change in behaviour of
the program instantly. Naturally, this feature is introduced much easier in interpreted
programming languages, such as JavaScript or Python, since the interpreter is working
with the source code files directly, and each change is immediately represented by a
corresponding change in behaviour.
Implementing this feature in compiled programming languages poses a challenge, since
such languages compile the program into a different representation, often an executable
with machine-level instructions. Changing such low-level representation often requires
recompiling some of the source files and can take a lot of time. For developers working
on big projects this can mean longer feedback time on introducing changes into code,
which slows down the development process substantially.

This study investigates different approaches to implementing hot reloading in compi-
led languages. Some languages, like C# and Java, allow hot reloading in debug mode,
however such functionality is often limited in terms of what parts of the program can
be changed and to what extent [1]. Some other solutions, such as JRebel [2] and .Net
Edit-and-Continue [3] allow more flexibility, but can result in worse performance.

As a result of this study, an efficient approach to implementing hot-reloading is
introduced. Proposed architecture implements a wrapper on the executable, which can
be used to upload changed versions of functions in forms of dynamic libraries or shared
objects. Building a separate compiler around this approach will allow for more efficient
implementation.
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Cexkmig «Metoanka
BUKJIQJaHHSI MaTeMaTUKN»

MeparorivyHi yMOBM BMKOPUCTAHHSA iIrPOBUX TEXHOJOT I
Ha ypokax iHhopMaTuku

M. M. Bopeup

YV mocaipKeHHi PO3TJISIIA0ThCS MTeIarorivHi yMOBUA Ta METOM BIPOBA>KEHHS irpO-
BHUX TEXHOJOTi# Ha ypoKax iHdopMaTuku. OcobJIUBICTIO IpeaMeTa € pi3HUil piBeHb Iiiro-
TOBJIEHOCTI y4HIB A0 pob0oTH B NU(OPOBOMY cepenoBuIni. Tak JacTUHA AiTell BUKOPUCTO-
BY€ ra/2KeTU IIPOTATOM TPHUBAJIOTO YaCy KOXKHOTO OHS, OJHAK YaCTUHA y‘{HiB HEe MAIThb
TAaKOI MOXKJIMBOCTI Ta MHPAIIOIOTH i3 KOMIT'IOTEPAMH BHKJIIOYHO B IIKOJi. OKpiM 1mporo,
BAXKJIMBO BPAaXOBYBATH CTPIMKHI DPO3BHTOK TEXHOJIOTIH. 3a3HAYMMO, IO y4HI IOYaJIH
BHKOPHCTOBYBATH y HABUAHHI IITYyIHUN {HTEIEKT.

Tum He MeHIIe, YPOKH iH(MOPMATUKH MAIOTh JATU yIHAM 0a30Bi HABUYKH POOOTH
3 KOMI'I0T€POM, PO3BHHYTH BMIHHS CAMOCTIHHOTO HAIIMCAHHS KOMII'IOTEDHHEX IPOrDAM.
Ile cupusie po3BUTKY MUCJIEHH$, CTAHOBJIEHHIO BCeOiYHO po3BMHEHOI ocobucrtocti. Tak
caMo, SIK BUHAMJIEHHS KaJIbKYISTOpA He CKAaCOBYE HEOOXiTHOCTI BUBYEHHS apudMeTUKH
B IIKOJI, TaK I pO3BHTOK HEHPOMEPEXK He CKACOBYE, & HABIAKH CIPUIE BUBUCHHIO IPOTPa-
vyBauus. OpHak 1 (akTOpH 3HUAKYIOTH MOTHBAINIO yIHIB 10 HABYAHHS TA HETATHBHO
BIJINBAIOTH HA aKaJIeMidyHY JOOPOYECHICTH.

Jlna mipBuUIeHHs 3aIiKaBJIE€HOCTI YYHIB 0 CaMOCTIMHOI'O BUKOHAHS 3aBJAaHb BYH-
TeJIb MOXKe BHKOPDHUCTOBYBATH irpoBi TexHosorii. /Iy MOBTOpeHHS HOBHX TepMiHIB Ta
6a30BUX KOMAHJ MOBH IPOrDAMyBaHHS MOXKe OyTu Bukopucrtama rpa '"Alias". Ilpu Bu-
BUYEHHI PeRAaKTOpiB MOxkHA 3acTocyBarn rpy "Conifimail xakepa"(aursaaa indopmarnana
ajgarranisa rpu "Madisa"): KoyKeH yUeHb Ta yIEHHUIT OTPUMYIOTH POJIb i MAIOTh CTBOPUTH
BiZIITOBITHOTO MepCcoHaXKa 33 JONOMOroi rpadivnnx pegakTopis. Ilicnsa mporo Bindbysa-
€ThCsL OOrOBODEHHSI, Pe3YJIbTATH SKOr0 O(OPMIIOIOTBCS yCiMa yIaCHHKAMHU y BHIJIS
TEKCTOBOTO MOKYMeHTa. B Kinmi payeay xakepu npoOyroTh "mpoBecTu arTaky''Ha OmHO-
ro 3 yYacHUKIB, & CHCTeMHHU AJMIHICTPATOD - BHPAXyBATH Ta BPATYBATH 3aparKeHU
xoMI'torep. I'pa BuksinKae no3uTuBHI eMonii B yYaCHUKIB OCBITHBOIO IpOLECY Ta KOPH-
CTYE€THCSI MOMYJIAPHICTIO.

