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Cekiig «MaremaTuka,
CTATHUCTUKA, MeXaHlKa»

MopgudgikosaHa noporoBa cxema po3noainy
cekpety Ha ocHoBi LDPC-kopgis Hag Fiy

H. B. ABpameHKO

IToporosi cxemu po3noaisy CeKpery LO3BOJIAIOTh PO3OUTH CEKPETHE 3HAYCHHS Mi2K N yIACHUKA-
MU TaK, IO 0y/[b-sIKa LOCTATHLO BEJIMUKA KOAJIINis BiIHOBIIIOE CEKDET, & MEHIIA HE OTPUMYE XKOIHOL
indopmanii. Ennbaym, Hip ra Ilimkac [1] 3anponoryBasn KOHCTPYKIIIO Ha OCHOBI aIHTUBHHUX KO-
nis (AOS) 3i ckaazgmicTio BigHOBieHHA O(n), WO MpaIoe HAJ JOBIIHHOIO abesneBoi rpymnon G.
Jyis npakTudHOI peaJtizarnii niel koucTpykuil 3 6inapaumu LDPC-kogamu noTpibue BimoObparkeHHst
esleMeHTIB rpynu y 6iTosi psakm.

YV wHamiit nonepegniit poboTi KOHCTPYKIis 6ynyBajack Hal rpynow G = F), 3 6iHapHuM KOmy-
BaHHAM ¢: F, — {0, 1}1. OmHak Take BimoOparkeHHs He € TOMOMOPdI3MOM I'pYyII, Yepes3 IO aHAJi3
npuBaTHOCTI opurinanbaol cxemu Emnbayma He mepeHOCHTHCS HA MOSUMIKOBAHY KOHCTPYKILIO.

Jns ycynennsa miel mpobiaemu mu 3aminroemo rpyny Ha G = Fl;, emeMenTH akoi € GiHapHUMU
BEKTOpaMH JIOBXKUHU [, a momaBaHHd 36iraersca 3 mobiTosuMm XOR. Ilpu Takomy Bubopi ¢ = id,
ToMy KOkHA 6iroBa nosuuis j € [I] mie sk HesanexkHa komis 6azosoi AOS-cxemu mag Fa. e
no3Bosisie He3nocepeHbO 3acTocyBaTu pesysnbraru Emnbayma qius p = 2. MogudikoBana cxema €
T-npuBaTHOIO TOAl 1 TinbKM TOII, KOJIHU a & colspan p, (Gr), ne Gp — niaMaTpuIE MOPOKYI0UOL
MAaTPHUIIl KOAY. 3BiCH BUILIUBAE IIOPOrOBa IPUBATHICTD 3 TAPAMETPOM Tp, IO 3a40BONbHSE ho (Tp)+
T < R[1].

Jusa MogudikoBaHO! KOHCTPYKILT TaKOXK JIOBEJEHO TOYHY KODEKTHICTH y MOJEJi CTHpPAaHb Ta
BH3HAYEHO ramp-30HY (Tp,Tc) MiXK IOpOraMd IPHBATHOCTI Ta KOpeKTHOCTI. Peasisamis BukoHaHA
MoBOIO Rust i3 Buxopucramaam AR4JA-kogis 31 crargapry CCSDS [2].

Cnucok nitepatypu

[1] B. Applebaum, O. Nir, B. Pinkas, How to Recover a Secret with O(n) Additions. CRYPTO
2023, Springer, 2023, pp. 236-262.

R ynchronization an annel Coding, Recommended Standar .0-B-4,
2] CCSDS, TM Synchronizati d Ch 1 Coding, R ded Standard CCSDS 131.0-B-4
2018.
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THUKH, MeXaHiKO-MaTeMaTH4YHul dakynbreT, KuiBchbKuil HamioHaspHMH yHiBepcuTeT imeHi Tapaca
[ITeBuenxka, Kuis, Ykpaina; E-mail: _nikitaavramenko @knu.ua
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Estimating image complexity from conditional
entropy under masked generative models

Y. Azarov, V. Golomoziy

Existing measures of perceptual image complexity often rely on deterministic heuristics such as
gradient magnitudes or edge densities [1]. We propose an information-theoretic alternative moti-
vated by the need for a general, principled characteristic of image complexity that can guide
generative models.

Let X € X be an image and M a random mask. Denote by X, the masked image. We define
complexity as the mask-averaged conditional entropy

C(X)=Enm[H(X | Xun)]. e

This quantity is intractable: it requires Monte-Carlo integration over masks and evaluation of the
continuous density p(X | Xar). We introduce two approximations: (1) replace X with its VQ-VAE
token grid Z = (z1,...,2n) € VI over a finite codebook V, switching to categorical distributions;
(2) replace arbitrary masks with a checkerboard partition into complementary sets A and B, so
that each token is conditioned on the opposite half of the grid in one of two forward passes:

€(2) = ;(Z H(zi | Zp)+ Y  H(z | ZA)> : (2)

i€EA i€EB

The formulation above allows us to exploit MaskGIT-like models [2] to compute the required
conditional distributions, with C readable directly from their output logits in two forward passes.

We derive basic properties of C, evaluate it on ImageNet, and verify monotonicity against synthetic
image simplifications.

Cnuncok nitepatypu

[1] Q. R. Razlighi and N. Kehtarnavaz, “A comparison study of image spatial entropy,” Proceedings
of SPIE — The International Society for Optical Engineering, vol. 7257, 2009.

[2] Chang, Huiwen and Zhang, Han and Jiang, Lu and Liu, Ce and Freeman, William T.,
“MaskGIT: Masked Generative Image Transformer,” Proceedings of the CVPR, 2022.

AsTopu
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Vitaliy Golomoziy — associate professor, Faculty of Mechanics and Mathematics, Taras
Shevchenko National University of Kyiv, Kyiv, Ukraine; E-mail: vitaliy.golomoziy@knu.ua

HocTtaTHi ymoBu cepegHbLOKBaApaTUYHOIro
Hab/IM>KEeHHS1 BUNaAKOBOro MNpoLuecy 4acTKOBMMM
cymamu BeiiBnet-posknagy Pikepa y L,(0,7)

. Boiiko, 3. BuxkBa

V pobori posrnsaaaerbea BUNAKOBUM mporec X (t), BH3HadeHuil Ha Biapisky [0,7], ta iioro
HaOJMKEHHA YaCTKOBUMHU CyMaMU BeHBIET-PO3KAATY

Pikepa (t) = (1 — t2) e—t?/2,
12



Beiiner-poskaan mponecy X (t) mae purasan X (t) = Z;io D wez Mik ik (t), ne Yip(t) =
2j/21/;(2jt — k), a xoedinientu 7;y, := jR X(s) ¥k (s) ds. Bignosinna 4acTKOBa CymMa BH3HAYAETHCS
N-1
a8 Xy () = 22520 2ok <k, Mik ik (D)-
CepeIHbOKBaIpATHYHA MTOXUOKaA HabmuKeHHs y npocTopi L2(0,T) 3amaeThcs BUPA3oM

Zrsey = EIX(®) = Xnaey D12, 0.2 (1)

Hast (1) 6ysro OTpHMAHO aHANITUYIHY OLIHKY 3BEpXY, B SIKIH KJIIOYOBY DOJb Biairpae ymMoBa Ha
CHeKTpaJIbHy IiibHICTE R(z) npomecy

~ A

R(z) < —, cR.
B <ii 5 2

JlocaipKyeThCsl TUTAHHS PO Te, I ICHYE TaKa CcTaja A Ta JUid SKUX KJIACiB BHIAIKOBHX IIPOIECIB
1151 YMOBA BUKOHYETbHCS.

OTpuMmaHa oniHKa 3abe3Iedye He JIUIIE TEOPETUIHE JTOCIII2KeHHS 3612KHOCTI BeliBIeT-pO3KITy
Pikepa y L2(0,T), ase #i cIyrye OCHOBOIO /i TIOOYIOBH AATOPUTMY CTATHCTUYHOTO MOJIETIOBAHHS
BHIIQIKOBUX IPOIECIB i3 KOHTPOIBLOBAHOK TOYHICTIO.

Cnucok nitepatypn

[1] Daubechies I. Ten Lectures on Wavelets. STAM, 1992.

[2] Buxsa 3.0. «Craructr4ne mogemoBanHs B reosoriiy Hapuanpamil nocibumk gms crygentis
mexaHiko-maremarnaroro dakynsrery ta HHI «Incturyr reonoriis // K.: BIIL «KuiBcoknii
yHiBepcuTers, 2019, 395 c.
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Prediction formulas for integrated fractional
Brownian motion

Y. Bundiuk, Y. Mishura

Fractional Brownian motion (fBm), {Bf};>0, is a generalization of standard Brownian motion
characterized by the Hurst index H € (0, 1), which governs its long- or short-range dependence.
This work investigates the integrated fractional Brownian motion (ifBm), specifically the discrete-
time process defined by Iy = f:+1 BHds for integers k > 0. While {Ix}r>0 is not stationary, its
increments, Al = Iy — Ii, form a stationary Gaussian sequence.

Our primary goal is to analyze the linear prediction of an increment Alp based on subsequent
increments, determining the coefficients for two types of projections:

n

E[Alp | ALL,... AL =Y bVAL, n>1 (1)
k=1
p ~
E[ALy | ALy, Aly,..., Alpy] = > bP ALy, p>1. (2)
k=1
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We derive analytical results in special cases and present numerical results for others.

Our findings show that the coefficients in the projection of type (1) exhibit a complex and
unpredictable behavior, changing signs at different, non-trivial critical values of the Hurst index.
On the contrary, the coefficients associated with the projection of type (2) behave in a consistent
and predictable manner, changing signs exactly at H = %, aligning with the known properties of
fBm.

Cnucok nitepatypu

[1] Bundiuk Y., Mishura Y., Pirozzi E. Prediction formulas for integrated fractional Brownian
motion. Bulletin of the Taras Shevchenko National University of Kyiv. Physics and Mathemati-
cs., 81(2), 19-30, 2025.
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CucrtemMun 4uncneHHsi 3 HEHY/1bOBOKO
HaA/INLLKOBICTIO Ta IX 3aCTOCYBaHHSA Yy Teopil
NoKasibHO CKNagHux cpyHKUin

C. O. BacskeBuu, 0. 0. Bosk, O. M. IIpausoBuTtnii

Hexait 1 < a — dikcoBane aiiicae uuciao; a — 1 < r — marypasasne aucno; A = {0,1,...,7} —
andasit; L = A X A X ... — MHOXXKHWHA OCJIiOBHOCTEH 3 ejieMeHTiB ajdapirTy.

Posrasyaerses sizobpaenus v : L — [0; 5], a came

oo
Qn,
(o) =322 = 8ty =2 o] o e

CuMBOJIIYHEN 3a1KC Ag‘ﬁ@manm MU HA3UBAEMO Tq-300PAHCEHHAM UYUCIIA T, IPU BOMY (i, HA3W-
BAEMO N-010 Yudporo HaHOTO 300parKeHHsI.

Akio a =7+ 1, 10 r4—300paxKeHHS € KJIACUIHUM 300PaKEHHSIM YUCEJI Y CUCTeMI 3 HATYPaJib-
HOIO OCHOBOK @, SIKE€ MA€ HyJIbOBY HAJIUIIKOBICTH (KOXKHE 9mCIIO0 Ma€ He Oliabime ABox 300parkeHb,
OPUYOMY THX, IO X MalOTh [IBa JIAIIE 3JiYeHHa MHOXKHKHA). [IpH panioHaJbHOMY @ UHCJIO T, SIKE
Mag 7q—300pakeHus 3 mepiomoM (0), HABUBATHMEMO T'q—PAIiOHATBLHUM.

KoxkHa nmapa mapaMmeTrpiB a,” HOPOJXKY€ CBOIO YHIKaJIbHY IeoMeTpito i cuerudiky nepekput-
riB. 1T yacTKOBO BUCBITIIIOIOTEL BaaCTHBOCT WUMHAPHIHAX MHOXKHH. OKPEMOI YBAIM 3aC/1yTOBYIOTH
BUIAIKK: @ — YUCJIO HATYPAJbHE; @ — pallioHAJIbHE; @ — ippallioHaJbHe.

Hexait (c1,c2,...,ck) — dikcoBannil Buopaakosanuii Habip enementis asndasity. uaingpom
(ro-mmaiagpom) parry k 3 OCHOBOIO C1C2...Ck, HA3MBAETHCS MHOXKHHA,

A;?(‘Q - {‘1 T = Azgu.ckalag.“anm: (an) € L}
Hunieapu MalOTh BJIACTUBOCTI:

Ta p— Ta Ta Ta .
1) ACl---Ck 7Ac1...ck0UAcl.. U"'UACl»--CkTV

cpl
k
2) AL ey, = wsutd, ieu= 3 %, d= #M;
i=1
3) posaxwma muainapa: |Ac? o, | =d = m — 0 (k — o0);
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oo
4) N ACY..cp = Allcy...cp... = @ aust Gyap-skoi nocaigosnocti (c) € L;
k=1

5) min Acl(:chkc < min A(:l(:g.“ck [e+1]> 0 S Cc S T — 1;

)
)
T T k L
6) Aaalmak = Aﬁjmf}k < 7,; a_l(ai - Bi) =0;
)AL ene VAL o) = B cifer1100)i Dercpermy] 7 0
8) MOBKHHA MEPEKPUTTS:

r—a+1

Ta Ta — Ta _ Ta — .

|ACI»-»Ck—1‘3mAclmck,l[c«kl]l - Acl.”ck,lc(r) Acl.“ck,l[c«l»l]((]) ak(a_ 1)’
T
Ta Ta — Ta — Ta . . —

9) ymosa Acf. ¢;_ cNAT e let1] = ALY cp_qor = ACl cep_y [e41]0 PIBROCHIBHA o + s
c+1 .

= TOGTO r = @, WO MOXKE BUKOHYBATHUCH JIMIIIE TIPH IIIUX a;

a

10) piszicTb |Agi"mckck+1| = %\AZ’I’CU BUKOHYETLCS JIUIIE 38 YMOBU a = 2;

Ta Ta — Ta — Ta

11) ymoBa Aclmck,lc mAcl.,.ck,l[Cle] = Aclmck_lcT.. = Acl...ck,l[c+l]0. )
. c r r _c+1 6 _a™(a—-1)

plBHOCHHI’HaaT+W+"'+W —aT,To TO T = W.

Posrnsanaernca pyukiis f, o3naueHa piBHiCTIO

fl@= 000, an.) = O

Q] ag...o Q1Qg...Qp...

r41 = Qn
Aae Aalagmanm = Z - ok’ (Oén) e L.

n=1 (T + 1)
Ockinbka 4ncsa 37iveHHO] MHOXKUHK y CHCTeMI 3 OCHOBOIO 7 + 1 MaioTh aBa (HOPMAJIbHO Pi-
. 1 r+1 . .
3mi 306paxenms: AT = ix My HazuBaeMo (r + 1)-6iHapHuMH), TO 3a
P ajag...an(0) ajas...[an—1](r) ( ( + ) p )’

JUIsl KOPEKTHOCT] O3HaveHHs GYHKIH f JOMOBUMOCH BUKOPHCTOBYBATHU JIMILIE IEpILIe 3 BKA3aHHX
306paxensb (r + 1)-6iHapHOro 4ucia.

Teopema 1. @yuxiisa f € HenepepBHOIO y KOXKHiM (r+ 1)—yHapHii Touni i HenepepsHoto B (r+ 1)—
Oimapuiit Touni roxi i smmie Toxi, xkomu a = r + 1. 3a3Hauumo, mo Kosgm a = T + 1, TO6TO Tq-
306pakenns cuisnagae 3 (r + 1)-306paxennswm, 1o f(r) = z. dxkmo a < r+ 1, To Gyrkuisa f € mige
He MOHOTOHHOIO MYHKIII€I0 HeoOMekeHoI Bapiarii.

Teopema 2. dxmor=1,a= 1+2\/g’ To MHOxmHA f 1 (yo) piBHA yo = A

Ta
(100) € KOHTHIYAILHOI0
i mae ¢ppakTasbHy PO3MIPHICTD HE MEHIILY THCIA %

Y nonoBiAi HPONOHYIOTHCSA Pe3yAbLTATH AOCIiIXKEHHS TOIOJOTO-METPHUIHUX | PPAKTATHHUX BJIa-
cruBocTell kimacy QyHkIii f.
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EM-algorithm for mixtures of regressions

D. Horbunov, R. Maiboroda

Consider a mixture of regressions with varying concentrations [1]. Each subject belongs to one
of M sub-populations (components of the mixture). The true number x; which j-th subject belongs

to is unknown, but the concentration probabilities P{r; = m} = pgn,i) are known. For j-th subject,

a bivariate vector £; = (X, Yj) is observed. The conditional distribution of Y; given X is described
by the following model:

Blay =30 o oy um (@), 0% @), (1)

where p(t;a,b) = e_(t_“)Z/(Qb)/\/Qﬂb is the probability density function of normal distribution
with expected value and variance equal to a and b respectively, um(t) and o2, (¢) are the unknown
conditional mean and variance functions, which depend on the given value of X; = x.

In order to estimate pu(z) = (u1(z),...,pm(x)) and o?(z) = (0?(z),...,02%,(x)) at a given
point x = zg, a modification of the EM-algorithm from [2] is considered. Let

o2 " M) ey 2
Ueoio®) =Y (30 BV et tmcs o)) Kinwo - X)) (2)
be a localized log-likelihood function for model (1), where pe = (pi,c,...,pm,c) and o2 =
(oic,‘..,a?\/f ) are constants, K : R — [0,400) is a kernel function and h > 0 is a bandwi-

dth parameter and K}, (t) = K(t/h)/h. Having the initial estimators u(1) and 02 (1) for y. and o2,
consider the following algorithm:
a) E-step. Compute the weighting coefficients on the I-th iteration:

k l 2,01
7r<l+1> . pg';y)L@(Yj?ﬂ;c)vok ( >)

kT m l 2,(1
! M T (Y o)

6) M-step. Update the estimators

141
(1+1) ?:1 ”;,k >Y7'Kh (zo — X;)

k I+1 ’
Sy mE Y Ky (wo — X;)
+1 +1
2,(141) ?:1 ”;,k >(Yj - ﬂgc ))QKh(Z’O - X;)
o = — D ,
i1 Kn(zo — X;)

B) Check the convergence of (2). If convergence is reached, the algorithm terminates.
Performance of the EM-estimator for p,,(x) is examined and compared with the modified local-
linear regression estimators [3] through simulations.
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Npo obmerkeHi po3B’A3KN PI3HULLEBOro PiBHSIHHA 3
HEeoOMEXXEHNMU KYCKOBO-CTaJInMuN OnepaTopHUMM
koedpilieHTamMmn

M. ®. I'opogniit, €. I. Tuxa

Hexait X — xommiexcHmit 6anaxis mpoctip, A : D(A) C X — X, B: D(B) C X — X -
3aMKHeHi oneparopu. Po3rjisiHeMO JBOCTOPOHHE DPi3HHUIEBE DIBHSAHHS

Tyl = ATy +Yn, n>1, (1)
Tn+1 = Bxy + Yn, N <0.

Hama mera — BU3HAYUTH yMOBH Ha omeparopu A ta B, 3a akux piBHsHHd (1) Mae eauHuii obme-
JKeHu# po3B’sa30K {Xn } A JOBIIBHOI 0OMEXKEHOT mOCTioBHOCTI {yn }.

3 Teopemu 6.17 [1, . 226] BunmBag, mo AKmo po3mupenuii coekTp o (A) 3aMKHEHOTO 0IepaTopa
A He mepermnaerbcs 3 omumumyHnM KoitoM S = {z € C | |z| = 1}, 0_(A), 04 (A) — gacTtunn
po3mupeHoro crnexkTpa o(A), mo Jsexarb BiamosimHO BcepenuHi i 30BHI Koma S, To mpoctip X
posknagaerTnes B npamy cymy X = X_ (A)+X ;4 (A) impapianTaux Bigrocro A migmpocropis X4 (A)
TakuM 9uHOM, mo X_ (A) C D(A), sByxkennss A_ : X_(A) - X_(A) oneparopa A Ha X_(A) e
MiHIEHAM 0OMeXKeHuM omepaTropoM 3i cmexkTpoMm o_(A), a 3Byxenua Aty : D(Ay) C X4 (A) —
X1 (A) e 3aMxrennM oneparopoM 3 obsactio eusHagenHs D(A4) = X1 (A) N D(A) i posmupennm
crextpoMm o4 (A).

OcHOBHUII pe3yabTaT MICTHTh TaKa Te€OpeMa.

Teopema 1. [lus Toro mo6 pisasauus (1) mano equauil obmexkeHuit po3s’sa30k {xn } 471 A0BiTBHOT
006MEKEHOT TIOCITOBHOCTI {Yn }, HEOBXIAHO i HOCTATHBO, 06 BUKOHYBAIUCH TAaKi yMOBH:

(i1) c(A)NS=0,0(B)NS = 2;

(12) X = X_(A)+X4(B).

TakoxK oTpuMaHO 3006pazkeHHsA €JUHOr0 0OMEXKEHOTO DO3B’SA3KY.
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PisHoMIipHa oOMeXkeHICTb 3a AMOBIPHICTIO
pPO3B’A3KiB CTOXaCTUYHOIO0 XBUJIbOBOIr0 PIBHSIHHS

M. M. Hebeaak

Merowo pobotu € mochimKeHHS OOMEXKEHOCTI PO3B’A3KIB CTOXACTUYHUX PIiBHAHB, KEPOBAHUX
CTOXaCTHIHUME Mipamu. PO3TisaaeTsea M akuil po3s’a30k u(t, z) 3aaaqi Komi aia oqaoBIMipHOTO
CTOXACTUYIHOIO XBUJILOBOTO DiBHAHHSI:

2 2
Tullr) = M) 4 f(t 2, ult, 7)) + ot x) (),
u(0, ) = uo(z), W = vo(x),

net€[0,T], z € R, a p — croxacruuna mipa, BusHadena Ha 0openiBebkiil o-anrebpi B(R).
Hoseneno, mo y sunagky f = 0, 3a yMOB 06MEXEHOCTi MOYATKOBUX AAHUX UQ, Vo Ta (PYyHKIHT
0, & TaKOXK HelepepBHOCTI 3a Lenpaepom mis ug i o, s 6yab-sakoro ¢ € [0,T] cupaBazKyeThCs

sup P{|u(t,z)| > c} -0, c— co. (1)
Tz€ER

Ba»KMBHM eTaroM € 3aCToCyBaHHs ine#i noexents semu 3.6 [1] Ta memu 5.1 [2] mpo Henepeps-
mictb 3a lesbepoM BUIAAKOBOrO mpornecy ¥(x), o BiAMOBimae CTOXACTHYHOMY IHTEIPAJIBLHOMY
I0JaHKy. BUKOpUCTOBYIOUM 1IPeJCTaBIIeHHS

—+o0

TOEDY /(MH] a(z,y) du(y),

j=—0o0

0yJI0 TIOKa3aHo, IO
la(z,y + h) — a(z,y)| < ChP),

ne (o) > 1/2 — nokasuuk leabaepa dysknil o. 3aBaaku it omini, aia sunajaky f = 0 i geaxol
BHIIAJKOBOI BeIMYMEN £ OTPHMAHO, IO SUP,cg |u(t, z)| < &, 3inkm Bumnusae (1). B mogamsmomy
IJIAHYEThCA AOCTITUTY BUKOHAHHS (1) B GLIBII 3arajbHUX BHIATKAX.
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Asymptotic Properties of Parameter Estimators in
Vasicek Model Driven by Tempered Fractional

Brownian Motions

O. Dehtiar, Y. Mishura, K. Ralchenko

Let W = {Ws,z € R} be a two-sided Wiener process, H > 0, A > 0. A tempered fractional
Brownian motion is a zero mean stochastic process By x = {Bm,(t),t > 0}, defined by the
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following Wiener integral [1]:

By a(t) = /]R [exp{—)\(t —z)y it — :v)f_% — exp{—k(—;r)Jr}(—x)f_% dWy.

Consider the drift parameter estimation for the tempered fractional Vasicek model, which is
described by the following stochastic differential equation:

dYy = (a +bYy)dt + 0dBg A (t), t>0, Yo=uyo,
where a € R, b > 0, 0 > 0, yo € R. The solution Yz = {Y;,t > 0} is given explicitly by the formula:
t
Y: = (yo + g) et 2y 0/ = dBy \(s),
b b 0
where the integral is defined by the integration by parts:

t t
/ eb(tfs)dBH)\(S) = Bga(t) + b/ eb(t*”BH,)\(s)ds.
0 0

Let us introduce the following notation:
_or(2H) 2T(H + 3)

Co= i~ Va0

where K is the modified Bessel function of the second kind,

.  2T(2H)

b (e o)
2 _ 2, 2H
Qg = DN Baap = 5/0 exp{—bu}Cu*" du,

(Y1 — 0) (fOT Y2dt — (Y7 + yo) fOT Ytdt)

2
T vea (17 vi)

&T: El

0 —30) (370 +30) — [y Yidt)

br = T T 2
T [y vide— (J) vide)

Theorem 1. The estimators ar and br respectively, have the following asymptotic properties.
1. Both estimators ar and by are strongly consistent.
2. The estimator ar is asymptotically normal:

T(ar —a) % N (0,0%a%,), T — oc.

3. The estimator by asymptotically has the Cauchy-type distribution:
ebT(l;T —b) 4, ?7717 T — oo,
2
where 171 ~ N(0,4b2025%_’%b) Ta n2 ~ N(yo + %,025%%17) are independent normal random
variables.

The proofs of these results and additional properties of the tempered fractional Brownian
motion are contained in [2, 3].
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MepeBipka 36i>KHOCTI MapKIBCbKOro JslaHUOra go
CTauiOHAPHOro po3nogisly 3a YMOBU BUKOHAHHS
ymoBu [bobniHa Ha npuknagax

JI. d. OineHko

JocmigzkerHs MBUAKOCTI 3612KHOCTI MapKiBCBKHX JIAHIIOTIB 0 TXHBOI'O CTAI[iOHAPHOTO PO3-
MOy BaXXJIMBOKO 3aJader0 B Teopil MMOBIpHOCTel Ta CTOXaCTUYHOMY MojesroBaHHI. Tpagumiitai
migX0oAu 10 OLIHKHU MeXK 3012KHOCTI CHMPAIOThC HA CHEKTPAJbHUAN aHaJ1i3 MaTpulpb nepexoay. IIpo-
Te y 6ararh0x BUMAJKAX OOYMCJIEHHS BJIACHUX 3HAYEHb € CKJAJHOIO 33J3a4el0. AJIBTePHATUBHUM
migxogoM € Mero[ Kamiary. PyHJaMeHTaIbHOK BUMOTOK s €(peKTUBHOTO 3aCTOCYBaHHS IIHOI'O
MeTOIy € BUKOHAHHS PiBHOMIpHOI yMOBHU MiHOpH3aIil, TakoXK Bimomol gk ymosa Jlpobsina.Hexaii
33J]aHO MAPKIBCHKUH JIAHIIOT HA npocTopi cramis X i3 mepexigmono dysxmieo Pz, A). KaxyTs,
IO JIAHIIOT 33/10BlIbHAE yMOBY JIpo6siHa, akimo icuye koncranTa S > 0 Ta imosipuicra mipa ¢(+)
Ha X Taki, mo s BCiX © € X Ta BCixX BuMipHUX miaMHOXKAH A C X' BUKOHYETHCSI HEPIBHICTH:

P(z, A) = B¢(A).
V mamit nonosiai DOCIiIKYETHCS IPAKTHIHE 3aCTOCY BAHHS HABELEHOI TEOPEMHU,a CaMe PO3TJISHYTO

pi3HOMaHITHI nmpuKiaau JaHIorise Mapkosa, gki 3a70BOIBHAIOTE yMOBi JIpoOJsiHa, Ta 3HaiigeHO
MIBUJKICTH 30iKHOCTI 10 TPAHUYHOTO PO3IOJLIY.
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[lesiki BNacTUBOCTI 4YaCTKOBO MpasuJibHUX Mnipamig,

A. P. Jyouuk

YV 1926 poui Gpurancekuit sporauk I1. I'poysa 3zgificeus aepodorositomky Bemukoi mipamian
Xeornca B I'i3i, cnopyazxenol 61u3pko 4500 pokis ToMmy. OTpuMaHi 3HIMKH 3aCBIJYMIH, IO KOXKHA
3 11 rpaneii Mae Jeab MOMITHY YBIrHYTICTBH y HAIPsAMKY BiJ ocHOBU 10 Bepinuau. lle mae mimcra-
BHE BBaXKaTH, IO OCHOBA B IJIaH] mipamigu € piBHOCTOPOHHIM HAIIBIPABUIBHUM BOCHMEKYTHHKOM.
JIOCTIAHUKY TIPUITYCKAKOTh, 0 CaMe TaKa FeOMEeTPUYHA OCOOIUBICTh KOHCTPYKIIT 3a0e3nevynsia Bu-
HATKOBY CTIfiKiCTH CIIOpYAH, sIKa IPOTATOM THCSAHOJITh BUTPUMYBAJA BILUINB IHTEHCUBHHUX ONAaJiB,
cefCMIYHUX KOMUBAHB i TPaBiTAlifHOTO CTUCKY. 3 OIVISIAY Ha Te, IO HipaMminanbHi ¢hopMHU pi3HEX
THIIB aKTUBHO 33CTOCOBYIOTHCA i B cydacHiil apxiTeKTypi, BUBUEHHS BJIACTUBOCTEH IACTKOBO IIPa-
BUJIBHUX IlipaMin HabyBae 0COOIMBOI aKTYaIbHOCTI.

MeTorw naHol pobOTH € AOCHIIKEHHS AeSKUX BJACTUBOCTEH YAaCTKOBO MPABUJIBLHUX IipaMif
[1, 2, 3]. ¥V pgamiit pofori BBeIeHO MOHATTS YAaCTKOBO IpaBHiabHUX mipaMmin. CdopMmynboBaHo Ta
MOBEEHO PsIJi TBEPAXKEHDb MO0 O3HAK 1 BIACTUBOCTEH YacTKOBO MpaBUIbHUX Hipamin. Jlosemeno,
10 cepex APY2KHIX HA IBEPTh NPABUILHUX Imipamig 3 (hikCOBAHHM KyTOM JOMAJILOBAHUX TPHUKY-
THUKIB IPOTH CTOPOHH 6230BOr0 MHOTOKYTHUKA B OCHOBI HAHOGIIBIINI mepHMeTD Ma€ MHOTOKYTHHK
B OCHOBI PIBHOKYTHOI HamiBnpaBuibHOI mipaminu. locsimkeno xkoMOiHalii 9aCcTKOBO MpPaBUIBHUX
mipamiz i iHIIEX reoMeTpUYHHX TiI.
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MHo>xxuHn piBHiB camoadiHHUX pyHKL I,
O3Ha4YeHnX B TepMmiHax () ,-npeacTraBsieHHsT Yucen

B. O. €nariu, M. II. Mopos

Hexait s > 2 — neske dircosare Harypasnbre anucmo, As = {0,1,...,s—1}, Qs = {qo0,---,¢s—1}
— gojaTHUil croxacTuuHu#i BekTop, Bo =0 1a B; = qo + -+ -+ ¢i—1 A Beix ¢ € Ag \ {0}. Toai gna
koxHoro z € [0, 1] icuye HeckimdenHa mocifoBHICTD (00n )92, € AL Taxa, mo

oo k—1
T = Bay + Z Bay, H Goaj | = AanaQ.“ )
k=2 =1
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Poskiay gucaa z B psaa (1) Ha3uBaOTH Qs-IPECTABICHHIM YHCIA T.
Hexait wucaa go,...,gs—1 Ta dg,...,0s—1 TaKi, 1mo

0<|gi| <1 ams Bcix i € As,
go+g1+-+gs—1=1,
60=0, di=go+ - +gi—1 nnascix i€ As\ {0}.

OcuoBuuM 06’ekToM momosigi € dyukiis f, Bu3HaveHa piBHICTIO

oo k—1
f(x):f(Agfag) = 0o,y +Z bauy, HQuJ
k=2 j=1

B nonosizi npencTaBiaeHo AOCTaTHI YMOBH, 33 SKUX MHOXKWHA DiBHIB

FHy) ={z €[0,1]: f(z) =y}

€ KOHTHHYaJbHO0, a MHOKHHA TOYOK MAaKCHMyMy (MYHKIUI f € MHOXXHHOI KaHTOPIBCHKOTO THILY.
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MopaentoBaHHs1 Npouecy Jsla3epHoro
TepMocOopMyBaHHSI TOHKOCTIHHNX METaJsIeBUX
eNleMEeHTIB KOHCTPYKUii

I. O. BaBaga, d. O. 2Kyk

Jlazepue Tepmodopmysants (JIT®) — Ge3KOHTAKTHA T€XHOIOTisE POPMOYTBOPEHHS] TOHKOCTiH-
HHX €JIEMEHTIB ILJISXOM CTBOPEHHS 3AJIUMIKOBUX HEIPY2KHHUX AedopMamniil JOKAJILHUM IMITyIbCHAM
naszepauM Harpieom [1]. Texmosoris ¢ mepcmekTmBHOK nysi BupoOHUnTBA enemertie MEMC, ne
noTpi6HA BUCOKA TOYHICTH MO3UIIIOBAHHS IIPHU HU3bKiA BapTOCTI.

Y poboTi peasii3oBaHO YUCENBHY MOJEb 3B’A3aHOI 3aJadi TePMOB’SI3KOIIACTHIHOCTI s Oce-
cumerpuuHOoro gucka 3i crami 35CrMo. IlocranoBka BkaiOUYae piBHAHHS DPyXy, KiHemMaTuuHi Cmis-
BifHOIIEHHST Ta PIBHSHHS TENIONPOBIIHOCTI i3 TEPMOMPYKHUM 3B’ SI3KOM:

pC1;T:kAT—3KvaTékk +XDC +rs. (1)

IToBexinky mMaTepiasry onucaHo y3araJbHEHO Mopesuio Bogrepa—Ilaproma [2] 3 isorponnnm Ta Ki-
HEMATHYHUM 3MiIHEHHSAM, Y3TOKEHOI0 3 TEPMOANHAMIKOIO He3BOPOTHHX Hporecis. Juckperun3anis
sukonana MCE y 6i6uaioreni FEniCS .

PesyabTaT MOJENIOBAHHSA IIPU MapaMeTpax iMIymscy go =2 X 108 kBr/m?2, tp, =21 HC memoH-
CTPYHOTH 100puii 36ir 3 eTaJOHHUMU JAHUMU [1]: TOYHICTb BIATBOPEHHHA 3AJIAIIKOBUX ILJIACTUYHUX
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nedopmaniit cknagae 93-94%, yMOBa MIACTUIHOT HECTUCTUBOCTI BAKOHYETHCS TOYHO, TIIMOMHA 30HU
mracTuku 20,5 MKM 36iraeThbCsi TOBHICTIO.
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MNobyaosa Tecty [laHHeTTa y NiHIAHUX 3MiLIAHUX
Mogensx

. O. Ianuenko, P. €. ddmHeHko

YV poboti gocmimzKyeThCs 38533 MHOXKIHHO! TepeBipKy rimoTe3 y JiHIHHAX 3MITIaHAX MOJEJISX,
IO 3aCTOCOBYIOTHCS JUJISL QHAJII3Y JAHUX i3 BHYTPINIHBOIO 3aJI€KHICTIO CIIOCTEPEKEHD, 30KPEMA, DU
[OBTOPHUX BHMIDIOBAaHHSX, iepapxiuniii crpykrypi Bubipkm ta knacrepmsanii. Jlimina 3mimana
mMogenh y = XB + Zu + ¢, ne y € R™ — mexTop cnocrepexkenn; X € R"XP — marpunsg auzaiimy
dikcopanux edekrTi; S € RP — pexTop mapamerpip dikcoBanux edekrip; Z € R™"*X9 — maTpn-
g ausafiny BumaakoBux edektTis; u € RY — BekTop BHmagkoBux edektis; € € R™ — BekTop
Bunaaxosux noxubox [1]. Ilpunyckaerscs, mo u ~ N(0,G), e ~ N(0,R), ne G — Marpunsg KoBa-
piamniit Bunmagkoeux edekTiB, R — maTpwuild KOBapialili BUMAJAKOBUX MOXUOOK, TPUUOMY U Ta € €
Hesagexnumu. 3a mux ymos E(y) = X8, Cov(y) = V = ZGZT + R. ¥V mexax niei Momeni pos-
TIISTAETHCS CUCTeMa JIHIHHUX rimore3 Ho;: LiTB =c¢, t=1,...,m, ne L; — BEKTOp KOHTPACTY,
¢; € R. TIpobarema mosisira€ B TOMY, M0 HE3AJIEZKHE TECTYBAHHA KOXKHOI 3 rimores Hy; Tpu3BOIATH
10 HEKOHTPOJILOBaHOTO 3pocTtanHs FWER.

KrnacuyauM iHCTpyMEHTOM MHOXKHUHHUX MODIBHAHB € TecT /[aHHeTTA, IpU3HAYEHUNR A OTHO-
JacHO! mepeBipKKM KOHTPACTIB THIy LZTB = i — po, ¢t =1,...,m, T06TO ays IOpiBHAHHS KiTBKOX
€KCIIePUMEHTAJIBHUX TPy i3 KOHTPOJIBHOIO [2].

V ninifEEX 3MIMIAHAX MOZEJISX 3aCTOCYBAHHS I[HOTO IiAXOLY iCTOTHO YCKJIIAQHIOETHCSI, OCKIIbKY
KoBapiariifina MaTpuils V BH3HAYAETHCS KOBapialmifHUMU mapaMeTpaMd MOAesi. YHACTII0K ITbOro
CTPYKTYPa 3aJIE2KHOCTI MiK CTaTUCTUKAMHU KOHTPACTIB 3yMOBJIIOETHCS HE JIUIIE CHCTEMOI CAMHX
KOHTPACTiB, a ¥ HasgsHicTIO BHnankosux edextis. Tomy Ge3mocepemHe NIePEHECEHHS KJIACHIHOTO
TecTy /laHHeTTa Ha BUIIAIOK 3MINIAHUX MOJIesel moTpebye OKpeMOro TEOPETUHHOIO OOI DYHTY BaHHS.
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CriikicTb Maii>ke nepiogu4HOro BiJIbHOro Bif
iHpekuii po3B'a3ky B imnynbcHii SEIR-mogeni

0. B. Kanycrau, 1. O. Kanycras, A. B. CykperHna

Maremaruuni mogesni momupenHs iHdekiril € aKTyaJbHHM HANPSIMKOM HOCTIIKEHbL HE JIHIIE
B emigeMiosiorii, aJsie fi 3aCTOCOBYIOTBCS, HAIIPUKJIAM, JJ8 MOJEJIOBAHHS IPOIeCy IOIHUDPEHHS iH-
dopmarii abo DDoS-aTtak y KOMI'IOTEpHUX MepexKax. 3a3Budail [UHAMiKa MOBEIIHKH PO3B’SA3KIiB y
TAKHUX MOJEJAX 3aAJI€2KUTh Bl,Z( IIOPOTOBOTO 3HAYCHHA, [IDKU ,Z(OCHFHGHHi AKOTO rﬂ06aana, ACHUMIITOTH-
9Ha CTIAKICTb PO3B’4A3KY 3 HYJBOBOIO KOMIIOHEHTOIO, 1[0 BiJIOBiae 3a KiJIbKicTh iH(MIKOBaHUX OCi0,
3MIHIOETBCS Ha CTIHKICTh HEHYJIBOBOTO IIOJIOXKEHHS piBHOBAru. 3i 3MICTOBHOI TOYKHU 30Dy Il€ O3HA-
4ag, M0 CaMOCTifiHe BUYEDPIAHHS Ta 3HUKHEHHs iH(eKIil 3MiHI0eTbCa Ha, 1T NOCTIHY IUPKYJIIit0
y nomyssamii. IIpore iMmysnbcre 30ypeHEs (HANPUKIIAL, IPOLMEC BAKIUHALI y Mexkax emigemiosori-
9HOT MO/Iesi) 103BoJist€ 3poburu craH 6e3 iHdekIil CTIiKuM He3aJIeXKHO Bijl IOPOroBOro 3HAYEHHS.
Taxki 3amaui Bxke posrnaganuck ais SIR- ta SEIR-moneneit y BUIAAKY IPOCTOI CTPYKTYPH IMITYJIb-
CHEX TOUOK (1], 3aBasKu 9oMy iMmysnbcHA 3amada hakTHIHO 3BOAUNACT A0 3anadi 6e3 iMmynbCcHOrO
30ypenHd. [IpoTe GinpIn CKIagHA CTPYKTYPa MHOXKUHU Ta BEJUYHH IMIYJIBCHUX BIJIUBIB OTpebye
3aJydeHHsl Teopil iMmyabcHuX gudepeHIiaIbHuX PIBHAHD [2].

Y poboti posriamaersca SEIR-cucrema ngudepennianbaux piBHAHD 3 iMOynbCcHAME 30y pPEHHSI-
MH, ITI0 MaIOTh MalixKe nepioguaHuit xapakrep. JlociiazkeHo iCHyBaHHS Ta BJIACTUBOCTI BIJIBHOTO BiJ
indekniit iMnyabcHOrO Maiike epioTUIHOTO PO3B’A3KY Ta JOBEIEHO HOTO ACUMITOTAYHY CTINKIiCTD.

Pobory BukoHano 3a migrpumku HarionanbHOro ¢OHIY OCHIAXKEHh YKpaiHW, TPOEKT
2023.03/0074 «HeckinuennoBuMipHi eBooOIiiiHi piBHAHHS i3 6araTO3HAYHOIO Ta CTOXACTUYIHOIO
JMHAMIKOIO>
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On maximal subalgebras of rank 1 from W5(K)

0. Kozachok, O. Tyshchenko

Let K be a field of characteristic 0, and A = K|z, y] be the polynomial ring in two variables.
A linear map D : A — A is called a derivation of the ring A if D(fg) = D(f)g + fD(g) for any
f,g € A. It is well known that any derivation can be uniquely written in the form:

D:Pg—i-Qag, P,Q € A, where
Y

are partial derivatives.
oz

dz’ By

Thus, the vector space Wa(K) (over K) of all derivations of the ring A is, in fact, a free A-
module of rank 2. On the other hand, with respect to the commutation operation, Wa(K) is a Lie
algebra over the field K (it is the Lie algebra of polynomial vector fields on K?2). Numerous works
by various authors have been devoted to the study of subalgebras of the Lie algebra W2 (K) (see,
for example, [1], [2]).

For each derivation D € W2(K), one can construct a rank 1 subalgebra L = AD of Wa(K)
(by rank, we mean the rank of AD as a submodule of the free A-module W>(K)). Recall that a
derivation D € Wa(K) is a simple derivation if the only D-invariant ideals of the ring A are the
zero ideal and A itself. It turns out that for some simple derivations the corresponding subalgebras
L are maximal (by inclusion) subalgebras of the Lie algebra Wa(K). In [3]), it was proved that

D= % +(1+ my)(% is a simple derivation.

Theorem 1. Let the derivation D be of the form: D = % + 1+ a:y)%. Then the Lie algebra
L = AD is a maximal subalgebra of the Lie algebra Wa(K).
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Constructive Embedding of Cyclic Group
Exponentiation into Permutational Wreath
Product

A. Korzhuk, A. Oliynyk

For a prime p, the exponentiation Z, 1 Z, is a permutation group of degree pP and order pP 41,
generated by a = [1,(0,...,0)] and b = [0, (1,0,...,0)]. It embeds into Zf;olZp as a permutation
group [1]. Elements of this wreath product are described by portraits: labelled p-ary trees of depth
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p, where the label at level [ on path (zo,...,2;_1) determines the action at that level. We construct
explicit portraits ¢, d € Zf;ol Zp such that a — ¢, b — d realizes this isomorphism for every prime p.

Theorem 1. For every prime p, the map a — ¢, b — d is an isomorphism of permutation groups
Zp T Zp = (c,d) < 2,{:01 Zp, where ¢, d are constructed as follows.

(i) Over Fy, represent each f € Z, 7r as a polynomial f(t) Z cktk The bijection
w(f) (¢¢p = 1),...,c0) ensures, via the binomial theorem that coordinate [ of the

shifted function f(t + 1) depends only on coordinates 0,...,1 — 1.
(ii) For c, the portrait value at level I on path (zo,...,x;—1) is:

-1
11—
Uz(:&u---@z—ﬂiZ (p Py l) z; (modp),l=1,...,p—1,

=0

with og = 0 at the root.

(iii) Let d¢,0: Zp — Zp be the Kronecker delta, equal to 1 at ¢ = 0 and 0 elsewhere. Its Lagrange
interpolant combined with Fermat’s little theorem gives &¢,0(t) = (p — 1)tP~! + 1. The
portrait of d has the same value at every node of level [: vg = p—1, vy =0for 1 <1 < p-—2,
and vp—1 = 1.

Example. (p = 3). The portrait of c has values: o9 = 0, 01 (z0) = 2z0, (zo, z1) = xo+x1(mod 3),
giving ¢ = [0, (0, 2,1),[(0,1,2),(1,2,0),(2,0,1)]], and d = [2, (0, O [( 1,1),(1,1,1), (1,1, D)]].
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To4yHa acMMNTOTMYHA NoBeAiHKa XBOCTa
po3noginy Bunagkosoro pagy Lipixne

P. O. Kocrorpus

Hexait n1,1n2,... — He3amexkHi Komil Bunaakosoi Beswuunu 7). llpunyctumo, mo n < b maiixke
manesno (M.u.) gs gesxoro b > 0, E[n] = 01 P{—n > z} ~ cx—# mpu & — oo gna meskoro ¢ > 0 i
B e (1,2).

Hoxnazemo S(a) := Y .~ k™ *ng. 3rigso 3 reopemoro Konmoroposa mpo Tpu psu, ocTanHik
pan 36iraerbes, axmo «f > 1. YV pobori [1] Gysna BcTaHOBIEHA TOYHA aCHMITOTHKA HEPHIOTO I[0-
pagky P{S(a) > 2} upu x — oo. lleil pe3ysbrar JONOBHIOE PE3yJIbTAT, OTPUMAHUE HEIOAABHO B
pobori [2] 3a npunymens, mo 7 € 0GMEKEHOK 3TOPH, MA€ HyJIBOBE CEPESHE, IPOTe APYTHil MOMEHT
€ CKIHYeHHUM.

Teopema 1. Ilpunycrumo, mo n < b m.H. Jja gesakoro b > 0, P{n =b} =0 € (0,1), E[n] =01
P{—n >z} ~ cx=P mpu x — oo mra gesxoro ¢ > 01 B € (1,2).
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dAkmo a = 1, To pu * — o0,

P{S(1) > z} ~ - % - be(””"”/b>, ne

a7 =
(2m0p)1/2 P

1 ¢S]
q:="bm +/ z~ M (x)dx +/ 7 (' (x) — b)dz € R,
0 1
i v1 - koHcTaHTa Eitnepa-Mackeposi.
V nmomosixi Takox 6yme obrosopeno sumanok « € (1/4,1).

Hane pocmigxenns Oyno minrpmmane Hanjomanbemm ¢ommoM mocmiaxens Ykpainm (IpOekT
2023.03/0059 ‘Brecok 10 cy9acHOI Teopil BUIA KOBUX DPALIB’).
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Crilika fo npumycy cncrema esleKTPoOHHOrro
ro/IoCyBaHHs1 3 HY/IbOBUM PO3rOJIOLLIEHHAM

M. K. Kocrtrouenko, A. C. Onifinnk

Y mani#t po6OTI POAHATI30BAHO CUCTEMY €JIEKTPOHHOTO TOJIOCYBAHHSI HA OCHOBI cremu awy-
Avosarux 30606°asany (nullifiable commitment scheme), mo ¢ crifikoro go npumycy [1]. s cxema
nepeabadae, 10 PeECTPATOP MOXKEe BUAABATH BHOOPIAM sIK CIpPaBXKHI, Tak i migpobseni kiawodi 30-
060B’s3aHBb, ITI0 € HEBIIPI3HIOBAHUME MiXK c06010. Bubopers, SKOoro npuMyIyTh, MOXKe [TOAATH O10-
JIETEHD 3 Higpo0IeHHM KJIIOUeM, He MOPYIIyIoun pPe3ysbTaT BHOOPIB, OCKiIbKM mepen migpaxyHKOM
rOJIOCIB Omiepallisi aHyJII0OBAHHS epPeTBOPIOE 30008’ I3aHHS TaK, IO HiapobaeHult 6r0IeTeHs BiIKpU-
BA€TbCA 3 HYJBOBUM IIOBIIOMJIEHHSIM, a CIPaBXKHIfl — 3 OpUriHaJIbHUM. 3aBAfAKH TaKiil cxemi Ta
roMoMopdHill arperarlil aHyTHOBAHUX 3000B’SI3aHb MiIPaXyHOK T'0JIOCIB BUKOHYETHC 33 JIHIAHMH
gac O(ny).

Cucrema 3abesmedye TaKi BIACTUBOCTI Ge3mekn: KOHMIAeHIIHHICTD O10IeTeHs, aHOHIMHICTD BHU-
Ooprus, 6e3kBUTAHIIHHICTD, OIp NpuMyCy, iIEAuBiTyaTbHA Bepudikamnia, yaiBepcanbaa Bepudiramis,
nackpizua Bepudikanisz (E2E) ta mepesipka npasa rosocy.

IenTpasbHOIO ineer0 3abe3neyueHHs: BepuiKOBAHOCTI € BUKOPUCTAHHS CUCTEMM JOKa3iB i3 Hy-
sboBuM posrosioutenHsaM (ZKP), mo6 npojeMOHCTpyBaTH, 10 aJrOPUTM BHKOHAHO HAJIEIKHUM TH-
HOM, 1 TApaHTYBATH, IO BCi YYaCHUKH, 30KpeMa BHOODIIi Ta OpraHH BJIAIU, JOTPUMYIOTHCS IIPOTO-
KOJIy.

[IpakTuyHa peanizallis CUCTeMHU BUKODHUCTOBYE cucTeMy aokasiB Grothl6, xem-dynknito Mi-
MC7, ourumizopany misi zk-SNARK, Ta nepeeo Mepkia mjs gopejeHHsi 4dyeHCTBa. [lyGuidsa
JIOIIKA OTOJIOIIEHBb PeaJi30BaHA 33 JONOMOrOK OJIOKUeHHY 3 BHKOPHCTAHHAM CMapPT-KOHTDAKTY.
Cxema aHyJIbOBAHUX 3060B’s13aHb OOYJ0BAHA HAJ IPYIOK TOYOK eninTuaHol Kpubol G mopsaxy g,
Jle BUKOHYIOThCS IPUIYINEeHHs Tpo auckperHuii sorapudy (DL) ta npunymenua dibdi-Xeamama
(DDH) npo npmiiEaTTs pimeHs.
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Commutation of Jacobian derivations

0. Kot, Ye. Molochynskyi

Let K be an algebraically closed field of chracteristic zero and K|z, y, z] the polynomial ring in
three variables. Recall that a linear map D : K[z, y, z] > K|z, y, #] is called a K-drivation (or simply
derivation) on K{z,y, 2], if the Leibniz’s rule for D holds: D(fg) = D(f)g + fD(g) for arbitrary
fyg€K|z,y, z]. The vector space W3(K) is a Lie algebra relatively the commutation of derivations/
This Lie algebra can be considered as The Lie algebra of all polynomial vector fields on K3.

Given two polynomials f1, f2 € K[z,y, 2], the Jacobian derivation Dy, ¢, on Klz,y, 2] is defi-
ned: Dy, ¢, (p) = det J(f1, f2, h), for arbitrary h € K[z, y, 2], where J(f1, f2, h) is the Jacobi matrix
for f1, f2, h.

Jacobian derivations on polynomial rings in several variables have been studied by many
authors, see, for example, [2], [3]. In [1], it was proved, in particular, that any detivation D with
zero divergence is either a Jacobian derivation or a sum of two Jacobian derivations. Therefore, the
study of Jacobian derivations can be useful for better undrstanding of divergenless derivations of
polynomial rings. Recall also that a derivation D on K|z, y, 2] is called a locally nilpotent drivation
if for any feK|z,y, z] there exists a positive integer n = n(f) such that D™(f) = 0. The next
statement provides a characterization of commuting Jacobian derivations:

Theorem 1. Let D = Dy, ¢, and T = Dy 4 be commuting Jacobian derivations of the polynomial
ring K|z, y, z] such that f € KerD. If the derivations D, T are not proportional then the derivation
D is locally nilpotent.
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Crivikicte Tuny ISS wopo 36ypeHb ansa
NPUTATYHOYNX MHOXWUH NapaboniyHnx piBHSAHbL 3
GaraTo3Ha4YHOI HENIHINHICTIO

A. O. Kpacueena , T. FO. 2Kyk

Po3risgHeMo HACTYIHY MOYATKOBO-KpalioBy 3agady BiAHOCHO HeBigomol dyHkuil y = y(t,z),
(t,2) € Q = (0, +00) X (0,1)

o) — ZHEE) ¢ fly(t,2) + hit,),

ot dx2
Ylo=0 = d1(t), ylomt = da(1), (1)
yle=0 = yo ().
ne yo Hameskath dpazosomy mpoctopy X = L2(0,1), nopmy B sikomy Gymemo mosmavatu ||-||, 36ypenns

d := {h,d1,d2} mamexarnp npocropy L°°(0,+00;X) x L*(0,4+00) x L>(0,+00), MHOrO3HAYHE
Bimobpakenns f : R — 27 e onmykro3madnuM, KOMIAKTHOSHAMHEM 1 JTIIIHIEBIM.

PosBuparoun pesynbraru pobornm [1], B sxiii Gyna BCTAHOBJIEHA ACHMITOTHYHA OLiHKA THILY
AG, B naniit pobori 3a paxyHok ymoBu JIinmugs Ha MHOTO3HAUHY IPAaBY YACTHHY OTPUMAHO GijbI
TOo4YHY pobacTHY OHiHKY THIy ISS, M0 XapaKTepusye BiAXUIeHHS TpaeKTOopi#t 36ypeHoi cucteMu Bijg
arpakTopa He30ypenoi 3azaqi. KmiouoBy posnb y mosemenHi Bigirpae mexoMmosuriist po3s’s3ky Ha
PeryJsapHY Y4acTHHY 3 OJHOPITHUMHU KpAaROBUMU yMOBAMH Ta YaCTHHY, IO OMUCYE BIJIMB IPAHUIHUX
36ypeHb. OTpuMaHi pe3yJbTaTH JIONYyCKAOTh y3arajJbHEHH Ha IIHUPII KJIACH €BOJIONIMHUX 33734,
30KpeMa napaboJIiyHi CHCTeMU 3 HEABTOHOMHHMMU 30YPEHHAMU HA TDaHUIT.

