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36ipauk marepiasiB MikHapojHO! HaykoBol KoH(epeHnnil “Maremaruka Ta iH-
dopmariiitai TexHOJIOTIT” BKJIOYaE HAyKOBI poboTu BYeHHMX YKpainu, €Bponu, Asil
Ta AMepuKH, sIKi TTPOBOJISITE JOCIII>KEHHsT ¥ Teopil qudepeHiaabHIX Ta JudepeH-
iabHO-PYHKIIOHAJTLHAX PIBHSIHB, Teopil (pyHKIIH Ta (YHKIIOHAJILHOMY aHAJI3i,
TOTIOJIOTIT, MATEMATUIHOMY MOJIETIOBAHHI Ta iHMOPMAIIHHIX TEXHOJIOTISIX, & TAKOXK
3afiMarOThCsA AKTYAJTbHIMU TUTAHHSIMN METOMMKYM HABYAHHS MaTeMAaTUKH Ta iHGOP-
MAaTHKH.

11 HayKOBUX MPAIiBHUKIB, ACipaHTiB.
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PakyIbTeT MAaTEMATUKN Ta iHPOPMaATUKU:
icTopisa Ta choroj/ieHHsI

DakyabTeT MATEMATUKHU Ta iHHOPMATUKNA PO3MIILYETHCA Y HANCTAPIIIOMy KOp-
nyci YepHiBerbkoro HanionaabHoro yHiBepcurery iMeni FOpis @enproButa, B SKOMY
4 >xoBTHA 1875 pOKy BiIOyBCs ypOUNCTHN aKT BiIKPUTTS YHIBEPCHATETY.

Buknaganasa MareMaTHdHUX JUCHUATLIIH ¥ YepHIBEIbKOMY YHIBEPCUTETI PO3IIO-
qajiocst y rpysai 1876 poky. Came toni Ha dinocodcebkomy daxynbreTi nodas dyH-
KI[IOHyBaTH CeMiHAp 3 MaTeMaTUKM 1 MaTeMaTwdHO! dizuku. Binmosimampaum 3a
HAIPSIM MATEMATHKHU GyB eKCTpaopauHapHUil mpodecop MaTemaTuky Jleonoms Le-
renbayep (1849-1903), unen-kopecnongent Ascrpiiicekol AH (1893), sikoro srogom
Ha Il rmocaji 3MiHUB fyCTaB don Emepix (1849-1935), wren-kopecnonment Ab-
crpificekol AH (1885). ¥V 1883-1886 pp. mocajy eKCTpaopIuHAPHOro mnpodecopa
MaTeMaTuKHu B yHiBepcureti 3aiimas Aonbd Mirori (1850-1886).

Bueprmie y 1887 porii B yHiBepcuTeTi 3’siBUIacst 1mocajia OpAMHAPHOTO Mpodeco-
pa mMaTeMarukH, sKy obifimas Anron Ilyxra (1851-1903). V YepHiBusx ympomosx
1904-1907 pp.upamosasi Pobepr lay6ieteki don Hlreprek (1871-1928).

3 1907 mo 1918 pik mocaay eKCTpaopAWHAPHOTO, a 3TOJAOM OPIUHAPHOTO IIPO-
decopa maremarukn UepHiBenbKOro yHiBepcureTy o0iiiMaB BiJOMUII CJIOBEHCHKUI
maremaruk Mocun Itemens (1873-1967), y 1912-1913 poxax — gekan dinocodcbko-
ro dakynbrery, nepmmuii pekrop Crosencbkoro yuisepcurery (1919), wnen Ciosen-
cbkol i Cepbebkol AH, uien-kopecnongient FOrocnaseskoi AH. Bin mae Barowmi jo-
CsITHEeHHs y Teopil dyHKIIi#, anre6pi i Teopil nudepeHniagibHuX piBHAHb. 3a HAyKOBI
poboTu B rasry3i iHTerpajabHUX PiBHSAHB 1 Teopil morenmiaay B 1911 porri Mocun TTne-
MeJib oTpuMaB Haropoay HaykoBoro ToBapuctsa npunia f61on0BchKi B Jleitnnsi,
a B 1912 poui — maropoxy Piuapma Jlibena Binencekoro yniBepcurery.

Baxmse wmicre B icTopil yHiBepcuTeTy 3aiimMae aBCTpilicbKuii MareMaTuk [amc
Tan (1879-1934), axuit 3 1909 mo 1916 pik npamosas y YepHiBenpkoMy yHiBepcuTeTi
Ha II0Ca/Il eKCTPAOPAMHAPHOrO podecopa MaTeMaTuKy, 6YB YIeH-KOPECIIOHECHTOM
Ascrpiiicekoi AH, wnenom Himenpkol HAHJIeononpauna (1921). Bin — cnisasrop
OCHOBOIIOJIOXKHUX TPUHITAIIB JIHIAHOrO DYHKIIOHAJBHOTO aHasi3y — TreopeMu ['aHa-
Banaxa 11po npooBKeHHs JIHIRHIX QYHKI[OHAJIIB Ta IPUHIUILY PIBHOMIpHOT 0OMe-
keHocTi. Bapro 3asmaumTn, mo B jgiTHbOMYy cemecTpi 1912 poky dyHKIIOHYBaB
crisbHMi HaykoBuil ceminap Lanca Tana, Hocuna Ilnemens ta MixaenaPanakosuda.

YV 1923 pomi dinocodebruit hakyabreT mogiaeHo Ha dimocodcbKo-dioaoriaamit
i HaykoBo-puponanduii. Ha HaykoBo-mpuposandaoMy hakyabreTi cOpMOBAHO TPHU
Kadeapn MaTeMaTUIHOIO CIPIMYBaHHs: ajaredbpu i Teopil dyHKIH, aHATITUIHOT Ta
BHINOI reoMeTpil, AudepeHniaabHOro Ta iHTerpajJbHOr0 IHCJIEHHS.

OpuuMm i3 mpodecopiB daxynbrery ToAi OyB pyMyHCbKHI MareMaTuk CumioH-
Croinos (1887-1961), sxuit y 1923-1938 pp. ouosoBas Kadenpy aarebpu ta Teopil
byukniit, a y 1925-1926 u.p. obiiimas i mocaLy JekaHa HAYKOBO-IIPUPOIHUAYOrO da-
Y 1928-1940 pp. kadeaporo aHaiTuaHOI i Buiol reomerpii 3aBiaysaB Mupon Hiko-
secky (1903-1975), wien @paHIy3bKOro i Ipe3ueHT PyMyHCBKOIO MaTeMaTHIHAX
ToOBapuCTB, akageMmik Pymyncekoi AH (1955) i 1T npesuzment (3 1966). V ckuaxi
dakysIbTeTy BIIKPUBAETHCS HU3KA HAYKOBO-JIOC/ITHUX IHCTUTYTIB, JJabopaTopiit Ta



HaykKoBux ceMinapiB. @axiBernp y ramysi gudepenniaabaol reomerpii ['eopriit Bpun-
qaHy 3 rpyaas 1929 poky mpargoBaB npodecopoM Kadeapu aHAJITHIHOI Ta BHIIOL
reomeTpil YepHiBenpkoro yuisepcurery, a 3 gororo 1930 poky — mpodecopom kade-
npu qudepeHIiaJbHOro Ta inTerpajabHoro uncjaenns. Ha Beix BiagiieHHSAX HAyKOBO-
NpUpOIHUTIOro (akyJbTeTy HapaxoByBasocs 9 mpodecopis, 1 Bukmanad, 12 acu-
CTEHTIB, 5 KepIBHUKIB KypCOBUX POOIT CTymeHTIiB i 2 sabopaHTH.

Y ceprri 1940 poky y pesysibrari peopranizariii YepHiBeIbKOro yHiBepcHUTETY
YTBOPEHO (Di3MKO-MATEMATUIHUM (DAKYIBTET, J0 CKJIAIy STKOro yBiffmim a8l Kade-
apu — anrebpu Ta reomerpil (meprmit 3aBimysau — FOpiit Kikenp, 3aBigysadamm
y pisHi poku Oyau — Mukona Bensies, Muxaitno ®are, FOpiii dcrpebos, Bacunb
Mapruniok, Poman JlomGposcbkuii, Bacuias Iopojenpkuil) Ta MareMaTuIHOrO aHa-
qizy (mepmmit 3aBixysad — Muxosna Boromo6os, wien-kopecnongenr AH Ykpaiun,
3aBimyBayamu y pisui poxu Oysm Osekcanap Bobpos, Muxaitio ®Pare, FOpiit Bai-
npkuit, Bacuns Py6amnnk, Kapa ®imvan, Mukona Haraubina, Mocun Kymaipuyk,
[Masao HacracieB, Bononumup Macmouenko), a y 1946 poni na daxynabreri cTBO-
penokadenpy gudepeHiiagabHux piBHAHbL (nepumii 3aBigysad — Mukoaa CiMoHOB,
3aBimyBadamu y pizai poku Oynm Bacuas Py6amwmk, Camyin Eitmenpman, Creman
Isacumen, Muxaiiio Mariituyxk, Isan Ilykanbcbkmuit).

o yHiBepcuTeTy TO/i 3a HAIIPDABJIEHHAMH IIPUIXaJIA IPAIFOBATHA BY€HI 3 IPOBiJI-
HMX 3aKJIaJiB BAMOI oceiTh: winen-KopecnonaenTr AH Vkpainn Mukosa Boromo6os,
Muxkona Cimonos, Ousekcanap Bobpos, Mukona BensieB, Muxaitno ®are, FOxum
Kpyr. 3romom 10 mHux npuennanaucsa Bacunb Pybanuk Ta sunyckauku /1Y Kapi
@imman, Camyin Eiinensman. Ix sycumasmu 6yan 3akiafeHi OCHOBU HAYKOBHUX JO-
cJIiKeHb Ha ¢dakyabreTi. BoHM BUSBUIN BUCOKMI piBEHb HAYyKOBO-TIEJATOTITHOT J1i-
SJIBHOCTi 1 BUMOIJIMBICTD fIK JIO IKOCTi 3aHSATh, TaK i JO 3HAHb CTYJIEHTIB.

Y mepii IOBOEHHI POKM HA OKPEMHX Kypcax MaTeMaTUYHOI'O BiJIJIICHHS Ha-
BYAJIOCST BCBOTO IO JeKinbKa cTymeHTiB. Tak, y 1947 pori aumioMu oTpuMasu ABa
BUIYCKHUKHU, ¥ Tomy unciai Bopuc Tpaxrenbpor, 3rogoM BimoMmuil criemiasict 3 Ma-
TeMaTHUIHOI JIoriky 1 amropurMmigaux MoB. Cepes 1BOX BUIyCKHUKIB 1948 poky 6yB
i Camyin Eitnenbman — 3rooM BUAATHUN BYEHUH, cremiajicT 3 Teopil audepeHiii-
AJIbHUX PIBHAHDb 3 YACTMHHUMHU HOXiJTHUMU.

Y gepsHi 1962 poky 3a iminiatusu npodecopa Bacuns Pybanuka wa dakymapreri
cTBOpeno kKadeapy NPUKJIaJHOl MaTeMaTHKu 1 MexaHiku (neprunit 3asigysad — Ba-
cuiib Pybanuk, 3aBigyBadamu y pisHi poku Oysnu Bacune @omuyk, fpocnas Birys,
Poman Ilerpumus).

Maremarnynunii pakysbTEeT BUOKPEMJIEHO 13 (DI3MKO-MATEMATHIHOTO (DaKy/IbTe-
Ty y 1968 pori, cepen 44 BukiagadiB sskoro 6yB 1 moKTOp (hiZMKO-MaTEMATHIHIX
HayK, npodecop i 17 kauaumaTiB iznko-MaTeMaTUIHUX HAYK, JOIEHTIB.

Y 1972 porii Ha MaTeMaTHIHOMY (PAKYJIbTETI CTBOPEHO Kadeapy MaTeMaTHIHIX
po6GJieM yupasJiiHH: i KibepHeTnku (nepmmnii 3asinysad — Bacuias PyGanuk, 3asimy-
Bauamu y pisui poku 6yan Mapk Bykarap, Mukona Kupudenko, ®@enip ConpoHioxk,
Apocaas dpiab), y 1987 poni — Kadenpy MareMaTHHIHOrO MOJEIIOBAHHs (meprinit
3aBigyBady — Crenan IBacummen, 3aBigyBadyamu y pisui poku 6ysn Irop Hepesko, Jla-
puca Iligny6ua), a 'y 2000 poni — kadeapy MaTeMaTUIHO! | TPUKIAIHOI CTATHCTUKA
(mepmmii 3aBinysad — Muxaiio Ceepian, Ha Toil wyac mepmmii npopekTop Yepni-
BEIBKOI'0 yHiBepCHUTeTY, 3aBinyBadaMmu y pi3Hi poku Oymu Bosomumup fcuncpknii,



Irop Mamnuk), sika y 2017 poui 6ysa npreanasa 1o KadeIpu MATEMATHIHOTO MOJIE-
JIIOBAHHS.

Ha pisamx eramax po3BUTKYy MaTeMAaTHKU y epHIiBEIbKOMY yHiBepCHTETI Ha
dakyabreri npargosasu npodecopu Anton Bacmyr, Jleomonsx [erenbayep, I'ycras
don Emepix, Amonsd Mirori, Auron Ilyxra, Pobepr Haybaebeki don Ilteprex,
Mocun Ilnemens, Tanc Tan, MixaenPanakosuya, CumionCroinos, ®iopinBacinecky,
T'eopriit Bpunuany, Mupon Hikosecky, Kocraurun [lepsysecky, Illtedan [lerpecky,
Tubepiy Ilomosiuiy, dan Xymy6Geit, Muxosa Boromo6os, Mukosa Cimonos, Oute-
kcauap bobpos, Mukona BesnsieB, Muxaitmo @are, FOxum Kpyr, Kapa ®dimman,
Camyin Eitnenbman, Bacuns Pybanuk, €sren Ilapkos, Bacuias @omguayk, Mukona
Haruu6ina, Mukosa Kupudenko, Muxaitmo Mariitayk, Muxaitio Jlentok, Crenan
IBacumen, Bomogumup Acuncwkuit, Muxaitio Ceepman, @enip Couponrok, Bomxomau-
mup Macmaogenko, Bacuib I'puropkis.

SHauHMit BKIa y po3BUTOK (dakysnbrery BHecan akagemiku HAH Ykpainu, Ilo-
gecHi mokropu Yepnisenpkoro yuisepcurery Amnarosiit Camoitrenko (1938-2020),
Muxkosna ITepectiok Ta akagemik HAH Ykpaiau Apxaziit Yukpiii.

Y 2004 pori MaTemMaTudHUN (HAKYIHTET MEPEHMEHOBAHO Ha (DAKYIHTET IIPUKJIa-
mHol MaTemaTuky, a B 2013 pori — Ha daKyIbTET MATEMATUKH Ta iHPOPMATUKH.

Hekanamu dakyyibTeTy 3a dac foro icHyBaHHS Oysu:

e v 1968-1995 pokax — rKaumuzar ¢iz.-MarT. Hayk, goueHT Bomomumup Kpexis-
CBKWUI,

y 1995-1999 pokax — kaHAUAAT (Di3.-MaT. HAYK, AOeHT Bacuas MapTuHiok,

y 19992005 pokax — gokTop diz.-mar. Hayk, npodecop Poman [lerpummn (auni
pekTop UepHiBEnbKOro HAIIOHAJBHOIO yHIBEPCUTETY ),

y 2005-2019 pokax mokTop di3.-maT. HayK, upodecop Irop Yepesko,
e 3 2019 poky — mokrop di3.-mar. Hayk, npodecop Oabra MapTUHIOK.

Kosektus dakynbrery Mae 3arajibHOBU3HAHI HAyKOBI JOCATHEHHsT Y TeOpil piB-
HSIHb 3 YaCTUHHUMU TTOX1THUMU, JTudepeHIlaJbHuX, TudepeHIiaaIbHO-(DyHKIIOHATIb-
HUX PIBHSIHB, (DYHKITIOHAJIBHOMY aHaJIi31, Teopil DYHKINH, MATEMATUIHOMY MOJIEJTIO-
BaHHI Ta 3aCTOCYBaHHI CyvacHUX iH(OOPMAIINHUX TEXHOJIOTIH.

Huni dakynprer MareMaTnku Ta iHOOPMATHKYU CKJIAJIAETHCA 3 5 Kadeap:

e ayrebpu ta indopmaruku (3aBigysau — gouent Pycnana KosicHuk),

® MaTeMaTH9IHOrO aHami3y (3aBimyBad — nmpodecop Bomomumup Muxaitmox),

e jmdepennianbaux piBHAHD (3aBimyBad — npodecop Baamucnas JliToBuenko),

® INIPUKJIQTHOI MATEMATUKA Ta iH(GOpMAIIHHIX TexXHOJIOTIH (3aBimyBad — mpode-
cop fApocaas Biryn),

® MaTEeMaTUIHOrO MOJENIOBaHH:A (3aBinysad — npodecop Irop Yepesko).

Ha dakynpreri OyHKIIOHYIOTH 5 KOMII'TOTEpHUX KJaciB i 3 1aboparopil 3 iHdop-
MaIiffHIX Ta KOMII'IOTepHUX TexHoJoriit, 3D-rpadiku ta 3D-npyky, saki obsagHaHi
CYYIaCHOIO KOMIT IOTEPHOIO TEXHIKOIO 3 JIIEH3IHNM MporpaMHuM 3abe3nederusm, 3D
MIPUHTEPAMU; & TAKOXK KabiHeT MaTeMaTuku, Je 30epiraerbesa nmonaa 11 000 kaur ta
2KYyPHAJIB.

Cranom Ha 2023 pik TpodecOPChKO-BUKIIAIABKAN CKIa DaKyJIbTETy MaTeMa-
TuKM Ta indopMaTuku HapaxoBye 67 BukiagadiB. Cepen mHux 17 JOKTOpIB HaykK



(Map’siz Bupka, fpocnas Biryn, fpocinas Bukimiok, Bacunbs Topomenpkuit, Isan
?Kuraprok, Onena Kapiosa, Isan Kiesuyk, Biragucnas Jlitopuenko, [rop Mamuk,
Oubra Mapruniok, Osiekcangp Maciouenko, Bosonumup Muxaiimiok, Bacuis He-
crepenko, Poman Ilerpummn, Muxaiiio ITonos, Isan Ilykanscskuit, Irop Yepesko)
Ta 47 xKaHIuIaTiB HayK abo JOKTOPIB dintocodil, ski 3abe3medyoTs miAroToBKy H6a-
KaJIaBPiB, MaricTpiB Ta acCHipaHTIB.

3a 15 ocBiTHiME TporpaMamMu Ha (aKyJIbTETI MATEMATHKHU Ta iH(POPMaTUKKU Ha-
BuaeThes nmoua 700 3m06yBadiB BUINOI OCBITH.

Maprunok Ogbra,
?Kuraprok Isan
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Let F,, and L,, respectively, the Fibonacci and Lucas numbers satisfying the
second-order recurrence relation

Xn:Xn71+Xn727 ’I’LZQ,

with initial values Fop = 0, F1 = 1 and Lo = 2, L1 = 1. For negative subscripts, we
have
F = (-1)""1F,, L_,=(-1)"Ly,.

See, respectively, entries A000045 and A000032 in On-Line Encyclopedia of Integer
Sequences [5] for further information on these numbers.

In this note, we introduce relations between binomial sums involving Fibonacci
and Lucas numbers, and different kinds of binomial coefficients. We also present
some relations between sums with two binomial coefficients. The presented results
are closely aligned with the spirit of our other papers [1-4].
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Theorem 2. If m,n € Z4 and r,s € Z, then
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Theorem 3. Ifn,m € Z, and s,t € Z, then
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Theorem 4. For n,m € Z4, we have

()

n

>

k=0

n+k
k

mk Fm("+1—k) —

Lk
( )<—1>

Theorem 5. Forn € Z4, we have
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Theorem 6. Forn € Z4, we have
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The last proposition in this set involves mixed identities.

Theorem 7. Forn € Zy, we have
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Next we present some relations involving Fibonacci (Lucas) numbers and two
central binomial coefficients.

Theorem 8. Forr € Z and n € Z4+, we have
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Theorem 9. Forr € Z and n € Z, we have
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Theorem 10. Forr € Z and n € Z4, we have
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Finally, we proceed with some identities involving an additional parameter s.



Theorem 11. Forr € Z, s € N and n € Z4, we have
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Theorem 12. Forr € Z, s € N and n € Z4+ we have
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5. Sloane N.J.A. (ed.) The On-Line Encyclopedia of Integer Sequences, Available
at https://oeis.org.
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A nonlocal problem for hyperbolic equations with
impulse discrete memory

Assanova Anar T., Imanchiyev Askarbek E.

anartasan@gmail.com
Institute of Mathematics and Mathematical Modeling, Almaty,
K. Zhubanov Aktobe Regional University, Aktobe, Kazakhstan

On the domain Q = [0,7] X [0,w] we consider the nonlocal problem for an
impulsive system of hyperbolic equations with discrete memory in the following
form

Pu du(t, x) ou(t, x)
50w A(t, ) Ep + B(t,z) En + C(t, z)u(t,z) + f(t,x)+
+Aol(t, x)w + Bo(t, x)% + Co(t, z)u(y(t),x), (1)
t#£60;, j=1N-1,
P(x)u(0,z) + S(x)u(T, z) = ¢(z), z € [0,w], (2)
tlggl+0u(t, z) — tﬁl%r;liou(t,a:) =p(z), z€0,w], p=1,N -1, (3)
u(t,0) = ¥(t), te€0,77], (4)

where u(t,z) = colon(ui(t, x), u2(t, x), ..., un(t,z)) is unknown vector function, the
n X n matrices A(t,z), B(t,x), C(t,x), Ao(t,z), Bo(t,z), Co(t,z) and n vector
function f(t,z) are continuous on Q;

yt)=¢ if te€0;,041), J=0N-1

0]' < Cj < 9j+1 for all ] = 0, 17 ...,N - 1;

0=60p <t <..<On_1<0Nn =T,
the (n x n) matrices P(z), S(z) and n vector function ¢(z) are continuously di-
fferentiable on [0,w], the n vector functions ¢,(x) are continuously differentiable
on [0,w], p=1, N — 1, the n vector function v(¢) is continuously differentiable on
[0, 7).

Mathematical modeling of processes with discontinuity effects has necessitated
the need to develop the theory of differential equations with discontinuities. An
important class of such equations is comprised of differential equations with discrete
memory [1, 2, 3, 4].

Along with the study of various properties of differential equations with discrete
memory (or piecewise constant argument), a number of authors investigated the
questions of solvability and construction of solutions to boundary value problems
for these equations on a finite interval [5, 6, 7].

For impulsive partial differential equations with discrete memory, however, the
questions of solvability of boundary value problems on a finite interval still remain
open.

In this communication, we propose a new approach for solving nonlocal problem
(1)—(4) based on Dzhumabaev’s parametrization method [8, 9, 10].
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We study questions of solvability and uniqueness to the nonlocal problem for
an impulsive system of hyperbolic equations second order with discrete memory
(1)~(4).

Conditions for the existence and uniqueness of the nonlocal problem for an
impulsive system of hyperbolic equations with discrete memory are established. An
algorithm for finding approximate solution this problem is offered.

Acknowledgments. This research has been funded by the Science Committee
of the Ministry of Science and Higher Education of the Republic of Kazakhstan
(Grants No. AP19675193, No. BR20281002).
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Automatic continuity of measurable homomorphisms on
Cech-complete topological groups
Banakh Taras

t.o.banakh@gmail.com
ITvan Franko National University, Lviv, Ukraine

The problem of automatic continuity of measurable homomorphisms traces its
history back to Cauchy who proved in 1821 that continuous additive real functions
are linear and asked about conditions implying the continuity of additive functi-
ons. In the very first issue of Fundamenta Mathematice (1920), three papers (of
Banach, Sierpinski and Steinhaus) were dedicated to the proof of the continuity
of Lebesgue measurable additive real functions. Later those results were extended
by Weil, Pettis, Christensen and other great mathematicians of XX century who
substantially contributed to the theory of automatic continuity. In the talk we di-
scuss the resent progress in extending classical results on automatic continuity of
measurable homomorphisms beyong the class of Polish groups. One of such new
results is

Theorem 1. Every Haar-measurable homomorphism from a locally compact topologi-
cal group to any topological group is continuous.

Under Martin’s Axiom this theorem was proved by Kuznetsova in 2012. The
continuity of Haar-measurable homomorphisms between locally compact groups was
proved by Kleppner in 1991.

Applying Theorem 1 to universally measurable homomorphisms on Cech-complete
groups, we prove the following extension of a recent (2019) result of Rosendal on
the continuity of universally measurable homomorphisms between Polish groups:

Theorem 2. Every universally measurable homomorphism from a Cech-complete
topological group to any topological group is continuous.

A topological group is Cech-complete if its underlying topological space is homeomorphic
to a Gs-set in some compact Hausdorff space. A function f : X — Y between
topological spaces is

o universally measurable if for any open set U C Y the preimage f~'[U] is u-
measurable with respect to any probability Radon measure p on X;;

e BP-measurable if for any open set U in Y the set £ ~'[U] has the Baire Property
in X, i.e., belongs to the smallest o-algebra containing all open sets and all
meager sets in X;

o yniversally BP-measurable if for any open set U in Y and any closed set F' in
X the set F'N f7'[U] has the Baire Property in F;

e Borel-measurable if for any open set U in Y the preimage fﬁl[U] is a Borel set
in X.

A topological group X is w-narrow if X can be covered by countably many
left shifts of any neighborhood of the identity. By a classical result of Pettis (1951),
every BP-measurable homomorphism from a Baire topological group to an w-narrow
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topological group is continuous. The following (nontrivial) theorem allows to “move”
the w-narrowness in Pettis’ result from the range to the domain.

Theorem 3. Every BP-measurable homomorphism from an w-narrow Cech-complete
topological group to any topological group is continuous.

Theorem 3 and the k-space property of Cech-complete spaces implies another
automatic continuity criterion:

Theorem 4. Every universally BP-measurable homomorphism from a Cech-complete
topological group to any topological group is continuous.

Since Borel-measurable functions are both universally measurable and universally
BP-measurable, Theorem 2 or 4 imply

Theorem 5. Every Borel-measurable homomorphism from a Cech-complete topologi-
cal group to any topological group is continuous.

A subset B of a topological space X is functionally Borel if there exists a conti-
nuous function f : X — R“ such that B = f~'[D] for some Borel set D in R¥. In
fact, Theorems 1 and 3 are corollaries of the following general

Theorem 6. Let Z be a ccc o-ideal on an w-narrow Cech-complete topological group
X such that for every I € T and Borel set B in X there exists a functionally Borel
set Fin X such that F C B\ I. A homomorphism f: X — Y to a topological group
Y is continuous if and only if for every open set U in'Y the preimage h™*[U] belongs
to the smallest o-algebra containing all sets in the ideal Z and all Borel subsets of

X.

1. T. Banakh, Automatic continuity of measurable homomorphisms on Cech-
complete topological groups, ( arxiv.org/abs/2206.02481).

14



On concept of bounded index for Fueter regular functions of
quaternionic variable

Bandura Andriy*, Baksa Vita?

1andriykopanyts‘.ia@gmail .com, 2vitalinabaksa@gmail .com
L Department of Advanced Mathematics, Tvano-Frankivsk National Technical
University of Oil and Gas, Ivano-Frankivsk, Ukraine
2 Department of Mathematics, Lviv Polytechnic National University, Lviv, Ukraine

Let H be the real associative algebra of quaternions with the standard basis
1, 4, j, k such that i = j% = k? = -1, ij = —ji = k, jk = —kj = i, ki =
—ik = j. q = xo + iz1 + jx2 + kxs, where z, € R, for £ = 0,1,2,3 and we set
lg] = /22 + 22 + 23 + z2 and |q| is the module of ¢, respectively. Sometimes it will
be useful to write a quaternion in a more compact way as ¢ = 23:0 10T where
ze €ERandw=1,1=14,12=7,13=k.

Let us consider a function f : H — H. The notion of holomorphicity for functions
of one quaternionic variable was introduced [1, 2, 4] in defining a regular function
(or quaternionic holomorphic function) as a function defined on an open set of the
space of quaternions which is in the kernel of the so-called Cauchy-Fueter operator
(a natural generalization of the Cauchy-Riemann operator). Let us now introduce
the two differential operators which generalize the Cauchy—Riemann operator to the
quaternionic case: g, = azo 'Hazl 475 812 ‘l'kazg’ 8’:1' = azo —|—EH— 8z2j+ aa k. The
two operators are called the left and right Cauchy-Fueter operators, respectively.

Let U C H be an open set and let f : U — H be a real differentiable function

We say that f is left regular on U (see Definition 3.1.1. in [1]) Z B’f = 6350 +1 6 L4
Jaf + k;’mfd 0. We say that f is right regular on U if BL = ;I{) + ;zflz +

312 i+ aifg, k = 0. The theory of left regular functions is completely equivalentto the
theory of right regular functions so, classically, the theory is usually developed for
the case of leftregular functions. There are four different approaches to construct
Fueter regular function of quaternionic variable by holomorphic function of complex
variable. They are generated by corresponding assertions of Fueter (Theorem 3.1.6
in [1]), Sudbery (Theorem 4 in [4]), Mariconda (see Proposition 2.27 in [2] or [3])

and series with suitable regular homogeneous polynomials.

Proposition 1. (see Proposition 2.27 in [2], [3]) Let Gk, (k = 1,2, 3), open sets in C
and let hy : G — C, complex holomorphic functions. Furthermore let hy, = Re hx +
it Im hg. Further let G := {q = zo+e1x1+e2x2+esxs € H: zo+erxr € G} then the
function H : G — H given by H(q) = Zi:l Re hi(zo, k) + Ei:l er Im hi(zo, xr)
is quaternionic regular in G.

Every regular function f : H — H can be represented as a uniformly convegent

series (see [4, 1]) f(q) = X020 > ,co, Pr(¢ — qo)aw, Where a, = (o),
0y = %, on denotes the set of triples v = (n1,n2,n3), n = n1 +n2 + na,
Il 12 13
qo € H, and
ple)= D (wom — ). (worn, —T,)
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Here the sum is taken over the
to i, with ¢ = 1,2, 3.

A regular function f : H — H is said to be of bounded index if there exists
ng € Z4+ such that for all ¢ € H and for all @ = (a1, a2,a3) € Zi_ the following
inequality is true

ﬁ different alignments of n; elements equal
nilnglng

Puf@l
(a1 4+ a2 +a3)! —

SmaX{% : 0L B4 Pa+ B3 <no, B = (B, P2, B3) eZi}.

The least such integer ng is called the index of the function f and is denoted by

N(f,H).
Using the Mariconda Proposition (see above Proposition 1 it is possible to
introduce such a quaternionic analog of the exponent, the sine and the cosine:

expy(q) = €"°(cosz1 + cos T2 + cosxs) + €™ (isinxzy + jsinzs + ksinzs),
cosu(q) = coszo(chx1 + chzo + chzs) —sinxg(ishxi + jshxs + kshxs),
sinm(q) = sinzo(chz1 4+ chxa + chxs) + coszo(ishx1 + jshze + kshxs).

Our main result is the following:

Theorem 1. The functions expy, cosu, sing are reqular functions of bounded index
in the whole space H ant their indezes equal to 1, 2, 2, respectively.

Acknowledgement. The authors are deeply indebted to Prof. Oleh Skaskiv
(Lviv) for his ideas and fruitful discussion.

1. Fabrizio Colombo, Irene Sabadini, Franciscus Sommen, Daniele C. Struppa.
Analysis of Dirac Systems and Computational Algebra, Springer Sci-
ence+Business Media LLC, 2004.

2. Klaus Gurlebeck, Wolfgang Sprossig, Quaternionic and Clifford Calculus for
Physicists andEngineers, JOHN WILEY & SONS, 1997.

3. Mariconda C. (1989) Functions of quaternionic variables. Magister Philosophiae
Thesis,S.I.S.S.A. — I.S.A.S., Trieste.

4. Sudbery A. Quaternionic analysis. Mathematical Proceedings of
the Cambridge Philosophical Society. — 1979. — 85. — P. 199-225.
https://doi.org/10.1017/S0305004100055638

16



L-Index in Joint Variables: Composition of an Entire Function
with a Function Having a Vanished Gradient

Bandura Andriy*, Salo Tetyana®

1andriykopanytsia@gmail .com, 2tetyan. salo@gmail.com
L Department of Advanced Mathematics, Tvano-Frankivsk National Technical
University of Oil and Gas, Ivano-Frankivsk, Ukraine
2 Department of Mathematics, Lviv Polytechnic National University, Lviv, Ukraine

We will use notations and definitions from our recent paper [1| written together
with Prof. Oleh Skaskiv (Lviv, Ukraine).

Let R™ and C" be n-dimensional real and complex vector spaces, respectively,
n € N. Denote Ry = (0,400), 1 = (1,...,1) € R", 0 = (0,...,0) € R". For
K = (ki,...,kn) €27, let us write ||K|| =ki+---+kn, K! =k1!-...-k,!. For A =
(a1y...,an) € C", B = (b1,...,bn) € C", we will use formal notations A+ B = (a1 +
bi,...,an £by), AB = (aib1, - ,anbn), A/B = (a1/b1,...,a,/bn), and if A, B €
R™, then AZ = alflag"n ..ab max{A; B} = (max{a1; b1}, max{az;b2},..., max{an;bn}),
and the notation A < B means that a; < b; for all j € {1,...,n}. Similarly, the
relation A < B is defined.

An entire function F' of n complex variables is called a function of bounded L-
index in joint variables [1] if there exists a number m € Z such that for all z € C™
and J = (j1, j2,...,Jn) € Z7, one has

FY(z FU (2 n
ﬁgmm{ﬁ:Kez,nKHSm}. (1)

The least integer m for which inequality (1) holds is called the L-index in joint
variables of the function F' and is denoted by N(F,L). Let us denote V®(z) =

oD (z 0P (z oD (z OP(z n .
( 2@, 6;”)), IV|®(z2) = (’87(3 ‘% ) For R€ R, j € {1,...,n}

and L(z) = (li(2),...,ln.(2)), we define

D" [ZO7R/L(zO)] ={zeC": |z — z;)| <ri/l;(z°),5 € {1,...,n}},
A1,j(z0, R) = inf {lj(z)/lj(zo): z€ D" [zO,R/L(zO)] } ,
A2,j (20, R) = sup {lj(Z)/l]‘(ZO): z € D" [ZO,R/L(ZO)] I®
Al,j(R) = inf )\17]’(20,R),>\27J‘(R) = Ssup )\Q’j(ZO,R).

20ecn 20¢ecn

By Q" we denote a class of functions L(z) for which every R € R’} satisfies the
condition 0 < A1 j(R) < Aa,j(R) < +oo. If n = 1, then Q = Q".

Theorem 1 ([2]). Letl € Q, l(w) > 1, f : C — C and ® : C* — C be entire
functions such that all partial derivatives of the first order for the function ® are
nonvanishing. Suppose L € Q", where L(z) = I[(®(2))|V|®(2).

In addition, for the function ® and for p = N(F,L) or p = N(f,1) there exists
C > 0 such that for all z € C" and for all J = (j1,...,jn) € Z3 \ {0}, |J]| < p+1,
one has | (2)| < C|V|®(2)?. The entire function F(z) = f(®(z)) has bounded
L-index in joint variables if and only if the entire function f has bounded l-index.
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Theorem 2 ([2]). Letl € Q such thatl(z) > 1 for allz € C, g : C — C be an entire
function of bounded l-index, and ® : C" — C be an entire function, n > 2, such that

LeQ", L(w)=max{1,|V|®(w)}H(®(w)). (2)

If there exists Ca > 1 such that for all w € C" and for all J € Z7 \ {0} with
7]l < N(g,l)+ 1, one has

2 (w)] < Co(U(@(w))) "/ VIV (V|@(w))”, (3)

then the entire function H(w) = g(®(w)): C* — C has bounded L-index in joint
variables.

Example. We choose f(w) = e” and ®(z1,22) = sin(z1) cos(zz2). The index of
the function f equals 0 because f (P) (w) = e®. Let us consider the composite function
F(z1,22) = f(®(21, 22)) = esF1) e0s(22) _ Calculate the gradient of the function ® :

V®(z1,22) = (cos(z1) cos(z2), — sin(z1) sin(z2)).

One should observe that the zero sets of the functions cos(z1) cos(z2) and — sin(z1) sin(z2)
are not empty. Therefore, Theorem 1 is not applicable to this composition. we can
apply Theorem 2 to that composition. The function ®(z1, z2) = sin(z1) cos(z2) sati-
sfies (3) for J = (0,1) and J = (1,0). Thus, the function e¥*(*1)¢°5(2) has bounded
L-index in joint variables, where the function L is constructed by (2):

L(z1, 22) = (max{1,]| cos(z1) cos(z2)|}, max{1, | sin(z1) sin(z2)|}.

1. Bandura, Andriy, Tetyana Salo, and Oleh Skaskiv. L-Index in Joint Variables:
Sum and Composition of an Entire Function with a Function With a Vani-
shed Gradient // Fractal and Fractional. — 2023. — 7, No.8. Article ID: 593.
https://doi.org/10.3390/fractalfract 7080593

2. Bandura, A.l; Skaskiv, O.B. Boundedness of L-index for the composition of
entire functions of several variables // Ukr. Math. J. — 2019. — 70. — P. 1538—
1549. https://doi.org/10.1007/s11253-019-01589-9.
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Derivations of finitary Mackey algebras
Bezushchak Oksana

bezushchak@knu.ua
Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine

Let V be an infinite-dimensional vector space over a field F, and let V* denote
the vector space of all linear functionals on V. A subspace W C V* is called total if
v €V, (v|W) = (0) implies v = 0.

Let Endr(V') be the associative algebra of all linear transformations V' — V and
let Endfin(V) = {¢ € Ends(V) | dimp (V) < o0}

The subalgebra A(V|W) = {¢ € Ende(V)|W¢ C W} and the subalgebra
Afin(VIW) = A(VIW) N Endy;, (V) are called the Mackey algebra and the finitary
Mackey algebra [5].

The algebra Ay, (V|W) of a total subspace W C V™ is a nonunital locally matrix
algebra; see [1].

Let the characteristic of the field F be different from 2, and let o(f) = {a €
A(V[W)|a" = —a} be the Lie algebra of skew-symmetric linear transformations.
Let 000 (f) = o(f) N Endyin (V).

The following theorem describes derivations of finitary Mackey algebras.

Theorem. (a) An arbitrary derivation of the associative algebra Az (VW) is an
adjoint operator ad(a), a € A(V|W).

(b) Let charF # 2. Then an arbitrary derivation of the Lie algebra oo (f) is an
adjoint operator ad(a), a € A(V|W), a* = —a.

1. Bezushchak O. Derivations and automorphisms of locally matrix algebras // J.
Algebra. — 2021, 576. — P. 1-26.

Herstein I.N. Rings with involution. — Univ. of Chicago Press, Chicago, 1976.
Jacobson N. Structure of rings. Am. Math. Soc. Collog. Publ. 37, 1956.

Jacobson N. Lectures in abstract algebra. Volume 2. Linear algebra, Springer-
Verlag, 1975.

5. Mackey G. On infinite dimensional linear spaces // Trans. AMS. — 1945, 57. —
P. 155-207.
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On Parabolic Convergence Regions for Branched Continued
Fractions of the Special Form

Bilanyk Iryna®, Bodnar Dmytro®, Voznyak Olha®

i.bilanykQukr.net, bodnar4755Qukr.net, olvozQukr.net
Y Ternopil Volodymyr Hnatiuk National Pedagogical University
2 West Ukrainian National University

The most effective theorems of convergence of continued fractions and their
multidimensional generalizations are theorems of the type of convergence regions.
It is when the belongness of fraction elements in certain regions guarantees the
convergence of this fraction. In particular, parabolic convergence regions were studi-
ed for branched continued fractions of general form with N branches of branchi-
ng, two-dimensional continued fractions, and branched continued fractions with
independent variables in the works of T. Antonova, I. Bilanyk, D. Bodnar, R.
Dmytryshyn, Kh. Kuchminska, and O. Sus. At the same time, when considering
unbounded subsets of parabolic regions, additional conditions of divergence of series
composed of elements of equivalent fractions arose. On some subsets of these regions,
truncation error bounds have been established.

An analog of Thron’s theorem for the following two-dimensional branched conti-
nued fraction of the special form

ay T fay ai(k)
bi) [:)QZ_ bi(k)

i

is established [1]. At the same time, some additional conditions arise due to the
multidimensionality of the research object.

1. Bilanyk I. B., Bodnar D. I. Two-dimensional generalization of the
ThronsB*“Jones theorem on the parabolic domains of convergence of conti-
nued fractions // Ukr. Mat. Zhurn. — 2022. — 74 B, 9. — P. 1155-1169.
https://doi.org/10.37863 /umzh.v74i9.7096
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On one modern method for teaching differential equations
Bilichenko Roman, Doroshenko Daniil

bilichenko@mmf.dnu.edu.ua, doroshenkode@mmf.dnu.edu.ua
Oles Honchar Dnipro National University

In modern higher education, when teaching mathematical disciplines, especially
for students of applied specialties, the issue of demonstrating the application of
acquired knowledge within the scope of the educational component being studied
is relevant. The modern method with the application of effective implementation
of mathematical models in the program code can be used in the teaching of the
discipline "Differential Equations".

Classes are organized in the vast majority according to the scheme: problem
statement and its research - construction of a mathematical model - solution of a
differential equation or system - implementation in the form of software code. In
fact, this approach allows you to combine such components as purely differential
equations, mathematical modeling and numerical methods.

We will give an example of a corresponding implementation.

Problem. The weight oscillates on a spring with a mass of 0.5 kg, the stiffness
of the spring is 10 N/m. The initial deviation of the weight from the equilibrium
position is 0.2 m, and the speed of the initial movement is 0 m/s. It is necessary to
determine the law of pendulum oscillations.

The mathematical model is implemented in the form of a system of differenti-
al equations:

d*z
dv 20
E = — H

with initial conditions xz(0) = 0.2, v(0) = 0.
Analytical solution gives the following result:

z(t) = 0.2 cos 2v/5t,
v(t) = —0.4sin 2+/5t.