Omxke, 41g 3a1iKABIEHHS CyIaCHUX AiTell indOPMATUKOI MOXKHA BUKOPHUCTOBYBATH
amanrarmil pi3HuX BiOMHUX irOp 10 TEMH YPOKY.
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3acTocyBaHHSA mMeTOoAy MPOEKTIB HA ypoOKax
MaTemMaTuKku

I. B. Bpuk

11106 po3BuTH y IIKOJISAPIB 34aTHICTH IPAIOBATY 3 IH(HOPMAIi€I0, HABYUTH X CAMO-
CTIHO MUCAUTH, YMIiTH OIPAIIOBATHA B KOMAaHl, TOTPi6HO BukOopucTaTy pi3Hi megaroriuni
TEXHOJIOTIT, B TOMy 4ucai @ mpoekTHY. ¢ Biimaro mepeBary MeTOAy HPOEKTIB, TOMY IO
IPOEKTHUM 11i/X1) BKJIOYAE HACTYIIHI lepeBaru:

- CTae€ BUIIE BiIBiIyBaHICTh 3aHATDH, B YUHIB POCTE BIEBHEHICTh Y CBOIX 3HAHHIX,
PO3BHUBAETHCS 3MI0HICTE 10 HABYAHHS;
- 3a/la4i HaBYAHHS AHAJIOTiYHI a00 IEepPeBEepIIYIOTH II0 CBOEMY DIBHIO 3aBJaHHI,
BUCYHYTI IHIIIMU MeTO1aMK. BiAMIiHHICTB MPOEKTHOTO TiIXO/Ty TOJSTAE B TOMY,
1o y4Hi 6epyrsb Ha cebe Gisiblry BiAnOBiTaJbHICTE 33 CBOKO OCBITY, YUM IIij 4aC
3BUYAMHNX 3aHATH y IIKOJAX;
- MOXKJIMBICTH DO3BUTKY Di3HOGIYHUX HABUYOK, TAKHX $K HOBUH THI MHCJIEHHS,
3HAXO/’KEeHHS BiAmosineil, pobora B KOJIEKTUBI, & TAKOXK CHINKyBaHHS [1].
Y cydacHiél memarorini MpoeKTHe HaBYaHHS BUKODHUCTOBYETbCS HE 3aMIiCTh CHCTEMATH-
YHOTO IPEeIMEeTHOrO HABYAHHH, a MOPAM 3 HUM, K KOMIIOHEHT OCBiTHiIX cucreM. Merox
IPOEKTIB Ja€ MOXKJIMUBICTH BpaxyBaTH iHAuWBigyassHi BigMinaocti yuanis. e # cupuiins-
TTS MaTepiajly —- y KOTOCh DiJIbII PO3BHHEHE 30DOBE CIPUIHSTTS, XTOCh Kpale 3a-
mam’gToBy€ Ha CIyX. MeTos mpoekTiB He TibKE po3kpuBa€ 3ai0nocTi yuuis ta dopmye
pi3Hi HaBWYKH, ane # BIUTENIO BiAKPUBAE MIKOJIAPIB 3 HOBOTO morusaxy [2].

Hapasi s npaiffor B O/Hiil i3 CTOJMYHUX IIKiJI, e TiJ YaC YPOKIiB MaTeMaTUKA AKTUB-
HO 3aCTOCOBYI0 METOJ MPOEKTIB, AKUU AIfCHO 3amajioe B AITAX MajKe MPArHEHHS 0
3HAHb Ta JI0 YUiHHS.
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MoeaHaHHA KNAaCUYHUX | @BPUCTUHHUX METOAIB Npwu
HaBYaHHI MaTeMaTUNKKU

M. A. Baunuk

AKTYaJbHICTH iHTErpamii KJIaCHYHUX Ta €BPUCTHYHUX METOMIB y HABYAHHI Ta BH-
KJIaQTaHHI MaTeMaTUKU O0YMOBJIeHa HeOOXiTHICTIO 3abe3meunTtr Ginbin edeKTUBHUN Ta
rHy9KHH NIPOLEC HABYAHHHA, INO BiAmOBizae Bumoram cywacHoi oceitm [1]. VY ceiri, me
MIBUAKO 3MIHIOIOTHCS TEXHOJIOTIT Ta M X01u [0 BUpIIIeHHs mpobaeM, BaXKJIUBO HE JIUIIE

3aCBOIOBATH TPAMUINNHI MaTeMaTHYHI METOM, aJjie i PO3BUBATH TBOPUI 3AiOHOCTI, IO
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JIO3BOJISTIIOTH €(PEKTUBHO AJTAIITYBATHCS JI0 HOBHX yMOB. [loeTHAHHS KIACHYHUX | eBpH-
CTUYHUX TiIXOMIB JOMOMAara€ y4HsaM He TiTbKU HaOyBaTH 3HAHb, & ¥ BUUTh KPUTHUIHO
MHCJIUTH, MIyKATH HOBIi DillleHHS Ta BUKOPUCTOBYBATH HECTAHIAPTHI cTparerii.

Knacuuni Metonm GOKYyCyIOThCI HAa TOYHOCTI Ta AJTOPUTMIYHHX MigX0JaxX II0
pO3B’sg3yBaHHs 337a4, 10 € OCHOBOIO JJIsi PO3BUTKY JIOTiYHOrO Muc/jeHHS. Bonu 3a0e3-
eIyI0Th CHCTEMHICTh Ta CTablibHICTH HaBYAIBHOrO mporecy. HarowmicTs eBpmcTmumni
METOAM JO3BOJIIOTH PO3BUBATH KPEATHUBHICTH Ta IHTYIMi0, IIO0 CHpHSAE 3JaTHOCTI 3Ha-
XOAMTH IHHOBALiiHI pilieHHs y CKIaJHUX cuTyanisx. [Hrerpanis nux aBox migxogis rae
3MOry yYHSM He JIUIIe BUBYATH TPAAMNiHHI MareMarwdni aaropurMmu, a i OBOIOAIBATH
MeTOAAMH aJamlTalil, o JOIOMAaraloTh y pPO3B’A3yBaHHI HOBHX i CKJIajHUX 33134 [2].
Tleit KoMIIeKCHUH MAXin € BaXXJIMBUM JJ11 (DOPMYBAHHS TFHYYKHX HABUYOK Ta KOMIIE-
TEHTHOCTEeH, HeOOXIAHUX y CyYacCHOMY CBiTi HayKM Ta TEXHOJIOTii.
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Onnaiin-cnisnpaus y BUKAagaHHi MaTemMaTuKu: OOCBIA
peani3auii ocsitHboro COUL-npoekty “MatemaTtnyte
MOAE/IIOBAHHS | WUTYYHUW IHTENeKT'