PobGora BukoHana 3a niarpumku HanionassHOro ¢OHAY TOCTIIKEHBb YKpainu, mpoexT Nt
2023.03/0074 "HeckinuenHoBuMipHi eBosroniiini piBHsIHHS 3 6araTO3HAYHOIO TA CTOXACTUYHOIO JIU-
HaMiko".
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MaTtemaTtundHa Mofenb iIHBECTULIAHOro
CTpaxyBaHHSA

. O. Kysuenona, B. II. 3y6ueHnko

YV pobori mocaimxkeno imBecTmIfiiiHe cTpaxyBaHHS K iHCTpyMeHT 3abe3meteHHst dhiHancoBol
CTIfKOCTI CTPaxOBOT KOMITAHIT HA OCHOBI MaTEMaTHYHOTO MOJIETOBAHHA. Y PODOTI 3aCTOCOBAHO Me-
TOAM AKTYapPHOI'O aHAJI3y Ta €KOHOMIKO-MaTeMaTHU4HOrO MOAEIOBaHHS. POo3risHyTo miaxozu 1o
PO3paxyHKy CTPAaxXOBHX ILIATEXKIB (MeTox wmcrol mpewmii, TapudHHUl METOR), IO BPAXOBYIOTH iMO-
BipHICTb HACTAHHSA CTPAXOBUX BHIAJKIB Ta CTPYKTYpy BHTpar. IlobynoBano momens opMyBaHHS
CTPaXOBOTO PE3ePBY 3 YPAaXyBaHHSM CTPAXOBHUX IpeMiil, BUIIaT Ta iHBecTuuiitHoro noxoxny. [Ipose-
IEHO aHAaJi3 #oro amHAMIKK 33 JOMOMOrOI0 IOKa3HWKIB JIIKBIAHOCTI, MIATOCHPOMOXKHOCTI Ta PeH-
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TabeJbHOCTI. BCTaHOBIEHO, 1O TOYHICTH PO3PAXyHKY Pe3ePBIB € KJOYOBOK YMOBOKI (iHaHCOBOT
cTilikocTi cTpaxoBuka. Ha OCHOBI MOIeTIOBaHHS JOCTIIXKEHO BIUIMB PI3HUX 1HBECTHIIIHHUX CTpaTe-
riit (nenosuTu, neprkasHi NiHHI Hanepu, HEPYXOMICTB) Ha 06CAT pe3epBy. Pe3ysbpraru moKa3amIm, mo
IHBECTYBAHHS CYyTTEBO IIiIBUINYE e(DEKTUBHICTD AislILHOCTI, & IHCTPYMEHTH 3 IPOTHO30BAHOIO JOXi-
nHiCTIO 3a0e3eYy0Th ONTHMAJbHE CIIBBIIHONIEHHS PU3UKY I HIpuOYTKOBOCTI. 3POCTAHHS YaCTKH
PU3MKOBUX aKTHUBIB norpebye BiamosigHoro 36inbinenHs pesepsis. Orke, 3aIIPOIOHOBAHA MOJEJIb
I03BOJISIE€ OI[HIOBATH HACHIAKE iHBecTHHiMHWX pimieHs i miaBuimye OOIDPYHTOBAHICTH YIPABIIHHS
dinaHCOBUMHU pecypcaMu CTPaxoBOi KOMIIAHII.
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Entropies of Cox-Ingersoll-Ross and Bessel
Processes

I. Kucha, Y. Mishura, K. Ralchenko

We study the long-time behaviour of several entropy measures (Shannon (Hg), Rényi (Hg),
generalized Rényi (Hgpr), Tsallis (Hr), and Sharma—Mittal (Hgps)) for the Cox—Ingersoll-Ross
(CIR) and squared Bessel processes. Since their one-dimensional laws are scaled noncentral chi-
squared distributions, we first give conditions for the existence and continuity (in the noncentrality
parameter) of these entropies for a noncentral chi-squared random variable. We then apply these
results to the processes themselves to (i) determine the limits as ¢ — oo and (ii) describe the
CIR—Bessel transition (b ] 0) at the level of entropies.

Let r; solve the CIR SDE dry = (a — bry)dt + o/t dW; with a > 0, b > 0, ¢ > 0, 2a > o2,

and let Y; be the squared Bessel process dY; = adt + o/Y: dW; (b = 0) with the same a,o and
Yo =19 > 0.

Theorem 1. Let 2a > o2. Denote by 7o, the Gamma limit of r; with shape 2a/0? and
scale 02/(2b). Then, as t — oo, the following convergences hold: Hg(r:) — Hs(reo),
Hr(r;o) = Hgp(roosa), Hgr(re;)) — Hgr(re;:), Hr(rga) — Hr(reo;a) and
Hgn(re; o, 8) = Hgnr(roos o, B) for all valid parameters a, 3.

Theorem 2. Assume 2a > o2. As t — oo, the Shannon, Rényi and generalized Rényi entropies

diverge: Hg(Y:), Hr(Ys; ), Hgr(Y%; ) 1 co. For Tsallis and Sharma-Mittal entropies:

00, a<l,
HT(YMCY)—>{ 1 a>1,

a—1’

oo, B <1,
HSJ\{(}/I‘,vauB)_){ﬁ7 8> 1.
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BnacrtusocTi cyHkuii Bennmana 3agady
ONTUMaJIbHOro KEpPyBaHHS A5l CUCTEM 3
IMMNY/IbCHOO AI€EI0

B. O. Jlykeua

Hexait D = [to, t1] X R4,
B nawniit ob1acTi po3ryiagaeThCs 3a/1a9a ONTHMAIBHOTO KePYBAaHHS CUCTEMOIO JU(EPeHITIaTbHIX
PiBHSIHD 3 IMIIyJIBCHOIO Ai€I0:

= I;(a), (1)

3 kpurepiem sikocTi:

t1
J(t, z,u) = / L(s,z(s),u(s))ds + ¢(z(t1)) — inf (2)

to

wa Binpisky [to,t1], me * € R? — dazosuii BexTop, u = u(t) — BexTop Kepysanus, u(t) € U C
R™, U — xommnaxkr. Jomyctumi kepysanus u(t) € L ([to, t1],U). @yrkuiz Beanmana taxol 3azadi
BBOJAUTBCA HACTYIHUM YHHOM :

B(t,z) = inf J(t,z,u).
u(t)eU

Binnocuo BrmactuBocTeil pyukIii BesnmMaHa cupaBeinBa HACTYIIHA TeOpeMa

Teopema 1. Hexaii:
a) f HemepepBHa 3a CykymnHicTio 3MinHEX (t,2) € D,u € U Ta 3aJ0BOJIbHSIE 33 T yMOBY
Jlimmurs;
6) L, p, i — HenmepepsHI 33 CyKyIHICTIO 3MIHHHX Ta Jjimmunesi 3a x;
B) Ha [to,t1] BigcyTHE “OuTTS” PO3B’A3KY.
Toni dyuknia Bennmvana B(t,z) € JOKAIbHO 06MEKEHOI0 Ta JOKAJIBHO JINIIHUIEBOIO 10 ¢ B D,
a TAaKOXK rJI06aJbHO JIMIIHUIEBO 33 T B D.
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VY3arasibHEHHS K/IACUYHNX OPTOrOHANIbHUX
NOJIIHOMIB Ha MaTPUYHUI BUNAAOK

B. JI. Makapos, O. ®. Kamnyp, M. I Mockanbko

HinnaicTs OPTOrOHAJbHEX MOJIHOMIB y BEpimenHi 6araTb0x NPHUKJIATHAX 33439 CKIAJHO IEpe-
oninnTu. MapkiBcbKi mporiecu, 1iudposa 06pobka 300pazkeHb, KBAHTOBA (Di3uKa, 33724 0OUHCITIO-
BaJILHOI MaTeMaTHKH — Bce Iie cdepa ix 3acTocyBaHHA. Byap-aKy cknanay ¢hyHKIio abo dizuunmnit
CHUTHAJI MOXKHA PO3KJIACTU 33 TaKuMu nojinomMamu. OCHOBHI BJIACTUBOCTI KJIACHYHUX OPTOrOHAJIb-
HEX noJiHOMIB BukiazeHo B [1]. Ilpupoaro, mo no6y10Ba HUX MOJIHOMIB Ta BUBYEHHS iX OCHOBHIX
BJIACTUBOCTEH HA, MHOXKWHI HEKOMYTATHBHUX MATPUIlH CYTTEBO YCKIATHIOIOTH PO3B’SI3aHHS IIOCTAB-
JIeHOT 3aa4i.

B namiit po6oTi Mu 30cepequnnch Ha MATpUUHUX mojiHoMax Epwmita Ta Jlareppa. Kopucryio-
quch Te3010 MakapoBa, no0yAyBaJy i MATPUYHI MOJIHOMK HA MiACTaBI PEKYyPEHTHUX CIIBBiIHO-
IIIeHb, SIKi OTPUMAaHI 3aMiHOIO CKAJISIPHUX IAPAMETPIiB HA MATPHUUHI, T4 IPU 3aCTOCYBaHHI popMysin
N1t OOYUCITIEHHS TAKUX MATPUYHHX MOJiHOMIB. OgeprkaHi dopMynn 36iratoThbCs, IO JOBOJUTD Te-
3y Makaposa ans nosinomis Jlareppa ta Epwmira, a Taxkox 36iratorscst 3 pesysnbraramu 3 [2], ge
BHKOPHUCTAHO immuil minxix ams mobynoBH MAaTpUYHHX MOJIHOMIB, IO BUMAra€ iCHYBAaHHSA IIEBHEX
00epHEHUX MATPHIIb.

3a momomoromn texHiku 3 [4] Ta 3acobiB cucremm xomm'roTeprO! MaTemarunku Maple omeprxasm
PeKYPEeHTHI CIiBBiTHOIIEeHHS Ta AU@epeHIliaJlbHI PDIBHAHHSA JJs MAaTPUYHUX MOJiHOMIB Epwmita Ta
Jlareppa.

Bukopucrtanus Tte3u MakapoBa KapJUHAJIBHO CIPOIILYE MOOYI0BY MATPUYHUX IOJTIHOMIB Ta BHU-
BYC€HHA ix OCHOBHUX BJIACTHBOCTEMH.
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MopentoBaHHSI €HTPOMIViHOT MipN pU3UKY AN
BOJIATUJ/IbHNX CTPAXOBUX BUMIAT

M. MartseeB, P. fIMHeHKO

V cdepi crpaxysanus Non-Life KpuTudHo BakK/JIMBUM 3aBAaHHAM € GOPMYBAHHS aJJ€KBATHOTO
Pe3epBHOrO KaliTaay ajis 3a0e3MeYeHH s I1JIaTOCIPOMOXKHOCTI kKomMnanil. Tpaguuiitai nigxomsu vacto
JeMOHCTDPYIOTh HECIPOMOXHICTB mpu Po00Ti 3 moprdessmu, Mo XaPaKTePU3YIOTHCS «BaXKKHMU
xBocTaMu». MeTorw 1iel poboTu € noby/10Ba OMIHKHA PU3UKOBOI'O KAaIliTaJy CTPAXOBHUKA HA OCHOBI
enrpouiiinoi mipu pusuxy (EVaR) [1].

JocminKyBaHuil TOKa3HUK BU3HAYAETHCS K KOT€PEHTHA Mipa PU3UKY, IO € MiHIMAJIBHOIO BEPX-
HBOIO MEXEIO [l 3HAYEeHb BUIAAKOBOI BesqumuwHu X npw 3aganomy pisui magifinocti o € (0,1)
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(3rigno 31 crammapramu Solvency I1), i 6asyerbcsa Ha MminiMizanii oriHoOK Jy1s TBipHOT MYHKLIT MO-
MEHTIB:

zX
EVaRq(X) = inf {z_l In M}
z>0 «
Bynemo posrisgatu 36utku X gK eJIeMEeHTH IPOCTOPY (-CyOrayCCOBUX BHIIAJKOBUX BEJIUYWH,
0 € IPUPOJHUM y3arajbHEeHHIM KJACy FayCCOBHX i CyOrayccoBUX BHIAIKOBUX Beaudud [2]. lng
OI[IHKYM PHU3UKY BUKODPUCTOBYETbCs eHTpouiiina mipa EVaR., ska mjs p-cybrayccoBoi BeuyYnHM
330BOJIbHSE HEPIBHICTD:

EVaRy(X) <EX 4+ 74,(X)vV—2Ina,

ne 7, (X) — p-cybrayccosa HOpMa BHIAAKOBOI Benmunun X .

st anpobaril 3apornoH0BaHOTO MiAX0Ay BUKOpUCTAaHO naHi apxisy HBY mono puaky KACKO
3a 2024 pik [3]. V mi#t npeacrasneno crarucTrary iEdopmanio mono 36mTKOBOCTI mopTderns, ska
XapaKTePU3YEThCA 3HAYHOIO HEOJHOPIJHICTIO pH3MKy. Y paMKax pobOTH 3IifCHIOETBCS PO3paxy-
HOK MYJbTHILTIKaTOpa Kamitany M, aKuil J03BOJsi€ BCTAHOBUTH (DYHKIIOHATIBHY 3aJIEXKHICTh MiXK
obcsrom HeOOXigHUX pe3epBiB Ta MATEMATHIHHM COOAIBAHHAM 36uTKy p = EX.

3aBOgKH MOJETIOBAHHIO €HTPOIIMHOT MipH PU3UKY KOMIIAHISI OTPUMYE MOXKJIHUBICTH KiTbKiCHO
orinuTy 06CAT KamiTasy, HeoOXiJHOTO /Ui MOKPUTTS AHOMAJbHUX BUILIAT i3 33JaHO0 HMOBIPHICTIO.
Ile, y cBow dYepry, g03BOJIs€ HNpuiiMaTH OOIPYHTOBAHI DIillleHHS IONO YIPAaBJiHHA JIKBIJHICTIO,
ontuMizanii TapudHOl HOMITHKH Ta PO3POOKH CTpaTeriii mepecTpaxyBaHHS B yMOBaX Cy4acCHOrO
BOJIATUJIBHOTO PDUHKY.
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CrTpykTypa rpynun nepecrtaHoBoK andasity
cKkpy4eHoro aBTomarta Keni

FO. B. MepkyuiesB

Teopist ckimvyeHHEX ABTOMATIB € MOTY>KHUM iHCTpyMeHTapieM [jst mofymoBU Ta HOCIIKEHHS
CKJIAHUX ajrebpaiYHuX CTPYKTYP, 30KpeMa IPyI IPOMIKHOTO POCTY Ta JIaMILUIAHTEpPHUX TpPYIL.
OxpeMuM KJIaCOM Takux 00’€KTiB € CKpyueni aBromaru Keui.

Hexait A — ckinuenna rpyna. Ckpydenuii aBromarn Kemni — ne dersipka C = (Q, L, A, p), 1e
Q = A — muoxwuHa cTauHiB, a L = A X A — andasir aBromara. @yskuii Buxomgy A: A X (A X A) —
A x A ta nepexony p: A X (A X A) — A Busnaueni sax:

X(a, (b, ¢)) = (ab, abe), p(a, (b,c)) = ac.
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1l Ko2KHOro cTany ¢ € () BU3HAYUMO IIEPECTAHOBKY Tg: A X A -+ A X A
7rl1(b7 C) = A(% (b7 C))

PoGora npucesaaens pocuimkenao rpymu G = (wqglg € Q), NpomKeHoi HUMH HepecTAHOBKAMHU.
PosrnsuyTi Bumagku gt rpyn A i30MOpQHAX MUKIIYHAM Ta JieJpAHILHAM TPYIaM.

IToxazano, mo mjd IUKIYHO! rpynu mpocToro mopagky p A = Z, rpyna mnepectaHoBoxk G
izomopdua auckperwiit rpyni Tefizenbepra Hs(Zp) nopsaky p3.

Jns pieapaipHUX TPy MHOTOKYTHUKIB 3 HENAPHOIO KYJIBKICTIO KyTiB A = Daypy1 00rpyHTO-
Bano 36eperkenus 6;10k0BOI CTPYKTypH asdasity, Ha AKi# rpyna Aie gk rpyna cuMeTpilt kBaapara.
BcranoBiieHO, 110 rpyIia MepecTaHOBOK Ma€ CTPYKTYPY HamiBupsmoro mgobyTky K X Dy.
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MaTtemaTtndHa mogens n’'e30eneKTpUYHOro
6imopdHoro 6ankosoro BiOpayiiHOro ripockona

B.-M. A. Musnaiok, I. A. VYiairko

Jsa morpeb impeniiinol mairamii B cucTeMax HHU3bKOIO KJIACYy TOYHOCTI 3aCTOCOBYIOTH HU3b-
KO4acTOTHI Bibpaniifni ripockonu 6ajKOBOrO (3rHHHOrO) THUIY 3 BHKOPHCTAHHAM OGiMOpdHHX
I’€30€JIEKTPHIHEX CTPYKTYDP A 30y KEHHS KOJIUBAHD i [jisi PeecTpanil CeHCOPHOrO CHUIHAJY 33
PAaXyHOK II'€30€JIEKTPHIHOrO edeKTy.

Y pomosini 6yayTh MOLAHI OCHOBHI €JIEMEHTH MATEMATHIHO! MOZEJ CeHCOPA, AKA [PYHTYEThCS
Ha 3B a3aHuX 33 KopiosicoMm piBHAHHSX 3rHHHUX KOJIMBAHD

94 2
0% uy % (8 Uy _Q(Q)ux+2008uy) —o,

0z4 ot? ot
&%u ph [ 0%u Oug
azf +5 ( ato — Q3uy — 2 5 ) =0 (1)

Jle Uz Uy — B3AEMHO NEepIepAMKYJAPHI IPOrumHM OalKH MomepedHoro nepepisy h i mosxmam 0 <
z <, p— ryctuHa, D — 3rMHHA KOPCTKICTb GiMOpdHOT CTPYKTYPH, (2o — CTaTa KyTOBA IIBUIKICTD
obperanHsa HABKOJIO Bici Ganku Oz.

3aBagku ail cus iHepitii 06epTOBOTO PyXy, BJIACHI YUCJIa B TPUTOHOMETPUYHUX Ta TiHepbomiaHmx
dbyxruisx po3s’sasky cucremm (1) MarOTh KOPEHEBY 3aJIEXKHICTE BiJ HOPMOBAHO! KyTOBOI MBUAKOCTI
€ = Qojw: & = £i"AV1Ee, n = 1,8, 1 = /-1, a 3Haku + mepej € miJi KOpeHEM BKa3yOTb
Ha gBUINe BpasHIBCHKOIO PO3MIENJIEHHS YacTOT, HA $KOMY 1 IPYHTYEThCS TipOCKOMIYHUN edeKT.
[Ipm yMoOBax >KOPCTKOrO 3aKpIIJIEHHs OFHOTO 3 KiHUiB OaJIKH, PE30HAHCHI YaCTOTH BH3HAIOTHCA i3
rpancnenaentaux pismaab AT (A, €) = 1 + cos(A/T £ €) cosh(My/1 £ €), sixi mpurr € = 0 meperro-
profoTecst Ha pisasaasg Tuvorrenxa A0 = 14 cos(Al) cosh(\l) Hepyxomof GamKu 3 OTHEM KOPCTKO
3aKpimieHuM KinneMm. Kopeni 1nux piBH#AHB 1 yTBOPIOIOTh BpasgHIBCBKI Iapu po3IIeneHHs 4acToT,
mpo AKi CKa3aHO BHIIIE.

TakoxK y momnosizi, oKpiM aHaJi3y MeXaHIYHHUX IIPOTHHIB, Oy/e HaBeJEHO PO3PAXyHOK (PYHKITIT
CTPYMY IPOBIJHOCTI, SIK OCHOBHOI XapaKTePUCTUKU I1'€30pe30HAHCHOrO ceHcopa. 11ixg yac po3paxyH-
Ky HePIINX Y0TUPHOX PE30OHAHCIB BUSBUIOCH, IO BiAma s Mixk mapamu BpasHiBCbKHX DE30HAHCHEX
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HaCTOT 30LIBIIYETHCS IPONOPHIHHO /1 + €, 1110 He € THIOBUM SBUINEM JJIs INPOCKOIIYHUX CEHCOPIB,
pU [[OMY TTUPUHA PE30HAHCHUX KPUBHUX B KOXKHIN mMapi 9acTOT OYiKyBAHO 3MEHIIYETHC.
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Computational methods in drift parameter

estimation in the double mixed fractional

Brownian model via solutions of Fredholm
equations with singular kernels

Yu. Mishura, K. Ralchenko, M. Yakovliev

We consider drift parameter estimation in a model driven by the sum of two independent
fractional Brownian motions with different Hurst indices:

X;=60t+ B + B2 >0 (1)

According to [1, Sect. 6.4.5], the MLE of the drift parameter 6 in model (1), based on continuous-
time observations of X on [0,77, is given by

rT
~ hp(s)dX
) Jo T(s) 57
'0’1 hr(s)ds

where the function hp is defined as the solution of the integral equation (FHl + I‘HQ) hr =1 1)
Here, the operator I'y is defined by

Caf)t)=HEH 1) [ =Ly ds. 1€ (0.7). 2)

We develop an effective numerical method for approximating the solution of this equation by
reformulating it as a Fredholm integral equation of the second kind with a weakly singular kernel.
The resulting algorithm enables practical computation of the MLE.
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ImiTauiiHe MogeitoBaHHS PUHKOBUX PU3UKIB
IHBecTuuiiHoro noptdgensa merogom
MoHnTe-Kapno: VaR Ta Expected Shortfall

H. B. Mycka, I'. B. JliBincbka

Y poboTi IOCHIIKEHO MiIX0au A0 OIiHIOBAHHS PUHKOBOTO PH3UKY (hiHAHCOBUX HOPTOETIB B
YMOBaX BiAXWJIEHHS JOXOZHOCTEH Bif HOPMAJIBHOTO PO3MOAily. 30KpPEMa, PO3IJIAHYTO HOPIBHAHHS
napaMeTPUIHOrO MeTomy Ta meromy Monrte-Kapso agst oninkm nokasuukis Value-at-Risk (VaR)
ta Ezpected Shortfall (ES).

OB6’eKTOM JTOCIIIZKEHHS € PIBHOBAYKHO-3BaKeHUH mopTdens akmiit ingekcy S&P 500. Mogesnro-
BAHHA JUHAMIKY I{iH 34iHCHEHO 38 JOIOMOIr0I0 T€OMETPUIHOTO OPOYHIBCHKOrO PyXy 3 yPaXyBaHHAM
MmikakTuBHOI Kopesranii. OIiHIOBAHHS mapaMeTpiB BUKOHAHO HA OCHOBI iICTOPHUYHUX NAHUX JEHHHUX
IOOXOTHOCTEH.

IIpoBeneno cepiro iMiTaniffHMX eKCIEPUMEHTIB, Y Pe3yJIbTATI SKUX OTPUMAHO eMIiPUYHUE pO3-
nozin npubyTky/36uTKy moprdesns. BcraHOBIEHO HasBHICTH acumerpil Ta Ba’KKUX XBOCTIB, IO
MiATBEPPKYE BiAXMJIEHHS Bil HOPMAJIBHOTO PO3IOIIIIY.

[TopiBuaapHEi aHaIi3 MOKA3aB, MO MAPAMETPUIHUN METO/], 3ACHOBAHII HA HOPMAJIbHOMY DO3-
MO, € YyTAUBUM J0 crerudikail Mogesni Ta MOKe CHCTEMATHYHO CIIOTBOPIOBATH OIIHKU PH3UKY
3a HagBHOCTI acuMmeTpil Ta Bakkux xBocTiB. Haromicres meron Morre-Kapsio n03BOJsSl€ IHYYKO
BPaXOBYBATU CTOXACTUYHY CTPYKTYPY JaHUX i 3abe3medye Ginbin CTidiKi Ta iHTEepIpeTOBaHi OIiHKYH
VaR 1a ES.

OTpumani pe3ynbTaTd MiATBEPIXKYIOTh JAOUIIBHICTH BUKOPDUCTAHHSA IMITAIliINHIX METOJIB Yy 3a-
393X PU3UK-MEHEIXKMEHTY, 30KPeMa, [Jisi IOPTQEIIiB i3 HeKJIACHYHUMHU PO3IOIIIaMu JOXOIHOCTEH,
Jle TTapaMeTPUYHI MiX0[4U € HEJOCTATHRO AJEKBATHUMU.
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Mpo KOHTUHYaNbLHWIA KNac HenepepBHUX Hige He
MOHOTOHHUX (PYHKLIA, NOB'i3aHUX 3 JIAHLONOBUM
300pa>keHHsAM 4uncen

0. O. Hikopak, M. B. IIpausoBuTtuii

Poarnsgaernca yukiia f, o3HaueHa piBHOCTSIMU:

A _ AA:
fle=00%,.. n.”)—Albji[al“i;a}‘|027[a2:7;-2}‘_'_‘C,’ﬁ[an;rz}"”»

c AKIIO o 2 .
aec1 = 0,cnp1 = { " mo an 7 2, n € N, [a]— uina gacTuHa 4uCIa,

2 —cp, 4GKIO ap = 2,
[dO.ﬁdls} > Aéfag...anw =0+ 1/50415 + 1/ea25 +...+ 1/@o¢n5 +.
€ans € {eOS,els,...,e[S_I]‘} D0<eps <ers<...< e[g_llg ER,se {3 5}
Jlami MU pO3IJsg1a€MO BHIIAJO0K, KOJIM MA€ Micile piBHICTB e€;5 — eli—1]s = d1s — dos Aas ycix
1€41,2,...,s —1}.
Kopekrricts o3HauenHs GYHKOil, sgke MOMIO 0 NDOPYIIyBaTHCS B TOYKAX, INO MAaiOTh
nBa GOpMAJbLHO PisHI 3006pakeHHs, aje piBHI 3a 3HAYEHHIMH (AAS

c1e2...Cm_1¢6m([s—1]0)
A Ag
€ HaCJigKOM cmpaBenuBocTi piBHOCTI f(A
eres.com_1[em—1](0[s—1]))’ A pases p FA s em_1em(s-110)

) =

As
FAC e o1 lem—1)(0[s—1]))"

Teopema 1. ODymxrmia f € HemepepBHOIO Hije He MOHOTOHHOIO, if Tpadik 'y € aBromomesnn-
HOIO MHOXKHHOIO 3i cTpykTypoio I'y = I'yo UT'31 UT21 UT'11 U oo, me Gijry) = Tij, (i,4) €

{(4,2),3,1),(2,1),(1,1),(0,0)},

— 0;(x), .. x' = 52(1(2)),
I ,7) €4{(4,2),(3,1),(1,1),(0,0)}, :
p {5 200 D) € 12,6000, 0,00, g {22 2000
Ia = A8 an) = AR o itoany s 0@ = Alian ) = AR 0

Y n0omOBifi MPOMOHYIOTHCA PE3YIbTATH CTPYKTYPHO-(DPAKTAJIBHUX BJIACTUBOCTeH rpadika dyH-
kuif, 1T MHOXKUH piBHIB.
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NMpo ¢dyHKuUit0O 3 ABOMA 3MIHHUMU |
cdpakTanbHUMN BIACTNBOCTSAMN

B. I. ITnakupga, I. M. JIucenko
Hexait A = {0,1} — andasit, L = A X A X ... — IpoCTip MOCIIZOBHOCTEH 3 HYJIB Ta, OAUHHLD,
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qo € (0;1), ¢1 =1 — qo. dna 6yap-axoro uucaa x € [0;1] icuye nocaigosuicTs () € L Taka, 1mo

k—1-N
T=0a1ql—a; + Zak(h apdq lkq 1k Aglzaz o (1)

k=2

ge Ny = a1+ o2+ ...+ ap_1.

Posknan umcna x B pag (1) HasuBaloTbes Q2-npedcmasacrnam, & CKODOYEHHH 3ammc
Agf%manm — #oro Q2-30bpasicernam. Ko qo = %7 TO (Q2-300parKeHHS YUCE € KJIACHIHUM

o0
5 R ap — A2

JNBIKOBAM 300pazkKeHHAM IHCET: T = kz1 SE=A2 s ap...

Posrinanaerscsa dyuknis z = f(z,qo), oe = € [0;1], go € (0;1), o3nagena pisnicTio

k—1

f(Atzllag 7q0) = al(x)ql aj(x) + Z O‘k(x d1—ay,(z) H o ()"

Hespaxkaroun nHa Te, mo icuywors wnuciaa x € (0;1), aki mMaoTh aBa ABIHKOBI 300payKeHHs

. . 2 2
BIMKOBO-Pal[lOHAJIbBHUMUH ): A = A O3HAYCHHA (l) HKIIIl 2 € KOPEKTHHM
(’ZL pan, ) cy...cp—11(0) c1...m—10(1) YHKIL 1%

. .Ad N . - ..

3aBJAKU PIBHOCTI: Aal(m).“am,l(m)l(o) = Aal(m)“.am,l(r)o(l)' O6pa3oM ABIHKOBO-PAIIOHAIHHOT
k—1

ToukE = € Q2-OinapHa Touka z mpu g € (0;1). Ockinbku npu ¢’ — g K06YTOK H qa — H day,

T0 yukuiz z = f(z,qo) € HEMEPEePBHOIO MO 3MIiHHIA 0.
IIpu dikcoBanomy g bYHKIiSA 2 € HEIEPEPBHOIO, CTPOTO 3POCTAIOYUOIO JIHIWHOI IpU qo = % i
CI/IHI‘yJ'IHpHOIO npu qo 7# é, anqOMy f(1,90) =1, f(0,g90) = 0 npu ¢ € (0;1). Bona omykia BHI3

pu qo < 5 1 Bropy npu qo > , Mae camoadinnumii rpadik i € po3s’sa3K0M cucTeMu DYHKITIOHAJIBHUX

piBHAHB
(%) qop(t),
(51 =0 + (1 — q0) (1)

Y momoBiai IPOMOHYIOTHCS TOHO.J'IOFO MerpuyuHi i ¢ppakraspHi BracTuBocTi OyHKIIL.
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Optimal shape for time truncation for Lévy-driven
SDE with time-singular coefficients

D. Platonov, V. Knopova

We study the problem of choosing an optimal time-dependent jump truncation level for the
additive time-singular pure-jump model

T
Xr = / t=° dZ,,
0

where Z is a Lévy process and o > 0. For a measurable cutoff r: [0,T] — (0,1], we consider the
expected number of retained jumps and the residual small-jump variance. Our goal is to minimize
the latter under a fixed-cost constraint.
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We prove that this optimization problem admits a unique optimal cutoff
r*(t) = (c*ta) A1,

where the constant ¢* > 0 is uniquely determined by the cost constraint. Thus, the optimal truncati-
on level increases in time exactly with the same power rate as the singular coefficient in the model.
This provides a justification for dynamic time-adapted truncation in Lévy models with singular
coefficients.
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CTpyKTypa rpagi€eHTHUX NOTOKIB 3 CigJ/10-BY3/10M
Ha ccepi 3 gipkamun

0. O. IIpumnsak, I. A. OsuunoB

Bupninarore gBa Tunu cifmo-sy3s0801 OidypKarlil ry1aJKuX BEKTOPHHUX II0JIiB HA IJIOIIUHI:

1) V(z,y,a) = {x,y% + a}, axmo By30na € mxepenom (SNi-6idypraris);

2) V(z,y,a) = {—z, —y? + a}, saxmo By3os1 € crokom (SN_-6idypxaris).

Ha koMmakTHHX MOBepXHAX Taka Oidpyprariisa MoxKe BiIOYTUCS K Y BHYTPIITHOCTI TOBEPXHI, TAK
i ma i1 mexxi. 3oxpema, 70 Ta micas momenty Oidypkanii BexTopre mose € monem Mopca. IToTokn,
MOPOKEHI BEKTOPHUMU TOJISIMHU, 110 3 SIBJISTIOTHCS B MOMeHTH ToAibHuX 6idpypKariiit, Ha3uBaAIOTHCS
SN- ta BSN-norokamu (3a/€KHO Bij Toro, BigfyBaeThcs 6idbypKallis Ha MeXKi 4u y BHyTpimHOCTI
HOBEPXHI).

B mamiit poboti mocaimzkeHo 3aa4y moOyI0BU IOBHOTO TOIOJIOTIYHOrO iHBapiaHTa IJIs TOTOKIB
Mopca mepex momenToMm Oidpypkarii, a came po3pi3HAnbHOro rpada, o € y3arajbHEeHHAM [IDej-
CTaBJIEHO! B HAIIKMX MOMEPEIHIX poOoTax XOPAOBOT AiarpaMu.

Teopema 1. SN-nmoroxu (BSN-IOTOKH) € TONOJIOTNYHO eKBiBAJIEHTHUMH TOAI ¥ JInIIe TOAI, KOJIH
BiANOBiHI po3pi3HsAnbHI rpadu € i3omopdHEMHU.[1]

3 BUKOPUCTAHHAM OJIep:KaHUX BimomocTedl 6y10 MOOYIOBAHO KOJ — CIeNiaJbHYy IIOCTiTOBHICTH
CHMBOJIIB, $IKa BiAIIOBia€ KOHKPETHOMY pO3pi3HsabHOMY rpady i smmme fiomy, a BigTak i camomy
MOTOKY 3 Cigyo-By3om. [Toka3aHO OCHOBHI BJIACTUBOCTI KOJIB AJIsi JAHUX IMOTOKIB.

Takox mopaxoBaHO KimbkicTb SN- ta BSN-notokiB Ha cdepax 3 OHHIEW, IBOMA Ta TPbOMA
NipKaM# 33 yMOBH, IO KIJIBKICTh OCOOJIMBHX TOYOK IMOTOKY He mnepesuinye 6. [Ipumipowm, icmye
13 SNi- ta 10 BSN_-norokiB 3 5 ocobnuBumu Toukamu, i 31 SNi- ta 11 BSN -notokis 3 6
0COOJIMBAMY TOYKAMU HA ABOBHMIDHOMY OMCKY.
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Comparing Discrete Langevin Algorithms for
Sampling Efficiency

M. Pushkar, V. Golomoziy

This study investigates the convergence properties and sampling efficiency of discrete-time

Langevin diffusion approximations. We consider a probability distribution 7 on R? governed by
the SDE:

1
dX¢ = 2 Vlogm(Xy) dt + AWy 1)

We evaluate three discrete implementations: the Unadjusted Langevin Algorithm (ULA), the
Metropolis-Adjusted Langevin Algorithm (MALA), and the Truncated MALA. The performance
of these algorithms is assessed across diverse target distributions, including Gaussian mixtures
and radial generalized normal distributions G Ng(u, o). We assess efficiency through three practical
metrics:
- High-Density Entry Time: The number of iterations required for a trajectory starting at
o to reach the high-density region.
- Parametric Distribution Convergence.
- Discrete Wasserstein Distance: The Ws distance between empirical distributions,
computed via the Jonker-Volgenant algorithm:

sESm

1 m 1/2
Wa(P",#) = min <mZIIPZ" —frslim) (2)
=1

By comparing these metrics against reference values from direct sampling, we identify the trade-
offs between the stability of T-MALA, the asymptotic accuracy of MALA with optimized step-sizes
h, and the computational simplicity of ULA.
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3aKOHOMIPHOCTI POCTY TPUJIAHKOBOI TPILWLNHN B
NPY>XHi MJacTuUHI

A. €. Peaina

Po3rnsgaerncsa HeCKiHYEHHA NIPY?KHA IIACTHHA, B OJIi OJHOBICHOrO PO3TAry 3 HACKPI3HOIO Tpu-
JIAHKOBOIO ILIOCKOIO TpimuHo0. [[eHTpasbHa JaHKa Mae JOBXKUHY 2!, & HOpMAaJb J0 Hel CKIAIae
KYT @ 3 HAIPSIMKOM poO3TATy. KpaifHi JaHKH MaloTh OJHAKOBI JOBXKWHE d i pO3TalIOBaHi CUMETPH-
9HO ig KyTOM [ 40 UeHTPAJAbHOI JaHKK. 334349 MOJSrae y BU3HaYeHHI Koe(inieHTiB iHTeHCUBHOCTI
nanpyxxenb (KIH) K, K11 Ta HAIPSMKY IOAAJBIION0 POCTY TPIUHA ¢ B 3aJ1€2KHOCTI BiJ KyTiB «, 3
Ta nmapamerpa A = d/Il. OcobauBuii iHTepec cTaHOBAATH MaJii 3HaUeHHs A [1].

JlJist 4mucesIbHOrO aHasi3y BUKOPUCTAHO CKiHdeHHO-eseMenTHuU naker CalculiX [2] 3 kBanparu-
YHUMH TPUKYTHUMHE €JIEMEHTAMH [IJI0CKOro HanpyKeHoro ctany (CPS6). s miBUIeHHs] TOYHOCTI
MOJEJIIOBAHHS KOPEHEBOI 0COOIMBOCTI HANPYIKEHDb 0e3II0CePeJHBO ¥ BEPUINHAX TPIMMHE IPOrPaM-
HO 3r€HEPOBAHO CUHTYJISIDHI «YBEPTh-BY3Ji0Biy esmemenTu. 3Hadenusi KIH BU3HAYAIOTHCS MIISTXOM
AIPOKCHMAIl PO3KPHUTTS TPIuHY u(s) MOGIN3Y BEPIIHHYA BHPA3OM

u(s) = Cv/s + Ds%/? (1)

e s — BiJCTaHb BiJl BEePIMUHU TPIIIUHU, 3 TOJATIBITHM BUKOPUCTAHHSIM BiOMOTO 3B’I3Ky Koedilri-
enta C 3 K1 ta K11. HanpsMok pocty 19 3HAXOAUTHCS 33 KPUTEPIEM MAKCUMAJIbHUX TAHTEHITiaJIbHIX
nanpyxxens [3]. [Tapamerpuusne gocijpkenns nposejero g o € [0°,80°] ta £, mo 3a710BOIbHSE
ymoeu |B] < 130° i |a — 8| < 80°, mpu A = 0,02-0,10. BcranosieHo, mo KyT ¢ 3aJeKUTH TO-
JIOBHHM YHHOM Bif pi3umni o — 3, a He Bix xyTiB okpemo. llokazamo, mo npu A — 0 rpanuannii
nepexig A0 pO3B 3Ky IJist IPSIMOI OJHOJAHKOBOI TPIIIUHYA HE BUKOHYETHCS: HaBITH MPU MIKPOCKO-
miyHill NOBXKMHI KpafiHBOI JIAHKY CHHTLYJIAPHICTH Y TOYIN 3JIaMy IIPOJIOBXKYE TOMiIHYBATH Ta CYTTEBO
BUKPHUBJIIOBATH HAIPSAMOK POCTY TPIIUHU.
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3acTocyBaHHS K/laCTEPHOro aHanildy gns
NepBUHHOI AiIarHOCTUKN AeMeHuil

M. €. O. Pyouk

3axBOPIOBAHICTD HA JEMEHII0 — HEBPOJIOIIYHE 3aXBOPIOBAHHS, NIPU SKOMY 3arubesb KJITHH
MO3KY NPH3BOJUTHL JO BTPATH IaM’aTi Ta 3HMXKEHHIO KOTHITHBHUX (DYHKIIH — 3POCTAE 3 KOXKHUM
poxkoM. 3riguo 3 nanumu BeecsiTHBOT opranizaril oxoponu 310pos’a (BOO3) croroaui 55 MinbioHis
JroAeil y CBiTI CTpasKIal0Th HA JTIEMEHITII0, IPUYOMY IIPOTHO3YETHCH, MO0 I KiJbKICTh TOTPOITHCS 10
2050 poky. B Ykpaiuiy 2024 poui sHapaxopyBaju 01u3bk0 500000 XxBOpUX, IPUYOMY HPOTHO30BAHUH
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piBEHBb HEJOCTATHBOI MIATHOCTUKH IIHOIO CUHIPOMY cTaHOBUTH 94%. CTpec i HeMOXKJIMBICTH BYACHOT
NiaTHOCTHUKY, [0 BUHUKAIOTh BHACJIJOK BifHHM, HEMPOTHO30BAHO 30ibIIYIOTH KiJBKICTH XBOPHX.
OTKe, PO3BUTOK METOIB [iarHOCTUKH AeMEHI] € aKTyaJIbHUM.

B maniif po6oTi 3anpONOHOBAHO 3aCTOCYBaHHS MeTOAY KjacTepu3anil [1] must nepsunHOT Aia-
rHOCTUKHK JeMeHIlii. [Ipu mpomMy BuKOpucTaHO jumne geMorpadiydni 3MiHHI Ta pe3y/nbTaTH TeCTiB.
Po36burts narieHTiB Ha TPU KJIACTEPU JA€ 3MOTY BUIIJIUTU KJIACTEP JIFOAe 3 BUCOKUM PUBUKOM fe-
MEeHIII, I aKHX Ha1aJi MOXKHA IIPOBOIUTH JOMATKOBI gopori anasiszu. Jlocsimgkeno pisui momesti
Ta METOJM KJACTEPU3allil 3 ypaxyBaHHAM Di3HUX MeTpHUK (eBKJiI0BOI, MaHreTeHCHKOT 1 Yebuimona)
Ta pi3Hux 3B’s3KiB (OAMHAPHOrO, CEPEAHBOrO, MOBHOrO i Meroma Bapaa). 3acrocoBano iepapxiumy
Ta, k-means KjacTepu3alnioo. 3a JOIOMOro0 IHCeJIbHOIO €KCIIePUMEHTY 3HANIeHO MAPU «MEeTPHKA —
MeTOJT 3B’A3KY», AKi HalTOYHiIlle BiANOBIaI0TE PO3OUTTIO HA TPHU KJIACTEPH JAHOI'O MACHUBY JaHUX
namjentis. Jlsa Bisyasizanii pe3ysnbTaTiB 3acTOCOBAHO MOBY Iporpamysanusd R [2].
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MapkoBcbke 300pa>keHHs 4Yucen Ta horo
3aCTOCYBaHHS

. M. Cepriiiko, C. Il. ParyiHgak

Hexait A3 = {0,1,2} — andasit, L3 = A3 X A3 X ... — OPOCTIp HOCTIJOBHOCTEH €IeMEHTIB
asndasity, qo,q1,q2 — dikcoBannii wabip aificuux unces, ¢; € (0;1) Vi € Az, ||gij|| — xBagparra
MaTPHIA 3-TO HOPAJKY, /1A eJeMeHTiB AKol MaloTh Micre HepisrocTi 0 < ¢q;; < 1,4 € Az, j € As.

agpy1—1
Hexalt Bajapyr = Goq > dayis Bo =0, B1 = qo, B2 = qo + q1. Po3rnanaerses MHOKEHA CyM
i=0
BCEMOXKJIUBUX DSIiB BHILY

i—1

oo i
601 + Zﬂaiai+1 H ooty (an) € Ls. (1)
i=1 J

i=1

Teopema 1. [1] Akmo go + g1 + g2 = 1 i maTpung ||¢;;|| — croxacTudsa, TO A1 JOBIMBHOTO THCIIA,
z € [0; 1] icrye mocaigosricTs () € L3 Taxa, mo

oo k—1
_ _ AM;3
z = oy + § Bo, ot H Qojoj = Aalmak.u
k=1 j=1

Pozkiiayg uncia © B JaHUi psij HA3UBAETHCA MAPKOBChKUM M3-npedcmagaerHam 9uCId, & CKO-
" M .
podeHnil 3ammc Aaﬁnakm — fioro M3-306pasicennam. EdekTUBHE 3aCTOCYBAHHS MAPKOBCHKOTO
TPHUCEMBOJIBLHOTO 300DaXKeHHs YUCe ¥ KOHCTPYKTHUBHIN Teopil dyukmiit 31 cknaguumu gudepeHri-
AJIBHIMHE BJIACTUBOCTIMHU Deasi3oBaHo B pobori [1].

Teopema 2. fkmio qo + g1 + g2 = 1 i cepen enementis ||q;;|| ans gesxoro i € A3 BUKOHYETHCA
HEPIBHICTB ¢;0 + ¢i1 + ¢i2 < 1, TO MHOXKMHA 3HAYEHb CyM BCEMOXKJMBUX paAniB Buay (1) € Hixe He
OIJIBHOK MHOXKWHOK HYJIbOBOI Mipu Jlebera.
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Y 10moBiZli IPONOHYIOTHCS PE3yJIbTATH JOCIIJKEHb TONOJOTO-METPUYHUX BJIACTUBOCTEH MHO-
JKHHM 3HAYEHb CyM BCEMOXKJUBUX DAiB Buay (1).
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3apaya Teopii NnoTeHyiany Ha MJIOLWWHI 30BHI
3irHYTOro HaniBoOMeXXeHoro po3pisy

H. B. CuBak

Y po6oTi po3rIsagaETHC KpafoBa 3a,1ata 11 piBHAHHA Jlamiaca B IJIOMKUHI 3 BKJIIOYEHHIM, IO
CKJIQIAEThCS 3 NMPOMEHsS Ta Bifpi3ka, sKuil BUXOAUTH B KiHIE HpoMeHs mix kyroMm. [Toxibui 3anadai
BUHUKAKOTh y MaTeMaTu4Hil ¢izuii, 30kpema B Teopil morTewiiagy Ta Teopil Npy»KHOCTI, e Teo-
MeTpHUYHI 0COBJIMBOCTI MeXKi, 30KpeMa KyTOBiI TOYKH, iICTOTHO BILIMBAIOTH HA IIOBEJIHKY DO3B’SI3KY.
AKTyabHICTH [OCJ/IIIKEHHS 3yMOBJIEHA HEOOXIZHICTIO HOOYAOBH TOYHUX AHAJIITHYHUX PO3B’HA3KIB
y Heryagkux 0OJIACTSX Ta LOCIIIIKEHHS aCHMITOTHKH apMOHIYHUX DYHKIHH mob6au3y ocobiuBux
TOYOK MeXKi.

Posrnanaersea 3ajada nmpo BiANIYKaHHS apMOHIYHOI GYHKIIT B IJIOIIMHI R? 3 mempsamoui-
miffuuMm pospizoM, akuil ckimamaerses 3 npomens Ly = {y = 0,z > 0} ra Bigpiska La = {z =
pcosa, y = psina,0 < p < 1}, mo suxogurs B Bepmunm L nix xyrom a € (0,7]. Ha pospisi
3aa0ThCs Kpaiosi ymosu Jlipixie:

ulp, =0,

ulp, = u(pcosa, psina) =v(p), 0 < p < 1.

Y HosspHUX KOOPAMHATAX IJIOIMIMHA PO30MBaeThCs Ha ABi migobaacti Q1 : p > 0,0 < ¢ < a 1a
Q2 : p>0,a < ¢ < 27, a HA IPOJOBXKEHH] IPOMeHsT Lo 335aI0TbCSI JOJATKOBO YMOBH 3IIMBAHHS
PO3B’S3KY.

3a 1omoMoro iHTeraJbpHOro neperBopeHHs MesutiHa B KOxXKHi# i3 obsareit 21,2 bynyerbca pos-
OparkeHHs JJis NIYKAaHOrO po3B’#3Ky. llicisa Bukonanus kpafioBux ymMos Ha L1 2 T8 yMOB 3IIMBAHHSA
3a4a4a 3BOAUTECA 10 piBEsuHs Binepa-Tonda [1]. Ilogansme 3acTrocysanuas MeToxy Binepa-Tonda
Jlae 3MOT'Y OTPHMMATH SAABHI BUPa3W JJid IIYKAHUX QYHKIH y npoctopi Memnira. O64ucimow0ydu 380-
poTHi mepeTBOpeHHss MestiHa 3a JIOMOMOTOI0 TEOPil JIUIIKIB, MOKEMO 3alKUCATHA sIBHI BUPA3U JJIs
mykasol rapmoniunol ¢yuknil B 060x obractax (21 2. Orpumani Bupas3u, 30KpeMa, LAOTb 3MOLY
npoaHaizyBaTu 0COOAUBOCTI MOBEAIHKY MOTEHIIAJBHOTO TOJs TO0aU3y po3pisy.
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Luknun nopsaaky LLlapkoBcbkoro gnsi iMmnynbCHOT
cuctemu JlieHapa

B. B. Co6uyk, €. A. Pynuk

JlocminzKeHHsT HEMIHINHUX NUHAMIYHUX CUCTEM 3 IMIIYJIBCHOIO Ji€I0 € aKTYAaJbHUM 3aBJIAHHSIM
CydJacHOT MAaTeMATHUKH, OCKIJIbKY Taki MOeJi ONMUCYIOTh IPOLecH B MexaHini, 6iosorii Ta ekonomiri,
Jie 30BHImHI cun AiroTh KOpOTKOIacHO [1].

YV poboTi posrisinyTO piBHsHHEs Jlienapa tamy S:

&+ f(z)d + g(z) =0, (1)

170 3a3HA€ MUTTEBOTO BIUIUBY IIPH JOCATHEHH] (PA30BOI0 TOUKOIO IOJIOXKEHHS T = Tx. IMIyJIbCHI
30y peHHs BU3HAYAIOTHCS HACTYIHUM YHHOM:

dx
dt

_dr
Tt

T=T

= Ajz —x = I(%), (2)
t=t;—0

t=t;4+0

Banaga npo iceyBanHs mepiogmuHmx po3s’s3kie cucremum (1)—(2) 3BogmTBCA N0 aHANi3y mepiogm-
9YHHUX T4 HEPYXOMHX TOYIOK BimoOpaxenus f(y) = —y + [(—y), ne y = ¢ [2].

BcranoBieno, mo npu neBHHX 3HadeHHAX napamerpa A (1 < A < |minG(z)|) masa uporo Bifg-
00paKeHHs iCHYIOTH MepioguyHi TOYKK OyAb-sSKOT0 HATYypPAJIbLHOTO HMEPIOAY M, SKi 3aT0BOJIBHAIOTH
nopsaaky 1I1apkoOBCBKOrO,sKi MIyKaTH y BHUIJIAI:

P ()
- * 3
T ? (3)

ne P"(\) = Z?:l a;\' — muorowirenu 3 koedimienramu a; = +1. IIpoananizoBano CTPyKTypy
MHOrOWIeHIB P™(\) Ta BH3HAYEHO KPUTHYHI 3HAYEHHS IApPaMeTPa A, IPH AKHX ICHYIOTb IHKJIH
nepiony n > 3.
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AsTOopu

Basnentun Bosogumuposnu Cob4uyyk — JOKTOp TEXHIYHHX Hayk, mpodecop, KuiBchbruit
Haunionajbuuil yaiBepcurer imeni Tapaca Illesuenka, Kuis, Ykpaina; E-mail: sobchuk@knu.ua

€nuszaBera AHapiiBHa Pyauk — acmipanTka 1-r0 pOKY HABYAHHSM, MEXaHIKO-MAaTeMATHIHAN
dakynbrer, KuiBcbkuil HamionanbHuil yHiBepcurer imeni Tapaca [Ilepuenka, Kuis, Ykpaina;
E-mail: lizandra.rudyk@Qgmail.com

Sums of weighted sub-Gaussian random processes
and their properties

D. Tykhonenko, R. Yamnenko

We investigate the properties of the sums of ¢-sub-Gaussian random processes weighted by
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a continuous function w;(t), as well as the differences between the sums of the corresponding
processes. The probability that the sums of the studied processes and their difference fall below a
threshold € > 0 is estimated, where ¢ is defined by a continuous curve f(t),t € T and the difference
of curves f(t) — f(s),t,s € T, respectively.

The probabilities under consideration are as follows

P (fg {Z w; () X (t) — f(t)} > s) ;

P osup [ (wilt)Xi(t) —wi(s)Xi(s) — (f(t) = f(5))| > e (1)
p(t,s)<e |75
The general properties of p-sub-Gaussian random variables were described in the book [1]. The
estimate in (1) extends some results from [2] and builds upon the research in [3]. As an example,
we consider the sum of weighted processes of a generalized sub-Gaussian fractional Brownian motion
process.
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Boundedness of solutions of difference equations

in Banach spaces via Gaussian measure theory
A. Chaikovskyi, O. Liubimov

We derive a few results concerning the question of uniform boundedness of families of conti-
nuous linear functionals in connection with their probabilistic properties with respect to Gaussian
measures. In particular, such results may turn out to be effective in the study of boundedness of
difference equations in Banach spaces.

Since every element x € X induces a continuous linear functional on X* in a canonical way, one
can treat any solution {zn } of some difference equation z,,+1 = F(xn,n) as a sequence of continuous
linear functionals on X*. From the definition, it follows that for every Gaussian measure v on X*
one has {xn(-)} C L2(X*,7) and {z,(-)} is a gaussian process.

Theorem 1. Let {fo : @ € I} be an arbitrary family of (real) continuous linear functionals on a
Banach space X™*, then the following statements are equivalent:
a) supgez || fall < 4o0.
6) For every centered Gaussian measure y on X* : sup, ¢y |fa(2*)| < 400 for y-almost every
x* e X*.
B) For every centered Gaussian measure v on X* : |[Ey[sup,¢c7 fo]| < 400, where E stands
for the expected value with respect to the measure ~.
) For every centered Gaussian measure v on X* : sup,cz[Var, fo] < 400, where Var,
stands for the variance with respect to the measure ~.
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For example, by the means of 2. or 3. one can handle study of boundedness using the celebrated
estimation techniques for Gaussian processes, described, for instance, in [3]. On the other hand,
4. can be applied in order to transfer the problem of boundedness from some Banach space X to
the family of Hilbert spaces L2(X*,~), where « runs through all the centered Gaussian measures,
present on X™*, modulo equivalence.
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Analytical Representations of Square-Free
Distributions via Mellin-Barnes Integrals

Y. Shestakovska

The study of square-free integers — numbers not divisible by any perfect square other than 1 — is
a fundamental topic in analytic number theory. Their distribution is closely linked to the properties
of the Riemann zeta function and the Md&bius function. While square-free numbers appear more
frequently than primes, estimating their summatory functions precisely remains a challenging task
that requires various complex analysis techniques.

We study the distribution of square-free integers via an analytic representation of their weighted
sums. Using the Mellin inversion formula together with the sieve properties of the M&bius function,
the discrete counting problem can be reformulated as a contour integral in the complex plane.
This approach converts the arithmetic problem into an analytic one involving the properties of
Dirichlet series and their analytic continuation. Our main result provides a Mellin-Barnes integral
representation for the partial sums of reciprocals of square-free integers:

N .
logfree(n) 1 [T NS ((2—5)
2 n - 2mi /Hoo s 22— s))ds

n=1

where ((s) denotes the Riemann zeta function. The contour of integration is taken along the vertical
line Re(s) = ¢, where c lies in a region in which the integrand is analytic and the Mellin inversion
formula is applicable.
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Mean-Square Lyapunov Exponents for
Infinite-Dimensional SDEs
D. Shtefan

We study the long-time behavior of nonlinear stochastic evolution equations in a separable
Hilbert space H driven by a Q-Wiener process:

dy(t) = (Ay(t) + F(t,y(1)) dt + G(t, y(t)) dW (1), (1)

where A : D(A) C H — H generates a strongly continuous semigroup S(t) = e4?.