Program code (in Python):

import numpy as np

import matplotlib.pyplot as plt

def runge_kutta_method(f, tO, tf, h, yO0):
t = np.arange(t0, tf + h, h)

n = len(t)

m = len(y0)

y = np.zeros((n, m))
y[0o] = yo

for i in range(l, n):
k1 = £(t[1 - 1], yli - 1)
k2 = £(t[i - 1] +h / 2, y[i - 1] +h / 2 * k1)
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k3 = £f(t[i - 11 +h / 2, y[i - 1] +h / 2 * k2)
k4 = £(t[i - 1] + h, y[i - 1] + h * k3)
ylil = yli - 11 +h / 6 * (k1 + 2 * k2 + 2 * k3 + k4)
return t, y
def f(t, y):
return np.array([y[1], -20 * y[0]])
t0 =0
tf = 10
h =0.01
yO = np.array([0.2, 0])
t, y = runge_kutta_method(f, tO, tf, h, y0)
plt.plot(t, y[:, 0], label=’x’)
plt.plot(t, y[:, 1], label=’v’)
plt.xlabel(’t?)
plt.ylabel(’y’)
plt.legend()
plt.show()
plt.plot(y[:, 01, y[:, 11D
plt.xlabel(’x’)
plt.ylabel(’v?)
plt.show()
print ("t\t\tx\t\t\tv")
for i in range(len(t)):
print (£"{t[il:.2f\t\t{y[i, 0]:.6fF\t\t{y[i, 1]:.6£f}")

This method can be extended to other mathematical disciplines. Analytical and
numerical solution methods can be found in more detail in [1]. More details about
general approaches to illustrating mathematical objects with program code can be
found in [2].

1. Syasev V. A. Differential equations: study guide (in Ukrainian) — Dnipro.: Publi-
shing House DNU, 2007. — 356 p.

2. Orland P. Math for programmers: 3D Graphics, Machine Learning, and Si-
mulations with Python — Manning Publications, 2020. — 698 p.
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Control conditions for not always solvable impulse systems of
integro-differential equations
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Consider the inhomogeneous system of integro-differential equations with impulsi-
ve actions at fixed times

b b

z(t) — <I>(t)/ [A(s)x(s) + B(s)x(s)] ds = f(t) + / K(t,s)dsu, te[a,b], (1)

a a

AFE;x = Six(ri —0)+v € R¥, i=1,...p, 7€ (a,b). (2)

t=T7;
The solution to problem (1), (2) will be sought in the class of vector functions z(t)
such as x(t) € Da([a,b]\(r,},), ©(t) € Lafa,b], t € [a,b], 7 € (a,b), i = 1,2,...,p.
Here Dz([a, b]\(r,},) — the space of functions x : [a,b] — R"™, which allow disconti-
nuities of the 1st kind at points 71,...,7, € (a,b) and are absolutely continuous on
each of the intervals [a, T1), [T1, T2), ..., [Tp, D].

We use the assumptions and notation from [1, 2]: A(t), B(t) — m X n, ®(t) —
n X m, f(t) — n x 1 dimensional matrices, the components of which belong to
the space La[a, b]; the vector columns of the matrix ®(¢) are linearly independent
on [a,b]; E;, S; are k; x n-dimensional matrices, 7; is a k;-dimensional column
vector of constants; rank (F; + S;) = k; < n, i.e., the solution of the system is

determined by a single-valued continuation through the break point AFE;x =

t=T7;
E;i(x(1; + 0) — x(1; — 0)).

We assume that the impulse system (1), (2) is unsolvable for u = 0,u € R"™ and
arbitrary inhomogeneities f(t) € La[a,b], v € R¥i. Using the technique proposed in
[3], the problem with impulse influence (1), (2) can be represented as an "interface
BVP’s". To reveal this relationship, we introduce a k-dimensional linear bounded
vector functional £ := col({1, ..., €p) : D2([a,b]\(r;},) = R*, k= ki + k2 + ... + kp,
¢;: DS(p) — R*, (i=1,...,p) as follows:

o= Ew(n—&—) — (El + 51)1’(7'1—)
................................................ (3)
by = Epx(1p+) — (Ep + Sp)z(1p—)
and represent the impulsive action (2) as the boundary condition
t(-) =7 € R, (4)
here v = col(v1, 72, ..., Vp) € RF, ~i € R,

The following statement is correct.

Theorem 1. Impulse system of integro-differential equations (1), (2), which is
unsolvable for u = 0 and for Vf(t) € La[a,b] will have a solution if and only if
the following condition Py+g = 0 is fulfilled. In this case, the control variable u
should be selected as follows: w=U"vg+ Pyc,c € R™.
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Here (di + d2) x n —dimensional matrix U

b s b b
Po; [ [A(s)ffK 7, 8)dsdr + B(s )fK(S,T)dT:| ds

a

D — g b b
U = Pos [ [ K(t,s)dsdt + Wo(-)D [ [A

b
+B(s) [ K(s, T)dT] ds

a

b
J K(r,s)dsdr+ (5)

s .

—PD* b
Poy {7 - F(- )}
U™ —pseudo-inverse (according to Moore-Penrose) to U — n x (d1 +dz)-dimensional
matrix, Py=, Py — (di+d2) X (d1+d2) and n x n-imensional matrix (orthoprojector),
respectively.

Remark. Under condition Py=g = 0 the control of u € R"™ may not be unique,
because it depends on an arbitrary constant Pyc € R™. This makes it possible to
use this control to investigate problems that are often encountered in the theory of
optimal control.

(d1 4+ d2) x 1 —dimensional vector g is given as follows: g :=

1. Bondar, I.: Control conditions for not always solvable integro-differential equati-
ons with a degenerate kernel and boundary value problems for them //
Bukovynsky Mathematical Journal, 1-2 (4), pp. 13-17 (2016, in Ukraine).
http://bmj.fmi.org.ua/index.php/adm/article/view /176 /176

2. Boichuk A. A., Samoilenko A. M., Generalized inverse operators and Fredholm
boundary value problems. — Utrecht, Boston: VSP, 2004, 317 p.; 2nd edition,
Walter de Gruyter GmbH & Co KG, 2016, 314 p.

3. Boichuk, O.A., Holovatska (Bondar), I.A. Boundary-Value Problems for
Systems of Integrodifferential Equations. J. Math. Sci., 2014, 203, 306-321
(Translation of Nonlinear Oscillations (Neliniini Kolyvannya), 2013, Vol. 16,
No. 4, pp. 460-474). https://doi.org/10.1007/s10958-014-2135-1
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We assume diffusion transfer process y(t) € R? has given by stochastic evoluti-
onary equation [1], [2]

dy(t) = a(y(t), z(t))dt + o (y(t), z(t), u(t))dW (1), (1)

where z(t), t > 0, is a semi-Markov process on a standard phase space (X,X) [2]
and it is defined by semi-Markov kernel Q(t, z, B) = P(z, B)G4(t) where stochastic
kernel has a form P(z,B) := P{z,+1 € Blz, = z}, B € X and it describes
n
embedded Markov chain z, := z(7,) at renewal moments 7 = > 0, n >0, 70 =0,
k=1
and at intervals Ox4+1 = Tp4+1 — 7% between renewal moments 7,,. Values 6,, of intervals
are determines by distribution function

Golt) = P{Ons1 < tlzn = 2} = P{O, < t}.

Let the control function u(t) for process (1) be evaluated by the quality criterion
described by the function G(y, x,u) with a single equilibrium point at each interval
[Tk, Tk+1]. In (1) W (t) is a Winer process [2].

Further we assume that semi-Markov process z(t), ¢t > 0 is regular, that is
P{v(t) < oo} = 1[2] and it is also uniformly ergodic with stationary distribution

7(B) = lim Pla(t) € B} = [ pldog(e)/a, B < X,

where p(B). We define Ry as a potential operator for generator Q by the relation
Ro =TI — (T + Q)~* where p(B), B € X is a stationary distribution of embedded

T

Markov chain zn, n > 0 [2], g(z) := [(1—Gz(s))ds < C < +o0, q:= [ p(dzx)g(z) >
0 X
0.
We have control for solution of equation

G (y,x,u)

B — . (2)

when condition G(-,-,u) € C*(R) is satisfied.
Control problem (1), (2) in averaged scheme with small parameter ¢ has a form
(1]
dy*(t) = a(y™(t), z(t/€))dt + o (y~ (1), 2(t/e), u" (t))dW (t) (3)
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and control function u®(¢) can be determinated by stochastic optimization procedure
(1]
du®(t) = a(t) Ve Gy~ (1), z(t/e),u (1)), (4)

where V) G(-, - u) = (G(y -y u+ B(t) — G, u— B(1)))/28(1).

Initial conditions for problem (3), (4) have a form
y(0) = yo, z(0) = zo, u(0) = uo.
We assume that functions a(t), 8(t), t > 0 satisfy condition
a(t) =0, B(t) =0

at t — oo.
Sufficient conditions for weak convergence were obtained in the work

(= (1), u(t)) = (4(t), a(t)), € = 0.
Averaged control problem for process (§(t), 4(t)) is defined by system
dj(t) = a(g)dt + o (g, a)dW (t),

di(t) = Vg G(9, 4)dt,
where a(y) :){7T(d:v)a(y,m)7

02(y,u) = /W(d:c)az(y7u,x),

X

G(y,u) :){G(y,u,x)ﬂ(d:r).

1. Korolyuk V.S. Stochastic Systems in Merging Phase Space / V.S. Korolyuk, N.
Limnios // World Scientific, 2005. - 330 p.
2. Chabanyuk Y. Asymptotic Analyses for Complex Evolutionary Systems wi-

th Markov and Semi-Markov Switching Using Approximation Schemes /
Y.Chabanyuk, A.Nikitin, U.Khimka// Wiley, 2020/ - 240 p.
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We discuss applications of Nikolskii spaces B, o, of low order s, specifically of
negative order, to an elliptic boundary problem (EBP) of the form

Au=fin Q, Bju=gjonl, j=1,...,1L (1)
Here,  is a bounded domain in R4*! with a boundary T’ € C*°; ord A = 2I, with
I € N, and m; := ord B; < 20 — 1. All coefficients of the differential operators A
and Bj belong to the complex spaces C*°(Q2) and C*°(T'), resp. We will pay special

attention to some EBPs with white noise on the boundary.
We consider the case where f € (J,., Lp(2). Then the distributions Bju are

well defined for any (extendable) distribution u € §'(Q) := S’ (R**) | Q

Theorem 1. Let s < 2l and 1 < p < co. Then EBP (1) generates a Fredholm
bounded operator on the pair of Banach spaces

l
{u€ Boo(Q): Aue Ly(Q)} and Ly(Q) x [[ Broc” /(1)
j=1
the first space is endowed with the graph norm). The kernel of this operator lies in
(the first sp grap D

C* () and together with the index does not depend on s and p.

Assume, that an open set U C R" satisfies Q¢ := QNU # @ and 'y :=T'NU # 0.
Let Bg;},‘o’c(Qo, Tp), with o € R, denote the space of all distributions u € S’(€2) such
that xu € Bj »(€2) whenever x € C*(Q2) and suppx C o U T'g. Similarly, let
B'°(T'y) denote the space of all distributions h € D'(T) such that xh € B . (T)
whenever x € C*°(T") and supp x C To.

Theorem 2. Let s € R and 1 < p < oo. Suppose that a distribution u € S'(Q) is
the solution to EBP (1) whose right-hand sides satisfy the conditions f € Ly(Q) N

B 2M¢(Q, T) and g; € Byoe? /P'%°(To) for each j € {1,...,1}. Then u €
By (Q0, To).

We accomplish this theorem with a local a priori estimate of the solution wu.

Theorem 3. Let s € R and 1 < p < oo. Suppose that a distribution u € S'(Q2)
satisfies the hypotheses of Theorem 2. Let a number v > 0, and let functions x,n €
C*(Q) satisfy suppx C suppn C Qo UTo and n =1 in a neighbourhood of supp x.
Then

Ixt, By oo () < c <|I?7f, Ly(Q)]| + lInf, By ()1 +

l
s—mj—1/ s—r
+3" llngs, By~ () + unu,Bp,oom)H).
j=1
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Here, ¢ is a certain positive number that does not depend on u, f, and g1,...,q:.

Versions of these results are true for Besov and Triebel-Lizorkin spaces [1].

Let us now discuss an application of Nikolskii spaces to EBPs with white noise
on the boundary I'. Assume that I is the d-dimensional torus T¢, and consider the
Dirichlet boundary problem for Poisson equation

Au=finQ, ~u=¢on T (2)

on the assumption that f € L,(€Q) for certain p € (1,00). Here, o is the trace
operator, and ¢ is the Gaussian white noise on T?. Recall that the Gaussian white
noise on I' is a random variable £ : © — D'(T') that satisfies the following two
conditions: 1) the numerical random variable £(v) : © — C is normally distributed
for every test function v € C*°(I'); 2) the equality

E[£(01)E(02)] = C / o ()02 (@)dS

holds true for arbitrary functions v1,v2 € C*°(T') and a certain number C' > 0 that
is independent of v1 and v2. Here, (O, K, P) is a probability space.

Theorem 4. The EBP (2) has a unique generalized solution u(w, -) of class B;,/o%_dﬁ(Q)
for P-almost all w € ©. This solution satisfies

[, ) By 2@ < e (ILf, (@)l + 16(w), B &L3(T)]]) < oo
for a certain number ¢ > 0 that does not depend on f, &, and w.

This result is exact with respect to the order of the Nikolskii space over §2.
Theorems 1-4 were established in [2].

1. Chepurukhina I.S., Murach A.A. Elliptic problems in Besov and Sobolev—
Triebel-Lizorkin spaces of low regularity // Dopov. Nac. Akad. Nauk Ukr. —
2021. — no 6. — P. 3-11. (arXiv:2108.08741)

2. Murach A.A., Chepurukhina I.S. Elliptic problems with rough boundary data
in Nikolskiy spaces // Dopov. Nac. Akad. Nauk Ukr. — 2021. — no. 3. — P. 3-10
(Ukrainian). (arXiv:2103.10372)
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Differential-difference and differential-functional equations are mathematical models

of many applied problems in automatic control and management systems, chemi-
cal, biological, technical, economic and other processes whose evolution depends on
prehistory [1, 2|.

In the study of the problems of stability, oscillation, bifurcation, control, and
stabilization of solutions of linear differential-difference equations, the location of
the roots of the corresponding characteristic equations is very important.

Numerous applications of delayed systems have led to the active growth of
research in various areas of the theory of differential-functional equations and the
emergence of new interesting theoretical problems that need to be solved [3].

This paper investigates the application of approximation schemes for differential-
difference equations [4]-[6] to construct algorithms for the approximate finding of
nonsymptotic roots of quasipolynomials and their application to study the stability
of solutions of systems of linear differential equations with many delays.

Consider the initial problem for a linear system of differential-difference equati-
ons

k
dx
= x(t)+; z(t—m) (1)
z(t) = (t), te[-70] (2)
where A, B;, i = 1,k fixed n x n matrix, t € R", 0 < 11 < 2 < ... < T} = T,

@(t) € [_7-7 0]
Let us correspond to the initial problem (1)—(2) the system of ordinary differenti-
al equations [4, 5]

=AMz + iBiZ“ @), L= [m] ’

T

with initial conditions

Tj .
23(0)—@( m)’ ji=0,m. (4)
Theorem. [5] If the zero solution of the system with delay (1) is exponentially
stable (not stable), then there is mo > 0 such that for all m > mo, the zero solution
of the approzimating system (3) is also exponentially stable (not stable).

If for all m > my the zero solution of the approzimation system (3) is exponenti-
ally stable (not stable) then the zero solution of the system with a delay (1) is
exponentially stable (not stable).
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It follows from Theorem that the asymptotic stability or instability of the soluti-
ons of the delayed linear equations and the corresponding approximating system of
ordinary differential equations for sufficiently large values of m are equivalent.

This allowed us to build methods for studying the stability of linear systems
with many delays, which can be constructively implemented on a computer using
Mathematica software or builtin Python libraries. Computational experiments on
special test examples showed the high efficiency of the proposed algorithms for
studying the stability of linear differential-difference equations.

1. Corduneanu C., Li Y., Mahdavi M. Functional Differential Equations : Advances
and Applications. — John Wiley & Sons, 2016. — 368 p.

2. Schiesser W.E. Time Delay ODE/PDE Models. Applications in Biomedical
Science and Engineering. — Boca Rona, 2019. — 250 p.

3. Forrest-Owen O. Mathematical Modelling and it’s Applications in Biology,
Ecology and Population Study. — University of Chester, United Kingdom, 2016.
— 124 p.

4. Halanay A. Approximations of delays by ordinary differential equations. Recent
advances in differential equations. — New York : Academic Press, 1981. — P. 155-
197.

5. Matviy O.V., Cherevko I.M. About approximation of system with delay and
them stability // Nonlinear oscilations. — 2004. — 7, No.2. — P. 208-216.

6. Cherevko I., Tuzyk I., Ilika S., Pertsov A. Approximation of Systems with
Delay and Algorithms for Modeling Their Stability // 2021 11th Internati-

onal Conference on Advanced Computer Information Technologies ACIT’2021,
Deggendorf, Germany, 15-17 September 2021. — P. 49-52.
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The paper concerns quasi-linear conflict-controlled processes which are exposed
to simultaneous action of continuous and impulse controls of two counteracting sides.
The terminal set is assumed to be cylindrical. The game is analyzed standing on
the side of the first player who strives to steer a process trajectory to the terminal
set. Sufficient conditions are developed, providing realization of the pursuer’s goal in
some guaranteed time under any counteraction of the second player. In constructing
his control the pursuer employs control prehistory of the second player or current
instantaneous values of his control. Here the method of resolving functions is used as
the basic method of investigation. The scheme of the method assumes Pontryagin’s
condition or some its modification to be fulfilled. On its basis special set-valued
mapping and its support functions, named the resolving function, are built. Under
the known current control of the second player the resolving function features quality
of the first player game. In view of accumulative character of the game quality
evaluation of the scheme, the first direct method can be expressed in its terms
with the infinity as corresponding value of the resolving function [1, 2]. Also the
functional form of the first direct method is given by the way of construction of
special set-valued mappings and corresponding resolving functions. Comparison of
the guaranteed times of the game termination is made for the above mentioned
methods. The property for the joint LxB —measurability of the set-valued mappings
and corresponding superpositional measurability of their selections make it feasible a
measurable choice of continuous constituent of the first player control, analogously to
the Fillipov-Castaing theorem. Corresponding condition for advantage concerning
impact of impulse controls is also given. The cases of only continuous and only
impulse controls of each player are analyzed separately as well as the case of impulse
controls of both players. By construction, the resolving function is a key object
of investigation and appears as the inverse Minkowski functional of certain set-
valued mapping. This fact makes it possible to construct in analytic form the upper
and lower resolving functions [3] for a wide class of conflict-controlled processes.
This methodology is also developed for the matrix resolving functions [4]. Suggested
scheme allows evolution of the continuous and discrete controls quality in the game
approach problems. The results are illustrated by the model examples. In addition, it
should be noted that the method of resolving function provides full substantiation
of the classic rule of parallel pursuit, the Euler curve chase method, methods of
proportional navigation and ray pursuit [5, 6, 7], well known to the designers of
rocket and space technology.

Acknowledgements. This work was partially supported by National Research
Foundation of Ukraine under grant number 2020.02/0121.
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We consider the cubic differential system of the form

&=y 4 ax® + cey + fy? + ka® + may 4+ pay® +ry® = P(a,y),
§ = —(z+g2® +dey +by* + sz” + g2’y + nay® + ly’) = Q(z,y),

(1)

in which P(z,y) and Q(z,y) are real and coprime polynomials in the variables x
and y. The origin O(0, 0) is a singular point of a center or a focus type for (1). The
problem arises of distinguishing between a center and a focus, called the problem of
the center. It was solved for some families of cubic differential systems (1) having
invariant algebraic curves in [1], [2], [3], [4], [5], [6]-

An approach to the problem of the center is to study the local integrability of
the system (1) in some neighborhood of the singular point O(0, 0). It is known that
a singular point O(0,0) is a center for system (1) if and only if it has a holomorphic
first integral F(z,y) = C or a holomorphic integrating factor of the form p =
1+ > pj(x,y) in some neighborhood of O(0,0) [1].

We find the integrability conditions for cubic system (1) assuming that the
system has homogeneous invariant straight lines and exponential factors. By [1],
as homogeneous invariant straight lines Az + By = 0, the system (1) can have only
the lines T 4y = 0,i%> = —1. In this case the system looks

t=y+ax®+(g—bay+ fo* +ka® + (r—n+s)zly+
+pry? +ry’ = P(z,y),

§=—(x+g2" + (f — a)zy + by” + s2® + (I - k + p)a’y +
+nay® +ly*) = Q(z,y),

(2)

Let h, g € C|z,y] be relatively prime in the ring C[z,y]. The function ® =
exp(g/h) is called an ezponential factor of a system (2) if for some polynomial
K € C[z,y] of degree at most two it satisfies the equation

o 0P
—P — = oK . 3
o)+ 50y = K () 3)
In [1] the problem of the center was solved for cubic system (2) with: one invariant
straight line, two invariant straight lines, one invariant conic.
An integrating factor for system (1) on some open set U of R? is a C' function
1 defined on U, not identically zero on U such that

PG+ aange (5 +52) =0 0
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We determine the center conditions for cubic system (2) by constructing integrati-
ng factors of the Darboux form [6]

p=(z—iy)*" (z + iy)*> 2, (5)

z24y?
polynomial having deg(g) < 2. Identifying the coefficients in {(3), (4)} and solving
the obtained algebraic systems, we prove the following theorem

with @ = exp (g(z,y)) and ® = exp (g(z’y)), where a; € C and g(z,y) is a real

Theorem. The cubic system (1) has an integrating factor of the form (3) if and
only if one of the following sets of conditions holds:

(i) c=g—bd=l=m=q=r=0,f=a,k=p=alg—0b), s=n;

(i) c=g—bd=f—a,g=(abf —bf*+ fl —al +br)/(a* —af +7), s = n,
0= (pl)/ry k = p = [r(ab— bf +D)/(® — af +7), g = b, m=r;

(iii) c=g—-bd=f—a,k=m=p=r=0,q=1,1=>bf —ag, s = n,
(ag — b)(b—g) + (a — f)n=0;

(iv) c=d=0,f=a,g=bk=p=q=Il,m=r,s=n;

v) c=g-bd=f—a,k=1l,qg=p,n=2r—s,m=2s—r,p= -3, =bla+ f),
s=a*+af —b*—bg+r, ag—bf =0;

(vi) c=g-b,d=f—-a, k=ag,l=bf, m=af —bg+r,n=—m, p= —bf,

(vil) e=-2b,d=—2a, f=—-a,g=-bk=l,m=2r—n,p=q=—1l,s=r.

Under the conditions (i)—(vii) the origin is a center for cubic system (1).

1. Cozma D. Integrability of cubic systems with invariant straight lines and invari-
ant conics. — Chigindu: Jtiinta, 2013. — 240 p.

2. Cozma D. Darboux integrability of a cubic differential system with two parallel
invariant straight lines // Carpathian J. Math. — 2022. — 38, No. 1. — P. 129-137.

3. Cozma D., Dascalescu A. Integrability conditions for a class of cubic differential
systems with a bundle of two invariant straight lines and one invariant cubic //
Bul. Acad. de St. a Rep. Moldova. Matematica. — 2018. — 86, No. 1. — P. 120-138.

4. Llibre J. On the centers of cubic polynomial differential systems with four invari-
ant straight lines // Topological Methods in Nonlinear Analysis. — 2020. — 55,
No. 2. — P. 387-402.

5. Sadovskii A.P., Scheglova T.V. Solution of the center-focus problem for a nine-
parameter cubic system // Diff. Equations. — 2011. — 47. — P. 208-223.
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Let X be a metric space and T be a continuous mapping 7: X — X. We say
that T is a dynamical system on X considering the sequence of maps {T"}, n € N.

A dynamical system T': X — X is called topologically transitive if, for any pair
U,V of nonempty open subsets of X there exists some integer k > 0 such that
THUYNV £ 0.

Let us construct the ring of positive multisets R4. Throughout this paper ¢
means the real Banach space of all absolutely summing sequences. Denote

of ={x=(z1,22,...) €41: 2, >0,i €N}

Let supp « be the subset of all indexes j € N such that z; > 0. We say that z ~ y,
x,y € £ if there is a bijection o: suppx — suppy such that z; = Yo (i) for every
1 € suppx. It is known that « ~ y if and only if P(xz) = P(y) for every symmetric
polynomial P on ¢;. Let us denote by R the quotient set £1/ ~ . Thus, R4 consists
of classes of equivalence

[z] ={y: y ~ 2}

In other words, [z] = [(z1,22,...)] is an unordered family of positive numbers with
possible repetitions such that
[[2]]] := 2]l = @n < oo.
n=1

By this reason, we can think [z] as a multiset of positive numbers and R as a set
of positive multisets (or multinumbers).

R+ is a semiring with respect to the following operations. Let [z]+ [y] = [z]U [y]
be just the union of two multisets, and [z][y] be the multiset containing all products
z;y;. Also, we can multiply [z] by positive constants A[z] = [Az]. In addition, we
can use in R4 the set theoretical operations “N”, “\”, [z]Aly] = ([z]\ [y]) + ([y] \ [=])
in the natural sense.

The ring R4 is a metric space with respect to the following metric

From results in [5] we can get the following theorem.

Theorem 1. 1. d([z],[y]) is a metric.
2. (R+, d) is a complete metric space.
8. The operation of addition and multiplication are continuous in the metric d.

4. The multiplication by a constant is discontinuous but Az] — 0 if A — 0, for
every fized [z].
5. The metric space (R+,d) is nonseparable.
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For every = (x1,...,%n,...) € £7 we denote by M(z) = (max; 2;,0,0,...).
For a given A > 1 we define the following map Tx: Ry — R+,

Ta([z]) = A([z] \ [M (2)]).

In other words, T, cancels the maximal coordinate of x and multiply the result by
. It is easy to check that T is continuous in (’R+, d). Note that T is not additive.

Theorem 2. Operator T is topologically transitive on Ry for every A > 1.

Note that the proof of Theorem 2 is still true if we replace the topology of R4+
by any metrizable semiring topology such that ¥ is continuous, Xy is dense in R4+
and S™([y]) — 0 as n — oo.
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Boundary value problems for integro-differential equations with a deviating argu-
ment are mathematical models of various applied processes in biology, immunology
and medicine. Finding solutions to boundary value problems with a time delay in
analytical form is possible only in the simplest cases, so the real task is to develop
efficient methods for finding their approximate solutions. The application of the
spline function method to the approximation of boundary value problems for integro-
differential equations has been studied in [1]. The goal of this paper is to extend
the approximation schemes using cubic splines of defect two for boundary value
problems for integro-differential equations with many delays [2, 3].

Let us denote

(@) = (y(@ = 10). ..y — (@),
y@h = (¥ (@ = 0@), ...y (¢ = (@),
@)l = (v (2 = 10(@),. 9" (@ = 7a(@)) ).
Consider a boundary value problem

y'(2) = £ (. (@), (@) [y(@)]2) + (1)
b
4 / 9(@, 5, ()], W, [y(s)]2)ds, @ € [ab],

y P (z) = " (2), p=0,1,2, z € [a";a], y (b) =, (2)

where 70 () = 0, 7; (), ¢ = 1,n are continuous nonnegative functions defined on
[a,b], ¢ (x) is a twice continuously differentiable function on [a*;a], ¥ € R,

* . .
a* = Or<ni1£1n{zér[zf;b] (x—7 (x))}

In this paper we investigate boundary value problems for nonlinear integro-
differential equations of neutral type. Sufficient conditions for the existence of soluti-
ons of such problems are established. The iterative schemes for finding approximate
solutions of these problems using cubic splines of defect two are constructed and
substantiated, the convergence of the iterative process is investigated. The use of
spline functions allows us to construct algorithms that are simple to implement and
at the same time suitable for solving a wide class of boundary value problems.
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The correct solvability of two-pointed problem by t for parabolic differential
equation is established for the class differentiable functions.

The Cauchy problem for parabolic equation (including the heat equation) are
quite fully studied in various spaces functions [1]. We conducted a study of the
parabolic two-pointed problem by ¢ using [2] and [3] and our problem is solved by
the first time.

Consider the equation

ou 0%u

S = M5 — Bt)p(t.a) + f(t.a), (t2) €= (0,T) xR (1)

and a nonlocal condition

(07 x) @1( )7 u(T7 :C) = 902(1")7 z€R (2)

M(t) > 0,B(t), f(t,z), p1(x), p2(x) — are known functions v(t,z),p(t, z) — are not
known functions (¢,x) € II. Under solution of the problem (1), (2) we understand
the pair of functions

1. ue C’tlﬁ(H),p € KC(II) — class of piecewise continuous functions;
2. functions u and p satisfy equation (1);
3. function u satisfies the boundary conditions (2).

For given problem we obtained following results:

Theorem 1 Let M(t) > 0,t € [0,T],¢1(z),z € R,— are continuous bounded
functions I(t fo T)dr > 0 for t € [0, T]

Then fundamental solution of Cauchy problem

Ou(t, )
ot

0u(t, x)
ox2

= M(t) (t,z) € I,

u(0,z) = p1(x), z €R.

obtains the view

o P .
Ga) = s Ao b Goer

and the only solution to this problem is written in the form of a convolution

u(t,z) = /_OQ G(t,x — Ep1(8)dE, (¢, z) € IL.

39



If the initial condition of the problem at ¢ = h > 0, where A — the number, then

:/tM(T)dT, t € lp,T].
h

For M(t) = a®,a— fixed, I(t) = a*t > 0 for t € (0,T] and this result is known
from the classic course of mathematical physics. As well solution of this problem
exists for increasing power functions p(z),x € R.

Theorem 2. When Theorem 1 is fulfilled, the convolution formula for the Greene
function is valid G(t, x):

Gt z) = /jo Glt— B,z — y)G(By)dy, (4a) €Tl

If some operator A can act on the last expression, then we choose the convolution
formula for AG(t, ).

For proof theorem 2 is used theorem 1.

In equation (1) term B(t)p(t,z) combine with f(t,z) and stat the solution of
the Cauchy problem in the form of a sum of convolutions

u(t, x) / G,z —y)p1(y dy—l—/dT/ Gt -7,z =&[f(r,&§)—

B(r)p(r, )¢, (t,x) €

While second boundary conditions is satisfied u(7T,z) = @2(z) we obtain the
Fredholm equation of the first kind with respect to the unknown function p(¢,z),
which is searched in the form

(3)

p(t,z) = B(t)G(t,z)C,
C - constant.
Substituting p(¢, x) in the equation

/OT a /,Z G(T = 7,2 = ©)B(r)p(7, £)d¢ =

— [ - g+ / ar [ 6T = 0= 1.6 — a(a) = B(T.)

for C we obtain linear algebraic equation, which has solution, which contains convoluti-
on formula and after simplification takes the form

C = &(T,2)(G(T,z)) " (/OT BZ(T)dT>

p(t,2) = BUOG( 2)d(T, z) (G(T,x) /0 BQ(T)dT) . (4)

-1

Therefore
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Substituting (4) in (3) we obtain the pair of researched functions u(¢, x), p(t, x).
Thus the following is true

Theorem 3. Let f(t,z) € C’tlj(H),M(t) > 0,t € (0,T). Then pair of functions
p(t,z), from (4) and u(t,z) from (3), where p(t,x) from (4), is classic solution of
(1), (2) problem for continuous and limited initial functions ¢1(x), p2(z),z € R.

A similar problem with a multipoint boundary condition can be solved.

1. Eidelman S.D., Ivasyshen S.D., Kochubei A.N. Analytic methods in the theory
of differential and pseudo-differential equations of parabolic type. — Basel-
Boston-Berlin : Birkhauser Verlag, 2004, - 390 p.

2. Matiychuk M.I. Parabolic and elliptic problems in Dini spaces : monograph. —
Chernivtsi, 2010. — 248 p.

3. Drin LI, Drin S.S., Drin Y.M., About one problem for equation of
fractal diffusion with argument deviation. // Proceedings of the Sixth
International Conference on «INFORMATICS AND COMPUTER TECHNI-
CS PROBLEMS» (PICT — 2017). — 5-8 october 2017. Chernivtsi, 2017. — p.
29-31.
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2

Let n, n1, n2 and n3 be given positive integers such that n1 > na > n3 > 1 and
n = n1 + n2 + nz. We suppose that spatial variable x € R™ consists of three groups
of variables x := (x1,22,3), where components z; := (j1,...,%;n;) € R™, j €
{1,2,3}; Iy := {(t,z)|t € H,x € R"}, if H C R.

Consider the equation

Lu(t,z) := (Sp — A(t,z, 0z, ))u(t,z) =0, (t,z) € I, 1, (1)

with

1 ng n3
(Z bij$15> aij — Z <Z b§j$2s> azgja (2)
1

j=1 \s=1

A(t,x,0q,) := Z tx(91181]+2a1t:1’811+a0(t x).

,Jj=1 i=1

The differential expression (2) has the following matrix form
Sp = at - (.’IZ,BDZ),

where B is a n X n-matrix which has the structure

O B' O
B:=|0 O B?]|, (3)
O O O

B' | B? are matrices which consists of the real numbers b};, i € {1,...,m1}, j €
{1,...,n2}, b?j, 1 €{1,...,n2}, j € {1,...,n3} respectively; O are zero-matrices of the
corresponding dimensions, (-,-) is the scalar product in R™;

Dy = col(Ouyy sy Onry s Onay s oy Oy s Oy s ooy Oy )-

We suppose the following conditions hold.

A;. For the matrix (3) in which the blocks B' and B? we can write in the form
(Bi) and (gg), where Bi, B3, Bf and B3 are ng X na—, (n1 —n2) X na—, n3 X n3—
and (n2 — n3) X n3—matrix respectively, the conditions det Bi # 0, 5 € {1,2} fulfill.

A,. There exists a constant 6 > 0 such that for each point (¢,z) € IIjg,r and
o1 € R™ the inequality

ni

ny
Re Z aij(t, x)o1io1; > 520%1'

ij=1 i=1

holds.
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The class of the equations (1) which satisfy the conditions A1—A» in the paper [2]
is denoted by E&,. This class is a generalization of the class of degenerate parabolic
equations of Kolmogorov type Eaz from the monograph [1]. In the works [5, 2] it
was constructed so called L-type fundamental solutions for equations from the class
EZ,, and some their properties were established. The main feature of the research in
these works is the establishing of an one-to-one correspondence between the classes
E%, and Eq..

In our research we build and study the classic fundamental solution of the Cauchy
problem for the equation (1). The method uses the results of the papers [3, 4]. Also we
apply a special Holder conditions with respect to spatial variables for the coefficients
of the expression A(t, z,d,,) (namely, for the functions a;j;, a;, ap) additionally.

1. Eidelman S. D., Ivasyshen S. D., Kochubei A. N. Analytic methods in the
theory of differential and pseudo-differential equations of parabolic type. —
Basel: Birkh&user, 2004. —390 p. — Ser. Operator Theory: Adv. and Appl. —
Vol.152.

2. Ivashyshen S.D., Layuk V.V. The fundamental solutions of the Cauchy problem
for some degenerate parabolic equations of Kolmogorov type // Ukr. Mat. J. —
2011. — 63 (11), P.1469-1500. (in Ukrainian)

3. Ivashyshen S.D., Medynsky I.P. The classic fundamental solution of the Cauchy
problem for ultraparabolic Kolmogorov-type equations with two groups of spati-
al variables of degeneration. I // Math. methods and phis.-mech. fields. — 2017.
- 60 (3), P.9-31. (in Ukrainian)

4. Ivashyshen S.D., Medynsky I.P. The classic fundamental solution of the Cauchy
problem for ultraparabolic Kolmogorov-type equations with two groups of spati-
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— 60 (4), P.7-24. (in Ukrainian)
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43



On invariant random subgroups and characters of branch groups
Dudko Artem, Grigorchuk Rostislav

adudko@impan.pl, grigorch@math.tamu.edu
Institute of Mathematics of Polish Academy of Sciences, Warsaw, Poland
Texas A&M University, TX, USA

An invariant random subgroup (IRS for short) of a countable group G is a Borel
probability measure p on the space Sub(G) of subgroups of G invariant with respect
to conjugation under elements of G. It can be viewed as a natural generalization
of a normal subgroup and as a canonical way of constructing measure-preserving
actions of G (see e.g. [12], [3], [13]). Character on G is a positive-definite function
on G constant on conjugacy classes. A character is called indecomposable if it is
an extreme point in the set of all characters. Characters play important role in
representation theory arising naturally as traces of operators of representations (see
e.g. [11], [9], [10], [5], [4]). To an IRS u on a countable group G one can associate
in a standard way two characters on G:

Xu(9) = p({H € Sub(G) : gHg " = H}), g € G;
Yu(g9) = p({H € Sub(G) : g € H}), g € G.

Let IRS(G) (EIRS(G)) stand for the set of invariant (ergodic invariant) random
subgroups of G. Let Char(G) (IChar(G)) stand for the set of characters (indecomposable
characters) on G. Consider the two maps X', ¥ : EIRS(G) — Char(G) given by

X:p— xu, and ¥ :p— 1, p € EIRS(G). (1)

Some natural questions about these maps for a particular group G are
(i) Do X and ¥ coincide?
(ii) Is X or U injective?
(iii) Is it true that X(EIRS(G)) or ¥(EIRS(G)) is a subset of IChar(G)?
)

i
(iv) Is it true that X(EIRS(G)) or U(EIRS(G)) contains IChar(G)?

In general, these questions were not studied much yet. However, the answers are
known for some classes of groups.

For the infinite symmetric group S(oco) both, indecomposable characters on
S(o0) (see [11], [9], or [10]) and EIRSs of S(oco) (see [12]) are parameterized by
two non-increasing sequences of non-negative numbers a = {a;}tien, 8 = {Bi}ien
such that > «; + Y 8; < 1. However, the maps X and ¥ do not completely respect
the parametrization. Namely, if 1o, g is the EIRS and xq,s is the indecomposable
character corresponding to the sequences «, 8, then one has:

v

X (bap) = Xaup.0, ¥(ha,p) = 5(Xa.s + Xaup,0%).
Thus, the map V¥ is injective on EIRS(S(00)), the map X sends EIRS(S(00)) inside
IChar(S(c0)), but all other questions from (i)-(iv) have negative answers.
Another example for which the answers to questions (i)-(iv) are known is a
certain class of simple approximately finite groups, for which it follows from [5] and
[6] that all the answers to (i)-(iv) are positive.
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In this work we focus on the case when G is a weakly branch (or even branch)
group acting on a d-regular rooted tree Ty, d > 2. Branch groups were introduced
by the second author in [7] and play important role in many investigations in group
theory and around (see [2]). They contain groups of intermediate growth, amenable
but not elementary amenable groups, groups with finite commutator width etc.
Weakly branch groups is a natural generalization of the class of branch groups and
keep many nice properties of branch groups (for instance absence of nontrivial laws,
see [1]). Weakly branch groups also play important role in studies in holomorphic
dynamics (see [8]) and in the theory of fractals.

In [3] the authors constructed a continuum of EIRS for any weakly branch group
G acting on a d-regular rooted tree Ty, d > 2. Equip the closure G with the Haar
measure. Given a closed but not open subset (clonopen, for short) C C 9Ty let
[C] = GC be the collection of shifts of C' under G equipped with the push-forward
measure \c]. Both, the pointwise stabilizer and the set stabilizer of shift gC' for a
randomly chosen g € G, are EIRS, which we denote by ,ufc] and ¢ correspondingly.
For simplicity, denote

xe = X(piey), x& = X(1je)s Yo =Y(uey), ¥& = Y(u,)-

We obtain a series of results on the above characters and the questions (i)-(iv) for
the case of weakly branch and branch groups. Let us start with the formulas for
computing these characters.

Lemma 1. Let G < Aut(Ty) be a weakly branch group, where d € N,d > 2. Then
for any clonopen subset C C 0Ty and any g € G one has:

xc(g9) = Ae)({B € [C] : St(B) = St(¢B)}) >
Ye(g) = xe(9) = Ney({B € [C] : gB = B}) >
Y& (9) = ANey({B € [C] : gls = 1d}.

Using the results of [4] we find sufficient conditions for indecomposobility of the
character 1¢c. As a corollary we obtain

(2)

Theorem 1. For any branch group G acting on Ty, d > 2, and any closed set
C C 9Ty with empty interior the character ¢ is indecomposable.

The above theorem means that ¥ is injective on the set of EIRS {uc : C C
9Ty is clonopen}. In addition, we provide an example, showing that the conditi-
on of empty interior cannot be dropped.

Next, we study the characters xt..

Theorem 2. Let G be a weakly branch group acting on a d-reqular rooted tree
T =Ta, d > 2. Then the following is true.
1. There exists a continuum €y of classes [C],C € C, such that for any distinct
classes [C1], [C2] € €1 one has pic,] = fi[c,], and so X‘él =Yc, =, = X%2~
2. There exists a continuum €3 of classes [C],C € C such that for any distinct
classes [C1], [C2] € €2 one has X¢, # X0, -
Moreover, the character x¢. is indecomposable for every [C] € €1 U €s.
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The results of Theorem 2 imply that the map & on IChar(G) is "highly"non-injective
for every weakly branch group G. Finally, concerning the character 2, we show

Theorem 3. For any weakly branch group G acting on a d-regular rooted tree
T =Tq, d > 2, for any distinct classes [C1],[C2], C1,C2 € C, the characters wgl
and ¢, are distinct.

The latter implies that for every weakly branch group G the map WV is injective on
the set of EIRS of the form MFC]’ C C 9T clonopen. Notice that we do not know any
examples of groups G for which U is not injective on EIRS(G).

Among other examples, we construct a weakly branch group G acting on the
binary rooted tree 7> and a closed subset C C 07> with empty interior such
that the character ¢, = XuP, decomposes into an integral of continuum many
indecomposable characters. In particular, neither X(EIRS(G)), nor ¥(EIRS(G))
needs to be a subset of IChar(G).
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Consider the bilateral matrix polynomial equation
ANXQA) +Y(N)BA) =C(), (1)

where A(X) € M(n,m,F[}\]), B(\) € M(p,q,F[\]) and C(A\) € M(n,q,F[\])
are known matrices over ring of polynomials F[\], F is a field. M(n,m,F[}])
is the set of m x m matrices over F[A]. Matrices X(\) € M(m,q,F[\]) and
Y(A) € M(n,p,F[A]) are unknown and they are called a solution to (1) if they
satisfy (1).

Matrix equation (1) is also called the Sylvester matrix polynomial equation and
it has many applications in dynamical system theory [1], in control theory [2] and
in many other areas. The criterion of solvability to the matrix polynomial equation
(1) is established by Roth in [3].

Obviously, if the matrix polynomial equation (1) is solvable, then it has solutions
of unbounded above degrees. So, it is important to investigate which solutions
of minimal degree this equation has. This problem was solved only in particular
cases. In [4], there has been given a necessary and sufficient condition that two
regular polynomial matrices A(A) and B()) have relatively prime determinants is
that the equation (1), where C()) is a constant matrix, has a unique solution with
the degrees of X (X), Y(\) less than the degrees of A()\), B(\), respectively. In
[5], it has been called such solution minimal and established that if in the equati-
on (1) only A(X) or B()\) (not necessarily both) is regular, then there exists a
unique minimal solution if and only if determinants of matrices A(\) and B())
are relatively prime and degC(\) < degA(A) + degB(A) — 1. Row and column
structure of bounded degrees solutions to the equation (1) with respect to degrees
of corresponding invariant factors of matrices A(X) and B(\) are described in [6]. A
criterion for the uniqueness of such solutions is also pointed out.