M. B. I'pucenko, O. M. I'mymak, O. B. JIoka3ok

Po3risi1aeThCst MOIENh CIJIBHOTO OHJIAWH HaBYaHHs: MO/Jesb CIiJIbHOTO OHJIAfH Ha-
puanusa COUL (Collaborative Online Ukrainian Learning) — npaxru4uuii xefic, opieaTo-
BAaHUU HA 3aCTOCYBaHHA MATEMATAYIHOI'O MOACJIIOBAHHA Ta IITYIYHOTIO iHTeJIeKTy B MexXKaXx
mpucuumin: “Teopis #imoBipuocreit”’, “Ananiz Benukux maunux”’, “Maremarnuni crygii”,
“CucremMHuil aHaJi3”, KUl peasli3oBaHO B MeKaX CIIBIpalll YOTHPHOX IPOBITHUX YKDa-
THCBKUX HAYKOBO-OCBITHIX yCTaHOB: KHIBCHKOTO CTOIMYHOTO yHiBepcuTeTy iMeni Bopuca
I'pinuenka, Kuiscbkoro mamionanbuoro yuisepcurery imeni Tapaca Illesuenka, lucTu-
ryry maremaruku HAH Vxpainu, [ucturyry nudposizanil ocsiru HATITH Yxpalwm.

Metroro peanizopanoro COUL-upoekTy “MareMarnyHe MOIEIIOBAHHS T IITYYHUI
inTesekT” OyJsI0 3asyueHHs CTYAEHTIB pi3HmX KypciB Ta OcBiTHIX mporpam yHiBepcuTeTin
Ta MOJIOIUX HAYKOBIIIB HAYKOBHX YCTAHOB N0 CHiJIBHOI po6oTu. OcobiauBy yBary MIpH-
OimeHO PO3BUTKY JOCHITHUNBKUX 1 KOMYHIKAIIMHUX HABUYOK, a TAKOXK MIXKJIUCIIMILITI-
HAPHOMY HiZXOmy 4O BHDIIIeHHS AaKTyaJIbHHX OCBITHIX Ta HAYKOBHUX IPOOJIEM, BHK/IU-
KiB Ta MOXKJIUBOCTEll yKPATHCHKOIO OCBITHBOrO cepemoBuina. Peasizania npoekTy crasa
SACKPABUM NPHUKJIAJIOM edeKTHBHOI cUHeprii HayKH, OCBITH Ta MOJIOIIXKHOI iHimiaTuBH,
10 BiAKpUBA€ HOBI MEPCIEKTUBYU AJIS PO3BUTKY YKPAIHCHKOrO aKaJAeMidHOrO mMpPOCTOPY.
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DOopMYyBaHHA KPUTUYHOITO MUC/IEHHS NMPU HaBYaHHI
MaTeMaTuKu y 3aKflajax 3arajibHoi cepeaHbol OCBITU

I. O. Banizugak

KpuTtuyHne MuCIeHHs € HEOOXiTHOIO HABUYKOIO CYHaCHOI OCBiTH, IO JAOMOMAarae aHa-
aizysaru indopmanio Ta npuiivarn o6rpyHTOBaHI pimenns [1]. Maremaruka cnpuse
PO3BUTKY JIOTiKH, apryMeHTaNil Ta HABUYOK PO3B’s3yBaHHs mpobmaem [2].

Jo edrekTUBHEX METOAIB HAIEKATD HPOOIEMH 3aBIAHHS, IPOCKTHE HABYAHHS, JIUC-
kycil Ta nudposi Texuosorii. Ilnardopmu GeoGebra i Desmos nokpamntyiors Bizyasiza-
[iI0 MaTeMAaTHYHUX KOHIEMIi#l, a Kelic-MeTO/ JolloMarae y4HsM aHaJi3yBaTH DeaJIbHi
cutyamii [3].

Jocaii>KeHHA NiATBepIKYIOTh, M0 Y4Hi, SKi BUKOPDUCTOBYIOTH IIi METOJU, IIOKa3y-
10Th BUIi pesynbratu y Tectax PISA ta 3HO, a rpynosi mpoeKkTH HiABUIYIOTH MOTH-
Baniro Ta camoctifimics [4].

Orxe, iHTErpalys Cy4acHHX METOJUK [JIsi PO3BUTKY KPUTHYHOTO MHUCJIEHHSI Y BH-
KJIAZAHHYS T3 HABUAHHS MATEMATHKHU CIPHUSIE MOKPAIIEHHIO AKALEMITHUX PEe3y/IbTaTiB i
GOpMyBaHHIO KJIIOYOBUX KOMIIETEHTHOCTEH yYHIB.
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[eski HecTaHAApTHI MeToAMN A0BeAEeHHS HepiBHOCTel y
3ak/jlafax 3arafibHoi cepeaHbol OCBITU
X. O. Kiugparis, M. O. HazapeHnko

Tema goBeeHHSI HEPIBHOCTEMH € CKJIAJOBOIO MIKIJIBHOI MATEMATHIHOI IPOrPAMHU, IKa,
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TPAJUIINHO BUBYAETHCA B CTAPIINX KJacax npodiigpHOro piBHA. Y 6a30BOMY Kypci Ma-
TEMATUKU HEPIBHOCTI PO3TJIAIAIOTHCS 3Ae6iIbIIIOT0 B KOHTEKCTI aJarebpaldyHux MmepeTBo-
peab. OcobauBOTrO 3HaAYEHHS BUBYEHHS] HECTAHAAPTHUX METOAIB HAOyBa€ IpU migroToBIi
YYHIB 710 MaTeMaTUYHUX OJiMIiajg Ta TypHipiB. JlocmimKeHHs cuipsMoBaHe Ha aHAJII3 Je-
SAKUX HECTAHJAAPTHUX METOJIB JOBEJI€HHs HEPIBHOCTEHN 3 METOIO MEPETBOPEHHST BUBYEHHS
MATEMATHKHU HA 3aXOIUIIOIOYY IHTEJEKTYAJbHY MisSJIbHICTh, IO CIPHUSE PO3BUTKY MaTe-
MaTHIHOI 06apOBAHOCT] TA KPEATHBHOTO MHUCJIEHHSI yIHIB.