We assume that the semigroup S(¢) admits an exponential dichotomy on [0, 00): there exi-
sts a bounded projection P € L(H), and constant N > 1,a > 0 such that ||S(t)PS™1(s)|| <
Ne—a(t=9) (I — P)S~1(t)|| < Ne=*(t=9) for any t > s > 0. [1]

The nonlinear terms satisfy:

(H1) Global Lipschitz continuity:

1F(ty1) — Fty2)ll + IG (¢, y1) — G, y2)llms < Lllyr — yzll.

(H2) Asymptotic smallness: there exists e(t) — 0 as ¢ — oo such that

1EEN+IGE ) las < @)yl

By a solution we mean a mild solution in the standard semigroup sense. [2]
For yo € H, define the upper and lower mean-square Lyapunov exponents by

- 1 1 1.1
Az(yo) := 3 limsup > InEly(t; o)l Aa(yo) := 3 liminf — InElly(t; yo) |*.
o0

Theorem 1 (Preservation of mean-square Lyapunov exponents). Let y(¢;y0) be the mild
solution of (1) with initial data yo € H. Then:

a) If sup;>q Ely(t; Y0)||> < oo, then the upper mean-square Lyapunov exponent satisfies
Aa(yo) < —a.

6) If sup;>g E|ly(t; yo)||> = +oo, then the lower mean-square Lyapunov exponent satisfies
Ay (yo) > a.
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Sub-Gaussian Risk Processes with Random

Contract Initiation and Termination Times
R. Yamnenko, V. Levchenko

Modern insurance systems operate under significant uncertainty, where classical models such as

47



the Cramér-Lundberg model do not fully reflect heterogeneous contract dynamics. To address these
limitations, we consider a surplus process that explicitly incorporates random contract initiation
and termination times, thereby providing a more realistic representation of contemporary insurance
operations.

Ny (min(t,zp))

n
Uz=u+z cp min(t, zp) — Z Y | +

b=1 =1
My Pe(min(t,te)—se)
+ Z de(min(tzte) - Se) - Z Yi |,
e=1 k=1

where u is the initial capital, cp, de are premium rates, Ny(-), Pe(+) are Poisson claim processes, M
is the number of newly signed contracts, and Y; are i.i.d. sub-Gaussian claim sizes.
Recall that a random variable Y is called sub-Gaussian [1] if for some 7 > 0

)\22
IEe/\Ygexp< 27), AeR.

We obtain the following estimate for the distribution of the ruin probability

272 . .
P(Us < —z) < exp {—Az + Au + % + Bt <€>\2d2/2 - 1) + at (eAZTSQ’/Q — 1)} .
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Cexkiisa «lIpukiamana
MaTeMaTnka, KOMII'IOTepHl
HayKHN, IH2KeHeplsd IIPorpaMHOro
3a0e3nedeHHsi, CUCTeMHMI1
aHaJI3»

Po3pobka Ta onTtumisauia seénnartcgpopmu ansa
aHANITUKN BIAKPUTUX OAHUX MNPO PeECTpaLito
TpaHCNOPTHUX 3acobiB B YKpaiHi

€. IO. AkcboHoBa, I'. B. JIliBiHcbKa

V cygacHux ymoBax 1udpoBizaril BiIKpUTi AepKaBHi faHi € BaXKJINBOIO OCHOBOIO JJIs1 CTBOPEH-
HsI IPUKJIaIHUX iH(OopManifiHux cucrem. OQHI€0 3 IePCHEKTUBHUX Cpep X BUKOPUCTAHHS € aHAJI3
JNAHUX [IPO JIep?KAaBHY PEECTPAIli0 TPAHCIOPTHHUX 3ac00iB, IO Ja€ 3MOTY JOCIIIXKYBATH TEH I€HITIT
aBTOMODINIBHOTO PUHKY, CTPYKTYDPY aBTONAPKY Ta PerioHaJbHI OCOOJIMBOCTI peecTpaIliiHuX omepa-
mift.

Y poboti po3rasHyTO pO3poOKy BebmrardOpMu /s AHAIITHKHM BIOKPUTHX JAHUX NP0 Dee-
CTpaIio TPaHCHOPTHHUX 3aco0iB B YKpalHi Ta MeTonu HifgBuIleHHs ii npoayktuBrOCTi. CucTema
3abe3nedye NomIyK, 6araToKpuTepiaabHy (DinbTpaIlio, arperamio JaHUX i T00YIOBY aHAJIITUYHUX
3BiTiB 332 TAKMMU HapaMeTpaMu, K TUII OIepalnil, 6peHs, MOmes b, PiK BUIIYCKY, PErioH i THI HAJIBHO-
ro. Pesynbraru mogaroTscs y BUriIszl iHTepakTHBHEX rpadikis i 3BegeHnx maHesed, mo i Bunrye
3pYYHICTH aHAJI3y Ta iHTepupeTaril JaHUX.

OcobauBy yBary HpHIiJeHO ONTHMizalnil 06poOKU BEeTUKUX MACHUBIB maHuX. g migBUIIEHHS
mBuakoail 3acrocosano anasniz SQL-3anuris, ingexcamnio Tabmuus PostgreSQL, onTumizaniro arpe-
ramiit i pineTpis, a Takoxk KerryBauHs pe3yiabrariB y Redis. Ile 103B0JIsi€ BMEHIITUTY HABAHTAYXKEHHST
Ha 6a3y JAaHUX, CKOPOTHUTH 4Yac BiJNOBI/I CUCTEMH Ta MiABUITUTH CTAabIJIBHICTHE POOOTU IIPU IOBTOD-
HHUX 3BEePHEHHAX.

IIporpamua peasnizanis nnardopvu 6a3yeTsea Ha Bukopuctanai React, FastAPI, PostgreSQL
Ta Redis. BanpononoBane pimenHs MOxke OyTH BUKODUCTaHE fAK IHCTPYMEHT MOHITOPHHIY TpaHC-
MOPTHOTO CEKTOPY, AK OCHOBA IS IOJAJBIIOTO PO3BUTKY CEPBICIB aHAJi3y BIIKPUTHX [TaHUX, a
TAKOXK IiJ] 9aC NPOEKTYBAHHS IHIMNX BUCOKOHABAHTAXKEHUX AHAJITUIHUX BEOCHUCTEM.
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Mixed-Initiative Procedural Dungeon Generation
System for Action-Roguelike Game Using Unity
Game Engine

A. Afanasiev

During the development of modern games, content creation is one of the most resource-intensive
challenges faced by development teams. Procedural content generation systems increase replay
value, while reducing the load on developers and designers. Games of the roguelike and rogueli-
te genre incorporate some form of randomness in their design, often including generation of a
dungeon, a structure where most of gameplay takes place. Implementing a versatile procedural
dungeon generation system that guarantees coherent and intended player experience is an important
challenge in this domain.

The developed system implements a mixed-initiative procedural dungeon generation for an
action-roguelike game in Unity. System uses a designer-authored mission graph as a template for
generation, abstracting level structure from its spatial realization - an approach formalized by
J. Dormans [1]. During runtime mission graph dictates blueprint selection for rooms and their
topological connections. Rooms are being placed on a grid, and connecting corridors are being
created using A* pathfinding.

The system will be further expanded with graph-rewrite rules, that will augment the missi-
on graph with contextual content like optional branching structures, that take player progressi-
on into consideration. The resulting architecture emphasizes designer intent augmented with
procedural variability, offering a robust framework for mixed-initiative procedural content generati-
on. Developed system is expected to generate a finishable dungeon level, imbued with optional
branching objectives and backtracking.
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Resource-efficient multimodal video stream
analysis based on cascaded correlation of textual
and visual signals

Y. Bazhmaieva, O. Halavai

High-intensity video streams (gaming, sports, education) generate massive data, making
automated highlight detection essential. However, continuous 100% video analysis using Computer
Vision is computationally prohibitive [1]. We propose a cascaded multimodal approach where the
viewer chat (textual stream) acts as a low-cost trigger for high-cost visual analysis.

The architecture consists of two levels:

1. A lightweight NLP module that continuously monitors the chat for semantic anomalies
and activity spikes.
2. A CV module that is activated only upon a trigger from the NLP level to analyze a specific
time window.
The scientific hypothesis is that selective CV activation significantly reduces overall energy
consumption and computational load. The total resource cost Eyo;q; is defined as:

Etotal = Enlp + P(trigger) - Eey (1)

where E,,;;, represents the minimal constant energy cost of chat monitoring, E., is the high energy
cost of video processing, and P(trigger) is the probability of a significant event occurrence. By
minimizing the active time of the CV module, the system achieves high resource efficiency without
compromising detection quality.

Methodology includes building a trigger-based mechanism and comparing it against continuous
analysis. Expected results include a formalized cascaded model and a prototype that significantly
reduces GPU load and energy consumption in real-time monitoring systems.
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Layered Security Model for Modern Web
Applications

A. Barysh

Modern web applications process personal data, rely on exposed APIs, interact with cloud
services, and integrate with external identity and payment providers. This creates a broad attack
surface in which account takeover, API abuse, token theft, insecure configuration, and supply chain
compromise become realistic risks rather than theoretical problems. For this reason, application
security must be treated as a core architectural concern that influences identity management,
request processing, data protection, integration design, and operational control throughout the
entire lifecycle of the system [9].

The proposed approach is based on the principles of security by design and defense in depth [10].
As a practical benchmark, it aligns with OWASP guidance, especially the OWASP Top 10 [1] and
the OWASP Application Security Verification Standard [2]. These sources are important because
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they focus attention on threats that remain most relevant in current practice, including broken
access control, identification and authentication failures, cryptographic weaknesses, insecure design,
security misconfiguration, vulnerable components, and insufficient logging. Accordingly, the security
model emphasizes least privilege, secure defaults, explicit authorization checks, strict validation of
input data, controlled exposure of functionality, and traceable security events. The contribution of
this work is the formulation of a layered security model that integrates authentication mechanisms,
session protection, API security, and governance controls into a unified architectural framework for
modern web applications.

A key element of the model is multi-factor authentication [3, 11], since a password alone is no
longer sufficient protection against phishing, credential stuffing, password reuse, and automated
compromise attempts. The first factor belongs to the knowledge category and is represented by
the main password. The second factor belongs to the possession category and can be implemented
through one-time codes sent by electronic mail, SMS messages, or a TOTP authenticator appli-
cation. Such a combination significantly increases resistance to account takeover and is especially
important for sign-in, password recovery, profile modification, payment confirmation, and other
high-risk actions that require step-up verification.

Session and token security are also critical for modern distributed systems. Short-lived access
tokens reduce the period in which a stolen token can be abused, while controlled refresh procedures,
token rotation, revocation mechanisms, and secure storage policies improve resilience at the session
layer [4, 12]. These controls should be complemented by HTTPS everywhere, secure cookie attri-
butes where applicable, careful CORS configuration, Content Security Policy, protection against
cross-site scripting, and consistent use of security headers. In practice, this means that identi-
ty protection is not limited to the login form but continues throughout the entire authenticated
interaction with the platform.

Another highly relevant layer is edge and API protection. Edge protection services or web
application firewalls can be used to implement rate limiting, request filtering, and additional traffic
inspection before malicious activity reaches internal services [5]. This is particularly useful against
brute-force attacks, bot-driven abuse, credential stuffing, and abnormal bursts of requests targeti-
ng login, registration, password reset, and business-critical API endpoints. For integrations wi-
th external platforms, the model also requires strict webhook verification, validation of message
authenticity, idempotent processing of repeated callbacks, and encryption of sensitive data both in
transit and at rest. These measures are essential for secure interaction with payment systems and
other third-party services.

From the governance perspective, the model is structured according to ISO/IEC 27001:2022
Annex A and ISO/IEC 27002:2022 [6, 7]. This provides a formal control framework for access
management, cryptographic protection, event logging, supplier security, vulnerability management,
secure development practices, incident response, backup procedures, and protection of confidential
information. In the context of contemporary web applications, this standards-based view should be
reinforced by centralized monitoring, alerting on suspicious activity, secrets management, regular
dependency review, and protection of the software delivery pipeline. The proposed layered model
provides a structured architectural approach for improving the resilience of modern web applications
against common security threats.
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AHani3 ymMoB 3arasibHOI KEPOBAHOCTI NiHIAHOI
ANCKPETHOI CUCTEeMU 3i 3MIHOKO PO3MIPHOCTI
BEKTOpPA CTaHy

O. M. Bamnsakos, T. FO. Cycio

JocmiaKyeThes 3a/1a4a 3araJbHO] KEPOBAHOCTI JIIHIHHOT TUCKPETHOI CUCTEMH, JJIs1 SIKOT PO3Mip-
HicTh BEeKTOpa CTaHy Moxe 3MiHioBaTucs 3 dacom [1]. Taxuii KJac CUCTEM BMHHMKAE B MOJEJSAX 3
3MIHHOIO CTPYKTYPOIO, KOJx B Iponeci hyHKIionyBaHHg OKpeMi MACHCTEeMH MOXKYTh 3HHKATH a00
JIO/IaBATHCH.

Pozrusiaerses cucrema

z(t+1) = A@t)z(t) + C(t)u(t),

ne x(t) € BeKTOpOoM cTaHy 3MiHHOI po3MipHOCTi, u(t) — BeKTOpOM KepyBaHnHsd, a A(t), C(t) — marpurs-
MH BiAIOBITHUX po3MipHOCTeii. JociKeHH TPOBOAUTHCS 33 HAsABHOCTI OOMeKeHb Ha KepyBaHHS,
MOYaTKOBI Ta KiHIEBi CcTaHuU.

Beenerno ¢dyHKIIT KepOBAHOCTI AJI8 TPHOX BHIIAIKIB: YJACTKOBOI KEPOBAHOCTI, IOBHOI KEPOBAHOCTI
3 MHOXKUHHM [TOYATKOBUX CTaHIB Ta IMOBHOI KEPOBAHOCTI Ha TEPMiHAJIBbHY MHOXKUHY. [IJIs1 KOXKHOTO 3
O¥X BHIAAKIB OfepzkaHo HeoOximwi it mocTarHi yMOBH KepOBAHOCTI, AKi MOJATaOTH y HeBiA eMHOCTI
Bignosiguoi ¢yukil keposanocti Ha ogunnuHIN cdepi.

OTpuMmani pe3yJIbTaTH y3arajbHIOITh KPUTepil KEPOBAHOCTI HA BHIAJOK JUCKPETHUX CHCTEM
3i 3MiHHOIO pO3MIPHICTIO BEKTOpa CTAHy Ta MOXYTb OyTH BHKODHUCTAHI NpH aHAII3 CTPYKTypHO
3MIHHUX IWHAMIYHUX MOJEJe.

Cnucok nitepatypun

[1] Bammskos O.M., ITiuxyp B.B., Cycno T.IO. YMoBH 3aranbpHOl KepOBAHOCT] JiBIREOT AUCKpETHOT
cucTeMu 3i 3MiHOIO pO3MipHOCTI BekTOpa crany. Modearwsarta ma tHPoPpmayitini cucmemy 6
exoromiys. 2024. Ne 104. C. 15-24.

AsTOpmu

Ounekcanap MukosaiioBud BamiHsikoB — xanguaar (izmko-mMaTeMaTHIHUX HAYK, aCH-
cTeHT Kadeapu MOJEJIOBAHHA CKJIAJHUX CHCTeM, (PaKyJIbTeT KOMII'IOTEDHHX HAyK Ta KibepHe-
Tukn, KuiBcekuit HanioHassHM yHiBepcureT imeni Tapaca IlleBuenka, Kui, Ykpaina; E-mail:
oleksandr.bashniakov@knu.ua

Tersina FOpiiBaa Cyciio — cTymeHTKa 1-r0 Kypcy MaricTparypH, Kadeapa CHCTEMHOTO aHaJi-
3y Ta Kibepbe3neku, KuiBchbKuil HalioHaIbHUI eKOHOMIYHUI yHiBepcuTeT iMeHi Baguma 'eTbMmana,
Kuis, Ykpaina; E-mail: suslo.tani@gmail.com

53



Bnaue ctyneHs rany>keHHsi gepes nignucis
6a3oBaHMX Ha OAHOPA30BUX MigMNMCAX Ha
epeKTUBHICTb X BUKOPUCTAHHS

0. O. Bamyk

IIpoBeeHO KOMIITIEKCHE JOCJIiI?KEHHS BIIUBY CTYIEHS rajy»keHHs N Ha IPOAYKTHBHICTH Gara-
TOPA30BUX JePeBONONIOHUX IudPOBUX MiANNCIB, MOOYIOBAHUX Ha OCHOBI OTHOPA30BMX HUMPOBUX
mignucis. JlcoijKeHHa TAaKUX CTPYKTYP € BKPAXK Ba’KJIMBHM, OCKLIIBKH BOHH € HEOOXigHuUMHE jjis
no6yLOBH IOCT-KBAHTOBUX IPOTOKOJIIB 0A30BAHUX HA Tell-(PYHKITiAx

PosrnguyTo aBa ocHOBHI THmu CTpYKTYp [1]: mocnigosui fepesa, mo noTpeSyioTh IiITPHMKU
crany B nam’sTi, Ta nosni (Ge3cranosi) gepesa, ski BiATBOPIOIOTH miAUMCy B IOBHOMY A€peBi au-
HaMigHO. TeopeTuyHO OGTPYHTOBAHO Ta eMIIPUYHO IiATBEPKEeHO, 1[0 Tpaauiiiiai Ginapui nepesa
(N=2) He € onTEMaJbHAMH 3a GiNBIIICTIO MOKA3HUKIB, OKPIM HIBHAKOCT] IEPBUHHOIO MiJIUCAHHS B
MOCJIIOBHUX CTPYKTYpax. BCTaHOBJIEHO, IO /i 060X TUIIB CTPYKTYP ONTHMAJBLHUN OaslaHC MixXK
9aCcoM BigTBOpEHHSs, po3MipoM minmucy Ta mBuakicTio Bepudikanii nocsraersesa npu N =3 ta N=4.
TIpore, mist MOCHIZOBHUX A€PEB HA, JOCJIIPKEHUX MPOMIYKKaX CTYMiHb ragy>keHHss N =3 J1eMOHCTPYE
Zemo Kpally edeKTHUBHICTH IOJ0 PO3MIipy Hinnmucy Ta dacy #oro mobynoBH Ha BiAMIHHY Bim Teo-
peTUYHMX IPULYIeHb. BogHOYAC, CTylinb rajyxeHHs N =4 € OGLIbIl HPUPOIHOK Ta 3PYy4HOIO Yy
BHKODHCTAHHI, BPAXOBYIOUK 0iTOBY IPHPOLY KOMII'IOTEDIB, UMM TAKOXK He MOXKHA HexTyBaru. [o-
BeJIEHO, 110 I10/1aJibIie 36iabieHas N IPpU3BOAUTS 40 HE3HAYHOrO MPUMIBUAIICHHS Bepudikalii npu
CYTTEBOMY JiHIHHOMY 3pOCTaHHI BUTPAT HA TeHEPAIliio Migmnucy.

OTpumani pe3ynbTaTH AO3BOJISIOTL OOHpPATH APXITEKTYPY KBAHTOBO-CTIHKHX CHCTEM ABTEHTH-
dikamnil, onTuMi3y04H X B 3aJI€2KHOCTI Bl IPIOPUTETIB MIBUIKOAIT Ta PECYPCHUX OOMEXKeHb IIPHU-
CTPOIB.
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Comparison of CNN and Unet artificial neural
network models for cell nucleus segmentation
tasks

D. Bilokon, V. Tereshchenko

The task of cell nucleus segmentation is one of the complex problems whose solution enables
automated identification. This, in turn, positively impacts the effectiveness of biomedical research
aimed at addressing key healthcare issues.

Comparative numerical experiments for the CNN and Unet models on data (2018 Data Sci-
ence Bowl) [1] the experimental results demonstrate that: Validation Dice (segmentation quali-
ty) is demonstrated by the model’s match to the data; Stability Curve [2] (Dice vs. Noise)
demonstrates the model’s robustness and generalization ability. Conclusions. Overall, the Unet
model outperforms the CNN in segmentation quality and robustness.
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Validation Dice Stability Curve: Dice vs Noise
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A two-stage search model for specialized textual
resources

I. P. Bozhevskyi

Specialized reference resources are an important component of many information systems, since
they are used for search, classification, and object selection in applied domains. The effectiveness of
working with such resources largely depends on the quality of the search mechanism, which should
account for both formalized codes and different textual representations of the same entities.

This work focuses on improving search relevance in specialized reference resources, where terms
with similar spellings, codes, synonyms, abbreviations, and different textual variants may occur.
Such systems are characterized by a high degree of variability in text queries, meaning that a user
may enter either the full name of an object, part of it, a code, an abbreviation, or an alternative
form of representation. Basic full-text search offers high speed but often lacks accuracy, since it
does not account for the domain-specific characteristics of the query and does not always correctly
prioritize the retrieved results.

A two-stage search model is proposed, combining rapid candidate selection using FTS5 wi-
th subsequent re-ranking based on domain-specific rules. In the first stage, text normalization is
performed, along with the identification of significant tokens, the handling of aliases and alternative
forms of representation, and prefix matching. This makes it possible to form an expanded set of
potentially relevant results. In the second stage, the results are re-ranked based on the coverage of
strong and weak tokens, the presence of specific domain features, and penalties for overly general
names, thereby improving the accuracy of the final ranking.

The approach implements the classical two-stage retrieval scheme: the first stage focuses on
recall, whereas the second focuses on precision. The model has been implemented as part of a
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cross-platform application for local reference systems, where high search speed, robustness to input
variability, and support for autonomous operation are key requirements.

The results show that combining full-text search with domain-specific re-ranking reduces
the number of irrelevant results and improves the quality of retrieval compared to a basic FTS
search. Further development of the model involves deeper morphological normalization, automatic
adjustment of ranking feature weights, and the use of statistical methods for relevance assessment.
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Fine-Tuning LayoutLMv3 for Structured
Understanding of English Language Textbooks

R. Bozhko

Educational materials such as English language textbooks contain rich multimodal information,
including structured text, images, exercises, and spatial layouts. Automatically extracting and
structuring this content remains a challenging task, particularly due to the variability in formatting
and the strong dependence on visual context. In this work, we present an approach for fine-tuning
a multimodal transformer model, LayoutLMv3[1], on a custom-labeled dataset of English language
textbook pages to enable accurate document understanding and structured content extraction.

Our approach focuses on adapting the pre-trained LayoutLMv3 model to the domain of educati-
onal materials by leveraging annotated textbook samples. The dataset includes labeled elements
such as headings, exercises, instructions, vocabulary blocks, and illustrations, along with their spati-
al coordinates. This enables the model to jointly learn textual, visual, and layout features, which
are essential for capturing the semantic structure of textbook pages.

The proposed system is designed as a core component of a larger pipeline, implemented using
the Hugging Face Transformers|2] library, for transforming static textbook images into structured,
interactive educational content. The output of the model can be further utilized to generate digital
learning interfaces, such as interactive whiteboards or structured lesson representations.

Evaluation results demonstrate that fine-tuning LayoutLMv3 on domain-specific annotated
data improves the accuracy of element classification compared to baseline approaches without
layout-aware modeling. The model shows strong performance in distinguishing semantically similar
but visually distinct components, such as instructions and exercises, highlighting the importance
of multimodal learning in educational document processing.
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BusaBneHHs y3rog>eHoi akTUBHOCTI Y Mepe>XeBux
AAHNX HA OCHOBI rpachoBUX HENMPOHHUX Mepex

O. Bopucenko

VY 3ajagax aHaJi3y MEpeXKeBUX JAHUX BaXKJIUBUM € BUABJIEHHS Pyl 00’€KTiB, AKi JeMOHCTPY-
OTH Y3TOPKEHY aKTUBHICTh. Y 6ararb0x BHIIQJKAX TAKA [TOBEJIHKA HE MPOSBJISETHCS HA PIBHI OKpe-
MHUX BEPIIHH, & BU3HAYAETHCHA CTPYKTYPOIO 3B 3KiB Mixk HuMu. Ile yckiIanHiOe BUKOPUCTAHHS KJIa-
CUYHUX METOJIB KjacTepu3allil Ta BUMAarae IiJIXo/iB, II0 BPAXOBYIOTh TOIIOJIOTII0 MepexKi.

Mepesxkesi qani posrasgaroTeca y Burasaai rpada s3aemoniit G = (V, E), ne V — MHEOXHHA Bep-
muH, 3 F — mMHOXkUHA 3B’ 13KiB Mixk HuMHA. [ KOXKHOT Bepmmar POPMYETHCS BEKTOP MOIATKOBIX
O3HaK, 110 ONHUCYE i1 JOKAJbHI XapaKTePUCTUKHU Ta IMOKA3HUKU B3aE€MOJII.

J1s oTpuMaHHS CTPYKTYPHHX NPEACTABIEHb BHKODHCTOBYETHLCS rpadoBa HEHPOHHA Meperka
apxitektypu GraphSAGE. Ha roxkHOMY mapi BUKOHYETBHCs arperaitis iHdopMariii 3 OKOJIy BepIIH-
HH, HIiCJIs YO0T0 (POPMYETHCS HOBE IPEJICTaBIeHHI

h®) = o <W(k> : [hﬁ.’f*” I AGG{RE™ 5 N(i)}D , (1)

ne N(i) — Muoxuma cycigis sepimmnun 4, W) — mapamerpu mapy, o(-) — dyHKia akTHBAIIiL.

Orpumani embedding-npencraBieHns BpaxOBYIOTh CTPYKTYPHHE KOHTEKCT BEPIIUH T4 MOXKYTH
BHUKODHUCTOBYBATHUCS JJIsl IOIIYKY I'PYI i3 HOMIOHOI0 IOBEIHKOI. [IJIs ITbOr0 3aCTOCOBYETBHCSH aJ-
ropuTtM miabHiCHOT Kiaactepu3aril DBSCAN, sakuil 103B0s€ BUIIATH IIBHI 06aCTi y MPOCTOPi
o3HakK 0e3 momepesHbOro 3aJaHHs KiJbKOCTI KjacTepis.

3anponoHoBaHm# Miaxin Moxke 6yTH BUKOPDHCTAHHI I aHAJMI3Y COIIAJIbHUX MEpPeX Ta iHITHX
MepexKeBUX CUCTEM, Je Y3TOIKeHa aKTUBHICTD MPOSABIISE€THCA HA PIBHI CTPYKTYpu 3B’a3KiB. [lomanb-
i JOC/Ti AZKeHHs 1epeadataioTh eKCIePHMEeHTANbHY IePeBipKy MiAX0Ly Ha MOAEILHUX T3 PEAIbHEX
aHUX.
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Anani3 ennmsey dyHKUIT akTuBauii Ha 30iIXKHICTb
TpEeHyBaHHS aBTOeHKOAepa ayAiogaHunx

H. . Binniuyk

ABTOEHKOZEPH € HEHPOHHUME MEPEeXKAMU, sAKi BUBYAIOTH TaKi PyHKI] CTHCHEHHS Ta PO3THUCHE-
HHS NAHUX IEeBHOI mpegMerHOl 06/1aCTi, IO MOCIigOBHE 3aCTOCYBAHHS CTUCHEHHS Td PO3TUCHEHHS
monaiikpaie 36epirae nepsicHi gaHi. ABTOEHKOAEpU ayAi0JaHUX BUKOPUCTOBYIOTHCS JJis BHpIIIe-
HHST TAKUX aKTYAJbHUX 33184, SK F€HEPAIlisl IITYYHOTO MOBJIEHHS T4 CHPHUNAHATTS ayMiONaHUX Be-
JIUKUMHW MOBHUMHW MOOECJIAMMU.

Jlyis1 BU3HAYeHHs BIUIMBY GYHKIIT aKTHBalil Ha 3012KHICTH TpEeHYBaHHS peasi30BaHO 3TOPTKO-
Buil aBTOEHKOAED 33 3pa3koM HeliponHux xozekis Descript [1] Ta SoundStream [2], ane Ge3 kpoky
IePeTBOPEHHY HEIEePEPBHOTO CTUCHEHOrO MPEACTABIEHHS HA auckperHe. PyHKIi€I0 BTpaT 06paHo
GdyHKIi0 BTpaT BigHOBIEeHHA mel-crieKTporpaM, 3anponorosany B SoundStream. TpenyBanus Big-
6yBasock Ha Habopi mamux VCTK [3]. Jna nopisHanusa 6yno obpano dyHkiil aktusamiii ReLU,
LeakyReLU, ELU, SiLU ra Snake (1).
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sin? (o)

Snake(z) =z +
a+e€

(1)

[TapameTp o dyrxnii Snake mignsgrae HaBYaHHIO Ta iHINiaJMi3yeTbCA BUMAJKOBUM 3HAYEHHSIM
i3 excrmomenmiftEnM po3momisom, a mapamerp € = 1078 ¢ mamum wmcaoM, mo crabimisye pesyiinb-
Tar ginenns. Buauenusm mapamerpy cxuny dyukiii Rel.U obpamo 1071, I3 koxkmowo dyHKIieo
6yJ10 IPOBEIEHO TPU TPEHYBAHHSI MEPeKi, KOKHE 3 IKUX 3YIUHSIOCH [IPU JOCATHEHHI TOPOrOBOTO
3Ha4YeHHs (YHKIIT BTpaT. 3a pe3yIbTaTaMy JIOCTiI>KeHHsI BUSIBJIEHO, IO TPEHYBAHHS 13 (DYHKII€I0
Snake mocsraroTh MOPOrOBOTO 3HAUEHHS 33 HAMMEHNIY KiAbKICTB iTepariiif, Hamasi 3a 3pOCTAHHAM
KisbkoCTi iTepamniit #ayTs Tpernysanus i3 ELU, LeakyReLU ta ReLU, a SiLU ne no3sosisie gocsartu
MIOPOTOBOTO 3HAYEHHS IIPOTIATOM IEPIOT €OXW TPEHYBAHHS.
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3axunweHnin RAG-koHBeep 00pobKn apxiBHUX
AOKYMeHTIB Ha 0asi mynbTumoganbHux LLM

O. Baabues

PozpobasieTbest ocBiTHS miardopMa 3 BUKOPUCTAHHSAM IITYYHOTO iHTesekty Chronos s Bu-
BYEHHs iCTOpil, e KOPpUCTYyBadl MOXKYTh CIisKyBarucs 3 Al-mepconarkaMu BHAATHHAX MOCTATEH Ta
MPOXOJUTH CIO’KEeTH Ha OCHOBI peaJIbHUX apXiBHUX JOKYMEHTIB. ¥ IpOIeci po3poOKKN BUHUKJIA KOM-
IJIEKCHA apXiTeKTypHa npobsema: K 3a0e3neYnTy BUCOKY TOYHICTH PO3Ni3HABAHHS CKJIAJHUX iCTO-
PUMYHHX NepIIomKepes, 30epirmu mpu I{bOMY MOXKJINUBICTH MIBHIKOIO CEMAHTHYIHOTO IONIIYKY Ta
6e3neky 4yyTauBux gaHuxX. Ockinbkn kKiaacudai OCR-cucteMu JeMOHCTPYIOTH JErpajalliio sSKOCTi
HA PYKOIMCHUX yKPAIHOMOBHMX (PPArMeHTax, JJisi eKCTPAKLil TeKCTy 0yJsi0 3aCTOCOBAHO MYJIBTHM-
omasnbai Mogesi cimelicTBa Gemini. BoHE BUKOHYIOTH He JIHINEe TOYHE PO3IMi3HABAHHMA, a # CTPYKTY-
pOBaHe BUJIyYEHHS JTaHUX i3 IX IOJAJIBIIOI CEPBEPHOI0 HOPpMAJIi3alliero.

H s Bupimenus 6e3nexoBoro Kou(IIIKTY apxiTexTypa soriuno po3ainse 36epiraHHs KOHTEHTY
Ta Horo iggekcamniro. OpuriHanbHuil TeKCT 30epiraerbcs y 0a3l JaHUX BUKJIIOYHO B 3ammudpoBa-
noMy BUIAL 3a asropurMoM AES-GCM [1] 3 yuikagbaumu BekTOpaMu iHimianizanii. Boanouac
JJIsL CEMAHTHYIHOTO IOUIyKY HiATPUMYETHCH BIAKPHTHIl IAap MATEMATHIHAX HPEACTABICHD (BEKTOD
posuiprocti 768, HNSW-ingekcanis [2]). Ilix wac remepanii Bignosiget 3a texmosoriero RAG [3]
dbopMyeTses BekTOp 3anKTy 1 06HpAOTHC HAKGIIIKY] pereBanTHI bparMeHTH. IxHil TexcT po3mIH-
dPOBYETHCA TPAH3UTHO — BUKJIIOYHO B OMEPATUBHIA MaM’dTi cepBepa s (pOPMYyBaHHS KOHTEKC-
Ty MOIeJ, miCasi 90T0 HeraHO BUAAJISETHCS. Takui miaxin 3abesmnedye BHCOKY NPOIAYyKTHBHICTH
retrieval-niporieciB npu 6e3KOMIPOMiCHOMY KpunTorpadidaoMy 3axucTi apxXiBHHX MaTepiaJis.
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Fuzzy Extension of Autoepistemic Logic

O. Halavai, S. Shkilniak

Nonmonotonic logics are essential for modelling reasoning in artificial intelligence systems. Two
well-established formalisms in this area are Answer Set Programming (ASP) and autoepistemic logic
(AEL) [1]. In this paper we propose their unification through a fuzzy autoepistemic logic, which
combines modal reasoning about an expert’s beliefs with fuzzy truth degrees from the interval [0, 1].

ASP is based on interference rules of the form o — 3, where « is a conjunction and 3 is a
disjunction of literals. It employs two kinds of negation: classical negation = A (proven falsity) and
negation-as-failure not A (inability to prove the truth). The Gelfond-Lifschitz reduct P! is used:
rules containing not A with A € I are removed, and remaining not operators are deleted as well.
I is an answer set if I = Cn(P7).

AEL extendes clasical propositional logic with a self-belief operator BB, where By means “the
expert believes ¢ is true”. Formulas without B are called objective; those in Lp are unimodal. An
autoepistemic theory is a set of unimodal formulas. A stable extension E of a theory T is the set
of all formulas derivable under the assumption that By € E < ¢ € E.

We extend AEL to the fuzzy AEL. Formulas are built from a set of atoms A, constants ¢ € [0, 1],
n-ary function symbols, and the modal operator B interpreted as “believed to be true”. A fuzzy
interpretation is a function I': A" — [0, 1], where A’ = AU {By | ¢ € Lp}.

Definition 1. Let T be a fuzzy autoepistemic theory in L and E € F(Lg). E is called a
fuzzy stable extension of T if for all a € Lp:

E(a)=if{a! | I' ET, Vo € Ly : Bp' = E(p), I' € F(A)}.

The proposed fuzzy autoepistemic logic enables reasoning about graded expert beliefs and
provides a semantic foundation for fuzzy answer set programming. In future work, we will investigate
the formal properties of fuzzy stable extension and their practical computational aspects.
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Image compression using variational autoencoder
and semantic segmentation

V. Haslo, I. Vergunova

There are more and more different devices that can store images, so their number is also growing
rapidly. All images need to be stored, but not all the information on them is important. To reduce
the use of digital memory significantly, lossy image compression can be used. Classical approaches
will compress the image well, but they do not take into account which areas are emphasized.
Therefore, both important parts and those that are insignificant will be compressed, but image
would be perceived better if the area on which attention is focused was distorted less.

To determine the part of the image that is most important, image segmentation can be used.
Semantic segmentation [1] is suitable, since it is only needed to determine which parts of the
image are important. To compress image autoencoder can be used. It translates the image into a
latent space, and then tries to reconstruct it. Since the proposed approach requires compressing not
important areas of the image, a simple autoencoder is suitable, but to make the latent representation
structured, a variational autoencoder [2] will be used. When trying to reconstruct an image from
the latent space, due to the simplicity of the decoder, a lot of information will be lost, but this is
exactly what is needed, since it will reduce the amount of information that needs to be stored.

Lightweight and simple models for image segmentation and a variational autoencoder that
lighten unimportant areas of images was implemented. Relying on the segmentation results, the
original image and the compressed image combined and a lightened image with a clear semantic
attention area can be obtained. To verify the approach, it tested on different images and the weight
indicators, signal-to-noise ratio and structural similarity measured.
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An Analysis of Dinosaur Body Size Evolution
Using Phylogenetic and Machine Learning
Methods

P. Holotsvan, V. Hranadzer

Body size evolution is central to macroevolutionary biology, with Cope’s Rule [1] representing
a key hypothesis tested across diverse taxa. This study applies a statistical and machine learning
pipeline to Paleobiology Database data, investigating body size dynamics across major dinosaur
lineages throughout the Mesozoic. Key findings:

- Cope’s Rule is supported: OLS yields a significant negative trend (8 = —0.00225, p =
0.005)[1][2], strengthened under PGLS (8 = —0.00271, p < 107?)

- Strong non-linear temporal structure: change-point modeling identifies a structural shift
at ~187 Ma, with rapid size increase in the Triassic-Early Jurassic slowing markedly
afterward; Gaussian Process regression independently corroborates this non-linearity

- No passive Cope’s Rule: quantile regression finds no significant difference between upper
and lower size bound slopes, indicating an assemblage-wide shift rather than selective
ceiling expansion
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Overall, PGLS estimates Pagel’s A = 1.00, confirming pure Brownian Motion evolution and
phylogenetic pseudoreplication in OLS. Taken together, the results establish Cope’s Rule as a
robust, phylogenetically verified macroevolutionary pattern, with non-linear dynamics suggesting
acceleration during the Early Jurassic diversification rather than uniform progression across the
Mesozoic.
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OnTumizauis KOPOTKOCTPOKOBOIrO NPOrHO3yBaHHA
CMO>XXMBaHHSA e/IeKTpoeHeprii 3a 40NoMOorow
KJlacTepHOoI gekomno3unuii gobosunx npodiis

1. €. 'puuieHko

KOpOTKOCTPOKOBE IPOTHO3YBAHHS CIIOYKUBAHHS €JIEKTPOEHEPril € KPUTUYHO BaKJIVBUM JIJIst
CYyYaCHUX €HePreTHIHUX cucreM. IIpoTe TouHe mepeOaTIeHHs HABAHTAYKEHHS JJisI OKPEMHUX JOMO-
rOCIIONAPCTB 3AJUIMAETHCS CKIATHIM 3aBJAHHIM 4Y€pPe3 BUCOKY CTOXACTHYHICTH JIOACHKOI MOBE-
niaky. Bunaakose BUKOPUCTaHHS NOOYTOBUX NPUJIAAIB CTBODIOE 3HAYHUI <YMy y NaHUX, Yepes3
o Tpasaunifina mogens ARIMA gacTo rerepye 3aHaATO CIPOINEHI TPOTHO3M, HE BJIOBJIIOIOYN KU
CITO>KUBAHHS.

V maniit poboTi MPONOHYETHCS iHTErpoBaHmi migxiz, mo moeguye mozenb ARIMA 3 anropu-
T™OoM KiaacTepu3arii K-means. s gocigzkents: Bukopuctano Habip ganux «Individual Household
Electric Power Consumptions (UCI), mo MicTuTh noxsuaunHi gaui 3a 2006-2010 poxu. Jaui 6yau
arperoBaHi 0 MOTOAUHHKX 1HTEPBAJIB AJIsi 3MEHIIeHHs BOJIATHIbHOCTI. OyHAAMEHTAIBHOK OUHN-
mer aHaJjizy craB 24-roguHHUI 7000BUi IPOodinb.

3a gonoMorow anroputmy K-means 6yi0 BugiseHo 3 JIOTiYHI pEXKUMU CIIOXKUBAHHS: JHI 3 HU3b-
KMM HABAaHTAYKEHHSIM, HOpMaJbHI pobodi aui 3 paHKOBAMHK Ta BewipHiMHU ImiKaMu, & TAKOXK JHI BH-
COKOTO HABAHTAXKEHHs. KKCIepUMeHTAJbHI Pe3yJbTaTH MOKA3AJH, 110 BUKOPHUCTAHHS CEPEIHBOTO
npodinio (meHTpoina) BiANOBIAHOrO KsacTepa sK IPOrHO3Y 3a0e3Hedye 3HHKEHHS CePELHBOKBA-
aparmanol moxubku (RMSE) ma 38,95% nopismsuo 3 6azosow mozemmo ARIMA. locmigxerHs
OiATBEP/RKYE, MO U1 IHAUBIIyaJbHUX CHOXKUBaYiB cTabinbui npodinasui (kiacrepusosani) moaesi
€ 6i1pmr eeKTUBHUMU 33 CKJIAJIHI MaTeMaTHYHI apXiTeKTYpH.
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Mo>XnunBIiCTb BUKOPUCTAHHA HelpomMepexx Os
3aj4a4 NoLWyKy B BEeKTOPHUX DBasax gaHux

O. II. JaBunos

Icuye 6e3y1i4 pi3HUX aJTOPUTMIB MOIIYKYy B BEKTOPHMX 0a3ax JaHUX, ajle »KOJEH 3 HUX He BU-
KOPHUCTOBY€E HeUPOHHI MepexKi siKk OCHOBY.

IrTyiTHBHI cipobu 3aCTOCYBaHHS METOIB MAIIMHHOIO HABYAaHHS JO Iiel 3a7adi 4acTo IPU3BO-
ASTh 70 BigrBOopeHHst Bxke icHyroumx miaxoxais. Haunpukiaj, kiacudikanis BxigHOro BEKTOpa Ha
MHOXKWHY HAasABHUX (DAKTUYIHO 3BOAUTHLCS JO MOBHOIO mepebopy (60 n KJACIB 03HAYAE IOHANMEHIIIe
O(n) 064YUCIIOBAJIBHEX ONEepaliil).

AmnaJjioriuno, migxiz Ha OCHOBI HABYAHHS 3 HiAKPINJIEHHSM, 10 nepeAdadae HABITAIiI0 ¥ IPOCTO-
pi BekTODIB, BiagTBOpIOE i7el anropurmy HNSW [1], akuii misgxoM moeHaHHS JaJI€KHX 1 JTOKAIbHUX
nepexofis gocarae ckaagnocti O(logn).

A MeTOH, M0 BUKOPUCTOBYIOTH HEHPOHHI MepexKi /it 3MEHIEeHHsT PO3MIPHOCTI 260 XeITyBaHHS
He BHPINIYIOTHh 3334y MOIIYKY, & JIKIIE CIPOLIYIOTH Ti.

Y 3B’a3Ky 3 UM IMOCTAa€ MATAHHSA: YU MOXKJIMBO B IPUHITUII BUKOPHCTOBYBATH HEHpPOHHI Mepe-
XKi Ui po3B’s3aHHs 33434l MOIIYKY HaNOJIMXKY0Oro Cycifma y BEKTOPHHUX NPOCTOpax 0e3 omopu Ha
aHayiTuaHi Merogu?

MeTow manoi pobOTH € caMe JeMOHCTpallis Takol HPUHIMIOBOI MOXKJIMBOCTI, a He moOygoBa
edeKTUBHOr0 ab0 MacIITAOOBAHOTO AJITOPUTMY.

J1st 1poro 6yJI0 MPOBEEHO eKCIIEPUMEHT Y HU3LKOBHMIPHOMY IPOCTOPi, 3 BUKOPHCTAHHSIM Be-
JITKOMACIITabHOT MyJIbTUMOAAIbHOT Moneni Gemini-3, akiit Ha BXig momaBajiocs 300pakKeHHS Be-
KTOPHOTO TPOCTOPY 3 MO3HAYEHUMHU TOUKAMU.

3aBagaku TpaHCchOpPMepHiNl apxXiTeKTypi Ta BHKODHCTAHHIO €HKOJepiB Jid yHidikamil 306pa-
2KEHb, MOJEJIb HE MA€ SIBHOIO JOCTYIY J0 KOODAWHAT TOYOK ab0 METPUKH NPOCTOPY, a OTKE He
CIUPAETHCS HA KJIACUYHI aJIrOPUTMIYHI MiAX0au 10 MOIIyKY.

TToupu ue, Momesb AEMOHCTPYE 3JATHICTH KOPEKTHO BiJHOBJIIOBATH BigHOIIEHHS OJIM3bKOCTI
Mi>K BEKTOpaMH Ta BU3HAYATH HAHOIMKIOro cycima i3 Bucokoro TounicTio (90.9% y mpocropi 3i 100
JIBOBEMIDHHX BEKTODIB).

Xo4a 3aIIPOIIOHOBAHUM MeTO[ € OOYHUCIIOBAJIBHO Hee(eKTUBHUM, BiH CIYT'y€ JNOKAa30M IIPHHITH-

IIOBOI MOXKJIMBOCTI 3aCTOCYBaHHS MOAeJseil MAIIMHHOIO HABYAHHS JJIA PO3B’SI3aHHHA 33Ja4 HOIUIYKY
vy BeKTOpHEUX 0a3ax QAHMUX y HOBHOMY Binpwsi Bix aHamiTHIHUX aIropuTMis.

Cnucok nitepatypun

[1] Briggs, James "Hierarchical Navigable Small Worlds (HNSW) | Pinecone”. www.pinecone.io/
learn/series/faiss/hnsw/.
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Po3pobka mobinbHOro aoaatky Aas NPOXOA>KEeHHS
IHTEPAKTUBHUX KBECTIB

B. O. [eiiko

Po3BuTOK MOOIIBHUX TEXHOJIOrIH BifKPUBAE HOBI MOXKJIMBOCTI AJId MOEIHAHHS UM POBOTO KOH-
TEHTY 3 peajbHHM cepezoBuineM. Tpaauniiini ekckypcil Ta MeToar 03HANOMIIEHHST 3 MICBKUM IIPO-
CTOPOM 9aCTO MAIOTh MACHBHUN XapakKTep, M0 3HUKYE 3aJIYUEHICTh KOPUCTYBAUIB, 0COBIUBO MO-
snopi. EdekruuuM pimennsam uiel nupobsemu € refimidikanis npounecy gociijkeHHs JOKaniil 3a
JIOIIOMOTOI0 {HTepaKTHBHUX KBeCTiB [1].

Y pamikax gociijzkeHHst po3pobieHo MobiabHuil nogaTok Ha 06a3i dppeiimBopky React Native,
NpU3HAYEHUN AJIsi TPOXOJXKEHHS KBECTIB y peasbHOMy daci. ITig gac po3pobku Oysio BUKOpUCTA-
HO 0ibmioTeky react-native-maps njs inrterpanii xkaprorpadidHux cepsiciB Ta peasizarii Joriku
BiJICTEeXKEeHHS Mice3HaxoKeHHs. Ki0uoBoo MexaHikoio € reodencunr (geofencing): irposi Touxku
AKTUBYIOTHCS aBTOMATHUIHO IpH Bxoai y pazgiyc 20-30 merpis Bix xoopaunar. EdexrusBmicts Takol
Mozesi AJist aproMaru3aliil push-crosinens Ha OCHOBI JIOKaIil M ATBEPIXKYETHCS JOCBIOM BIPOBa-
JoKeHHs aHagorivaux Android-cucrem [2].

®yukiionaabHuii ckiag MVP 3acTOoCyHKY BKIOYAE CUCTEMY aBTopu3alil, mpodisi rpasmis ta
iHTEepaKTUBHY MaIly, 0 € 6a30BUM CTAHIAPTOM JJIsl TeosoKamiiHux cepsicis [3]. Irposuii mporec
noOynoBaHui HA BAKOHAHHI KBECT-3aBJAHD: PO3B’S3aHHS 3araJOK PO aAPXiTEKTYPHI maM’sSTKH Ta
MPOXOJZKEHHS TECTIB.

SanpononoBanuil minxis mO3BOJISLE MEPETBOPUTH 3BUYAMHY NPOrY/ISHKY HA IHT€DAKTHBHY IIPH-
oAy, IO CIPUSE MiABUIEHHIO Mi3HABAJIBLHOIO IHTEPECY 0 KYJAbTYPHOI CIIaIIWHH.

Cnucok nitepatypu

[1] Bulencea, P. et al. Gamification in Tourism. Tourism Management, 2017. URL: https://wwu.
sciencedirect.com/science/article/abs/pii/S0261517716302369

[2] Lestari, D. et al. Geofencing in Mobile Applications. ResearchGate, 2023. URL:
https://www.researchgate.net/publication/373695691_The_Use_of_Geofencing_in_
Android-Based_Mobile_Applications

[3] Wezom. Po3pobka reonokaniiianx nogarkis. Wezom Blog, 2024. URL: https://wezom.com.ua/
ua/blog/razrabotka-geolokatsionnyh-prilozhenij
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OnTumMansHunii po3nogin giHaHCIiB MiXK 000pOTHUM
KaniTasomMm Ta iHHOBALIWHMUMU NMPOEKTAMM

I. O. Jonaenko, B. O. Tpoxumuyk

Y cy4dacHUX YMOBaX aKTYaJIbHOIO € 33/1a4a BU3HAYEHHA HallKpaIuX piBHIB 0O0POTHOTO KAIiTaJIy
Ta IHBeCTyBaHHS B iHHOBaniiai nmpoekTn [1, 2].

Il mobynoBu Mofesi BBeAeMO HACTYNHI no3HadeHHA. Hexait: F' — 3arajprauil obesar dinanco-
BHX PEeCypCiB miAnIpmeMCTBA HA IJIAHOBHH IEpPiof; T — YaCTKA KAliTay, MO COPSIMOBYETHCS Ha
MIOIIOBHEHHST OOOPOTHHUX KOIITIB; T2 — YaCTKa KamiTajy, IO CHPSMOBYETHCS Ha (iHaHcyBaHHs iH-
noBaniit; Rp — npubyTox 3a BigacyrHocTi inHoBaniit; Ar(xe) — npupict npubyTKoBOCTI 33 paxyHOK
BUPOB3ZKeHHs inHOBauill; Ar(z2) = a - z§, ge a > 0 — xoedinienT TexHONOrTYHOrO HOTEHIiAILY,
0 < a < 1 — mapaMerp enacTHYHOCTI; To — mnepiog oxymHoCTi imBecTmiiit; AT(z2) — dbynkuis
CKOPOU€eHHS IIepiofly OKYIHOCT] 38 paxyHOK BIIPOBaJXKeHHs iHHOBaliil; AT(x) = b-xz2, te b >0 —
KOedilieHT 3a1e;KHOCTI Iepiofy OKYIHOCTI 32 paxyHOK 3aCTOCYBaHHS PI3HUX NPOEKTIB PO3BUTKY;
V(z2) — piBeHb pu3uKy, skwil acomiioBaHuil 3 IHHOBALIHHOW [iNBHICTIO.
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Cdopmymoemo 6araTokpurepiajbHy 3aga4dy HOMYKy BekTopa X = (z1,x2):
f1(X) = Ro - 1 + Ar(z2) — max,
e f1(X) — makcuMmizsanis 3aranbpHOT TpuGyTKOBOCTI,
fQ(X) =70 — AT(wz) — min,
ne f2(X) — wminimizanis TepMiny oKymHOCTI,
f3(X) = o2 . :c% — min,
ne f3(X) — wmimimizanis pusuky, 02 — aucnepcis jgoxigHocTi imHOBaMH,
fa(X) =k-z1 — max,

ne fa(X) — makcumizaris obcsary BUpOGHUITBA, & k — 1€ CTAaTUCTHIHUH KoedirieHT,

r1+z2=1, x; >0,
T1 > Tmin, Tmin — HUXKHIA piBeHBb 11a OYHKITIOHAIBHOI JislIBHOCTI,
zo < 1, I — BepxHiil piBeHb MOTEHNiANY Ui BIPOBAXKEHHS IHHOBAIii.

JIJ1sT 3HAXO/PKEHHSI KOMIIPOMICHOTO DINIEHHS MPONOHYETHCSI BEKOPUCTAHHS MeTOAY o0MerkeHs [2] 3
BaroBUMH KOeIIi€HTaMu KPUTEPIIB, 10 BU3HAYAIOTHCSA €KCIEPTHUM MIISIXOM.

B pobori 3anponoHoBaHa HaraToKpuTepiaJibHa MaTeMaTH4YHA MOJENb pPO3IoJiny ¢iHaHCiB, B
SKif BUKOPHCTOBYIOTBCS CTEIIEHEB] 3a/I€2KHOCTI HOKA3HUKIB.
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Po3pobka 3acTtocyHKy Ansa nepesipku
NpPaBuUIbHOCTI O0(hOpPMIEHHSI KYpPCOBUX Ta
kBanidikauiiHux pobiT

4. B. ApoBoibCbKHuil

BaxknuBoro CKJ1aJOBOIO BUMOT J0 CTYJAEHTCHKHX KYyPCOBHUX Ta KBaJjidikamifiEux pobiT € BUMOTH
0dOpPMJIEHHSI: BUPIBHIOBAHHS €JIEMEHTIB, PO3MIp CTOPIHOK, PO3MipH MOJiB, MIPUMT, MiXKpPIAKOBUH
inTepBaJ, ab3anuuil BiACTYI TOIIO.
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[Iepesipka TOTpUMaHHS IUX BUMOT BUKOHYETHCS BPYYHY 1 € y2Ke TPYAOMICTKHM Ta KPOIiTKUM
nponecoM. Yepe3 BenuKuil ob6car pobiT Ta BeNMKY KiJBbKICTH CTYIEHTIB mepeBipka odOpMIIeHHS
3maTHA 3a0MPaATH ¥ BUKJIAAAYiB 3HAYHY KiJIbKiCTh yacy. ToMy JOIiIBHOIO € aBTOMATU3AI[id BUKOHA~
HHS TIepeBipok xo4a 6 gacTuum BuMOr odopmienHst. [Ipore mig wac mposeseHoro anaizy He 6yiIo
3HalIeHO NOCTYIHUX 3aCTOCYHKIB, gKi 6 1e 3a0e3neyyBaii HaJeXKHUM YUHOM. B mepeBaxkHilt 6iyb-
mIOCTi 3aCTOCYHKIB KOPUCTYBA4Y HE MOXKE 33/aBaTH BUMOI'UM ODOpPMJIEHHS — BOHU BOYJOBaHI B KO
nporpaMu ¥ BU3HATAIOTE JIAIIE SKUICEH cuenudivnnit popMaT JOKYMEHTIB, HAIPUKIAL, KBasidika-
niftni po6oru koukpernoro BH3. Takox 6inpiicTs 3aCTOCYHKIB BUBOJATH PE3YJIbTATH IIEPEBIPKU
y TekcToBU# daiin uu Ha BeOGOpMY, IO POOUTH BAaKKOIO TXHIO iHTepIpeTalio.