In [7], two problems of zero-degree solutions to the bilateral matrix polynomial
equation (1) are formulated and necessary and sufficient conditions for the existence
of solutions to the problems are established.

The main purpose of this paper is to present the necessary and sufficient condi-
tions for the existence of linear solutions to the matrix equation (1).

Theorem. Let r = max(degA()\),degB(\)), where matrices A(X\) and B(X) from
matriz polynomial equation (1), i.e.,

AN = AN+ 4 A+ Ao,

BA) =B\ +...4+ BiA+ By
and degC(A\) <r+1, i.e,

C(A) =Crpt X+ Co X + ...+ CiX + Co.
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Matriz polynomial equation (1) has linear solution, i.e.,
X(A) =X1A+ Xo, Y(N) =Y1A+ Y
if and only if
rank[ G ] :rank[ c G ],

where
r A-® I I, ® BT 0 0 T

Ar®jq A'r—l ®Iq In®BI,1 In®B71:
Arfl ®Iq A7'72 ®Iq —In@B;r,Q I'n,@B:,l

A1 ® 1, Ao ® I I, ® B} I, ® Bf

L Ao® I I, ® B} 0 0 _
C = [ Cr41 Cr C1 Co }T,
Ci = [ Ci1 Ci2 ... Cin ]7

cij s the j—th row of matriz C;, i = 0,1,...,r+1,j=1,...,n, I is the k x k
identity matriz, the symbol ® denotes the Kronecker product, T denotes the transposi-
tion.

1. Kaczorek T. Polynomial and rational matrices. Applications in dynamical
systems theory. — London: Springer, 2007. — 503 p.

2. Barnett S. Matrices in control theory with applications to linear programming.
— London: Van Nostrand Reingold Company, 1971. — 221 p.

3. Roth W. E. The equations AX —YB = (C and AX — XB = C in matrices //
Proc. Am. Math. Soc. — 1952. — 3, No. 3. — P. 392—-396.

4. Barnett S. Regular polynomial matrices having relatively prime determinants
// Math. Proc. Cambridge Philos. Soc. — 1969. — 65, No. 3. — P. 585-590.

5. Feinstein J., Bar-Ness Y. On the uniqueness of the minimal solution to the
matrix polynomial equation A(XA)X (X)) +Y (A)B(A) = C(\) // J. Franklin Inst.
—1980. - 310, No. 2. — P. 131-134.

6. Dzhaliuk N. S., Petrychkovych V. M. Solutions of the matrix linear bilateral
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48



Numerical solution of biharmonic equations via rank structured
matrices

Fidelman Yuli

eideyu@tauex.tau.ac.il
Tel-Aviv University

In this paper we propose a novel algorithm for the numerical solution of the
Dirichlet problem for the biharmonic one-dimensional in the space variable equation
in an interval, involving a potential, as follows.

<§E>4u(x) +e(@)ule) = ¢(x), 0<z<1,

w(0) = u'(0) = u(1) = (1) = 0.

Here the function ¢(x) and the potential c(z) are given functions.

We use a high-order finite-difference scheme, based on the Hermitian derivative
following the strategy suggested in the paper [1]. For the resolution of the ensuing
linear system we apply a new algorithm, leading to an optimal O(N) complexity.
This is achieved by an application of the theory of quasiseparable matrices.

This is a joint work with M.Benartzi and D.Fishelov.

1. D.Fishelov, M.Ben-Artzi, J.P.Croisille, Recent advances in the study of a fourth-
order ompact scheme for the one-dimensional biharmonic equations, J Sci.
Comput, 53 (2012), 55-79.

49



Combined numerical methods for the solution of nonautonomous
degenerate differential equations with the use of spectral
projectors

Filipkovska Maria

maria.filipkovska@fau.de; maria.filipk@gmail.com
Friedrich-Alexander- Universitit Erlangen-Nirnberg, Germany
B. Verkin ILTPE of NAS of Ukraine, Ukraine

Consider the initial value problem (IVP)

%[A(t)x(t)] + B()x(t) = f(t,2(1)), (1)

z(to) = o, (2)

where t € [t4,00), to > t+ > 0, A, B € C([t+,00),L(R")) and f € C([t4+,00) x
R™ R™). The time-varying operators A(t), B(t) can be degenerate (noninvertible).
An implicit differential equation of the form (1) with a degenerate operator A(t) (for
some t) is called a nonautonomous (or time-varying) degenerate differential equation
(or semilinear differential-algebraic equation). A function = € C([to,t1),R") (t1 <
00) is called a solution of (1) on [to,t1) if (Az) € C'([to,t1), R™) and x(t) satisfies
(1) on [to,t1). If the solution z(t) satisfies the initial condition (2), then it is called
a solution of the IVP (1),(2).

In [3], two combined numerical methods for the equation (1), which have the
first and second orders of convergence, are obtained. To demonstrate the practical
application of the obtained methods and theorems, the numerical and theoretical
analyses of mathematical models of the dynamics of electric circuits are carried out.
Earlier, numerical methods for autonomous (time-invariant) degenerate DEs were
obtained (see [1]).

It is assumed that AA(t) + B(t) is a regular pencil of index not higher than 1
(index 0 or 1). This means that for each ¢ > ¢ the pencil is regular, and there exist
functions C1, Ca: [t4,00) — (0, 00) such that the condition

[(AA®) + B(1) | < Cit), Al > Ca(t),

holds for each ¢t € [t4,00). Then for each ¢ € [t4,00) there exist the two pairs of
mutually complementary projectors P (t), P2(t) and Q1(¢), Q2(¢) [4] which generate
the decompositions of R™ into the direct sums of subspaces R” = X (¢)+X2(t) and
R™ = Yi(t)+Y2(t), where X;(t) = P;(t)R"™, Y;(t) = Q;(H)R™, j = 1,2, such that
A(t), B(t): X;(t) = Y;(t), and the restricted operators A;(t) = A(t)|Xj(t) , Bi(t) =
B(t)|Xj(t) : X;(t) = Y;(t), j = 1,2, are such that A3(t) =0 and there exist the
operators AT (t) (if X1(t) # {0}) and By '(¢) (if X2(t) # {0}). Using the projectors,
for each ¢ € [t4,00) we obtain the auxiliary operator G(t) = A(t) + B(t)Pa(t) €
L(R") [4]

One of the advantages of the developed numerical methods is the possibility to
numerically find the spectral projectors P;(t), Q:(t). The algorithm for the calculati-
on of the projectors is given in [3]. Below, the combined method which has the first
order of convergence is presented.
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Theorem 1 ([3]). Let the conditions of the theorem [2, Theorem 2.1] or [2, Theorem
2.2/ be satisfied, and in addition let the operator

Dt Py (t)ze Po(ta)un = Pro Py (b2, (Po(te)us) s Xo(ta) = Ya(ts),
which is defined by [2, (2.2), p.25] or [2, (2.16), p.29] for each (fizxed) t., xp, (t+) =
Pi(te)ze, Tp, (t«) = Pa(t«)u«, be invertible for each

(ts, P1(ts)ze + Pa(ts)us) € [to, T] x R™.
Let A, B € C*([to, T],L(R™)), Ca € C*([to, T), (0,00)), f € C*([to, T] x R™,R™) and
an initial value xo be chosen so that the consistency condition (to,xo) € L, holds.
Then the method: z0 = Pi(to)xo, wuo = P2(to)xo,

Zig1 = (IRn +h[Pi(t:) = G~ () Q1 (t:)[A'(t:) + B(t:)]] 1 (ti))Zi +
+h G (t:)Qu () f (ti, i),

0
Uil = Ui — |:I]R” — G_l(ti+1)Q2(ti+1)£(ti+1, Py (tiv1)zig1 +

1
+ P2(ti+1)ui) P (ti+1):| {Uz‘ — G (i 1) Q2(tiv1) [f(ti+1, Pi(tiy1)zit1 +

+ Pa(tiy1)ui) — A’(ti+1)P1(ti+1)Zi+1H ,

Li+1 = Pl(ti+1)zi+1 + Pg(ti+1)ui+1, ti+1 € Wh, i = 07 ...,N — 1,

Wh :{ti:t0+ih, i=0,..,N—1, tn =t0+Nh=T},

which approzimates the initial value problem (1), (2) on [to,T], is convergent of
order 1, that is, max |z(t:) — zi|]| = O(h), h = 0 (||x(to) — zol| = 0), where x(t)

s an exact solution of the IVP (1), (2) (x; is the value of an approzimate solution
at ti).

1. Filipkovska, M.S. Two combined methods for the global solution of implicit
semilinear differential equations with the use of spectral projectors and Taylor
expansions // Int. J. of Computing Science and Mathematics. — 2022. — 15, Ne
1. = P. 1-29. http://dx.doi.org/10.1504/IJCSM.2019.10025236

2. Filipkovskaya M.S. Global solvability of time-varying semilinear differential-
algebraic equations, boundedness and stability of their solutions. I // Differenti-
al Equations.— 2021. — 57, Ne 1. — P. 19-40.

3. Filipkovska M.S. Combined numerical methods for solving time-varying semi-
linear differential-algebraic equations with the use of spectral projectors and
recalculation. — 2022.

4. Rutkas A.G., Vlasenko L.A. Existence of solutions of degenerate nonlinear di-

fferential operator equations. Nonlinear Oscillations. — 2001. — 4, Ne 2. — P.
252-263.
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Linear differential operators of infinite order in the module of
copolynomials

Gefter S., Piven’ A.

gefter@karazin.ua, aleksei.piven@karazin.ua
V. N. Karazin Kharkiv National University

Let K be an arbitrary integral domain with identity and let K[z] be the ring of
polynomials with coefficients in K. By a copolynomial (formal generalized function)
over the ring K we mean a K-linear mapping T : K[z] — K. The module of
copolynomials is denoted by Klz]'. If T € KJz]' and p € K][z], then the result
of application T' € Klz]' to p € K|[z] is written as (T,p). The derivative T” of a
copolynomial T' € K|[z]' is defined in the same way as in the classical theory of
generalized functions: (T”,p) = —(T,p’), p € K[z]. An important example of a
copolynomial is the §-function which is defined by (4, p) = p(0), p € K][z].

The convergence of the sequence {T,}s> to T in K[z]' means that for every
polynomial p € K[x] there exists ng € N such that

(TTHp) = (sz)7 n:no,n0+1,no+2,....

We consider the differential operator F = 3 aj%j of infinite order with coeffi-
3=0
cients a; € K which acts on a copolynomial T € K|z]' by the following rule: if

p € K[z] n m = degp, then (FT,p) = a;j (T, p).

=0
Lemma 1. The differential operator F : K[z]' — Klz]' is a linear continuous
mapping.

We present the following existence and uniqueness theorem for a differential
equation of infinite order in the module of copolynomials.

Theorem 1. Let T € K|z ]' and let ap be an invertible element of K. Then the
differential operator F = Z a] : K[z) — K[z]' is bijective and therefore the

differential equation in K[ }
Fu=T (1)

OO
has a unique solution u = F~(T) =ag* 3. G"T"™), where
n=0
dan— 1
:—Zao Un Go= -

Note that if Equation (1) has a unique solution for any copolynomial T € K|[z]’
then ao is an invertible element of the ring K.

Theorem 1 implies following corollaries for first order and second order differenti-
al equations.

Corollary 1. Let a be an invertible element of the ring K and b € K. Then for any
copolynomial T € K[z]" there exists a unique solution w € K[z]' of the equation

bw' + aw =T.
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This solution has the form

o
Z n —lb n —1T(n)

where the series converges in the topology on K|z]'.

Corollary 2. Let a be an invertible element of the ring K and b,c € K. Then for
any copolynomial T € K|[z]' there exists a unique solution w € K|[z]" of the equation

cu +bu' +au="T.

This solution has the form

n

o] 2
Z n JCJ gimn =2 JT(n)

0j—0
where the series converges in the topology on K|z] .

Corollary 3. Let ap be an invertible element of K. Then the differential equation
Fu =6 has a unique solution & = F~1(5).

The copolynomial £ is called the fundamental solution of the operator F.
The convolution T * p of a copolynomial T' € K[z]’ and a polynomial p € K|z]
is defined by

m 0 (2
(14 p)(@) = (1), pla — ) = (DT,

k=0

where m = degp. Therefore T x p € K|[z].
The convolution T; * T> of copolynomials T1,T> € K [x]’ is defined as follows: if

p € K[z] and p(z) = > %x", then
n=0

p™
(T % T2, p) = (T1 @ To, p(z + 1)) Z <T1 (@ )> (T2(y),y")

The following theorem shows that any solution of Equation (1) is represented as
the convolution of the fundamental solution £ of the differential operator F and the
right-hand side T'.

Theorem 2. Assume that assumptions of Theorem 1 hold. Then the unique solution
of the operator F has the form u =& x T.
Let u(t,z) = > un(2)t”, un(z) € K[z]' be a formal power series, i.e. u(t,x) €
n=0
K[z])'[[t]]. Define the partial derivatives

oo

ou > n— ou ’
S =Y nun@t", S =Y u (@)t
n=1 n=0
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[ee) P
The action of the differential operator F = 3 aj%, a; € K on a formal power
j=0

series u(t, ) =

i

un(2)t" is defined by

i Fun)(

Denote by (u(t,z),p(z)) the action of u(t,z) € K[z]'[[t]] on p(z) € K|[z], which is
defined by:

(u( = (un " € KI[t]].

n=0
Let u(t,z) = > un(z)t™ € K[z]'[[t]]. The convolution of T' € K|z]" and u(t,z) is
=0

defined by thengoeﬂicientwise action:
(T % u)(t ZT*un Nt € Klz]'[[t])-

Consider the following Cauchy problem in the module K[x][[]]:

ou(t,z)
02) _ (Fuy(t,), 2
u(0,7) = Q(z) € Klz]" 3)

A ring K is called a torsion-free Z-module, if the equality nxz = 0 for some n € N
and z € K implies z = 0.

Theorem 3. Assume that the one of the following two conditions is fulfilled:

1. The ring K is a torsion-free Z-module and ao = 0.

2. The ring K contains the field of rational numbers Q.
Then the Cauchy problem (2), (3) has a unique solution in the module K|[x]'[[t]].
This solution has the form

n

Corollary 4. Assume that the Condition of Theorem 8 are fulfilled. Then the
Cauchy problem

ou(t,z) —
= (Fu)(t,z), u(0,z)=4d(zx)

has a unique solution in the module K|[z]'[[t]]. This solutions has the form

Eolt,m) =" %t”. (4)

n=0
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The formal power series Ec (¢, z) € K[z]'[[t]] defined by (4) is called the fundamental
solution of the Cauchy problem (2), (3). The following theorem shows that the
solution of the Cauchy problem (2), (3) is represented as the convolution of the
fundamental solution Ec(t,z) and the initial condition Q.

Theorem 4. Assume that assumptions of Corollary 4 hold. Then a unique solution
of the Cauchy problem (2), (3) can be represented in the form

u(t,z) = Ec(t,z) * Q.

This work was supported by the Akhiezer Foundation.
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2. S.L. Gefter, A.L. Piven’, Implicit Linear Differential-Difference Equations in
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On solutions of the (n + 1)-times integrated Cauchy problem
Gorbachuk Volodymyr
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Institute”, Kyiv, Ukraine

Let A be a closed operator on a Banach space X with norm ||-||, and 0 < 7 < oo.
We consider the Cauchy problem

u € C(0,7;D(A)NC(0,7], X),
u'(t) = Au(t), telo,rT], Col]
u0) = =z, zeX,

and, in accordance with [1], the (n + 1)-times integrated Cauchy problem
v € C([0o,7];D(A) nC([o, 7], X),

v (t) Av(t)—|—i
v(0) = 0.

e te[0,7],n €N, Crya[7]

By definition, the problem Cy[r],n € Ny, is well-posed if for any x € X it has a
unique solution. It is not difficult to verify that the problem C4[r] is well-posed if
and only if A is the generator of a Cop-semigroup.

Now set
1 Ao (V)P
(A1) = 153 <e -> o] Aec
k=0
For a fixed A (a fixed t), the function ®,(\,t) is entire with respect to ¢ (to A);
k k—1,n n—k
W) — g, (A ¢); LEOD = Nk, (1) 4 AT L Mg =
dF®,(\,0) _ Cd e, (A\0)
0,1,..71;%—07 k—O,l,n,Tg)—l

In the case, where the operator A is normal on a Hilbert space, the following
assertion holds.

Theorem 1. Suppose that the operator A is normal on a Hilbert space X =
with scalar product (-,-). In order that a vector-valued function v(t) be a solution of
Chrt1[7], it is necessary and sufficient that

/ (@01 (07 d(Ere, 2) < oo
a(A)
the solution can be represented in the form
o(t) = / B (N, 1) dEy,
a(A)

(Ex is the resolution of identity of A and o(A) is its spectrum). The well-posedness
of Cn41[7] is equivalent to the relation

sup [Pn_1(\,t)] < oo, t€][0,7].
A€o (A)

56



Return now to the case of an arbitrary closed operator A on a Banach space X.
We say that a vector x € ﬂkENOD(Ak) is of finite order if

Iy eR: || AFz| < K*

(k € N is sufficiently large). The infimum 8 = B(z) of such v we call the order of z.
By the type of a vector x of S-order we mean the value

a=oaz) =inf{6 > 0: [|[A"z|| < K" k> ko(6)}.

We are interested in the conditions on z, under which the problem C,11[7] has a
solution analytic in a neighbourhood of 0 as well as the conditions under which this
solution admits the extension to an entire vector-valued function of finite order p
and finite type o. Recall that an entire vector-valued function y(z) is of order p if

Ve >0 3e. >0: Jy(z)] < ccel TN,

Theorem 2. The problem Cpy1[7] has a solution analytic in a neighbourhood of 0 if
and only if B(x) < 1. In order this solution admit the extension to an entire vector-
valued function, it is necessary and sufficient that B(z) < 1 or B(z) = 1,a(z) = 0.
The entire solution is of order p and type o if and only if the vector x has the order
B and the type a related to p and o in the following way:

p=1=p0)"" o=I(pe) (ae)

In the case where B(x) < 1, the solution v(t) is represented in the form

u(t) = Z th ARt
k=n+1

Assume now that Cy41[7] is well-posed, and denote by S™(A) the set of its
solutions when x runs over the whole space X, and let T,"(A) be the set of all the
solutions which admit an extension to entire vector-valued functions of order p < oco.
We give the criteria for T,"(A) to be dense in S™(A).

The results mentioned above are announced in [2] .

1. Arendt W., El-Mennaoui O., Keyantuo V. Local integrated semigroups: evoluti-
on with jumps of regularity // J. Math. Anal. Appl. — 1994. — 186. — P. 572-595.

2. Gorbachuk V.M. On the solvability of (n+ 1)-times integrable Cauchy problem
in the class of analytic vector-valued functions // "Reports of the National
Academy of Sciences of Ukraine". — 2002. — Ne 6. — P. 7-10.
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On Groups of Isometries and Dilations of Local Fields and Their
Actions on Regular Trees

Grigorchuk Rostislav, Savchuk Dmytro

Recall that a discrete valuation v on a commutative field F' is a homomorphism
from the multiplicative group F* onto Z satisfying v(a + b) > inf{v(a),v(b)} for all
a,b € F, taking into account the convention v(0) = co. Let O = {a € F: v(a) > 0}
be the ring of integers of F' and m be the maximal ideal in O. Then F is called a
(non-archimedean) local field if

(i) the cardinality ¢ of the residue field O/m is finite,
(ii) F is complete when equipped with the metric 6(a,b) = ¢~ @,

Examples of local fields include the field Q, of p-adic numbers and its finite
extensions and the field of formal Laurent series Fy((t)) over a field F, of finite
characteristic.

Each element 7 € m with v(7) = 1 generates m as an ideal in O. Let S C F be
the set of representatives of the residue field such that 0 € S. Then each element
a € F* can be uniquely written as a formal Laurent series

azZsmi,sn #0, (1)

where n = v(a) € Z. This identification can be used to identify any local field F' as a
metric space with metric 6 with the punctured boundary d., f’qH = 0w f’qH —w of the
(g+1)-regular tree Ty4+1 for a fixed end w of the tree, equipped with a corresponding
ultrametric. Under this identification the ring of integers O is identified with the
boundary of a rooted tree T, that corresponds to the series of the form (1) with
n = v(a) > 0 (i.e.,, with no negative powers of 7. We refer the reader to (7, 2]
for details. This tree is sometimes called Serre’s tree and is a particular case of a
Bruhat-Tits building [8]. The affine group Aff(F'), which is a subgroup of GL(2, F'),
acts on TdH and is isomorphic to a closed subgroup of Aut(fd+1).

We start from an (folklore type) observation connecting the groups of isometries
and dilations of local fields and their rings of integers with the automorphism groups
of trees.

Theorem 1. Let F' be a local field with the ring of integers O and the residue field
of size q. Then
(i) the group Isom(O) of isometries of O is isomorphic to the group Aut(Ty) of
automorphisms of Tg.

(ii) the group Isom(F') of isometries of F is isomorphic to the group Autg(’qu)W
consisting of automorphisms of fqﬂ that fix an end w poitwise (fizing the verti-
ces in w).

(#i) the group D(F) of dilations of F is isomorphic to the group Aut(TqH)w consi-
sting of automorphisms of j:q+1 that fix an end w as a point of the boundary of
Tq+1 (but possibly moving the vertices in w along w.

We use the above result to show that the groups Isom(O), Isom(F'), and D(F)
contain abstract subgroups with unusual and very different from linear groups

o8



properties. We construct examples of amenable totally disconnected locally compact
(TDLC) groups coming from the actions of self-similar groups on d-regular rooted
tree Ty, d > 2. Such groups are built as the closures of embeddings of the HNN
extensions of the liftable self-similar groups that we introduce here, into the group
of automorphisms (isometries, when viewed as a metric space) of Ty41. Obtained
groups belong to the class of scale groups, that are closed subgroups of the group
of automorphisms of Ty41 that fix an end of the tree and that are vertex-transitive.
These groups play an important role in theory of TDLC groups [1, 11]. We prove
the following embedding result.

Theorem 2. Let G be a liftable group acting on Ty and o: G — Stg(i) be the
corresponding lifting. Then the ascending HNN extension G of G by o

G = (G, t | relations in G,tgt ' = o(g) for all g € G)

embeds into the group Aut(fd+1)w of automorphisms of fd+1 that fix a selected end
w of Tusr (and so in the case when d = q is a power of a prime, in the group D(F')
of dilations of a local field F'). Moreover, if G acts tmnsztwely on the first level of
Ta, then G acts transitively on the set of vertices of Td+1 and the closure of G in
Aut(Td_H)w is a scale group.

There are two sources of examples when this theorem is applicable. The first
one is the class of self-similar groups acting essentially freely on the boundary of
rooted tree. It includes such groups as the lamplighter group Z,1Z, Baumslag-Solitar
groups BS(1,3) and BS(1,—3), realizations of free groups and the free products
of cyclic groups as self-similar groups [9, 10, 6]. All such groups in the class of
groups generated by 3-state automata over 2-letter alphabet are classified in [3].
The second source of examples consists of groups of branch type admitting finite
L-presentations. This class includes the first Grigorchuk group G, Gupta-Sidki 3-
group [5], Basilica group [4], etc. As one of the main applications of Theorem 2 we
establish the following embedding result.

Theorem 3. The finitely presented Grigorchuk group G
G= (a,b,c,d,t| a®,b%, 2, d?, bed, (ad)4, (adacac)‘l,tst*la(s)*l,s € {a,b,c,d})

that is a finitely presented amenable, but not elementary amenable group contammg
a subgroup of intermediate growth, embeds into D(Qz). Moreover, when D(Q2) is
identified with Aut(Tg)w, the image of this embedding acts 2-transitively on T3 and

its closure 1s a scale group acting 2-transitively on the punctured boundary 0,753 of
Ts.

1. Pierre-Emmanuel Caprace and George A. Willis. A totally disconnected invi-
tation to locally compact groups. Preprint: arxiv:2110.05991, 2021.

2. D.I. Cartwright, V. A. Kaimanovich, and W. Woess. Random walks on the affi-
ne group of local fields and of homogeneous trees. Ann. Inst. Fourier (Grenoble),
44(4):1243-1288, 1994.
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10.

11.

Rostislav Grigorchuk and Dmytro Savchuk. Self-similar groups acting essenti-
ally freely on the boundary of the binary rooted tree. In Group theory, combi-
natorics, and computing, volume 611 of Contemp. Math., pages 9-48. Amer.
Math. Soc., Providence, RI, 2014.

Rostislav I. Grigorchuk and Andrzej Zuk. On a torsion-free weakly branch group
defined by a three state automaton. Internat. J. Algebra Comput., 12(1-2):223-
246, 2002.

Narain Gupta and Said Sidki. On the Burnside problem for periodic groups.
Math. Z., 182(3):385-388, 1983.

Dmytro Savchuk and Yaroslav Vorobets. Automata generating free products of
groups of order 2. J. Algebra, 336(1):53-66, 2011.

Jean-Pierre Serre. Local fields, volume 67 of Graduate Texts in Mathematics.
SpringerVerlag, New York-Berlin, 1979. Translated from the French by Marvin
Jay Greenberg.

Jean-Pierre Serre. Trees. Springer Monographs in Mathematics. Springer-
Verlag, Berlin, 2003.

Mariya Vorobets and Yaroslav Vorobets. On a free group of transformations
defined by an automaton. Geom. Dedicata, 124:237-249, 2007.

Mariya Vorobets and Yaroslav Vorobets. On a series of finite automata defining
free transformation groups. Groups Geom. Dyn., 4(2):377-405, 2010.

George Willis. Scale groups. arxiv:2008.05220, 2022.
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Coefficient inverse problem for parabolic equation with strong
power degeneration

Huzyk Nadiia
hryntsivQukr.net

Hetman Petro Sahaidachnyi National Army Academy

In a domain Qr = {(z,t) : 0 < z < [,0 < t < T} the coefficient inverse problem
of determining the functions b1 = b1(¢t),b2 = b2(t) in the degenerate parabolic
equation is considered:

wi = a(t)tPwas + (b1 (t)x + ba(t))ws + c(z, )w + f(x, 1), (1)
w(z,0) = p(z), =z €]0,1], (2)
ws(0,1) = pa(t), wa(l,t) = pa2(t), t €0, T], 3)
/thdw-ug() t € 10,77, (4)

|
/xw:rtdxf,uz;() t €1[0,T]. (5)

It is known that a(t) > 0,¢ € [0,T] and the degeneration of the equation is caused
by the power function t?, where 8 > 1.

Using the apparatus of the Green functions for the initial-boundary value problems
for the parabolic equation, the Schauder fixed point theorem and properties of the
solutions of the homogeneous integral Voltera equations we obtain the following
result.

Theorem. Suppose that the assumptions
A1) ¢ € C*0,1], a € C[0,T], ¢, f € C*°(Qy), i € C*0,T],i = {1,2,3,4};
A2)a(t) >0,te[0,T], ¢ (x) >0,z €0,

A3) f(@,t)] + |falz,t)] < Aut?, e(z,t)] + |ca(z,t)] < Aot”, (z

s (t)| < Ast?, |uh(t)] < Aat?, t € [0,T), where v > 231 and A;, i
are arbitrary positive constants;

A4) 110 = (0 12(0) = 0, [ (el = a0, [ zp(a)de = pa(0)

hold. Then there exists the unique local solution (b1, bz, w) € (C[0, To])*x C**(Qr,)N
Cl’O(QTO), [b1(t)] < Mqt", |b2(t)] < Mat" to the problem (1)-(5), where n =
min{vy, 8} and M., My are the positive constants defined by the input data.

t) € Qp,
=1,2,3,4
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Characterization of compact subspaces of the space of separately
continuous functions with the cross-uniform topology

Tvasiuk Roman, Maslyuchenko Oleksandr

ivasjuk.roman@chnu.edu.ua, ovmasl@gmail.com
Yuriy Fedkovych Chernivtsi National University
University of Silesia in Katowice

Let X and Y be a topological space and Z be a metric space. The space S(X x
Y, Z) of separately continuous function f : X XY — Z we always endows by the
cross-uniform topology. This topology is generated by the base which consists of the
sets

We(fo) = {1 € S(X x¥,2) :1f(p) = fo(p)|z < & for any p € xE},
where F is a finite subset of X XY,
et = (X x pry (E)) U (pry (E) x Y)

is the cross of the set F, € > 0 and fo € S(X xY). This topology was introduced in
[1] for the space S = S([0;1]?,R) and called there by the topology of the sectionally
uniform convergence. In [1] it was proved only that S is a separable non-metrizable
complete topological vector space, and the authors asked about the other properties
of S.In [2, 3, 4] the authors proved that S(X xY) is a meager, compleat, barreled and
bornological topological vector space for any compacta X and Y without isolated
points.

Let w(X) denote the weight of a topological space X and let ¢(X) denote the
cellularity of X. The sharp cellularity is

cﬁ(X) = sup {\Z/I|+ : U is a disjoint family of open sets in X},

where |A| means the cardinality of a set A and m™ means the least cardinal number
which is grater then the cardinal number m. In [5] was announced the following
result.

Theorem 1. Let X,Y be infinity compacta and K be a compact. Then K embeds
into S(X x Y) if and only if w(K) < min{c*(X),c*(Y)}.

Now we pass to the generalization of this result to the space S(X XY, Z). Recall
that a compact space K calls an Eberlein compact if it is homeomorphic to some
subspace of C}, (X)) for some compact space X. We start from the following observati-
on.

Theorem 2. Let X be a compact space, Y be a separable metrizable space and K
be a compact subspace of Cp(X,Y). Then K is an Eberlein compact.

This result allows to modify the proof of Theorem 1 and obtain the following.

Theorem 3. Let X,Y be compacta, Z be a separable metric space and K be a
compact space which embeds into S(X x Y,Z) Therefore, the following inequality
holds: w(K) < min{c*(X),c*(Y)}.
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And now we obtain the following generalization of Theorem 1.

Theorem 4. Let X,Y be infinity compacta, Z be a separable metric space which
contains a homeomorphic copy of R and K be a compact. Then K embeds into
S(X xY,Z) if and only if w(K) < min{c*(X),c*(Y)}.

1. Voloshyn H.A., Maslyuchenko V.K. The topologization of the space of separately
continuous functions, Carpathian Mathematical Publications 2013, 5(2), 199—
207.

2. H. A. Voloshyn, V. K. Maslyuchenko, O. V. Maslyuchenko, Embedding of the
space of separately continuous functions into the product of Banach spaces and
its barrelledness, Mathematical Bulletin of Shevchenko Scientific Society, 11
(2014), 36-50.

3. H. A. Voloshyn, V. K. Maslyuchenko, O. V. Maslyuchenko, The bornologicity
of the space of separately continuous functions, Mathematical Bulletin of Taras
Shevchenko Scientific Society, 12 (2015), 61-67.

4. H. A. Voloshyn, V. K. Maslyuchenko, O. V. Maslyuchenko, On Baireness of the
space of separately continuous function. Transactions of Institute of Mathemati-
cs, the NAS of Ukraine, 12 (2015) No. 3, 78-96.

5. Ivasiuk R., Maslyuchenko O., Compact subspaces of the space of separately
continuous functions with the cross-uniform topology and the sharp cellulari-
ty// Report of Meeting. The Twenty-second Debrecen—Katowice Winter Semi-
nar on Functional Equations and Inequalities Hajduszoboszlé (Hungary),
February 1-4, 2023. P.9-10. Annales Mathematicae Silesianae. 2023. Retrieved
from https://journals.us.edu.pl/index.php/AMSIL/article/view /15621 DOIL:
10.2478 /amsil-2023-0006
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Fractal analysis of the Guthrie-Nymann’s set
Karvatskyi Dmytro
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Institute of Mathematics of the NAS of Ukraine

We study properties of the set

X = {x|m=2(i:,04n€{0,273a5}}7

n=1
which is the set of subsums for the Guthrie-Nymann’s series

3 2 3 2 3 2 3 2
Z+Z+472+472+E+473+'”+47+47+””
Such set contains the interval [3/4, 1], but it is not a finite union of closed intervals
[2]. In addition, the set X combines non-trivial properties of a nowhere dense set
and closed intervals. Following [3], because of its topological structure, one can call
this set a Cantorval (or M-Cantorval).
A Cantorval is one of three possible topological type of the set of subsums for a
convergent positive series. However, Cantorvals also naturally appear as the product

C1®Cy ={z1+z2;21 € C1,22 € Ca}

of the arithmetic sum for two Cantor sets.
Every Cantorval is homeomorphic to the set K, which is defined as follows

oo (oo}
K=CU|]JGan1=1[01]\ | Gan,

n=1 n=1
where C is the Cantor ternary set, G} is the union of the 2"~! open middle thi-
rds which are removed from [0, 1] at the n-th step in the construction of C. From
it follows that Guthrie-Nymann’s Cantorval X or any arbitrary Cantorval can be
represented as a union of intervals and some Cantor set. Next we define the set X1
as the set of all possible intervals contained in X. In addition, we define the set X¢
as the Cantor-type part of X i.e X¢ = X \ X;.

In the paper [1] were described topological and metric properties of the set X.

In particular, authors proved that X contains closed intervals having some special
form and calculated the Lebesgue measure for the set X;. The computation based
on the following important structural properties of X:

e The interval [2,1] is included in the Cantorval X.
e The set X \ [%, 1] C X is the union of pairwise disjoint affine copies of X. In

particular, this union includes two isometric copies of H, = 4% - X, for every
n > 0.

e The subset X \ ((2,1)U(5,3)U (1£,2)) C X is the union of six pairwise
disjoint affine copies of D = [0, %] nx



Let’s recall that Hausdorff dimension for a set £ C R™ may be defined as

dimy E = inf{s > 0: for all € > 0 there exist a cover {U;} of E

such that Z |U;|° < e}

As the Cantorval X has positive Lebesgue measure, its Hausdorff dimension

equals to 1. However, there are no any results on fractal dimension of the Cantor
set Xc.

In the talk we shall describe structural properties of the set X¢ as well as

calculate its fractal dimension. The set X¢ has complicated self-similar structure,
which does not satisfy open cover condition. The main result of our research may
be formulated in the following theorem.

Theorem. The set X of subsums for the Guthrie- Nymann’s series can be represented

X = X:|JXo,

where X is an infinity union of closed intervals having Lebesgue measure equals to 1,
Xc is a Cantor set with zero Lebesgue measure and fractional Hausdorff dimension
dimyg X¢ = log, 3.

In this context, naturally appear the following questions:
e [s it possible to represent an arbitrary Cantorval T', which is the set of subsums
for a convergent positive series, as a union of closed intervals 77 and some
Cantor set Tc with zero Lebesgue measure? In other words, is the Lebesgue

measure for a random Cantorval concentrated only on its intervals as for the
case X7

e Isit possible for the set Tc to be a superfractal set (dimg Te = 1) or anomalyfractal
set (dimyg Tc = 0)?

e Can we construct a general technique for calculation of the Hausdorff dimension
for Cantor-type part of an arbitrary Cantorval?

Bielas W., Plewik S., Walczyriska M. On the center of distances // European
Journal of Mathematics. — 2018. — Vol. 4. — P. 687-698.

Guthrie J. A., Nymann J. E. The topological structure of the set of subsums of
an infinite series // Colloq. Math. — 1988. — Vol. 55, Ne 2. — P. 323-327.

Mendes P., Oliveira F. On the topological structure of the arithmetic sum of
two cantor sets // Nonlinearity. — 1994. — Vol. 7, Ne 2. — P. 329-343.
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Existence and stability of cycles in parabolic systems with small
diffusion

Klevchuk Ivan, Hrytchuk Mykola

i.klevchuk@chnu.edu.ua
Yuriy Fedkovych Chernivtsi National University

The existence of countably many cycles in hyperbolic systems of differential
equations with transformed argument were considered in [6]. The existence and
stability of an arbitrarily large finite number of cycles for the equation of spin
combustion with delay were considered in [7]. We study the existence and stability
of an arbitrarily large finite number of cycles for a parabolic system with delay and
weak diffusion. Similar problems for partial differential equations were studied in
numerous works (see, e.g., [1 — 8]).

1. Traveling waves for parabolic equations with weak diffusion. Consider
a system

2 2
% = 6’)/88;21 —c (98522 — woug + e(aur — Bua) + (dour — cous)(ui + u3),

7] 02 o?
vz _ ey Y2 46 4 oun + e(aua + Bur) + (dous + cour)(uf +u3) (1)

ot ox? ox?
with periodic condition

ui(t,z +2w) = ui(t,x), u2(t,x+ 2m) = ua(t,x), (2)

where ¢ is a small positive parameter, wo > 0, a > 0, v > 0, do < 0.

Passing to the complex variables u = w1 + iu2 and @ = w1 — tu2, we arrive at
the equation
2

%% — dwou+ e k7-+i6)g;g—+(a-+iﬁ)u}—%(doﬁ—ﬂm)u2ﬂ4 3)

We investigate the existence and stability of the wave solutions of problem (1),
(2). The solution of equation (3) is sought in the form of traveling wave u = 0(y),
y = ot + x, where the function 6(y) is periodic with period 27. We arrive at the
equation

o . d* . L p2p
o'd—y = jwol + ¢ (7+15)Ty2 + (a+1iB)0| + (do + ico)0"0.

. dé . . .
By the change of variables T 01, this equation is reduced to the following system:
Y

do . . df . . =
& =01, 00; =iwel+e {(’y + uS)d—yl + (o + zﬁ)@] + (do + ico)0°8.

The periodic solution of problem (1), (2) takes the form
u1 = Very cos(xn(e)t + nx), w2 = Verysin(xn(e)t + nz), n€Z, (4)

where 7, = /(o — n27) |do| =1, xn(€) = wo + £ + ecory — e6n’, n € 7.
The following statement is true:
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Theorem. Let wo >0, a >0, v > 0, do <0 and let the inequality o > 'ynz be true
for some integer n. Then there exists 9 > 0 such that, for 0 < e < eo, problem (1),
(2) has solutions (4) periodic in t.

The problems of existence and stability of traveling waves in the parabolic system
with retarded argument and weak diffusion are investigated.

1. Fodchuk V.I., Klevchuk I.I. Integral sets and the reduction principle for
differential-functional equations // Ukrainian Math. J. — 1982. — 34, Ne 3. —
P. 272-277.

2. Klevchuk I.I., Fodchuk V.I. Bifurcation of singular points of differential-
functional equations // Ukrainian Math. J. — 1986. — 38, Ne 3. — P. 281-286.

3. Klevchuk II. On the reduction principle for functional-differential equations of
the neutral type // Differ. Equ. — 1999. — 35, Ne 4. — P. 464-473.

4. Klevchuk I.I. Bifurcation of the state of equilibrium in the system of nonlinear
parabolic equations with transformed argument // Ukrainian Math. J. — 1999.
— 51, Ne 10. — P. 1512-1524.

5. Klevchuk I.I. Homoclinic points for a singularly perturbed system of differential
equations with delay // Ukrainian Math. J. — 2002. — 54, Ne 4. — P. 693-699.

6. Klevchuk I.I. Existence of countably many cycles in hyperbolic systems of di-
fferential equations with transformed argument // J. Math. Sci. — 2016. — 215,
Ne 3. — P. 341-349.

7. Klevchuk I.I. Bifurcation of self-excited vibrations for parabolic systems with
retarded argument and weak diffusion // J. Math. Sci. — 2017. — 226, Ne 3. —
P. 285-295.

8. Klevchuk I.I. Existence and stability of traveling waves in parabolic systems of

differential equations with weak diffusion // Carpathian Mathematical Publi-
cations. — 2022. — 14, Ne 2. — P. 493-503.
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A linear Noetherian boundary value problem for a system of
dynamic equations on a time scale

Klimchuk Taras, Lavrenyuk Mykola, Shovkoplias Tetiana
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Taras Shevchenko National University of Kyiv

For a system of dynamic equations of the second order on the time scale, a
linear Noetherian boundary value problem is considered, in which the number of its
boundary conditions is not equal to the order of its corresponding operator system.
For are considering the boundary value problem, its solvability condition is found.

The study of Noetherian boundary value problems on the time scale is interesti-
ng. This issue was addressed in [1]. The conditions for the existence of solutions
to such problems are studied using the theory of generalized inverse operators
developed in [2] and the theory of dynamic equations on time scales [3].

The linear inhomogeneous Noetherian boundary value problem for the system
of dynamic equations of the second order

(P2 ()" = Q)z(t) = f(1),t € [a,b]r, (1)

lz(-) = a,a € R™, (2)

is considered on the time scale 7.
The time scale T is a nonempty closed subset of real numbers [3]:

[a, b := [a, b] m T,

z(t) is a n—dimensional vector function, f(t) = col(f1(¢), f2(t), ..., fn(t)) is n—dimensional
vector function, which is rd-continuous on the time scale T: f(t) € Crq([a, b7, R™);

P(t), PA(t) and Q(t) is (n x n) - dimensional matrix-functions, the elements of
which are rd— continuous functions on [a, b]7 [3]:

P(t), P2(1), Q(t) € R([a,b]z; R™*");

the matrix -function P(t) is non-degenerate, detP(t) # 0; l—m-dimensional
linear vector functional defined on the space of n—dimensional continuous vector
functions: I = col(l1,la,...,lm); L : Cla,blr — R™,

l; : Cla,blr = R,i=1,2,...,m,b < 400,
« is a m-dimensional vector-column of constants, « € R™.

Theorem 1. [3]. We assume that the functions f,g : T — R are differentiable at
the point t € T*. Then the product fg: T — R is differentiable at the point t € T*
and

(f9)* (1) = ()2 (Dg(t) + f(o(£)g™ (t) = (H()g™ () + [ ()g(o(t)).
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For a differentiable function f : T — R, if its derivative f© is differentiable on

the set T’“2 = (T*)*, then its second derivative f&2, f&4 T% = R is defined as
follows [3]:
o= (3)
If we apply the theorem 1 twice in a row to the quantity (P(t)z>)%, and then
condition (3), we obtain:

(P()z™ ()" = (P(t) ™ () +

+P(o (D) (@ (1) = P2 ()2 (t) + P(a(t))a™ ().

As a result of performing some transformations, the system (1) reduces to the system
222 () + At (z(t) = P~ (0 (1) f(t), € [a, blr,
here A(t) is (n X 2n)-dimensional matrix:

A(t) = [-P(DQ(t), P (o (1) F (1) P2 (1)),
v(z(t)) is 2n-dimensional vector: v(z(t)) = (z7 (¢), (= ())T).