Y [omoBil IpOBEIEHO AaHAJIZ MESKUX HECTAHJAPTHUX METOMIIB JOBEIE€HHSI HEPiBHO-
cTeil y KOHTEKCTI BUMOT MIKIIBHOI MATeMAaTHYIHOI OCBITH. PO3IISHYTO HU3KY OCHOBHHUX
miAXoAiB 0 JOBeAEHHSI HEPIiBHOCTEH Pi3HOrO Thiy, IX CKIAILHOCTI Ta yHIBEPCAJIBLHOCTI.

Ilokazano, Mo MeTo]| AOMOMiIXKHUX (DYHKII# 3abe3nedye cHCTeMaTHIHHUH HiAXim 110
PO3B’sI3aHHSA CKJIAIHIINX HEPIBHOCTEH /I YYHIB 3 AaHAJITUYHUM CKJIAIOM MUCJIEHHS, TO-
Ol sIk MeTomu, 3aCHOBaHI Ha cuMeTpil Ta imBapianTax, COPUAIOTL PO3BUTKY aaredpaianol
iHTYInil Ta reoMeTpUIHOrO MucaeHHs. [IpoaHai30BaHO TEXHIKY MapaMeTpu3allii Ta BCTa-
HOBJIEHO, IO i€ MeTOoT € 0co0nBO eheKTUBHUM JJid HePIBHOCTE!, AKi MAlOTh CKJIAJIHY
CTPYKTYDPY 3 O6araTbMa 3MiHHUMHU. MeToq MOHOTOHHOCTI NEMOHCTDPYE BUCOKY e(DeKTUB-
HicTh mpu poboTi 3 PYHKIIOHAIBHEME HEPIBHOCTAMHE T IIOC/iLOBHOCTIME.

3amponoOHOBAHO CHCTEMY OMOPHEX 3339 AJis KOXKHOT'O 3 DO3TJISHYTHX HECTAHIAD-
THUX METOIB, CIPSIMOBAHY Ha PO3BUTOK JIOTIYHOI'O MUCJIEHHS Ta MATEeMAaTHYHOI iHTYITIiT
yauiB. PO3risHyTO HpHKIaaM OIPAKTHYHOTO 3aCTOCYBAHHsS HEpiBHOCTEH y po3B’a3ammi
oniMmiaaHUX 33129 Ta PEAJHHUX MPUKJIAIHUX TPOLIeM.

Pesynpratu gocmigkeHHs MOXKYTh OYTH BHUKOPHCTAHI AJIsI MOJAEpHi3aImil MeTOIUKH
BUKJIQIAHHS MAaTEMATHIHUX HEPiBHOCTEH, PO3POOKM HOBHX WHiAXOAIiB IO (POPMYBAHHS
MaTeMaTHIHO! KOMIIETEHTHOCT], IO PO3IMHPHTE IHCTPYMEHTAPiH BIUTESA Ta i ABUINUTH
3aJIy4€eHICTh y4HIB O BUBYEHHS MaTEMATUKHU.
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Mertoavka BukslagaHHSA €1eMeHTIB BULOT MaTeMaTuKu
B 3aKJ/1aJlax 3arasibHOl cepefHboi OCBITU

C. B. Kywmnipenko, A. O. Tirimeup

Buma mMareMaTrKa € BayKJIUBUM MPHUKJIAJIHUM IHCTPYMEHTOM, 3a JOTIOMOTOI0 SIKOTO
PO3B’a3yI0ThCs 334a4i 0araTbOX NpeAMeTHHX rajy3ei: ¢di3mkum, MexaHiku, eKOHOMIKH,
Giostorii, ximil Tomo. Tomy icHye HeoOXimHiCTH BHMKIamaHHS I1i€] TUCHUIIIHE HA HaJe-
JKHOMY PIBHI B 3aKJIaJaX BHUINOI Ta MEPEIBUIO] OCBITH, & TAKOXK BiITOBIAHOT IiArOTOBKHI
3100yBadiB cepeHBOI OCBITH B paMKax IIKIIBHOTO Kypcy MaremMaTuku [1].

IIpoananizoBano e(EKTUBHICTL TPAIUIIHHNUX Ta IHTEDAKTUBHUX METOIB HABYAHHS,
1[0 BUKOPUCTOBYIOTHCS IIPYU BUKJIA/JAHHI MaTeMaTHYHUX AUCIUILIIH 1 popMyBaHHI Bifmno-
BigHUX KoMmmereHTHOCTEH [2]. TakoXK BUALIEHO Ti 3MICTOBI JiHIT BUIIOT MATEMATHKY, AKi
MPONOHYIOTHCS JJIs IPOIEJeBTUIHOrO BUBYEHHS B 3aKJI3/1aX 3araJIbHOI CepesHbOl OCBiTH
Ha ypoKax aJjrebpu i modarkiB aHasi3y Ta reomerpii.