Tomy BuHUKaE HEOOXIAHICTL y 3PYTIHOMY 3aCTOCYHKY, SIKHil aBTOMATH3Y€E HEPeBipKy odopmIe-
HHSI TEKCTOBHX JIOKYMeHTiB y dopmari Microsoft Word. Paiinmu Microsoft Word 36epiratorscs y
dopmari Open XML, axuit MicTuTb B 061 KOHTEHT AOKYMEHTa Ta CTHUIBOBI HajamrysaHusa [1]. ¥V
3aCTOCYHKY HepeadadeH0 mepeBipKy O(MOPMJIEHHS Pi3HUX €JIEMEHTIB JOKYMEHTAa: 3ar0JIOBKIiB yCix
piBHIB, OCHOBHOI'O TEKCTY, HMiAUKCIB JO PUCYHKIB Tomo. TakoXK B 3aCTOCYHKY HasBHA lepeBipKa
HAJAMITYBaHb CTOPIHOK (po3Mip, moss, opienTamnis). [lepenbatuerHa MOXKJIUBICTD IEPeBIpATH CTPY-
KTypy AokyMenTa. Kopucnoio takoxk Oyne dpyHKIfis nepesBipku TUTYIbHO! CTOPIHKH AOKYyMEHTA 33
KOPHCTYBaUbKUM I1absoHoM. KoprcTyBad MOXKe HAJIAIITOBYBATH BCi MapaMeTpPud BUMOT O(OpMIIe-
HHST JJOKYMEHTA.

Taxum wuHOM, JaHUE 33aCTOCYHOK JO3BOJUTEL ABTOMATHIHO IEPEBiPATH O(POPMIIEHHS TEeKCTOBHX
nokymentiB Microsoft Word, B Tomy uwmcii # crygeHTchbKuX pobGiT. Ile mosermuTs BHUKIIAgAMAM
nepeBipKy pobiT 3arajoM i JO3BOJIUTH BUTPAYATH HA Il€ MEHIIE 4acy.

Cnucok nitepatypu

[1] Vugt W. Open XML - The Markup Explained. 2007.
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Bubip kpuTepiiB sik 0CHOBa LWIBUAKOIO
GaraTokpuTepianbHOro aHanidy B cucrtemi
NiATPUMKU pilleHb KOMaHanpa 6oioBoro

nigposainy
M. O. Ady6osuk, I'. B. Ilopes

Iligrpumvka pimens KoMauaupa 60HOBOroO miApo3aiay mOTpedbye He Julle PAHKYBAHHS AJbTEP-
HATHUB Jiif, a HacaMmIepe] KOPeKTHOro BuOGOpY KpuTepiiB ix oniHmoBanH:a. CaMe Kpurepil BU3Ha4a-
IOTb, IKi XapaKTePUCTUKU OOCTAHOBKU OYIYTH BPAaXOBaHI CHCTEMOIO Ta HACKIMBKHU MIBUIAKO MOXKHA
nepeiitu 10 dpopmagizoBanoro anasdizy. Ao Habip KpuTepiiB € 3aHAATO MUPOKUM, 3POCTAE CKJIA-
JNHICTH OIIHIOBAHHS; AKIIO HAJTO BY3bKHM — 3HHXKYE€TbCA aJ€KBATHICTH pe3ysnbraTy. ToMy B yMO-
Bax AedinuTy yacy BuOip KpuTepiiB JOMIIBHO PO3IVISJATH K OKpEeMHUH eTan HiITPUMKY IPpUHHSATTI
pimrenss.

VY 3anponoHOBAaHOMY minxoai Kputepil dopmyoThesa Bignosiguo go jgoriku FM 5-0 ta Bimobpa-
2KAIOTh IPAKTUYHY MPUIATHICT, KypCy Al v KOHKpPeTHi# cuTyarii. /Jlo HUX MOXKYTh HAJIEXKATH 4ac
BHKOHAHHS, DU3WUK AJIs1 0COOOBOIO CKJIany, iMOBipHicCTH ycmixy, morpeba B pecypcax, MOOIILHICTS,
noctynHicTh 3acobiB i BigmoBigHicTe TakTHuHOMY 3amyMmy. Ilicis Bu3HadenHst HAOOpPy KpHUTEpiiB,
6e310CcepeJHRO eKCIIEpTOM ab0 Ha OCHOBI MAOJIOHY THIOBOI CHTYAllil, 3aCTOCOBYETHCSI METO, aHAJI-
3y iepapxiif gyt BCTAHOBJIEHHS TX Bar i HOMAJIBIION0 PAHXKYBAHHS AJIBTEPHATUB.

Haykosa mninricTs migxomy mossarae y nepexoni Bif ¢dbikcoBaHOTO mepesiky KpuTepiiB g0 aja-
OTUBHOI cxeMHu iX g060py. Ile mae 3mory noeguaru dpopmadizarnio AHP i3 Bumoromw onepaTuBHOCTI,
3MEHIIUTH KiJbKICTh IONAPHUX MOPIBHAHDL i CkOpOTHTH miAroTOBuYnit eran. Bukopucranua mabiio-
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HiB KpUTepiiB i 6a30BUX Bar gae 3MOTY IIBUJIIE ITepefiTu 10 OIiHIOBAHHS aJIbTePHATHUB Ta 3ac00iB
peaJtizarii o6paHoro BapiaHTa 6€3 BTpaTU 3MiCTOBHOI OOI'DYHTOBAHOCTI pileHHs.
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Migxip 40 3MeHLWeHHs Yacy NPUAHATTSA pilleHb
KOMaHAupom DOooBOro Niapo3Aaisly Ha OCHOBI
mMeToay aHasi3dy iepapxin

M. O. Ady6osuk, I'. B. ITopes

Y cygacHOMy 6010 KOMaHIUP HiAPO3JALLY i€ B yMOBax nedinuTy 4acy, HEIOBHOTHU iHdopMaIril
Ta MBUAKOT 3MiHM 06CTaHOBKH, TOMY TOTpedye 3acobiB, IO JAIOTH 3MOTY IIBUAKO 00pPATH AOIIIb-
Huit BapianT aiit 6e3 srpartu ob6rpynroBanocti. OguumM i3 npugaTHux iHCTpyMeHTIB Ays Takol 3amaqi
€ merog amamisy iepapxiit (AHP), axuit 3a6e3nedye GpopMasi3anioo eKCIePTHAX CyIKEHDb | PAHKY-
BaHHS AJIPTEPHATHUB 3a CYKYIHICTIO KPUTEDPIIB.

Y poboTi 3apOnOHOBAHO ABOpiBHEBUI Hiaxin q0 migrpumiu npuitHsaTTs pimess. Ha nepmomy
piBHi cucTemMa BEHKOHye BHOIp HaMKpamol aJbTEepPHATHBH il 33 BH3HAYEHHM HAOOPOM KpHTEpIiB
Ta ix Bar. Ha Apyromy piBHI BUKOPHCTOBYETBbCs TOH caMuil BEKTOD Bar JJIs 1000DY ONTHUMAJIbHUX
3acobiB peasizallii o6paHoi aJIbTepHATHBU: HiAPO3iIiB, TeXHIKH, 036pO€HHA ab0 IHIMUX TOCTYITHUX
pecypciB. Y pe3ysbTaTi KOMaHIup OTPUMYE He JIUIe PeKOMEHIOBAHUN BapiaHT fiif, a ¥ BOOPSAAKO-
BaHWI nepesiik 3acobiB st HOro BUKOHAHHS.

OcobauBicTIO M X0y € BUKOPHUCTAHHSA MabJIOHIB KpUTePiiB i 6a30BMX Bar A8 TUIIOBUX DOMOBUX
curyaniit. lle gae 3Mory 3MeHmATH KibKICTH MOIAPHAX MOPIBHAHL, CKOPOTHTH HifroTOBYH eTar i
MIBUIINE 3AIYyCKATH POIEAyPY OliHIOBaHHS. HayKoBa I[iHHICTb MOJISITA€ B MOEHAHHI BUOOPY aJib-
TEepPHATHBYU Ta HigO0py 3acobiB i1 peamnizanii B Mexkax € IMHOI MOIeIi, OPIEHTOBAHOI HA 3aCTOCYBAHHS
B iHTeNeKTyaJbHUX CHCTEMAaX MATPUMKH PillleHb JJIS TAKTUYHOTO PiBHS.
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Po3pobka iHTepakTBHOro mobijibHOro 3aCTOCYHKY
ANA BUBYEHHS1 BeObnporpamyBaHHS
. O. Oynka

OnanyBaHHsa BeGTeXHOJIOTIN choromui moTpebye He JIHINE TEOPETHUYHUX 3HAaHb, a U MOCTiHiHOT
npakTuku. BogHoyac Tpaguniiiai miaxoay 40 HABYAHHS YACTO 3aJIUIIAIOTHCS MaJOe(pEKTUBHUMY Ta
HEJO0CTATHLO IHTEPAK THBHUMH, 1110 YCKJIQTHIOE 3aCBOEHHST MaTepiay, 0COOJIUBO i Yac caMoCTifiHOT
po6otu [1].

Hos Bupimenns niel npobsemu Oys10 po3pobseno mobinbauit 3acrocynok WebGuide jyist Busue-
g HTML, CSS i JavaScript. KoHTeHT OpranizoBaHo y BUTJIsIII MOAY/IBHOTO KYPCY 3 IPUKJIALAMEA
KOy T4 IHTePAKTUBHUME 3aBJAHHIMH, M0 3a0e3edye aBTOMATH30BAHUN KOHTPOJH 3HAHBb 1 MHT-
TeBuil 3BOPOTHUH 3B’sA30K [2]. 3aCTOCYHOK TaKOXK BKJIIOUAE TECTYBAHHS, HOTATKH, BiJCTEXKEHHS
Iporpecy Ta IHCTpYyMEHTH HOBTOPEHHS MaTepiamy[3].
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OcobuBICTIO 3aIIPOIIOHOBAHOrO PIillIEHHSI € BIPOBAJIXKEHHS €JE€MEHTIB aJallTHBHOTO HABYAHHSI.
CucreMa aHaJji3ye pe3ylnbTaTH BUKOHAHHS 3aBJAaHb | BU3HAYAE TEMHU, IO BUKJIUKAIOTH TPYIHOIII ¥
xopucTyBadza. Ha 0CHOBI I[bOr0 3aCTOCYHOK KOPHUI'Y€ IHTEHCHBHICTH BIPAB i HaJa€ IePCOHAII30BAH]
pPeKOMeHIaIil [l MOBTOPEHHS MaTepiay.

Taxwuit nigxin 703BOsIE He JnuIIe ABTOMATU3YBATH IPOILEC HABYAHHMA, a i 3poduTu ioro immu-
BigyanpHuM. Bukopucranaa WebGuide nigsurnye edpeKTHBHICTE 3aCBOEHHS MaTepiajly Ta CIPHSIE
mBUAIIOMY (POPMYBaHHIO IPAKTUYHUX HABUYOK Yy Cdepi BeOIpOrpaMyBaHHs.
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System for automating the development and
approval of educational programs

D. Dulko

Modern higher education institutions face challenges in managing the development and approval
of educational programs. These processes are often performed manually using text editors, while
approval is carried out through sequential file exchange between participants. This approach is
time-consuming, error-prone, and complicates process control.

The aim of this work is to develop an information system for automating the creation and
approval of educational programs. The proposed solution is a unified web application that integrates
data input, processing, and approval.

The system provides a multi-step form for data entry, where some data are entered manually and
others are selected from predefined reference lists, reducing duplication and improving consistency.
It is also designed to support automatic generation of DOCX documents based on templates,
where user-provided data are inserted into predefined placeholders, ensuring consistent formatting
and reducing preparation time.

In addition, the system is intended to support a workflow-based approval mechanism that
enables users to review assigned programs, provide feedback, or approve them, enhancing
transparency and control of the approval process. From a technical perspective, the system follows
the principles of Clean Architecture, which promotes separation of concerns, maintainability, and
scalability [1], allowing the system to remain flexible and adaptable to future changes.

The expected result is a reduction in manual effort, improved data accuracy, and increased
efficiency of interaction between participants involved in the development of educational programs.
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MopiBHANBLHUI aHaNI3 MeToAIB anpoKCcUMaLil
byHKLi OOHIET 3MIHHOI
0. O. Opobsasko, O. A. Kanyctaun

Metor poboTH € MOPIBHAJNBHUN aHAJI3 PI3HUX MeTOAIB anpokcuMarii dyHKIiM ogHiel 3MiHHOT
Ha OCHOBI €/IMHOI CHUCTEMH OLIHIOBAHHS SKOCTI Ta IporpamHoi peasizamnii. ¥ niit poboTi 6yso mpo-
aHaJsi30BaHO Ta ommcaHo 12 mixxoxie no anpokcumanil dymkuiil [1]. ¥V miacymky Gymo 3’scosamo,
0 Ha#binbIT e(eKTUBHIMH METOJAMH AMPOKCHMANil cepen PO3IVISHYTHX € KyOiunwil criaiia ta
iHTepnoANiffHuE OiHOM 3 By3ylaMu ebuineBa Ajad JAHUX Yy 3araJbHOMY BHUIJIs/li, HEPIBHOMIpHE
IUCKpeTHE mepeTBopeHns Pyp’e Ny KOJUBAIBHUX JAHUX, IPUMITUBHI KPUBI (€KCIOHEHIIHHA, J10-
rapuTMidHa, PAniOHANBHA 1-TO MOPSAKY, TAHTEHCOINA Ta APKTAHTEHCOINA) st MOHOTOHHAX JAHUX.
HarowmicTh anmpoKcHMallisg METOA0M HaWMEHIITUX KBaApaTiB, Loo-MiHIMAKCHUH ITOJIHOM Ta aJITOPUTM
AAA gacTo Jar0Th TapHY alPOKCUMAIIII0, TpoTe pobiIsTh e MeHI ederTusHo. Halibinbm 3aranb-
HUMU METOHAMH, siKi MOXKHA 3aCTOCYBATH JJisl JOBLJIBHUX [AHUX, € METOJ HAMMEHIINX KBAJAPATIB,
HepiBHOMipHE meperBopenus Pyp’e Ta KyOivHuUi crraiin.

IIpu BubOpi MOJeIi BApTO CIIOYATKY YiTKO BU3HAYUTH, YU BapPTO BUKOPUCTOBYBATH iHTEPIIONSI-
mifini 4u perpeciifini MeToau, MOTIM — BU3HAYUTH BJIACTUBOCTI OTPHUMAHHUX JAHUX, 32 AKUMH BIKE
obupaTu JOIJIBHY MOJAEIb.

3ajJ1s NpoBeeHHs aHaai3y Oyia po3pob/ieHa nporpamMa, o I03BOJIsIE€ ANPOKCUMYBATH BBEAEH]
naHi HagBHUMU 12-ma MerogamMu. BoHa 3HAXOAMTHCHA Y BIJIBHOMY JOCTYII Ta MOXKe OYTH 3aBaHTa-
»kena na GitHub [2].
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Event-Driven Architecture as an Approach to
Building Scalable Distributed Systems

0. Yevchyk

Modern distributed systems require high scalability, flexibility, and fault tolerance. Traditi-
onal synchronous interaction between services often leads to tight coupling, increased latency, and
cascading failures. This paper analyzes the principles of event-driven architecture and examines its
application in microservice-based distributed systems. Particular attention is given to asynchronous
communication, message brokers, and message delivery guarantees. The analysis demonstrates that
event-driven architecture can improve system scalability and resilience while reducing dependencies
between services.

Modern software systems are increasingly implemented as distributed architectures composed of
multiple independent services. While this approach improves scalability and flexibility, synchronous
communication between services often leads to tight coupling and increased latency. As the number
of microservices grows, managing dependencies between services becomes increasingly complex,
which complicates system evolution and maintenance.
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The aim of this paper is to analyze the principles of event-driven architecture and to investigate
its application in microservice-based distributed systems in order to improve scalability and fault
tolerance.

Event-driven architecture provides an alternative interaction model based on asynchronous
event exchange [1]. In this approach, services communicate by producing and consuming events
through a message broker. Messaging platforms such as RabbitMQ and Apache Kafka are widely
used to implement such systems.

One of the key challenges in event-driven systems is ensuring reliable message delivery and
maintaining data consistency [2]. In practice, the at-least-once delivery model is widely used, which
requires idempotent message processing to avoid inconsistencies caused by repeated event delivery.

Event-driven architecture can significantly improve the scalability and resilience of distributed
systems [3]. Combining this approach with architectural patterns such as Saga and Event Sourcing
further enhances reliability in complex microservice environments.
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Building structurally adaptive deep neural
networks

Y. Yelenin

The paper considers an approach to structural adaptation of multilayer neural networks, which
is based on the joint use of gradient characteristics and activation entropy. The proposed method
allows changing the network structure directly during the training process, which allows for more
efficient use of its parameters.

Deep neural networks have actually become an integral part of many tasks related to data
classification and analysis. Usually, the architecture of such networks is determined before the start
of training, and then, as a rule, they are not changed. But, you know, this is not always the best
approach. Sometimes in some layers there are too many parameters, and in others - on the contrary,
there is not enough expressiveness.

In this work, we consider an interesting method that allows you to adjust the structure of a
multilayer perceptron right during training. There are two key characteristics here. The first is the
variability of the gradients of the layer parameters. It shows how stable the optimization process
is. The second is the entropy of activations, which gives an idea of how informative the outputs of
neurons are.

Based on these two values, we form a structural index. And depending on its value, we decide
whether to change the dimensionality of the layer. If the index is large enough, then we add new
neurons to the layer. And if not, we simplify it by removing insignificant elements. We implemented
this approach using the PyTorch library. Experiments were conducted on the MNIST dataset.

The scientific novelty here is that we use a combined approach to estimate the state of the layer
- simultaneously taking into account the dynamics of gradients and the information characteristics
of activations.

The results show that our method provides accuracy close to static models, but at the same
time allows for more flexibility in shaping the network structure. Another interesting thing is that
there is a certain correspondence between the values of the structural index and changes in the
architecture during training.
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BigmoBocrTiiika apxitektypa Kubernetes-knacrtepa
ANsi NOTOKOBOI nepegadi meanyunx aanux (EKT)

M. C. €Ebpemos, M. C. Barpyk

BesnepepBHicTh MOTOKY maHux y cucreMax gucrannifinoro moniTopunry EKI' e kputuanOIO
BEMOIOIO: OyAb-sKa IIE€PEPBa y Lepegadi CUIHAJLy MOXKe MPHU3BECTH [0 BTPATH JAiarHOCTHIHO 3HA-
aymol indopmanii Ta HeraTuBHO BuIuMHYTH Ha Kiiniwni pimemms. Hagsui pimennsa, sk mpasuio,
abo irHopyrorh 1o npobsemy Ha piBHI iHdpacTpyKTypw, abo BUpPIOIyIOTh 11 HAAMIPHO CKJIAIHUMU
3acobamu 6e3 HOPIBHIIHHOTO OOrpyHTYBaHHA [1].

3anponoHOBaHO apXiTeKTypy iHdpacTpyKTypHOro mapy Ha 6a3i Kubernetes, mo 3abe3meuye
HaaiHy noTOKOBY nepenady EKI'-manux Big gaT4ukiB mo cepsiciB 06pobku curnasy. KirogoBum
esleMeHTOM € ingress adapter — KOMIIOHEHT, IO BiZOKpPeMJIIO€ TPAHCHOPTHUIN piBeHb Bif JIOTiKM
06pOOKM Ta [J03BOJISIE 3aMIiHIOBATH MeXaHi3M npuitoMy maHux 6e3 monaudikanii icHyr4Yux cepsi-
ciB 00p0oOKM curnasy. Po3risaioTbCs Ta HOPIBHIOITHCS TPYU UiAX0au g0 peadisanil agaunrepa: Ha
0a3i 6pokepa moBimomieHsb i3 mepcucTeHTHHM OydepoM, mpsiMe IOTOKOBE 3’€QHAHHA Ta MEXaHI3M
pull i3 cepBepruM KinbreBuM 6ydepoM. Iligxoau Binpi3HAIOTECA XapaKTepUCTHKAMU HAJiHHOCTI Ta
JIATEHTHOCTI.

JIs1s1 OIIHKY IPOTOHYETHCS MeTpuKa gap duration — MakcuMaabHa TPUBAJICTH IIEPEPBH Yy IO-
Toui nanux. Ilmanyerbest Bepudikamis KOXKHOIO HiAXOAYy y TUIIOBHX CIEHApigx BigMoB Ha piBHI
KJIacTepa: aBapiiiHe 3aBepIIeHHS MOJ3, IJIAHOBE BUBEIEHHS HOJW T4 IACTKOBA BigMOBa KyacTepa
O6pokepa noBigomiaeHb. Ha ocHOBI OTpHMaHUX BUMIpIOBaHb IepeJbadaeThcs OOIPYHTYBAHHS IOPO-
TOBUX 3HAYEHb JJIS CHCTEMHU MOHITOPHHIY T3 aJI€pPTiB.
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ApanTayis anroputmie aHanisy EKI gna
Edge-npucrtpoiB y pe>xxumi peanbHoro 4acy

M. C. €dbpemos, A. B. JIamko

Tpagunifina rpancisiyis «cuporoy EKI-curnajy B nopraruBHUX KapAiOMOHITOpax € eHepro3a-
TPATHOIO Ta 3AJIEXKUTh Bix crabinbHoCcTi 38’ 43Ky. EdexTuBHIION0 aIbTepPHATHBOIO € BIPOBAIKEHHS
napagurmu Edge Computing — nepenecenHs: 069uCIeHb Ha By30J1 300py JAHUX I [Iepeadi JIUIne
TOTOBUX JIarHOCTUYHUX MeTpuK. [IpoTe peanizamii 1pOro miaxony 3aBaKalTh YKOPCTKI amapaTHi
obMerkeHHsI OI0PKeTHIX MIKPOKOHTDPOJIEPIB Taki sk medinur omeparusBHOl mam’sTi.
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Jlyis mofoTaHHA UX OOMeKeHb Yy JTOCJIizKeHH] OyJ10 MPOTECTOBAHO IPAIE3JaTHICh aJITOPUTMY
dinprpanii Ta nerextyBanHa R-3y6iis npencrasiaesoro B po6ori [1] Ha 6a3i Arduino Mega2560 (8
KB SRAM) 3 amanoroeum mogymem AD8232(3]. I[o6 yHUKHYTH NEePENOBHEHHS CTEKY, O0UUCIIIO-
BaJIbHY CKJIQHICTH OYJI0 OTUMIi30BaHO: 3aCTOCOBAHO He GijibIte msTH iTepaliil mig Jac Jo0KaJIbHOT
aIpOKCHMAIlil Ta BIPOBA/?KEHO KOMIIAKTHUH KilblieBUil Oydep sl MOTOKOBOI 0OPOOKY.

BasxsinBOIO 3HAXIIKOIO CTAJNO Te, IO 0OMeXKEeHHs KiJIbKOCTI iTepariit 3raa KyBaHHS HE NPH-
3BeJIO 40 KpUTHYHOI merpaganii TognocTi. OTpuMaHi IiJl 9ac TeCTyBaHHS Ha JIIOJIUHI-T00POBOIBIN
MeTpukH 4y TauBocTi (Se) Ta mpornoctuanol iinHocTi (PPV) BUABWINCA 3iCTABHUME 3 €TAJIOHHUMU
NOKa3HUKaMu Kjaacu4aHol "cepeproiBepcil anropurmy, gka panimre npoxoausia Bagigario Ha 6a3i
wuinivanx 3anucie MIT-BIH Arrhythmia Database 6e3 o6Mexkens amapaTHUX pecypcis.
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Hocnig>xeHHa sBigHoweHHs Lllapna ak kputepito
ONTUMAaJIbHOCTI CTUCHEHOI OuiHKN Bar nopTtdens
Yy BUCOKOPO3MIipHOMY BUMaaKy

T. M. 3aGosioupkuii, O. B. ITana

Minimizarlisi pu3uKiB € OJJHUM 3 OCHOBHUX 3aBAaHb HOpTdeabHOro anatizy. Iloprdesns 3 HaliMeH-
moto aucnepciero (ITHT) orpumyemo 3 3ama4i w), = arg miny/y, —1 w'3,w. Hexall k — KinbKicTb

akTHBiB, n — 06car Bubipku, k/n — ¢ € (0,00), x¢ = =%z + W, — BEKTOD moxigHocTed. Y BH-
COKOPO3MIpHOMY BHIAJKY BUOIDKOBA OIiHKA W, € Hee(DEKTHBHOIO, TOMY HOCIIXKYETHCS CTUCHEHA
omiHKa Wp, () = aWn + (1—a)Wo;p, A€ a€[0, 1] — iIHTeHCHBHICTH CTUCHEHHS, W(;;, — JeT€PMiHOBa-
uui noprdenp-opientup. Onrumanbie a* IPOMOHYETHCS 00UPATH MAKCHMI3aIi€o m03aBubipKOBOro
Bignomenns lapna [2].

[Mokazano, M0 3a MEBHUX YMOB JApyra noxigxa migbosoi dynkmnii SR’ (a*) > 0, To6T0 KpuTu-
9HA TOYKA o € TOUKOI MiHiMymy, a He MaxcumyMmy. /s qOBEAEHHS BHKOPHUCTAHO ACHMIITOTHYHI
BiractuBocTi BHOGipKOBOI KOBapianiHoi marpuni [1]. OTxe, 3aqaua MakcuMizamii Biggomenns [[Tap-
a He Ma€ PO3B’a3KYy B 3arajbHOMY BHIAJIKY, 1 Il KpUTepiil He € MPUJAATHUM JJisi BH3HAUEHHS
inTercuBHOCTI cTucHenna Bar ITH]JI.

Kaowo6i caosa: MaTeMaTUIHe MOAETIOBAHHS, CTATUCTUYHHUI aHaJsi3, BEOIpKOBa OIiHKA, MOPT-
desb, pU3UK, MATEMATUYHI METOU, OI[iHKA 11apaMeTPa, KOHCUCTEHTHICTD.
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MporpamHa peani3auisi anropuTtmMmy oL iHKN
napameTpis ABOMOPOroBoi MoAeslii Ha OCHOBI
npouecy OpHwTeliHa-YneHbeka

II. M. 3inbko, C. A. Heuunnopyk

Ha 6a3i [1] [2] 6ys10 qocaizKeHO METOAMKY OIIHKY IapaMeTpiB JBOIOPOroBOi MOjesIi Ha OCHOBI
nponecy Opumreiina-Yienbeka (OY) i3 tppoma pexxumamu (1).

aXi = {(510 + B11Xe) (Xt <71) + (B20 + B21 X)) (11 < Xi < 72)
+ (B30 + Ba1 X)) I (X > 7’2)}dt (1)

+ {Ull(Xt <ri)+o2l(r1 < Xi <ra)+o3l( Xt > 7‘2)}th.

Qopmysnu st OWiHKM mapaMerpiB momoporoeoi Mogesi [2] crasm OCHOBOIO amjas moGymoB:
agropur™my. Ilporpamua peasnizania 6a3yeTbcsi Ha OCHOBI irepamifinol nponenypu. Ha mep-
moMy Kpomi dopmyersesa wacoBmit psan {Xo,Xi,...,Xg}, AAS SKOrO OGYHCIIOIOTLCS IO-
pagkoBi crarmctukm. Ha gpyromy =xpomi mpoBogurThbes iminjasmizamis craproBux mapaMmerpis
asmropurmy 70, ¢ = 0,1,...,\, Ta 02(0), 02(0), 02(0). Hani gma k > 1 po3paxoByeTbCA
ok = (55]8), 65?, ﬂélg), ﬁgf), ng), Bgf), &%(k’), &g(k), &g(k)). Ireparnil npogOBKYIOTHCSH JOKH
st 6(k) ne Oyne mOCATHYTO mapamerpis 36ixkHOCTI. Tpetiit Kpok — 1e 06UHCIEeHHA *le(éi) Ta
36epexkenHst Habopy manux. Ilicist 3aepiieHHsi BCix iTepaniil BUBHAYAETHCS ONTUMAJIBHUNM HAGIP
napaMmeTpiB Mogeai 7 = arg min; {—20x (él)} PesynbraTu TecryBaHHS PO3POBIEHOTO MPOTrPAMHOTO
KOJy TIOKA3aJId, [0 METOAUKA OI[IHKU apaMeTpiB ABOHOporosoi Mojesi [2] na ocuosi npomecy OY
Moxke OyTr e(PeKTHUBHOI y NPUKJIAJAHUX 331a9aX.
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IHTenekTyanbHa cucrtema ynpasiiiHHA pobo4nmMmum
npouecamun ta kagpamu B | T-komnaHirt

O. C. Isanos, I'. B. ITopeB

V pobori po3risHyTO 338241y miABHINEHHS e(DEKTUBHOCTI YIPABIIHESA POOOIUMHE IPOLECAMHE Ta
KagpoBuMu pecypcamu B [T-komnanii. V¥ 6inbimocTi cucrteM KepyBaHHS NMPOEKTAMU NMPH3HAYEHHS
BHUKOHABI[IB 33134 3IIHCHIOETHCA BPYYHY, IO HiIBUINYE CYO’€KTUBHICTH pIillleHb i YCKJIATHIOE Bpa-
XyBaHHS HABUYIOK MPAI[BHUKIB, IXHBOTO HOCBiAY, IPOAYKTUBHOCTI T MOTOYHOIO HABAHTAXKEHHH.

Metorw pobotu € po3pobka iHdopmaniiino cucremu, gKa OiATPUMY€E YIPaBJIIHHS IPOEKTAMHU,
3a/laqaMy Ta IMpalliBHUKaMK i 3abe3ledye aBTOMATHU30BAHY PEKOMEHJAIiI0 BHKOHABIS JJIsI HOBOT
3aga4i. st bOro 3anponoOHOBAHO HaraToKpurepiaibHy (PYHKIO OIiHIOBAHHS KaHIUIATIB:

S = wy - SkillMatch + wa - ExperienceScore + ws - Per formanceScore (1)
—X - max(0, LoadFactor — 1)2 (2)

Y uiit popmysi BpaxoByrOThCsH BiANOBiAHICTE HEODXiMHMM HABUYKAM, JOCBiJ BUKOHAHHS 110i-
OHUX 33724, MOKA3HUK MPOAYKTUBHOCTI Ta PiBEHBb 3aBAHTAXKEHHsI MPALIBHUKA 10 aeyiakiny. Taka
dbopma Mozesi obpaHa TOMY, [0 BOHA OEIHYE OCHOBHI KOPDUCHI KPUTePil B O/IHI# OIiHIII Ta 3HUKYE
6a kaHAUIATa y pa3i mepeBanTaxkeuHsd. [le gae 3mory obupaTu He JuIIe HafOIIBIT KOMIIETEHTHOTO
OpariBHUKA, & # TOTO, XTO PEAbHO MOXKE BHKOHATH 33aTIy BUIACHO.

JLyist OIiHIOBAHHS YaCy BUKOPUCTAHO JUCKPETHUH miaxim: CKIaqHICTh 330241 33Ja€ThCsl B MEXKax
Bi 1 no 5, a ouikyBaHUil YaC BUKOHAHHS BU3HAYAETHCS SK

EstimatedTime = Complexity - 4 (3)

TTporpaMuy peasizaiito npoToTUNy MOOYAOBAHO 3a KJIIEHT-CEPBEPHOI apPXITEKTYPOK 3 BUKO-
puctanHaM React mia kiieHTchKol yacturHu, NestJS nis cepBeproi soriku, PostgreSQL s 30e-
piranHg maHux Ta Prisma gma B3aemofii i3 6a3010 JaHUX. 3alpoOHOBAaHE DIllleHHS MOXe OyTH
BUKOPHUCTAHE SIK OCHOBA JJIs CHCTEM HiITPUMKHU yIPaBJIIHCBKEUX pimensb y cdepi po3nomisy 3amad
MiXK IpaIiBHHKAMU.
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Ounekcanap CepriiioBuuy IBaHoB — cryment daxynbrery indopmanifinnx TexHOJOTIH,
KuiBcpkuit HamionasnpHuit yHiBepcuteT imeni Tapaca IlleBwenka, m. KwuiB, Ykpaina; E-mail:
alexandr.iQukr.net

Fennaniii Bonogumuposnu IlopeB — 10KTOD TeXHIYHMX HAayK, CTAPIIMH HAYKOBUHA CIIBPO-
OiTHUK, JOIEeHT Kadeapu IporpaMHUX CUCTeM i TexHOsOTi#, KuiBcbKuil HamionanbpHKi yHiBEpCUTET
imeni Tapaca Illesuenka, m. Kuis, Vkpaina; E-mail: gennadiyporyev@knu.ua

BigkpuTtuii patacer gnsa cuHtesy yKpaiHCbKOro
MOBJIEHHSA

P. B. LIineuko, fd. B. Tepeliieuko

Cyuacui nigxoan 10 cunredy mosnenus (Text-to-Speech, TTS) norpefyrors Besukux 06caris
AKICHHX PO3MiYeHUX JAHUX, OGHAK A/ YKPATHCHKO! MOBH TaKi peCyPCH 3a/IHINAIOTHCSA 0OMEXKeHUMH.

Y poboTi npeacTaBIeHO MOHOIOJIOCHH JTaTaceT YKPalHCHKOI'0 MOBJIEHHS TPHUBAJIICTIO moHa 100
roauH, cOpMOBAHUH i3 map «ay/Iio-TeKCT» Ha OcHOBI ayamiokuur. Hapasi BiH moctynHuit y cupomy
dopmari 6e3 MOBHOT OYMCTKH, AJie BXKEe HPUIATHUHN sl HOIEePEeIHBOI0 BUKOPUCTAHHS.
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Tpusae n01aTKOBa PO3p0OOKa nafinnaiiny o6poOKH, IO BKJIIYAE CErMEHTAIliI0, OYHIINeHHs, Piab-
TpAaIio, HOPMAJi3allil0 TEKCTY, TOCTAHOBKY HAroJIOCIiB Ta BUPIBHIOBAHHS aynio 3 TekcToMm. Ouiky-
€TbCs, o micas ¢ginbrpanii o6car cranoBuTuMe moHAL 70 FOAWH, YOr0 JOCTATHLO JJis HABYAHHS
cygacunx TTS-mogeneit. [laracer € Bigkputum i MOke 6yTH BUKOPHCTAHUMN AJIs1 IONEPEHBOTO Ha-
BYAHHS Ta JOCIIIKEHHs Mojeneit, 3okpema Tacotron i VITS.

ITopiBHsIHHSA 3 icHyOYMMM JaTaceTaMu. [|as OIiHKHM BHECKY 3aIPOIOHOBAHOIO IATACETY
IPOBEJICHO MODIBHSAHHSA 3 BiakpuruMm garacerom opentts-uk[3].

XapakTepucTuka opentts-uk 3alpornoHOBaHul garacer
Mosa YkpalHcbka VYkpalHChbKa

Tun Bararorosocuii Monorosocuit

O6c¢sar ~24 roauu >100 rogunr
TIpu3nauenss Multi-speaker T'TS Single-speaker T'TS

Cnucok nitepatypu
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KoHTpakTHO-kepoBaHuin DSL sik 3aci6
chopmanisauii Ta BUKOHAHHSI NMPOrpaMHuUX CUCTEM

II. O. Kinko, K. A. XKepe6

Y npoueci po3poOku TPOrpaMHOro 3abe3nedeHHs: CYTTEBOI0 MPOOJIEMOI0 3aJIUIIAETHCS OIUC TI0-
BeJQiHKH NPOrPAMHHMX KOMIIOHEHTIB y BUIAJKAX, KOJHM OAWH 1 TO# camMuii KOMIOHEHT MAa€ KiJIbKa
MOKJIUBUX CII€HapiiB BUKOHAHHS 3aJIE2KHO Bi/l BXiTHUX YMOB, CTaHY cuCTeMU ab0O JOIYCTUMUX pe-
3ysbTariB. Y Tpagumifiaiit noxymenranii Taki crenapil vacTo ixCyroThCH HEIOBHO 200 HEPOPMAIb-
HO, [0 YCKJAJIHIOE IX MiATPUMKY, TIePeBipKY Ta y3TO[KEHHS 3 (PaKTUIHOK IMIIJIEMEHTAIIEH0.

s po3p’a3aHHs 1iel mpobeMu IPONOHYETHCI BUKOPUCTAHHA KOHTPAKTHO-OPIEHTOBAHOIO IIiJI-
XO4y [0 PO3POOKH NPOrpPaMHOrO 3a0e3MEeYeHHS, y MEXKAX AKOr0o (DYHKIIOHAT KOMIIOHEHTA OIHUCY-
€ThCs Tepe3 BuuepIHUi HaGIp ¢dhopmasiizoBanux crenapiis. B ocmosi migxomy e mpummun Design
by Contract[1], axkuii 703BOJsIE 3a4aBATH YMOBH BHKJIMKY, JOIyCTUMI De3yJbTaTH BUKOHAHHS Ta
BJIACTUBOCTI, IO MAIOTh BUKOHYBATHCS IICJIA 3aBEPIIeHHS OKPEMOTO CIIeHAPiio.

[IpakTuany peasizamio miAXOAy BHKOHAHO y BHIVISAI IPEAMETHO-ODICHTOBAHO! MOBH (QHIJL.
Domain-specific language, DSL), mo nobynosana B Mosi nporpamysanus Crystal. Bukopucranus
DSL nmae 3M0Ty ONMCYBATH KOHTPAKT KOMIIOHEHTA Ta MOB’43aHi 3 HUM MPABUI3 BHKOHAHHS B Me-
Kax camol mporpamuoi peasizarii. Koxue mpaBuio BinnoBigae okpeMoMy CIeHAPi0 3aCTOCYBaHHS
KOMIIOHEHTa Ta MICTUTh YMOBH HOTO aKTHBAIlil, 04iKyBaHUil THI pe3yJsbTaTy i BJIACTUBOCTI 3aBep-
IIE€HHS.

Taxwuit cioci6 mogaHHSA [03BOJISAE PO3TIAAATH IOBEAIHKY KOMIIOHEHTA SIK CYKYIIHICTD BUYEPITHEX
i merepMmiHOBaHO ommcaHUX ciieHapiiB. Ha 1iiif oCHOBI cTae MOXKJIUBUM aBTOMATH4YHE (DOPMYBAHHS
MOXiTHOTO onucy PYHKIIOHAIY KOMIIOHEeHTa 6e3 moTpebu aybaroBaTu crnenudikalii B OKpeMUX 30B-
mimHix apredakrax.
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Kourpakrruit DSL Moxke nmoctaBaTé K 3aCO60M BHKOHYBAHOTO ONIMCY IIOBEJIHKHU, TaK 1 JKe-
pesnoM A no0ynoBu HOpPMaIi30BAHOTO IPEICTABIEHH (DYHKI[IOHAILY MPOrPAMHUX KOMIIOHEHTIB.

Cnucok nitepatypun

[1] B. Meyer, "Applying ’design by contract’,"in Computer, vol. 25, no. 10, pp. 40-51, Oct. 1992,
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Adaptive portfolio optimization under
regime-switching financial dynamics

M. Kovalyk, V. Tereshchenko

We study portfolio optimization under non-stationary financial time series modeled via Hi-
dden Markov Models (HMM) [2]. In contrast to static allocation, we introduce a dynamically
adaptive strategy based on filtered regime probabilities. Let R; € R? denote asset returns and
St € {1,...,K} a latent Markov chain with transition matrix P. Conditional on Sy = k, Ry ~
N (g, Tx), Tk > 0. Equivalently, Ry = pg, + z;{ %ei, er ~ N(0,I). Define filtered probabilities
7k =P(St =k | Ft), e = (n},...,mK). We consider Ho : Rt ~ N (u, %) and Hy : HMM structure.
Since Hp is a mixture model, the likelihood ratio test is non-standard and requires bootstrap
calibration. Theorem 1. Assume (i) there exist ¢ # j such that (u, X;) # (uy,%;), and (ii)
I(St;St+1) > 0. Then I(St; Riv1) > 0. Proof. From the Markov chain S¢ — Syy1 — Ri4+1 and
data processing inequality, I(S¢; Re+1) < I(St; Se+1). Since I(St; Se+1) > 0 and regime distributi-
ons differ, Ri+1 depends on Si41, implying I(S¢y1; Re+1) > 0, hence I(St; Ret1) > 0. The static
Markowitz problem [1] is miny, w' Yw s.t. 1Tw = 1. Define X(7) := Zle 7k, and the adaptive
allocation w; := argmin, ey w' Z(m)w, where W := {w : 1Tw = 1}. Theorem 2. Let w* be
the static optimizer based on £ := E[Z(m)]. Then, for all ¢, w, S(m)we < w* T (m)w*. Proof.
For each ¢, ¥(m¢) > 0, hence wy minimizes w' L(m¢)w over W, so the inequality holds. For a
Markov chain, E[Tx] = 1/(1 — Pkk), so Pk — 1 implies persistent regimes. Define the risk functi-
onal R(n) := w(n)T (m)w(r), where w(n) := arg mingey w ' (m)w. Assume (i) || S| < M, (ii)
3(m) = A, (ili) W compact. Let €; := ||z — m¢||1. Proposition 1. There exists C' > 0 such that
|R(7t¢) — R(mt)| < Cet. Proof. Since X(7r) depends linearly on « and w(n) is Lipschitz, the composi-
tion implies Lipschitz continuity of R(7w). Regime structure induces predictive information, and
adaptive allocation improves conditional quadratic risk. The framework is stable under estimation
error.
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PobacTtHa dinbTpauiss MOHITOPUHIOBUX AaHUX
CUCTEM KPUTUYHOI IH(PPaACTPYKTYypU

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

MouniTopunrosi gani cucrem xpurmaHOl iHdpACTPyKTypu 9acTO MiCTATH mIyM i BHKUIH, II0
3HHKYIOTH TOUHICTH Kinacuaroro dimerpa Kammana [1]. Tomy akTyanseO0 € po3pobka pobacTHIX
OHJIAMH-MeTOiB dinbTparfii.

Posrnsgaerncsa 3a5a4a PeKyPCHBHOTO OI[iHIOBAHHS CTAHY JIiHIKNHOI cuCTeMu:

Ty = Frp_1 +wg_1, (1)
e T — BEKTODP CTaHy, ' — MaTpuls nepexomy, Wi_1 — LUIyM HPOLECy.

3anponoHoBaHo pobacTHUR aganTuBHUN 3BaxkeHuidl dinerp Kanmana HAWKEF. JInsa 3MmeHIeH-
He BIUIUBY AHOMAJIBHUX CIIOCTEPEXKEHb BUKOPUCTOBYETHCS 1HHOBAILiS

Uk =Yk — HEpp_1, (2)

A€ Y, — BEeKTOp BuMipIoBaHb, H — MaTpulls CIOCTEpeXeHHs, £|p_1 — anpiopHa ouinka cramy, i

BaroBuit KoedirieHT
. co
Wi, = min (1, ~—) , (3)
|9k |

e wj — Bara BEMIpIOBaHHsI, ¢ — mapamerp pobactHocTi, 0 — oninka macmraly umymy. Taxwmii
miaxizg mocsabsIroe BILIMB BUKUAIB 063 iCTOTHOTO 3POCTaHHS 00YUCIIOBAIBHOT CKJIAJHOCTI.

TounicTb ouinroBanach 3a RMSE. MogentoBanHs MOKa3aj0 MePeBary 3alpOMOHOBAHOTO AJro-
puTMy HaJl cTaHgapTHUM ¢insrpom KanMmaHa 3a HagBHOCTI BUKUIIB.

Cnucok nitepatypu
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A Resource-Efficient Multimodal Pipeline for
Action Spotting in Untrimmed Video Streams

A. Krasikov, V. Tereshchenko

Action spotting in long-form video streams is a critical task with broad applications in
automated surveillance, behavioral analysis, and sports analytics. A major challenge in this domain
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is the prohibitive computational cost of processing high-resolution spatial-temporal data, which
often leads to hardware bottlenecks and memory overflow on consumer-grade systems.

We propose a scalable, hardware-aware multimodal pipeline that leverages both visual and
acoustic modalities via a late-fusion architecture. To optimize resource utilization, the system stri-
ctly isolates computational workloads. Scene boundary detection (TransNetV2) and acoustic feature
extraction (PANNs CNN14) are executed on the CPU using the ONNX runtime. This approach
prevents out-of-memory errors and reserves GPU capacity for the heavy spatial-temporal visual
backbone (VideoMAEv2) [1].

The pipeline captures multi-scale context by processing audio in wide, overlapping windows
to provide a stable background prior. In parallel, visual features are processed through a custom
Temporal Action Transformer to capture high-frequency changes. Finally, an XGBoost meta-model
fuses the transformer logits with the acoustic embeddings. Preliminary experiments [2] indicate
that integrating environmental audio context significantly improves the model’s robustness against
visually ambiguous events and mitigates class imbalance issues.

In conclusion, the proposed architecture improves robustness over single-modality approaches
while ensuring memory-efficient, scalable inference for long video streams.
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Po3pobka iHcopmauiiHoi cnctemun y cepi
Typusmy

A. B. KpacHoBa

CyuacHa JIOAUHA TPOBOAUTEL y TesiepOHI NMepeBakHy YaCTUHY BIJIBHOTO YaCy, TOPTAIYH CO-
miasipHi Mepexi. BogHodac mopyd iCHYIOTH IjiKaBi Micnd Ta JIIOAU 31 CXOXKKMMH IHTepecaMu, SKUX
JIIOAMHA He noMidae. Tpaauniiiii TypuCTHUYHI 3aCTOCYHKH He BUDINIYIOTH II0 IPOOJIeMYy: BOHU Ha-
naTh iHdopManio, ajie He MOTUBYIOTH 10 PEAJBHUX JIii.

Jly1s miATBepIKEeHHs aKTyaJIbHOCTI IPpOOIeMHU IIPOBeIeHO OHJIAH-ONMUTYBaHHSA cepel 34 pecloH-
neHTiB. 3’scoano, mo 75,8% npoBoasaTh BinbHUB wac y tenedoni, npore 78,8% M0GIATE ryaaTH
microm. Ilpu npomy 76,5% me 3maroTh, Kyam mitw, a 47,1% perynspro Gadars nikasi michng mo-
pyd, ajie He 3HAIOTh, IO IIe Take. [gest 3aCTOCYHKY OTpuMaja cepefHio OmiHky 8,56 i3 10, a 94,2%
OmUTaHUX roTosi fforo BcraHoBUTH [3].

Ha ocuoBi pesysibrariB gocuimxenss po3podseno indopmaniiiny cucremy KRAINA y Bursrsiai
MobimbprOro 3acrocyeky gis iOS ta Android. OcHOBHEM HpHU3HAYMEHHSIM 33aCTOCYHKY € MOTHBA-
I KOPUCTYBA4iB JO AKTUBHOT'O JOCJI?KEHHS PEAJBHOTO CBITY depe3 TeXHOJIOriT, IepCoHaII30BaH]
MapHIPpYTH Ta COIAJBHY B3aeMozin. CucTeMa MiATPUMYE IBA PEXKUMU: OHJIANH-TIepersIsa JOKAIil
Ta IxHix icTOpi#l Ais MOmEePEesHBOrO MIAHYBAHHS, 3 TAKOXK O(MIIAMH-DEXKUM JJIg BUKOPUCTAHHS i
qac nporyiasHku. AR-CKaHyBaHHS 03BOJIsI€E HABECTH KaMepy HA MaM’STKy i MHUTTEBO orpuMmaru IT
icTopito Ta ayniocynposiz [1]. MapmpyTi cTBOPIOIOTBCA BPYUHY ab0 IeHepyIOThCS aBTOMATHYIHO 3
ypaxyBaHHAM 4Yacy Ta OI0Kery.

KorogoBa BigMiHHICTE BiJl iCHYIOYMX pillleHb — COIiaJIbHA CKJI3/J0Ba: KOPUCTYBadi MyOIIiKyHOTh
MOCTH, MiANMUCYIOTHCS Ha IHOINX MAHAPIBHUKIB, CHUIKYIOTHCA B YaTaX Ta OPraHi30BYIOTH I'PYIIO-
Bi mogopoxi. Cucrema refimidikanil migsumrye piBens npodino 3amexno Bifg xinbkocri Bigsima-
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Hux Micupb [2], dopMytoun cuinbHOTY Mr0f€eH, AKi 00UpATh peaJbHUH JOCBIN 3aMiCTh ITACHBHOIO
cKpouiary. 3anmanoBano Buyck MVP mpoaykTy 70 KiHIg TpaBHs, KU peasizye 6a30Bi dyHKIIT
3aCTOCYHKY.
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VHiBepcasibHi ONNCOBI BEKTOPW 300pakeHb As
3apga4 noaibHocTi

B. O. Kybuubkuii

3pocTaHHs 0OCATIB Bi3yaJIbHUX JaHUX B MepexXi |HTepHeT CYyIpOBOIXKYETHCS HAKOIIMYEHHSIM
imeHTUYHUX ab0 Maibke iTeHTUYHUX 300pasKeHb, IO AKTyasi3ye 3amady iX aBTOMATHIHOTO BUSIB-
senns. Knacuani MeToqm — nmeprenTuBHE XenryBaHHS, ToKanbHI geckpunropu (SIFT, ORB) Ta ix
arperanii — € 4yTJIMBUME A0 CKJAJHUX IepeTBOPeHb: 3MiHKM DaKypCy, KapyBaHHs, ocBiTiaeHH [1].
Opnomaposi CNN-nipecTaBiIeHHS NPUTHIYYIOTh HU3BKO- Ta CEPETHBOPiBHEBY iHdopManito. Bara-
TopiBHEBE 3UTTA O3HAK (2| migBmMye PO3pi3HIOBAIBHY 3maTHICTH, OfmHAK BepudikoBaHe nmme Ha
akazeMivHux HabOpax IAHUX.

3anponoHOBaHO METO MO0YI0BY YHIBEPCAJIBHOIO OIMKMCOBOI0 BEKTOPA LIJIIXOM arperaril mpes-
craBsieHb 3aMOpokenol Meperki ResNet-50. O3HaKM BHIYYAIOTHCS 3 TPHOX 3AJUIIKOBUX Os10KiB: C2
(256-D, Texcrypu Ta kpai), C3 (512-D, ctpykrypa o6’ekris), C5 (2048-D, cemanTuka). lo Buxoay
KOKHOT'O OJIOKY 3aCTOCOBY€THCS IVI00aIbHE yCEPEAHIOBAIbHE 00’ € IHAHHS, BEKTOPH KOHKATEHYIOThCS
v 2816-D meckpunrop i3 Lo-mopmasizaniern. Onramansaicts xordirypanii {C2,C3, C5} Bcranos-
JIeHO abJIANiffHUM JTOCJIiIZKeHHAM yCix KoMbGiHaniil mapis.

ITo6ymoBa BexkTOpa apxiTeKTypHO Bimokpemiena Bix omninku nmoxibuocti: CNN 3anumaerbes 3a-
MOPOXKEHOI0, pillleHHs MpuiiMae HaBdeHuil KiacudikaTop Ha OCHOBI pi3HUIL BEKTOPIB Hapu 306pa-
KeHb. [le 3abe3medye 3aCTOCOBHICTD JeCKPUITOPA 6e3 JOHABYAHHS y PI3HUX IIPEeAMETHUX 00JIACTIX.

Meroj omiHEeHO Ha TPBOX 3aJadax y JOMeHI HepyxomocTi (qyGJikaTH 3 HAKJIAQJEHHAMH —
F1=0,96; doro 3 pizuux pakypcis — F1=0,87; cxemaruyni mnanun — F;=0,77) ta Ha HaGopi INRIA
Holidays (F1=0,77), mo migTBepmKye MiKIOMEHHY NEPEHOCHICTH. BIDOBAIKEHHS B arperaTtop
LUN.ua miasumuio ToYHICTh Aemymnikamii 3 65-68% mo 95-98%.
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Bnnus 3rnag>XyBaHHsA BUIrMHIB Ha noWNpPEHHA
3BYKOBUX XBWJib Yy XBUJ1€EBO4aX

Kysbmenko B.B., Tpouenko #.II1.

TTpuksiagHi aCeKTH Cy4acHO! aKyCTUKH OXOILTIOIOTH IMUPOKUN CIEKTP 3aCTOCYBAHb - Bij yJib-
TPa3BYKOBOI JIarHOCTUKYU B MEIMITUHI JJO MPOEKTYBAHHS AKYCTUYHHUX CUCTEM y OY/TIBHUNTBI Ta iHxKe-
Hepii, & TAKOXK JI0 KOHTPOJIIO IIyMy # MOKPAIIEHHS] XapaKTEPUCTHUK TePeIadi CUTHANY B T€XHITHIX
npuctposax [1]. Metow poboru Gyn0 nopiBesHEs €dEKTUBHOCTI MOMNPEHHES 3ByKy y XBHJIEBOLAX 3
JIAMAHUMH Ta OKPYIJIMME BHTHMHAMU, CXeMH SKUX 300parkeHo Ha puc. 1.

il
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[P . L)
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Puc. 1. Cxemn XBI/IHeBO,Z[iB 3 JJaMaHUMU Ta OKPYTJIMMHU BUTUHAMU

Y pobori no0yLoBaHO MATEMATHYHY MOZEJb NOMIMPEHHS 3BYKY y XBHJIEBOZAX 3 BUIHHAMU,
BHKODHCTOBYIOYH METOJ 9YacTKoBuX Obsacreil [2]. PeasmizoBamo mporpamy mus aHaaisy 3BYKOBHX
[OJIiB, [IPOBE/IEHO MOPIBHAHHS €HEPreTHYHHX XapPaKTEPUCTHK aKyCTUYIHUX IOJIB Y XBUJIEBOAAX 3
JIAMAHUMH Ta OKPYIJIMMH BUTMHAMH.
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Application of Dempster—Shafer theory to the
problem of sound source localization under
uncertainty

B. Levchenko, O. Kapustian

Sound source localization is a critical challenge in modern acoustic signal processing, with
many implications for defense, security, and civilian infrastructure monitoring. In recent years, the
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widespread use of Unmanned Aerial Vehicles (UAVs) has increased the demand for robust detection
and tracking systems.

Microphone arrays are used to detect UAVs by their sound signal. But the same drone can be
detected by several different microphone arrays, operating in different environments with varying
degrees of noise and localization accuracy. The uncertainty lies in combining data from multiple
systems that may provide different, even contradictory, predictions. To overcome this uncertainty,
the Dempster-Shafer theory can be used.