228 () + At)o(x(t)) = P (o (8)) f(1), t € [a, b7 (4)

Equivalence of systems (1) and (2) is obtained as a result of performing certain

transformations, which are based on previous explanations and previously given

conditions on the coefficients of system (1), as well as theorem 1. Since systems (1)

and (3) are equivalent, the considerations that apply to system (3) also hold for
system (1). The dynamic system (3) has a 2n-parametric set of solutions:

z(t) = X (t)e +7(t),c € R*™,

where
t

3(t) = /eA(t,J(s))Lp(s)As,t € [a,b]r,

to

X (t)—(n x 2n)- dimensional matrix function, X (¢) is the fundamental matrix of the
corresponding homogeneous (P~ (t) f(t) = 0) of the dynamic system (3). ea(t,s)—
(n x 2n)-dimensional matrix exponential function [3]. The matrix X (¢) is normalized
at the point to € [a,b]r: X(t) = ea(t,to). D — (m X 2n) - dimensional matrix
obtained as a result of the action of the m-dimensional linear vector-functional / on
the vector-columns of the matrix-function ea(t,to): D := lea(-,t0), rankD = nq,
n1 < min(2n;m). o(t) is a function that is a direct jump operator for an arbitrary
teT,o: T — T and is defined as follows: o(t) :=inf{s € T : s < t} [3]. p(t) isa
2n dimensional vector.

Pp — (2n x 2n)- dimensional matrix — orthoprojector, Pp : R*™ — N(D), where
N(D) is null space of matrix D, N(D) = PpR*",

Pp, is a (2n x r)-dimensional matrix obtained from a (2n X 2n)-dimensional
matrix-orthoprojector Pp.
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Pp~ is a (mxm)-dimensional matrix-orthoprojector, Pp= : R™ — N(D*), where
N(D") is null space of matrix D*, N(D") = Pp+R™; Pp= is a (d x m)-dimensional
matrix obtained from a (m x m)-dimensional matrix - orthoprojector Pp«.

The next theorem holds for the linear inhomogeneous Noetherian boundary value
problem for the system of dynamic equations of the second order (1), (2).

Theorem 2. If rankD = ny < min{2n,m}, then the homogeneous (o = 0,
f = 0) boundary value problem (1), (2) has r and only r (r = 2n — n1) linearly
independent solutions

z(t,er) = eal(t,to)Pp,.cr,Ver € R

The inhomogeneous boundary value problem (1), (2) is solvable then and only
then if f(t) € Cra([a,blr; R™) and o € R™ satisfies the solvability condition

PD; [a - lf()} =04,d=m —n,

and at the same time has an r-parametric set of solutions

x(t, ;) = ea(t, to)Pp,cr + X(t)D o — X (t)DVIZ(-) + T(t),VYer € R

1. Agarwal, R., Bohner, M., Boichuk, A., Strakh, O. (2014). Fredholm boundary
value problems for perturbed systems of dynamic equations on time scales
Mathematical Methods in the Applied Sciences. — DOI: 10.1002/ mma.3356

2. Boichuk, A. A., Samoilenko A. M. (2004). Generalized inverse operators and
Fredholm boundary-value problems Utrecht, Boston: VPS. 317 p.

3. Bohner, M., Peterson, A. (2003). Advances in dynamic equations ontime scales
Birkhauser Inc., Boston: MA. 361 p.
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Stochastic Modified Flows, Mean-Field Limits and Dynamics of
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In this talk, we will propose new limiting dynamics for stochastic gradient descent
in the small learning rate regime called stochastic modified flows. These SDEs are
driven by a cylindrical Brownian motion and improve the so-called stochastic modifi-
ed equations by having regular diffusion coefficients and by matching the multi-point
statistics. As a second contribution, we introduce distribution dependent stochastic
modified flows which we prove to describe the fluctuating limiting dynamics of
stochastic gradient descent in the small learning rate - infinite width scaling regime.

More precisely, we will focus on the principle setup of SGD in supervised learning.
For a given training data set ® C R"® sampled from a probability distribution J,
one aims to minimize the empirical risk

R(z) :=EyR(z,0), zeR%

where R : R x © — R is a loss function. Let 6,, n € No(:= N U {0}), be i.i.d.
samples of training data drawn from ¢. Then, the SGD dynamics is given by

Z) 1 (@) = Z;)(x) = nVR(Z}}(2),0x), n € No, (1)

where Zo(z) =z, x € R? and > 0. In particular, Z7, n € Np, allows to analyze the
training dynamics of different initializations x subject to the same choice of training
data.

We introduce the flow defined by the following SDE, which we name stochastic
modified flow (SMF),

dx}(2) = =V (R(X](2) + T [VR(X](2))]") dt

Vi [ G, ows.d, @)
€]
XJ(@) ==z, =zeRY,

where G(z,0) = VR(z,0) — VR(x) and W is a cylindrical Wiener process on the
space L2((0,9);R).

Let P2 (Rd) denote the space of probability measures on R? with finite moments
equipped with 2-Wasserstein distance. The main result reads as follows.

Theorem 1 (see Theorem 3.3 and Corollary 3.6 in [2]). Let R(-,8) be regular enough
for 9-a.e. 6 € © and let T > 0. Then for every ® € Cp(P2(R?)) one has

sup  sup [E® (o (X1,)7) ~E® (o (2)7Y)| S P,

HEPy(RA) ninn<T
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where o f 1 denotes the push forward of the measure i under a map f. Furthermore,
for every m € N and f € CE(R™),

sup sup [Ef(X), (1), ..., X/ (2m)) —Ef(Z (1), ..., 2 (zm))| S0°.

21,y ERE ninn<T

It is the joint work with Benjamin Gess and Sebastian Kassing from Bielefeld
University.

1. Benjamin Gess, Rishabh S. Gvalani, Vitalii Konarovskyi, Conservative
SPDEs as fluctuating mean field limits of stochastic gradient descent //
arXiv:2207.05705. — 2022. — 65 p.

2. Benjamin Gess, Sebastian Kassing, Vitalii Konarovskyi, Stochastic modifi-
ed flows, mean-field limits and dynamics of stochastic gradient descent //
arXiv:2302.07125. — 2023. — 24 p.
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About compromise states in the battle of opponents with various
external support
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We study the models of dynamical systems of conflict which describe the struggle
of alternative opponents for a presence in different regions 2; of a living or resource
space Q = [J"; Qi, 2 < m < co. We establish the existence of equilibria (compromi-
se states) under different external supports for both opponents.

JoctiKyoThcst MOJEI IUHAMIYHAX CUCTEM KOHMJIKTY, siKi OIUCYIOTH OOPOThH-
Oy aJIbTEPHATUBHUX OIOHEHTIB 3a MPUCYTHICTH y Pi3HUX perioHax {2; }KUTTEBOro abo
pecypcuoro mpocropy () = U:’;l Q;, 2 < m < co. Becranosroemo icHyBaHHST piBHO-
Baru (KOMIIPOMICHUX CTaHIB) IpU PI3HUX 30BHIIIHIX JOMOMOrax 0o60M CyIEepPHHUKAM.

AlbTepHATHUBHICTD OIOHEHTIB, MO3HAaYUMO 1X A Ta B, o3Hadae, mo Tx koHIi-
KTHa 60poThba BigOyBa€ThCs IO 3aKOHY BiAIITOBXYBAaHHS — B3A€MHOI'O BUTICHEHHS
Y KOXKHOMY 3 perioHiB y imoBipHicHOMY cenci. Taki Moiesi onucyoThest MoBeIiHKOIO
B JINCKPETHOMY YacCi CTOXaCTUYHUX BEKTOPIB

(%, = {pt,r'}, t=1,2,...
i FeHepyIOTI)CH CUCTEMOIO pi3HI/ILLeBI/IX piBHHH]) Bﬂﬂy
P =il —rt), P =t -pl), t=0,1,..., (1)

)\zl/zt, =1-0" 6" .= (ptﬂ’t): pirt,
i
t._ pAQ. t _ pB(Q). A0, B(oO. 2w . .
ne p; = P2(Q,t), i = PP (Q,t), P*(Q4,t), P (Q,t) - He3amexH] #imoBipHOCTI
3axorieHHs ononentamu A, B perionis 2; B moment vacy t. CroxacTudHicTh 0O3HA-

gae, mo BexTopu p' = (pi,...,pk,), rt = (ri, ..., rt,) npu xKoxxHOMY ¢ 32370BONBHAIOTH
YMOBH:
m m
t t
szzlzzrh p,T 6R+1
i=1 i=1
Taki Mozesi BxKe J0CHKyBanuch B psii myOuikaniit (mus. [1] - [1] Ta HaBexenHi

tam nocunanns). OJIMH 3 OCHOBHUX PE3YJIBTATIB CTBEPIKYE 3012KHICTH TPAEKTODIi
TAaKAX CHCTEM J0 piBHOBaxkKHuMX cTaHiB. lleit pesymbrar, Bimomwmit sik Teopema mpo
KOHJIIKT, KOPOTKO MOKHa C(OOPMYJIIOBATH TAKUM UUHOM.

Koxna TpaekTopist {pt, rt} JAUHAMIYHOI CHCTEMH TTOPO/I?KEHOI CUCTEMOIO PiBHSIHB
(1), mo craprye 3 mosimbrol Toukn {p°,r°} 3amaH0l MAPOIO CTOXACTHYHEX BEKTODIB
p°,r0 € R 1 3 ymosoio, (p°,7°) # 1, 3Giraerbes 1o rpammunoro crany (fixed point),

t t oo 00
{p )T } {p T }7 t 0,
SIKHUI CKJIQIa€THCA 3 OPTOI'OHAJIbHUX BeKTOpiB7 poo 1 ro°. HpI/I ObOMY, f{AKIIO B II0-

YATKOBUM MOMEHT Yacy /I IKUXOCh KOOPJIUHAT BUKOHYBAJIACh HEPIBHICTD p? > rd,

0 0 0 0
To p;° > 0,77° = 0, gakmo p, < 7y, T0 P = 0,75° > 0, a axmo p; = r; , TO
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p;” = rj° = 0. 3HaueHHA HEe HyJbOBUX I'PAHUYHUX KoopamHar p;- > 0, rg° > 0 €
HPONOPIHHHIMY TOYATKOBIM pisuutaM d; = p? —r?, dp = r2 —p2, o610 P° = d; /D,
re. = di/D, ne xoedinient nponopuil D € He3aJIeKHUM BiJl 1HIEKCIB HEHYIHOBUX
KOODJMHAT.

TyT Mu DoCTiIKyeMO IUTAHHS IIPO iCHYBaHHA PiBHOBaXKHUX KOMIIPOMICHHUX CTa-
HiB, KO 60pOTHOA y (DIKCOBAHOMY DEriOHI 3aBEPIYETHCS HE MEPEMOrOI0 9r TIOPa3-
KOIO, a MTOCTIIHOIO ITPHUCYTHICTIO B3araJi 3 pi3HOIO IMOBIpHICTIO 060X OITOHEHTIB X04a
0 B OHOMY CIIIDHOMY PperioHi. BUsIBIs€TbCsI, M0 SBUIE CBOEPIIHOI KOMITPOMiCHOT
piBHOBaru y 60poTh0i aIbTEpHATUBHUX OIOHEHTIB CTA€ MOXKJIWBHM, SIKII[O OITOHEH-
TH OZIePXKyIOThH (30BHiNIHIO) Jonomory (migcuienHs ). MaTeMaTuIHO 1e 3alluCy€eThCs
BBEJEHHSM 3CyBiB KOOPJIMHAT y BEKTOpax HMOBIpHICHOI IPUCYTHOCTI OIIOHEHTIB B pi-
3HUX perioHax. B 3araspHOMY BUMAIKy AMHAMIYHA KapTUHA TAKUX MOJeseil TOCUTh
CKJIaJTHA 1 HeTpuBiaJbHA. MU HABOAUMO HANIIPOCTINI CIIOCTEpEXKEHHSI 1 YMOBH, ITPU
AKUX aJIBTEPHATUBHI OITOHEHTH 3/IaTHI OJJHOYACHO CIIBICHYBAaTH B OHOMY YU JIEKiIb-
KOX perionax i3 crporo mogarHuMu ¥imoBipHOCTsiME. HOBHiT pe3ysbTaT BCTAHOBIIIOE
icHyBaHHSI KOMIIDOMICHUX CTaHIB (OZHOYACHY IIPUCYTHICTH 000X ONOHEHTH y (ikco-
BAHOMY DETiOHi) TP HASBHOCTI, K HECHMETPUYHOI, TAK 1 CUMETPUYHOI CTpAaTeril
OTPUMAaHHsI 30BHINTHBOI JIOTIOMOTH.

Y HecUMETPUYHOMY BHIIQJIKY OJUH 3 OIIOHEHTIB OTPUMYE IiJCHUJIEHHS, SKe IIPO-
TopIiiiiHe U IHIIOro ONOHEHTa (3aJ1e2KHE Bl 9acy ), a JIPyTHil He 3aJeXKHy Bl 9acy
nocTiitay miarpuMky. He Brpadaroyn 3aragbHOCTI ME TOKJIAIEMO, IO KiTbKICTh pe-
rioHiB KOH(MIIKTY JIOPIBHIOE YOTUPHOM, M = 4, a 30BHIIIHI# BILIUB, K aIUTUBHE
MiJICUJIEHHSI, OTIOHEHTH OJIEP2KYIOTH JIUIIIE B OTHOMY TpeTrboMy perioni. Toji piBHsH-
Hs IUHAMIKA MalOTh BULISIT

t t t t
pi(1 —ry ri(1 —p; .
pirt = o) e RO By, @
5 T
t+1 (5 + hpars)(1 —7§) 41 (r5 + hr3) (1 — pb)
P3 - 2t ’ T3 - ot ’ (3)
P T

ne 0 < hps, hrs moO3HAYAIOTH HAapaMeTPH IiJCHJIEHHS B perioni {23 st OIOHEHTIB
A ta B, Bignosigno. 3apa3 HOpMyBajbHI 3HAMEHHUKHU zf,,zf. MaIOTh CKJIQTHIIINH
BUTJIsII, 8 caMe JIErKO ITePEeKOHATHUCS, 110

z; =1-0'+ hp3r§(1 — ré), Z=1-6"4 hr3(1 —pg),

ne 6F = > pirf. B npoMy BHIAIKY MH JOBOIMMO, IO CHCTEMA 3a/1aHa PIBHIHHIMI
(2)- (3) npm ymosi

4h,
(14 hy)?’
Ma€ MpUHANMHI Iapy KOMIIPOMICHUX CTaHiB.

IIpu cumerpryunmMX cTpaTerisix 0OWABA OMOHEHTH OTPUMYIOTH IiJICHJIEHHSI IIPO-
ropiiifine cuii inmoro. PiBHAHHS JUHaAMIKH MalOTh BUTJISLT

hy >

Pt = (Pi + hpiri) (1 —Tf)7 1 _ (it heapl) (1 —p§)7 ieTm,  (4)
‘ z5 ¢ 2t
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ze mapaMeTpu hpi, hri > 0 MaOTh IHTEPIPETAIio 30BHINIHBOrO BIUIUBY (IOIOMOIH
4u nijcuieHHs1) onoHeHTaM A, B, BianosigHo, y perioHi €2;, a HopMyBaJbHI 3HAMEH-
HUKH $IBHO BH3HAYAIOTHCS 33 (popMyraMu:

gy =1—0"+ hprf(1—1), 20 =1-0"+ > hupl(1 - p}).

i=1 i=1

P35

0.8

0.6 1

0.4

t
0 40 80 120

Puc. 1: IIpu drixcosanux napamempaxr donomoeu hy , = H, hy . = h mpaexmo-
it Koopduram p};, ri 36i2a10mbcs 00 MUT CAMUT 2PAHUNHUL (KOMNPOMICHUT)
3HAUEHb HE3ANEHCHUT 610 NOUaAMKOSUL PO3N0JiNi6.

Jia quHaMivHuX cucTeM KOHMIIIKTY 3aJaHuX piBHAHHAME (4) OpU HeOOTsKIIN-
BUX yMOBaX Ha ITapaMeTpU IiJCUJIEHHsS TaKOXK iCHYIOTH KoMmpowmicHi cranu. [Ipm
bOMY, KOMIIPOMICHI 3HaYeHHsI KOOPAMHAT y perioHax §); BUSHAYAIOTHCS TIIbKHU Be-
JIMTIMHAMY TIapaMeTPiB 30BHIIIHBOI JIOMTOMOT'H i MTOBHICTIO BTPAYAIOTh 3aJIEXKHICTD BiT
KOODJIMHAT y TTOYATKOBUX BeKTOpax. lleit dpakT mu imrocrpyemo ua Puc. 1.

Bigsaaunmo, 1110 ozeprkaHi pe3ysabraTy IpUIATHI 10 3aCTOCYBaHHs B Teopil (pop-
MYBaHHSI Ta MOIIUPEHHS TIEPEKOHAHD Ta ISl 3HAXO/?KEHHsI YMOB BCTAHOBJIEHHST KOH-
ceHCyCy MiXK pisHEME Horysimamu y cerci po6it [9] - [10].

1. V. Koshmanenko, A theorem on conflict for a pair of stochastic vectors, Ukrai-
nian Math. J., 55, Ne 4, 671-678 (2003), MR2072559.

2. V. Koshmanenko, Theorem of conflicts for a pair of probability measures, Math.
Methods of Operations Research, 59, Ne 2, 303-313 2004, MR2063246.
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10.

T.V. Karataieva, V.D. Koshmanenko Society, Mathematical Model of a
Dynamical System of Conflict, J. Math. Sci.,, 247, 291-313 (2020);
https://doi.org/10.1007/s10958-020-04803-3

T.V. Karataieva, V.D. Koshmanenko, M.J. Krawczyk, K. Kulakowski, Mean fi-
eld model of a game for power, Physica A: Statistical Mechanics and its Appli-
cations, 525, 535-547 ( 2019); https://doi.org/10.1016/j.physa.2019.03.110

T. B. Kaparaesa, B. /1. KomManenko, Modeawv kongaixmmozo couyiymy 3 ege-
Kmamu 306HIwWHb020 6naucy, Heminiini konusanns, 24, Ne 3, 342- 362 (2021).

T. B. Kaparaesa, B. /1. Kommanenko, Pisnosaoichi cmany dunamivmoi cucme-
MU KOHPATKMY OAA MPLOX 2PABUIE 13 NAPAMEMPOM 6NAUBY 308HIUHBLO20 Cepe-
dosuwa, Heminiiini konusanus, 25, Ne 2-3 (2022).

B.[. Kommanenko @opmyaa kongaikmmoi dunamiru, 36ipauk nparp [H-Ty Ma-
remarukn HAH Vkpaiuu, 17, Ne 2, 113-149 (2020).

B. . Kommanenko Cnexmpanvha meopia OUHAMINHUT CUCTEM KOHPATKMY,
Hayxkosa JIymka, Kuis, 287 (2016).

L. Li, A. Scaglione, A. Swami, Q. Zhao, Consensus, polarization and clustering
of opinions in social networks, J. on Selected Areas in Communications, 31,
Ne 6, 1072-1083 (2013), DOI: 10.1109/JSAC.2013.130609

M. DeGroot, Reaching a consensus, Journal of the American Statistical Associ-
ation 69, 291-293 (1974), https://doi.org/10.1080,/01621459.1974.10480137
Agropu BasuHi 3a dhiHaHCOBY MiATPUMKY 110 POeKTy "Maremarudne MOJETIOBaA-

HHsI CKJIQJIHUX JUHAMIYHAX CUCTEM Ta IIPOIECIB aKTyaJbHUX it O€3IEKHU Jep>KaBu’,

Ne 0123U100853.
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Separately continuous functions for the space with the regular
subset

Kozlovskyt Mykola

kozlovskyi.mykola@chnu.edu.ua
Yurii Fedkovych Chernivtsi National University

The inverse problem is a finding necessary and sufficient conditions on the di-
scontinuity points set of separately continuous functions and it is important to
study a special inverse problem on construction of a separately continuous function
f: X xY — R with a given discontinuity points set of special rectangular type
A x B, where A C X and B C Y. This problem was investigated in [1] and [2] where
the following results were obtained.

The subset A in a topological space X is called regular, if there exists a continuous
function ¢ : X — [0, 1] such that

L A= 10);
2. for every point a € A and a neighborhood U of a there exists an integer n € N
such that
1 1
e(U)N oF oF T #0
for every k > n.

The subset A in a topological space X is bilaterally separable if there exist a
sequence (an)pe—; of points a, € A and family (xnx : n € N,k € N) of points
Znk € X \ A such that

1. AC{an,:n €N}

2. lim z,r = a, for every k € N.
k— o0

Lemma 1. Any nowhere dense functionally closed set A in a locally connected space
X is a reqular set in X.

Lemma 2. FEvery closed nowhere dense set A in a metrizable space X is regular.

Lemma 3. Let X be a topological space and A C X be a functionally closed bi-
laterally separable set. Then A is reqular.

Theorem. Let X,Y be topological spaces, A C X be a regular set in X and BCY
be a mowhere dense functionally closed set in Y. Then there exists a lower semi-
continuous separately continuous function f : X XY — [0,1] such that D(f) = AxB.

Theorem. Let X,Y be topological spaces, A C X,B CY be nowhere dense functi-
onally closed sets and one of the following conditions holds:

(i) X is locally connected;
(i) X is metrizable;
(i3) A is bilaterally separable in X ;
(iv) X is a first countable space and A is separable.

Then there exists a lower semi-continuous separately continuous function f : X XY — [0, 1]
with D(f) = A x B.

7



1.

Maslyuchenko V., Mykhaylyuk V., Sobchuk O. Investigations on separately
continuous mapppings, Proceedings of International conference dedicated to
Hans Hahn, Chernitsi (1995), 192-246 (in Ukrainian).

Mykhaylyuk V.V. The set of discontinuity points of separately continuous
functions on the products of compact spaces Methods of Func. Anal. and Top.
13 (3) (2007) 284-295.

Kozlovskyi M.R., Mykhaylyuk V.V The set of discontinuity points of separately
continuous functions on the products of compact spaces European Journal of
Mathematics 8 (3)
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Block-supersymmetric polynomials
Kravtsiv Viktoriia
viktoriia.kravtsiv@pnu.edu.ua

Vasyl Stefanyk Precarpathian Nathional University

Let us denote by £,(C?®), 1 < p < oo the vector space of all sequences
z = (x1,T2,...,%j,...), (1)
(m(l) w(s)) € C° for j € N, such that the series i i =0
P RERRREE J > 2 2 |%i
j=1r=
convergent. We say that elements z; in () are vector coordinates of z. The space
£,(C?) endowed with norm

where z; = is

o'} s » I/P
Joll = (zz )
j=1r=1

is a Banach space. A polynomial P on the space £,(C®) is called block-symmetric
(or vector-symmetric) if:

P(z1,z2,...,Tm,...) = P(To), To(2)s - - s To(m)s- - -)

for every permutation o € Sy, where z; € C® for all j € N. Let us denote by
Pus(lp(C?)) the algebra of all block-symmetric polynomials on £,(C®).

For a multi-index k = (k1,k2,...,ks) € Z5 let |k| = k1 + k2 + ... + ks and
k! = kilka! .. ksl

Polynomials

form an algebraic basis in Pys(£,(C%)), 1 < p < oo, where z = (1,...,Zm,...) €
0,(C%), z; = (2, a8y e Co.

In the case of the space £1(C?®) there are important algebraic bases:

Rk(l‘) — Rkl,kg ,,,,, ks(l‘) — Z H 1‘ EJ) ,
<<, I=1 k1
1<j<s
and - .
EX(z) = EFvkzeke gy = 3 T2 W)
d<o<if 9= 1 R
1<j<s !

Let us denote by ¢1(C7,)) the Banach space of all sequences

2= (2o, BTy 2Ly ey By s) =
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=lx)=(- -y Yny-- s Y1|T1,- oy Ty .. .)

with
= 3 el = 3 SR
i=—00 i=—o0 j=1
Wherex_(ml,.4.7wn7...)andy:(yl,...,ym...)arein(l((CS),mi:(mgl),...,wis))
and yi—(yfl),...,yf >) are in C°, z,, = T, 2—n, = yn, for n € N and

z+— (0|1, ..., Zn,..)andy = (.., Y—n,...,y—1]0)

are naturale isometric embeddings of the copies of £,(C*) into £1(C3,)).
Let us define the following polynomials on ¢1(C7)) :

E]

T(z) = HY(x) - H*(y) = >_ [ @) Z IT ) k= (. k).

r=1 =1 r=1
|k|>1 |k|>1

A polynomial P on £;(Cj7,)) is said to be block-supersymmetric if it can be
represented as an algebraic combination of polynomials {Tk}‘ol::l . In other words,
P is a finite sum of finite products of polynomials in {Tk}r:l:1 and constants. We

denote by Pysup the algebra of all block-supersymmetric polynomials on £41(C7,)).
Note first that polynomials T* are algebraically independent because H* are so.
Hence {Tk}r:‘:l forms an algebraic basis in Pysup.
In this talk we will introduce basic definitions and consider general results about
block-supersymmetric polynomials on the space of absolutely convergent series.
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Problem with integral conditions for nonhomogeneous system of
partial differential equations third order

Kuduk Grzegorz

gkuduk@onet.eu
Faculty of Mathematics and Natural Sciences University of Rzeszow, Graduate of
University

Let H(R4+ x R™) be a class of certain function, K a be a class of quasi-
polynomials of the form

= ZQi(t7 I)eail+ﬁjta (1)
=1

where Q;;(t,x) are given polynomials, M C C, a; € M, ar # o, for k # 1,
B; € M, B # B, for k # I. Each quasi-polynomial (1) defines a differential operator
f (ai (T) of finite order on the class of certain function, in the form

1o}
S0, (22 oo s +52]|

Let be Tjp(t, ) = T(%,A) W(t,A),7=1,...,n,p=1,...,n, k = 1,2, satisfies of
system of equations

A=v=0

;l”- (%’0 T;(t,A) =0, i=1,..,n,

where (dt,)\) = dij jtg Qij ;:2 —bij ddt, dij — ¢i,; - symbol Kroneckera. Let L(\,v) =
1L(vy N)||sj=1,...,n, ¥(¥,A) = det L(v,\), l(dt,/\) - algebraic component element

(£, X) is matrix L(X,v). W (¢, ) is a solution of the problem

Y (%,)\) W(t,\) =0

satisfies conditions W7(0, \) = &;,2n—1, j = 2n— 1, let be n(\) ba a certain function.
Denote be
P={xeC:n(\) =0} (2)
In the strip Q = {(t,z) € R™™' : ¢t € (0,T),z € R"} we consider problem

PU & 9\ 0°U; o\ o ) B
ot3 J’_JZ;{GU (%) o2 + bij (5‘7‘%) ot +cij (%) }Uj(tam) = fi(t,z), (3)

T
/tkUi(t,x)dt:O, k=0,1,2, i=1,...n, (4)

0
where a;; (@)7 bij (6%), are differential expressions with entirel functions a;;(\) #

0.
0,bi;(A) #0
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Theorem. Let fi(t,z) € Kpm,i=1,...,n, k = 1,2, then the class Kyp\ p exist and
unique solution of the problem (8), (4), where P is set (2). Solution of the problem
(3), (4) can be represented in the form

) =3 fa (m5 ) { g Tomtts M exolnal

k=0 p=1

A=v=0

Solution of the problem (3), (4) according to the differential-symbol [1, 2] method
exists and uniquess in the class of quasi-polynomials.

1. Kalenyuk P. I. Nytrebych Z. M. Kuduk G. Symotyuk M. M. Integral problem
for partial differential equation of second order in unboudud layer , Bukovinian
Mathematical Journal., - Vol. 4, No 3-4. (2016) - Chernivtsi: Chernivtsi Nat.
Univ., - P. 69 - 74.

2. Kalenyuk P. I. Nytrebych Z. M. Kuduk G. Symotyuk M. M. Integral problem
for partial differential equation of higher order in unboudud layer. Methods and
Phys.- Mech. Polia, 59 (4), (2016 ) - P. 19 - 28.
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On Banach spaces of Laplace-Stieltjes integrals
Kuryliak A., Sheremeta M.

andriykuryliak@gmail.com, sheremeta.m.m@gmail.com
ITvan Franko National University of Lviv

Let V be a class of nonnegative nondecreasing unbounded continuous on the right
functions F' on [0, +00). We assume that a real-valued function f on [0, +00) is such
that the Lebesque-Stieltjes integral fOA f(z)e® dF (z) exists for every A € [0, +00)
and o € R. Consider the integral

/f )e*’dF(z), o €R. (1)

Suppose that h is a positive continuous function on [0, +00) increasing to +oo.
We study the properties of the integrals (1) for which

|f(x)| exp{zh(z)} =0, = — +oco. (2)

By LS, we denote a class of integrals (1) with real valued functions f such that
( ) holds On LSy we define operations (I1 + I2)( fo (fi(x) + fa(z))e™ dF (z),
= [J°Af(x)e* dF (z), where I; (o) = [° f] )e*?dF (z ) for j € {1, 2}, and

let

[111[n = sup{|f(z)| exp{zh(z)}: = > 0} .

Theorem. If FF € V and In F(z) = o(z) as x — +oo then (LS, | - ||n) s non-
uniformly convexr Banach space.

1. Kuryliak A.O., Sheremeta M. M. On Banach spaces and Frechet spaces of
Laplace—Stieltjes integrals // Journal of Mathematical Sciences. — 2023. —
V.270, Ne2. — P. 280-293.
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Entire Gaussian functions: probability of zeros absence
Kuryliak A., Skaskiv O.
andriykuryliak@gmail.com, olskask@gmail.com

ITvan Franko National University of Lviv

Let us consider the class £ of random entire functions of the form

+oo

flz,w) = Z en(w1)én(w2)anz™. (1)

n=0

Here ag # 0, @ Vlan| =0, en(w1) = e¥n(@1) (9,) is a sequence of independent
n—r oo

random variables uniformly distributed on [, 7), (ﬁn (wg)) € Nc(0,1), i.e. independent
random complex values with a standard Gaussian distribution with density pe, (z) =
%e_‘zlz,z eCnels.

For r > 0 and § € R we denote

N(r) = {n: In(lan|r") > 0}, N(r) = #N(r),

s(r) =2 iln+(|an\r") =2 Z In(|an|r™), InT 2 := max{In z; 0},
n=0 neN(r)

Py(r) = P{w: f(z,w) # 0in rD}, po(r) =In~ Po(r), In” z := max{—Inz;0},
where 1D = {z € C: |z| < r}.
Theorem 1. Let ¢ > 0 and f € &£. Then there exist a nonrandom set E C

(1;400): ([, & < +00) and almost surely ro(w) > 0 such that for allr € (ro(w), +00)\
E we have

. In(po(r) —s(r))  w— In(po(r) —s(r)) _ 1
0= TLI%OO In s(r) ’ rggoo In s(r) = 2’ (2)
r¢E T
. In(po(r) —s(r)) _
Lgoo T NG ¢

Sharpness of inequalities (2) follows from such a statement.

Theorem 2. There exist fi € £, a nonrandom set E C (1;+00): ([, % < 400)
and almost surely ro(w) > 0 such that for all r > ro(w) we obtain

L (po() — () 1
T?JEOO In s(r) 2

There exist f> € €, a nonrandom set E C (1;+00): ([, £ < +00) and almost
surely ro(w) > 0 such that for all r > ro(w) we get

lim ln(po (T) _ S(T))

T?JEOO In s(r)

=0.

1. Kuryliak A.O., Skaskiv O.B. Entire Gaussian functions: probability of zeros
absence // Axioms. — 2023. — V.12(3). — 255.
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The domain of existence of the maximum term of Dirichlet series
with complex exponents

Kuryliak M., Skaskiv O.

kuryliakmariya@gmail.com, olskask@gmail.com
ITvan Franko National University of L viv

Let us denote by D(A) the class of Dirichlet series of the form

too 2
F(z) = ano ane (1)
such that a, — 0 (n — +00), where a sequence of the exponents A = (\,) form a
sequence of pairwise distinct complex numbers A,, € C. For a formal Dirichlet series
F € D(A) we denote
D, :={z€C: ane’* = 0 (n — +o0)}

the set of the existence of maximal term u(z, F) = max{|a,|e®**): n > 0}; G, =
D, \ 0D, is the domain of the existence of maximal term.

It is obvious that G, is a convex domain or G, = &, and as simple examples
show, it can be both unbounded and bounded in the general case.

Let us denote Ni(z) := {n: R(zA,) > 1}, Na(2) := {n: R(zA,) < —1}.

Proposition 1. Let F' € D(A) be of form (1). In order that G, = C, it is necessary
and sufficient that

. —11’1|U,n| ln|a"l‘
VzeC: 1 —_ = lim = .
¢ R RGea) T L TR T
neN(z) n€N2(z)
Let us denote ) |
oV = lim ——1%n! ‘anl, a® = Tim ——l%nl |an|.
n—?oo n n—+oo >\n

Proposition 2. Let F' € D(A) be of form (1), where A = (\,) such that A\, € R
(n>0). 1) If a® < a® then G .( ={z: Rz € (a (2),a(1>)}, Gu(F)N{z: Rz €
(—o0,a®@) U (o, 4+00) )} =2.2) Ifa(2) > o then G.(F) = 2.

For 6 € [0, ) we denote

My .= 1 —Infan| @) .= Tim —Infan|
o= I g,y @ O= I gy,
neNy (etf) neNy(etf)

Proposition 3. Let F € D(A) be of form (1). 1) If a®(0) < oM (6) for some
0 € [0,7) then {te’ : t € (a<2)(9),a<1)(0))} C Gu(F) and

{te i t € (—00,a® () U (M (0), +00)} N Gu(F) =
2) If @ (0) > o'V (6) for some 0 € [0, ) then {te’’ : t € R} NG,

I
S

Proposition 4. Let F' € D(A) be of form (1). Then

Gu(F)= |J {z=te":te (@®0),a" )}

0c(0,m)
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Let us formulate some simple corollaries.

Corollary 1. Let A = (An), Mo >0 (n > 0). If F € D(A) of form (1) then the

abscissa of existence of the mazimal term o, (F) = o).

The statement of Corollary 1 was previously proved in a master’s thesis (A.Yu.
Bodnarchuk, Ivan Franko National University of L'viv, 2021).

Corollary 2. Let A = (\), (A} = UL A > 0,02 <0, 0 <o,
P

iAY >0 (n>0) and F € D(A) be of form (1).
L If a®@(n) < a®P(0) and o (—7/2) < a® (7/2) then

Gu(F)={z=z+iy: aP(n) <z < a(0),a?(-7/2) <y < oV (7/2)}.
2. If a@ (7) > oM (0) or o!? (—7n/2) > oV (7/2) then G, = .
Remark. In particular, under the conditions of the Corollary 1, in the case a® (m) =
—00,aM(0) < 400 or a'? (1) > —00,aV(0) = 400 we obtain horizontal semi-
strips

Gu(F) ={z=a+iy: z < a"(0),a® (~7/2) <y < oM (n/2)}

or Gu(F)={z=x+iy: x> a@ (), a®(—71/2) <y < a(l)(w/Q)}, respectively.
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On conditions of ergodicity of the solutions to It6’s stochastic
differential equations
Kushnirenko Svitlana

bksvQukr.net
Taras Shevchenko National University of Kyiv

Consider It6’s stochastic differential equation
dé(t) = a(§(t)) dt + o (&(t)) dW (t), t >0, £(0) = o, (1)

where a and o are measurable, linearly bounded on infinity and real-valued functions,
W = {W(t), t > 0} is one-dimensional Wiener process on the complete probability
space (2,3, P). Let for any N > 0 there exist dx > 0 such that o(z) > dn > 0 for
2] < N.

A solution € to equation (1) is called ergodic with a distribution function F(z)

if
lim P{{(t) <z} =F(x)
t——+oo
for any x € R.
Consider the function
flx) = /exp —2/ a(v) dv » du. (2)
o?(v)
0 0

Assume that f(—o0) = —o0, f(+00) = +oo. It is known (see [1], Chapter 4, §18)
that the previous equalities are necessary conditions for ergodicity of the solution
to equation (1).

Next we will use the following notations

(@) = 2a(e) + *(@);  D@)= | premss

where f'(x) is the derivative of the function f(x), which is defined in (2).
Theorem 1. Let & be a solution to equation (1). Let

1) limsupl(z) <0

|z|—+oo
and
2) for some 6 > 0 there exist 0 < Cs5 < +oo such that

dx
— | <
/ zo2(z)| Cs,

|z|>6

then the solution £ is ergodic and for all z € R we have
P{¢(t) <z} — F(z), as t— +oo, (3)

where F(x) = [D(4+00)]”" - D(x).
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Next let us consider the case lim I(z) =0.
|| —+oo

G. L. Kulinich proved that this case is critical: for such i(z) we have equations
with ergodic solutions and equations with stochastically unstable solutions. For more
details see Chapter 3 of the book [2].

In the following theorems the equivalence "~"of the functions means that their
fraction goes to a certain positive constant.

Theorem 2. Let & be a solution to equation (1) and ‘ ‘lim I(z) =0.
x| —+oo
If

02(m)~ P, p>0, x = +oo,
|:r|q7 q>Oa T — —00,

then the solution £ is ergodic and for all x € R we have (3).

Theorem 3. Let £ be a solution to equation (1) and ‘ ‘lil’:l_ l(z) =0.
x| —+0o0
If

1
=, p>0, 2= 400
Uz(x)f\/ $1i7p ) )
7, ¢ >0, T = —o0,

]

I(z) — P 0<a<p, x— +o0,
—|z[°77, 0< B < q, © — —o0,

then the solution & is ergodic and for all x € R we have (3).

1. I. I. Gikhman, A. V. Skorokhod: Stochastic Differential FEquations, Springer,
Berlin and New York (1972)

2. G. Kulinich, S. Kushnirenko and Yu. Mishura: Asymptotic Analysis of Unstable
Solutions of Stochastic Differential Equations, Vol. 9, Bocconi & Springer Series,
Mathematics, Statistics, Finance and Economics (2020)
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Perturbed motions of a dynamically symmetric rigid body with
cavity filled with a viscous fluid subject to constant body-fixed
torques

Leshchenko Dmytro, Kozachenko Tetiana

leshchenkodmytro@gmail.com, kushpil.t.a@gmail.com
Odessa State Academy of Civil Engineering and Architecture, Odessa, Ukraine

A satellite or a spacecraft in its motion about the center of mass is affected by
the torques of forces of various physical nature. These motions may have various
causes, for example, the presence of fluid in the cavities in the body (for example,
liquid fuel or oxidizer in the tanks of a rocket). Similar problems also arise in the
theory of aircraft and ship and in other technical questions. These problems are also
of major theoretical interest. There is a necessity to study the problems of the rigid
body dynamics with cavities containing a viscous fluid to calculate the motion of
spacecraft about its center of mass as well as their orientation and stabilization. The
problems of rigid body dynamics with cavities containing a viscous fluid are more
difficalt that in the case of ideal fluid. The study [1] showed that solving the problems
of the rigid body dynamics with viscous fluid in cavity can be separated into two
parts: the hydrodynamic and dynamic ones, which represent a simplification of the
original problem. The torques of viscous fluid in cavity forces, acting on the body,
are often relatively small and can be considered as perturbations. Slow increase of
the vector of the kinetic moment of the satellite may be explained by the effect of
perturbation torque which is constant in fixed axes. This torque may being evoked
by the represent small amount of release of gas in the gas reactive system. It is
natural to use the methods of small parameter to analyze the dynamics of rigid
body under the action of applied torques. The method applied in this paper is the
Krylov-Bogolubov asymptotic averaging method.

An asymptotic solution was obtained describing the evolution of the motion of
a body having a cavity with a fluid of high viscosity over a long-time interval.

Book [2] is devoted to analytically approximate methods in the nonlinear dynami-
cs of a rigid body with cavities partly filled by a fluid. In the work [3] analytical
solution is obtained for the problem of the motion of a rigid body influenced by a
torque which is constant in the body-fixed axes.

The motion of a close to dynamically spherical rigid body with a cavity filled
with a viscous fluid at low Reynolds number was investigated in [4]. Qualitative
and quantitative results of motion in a resistive medium of a nearly dynamically
spherical rigid body with a cavity containing fluid of high viscosity was studied in
[5].

Reference was made to the angular momentum vector of a satellite, noted during
the determination of the actual orientation of the artificial earth satellite. This
change was explained as a result of the presence of a the small perturbation torque,
which is constant in fixed axes relative to the satellite. In the case of small torques, it
is possible to use perturbation methods to obtain analytical or numerical descriptions
of motion.

We consider the motion of a rigid body with a cavity file with a viscous fluid
subjected to constant body-fixed torques. As a result of the conducted asymptotic

89



analysis, a solution is obtained which describes, in a nonlinear setting, the evolution
over a significant time interval of the motion of a body having a cavity with high-
viscosity fluid.

We obtained the system of motion equations in the standard form. The Cauchy
problem for a system determined after averaging was analyzed. The evolution of
the motion of a rigid body under the action of small internal and external torques
of forces is described by the solutions which obtained as a result of asymptotic,
analytical and numerical calculations.

Obtained results made it possible to evaluate the dynamical effects caused by
the presence of fluid in cavity and constant body-fixed torques.

Results summed here make it possible to analyze motions of artificial satellites
and celestial bodies under the influence of small internal and external torques.

1. Chernousko F.L., Akulenko L.D., Leshchenko D.D. Evolution of Motions of a
Rigid Body About its Center of Mass. — Cham: Springer International Publi-
shing, 2017. — 241 p.

2. Lukovsky I.A. Nonlinear Dynamics. Mathematical Models for Rigid Body with
a Liquid. — Walter De Gruyter GmbH, Berlin, 2015. — 410 p.

3. Ayobi M.A., Longuski J.M. Analytical solution for translational motion of
spinning-up rigid bodies subject to constant body-fixed forces and moments
// Trans. ASME. J. Appl. Mech. — 2008. — 75(1) — P. 011004/1-011004/8.

4. Akulenko L.D., Leshchenko D.D., Paly K.S. Perturbed rotational motions of a
spheroid with cavity filled with a viscous fluid// IMechE Part C: Journal of
Mechanical Engineering Science. — 2021. — 235(20) — P. 4833-4837.

5. Leshchenko D., Ershkov S., Kozachenko T. Evolution of rotational motions of
a nearly dynamically spherical rigid body with cavity containing a viscous fluid
in a resistive medium// International Journal of Non-Linear Mechanics. — 2022.
—142(3) — 103980.
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Scattered spaces and pairs of Hahn related with separately
continuous functions

Lianha Anastasiia, Maslyuchenko Oleksandr

lianha.anastasiia@chnu.edu.ua, ovmasl@gmail.com
Yuriy Fedkovych Chernivtsi National University
University of Silesia in Katowice

In 1917 H. Hahn proved that for any pair of functions on a metric space such
less one is upper semicontinuous and grater one is lower semicontinuous there is
an intermediate continuous function. Later, J. Dieudonne, H. Tong and M. Katetov
generalized Hahn’s result on wider classes of spaces. V. Maslyuchenko in [1] proposed
to call such pair of functions as a pair of Hahn. More precisely, a pair (g,h) of
functions g, f : X — R is called a pair of Hahn if g < h, g is an upper semicontinuous
function and h is a lower semicontinuous function. In [1] authors proved that the
minimal and the mazimal sections Ay, Vs : X — R, Ap(x) = yig{/f(:c,y% Vi(z) =

sup f(z,y), * € X, form a pair of Hahn for any separately continuous function
yey

f: X xY — R and asked the following question.