Temu, po3rianyTi B poboti, po3aiseni Ha OJOKU: MAaTEMAaTHYHUN aHAJi3, KOMILIE-
KCHU# aHaJji3, JiHiitHa anaredpa Ta aHadiTrdHa reomerpisd. KpiMm Toro mpomeMoHCTpOBa-
HHAY eKCIIePUMEHT, Ha, OCHOBI SKOr0 3pobsieHi BUCHOBKHU IIPO JOCTATHICTHL WIKIILHOI 6a3u
MAaTEMaTUYHUX 3HAHb, YMiHb T4 HABHYOK JJIs IOJAJIBIIOTO BUBYEHHS JUCHUILTIH i€l
npeameTHO! o6macTi [3].
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3a3HaYUMO, IO BijJ METO/IB HABYAHHS 1 BUKJIAQJAHHS 3aJieXKaTh MOTHBAIisS, PUTM i
pe3yabTaTH pobOTH, a OTKe, PiBeHb C(POPMOBAHOCTI B YUHIB KJIIOYOBUX KOMIIETEHTHO-
creit. Tomy mocaimkyBaTu, HODIBHIOBATH, BUKOPHCTOBYBATH i 3MiHIOBAaTH IX — OfHE 3
TOJIOBHHX 33BJAaHb CYy9aCHOT'O BUHUTEJIS.
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MeTtoavka HaB4aHHS TPUTOHOMETPUYHUX PIBHAHbL Ta
HepiBHOCTEl B Kypci anrebpu Ta no4aTtkiB aHanisy

P. Mopos, B. Co6uyk

Tpuronomerpuuni ¢GhyHKIT € BaXKJIUBOIO CKJIAA0BOIO KyPCy MAaTEeMATUKH B 3aKJI3/1aX
3arasbHOl cepegHbOI OCBiTH, sIKi [O3BOJIAIOTH CyTTEBO DO3IMHPHUTH 3HAHHS YUHIB IIPO
KJIACH Ta BJIACTUBOCTI PyHKIN. [cHYIOTH pi3HI migxogm mo BuBYeHHHA Iiiel TeMu, aJje
JJIs1 MOYATKIBIS BUUTENST BAaXKKO BU3HAYUTH HANOLIBINT eDEeKTUBHUN, AKUH CIPUATAME
PO3BUTKY IpeAMETHHX KOMIIETEeHTHOCTEH.

Metor0 mouoBiAi € anasiz ta po3pobka MPOmO3UIiil HIOA0 BIOCKOHAJIEHHS METOHU-
KU HABYAHHSI TPUTOHOMETPHIHHUX DiBHSIHDL i HepiBHOCTe# B Kypci asre6pu ta modarkis
aHaJi3y 3aKJIaJiB 3araJbHOI cepeTHBOI OCBITH.

MeTroauka BUBYEHHS JAHOI TEMH BKJIOYA€ KiJIbKA Ba)KJIMBUX €TAINB, AKi JOIOMa-
raroTh YYHAM 3pO3yMiT Ta 3acBoiTu Marepian. [lepmuM KpoKoM € O3HaiOMJIEHHS 3
TAKUMH OCHOBHHMH TPHUTOHOMETPUYHHME (DYHKI[iIMH SIK CHHYC, KOCHHYC i TaHI€HC, i
ixaimMu BractuBocTaMu. B yuaHiB popMyeThcs 3HaHHS npPO 3B’A30K Iux YHKIiH 3 KyTa-
MH Ta BIJIHOMNIEHHSMH B MPSIMOKYTHOMY TPHUKYTHHKY, IO BAaKJIHUBO B MOJAJBIIOMY JIJIS
PO3B’sI3yBAHHS TPUTOHOMETPUYHHUX PiBHSHB.

BuKOpHUCTaHHS TPUTOHOMETPUYHUX (DYHKNIHM Ta 1X rpadikiB m03BOSgE YUHAM HAO-
9HO Y{BHTH, K OyAYIOTbCsS PO3B’a3Kku piBHaub. Takwmil migxix dopmye criiixi HaBmurm
PO3B’SI3YBAHHS TPUTOHOMETPDHUIHUX 3373, IO € OCHOBOIO AJIS MOJAJBIIOT0 BUBYEHHS
TeM Kypcy mMareMaTHKH [1].

MeTonomoris KoCi2KeHHs] TPUTOHOMETPUYHUX HePiBHOCTeN noTpedye crenndiiHo-
ro TMiIXOMY, OCKUIBKU pPO3B’SI3yBaHHS TaKUX HEpiBHOCTEH 4YacTo moTpebye rpadidHOro
anasizy ta imrepuperarii pesyasraris. I'padivnnit MeTOx BUSBUBCA HAA3BUIANHO KOPH-
CHHUM JJ1¢1 BizyaJiizamil pineHb, OCKIIBKH BiH JO3BOJSE CTYyJAeHTAM IO0AYUTU, AK TPUTO-
HOMeTpHUYHI (PYHKIIT MOBOJAATHCS B PI3HMX Jialla30HaX, I MPOLTIOCTPYBAaTH 00JacTi, AKi
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3aJJ0OBOJILHAIOTH 3aJlaHi yMOBHU HepiBHOCTI. [le He suIe mOKpaIlye 3aCBOCHHS TEOPETH-

YHUX OCHOB, & ¥ PO3BUBAE AHAJITHYHE MUCJIEHHs YYHIB, IO BaXKJHUBO MJIS YCIINTHOTO
3aCBOEHHS Ta 3aCTOCYBAHHS HAMH MAaTeMATHYHNX 3HAHb Ha mpakTuni [2].
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MepcoHanizauin Ak KNOYHOBUA IHCTPYMEHT Y KOHTEKCTI
3MiHM MaTeMaTU4HOT OCBITU Y LUKOJI