Let the observation area be discretized into a frame of discernment, © = {61,02,...,0k},
representing the finite set of all mutually exclusive spatial regions potentially containing the UAV
sound source. For a given acoustic frame, each sensor node ¢ € {1,..., N} with different degrees
of noise, utilizes a neural network (NN) model to output a probability distribution P;(0) over
the spatial bins. For each sensor node i, we define a mass function m; : 2 — [0,1] such that:
> ace mi(A) = 1. To resolve inter-sensor conflict, the spatial beliefs from the N independent

nodes are combined using Dempster’s rule of combination. For two nodes, the combined belief for
a spatial hypothesis A is given by:
1

mi,2(A) = T K

> mi(B)yma(C)

BNC=A

where K represents the degree of conflict between the evidence from the two sensors:

K= Y mi(B)ma(C)

BNC=0

The experimental results of this work show that the use of the Dempster-Shafer theory improves
localization results under conditions of conflicting data from multiple sensors.
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Protocol for protected biometric verification of

citizen status using zero-disclosure proofs

S. Lozhechnikov

The usual approaches of checking citizen status or physical access to facilities require the
client’s identity disclosure to the verifier. That can lead to the leakage of sensitive data via a
compromised verifier. The problem is especially critical in granting access to military facilities. At
the same time, there are some technical limitations. For example, Internet access can be limited
that makes impossible to communicate the issuer directly. Another drawback of conventional status
verification methods is the dependence on human judgment in biometric comparison. Specifically,
the verifier may incorrectly conclude that the individual presenting the credential corresponds to
the photograph embedded in the document, resulting in possible misidentification.

In scope of this assignment we developed an approach that allows verifiers to get proofs of
status/access directly from client and be reasonably sure that the proof is granted to the exact
person. Our goal is to create a practicable framework which can be used by different applications,
which includes defining the main actors (Issuer, Verifier, Hodler), defining the protocol of data
exchange and requirements for data storage and implementing the core framework.

The high-level data flow is as follows:

- The verifier authenticates itself to the issuer.
- The issuer provides the verifier with a set of permissions defining the attributes it is
allowed to request.
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- The holder provides their identity and biometric data to the issuer during enrollment.
- The issuer generates and returns a set of certified attributes along with a biometric
template associated with the holder.
- The verifier requests a subset of attributes from the holder and provides proof that it is
authorized to request them.
- The holder verifies their biometric data and proof of presence, and then generates a proof
that he possesses the requested attributes.
Alternately we discover the case when risk of compromising holder’s device is more important
than that of leakage of biometric data from verifier. This model we will take the biometry on verifier
and let holder proof that it matches to the template from the issuer.
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Cucrema BusiBneHHs prompt injection atak y
LLM-3acTtocyHkax

M. 1O. Jlykoscbkuii, A. O. ITamko

Besmki moBHi mozesni (LLM) mupoko 3aCTOCOBYIOTHCS y IPUKJIAIHAX CACTEMAX 06POGKH Ipupo-
HOT MOBH. X iHTerpaiis CYIIPOBO/ZKYETHCS MOSBOIO CIENUMIYHNX aTaK: BIIPOBAI2KEHHS IITKIJJINBAX
iHCTPYKIill y BXigHui TexcT (prompt injection) Ta mpumycoBuit 06xi 3aXUCHUX OOMEKEHb MOAE]
(jailbreaking). Po3pobka METOiB ABTOMATHIHOrO BUSBJICHHS TAKAX ATAK € AKTYyaJIbHOI BIAKPHTO0
3a/1a19€er0.

Y poboti po3pobsero cucteMy OiHapHOI Kiaacudikanii 3amuTis 70 LLM Ha ocHOBI goHaBdYa-
uHg MyabtuMoBHOT Mozeni XLM-RoBERTa-base [1]. Enkonepny apxiTekTypy o6GpaHO 3 OrJsmy
HA IIepeBaru ABOCTOPOHHBOI'O KOHTEKCTHOrO aHAJi3y mis 3agad kjacudikaunii. Hapuaabsuuii Kop-
myc (4969 npuksanie) cdopmoBaro 3 mecTm BigKpuTEX HAOODIB JAHWX, IO OXOILUIFIOTH Prompt
injection-3amuTu [2], jailbreak-crienapii (JailbreakBench [3]), 6e3neuni incrpyxuil Ta 3anuTanHs 10
LLM, roxcuuni piamoru it mefirpasbui texcru. HaBuauus BUKOHYBaJIOCH i3 MIBUAKICTIO OHOBJICHHS
Bar 2x107° nporsarom 3 emox. [l omparoBanHs mOCHi[oBHOCTE MOHa 512 TOKeHIB 3aCTOCOBAHO
MeTOJT KOB3HOr0 BikHa. CHCTeMy peaJli30BaHO y BUIJI/I KOHTEHHEPHU30BAHOTO Beb-CepBicy, FOTOBOIO
10 PO3TOPTAHHSA B JOCJIIAHUIBKIN Ta KOPIOPATHUBHIN iHGPACTPYKTYDi.

Ha BuyTpimusoMy TecToBoMy HaGopi (n=497) mocaruyro Fl-mipy = 0.940, Accuracy = 0.962,
Precision = 0.943, Recall = 0.937. TecryBamus Ha He3aJeXXHUX HADOpAX MOKA3AJO:
wambosec/prompt-injections (Flynsafe=0.72, n=>577), jackhhao/jailbreak-classification
(Flunsafe:0~82: n:262)'
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IlHdbopmauiina cncrema gns BugineHHs
xapaktepuctuiHmx o3Hak y EKI

A. B. JIamuko, M. C. €Edbpemosn

udpoea o06pobka ganux EKI' € HeoOXimHOW CKJIALOBOIO i MOHITOPUHIY CTAHY CEPIEBO-
CYyAWHHOI CHCTEMH, IO LO3BOJISIE BUABJISTH KPUTHYHI HODYIIEHHS HA PAHHIX cTafisx. Buposamxe-
HHSI iHTeJNeKTyaJbHUX iHGOpManifiHux TexHoJOril AK OoaWH 3i crnocobiB aHAJI3y cTaHy HaIli€HTa
O3BOJISIE EN0 AaBTOMATU3YBATH IIPOIEC PO3Mi3HABAHHA aHOMAaJbHUX Ainanok EKT, minimizyoun
npu [bOMY HOMBIPHICTH IOCTAHOBKH XUOHOTO AiarHO3y.

Texuiuna peasizaiis cucremMu rpyHTyeThCst Ha BuKOpucTaHHI Docker-konTteiinepis, 1o rapas-
Tye i30JsIif0 KOMIIOHEHTIB CHCTEMH Ta 3HAYHO IIOJIerIIye MalibyTHe INlepeHeCeHHs Ha BiajaJieHi
XMapHi cepBepH Jjis PO3rOPTAHHS MOBHOLIHHOIO Be0O-3aCTOCYHKY 3 MOXKJIMBICTIO AHCTAHIIIHOrO
nocrymy agg jgikapis. Cepsepra yacTtuHa nobymoBana 3a gomomoro MoBu Python rta FastAPI,
st 30epekeHHs iHdopMalil BUKOPUCTOBYeThCs 0a3a manux PostgreSQL. Intepdeiic kopuctysaya
peeastizoBanmii na 6a3i HTML5/CSS/JS. na sisyanizamnil cursanis obpano 6ibaiorexy D3.js, ska
3abe3nedye sikiCHe BEKTODHe BinmoOpakeHHs, il 103BOJIsi€ BUKOHYBaTu MacuirabyBanHs 6e3 BTpaTu
SKOCT] 300parKeHHs.

Orpumana indopmaniitna cucrema [1] ocnoBana Ha TouHoMy BusbiaeHHi R-3y6uis B EKT [2].
ITicna ycnimuol peecTparil Ta nepegadi BXiTHUX JAHUX BUIIAIOTHCA BCi HEEPEPBHI iHTEPBAH, JIe
BigcTanp mix cycimpivu R-3y6iamu 6inbma wu MeHIIA 33 33 aHUH KOPUCTYBAUEM IOPIT, THM CAMUM
BUJIUISIOYN HEHOPMAJbHI cTaHM Ha nodarkosiit EKI' 3 moxksausicTio mepeadi mikapro-kKapaiosory
NJIsI TIOCTAHOBKM KiHIIEBOT'O JiarHO3y.
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NMobGypoBa MaTpUYHUX NONIHOMIB HA MHOXXWHI
HEKOMYTATUBHUX MATPULb

B. JI. Makapos, O. ®. Kammmyp, B. O. Boituenko

Kriacuuui OpTOroHAIBHI TOJIHOMYU € BaXXJIMBUMH TIPU PO3B’si3aHH] 337349 3 NPUKJIATHOT MaTe-
MarTuku. Tak, nominomu f1K06i BUKOPHUCTOBYIOTHCA B KBAHTOBIiM MexaHini, Teopii iMmoBipHOCTEH Ta
obumcoBaTbHiA MaTemaTuii. IxHi byHIaAMERTATBH] BIACTHBOCT PO3IVIAHYTO B [1]. ¥Y3aranbnenns
O¥X MMOJIHOMIB Ha BUIAJ0K MATPUYHHUX MOJIHOMIB € CKJIATHOIO 33Ja4€K0 CyIaCHOTO (PYHKIIOHAIb-
moro ananisy [2], [3].

Ha MHOXMHI HEKOMYTYIOYUX MATPHIb Ha mijcrasi Tesm Makaposa [4] 3Halijeno Marpuvsi no-
sinomu Ax06i Py (z, A, 2) i3 3acrocyBanasam GopMysn s OGIUCACHHS TUX HOJIHOMIB Ta 38 JOM0-
MOTOI0 PEKYDPEHTHOTO criBBigHOmenHs. Oneprkani popMysn st BiAnoBigHux crenenis mosiHOMIB
36iraroThCs.

B poGorti 3 BukKopucTaHHAM Te3u MakapoBa 3HaleHO MATPUYHI DYHIAMEHTAJIbHI IMOJIHOMH
Jlarpan»xka Ha MHOXKHHI HEKOMYTYIOUHX MATPHIIb. 3AMPOIOHOBAHO AJIrOPUTM ix mobymosu. Iloka-
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3aHO, IO 3aMiHa BY3JIiB IHTepIOJANil y CKaJgapHOMY dyHIaMeHTaJbHOMY IoJinoMi JlarpaHnxka Ha
HEKOMYTATHBHI MaTpuIi He 3MiHIOE fl0r0 DYyHIAMEHTAIBLHOCTI.

Teza MakapoBa HaJjae MOKJIUBICTH PO3BUHYTH TEOPil0 OPTOTOHAJIBHUX MATPHYHKX IIOJTIHOMIB
AOCTATHBO TIPOCTUM TI/IAXOM. Tt BUKOPUCTAHHS IPUHIMIIOBO CIPOLLYE 33/1a41y MarTpurdHOI iHTEpIIO-
J'[?IL[H Ta 3HAYHO 3HUXKYE O6‘{I/ICJIIOBaJIbHy CKJ'Ia,Z(HlCTL
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Solving one linear quadratic optimal control
problem with uncertainty

A. Makarovych, O. Kapustian

For functions y = y(a;t,x) and u = u(t,z) € L2((0,T) x (0, L)), where ¢t € [0,T] and z € [0, L],
we consider the averaged linear-quadratic optimal control problem

T
Jr(u) = Barn [/ (ly(as O +m l[u(®)l|?) dt +~2lly(a; T)|? | — inf, (1)
0 7
61/(a tyx) 62116(2;21‘,@) _ u(t,m)
(a t 0) =y(a;t,L) =0, (2)

y(a;0,2) = yo(x),

where a € A = [y3,00) is the uncertain coefficient, 7 is a Shifted Gamma probability measure on
A, v1,72,73 > 0 are given constants, and yo € L2(0, L).

Applying spectral decomposition, the dynamic programming principle, and a spectral Galerkin
projection, the problem for each decoupled spectral component k is reduced to a Matrix Riccati
Differential Equation:

—Ck(t) =1 — AkACk(t) — )\ka(t)A — %Ck(t)E()oCk(t), Ck,(T) =vl, (3)

where C}(t) is the symmetric matrix of time-dependent coefficients for the k-th Riccati kernel, I is
the identity matrix, Eoo is a sparse matrix where (Ego)oo = 1, A is the corresponding eigenvalue
of the spatial operator, and A is a symmetric tridiagonal Jacobi matrix defining the three-term
recurrence relation of the orthogonal polynomials {¢;(a)},.
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By solving the finite MRDE (3) via standard numerical methods, we obtain the optimal control
law for the k-th spectral mode ug(t) = —% fA (Zi\io Chio(t)s (a)) yr(a;t)dm(a), allowing the

full spatial control to be synthesized as u(t, z) = 32 ; ug(t)¢ (), where ¢y () are the correspondi-
ng spatial eigenfunctions.
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MopiBHANbHA NOTY>XHICTL METOAIB peceMmnJiHry Ta
AaCUMNTOTUYHNX KPUTEPIIB Npu aHani3i
CTOXAaCTUYHUX CUCTEM

T. B. Makegon, I'. B. JliBinceka, I. B. Posopa

Y pobori mocnimkeHO e(PeKTHUBHICTL CTATHCTHYHHX METOZLIB mepeBipku rimore3 mpo oxHOPI-
nHICTE BHOIPOK B yMOBaX MOPYLIEHHS] KJIACHYIHUX MPUNYINEHb. [IpOoBeseHO HOpiBHANBHUN aHAJI3
t-kpurepito CThIOJIeHTa, KpUTepito MaHHa-YiTHI Ta nIepecTaHOBOYHOI'O TECTY 3a JOIOMOIO CHMY-
sanii Mortre-Kapio.

O6’eKTOM JOCHIJKEHHs € CTIUKICTh Ta NMOTYKHICThH TECTIB IPU BiAXWJIEHHI BiJT HOpMAaJIBLHOrO
posmoziny. Meromosorisa BiO4aaa TPU KPUTUYHI CrieHApil: mOPyIIeHHsT HOPMAJIBHOCTI Yepe3 BU-
KopucTanas posnoxiny Komi, amanis manux Bubipok (n < 25) Ta yMOBH reTepOCKEAACTHIHOCTI
3 pizHEME dopmaMu po3noninsy. Pe3ynpraTn Bi3zyasizoBaHO 3a JOIOMOrOK KPUBHX IOTYKHOCTI,
SAKi IeMOHCTPYIOTh AUHAMIKY YyTJIMBOCTI METOMIB 3aJIe2KHO BiZl po3Mipy edeKkTy Ta obcary JaHuX.
Bceranosmeno, mo npu posnozizi Komri t-test meMOHCTpyE KPHTHYIHO HH3bKY MOTYKHICTH, TOAI 4K
[IePEeCTAHOBOYHUI TeCT HA OCHOBI Mesnian 36epirae BucoKy wyrTauBicTb. Jlocmimkenns 3asexxHOCTI
BiJl n miATBEPIUIIO, IO METOAHM PECEMILTIHTY TOYHIiIle KOHTPOJIITH NOMUJIKY | pony Ha mamamx
BubipKax.

[IpakTuyna 3HaYyHIicTh poboTH HiATBep/KeHa Ha peanbHOMy nartaceti Cleveland Heart Di-
sease. AHaJI3 pPIBHS XOJIeCTEPUHY IOKa3aB, 110 Yepe3 aCUMeTPII0 JAaHUX ACUMIITOTUYHI METOIH
NA0Th XUOHOHETATUBHI Pe3yJIbTaTH, TOAl SIK PECEeMIIHT J03BOJISIE BUABUTUA CTATUCTUYHO 3HAYYIIL
BigMminHOCTI Mixk rpynamu. [IporpaMHa peasizanis BukoHana Ha MoBi R (makeru coin ta ggplot2).
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AHani3s emouiiiHoro 3abapssieHHS1 HOBUH B
yKpaiHCbkux iHTepHeT-3MI 3 BUkKopucTaHHAM
MeTOoAiIB MaWWHHOro HaB4aHHA

A. O. Mamok, I'. B. JliBiHcbka

CyuacHuil iHpopManiiHuii TpocTip XapaKTepu3yeThCs 3HAYHUMU 00CATaMi HOBUHHOT'O KOHTEH-
Ty Ta BHCOKOIO IIBHAKICTIO HOro momwupenHsa. SHAYHUHN BIJIUB Meia Ha (POPMYBAaHHS IPOMAaCHKOT
nayMKu 00yMOBJIIO€ HEOOXITHICTD JOCIiIXKEHH eMOI[ifHOr0 3abapBJeHHsS] HOBUH, OCKIJIbKY €MOIIiii-
HicTh nojxayi indopmaril BIJInBae Ha COPUMHSTTS HO/i#M Ta nmoBediHKy ayauropii. Tpaguniiiai me-
TOAU aHAJI3y TEeKCTIB € TpygoMmicTkumu 1a Cy0’€KTUBHMMHE, 0 ODyMOBJIIOE HEOOXinHICTH 3aCTO-
CYBaHHSI aBTOMATU30BAHMUX MiAXOMAIB HA OCHOBI METOIIB MAIIMHHOTO HaBYaHHsA. MeTow poboTu €
pO3pobKa MOJeJsiell MAIIMHHOIO HaBYaHHSA Jid KJjacudikaiii HoBUH yKpalHCbKux onjsaitn 3MI 3a
IXHIM eMOIiifHUM 3abapBJAEHHAM, OIlIHKA 1X €DEKTUBHOCTI. ¥ MeXKax JOCIiIKeHHS CHOPMOBAHO
KOPIIYC HOBUHHUX TEKCTIB i3 pi3Hmx yKpalHCBKHUX Mexia.

Y poboTi 3acTOCOBAHO AJTOPUTMH MAIIHHHOTO HABYAHHSA Mg 3aJadi Kaacudikarii Tekcris,
30KkpeMa HaiBHEI OalieciBcbkuil KracudikarTop, goricTuany perpecio, MeTO OIOPHUX BEKTOPIB Ta
BHIAIKOBHUI sric. [Iyist BpaxyBaHHs CKIIATHIMUX 3aI€2KHOCTEH y TEKCTI BHKOPHCTAHO HeHpoMeperKkeBi
migxoau. Y pe3ysbTaTi IPOBEIEHOIO JOCII/I?KEHHSI OTPUMAHO MMOPIBHSAJIBHI XapaKTEePUCTUKU ede-
KTUBHOCTI Mozgeneit xnacudikanii. Bcranosseno, mo kiaacu4ni anropurMu 3a0e3nedyioTs IpUitHs-
THUM PiBEHB TOYHOCTI IPU BiIHOCHO HU3BKUX O0YMC/IIOBAJIBHUX BUTPATAX, TOJI AK Heilpomeperke-
BUHU IifXis J03BOJISAE HOKPAIMUTH SKICTH Kiaacudikaril 3a paXyHOK BpaxXyBaHHS CTPYKTYPU TEKCTY.
3acTocyBaHHs TPAHC(HOPMEPHHUX MOJEJeH PO3TIISIIAECTHCS K HAIPSAM MOJAJBINOr0 BIOCKOHAJIEHHS
po3pobiieHoi cucremu.

[IpakTuuHe 3HAYMEHHSA POOOTH MOJIATAE Y MOKJIUBOCTI BUKOPUCTAHHS PO3PODIEHUX MOJeIel I
ABTOMATU30BAHOI0 MOHITOPUHTY eMOIHHOr0 (pOHY HOBHHHOTO KOHTEHTY, aHaJIi3y iHdopMaIiiinoro
MPOCTOPY Ta BUSABJIEHHST 0COOJMBOCTEN momadi indopmarlil B pizaux Mesia.
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ABTOHOMHe KepyBaHHAA aBTOMObOinem 3a
O0MOMOror aJiropuTMie MawWVMHHONO HaB4YaHHS 3
NiAKPINJEeHHAM

€. O. Marsieuko, B. B. Bobuas, 4. B. Tepeuienko

V maniit po60Ti 3aIIPOTIOHOBAHO METOAUKY PO3B’sI3aHHS 3343491 aBTOHOMHOTO KEPYBAHHSI aBTOMO-
6isleM Ha OCHOBI aJrOPUTMIB MAIIMHHOTO HaBYaHHS 3 MiJKPINJIEHHAM, IO 3abe3nedye i IBUIIEeHHS
SKOCTi KepyBaHHS B JUHAMIYHOMY JOPOXKHBOMY CEPeJOBHINI, CTIHKOCTI MOeNi A0 3MiH TOPOXKHIX
yMOB i Ge3neku pyxy. MeToguka BKJIIOYA€ TaKi KOMIOHEHTH:

e convolutional neural network (CNN) [1] — npoBogurs 00pobKy 3 HOCHIZOBHEX CEMAHTHYIHO
CeTrMEeHTOBAHUX Ka,ﬂ(plB ,ZLOpO)KHbOl CHeHI/I, AK1 pa30M 13 B1AMMTOBIOIHUMHA BeKTOpaMI/I YUCJIOBUX O3HAK
craHy aBTOMOO1Is (MBUIKICTH, KyTOBa OXUOKA, GOKOBE Bi[XUIEHHS, KPUBU3HA A0POru) GOPMYIOThH
KOMITAaKTHE IIPeJICTABJIEHHS CTAHY aBTOMODIJIS B JOPOXKHBO-TPAHCIOPTHIN CUTYAIil 7151 TOIAIBIIOr0
OpUHHATTS PILICHHST ar€HTOM;
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o double dueling deep g-network (DDDQN) [2] — BUKOHY€E OIiHIOBaAHHS MOXKJIUBUX KEPYIOUUX A1l
arerTa Ta BUOIp aii 3 HAHOIABIIOW OYIKYBAHOIO JTOBrOCTPOKOBOIO BHHAropooio. Jma crabimizartii
nponecy HaB4YaHHs Baru online-mepeki OHOBJIIOIOTHCSA KOXKHI 4 KPOKHU CePEIOBUINA CUMYJISIIil, Baru
target-mepesxi xomirororecst koxkHI 2000 KpokiB HaBuaHHA. fK (PYHKI(sT BTPAT BHUKOPHUCTOBYETHCS
Huber [3], onTumizarnis napamerpis Mozesi 3/ CHIOETbCS aJrOPUTMOM IMPai€HTHOrO cyckKy Adam
[4] (mBrakicTs Haganus 0.0001, o6mexenns mHopMu rpaaieata 0.5);

e prioritized experience replay (PER) [5] — mexani3m makonnmdennsi, 30epexeHHs Ta mpiopu-
TETHOTO MOBTOPHOTO BUKOPUCTAHHS JOCBIIY areHTa IijJ Yac HaBYaHHS (Hepexo,rm MiXkK CTaHaMI/I).
BukopucroByersca npioputuzosanuii 6ydep gocsiny posmipom 50000 mepexonis;

® CUMYyJAIifiHEe CEePEeOBUINE JTOPOKHBO-TPAHCIOPTHOTO PYXY — MOJEJIOE JOPOXKHI CHTyarii 3
reHepalicro po3MiTKH, aBTOMODIIIB, MIMIOX0AiB, 8 TAKOXK aBTOMOOL/IS-areHTa 3 CEHCOPOM CeMaHTH-
9HOT CerMeHTaIlil Ta JeTEeKTOPaMu Hal31y Ha PO3MITKY Ta 3iTKHEHb; 33/1a€ TpUBaJicTh emizonis 30 ¢
Ta MHOXKHUHY MOXKJIUBHX il aBTOMOGLIsA-areHTa (rajbMyBaHHs, HAKAT, ra3); BCTAHOBIIOE CUCTEMY
BHHATOPOJ 33 BHPIBHIOBAHHSI HANPAMY PYXy BIJNOBIJHO O HANPAMY JOPOTH, YTPUMAHHS TOOIH-
3y ILEHTPY CMYTH PYXY, PyX OO LiIBOBOT TOYKHU Ta 11 HOCATHEHHS, & TAKOXK CHUCTeMy mrpadie 3a
MOPYIIEHHsT TPAEKTOPIT PyXy, 3aCTpsiITaHHS Ta 31 TKHEHHSI.

PeanizoBana Ta masdena (2600 napuasbHux, 208 mepeBipOYHMX emi30[iB) MOj€Ib HA OCHOBI
3aIPONIOHOBAHOI METONMKHM Ha TECTOBUX emi30/aX JEMOHCTPYE HACTYIHI METPHUKHU SIKOCTI poHOTH
(muBuTHCH Tabammo 1):

® BUSIBJICHO 3HAYHE IPOCYBAHHS B3J0BXK MAPIIPYTY y HANPSAMKY LiNbOBOL TOUKE (IIPH BEJIUKOMY
3HAYEHHI CyMapHO! BHHATOPOK) 3 CEPeIHBOI0 MIBUKICTIO 8 M/C;

o 1OoXHOKa HANPIMY PYXY € HE3HAUHOIO, TO/I SIK HOXUOKH IEHTPYBAHHS Ta IPOXO2KEHHS [TOBO-
pPOTIiB € TPUAHATHUMH;

® 33 TOKA3HUKAMU CTABIMBHOCTI Ta HGe3mekn pyxy He 3a(iKCOBAHO TPUBAIUX 3YIWHOK, 3HAUHUX
NEepPEeTHHIB NePepPUBIACTHX /CyIIBHEX JIiHIH, & TAaKOXK 3iTKHEHD.

Tabauuga 1. Merpuku skocti po6oTu HaB4YeHO! MO/ Ha TECTOBOMY emi3ozi

Reward Forward progress Speed Heading error Centering error Turning error
6854 213 8 0.088 0.376 0.208
Standstill | Broken line crossings | Solid line crossings | Collision (object) [ Collision (vehicle) | Collision (pedestrian)
0 0 2 0 0 0
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Hybrid Genetic Algorithm with Horizontal Gene
Transfer for the University Course Timetabling
Problem

D. Miroshynkov

The University Course Timetabling problem (UCTP) is a scheduling problem in which the goal
is to allocate students to courses, teachers, and rooms, according to constraints. UCTP is an NP-
complete problem [1], making computing a solution with exact algorithms inefficient. Therefore,
heuristic algorithms are applied to this class of problems, and for UCTP, population-based meta-
heuristics algorithms are one of the possible approaches to solve this problem, creating an approxi-
mate timetable.

In this work, we introduce the Genetic Algorithm (GA) with Horizontal Gene Transfer mechani-
sm (HGT) [2] to solve UCTP. Since the faculty timetable contains much data, with more than 10.000
classes around the semester, including dozens of students’ groups, courses, and teachers, a single
chromosome for GA becomes relatively big (up to 300MB for the Faculty of Computer Science and
Cybernetics at KNU), and each algorithm iteration, including all constraints checks, takes much
CPU time. To utilize parallelism, we propose to use a limited number of chromosomes, around 5-7,
performing GA operations, such as mutations, with a local search strategy using swap and insertion
operators. Then, after fitness evaluation for each chromosome to keep the changed value and apply
it to other chromosomes to check their fitness evaluation and constraint validation, and therefore
create the best chromosome at each iteration of the algorithm used later by elitist and truncation
selection.
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AHani3z meToais nigmiHn uncposux BIgOUTKIB y
CyYacHuUX aHTupeTekT-Opay3epax

B. B. Msaukos, A. O. Ilamko

CyqacHi cucremn Anti-Bot Bigxomsars Big amanizy IP-agpec, 6a3yrouncs #Ha nudposux Bigdu-
tkax (browser fingerprinting). Anrunerexr-6paysepu manimymorors HuMu (Canvas, WebGL) mns
aJBepcapiajJbHOro 06X0ay 3axucTy. MeTa pobOTH — aHaJI3 MeTO/IB MiIMIHU BIIOUTKIB AJIs1 BIOCKO-
HAJIEHHSI aJICOPUTMIB TX BUsiBJIEHHS. Buainsiors qBa OCHOBHI mifXoau: BHECEHHS IIYMYy T4 IiJMiHA
npodino [1]. Brecerns mymy (30kpema uepes ob6dyckanito WebAssembly [3]) yrikanisye BinGun-
TOK, IpoTe ML-Mozesni edeKTUBHO BHSABJISAIOTH TaKi 3reHepOBaHi Xelll depe3 IXHIO HeBiamoBigHiCTh
amapaTHUM cTaHaapTtaM. HaTomicTs MeTon miaMiHu mpodimio BHUKOPUCTOBYE 6a3y peasibHUX Bij-
ouTkis. 3araspHa BMOBipHiCTH ycmimuOro 00x04y B IbOMY pa3i 3a/ekuThb Bif cyBopol soriumof
Y3TO/KEHOCT] (KOHCHCTEHTHOCTI) BCix mapamerpis:

Pbypass = H P(UZ‘C) (1)
=1
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Jie v; — 3HAaYeHHs $-ro napamerpa (Hanpukiaj, User-Agent), a C' — 3asaBienuii npodine obnaguan-
us [2]. HeBignosignicTs HABITH 0HOTO MapaMeTpa (HAIPHKJIAL, PO36IXKHICTD TaliMiHTIB BUKOHAHHS
JavaScript i3 wacToTor0 mpomecopa) 3BOAUTE 3arasibHy HMOBIpHiCTE 00x0my mo Hyns. Orxe, ¢do-
KyC MaCKYBaHHSI 3MIiCTUBCS 3 TPOCTOT panAoMizalil Ha 3abe3neueHHsT aOCOJITHOT KOHCUCTEHTHOCTI.
ITe BimkpuBae mIAX A0 pO3poOKH HOBUX, CTIHKHX METOIB BMABJIEHHS OOTIB Ha OCHOBI HOIIYKY
MiKpO-aHOMAJII# anapaTrHoro 3abe3nedeHHs.
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A Comparative Analysis of Portfolio Optimization
Methods for Securities

Ya. Nedostup, I. Makushenko

This paper presents a comparative analysis of classical portfolio construction methods and
approaches based on the use of a genetic algorithm (GA). The study shows that for highly volatile
assets, the Markowitz model often fails to account for the heavy tails of return distributions, whereas
a genetic algorithm allows for more effective portfolio optimization under chaotic market conditions
while avoiding local minima.

Research methodology:

a) Data collection: OHLCV data for the period 2023-2024 were obtained via the Binance

API.

6) Data processing: Covariance and correlation matrices were calculated, and the relationship
with Bitcoin Dominance was analysed.
B) Optimisation: An efficient frontier was constructed, and a genetic algorithm (GA) was
implemented using selection, crossover and mutation operators.

) Backtesting: Trading simulations were conducted to validate the strategies under real-

world conditions.

Analysis of results. The following charts were analysed during the study:

- Equity Curve: The GA demonstrated smoother growth with drawdowns 8% lower than
those of the Markowitz model.

- Radar Chart: A comparison of returns, volatility and the Sharpe ratio confirmed the
stability of the GA.
- Efficient Frontier: Optimal solutions in high-volatility zones were visualised.

The genetic algorithm demonstrated greater adaptability to chaotic cryptocurrency data. The
resulting model enables forecasting the optimal portfolio structure over short-term periods, ensuring
stability even during significant market fluctuations.

r
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BusiBneHHs TMNiB TOKCUYHOCTI B

YKPalHCbKOMOBHUX KOMEHTapAX i3 BUKOPUCTAHHSAM
mopesit XLM-RoBERTa

A. Hypaainosa, O. IIIkinbHAK

Texnosoril 06pobKU IPUPOTHOT MOBU CHOTOJHI aKTHBHO 3aCTOCOBYIOTHCS Y IOIIYKOBHX CHCTe-
Max, 4aT-60Tax, MAIIMHHOMY NepeKJa/i, aHa/Ji3l TOHAJBHOCTI Ta IHIIMX NPUKJIAJTHUX 33]a9aX.
OpauM i3 BaXXK/IMBUX HALPSAMIB PO3BUTKY Iii€l raay3i € aBTOMATHYIHE BUSBJIEHHS TOKCHYHOIO KOH-
TEHTY, OCKIJIbKH IOIINPEHHs COLIaJbHUX MEPEeK i 3pOCTaHHS 00CATIB KOPHUCTYBAIIBKOTO KOHTEHTY
noTpebyIoTh eEKTUBHUX IHCTPYMEHTIB JJIs MiITPUMAHHS 6e3MeYHOro nudpoBOro cepegoBHUINA.

Opniero 3 mafiBimomimmx mocramosBok niel 3agaqi € Jigsaw Toxic Comment Classification
Challenge [1]. ¥V mexkax mporo 3MaraHHS IPONOHYETHCS HOOYAYyBATH MOMENB AJsi ABTOMATHIHOL
OITIHKM TOKCHYHOCTI KOPDHCTYBAaIlbKHX KOMEHTAapiB. Y HaJAaHOMY HAOODpi NaHMUX KOXKEH KOMEHTap
MOK€ OTHOYACHO HAJIEXKATU J0 KiJIbKOX KATeropiii TOKCHIHOCTI, a came toxic, severe toxic, obscene,
threat, insult Ta identity hate, mo 3amae nocranoBKy 3amadi y Burisai 6araToMiTKOBOT Kiaacudika-
i,

Jlsis1 yKpalHChKOI MOBH JOCJIIXKeHHs y 1ifl rasgy3i #i Hajasi 3aaumanTbcd 0OMeKeHUMHU depes
Opak skicHux aHoroBauux HaOODPiB Janmx i MOBHUX MOzesel, 30aTHUX e(PEKTUBHO 00POOIATH YKPa-
fHCHKY MOBY. CaMme TOMy MeTOI0 POOOTH € HOCHIAKEHHS Ta peasizamis miaxogy g0 6araToMiTKoBOT
Kiacudikamil TOKCHYHOCTI B YKPATHCBKOMOBHUX KOMEHTapAX i3 BUKOPDUCTAHHSM TpaHCHOPMEPHOT
mozesi XLM-RoBERTa [2]. dst nporo 6pano nigvuoxuny rabopy ganux Jigsaw o6csarom 6am3bpKo
40 000 KoMeHTapiB Ta MEPEKJIATEHO YKPATHCHKOK MOBOIO, IMICJsl YOr0 BUKOHAHO HABYAHHSA T4 OIfi-
HIOBAHHSI MOJIEJi 33 OCHOBHUMH METPHKAMH sIKOCTI Kiaacudikamnil, 30kpema Fl-score, Precision Ta
Recall.
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Fuzzy Job-Shop Scheduling Problem: A Survey of
Recent Advances

Ye. Osmak, S. Korol, O. Kapustian

The Fuzzy Job-Shop Scheduling Problem (FJSSP) extends the classical NP-hard JSSP by
representing uncertainty in processing times and due dates through fuzzy sets. In modern
manufacturing, deterministic assumptions often fail due to human variability and operational di-
sruptions. Since the last major survey in 2014 [1], the field has transitioned from theoretical opti-
mization to data-driven industrial applications. This shift necessitates a comprehensive overview
of the latest methodologies to address the complexities of Industry 4.0.

This research summarizes the advancements in FJSSP from 2014 to 2025.

- Modeling Evolution: The study documents a shift from simple triangular fuzzy numbers
to more sophisticated Intuitionistic and Interval Type-2 Fuzzy Sets (IT2FS) for modeling
high-level ambiguity.

- Expanded Objectives: Beyond traditional makespan minimization, new criteria
incorporate sustainability (energy, emissions), production quality, and solution robustness.
A notable advancement includes service-oriented scheduling [2], which introduces dual-
objective frameworks to balance equipment technical readiness for the equipment operator
with revenue maximization for the service provider.

- Algorithmic Shift: There is a clear trajectory from classical metaheuristics (GA, PSO)
to adaptive Deep Reinforcement Learning and Graph Transformers that handle large-scale
industrial instances effectively.

- Research Gaps: The paper identifies critical needs for standardized IT2FS frameworks,
the modeling of structural fuzziness, and the integration of Digital Twin technology for
adaptive scheduling.
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Mogudikauia anroputmy CUSUM pgna ananisy
EKI

O. M. IlerpaukoBa, A. O. ITamko

Job6ose XonrepiBceke MoHiTOpyBanHs EKI' € cTanapTOM AIarHOCTHKHU CEPIEBO-CYIMHHUX 3a-
XBOpIOBaHb. OCKINIBKYA pPYyYHUIl aHAJI3 BEJIMKHX MAaCUBIB JAaHUX € TPYJOMICTKHM, ME€PCIEKTUBHUM
incrpymenToMm aromarm3arnil € amropurm CUSUM. Ilpore #ioro kmacwuna Bepcis 3i craruannMu
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nmapaMeTpaMu TeHepye 0e3iid XuOHUX TPUBOT depe3 NpupoaHuil dizionorivnuit apeitd purmy. disa
PpO3B’sg3aHHS 1iel TpobIeMU 3aIIPOIIOHOBAHO MOIUMIKAIII0 METOLY AJsl pOOOTH 3 HEeCTAIIOHADHUMU
KapAiOCUTHAJIAMUY.

3anponoHoBaHui ajroputM Bugiase R-miku merogom TTama—Tomnkiuca, micas 4oro aHasisye
nociinoHicTe RR-iHTepBasie Mogudikopanum CUSUM, y fAKOMYy HOpMa OHOBJIIOETHCS 3a €KCIIO-
mennifianm 3ruraexysanisM (o=0.01), a nopir npuiHATTS PilIEHb ABTOMATUYHO LiAIAIITOBYETHCS
i JToKadbHuE MmyM 3 obmexkennam max _h=0.45 c.

TecryBanusa Ha 3anwci 220 6asu MIT-BIH [1] mokazaso uHeBiamosimaicTs posmoginy RR-
inTepBasiB HOpMagbHOMY 3akony (Tect IIlamipo-Binka, p<0.05; acumerpia = —2.78, ekciec =
10.87), mo miareBepKye HasBHICTH maronorivanx BukuAis (puc. 1).

Record 220: Adaptive Tacking Results

Puc. 1. lN'icrorpama RR-irTepBasis Puc. 2. Peaknis agarnrrusaoro CUSUM

Apantusaa HOpMa ycnimHO Bigcrexuna diziomoriunmii gpeiid purmy (puc. 2). Anropurm Bm-
saBuB yci 8 emizonis mapokcu3amaabuol Taxikapaii. IIpu nboMy KigbKicTh XMOHUX CIPAIIOBAHD 3MEH-
muaacd 3 1167 1o 137 nopiBHSHO 31 CTATUYHAM METOOM.
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NMpo nobynoBy onTManbHOT MHOXXUHW
NPaKTUYHOI CTIVKOCTI NIHIAHOT cucTtemm
andpepeHuianbHNX PiBHSIHbL 3 NMPaBOKO 4YaCTUHOKO
3a/1e)XKHOI0 Bif No4YaTKOBUX YMOB 3 H-onyknumu

¢aszoBuMU 0OMEXKEHHSAMU
B. A. ITerpenko

[IpakTryna crifikicTs cucTeMm nudepeHIialbHUX PIBHSIHb CTAHOBUTH BAXKJIUBUIN HAIIPSAM Y TeO-
pil nuuamiunux cucteM [1]. Bona mos’s3ana 3 IPUKJIAJHUMY 33/a9aMU MOJETIOBAHHS Ta KEPYBAHH
3a HaaBHOCTI (az0oBux oOMekeHb. IcHyBaHHS (Pa30BHX 0OMEXKEHD 3HAYHO YCKJIAIHIOE BHPIIMICHHS
npobJieM MOJEJIOBAHHST Ta KEPYBaHHSI CUCTeMaMu. KpiM TOro, mpu po3B’si3yBaHHI 3389 MOJIEJI0-
BAHHS [TADAMETPUIHUX CHCTEM, [IPH MPOTHO3YBAHHI MOBEMIHKH JUHAMIYHUX CHCTEM Ta B 33][a9aX
TEPMIHAJIBLHOIO KEPYBAHHS BUHUKAIOTH CUCTEMU AudepeHIiajJbHUX PIBHSAHD, 3aJI€2KH] BiJ| 0493 TKO-
Bux yMmoB. Tomy 3 icHyBauug (pa30Bux 0OMEXKEHb BHIIMBAIOTL 33434 IpakTuvHO! crifikocTi mas
TaKOr0 KJIACY CHCTEM.

OHKM 13 IeHTpAJIbHUX MOHATH i€l Teopil € onTuMaabHa MHOXKHMHA IPAKTUYHOI cTifikocTi [1].
Boma BH3HAYAETHCS SK CYKYNHICTH IOYATKOBHX yMOB y (Da30BOMY LIPOCTODI, AJId AKHUX TPAECKTOPIT
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NPOTATOM 33/aHOI'0 Yacy He MOPYIIYIOTh BCTAHOBJIEHHX OOMeXKeHb Ha CTAaH CUCTeMHU. AKmo dha3osi
obMekeHHsI 33J1aHi 6AraTOKYTHHKOM, TO 3HAXO/XKEHHS OMTHMAJIbHOI MHOXKHWHHU € 33HAJTO CKJIA-
aEEM. Y TakoMy pasi MoxkHA OyAyBaTH ONTHMAJIbHY MHOXKHHY IPAKTHYHOI CcTifikocTi y Burisaai
H-0omyxJ0ro KOMIAKTy, 10 ICTOTHO CIPOINYE JOCATHEHHS 33aJaHOT METH.

Y nouosizi aHAMI3YIOTHCA BJIACTUBOCTI ONTHMAJIBHOI MHOXKHHHU IPAKTHYHOI CTiMKOCTI smiHiliHOT
cucteMu qudepeHIiaJbHIX PiBHAHB, IPABa YACTUHA SIKOI 3aJI€2KUTH BiJl IOYATKOBOI YMOBH 33 YMO-
BU, o da3osi obmexenns € H-onykmumu. o takux (azoBax 00OMEKEHb HAJEKATh, 30KpeMa,
6araToOKyTHUKK. B JAOMOBiAi AJ1st 1bOTO BUMAAKY BHUCBITJIEHO TIPEICTABJIEHHS ONTUMAJIBLHOT MHOXHU-
HE IPaAKTUYHOI CTINKOCTI 3a gonomoroio dyuekIrii MiHKOBCHKOTO, 06epHeHOT DyHKIIT MiHKOBCHKOTO.
Kpim Toro, obrpyuroBana H-omyk/icTs OnTHMa/IbHOI MHOKHAHK IPAKTUIHO] crilikocTi. HaBogarses
pPe3ysIbTaTH O0IUCTIOBAILHAX EKCIIEPHMEeHTIB.
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Development of a system for separating audio
signals into instrumental tracks using Transformer
architecture

T. Pysarenkov

The goal of Music Source Separation (MSS) is to isolate individual components of a mixed audio
signal (stems), such as vocals, bass, drums, and other instruments. The relevance of this research
stems from the rapid development of digital services that require high-quality track extraction
for karaoke, automatic music transcription, and training artificial intelligence systems to recognize
complex acoustic scenes. The goal of this research is to improve quality of MSS by developing and
implementing a system based on the Transformer architecture, which enables the effective modeling
of global contextual dependencies in musical compositions.

Traditional approaches based on convolutional neural networks (CNNs) have limitations
in modeling long-term temporal dependencies and the global context of a musical piece. The
Transformer architecture, thanks to the self-attention mechanism, allows for the effective processi-
ng of data sequences, taking into account the interrelationships between distant signal fragments,
which is critical for preserving the timbral integrity and rhythmic structure of instruments [1].

The Transformer architecture, which is classically used for textual data, has been adapted
to two-dimensional spectrogram data and one-dimensional high-resolution signals while ensuri-
ng computational efficiency. To achieve this, Transformer blocks have been combined with signal
preprocessing using the Short-Time Fourier Transform (STFT). A Multi-Head Attention mechani-
sm has also been implemented [2] to better identify harmonics of instruments that overlap in
frequency. The system that performs MSS using aforementioned concepts has been developed
and implemented using Python programming language, it demonstrates higher adaptability to
unconventional arrangements and synthetic sounds (based on Signal-to-Distortion-Ratio).
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OnTtumansbHa crabinisauis gBoMacosoi mofesi 3a
¢as3oBux obmexkeHb

B. B. Iliukyp, €. P. I'arypiu

Po3rnanaeTsca gBoMacoBa cucTeMa: JIBa TBEPAi Tijla 3 MacaMH M1, ma2, 3’€JJHaHI IPYKUHOIO 31
3minaum koedinierrom k(t) > ko > 0, koB3aioTh 63 TEpTs; A0 JIiBOrO Tiga NPUKJIAIEHO KEPYBAH-
us u. Cran z = (x1,x2,v1,v2)T € R* 3a,q0BOJIbHﬂ€ siinifine HeaBTOHOMEE piBHAHHEA & = A(t)z+ Bu,
e A(t) Busnauaerscs macamu ta k(t), B = (0,0
HAJ

. ,O)T. Minimizyerscsa xkBagparuaanil QyHKIHO-

Z(u) = / w(<QM> + R(t)u?)dt, Q= diag(q;) >0, R(t)>ro>0,

Jtg

npu (1)&301314)( 06Me>KeHHﬂx ;;Box TuniB: noaiedpasvrus ;| < i, |vi| < U; Ta eaincoidaavruz
2
T ! <1
{ 1—1 x2(f) + -2(t) - }
Bymayerbcst CHMETPHYHA AOAATHO BU3HA4YEeHA Marpuusg P(t) — po3s’a3ok piBusuHs Pikkari

P+ PA(t) + AT(t)P — Pezed P+Q =0, P(to) =P >0.

2R(t)
OnruMajbHe KePYBaHHS 33a€ThCs JIHIHHUM 3BOPOTHUM 3B’SI3KOM
— 1 .
usx(t, ) = O] (Ps1m1 + P3axa + Psgv1 + Paguvz).

Qyukuia Jlamynosa Vi (t,z) = (P(t)z, z) € piBHOMIpHO ZOJATHO BH3HAYEHOIO i paaiaJbHO HeoOMe-
sxenoio. Kurrowosa ymosa — eraagenus Go C E(to,r) C ®(t), ge E(¢,r) = {z : (P(t)z,z) < r2}.

[Ipu nomienpanbaux obMexKeHHAX BOHA HabyBae BUraany r < mint,i{a’:i/\/[P—l]ii, ﬁi/\/[P—l]ii};
npu enincoigansaux — 72 < ming>y, Amin(PY2H=1(t)PY/2), ne H(t) = diag(a’:i*Q(t)7 17;2(75)).
JloBenienHs crimpaeThea Ha TeopeMy Bapbammuaa—Kpacosepkoro: piBHaHHA Pikkari 3abe3nedye

Vi = —(Qz,z) — R(t)u? < 0, yMOBH BKJIAICHHSA rApPAHTYIOTH ha30Bi 0BMEKEHH, ONTHMATBHICTD —
inTerpyBanHaM piBHAHHSA Bejuimana 3 ypaxyBanuaaMm Vi (t, z.(t)) — 0.
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CeMaHTU4YHUI NOWYK AO0KYMEHTIB (hakyibTeTy Ha
OCHOBI BEKTOPHUX NpeACTaBJ/IEHb

P. 1. IIpokonuyyk

3pocTanHs 06cATy aKaaeMiuHOl JOKyMeHTaI] (HAaBUAAbHI I/IaHH, METOAWYH] MaTepianu, peria-
MEHTH) y BHIIVX HABIAJLHAX 3aKJa43X yCKIIATHIOE IOIIYK peseBanTHO! indopmanii Tpasumiinmn
Meromamu. Kiacuduuil momyK 3a KIIOYOBHMH CJIOBAMHU HE BPAXOBY€ CEMAHTHIHY CXOXKICTh: 3aIIUT
«BHMOTH JI0 JTUTLIOMHOI pobOTH» He 3HAl/1e JOKYMEHT, /1€ BXKUTO (DOPMYIIIOBAHHS «IPABHIIA 0POPM-
JIeHHs KBauli(piKanifHOrO mOC/ipKeHHs». 3a3Hadena npobsemMa € 0COOIMBO aKTYyaJIbHOK B yMOBAaX
DPO3BHTKY IHT€IeKTyaJIbHUX areHTiB Ha OCHOBI Beamkux MOBHEX Mogesedt (LLM), skum HeoOxinawmii
edeKTUBHUNE MEXaHi3M KOHTEKCTHOTO JOCTYIY M0 KOPIOPATHBHUX 3HAHbD.

Y pobori mpencTaBIeHO CepBEpHU 3aCTOCYHOK JJIsi CEMAHTHYHOTO TIONIYKY TEKCTY Cepejl JI0-
KyMeHTiB (akynbTery. 3aCTOCYHOK peasizoBano ma miaardopmi Spring Boot 4 3 Bukopucranuam
6ibamioreku Spring Al

KounBeep iHfekcyBaHHS JOKYMEHTIB CKJIaJAa€ThCs 3 TAaKUX €TAlliB: 3aBaHTaKeHHs dailiay de-
pe3 REST API ta ob6uucnennss SHA-256 xemy njist genyOaikanil; BUaydeHHs] TEKCTY 3 JOBIJIbHMX
dopmaris (PDF, DOCX, PPTX romo) 3a momomoror Apache Tika; mogin rekcry ma dparmen-
T obcarom 800 TokeHiB; reHepaitis 1024-BUMIpHHX BEKTOPHMX IIPEACTABICHb MOJEJIIO0 qwen3-
embedding:0.6b, mo BuxkouyeThcs depe3 Ollama; 30epekeHHsT BeKTOpiB y 6a3i manux PostgreSQL
3 BUKODHCTAHHAM DO3IIHAPEHHS pgvector.

IMix wac momyky BXiAHWH 3aIUT MEPETBOPIOETHCS HA BEKTOP TIi€0 K MOJEJIIO, MICJIS Y0ro
cepesr 30epeKeHUX BEKTODHHUX IIPeJICTaBJI€EHb BHKOHYETBHCS MOIIYK 33 KOCHHYCHOIO HOJMIOHICTIO i
noBepraioThes Ton-K ¢pparmenris, nogibHICTs AKAX L0 3aMUTY MEPEBUIIYE HAJIAMITOBYBAHUN MOPIr.

YV momasbIioMy OTPUMaHUH 3aCTOCYHOK Oyae BUKOpuUCTaHuil mist po3pobku LLM-arenra Ha
ocHoBi apxitekTypu Retrieval-Augmented Generation (RAG): arenT 3BepraTuMeThCs /[0 CEMAHTH-
9HOrO TOIMyKy depe3 mpotokos Model Context Protocol (MCP) sik 10 30BHIIIHBOrO IHCTPYMEHTY,
OTPUMYIOYH PEJIEeBAHTHI (pparMeHTu TOKYMEHTIB mjs (hOpMyBaHHs BiAmOBimi.
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Odoo ERP integration with Google Workspace

Services

D. Proshyn

Effective functioning of business processes in a modern enterprise increasingly depends on the
seamless integration of ERP systems, such as the flexible Odoo platform, with widely used corporate
messengers like Google Chat. This combination is essential to eliminate information duplication
and reduce significant time costs caused by employees constantly switching between systems for
communication and task management. This study proposes a dedicated suite of integration modules
for Odoo ERP with Google Chat and Google Tasks services to enhance internal coordination. The
solution is built on a modular architecture, including a core functional module for API handling and
event processing, alongside two specialized application modules for projects and internal discussions.

The system architecture strategically separates Odoo-native entities from technical integration
components, where dedicated service models manage data exchange, connection status, and access
rights. Key functionalities include:

- Creating new Google Chat spaces or connecting existing ones directly from the Odoo
interface;

- Full two-way synchronization of messages, multimedia attachments, user reactions, and
participant lists;

- Automated creation and updates of personal Google Tasks synchronized with Odoo task
changes to improve individual productivity;

- Secure support for both corporate Google Workspace users and external accounts via
OAuth 2.0 authentication.
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By leveraging Google Workspace Events and Google Cloud Pub/Sub, the system achi-
eves high interactivity and effectively minimizes event loss during transmission. This reliable,
production-ready solution—already validated by initial implementations—provides a functional tool
for automating business processes in a modern, dynamic corporate environment.
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WebRTC koHdepeHuii 6e3 meaiacepsepa: nigxig,
Ha OCHOBI OOpaHHs BY3/iB PEeTPAHCASATOPIB

C. C. PomaHKiB

Web Real-Time Communication (WebRTC) — BigxpuTHii IPOTOKOJ, OCHOBHOIO METOI SIKO-
ro € 3abe3nedends 00MiHy ayaio, Bifgeo Ta iHIIMMK JOBIJIBHUMU JAHUMM MiXK yYaCHUKAMH 4epes
Hai0libm npaMuil muax 3’eppanas [1]. Iigrpuvka mBassHOCTI Ginbime nBOX y49acHHUKIB y KoH(be-
pernil TpaauiiiiHo BuMarae cepBepHOl Menia-indpactpykrypu. ¥ SFU apxiTekTypi Mmeniacepsep
mepecusae MOTOKH MiXK ydyacHuKaMmu 6e3 momudikaniit, y MCU — 3mimrye ix Ha CTOpPOHi ceppepa.
Obuzgsa miaxoaun morpebyoTsh pecypcis, mponopuidnunx KigbkocTi yuacuukis y cecii. Po3rasanryromo
AJIBTEPHATUBOIO € OOPAHHS CAMUX YYACHHUKIB Y SIKOCTI PETPAHCIATOPIB MeAiamOTOKIB.

Koxxen yIacHUK BUMIPIO€ JeKiJIbKA OCHOBHUX METPHK: IPOMYCKHY 34aTHICTH, Tl NAT, xpyro-
BY 3aTPUMKY, CTabIIbHICTD 3’€JHAHHS Ta MOXKJIHUBOCTI NPUCTPO. MeTpUKH TPaHCIIOITHCA dYepes3
KaHaJI CurHaJri3aril.

3BarkeHa (DYHKIIisE OLHIOBAHHS [UIS KOXKHOI'O YYACHUKA MA€ BUIJIS

s=wp - Sy +wn - Sp +wy - S; +ws - Ss +wq - Sq. (1)

Kommorerntn y (1) mopmosasi xo [0, 1]. Jlizep xondepenuil (y9acHuk i3 Hafimenmuwm imentn-
dikaropom) dopmye Tomosorito kKoudepeHIil Ta TpaHcaoe il yepe3 cepBep curHasizarii iHImIAM
aKTHBHMM KopucTyBadaM. Ilicist oTpuMaHHs y4aCHUKOM IIOBIIOMJIEHHSI IPO HOr'O POJIb PETPAHCIIS-
TOPA, BiH aKTHBY€ MEXaHI3M IIE€PECHIAHHS T3 HAJAINTOBYE TaO/uIl MapmpyTusamnii mezgia.

ITepeonirka BinOyBaeThCA mepioAWdHO TA y pas3i CyTTeBHX 3MiH MeTpuk. PeTpanciasaTop monm-
JKYETHCS B POJI Ta 3aMiHIOETHCH, AKMIO iHIMUI 3BUYalHNN YIACHUK [ePEBUILY€E HOro OmiHKy Giibim
Hi’K HA BCTAHOBJIEHUH MOpir.

3anponoHoBaHu# minxix Jgo3Bossie opraHizysBaTu GaratoctopoHHi WebRTC koudepenmil 6e3
BUJIJICHUX MejaiacepBepis, IO [03BOJISE 3HU3UTHU OLePaNiifiHi BUTPATH TA YyCYHYTH LEHTPAJIi30BaHi
TOo4KHU BigMoBu. PyHKIIIO peTpaHCasALil BUKOHYIOTb caMi y9acHuKH, 00paHi HAa OCHOBI TXHiIX Mepe-
JKE€BHUX XapaKTEPHUCTHK.
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Hybrid CNN-VIiT Deep JSCC with Perceptual
Loss for UAV Image Transmission

N. Savorona, Y. Tereshchenko

UAV image transmission over wireless channels requires robust compression under varying SNR
and fading. Deep joint source-channel coding (JSCC) avoids mismatch sensitivity of separated
schemes by jointly optimizing compression and error protection end-to-end [1], but architecture
and loss function design for aerial imagery remain open.