Problem I. Let X and Y be topological spaces and (g,h) be a pair of Hahn
on X. Under which assumptions does it exist a separately continuous function f :
X XY — R such that g = Ay and h =\ ?

In [1] this problem was solved only in the case when X and Y are segments in
R. They also obtained a partial answer on Problem I in more general situation: if
X =Y is a perfectly normal space with Gs diagonal and normal square and (g, h) be
a pair of Hahn on X such that g is continuous, then there is a separately continuous
function f: X? — R such that ¢ < f < h and V; = h.

Recall that a pair (g, h) of functions on X is a countable pair of Hahn if there
exists a sequence of continuous functions u, on X such that h(m):,?ég un(z) and
g(z) = supun(x) for any x € X. Obviously, every countable pair of Hahn is a pair

neN
of Hahn. Furthermore, by the Tong theorem the notion of a countable pair of Hahn

coincides with the notion of a pair of Hahn for perfectly normal spaces. In our paper
[2] (see also [3]) we deals with the following more general question.

Problem II. Let X and Y be topological spaces and (g,h) be a countable pair
of Hahn on X. When does it exist a separately continuous function f: X x Y — R
such that g = Ny and h = V¢ ?

We solved Problem II for topological spaces X and Y such that Y has a non-
scattered compactification. So, for a compact space Y we answered Problem II only
in the non-scattered case.

Now we pass to considering of the case when Y is a scattered compact. A pair
(g, h) of functions on X calls a stable pair of Hahn if there exists a sequence of
continuous functions u, on X such that h(z) = Iglelg un(z) and g(z) = max un (z)

for any = € X. This notion plays the central role in our investigation. Evidently,
every stable pair of Hahn is a countable pair of Hahn, and then a pair of Hahn. But
the inverse implications are false.
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We obtained the following results.

Theorem 1. Let X be a topological space, Y be a compact countable topological
space and f: X xY — R be a separately continuous function. Then (Ag,Vy) is a
stable pair of Hahn.

Theorem 2. Let X be a separable topological space, Y be a scattered compact and
f: X XY — R be a separately continuous function. Then (Af,Vy) is a stable pair
of Hahn.

Theorem 3. Let X be a compact, Y be a scattered compact such that X orY has
the countable chain condition, f : X XY — R be a separately continuous function
and g = Ay, h=Vy. Then (g,h) is a stable pair of Hahn.

Theorem 4. Let X be a topological space, Y be an infinity completely regular

topological space and (g,h) be a stable pair of Hahn on X. Then there exists a

separately continuous function f : X XY — R such that for anyx € X, mi}r} flz,y) =
ye

9() and max f(z,y) = h(a).

1. V. K. Maslyuchenko, V. S. Mel'nyk, H. A. Voloshyn. Hahn’s pairs and zero
inverse problem, Mat. Stud., 48, N1 (2017), 74-81.

2. A. S. Kushnir, O. V. Maslyuchenko, Pairs of Hahn and separately continuous
functions with the given extremal sections, Bukovinian Math. Journal. 6, N1
(2021), 210-229.

3. A. Kushnir, O. Maslyuchenko, On extremal sections of continuous and
separately continuous functions, Report of Meeting, The Twenty-first Katowi-
cesh*Debrecen Winter Seminar on Functional Equations and Inequalities
Brenna (Poland), February 28'B*5, 2022, Annales Mathematicae Silesianae 36
(2022), N1, 98-99, DOI: 10.2478/amsil-2022-0003
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Homotopy types of diffeomorphism groups of Morse-Bott
foliations

Maksymenko Sergiy

maks@imath.kiev.ua
Institute of mathematics, NAS of Ukraine

Let F be the Morse-Bott foliation on the solid torus T = S* x D? into 2-tori
parallel to the boundary and one singular circle S* x 0. A diffeomorphism h : T — T
is called foliated (resp. leaf preserving) if for each leaf w € F its image h(w) is also leaf
of F' (resp. h(w) = w). Gluing two copies of T' by some diffeomorphism between their
boundaries, one gets a lens space Ly, 4 with a Morse-Bott foliation F}, 4 obtained from
F on each copy of T'. Denote by Df°Y(T, 8T and D'P(T, 8T) respectively the groups
of foliated and leaf preserving diffeomorphisms of T fixed on the boundary OT.
Similarly, let D (L, 4) and D'P(L, 4) be respectively the groups of foliated and leaf
preserving diffeomorphisms of F}, 4. Endow all those groups with the corresponding
C*° Whitney topologies. The aim of the talk is give a complete description the
homotopy types of the above groups D°!(T, T), D' (T, dT), D! (Lp.,q), D'P(Lp.q)
for all p, q.

Analogous computations can be done for the non-orientable case: for a similar
foliation on the solid Klein bottle and the twisted S2-bundle over the circle.

1. O. Khokhliuk, S. Maksymenko, Homotopy types of diffeomorphism groups
of polar Morse-Bott foliations on lens spaces, 1, arXiv:2210.11043, to
appear in Journal of Homotopy and Related Structures, 2025, 44 pages, doi:
10.1007/s40062-023-00328-z

2. S. Maksymenko, Homotopy types of diffeomorphisms groups of polar Morse-Bott
foliations on lens spaces, 2, arXiv:2301.12447

3. S. Maksymenko, Diffeomorphism groups of Morse-Bott foliation on the solid
Klein bottle by Klein bottles parallel to the boundary, Transactions of Institute of
Mathematics, the NAS of Ukraine — Modern problems of mathematics and its
applications, III, 20, no. 1 (2023) 896-910, doi: 10.3842/trim.v20n1.532
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Thin Film Equations with Nonlinear Deterministic
and Stochastic Perturbations

Martynyuk Olha, Stanzhytskyi Oleksandr
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Yuriy Fedkovych Chernivtsi National University, Chernivtsi, Ukraine
Taras Shevchenko National University of Kyiv, Ukraine

We consider the nonlinear stochastic thin-film equation with nonlinear drift
coefficients

du = (=80, (W tzws) + 1(w))dt + 0z (w0 dW) + f(u)dWi(t) (1)

for (t,z) € [0,T) x T, on torus Tr, where T and L are positive constants, and Ty,
denotes the torus on the interval [0, L] with periodic boundary conditions

dpu(-,0) = dgu(-, L), i=0,1,2,3

and non-negative initial condition w(0,z) = wo(z). The term Oy(u o dW) is a
stochastic perturbation in Stratonovich form, and f(u)dW is a stochastic perturbati-
on of Ito type. Here

W(t,x) =D MUi(@)8°(t), Wilt,z) =) wWu(z)Br (1),

keZ kEZ

where {¥} is ONB in H*(T).

The processes 8% and B are mutually independent standard real-valued Fi-
Wiener processes on a complete filtered probability space (Q, F,{F:},P),t € [0,T],
with a complete and right-continuous filtration (Ft)¢co,r]. The coefficients A\, > 0
and -y, satisfy the coloring condition

> (k1) < 0. (2)
keZ
Finally, we will assume that the nonlinear drift coefficients are I(u) = —|u|" " *u

for some r > 1, and f(u) is globally Lipschitz with f(0) = 0.

The deterministic equations of type (1) arise in modeling the motion of liquid
droplets of thickness u, spreading over the solid surface. This model follows from
lubrication theory under the assumption that the dimensions in the horizontal di-
rections are significantly larger than in the vertical (normal) one. In this regime the
dynamics of the droplet is governed by the surface tension and limited by viscosi-
ty. The equation (1) is parabolic in the interior of these regions, and degenerate
on their boundary. The boundary of the wetted region, in turn, has a finite speed
of propagation [1]. Thus, one may interpret (1) as a fourth-order nonlinear free
boundary problem inside a wetted region, which itself evolves in time. In broad
terms, the dynamics of the deterministic version of (1) is characterized by the
presence of the wetted regions u > 0.
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The stochastic version of thin-film equation, which takes into account the effect
of random forcing when modeling the enhanced spreading of droplets, was first
introduced in [4, 2, 3], with [ = f = 0.

Our main result is the following existence theorem for a solution of equation (1).

Theorem. (Eristence of martingale solution) Suppose uo € H'(T) is such that
ug > 0. Then the equation (1) with has a martingale solution u(t) , which is non-
negative a.s. for t € [0,T], and for any p > 2 there is Cp > 0 such that

E sup Jlu(t, )|

< CPHUOHI;;l
te[0,T]

p
H(T) (T)

for any p € [2,00), where C' < o0 is independent on ug.

1. Bernis F. and Friedman A. Higher order nonlinear degenerate parabolic equati-
ons // J. Differ. Eqn. — 1990. — 83, Ne 1. — p. 179-206.

2. Dareiotis K, Gess B, Gnann M, and Griin G. Non-negative Martingale soluti-
ons to the stochastic thin-film equation with nonlinear gradient noise// Arch.
Ration. Mech. Anal.—2021.— 242, Nel—p. 179-234.

3. Fischer J. and Griin G. Existence of positive solutions to stochastic thin-film
equations// SIAM J. Math. Anal.—2018.-50, Nel-p. 411-455.

4. Gess B. and Gnann M. The stochastic thin-film equation: existence of
nonnegative martingale solutions// Stochastic Process. Appl.—2020.-130, Nel2—
p- 7260-7302.
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Streamlining Practical Labs:
Using Decorators to Automate Code Testing in Google Colab

Melnyk Halyna
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The landscape of education is evolving with the integration of cutting-edge
technologies, redefining the way students learn and instructors teach. In the realm
of programming education, the utilization of innovative tools holds the promise of
enhancing practical labs and transforming the learning experience. Google Colab, a
cloud-based coding platform, emerges as a key player in this paradigm shift, offering
a dynamic environment for collaborative programming and experimentation.

Traditional barriers of local software installations and compatibility issues are di-
smantled with Google Colab’s cloud-based approach. Educators can conduct programmi-
ng practical labs effortlessly, providing students with an accessible and consistent
coding environment that negates the need for manual software setup.

However, the influx of students’ work in Colab notebooks brings forth the challenge
of manual progress assessment. Educators find themselves navigating through multi-
ple notebooks to evaluate each student’s solutions, often consuming substantial time
and effort. This manual assessment process can hinder the scalability and efficiency
of programming classes.

The concept of employing decorators to the functions and classes created by
students in Colab notebooks presents an innovative solution to the manual assessment
conundrum. Decorators, akin to wrappers, allow instructors to inject automated
tests, performance benchmarks, and logging mechanisms into the students’ code.
This method transforms the code not only into a functional solution but also a
testable and analyzable one.

To facilitate the integration of decorators, educators can curate a dedicated Gi-
tHub repository housing a collection of decorator functions. These functions are
meticulously designed to assess common coding aspects such as input validation,
output correctness, and execution efficiency. This repository serves as a centralized
resource that empowers both educators and students to access and apply decorators
effortlessly.

Leveraging the repository, instructors guide students on importing the decorator
module into their Colab files. This integration is straightforward and mirrors the
real-world practice of importing external libraries. The module acts as an extension
to the students’ code, enriching it with standardized and quality-tested functionali-
ties.

With the module imported, students can now wrap their functions and classes
with the decorators relevant to their tasks. This process imbues their code wi-
th enhanced  capabilities such as comprehensive testing suites, performance
measurement, and insightful logging. As a result, students not only create functional
solutions but also engage in the art of writing robust and reliable code.

The benefits of automating code testing through decorators in Colab are multi-
faceted. Educators can conduct more comprehensive assessments efficiently, providi-
ng students with prompt feedback. Students, in turn, learn to write code that adheres
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to industry standards and best practices. This approach also lays the foundation for
continuous improvement, allowing educators to iteratively refine and expand the
repository of decorators, thereby enhancing the quality and coverage of automated
assessments.

The integration of decorator functions for code testing in Google Colab ushers
in a new stage of programming education. It improves the way assignments are
completed, and assessed. With the power of decorators, the manual assessment
bottleneck is dissolved, and students are equipped with the skills needed to thrive
in the rapidly evolving landscape of software development. By embracing these new
technologies, educators can instill in their students a passion for coding excellence
and a readiness for the challenges of the digital world.

1. Google Colaboratory. URL: https://colab.google/ (date of access: 01.09.2023).

2. Understanding Python Decorators and How to Use Them Effectively. Soshace.
URL: https://soshace.com/understanding-python-decorators-and-how-to-use-
them-effectively/ (date of access: 01.09.2023).

97



Using github classroom for student education
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In the dynamic landscape of modern education, technology continues to play a
transformative role in enhancing learning experiences. GitHub Classroom, a powerful
tool born from the realm of software development, has emerged as a versatile
platform for educators to facilitate collaboration, code sharing, and project-based
learning. This thesis explores the benefits and innovative applications of GitHub
Classroom in student education, showcasing how it empowers educators and learners
alike.

GitHub Classroom: A Brief Overview. GitHub Classroom is an extension
of the widely used version control platform GitHub. It provides educators with a
streamlined way to distribute, collect, and review assignments in a collaborative and
organized manner. Leveraging the power of Git, GitHub Classroom offers students a
practical introduction to version control, a fundamental skill in software development
and beyond. [1]

Introducing technology such as GitHub requires that the students are comfortable
with the tools and can understand their use.

The best approach to starting the usage of GitHub classroom for university
course is to start with a creation of github organization. There you can register
classroom for every laboratory task in the course and add a roster of students assi-
gned to the course.

You can use autograding to automatically check a student’s work for an assi-
gnment on GitHub Classroom. You configure tests for an assignment, and the tests
run immediately every time a student pushes to an assignment repository on Gi-
tHub.com. The student can view the test results, make changes, and push to see
new results. Autograding tests can be added during the creation of a new assi-
gnment. You can also download a CSV of your students’ autograding scores via the
“Download” button. A pull request can be automatically created, where you can
provide feedback and answer a student’s questions about an assignment. To create
and access the feedback pull request, you must enable the feedback pull request
when you create the assignment.

GitHub Pages in connection with classroom. Github Pages can be used
to automatically deploy student works and make them available via url link. Gi-
tHub Pages is available in public repositories with GitHub Free and GitHub Free
for organizations, and in public and private repositories with GitHub Pro, GitHub
Team, GitHub Enterprise Cloud, and GitHub Enterprise Server [2].

1. Teach with GitHub Classroom - GitHub Docs. GitHub Docs. URL:
https://docs.github.com/en/education/manage-coursework-with-github-
classroom/teach-with-github-classroom (date of access: 01.09.2023).

2. Creating a GitHub Pages site - GitHub Docs. GitHub Docs.
URL: https://docs.github.com/en/pages/getting-started-with-github-
pages/creating-a-github-pages-site (date of access: 01.09.2023).
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We study the long time behavior of nonlinear stochastic functional-differential
equations in Hilbert spaces. More precise we establish the existence of invariant
measure based on Krylov-Bogoliubov theorem on the tightness of the family of
measures.
We consider the solutions of stochastic functional-differential equations. In a
bounded domain, the equation reads as
du = [Au + f(ui)]dt + o(u)dW (t) in D, t > 0; (1)
u(t,z) = ¢(t,z),t € [=h,0),u(0,z) = go(x) in D;
u(t,z) =0,z € 9D,t > 0.

The corresponding problem in the entire space has the form
du = [Au+ f(u)]dt + o(us)dW (t) in RY ¢ > 0; (2)
u(t, ) = ¢(t,x),t € [=h,0),u(0,z) = po(x) in R%.

Here A is an elliptic operator

d 52

E)
Z axlaxﬁ;b o+ <l@), 3)

the interval [—h, 0] is the interval of delay, and u; = u(t+6) with 6 € [—h, 0]. Denote

1
4
1+ |z|m (4)

p(x) =

where r > d if D = R? and r = 0 (i.e. no weight) for bounded D. We introduce the
following spaces:
Bf = L(D); (5)
BY := L*(=h,0; L3(D));
B := Bf x B{;
H := L*(D).
The coefficients a;; of the operator A defined in (3) are Holder continuous with
the exponent 8 € (0, 1), symmetric, bounded and satisfying the elipticity condition

d
d
> aigmin; > Colnl, n € R

i,j=1
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for some Cy > 0. The coefficients b; and ¢ are also bounded and Holder continuous
with some positive Holder exponent. We will use the compactness approach of Da
Parto and Zabczyk [2].
Assumptions on nonlinearities. Assume f and o satisfy the following condi-
tions:
[i] The functionals f and o map Bf to B;

[ii] There exists a constant L > 0 such that
1 (1) = fle2)llsg + llo(p1) = o(p2)llsg < Lo = w2llsg

for any 1,92 € BY.

Hence the phase space of the problem is the Hilbert space B”. In this case
y(t) € B” if y(t) = (u(t,),ur) € B x BY, with uy = u(t +6,-) and 0 € [—h,0].
Define p(x) = (1 + |2|") ™. The main result is the following theorem:

Theorem 1. Suppose f and o satisfy the conditions [i] and [ii] and assume the
equation (1) or (2) has a solution in BP which is bounded in probability for t > 0
with

r>d+T. (6)

Then there exists an invariant measure p on B, i.e.

Pip(z)du(z) = / w(z)dp, for anyt >0 and ¢ € Cyp(B”).

Br Br

1. Kryloff N. and Bogoliouboff N. La théorie générale de la mesure dans son appli-
cation & I’étude des systémes dynamiques de la mécanique non linéaire// Ann.
of Math. — 1937. — 38, Ne 1. — p. 65-113.

2. Da Prato G. and Zabczyk J. Stochastic equations in infinite dimensions//
Encyclopedia of Mathematics and its Applications, Cambridge University Press,
Cambridge—460 p.
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Patterns in Shape Memory Alloys: Variational Perspective
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In my talk I will describe a class of minimization problems arising in modelling
shape memory alloys. I will start with a shape memory material illustration, followed
with a simple one dimensional model of this phenomenon. Its extensions in 2D
and 3D will help us understand the energetic mechanism behind the formation of
patterns in physical experiments. By means of sharp upper and lower energy bounds,
I will show that the physically observable patterns, such as branching or zigzag, are
actually energetically optimal.
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Dependence on X coordinates of separately continuous functions of
many variables

Mykhaylyuk Volodymyr
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Yurii Fedkovych Chernivtsi National University, Ukraine

The dependence of continuous mappings on products on a certain number of
coordinates was intensively studied by many mathematicians of the middle of the
20th century. The most general results in this direction were obtained by N. Noble
and M. Ulmer in [1].

Theorem. ([1, Theorems 2.8 and 3.2]) Let X be an infinite cardinal, X be the
product of family (Xs : s € S) of nontrivial completely regular spaces Xs. Then the
following conditions are equivalent

(1) every continuous function f: X — R depends on X coordinates;

(i1) X is pseudo-RT -compact.

Analogous questions on the dependence for separately continuous mappings
remained out of the attention of researchers of the separately continuous mappings
theory. Necessary and sufficient conditions of the dependence on a certain number of
coordinates of separately continuous functions of two or more variables on products
were investigated in [2] and [3]. In particular, the following characteristic results
were obtained there.

Theorem. ([2, Theorem 6]) Let R be an infinite cardinal, X andY be the products
of families (Xs:s € S) and (Yy : t € T) of nontrivial compact Hausdorff spaces Xs
and Yy with |SUT| > X. Then the following conditions are equivalent.

(1) every separately continuous function f : X XY — R depends on Y coordinates;
(7)) p(X) <N orp(Y) <X (where p(Z) is the pointwise cellularity of a topological

space Z).

Theorem. (/3, Theorem 3]) Let R be an infinite cardinal, n > 2, X1,..., X, be
the products of families (Xgl) :s€51),..., (X§"> 1 s € Sn) of nontrivial metrizable
spaces ng) with |S1 U---USy| > N. Then the following conditions are equivalent.

(i) every continuous function f: X1 X --- X Xp — R depends on X coordinates;
(ii) every separately continuous function f : X1 X --- x X, — R depends on R coordi-
nates;

(#13) for every k <n and s € Sy the density d(X,gk)) of the topological space X is
less that or equal to N.

The following question naturally arises in the connection with the previous two
theorems.

Question. Let N be an infinite cardinal, n > 2, X1,...,X, be the products of
families (Xgl) :S € S1),. ., (X§"> : s € Sn) of nontrivial compact spaces X with
|S1U---US,| > X. What are the necessary and sufficient conditions that every
separately continuous function f: X1 X -+ X X, = R depends on X coordinates?
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Definition. A family (As : s € S) of subsets As of the product H Xk of topological
spaces Xy, is called (locally) finite with respect to the i-th vamable if for every

p:(321,...,.131'_1,$i+1,...,.13n EHXkX H Xk
k=i+1

the family (Bs : s € S) of sets
Bs = {:L' c X;: (ml,.,.,xifl,x,x”l,...,:En) c AS}

is (locally) finite in X;. A family (As : s € S) of sets As C [ Xk is called separately
k=1
(locally) finite if it is (locally) finite with respect to any variable x;.

Let 21 be the system of all separately finite families of open nonempty subsets
of the product X; x --- x X,, of topological spaces X and B be the system of all
separately locally finite families of open nonempty subsets of the product X; x --- X
X,,. The cardinal

se(Xq x -+- x X)) =sup{|A| : A €A}

is called a separate cellularity of X1 X --- x X,, and the cardinal
sle(Xy x -+ x Xp,) =sup{|B| : B € B}
is called a separate locally cellularity of X1 X --- X X,

Theorem. Let X be an infinite cardinal, n > 2, Xi1,...,X, be the products of
families (Xs(l) i85 € 51),..., (Xg") : s € Sp) of nontrivial completely regular spaces
Xék) with |[S1U---USy| > N and such that all spaces X1,..., X, are countable Cech
complete. Then the following conditions are equivalent

(1) sle(Xq1 X -+ x Xp) <Ny

(ii) every separately continuous function f : X1 X --- X X, — R depends on R coordi-

nates.
Corollary. Corollary. Let R be an infinite cardinal, n > 2, X1,..., X, be the
products of families (Xs(l) ts € 81),..., (X 1 s € 8,) of nontrivial compact

Hausdorff spaces Xék) with |S1 U ---US,| > N. Then the following conditions are
equivalent

(1) sc(X1 x -+ X Xp) <N;

(ii) every separately continuous function f : X1 X --- X X, — R depends on R coordi-
nates.

1. Noble N., Ulmer M. Factoring functions on Cartesian products, Trans. Amer.
Math. Soc. 163 (1972) 329-339.

2. Mykhailiuk V. Dependence of separately continuous functions on n coordinates
on products of compact sets, Ukrainian Math. J. 50 (6) (1998) 934-943.

3. Mykhailyuk V. Separately continuous functions on products and their dependence
on N coordinates, Ukrainian Math. J. 56 (10) (2004) 1619-1632.
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Stationary Wave Diffraction Problems on Spherical Defects
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The main analytical methods used in three-dimensional problems of the theory
of elasticity are the potential method, the method of integral transformations, the
method of distribution of variables (the Fourier method and various modifications),
as well as the theory of the function of complex variables.

In addition, one of the general methods that allow studying the interaction of
defects (cracks and inclusions) with the environment is the method of discontinuous
solutions [5]. In this method, one of the main points is the concept of a defect,
which should be understood as a part of the surface, when crossing it, breaks of the
first kind of displacement and stress are suffered. A discontinuous solution of the
elasticity equations is a solution that satisfies them everywhere except for the points
of the defect. At these points, stress and displacement jumps are considered known.

The purpose of the work is to transfer the method of discontinuous solutions to
dynamic problems of diffraction of elastic waves on spherical defects [5]. For what
should be constructed a discontinuous solution of the wave equation [3, 6], and then
three-dimensional equations of motion of the elastic medium for the specified defect.
Then, using the constructed discontinuous solution of the equations of motion of an
elastic medium, reduce the problem of elastic waves on a spherical defect to integral
equations, including the problem of diffraction of torsional waves [4].

Research methods are based on the well-known fact of reducing the problems of
oscillations of an elastic medium to the determination of three functions that satisfy
the wave equation in the spherical coordinate system [1, 2]. Therefore, in order to
construct a discontinuous solution of the equations of motion of an elastic medium,
it is necessary to first construct a discontinuous solution of the wave equation for
a spherical defect. It is built using a generalized scheme of the method of integral
transformations. After that, using the method of discontinuous solutions, diffraction
problems are reduced to integral equations of the first kind with non-integrated
features. To construct such a solution by the method of orthogonal polynomials, a
new spectral relation for Jacobian polynomials with nonintegrated weight functions
is used. At the same time, integrals of functions with non-integrated features should
be understood in a generalized (regularized) sense.

The scientific novelty of the work is as follows:

1. Constructed discontinuous solution of the wave equation and three-dimensional
equations of motion for a spherical defect.

2. The problems of diffraction of elastic waves of arbitrary nature on a spherical
defect have been reduced to one-dimensional integro-differential (integral) equations.

The reliability of the main provisions and the obtained results is ensured by the
mechanical and mathematical rigor of the problem statements, the correct use of
the proven mathematical apparatus for their solution, as well as the use of various
variants of the calculated sought values with subsequent comparison of the results.
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Construction of continuous functions with the given cluster set in
a point with finite local rank
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Yuriy Fedkovych Chernivtsi National University
University of Silesia in Katowice

The notion of a cluster set was first formulated in 1985 by Painleve in the study
of analytic functions of a complex variable. Actually, the cluster sets is a topological
notion which characterizes a behavior of a function on the closure of the domain.
The oscillation is another limit characteristic of functions which is tightly connected
with the notion of cluster sets. Namely, the oscillation is the diameter of the cluster
set.

Let X be a topological spaces and Y be a compact space, D C X and f: D — Y.
The cluster set of f at a point x € D is defined as

fz)= N fUND),

Uely

where U, denotes the system of all neighborhoods of z in X. The corresponding
multifunction f : D —o Y is called the cluster multifunction of f. Of course, we can
consider the cluster multifunction for a non-compact space Y. But in this case the
domain of f is narrower then D.

We deal with the following general question.

Problem 1. Let X be a topological space and 'Y be a dense subspace of a compact
space Y, D C X and L C D\ D. Describe all multifunctions ® : L — Y such that
there exists a continuous function f: D — 'Y with f(x) = ®(z) for any x € L.

In [1] we solved Problem 1 in the case when X is a metrizable space, D is a boundary
locally connected open subset of X, L is a closed set, Y = Rand Y = R=RU
{—00; +00}.

Here we consider only the case when L is a singleton but Y is more general
topological space. The first result in this direction was obtained in [2]. There we
introduce the following notion. A subspace X of a topological space Y we call locally
arcwise connectedly embedded into Y if for any point ¢ € Y and its neighborhood
U in Y there is a neighborhood V of a in Y such that for any points x,y € VN X
there is a continuous curve L., C U N X connecting = and y. In [2] we obtain the
following result.

Theorem 1 ([2]). LetY be a locally arcwise connectedly embedded into a metrizable

compact space Y. Then F is a non-empty closed connected subset of Y if and only
if there exists a continuous function f: (0;1] — R such that f(0) = F.

We generalize these results to the case when the domain of f is an arbitrary
metric space. The central role in our approach is the notion of the local rank.
The rank of a point = in a subset E of some topological space X we define as
the supremum of all n € N such that there are disjoint nonempty clopen sets
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Ui,Us,...,Up, in E with x € Uy, for any k = 1,2,...,n. We denote it by r(z, E).
The local rank of the point x in E is defined as

Ir(z, E) = sup r(z, ENU).
UeUs

It is clear that (r(xz, ENU))veu, is an increasing net with respect to the order
D on U,. Thus, the local rank is the limit of this net. In particular, if Ir(E,z) € N
then we can replace the supremum to the maximum in the previous definition.

Let us denote by C(E) the system of all connected components of the set E. The
notation nc(E) means the number of all connected components in the case when
C(E) is finite and nc(E) = oo if C(E) is infinite.

The following result gives some necessary condition for the existing of continuous
function with the given cluster set.

Theorem 2. Let D be a subset of a topological space X, x € D,Y be a dense subsel
of a compactY and f : D =Y be a continuous function. Then nc(f(x)) <lIr(z, D).

Using Theorem 1 we also obtain the inverse result in the case when the local
rank of a point x in the domain D is finite.

Theorem 3. Let X be a metrizable space X, D C X, x € D, Y be a dense locally
arcwise connectedly embedded into a metrizable compact Y and F be a non-empty
closed subset of Y such that nc(F) < Ir(z, D) < co. Then there exists a continuous
function f : D =Y such that the cluster set f(x) equals to F.

1. O. V. Maslyuchenko, D. P. Onypa. The cluster sets of continuous functions,
Mat. Stud., 46 (2016), N 1, 44-50. (in Ukrainian)

2. 0. V. Maslyuchenko, D. P. Onypa, On cluster sets of continuous functions
with values in locally arcwise connected spaces, Buk. Math. J., 3 (2015), N 34,
127-132. (in Ukrainian)
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Mathematical modeling and parameters identification of nonlinear
competitive adsorption in nanoporous particles media
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Based on the physical hypotheses and justifications of multi-component mass
heat transfer in the media of nanoporous particles presented in [1, 2|, we have
developed a competitive adsorption model. For interparticle space model is described
as follows:

805 (t7 Z) Dinters 82C’5 % zntraé (8QS) (1)
1

ot~ 1 oz emelsTo Gy

and in the intrapaticle space following equation is obtained:

aQs (t, X: Z) zntras (82Qs 2 8Qs )

ax2 T X ax

4t R2
with initial conditions:

. (3)
Ze(0,1), X€(0,1), s=1,2.

Boundary conditions for coordinate X of the crystalite is give by the Langmuir’s
equilibrium:

9

Q. (1,X =0,2) =0 .,
4

Q. (t,X =1,2) = K.Cs (t, 2) s=T2

14+ K,Ci (t,Z) + K,Co (8, Z)’
together with boundary and interface conditions for coordinate Z:

e
07

Ci(t,1)=1; Ca (t,1) = (t,Z=0)=0,t>0, (5)
where K, — are the adsorption constants, Dinter,s, Dintra,s — are the diffusion coeffi-
cients for interparticle space and intrapaticle space for s-th adsorbate component.
Here Cs, Qs, j = 1,n - is the current concentrations of diffused adsorbent components

in the interparticle space (interparticle space) and micropores of particles (intraparti-

cle space), Cxj, Qoo; - is the the corresponding equilibrium concentrations of the
adsorbent components in the gas and adsorbed phases, n is the total amount of
diffused adsorbent components,

~ _ Qoo
K= ae (6)
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- is the adsorption constant of the s-th component of the adsorbent, where K, =
1/K,, s = 1,n. Macroporosity of the medium is defined as follows:

EinterCs ~ Einter
EinterCs T (]— - Einter) qs (1 — Einter) Ks

Cinters = ’

(7)

€intras = 1 — Cintergy; S = 1, n

The non-isothermal model (1) - (5) is decomposed into a system of linearized
boundary value problems using the Landau decomposition approach of nonlinear
Langmuir competitive adsorption equilibrium to a convergent series at the small
parameter [3]. As result, the nonlinear function of Langmuir’s multi-component
competitive adsorption equilibrium is given in the following form:

K.Cs(t,Z
03 (C1,Cays Cp) = — G 62) 15y (5)
14+ Y K, Cy, (t,2)

s1=1

High-speed analytical solutions of linearized problems that allow calculation
parallelization using Heaviside’s operational method are constructed. On the base
linearized mathematical model (1) - (5) the inverse boundary value problems are
formalized and identification of diffusion coefficients for interparticle space and
intraparticle space are realized.

1. M. Petryk, N. Ivanchov, S. Leclerc, D. Canet, J. Fraissard. Competitive
Adsorption and Diffusion of Gases in a Microporous Solid. Zeolites - New
Challenges. IntechOpen, Jul. 22, 2020. doi: 10.5772/intechopen.88138.

2. Petryk, M., Boyko, 1., Fraissard, J. et al. Modelling of non-isothermal adsorption
of gases in nanoporous adsorbent based on Langmuir equilibrium. Adsorption
29, 141-150 (2023). https://doi.org,/10.1007/s10450-023-00389-9.

3. Petryk, M.R., Boyko, I.V., Khimich, O.M. et al. High-Performance
Supercomputer Technologies of Simulation and Identification of Nanoporous

Systems with Feedback for n-Component Competitive Adsorption. Cybern Syst
Anal 57, 316-328 (2021). https://doi.org/10.1007/s10559-021-00357-7
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Investigations into the Asymptotic Equivalence between
Stochastic Functional Differential Equations and Ordinary
Differential Equations
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grpetryna@gmail.com
Taras Shevchenko National University of Kyiv

The topic of asymptotic equivalence between two systems is widely recogni-
zed within the domain of ordinary differential equations (ODE) theory. Extensi-
ve scholarly literature delves into the exploration of this concept. Related findings
concerning functional differential equations (FDE) can be found in the study by
[1], whereas research on stochastic differential equations is elaborated in [2]. This
article [3] introduces novel outcomes concerning the asymptotic equivalence of the
functional stochastic differential equations system and an ODE system.

For h > 0 we define a function space Cy, = C([—h, 0]; R%) of continuous functions
with a norm ||@||c = supge(_j,q) ¢(0)]- Consider the system of ODE in the following
form

dx = Axzdt, (1)

with the initial conditions z(to) = @0, ¢t > to > 0, x € Rd7 and A be a constant
deterministic matrix. Along with system (1), we consider the system of Functional
Stochastic Differential Equations

dy:(Ay+/igﬂumya+eywmt+/:1Xu@y@+emmﬂvay (2)

where B(t,0), D(t,0) are continuous deterministic matrices for ¢ > 0, 6 € [—h,0],
integrable with respect to 6. W(t) is a Wiener process on a probability space
(Q,F, P) with filtration {F%,¢ > 0} C F, and there exist such b(t) and d(t)

H/ (t,0)6(0)d6]| < b(t)||8llc, >0,

n/ D(t,0)6(0)d6]| < d(t)|éllc. t > 0.

Theorem. Let all solutions of system (1) be bounded ont € [0, 00) and the following
conditions hold

/ |b(t)|dt < K1 < o0,
0
/|wWﬁgm<m, (3)
0
for some Ky > 0, then system (2) is asymptotically mean square equivalent to
system (1), i.e. for each solution y(t) of system (2) there corresponds a solution

z(t) of system (1) such that

lim Elz(t) —y(1)]* = 0,
t—o0
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Also, if we change (3) by
/ td’(t)dt < K1 < oo,
0

then system (2) is asymptotically equivalent to system (1) with probability 1, i. e.
for each solution y(t) of system (2) there corresponds a solution xz(t) of system (1)
such that

P{lim [o(t) - y(0)] = 0} = 1.

1. K. G. Valeev, N. A. Kulesko, Family of solutions with a finite number of
parameters of a system of differential equations with deviating argument, Ukrai-
nian Mathematical Journal, 1968, 20, No 6, 637-646.

2. O. M. Stanzhyts’kyi, A. P. Krenevich, I. G. Novak, Asymptotic equivalence of
linear stochastic Ito systems and oscillation of solutions of linear second-order
equations, Differ. Equ., 2011, 47, No 6, 799-813.

3. O. M.Stanzhyts’kyi, G. O. Petryna, M. V. Hrysenko, On the Asymptotic Equi-
valence of Ordinary and Functional Stochastic Differential Equations, Journal
of Optimization, Differential Equations and Their Applications (JODEA), 31
(1), 2023, 125-142

111



Conditions of the input-to-state stability for the impulse
boundary-value problem

Pokutnyi Oleksandr, Panasenko Yevhen
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The report is devoted to obtainig the conditions of the input-to-state stability
of the impulse boundary-value problem.

Statement of the problem.

Consider the following boundary-value problem with impulse action:

z(t1 + 0) — Dx(t; — 0) = a. (1)

{m'(t) = —Axz(t) + Bu,
Here A is a linear and bounded operator in the Hilbert space H which has a bounded
inverse A~%, B, D are linear and bounded operators in H, ||D|| < q, « € H. The
main result is the following theorem.

Theorem 1. For the solution of the boundary-value (1) the following estimate is
hold

—t[] Al
[EI0 ] ——

< S Ijaf| 4 |a 7| (1411 4 3) || Bull (2)

From this theorem follows condition of the input-to-state stability (see [1] - [5]).

Acknowledgmenets. The authors acknowledges the financial support from the
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Equations in Infinite-Dimensional Spaces. 3M2022 (Reg. No. 0122U002463).
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Approximation of classes of Poisson integrals by Fejer means
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rovenskaya.olga.math@gmail.com
Donbas State Engineering Academy

Let C(T), T = [—m; 7] be the space of continuous 27-periodic functions with the
norm

Iflle = max| (1)

Denote by G(g,m), ¢ € (0;1) , m € [—1;1] the class of continuous 27-periodic
functions, given by the convolution

flz) = Ao + % /ga(x + )P, (t)dt, P,(t) = kiq’“ cos kt,
T =1

where Ap is a constant, P,(t) is the well-known Poisson kernel, the summable functi-
on ¢ satisfies the condition

1
esssup |o(t)| <1, Mr[yp] = o /@(t) dt = m.
teT ™ J

Let
aolf]

sl =2

+ Z (ak[f] cos kx + by[f] sinkz),
k=

1

be the Fourier series of the function f € C(T), where ax[f], bx[f], k € Z are the
Fourier coefficients of the function f and let

Snlf](z) = “02[f i > (axf] cos kx + bi[f] sin kz)

k=1

be the n-partial sum of the Fourier series of the function f.
Trigonometric polynomials given by the relation

on(fiz) = % > Sk(f;x)
k=0

are called Fejer means of function f.

The purpose of this work is to present the asymptotic formulas for upper bounds
of deviations of Fejer means taken over classes of Poisson integrals in case when mean
of function ¢(t) would not be equal zero. So far, formulas that directly take into
account the values of the parameters ¢ and m have not been found. This paper is
motivated by the works [1, 2, 3, 4].
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Theorem
1. If -1 <m <0, g € (0;2 —+/3], then the following inequalities hold as n — oo

q 4cos Tm 4qm (1+¢?) sin I m+2q

z zt n (1+2qsin%m+q2)2

g _ f4cosom " _4
7n 1+2¢sin Zm+q +0(1)%-, L arctang < m,

4cos Tm n
g __ *cosagm q _4
7n 1+2gsin & m+q2 +0(1)4-, m < —— arctangq,

< sup If() —onl(fi)lle <
fE€G(q,m)

4cos ITm n
g __ Zcosagm a” _4
7n 1+2gsin 5 m+q2 +0(1)L-, —arctang < m,

q 4cos Tm 4qm (1+¢?) sin Zm+2q

g _ dcosgm  dgm I+q7)singmA2g a” _4
7n 142qsin %m+q2 + n  (1+2gsin %m+q2)2 + 0(1) n m S T arctanq,

(1)
2. If-1<m<0,q€e (2—v3;V3-2V2], and
OPy(5 + 5m) _ OPy(m)

o) S0, @

then inequalities (1) hold.
3. If0<m <1, q€ (0;2—+/3] and condition (2) is fulfilled, then the following
inequalities hold as n — oo

q 4cos Tm
mn 14 2¢sin Tm + ¢2

+OMT < sup 1) = on(fi)lle
feG(q,m)

q dcos Tm 4 4gm (1 +¢*)sin Zm +2q +O(1)qn
~ m 1+ 2gsin gm + ¢? n (1+2gsin Zm + ¢2)2 n

Here O(1) is a quantity uniformly bounded with respect to n.

1. Savchuk, V.V., Chaichenko, S.O., Savchuk, M.V. Approximation of Bounded
Holomorphic and Harmonic Functions by Fejer Means // Ukr Math J. — 2019.
Vol. 71. — P. 589-618.

2. O. Novikov, O. Rovenska. Approximation of periodic analytic functions by Fejer
sums // Matematychni Studii. — 2017. — Vol. 47, No 2. — P. 196-201.

3. 0. Novikov, O. Rovenska, Yu. Kozachenko. Approximation of classes of Poisson
integrals by Fejer sums // Visnyk of V.N. Karazin Kharkiv National University.
Ser. Mathematics, Applied Mathematics and Mechanics. — 2018. — Vol. 87. —
P. 4-12.

4. S. Verblunsky. Inequalities for the derivatives of a bounded harmonic functi-
on // Mathematical Proceedings of the Cambridge Philosophical Society. —
1948. — Vol. 44, No 2. — P. 155-158.
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Self-sustained motion of living cells using metabolic energy, is a fundamental
process involved in a variety of biological phenomena, e.g. wound healing, tissue
remodeling (physiological or pathological), immune response, metastatic tumor cell
migration etc. There has been marked an increasing interest to mechanics of cell
motion in the last decade, leading to creation of a new branch of soft matter physics,
active gel physics [3], that continues its rapid development. Here, based on [1] and
[2], we address mathematical aspects of mechanics of cell motion, considering a
model of motility of an individual cell and a model of collective cell motion during
tissue spreading.

1. Motility of individual cells. We consider a 2D model of motion of a cell on
a flat substrate. The cell occupies a domain Q(t) with free boundary. The flow of
the acto-myosin network inside Q(t) is described by the velocity field u that obeys
(in the adhesion-dominated regime) Darcy’s law —Vp = (u, where —p stands for
the scalar stress and ( is the constant effective adhesion drag coefficient. The main
modeling assumption is the following constitutive law —p = pdiva + km — pn,
where pdivu is the hydrodynamic stress (pu being the effective bulk viscosity of
the gel), the term km is the active component of the stress which is proportional
to the density m = m(z,y,t) > 0 of myosin motors with a constant contracti-
lity coefficient £ > 0, pn is the constant hydrostatic pressure. We assume for si-
mplicity that p = 1 and k = 1. The following boundary condition (known as the
Young-Laplace equation) p 4+ pe = vk is prescribed on 99Q(t), where k denotes the
curvature, v > 0 is a constant coefficient and p. is the effective elastic restoring
force which describes the mechanism of approximate conservation of the area due
to the membrane-cortex tension, pe = ke(|Qn| — |2])/|n|, where ke is the inverse
compressibility coefficient (characterizing membrane-cortex elastic tension), || is
the area of the reference configuration. The evolution of the myosin motors density
is described by the advection-diffusion equation d;m = Am — div(um) in Q(¢) and
no flux boundary condition in the moving domain, d,m = (u-v — V,,)m on 9Q(t),
where v stands for the outward pointing normal vector and V,, is the normal velocity
of the boundary 9€Q(t). Finally, we assume continuity of velocities V,, = u-v on the
boundary. Introduce the potential ¢ := —%(p — pn) for the velocity field u, u = V¢,
we write the following free moving boundary problem,

Ap+m =C(p in Q(t), (1)
Orm = Am — div(mV¢), in Q(t), (2)
o= p(Q00)]) — 78, Bom =0, Vi=0,6 ond), (3)
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where we introduced the notation p.(|]) := pn + pe(|2]) = pn — ke (|2 — |Qn]) /||
for the sum of the hydrostatic pressure p, and the effective elastic restoring force
Pe-
We are interested stationary states and traveling waves in the problem (1)-(3).
Problem (1)—(3) has the family of radial stationary solutions with constant densi-
ty m = mo,

Q=Br, mo=p.(nR") —7/R, (o =p.(nR’) = /R, (4)
where R denotes the radius of the disc Br. We study linear stability of this solutions
and show that it is (essentially) determined by the sign of the eigenvalue

E(R) = —inf {Eg(m)/ m?dzdy; m € H' (Br), m = m(r) COS(p} ,

Br
where E¢(m) = fBR (IVm|* = mom® + mo¢| Vo[> + mo¢®¢®) dady and ¢ is the uni-
que solution of A¢p+m = (¢ in Br, ¢ = 0 on 0Bgr. Next we show that in the critical
case E(R) = 0 there bifurcates a family of traveling waves. These are solutions of
(1)—(3) moving via shifts with constant velocity, e.g., a solution moving with the
velocity V' along z-axis is of the form

m=m(zx—Vt,y), ¢ =d(x—Vt,y), Qt) =Q+ (Vt,0). (5)

Theorem 1. Let Ry be the critical radius, i.e. E(Rg) = 0. Assume that mo(Ro) < ¢,
ph(mR3) < —(v/Ro + 2mo(Ro))/(27RY), and F'(Ro) # 0, where

F(R) =y (2O % (). O(R) = RC- mo(R), ()

I is the 1st modified Bessel function of the first kind. Then stationary solutions (4)
at R = Ryo bifurcate to a family of traveling wave solutions, i.e. solutions of (1)—(3)
having form (5) and parametrized by the velocity V.