FO. O. ITanaciok

Po3risi1aoThCs OCHOBHI NPHHITUNHK [EPCOHAJII30BAHOIO HABYAHHS B KOHTEKCTI
WKIJIBHOT MATEMATHKH, BKJIIOYAIOYU aAITALII0 3aBAaHb, TEMII HABYaHHS Ta BUKOPUCTA~
HHSI T€XHOJIOTi#. Bu3HaueHO OCHOBHI MeTomm Ta iHCTpyMeHTH nudepriiioBaHOro HaBda-
HHS, aJIalITUBHOIO TeCTyBaHHA y (OPMYBaHHI iHJAUBIAyaJbHUX TPAE€KTODiii HaBYAHHSI.
HocaimkeHo, 9K TMepCcOHAJII30BaHUiM MiAXiN CUpuse MiABUINEHHIO 3alliKaBJIEHOCTI y4HIB
V BUBYEHHI MATE€MATHKH, PO3BUTKY AHAJITHYHOIO MUCJIEHHA TA HOKPAINEHHIO aKa eMi-
9HEUX pe3ynabrariB. OUNCAHO 3HAUEHHS MATEMATHIHUX I'YPTKIB, IPOEKTHOI AislIbHOCTI Ta
IHAMBIAYaJbHUX JOCHIIKeHb y (POPMYBaHHI ITUOIMNX 3HAHb Ta PO3BUTKY MAaTeMAaTHYHUX
3pibHoCTel wKosipiB. OOroBOPIOIOTHCH NOTEHLIIHI Gap’epu Ha MILXY 10 HePCOHAI3ALT
Ta MOXKJIHBI maxu ix mogosanusa. Jocaimkennsa mMae Ha MeTi BU3BHAUNTH eheKTUBHICTD
[IePCOHAJI30BAHOTO Ii/IXO/Iy Y BUKJIaJaHHI MaTeMAaTUKH B LHIKOJI Ta HOTr0 BIJINB Ha aKa-
JeMidHi pe3ysIbTaTH # MOTHUBAIIIO YUHIB.
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Using Artificial Intelligence in Mathematics Teaching:
Benefits and Challenges

D. Ruban

Every year, the impact of artificial intelligence {AI) on our lives is growing. Educators
have worrying questions: how will this affect the quality of education? Will Al replace
teachers? What will be the consequences of students overusing AI? Will it lead to a
drop in the quality of education, or can it make the learning process more efficient by
delegating routine tasks to AI? So should we avoid and forbid Al or actively implement
it in the learning process? The answer to these questions is obvious - Al is a convenient,
accessible, and powerful tool. We cannot change that, but we can accept it, consider it
and use it in our activities. This paper discusses the possibilities of using Al in education
and contains recommendations for its effective implementation in teaching mathematics.
We live in a world where technology is rapidly evolving and artificial intelligence is
becoming a key tool in various fields including education. In particular its application in
mathematics teaching opens up new opportunities for innovative, adaptive, visual and
effective teaching methods.

Although AI has many advantages and can make learning more interesting it also has
significant drawbacks at its current development stage. Artificial intelligence algorithms
do not always provide correct and understandable answers, so it is worth checking and
confirming them. This requires the user to have a conscious approach to working with Al
and well-developed critical thinking. That is why Al cannot replace a teacher nowadays.
Moreover a modern teacher gets a new task: introducing Al into the educational process
and helping students learn how to use AI effectively when studying a subject (in our
case, mathematics).

Thus the use of Al in math teaching can make learning interesting, interactive and
effective. However it is important to find a balance between technology and traditi-
onal methods to maximize the potential of Al without losing the human approach to
education.
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MeTtoponorivdi nigxoan 40 BUBYEHHSA TemMu
« TpuroHomMeTpu4Hi piBHSAHHSA Ta HEPIBHOCTI» B
3akJjlagax 3arajibHOi cepeaHbol OCBITU

I. O. Ileyopa, B. B. CoGuyk

Y nomnoBiAi mpoBeneHO aHATI3 METOJIB PO3B’sI3yBaHHS TPUTOHOMETPUYHUX HEPiBHO-
cTeil y KOHTEKCTi cyuacHol maremarnuuol ocBiTu. Po3rysHyTo 3acTOCYBaHHS OCHOBHEX
miaxoAiB y po3pisi Tumnis HepiBHOCTEH, IX CKJIAIHOCTI, YHIBEPCAJIBHOCTI METO/1iB, BUsBJIE-
HO B3a€MO3B’A3KH Ta XapaKTePHI 0COBJINBOCTI BHKOPUCTAHHS KOXKHOTO MeTOTy. BusHaye-
HO (HAKTOPH, AKi € BU3HAYAJBHUMHE I BEOOPY ONTHMAJBLHOTO CIOCO0Y PO3B’sA3yBaHHS
TPUTOHOMETPUIHUX HEPIBHOCTEH Pi3HOro THIy.

Tlopisusino rpadiunumit MeTOS Ta METOA OJUHHYHOTO KOJIA 3 AKIEHTOM Ha Ix nupa-
KTUYHY 3HA4yIicTh. BcTaHOBIIEHO, MO rpadivnmii MeTo 1 3abe3medye Kpalle CIPpUuHHATTSI
O y9HIB 3 6ibII PO3BUHEHHUM Bi3yaJbHUM OaUeHHAM, TOAI K METO[ ONMHUYHOTO KOJIa
CIpHsE PO3YMIHHIO F€OMETPHYHOI IPUPOSH TPHUTOHOMETpUUHUK (pyHKHid. g meBHHX
THUIIIB HEPIBHOCTEN MeTO/ OJUHUYHOTO KOJa JeMOHCTpYE BHINY edeKTuBHICTh. IIpoana-
JIi30BaHO METOAM 3aMiHM 3MIHHOI Ta BCTAHOBJIEHO, IO YHiIBEpCAJbHA TPUTOHOMETPHYHA
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MiICTAHOBKA € HaileeKTUBHIIIO /11 HepiBHOCTEHR HIABIIT BUCOKOTO PiBHSA CKJIATHOCTI 3
KoMOiHaIigaMu pi3Hux HyHKIiH, X04a BUMAarae CKJIaJHINNX aHAJITUYHIX BUKJIAIOK.

KombinyBanuss mMeTomiB CyTTeBO mHifgBuurye e(eKTHBHICTH (POPMYBAHHS HABHYUOK
pO3B’sI3yBaHHS 33/la4. BCTAHOBIEHO 3B’S30K MiXK THIIOM HEPIBHOCTI Ta MeTOAoM i1
po3B’ss3yBaHHs. PO3p06/IeHO aJITOPUTM MOETAITHOTO BIPOBAIKEHHS METOMIB BiAMOBiAHO
[0 QUAAKTUYHUX IPUHIUINB, SKUA MOXKe CTATH OCHOBOIO IJIsl aJanTallii B HaB4aJIbHOMY
mporteci. 3aIpoOOHOBAHO IIiAXi A0 BUBUEHHS TPUTOHOMETPHYHHUX HEPIBHOCTEH 3 mapa-
MeTPAMH Ta CHCTEMY OMOPHUX 3334 JJIsI PO3BUTKY JIOTIYHOTO MUCJIEHHSI YIHIB.