We propose JSCCViTLite — a hybrid CNN-ViT encoder-decoder where CNN layers perform
spatial downsampling and transformer self-attention with SNR conditioning [2] operates on the
resulting spatial tokens transmitted as channel symbols. We compare against a pure CNN baseline
(DeepJSCC) and evaluate MSE versus a compound perceptual loss:

L = a-MSE(x,%) + § - LPIPS(x, %) + (1 — MS-SSIM(x, %)), (1)

with «=1.0, $=0.1, v=0.15, combining pixel fidelity, perceptual quality [3], and structural
similarity [4]. Experiments on 5,733 real drone frames across AWGN and Rayleigh fading
show: (1) perceptual loss improves SSIM by 7.3% (0.671—0.720) at matched PSNR (~27.5dB,
SNR=10dB); (2) the hybrid CNN-ViT outperforms pure CNN by +0.5dB PSNR and +3.8%
SSIM; (3) mixed-channel training costs only 0.13dB on AWGN while enabling Rayleigh generali-
zation (26.4dB). All models exhibit graceful degradation across 0-15dB SNR.
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IHBapiaHTHE 00 3MIHN pPeXXUMy KOPOTKOCTPOKOBE
NPOrHO3yBaHHS €/1IeKTPNYHOro HaBaHTa>XEHHS

A. B. CaBuyk, FO. B. Kpak

JlonoBiib NPUCBSYEHA HOCHIIPKEHHIO KOPOTKOCTPOKOBOI'O IIPOIHO3YBAHHS €JIEKTPUYHOTO Ha-
BAHTAXKEHHA B yMOBAaX DPi3kol 3minm pexxumy QyHkumiomyBanas exHeprocucremu. Jma O0’enmamol
eHeprocucTeMy YKpaiHH Taka 3aJad4a Habysna ocobyiuBOI aKTyaJbHOCTI BHACJIJIOK ITOBHOMACIITA-
O6HOT BilfHHU, KA CHPUYMHUIIA CTPYKTYPHHI 3J7aM DPeKUMY CIOXKHBAHHA: 3MiHUBCA 0Aa30BU piBEHb
HABAHTAXKEHHSI, 3POCJIa BOJATUJIBHICTE, a THIIOBI 100081 npodini wacTkoBo medopmypasucs. 3a Ta-
KUX YMOB MO/JIeJIi, HaBueH] Ha abCOIOTHUX 3HAYEHHSIX HABAHTAXKEHHS, 9aCTO BTPAYAIOTh 3/1aTHICTH
10 HaJiHHOTO y3arajbHEeHHs, OCKIJIbKH 3aJUMIIAI0THCS IPUB’ I3aHUMU 10 IOTIEPeHBOI pOO0Y0T TOUKH
CUCTEeMHU.

MeTow poboru € HOPIBHAHHS ABOX IIAXOMIB /10 HOJAHHS [IAHUX Y 3334l KOPOTKOCTPOKOBOIO
NPOrHO3YBAHHS HABAHTAXKEHHHA: TPALUIIHHOTO IPOTHO3YBAHHA a0COIIOTHUX 3HAYEHD Ta IPOrHO3Y-
BaHHS BITHOCHMX 3MiH i3 JIOKAJIbHOIO HOpMaJli3alliero BXiTHUX BikoH. EMuipuany oCHOBY Jociimke-
HH$ CTaHOBJATh morogunHi gani OEC Vkpaiuu 3a 2014-2022 poku, cchopMOBaHi Ha OCHOBI BiKpH-
TOTO MOTOAMHHOTO OastaHCy esekTpoeneprii. s anatizy BUKOpUCTaHO ABi apxiTekTypu rimboKoro
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mapuans — LSTM 1 Transformer — y ABOX mOCTaHOBKaX MiATOTOBKH JAHHUX, IO YTBOPIOIOTH KOH-
TPOJBOBAHY MATPHINIO MOPIBHAHHA 2 X 2.

Y nepuri#i mOCTAHOBII MO PAIIOI0ThH 3 A0COJIOTHIMY 3HAYEHHSIMY HABAHTAXKEeHHs Ta (Pi3u-
YHUX 03HAK, HOPMAJII30BAHUMH 33 CTATUCTUKAMU HABYAJIBbHO! BUGIpKHU. Y APYTiii mOCTaHOBI MOJEb
NIPOTHO3Y€E He abCOJIFOTHE 3HAYeHHs HaBaHTAKEHH:, a HOTO BIIHOCHY 3MiHY MiXK CYCiZHIMH 4acOBH-
MK KPOKaMu, TOAI K (Pi3utHi 03HAKK JIOKAJBHO HOPMAJII3YIOTHCH BiZHOCHO OCTAHHBOIO BiZOMOrO
3HavyeHHs y Bikui. Takwii migxin neperonuTh 3amavy B iHBapianTHH 70 MacuiTaly TPOCTIp O3HAK
i Ta€ 3MOry 3MEHIIUTH 3aJI€XKHICTh BiJ] aOCOIIOTHOrO PIBHSA CUCTEMH.

OTpumani pe3yJabTaTH NOKAa3aJH, IO caMe IepexiJ 0 BiJHOCHUX 3MiH € KJIIOYOBOK YMOBOIO
30epekeHHsI TOYHOCTI B yMOBaX CTPYKTYPHOro 3jamy pexumy. s moxesneil, HaBuenux Ha abCO-
JIFOTHUX 3HAYEHHSIX, CIIOCTEPIra€ThCsl CyTTEBA, AErPajallisi sikOCTi Ha BOeHHOMY mepiozai. HaromicTs
Yy IOCTAHOBIIi 3 iHBApiaHTHUM MOJAHHIM JTaHUX IHOXMOKA PI3KO 3HUXKYETHCS AJis 000X apXiTeKTyp i
3aJIMIIAETHCS CIHIBMiIPHOIO 3 TOXUOKOIO Ha iHIMUX pexkuMax. Halikpalii pe3yabTaTH IpOoaIeMOHCTPY-
Basia kKoupiryparis Transformer 3 inBapiaHTHUM MOJAHHSM NaHUX, [JIs K0T Ha BOEHHOMY Hepiomi
orpumano MAPE 3.2% ta MAE 6snussko 450 MBT.

OT2Ke, y 3371a49i KOPOTKOCTPOKOBOTO IPOTHO3YBAHHS €JIEKTPUYHOTO HABAHTAaXKEHHsS B yMOBaX
pi3kof 3MiHN pexXuMy BH3HAYAJILHAM UMHHHKOM € He Juine Bubip apxiTexTypu MOzesi, & HacaMmIie-
pexn criocib nmomanus maHux. Ilepexis g0 TPOrHO3yBaHHS BiIHOCHUX 3MiH i3 JIOKAJBbHOK HOPMaJIi3a-
Ii€I0 BXiTHUX MOCJITIOBHOCTeH 103BOJISIE CYTTEBO IMiIBUIIATH pobacTHICTE Mozeneil 6e3 nmoTpedbu B
HeraifHOMy mepeHaB4YaHHi. [[pakTu4YHe 3HA4YeHHS POOOTH MOJATAE Y MOMKJIMBOCTI HOOYIOBU MOIY-
na STLF, opugaraoro ajs po6oru B HecTabiIbHUX yMOBAX, 30KpeMa 33 aBapifinux ab0o BOECHHEX
30ypeHb B eHEeProcucTeMi.
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O6pobka xmap To4ok OyaiBenbHUX OD’EKTIB

A. 0. CaransinoB

Xmapu TOYOK, OTPUMAHI 33 JOMOMOTO JIA3ePHOTO CKaHyBaHHs ab0o (poTOrpaMMerTpil, € BaXKJiu-
BUM JIZKEPeJIOM IIPOCTOPOBUX JTaHUX Y 3aJadax OyAiBHHIITBA, MOHITOpDUHTY iHdpacTpykTypu. IIpo-
Te CUpi JaHl MiCTATH IMYMH, IPOIYCKU Ta HAJJIUIIKOBY iH(OpMAaIio, Mo YCKIAIHIOE IX MOAAJIbIIE
BHKODHCTaHHA. AKTYaJIbHICTH POOOTH 3yMOBJIeHA HEOOXiqHICTIO miABUINEHHS TOYHOCTI Ta epeKTUB-
HOCTI 06pOOKYK XMap TOYOK JJIs aBTOMATH30BAHOIO aHAJi3y OyIHHKIB OpUTAHCHKOrO (hopMary.

Y poboTi po3rIsagaeThCS KOMIIEKCHUM TiaxXia g0 06pobKu XMap TOUYOK, SKHI BKIOYAE eTaru
[OLIEPEAHBOTO OYMINEHHs!, CEIMEHTALIT Ta IeOMETPUYHOTO AHAJi3Y.

HacTynHuM eramoM € CeMaHTHYHA CECMEHTAllisi XMapu TOYOK, 110 mnependadae Kiaacudikaiio
esemenTiB crenu. CydvacHi nigxoau 6a3yr0TbCsl HA BUKOPUCTAHHI METO/(iB MAIIMHHOIO HaBYAHHS [2]
Ta Tpancdopmepis [1], mo 3abe3nedye BUCOKY TOYHICTH PO3II3HABAHHS CTPYKTYPHUX KOMIIOHEHTIB
OyaiBesb.
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OTpumani pe3ysbTaTH MOXKYTh OYTH BUKODHCTaHI y CHCTEMaX yTelsleHHs dacaly OyIMHKY, a
TAKOXK ¥ 33/Ja49aX PEKOHCTPYKINT Ta MOHITOPUHTY CTaHy OymiBui.
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Adversarial Prompt Perturbation for Robust Hard
Prompt Optimization

D. Samus

Hard prompt optimization methods such as PEZ [1] learn discrete prompts for frozen language
models by optimizing continuous soft embeddings and projecting them to the nearest vocabulary
tokens at each step. Although effective, such prompts can be fragile and may not generalize uni-
formly across diverse inputs.

This work introduces AWP-PEZ, an extension of PEZ with adversarial perturbation of soft
prompt embeddings inspired by AWP [2]. A worst-case perturbation § within an £o ball of radius
is obtained by clamped gradient ascent, and the outer update is performed against it, encouraging
flatter loss regions.

To assess input consistency, a K-fold consistency metric is introduced: the validation set
is divided into K=10 folds, and the standard deviation of accuracy across folds (kfold_std) is
reported. Lower values indicate more uniform performance. All experiments are conducted with
GPT-2-large on SST-2.

Method | val_acc | kfold _std

PEZ (baseline) 0.8337 0.0567

AWP-PEZ ~=0.01 | 0.8370 0.0565

AWP-PEZ ~=0.10 | 0.8190 0.0526

AWP-PEZ ~=0.25 | 0.8226 0.0509
Tabuua 1. SST-2 results averaged across multiple seeds. Lower kfold_std indicates more
consistent performance across inputs.

The results in Table 1 confirm a robustness—accuracy tradeoff: kfold_std decreases monotoni-
cally with v, with a modest drop in accuracy. At v=0.25, AWP-PEZ achieves a 10% relative
reduction in kfold_std, showing that adversarial perturbation can produce more input-consistent
prompts.
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IHkpemeHTanbHe BukKoHaHHs LLM-3reHepoBaHoro
KoAay Ha ocHoBi popmasibHOI rpamMaTuku

A. O. CBucryHos

T'eHepanisa BUKOHYBAaHOI'O KOJIy € BarKJHBOIO CKJIa10BOIO cydacHux [lll-arenTis. 3a3Buuail BU-
KOHYBAHUM KO 3AILyCKAETbCS JIMIE IIC/Isi 3aBEPIICHHS I'e€HEePAlil, TOMY IPOMiXKHUI Pe3yJibTaT Ta
NOMWJIKH BHSBJISIFOTHCS 13 3amisHenHawm [1].

3ampornoHOBAHO AJTOPUTM IHKPEMEHTAJILHOTO BUKOHAHHs LI M-3reHepoBaHOr0 KOy Ha OCHOBI
dopmanbHOl rpamMaTHKy 1iab0Bol MoBH [2]. Tlix yac reHepariil mATPUMYETHCS CTAH CHHTAKCHYHOTO
Ppo300py MOTOKY TOKEHIB; I0fHO (POPMYETHCH 3aBEPIIEHA IHCTPYKIlis, BOHA BUKOHYETHCS 1HTEpIIpe-
TaropoM. Ile 3MeHIIyEe 3aTPUMKY A0 HEPIIOrO pPe3ysibrary; minxin morpedye REPL-imTepdeiicy.

OuintoBanus nposegeno Ha garaceri MBPP [3] (mosa Python) st mectn mogeneii. ¥V tabu. 1
HaBeJEeHO MeiaHHMH Yac [0 MePUIOro Pe3yJIbTaTy, IPUCKOPEHHs Ta JYaCTKY KODEKTHHX PO3B’sI3KiB.

Mogens IToca., ¢ Iskp., ¢ IIpuck. Kop., %
Gemma 3 2.485 2.055 1.21x 54.87
Llama 3.2 1.930 1.659 1.16x 30.97
Phi 4 3.884 3.263 1.19% 71.68
GPT-OSS 20B 8.300 7.958 1.04x 58.41
Qwen3-Coder 30B 4.642 4.027 1.15% 77.88
CodeAct-Mistral 10.027 2.117 4.74% 41.59

Tabauua 1. Megianuuii yac g0 meporo pe3yiabTary Ta 4aCTKd KOPEKTHHUX PO3B’sA3KiB.

THKpeMeHTaJIbHE BUKOHAHHS MMPUCKOPIOE MOSBY TEPIIOr0 PE3yJIbTATY MAJjs BCIiX Mojesed Ta He
3MiHIO€ 9YaCTKy KOPEeKTHUX po3B’sa3KiB. [IpupicT 3aeXuTh BiJ TOTO, HACKIIBKH MOJIesb PaHO (hop-
MY€ 3aBepIIeHi iHCTPYKIil, YacTKa KOAY Cepel BUBOAY MOMENi Ta IMBUIKICTH reHeparrii.

TakuMm 9MHOM, 3aNPOIOHOBAHKMI aJrOPUTM, He MOTPEeOYYN JOHABYAHHS MO, CKOPOIyE dac
10 BUKOHAHHH IepIrol incrpyknii 6e3 BTpaTu KOPeKTHOCTI. PaHHE BHUSBIEHHS MOMHUJIOK GO3BOJISIE
€KOHOMHUTH OOYHCJIIOBAJIBHI PECYPCH Ta paHille PO3NOYMHATH KPOK aBTOKODPEKIIil.
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MexaHi3am 3abe3nedyeHHs1 onepaTuBHOIO
BUSIBJIEHHS1 MaHINYJISATUBHOIO TEKCTOBOIO
KOHTEHTY

A. Cepriiiuyk, O. IIkinbHak

B ymoBax crOrojeHHsI MemianpocTip OpMye HAJIEXKHI IepeIyMOBH CTOCOBHO HOIIHPEHHS Pi-
3HOMAaHITHOTO MAaHIIYJIATHUBHOTO KOHTEHTY. Be33anmepedyHO TAaKUMHU YMOBAaMH €: BUCOKA IIBUJIKICTH
nomupenus indopmarnil, mobinbuicTs ayguTopil, anoHiMHA PO3POOKA I PO3NOBCIONKEHHS TOBIIOM-
sens [1; 2]. Jas BupimenEs npo0eMaTHKK HABEAEMO MEXAHI3M 3 2-KPOKiB.

Kpok 1. InerTudikyOTbCsA 03HAKH HEIOCTOBIPHOCTI 1 MaHIIYJIATHBHOCTI KOHTEHTY, 32 HACTY-
nauMu popmynamu: Fi = Rd/W, ne Rd - KiIbKICTh BUSBIEHUX TOCHIaHb; W - 3arajgbHa KiMbKICTh
cai; Fo = Gd/W, ne Gd - xinbkicts kKOHCTPYKLii 6e3 meobxiguocti nepesipku; F3 = Sq/S, me Sq
- KiJIbKICTh 3alMTAIBHUX pedeHb; S - 3arajbHa KigbkicTb pedens; Fy = B/W, ne B - kigbkicThb
YHCJIOBUX 3Ha4YeHb y TekcTi; F5 = Fz/W, ne Fz - KibKIiCTh BHCJIOBJIIOBAHB.

Kpoxk 2. IlpoBogurncs ominka eMOIifHOro 3a0apB/eHHs TEKCTOBOrO KOHTEHTY, 33 HACTYIHUMU
dopmynamu: Fg = Se/S, ne Se - kinbkicTb ornuvyHuX peuenv; Fr = Ey;/W, ne E4 - KinbkicTsb
Burykis; Fg = Ag/W, ne Ay - KinpKicTb eMONifHO 3a6apBiIeHUX IPUCTIBHUKIB.

3acTOCYyBAaHHS ITUX KPOKIB JI03BOJAE CHPOPMYBATH MeXaHi3M OI[IHKM DiBHS MaHIMYJISTUBHOCTI
TEKCTOBOT'O KOHTEHTY i CIPOrHO3yBaTH HOr0 MOXKJIMBHI BIJINB HA ayAHTOPIO.
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Time Series-Based Analysis of Filtration Cycles
for Process Monitoring and Predictive Modeling

M. Sydorova, I. Rozora, H. Livinska

Modern industrial filtration systems generate high-frequency operational data, such as
transmembrane pressure (TMP) and flux, which evolve dynamically over time. Efficient analysis of
such processes is crucial for early detection of fouling, optimization of cleaning cycles, and preventi-
on of system failure [1, 2].

In this work, the filtration process is represented as a time series X, where X; denotes the
observed TMP at time t. The signal exhibits cyclic behavior due to alternating filtration and
backwash phases.

From a stochastic perspective, the sequence of cycle-level features can be treated as a stationary
time series. The temporal dependence structure is explored via autocorrelation functions:

p(k)) = COI"I‘(AX},7 thk)-
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For predictive purposes, autoregressive models are employed. In particular, the process can be
described by an AR(1) model:
Xt = ¢Xi—1 +et,

which captures persistence effects and allows short-term forecasting of system behavior.
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OuiHka NPOAYKTUBHOCTI CUCTEM MaHinynsyii
AaHUMN: NOPIBHANbHWMIA aHani3 noriku Data Step
y SAS Ta 6asoBux naketax R

€. CkBapKOBCbKUIL

Mirpauisi nporecie 06poOKu JaHUX i3 KOMEPIIHHOrO cepenoBuina SAS y BiAKpUTe CePEIOBUILE
R € k11090BUM TpeHIOM Y CYyYaCHHUX KJIIHIYHUX JOCHIIKeHHAX. BaskiIuBUM eTanoM i€l ajanrarii €
MepeHEeCeH s JIOTIKU iHCTPpYMeHTIB MaHimy il qanumu, 3okpema SAS Data Step. Yepes goxopinsi
BiAMIHHOCTI apXiTEKTyD HMX CHCTEM KPUTHUYHO BAXKJIMBOIO € OIIHKA IPOAYKTUBHOCTI T4 BUKOPUCTA~
HHS TIaM’ sITi.

TonmoBua BigMinuicTs: SAS Data Step 06pobiisie JaHi TOCTITOBHO 3 JUCKOBOTO HOCIS, IO JO3BO-
ss€ cTablIbHO MPALOBATE 3 MaCHBAMM, 3HAYHO Oinpmmmu 3a o6car oneparmerOl mam’sti (RAM).
Harowmicts 6a3oBuit R 3aBanTakye Bech Habip y RAM, 3a6e3nedyioun BUCOKY IIBUKICTH 3aBAKA
BEKTOPH3Allil, ajle CTBOPIOIOYM KOPCTKI oOMexkeHHs niis Big Data.

IMopiBasubHmEi anani3 6azoBux omepaniii (dinprpanis, arperanis, 3maurTs) no3BoIsE PopMasi-
3yBaTu edeKTHUBHICTh Yepe3 KoedillieHT HAKJIaJHUX BATPAT HaM’saTi:

RAM
Komem = ——2 (1)
RAMgas

ne RAMg os =~ const ne3anexxuo Big po3mipy macusy N, toai sk RAMp < N.

PesynbraTu GeHIMAPKIHTY CBi9aTh: KO gaHi moMimaiorhess B RAM, 6a3oBi dyukmii R npa-
mI00Th y 3-5 pasiB mBugme 3a ckpuntu SAS 3aBasgku MaTpUIHUM oOuucaeHHaM. [IpoTe npu HaOIu-
keHHi 06cary ganux 10 gimity RAM npogykruszicTs R ekcnomeniiifino nagae depes3 3BepHEHHS 10
datiny migkauku (swapping). Hatomicts y SAS Data Step wac BUKOHAHHS 3pOCTA€ CTPOro JiHIAHO
— O(N).

BucnoBok: mpsaMa TpaHcsamia gorika SAS y 6a30Bi cTpykTypu R 63 ypaxyBaHHs amapaTHHUX
0O6MeKeHb Hece PU3UKHU Ipu 06po0Ill BeTuKuX KAiHidHUX 6a3 qannx. OCKinbKu R BUKOPHCTOBYETHCS
K FOTOBE CEePEeOBHINE, YCIIIMHA Mirpanis BEMAarae He IPOCTOrO KOMIIOBAHHA KOy, & BPAXyBaHHS
#ioro in-memory apxiTekTypu. OnTUMaJIBHAN T X1/ TOIArae y MollepeTHbOMY aHaJi3i 00CcATy JaHuxX
Ta JOCTYIHOI ONEPATHBHOI MaM’sATi, IO JO3BOJIUTEH MOBHOIIIHHO BUKOPHCTATH IEPEBATM IITBHUIKOMIT
R Ta yaukayTH cucTeMHEX 3001B.
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MogentoBaHHa nowmnpeHHs iHcpopmauii B
GaraTowapoBiii couianbHii mepexi 3
ypaxyBaHHAM IHANBIAYANbHUX XapaKTEPUCTUK
areHTIB

I. Cmenpbkuii

[IpeameToMm AocCHigKeHHS € YMOBHU BIpYCHOI'O IOIIMPEHHSI HOBHHU, a TaKOXK BILJIHUB JIiJIEPIiB Jy-
MOK, IHIUBiAyanbHOT aKTUBHOCTI areHTiB i MOPOTY CHPUUHATTSA HA 1T PO3MOBCIONKEHHS y CKJIATHUX,
0araToImapoOBBUX MEPEXKAX.

Instagram Telegram Bxxusy

Puc. 1. Cxema 6araTomaposoi Mojes nmomuperHs indopmarrii.

Jls omucy CTPYKTYPH COIAJBHUX 3B’SI3KiB BHKOPHCTOBYIOTHCs: Mojenb bapabamnii- Anbbepr
— s nudpoBux miardopM, Mepexka MaJoro cBity — gis ycmol komywikarii. Ilig wac ycmof xo-
MYHiKaIlii JOMyCKAaE€TbCsT MyTallisi TMOBiAOMJIEHHS. Y MOeJi MOEIHYIOThCSA €JeMEHTH areHTHOI Ta
MOPOTOBOl KACKAJHUX MOjesell 3 JUCKPETHHM dacoM. KOXKeH areHT XapaKTepu3yeThcs HabopoM
napamerpis.

MaTeMaTHIHy OCHOBY POOOTH CTaHOBJATH emigeMiduHi Momesi, 30Kpema, 0A30BOI0 € CHCTEMA

SR ds dl dR
— =-—-BSI, — =p8SI—~I, — =~I, (1)
dt dt dt
ne  — inTeHcuBHICTH KOHTAKTIB abo #imosipuicTs mepemadi indopmarnii, a v — mBHAKICTL BTpaTn
iHTEpeCy A0 HOBHHH.
Peanizarnia moneni nepenbadae 0THOYACHY CUMYJISAIIIO IOMUPEHHS MOBiTOMJIEHHS Ha TPHOX Pi-
3umx rpadax — Instagram, Telegram ra BKuUBY, — gKi MOmEIIOIOTH Pi3Hi Mepexi 3B’a3kiB ommiel
nomyssrnii. 3MiEM cTany areHTa B OgHOMY rpadi BIIMBAIOTH HA HOr0 MOBEAiHKY B IHIMUX IIApax.
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Y3aranbHeHHs piBHoBarun 3a Hewem gns
MepeXXeBuX irop

. A. Cumipuuii, C. O. MaieHko

Y Oaratbox 3aJadax NPUAHATTA pilleHb B yMOBaX KOHMJIIKTY KOMYHIKAIisl MiXK IpaBIAMHI
MOXKe BU3HAYATHUCH MepexKero 3B’a3KiB. Taki Mepexkeri Mozesni 3B’S3KiB MOXKYTh BHHHUKATH Y Pi-
3HOMAHITHEX COIaJbHUX, €KOHOMiYHUX Ta iHdopmaniiinux cucremax. Kjacuuna HeKOOIEpATHBHA
rpa B yMOBax moBHOI indopmoBaHOCTi rpasuis nepeabatae KOMyHIKaIiI0 KOKHOTO IPABLY 3 ycima
IHIIEMU, 0 He 3aBK/JIM BiJIIOBinae peaJpHUM yMOBaM. ToMy aKTYyaJbHOIO € 3aJ1a4a y3araJibHeHHS
piBHOBaru 3a Herem i1 MepekeBux irop.

Hexait N = {1,2,...,n} — MHOXkmuHA TpaBnis, n > 2 — ixug kinbkicts. Komysnikanil mix
IPaBISIMHI 33Ja0Thecs MaTpuneo cymixxuocti A = {a;}i jen, ae a;; € {0,1} [1]. Koxken rpasens
i € N obupae crpareriio x; i3 MEOxkHHE crpareriit X;. Moro dbyHKIis BErpamnty 3ajexuTh Bij
ByacHol cTparerii z;, Habopy crpateritt Cyciais Ty, (4) = (Tj) e N;(a) Ta HabOPY cTpaTeriit inmmmx

TPaBIiB Ty, () = (Tj)je W, (4)> TOOTO ui(T) = ui(Ti, TN, (A), TN, (4))-

I'paBri xomyHiKyOTH e i3 cBOIME cycimamu mo Meperki, mOA0 iHIIHUX I'PABIB BHKODPHUCTO-
By€TbCsl 00GeperkHa I[OBeJiHKa. Y3araJbHUMO MOHATTA piBHOBarm 3a Hemem &; = (&4),en and
MepesKeBOl TPH HACTYIHAM YHHOM:

M) o €X g, ay Wi (B (85)jen (4)) (#3)je N, () ) = 0

min(zj)jeﬂl,;(A)gxﬁ,/(A) Us xiv(ij)jGNi(A)v(xj)jGNi(A) , Vz; € X;, 1€ N.

3okpeMa, y BHIAJKY, KOJIH KOXKEH I'DaBellb KOMYHIKY€ 3 KOXKHHUM, MH OTPHMYEMO KJIACHUHY
piBHOBary 3a Hemewm, a y BUIaJIKy BiICyTHOCTI 3B’4A3KiB — 0bepeKHY IOBEIIHKY IpaBIliB. 3aIlpo-
[IOHOBAHE y3arajbHEHHS O3BOJILE NOCIIIKYBATH DIBHOBAIM y MEPEKEBHUX irpax 3 oOMexeHHMH
KOMYHIKAI[iHHUMY MOXKJIMBOCTSIMU TPABIB Ta PO3IIUPIOE KIACHYHY TEOPI0 HEKOOMEPATUBHUX irop
Ha BHIIQJIOK MePEe’KeBHX B3a€MOZii.
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Generative Al and Asynchronous Processing in
Independent Software Development

A. Staryk

Independent software development faces a significant resource barrier when sourcing high-
quality, stylistically consistent graphical assets for commercial use. For applications such as
interactive digital coloring games, traditional licensing models often prove cost-prohibitive and
limit creative scaling. This paper presents Intuitive Coloring, a mobile application that addresses
this limitation by integrating generative Al into the asset creation pipeline.

The project leverages Google’s Imagen generative model to produce a royalty-free illustrati-
on library from text prompts [1]. To address legal and ethical concerns regarding Al attributi-
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on, the system embeds SynthID—a robust, pixel-level watermarking technology [2]. This provides
cryptographic proof of Al origin that persists through common image transformations, ensuring
compliance for app marketplaces.

Beyond asset generation, the application transforms static images into an interactive game. To
ensure a responsive user experience, an optimized scanline flood-fill algorithm runs asynchronously
on a background paint pipeline [3]. Selective parallelization is employed for large pixel-processing
tasks such as gradient application and mask generation, preventing main-thread blocking and
ensuring smooth Ul performance.

This work demonstrates a practical approach to overcoming asset limitations in mobile game
development. By coupling an Al-generated content library with high-performance image processi-
ng algorithms, Intuitive Coloring illustrates how independent developers can efficiently leverage
generative models and robust watermarking to build engaging, legally compliant applications wi-
thout traditional resource overhead.
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ApanTyvBHa TEXHOJIOrisA NIATPUMKN NPUAHATTS
pilleHb Yy CKAAagHUX BUPOOHMYMX Npouecax Ha
ocHoBi mogudikoBaHoro ribpugHoro
€BOJIIOLIIHOroO MeToay

. O. CrapocTiok

Ckua/iHi BUPOOHMYI IIpoliecH, 30KpeMa Yy MeTaJyprii, XapaKTepu3ylThcsl 6araTOBUMIPHICTIO
IPOCTOPY KEPOBAHUX NAPAMETPiB, HEMIHIMHUME 3aJI€KHOCTAME MiK 3MiHHUMHU Ta HAABHICTIO TEXHO-
snoriuanx obmexkenb. e 06yMoBI0€ HEOOXIAHICTE BUKOPUCTAHHS e(DeKTUBHUX METO/IB ONTHAMI3aLil
IJIs1 MATPUMKE OPUAHATTS pilleHb.

Hexait ¢ € R™ — BeKTOp KePOBAHUX IaPAMETPIiB BUPOOHUTIOrO Ipouecy, a #oro edeKTUBHICTE
onucyerbes IiiboBoo0 dyuknieo F(x). Jomycruma 061acTh BU3HAYAETHC CHCTEMOIO OOMEXKEHb:

hj(x) <0,j=1,m, (1)

e m — KiibkicTb 06Merxkensb. 1ozl 3ana4a onTuMizaril Ma€ BUIISI:

migF(z),Q::L‘ER" thi(z) <0,5=1,m. (2)
zE

Y npoueci ontuMizarii oOMeXKeHHS BPaXOBYIOTBCS 33 JOIOMOrOI0 MTpadHO! OYyHKIT:
F*(z) = F(2) + AZiZymaz(0, b (z)), (3)

ne A > 0— xoedirnient mrpady. TaKHM YUHOM, JOIYCTUMI PIlIeHHS He 3MIHIOIOTH 3HAYEHHS I1Ib0BOT
byuknii, Toai Ak mopymeHHs 06MeXKeHb IPU3BOAUTE A0 11 30iabmIeHHs.
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Juist po3p’sa3anus 3a4a4i (2) 3aCTOCOBYETHCs iTeparifHuil MeTO] PO YaCTOK, sAKUil dopmye

MHOXKHHY MOMYKOBUX arenTie (wactox) x'(t) € R™,i = 1,N,t = 0,1,2, ..., 3 TO9ATKOBUMH 3HAYE-

uuamu xt(0) € Q,4 = 1, N. Koxkia 4acTka XapaKTepH3yeThCs MOJOKeHHAM z°(t) Ta mBHAKICTIO
v'(t) € R™, a 11 pyX ONHCYETHCST DIBHSHHSIM:

zi(t+1) = 2°(t) +v'(t),i =1,N,t =0,1,2, ... (4)

[Ipu oMY hOPMYETHCS TOCTIOBHICTD ToMoXKeHb 't (t),i = 1, N,t = 0,1,2, ..., TKa OmHCye Tpae-
KTOPIi0 pyxy KoxkHOI uacTku. [ KoxkHOI wacTKy 30epiraeTbesa HaMKpalne 3Hal1eHe HEIO IOJI0XKe-
HHSI: ) ) )
(3 i * * . * 7
zp(t) =2' (1)), 7 =arg min F (x (‘r)), (5)
7€{0,...,t}
TOOTO TaKe 3HAYEHHH, IIPU AKOMY IIiboBa PYHKIig Habyna HalKpaloro 3HAYeHHs cepeJ| yCixX mo-
nepeaHix iTeparmiit 1miel wactku. [V1o6anpHO HaflKpalne HOJ0XKEHHS BU3HAYAECTHCS SK:

zg(t) = xp* (),i* = arg min F* (z}(t)), (6)
i=1,N

Takum amHOM, BekTopH ) (1) Ta x4(t) € R™ dopMyoThes Ha OCHOBI icropii smagens x(t),i =
1,N,t=0,1,2,.... [IIBuaKicTh YaCTKK OHOBJIIOETHCA 3a IpaBUIOM [1]:

vi(t) = avi(t — 1) + bu(zh (t) — 2 (1)) + cu(wg(t) — 2° (1)), t = 1,2, ..., (M

e a — KoedilieHT iHepIii, 10 BU3HAYAE BIJIUB IONEePeIHBOI IIBUAKOCTI; b — KoedimienT inauBiTy-
aJbHOTO (KOTHITHBHOTO) KOMIIOHEHTA, SIKMH BiOOpaskae MparHeHHs YaCTKU HOBEPHYTHCS J0 CBOTO
HAUKPALIOTrO MOJIOXKEHHST; ¢ — KOe(IIi€HT CONiaJIbHOTO KOMIIOHEHTA, 1[0 BU3HAYAE BILIUB HAWKPAIIO-
ro r06aJIbHOrO IOJIOXKEHHS; 1€ a, b, ¢ — Tak 3BaHI COIiaJbHO-KOTHITUBHI J0BipYi KoedilienTu, mo
MOXKYTb 3MiHIOBaTUCA B nporeci poboru aaropurmy; v = U(0;1) — BunaKoBe IHUCIO, pIBHOMIDHO
posnoainere Ha Bigpisky. Orpumane 33 Gopmynoi0 (7) 3HAYEHHS MBUAKOCTI JO3BOJIAE KOKHOMY
HOLIYKOBOMY AT€HTY 3AiHCcHIOBaTH mepexin 3a (4).

Hanuit nigxin 3abe3neuye edeKTHUBHUM I100aIbHUN HONIYK, OJHAK Y 3aJadax i3 CKJAIHOIO
CTPYKTYPOIO minboBol MyHKHil MOXK/IMBE HepegdIacHe HAOIMKEHHS [0 JIOKAJbHUX eKcTpemyMis. 1le
0COOJIMBO KPUTUTHO [AJIsI BEPOOHUUNX IIPOIECIB, [e JIOKAJIBHO ONTHMAJILHI PIIIeHHsS MOMKYTb IPH-
3BOJIUTH JI0 NOTipIIeHHs AKOCTI nmpoayknii abo nepeBuTparu pecypcis. g minBuiienHs edekTun-
HOCTi 3aIIPONIOHOBAHO TiOPUIHUM HiAXi, IO MOETHYE METO ] POI0 YaCTOK 3 MeXaHI3MaMHU HMITYYHUX
iMyHHEX cuCTeM. Y ObOMY BHIAAKY SUHAMIKA Pyxy areHTiB moaudikyerbcs:

2t + 1) = 28 () + v'(t) + o(ze(t) — 2'(t),i=1,N,t =0,1,2, ..., (8)

xe ¢ > 0 mapaMerp IHTEHCHBHOCTI KOJIEKTHBHOI B3a€eMOLil, zc(t) = (l/N)vazlacz(t). JHonaTtkoBuit
aeH ¢(zc(t) — ' (t)) 3abesneuye KepyBaHHS PO3IOAIIOM YaCTOK y IPOCTOPI MOIIyKY Ta 3anobirae
ix mepeggacHi#i KoHnenTparii. JIn1a oniHKE cTaHy NOIyIALil BUKOPHCTOBYEThCA Mipa PO3CilOBaHHA
R(t) = (1/N)ZX | ||2%(t) — zc(t)||?, smenmrenns axof cBixunTs mpo crabinisaniio npouecy onTuMisa-
uii. 3anponoHoBaHUN miaXix HO3BOJISAE MiABUIIUTY CTIHKICTh MOIIYKY Ta 3abe3medye 3HAXOIKEHHS
36a/1aHCOBAHUX DIIlIeHb Y 3aJa49aX KepyBaHHs CKJIAJHUMHU BUPDOOHHYMMH IPOIECAMHU.
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An Open Markdown Dataset for Ukrainian
Military Medical Fitness Criteria

O. Stepaniuk

The official Ukrainian military medical fitness criteria defined in Order No. 402 of the Ministry
of Defense of Ukraine are traditionally stored in fragmented PDF appendices. Diagnostic articles
from the Schedule of Diseases (Annex 1) are separated from their explanatory notes {(Annex 2), and
the tabular format creates the main obstacle for Retrieval-Augmented Generation (RAG) systems:
Large Language Models (LLM) often retrieve an article while losing the corresponding explanations,
leading to ambiguous or hallucinated responses.

This work presents medical-fitness-ua, a structured Markdown dataset designed as a data-
centric knowledge base for RAG-based LLM applications [1]. It was created through a custom
transformation pipeline that merges each diagnostic article with its full explanatory notes into
a single unbreakable Markdown block. The resulting hierarchical structure converts table rows
into semantically structured text suitable for vector-based retrieval. The novelty of this work
lies in preserving the atomic pairing of diagnostic articles and their explanatory notes during
transformation through a domain-specific linearization strategy, ensuring that each retrieval unit
contains complete clinical context.

The repository contains 87 fully integrated articles and is released under the MIT license. By
keeping articles and explanations together, the dataset enables RAG systems to retrieve complete
local context. This design increases the likelihood that fitness verdicts are retrieved together
with their clinical descriptions. Preliminary qualitative evaluation indicates that the proposed
representation improves retrieval consistency compared to indexing the original PDF tables, parti-
cularly in cases requiring joint interpretation.

The proposed structure is expected to improve the reliability and consistency of downstream
RAG-based question-answering systems delivering precise military medical fitness information to
Ukrainian citizens and service members of the Armed Forces of Ukraine.
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A Dual-Memory Framework for
Knowledge-Grounded Plan Generation in LLM
Agents

V. Studennykov

Decision-making with large language models (LLMs) can be viewed as a three-stage process for
complex tasks. First, the system constructs a plan of actions. Second, it retrieves the information
required for execution. Third, it produces the final decision on the basis of the retrieved evidence.
Retrieval-augmented methods are well suited for the second stage, as they allow relevant information
to be extracted from external sources by similarity. The final decision can be generated by feeding
the retrieved evidence and the task description to an LLM. The planning stage remains the most
difficult one [1, 2].

The proposed approach separates two types of memory: a knowledge memory K = {k; M

Jj=1
and a plan memory P = {(wi,pi)}f.vzl, where z; denotes a previously observed situation and p;
denotes the corresponding plan. Let = be the current task description, let sim(z, z;) be a similarity
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function, and let 7 be a similarity threshold. Then the selected plan p* is defined as

Pix, sim(z, x;%) > 7, (1)
LLM(z, rxc(z)), sim(z,zi=) < T,

7 = ar max S1mi\x, T; =
£ o sin(en). o = {

where ric(z) is a retrieval function over the knowledge memory. Thus, if a sufficiently similar plan
already exists, it is reused; otherwise, the LLM generates a new plan using the retrieved knowledge.
This strategy may reduce the number of LLM calls and lower inference cost, but it also introduces
risks related to imperfect similarity estimation, incomplete context representation, and reuse of
outdated or partially mismatched plans. This approach could be particularly suitable for repetitive
or partially structured decision-making scenarios.
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BararoaredntHa LLM-cuctema reHepauii KOHTEeHTy
3 ceMaHTu4Hot Bepudikauieo Ta
HITL-koHTponem

B. }O. Crykano

3pocTanHs 00CsTiB U@ POBOro KOHTEHTY Ta BUMOT J10 HOTO IKOCTI # CTHAICTHYHOT y3roI»KeHOCT]
BHU3HAYAIOTh NOTPeOY B iHTeJIeKTyaJbHUX CHCTEMAX aBTOMAaTH3allil KOHTeHT-BUPOOHHUIITBA. 1307160~
BaHE BUKOPHUCTAHHS BEIMKHX MOBHuX Mogesnel (LLM) ne 3a0e3nedye HaIeKHOIO PIBHS KOHTDOJIIO
SAKOCTI Ta KOHCUCTEHTHOCTI TOHY, IO 3yMOBJIIOE aKTYAJIbHICTb IPOEKTYBaHHS HAraToareHTHUX CHU-
creM i3 posmojginenuMu bysrnismu [1].

Y pobori 3amponoroBano apxitekrypy HararoarenTHol LLM-cucreMmu, 1m0 CKIaJa€ThCsA 3 YOTH-
prOX crenjasiizoBanux areHtTis: Signal & Idea Agent — 36ip indopmalifiHux curHAMIB Ta TeHepalis
imeli koutenty; Draft Agent — cuHTE3 TEKCTY BiJIOBIIHO 0 MPOEKTHHX HAJAIMITYBaHb; Critic Agent
— ceMaHTUYHA BepHudIiKalisa SKOCTI 3reHepoBaHoro Texcry; Adapt Agent — Kpoc-mtardopMHa, ajia-
nrarig koHTenTy. OpKecTpanis arenriB peasmizoBana uepe3 workflow engine i3 xoudiryposamoro
epe1atier0 KOHTEKCTY MiXK MOZYJISIMU.

KirogoBumM apxirexrypruM pimenasaMm € config-nenTpuvna MyJIbTHIPOEKTHA MOJEb: IIapaMe-
TPH KOKHOTO IPOEKTY (TOH, TEMATHKA, OOMeKkeHHsI ) 30epiraroThcs y 30BHIIHIN 6a3i 3Hans | nurami-
YHO IiJICTABJISIOTHCH ¥ CUCTEMHI TPOMITH areHTiB. CTHIICTUYHNN KOHTEKCT (POPMYETHCI METOAOM
few-shot prompting Ha ocHOBI BepudikoBaHOro Kopiycy npukiaams [2]. Mexauism force injection
JI03BOJISIE OLIEPATOPY 331aBATH IPIOPUTETHI TeMM KOHTEHT-ILUIAHY, SIKi CHCTEMA {HTErpye y 3araJib-
auit workflow.

Mexanizm Human-in-the-Loop (HITL) peanizoBano ax o6os’s3xoBuil map mix Critic Agent
T3 mybsikanieo KoHTeHTy. 2KypHAJIIOBAHHS NPOMIXKHHUX DPe3y/IbTATIB KOXKHOIO areHTa 3adesmedye
JIOKAJII3AI{I0 TOMUJIOK Ta I[iJIeCIPIMOBAaHe BIOCKOHAJIEHHS OKPEMHUX KOMIIOHEHTIB cucremu [3]. Po3-
nimenHs yHKIi renepanii Ta Bepudikanii MixK piSHEIMHA BHUKJIUKAMH MOJIEJI HMiJBUILYE TOYHICTH
KPUTHKHA T3 yCyBa€ KOHQUIKT Iieil B OZHOMY IPOMIITI.
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Mopgudikauia metogy LLlamaHcbkoro

K. A. Cycoa, O. A. KurowuH

Posrasinaerncst piBHSHHES
F(z) =0,F : RN — RV, (1)

ne F menepepsHo gudepeHniioBHa.

Juist poss’sa3anns piBuauas (1) 3anpononosano aaroputm SM1. Anropurm 6yB cTBOpeHHH sK
IOETHAHHA MeTOoOy H_Ia,MaHCbKOI‘O 3 JIlHlfIHHM IIOITYKOM, € BUKOPDHUCTOBYETHCA YyMOBa 3YIIMHKHU:
[[F(zk + adi)|] < /(1= ca)|[F(z)l], c€(0,2).

Jj1s aaropuTMy OTPHUMAHO HACTYIHI TEOPEMH:

Teopema 1 (IIpo 3acrocosricTs anropurMmy mpm p = 1). Hexait F : RN — RN nudepenmniiosma
3a I'aro dpymkmis. 1 mexait zg € RY nosinbee mowarkose mabmmkenss. Y aaropurmi SM1 moksa-
JIeHO ITapaMeTp 4acTOTU OHOBJIeHHS MaTpuili fAkobi p = 1. Toxl rapaHTOBaAaHO BUKOHYETHCSA OJHE 3
TBEPIXKEHb:
- yci mactynHi itepanii xg, k = 1,2, ... anropurmy SM1 € BU3HaAYEHUMU.
- JJIsl IEBHOTO HATYPAJIBHOrO THCJIA M BH3HAYEHUMHU OyAyTh iteparii 21, ..., Tm, g F(zm) =
0 abo F'(zm) Bupomkena (TOGTO MU JilifIeMO IO KOPeHS 3a CKIHYEHHY KiJIbKiCTh KPOKIB
YW [0 TOYKHU 3 BEPOAXKEHOI MATpUIero fkobi).

Teopema 2 (IIpo 36ixkHuicTs amropurmy). Hexaii F : RN — RN menepepsro andepeHiiosHa,
{flfk}io:l — iTepamifinuii mporec, orpuManuii 3a aaropurMoMm SM1. Bigomo, mo mis Bcix k= 0,1, ...
JUHIFHUE TOIYK CIPaIoBaB 33 CKIHYEHHY KLIbKICTh KPOKIB, a cepeg marpunb ko061 F/ () ne 6ymmo
>koHOT BUpOpKenol. [puycTumo, mo Muoxkuna Habnmwkenb X = {1 }72 ; € 06MEKeHO0I0, a TAKOXK
mo maTpuri Ji € obmexxenumu B cykymuocTi. Tozi koxkua rpanudna TouKa {T)}72 | € PO3B’I3KOM
piBuaunga F(z) = 0.

AsTOpn

Kaponina AwnzapiiBHa Cycon — crygentka 1-ro kypcy waricrparypu, ¢dakyabrer
KOMIT'IOTEDHUX HayK Ta KibepHeruku, KuiBchkuil HanmionanbHuit yaiBepcurer imeni Tapaca [Iles-
qenka, Kuis, Ykpaina; E-mail: susolcaroline@gmail.com

Amurpo Anarodqitiopny Kuaromuun — npodecop Kadeapu 069HCIIOBAJIBHOI MaTeMATHKU,
dakynbTeT KOMIT'IOTEDHUX HayK Ta KibepHeTuku, KuiBcbKuil HalioHa bHUM yHiBepcuTeT iMeni Ta-
paca Illesuenka, Kuis, Ykpaina; E-mail: dmytroklyushin @knu.ua

108




Po3pobka BigkpuTtoi ribpnaHoi cucremm
oaHopaHroeoi ¢aiiioBol CMHXPOHI3auil 3
BukopuctaHHam npotokony QUIC Ta
LLeHTpPas1i30BaHOK KOHCOJIJI0 KEePYBaHHS

M. B. Tabana, A. II. Kpenesuu

Crpivke 3pocTanHst 00CATIB JaHUX Yy PO3IOLIJIEHMX KOPIOPATUBHUX CEPENOBUINAX 3aTOCTPIOE
npobiemy edekTuBHOI (akgoBOi CHHXPOHI3AIT MiXK reorpadidyHO PO30CEpeKEHNMH By3/aMu. 3a
NAHUMHU aHAJITUYHHUX 3BiTiB, r100aJbHUIl PUHOK KOPIIOPATHBHUX CHCTEM CHHXPOHIZaIl Ta obmi-
ny daitnamu (EFSS) nepesumus 11 mupa gosapis y 2024 poui [1]. Hassal xomepuiiini pimenns,
30kpema Resilio Sync, 7eMOHCTPYIOTH BUCOKY e(PEeKTHBHICTH 3aBAIKH MOLU(DIKOBAHOMY IPOTOKOIY
BitTorrent Ta nponpierapromy tpancnopty pTP2 ma 6a3i UDP, oqHak IXHS 3aKPHUTICTH KOy YHe-
MOXKJIUBJIIOE He3aJIeKHUU ayauT 0e3meKu, CTBOPIOE 3aJIe’KHICTh BiJ HOCTa4daJIbHUKA Ta HMOTpebye
3HauHMX Jinensifinnx Burpar. Bommouac Bimkpure pimenns Syncthing, xoua #i 3abe3meuye mpo-
3opicTe Koay Ta mudpysanus TLS 1.3, mos6asieHe IEeHTPAII30BAHONO KePyBaHHS, ONTHMI3alil
st WAN-kaHasiB Ta MacmTaboBaHOCTI 71 BEJMKUX iHGPACTPYKTYD. TaKuM YUHOM, aKTYAJIHHOIO
HAyKOBO-IIPAKTUYHOIO 33/1a49€I0 € CTBOPEHHS BigkpuTol cucremu paityioBol cuHXpOHI3ail, ska 1oe/-
Hy€ gereHTpaJizoBany P2P-nepenauy manux i3 meHTpasi3oBaHUM aMIiHICTPATUBHUM KepYBAHHSIM.

Y paMKax JOCTIJKEHHSI CIPOEKTOBAHO Ta peasi3oBaHO MOBOK (GO ribpujmHy CHUCTEMY OJHO-
panroBoi GdaisoBoi cuHXpoHizalii. ApxiTeKTypa 6a3yeThCsI Ha MOJIEN «IIEHTPATI30BaHUM iHEKC —
JenerHTpanizopannii 06Min ganummy [2]. KinrowosuM pesynbraToMm € peasizanis Grownol mepexadi
daitnis 3a anropurmom BitTorrent (¢bparmerranis va 6roxu posmipom 1-10 MB i3 SHA-256 xenry-
BaHHSM KOXKHOTO (pparMeHTy) mopepx Tpancruopraoro nporokoiay QUIC (RFC 9000) [3], mo 3abe3-
e4ye MyJIbTHUILIEKCOBAHY LI€Pe1ady IHOTOKIB 0e3 0JI0KyBaHHs HA PiBHI 3aro/i0BKIB yepru, 3’ ¢ JHAHHS
3 Hynb0BOW0 3arpuMkol (0-RTT) ta BOymosame mudpysanuas TLS 1.3. Bacrocysamns QUIC mna
OTHOPAHTOBOI (pailytoBoi CHHXpPOHI3AI] € MaoIOoCiI2KEHNM HAIIPSAMKOM, OCKIJIBKY HasBHI IIyOJIi-
karii 3ocepekeni nepesaxkuo za HTTP/3 Ta Be6-mpoayKTHBHOCTI.

Po3pobiiena cucreMa BKIIIOYAE: LEHTPAII30BAHY KOHCOJIb KepyBaHHa 3 Beb-imrepdeiicom Ha
React Ta cepsepuoo uacrtunoo Ha Gin (Go), mo 3a6e3nedye MOHITOPHHTD areHTiB, CTBOPEHHS 3aB-
aHb CHHXPOHI3AIl Ta Ieperys/ »KypHaJIiB aKTUBHOCTI ¥ PeaJbHOMY Yaci; JIETKOBATHX AreHTIB, 10
byuknionyiors gk cayxkbm Windows ta 3aificHIOIOTH aBTOMATHYUHE BUABICHHS “Cycinis” y jg0KaIb-
miit mMepexi 3a momomorow UDP-uynerukacry (amanorivro mDNS, RFC 6762) ta obuinomrscs
dbparmentamu daitais 6e3mocepeIHBO MiK €00010; MUPYBaHHs JaHUX 3a aaropurmom AES-256-
GCM i3 MAIMMHHO-MOXIAHUMHU KJIIOYAMH; aBTEHTH@IKAIliI0 Yepe3 bootstrap-TokeHu 3 miaTBepIKe-
HHAM aaMmiHicTpaTopowm; incTamsropu NSIS nis aBTOMATH30BAHOIO PDO3TOPTAHHLA.

Anpob6ariss migTBepAuia Mpame3IaTHICTh IPOrPECUBHOrO 3aBAHTAXKEHHS: areHTH PO3IMOYMHA-
IOTh OTPUMaHH bailyiB HeraiffHO IpH MOSABI MEPITUX XEITOBAHUX (DPArMeHTIB, IPOIMyCKAOYH IIe He
06pobireni 6y10KH Ta IOBEPTAIOYKCH [0 HUX Mi3Hime, mo ycyBae 0J0KyBaHHs cuHXpoHi3arii. bararo-
JZKepesIbHe 3aBAHTAXKEHHSI JO3BOJISIE ONHOYACHO OTPUMYBATH Pi3Hi (hparMenTH Bif KiTbKOX areHTis,
MacmTabyo4u MNpOIyCKHY 3JaTHICTh IPONOPIHHO KiJIBKOCTI By3JiB y Mepexki. Pe3yspraTtn poboTu
NeMOHCTPYIOTh, IO MOETHAHHS BigkpuTol peasizaiii 6;1o0qnoro P2P-06Miny 3 Tpancnoprom QUIC
Ta IEHTPAJI30BAHUM A IMIHICTPYBAHHIM 3aII0BHIOE ICHYIOUY IIPOTAJUHY MiXK HPOIPIETAPHUMEU KOP-
NOPATHBHUMH DIIIeHHSAMHI Ta BIIKPDUTHMH IHCTpYMeHTaMH, 11030aBJeHUMH 3aco0iB IleHTpaJsi3oBa-
HOTO KePYBaHHs.
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Lexical and Syntactic Analysis Using Automata
with Functional Transitions

M. Tyshchenko

We consider a grammar defined in Backus-Naur form with productions of the form such as the
following:
A—e, B-=f(), C—=g(0)D

In this notation, uppercase letters denote non-terminal symbols, € denotes the empty string, and
lowercase letters denote partial recursive functions applied to streams of terminal symbols. Because
productions may incorporate partial recursive functions, the grammar can generate a broad class
of recursively enumerable languages. The grammar retains the structural properties necessary for
efficient processing of regular and context-free languages.

To process such grammars, we introduce a specialized data structure called a function-based
automaton. This structure consists of a finite number of states and weighted edges. In the worst
case, the algorithm operates with a time complexity of:

O(n,q) = (n+1) - ¢% - (Opy(n) + log(q)),

where ¢ is the number of states in the automaton, n is the input length, and O,r(n) represents
the asymptotic complexity of the custom partial recursive function. This approach balances the
efficiency of a deterministic finite automaton with the flexibility of partially recursive functions for
token processing. The abstractions underlying the algorithm can be mapped to constructs in modern
programming languages and have been implemented in Python. While this approach is generally
slower than parser generators such as Bison and ANTLR [1], it provides greater flexibility and
supports a wider range of languages in the Chomsky hierarchy [2]. Potential applications include
compiler development, web scraping, and language processing.

Cnucok nitepatypu

[1] Terence Parr. The Definitive ANTLR 4 Reference. The Pragmatic Programmers, 2007. 322 p.
[2] Noam Chomsky. Three models for the description of language. Cambridge, 1956. 12 p.