Note, that the condition E(Rp) = 0 is equivalent to F'(Rg) = 0 for the function
F(R) explicitly given by (6). Next result summarizes (linear) stability analysis of
the traveling waves with small velocities.

Theorem 2. Assume that conditions of Theorem 1 are satisfied, and the derivative

M' (V) of the total myosin mass of the traveling wave is nonzero for sufficiently

small V # 0. Then the generator of the evolution problem (1)—(3) linearized around

the traveling wave solution with velocity V' # 0, has the zero eigenvalue and its

multiplicity is equal to four. The next smallest in absolute value eigenvalue is A(V') #

0, this eigenvalue is simple and it is given by the following asymptotic formula
E'(Ro) /

AV) = —mVM (V)14+0(V)) asV —0, (7)
where Mss(R) stands for the total myosin mass of the stationary solution (4). All
other eigenvalues have real parts bounded away from zero. If additionally Ro is such
that mo is bounded by above by fourth eigenvalue of the operator —A in Br, with
the homogeneous Neumann condition on 0BR,, then nonzero eigenvalues other than
A(V) have negative real parts.
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2. Tissue spreading. Following [4], we employ a continuum active polar fluid
model of tissue spreading, described by a polarity field p(z,y,t) and a velocity fi-
eld v(z,y,t). A tissue monolayer spreads via extending its edge towards free space.
The phenomenon is mainly caused by traction forces generated by cells close to the
monolayer edge. These cells polarize perpendicular to the edge, where we prescribe
p = n (the unit outward normal). The field p is assumed to follow a purely relaxati-
onal dynamics, and equilibrate fast to the solution of the equation L2Ap = p,
where L. is the characteristic length describing the decay rate of p in the bulk. For
simplicity we set L. = 1 that always can be achieved by an appropriate scaling of
spacial variables. The force balance equation reads dive + f = 0, where o is the
stress tensor and f is the stress field given by the following constitutive equations
for a compressible active polar fluid: o = u(Vv 4+ (Vv)T) = (p®p, f = v + (ip,
where v is the velocity field, © > 0 is the constant effective viscosity, ( < 0 is
the constant contractility coefficient, £ > 0 is the constant friction coefficient, and
i is the constant contact active force coefficient. On the free boundary o satisfies
o -n = —vykn, where k denotes the curvature of the boundary and v > 0 is the
constant surface tension of the monolayer edge.

We assume that the tissue monolayer occupies a half-plane type domain Q(¢) =
{(z,9)|y < p(z,t)} whose boundary is given by the graph of the function y = p(z, t).
Then the continuity condition v - n = V,, (where V5 denotes the normal velocity of
the boundary) yields the evolution equation

ap /
e A(p) == (Uy - Ulp) ’y:p(z,t)’ (8)
where v = (vz,vy), P = (Pa,py) solve
Ap=p for y < p(z, t)7 (9)
1AV + Vdivv) — (div(p @ p) — Ev + Gp =0 for y < p(,1t), (10)
p=n for y = p(, 1), (11)
(u(Vv+(VV)") = ¢p@p) n = —n fory =plz,t).  (12)

We also assume that v and p vanish as y — —oo.

We seek periodic solutions traveling in y-direction with constant velocity. It is
easy to show that there exists the flat front solution, p(z,t) = VO, v(z,y,t) =
V(y — V<0)t), p(z,y,t) =Py — V(O)t), where P, =V, =0,

We perform Fourier analysis of the linearized operator £ around the flat front soluti-
on and find A(g) such that Le'?® = A(g)e™®. Then, considering the prescribed period
IT as the bifurcation parameter we obtain the transcendental equation A(q) = 0 to
find the critical value of the period IT = 27/q, and show that it always has a root if
(i is sufficiently large. We prove the following result on the bifurcation of traveling
waves with finger-like structure.
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Theorem 3. Assume that A(qo) = 0 for some qo > 0 and A(jqo) # 0 for j =
2,3,... Assume also that 93A(qo) # 0. Then there is a family of non-trivial (non-
flat) traveling wave solutions p = p(x, ) of A(p) =V with periods I1 = 2w0(c) /qo,
depending on a small parameter . Moreover, p(x,a) and 6(c) smoothly depend on
the parameter o and p(z,0) =0, 6(0) = 1.

Next we study stability of these solutions and show that depending on the value
of the contractility coefficient, the bifurcation can be subcritical or supercritical
pitchfork.

1. V. Rybalko and L. Berlyand. Emergence of traveling waves and their stability
in a free boundary model of cell motility // Trans. Am. Math. Soc. — 2023. —
376, no. 03 — P. 1799-1844.

2. L. Berlyand, A. Rybalko, V. Rybalko, C.A. Safsten. Bifurcation of finger-like
structures in traveling waves of epithelial tissues spreading (in preparation)

3. J. Prost, F. Jilicher, F. and J.F. Joanny. Active gel physics// Nature physics.
—2015. - 11, no. 2 — P.111-117.

4. R. Alert, C. Blanch-Mercader, J. Casademunt. Active fingering instability in
tissue spreading// Phys. Rev. Lett. — 2019. — 122, no. 8 — 088104.
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Numerous works are devoted to the description of random evolutions (ran- dom
flights) that generalize original work of M.Kac in the multidimensional case. They
are mostly devoted to discussion of convergence of the model studied to the Wiener
process, also description of corresponding equations and solving them for some well
posed modes. The main problem is that the methods for solving equations proposed
there can not be applied for any model as soon as they are, as a rule, strictly
connected with the structure of the corresponding equation. In the article [1] we
proposed to change the approach, namely to solve a well posed Cauchy problem
instead of a well posed equation. The idea is based on the use of real-analytic initial
conditions and computation of the moments of Markov random evolution which
solve Cauchy problem for any evolutionary equation with power functions as initial
conditions. Thus, having corresponding solutions, we may approximate solution for
any initial condition by real-analytic functions.

Here we apply the method, proposed in [1] to equations that appear in the case
of Goldstein-Kac model on a complex plane, namely

t
VL) =+ iy +v /(-1)53(5%15
0
t t
+z‘v/(—1)§?<s>ds =24 (i + 1)v/(—1)5?(5)ds7
0 0

where x + iy is the starting point, v > 0 is the constant velocity of movement, &, (s)
is the Markov chain that takes values in {0, 1} and has the infinitesimal matrix

-1 1
Qr=2A ( 1 )
and initial distribution P{£}(0) =0} = p, P{&}(0) =1} =q,r =p—q.

We show that the expectations of function of the evolution, namely the functi-
onals U;(t,z) = E; f(z+ (i +1)v fo 5 ()ds), where j € {0,1} is the state of the
process £ (s) at the moment of time s = 0, satisfy Cauchy problem:

o*U oU . ,0°U

oz T2 TV G (1)

U0, 2) = f(2), %U(t, o = ro(1 + i)' (2).
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This result is used to represent the solution to the Cauchy problem with complex-
analytic initial conditions:

{ F(2) =302 fuzh 2 € C; @
9(z) = Xy gr2",z € C.

Solution of this Cauchy problem, like in the case of the one-dimensional telegraph
equation, may be constructed by Riemann method in terms of Bessel functions.
But the probability approach proposed here is based on the explicit calculation of
arbitrary moments of the random process and allows to avoid analytic difficulties
and, moreover, to obtain new formulas for the Bessel functions. It can also be used
in the study of models described by equations that are more complex than the
one-dimensional telegraph equation.

There is also another reason for the construction of a new representation of the
solution of this Cauchy problem. Solution in terms of Bessel functions does not expli-
citly contain boundary-layer functions, which is explained by the fact that Riemann
method is based on the analytic-geometric approach. The solutions constructed in
the present paper explicitly contain the regular and boundary-layer components that
may be usefull for calculation of approximate solutions.

Namely, a consequence of our representation of the solution of Cauchy problem
is the following result. We set € = 55 and write equation (1) in the form

02 2 9 0
ex5U(t2) = <25@ - a) U(t, z). (3)

ot
In the hydrodynamic limit, when v — oo, A — oo so that % — o2 equation (3)
has the form of a singularly perturbed differential equation with a small parameter
for the highest derivative with respect to ¢. In the limit, we have a Schroédinger-type
equation (see, e.g. free-particle wave equation):
1o} 0% 92

—U(t,z) = ?’L@

o U(t, z). (4)

Solutions of Schréodinger-type equations may be found in the form of series
for corresponding complex functions. Now we see that Schrédinger-type equation
may be approximated by a singularly perturbed differential equation with a small
parameter as the coefficient of the higher derivative with respect to t.

We show that the solution of Cauchy problem for the last equation also may be
presented as a series. Moreover, in the theory of singularly perturbed evolutionary
equations, solutions often contain a regular (with respect to £) component and a
boundary-layer component, which contains a function of the form exp(—t/e) (in
our case, exp(—2At) = exp(—t/¢)). The solutions constructed in the present paper
explicitly contain the regular and boundary-layer components.

Thus, we construct solutions for complex-analytic initial conditions of Cauchy
problem (1), (2). As soon as other functions may be approximated by complex-
analytic functions, we may thus approximate solutions for Cauchy problems with
other initial conditions, and, assuming € — 0 we shall see approximate solution of
Cauchy problem for Schrodinger-type equation (4).
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Theorem. Let )" (t,z;n) = E (vh7 (t))n be a solution of equation

°U U . ,0%U
oz T2 TV G (5)

with initial conditions
F(2) = 2" () = roli + nz""", (6)
Then the solution U(t, z) of the Cauchy problem
U(0,2) = f(2), Ui(t, 2)le=0 = (i + L)or f'(2)

with complez analytic conditions (2) is given by
—2At
Ut2) = fo+ 5% (1—e )+;fkco (t, 2 k)+
Bt (7t 25k) = 6 (t 25 K) ).

ruok(i + 1)

The problem of constructing the solution is thus reduced to calculating the
moments c;\’”(t, z; k) of evolution defined by Kac model on a complex plane.
The following lemma holds true:

Lemma.
B, -
lim " (t,2;n) = ( ) 2" gy (%) (i 4 1),
A—roo — 27
UV —> 00 ]_
UTHO'Z
where [p] is the integer part of p,
13 (27 —1) if jis an even number;
H25 =3 0 if jis an odd number.

The lemma allows to seek a solution to equation (5) with initial conditions (6)
in the form (see also [2]):

n—1 [%} ) 2 \J
s ==+ P (1P e+ Y () e (1)
j=1

(i + 1) + an(t, 2) + ba(t, 2) (1 - 6—2“) ,

where the functions a,(t, z) and ¢, (t, z) may be found explicitly and are polynomials
in z (for a fixed t) and in ¢ (for a fixed z) which degree is at most n — 2.
In conclusion, we present equation (5) in the form of a singularly perturbed
Cauchy problem:
2 0? o?  o? 0
P U(t —iz—— = | Ut
eapUha) = (2"622 8t> (t2)
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U0.2) = J(:), U)]  =r i+ Df (). re R

Using the Theorem, we present solutlons of this Cauchy problem for conditi-

ons of independent interest (in square brackets the regular part of the solution is
distinguished):

flz)=2: Ut z2) = {z + %O’S(Z‘ + 1)} — %O’E(i +1)e” =2;

fz) =22 1 Ut 2) = [f + %0+ 1) +rov2ez(i + 1) — 0% (i + 1)2] +

+ (0252(1' +1)® —rov2ez(i + 1)) efs%;

f(z)=2" 1 Ut,2) = {z:i +320°t — 3z’ (i + 1)° + %0&2(1’ +1)%—
_3T 33 4 1)3} + (320723 +1)% — S ge?(i 1) + S oPet(i + 1)+
V2 V2 V2
3T B3 1) e

V2

If we put € — 0 we easily see the solutions of Cauchy problem for Schrédinger-
type equation (4).

1. Turbin A.F., Samoilenko I.V. A probability method for the solution of
the telegraph equation with real-analytic initial conditions // Ukrainian
Mathematical Journal. — 2000. — 52, Ne 8. — P. 1292-1299.

2. Samoilenko I.V. Moments of Markov random evolutions // Ukrainian
Mathematical Journal. — 2001. — 53, Ne 7. — P. 1197-1205.

122



Dynamics of conflict interaction in terms of minimal players
Satur Oksana

oksana@satur.in.ua
Institute of mathematics NSAU

Let the two opponents A and B, who are called the players below, at the moment
of time t = 0 be assigned independent discrete random distributions in the space
Q ={wi,ws2,...,wn}, n > 2 (set of visited positions):

ANp:(plv---ypn)7 BNI‘:(Tl,...,Tn).

Obviously that the vectors p, r are stochastic: 0 < p;,r; < 1,30 pi= o 1 =1,
i =1,...,n. Next, we assume that they are different and non-orthogonal, that is,
in R} their scalar product satisfies the condition 0 < (p,r) < 1. Coordinates p;,
r; can be interpreted as independent probabilities of presence A, B in w;. In other
words, the values p;, r; characterize the random events of visits to the position w; by
players A and B at the initial moment of time ¢t = 0. So, p; = P(A is in position w;),
where P(-) means probability. Similarly for ;.

Suppose that at the following moments of discrete time ¢ = 1,2,... players A
and B enter into an interaction with each other, which we denote by . This leads
to a change in their respective distributions:

{p.r}={p" 1"} S {p'r'} - S {phr'} S (1)

We assume that the law of change of coordinates of stochastic vectors is given
iteratively by the following formulas:

t__ t _ : t t__t _ . t 9
Pi = Pmin = 1IN pja Ti = Tmin =  1MIN Tj7 ( )

Jj=1,..., n Jj=1,..., n

1 t t 3
t+1 _ Q- pmin(l - Tmin) t+1 _ Q- rmin(l - pmin) 3
Di S — r; = t ) ( )
z5 2t
t+1 _ Dj t+1 _ 75 . .
p_} - 7ﬁj - ) 2#17 Oé>0, (4)
25 2t
t=0.1 o_ 0 _ . 0 — . 0 — .
— Yy p]' = Dj, T]' =Tj, Pmin = Pmin, Tmin = Tmin,

where the normalizing denominators 2}, and z}. are introduced to ensure the stochasti-
city of the vectors pt*?t, rit!

t t
Zp = Q@ pmin( rmm E p]: Z'r = Q- 7nmm( pIIllIl E rj

JjFmin jF#min

A model of a dynamic system with conflict interaction for two players is built
above. It is assumed that each of them is probabilistically distributed according to
the positions of the common space of existence. At each step of the iteration, each
player exerts minimal effort. That is, the conflict is conducted only on positions with
a minimum value for each of the players. Random events of the presence of players A
and B in positions w; are redistributed at each step of time t. The behavior of such
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a dynamic system for players with only two positions (p,r € Ri) was studied. The
bifurcation parameter o can be interpreted as a shared external resource for each
of the players. Note that in this formulation of the problem, o acquires a certain
positive value that does not depend on the players in any way.

In the papers [1], various problems related to dynamic systems of conflict in
discrete time were investigated in terms of stochastic vectors given by trajectories:

{p',r'} 25 (p ey, t=0,1,2,...,

where coordinates of vectors p'™', r'*! were determined by a system of difference

equations. The simplest version of such equations has the form:
i1 1 o4 t t+1 _ 1 o4 t
Di :;pi(lfari), r; :;Ti(1*OéQi)» -1<a<l,

where z = 1 — a(p,r) — the normalizing denominator, (-,-) — the scalar product in
R%. More such models can be found in the works [2] - [6].

1. Koshmanenko, V. Spectral Theory for Conflict Dynamical Systems (Ukraini-
an). — Kyiv: Naukova Dumka. —2016. — 288 p.

2. Karataieva T., Koshmanenko V., Krawczyk M., Kulakowski K. Mean field
model of a game for power // Physica A. — 2019, 525. — P. 535-547.

3. Satur O.R. Dependence of the behavior of the trajectories of dynamic conflict
systems on the interaction vector // Nonlinear Oscillations. — 2021. — 25 (1). —
P. 72-88.

4. Satur O.R., Kharchenko N.V. The model of dynamical system for the attai-
nment of consensus // Ukrainian Mathematical Journal. —2020. — 71 (9). —
P. 1456-1469.

5. Koshmanenko V., Kharchenko N. Fixed points of complex system with
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2017. — 23 (2). — P 164-176.

6. Koshmanenko V. Theorem of conflicts for a pair of probability measures //
Math. Methods of Operations Research. —2004. — 59 (2). — P. 303-313.
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In this paper, a model of solution to the heat equation with initial conditions
from the Orlicz space Ly(f2) of random variables is built. The constructed model
approximates the solution of a homogeneous parabolic equation with given reliability
and accuracy in some Orlicz space.

Consider a boundary value problem for a parabolic equation with two independent

variables
a% (p(x)%) — @)V (t,x) — p(x)% . "
V(t, 0) = 07 V(t, 71') =0 (2)
V(0,z) = &(x), 3)

where 0 <z <7 and t > 0, £(z) is a continuous stochastic process with probability
one belonging to the Orlicz space Ly (f2), such that E¢(x) = 0. The functions p =
(p(z),z € [0,7]),q = (q(z),z € [0,7]), p = (p(z),z € [0,7]) in equation (1) satisfy
the conditions

1. p(x) >0, ¢g(z) >0, p(x) >0, z € [0, 7]

2. p(z), p(z) are twice continuously differentiable for all z € [0, 7]

3. q(z) is continuously differentiable for all z € [0, 7].
Let

Vita) = e M X (a),
k=1

where X (x) are eigenfunctions and Ay are eigenvalues of the Sturm-Liouville problem

230) = 4 (30 ) g0V @)+ ) X(0) =0,

X(0) =0, X(m) =0, & = /p(x)Xk(x)ﬁ(x) dx.

Let £(z) be a stochastic process from (3) and his model be £(z), then as a model
for the process &, we consider

™

& = /p(x)Xk(m)é(m) dx.

0
Let us denote:

N-—-1
Vn(t,z) = Ere” M Xy (2);
k=1

125



and

we M Xp(z).,  Ar={0<z<md<t<T}

MZ

k=1
where § > 0 is a constant.

Theorem. Let the initial condition & = {{(x),z € [0, 7]} on the right hand side of
(3) be a strictly Orlicz stochastic process belonging to the Orlicz space L,(Q2) (p > 2)
of random wvariables. Assume that the stochastic process £ is separable and mean
square continuous, E&(x) = 0. If the conclusion of Theorem 9 [1] holds for £(z) and
we have

s

. 1
[1(Ele) - @I < A,
0
for the £(x), where £(x) is the model for a process &(x), then Vi (t,z) is the model
for the process V (t, x) with reliability 1 —a and accuracy € in uniform metric of Ar,
if for the N the following conditions hold :

1
1/ (]l —
) Tl Ky, < 7= De

VW < ( 1
27 p(z)CZA

2Crps

where Wy and Crpg are defined in Theorem 9 [1], 0 < I < 1, p = maxp(z),

N-1
| Xk(z)| < Coy Kn_1= sup | 32 e ™, 6 > 0 some constant.
§<t<T k=1

1. Kuchinka Katalin, Slyvka-Tylyshchak Ganna Modelling a solution of a
homogeneous parabolic equation with random initial condition from L,(2)//
Przeglad Elektrotechniczny, 2023, 5, pp. 77-82
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Decoupling method for the maxwell equations in the case of null
field

Taistra Yurii, Pelykh Volodymyr
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The Maxwell equations in the pseudo-Riemannian space of general relativity are
a strongly coupled system of the first-order PDEs. Decoupling methods for such
a system were developed by Teukolsky (1973), Cohen, Kegeles (1974, 1979), and
Stewart (1979) [1, 2]. Maxwell equations in the Teukolsky approach decouple in the
Petrov type D space-times. Electromagnetic equations for Herz potential decouple
in generalized Goldberg-Sachs space-times, assuming the additional condition of
an algebraical specialty of the Herz spinor (null one-way Herz field). An approach
to decoupling Maxwell equations in Kasner space-time were developed by Bochner
(2021).

We assume that the Maxwell field is null, which means that both electromagnetic
invariants are equal to zero (pure electromagnetic waves). Under the assumption,
the system of Maxwell equations decouples in general space-time. Two of the four
decoupled equations are the first-order quasilinear PDEs.

We consider decoupled equations in the Kerr space-time and apply Teukolsky
ansatz. It enables a more simple (2-dimensional) decoupled system, which gives an
advantage for numerical considerations of such equations.

1. S. A. Teukolsky Perturbations of a Rotating Black Hole. I. Fundamental Equati-
ons for Gravitational, Electromagnetic, and Neutrino-Field Perturbations //
Astroph. J. — 1973. — 185. — p. 635—648.

2. J. M. Cohen, L. S. Kegeles Electromagnetic fields in curved spaces: A constructi-
ve procedure // Phys. Rev. D. — 1974., 10, No. 4. — p. 1070-1084.
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Problem of convergence mathematics and information theory and
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Anatolii Svidzinskii Department of Theoretical and Mathematical Physics,
Lesya Ukrainka Volyn National University, Lutsk, Ukraine

The problem of formalization knowledge has long history [1, 2, 3, 4, 5, 6]. Roughly
speaking this problem is the realization. R. Backon phrase s hmAny science is as
much science as there are mathematicians in itB'Bk quite accurately reflects this
trend. In general, mathematics, translated from Greek, means accurate knowledge
[1]. Euclid [1, 2] started mathematics as a science. His axiomatic method turned out
to be so productive that it still forms the basis of mathematics [2]. Later, Descartes
and I. Newton applied it to other sciences [1]. Modern mathematics is a science with
a well-developed structure of relevant disciplines, and it is generally quite difficult
to consider it separately from other fields of knowledge [1].

C. Shannon’s entropy principle is main in modern information theory [4].

According to F. George [3], cybernetics is a synthetic science, which is a synthesis
of several sciences that are necessary to solve the relevant problem.

The main task of modern computer science is the formalization of the thesis of the
Canadian philosopher L. Hall "Everything that comes from the head is intelligent"[1,
2].

It should be note that according to Plato there are three types of numbers:
mathematical (pure mathematics), sensory (applied mathematics) and ideal (numerology
and, from a modern point of view, information-coding theory) [1].

This report raises the question of creating a single theory that would include the
main achievements of the above concepts.

According to [1, 2] this theory, it should be based on six criteria:

1. It must be open theory or theory with variable hierarchy.
2. This theory must be having minimal number of principles.

3. It must based on nature of mathematics (analysis, synthesis and formalization
all possible knowledge).

4. We must create sign structure, which unites verbal and nonverbal knowledge
(mathematical and other) in one system.

5. We must have system, which is expert system of existing system of knowledge
and may be use for the creation new systems of knowledge.

6. Principle of continuity must be true for all science.

These conditions must be used for the creation any dynamic science, which can
be presented as open system. An example of so metascience is Polymetrical Analysis
(PA) — theory of variable hierarchy (measure) [1, 2|, which is created as system of
optimal analysis, synthesis and formalization of knowledge.

PA is the theory of variable measure and systems with variable hierarchy. The
main elements of this theory are functional numbers (generalized quadratic forms);
generalized mathematical transformations (15 minimum types); information lattices;
theory of information calculations; polymetric theory of measures and measurements
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and theory of hybrid systems.

The theory of informational calculations made it possible to combine analo-
gous and numerical calculations into a single system. Its main principle of opti-
mal (minimum) computation is the generalization of the principle of least action
and the entropy laws of physics and information theory into a single "dimensi-
onless"principle, owing to the de Broglie ratio from the thermodynamics of a point
[6].

The hybrid theory of systems made it possible to combine all fields of knowledge,
including verbal and non-verbal, and to classify them by complexity. The basis of
complexity is the concept of completeness and the parameter of connectivity of the
elements of the information lattice [1, 2]. It was shown that only 10 minimal types
of hybrid systems (systems of formalization the knowledge) are existed, but number
these systems may be however large [1, 2.

PA theory fully satisfies these six criteria and is the most general theory that
combines the main concepts of mathematics and information theory into a single
system. PA may be represent as natural concept of foundations of mathemati-
cs (mathematics is precised knowledge [1]); variant of resolution S. Beer centuri-
al problem in Cybernetics (problem of information complexity) [1] and variant of
foundations of Computer Science [1].

1. Trokhimchuck P.P. Theories of Everything: Past, Present, Future. -
Saarbrukken: Lambert Academic Publishing, 2021. — 260 p.

2. Trokhimchuck P.P. Foundations of Mathematics: Retrospective and Perspecti-
ve. Ch. 3. In: Recent Research Trends in Mathematics Eds. R. Mechta, M. K.
Sharma. — New Dehli: Integrated Publications, 2023. — P. 41-71.

3. George F.H. Philosophical Foundations of Cybernetics, Cyberenetics and
System Series. — London: Abacus Press, 1979. — 310 p. 0

4. Kuhtenko A.I. Cybernetics and Fundamental Science. — Kyiv: Naukova Dumka,
1987. — 144 p. (In Russian)

5. Kuzmin 1.V., Kedrus V.A. Foundations of information theory and coding. —
Kyiv: Vyshcha Shkola, 1986. — 237 p. (In Russian)

6. De Broglie L. Thermodynamics of Isolated Point. The hidden thermodynamics
of particles. — Paris: Gauthier Villars, 1964. — 98 p.
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Continuous solutions of the systems of nonlinear
difference-functional equations in the hyperbolic case
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The consider the systems of nonlinear difference-functional equations of the form
z(qt) = Az (t) + f L,z (t+ 1)), (1)

with the following conditions:
1. A - real (n x n)- matrix of this form A = diag (A1,A2), where A1, Az - real
(p x p) and (r x r) - matrices (p+r =n), det A #0, f(t,z(t+1)) =
(f* (tz' (t+1),2°(t+1)), f? (t,a' (t+1),2° (t+1))), qis real positive con-
stant.
-7

72— 72

=1 =1
r — X
gt —Ft

fl (tajlwig)_fl (t7a::1,i‘2) Sll( + )7
f2(t7j15£2)7f2(t7§17i’2) SlQ( + )7
where l1, [5 - are real positive constants, which depend on I(l1 =11 (1) ,l2 =12 (1), 11 —
0,12 — 0 for [ — 0). Then the system (1) will look like this

z(qt) = Mz (t) + £ (ta' (t+1),2° (£ + 1)), 5
{ z? (qt) = Aoz® (1) + f7 (t,2" (¢ 4+ 1),2° (t+1)), (2)
where xl = (xlv “-73710)7 iE2 = (mp+17"'>'rp+7")7 fl = (f17“'7fp)7

I2 = (Forts oo forr) -

Theorem. Suppose that conditions 1-2 are satisfied and:
30< M <l<N,t=12,...p,=p+1,2,..n,0<p<n,qg>1;

4. 0:max{lzli*’ilzl} <1, where 1 > X" >max{\,i=1,...,p}, 1 <A <

min{\;,i =p+1,...,n}.
Then system of equations (2) has a family of solutions continuous and bounded for
t>T >0 (T is a sufficiently large positive constant) of the form

yl(t) = Zyz (t)va(t) = Zyz (t)7
1=0 =0

where y; (t), y2(t), i = 0,1, ... vector-functions are continuous and bounded for t >
T>0.
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The model of vibration signal in the form of bi-periodically non-stationary random
process (BPNRP) is proposed. It is shown that the properties of the deterministic
and stochastic interaction of cycles with different periods are described in this model
by simultaneous amplitude and phase modulation of carrier harmonics with combi-
nation frequencies by jointly stationary random processes.

The modulation effects in the vibration model in the form of periodically non-
stationary random process (PNRP), which describe the stochastic recurrence with
one period, are characterized by jointly stationary random processes & (¢) in the
representation in the form of a stochastic trigonometric polynomial

L
Et)= Y &lt)e™". (1)
k=—L
The random process (1) is a PNRP only in the case when the modulating
processes are mutually correlated [1, 2, 3, 4]. Generalizing this representation, we
may deduce that modulation of two stochastic cycles, induced by the rotation of
two elements with different speeds, can be modeled as:

()= S eyt F 2)

kez
where the harmonics of frequency 27 /P; and its multiples are modulated by PNRP
1 2m
with period Pa: &x(t) = > fkl(t)e” P>" Then, for the random process (2) we have:
lez

§) =Y Eult)e™ ", (3)
kleZ

where & (t) is a jointly stationary random processes and wg; = k(27/P1)+1(27/ P2).
As we can see, process (3) is the sum of the amplitude- and phase-modulated
harmonics, in which frequencies wy; are the linear combination of the two main
frequencies wip = 27/P1 and wo1 = 27/P,. The mathematical expectations of the
modulating processes my; = E&(t) are the Fourier coefficients of the mean functi-
on:

m(t) = BE(t) = Y mu(t)e’, (4)

o o

and for its covariance function R(t,7) = E£(t)E(t + 7), E(t) = £(t) — m(t), we have
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R(t,7) = Z By (1)ert (5)

k,leZ

where

Byi(r) = Z Ry kopg1,q(T)e™"7, (6)

P,9€Z

and Rpgri(7) = E&,, (1), (t + 7), £,,(t) = &pq(t) — mpq, are the cross-covariance
functions of the modulating processes. Thus, the Fourier coefficients of the covariance
function (5) are defined by the cross-covariance functions of the modulating processes
with numbers which are shifted by k and [, respectively. It follows from (6) that the

correlations of the modulating processes &, (t) of the different orders lead to the
bi-periodical non-stationarity of the second order.

The random processes, whose mean and covariance function are bi-periodical
functions of time and can be presented by the Fourier series (4) and (5), are called
bi-periodically non-stationary random processes (BPNRP) [1, 2]. The BPNRP can
be used, for example, for the analysis of vibrations that are selected from a bearing
with an outer race fault. Then the quantity P; is the period of the shaft rotation
and P> is the period of the ball passing over the defect. Proceeding from (3), we
can quite easily obtain some particular cases of the bi-rhythmic hidden periodicity.
If €1 (t) = crr + e (t), where ny(t) are non-correlated stationary random processes
and cg; are some complex numbers, we have following "additive"model of diagnostic
vibration signal:

E) =D cme™ 4+ > pa(t)e™Ht = s(t) + n(t),

kleZ kleZ
where s(t) is a bi-periodical function and 7(t) is a stationary random process with the

covariance function R, (1) = > Rgz)(T)ewW, where R](!Z)(’T) = Eng ()0, (t+7),
k,leZ
Mt (8) = e (8) = iy miy = B (2).

1. Javorskyj I, Mykhailyshyn V. Probabilistic models and statistical analysis of
stochastic oscillations. Pattern Recogn Image Anal 1996; 6(4): 749-763.

2. Javorskyj I, Yuzefovych R, Kravets I, Matsko I. Methods of periodically
correlated random processes and their generalizations in Cyclostationarity:
Theory and Methods, Lecture Notes in Mechanical Engineering F. Chaari, J.
Leskow, A. Sanches-Ramires (Eds.), Springer, New York, 2014; 73-93.

3. Javorskyj I, Lekow J, Kravets I, Isayev I, Gajecka-Mirek E. Linear filtration
methods for statistical analysis of periodically correlated random processes -
Part II: Harmonic series representation. Signal Process 2011; 91: 2506-2519.

4. Javorskyj I, Yuzefovych R, Lychak O, Semenov P, Slyepko R. Detection of
distributed and localized faults in rotative machines using periodically non-
stationary covariance analysis of vibrations. Meas Sci Technol 2023; 34: 065102.
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Absolute stability of control systems with rigid feedback taking
into account external load
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Consider the problem of construction of the control systems with rigid feedback,
taking into account external load by given (n — s)-dimensional program manifold Q
[1, 4, 5]

i.:f(t,x)—blﬁ, tel=1|0, o), (1)
E=¢(0)pw), o=p'w—q,
where z € R" is a state vector of the object, f € R" is a vector-function, satisfying
to conditions of existence of a solution z(t) = 0, and the coeflicients b1 € R",p € R’
are constant, q is constant coefficients of rigid feedback, o is a total impulse-signal
and the differentiable function (o) satisfies the following conditions

»(0) =0Ap(o)o >0 Yo #0,
9y
0o lo=0

; (2)

< x>0,

and the function ¥(v) takes into account the actions of the external load, and
determined as follows:

1 at v2>1,
P)=< Vv at 0<v<l, (3)
0 at v <0,

where in the general case v has the following form [2]:
v =1— (a€ + b€ + c£) signo.

Here a, b, ¢ are real numbers.

The second equation from (1) was presented by Letov in [3].

The functions ¢(o), ¢ (v) are expressed in terms of the coefficients of the equation
of the hydraulic actuator, taking into account external load[2]:

a’::p\/g-%\/po—Ap signo - 0. (4)

Here p % . % is the constructive constant, p is the flow coefficient, o is the spool

displacement, po = pr — ps, pr is pressure in the supply line, p, is pressure at the
drain, Ap is pressure difference in the cameras of the actuator, determined by the
load.

The ¢(o) function replaces the expression 1/% . % , which determines the

speed of an unloaded executor, and the multiplier ¢ (v) = /1 — %signa takes into
account the influence of the load.
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In order for the manifold Q(t) to be integral to system (1) at w = 0, it is sufficient
to perform & = 0. This condition is satisfied if and only if ¢ # 0.

The problem under consideration reduce to investigation of quality properties of
the some system with respect to vector-function w [4, 5, 6].

Considering that the manifold 2(¢) is an integral manifold system (1),(2),(3) and
taking the Erugin function to be linear with respect to the vector function w:

F(t,z,w) = —Aw, (5)

we arrive at the following system with respect to w:

W=—Aw—bf, tcI=][0, 00),

E=0(0)9(), o=p"w— g, (6)

- 0 . . .
where b = Hib,Hi = —w, and —A(s X s) is a constant Hurwitz matrix, the

nonlinearity of ¢(co) satisfies conditions (2), and the multiplier ¥ (v) is determined
by formula (5).

Statement of the problem. Find the absolute stability condition for the
program manifold Q(t) of the indirect control system, taking into account the
external load with respect to the vector function w under conditions (2), (5). System
(6) is reduced to the canonical form [3]

n=-pn+elo) ),
o=c n-—gg, (7)
& =7" —qp(0) - P(v),
where p = diag(p1, ..., ps), ¢, g,q,7y are constant.
Consider the case when the load is positional, i.e.

v=1- ¢ signo. (8)
For system (7), we construct the Lyapunov function as follows

o

V=n"Hu+ " In+ [ el0)- (o ©)
0

l-bl 1 s i
TJ ,li,l; are real numbers and L = diag||Ly, ..., Ls)|| > 0.
pi +pjlh
The condition for V' to be definitely positive when the function £ # 0 is always
satisfied, i.e. when the actuator is running. We find the total derivative of the functi-

on V with respect to the variable ¢ by virtue of system (7).

Here H = ‘

V= [fn+ Vaelo) - w()] + "ol | / 2—? - ¢(0)do| (o) - () > 0. (10)
0

where H = diag(ls,...ls), p is also diagonal matrix, in order to have —V > 0 it is
enough to fulfill the following equality:
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L+2\qHpp +2H +v =0, ~=diag(m,...,7s)- (11)
It should be noted that the last sum of derivative (10) will have a positive sign,
for any o # 0, i.e. g—f < 0if o > 0 and % > 0 if 0 < 0 . Therefore, when the

actuator is running, —V > 0 is executed.

Theorem. If the Erugin function is linear with respect to w , the nonlinearity ¢(o)
satisfies condition (2), the function ¢ (v) is determined by formula (5),(8), there are
H= diag(l1,...ls), L = diag||L1, ..., Ls)|| > O then in order for the program manifold
of the automatic system of indirect control, taking into account the external load was
absolutely stable with respect to the vector function w, it suffices to satisfy equalities

(11).
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Tpusana nangemis COVID-19 Ta noBHoMaciTabHa BOEHHA arpecis Ha TEPUTO-
pil Hammoi gep:kaBu BIUIMHYJIX abOCOJIOTHO Ha BCi cdepn oachkol misibrocTi. He
OMMHYJIM BOHU i ocBiTy. Ha »KaJib B2Ke MPOTAroM TPUBAJIOrO Yacy i B JaHUil repioft
VUHI HEe MaOTh MOYKJIMBOCTI HABYATHUCS y 3BUYIHOMY JJIsi HUX PUTMi. 3pO3yMLsIo, 1o
I[i IPUYUHY TPU3BEJIA JO TOTO, M0 MalKe y KOXKHOTO MIKOJISIpa BiJl MOYATKIBIA 10
BUIIyCKHHUKA € TEMH, sIKi 3aCBOEHI HUM Ha HEJIOCTATHHO BUCOKOMY DiBHI, & IIOJIEKYIH
3aJIUIIAIOTHCS 30BCIM HE3PO3YMIiTUMU.

3 oy Ha 1e nepes, KOXKHUM OCBITSITHUHOM IIOCTA€ NHUTAHHSA K JIOIOMOITH
CBOIM yYHSAM 3JI0JIaTH Ti HEJOJIKH IIPY BUBYEHHI IIEBHUX TeM, SKi 3aBaKalOTh 1M
pyxaTucst BIepe, BUOYIOBYIOUHN BJIACHY OCBiTHIO TpaekTopito. [1lo K moTpibHO 3po-
OUTH JIJTst TOTO, MO0U OCBITHI IPOTraJIMHU YYHIB 3 9aCOM HE TI€PETBOPUIUCS HA OCBITHI
BTPaTH Ta He CTAJIU CIPABXKHBOIO IIPOOJIEMOIO SIK JJIsl CAMUX IIKOJISIPIB Ta IX ciMeit
Tak 1 It IepKaBU BITLIOMY 7

[Iobn mMaTu MOXKIMBICTH JOCATHEHHSI METH IIOJIOJIAHHS OCBITHIX HPOTAJIMH Ha
YPOKax MaTeMaTHKU BYNTEJb IIOBUHEH Imigibparu Taki ¢dopmu i meToaun poboru 3
VIHSIMU, siKi OM CIOpUSIM HE TIJIbKKM 3aCBOEHHIO HOBUX HABYAJBHUX TEM, a 1 JO-
nomarajau popMyBaTH MIIHI 3HAHHS 3 Te€M, sKi IepelyBaJi 3a3HadeHii, a TaKoX
dopMyBaTH B YUHIB CTifiKy MOTHBAIIO Ha ILJISAXY MOJOJIAHHS HEJOJIKIB y BUBUYEHHL
OKpeMHuX TeM abo 1 IIIUX PO3IiIiB.

Cepepn; eeKTUBHUX METOIB, IO JIO3BOJISIOTH AKTUBIZYBATH PO3YMOBY Iisliib-
HICTBb y4YHIB PI3HOrO BiKy Ha YpPOKaX MaTeMaTHKHU Ta CIPUAIOTH IIOBTOPEHHIO PaHiIle
BUBYEHOTO, 30KPEMa, MOXKHA 3aIPOIOHYBaTH BUKOPUCTAHHS yCHUX obunciieHb. [lo-
[IIBHUM € BIPOBA/KYBaTH XBUJIMHOK YCHOIO PaXyHKY Ha pi3HUX eTamax ypoky. Lli
06YKCIIEHHST MOXKYTh OyTH SIK MTOB’sI3aHi 3 TEMOIO, [0 BUBYAETHCS B IIEil epios, Tak
i BKUIIO9aTH B cebe MOBTOPEHHS MaTepiay Oy/Ib-sIKOTO PO3JIiTy, sIKIIO BAUTEIEM BU-
SIBJIEHO HEJIOJIIKU IIPH ftoro 3acBoenni. HaitmmpocTimmm mpukJiaioM oprasi3ariil ycHo-
0 PaxyHKy Ha YPOIIli, € JIAHIIOXKKKN 009ucyaenb. J[jist Toro, mobu CIOHYKATH yYHIB
10 BUKOHAHHSI O0YNC/IEHDb YCHO MOXKHA BUKOPHUCTOBYBaTH irpoBi MeTomu: ecraderH,
3MaraHHs, BIKTOPUHU Ta 6araTo iHIIUX.

EdekTuBHUM Ta Cy9acHUM MeTOJIOM Npu pobOTi HA YPOKAX € 3aBIIaHHSI y T€CTO-
Biit dpopwmi, sIKi yuHi BUKOHYIOTB 3a momomoron QR-komiB Ha BiracHuX TemedoHaX dn
IUTAHIIIETAX TA JAIOTH MOXKJIUBICTH BUUTEIIIO OTPUMATH OIIePATUBHUN 3BOPOTHiil 3B 5-
30K.3a JOMOMOTOI0 I[OTO METOA MOXKHA IIBUJIKO JIIarHOCTYBATU PiBEHb 3aCBOEHHS
MEeBHOI T€MH, 1[0 BUBYAJIACH MUHYJIOTO POKY, a MiC/Isi BUKOHAHHS 3aBIAHD IPOTITOM
YPOKY HOPIBHSTH YU ITOKPAIIUBCH el piBeHb a00 BU3HAYUTH, IO 11 TeMa HoTpebye
1€ JIOJATKOBOIO OIPAIIOBAHHSI.

Cepen MeTOiB, SKi JAaI0OTh MOYKJIMBICTH BUUTEIO IIBUIAKO i €pEKTUBHO OpraHi-
3yBaTH IOBTOPEHHSI IIEBHOT TEMHU, sIKa MOTPEOYE JI0JIATKOBOI yBaru y4HiB, € TaK 3BaHi
MEHTaJIbHI KapTu. Jis mogo/1aHHs OCBITHIX IPOTaJIMH JIONIBHO BUKOPUCTOBYBATHU
MEHTAJIbHI KapTU JEKIJbKOX BHU/IIB B 3aJI€?KHOCTI BiJl TOrO, AKy METY HepecsIiIye
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BunTeb. Taki KApTH MOXKYTH MICTUTH CTHUCJTY iH(MOPMAIIIO MO IIJIOMY PO3/IiIy abo
HABIIAKU JIABATHU NEBHI MiJIKA3KU /IS BUBUEHHSI KOHKPETHOI TEMU ITiJ] 9aC YPOKY.