Pesynbraru MOXYTh 6yTH BUKOPUCTAHI Ijisi MOAEPHI3amil METOIUKY BUKJIAJAHHSI
TPUTOHOMETPHYHUX HepPIBHOCTe#l, po3poOKM HOBHUX IiNXO0iB 10 (POpMYyBaHHA MaTeMa-
TUYHOI KOMIETEHTHOCTI Ta CTBOPEHHS IIUMPOBUX OCBITHIX pecypciB, IO PO3IIUPUTD iH-
CTPYMEHTAPI BUATE s TA MIABUINUTH 3aJy9€HICTh YYHIB /10 HABYAHHS.
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3actocyBaHHS NOXiAHOT NPV PO3B’'si3yBaHHI
NAaHiMeTPUYHUX 3a[a4 eKCTPEeMasibHOro 3MicTy

K. O. Taunypa, M. O. Hazapenko

YV Mexax MIKIJIBHOTO KypCy MAaTeMAaTHKH IOXiTHA TPAJUIIMHO PO3TIATAETHC K iH-
CTPYMEHT JJIsi HOCJIi2KeHHst (PYHKIH, 30KpeMa X 3POCTaHHS, CIa aHHs, a TAKOXK 3Ha-
XOJKeHHs eKCcTpeMyMiB. BojgHo9ac y HaBYaJbHIN MPAKTHII HEIOCTATHRO YBATW TIPHUIi-
JISI€THCA 3aCTOCYBAHHIO MOXIMHOT y 3a7a4aX reOMeTPUYHOro0 3MicTy. Jlocaii>KeHHs cripsi-
MOBAHE Ha OOI'DYHTYBAHHS JOUUIBHOCTI Ta e(DEKTUBHOCTI BUKOPUCTAHHS HOXiAHOI 1pK
po3B?a3yBaHHI JESKUX IIAHIMETPHIHUX 330329 €KCTPEMAJIBHOrO 3MicTy 3 MeTOr (Pop-
MYBaHHSI B YYHIB HABHYOK MATEMATHIHOTO MOJIEIIOBAHHS Ta AHAJITUIHOTO MUCJIEHHS.

Y pociimkeHHi IPOBELEHO AHANI3 OCHOBHHUX THUIIB IUIAHIMETDHIHHEX 33734, y SKUX
3aCTOCYBaHHS MOXiAHOIT M03BOJIAE€ 3HAWTH HaliMeHIe Yu HaMbiibINe 3HAYEHHS TeoMe-
TPUYHOI BEeJWYWHU: ILJIONI, mepumeTpa, Bifctani. IIpoanasizoBaHO THIOBI aJropuTMH
PO3B’SI3KY TaKMX 3aJad i3 TOYKM 30py MeNaroridHoi JIOIiJBHOCTI Ta PiBHSA CKJIAJHOCTI
JOJIsT yIHIB CTAPIIO] ITKOJIH.

Iloka3aHo, MO BUKOPUCTAHHA IOXiJTHOI 103BOJsA€ (hopMasizyBaTu reOMETPUYHY 3a-
Ja4dy Ta 3BecTH 11 70 3HAXOMKEHHs eKcTpeMmyMy GyHKIT omgHiel 3minHol. Takuit migxis
CHpUSE€ PO3BUTKY B YYHIB 3JATHOCTI 4O MiXKIUCHHUILIIHAPHOIO IEPEHOCY 3HAHD MiX aJjre-
6poro, aHami30M Ta reomeTpicn. OOTrPYHTOBAHO JIOMINBHICTh BKIOYEHHS MOMIOHNX 33,029
Yy HaBYaJbHI IporpaMu IpodisbHOTO PiBHA Ta HMiITOTOBKY JO iCHKTIB i MaTeMaTHYHUX
ostimiiaz.

BanpononoBano xiacudikalfio 33434 eKCTPeMaJbHOr0 3MICTy 3a THIIOM T€OMETPH-
YHAX BEJIMYIWH Ta MPEJCTABICHO NMPUKJIATN THIOBHX Mojeseil. Takoxk mpoaHasi3oBaHO
MeroguuHi miaxonum no mogadi el Tremu: Bixg poborum 3 rpadikamu Ta nudposBumu in-
crpymertamu (GeoGebra, Desmos) no 3acrocyBanHs inelt ontmMizanil y mpuxaamHux
CHTYyallisX.

Pesynbratu JOCTiAXKEHHS MOXYTh OYTH BHUKOPHCTAHI AJIS MOAEpPHi3aIil MeTOIUKH
BUKJIQIAHHS MOXigHO! y crapmiil mkosi, a TakoXK st pO3po0KH JOAATKOBHX KyDCiB i
MPAaKTUKYMIB 3 IPUKJIATHO! MATEeMATUKH. 3AJIyIeHHs YYHIB O PO3B’s3yBaHHS ILJIaHIMe-
TPUYHUX 33324 3 BUKOPUCTAHHSIM IOXiTHOI Cclpusde pOPMYBaHHIO IJTICHOTO MaTeMaTH-
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YHOr'O CBITOIVISIIY Ta IIJBUINEHHIO DIBHS MOTHBAIl JO HABYAHHS.
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[paHi piBHAHb 3 NapamMeTpoM: Ae i YoMy 3YMNUHSITbLCA
yuHI?