AsTopn

Mykhailo Tyshchenko — 1st year Master student, Faculty of Computer Science
and Cybernetics, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine; E-mail:
mykhailotyshchenko @knu.ua

MopentoBaHHsi Ta aHani3 cMcrtemMm
NPOTUNOBITPSAHOI 0OOPOHN SIK CUCTEMUN MACOBOro
00OC/1lyroByBaHHs1 3 MOBTOPHUMUN BUKJIMKaMN

T. FO. Tkau, I'. B. JliBiHcbKka

B ymMmoBax cydacHuX 3arpo3 edeKTHBHICTH CHCTEM IPOTHIOBITPSAHOI OBOPOHM € KPUTUYHO Ba-
xymBo0. O0MexeHICTE pecypciB (KinbKICTh MyCKOBHX yCTAHOBOK) T4 HASBHICTBH MOBTOPHHUX CIPOD

110



VpaxKeHHsI 1iyell moTpebyIoTh aIeKBATHUX MATEMATH- YHHX Mojeseii. Bukopucrannsa cucreM Ma-
COBOTO OBCIYrOBYBAHHSI 3 MOBTOPHUMH BHUKJIUKAMH JTO3BOJISIE JOCTATHBLO TOYHO OMUCATH PeasbHi
Metow pobortu € nmobyayBa Ta H0CHiKeHHs MareMarudHol monxeni cucremu IIT10 sk cucremu
MacoBoro obciayroBysauust tuy M|M|k|k 3 MOBTODHHME BHKJIMKAMH Ta 0OMEXKEHOI0 OpGiTOO, a
TAKOXK MIPOaHAJI3yBaTH BIUIUB IAapaMeTpiB CUCTeMH Ha il eeKTUBHICTE.
OTprMaHO aHAJITHYHI 3aJI€2KHOCTI JJisk #MOBIpHOCTI BiAMOBH, KOedilli€HTIB 3aBaHTaKEHH Ka-
HaJiB 0OCTyTOBYBAaHHS Ta CepeqHbOl KiMbKOCTI mineil B opOiTi.
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BusHa4deHHs maTepianiB Ta CTpykKTypu Oyaisensb
3acobamMun MaLIMHHOro HaB4YaHHS

O. II. Toubkuii

3aja4ua aBTOMATUYHOrO BU3HAUYEHHs Marepiaiis dacagie OyniBenb € aKTyaabHOK AJIsS MOHITO-
PHUHI'Y TEXHIYHOTO CTAaHY CIODY/[, aHAJI3y MICBKOI'O CepeJOBHUINA Ta IIOOYI0BU iHTEeIeKTYaJIbHUX CH-
CTeM OIIIHIOBAHHS XapaKTepUCTUK OyaiBens. OcobniuBuil iHTEpeC CTAHOBUTDH IOETHAHHS Bi3yaJbHUX
IAHUX i3 KOHTEKCTHOIO iH(MOPMAIIE€ Ta CIHEKTPAJLHUMYU O3HAKAMU, 110 A€ 3MOIYy TOYHiIIE PO3-
pisusiTu Marepianu 3i cxoxum BuraanoMm y RGB-306paxenusx. Y poboTi pO3TIgHYTO miaxogu go
kinacudikanil maTtepiaais 3a RGB- Ta hyperspectral-ganuMu, a TakoK IepcIeKTHBY BUKOPDHCTAHHS
multimodal-monesneit, rpacdoBux HelipoHHUX Mepek 1 multiview reasoning s aHaIizy CTPYKTYpH
OyaiBesb.

Y Mmexkax AOC/iIKEeHHs] BUKOHAHO aHAJi3 HASBHUX BiIKPUTHX JATACeTIB [ 3a/a4i po3mizHa-
BaHHs (bacagHux Marepiajis. BcranoBjeHO, MO yHiBepcaabHOro HabOpy maHuWX 3 mOTPiGHOK da-
Ca/THOI0 TAKCOHOMI€IO IPAKTUYHO He iCHY€, TOMY JOIIJIBHUM € NOE€THAHHS KiJIbKOX JI2Kepes JaHUX,
3okpema DMS Ta LIB-HSI [1, 2]. dns npakruanoi nepesipku ninxogy 6ysno ¢popmoBano BiaacHui
RGB-paracer i3 cemu kiaciB marepiasnis: brick, concrete, wood, metal_cladding, panel_grid,
plaster_paint, stone_cladding. Ha itoro ocrosi nodymosano CNN-mozens, fAKa gocaria OJIA3bKO
80% rounocTi Ha TecTOBil BUBIpI.

Hactynaum eranmom crta mporotun hyperspectral CNN nia momikcensnol Kinacudikarmil ma-
TepianiB Ha ocuoBi garacery LIB-HSI. Moxmesnb mae spectral-spatial apxiTekrypy: crnekTpaiabHe
CTUCKAHHSA KAHAJIB i3 mojgasbimon 06pobko mpocropoBux o3uHak encoder—decoder mepexero U-
Net-nmogi6uoro Tumy. ITorouHa TOYHICTE CTAaHOBUTH 6an3bK0 49%, 1110 MiATBEPIKYE Mpale3aTHICTD
TiIX0Ay Ta BKa3ye Ha HeOOXiAHICTH onTuMizalii apxiTeKTypu, BUOOPY CIeKTPaJIbHUX O3HAK i CIIOCO-
6iB fusion pizunux mogansHOCTe. OTpuMaHi pe3yabraT GOPMYIOTH OCHOBY [JIs IOLAJIBIINX €TAIIB,
NOB’SI3aHUX i3 BpaXyBaHHSIM MiCTOOYIIBHOIO KOHTEKCTY Ta BHSBJIEHHSAM CJIaOKHX 30H OyaiBesib.
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Detection and Classification of FPV Drone Radio
Control Signals

D. Kindiakova, Y. Tretiakov

The proliferation of FPV drones employing LoRa-based control protocols (chirp spread
spectrum, CSS) poses growing challenges for airspace monitoring. Real-time signal detection on
resource-constrained edge devices introduces hard constraints on memory footprint and inference
latency.

We formulate the problem as joint localization and classification of radio signals in the time-
frequency domain, where each detected packet is classified by its spreading factor (SF) and bandwi-
dth (BW). While dechirp-based matched-filter methods achieve theoretically optimal LoRa packet
detection, their computational cost precludes edge deployment. We therefore adopt a neural network
approach with fixed, predictable inference time.

A key obstacle is the absence of public datasets captured with deployment- grade SDR hardware,
as receiver artifacts materially affect signal characteristics. We constructed three dataset variants:
(1) manual annotation of recorded IQ data; (2) algorithmic labeling via dechirp-based detection;
(3) simulated IQ with known packet parameters using Semtech LoRa modules and SDR.

1Q data is preprocessed via parametrized STFT, with window size, type, hop length, and FPS
as tunable parameters, yielding four-channel input tensors: magnitude, phase, real, and imagi-
nary components, with bounding boxes mapped to STFT time-frequency coordinates as training
annotations.

Single-pass YOLO-family detectors are trained across dataset variants under a grid of model and
preprocessing configurations. Comparative evaluation identifies the optimal model-preprocessing
pair balancing detection accuracy and inference latency on the target edge device.

Experimental results demonstrate that the proposed neural network pipeline successfully detects
and classifies LoRa control signals by SF and BW directly from STFT representations, achieving
competitive accuracy with inference latency suitable for real-time edge deployment.
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Painting author identification using image
classification

L. Tuzova

The field of computer vision has already made significant progress towards creating digital
systems able to detect and classify objects and scenes in images and video. However, recognition
and classification of art require recognition of complicated concepts of stylized subjects and themes
in paintings, which may be obvious to a human observer. Moreover, beyond semantics, there are
a lot of more structural elements of a painting that set it aside from the rest: lines, shapes, space,
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proportions, contrast and color palettes which may be typical for a certain painter. Thus, a careful
construction and analysis of both high-level and low-level features is instrumental to solving any
art-related classification problem.[1]

This work aims to solve the problem of identifying the author of a painting by building a neural
network-based classifier, trained on the WikiArt paintings dataset. Its architecture is comprised of
a ViT-S/16 DINOv3 model for extracting high-level details of a painting [2], a handcrafted descri-
ptor which combines several methods of evaluating quantitative and spacial distribution of color,
as well as an MLP network for classifying produced embeddings of a painting, as can be seen below:

[color moments, spatial pyramid moments,
— color entropy, color peak, quantized histogram,
hue-saturation histogram, color percentiles|

ViT-S/16 DINO
v3 embeddings

Linear(317, 512), BatchNorm1d(512), ReLu(), Dropout(0.3),
Linear(512, 256), BatchNorm1d(256), ReLu(), Dropout(0.3),
Linear(256, 129)

The model described has reached a final accuracy of 76.73% on testing dataset and 85.7% on
training dataset after 48 learning epochs.
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Comparison of Ukrainian and international media
in war news coverage using topic modeling

Y. Feshchenko, M. Makhno

Four years into the full-scale invasion of Ukraine, news media continues to shape how the
conflict is understood locally and globally. Different media environments often cover the same
events from completely different angles. Certain topics receive heavy focus in Ukrainian media,
while international outlets might overlook them, and vice versa. To analyze these differences, we
are processing a dataset of recent articles from both Ukrainian and Western news outlets. Since we
are working with multi-language sources, we use machine translation to convert the Ukrainian texts
into English. This approach allows us to combine the datasets and compare the media coverage
within a unified semantic space. Currently, our ongoing research tests and compares two distinct
NLP approaches to extract topics:

- LDA (Latent Dirichlet Allocation): We use this classical generative model as a baseli-
ne to group documents based strictly on word frequency and co-occurrence.

- Multilingual BERTopic: To move beyond simple word counts, we are implementing
this modern transformer-based approach. By clustering document embeddings, BERTopic
helps us capture the actual context and semantic meaning of the articles.

As a next step in our pipeline, we are exploring the integration of Large Language Models
(LLMs). While BERTopic is highly effective at grouping similar texts, we plan to prompt an LLM to
automatically generate readable labels and short summaries for the discovered clusters. Ultimately,
this study aims to map the topic divergence between local and global media framing, while also
evaluating how a combination of transformers and LLMs can improve traditional media analysis.

113



Cnuncok nitepatypu

[1] Anna Verbytska. Topic modelling as a method for framing analysis of news coverage
of the Russia-Ukraine war in 2022-2023. Language & Communication, vol.99, 2024.
https://doi.org/10.1016/j.langcom.2024.10.004

[2] Cagla Ediz, Ismail Ediz, Serkan Yavuz. Dimensions of the Ukrainian War in British Press: A
Topic Modeling Approach. Vol 75(1), 2024. https://doi.org/10.1515/libri -2024-0130

[3] Ukrainska  Pravda. Russo-Ukrainian ~ war. https://www.pravda.com.ua/eng/tags/
67850e07ed31c/

[4] BBC. War in Ukraine. https://www.bbc.com/news/war-in-ukraine

AsTopu

Yana Feshchenko — 2nd year Master student, Faculty of Computer Science and
Cybernetics, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine; E-mail:
feshchenko.yana.ua@gmail.com

Mykhailo Makhno — Associate Professor, Department of System Analysis and Theory
of Decision Making, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine; E-mail:
makhnom@Qgmail.com

MeToan Ta 3acobu mirpauii JOKasibHOro CXOBULLLA
DaAHNX MeanyHol iHcphopmMauiiHOT cnctemm fo
cepBepHOI IH(PACTPYKTYpU i3 3a0e3nedHeHHsAM

KOHTPOJIIO A0CTYyNy Ta KOHIAEHUIVNHOCTI

. A. XmeasoBa, A. B. JIauiko

Besneka MeIHYHUX JaHUX € KPUTUIHUM aCIIEKTOM MEAUYHUX iH(pOpMAIIHHAX CHCTEM, a/12Ke BH-
TOKH ab0 HENPAaBOMIPDHHUH JOCTYI MOXKYTH MPHU3BECTH 0 MOPYIIeHHsS KOHMIAEHIIHHOCTI mamieHTiB
i IOpuANYHUX PU3MKIB Ajid 3akjaany. [IpobiemMaTuka JOCHIIKEHHS MOJISra€ B TOMY, II0 JIOKAJIb-
He 30epiraHHsi JAHUX YACTO OOMEXKYE MaCHITabOBAHICTh i YCKJIAAHIOE IEHTPAJII30BaHUI KOHTPOJIb
MIOCTYIY Ta AyIUT.

JlaHe JOCTI/I?KEHHS € IPOJIOB2KEHHAM KypCOBOI poOOTH, ¥ AKifl MpOaHAJII30BAHO 3aXUCT MeJH-
YHUX JAHUX y npototuni 3 jJokanbHoio Bl MS SQL Server, i po3mupioe ii misgixoMm mepeHeceHHs
CXOBHIIA [0 CepBepHOI/xmapHO! indpacTtpykrypu. Ha npomy eranmi yroumeno dbyHkuioHamsHi Ta
6e31eKOBl BUMOTH 3 ypaxyBaHHAM THIOBHX 3arpo3 (HECAHKIIOHOBAHWA AOCTYI, HOMHJIKH y IIPa-
BaX, BUTOKH IIiJ| YacC NepeJlaBaHHs JaHuX) Ta norpebu ¢ikcyBaTu il KOPHCTYBadiB.

CdopMOBaHO KIIIEHT-CEPBEPHY apXiTEKTYypy Ta peasi30BaHO cepBepHuil inTepdeiic nis obMiny
JAHUMH MIXK 3aCTOCYHKOM i 6a3o10 maunux (API). HajzamroBaso posboBy MOeNb A0CTYIY (aaMini-
crparop/nikap/manient) i mpasuia, mo 0OMEXYIOTE Ieperisasn, 3MiHy SaHUX BIANOBIAHO mO posi.
Bukonano Mirpariiro 6a3u JaHUX: IIEpEHECEHO CXEMY JO CePBEPHOIO CXOBUINA Ta HAJAIITOBAHO Me-
XaHI3M aBTOMATHUYHOI'O 3aCTOCYBAHHS 3MiH CTPYKTYDHU IiJ 9ac PO3BUTKY CUCTeMH. PeasizoBanOo
0azosi omepanil momaBaHHs, Heperssgy, PeJAryBAHHS TA BHLAJICHHS 3AIHUCIB AJIS KJIIOYOBHUX Cy-
THOCTEH, & TAKOXX MEXAHI3MH 3aXHCTy: aBTeHTH(IKAI0, aBTOPHU3AI{0 33 POIIMHU, MHGPYBAHHS
9y TauBOI iHdopMaIlil, }KypHAJIOBAHHS Ta ayIUT JOCTYIIB.

st oniroBanHst eeKTUBHOCTI [IEPEXOAY BiJL JIOKAJIBHOrO 36epirants J0 CepBEPHOro,/XMapHOTO
TigX0Ay BUKOHAHO NEePBUHHI BUMIDIOBaHHS 3a IPAKTHYHMMH MeTPHUKAMHU: 4acC BiANOBIiZI cepsepa
Ha 3anuTd, cTabinpHicTs PO6OTH, KIIBKICTH HOMHIOK Ta 3pyUHICTH agMminicTpyBamusa. OTpuMaHO
npale3jgaTHU# MPOTOTUIT Y CEPBEPHOMY CEPEJOBUIN] i MepBUHHI PE3YJILTATH TECTYBAHHS, IO Ti-
TBEP/KYIOTh NPUJATHICTh HiIXOMY AJs MOJAJIBIIOTO PO3BUTKY. PimeHHA MOXKe OyTH KOPHUCHUM
anMinicTparopaM (kepyBaHHs IHGPACTPYKTYPOIO), MiKapsaM (poGoTa 3 NPU3HAUEHUMH HAIEHTAMHY )
Ta TAI[IEHTAM (663HeqHI/H71 OOCTYII 0 BJIACHUX MEIUIHUX ,Z(aHI/IX).
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AHaniz mateMaTUYHNX MoAenei MoLINpPEeHHS
iIHcpbopmauii B couiymi

H. I. Tum6pak

Y poboTi PO3IVIAHYTO 3a/1a4y MOJEJIOBAHHS MOIIUPEeHHs iHpOopMalil B COMaIbHUX Mepekax 3
ypaxyBaHHAM SK CTPYKTYpH Mepexi, Tak i uponecis rpancdopmanil nosigomiens. AKTyaJabHICTD
nocaimkenasa 00y MOBJIEHA 3POCTAIOYNM BILIHBOM iH(MOPMAIiRHNX MOTOKIB HA CYCIiJILCTBO.

st ToCaiayKeHHs MPOAHAII30BAHO KJIACHYHI MIXOMU 10 MOJEJIIOBAHHS, 30KpPEMa eIri1eMioso-
riumi (SI, SIS, SIR) Ta noporosi mozesni. Ha ix ocHOBI po3pofieHo mporpaMHUN KOMILIEKC HA MOBI
Python 3 Bukopucranusm 6i6miorexu NetworkX, mo g03B0J1si€ TPOBOAUTH iMiTaliifHE MOIEIIOBAHHS
Ha rpadOBUX CTPYKTYPaxX.

KirogoBoio ocobiuBicTioO pobOTH € 3ampONOHOBAHME HiAXiZ A0 MOAETIOBAHHS TpaHCHOpPMAIlT
indopmarii, mo 6a3yerbca Ha inTerparil 3 BEIMKMMH MOBHHME MOZEJISMH IITYYHOIO IHTEJIEKTY
(Google Gemini API). Tara mMozesns imitye ingusigyansry iHTEpIperanio Ta ajanTanito mosigom-
JIeHHS] KOXKHHUM areHTOM y mporieci fioro nomwupenHsd. /lj1sg aHami3y pe3y/ibTaTiB BUKOPHUCTOBYETHCS
LI, sxuit omiHioe ceMaHTHYHY HOAIOHICTH 3reHEPOBAHUX IIOBILOMJIEHD.

B pamMKax €KCIepHMEHTAJIBHOIO JOC/IIIZKEHHS IPOJAEMOHCTPOBAHO, L0 XaPAKTED TpaHCdOpMa-
il MOBITOMJIEHHA CYTTEBO 3aJIE2KUTh BiJ MOro MOYaTKOBOTO THUIY. BUABIEHO Taki 3aKOHOMIpHOCTI:

a) dakrmuni nosigomienss 36epiraloTh OCHOBHUM 3MICT i3 HE3HAYHUMHE PO3IIMPEHHSMHE;
6) HenpaBaWBI MOBIOMJICHHS 333HAIOTH 3HAYHMX 3MIiH y mpoueci momupeHHs;
B) Cy0’€KTHBHI JyMKH MAlOTh TEHJEHINIO J0 y3araJbHEHHs Ta HeHTpasizail.
3anpononoBauuii miaxia 3 inrerpanieo 11 g03BoJisse MOAEMIOBATH He JUIle (PAKT MOITHPEHHS
indopwmaril, a # kinpkicHO ominoBaTH 3Miny iT ceManTHYHOrO AApa. OTpUMaH] PE3Y/IBTATH MOXKYTh
OyTH BUKODHUCTAHI AJIS JAOCHiAKeHHs iHGOpMamiffHuX KaMIaHiil, BUABIEHHS PHU3UKIB IOIIUDPEHHS
nesirgopmanii Ta po3poOKK CTpaTeriii ynpasiiHHs iHGOpMalieo.
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Performance-Aware Al-Assisted Engineering

D. Tsomenko

General-purpose Al coding agents still struggle on repository-scale and performance-sensitive
systems work. In a randomized trial on real open-source repositories, experienced developers became
19% slower when allowed frontier AI tools [1]. Repository-level context is not a solved problem
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either: a recent evaluation of AGENTS.md-style context files found that LLM-generated files slightly
reduced task success and increased inference cost by over 20% [2]. A concrete systems example
is even sharper: a public benchmark of an LLM-generated Rust rewrite of SQLite reported an
approximately 298 x slowdown on its least pathological path and 20,171 on primary-key lookup
[3]-

This experiment purposed to show that Al-Agents still don’t work well in performance-critical
environments. As an example, we try to build DBMS engine to pass TPCH benchmark. We address
the performance problem by constraining the agent with four artifacts: (1) executable specs for
semantics and performance invariants, (2) explicit plans that decompose the rewrite into revi-
ewable steps, (3) reusable skills encoding systems patterns such as vectorized execution, memory
layout, and profiling, and (4) an indexed corpus of database-performance papers used for grounded
retrieval during implementation. The objective is not unrestricted end-to-end generation, but a
controlled search process in which architectural and hot-path decisions must be justified against
prior knowledge.

Our current TPC-H results are materially better than the SQLite cautionary example while
still honestly below native DuckDB which we picked for comparision. The best result is Query 21,
which is only 2.83x slower than DuckDB, while the overall ration slowdown across Q1-Q22 is
21.76x. These results are much better then any experiments in perfomance-critical environments.
This gives opportunities to continue experiment and research with proposed approach.
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[3] Vagabond H. Your LLM Doesn’t Write Correct Code. It Writes Plausible Code. Public
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3acTocyBaHHSI MALLMHHOIO HaBYaHHA ONs
onTMUMI3ayil TeXHIYHUX IHANKaATOPIB

C. B. YepHos, I'. B. ITopeB

EdexTuBHiCT anropuTMivHOrO TpEHAMHTY 3aJI€XKUTH Bix TouHOCTI aHaumizy. Ockinbku okpemi
IHAUKATOPH YacCTO NAalOTh XUOHI CHIHAJH, JOUIIBHO BUKOPHUCTOBYBATHU 3BeJeHui iHnukarop. IIpo-
Te pydHUi migdbip Bar g MecaTKiB mapaMeTpiB YTBOPIOE MPOCTip i3 MinblioHaMu KoMGiHaIii, 1o
BHMAra€ 3a/IyIeHHs MAIIHHHOrO HaB4aHHd. Meroio poboTu € po3pobxa apxiTeKTypPH aBTOMATHIHOT
onruMmizanii 3BeeHOro iHANKaTOpa 3 MATeMATHYHUM [OSICHEHHSIM BILIUBY KOXKHOT o3naku (Explai-
nable AI).

Hasa Bupimenna niel npodaemu po3pob/IeHO KOHBEED MAINWHHOIO HaBYaHHS HA 0a3i FastTree
Regression. 3Begenuil iHAnKaTOP 00UUCIIOETHCS 38 (POPMYIIOO:

Igeneral - (Iosc ° Wosc) + (I'ma : W77La) (1)

ne Iosc, Imaq — curHasm rpyu ingukaropiB, Wose, Wime — ixui Baru. Bxiguuii BekTtop micTurh
28 mapawmerpis (Barm imgmkaTopis, Stop-Loss, Take-Profit). Ilinp0BOX0 METPHKOW Ijisi MOZesl €
BiJICOTOK TpUbyTKY.

Hys yHuKHEHH: NPOOJIEMH <YOPHOrO sImmukay ajaropurm Permutation Feature Importance
(PFT) omintoe maxinns xoedimienra merepminarii (R?) npu mepemimysamni 03HAK, BUOKDEMJIIO-
oun HafBIMBOBimI inaumkaTopu. HaBuanbpHuil gatacer cpOpMOBAHO MIJISTXOM OEKTECTHHTY THCIH
KoMbiHaniit napamerpis. Hap4aHHS Ha WX €MIIPHYHUX JAHUX JO3BOJIHIIO 3HANTH MAKCHUMYM IIPH-
0yTKOBOCTI Ta MOSICHUTH, gKi IHAMKATOPH € PeaJbHUMH DPYIIisaMu IPHOYTKY.
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FastTree Regression ta PFI edpbexTrBHO BUpintyroTs npobiieMy CynepedsnBAX CUTHaJIIB. Cucre-
Ma reHepye mpubyTKOBi cTparterii, 36epiraroun npo3opy Joriky poboTu Ta aJanTyHOYUCh J0 3MiH
punky. Haykosa ninmicTs miaxony mossrae y BupimenHi mpoOIeMH «UOPHOTO SIMHUKA» B AJITOPH-
TMI9HOMY TPeRauHTY 3aBAsku iHTerpamii mozesni rpajgienTHOro GycTuHry 3 agropurmom PFI, mo
3abe3nedye MaTeMATHYHY IHTEPIPETOBAHICTD BILIMBY KOYKHOI'O TEXHIYHOIO IHIMKATOpA HA KiHIIEBHH
dinancosuit pesysnbrar.
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OnTtumizauia obpobkun ¢iHaHCOBUX HacoBuX psigis
ONsi 6eKTeCTUHry cTpaTerii

C. B. Yepnos, I'. B. ITopes

Jocmiakyerhcss pobyieMa TPUBAIOTO GEKTECTUHTY HA BEJIMKHUX 00CATaX iCTOPUYHUX JAHUX.
3anpoloOHOBAHO apXiTeKTypHe pileHHs Ha 6a3i KenlyBaHHSA CUTHAJIIB Ta MAaTEMaTHIHOT ONITUMi3alil,
L0 IPUCKOPUJIO TECTYBAHHA y THCAY pasis.

CTBOpEHHS TOPrOBUX CTpaTeriii BuMarae GEKTeCTHHTY Ha BeJIMKUX iCTOPMYHHX Iepiogax. Tpa-
nunidinni miaxia (Brute-Force), 3a gxoro Texnivui iHAMKATOPH HOBHICTIO IEPEPAXOBYIOTHCA s
KOXKHOT HOBOT KOMGiHaLil mapamMerpis, IPU3BOAUTD 10 KPUTUIHOTO MAJIHHS MIPOAYKTUBHOCTI Ta Ie-
peBanTaxkeHHst mam’siTi. Mero € po3pobka onmTumizoBaHO! apxiTeKTypm 0OPOOKH <TACOBUX DsIiB
JITST KAPAMHAJIBHOTO 3MEHITIEHHST 9acy MOJETIOBaHHs 6€3 BTPATH TOYHOCTI.

IIporec GexTecTUHTY po34ineHo Ha (a3 HOMEPESHBOTO PO3PAXYHKY Ta MAPAJIEILHOT CHMYIAIil.
3HauenHs 24 6a30BUX IHAUKATOPIB PO3PAXOBYIOTHCS JIMIIE OAUH pa3 i 30epiratoTbCsd B ONEpPAaTHUBHIN
nam’aTi (in-memory kemr) sk HOpMasizosani curHaman S € {—1,0,1}. 3aBasgku nbOMy BHYTpIiIIHIH
OUKJI CHMYJIATi] 3BOAUTHCS OO CKAJISIPHOIO HOOYTKY BEKTODIB:

11 13
GeneralIndicator = Wosc X:(stC cw;) + Wina Z(Sjma “wj) )
im1 j=1

ne W i w — BaroBi koedimienTu rpyn Ta ingukaTopiB. Takuil miaxix ycyBae BHUiNeHHA 3aliBol
nam’aTi (Zero Allocation) Ta 103Bossi€ po3napaaenuTu OGIUCIEHHs Ha BCl 97pa IPOLecopa.

V nopiBHAHHI 3 KJIACHYHAM HiAX0A0M ([IOBHUM IIEPEPAXyHKOM iHAMKATOPIB Ha KOXKHI# cBiuIyi),
apXiTeKTypa KellyBaHHs Ta BEKTOPHOI MATEMAaTHKHU JI0BeJa BUCOKY edeKTHBHICTb. Jac 6eKTeCTHH-
ry 4 map 3a 6 pokiB CKOPOTHBCS 3 PO3PaXyHKOBUX Micaris g0 10 roaus, oo yMOXKJ/INBUIIO MAIITHHHE
HaBYaHHs. HayKoBa IiHHICTH MiAXOAY MOJSITAE y CTBOPEHHI apxiTekTypu 06pobKu (piHAHCOBUX [1a-
HUX Ha oCHOBI In-Memory KemmyBaHHSA Ta BEKTOPHOI MaTeMAaTHKH, IO HiBeJIO€ IpobieMy IepeBaH-
TayKeHHS MaM’sATi Ta J03BOJIAE€ ONTHMI3yBaTH OOYMCIIOBAJIBHI IPOIECH AJIs HAJABETUKUX MACUBIB
YaCOBHX PSAIB.
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Data-Driven Backwash Optimization in
Membrane Filtration Systems

H. Chomko, I. Rozora

Membrane filtration is an important technology in modern water treatment, but its efficiency
is strongly affected by membrane fouling, which leads to a gradual increase in transmembrane
pressure (TMP), higher energy demand, and possible deterioration of system performance [1, 2].

Backwashing is commonly used to control fouling, yet fixed backwash schedules are often ineffi-
cient: excessively frequent cleaning causes unnecessary water loss and operational interruptions,
while delayed cleaning allows fouling to accumulate and increases process risk [1, 2, 3]. Therefore,
the development of adaptive, data-driven strategies for backwash scheduling is a relevant practical
task.

This study investigates the use of time-series analysis and machine learning to support backwash
optimization based on TMP data. The workflow includes backwash event detection, segmentation of
the process into filtration cycles, and extraction of features describing fouling growth, post-backwash
recovery, and longer-term membrane behavior. Particular attention is given to cycle-based TMP
dynamics, since they provide a more informative representation of fouling development than raw
measurements alone. The overall aim is to move from fixed-time backwash operation toward a
more intelligent framework that can improve cleaning decisions while maintaining stable and safe
filtration performance [3].
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Cucrema 006niky Ta KOHTPOAO NPUAATHOCTI
MeandHux i kocmetndHmx 3acobis CosmetiCare
A. JI. FOpeBuu

KonTpoas cTany anteduku Ta 6e3[E€YHOCTI KOCMETHKH € BAXKJIMBOK CKJIAJIOBOID TYypOOTH IpO
310poB’s. [cHyI04l HA PUHKY 3aCTOCYHKHU (DOKYCYIOThCS IIE€PEBAXKHO Ha KOCMETUYHUX 3ac00ax, irHo-
pyrouu 06gik TepmiHiB npumarHOCTI MegukameHTiB. MeTon poGOTH € CTBOPEHHSI KOMILIEKCHOTO
MObisBpHOTO 3acTocyHKY «CosmetiCarey, skuit 06’enaye 111 GyHKIIT B €uHI#l eKocucTeMi.

3acToCyHOK pO3pobsieno MoBoro Kotlin i3 BukOpmCTaHHAM [IEKIAPATUBHOIO (PPEHMBODKY
Jetpack Compose [1]. Apxitexrypa nofynosana 3a mabaonom MVVM (Clean Architecture) mna
edeKTUBHOTO po3dineHus 6izuec-ymoriku Ta Ul-piBus. 36epekeHHs JaHUX peasi3oBaHo Ha 6asi pe-
asnifinoi CYB/I SQLite (6i6aioTexka Room).

Pozpobnena cuctema HaJa€ KOPUCTYBAYAM TaKi KJIIOYOBI MOXKJIUBOCTI:

a) BeJleHHs IHBEHTAPIO 13 3a3HAYEHHAM KiHIEeBOI gaTu npuaarHocTi Ta nokasuuka PAO (Peri-
od After Opening);

6) aBTOHOMHMHA aHaJi3 Cckiamy: posnisHaBamHst TekcTy ermkerku (Google ML Kit) Ta Jo-
KasbHa 3BipKa 3 6a3010 Coslng [2];

B) mepcoHasi3anis Ge3meKn: aJIrOpUTM BpaxoBye IPodiib KOPUCTYBada (aJIepreHn, « IATAInii
pexum» ) Ta GopMye iEauBiTyanpHI IONEpPEKEHHS M0N0 KPUTHYHUX KOMIIOHEHTIB;
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r) imTesekryanpHuil anamiz cymicuocri (Cross-Check), sikuit BusBisge KOHQIIKTH aKTHBHIX
iHTpeieHTiB npu HOPMyBaHHI MOAEHHO! PYTHHH IOTJISIY;
1) cucrema ¢onosux push-cnosimens (WorkManager) npo HaGnukeHHst KiHIS TepMiHiB IpH-
JaTHOCTI 3aC00iB.
3aBagaku anaroputmaM on-device OCR Ta JokanbHIM 6a3i gaHWX, CHCTeMa TapaHTYE BUCOKY
MIBUKICTH pOOOTH Ta HOBHY KOHMINEHIIMHICTh IEPCOHAJIBHUX [TAHUX KOPHUCTYBa4a 0€3 miKJIroue-
HHS 00 Mepexki [aTepHer.
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Cexkmiga «Metoanka
BUKJIQJaHHI MaTeMaTUKN»

BukopucraHHa mixknpegmeTtHux 38'sA3KiB Ha
ypoKax mMaTeMaTuku

I. M. Bopobeii, C. B. Kyuinipenko

Y konrekcTi pedbopMyBaHHs OCBITHBOT rajysi Ta BupoBajpkenus KoHuennil HoBol ykpalHCbKOT
mIKoJIM 0COOIHBOI akTyasbHOCTI Ha0yBae nuTauHs iHTerpanii 3MicTy HaBYaHHS 33771 POPMYBAHHS
KJIIOYOBHX KOMIIETEHTHOCTeH yuHiB. J[ONIIEHIM iIHCTPYMEHTOM peaJiizalii 3a3Ha4eHrX 3aBJaHb € 3a-
CTOCYBAHHS MiXKIIPeIMETHUX 3B’s3KiB IPU HABYAHHI MATEeMATHKU B 3aKJa/aX 3araJbHOI cepeaHbOT
ocsiTu.

Bceranosmenusa MiXIpegMeTHHX 3B’43KiB 3a0e€3Iedye CUCTEMHY Y3TOI KEHICTh HABUAJLHUX [IH-
COUIJIIH, IO cupuse po30y/IoBi IiMiCHOI HAYKOBOI KapTUHK CBITY Ta aKTHUBi3arii mizHaBaJbHOT fi-
SIBHOCTI 3100yBadiB ocBiTu. IIpakTuyHa peanizanis MiKmpeaMeTHOI iHTerpanii gae y4HSAM 3MOrY
e(hPeKTUBHO 3aCTOCOBYBATHA MATEMATUYHUN anapar i PO3B’S3yBaHHS NPUKJIAIHAX 331a4.

OcobsinBOro 3HaYeHHS MXIpeIMeTHI 3B’ 43KH Ha0yBaIOTh 33 yMOB peaJri3aril KOMIeTeHTHICHO-
ro miaxony. Boun cnpusiors (POPMYBAHHIO MATEMATHIHOI, IPUPOSHUIO-HAYKOBOI, iHdopMmaiiino-
1 poBol, MAMPUEMHHUIIBKOI Ta IHIMUX KJIIOYOBHX KOMIIETEHTHOCTEH. MaTeMaTnka € BaKJIUBUM
incTpyMeHTOM Jj1s po3yMinus cBity. Bona 06’ennye 3nanns 3 disuku, ximii, indopmaruku, exono-
Mmikn, 6iosoril, reorpadif Ta inmux Hayk. [IpakTuvyna peanizanisa mi>knpegveTHux 38’ 3KiB 3ai#iCHIO-
€THCsI Yepe3 BUKOPUCTAHHS IHTErPOBAHUX 3aBJaHb, IPOEKTHOI MiAIbHOCTI, JOCTITHAIIBKUX METOIiB
HABYAHHS, & TAKOXK ITPOBEJIEHHS IHTEIPOBAHUX ypPOKiB. Taki ¢bopmMu pobOTH HiIBUIILYIOTH MOTUBA-
1o y9HIB 40 HABYAHHS, DO3BUBAIOTH KPUTHUIHE MUC/IEHHS T3 CIPUSIOTH (POPMYBAHHIO IPAKTHIHIX
YMiHb.

BukopucTaHHst MI>KIIPEAMETHUX 3B’SI3KiB Ma€ TIEBHI MEPEITKOAN Yepe3 ePEeBAHTAKEHI HABYAJIb-
Hi mporpaMu, 6pak ayIUTOPHOTO 4acy, pi3HuMU piBE€Hb 3HAHb YYHIB, HEJOCTATHIO CIIBIPAII0 MiXK
BUYATEIsIMU-IIPeAMeTHUKAaMU. [IJIs I0M0/IaH s 3a3HaYeHUX IEePEIIOH NOTPIOHO mijBuIlnyBaTH PiBEHD
npodeciiinol migrOTOBKH BYKTENIIB, CHCTEMHO y3rOJpKyBaTd 3MicToBi sminil HaBwaspHEX mpOrpa,
BHKODHCTOBYBATH iHHOBAIliliH] Iearoriyui TeXHOJIOrIT Ta CTBOPIOBATH CIPHATINBE OCBITHE CEpPeJIO-
BHITIE.

Omxke, peagizamisa MiXKIPeIMETHUX 3B’SI3KIiB € BACOMUM YHHHUKOM ITiJABUITEHHS €(PEeKTUBHOCTI
HaBYaHHS MareMaruku. CHCTeMaTU4YHa iHTerpalis 3HaHb A03BOJis€ (HPOPMYBATH KJIFOUOBI KOMIIE-
TEHTHOCT] YYHIB 3aKJIa/iB 3arajbHOI cepeTHBOT OCBITH BiJIIIOBIAHO /10 CyH9aCHUX OCBITHIX CTaHIAPTIB.
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3acTtocyBaHHs1 3a4a4 Ha NepesinBaHHSA pPiauH y
HaB4YaHHI MAaTeMaTUKWU

O. B. I'pineuko

Cy4acHa MaTEeMaTHIHA OCBITA OPIEHTYETHCH HA PO3BUTOK KJIIOUOBHX KOMIIETEHTHOCTEH, 30Kpe-
Ma, JIOTIYHOTO Ta aJrOPUTMIYHOIO MUCJIEHHS. BaXk/IMBY POJIb ¥ IIHOMY NPOIeCi BiAirpatroTh NpuKia-
nui Ta npobJseMHi 3a7a4i, cepen AKUX 0CcOOJIUBE Micie 3afiMalOTh 33134l HA MMepeJuBaHHS PiJAuH.

Taxki 3amadi € epekTuBHUM iHCTpYMEHTOM aKkTHBi3amil Hi3HABAJIBLHOI AIANBHOCTI yUIHIB, OCKIIb-
KM IOETHYIOTh irpoBHil XapakKTep i3 riimbOKUM MaTeMaTHYHHM 3MicTOM. BOHH 03BOJSAIOTH Opra-
HI3yBaTH HABYaHHS K JOCAIAHUIBKUN mponec: Big iHTYyITHBHOrO nepebopy Ai#l 10 yCBigomJieHHS
3araJibHUX 3aKOHOMipPHOCTEHH.

K/Ir0490BUM METOAMYHUM ACIEKTOM € [epexia Bix eMImipudHMX cTpaTreriil 70 TeopeTuvHOro 00-
I'PYHTYBaHHS. Y CTaITi IIOKa3aHO, IO MOXKJUBICTH OTPUMAaHHS 3aJaHOr0 O00’€My piAWHU BHU3HA-
Ha€eThCAd YMOBOIO IOALIBHOCTI IBOTO 00’eMy Ha Ha#binrbmuil coisbHUM AiIbHUK 06’€MiB MOCYIWH.
TakuMm 4UHOM, 3a/a4i HA IMepeIuBaHHS (DAKTUYHO 3BOASATHCI [0 PO3B’a3yBaHH JiHIHUX giodan-
TOBHUX PiBHSIHBL BULJIAAY az + by = c.

MeToauaHO OOLIABHO OpranHizoByBaTH pOGOTY 3 TAKHMH 33[aUaMH y KijJbKa eTamiB: aHasi3
yMOBH Ta 100yqoBa Mozeni (Tabnuii abo rpada CTaHiB); €KCIEPpUMEHTAJIbHUN MOUIYK PO3B’A3KY;
dopMyTIOBaHHS TiOTE3W IIOAO0 PO3B’A3HOCTI; JOBeJeHHs 3 BUKOpHCTaHHAM Teopil uncen (HCII,
amropur™ Epxmina).

Taxwuit minxin cupusie POPMyBaAHHIO B yYHIB yMiHb MOIE/IIOBATH IPOLECH, AHAJIIZYyBATH CTPYKTY-
Py 3amadi Ta pobuTu ysarajbHeHHs. BukopucTtanHs rpadiB cTaHIiB J01aTKOBO PO3BUBAE ySIBJICHHS
PO AJFOPUTMHE Ta ONTUMI3anifo (IOMIYyK HAXKOPOTIIOrO ILISXY ).

OcobuBy I{iHHICTH MalOTh 33Jad4i 3 pisHuMu ymoBamu (o6MexxeHuil i HeoOMexkeHUH pecypc),
SKi TO3BOJISIOTH BapilOBATH PiBEHb CKJIAJHOCTI Ta peasi3oByBaTH AudepeHIioBaHmn miaxin y Ha-
Buyanui. BoHE Tak0K MOXKYTh BHKOPHCTOBYBATHCS y MO3aKJACHIE poboTi, ryprkax i migrorosni 1o
ostiMriaz.

TakuM crroco00M, PO3IJISHYTO METOAUYH] ACTIeKTH BUKOPUCTAHHS 33/1a9 HA NEPEJINBAHHS PiauH
y WKIJTbHOMY Kypci MaTemMaTuku. Iloka3ano X posb y OpMyBaHHI JIOTiYHOr0, aIrOPUTMIYHOTO Ta
NOCTiTHUIBKOTO MUCJIEHHS y4HIB. OOIDYHTOBAHO MOINIJMIBHICTE BUKOPHCTAHHS BJIACTHUBOCTEH Hali-
OiJIBIIOrO CHIJIBHOTO [iJIBHUKA TA B3a€MHO IPOCTUX YKCEJI JJIs BCTAHOBJIEHHS PO3B’SI3HOCTI 33,a4.
Hapegeno migxomm g0 opranizaril HaBYaJIhHO! MisSJILHOCTI YyYHIB i3 mepexojoM Bij eMIIipUIHOrO
MOIIYKY 70 T€OPETHUIHOTO y3arajJbHEeHHSI.

AsTOopu

Ounena BiraniiBHa I'piHeuko — crygenTka 4-ro KypcCy, MEXaHIKO-MAaTeMATHIHAN (PAKY/Ib-
Ter, KuiBcpkuit HanjoHasbHuil yHiBepcurer imeni Tapaca Illeruenka, KwuiB, Ykpaina; E-mail:
olenagrinechko@gmail.com

BaxknusicTtb iHTerpauii npegmeris 3aana
e(peKTBHOro HaB4YaHHS
A. A. 3y6

V cyuacHiit ocsiti Bce 6inbmol Baru HabyBae iHTerpanis HaBYAIBHHAX IPEIMETIB K e(DEKTHUB-
HU# niaxig 10 popMyBaHHS MiJTICHOTO CBiTOIIAMY y4HIB. 3aMiCTh PO3DPI3HEHOrO 3aCBOEHHS 3HAHD
MIKOJISIPI OTPUMYIOTH MOXKJIUBICTH OAYUTU B3a€MO3B’A3KH MiXK PI3HUMH AUCIHUILTIHAMH Ta 3aCTOCO-
BYBATH 1X y PEAJbHUX KUTTEBUX CUTYAI[isIX.

luTerparnis MareMaTuKy T3 NPUPOSHUYUX HAYK € OCOOJIHMBO BAa’K/UBOIO, a/PK€ BOHA HO3BOJISE
noeqHATH a0CTPAKTHE MUCJIEHHS 3 NPaKTUYHUM H0cBimoM. Hanpukiaans, 004YnCIeHHS IBUIAKOCTI y
&bizuni, BU3HAUYEHHS MACOBHX YacTOK y XiMil um anHasi3 6i0JIOriYHHX IPOIECIB CTAIOTH 3PO3YMiJi-
UMK, KOJIM Y9HI BUKOPUCTOBYIOTh MAaTE€MATHYIHI iIHCTPYMEHTH JJisI TIOSICHEHHST IPUPOJIHUX SIBUIII.
Taxuit miaxin He sumnre morubiIoe 3HAHHS, a i PO3BUBAE JIOTIYHE T4 KPUTHIHE MUC/ICHHI.
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EdexTuBHiCTE iHTErpoBaHOrO HaBYAHHS 3HAYHOKI MIipOIO 3aJI€XKHUTh BiJl ypaxXyBaHH$ BIKOBHX
ocobsiuBocTell yuHiB. MOJMOANI MKOISIPi Kpalle CIpHAMAaTh MaTepiaJ Yepe3 HAO0YHICTh i TPaKTH-
49HI 3aBOAHHS, YIHI cepemgHix KaaciB 3xaTHI aHAMi3yBaTH CKIAAHINI MOHATTH, & CTAPIIOKIACHUKN
MOXYTh PO3B’SI3yBAaTH KOMILJIEKCHI Mi>KIIpeMeTHI 33/1a4i, BUKOPUCTOBYIOYN 3HAHHS 3 Pi3HUX TraJLy-
3eif.

BaxknuBy posp y npoMmy mporeci BigirparoTs cydacHi niudposi TexHosoril. Bukopucranusa iH-
TePAKTUBHUX IIATHOPM, BIpTyagbHUX JaOOPATOPift Ta iHCTPYMEHTIB [/ aHAMi3y JAHUX POOUTH
HaBYaHHS 0BT HAOYHUM, AUHAMIYHUM 1 HaGAVIKEHHUM 10 peasibHOro XuTtd. 1le migsuiiye 3arri-
KaBJIEHICTh YYHIB i cIpusie KpaloMy 3aCBOCHHIO MaTepiay.

IuTerpoBane HaBYAHHS TAKOXK Iepenbadac pizHoMaHiTHICTH pOopM poOOTH: Bix MOTHBAIifHEX
3aB/IaHb | AHAJITUYHOTO MOJEJTIOBAHHS O IPAKTHYHUX €KCIIEPUMEHTIB, TBOPYUX IIPOEKTIB i rpyIo-
BuX 00roBopens. Taka CTpyKTypa ZOmOMAara€ ydHaM He Jjmmre 3400yBaTH 3HAHHS, a U PO3BHUBATH
HABUYKHM CITIBIPAIll, CAMOCTIHHOIO MUCJIEHHS T4 BiAOBiJaAbHOCTI 38 pe3ysibTaT.

Om:xe, iHTerpanis npegMerie € kiawodeM 10 edeKTUBHOIO HABYAHHS B CydacHi# mkosi. Boua
cnpuse HOPMYyBaHHIO KOMIIETEHTHOI, IHY4YKOI Ta MHCAAYO0] 0COOMCTOCTI, 3JATHOI 3aCTOCOBYBATH
3HAHHS Ha IPAaKTHI Ta YCHINIHO AiSTH B YMOBAaX IIBUJIKUX 3MiH CYy4aCHOTO CBITYy.

AsTOopmu

Auna AmpppiiBua 3y06 — cryaeHTka 4-r0 KypCy, MeXaHIKO-MAaTeMATHIHUN QaKyiIb-
rer, KulBchbku#t nanionasbuuil yuiBepcurer imeni Tapaca lllesuenka, Kuis, Ykpaina; E-mail:
anuittta@gmail.com

BukopucraHHs wTy4YHOro iHTenekTy ans
pO3p001eHHs1 TECTOBUX 3aBAaHb Y HaBYaHHI
MaTeMaTuKun

B. A. Kanucs

AKTyaJbHAM HAMPIMOM MOJEpHi3aIlii MATEeMATHIHOI OCBITH € BIPOBAJKEHHS MUMPOBUX iH-
CTpyMeHTIB, 1110 3a0e31e4y0Th 1HUBIIya1i3a1il0 HABYAHHS Ta 3BOPOTHUH 3B’s130K. [lomysnsipHaumMu
crasu inrepakTusHi n1ardOpPMH 3 €I€MEHTAMHE IITYIHOIO IHTEJIEKTY, sIKi JO3BOJISIOTH OPraHi3yBa-
TH HAaBYAJIBHY JiSJIbHICTH y4HIB y rHy4YKOMY dopMmari. OcobJuBy poJsib y IbOMY IIpolieci Bigirpa-
IOTh TE€CTOBI TEXHOJIOTII, SKi 3a0€31eYy0Th He JINIIE OIliIHIOBAHHSA 3HAaHb, a { BUCTYIAIOTh 3aCO00M
HAaB4YaHHA MaTEeMATHUKH. Ax 3a3HAYAETHCA B HAYKOBO-METOAUYIHUX ,Z[OCJ'[i,Z()KeHHHX, e(i)eKTI/IBHiCTB
TECTYBAHHS 3aJIEXKUTh BiJi KOPEKTHOCTI MOOYMOBYU 3aBjaHb, ix BigmoBigHOCTI AugakTwYHIA MeTi Ta
PiBHIO HiITOTOBKH YYHIB 3aKJaJiB 3arajibHOI CepeJHBbOI OCBITH, a TaKOXK BiJl HagBHOCTI cHCTEMH
TEeXHOJIOri#t TecTyBaHHS.

YV Mexax JOCTiIzKeHHs po3po0JIeHO MaKeT OHJIAWH-peleTUTOpa 3 MaTeMaTHKN y (hopMaTi Beb-
mraTdopMu 3 iHTerpoBaHuM 4aT-60TOM HA OCHOBI IITYYHOro iHTEJEKTY. 3aIpPOINOHOBAHMH Imiaxis
nepenbadae GOpMYBAHHS IOACHEHb HABYAJIBHOIO MaTepialy BiANOBiAHO 0 0OpaHOl TeMU Ta aBTO-
MaTHYHE TeHEPYBAHHsI TECTOBUX 3aBJAHb, MOOYIOBAHUX 13 ypaXyBaHHIAM METOAMYHUX MPWHITAITIB:
MIOCTYIOBOIO YCKJIAAHEHHS, I€PeBipKY PO3yMiHHS MOHATH 1 3aCTOCY BAHHS 3HAHDb. Peasnizaria Takoro
migxoAy crpusi€ akTupizaril misHaBaJabHO! AisIbHOCTI yuHiB i miaBuilye edpeKTUBHICT 3aCBOCHHS
HABYAJBHOI'O MaTepiamy.

Cnucok nitepatypm

[1] Holmes W., Bialik M., Fadel C. Artificial Intelligence in Education: Promises and Implications
for Teaching and Learning. — Boston: Center for Curriculum Redesign, 2019.
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Bikropia AnapiiBaa Kamnuce — cTygeHTKa 3-TO KypCy, MEXaHIKO-MATEeMATHIHIH PaKyiIb-
Ter, KuiBchkuit HamioHasbHuil yHiBepcureT imeni Tapaca Illepuenka, KwuiB, Ykpaina; E-mail:
kapysva@Qgmail.com
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Development of game simulators for studying of
arithmetic operations

A. Klokta, M. Nazarenko

Today, having a calculator in every pocket, students have more and more problems with their
calculating skills. When students skip this part, they soon have problems with topics of the middle
school(for example, degrees properties, fractional rational expressions, etc), because it is the basis
for learning algebra and geometry.

The purpose of this work is to perform diagnostics among students in both general education
schools and specialized lyceums to identify typical student mistakes and find ways to overcome
them. In the end of this experiment students should make all arithmetic actions automatically, be
able to calculate quickly and in the right way, using mental math and tips for fast calculation.

Then, based on the results, there was developed a set of tasks of different complexity to
systematic review and consolidation of the skills that students gain during the studying of the
topic in grades 5-6. For weaker students and students with special educational needs, there was
developed a system of helpful cards with rules with easier way to simplify understanding of the
topic.

The novelty of this study is combining mathematical diagnostics with the analysis of cognitive
factors (such as attention and self-control), which allows not only to identify typical calculation
mistakes but also to explain the reason of their emergence.

The teacher needs to have a large supply of tasks, which makes impossible to prepare all
materials manually. So, this work results help to automate some processes. The developed materials
can be used both in the daily practice of a teacher/teacher’s assistant and during the preparation
of test papers.

The results of the study can be used for designing differentiated learning materials, improvi-
ng teaching strategies, and supporting students with learning difficulties in inclusive classrooms.
Created tools will ensure a solid foundation between the primary and main mathematics courses
and regular practice until graduation (especially relevant during the period of active preparation
for National Multi-Subject Test).

AsTOopu

Anzhelika Klokta — 1st year Master student, Taras Shevchenko National University of Kyiv;
E-mail: afursa28@knu.ua

Mykola Nazarenko — Associate Professor, Mechanics and Mathematics Faculty, Taras
Shevchenko National University of Kyiv; E-mail: nanazarenko@gmail.com

AHani3 ecpbeKTUBHOCTI TECTOBUX TEXHONOrI Ans
nepesipku 3HaHb Y4HIB

B. O. KpaBuyeHko

CyuacHa CHUCTeMa MAaTEeMATHYIHOI OCBITH MOCTIHHO YAOCKOHAIIOETHCS, | OMHUM i3 KJIFOUOBUX 3aB-
NaHb cTae 3abe3redeHHs SIKICHOTO OI[iHIOBAHHS HABYAJbHUX JOCSITHEHb YUIHIB. OCOBIUBO BasKJIMBUM
B YMOBAaX JHCTAHIIIHOTO Ta 3MIMMAHOTO HABYAHHS MATEMATHKH y CYYACHHX 3aKJAJaX 3arajbHOT
cepesHbOl OCBITH, $IKAa OPIEHTOBAHA HA PO3BMTOK KOMIIETEHTHOCTEH y4HIB, € OLiHIOBaHHS 3HAHb
Oinbmr 06’€KTUBHUMH, IPO30PUMH, MIBHAKUMHU Ta 3pyIHEMH Meromamu. OCHOBHA MeTa JOCIIiIKe-
HH$ CIIPSIMOBAHA HA BU3HAYEHHS €(PEKTUBHOCTI BUKODHCTAHHS TECTOBHUX TEXHOJIOTIH [Jis OIiHIO-
BAHHS HABYAJHHUX JOCSTHEHb 3 MATEMATHKH Ta BUSBJIEHHs CTABJIEHHS YYHIB 0 BUKOPUCTAHHS
yCHUX, INCBMOBHUX TECTOBUX 3aBOaHb, TECTOBUX 3aBAdHb HA L[I/ICI)pOBI/IX HJ'IaT(i)OpMa,X 3 MaTeMaTHu-
xu. B gocuirkenHi, B sskoMy B3siin yaacThb yuHi 5—-11 kiaciB pi3umx 3akianis, 6yiu BEKOpPHUCTAHI
HACTYIHI METOU OIiHIOBAHHS: aHKETYBaHHS y4HIB, aHAJI3, y3arajbHeHHs OTPUMAHHUX DPe3yJIbTa-
TiB. OuuTyBaHHS IPOBOAMJIOCH 33 LOIOMOrOI0 OHJaMiH-amkeru, crBOpeHol ma mirardopmi Google
Forms. Pe3ynbraTu onuTyBaHHS [I0KA3aJ/Id, 10 TECTOB] 3aBJaHHs HOCUTH 9aCTO BUKOPUCTOBYIOTHCS
Ha YPOKaxX MAaTeMaTHKH B 3aKJIaJ[aX 3arajbHoOl cepe/IHBOI OCBiTH. BinpmicTs y4yHIB Hatae mepeBary
TECTYBAHHIO cepeJl iHIMUX GOpM KOHTPOJIIO 3HaHb Ta BBayKa€ OHJIAWH-TECTYBAaHHS HaNOIIbII 3py-
9HUM. Y49HI BiA3HAYAIOTH HHU3KY [IePeBar TECTYBAaHHS HA nudposux mIardopMax, 30KpeMa IMBULI-
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Ky IepeBipKy pe3yibTaTiB, 3py4HICTh BUKOHAHHS 3aBJaHb Ta MOXKJHUBICTb oApa3y IODAYUTH CBOT
pe3yJIbTaTH Ta NOMUJAKH. Pa3oMm 3 TuM OyI0 BUABJIEHO IEBHI HEIOJIKH, cepel] sIKUX CKJIAJIHICTb
BBEJIEHHS] MaTEMATUYHMX BiAmoBifeil, oOMe:keHM# 4aC BUKOHAHHS 3aBIaHb T4 MOXKJIWBI TexHidHi
npobiemMu.