B 3asexxnocTi Bif piBHS MiATOTOBKEM y4YHIB MOXKHA HAJATH JITSAM TaKy KapTy
3HaHb, PO3PO0JIEHY BUNTEIEM ab0 3aIIPOIOHYBATH YACTKOBO 3AIIOBHUTH IIPOTAJINHU
91 HaBITH CTBOPUTH BJIACHY KapTy 3HAHb, IIPAIOIOUi B mapax abo Majux IpyIax.
[Ticns 3aBepirenHs pob6OTH MO CTBOPEHHIO KAPT 3HAHD YUHI MOXKYTH 3AIIPOITOHYBa-
TU OJIHOKJIACHHKAM 3 IHIIUX I'Pyl oOpaTu Haibiibin edpeKTuBHY ab0 CKOPUCTATHUCS
CTBOPEHUMHM KapTaMH Ha YPOIIl ITiJ] Yac TIOBTOPEHHSI PAHIIlle BUBUEHUX TEM.

[Ipu opramizaril HaBYaHHS BEJWKY yBary CJiJl 3BEpHYTH Ha IPYMOBi hopMu po-
ooru. 4K moka3ye CBITOBHIT JIOCBiJT Ta HAYKOBi JIOC/i>KeHHsI HailiepeKTHUBHIIIE Ta
3 GLIBIIOI0 OXOTOIO y'HI 3700yBaOTh 3HAHHS, YMIHHS Ta HABUYKHA KOMYHIKYIOTH Y
Masx rpynax (3-5 yumis). Ilpamooun B KOMaHIi y9HI YCBIIOMJIIOIOTH CBOIO Ba-
2KJIMBICTH Ta BiI4yBalOTh CBOIO Bi/IIIOBiIAJIBbHICTH 3a YCIiX BUKOHAHHS 3aB/IaHHS, a
MaTepiaJl JOHECEHUN OIHOJIITKOM CIIPUMMAETHCS JIETKO Ta sIKICHO.

Omrxe, Bukopucranus ejemedTiB STEM-ocBiTu, 30KpeMa, MeTOHy IIPOEKTIB €
edeKTUBHUM 3aCO00M JJIsI IIOJIOJIAHHS IIPOTaJINH, OCKIJIBKH MOTHBYE yUHIB JO 3710-
OyTTsI 3HAHB y TICHOMY 3B’sI3Ky 3 peaJbHIMU YKUTTEBUMU 331a9aMu, (DOPMYE CIIEIU-
Gbiuni yMiHHSA Ta HABUYKH [JjIsI TBOPUOI caMopeastizariil y4IHiB Ta iX iHTeIeKTyaabHIX
3110HOCTE.

1. Hasuwasbui  BTparwu: IPpUYMHU,  HACHIAKKA ¥ TUIAXU  IIOJIOJIAHHS.
https://osvita.ua/school/88921/(nara 3seprenns 31.08.2023).
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Bukopucranusa BTEX nasa miaroroBku guceprarniii B YKpaiHi
Bapanoscoruti Orexcarndp

ombaranovskyi@gmail.com
Zloxmop Bapbapyc donomooice
Inemumym mamemamuryu Hauionaroroi axademit nayx Yxpainu

Huceprarist Ha 3100yTTsI HAYKOBOIO CTYIIEHSI — Il JOKYMEHT BEJIMKOI'O OOCSTY,

SAKUN Ma€ PO3rajIy?KeHy CTPYKTYPY, MiCTUTh CIIMCOK BUKOPUCTAHUX JI2KEPEJI, Ma€ Jie-

SIK1

cnenudivHi CTPYKTYPHI ejleMeHTH (HAIPUKJIA, TUTYIbLHUH apKyIl Yi aHOTAIlist

31 cemiaabaIM 0DOPMITEHHSM ). 3aJI€2KHO BiJI CHEMIaTbHOCTI MOYKE MICTATH 3HATHY
KIIBKICTh MaTeMaTuIHuX POPMYJI, TEOPEM, LIFOCTPAIi UM TabauIb. A TaKOXK B AU-
cepTaliil iCTOTHO BUKOPUCTOBYIOTHCS IIOCUIAHHS HA CTPYKTYPHI YaCTUHU JIUCePTallil,
dopwmysu, imoctpartii, Tabsunil, 12Kepesa B CIHUCKY JITepaTypu TOIIO.

Cucrema migroroBgu jokymenTiB ATEX, 10 IPyHTYETbCS HA CHUCTEMI KOMII'IO-

Tepuol BepcTku TEX, Moxke OyTu epeKTUBHIM IHCTPYMEHTOM Il pOOOTH, 30KpeMa,
i 3 AuceprarisaMu.

V nonosizi npecrasneno Habip KTEX-kiacis vakthesis, siki 3a6e3neayors oopm-

JIEHHsI JIUCepTallil BiJIIOBIIHO /10 BUMOT, 3aTBep/zKeHnx MiHicTepcTBOM OCBiTH i Hay-
xu Ykpaluu 2017 poky, [1] (a Takox nonepesix Bumor Buiol arecraniinol komicii):

0OPMIIEHHST TUTYJIBLHOTO apKyIna aucepranil (o0knaauaku asropedepary mu-
ceprarii),

MiJITPUMKa aHOTAIIil 1 CIIMCKY KJIIOYOBUX CJIB JIBOMA MOBaMU,

odopMIIeHHST 3ar0JIOBKIB PO3/ILIIB, MiAPO3/Ii/IiB, IIYHKTIB, IIiIIIYHKTIB, & TaKOXK
JOJIATKIB,

HyMepallist CTOPIHOK, pO3/LIiB (TiIpo3/IiiiB, MyHKTIB, MiTyHKTIB), LIIOCTpAILiii,
TabJIUIL, (POPMYJI TOIIIO,

odopMIIeHHS TIIMKCIB 10 ifocTpartiit i TabJIuIb,

odopMIIeHHST TeopeM, JieM, O3HAYEHb TOIIIO,

0pOpMJIIEHHST CIUCKY BUKOPHUCTAHUX J2KepeJl,

IIOBTOP CHUCKY ITyOJriKaliiil 3/106yBada 3 aHOTAI] y CIIMCKY BUKOPUCTAHUX JI2Ke-
peJl i B 1OoJIaTKY,

MMOBTOP BiJIOMOCTEl PO ampoballito 3i BCTYIy B JIOJATKY,

OKpeMi MoyJIi, siKi 3a6e31evdyoTh crenndiani BUMOTH AesAKNX YCTAHOB 10 0hOpM-
JIEHHS JIUCePTAaIlil,

odopmiteHHsT aBTOpedepaTy AuUcepTarii.

ITEX-kaacu 3 Habopy vakthesis y»ke BUKOPHCTOBYBaJIMCS JJisl IIJATOTOBKY U~

cepTalliif 3 pi3HOMAHITHUX Tajy3eil HayKu: Oiojoris, iHdopMaTHKa, MaTeMaTHKA,
¢disuka. Kinbka npukiaaaiB po3risiacTbCs B JIOMOBIII.

3a Beck uac Bizg 2003 poky, Ko Buiinuia mepina Bepcis vakthesis, nakonuuansocs

YUMaJIo KpUTUIHUX 1pobsiem. HaiiBarkymBin 3 HuxX:

1.

Ileit Habip KJIaCiB HUHI CKJIAJAETHCS 3 JBOX OKpEeMUX MOyJIiB: vakthesis npusna-
qeHuil 11 opOpMJIEHHS JUCepTaliiii 3rinHo 3 Tpaauniiinumu BuMmoramu BAK,
a mon2017dev — 3rigno i3 cyvacunmu Bumoramu MOH.
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Take pozmiienusi, 3 ogHoro 60Ky, 3abe3nevdye cTablIbHICTD 1 MiJiCHICTD KJaciB
vakthesis, ase, 3 inmoro 60Ky, Tenep CTBOPIOE JOJATKOBI TPY/HOII JIJIsi KOPU-
CTyBad4iB i pO3POOHUKIB.
2. lleit mporpamumit 3acib, B3arasi kaxKy4u, HecyMicuuit 3 komyBaHHaM UTF-8,
sKe € CTAHJAPTHUM y CyJaCHOMY CBITi.
i1 po3B’A3aHHA HAKOIUYEHUX IIPOOJIEM 3aIlIAHOBAHO:
1. OG’e¢auaTu TpaauuiiHMUii i cydacHU MOy 31 30eperKeHHsIM CyMiCHOCTI.
2. 3abesneunTtn 110BHY cyMicHicTb vakthesis 3 UTF-8.
3. Tlokpamurn goKyMeHTAaI[io i 3pobuTH 11 3pO3yMiJIIIOI0 i KOPUCHINIOKW JIsT KO-
pucTyBadiB (30Kpema, JOCTYIHIIION sl HeIOCBLIaennx kopuctyBadis KTEX).
4. 3asanraxkutu Ha Comprehensive TEX Archive Network (CTAN), 3Binku vakthesis
MIOTPAIUTDH JO TOJIOBHUX JAucTpubytusis TEX.
5. BukopucroByBaTu cucreMy KepyBaHHsI BepcisiMu i BiamoBijHi Bebcepsicu, 1mob
ITOJIETIIIUTH JIOCTYII JI0 KOY JJIsl HE3aJIEXKHUX PO3POOHUKIB.
[Torounmit cran mpoekTy, Aeski Bimomi npobsemu i mIaH po3pobKU JeTaaIbHO
omucano B crarti [2]. O3naifomurucs 3 vakthesis moxxHa Ha cropinni [3].
o pobory uacrkoBo migrpumano rpaarom TEX Users Group.

1. TIlIpo zarBepmxkenus Bumor no odopmienus gucepranii: Hakaz; MOH Ykpaiau
Big 12.01.2017 Ne 40 // Basa manux «3akoHOJaBCTBO YKpalHu» / Bepxosha
Pana Ykpaiau. URL: https://zakon.rada.gov.ua/go/z0155-17 (nara 3Bep-
nennsi: 24.08.2023).

2. Baranovskyi O. I¥TEX classes for doctoral theses in Ukraine: Interesting
tips and painful problems // TUGboat. — 2022. — 43, No. 2. — P. 176-181.
doi:10.47397/tb/43-2/tb134baranovskyi-vakthesis.

3. Tlorouna cropiaka upoekry vakthesis. URL: https://www.imath.kiev.ua/
“baranovskyi/tex/vakthesis/ (nara 3Beprenus: 24.08.2023).
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IIporpamMHumii KOMIIJIEKC MO/IeJTIOBaHHA AW epeHIliaIbHOI rpu
nepecJliyBaHHHA

Bapdar Andpiii

bardan.andrii@chnu.edu.ua
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

Teopist mudpepenmiaabHUX irOp e PO3ILT TEOpil KepyBaHHsI, SIKUIl BUBYAE B3a€-
Mozifo aBox abo 6imbine 06’ekTiB abo rpy, B yMoBax KOHMUIKTY. Taki 3amadi BuHu-
KalOTh, HAIIPUKJIA I, Y BiiCHKOBI CIipaBi, KOJIX MOTPIOHO 3HUIIUTUA BOPOXKUM 00’ €KT,
SIKOMY BJIACTUBE II€BHE KEPYBAHHSI.

Hapuasibai kypcu 3 pudepennianbaux irop Bukiagaiorbea y 3BO Vkpaiunwm,
30kpema Takuit Kypc y 2011 pori 3amnmpoBauB Ha Kadeapi TPpUKIaTHOI MaTeMaTHKN
Ta indopmamiitaux Texnosoriit akagemik A.O. Yukpiit. Teopernanmii MmaTepia, mo
crocyerbesa qudepeHIiagbauX irop, BUKIaAenuii B marepianax P. Ajfizekca [1], A. O.
Yukpist [2| Ta iHmux npansgx. BaxKinBo TAKoXK IPOJEMOHCTPYBATH HPOILEC «Iepe-
CJIyBad» - «BTiKad» y AWHAMII, 9K 6e3 dpa30BUX OOMEXKEHb, TaK i 3a IX HASIBHOCTI.
st BupimenHst 1i€l 3a1a4i po3po0/IeHO TPOrPAMHMI KOMILJIEKC, AKUH JTIO3BOJISIE 3MO-
JeJTI0OBATH IIpoliec audepeHIliaJbHuX irop 3 MOXKJIMBICTIO 3MIHIOBATH BXiAHI JaHi Ta
mopiBHIOBaTH BuXimHi pedynbratu. /lomaTok po3pobiieHnit 3a JOMOMOTOK irpoBOTO
pyutis Unity ma mosi nporpamysanus C Sharp.

Enge )

Puc 1.Burnsan po3pobieHoro mporpaMHOro J0AATKY

B ocHoBi gudepenmiagabHux irop JeKUThH MPOIEC HePeCc/IiyBaHHs, SKUi Bin0Oy-
BAETHCSI MiXK JIBOMa IPyTaMy BOPOXKUX OJVH JI0 OJHOTO 00’€KTiB: mepecilyBadaMmu
Ta Brikadamu. KoxkeH 3 00’€KTiB MOKe MATH OJHY 3 IIiJIeil, Ka BJIACTUBA IPYII, 0
KOl BiH HAJIEZKUTh. THIIOBOIO IIJLIIO JJIsT TIEPEeC/IiIyBada € 3HUINEHHs YCiX BTiKadiB.
Hisuto Brikava - € yHUKHYTH 3HUIICHHS ab0, IPUHANMHI, BIATATHYTH MOMEHT YCIiXy
repecsiiiyBada Ha MAKCUMAJIbHO MOYKJIMBHUI dac.

Po3pobenwnit nporpaMHnii JOAATOK JO3BOJISIE 3MOJEJIOBATH XiJT AuDepeHIiab-
HOI I'PH Mi2K JBOMA 00 €KTaMM, OJIMH 3 sIKUX [IE€PeCIilyBad, a iHmmuif - BTikad. Y poJii
nepeciijyBada Buctynae Mmojesb BunuiryBada «General Dynamics F-16 Fighting
Falcon», a B pouii BTikada momensb reikonrepa «AgustaWestland AW101» (puc. 1).

Komnekce mo3Bosisie 3MOI€II0BATH HACTYIIH] CHTyaIil:
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1. 3BuvaiiHa rpa - 3aBEPIIYETHCS IEPEMOTOI0 IEePeCc/IiyBadiB, SKIIO BCi BTikadi
3HUIIEHI,

2. obMmerkeHa B 4aci rpa - 3aBepIIyeThCs IIEPEMOrOI0 BTIKadiB, AKINO 3aJaHnil dac
rpu BUYepranuii, abo mepeMoror MmepecsiiyBadiB, sIKIO BCi BTiKadi 3HUIIEH],

3. BTeda B Oe3ledYHy 30HY — 3aBEPIILYETHCS I€PEMOrOI0 BTIKadiB, SIKIIO BOHM JHO-
caran 6e3medHol 06/1acTi, abo IepeMOro IepecsilyBadiB, SKIO BCi BTikadi
SHUIIEH].

Ha mouaTtky rpu, KOpuCTyBad Ma€ MOXKJIUBICTH 3a/IaTH BXi/IHI TapaMeTpu s
KOXKHOT'O 3 06’€KTiB, a came, IOYATKOBY MO3UIII0 (KOOPAUHATH X T4 Y), MBUIAKICTD
(B mexxax Bix 0.1 1o 2), 06parn ofuH 3 JOCTYIHUX ClOCOGIB KepyBaHHs. IIBuaKicTs
TAKOXK MOYKHA 3MIHUTH GE3MOCEPEHBO T/ 9ac MPOIECy MOAETIOBaHHS (puc. 2).

Pursuer
B Start position: [} IEB

Speed: e——
Behavior:

Puc 2. Kopucrysanbkuit inTepdeiic /i1 3MiHA BXiTHUX TapaMeTpiB

Moxk/inBi BapiaHTH KepyBaHHSI BiJPI3HAIOTHCS JIJIsI IEPECIiyBada Ta BTikada. Y
BUNAJKY TI€PECIiTyBada TOCTYIHI TaKi KepYBaHHs: IIPOCTE MEPECIiyBaHHs (ITOrOH-
Ha KPUBa), HapaJiebHe [IePecIily BAaHHs.

st BTiKada JOCTYIHI: pyX Bij Brikada (Brikad 00Mpae KepyBaHHsI TAKUM YHHOM,
mo6 Ha KOXKHOMY KpOI HOro BiICTaHb Bim mepeciigyBada 30LIbNIyBanach), pyx
B 33JIaHOMY HAIPAMKY (BTiKad PyXa€TbCs B OJHOMY 33J@HOMY HAIPIAMKY), PYX ¥
HaNKOPOTIIOMY HAIpPsSMKY 710 6e31mevHol 06J1acTi.

B zanexnocti Bif oOpaHnX KOpHUCTYyBadeM HAJIAIITYBAaHb, JOJATOK Mependadac
JIeK1JIbKa BaplaHTIB 3aKiHYEHHS T'PH:

1. mepemora mepecJiyBada
2. mepemora BTikada:
(a) Buitimos vac mepecstiyBaHHs
(b) mepecmimysad mocsaruys 6e3mnednol obsacTi

[licns 3akimuenHsi rpu, KOpUCTyBadeBi moctynna indopmariis npo pe3yabTaTi
I'pH, sSIKa MICTUTB: Yac 3aKkiHdeHHst 1pu (y CeKyHJax), iIHGOPMAI(o IPO IIepeMOXKIId,
MPUYNHY 3aKiHIeHHS TPH, JIOBXKUHY TPOUIEHOI BiZICTaHI KOXKHOTO 3 IpaBIliB. Takoxk
Ha eKpaHi BifjobpazKaeTbCs HpOiJIeHa TPAEKTOpis pyxy o6ox rpasiis. Bosomioun
miero iHdopMallito KOPUCTYyBad MOXKe aHaJi3yBaTH, siK BILIMBAIOTH Pi3HI BXiIHI JaHi
Ha Xim Ta pesynbrar rpu (puc. 3).

[Iporpamunit KOMIIEKC € GE3KOIITOBHAM Ta JIOCTYIIHUI OHJIAWH 33 ITOCUIAHHAM
- https://play.unity.com/mg/other/differentialgameswebgl-build. Inst poburu oH-
JIafiH BUMAara€ThCs MOCTIHUN HOCTy 70 Mepexki iHTepHeT. TakoK MOXKJINBO 3aBaH-
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TaxXuTH odJiaita 36ipKy Juis onepariittol cucremun Windows 3a HACTYITHUM ITOCHJIAH-
HsIM - https://github.com /blekoni/differential-games. s 1T 3amycky pekoMeH0Ba-
HO Cy9JaCHWII IEPCOHAIbHII a00 MOPTATUBHUN KOMIT' I0OTEP 3 rpadidHnM agamrepoM.

-
00:10:085

\s

L

Puc 3. I'pa 3aBepmena. Expan pesynbraris

BucHoBOK: cTBOpeHMiI IpOrpaMHUN KOMILIEKC JIO3BOJISE 3MOJEJIIOBATH IIPOIEC
mudepeHIiiaabHOl TPU MiXK MepecyiyBadeM i BrikadeM. Y KOPUCTYBada € MOYKJIU-
BicTb 3amaTu pi3Hi BXimHi maHi Ta mopiBHIOBATH OTpMMaHi pe3ysiabTaTd rpu. Takmit
MIPOrPaMHUIT KOMILIEKC MOKHa BUKOPHUCTOBYBATH K IHCTPYMEHT JJIsl JEMOHCTPAILT
CTYJIEHTaM TIPOoIiecy AudepeHIiiaJbHIX irop Ipyu BUBYEHHI BiAIOBIIHUX KYPCIB.

1. Isaacs R. Differential Games: A Mathematical Theory with Applications to
Warfare and Pursuit, Control and Optimization. Dover Publications, 1999.
416 p.

2. Chikrii A. A. Conflict Controlled Processes. Boston : Springer Science and
Business media, 1997. 404 p.
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CuHTe3 00MexkeHUuX KepyBaHb JIJIsi HeJIIHIHUX cucteM 3i
CTEIEeHEBOIO FOJIOBHOIO YaCTHUHOIO

Bebia Maxcum
m.bebiya@karazin.ua

Xapxriscorut naytonarvruld ynisepcumem imens B.H. Kapasina

PosriistHemo 3aa1y cuHTE3y 0OMEXKEHUX KEpYyBaHb JIJIsl HEJIHIWHOT HEKEPOBAHOT
3a MEepIIM HAOIMKEHHSIM CUCTeMU. A came, PO3IJITHEMO CUCTEMY BULJISALY

=, |u@)] <d,
j?g = Cll‘?k1+1 —|— fl (t,a:, u), (1)
3 = cow™ M 4 fo(t, 3, ),

ne u € R — xepyBanns, d > 0 — 3amane ucio, k;, = % (p; > 0 — wini mcma, g; > 0
— memapui wncna, ¢ = 1,2), ¢; # 0 (i = 1,2) — niiicai wwmcma, f;(¢,z,u) (i = 1,2) —
HerepepsHi aificui dyskiii i f;(¢,0,0) = 0 aua seix t > 0.

Hama 3aja4a nosisirae y mo0y0Bi Kiiacy 0OMEKEeHUX KepyBaHb, TAKUX IO JJIst
Gyap-sikol mogaTkoBol Touku zo € U(0) poss’si3ok z(t, o) BIANOBIIHOI 3aMKHYTOL
CHCTEMH € KODEKTHO BU3Ha4YeHHM i norpamuiste B 0 3a ckindennnii ac T'(zo) < +o0.
TobTo limt_y[(mo) CE(t, wo) =0.

Sagaty crabimizamil Takux cucTeM y n—BUMIPpHOMY BHIIAJKY OyJIO JOCIIIIZKEHO B
poborax [1], [2]. Banaay cunresy mua sunaiaky fi(t,z,u) =0 (i = 1,2) i k1 = 0,
k2 > 0 posp’sizano y [3]. 3anpononosanuit y [3] migxiz mo nobynoBr KepyBaHb y n—
BIMIDHOMY BHIAJKY JJIsl CHCTEM 3 OIHICIO CTEIEHEBOIO HEJIHIWHICTIO I'DYHTYEThCI
na Meroxi GyHkiil keposanocti [4]. IIpu geskux ZONATKOBUX yMOBAaX HA 3POCTAHHS
dynkuiit f;(t,z,u) Mu posBuBaeMO neil miaxin s MoOYZA0BH Kilacy KepyBaHb U =
u(z), mo crabimisyoors cucremy (1) 3a ckinuennuii gac. Mu Takox Gymyemo Kiac
dyukuiit keposanocri 0(x), TaKuxX MO HEPiBHICTD

f(x) < —B0" % ()

BUKOHYETbCS it Aedkux « > 1, B > 0. OcranHs HepiBHICTH rapaHTye, 0 Tpa-
€KTOpisi 3aMKHYTOI CHCTEMU TE€PEBOJIUTH JIOBIIBHY MOYATKOBY TOUKYy To € U(0) y
IOYATOK KOOpJAMHAT 3a cKindeHumit gac T'(zo).

Dyuxiio keposanocti §(z) mia & € R™ \ {0} Busnaunmo sk equuuit gosaTHUi
KOPiHb PiBHAHHS

2a00°™ = (FD(0)x, D(0)x), (2)

e ap > 0 — dikcosane wmcno, F — mesxa nomaTHO Bu3HadeHa marpuns. D(0) =
diag (Gmfl, g -2 1) — miaroHasbHa n X n-Marpunsd, m = (2kg +1)(2k1 +2) + 1.
IMoknanemo 6(0) = 0.

KepyBaHHs IIyKae€MO y BHUIJISI

1 Do 2k1+1 2kt
u(e) = 9’”7(13)(& (6())) + as 62k1+1 () tas om—1(zx)’ ®)

ne a = (a1,az2,a3)”.
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Posrisinemo MaTpPHUIIO

Bubepemo a; < 0, ¢ = 1,2, 3 nosinbunmM ynHOoM. Hexailt cumerpuyna marpunga F =
{ fij}:bjzl € JIOBUIBHUM JI0JIATHO BU3HAYEHUM PO3B 3KOM CUHIYJISPHOI MaTPUIHOL
mepiBrocti Jlanynosa A*F + FA < 0, sy mocnimxkeno y [1]. [Tokramemo

as
ag=——7= <0, as=-—5=<0,  fas=—fo>0
2

JIema. Hexaii ap € dodammim po3e’azkom HepieHocms

e <|a| () (M)) < W

0e Amin — MiHimaavhe saacre 3navenna mampuus F. Todi kepysarns sueasdy (3)
3adososvrsae obmedrcernna |u| < d.

B pobori noseneno icmyBanus Takol koHcrantu [ > 0, mo noxigHa QyHKIGT
KkepoBaHOCTi B cuity cucremu (1) npu u = u(x) Burisiry (3) 3a/0BoJIbHSIE HEPIBHICTD

O(x) < -8

y EeSKOMY OKOJIi () ITOYATKY KOOD/IMHAT.

OcranHs HepiBHICTD 3riHO 3 MeTOOM (DYHKIIT KepoBaHOCTI [4] rapanTye nmorpa-
IUIsIHHSL TPAEKTOPIii 3aMKHYTOI KepyBaHHsiM (3) cucremu (1) i3 ioBlnbHOI TOUKHN o €
() y mo9aTok KoopauHaT 3a cKindennwii yac T'(zo). Binbie roro, T(zg) < %G(xo).
ITosuaunmo [Uepes aj po3s’s30K HepisHocTi (4). Toxi Bubip KoHcTanTH ap > 0 3 yMo-
Bu 0 < ag < af rapaHTyBaTHMe BUKOHAHHsI 0OMeskeHHsI Ha KepyBanHs ||u(z)|| < d.

1. M.O. Bebiya and V.I. Korobov. On Stabilization Problem for Nonlinear Systems
with Power Principal Part // Journal of Mathematical Physics, Analysis,
Geometry — 2016. — 12, No. 2. — P. 113-133.

2. V.I. Korobov and M.O. Bebiya. Stabilization of one class of nonlinear systems
// Automation and Remote Control — 2017. — 78, No. 1. — P. 1-15.

3. M.O. Bebiya. Global synthesis of bounded controls for systems with power
nonlinearity // Visnyk of V.N. Karazin Kharkiv National University, Ser.
Mathematics, Applied Mathematics and Mechanics — 81. — P. 36-51.

4. V.. Korobov. A genaral approach to the solution of the bounded control
synthesis problem in a contollability problem. // Math USSR Sb., — 37, P. 535—
557.
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wW—TPaHUYHI MHOXKHHU iMITyJIbCHOT AMHAMIYHOI CUCTEMUI
JJIs1 TirmepOoJ/IiYHOT eBOJTIONIiTHOT 3a4a4i

Besywax Jdmumpo, Kanycman JImumpo,
Cyxpemna Anna, Pedoperro FOnis

bezushchak@gmail.com, dimonkapus@gmail.com, sukretna.a.v@knu.ua,
juliamfed@gmail.com
Kuiscvruti nauionasvruti yrwisepcumem imeni Tapaca Illesuenka

HocmimkeHHs IpUCBAYeHe BayKJINBOMY KJIACY €BOJIIOIIHIX CUCTEM, III0 XapaKTe-
PU3YIOTBCSI HASIBHICTIO IMITyJIbCHUX 30ypEeHb MPH JOCATHEHHI TPAEKTOPIEI0 CUCTEMM
dikcoBanol migMuOKUHU B hazoBomy npoctopi. CucremMarnine BUBYEHHs] TAKUX CH-
CTE€M PO3IOYAJIOCH MOPIBHAHO HEIABHO i OYJ/I0 cHOKYCOBAHO 31€0iIbIIOr0 Ha CKiH-
ueHHOBUMIpHMIT Bunaiok [1]. st HeCKIHYEHHOBUMIDHMX IMITyJIBCHUX AMHAMIYHUX
CHCTEM B OCHOBHOMY PO3IJIs/IaJIaCh CUTYaIlisl, KOJU IMIIyJIbCHOMY 30ypPEHHIO i1~
BaJIACh JIAIIIE CKIHYEHHA KIJIbKICTh KOOPAUHAT (hpa30BOr0 BEKTODY.

Y poboTi JOCTi IKYEThCS SIKICHA TTOBEIIHKA €BOJIIOIIITHOT 38,/1a4i, 10 CKJIAJA€THCST
3 TinepOOJIiYHOrO JIMCUIIATUBHOIO PiBHSHHSI, TPAEKTOPIl KO0 3a3HAIOTH MHUTTEBOL
3MIHU [IPU JIOCSATHEHHI eHepreTrnyHuM (DbYHKI[IOHAJIOM I[IEBHOIO IOPOIOBOIO 3HAYECH-
Hs1. HOBU3HOIO JaHOTO JOCTIIPKEHHS € Te, 10 MU PO3TJISIAEMO BUMAIOK, KOJU BECH
HEeCKiHYeHHOBUMIpHUI (ha30BUl BEKTOP 3a3HAE iMITy/IbCHOTO 30ypenHs. [Ipu mocurnb
3araJibHUX yMOBaX Ha [apaMeTpH 3aJadi JI0BEJEHO, 10 TaKa 3a/a49a IOPOJRKYE IM-
MyJIbCHY AWHAMIYHY CHCTEMY B MPUPOTHBOMY (pa30BOMY IPOCTOPi, a i1 TpaekTopil
MalOTh HEMOPOXKHI KOMITAKTHI w—TPaHUIHI MHOXKUHU.

Hexait 3ajano Tpiiiky rinsbeprosux npocropis V. C H C V™ 3 KOMIakTHUMEA
IIBHUMY BKJIaAeHHMY, ||-||, (+, ) € HOpMOIO Ta cKaysipHuM Jo6yTkoMy H, A : V —
V* — niniifiunii, HenepepBHUil, CaMOCHPSIKEHNUH, KOEPIUTUBHUN orepaTop, ||ul|y =
(A%u, u) — HopMma B V, (-, ) — cranspHuii 106yToK y V.

Posriisinemo eBosrortiiiny 3amaqi

fl ti’ + 25 + Ay =0,
Ylt=0 = Yo E Vi (1)
Ytlt=0o =y1 € V.

Beenemo dyukmionan W : X — Ry, akwnit g z = ( Z > € X BU3HAYAETHCH

3a [PaBUJIOM
U(2) = |l2l% = ul¥ + [lv])*. (2)
Immynbena 3amada HOPMYITIOETHCS HACTYITHAM YMHOM: SIKINO B JAESKUN MOMEHT

Y

qacy t > 0 Ha po3B’sI3KYy z = sazadi (1) dysknionasn (2) gocsarae 3sHaYMEHHS

Wy, TO cUCTEMa MUTTEBO MTEPEXOIUTH Yy HOBE IOJIOXKEHHS
t=T12:=9(2)+a (3)
= =@ >
e Bigobpaxkennst [ : M — X, BusHadeHe Ha 3aMKHEHI MHOXKUHI

M={zeX:¥(z) =T},
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ac X, p: X = X 3anaHi.

3a3HaYnMO, 110 MOCTAHOBKA (3) € HPUPOJHBOIO y 6araThoX MeXaHIYHUX 33/a9ax,
1[0 XapaKTEPU3YIOThCsI, HAPUKJIAI, MATTEBOIO 3MIiHOIO IIIBUIKOCTI.

Bazaua (1) y dasosomy npocropi X = V x H n0opoKye HEIEPEpBHY HAIIBIPYILY

Yo

G : Ry xX — X, acame Bimobpaxkenus G, siKe JJTst 20 = € X BUBHAYAETHCS

piBHicTIO

Gt 20) = (t) = ( t((tt)) >
> (Yo, ;) cosw;t + ( (Yo, p5) + (m%)) 1] sinw;t W
1\ (y1,95) cosw;t — ()\?(Zlo’%) + 7

1 .
; 5(2/1,%))*5111%'5
w;

ne wj = /A3 — B2, {N}521, {p;}721 — poss’asku cekTpasbol 3ata4i
Apj = Xjpj, 321,
{¢j};21 — opromopmoBanwmit Gasuc y H, 0 < A1 < A

<
6e3 0OMeXKeHHSI 3arajbHOCT] OyZeMo BBaXKaTH, 1o A1 > 3.
IIpu BukoHaHHI yMOB

.y Aj = 00, § — 00,

M(\IM = 0; (5)
VzeM 37=7(2)>0Vte(0,7): Gt,2) ¢ M (6)
Binomo [2], mo sikmo s z € X
Ho) = (Uowa)) M #0,
>0
10 icHye § := 5(z) > 0 Take, 1O
Vite (0,3): G(t,z2) ¢ M, G(5,2) € M. (7)

BukopucroByioun Beseni nosuavenns 2+, M1 (2), 5, mobymyemo iMirymbcay Tpa-
exropio G(-, z0) MO CTApTY€E 3 TOUKHU zo € X HACTYIIHUM IHHOM:

o sximo M1 (z0) =0, To G(t, 20) = G(t, 20), t>0;
o sximo M (z0) # 0, To mas s := 5(20) mosHaummo 21 := G(s0, 20), TOAI

é(t, ZQ) = { G{gt’ ZO)? te [0, ,S())7

2], t = so;

) =0, 10 G(t, 20) = G(t — s0,27), t> so;
) # 0, To mst 81 := 3(2]") mosmaummo 21 := G(s1,2;), Toxi

® SIKIIO M+(zi"
® SIKIIO M+(zf'

G(t —s0,2), t€[s0,50+ s1),

G(t,z0) = { A

2 , t = so + s1;
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i Tak gaJii.
[Tpomoskyroun 11eit IpoIlec MU OTPUMAEMO CKiHYEHHY ab0 HECKIHUYEHHY KiTbKICTh
IMITyJIbCHIX TOYOK

+ + +
Zpi1 =1G(Sn, 2 ), 29 =20, n>0;

i BIZIMOBi/IHY MTOCJIiIOBHICTH MOMEHTIB dacy

Thy1 := Zsk, To:=0, n>0.
k=0

[Tpu upomy G 3a/1a€ThCs (POPMYIIOI0

el — G(t—Tn,ZI), t e [Tn,Tn+1)7
G(t,z0) = { ZI+17 t = Toir. (8)

Cuti 3ayBakuTH, 0 B TaKiit cucreMi MoKy Th 0yTn "edexrn ourrsa" abo "Zeno" -
b
PeXKUMU, KOJTU MOMEHTH IMITYJIbCHOI il BiOYBAIOTHCS HACTIIBKHA 9YACTO, IO TPAE-
KTopis (8) pyiHYyeTbCs 3a CKiHUEHHUIT Jac.
OckinbKy HaC MIKABUTH NOBeAiHKa (8) npu ¢ — 00, TO GyJIeMO BBasKaTH, IIO:

1T KOKHOTO 2o € X abo iMIyIbCHUX TOYOK HEMAE,
abo ix ckiHyeHHA KiJIBKicTh, ab0o Ty, — 00, M — 00.

(9)

Ywmosa (9) rapanTye, mo s AoBlibHOTO 20 € X dyHKIiA t — G (t,z0) BU3HA-
qeHa Ha [0, +00).

Binobpaxkenus G : R4 x X — X nobyioBaHe BUIlE HA3UBAETHCS TMNYALCHONO
JUHAMIYHOIO CUCTMEMOTO.

Teopema. IIpunycmumo, wo das 3adawi (1) — (3) sukonyemves ymosa
1
le()lx <llzllx, Wo< Z||04||§<- (10)

Todi sadana (1) — (8) nopodorcye imnyavcny dunamivny cucmemy G, npuswomy xo-
HCHA, IMNYABCHA MPAEKMOPIA MAE HECKIHUYEHHY KIANDKICTNG IMNYALCHUL TOYOK.
Hrwo, Kpim Mo20, 6UKOHYIOMBCA YMOSU

1 1 e[l >
— < —=n —1];
VA1 8 ( 2,

p: M — X — xomnaxmmue 61006pastcenns.

MO W-2PAHUYHA MHOHCUHG IMNYALCHOT dunamivnol cucmemu G
~ o0 . =
w(z0) = {f €eX ’ Htntner 1 tn S 00, €= lim G(tn,zo)}
n—o0
0nst K02CHO020 Zo € X € HENOPOIAHCHIM KOMNAKMOM i BIPHE 2PAHUYHE CNIBBIOHOUWLE-

HHA _
distx (G(t, 20), @(z0)) =0, t— oo.
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3ayBakuMo, 110 yMOBY KOMIIAKTHOCTI Bimobpaxkenus ¢ : M — X moxHa 3ami-
HOATH Ha yMOBY iCHyBaHHs rpaHuri lim sg.
k— o0

1. Samoilenko A. M., Perestyuk N. A. Impulsive differential equations. — Singa-
pore: World Sci., 1995. — 462 p.

2. Kanycrsan O.B., Ilepecriok M.O. [y1o6asbhi aTpakToOpy IMILyJIbCHUX HECKIHYIEH-
nosumipaux cucrem // Yrp. Mar. 2Kypn. — 2016. — . 68, No 4. — C. 517 — 528.
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OcHOBHIi aKIIeHTU BUKJIAQJAaHHS MaTeMaTUKu Ta iHdopmMaTuku B 5-9
kJyacax HoBoil ykpaiHCBKOI ITKOIMN

Bupra Mapian, Yenuwro Oaecs

m.byrka@chnu.edu.ua, chepyshkoolesia@gmail.com
Yepriseuvkuli HaUioHaoHUT YyHigepcumem imeni FOpia Dedvrosuna
Cnacvra ¢inia I-1I cm. Muzasvuarcorozo siyero

Buknagannsa marematuku Ta indopMaTHKH y cydacHiii 6a30Biit cepenmniit ocBi-
Ti BiffOyBa€TbcA BiamosBigHo 10 HOBOrO JlepkaBHOro cranmapTy 6a30BOI cepeaHbOl
ocBiTu (MaTemaTuuHa Ta iHdopMarndHa ocBiTHI ramysi) [2|. 3asHauenuii HopmaTuB-
HUI JTOKYMEHT He TLILKH JIETePpMIiHyE HOBY METY, 3aBJaHHs, 3MicT, (popMu i MeToau
BUKJIQJIAHHsI, & 1 3MIHIOE aKIIEHTH JisJIbHOCTI BYMTE sl Ha OiJIbIN BarKJIUBI JJIsT Ha-
JIEXKHOI MiJITOTOBKXA OCOOUCTOCTI JIO TOAJIBIIOTO SKATTH.

IIpumipom, MeTOI0 MaTeMaTUIHOT OCBITHBOI raJ/Iy3i € PO3BUTOK OCOOUCTOCTI YIHS
4epe3 GOPMYBaHHA MaTEMATHIHOI KOMIIETEHTHOCT] ¥ B3a€MO3B’ 3Ky 3 IHIINMU KJTIO-
YOBUMH KOMITETEHTHOCTSIMU J[JIsl YCIITITHOI OCBITHBOI Ta MOAAJIBINTOT POodeciitHol mi-
SUTBHOCTI BIIPOJIOBIK JKUTTS, 110 Iepeadadae 3aCBOEHHS CHCTEMH 3HAHD, YIOCKOHAJIE-
HHSI BMIHHSI PO3B’fI3yBaTH MaTeMAaTUYHI Ta IPAKTUYHI 3a/ad4i; PO3BUTOK JIOTI1YHOIO
MUCJIEHHS Ta ICUXIIHUX BJIACTHBOCTEN OCOOMCTOCTI; PO3YMIHHS MOXKJIUBOCTEN 3aCTO-
CyBaHHsI MATEMATUKHU B OCOOMCTOMY Ta CYCIIJIbHOMY »KUTTi, 8 METOIO iH(pOpMATHIHOT
OCBITHBOI rajIy3i € pO3BUTOK OCOOMCTOCTI y4HsI, 3/[aTHOIO BUKOPUCTOBYBATH 1pPOBi
IHCTPYMEHTH 1 TEXHOJIOTIT /I PO3B’s3aHHsT MPOOJIEM, PO3BUTKY, TBOPYOTO CAMOBH-
pakeHHsI, 3a0e3MeYeHHsT BJACHOIO 1 CYCIJIBHOrO J00po0yTy, 3JaTHOTO KPUTUIHO
MUC/IUTH, Ge31IeYHO Ta BiIOBINANIBHO AisiTy B iHdopManiiinomy cycninbersi [3]. Ak
b6aunMo, 1 MaTeMaTuvHa, 1 iHpopMaTUIHA OCBITHS TasTy3i cripsiMoBaHi Ha (GopMyBa-
HHSA KJIIOYOBUX KOMIIETEHTHOCTEl yUYHIB, DU I[bOMY, BOHU TICHO TIepeIIeTeHi MixK
cob010, aJi?Ke CHPsIMOBaHI HAa OCMHUCJICHHSI BaXKJIMBOCTI 3aCTOCYBAaHHS MaTeMaTHKN
Ta iHDOPMATHKE B OCOOUCTOMY i CyCIiIbHOMY KUTTI B iH(OpMAaIifiiy emnoxy.

st nocsirHeHHsT MeTH OOMIBOX OCBITHIX TaJjiy3eil BBasKaeMO 3a HeOOXilHe BU-
OKPEMUTHU TPU OCHOBHI AKIIEHTU BarKJIUB1 JjIsl BUKJIAJAHHS MAaTEMATUKU Ta iH(OP-
maruku B 5-9 kiracax Hosol ykpaiHchKOl mKosn.

Tak, HaWBaKIMBIIIUM 3aBIAHHSAM BUUTENSI Y XO/i BUKJIAJAHHSA MATEMATHKHU Ta
indopmarukn B 5-9 kiracax HoBol ykpalHchKol HIKou € (pOpMyBaHHsSI B yUHIB IIO-
3UTUBHOTO CTaBJIEHH:, IO 3YMOBJIEHO BHOKpeMJIeHHsSIM B Jlep:kaBHOMY CTaHmapTi
6a30B01 cepenHbOI OCBiTH 3] pasoM i3 3HAHHAMHA Ta BMIHHSAMHI HOBOTO KPUTEDIIO OITi-
HIOBaHHSI HABYAJbHUX JIOCATHEHDb y4HIB - "craBienua". Kpim nporo, dpopmyBaHHs B
VYHIB TTO3UTUBHOTO CTABJIEHHS 0 IUX IPEAMETIB € MepeayMOBOI0 10 MOosiBU, Gop-
MYBaHHS Ta PO3BUTKY B HUX IHIINX BaKJUBUX CTaBJIEHb, 30KpeMa: IO3UTHUBHOI'O
CTaBJIEHHS [0 HaBYaHHsI, 8 TAKOXK MMO3UTUBHOIO CTaBJIEHHs 10 mparli. Takox Bimmi-
TUMO, IO MO3UTUBHE CTABJIEHHs MOXxKe HabyTu dhopmu "/060Bi 10 MATEeMaTUKU Ta
iHOPMATHKY IO 3AJIUINMUTHCS 3 YIHAMH Ha BCE 1X YKUTTS.