A. O. YyGukiua

PiBHAHHSA 3 mapaMeTpaMy € OJIHI€IO 3 HaHCKJIAJHINIAX TeM IIKIJIBHOTO KypCy aJjire-
6pH, OCKIIbKYM BUMAraioTh He JIAIIEe 3HAHHs 0230BUX AJITOPUTMIB PO3B’A3aHHS DiBHIHD, &
¥ yMiHHS aHaJi3yBaTH 3aBAaHHS MOBHICTIO. MeTow mociimkents OyIo npoaHatizyBaTi
piBeHDb 3aCBOEHHS ITi€l T€MHU, BU3SHAYUTH HAMTHUIIOBIIN MOMUJIKKA Ta iXHI MPUYUHU, & Ta-
KOXK C(OPMYITIOBATHA PEeKOMeHAmil JJIs MOKpAaIeHHsa pe3yabTarTiB yuHiB. JlocsimkeHHs
npoeoguiocs cepen yuHiB 10-11 kmacie omHOro 3 KMiBChKUX JileiB. 3arajbHa BubipKa
cranoBuia 92 yuni. JlocmiKeHHs CKIIALAI0CH 3 JBOX €TAIiB:

a) CamocTiliHe BUKOHAHHS 3aBAHHS. Y9HI PO3B’sI3yBasy PIBHSIHHS 3 mapamMeTpa-
Mu 6e3 6yab-sKOl JTOIIOMOTH.

6) BuKOHAHHS 3aBJAHHA 3 MiAKa3KAMH. Y YHAM GyJI0 HAJAHO METOAUTHI MiAKA3KY
00 KJIKOYOBUX €TAIIB PO3B’SI3aHHSI.

Craructuuni gani ycmoimeoCTi:

e 50 yunis (54,3%) ycnimuo po3ss’s3asn piBHsSHHS CaMOCTIHHO.

e 42 yuni (45,7%) npumycTHINCS IOMIJIOK HA PI3HHX eTanax pO3B’sS3aHHS.
Hait6inpima kiabKicTh IOMMIIOK NPUNAJAJIA HA TaKi €TAIN:

0 3HAXOPKEeHHS JuCKpuMinanTa — 25,58% moMumiok;

o obumcyeHHs KOpeHiB piBHgHES — 23,25%;

o BHU3HAYEHHH IIIMX 3Ha4YeHb napamerpa — 20,93%.
Amnasi3 BUKOHAHUX 33aBAAHb [TOKA33B, [0 YUHI IPHUILYCKAIOTHCS DI/l THIOBHX ITOMHJIOK,
AKI MOXKHA PO3IIIMTH HA KiJIbKA OCHOBHHUX KAaTeropiit:

a) IloMuiky B YUTAHHI YMOBU — y4HI HEIPABUJIBHO aHAJIIZYIOTH KUIBKICTH KOPEHIB
piBHsiHHS a00 HEKOPEKTHO ODYMCJIIOIOTEH IXHIO CyMY, 10 BIJIMBAE HA 110/AJIbIIIe
pO3B’sA3aHHS.

6) ApudmeruyHi HETOYHOCTI — MOUIMPEH] NOMUJIKK B O0YUCIIEHHSIX, HAIIPUKIIA,
IUTyTaHUHA 3 OCHOBHUMHU omeparismu (4 + 4 = 16,-3/2 = 1,5), mo Bigpizusio-
ThCs Bij HemOCTATHLO! yBaru 10 6a30BUX are0paldyHUX HPABUIL.

B) HeposnisraBanus cranpaprHux agrebpalaanx GHOpMyI — CKIaAHOL] y BUBYEH-
Hl GHOpPMyIH CKOPOYEHOTO MHOXKEHHS (HANPUKIIAJ, BHUPA3 16a? + 24a + 9 me
PO3IJIIAETHCS K MOBHAN KBAAPAT), IO YCKJIAHIOE CIPOINEHHS DIBHSIHHS.

r) IMomusnku B aHani3i NpOMIXKKiB — HEKOPEKTHE BH3HAYEHHS, sIKi 3HAYEHHS BXO-
aaTh abo He BXOAATHL ¥y MPOMIKOK (HANPUKIIAM, BBAXKATIH, IO —1 HAJIEKHUTH
npomizxky (—5;-1,5)).

n) IloMuixw npu jginenHi BEpa3iB — HEKOPEKTHE CIPOINEHHS JPOBOBUX BHPA3iB,
KOJIM TIpU O, Hanpuknas, (8a + 12)/4 yuni ginars gume oquH i3 [oJaHKIB
(abo 8a, a0 12), mo NPU3BOAUTE IO HENPABHJILHEX PE3YJIbTATIB.

JTocamiIKeHHs TTIOKA3aJI0, [0 PIBHAHHS 3 MapaMeTPaMU 3aJUIMAIOTHCI CKIATHOIO TEMOIO
nns yauis 10-11 xracis. 3HauHa YaCTHHA YIHIB Ma€ TPYAHOIN HE JUIIE 3 PO3B I3AHHIM
PiBHSHB, a i 3 6a30BUMU MAaTEMATHYHUMHI HaBUYKAMHU, IO BIJIMBAE HAa IXHIO YCHIIIHICTH.
OcCHOBHUMHM HpPOOJEMHUMH acCIEKTaMU € HeNpPaBUJIbHI YMOBH YHTaHHA, apudMeTHdHI
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HETOYHOCTI, HEPO3Ii3HABAHHA CTAHJAAPTHUX ajrebpaidyHux ¢GHopMys, MIOMHUJIKK B aHAJi3i
MPOMIXKKiB Ta HEKOPEKTHE CIIPOIIEHHS ApOOOBUX BUPA3iB.

Pesynbraru gocigkenusa cBiguars npo HeobxigHicTh 6inbInol yBaru g0 popMyBaHHS
MaTeMaTHYHOI I'paMOTHOCTI y4HIB. BaK/IMBO BUKOPUCTOBYBATH IIOKPOKOBI IIOSICHEHHS,
MpaKTUYHI 3aBIAHHS 3 JeTaJIbHUM PO300POM MOMUIOK 1 rpadidni MeToau 118 Kpalioro
pO3yMiHHS TE€MH.
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