Cnucok nitepatypu

[1] Kyxap JI. O., Ceprierxo B. II. Korcrpyrosaras tectis. Kypc nekniit: mas4a. moci6. JIynex, 2010.
182 c.

[2] Google Forms. URL: https://docs.google.com

[3] IlepeBaru  Ta  Hemosikm  TecroBoro  kouTpostoo. URL:  https://naurok.com.ua/
vistup-perevagi-ta-nedoliki-testovogo-kontrolyu-45213.html
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Bikropia OuekciiBua KpaBueHKO — CTy/IeHTKA 4-TO KypCy, MEXaHIKO-MATeMaTHIHWH ha-
Kynbrer, KuiBchbknil Harjonanpuuit yaiBepcurer imeni Tapaca IlleBuenka, Kuis, Ykpaina; E-mail:
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KomMaHaHI AuAaakTU4YHI irpym ik iIHCTPYMEHT
akTusi3auii HaBYaHHA MaTeMaTUKu

A. C. Kpyrask

AKTyaJbHUM 3aBJAHHSAM CY9aCHO! MATEMATHYHOI OCBITH € MiJBUINEHHS Mi3HABAJIHLHOI aKTHB-
HocTi yuHiB Ta popMmyBaHHs CTifikol MoTuBanil 10 BuBUYeHHS MaTeMaTukd. EdexTuBHuM 3ac000M
po3B’si3aHHS I1i€l TpobeMU € BUKOPUCTAHHS KOMAHJIHUX JUIAKTUYHHUX irOp, MO MOEAHYIOTH iHTe-
JIEKTYAJIBHY [JislJIBHICTD i3 eJleMeHTaMH CHiBIIpalll Ta 3MarajbHOCTi.

Pozpobsieno Ta anpobOBaHO aBTOPCHKI KOMAHHI AUAAKTHYHI irpu Ta BAOCKOHAJIEHO iCHYROUYi
KOMaH/IHI irpu JJ1s1 BUKOPDUCTaHHS IIiJ] 9aC BHBYEHHS MaTeMAaTHKU. [HTenekTyaabHa rpa «bBpeitn-
PHHT» CIPHUSE PO3BUTKY IMIBUIKOCTI MUCJIEHHS, OMIEPATUBHOCTI MPUAHATTS PIllleHb Ta BMIHHS IIBUJI-
KO 33aCTOCOBYBATH MaTeMaTu4Hi 3HaHHd. ['pa «Maremaruanuil TBicTep» MOEAHYE PYXOBY Ta iHTEsIE-
KTyaJIbHY aKTUBHICTB 1 JOITOMAra€e Kpalie 3aCBOIOBATA MATEMATHYHI MOHSTTS Yepe3 KiHeCTeTUuIHe
Hap4yaHHs. Komanana rpa «I'padiyna cKyapnTypay CIpsSMOBaHA Ha (POPMYBAaHHS IPOCTOPOBOTO Ta
rpadivyHOro MucjeHHs mig dac BuB4YeHHs (QyHKOifl. PosboBa kKomangHa rpa «leomerpuuna mpec-
KOH(EPEHI[isT> PO3BUBAEC HABHYKHE MATEMATHIHO! apryMmeHTanii, KyJbTypy MOBJIEHHS Ta BMIiHHS
my06J1ivHO OOI'PYHTOBYBATH BJIACHI DO3B’sI3aHHS.

IIpakTryna anpoballiss 3aIPOMOHOBAHUX ITOP INiJ YaC HABYAJHHUX 33aHAThH Ta OCBITHIX 3axX0iB
IOKa3aJia HiIBUIEHHS HAaBYAJIbHOI aKTHBHOCTI y4HIB, 3pOCTaHHS iHTepecy 10 IpejMeTa Ta OinbIx
AKTUBHE 3aJIyI€HHs IMKOJSAPIB A0 PO3B’A3yBaAHHI MATEMATHIHIX 33/1a4. BUKOPHCTAHHS KOMAH/THIX
IUAAKTUYHUX irOp CTBOPIOE CIPUSTIMBE HABYAJIbHE CEPEOBUINE T4 CIPUSE PO3BUTKY JIOTIYHOrO
MHUCJIEHHS | HABHYOK CIiBIpAIii.

Cnucok nitepatypu

[1] Kosmosa O.M. YnpoBaj KeHHS Cy9aCHHX OCBITHIX TEXHOJIOTIH sk mursax nigsumenHs eeKTHB-
HOCTI Hap4YaHHs MareMaTuku. — depkacu, 2018. - 254 c.
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dopmyBaHHS 0OrpyHTOBAHOCTI Ta pedpnekcii y
npoueci po3s’'sisyBaHHS reoMeTpu4Hux 3agad

K. P. Hikitrok

Y cydacuiii MeTonuIll HaBYaHHS MaTeMaTHKM BakKJHBe Micie mocifae popMyBaHHS B y4HIB
yMiHHS OOIDYHTOBYBATH KOXKEH eTall PO3B’SI3aHHS 33a4i. Mnerbes He Juime Opo OTPEMAHHS IIpa-
BHJILHOTO Pe3y/IbTaTy, & IePeayciM PO CBifoMe 3aCTOCYBAHHSI TEOPETHYHHUX 3HAHL - O3HAYUEHB,
TeopeM i BjacTuBocTed. Takuit minxin cupuse po3BUTKY JIOTIYHOIO, KDUTUYHOI'O Ta KPEATUBHOI'O
MHCJIeHHs { 3abe3nedye riaubIe 3aCBOEHHS HABYAJBHOTO MaTepiaiy.

OpHiero 3 KJII0YOBUX IPobJieM y 3arajbHill cepeHiil OCBITI € cucTeMaTnyHe iIrHOPDYBaHHS yYHSI-
MU eTany oOrpyHTyBaHHS. OCOOIUBO I MPOSBAAECTHCS MiJ YaC PO3B’SI3yBAHHS T€OMETPUYHUX 3a-
a4, 1€ YUHi 9acTO OOMEXYIOThCS 00YNCIeHHIMY 0€3 MOsSICHEHHs 1X TEOPETUYHOT OCHOBU. Y Pe3yJib-
TaTi POPMYETHCA NIOBEPXOBE PO3YMIHHS MaTeMAaTHYHUX MeToJiB. BojgHodac came ob6IpyHTYBaHHS
O3BOJISIE BIJOKPEMUTH JIOTiYHE MUCJIEHHS BiJl IHTYITHBHO-TIOOYTOBOTO Ta MOPMY€E KYIbBTYPY JOBE-
JEeHb.

He MeHIm BasKJIMBHM eTamoM € Bepudikamia pesynbrary. CydacHi JOCHIIXKEHHS aKIEHTYIOTH
yBary Ha HeoOxinnocTi popMyBaHHs B yUHIB yMiHb aHAJII3yBATH IPABUILHICTL PO3B’A3KY, BUSIBJIATH
CYIIepeYHOCTI Ta IepeBipATH MOBHOTY PO3IVISAY BHUIAJKIB. Y MeTOAWUHIi# siTeparypi Tpajauriiino
BHOKDEMJIIOIOTh TaKi OCHOBHI eTamu poOOTH HaJ 33/a4el0: aHaJi3 yMOBH, MOGyA0Ba IJIaHy, HOro
peasizariis 3 po3ropHyTHM OOIDYHTYBAHHAM T3 HePeBIpKa Pe3y/bTaTy.

IIpakrTuanuit JOCBig CBig4uTh IPO HeAOCTATHIN piBEeHb CHOPMOBAHOCTI B yUHIB HABHYIOK CAMO-
KOHTPOJIIO Ta Ma¥CTEPHOCTI MaTEMATUIHUX A0BeeHb. OT2Ke, CHCTEeMAaTHYHE BIPOBAIXKEHHS €TAIiB
0o6IpYHTYBaHHS Ta Bepudikarlil y Iporec HaB4aHHs € HeOOXiJHOIO yMOBOIO (DOPMYBaHHS ININOOKUX
3HAHb Ta 3arajbHOTO MHiABUINEHHS SIKOCTI MATEMATHUYHOI OCBITH.

Cnuncok nitepatypmn

[1] ArTomenko M. I. Po3B’a3yBaHHsI FeOMETPHYHHX 3a4a4: KHUKKA [ BunTes. Kuis: Pagauceka
mKoJsa, 1991.

[2] Demiray, E., Isiksal-Bostan, M., & Sayg1, E. (2025). Constructions in dynamic geometry envi-
ronments: How valid are they? International Journal of Mathematical Education in Science and
Technology, 1-28. https://doi.org/10.1080,/0020739X.2025.2521340

AsTopu
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MoxigHa Ta i BUBYEHHS B paMKaxX LIKINbHOI
nporpamu

M. O. Ouniitnuk, M. O. HazapeHnko

Bupuenns noxigmoi B mkigbHOMY KypcCi are0pu Ta MOYATKIB aHAI3Y € BAXKJIMBHM €TAIIOM,
110 3HAMEHYE Mepexi y4IHs Bij eJleMeHTapHOT MATEMATHKH [0 €JIEMEHTIB MaTEeMATHYHOIO aHAII3Y.
ITe He MpoCTO ONMAaHYBaHHS YEPrOBOTO PO3AiTY, a GYHIAMEHTAIbHUN KOTHITHBHUIN CTPUOOK, SKMi
IO3BOJISIE€ PO3IVIAAATH CBIT He fK Habip HepyXOMHUX 00’€KTiB, 8 AK CYKYIHICTH IPOIIECIB, IO Hele-
PEPBHO 3MIHIOIOTECA. 3 METOAUTHOI TOUKHU 30Dy, I TeMa € 6a3010 IS PO3BUTKY AJITOPUTMITHOrO
T8 KPUTHIHOTO MECJIEHHS CTAPIIOKIACHUKIB.

Jliist mooianHst abCTPAKTHOCTI MOHSTTS TOXiAHOI CydYacHa METOIWKA, BUMAra€ MYJIbTHIUCIIH-
mwIiHapHOTOo nigxoay. OCHOBHUM KOHIENTYAJbHUM MICTKOM TYT BHCTYIIA€ IOHSATTS IPAHUI: IOXiJHA
BU3HAYAETHCS K CKIHYEHHA I'PDAHULS BiJHOUIEHHS 1PpUPOCTy (PYyHKUIT 10 HPUPOCTY apryMeHTY, KO-
IV OCTaHHIN nmpsamye 0 Hyss. Came 1ei nepexia J03BOJIS€ yIHSIM yCBIIOMUTH 3B’S130K MiXK Ci4HOIO
Ta JOTWYHOI, MiXK CepeHBbOI0 Ta MUTTEBOIO IIBUJKICTIO. 3 T€OMETPHUYHOI TOYKH 30Dy MOXiJgHA IT0-
cTae K KyToBui KoedirmienT qotuanol g0 rpadika dyHKIil B neBHiil Toumi. [leit acekT Bizyasizye
WIBUAKICTH 3MiHU: ymM CTpiMKimie migHiMaerbes abo nagae rpadik, Tum GiibmIiuM 33 MOLYIEM €
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3HAaYEHHs MOXiqHOI. BUKOpHUCTAHHS TPAHUIHOTO HEPEXOIy HOSCHIOE, SIK CiYHA MEPETBOPIOETHCS Ha
JIOTUYHY, IO € CyTTEBUM (I PO3yMiHHs NPUPOIU HemepepsHOcTi. Pi3nyna (MexaHiuHa) iHTEpIIpe-
Tallis MOXiAHOT TPAKTYETHCS SIK MUTTEBA IIBUAKICTH HEPIBHOMIDHOTO PYXY.

ITkinpHa Tporpama mo gaxii remi nepegdavac 3aCBOCHHS TAKUX KIIOYOBUX JUJAKTHIHAX MATe-
piaJiB: TabJaKIS MOXIJHUX eJeMeHTapHUX (MYHKIIIH; MpaBusa AudepeHIiIOBaHHS CYMH, J00YTKY Ta
4acTKU GYHKINIH; TOXiTHA CKJIaTeHOl (DYHKIIT; JOCTiIKeHHs MOHOTOHHOCTI (byHKIi# Ta mobygoBa
ix rpadikiB i po3B’a3yBaHHS JEIKNX €KCTPEMAJIbHUX 3a0a4.

Buknaa Temu, noB’si3aHOT 3 TOXIIHO, CYNIPOBOKYETHCS TEBHUMHU CHENU(IIHUMY TPYAHOIIA-
mu. Halibinpmum 6ap’epoM € mepexia Bif AUCKPETHOTO MUCJEHHS A0 COPUHAHSATTI HEIepepBHUX
nporecis. Hacro BunuKae mpobiaema "dopmaabaoro Mexauinuamy". SKicHe BUBUYEHHS MOXiTHOI B
IIKOJI — [ He JINIIe BUKOHAHHS BHMOT IIPOTPAMH, 3 # 3aM0pyKa ycmimuol aganTaril BUIIyCKHAKA
10 BUMOTI' cy4acHOI BHINOI ocBiTu. POpMyBaHHS 3/aTHOCTI aHaJi3yBaTH AUHAMIKY Ta 3HAXOTUTH
ONTHUMAJbHI PillleHHS € KPUTHYHO Ba’KJIUBUM 118 MalbyTHRO! Kap’epl B HAYKOMICTKHUX TaIy3sX Ta
STEM-npodecisax.

AsTopn

Muxknrta Onerosny OniliHUK — CTyeHT 1-ro KypCy MaricTparypH, MeXaHiKo-MaTeMaTuIHIH
dakynbrer, KuiBcbkuit HamioHanbHuil yHiBepcuteT imeni Tapaca I[llepuenka, Kuis, Ykpaina;
E-mail: mykyta_ oliinyk@knu.ua

Mukosia OuekciiioBua HazapeHKO — [0I€HT, MeXaHIKO-MaTeMaTHIHUH (HaKYIbTET,
KuiBcpkuit HamionanbHuit yuiBepcuter imeni Tapaca IlleByenka, Kwuie, Vkpaina; E-mail:
nanazarenko@gmail.com

MopTtdonio mateMaTN4HNX JOCATHEHb Y4YHIB 51K
IHCTPYMEHT OLiHIOBaHHS Y NepcoHasi30BaHOMY
HaB4YaHHI B 3aKJjlagax 3arajibHol cepefHbol OCBITU

FO. O. ITanacrwok, M. B. I'pucenko

CydacHuii pO3BHTOK MaTEeMATHYHOI CHCTEMH OCBITH XapaKTEePU3YETHCS OPIE€HTAII€I0 HA 0CO-
OuCTiCHO Opi€HTOBaHE Ta KOMIETEHTHICHE HABUAHHMA, IO IHependaiac BPAaXyBaHH iHAUBIAyAIbHEX
ocobsimBoCTell, iHTepeciB Ta ocBiTHIX mOTPe6 yuHiB. MoXKIUBOCTI BUKOpHUCTAHHS MOPTGOIIio MaTeMa-
TUYHHUX JOCATHEHD YYHIB PO3IVISIAIOTHCS K iIHCTPYMEHT OIIHIOBAHHSA y CUCTeMI IePCOHAII30BAHOT0
HABYAHHS MareMaTuku. Joc/i/pKeH s ClIPsIMOBaHe HA BUBHAYEHHs POJIi OPTQOJII0 MATEMATUIHIX
JNOCSATHEHb Yy CUCTEMI MOAYJIbHO-€JIEKTUBHOTO HABYAHHS Ta MOro BIJIUBY Ha (POPMYBAHHS iHIUBITY-
AJIBHOT OCBITHBOI TPAEKTOPIT, MiABUIIEHHS MOTHBAII] Ta Pe3yJIbTATUBHOCTI HABYAHHS MaTEeMAaTHUKU.

Bucsitieno ocobauBocTi 6;109HO-MOTYIBHOT CTPYKTYPH HABYAHHS MaTEMATHUKU, 10 Iepeadadae
OISl HABYAJILHOIO MaTepiajy Ha JIOTiYHO 3aBepIleHi TeMaTuyHi MOyJl, HOC/IiqOBHICTD TX BUBYE-
HH$ Ta FHYYKICTB y BuOOpi TeMmmy Hasuanus. OKpeMy yBary IDPHIIJIEHO POJi €I€KTUBHUX KyDPCiB 3
MaTeMaTUKH K BaXKJIMBOIO iHCTPYMEHTY IlepcoHaJizamnil ocBitu. IIpoanasnizoBaHo 3Ha4YeHHS Cyd4a-
CHUX NM(PPOBUX TEXHOJOTIH y MiATPUMIT IEePCOHATI30BAHOI0 HABYAHHS.

OO6rpyHTOBAHO AOLIJIBHICTD BIPOBAJIKEHHS HOBUX IiJAXOAIB 10 OI[iHIOBAHHS HABYAJIBHUX [10-
CATHEHb YYHIB, 30KpeMa (HPOPMATHBHOTO OI[iHIOBAHHS Ta BUKOPUCTAHHS TOPTEOJIIO MATEMATHUIHUX
nocsaruaesb. lloprdonio po3raanaeTses sk 3acid dikcanil inauBityaapHOro nporpecy y4HiB, HAKOIH-
YeHHs Pe3y/IbTATiB HaBYAJBHOI NISIBHOCTI Ta OIIHIOBAHHS JOCATHEHb ¥ MEXKaX OKPEMUX HABYAJIb-
HUX MOJYJIiB.

ITpakTrana anpobarlisi Ta HAyKOBA HOBU3HA IOCJIiXKEHHSI TIOJISATAIOTH Y BIPOBAAXKEHH] MOmesti
6J109HO-MO/Ty/IbHOI OpraHi3alil HaBYaHHsI MaTeMAaTHKU B OCBITHIH IIPOIleC 3aKJ/Iaay 3arajbHOI cepe-
nuBOT ocBiTu «BpuTanikas depes peasnizalliio eJIeKTUBHOTO KYpPCY IJIs Pi3HOBIKOBOI TPYHH YUHIB
y MO€IHAHHI 3 CHCTEMON KypcCiB 3a BuOOpoM. Takok OOIDYHTOBAHO AOLIJIBHICTH BUKODHUCTAHHS
nopTdoJio MaTeMaTHYHUX JOCATHEHb fK IHCTPYMEHTY (DOPDMATHBHOIO OIIHIOBAHHS, IO 3a0e3Ie-
qye MOHITODHHT iHJMBIyaJBHOIO IPOTpPeCy, pedJIeKCil0 HaBYaJbHOI JisSJIBHOCTI Ta IiJBUIIEHHS
MOTHBALil yYHIB 0 BUBYEHHS] MAaTEMATUKU.
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Cnuncok nitepatypun

[1] Learning-Oriented Assessment: An Introduction. Lauren Wyner, Teachers College, Columbia
University.

[2] MimicrepcerBo ocBitu i Hayku Ykpainu. PekoMenganii o0 OIiHIOBAHHS Pe3y/IbTATIB HABYAHHSI
3m00yBa4diB oceitu Binnmosiguo mo JdepxxkaBHOro crangapry 6a30B0i cepenHnoi OCBIiTH.

AsTopu

FOuia OuekcanapiBua Ilamaciok — cTymeHTKa 2-r0 KypCy MaricTpaTypd, MeXaHiKO-
MmaremaTuaHuil bakynprer, Knischkuil Hanionanasuuit yaiBepcuter imMeni Tapaca Illeruenka, Kuis,
Vkpaina; E-mail: juliapanasyukl724@gmail.com

Mapuna BirasiiBaa 'pucenko — jomnenT, MexaHiko-MaTeMaTuIHuit dakynbrer, KuiBchbkuit
Hanionajbauil yaiBepcurer imeni Tapaca Illesuenka, Kuie, Ykpaiuna; E-mail: magryss @knu.ua

dopmMyBaHHA MaTEMAaTUHHOIO0 MUCJIEHHS YHYHIB Y
KOHTekcTi migrotoBku go HMT

FO. O. PeuterHsik

Opranizanis npoosoro HMT B 10 kj1aci € Ba>K/JIMBUM €TAIIOM I€PEBIPKYU HABYAJIBHUX JOCIIHEHD
1 FOTOBHOCTI y4HIB 0 IIiICy MKOBOI'O KOHTPOJIIO. Moro TPOBEJEHHS JO3BOJISIE 3AINCHUTH 00’ €KTUBHUH
MOHITOPHHT SIKOCTi OCBITH Ta BU3HAYUTHU DiBEHb 3aCBOECHHS IPOrpaMoOBOTO MaTepiany. KiaodgoBuMm
ACIIEKTOM TaKOX € HCI/IXOJIOI‘i‘{Ha Hi,Z(I‘OTOBKa A0 YMOB PEaJIbHOI'O TEeCTYBaHHHA.

Y Mexax nocmimkenus nposegeHo npobuuit HMT 3 Tem kypcy cepenubol mkoau. MeToro 6y1o
NPOAHAII3YBATH DiBEHb HABYAJILHHUX JOCATHEeHbL yuHiB 10 KiIacy, 30xkpema cdopmoBaHoCcTi mare-
MaTHYHOI'O MHUCJIEHHS. Y TeCTYBaHHI B3su ydacTb yuHi 10-X kiaciB ogHoro 3 Jjineis Yepkacbkoi
obsnacti. 3araspHa Bubipka HajidyBaJa 45 oci6. MakcuMasibHa KiIbKICTh DaJIiB 3a TECT CTAHOBUJIA
32. Bussieno, mo cepenniit 6as mopisuioe 22; mimimansuuit pesynabrar — 7 0asiB; MaKCHUMAJIbHUH
— 32 Gaju. YuHi BIOpaJucs Halkpale 3 3aBIaHHSIMHU Ha Taki Temu: «TekcToBi 3amadi Ha pyx» —
95,6% npaBuiabHEX Bignosigeil; «CTemHb 13 MM MOKasHEKOM» — 86,7%; «PamnioHanbHl 9uciaa» —
82,2%. TpyaHomli BUHUKJIM 3 TAKUMH TeMaMu: «3aBlaHHga 3 mapamerpoMs — 60% HempaBuiabHUX
Bignosigeii; «Tpamenisay — 56,1%; «Tpuronomerpuani dynxuiis — 55%.

Amnasti3 pesyabrariB NIpOGHOrO TECTYBAHHS JO3BOJIUB KJIACU(IKYBATH IOMUJIKK JAECATUKJIACHU-
KiB 33 90THPMa OCHOBHEMHE KaTeropismu: 1) joriko-ananiTiasl noMusiky; 2) noraTiiino-abcTpakTai
MOMHUJIKH; 3) KOHCTPYKTUBHO-T€OMETPUYIHI IIOMUJIKH; 4) [IPOIeCyaabHi MOMIJIKH.

Jloriko-aHaJIiTHYHI NOMHJIKH — Il I'Dyla IOMHJIOK, $IKa CBIIYUTH IIPO HEIOCTATHIMl pO3BH-
TOK BapiaTUBHOrO MUCJIEHH:, sIKe € HeOOXiTHUM IiJ Yac pO3B’A3YBaHHS 3aBJAaHb i3 MapaMeTPOM.
[Tousarifino-abcrpakTHi MOMUIKY OB’ A3aH] 3 BigTBOperHaM dopmyn 6e3 ix pozywminna. Tpyguomi
3 reoMeTpi€ro BKa3yoTh Ha (pparMeHTAPHICTL 3HAHB PO BJIACTHBOCTI (iryp i 38’a3kiB Mixk enemen-
TaMH. 3arajoM Y4YHi BiT4yBarOTh TPYIHOII B 3aBJAHHAX, fAKi MOTPeOyIOTH IJIUOIIOr0 pO3yMiHHS,
AHAJIITUYHOTO MUCJIEHHS Ta BMIiHHS 3aCTOCOBYBATU 3HAHHS B HECTAHJAAPTHUX CHUTyalisdx. Bucokmii
BiICOTOK NMpPaBUJbHUX BifgmoBizeil y temax «Creniaby Ta «ParioHasbHi 4uciaas BKa3ye HA TE, IO
gineictu qo0pe omaxyBajau onepaniiini HaBwdku. LI TeMu 6a3yr0ThbCs Ha 4YiTKHX aJCOPUTMAX: €
MPaBUJIO — € JIisl.

OT:Ke, Cy4acHUH yYeHb JIOBOJII BIIEBHEHO 3aCBOIOE AJTOPUTMIYHI 3HAHHS, OTHAK MOTpebye po3-
BUTKY DIHOIIOr0 MaT€MaTHIHOIO MUCJICHHS, HY 10 BAPTO 3BEPHYTH yBary upu marorosui 7o HMT.

AsTopu

FOuia OnekcangpiBua PemierHak — cTymeHTKa 4-10 Kypcy, MeXaHiKO-MaTeMaTuIHud dha-
KynbTeT, KuiBchKkuil HamionanpHuit yHiBepcuTetr iMeHi Tapaca Illesuenka, KuiB, Ykpaina; E-mail:
yuliya.reshetnyak2004 Qgmail.com
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P03BUTOK KPpUTUYHOro MUCIEHHS1 YYHIB B YMOBaXx
poctynHocTi LUI: niaxig Ao cTtBopeHHs 3aBgaHb

. C. Py6an, T. B. ITloBkonJsic

Bropogoszk ocTaHHIX POKIB BUMTENIB XBHJIIOE AKTHBHE 3aCTOCYBAHHS INKOISPAMU LITYIHOLO
imrenexty (IIII), ockinbKE KOBOMI 9aCTO BOHO 3BOAWTH HABYAHHS O MEXAHITHOrO NEDENUCYBAHHS
PO3B’sI3KiB Ta BiANOBiIel B 30IIUT.

Amnaji3 nesKuX HAYKOBUX CTATeH CBiMUWUTH, IO BUEHI TA MEJAarOrd y BCbOMY CBIiTI 3aHEIIOKOEHI
TOTAJIPHUM BUKOPUCTAHHSM y4HAMU 1 crygeHTamu 1111 y maBwaspHOMY miporeci, [Ipore 6inbuiicTs
CXUJIAETHCA 70 Toro, mo I € mkigmBuM juie Toai, KOjM He HABYUTUA HUM KODPUCTYBATHUCH IIPa-
BusibHO. CyvacHuil CBiT JaBHO 3MIHMB POJIb BYUTEJNS 3 JIIOAWHU, K3 € JXKepesioM iHdopwmarii, Ha
dacuniTaTopa Ta MeHTOpa, KU CIpPsIMOBYE B IpOIeCi HaB4YaHHA. Tenep B poOOTI BYUTENS YU HE
Ha MepINui MJIaH BUXOAATH TakoxK inTerparia [ B HaBdaJbHUM mponec i, OJHOYACHO, PO3ZBUTOK
KPATHUYIHOTI'O MUCJICHHSA.

Myxamman Camxan AxOap, npodecop Yuisepcurery Cimmess, ABcrpasiisi, Ha OCHOBI CBOro 1o-
cripxenns (1] eusBus, mo 1111 serko CHpaBIsSe€THCH i3 3aBAAHHAME HUKYOTO DiBHS iepapxiamol
Mozeni knacudikanii ocBiTHIX 1iseit TakconoMii BiyMa: 3anamM’saTOByBaHHAM, PO3YMIHHSM 1 3aCTO-
cyBaHHSAM. BiH MoXKe MBUIKO 3HAWTK iH(OpMAaIliio Ta BUKOpHCTATH 11 Ha npukiani. HaroMicTs
3aBJAHHS, 110 BUMAralTh aHAJII3y, OI[iHKK Ta CTBOPEHHS, 3aJIMIIAI0THCA CKuaauimumu qis 1111

MetToau 3acTOCyBaHHsI TaKCOHOMIl BiiymMa [Jisi CTBODEHHSI 3aBJaHb, CTIHKHX [0 PO3B’S3aHHS
3a, ponomorow I posrasayTo B [1]. HaBeneno kinbka mpukiaagiB caMe TAKUX 33aBJAHD, & TAKOXK
NpOaHaJI30BaHO iIHCTPYMEHTH OIIHIOBAHHS 1X CKJamHOCTI Ta crifikocti go IIII.

Amnagizyroun 3acrocysanns 1] npu BukagaHHI IEBHOrO MaTepiajy Ta B HABYAHHI YUHIB, CTA€
3po3yMiso, mo 1] 3Ha4HO MOKpalrye YMOBH IOJIaHHS MaTepiajly, ajle He 3aMiHIO€ BUUTENsI, MEH-
TOPA, AKi HABYAIOTH (PYHIAMEHTAJLHUM IIIAX0JaM OTPUMAHHS 3HAHL, KDUTHIHOMY MHUCJICHHIO.

Cnucok nitepatypu

[1] Akbar M. S. Beyond Detection: Designing AI-Resilient Assessments with Automated Feedback
Tool to Foster Critical Thinking. 2025. https://doi.org/10.48650/arXiv.25603.23622

AsTopun

Hapisa CepriiBua Py6an — crynenTka 1-ro Kypcy MaricTpaTypu, MEXaHIKO-MATeMaTHIHIH
daxynprer, KuiBchbkuil nHarmjomanpuuit ymiBepcurer imeni Tapaca Illeswenxa, Kwuis, VYxpaiua;
E-mail: dasharub@knu.ua

Tersina BosnoaumupiBua ITloBkonssic — aCHCTEHT, MeXaHIKO-MAaTEeMATHIHUN (QaKY/Ib-
Ter, KuiBcpkuit HanjoHasbsHu#l yHiBepcureT imeni Tapaca Illepuenka, KwuiB, Ykpaina; E-mail:
1zagmat.tetyanal @knu.ua

PiBHeBa maTtemaTuka B 3aknagax 3arasibHoOl
cepeaHbOl OCBITU

H. B. Py6im, C. B. KyuinipeHko

CyuacHa OCBITHsI mapagurMa akIeHTye yBary Ha iHAuBiAyanbHux norpebax yunis. Ile ocobauso
AKTYaJbHO JJIs1 HaBYaHHS MAaTeMaTHKHU, OCKIJIbKH DPiBE€Hb MArOTOBKH 3100yBadiB OCBITH Ta TeMI
33CBOEHHS HUMHM IIPOTPAMOBOTO MaTepiany CyTTEBO PIi3HATHCA. Y TAKUX YMOBaX edEKTHUBHUM iH-
CTPYMEHTOM ONTHUMi3alil OCBITHROTO mpouecy € piBHeBa AudepeHIjiais HaBJIaHHS.

MeToro gocainkenns € BUB4eHHS 0COOJIMBOCTEH Opranizaril piBHeBOro HABYAHHSI MATEMATHKY B
3aKJIaJax 3arajJbHOl CepeIHbOl OCBITH. Y poOOTI MpoaHaJi30BaHO HAYKOBI migxoau q0 audepentiatii
HABYaHHS Ta PO3KPUTO CYTHICTH DIBHEBOI'O MiAXOAY B HABYAHHI MaTEeMAaTHUKU.

Kourneniis piBaeBoi nudepenrianil B HaBYaHHI MaTeMaTUKU [PYHTYEThCS Ha CTPYKTYDPYBaHHI
HABYAJILHOIO KOHTEHTY 33 CTYIEHSMH CKJIAQJHOCT] (IOYATKOBUM, CEPETHIM, JOCTATHIM, BUCOKUM ).
Ile 3abe3meuye yMOBH it 3aCBOEHHS NIPOTPAMOBOr0 Marepiasy BigmoBimHo mo imamsinyasbHEX
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MOXKJIUBOCTEHN 3/100yBadiB OCBITH Ta Ha JOCTYIHOMY JJis HUX piBHI. BakiuBy posb y 1IIbOMY IpO-
meci BigirpatoTh pi3HOPIBHEBI IUAAKTUYHI 3aBAAHHS, BAPIATUBHICTH METO/IIB i 3ac0bIB HABYAHHS, &
TAKOZK BIIDOBAKCHHA I‘Hy‘IKO.l. CHUCTEMH OHiHIOBa,HHH HaBYaJIBHUX JNOCATHEHBb.

BrupoBa/iskKeHHsI y HABYAJIBHUN IPOIEC ABTOPCHKUX AUJAKTHUYIHHUX CHUCTEM, IO 0a3yrOThCd HA
3aBJAHHSIX PI3HOrO PiBHS CKJIAAHOCTI, 3abe3nedye KOMIJIEKCHUN BILUIMB HA PO3BUTOK OCOOUCTOCTI
yuHsi. 30KpeMa, TaKuil miaxia Crpuse migBUIIEHHIO iHTEpecy 10 MAaTeMAaTUKU, PO3BUTKY JIOTI9HOTO
MHUCJIEHHsI Ta KPAIOMY 3aCBOCHHIO MaTepiaiy. AHaJI3 JUHAMIKE HABYAJIBHUX JOCATHEHD Ta PE3YJIb-
TQTH MEeJATOTIYHOTO CIIOCTEPEXKEHHST TIEPEKOHIUBO MTPOJEMOHCTPYBAJIM TPAHCHOPMAITIIO CTABJIEHHS
10 IIpeMeTa — Bij pPenpoayKTHBHOIO BUKOHAHHS BKa3iBOK [0 BUSIBJICHHS IMi3HABAJBHOI iHiNiaTHBH
T4, 3HWXKEHHSI PiBHS TPHBOXKHOCTI HA yPOKAX MATEMATHKH.

Omxe, piBHEBE HABYAHHS MATEMATHKH € €(PEKTUBHAM CIOCOOOM Oprasizamil HaBUAJJIHHOIO IPO-
ecy, SKUil 103BOJISIE BPAXOBYBATH 1HAMBIAya/bHI 0COOJMBOCTI yYHIB i MiJBUIIYBATH SIKICTH MaTe-
MaTHYHOI OcBiTH. Pe3ysnbTaTy JOCTiIzKeHHS MOXKYTh OYTH BHKODHUCTAHI BUMTEJSMH MAaTEMATUKU
3aKJIa/iB 3arajbHOI CEPeHbOI OCBITH I BAOCKOHAJIEHHSI METOAUKHU (POPMYBAHHS MATEMATHIHOL
KOMIIETEHTHOCTI y4HIB.

AsTOopu

Harasiss BacuaiBaua Py6Gimu — cryzerTka 2-r0 Kypcy MaricTpaTypw, MeXaHiKO-
maremaruuannit axynerer, Kuiscpkuil nanjonansunit yuisepcurer imeni Tapaca Illesuenka, Kuis,
Vkpaina; E-mail: natasha.rubish@knu.ua

Caitnmana BonoaumupiBana KymmHipeHko — poment kadenpu 3araapHol MaTeMaTHKH,
MexaHiko-MaTeMaTuIHuil (akynabrer, KuiBchbruil Harmjonanpuuit yuiBepcurer imeni Tapaca Illes-
qeHka, Kuis, Ykpaina; E-mail: bksvQukr.net

NMpoekTHI TexHoNOriT Ta iIHHOBAUiT HaBYaHHS
MaTeMaTUKN Yy 3aKJjlagax 3arasjibHol cepeHbol
OCBITU

FO. M. Cupomaraukosa, M. B. I'pucenko

Y cydacHHX yMOBaX B 3aKJaJaX 3arajbHoOl cepeIHBOI OCBiTH 0COBIMBOI aKTyaJbHOCTI HaOyBae
BIIPOBA/[>KE€HHSI IHHOBAI[IMHUX MiAXOAIB 0 HABYAHHS MATEMAaTUKH, CIPSIMOBAHMX Ha (HOPMYyBaH-
He KJIIOYOBHX KOMIeTeHTHOCTe# yuniB. Oxumm i3 edextuBHEX 3ac06iB MozepHizamii ocBiTHBOrO
NpOIleCy € BUKOPDHUCTAHHS NPOEKTHUX TEXHOJIOTIH y moenHaHHI 3 mudpOBUMH IHCTpYMEHTAMH Ta
STEM-opieHTOBaHUM i IXOI0M.

IIpoekTHa AidnpHICTH 3a0e3ledye NPAKTUYHY CIPSAMOBAHICTh HABYaHHS, CIPHAE iHTerparii
3HaHb 1 HabJMXKae OCBITHIN mpolec 0 peasbHUX KHTTEBUX CUTyallili. BoHa aKTuBi3ye mi3HaBaJIb-
HY [isAbHICTE yYHIB, DO3BHBAE JIOTiUHE Ta KPUTHYHE MUC/AEHHS, CaMOCTifinicTs, BignosiganbHicTs
Ta, HaBUIKH KOMAHIHOI poboru. OcobnuBoro 3uadents HabyBae OpraHi3anis HaBYAJbHUX IPOEKTIB,
o nepenbadae MOCTAHOBKY IpobjeMu, MONIyK NIIAXiB 11 po3B’d3aHHs, aHAJII3 Pe3yJIbTATIB i X Ipe-
3eHTAlio. Y MpoIleci HaBYaHHSA MATEMATHKHU JOIIIBHO BUKOPHCTOBYBATH SIK KOPOTKOTPUBAJI, TAK
i moBroTpuBaJji npoexkTH, inguBigyaasHi Ta rpynosi ¢popmu podoru. Ilpukaagu Takux IPOEKTIB fe-
MOHCTPYIOTh MOXKJIHBOCTI 3aCTOCYBAHHS MATEMATHIHUX 3HAHDb y HOBCAKIEHHOMY ZKHUTTI, 30KpEMa
mijJ 9ac po3B’sA3yBaHHA NPAKTUYHUX 33]1a4, aHAJI3y JAHUX ab0 MOJEJIOBAHHS PeaJIbHUX IPOIIECIB.
Y poboti po3ristHyTO 0COOSMBOCTI Opraizanil HaBYaJIbHUX IPOEKTIB HA YPOKAX MATEMAaTHKHU, a
TAKOXK HABEJEHO MPUKJIAAU 1X MPAKTUIHOI peasizariii.

PesynbraTu mocmifKeHHS TiATBEPIKYIOTH BIPOBAJKEHHS TPOEKTHUX TEXHOJOTIH i cBigYaTh
npo MiABUINEHHS MOTHBALlil YYHIB 10 BUBYEHHS] MATEMATHUKH, TOKPAIIEHHs IKOCTI 3aCBOEHHS 3HAHD
1 PO3BUTOK KJIIOYOBHUX KOMIIeTeHTHOCTeH. OTKe, IPOEKTHI TeXHOJOTIT € e(peKTUBHUM IHCTPYMEHTOM
i{HHOBAIIHHOTO HABYAHHS MAaTEMATHKH B 3aKJaJaX 3arajbHOI CepeTHBOI OCBITH.

Cnucok nitepatypu

[1] Stentoft, Diana. 2016. “The Aalborg Model for Project Based Learning.” Aalborg University.
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CyuyacHi iHdopmauiiidi TexHonorii Ta
rerimicpikayisi sk 3acobn po3BUTKY MNi3HABAaJILHOIO

IHTepecy y4HIB y Npoueci HaB4aHHS MaTeMaTuKun
2K. B. Credancbska, M. B. I'pucenko

CydacHull eTan pO3BUTKY OCBITH XapaKTepPU3YEThCsA aKTHBHUM YIPOBA/PKEHHIM ITU(PPOBUX Te-
XHOJIOTi# y HaB4aabHUE nporec. Bonu BigkpuBaoTs HOBI MOXKIMBOCT] [1/1s1 Opraxizanii HABIAIBHOTO
nporecy, ypisHomaniTHeHHs (OPM I METOAIB BUKJIAJAHHA T MiABUINEHHS SKOCTI HABYAHHS B 3a-
KJIaJ1ax 3arajbHOI CepeJHbOI OCBITH, CTBOPIOIOTH HOBI MOXKJIMBOCTI /Il HiABUAINEHHS epeKTUBHOCTI
HABYAHHS Ta (POPMYBAHHS MMi3HABAJIBHOI aKTHUBHOCTI YYHIB. ¥ IHMX YMOBaX 0COBIMBOI aKTyaJJIbHO-
cri HabyBae npobiaeMa BUKOPHUCTAHHS CydacHUX iH(OpMamifiHux TexHOJOTri# y mporeci HaBYaHHS
maremMaruku. OTHAM {3 KIIIOUOBHX BUKJIUKIB CydacHO! OCBITH 3aJIMIIAETHCSA HPOOJIEMa 3HUKEHHS
Mi3HABAJIBLHOTO IHTEpeCcy y4HIB 10 BUBYeHHsA MaTeMaTuku. lleit dpaxkTop 6e3mocepeHBO BILUIMBAE HA
SKICTb 3aCBOEHHs 3HAaHb T MOTHUBaLil. OcobsuBol rocrporu npobsjema HaOyBAaE B YMOBAX BOEH-
HOTO CTaHy B YKpaiHi, KOJM NICUXOJOTIYHUN CTAaH IIKOJSPIB YCKAATHEHUH TPUBOrOI), eMOIiHHUM
BUCHAKEHHAM Ta BiT4yTTaM Hebe3neku. BogHodyac HaBYaHHS 1T 4Yac BifiHM BUKOHYE CTabiIi3yr0qy
dyHKIII0, 3a0e31eYye TiTAM BiI4yTTd MATPUMKH, Oe3meKH i mependbadyBaHOCTI.

BaskiinBUM CydaCHUM HAIIPSMOM PO3BUTKY IU(PPOBUX OCBITHIX TEXHOJIOrI# € TAKOXK BUKOPUCTA-
HHS IHCTPYMEHTIB INTYYHOTO IHTEJIEKTY, sIKi MOXKYTb 3aCTOCOBYBATHUCS ISl CTBODEHHSI HABYIAJIBHIX
MaTepiasiB, po3poOKHU 3aBJaHb PI3HOIO DiBHA CKJIAJHOCTI, MATPUMKH iHAMBITYaJIbHOI TpaeKTOpil
HABYaHHS Y4HIB Ta uigBumeHHst eekTuBHOCTI npodeciinol agissibHOCTI BunTess. Y pobori pos-
TJISIHYTO AUAAKTHYHWE moTeHmniaa reiimidikanil, Busnaveno i1 poas y migsurnenni moTtupamnii Ta
akTHBi3aIil HaBYaJbHO-II3HABAJBHOI NisJIBHOCT] y4HIB. POo3p0o6seHO aBTOPCHKY HABYAJBHY I'DY 3
BHKODHUCTAHHAM eJIeMeHTIB reitmidikarnii, peasizoBany 3acobamMu MOBM IpOTpaMyBaHHd JavaScript.
[TpoanaizoBaHO MOXKINBOCTI BHKOPUCTAHHS CHCTEM IITYYHOIO IHTEJIEKTY Yy HABYAHHI MaTeMATHKA
Ta IXHIM BIJIMB HA MiABUIEHHS e(DEKTHBHOCTI OCBITHROTO TIPOIIECY.

PezynpraTtu gocmigkeHHs MiATBEPKYIOTh, III0 BUKOPUCTAHHS Cy4YacHUX iHdOpMAIiliHUX Te-
xHoOJIOri#t Ta refimidikaril cupusie po3BUTKY Ii3HABAJIBLHOIO iHTEpECY Y4YHIB [0 BUBYEHHS MaTEMa-
THKH, HigBuirye e(peKTUBHICTH HABIAIBHOTO IPOLECY Ta CTBOPIOE YMOBH AJIS aKTHBHO! HABYAJILHO-
Mi3HABAJJIBHOI JTisTBHOCTI MIKOJISIPIB.
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AnropntmidHunia nigxia Ao po3s’si3yBaHHA 3agad 3
Teopil imoBIpHOCTEN

A. A. Tkauenko, M. B. I'puceunko

CydvacHa MaTeMaTHYHA OCBiTa ODI€HTOBAHA HE JIMINE HA 3ACBOCHHSA 3HAHb, & ¥ HAa PO3BHUTOK

131



JIOTIYHOI'0 Ta KPUTUYHOIO MUCJIEHH$, YMIiHHSA 3aCTOCOBYBATH MATEMaTH4HI METOTU Ta MOJIENi y
peaJIbHUX XKUTTEBUX cuTyanisax. OcobauBy posb Bifirpae Teopis limoBipHOCTe#, Ka (pOpMy€e BMiHHSA
NpaLOBaTH B YMOBAaX HEBU3HAYEHOCTI Ta aHAJi3yBaTH BUNAAKOBI sBuina. CKIAJHICTH 3aCBOCHHS
#MoBipHiCHOTO MaTepiamy 3ymMoBiOoe HeOOXigHICTH BUKOpHCTaHHS eeKTUBHUX 3ac00iB opramizamil
HABYAJIBHOI JisJIBHOCTI YYHIB B 3aKJa/1aX 3araJbHOI CepeHbOI OCBITH.

Opaunm i3 edexkTrBHEX 3ac06iB OpraHizallii mpomnecy HaBYaHHS MATEMATHKHU € aJIrOPUTMidHMH
niaxin sukopucranss aaroputMmy Jdvopas Ios [1], axuit 3abe3medye 4iTKy CTPYKTYDPY PO3B’sI3aHHSI
3ama4 i mepenbadae YOTHPH €TANM: OCMUCJICHHS YMOBH 3aJad4i, CKJIAJAHHS IJIAHY DO3B’:A3aHHS,
peaJsiizarfiro maaHy Ta aHaJi3 OTPUMAHOTO Pe3ysabTary. I10CaiT0BHE BUKOHAHHS [MX €TAIiB CIPUSIE
GOpMyBaHHIO B Y4HIB JIOTiYHOI'O Ta KDUTUYHOI'O MUCJIEHH, YMIHb aHAJIi3yBaTH YMOBY 3aJa4i, 00u-
PaTH palioOHAJIbHI MeTOAM PO3B’sI3yBaHHS Ta 3JIMCHIOBATH CAMOKOHTDPOJb. BaK/IMBAM KOMIIOHEH-
TOM aJITOPUTMY € BUKOPUCTAHHA CUCTEMHU 3AlIUTAHb, HKi CYIIPOBOJZKYIOTH KOXKEH €Tall aJITOPUTMY
Ta, AKTHUBI3yIOThH Hi3HaBaJbHUI iHTepec yuniB. Taka moeramna oprazizamis AisibHOCTI HO3BOJISE
VYHAM [JIUOIIe po3yMiTH 3MicT 3a7a4, YCBIZOMIEHO HiIXOTUTH 0 TX PO3B’s3yBaHH:, aHAJI3yBaTH
yMOBY, obuparu cTparerilo Ta nepeBipsTH OTPHMAHUNA PE3yJIbTAT.

OcobauBo edeKTUBHUM € BUKODUCTAHHS AJTOPUTMY Il 9aC pO3B’da3yBaHHA KOMOIHATOPHUX i
WMOBIpHICHUX 3324 i3 3aCTOCYBAHHSM HAOYHHUX 3aC00iB, 30KpeMa JlepeB MOXKJIMBUX BaPIaHTIB, WO
crnpusie Bidyasizamnii nporecy MipKyBaHHs Ta 3MEHIIEHHI0 KiJbKOCTiI MTOMUJIOK.

Cnucok nitepatypun

[1] Polya, G. (1945). How to Solve It: A New Aspect of Mathematical Method.

[2] Tpucenxo M.B, Tkagenko A.A, fJx HaBuuTH y4HIB PO3B’aA3yBaTu WMOBipHiCHI 3amadi, 3acTo-
cosytoun anroputm Ilos. ¥V ceiti maremarnku.URL: https://doi.org/10.17721/1029-4171.
2025/1.6
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Po3BuTok MaTteMaTUYHUX KOMMETEHTHOCTEN y
AiTe 3 0cobAMBUMM OCBITHIMU noTpebamu B
YMOBaX IHK/IIO3UBHOIO HaBYaHHA

A. C. Yux

IToBHOMAaCIITAOHE BTOPIHEHHS HOPOAUJIO HOBY II€ArOridHy pPeasibHICTh: 3arajibHOOCBITHI KJia-
CH HAIIOBHUJIUCS AiThbMH 3 eMOLilHo-noBeginkosuMu po3ragamu — IITCP, 3arpuMkoro ncuxiTaoro
PO3BUTKY, ICUXOIATHYHONI IIOBEAIHKOW. MaTremarnka cTaja AJIS HUX OCOOJIMBUM BHKJIHKOM: TPH-
BOXKHICTb, IMITyJILCUBHICTB 1 3HM2KeHA yBara OJOKYIOTh 3aCBOECHHS Ha PiBHI 06a30BHX KOTHITHBHUX
mexanizmie [1]. [IntanEs Bxke HE B MeTOAUNI — K MOOYAyBATH HPOLEC, IO BiANOBiLaE OZHOIACHO
HaBYAJBHUAM 1 ICUXOJIOTiYHAM TIOTPE6AM JTUTHHU?

HocmigzkeHHs MOKa3aa0: e(PEKTUBHICTD 3aJI€2KUThL Bif, TPHOX B33a€MOIOB’s3aHHX yMOB. llep-
ma — CTPYKTYPOBAaHE CEPeNOBHINE: UITKWH IJIAH YPOKY, MYJIBTHCEHCODHA IOJAYa MaTepiaay Ta
3HalloMi y4HeBi 06pa3u 3HUKYIOTH TPUBOXKHICTE 1 MIABHNIYIOTH 3aCBO€HHA. /Ipyra — 3iarojzkeHa
KOMAH/Ia CYNIPOBOAY: BUUTEJb, ACUCTEHT, ICUXOJOr i medexTosnor giloTh AK €quHUN MeXaHi3M, e
KOXKE€H BHKOHY€ 9iTKO OKPECJICHY DOJIb i He migminse memarorivanx ¢dyexnii xonern [2]. Tpers —
inguinyanizosane onjnoBanug: irposi dopmarn (Kahoot, maremarnuni kectu) i ycHuil miasor
JIO3BOMNAIOTH 06’€KTUBHO BUMIpATH 3HaHHA 6€3 J01aTKOBOrO cTpecy [3].

Hocein Itasii, Ascrpii Ta Beabril migTBep/kye: pe3yibTaT BU3HAYAE He HADIP OKPEMUX IIPH-
#oMiB, & CHCTeMHA B3a€MO/Iis BCIX YYACHUKIB — HiJKpillJeHa pO3TajlyKeHOI0 MepezKer KOHCYJIbTa-
TUBHUX i IICHXOJIOTO-MEIUKO-COLiaJbHUX CyKO0, BOyqOBaHUX 0E3I0CEePEeSHBO Y IIKIJIBHUN IIPOIEC.
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OTpuMaHi pe3yJIbTaTH AT MiACTABU JJIs1 OCMHUCJIEHHS TOTO, sKi 3 IIUX MeXaHi3MiB MOXKYTb OyTH
PeATICTHYHNMHE B YKPATHCHKUX YMOBAX — 3 YPaXyYBAHHIM HASBHOI 3aKOHOIABYOI 6a3u, pecypCcHOro
3abe3nedyeHHs T4 KOHTEKCTY BOEHHOTO YacCy.

Cnucok nitepatypu
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MeparoriyHa NiATPUMKA YYHIB y Npoueci
nigrotoskn ao HMT 3 matemaTtuku: guHamika
MoOTuBaLil Ta epeKTUBHI negaroridHi nigxoan

A. O. YyGukiuna

V nporeci migrorosku yunis 7o HMT 6yno BusiBieHo, 110 HaBYAJIbLHA MOTHBAIS HE € CTAJIONO
BEJINYUHOIO, & Ma€ AUHAMIYHMI XapaKTep 1 3MIHIOETBCS 3aJI€KHO BiJl €Taly HiJrOTOBKH. Y CBOEMY
IOCJIJRKEHH] 1 BUJIJISIIO YOTUPHU OCHOBHI €Talu.

ITepuunii eran (BepeceHb->KOBTEHbD )

Ha novarky miaroroBxu, sk IPaBUIO, CIIOCTEPIra€ThCsa BUCOKUH piBeHb 3arikaBieHOCT yuniB. Y umi
JNIeMOHCTPYIOTh €HTy3ia3M, TOTOBHICTh MPAIfOBATHA Ta Bipy y BJACHI cuju. Y el mepiog BaXKauBy
poJIb Bifirpae ocobucTicTh BUKJIaAa4a, 30KpeMa Horo npodeciiini HABUYKH Ta 3aTHICTh BUKJIUKATH
noBipy. Came Ha mpoMy erTami GOpMy€eThCsa 6a30Be CTABICHHS yUHS 0 HABYAJIBHOLO IPOLECY.

EdexTusni negarorivuui miaxomu:

1. CrBopeHHda cuTyarlil ycmixy,
2. YiTke CTPpYKTypyBaHHS HABYAJILHOIO IIPOIECY,
3. 3abe3metvueHHsI NIBUAKUX MO3UTHBHUX PE3y/IbTATIB.

Apyruit eran (nuctonan-mroruii) Ha macTynHOMy erani morusanis ywnis malysae Glnbm
cTabiIBHOrO, ajle MEHII eMOIIMHOr0 XapakKTepy. Y 4YHi IOYMHAIOTH YCBIOMJIIOBATH CKJIAJHICTH Ma-
Tepiany, 3’aBJISIOTHCA MePII TPYAHOIII, 0 MOXKe MPU3BOAUTU JI0 3HUKEHHS IHTEpecy.

EdexTusni negaroriuni miaxomm:

1. IlinTpmMKa CHCTEMHOCTI HABYAHHSI,
2. HapaHHS perysasipHOTO 3BOPOTHOTO 3B’S3KY,
3. @ikcarmis imguBigyanbHOro mporpecy ydHiB.

Tperiit etan (6epesenb—TpaBeHb) Haiibinpm kpurnvruM € nepiog 3a 2—3 micani 10 cxia-
maunag HMT. Came B 1eil 9ac CIOCTEpira€TbCs 3HMXKEHHSI MOTHBAILl, €MOIifiHe BHCHAYKEHHS Ta
OiABUINEHUN piBeHb TPUBOXKHOCTI. Y4YHI MOXKYTb BTpa4YaTH BIEBHEHICTH Yy BJIACHUX CHUJIAX, HaBITH
33 HASIBHOCTI JOCTATHBOTO PIiBHS 3HAHD.

EdexTusni negarorivuni miaxomm:

1. Ilcuxosoriuna miaTpuUMKa,
2. BuUKOpHCTaHHS AJITOPUTMIB PO3B’SI3aHHS 33134,
3. @opMyBaHHS BIEBHEHOCT] ¥ BJIACHUX 3HAHHSX.
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