Hpyrum akneHToM € (popMyBaHHsI BUMTEJIEM MaTEMaTUKM Ta iH(MOPMATUKU BU-
sHaveHux Jlep:kaBHUM cTammzapToM 6a30BOI cepeanbol ocBiTH 11 HACKPI3HUX BMiHb,
a came: 1) gurary 3 po3yMiHHAM; 2) BUCJIOBJIIOBATH BJIACHY JIyMKY YCHO i IIMCHMOBO;
3) KPUTUYHO Ta CUCTEMHO MUCJIATH; 4) 34aTHICTB JIONIYHO 0OrDYHTOBYBATH HIO3UIIIIO;
5) 3maTHICTL IifTH TBOPYO; 6) BUABIATH IHIIATHBY; 7) KOHCTPYKTHUBHO KEPyBATH

149



emonisamy; 8) ouiHoBaTH pu3KKy; 9) npuiiMaru pimenns; 10) po3s’s3yBaTu npobiie-
Mmu; 11) cuniBnpargosary 3 iHmmmu [2]. Ilpu npomy, BiaMiTHMO, 1110 HACKPI3HI BMIiHHS
€ CIIUTbHUMM JIJTsT BCIX KJIIOYOBUX KOMIIETEHTHOCTEH, a/12Ke PO3BUBAIOTH B YUHIB 3714~
THICTH 3aCTOCOBYBATHU OTPUMAHI 3HAHHS DU BUPINIEHHI PEAJHHUX KUTTEBUX CHUTY-
arriit.

Tperim aknenTOM, Ha sIKUT HEOOXITHO 3BEPHYTH yBary y X0l BUKJ/IAIAHHS MaTe-
MaTuku Ta indpopmaruku B 5-9 kiaacax Hopol ykpalHCBKOI KoM HEOOXiIHICTH po-
3yMIHHS PO3IO/ILIEHHS BiJIITOBIIAIBHOCTI 3a pe3ysIbTaTH HABYAHHS MiXK yciMa yda-
CHUKaMHU OCBITHBOTO TIpOIeCcy. ¥ IbOMY KOHTEKCTi, K 3a3Hadaiorh M. Bupxka, B.
Jlyuko Ta I'. Tlepyn y mociijzkeHHI OCHOBHUX PU3MKIB Ta BUKJIMKIB, SIKi Hece pe-
dopma "Hoa ykpaincbka mkosa'" 1j1s BYnTeNiB Ha PiBHI 6a30BOI cepeaHbOl OCBITH,
"1 cydacHOl yKpalHCHKOI MIKIJIBLHOI OCBITH I BUXOBaHHS MAHIBHOIO € JyMKa, IO
KOXKEH IIeJIaror Hece IMOBHY BiJIIOBIIaJIbHICTD 3a SKICTh HaBYaHHS 1 OCBITHI JOCs-
raenHst yuHiB. [Ipore moBuit JlepkaBuuit crangapT 6a30BOI cepeHBOI OCBITH, sIK 1
Komnnemnmnis HoBoi ykpaiHCBbKOI IIKOIN, aKIEHTYIOTh yBary Ha TOMY, IO BiImOBim-
aJIBHICTD 33 Pe3yJIbTaTU HABYAHHS HECYTb BCI YYACHUKHU I[HOT'O IIPOLECY - HE TIIBKU
Buurei, a # yuni Ta ix G6arbku[l, c¢. 52-53|. IIpu 1pOMy aBTOPH BH3HAYWIH, IO
BiJIIIOBIIATIBHICTD 38 PE3yJIbTATH HABYAHHS JIONIBHO PO3IOIJIMTA HACTYITHUM UU-
HoM: Bumressb - 40%, y4ens/yqenuns - 30%, iforo/ii 6arbku - 30%. Take GadeHHst
BIJIITOBi/Ia€ OCHOBHOMY KOHIIEITYa/JIbHOMY ITOJIO2KeHHIO HOBO1 yKpalHCHhKOI IITKOJIH, &
came TeJaroriku mapTHePCTBa.

TakuMm 4YMHOM, y JOCJIIKEHHI HAMU O3HAYEHO TPU OCHOBHI aKIIEHTH BarKJINBi
ST BUKJIAJIaHHS MaTeMaTuku Ta iHdopmarukn B 5-9 kiaacax Hosol ykpaiHcbKOl
MIKOJIH, & came: (POPMYBAHHS B YUHIB MO3UTUBHOTO CTABJIEHHS 0 MAaTEMAaTUKH Ta
indopmaruku, popMyBaHHS B HUX HACKPI3HUX yMiHb, & TAKOXK PO3YyMiHHS BCiMa
YYaCHUKAMU OCBITHBOT'O IIPOIIECY CBOEI BiJIITOBIAJIBHOCTI 38 pe3y/IbTaTy HABYAHHSI.

1. Bupka M. @.; Jlyuko B. M., Ilepyn I M. Pedopma "Hosa ykpaincbka miko-
sia"Ha piBHI 6a30BOT CEPEIHBOT OCBITH: OCHOBHI PU3UKU Ta BUKJIMKY JIJIsI BUNTE-
qis. [legarorika ¢popMyBaHHS TBOPYOI OCOOUCTOCTI y BWIIii i 3araTbHOOCBITHIN
mkostax. 2022. Bum. 85. C. 50-57.

2. [epxxaBunit cranmapt 6a30Boi cepennboil ocBitu. [locranosa KMY Ne 898 Bix
30.09.2020 poky. URL: http://surl.li/kenu.

3. IIpo IHCTPYKTMBHO-METOJMYHI PEKOMEHJAIl] I0/I0 BUKJIAJAHHS HABYAJIbHUX
npeaMeTiB/IHTErpoBaHUX KypCIB y 3aKjaJax 3arajbHOl CepesiHbol OCBITH Yy
2023/2024 nasgansaomy poui. URL: http://surl.li/lapjf.
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YcepenseHHsa B 6araro4yacTOTHHUX CHCTEMAX i3 MaJuMU
napameTrpamu i JIiHilffTHO mepeTBOpEeHNMH apryMeHTaMu

Bieyn Hpocaas, Crxymap Ieop

y.bihun@chnu.edu.ua, i.skutar@chnu.edu.ua
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

YV GaraThox mparsgx JOCTIIXKYIOTbCsT 6araTo9acTOTHI CUCTEMU PIBHSIHBb BUTJISIITY

da dp  w(r,a)
& _x & _nd
(7_7 a? ()07 6)7 dT e

dT +Y(T7 a7 W7€)7

Je € — Masmit mapameTrp, BeKTop-dyHKIil X 1 Y — 27-nepioguyni 3a MIBUAKIMHA 3MiH-
HUMH @1, ..., Pm 1 € CYMAaMH 3& CTEIIeHsIMH IapaMeTpa €. JlocitiKeHHIO MUpOKOro
KJIACy TAaKUX CUCTEM METOJIOM YCEpPEeIHEHHS i MeTOJIOM IHTEerpaJIbHUX MHOTOBU/IIB
npucssaena monorpadis [1]. Meroy ycepenHenss 3a MBUIKUMU 3MIHHUMHU 3aCTO-
COBaHUI JIJIsI TOCTIIPKEHHsT 6araTo4acTOTHUX CUCTEM i3 3ali3HEHHSIM apryMeHTy i 3
MOYATKOBUMHU, 0ATaTOTOYKOBUMU ¥ 1HTErpaJIbHUMHU yMOBaMu abo ix KOMOIHAIsIMEI
y npangx [2, 3, 4, 5] Ta in.

Y maniit pobOTi JOCIKYETHCSI CUCTEMa PIBHSIHB 13 JIACHUMY CTETIEHSIMU MAaJIOrO
napaMeTpa B PIBHAHHSX JJTd MOBIIBHUX @ 1 MIBUJKUX @ 3MIHHUX BUIVISITY

da 1 de  w(T)

& mx .

g~ ¢ X(man,pe), o= =2
me T € [0,L], K >0,k >0,ke >20,a€DCR” oe€T™ nm>1;ap =
(@ryy---yaxn,), o = (Por,.-.,00,), ax, (T) = a(AT), o, (T) = ©(0,7), 0 < A1 <
<A <L0<O <<, < 1

+eMY (7 an, 90), (1)

Bigmosigna (1) ycepeamena cucrema 3a mq 3MIHHEMHA Qg , . . ., P, HabyBae Bu-
TSy
da
=" Xo(r,an), 2
dr o, @) (2)
dp _ w(t) s _
Yo _T) | rryy(r,an). 3
% =0 | cavir,an) 3)

SIkmo pose’sizok a(T;7y) piBHsHHEA (2) i3 nouarkopoo ymosow a(0) =y 3Halige-
HO, TO 3HAXOIKEHHS PO3B’s3Ky B(T;7, 1, €), ©(0;7,,€) = 1, 3BoAuTHCA 10 3amasdi
IHTerpyBaHHSI.

Bignosigauit cucremi (1) ocupmssniitani iHTerpas sanucyersest y BUIIIsLI

I (7€) Z]fk(r, €) exp (;V/S”yk(z)dz)ds7 4)

e k= (k). K] # 0, 96(7) = 32 00k (007))

YmoBa pesonancy B touni 7 € [0,L] y cucremi (1) 3ajexkurh Bij BeIMYMHU
3ami3HeHDb y IIBUKUX 3MIHHUX Ta 3aJa€ThCsl PiBHICTIO

Y(r) =0, k#0. (5)
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ITpu gocTaTHiil IIaAKOCTI IPABUX YaCTUH CUCTEMU PiBHAHDL (1) i BUKOHAHHI yMO-
BU

W(w(017),...,w(l,7)] #0, T€]0,L], (6)

ne W — Busnaunuk Bpocbkoro 3a cucremoro dysruiin {w(617),...,w(0,7)}, s
Bcix 7 € [0, L] i € € (0,e1] mpaBmiIbHA OIHKA

sup ||

Pem2))) ")

(7 &) | < exe® (sup | fulr. o) + =

1
1Elle

q
ae o= k/mgq, €1 < €o, |[klle = 3 Oulku]|.
v=1

BcranossieHo icHyBaHHst 1 €quHicTb pO3B’si3Ky Ha Biapisky [0, L] cucremu piBHsHb
(1) i3 nouarkoBumu ymosamu (7, 1). Ha mixcrasi onjuku (7) orpumano juist (7,¢€) €
[0, L] x (0, 2] oniHKy NOXMOKHM METO/LY yCEPEIHEHHS BUTJISAILY

e la(r; g, ¥,e) —a(rs )l + ™ (T35, 9, €) = B(T37, 9, )| < eae® T2,

e co > 01 He 3aJIeXKUTDL BiI €.
fAxmo k1 = k2 = k— 1 = 0, To omiHKa TOXUOKNU METO/Yy YCEPEIHEHHS Ma€
HopsiIoK €< it onepana B [2].
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iHTerpaJibHUMHU yMOBaMu. ByKOBUHCHKUIT MaTeMmaTudHuil xKypHasa. 2016. T. 4,
Ne 3-4. C. 30-35.

5. Birys A.J. YcepemmeHHst B 6ararouacTOTHHX CHCTEMAaX [AbepEHIaIbHO-
dyukIionaabHuX piBHARB: [uc. ... m1-pa. ¢diz.-mar. mHayk: 01.01.02. KuiBchkuit
Har. yu-T iM. Tapaca Illesuenka. Kuis, 2009. 298 c.
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AcumnroTuuni 306pakeHHS po3B’A3KiB JAudepeHIliaJIbHUX PiBHAHb
3 HeJiHilTHOCTAMM, M0 € KOMIIO3UIiIMA MPABUJIBHO TA MIBUJIKO
3MiHHUX YHKITiN
bBinoseposa Mapis
marbel@ukr.net
Odecvrutl Hayionarvrul yrwisepcumem imeni 1.1. Mewnurosa

Posriisimaerbest qudepeniiianbie piBHIHHS

y" = aop(t) exp(R(y,y)), (1)

e oo € {—1;1},p: [a,w[—=]0, 400 (w0 < a < w < 400), R: Ay, X Ay, —]0, +00]
€ HenepepsHO audepeHniiforo dyukuieo, Y; € {0, oo}, Ay, — abo npomizkok
[v?, Y[}, abo — |Y;, 7). Kpim Toro, 6ymemo BBaxkaTn, mo dbyuxmis R Taxa, mo

, . yiR(ys) ,

im R s = 400, lim “——%F = iy 1= 07 1. 2
(v0,y1)—(Y0,Y1) (v, 1) viovi  R(y:) K @)
(y0,y1)€ AyoxAyl Yi € AYi

IMpuknagamu QyHKIIH, 10 38/ [0BOJIBHSIOTE YMOBY (2) MOXKYTb CJyryBaTh dyHKI
sy Jy170ly/| 77, [yl I |[y]70[y/| " | ma. s npu newrmx Yo, ¥i € {0,00}. ¥
poborax [1] Ta [2] mocaimxyBanucs audepeHniaabHi piBHAHHS, 10 MOXKYTb MiCTHTH
yacTUHHI BUNaJKu piBHsAHHS (1), ajle He MICTSITh BUIE3a3HAYEH] OCTATHBO [IMPOKI
Ky1acu (pyHKIIiH, siKi 30KpeMa TOTPeOyIOThICTOTHIX 3MiH METOIUKU JTOCIIII?KEHHSI.

Po3p’s30k y, Bu3HaueHmit Ha [to,w[C [a,w[, piBHaxEa (1) Gygemo HasuBaTH
P, (Yo, Y1, Ao)-pO3B’SI3KOM, SIKIIIO

/ 2
(i) . c D — v — W) _
y o [to,w[—> Ay, ltlTrBy (t) =Y (7' =0, 1)a ?TIB y”(t)y(t) = Ao. (3)

Mertoro maHol pobOTH € BCTAHOBJIEHHST HEOOXITHUX 1 IOCTATHIX YMOB iCHYBaHHS y
pisusians (1) P, (Yo, Y1, Ao)-po3B’sI3KiB, & TAKOK aCUMITOTUYHUX 300pazkeHb npu ¢ 1
w I IUX PO3B’A3KIB Ta IX MOXIHUX IEPIIOro mopsaky y sunagkax Ao € R\{0, 1}.

Beenemo nacTynui HeoOXiaHI HaIa Il TO3HAYEHHS:

t, AKIIO W = 400, Y
() = @(y) = [ eap(~R(ry/ (7 (),
t—w, 4gKmo w < 400, Yo
ne t~'(y) e obepnenoro dynxmieo msa y(t),

)= [ 2 2= im w0 = P 0 - 3

Yo ye Ay,

t

I(t)=Oéo(>\0—1)/%(7’);0(7')617-7 L(t) = /( Aol(7)

Mo — D)o (7) dr,

B, B,

pr Y; = 4+00(Y; = —o0) BBazkaemo, mo gy > 0 (y? < 0) sigmosinmo.
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rpanui inrerpysannsa B ta Bl o6upatorscs tak, mo6 Binnosinsi inTerpasu mps-
MyBaTn abo 110 HyJist, abo /10 HECKIHYEeHHOCTI.

Teopema. Hezxat Ao € R\{0,1} ma yo o +71 # 0. Todi das ichysarnns y pieHarts
(1) P, (Yo, Y1, \o)- pose’asxie neobriono, a axwo I(t)I1(t)Ao > 0 npu t €]b,w], mo
i dOCTNAMMHBO GUKOHAHHA YMOE

To(B)y1yo Ao (Ro — 1) > 05 mu(t)yiao(ho —1) > 0 nput € [a;u],
1
O =Y b = 2,
lim I (). (t) o
o @ (P71 (11(1)) @1 (1) Ao — 17
- L(I)®, (@7 (11(1))) _
ttw I'(t)@o (@1 (11(2))) @4 (@1 (11(2))) ’
. ()T () Xoyo+y1— Ao+ 1 .y (y) 20!
I =re Do 1 c I Ty T

ve Ay,

i I{ ()1 (t)
o (I1(t))?

:1,

Biavwe moezo, 0as K0oCH020 MaK020 PO38°A3KY Mmaromv micue npu t T w acumnmo-
muwhi 306pasicerms,

@1 (y(t)) = Li(t)[1+ o(1)], = [1+o(1)].

1. Evtukhov V., Chernikova A. Asymptotic of of Slowly Varying Solutions of Ordi-
nary Binomial Differential Equations of the SecondOrder with Rapidly Varyi-
ng Nonlinearity. — Journal of Mathematical Scieces. (2017) 2018. V.228, N 3.
pp. 207-225.

2. Yemnok O.0. Acumnrormani 306pazxkennsa npaBmwibHo 3minaux P?(Y0, Y1, 70)-
PO3B’s3KiB 1ndepeHIiaIbHOrO PiBHAHHS IPYTrOro NOPSAKY, sIKe MICTUTB H00y-
TOK pi3HOro THIy HeJsiHIMHOCTeH Bij HeBimomol dyHKIil Ta 1T noxizaol. Heii-

uitai komBanHus, 2022, 1. 25, Nel ISSN 1562-3076.
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IIpo cmiBopairio IT Cluster ”’Chernivtsi IT Community’” Tta IT
ocBiTH B perioHi

Binockypevrut Pycaan, Yepesxo leop, HIxiavriox Jmumpo

r.biloskurskyy@chnu.edu.ua, i.cherevko@chnu.edu.ua, dimonshk@gmail.com
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

B IT Cluster "Chernivtsi IT Community” BXosiTh NpeaCTABHUKHU MPOBiTHUX
IT kommaniit periony. OcnoBHa Mmera kKjacrepy — po3BuTok IT ramysi B perioni,
CTBOPEHHS BiIITOBiIHOT iHDPACTPYKTYPHU B MicTi, poOOTa HaJI CIIJIBHUMU ITPOEKTAMU
[1]-[4].

Ykpainceka [T-imaycTpiss OypxsimBo pO3BHBAIACh HAEPEIOAHI TOBHOMACIITA-
OHOro pOCIiICBKOrO BTOPTHEHH:A. [3 moYaTKOM aKTUBHUX OOMOBHUX it iHTEepec 1o
IT-imgycrpil B ykpaiunis He 3uuk. Ajpke monpu Bei ckiaguomy y 2022 pori obesar
€KCITOPTY KOMIT'IOTEPHUX IMOCIYT B YKpaiHi 3pic Ha 5,8% y nopisusauni 3 2021 po-
koM. IT-inmycrpis 3abe3neunsia BaJIIOTHI HAIXOMKEHHS 10 YKPAIHCHKOI €KOHOMIKU
B 06casi $7,35 mupa.

InHoBanil Ta TexHoJIOrT — caMe Te, Yoro norpebye ocsita croroaHi. CBiT myzKe 1u-
HaMIiYHO PO3BHUBAETHCS, i 3aBJAHHS CUCTEMH OCBITH — IIBHJIKO 3HAXOIUTH e(DEeKTUB-
Hi BiOBiNl HA BUKJUKU ChOrofeHHd. 1lim BIIMBOM HOBUX TEXHOJIOTIH, PO3BUTKY
MITYYHOr'O 1HTEJIEKTY i aBTOMAaTHU3aIlil TIEBHUX IIPOIIECIB JIesAKI POJIi ITPOCTO MOXKYThb
3HUKHYTH 200 TpaHcopMyBaTUCh. | 110 11boro Tpeba 6yTu rorosumu. I'T-ocsiTa He
TUIBKK 3/IIMCHIOBATAME TiITOTOBKY IOYATKIBI[IB — BXKE HasBHI CHEIaiCTH TAKOXK
MIOCTIHHO MIYKATAMYTh, SK HABYUTUCH YOI'OCH HOBOTO.

ITinroroska IT-daxisuis mae mounnarucs 3i mkoau. Opnak me 2021 pori mo-
ciipkenns 3a Meroposorieio PISA nokazanum mo y 6a30BuX 3HAHHAX i3 MATEMATUKA
BijicTaBaHHs YKpalH! BiJl po3BMHeHWX KpaiH ckiaanae 12%. A 3apas i nororis: no-
BITpsiHI TPUBOTH Ta OHJIANH-PEXKUM HE CIIPHUSIOTH MOJIIIIEHHIO HABYAHHS.

3a Takux 0OCTABUH MEPE]T CHCTEMOIO OCBITH 1 HAyKu Y KpalH! TOCTaJH 10Ci HeHa-
JeHi BUKJIUKU Ta 3arpo3H, sIKi, IOIPU aKTUBHI O0MOBI il it arpecito pd, BUMaramoTb
OIIEPATUBHOIO pearyBaHHsI HacaMIepes 3aisl 30epeKeHHsT KUTTsI BCIX yYaCHUKIB
OCBITHBOTO IIPOIIECY, Peai3aliil npaBa Ha OCBITY 3 OIVISIAY Ha OE3IEKOBY CUTYAIIO Ha
KOHKPEeTHi#l TepuTopil, 3abe3nevuenHss 6e31epepBHOCT] Ta PiBHOIO JOCTYILY JIO OCBi-
THIX IIOCJIyT BHYTPIIIHBO IIepEeMIIIeHnX JiTell i niTeil-0i>KeHIiB 3a KOPJIOHOM, OIiHIO-
BaHHsI OCBITHIX 1TOTPEOD.

IT Cluster "Chernivtsi I'T Community” mokiajae 3HaAYHUX 3yCUJIb [0 IOILYJIs-
puzaria I'T ramysi, nigummenns piBus I'T ociTu B perioni.

[IxinpHa ocsita:

- Mini Mynpuk

- Onnaitn akaemist

- VR workshop

- IT KickStart

- Iopras abitypienTa

- CriBrpalig 3 oJiiMIriagaMu

- CuiBupang 3 MAH

Buma ocsiras:

- Jlexnii "Find yourself in IT industry”
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- MikpocrazkyBaHHsi y KOMIaHisx Bukaamadis 3BO

- IT npakTuxa

- IT cuimankn

- Oprasnizarnis npoekTty "Big crymerTa m0 JIxyHa”

- Ceprudikarisi Buknamaais 3BO

- yanbHa ocBita

Croromni ykpalHchbkuii cekTop Hajiuye moHan 300 Tucsau creriasicris. Cepen
mux 38% mexyniopis i nume 14% — cembitopis. 3a UMM MapamMeTpaM#u MU CHJIBLHO
Bigcraemo Bif inmmx kpain (manpukaan, B [loaemi 46% cenpiiopis). Homy Tak cra-
socsa? JucbasiaHC CIPUYMHMIIA TEHJIEHIsI MUHYJINX POKIB, KOJU KOMIIAHII aKTHUBHO
HalfiMaJIu CTYIEHTIB Apyrux-Tperix Kypcis. Ilpore 6e3 dyHmaMeHTaIbHIX 6A30BUX
3HAHb — 3 aJIrOPUTMI3allil, IPUKJIaJHOl MATEMATUKH, apXITEeKTYPH, METOIIB OITHUMi-
3aIiil TOIIO — 3POCTATH JIO PiBHS CEHbIOD Jy2Ke CKJa HOo. Bunpasuru curyariio 3apa3
MOYKe HAIPSIMOK He(OPMAJIbHOI OCBITH, SIKWiI AaKTUBHO PO3BUBAETHCsI, 30KpeEMa 1 B
IT Cluster. IToeaunanus dopmaibHOl Ta HeDOPMAJIBLHOI OCBITH JI03BOJIUTH CTBOPUTH
OLTHMAJIbHY €KO-CHCTEMY, Jie JIIOJUHA 3MOKE€ OTPUMATH CHCTEMHI 3HAHHI Ta CTATH
SIKICHUM CIIEIIiaJIiCTOM.

1. https://www.it-cluster.cv.ua/
https://www.youtube.com/watch?v=HKuyxqxT7IA

https://acc.cv.ua/news/chernivtsi/chernivecka-it-industriya-robota-v-umovah-
viyni- 86757

4. https://c4.com.ua/novyny/trimayut-ekonomichnij-front-yak-pracyuyut-it-
kompanii-v chernivcyax/
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Mertoa mapHux piBHAHDb AJISI JOCJIIiIXKEHHS
HaNpy>KeHo-1e(POPMOBAHOIO CTAaHY IIMJIHAPA 3 TPIIIMHOO

Bobunes JImumpo

dmytrobobyliev@gmail.com
Kpusopizvkuil deporcasruti nedazozivHull yHisepcumem,

B po6ori [1] 6yB gociiakenuii ocecuMeTpuaHuil Hanpy»keHo-1ehOpMOBaHNUil CTaH
HECKIHYEHHOTO IUJIIHAPA, M0 MICTUTDH AUCKONOmiOHy Tpimuny. Biuna noBepxHs 1u-
JIiHJIpa BiJIbHA BiJlI HABaHTaXKEHHs, a JiepopMallisg CUMETPUYHA BiTHOCHO TIJIOIIMHU
TpimuHu. Po3risnemMo aHAJOTiYHAN aHTUCUMETPUYIHII BUIIA/I0K 1 3aCTOCYEMO METO/T
MapHUX PiBHAHD, MO0 PO3B’sA3aTH 3379y Ui OYIb-IKOINO HaBAHTAXKEHHSI, TKe JIi€
Ha MeXKY TPIill[UHU.

IloctanoBka 3amad4i. PosryissHeMo HeCKiHYeHHMI IPYKHWA UTHAP OJUHATHO-
ro paziycy p < 1,—00 < z < 00 ((p, ¢, x) —mmningpuani koopaunarn). Juckomnoi-
OHa TpinuHa pajiyca € HayiexkuTh wiomudi © = 0. Hanpy»xeno-nedopmoBanuit cran
muTiHApa Oy/1eMO BBAXKaTH aHTUCUMETPUIHUM BimHOocHO miomuan x = 0. OTxe, na-
Ha 33J1a9a MOXKe OyTu cOopMyIbOBaHa JJjIs HAIIBHECKiHYeHOTO Imitinapa x < 0 Ha
TOPIIi SIKOTO MTOCTABJIEHO 3MiIlIaHi yMOBHU:

0, =0, vu=0, gaxkmo z=0, e<p<l;
o =N(p), Tap=T(p); sxmo z=0, 0<p<e¢,
Jie U — TaHTeHIjajIbHe ePeMIIeHHS; O, Txp — CKIIA0BI TeH30py HapyKeHb; N (p), T'(p)
— HAIPY?KEHHA 3aJIaHi Ha MoBepxHi Tpimmau. Bynemo BBaxkarw, mo N(p) = 0.
Bukopucraemo yMOBH BiJICy THOCTI HAIIPY>KEHb HA A HIPUIHINA TOBEPXHI 1 pO3B’si-
30K Gymemo mykaru y surisai psaais (1),(2):

oo (p,x) =2G Y Apor(p)ePt?, (1)

u(p,x) =Y Arur(p)e’™ ™, Tup(p,x) = 2G Y Apmi(p)e™ . (2)
k k

ne Ay HeBinomi koedinienTu; py — kopHi piBaanHg [[Tudda.
Jluist po3B’st3aHHsI 33241 METO/IOM IIADHUX DIBHSIHB CXEMOIO [2], a came JOBU3HA-
4uMoO 3Mimani ymosu (3).

%pfe h(t) _dt <p<e, (3)

P2 22’
ITpoinTerpyemo mo KoHTYpy [2] orpumaemo sinpo (4) iHTerpaJbHOro piBHSIHHSI
JIJ1st O6YMCIeHHsT HAIIPYKeHb.

(p, &) = 2 [Js~ Ni(py) 1 (Ey)ydy—

oo oo T*(iy,p)T* (iy, 4
7% 0 Il(ll((yy))Il(Py)Il(fy)dey] *% 0 Wdy. (4)

He A(p) = (1 —v)p~2J7 (p)s(p).
OcTaToYHO IPUXOIMMO JI0 PEryJIsipHOro iHTerpajbHoro piBHsiHHS Ppesgroabma
apyroro poxy (5).

0, e<p<l,
> Arui(p) = Ule) =
k
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h(s) =[5 L(s,)h(t)dt + 2 f”“(fjl” THEZ0<s<e (5)

3 cuMerpudIHUM sipoM (6)

)= 2 57 [ a, s)ay, Oy +(1 - y) Lt gy (o)

TaxuM IMHOM, PO3B’SI30K HOCTABJIEHOI 3aJa4i BusHadaeThsa Gopmynamu (5), (6).

1. Sneddon I. N., Welch J. T. A note on the distribution of stress in a cylinder
containing a penny-shaped crack // Int. J. Engng Sci.. — 1963. — v. 1, Ne 4. —
C. 411-419.

2. Srivastav R. P. Dual relations involving Dini series // Proc. Roy. Soc. Edinb.
Ser. A. — 1964. — v. 66, part 3. — C. 161-172.
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Cabko30ypeHa JiiHiliHa KpaiioBa 3aJa4da JJisi CUCTEMU
JudepeHiaTbHIX PiBHAHB JPOOOBOTO MOPAIKY
Botiuyx Oaexcandp, Pepyx Bixmop
boichuk.aa@gmail.com, feruk.viktor@gmail.com

Inemumym mamemamuru HAH Yipainu

Posrisimaerbest cmabko3bypena JiHilHA KpaitoBa 3a1a9a JJIsi CUCTEMHU JTPOOOBUX
nudepennianbaux piBasHb y npocropi Cla,b], —co < a < b < 400

“Dgya(t) = Alt)z(t) + A (D (t) + f(2), (1)

la(-) = q+eJax(:), (2)

ne0 < a < 1,°D2, — niBocroponns noximuaa Kamyro, A(t), A1 (t) — (nxn)-Bumipsi
marpuni i f(¢) — n-BumipHHil BEKTOP, KOMIIOHEHTH SIKMX HaJiexkaTh npocropy Cla, b,

l:col(ll7 lo, ..., lp):C[a,b]%RpiJ:col(Jl, Jo, oo, Jp):Lg[a,b]H
R? — obmexxeHi JqiHiliHl BekTOpHI dyHKIjonamu, I, J, : Cla,b] = R, v = 1,p,
g=col(q, @, ..., ) €RP, e <<1- mMamii napamerp.

Hocaimxyerbes nuranus 6ibypkanil poss’sskis x € Cla,b] 3amaqi (1), (2) 3a
MIPUITYIIEHHs, 0 MOPOJKYIoda 3aja4a, ToOTO 3a1a9a

“Diya(t) = A)z(t) + f(1), 3)
lz(-) = q, (4)

HE Ma€ PO3B’A3KY.

BukopucroByodn meToau Teopil c1abko30ypeHux onepaTopHuX KpaioBuX 3a1a4
3 HETEPOBOIO JIIHINAHO0 YacTHHOIO [1] Ta BcraHoBIeHUiT y po6oTi [2] Kpurepiit po3s’s-
srocTi 335a4i (3), (4), 3Haii/leHO yMOBI BUHUKHEHHs! Ta CTPYKTYPY CiM’I PO3B’sI3KiB
kpaiiosol 3azadi (1), (2). OTpuMano HACTYNIHUIA PE3YJILTAT.

Teopema. Hezali nopodorcyroua das xkpatiosoi sadaui (1), (2) sadaua (3), (4) ne €
po3a’aznoto. Todl, AKUWO BUKOHYIOMbCA YMOBU

X(t)PQd2 #0, PBS F’Q;1 =0,

mo xpatiosa 3adaua (1), (2) 6yde mamu dz-napamempuuny cim’o po36’aA3Ki6 y 6u-
2as0i 36iocno020, npu docmamnbo marux Pixcosarur € € (0,e.], pady 3 cureyasp-
Hicmio 8 mouyi € = 0

z(t,e) = e xr(t). (5)

Tyr X(t) — dbysmamenranbia (n X n)-BUMIpHA MATPHUIS OAHOPIZHOI CHCTEMH
(3) (f = 0), croBuni sKOI yTBOPIOIOTH (PYHIAMEHTAIBHY CHCTEMY DO3B’S3KiB Iii€l
cucTeMH,

By = PQZI (JX(')PQd2 - WA Fy, [Al(')X(.)PQd2]>

— (d1 x d2)-BuMipHa MaTpHIL, Pgy — (d1 X d1)-BuMipHA MATpHILS, sIKA € IPOEKTO-
poM Ha Kosaapo Marpuni By, W = [®(-) — MaTpums, sKa CKIAIAEThC 13 p PAJKIB
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Ta HeCKIHYeHHOI KinbkocTi croBmuukis, @ = [X () — (p X n)-BuMipHa MaTpus,
Pq,, (Pox ) — (nxdz)((d1 Xp))-BuMipHa MATpPHIL, MO CKIAIAETHCA 13 TOBHOT cHCTe-
1

mu da(d1) niHIfHO He3ayIeXKHUX CTOBIYUKIB(psAKiB) Marpuri-upoexTopa Pg(Po+),

di = p —rank@, d2 = n — rank@,

bt b
A:p//@*(t)Km(t, $)B(s)dsdt, Flw(-)] = /@*(t)wm(t)dt,

(b(t) = (Lpl(t% @Q(t% .. ~§0i(t)7 cee ) »

{pi(t)}i21 — moBHa oproHOpMaJIbHa cucTeMa QyHKIiN B Laa, b],

mon 1 / w(s) Klts )
w (t)_l“(oe) /(t—s)lad8+za/ (5= 1) drds | ,

Als) m > i

Kn(t,s) = /K(t,ﬁ)Kmfl(g,s)dg, Ki(t,s) = (o) = 5=’ %0

YmoBa Ppg Pox = 0 € mocTaTHROIO yMOBOIO iCHYBaHHS d2-TIapaMeTPHIHOL CiM'T
1
po3B’s13KiB Kpaitosol 3ana4i (1), (2). dxmo ymosa Pp; PQ; = (0 He BUKOHYETHCH, TO
da-napamerpuanol cim’T poss’askis 3aga4i (1), (2) y Buryaai pamy (5) ue icaye, ame
BOHA MOXKe ICHyBaTH y BUIVIAI] psxy Tumy (5) 3a CTENEHsAME MAJIOrO IIapaMeTpa &
MouuHaYH i3 —2, —3, ...

1. Boichuk A.A., Samoilenko A.M. Generalized inverse operators and Fredholm
boundary-value problems. — Berlin: De Gruyter, second ed., 2016. — 298 p.

2. Boichuk O.A., Feruk V.A. Fredholm boundary-value problem for the system
of fractional differential equations // Nonlinear Dyn. — 2023. — Vol. 111. —
P. 7459-7468.

ABTopu AfAKYyIOTH 3a (DIHAHCOBY HIITPUMKY 3a paXyHOK IpoekTy “Maremarnane
MO/JIEJIIOBAHHS CKJIAJHUX JUHAMIYHUX CHCTEM Ta IPOIECiB aKTya bHUX /IS Oe3reKn
nepxxkau’, peecrparniinnit Homep 01230100853 ta rpanty H2020-MSCA-RISE-2019,
HoMmep npoekty 873071 (SOMPATY: Spectral Optimization: From Mathematics to
Physics and Advanced Technology).
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Monudikailis momeJti iHdeKIiifHOro 3aXBOPIOBAHHS JIJIs
ypaxyBaHHA qudy3ifiHuX 30ypeHb B yMoBax ajcopbiiiiiHol Teparmii

Bomba Andpit, Bapanoscoruii Cepeil

abomba@ukr.net, svbaranovsky@gmail.com
Hayionanrvrutl ynisepcumem 600H020 20cnodapcmea ma npupodoKopucmysaHHA,
Mm. Piene

EdekruBne 3acTocyBanus Ta mepcoHasizalis po3pobIOBaHUX IPOrpaM JiKyBa-
HHS iHPEeKNiffHIX 3aXBOPIOBAaHb 3yMOBJIIOE IIOTPE0y SKICHOTO IIPOIHO3YBaHHS IIPO-
TiKaHHS XBOPOOHW 3a YMOB 3aCTOCYBaHHSI PI3HOTO POJIy Tepamiil 3aeXKHO Bij iMyHO-
JIOrivHOrO crany opraizmy ta ¢gopmu i crazil 3axsoprosanusa. Onucani B [1] 6a3osa
MOJIeJIb 1H(EKIIHHOr0 3aXBOPIOBAHHS Ta MOJEJi IMyHHOI BiJIOBi/l 3a0€31€4YyI0Th
NIPOTHO3YBaHHS 3arajbHAX 3aKOHOMIPHOCTEH PO3BUTKY IIPOIECY BipyCHOTO 3aXBOPIO-
BaHHs 3 YPaxyBaHHSIM I'yMOPAaJbHOIO Ta KJITHHHOIO THIIB iMyHIiTeTy. Posmupents
M€K 3aCTOCYyBaHHS TaKOT'O PONY MOJieJIell Jjis ypaXyBaHHs BILUIMBY i iHIIUX MeXaHi-
3MiB 3aXUCTy OPTaHi3My, & TAKOXK 30BHIIHIX, B TOMY YHCJIi, KEPYIOUUX TEPAIEBTU-
YHUX YUHHHUKIB MMOTpedye po3poOKM BiANOBIAHMX 1X Mojmdikaliiili Ta y3araJbHEHb.
3okpema, B poGoTi [2] 3a11ponoHOBaHO MiAXi [UIsi ypaxyBaHHs BIUIUBY Judy3iiiHIX
30ypens aiounx (GakToOpiB Ha PO3ZBUTOK IIPOIECY Ta IOKA3AHO, IO YPaXyBaHHS I1HO-
ro edeKTy MPU3BOJUTH O 3HUKEHHS MPOTHO3HUX KOHIIEHTPAIIA [II0YNX IMHHUKIB
B EIIEHTPI 3apakeHHsl, a, OTXKe, 1 0 «FOCTPOTU» MPOTIKAHHS 3aXBOPIOBAHHS. A B
[3] Takwit mixxix yzarampreHo M ypaxyBaHHS BILTUBY Audy3iiHIX 30ypeHb B yMO-
BaX TEMIIEpaTypPHOI peakiil oprauizmy. ¥ po6ori [4] 3anpononoBano ysaraabHeHHs
6a30B0I MOJIeJIi JUIsl ypaxyBaHHs BIUIMBY 30BHINIHBLOIO €KOJIOIIYHOIO YMHHUKA, IO
OB’ st3aHUit 13 3a0pyAHEHHSM TOBKIJIIS.

fk 3acBiguye MeauyuHa MPAKTUKA TEPAeBTUIHHUN edeKT PI3HOro pojy JiKap-
CBbKHX IIpernapariB MOXKJIMBO IOCUJIUTH IPH 1X KOMIUIEKCHOMY 3aCTOCYBaHHI 3 aj-
copbOuitauMu MeTomamu. MexaHi3m mil aIcopOIiiHUX MIpenapaTiB Ma€ iCTOTHI BijI-
minaoCTi. 30KpeMa, aJcopbeHTH He PO3YUHSAIOTHCS 1 HE NOTPAIJIAIOTh Y KPOBOODITr,
BOHU He € cHerudivYHIMY 10 KOHKPETHUX TOKCHHIB 4 MeTaboJiTiB, a micis IX Ha-
KOIMYIEHHS 1 3B'sI3yBaHHs aJICOPOCHTH BUBOAATLCH i3 opraHiamy. 3B’si3yBajibHA [ist
TaKUX Ipenaparis (HAIPUKIIA, CHIIKAre/b, AaKTUBOBAHE BY /LI 91 HOPUCTI CMOJIN)
MoB’si3aHa 3 JMUQY3I€I0 PEYOBUHU ¥ MTOPU OKPEMUX AJICOPOIIITHUX eJIeMEHTIB.

OOMEXKMBININCH ypaxyBaHHsIM IPOIECY AJCOPOIl B Me30mMopax, JAWHAMIKY Ii-
0YMX YUHHUKIB BipycHOI iHdeKIil 3 ypaxyBaHHAM gudy3iiinnx 30ypeHb, 30cepe-
JPKEHUX BUIUIMBIB B yMOBaXx aJcopOIiiiiHOl Tepamil ONMCaHO TAKOI 3HEPO3MipEHOI0
CHUHTYJISIPHO-30yPEHOIO CHCTEMOIO HEJTIHIMHUX AudepeHItiaIbHIX PIBHSIHD 13 3aITi3He-
HHSIM T:

Vii=wv 4+ BV —AFV +eDy (V" oe + V" yy + V" 22) —
—6%Diy (W'l aq. s
W/t:52DW (W//aca: + Wﬂyy + W”zz) )
C'y=€&m)aF(t—1)V(t—7)—pu(C—C*+ (1)
+€2DC (C/lzz + C”yy + C//zz) 3
F'y =wr +pC — (g +mV)F +eDp (F" w0 + F"yy + F".2),
m/t = OV — Umm + €2Dm (m//zz + m”yy + m”zz)
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C(z,y,2,0) = C(z,y,2), m(z,y,2,0) =m"(z,y,2),
V(x,y,z,f):Vo(:c,y,z,f), F(x7y727£):Fo(x7y7za£)a 2
_TSES(L LQ|8C::0’ W(a:,y,z,a?,gj,iO):O, ( )

W(x7 Y, 2, jv g: 2, t)|a(;'*(z,y,z):’i : V(l‘, Y, z, t):

ne V(z,y,z,t), F(z,y,2,t), (z,9, 2,t), m(z,y, z,t) — BiAnOBiAHO KOHIEHTpAL|] aH-
TUTEHIB, crienndivHnX IM IMyHHIX areHTiB, IMyHOJIOTIYHUX KJITHH, sIKi TPOAYKYIOTb
i IMyHHI areHTH Ta 3HAYeHHS BiJITHOCHOI XapaKTEPUCTUKH yPaKeHHsI OpPraHy-MillleHi
B MOMEHT 4acy t y roui (z,y, z) Jesikoro 0OMe>KeHOIr0 Me30II0OPUCTOrO CepeIoBUIIA
G, W(z,y,z,%,7, 2,t) — KOHIEHATPAIIIl AHTUTEHIB B OIYKJINX OOIACTAX aICcOoPOIIHIX
YACTUHOK (XapaKTepHHUX OKOJIax TOUOoK (z,y,2)) [5]; k£ > 0 — koHCcTaHTa ajcopOiriii-
HOI piBHOBaru; 3 — TeMII PO3MHOXKEHHsSI aHTUIEHIB; Y — KOeMIIiE€HT, 10 BU3HAYAE
pe3y/bTaT B3a€MOJIil AHTUTEHIB 3 AHTUTIIAME; (Ilc — BEJMIUHA, OOEpHEHA TPUBAJIO-
CTi XKUATTHA TIA3MATHIHUX KJIITUH;¢ — KODIIIEHT CTUMYJIIOBAHHS IMyHHOI CUCTEMU;
C™ — KOHIIEHTpAIisl IMyHOJIOTIYHUX KJITHH y 3J0POBOMY OPTaHi3Mi; p — IMIBHJKICTb
BUPOOHMIITBA BJIACHUX AHTUTLI OJHICIO IJIA3MATUYHOIO KJIITHHOIO; [if — BEJIMYHUHA,
obepHeHa TPHUBAJIOCT] iCHyBaHHS aHTUTI; 1) — BUTPATU aHTUTLI Ha HefTpaJsizaliio
OJHOIO AHTUTEHY; 0 — TEMI yPaXeHHH KJITHH OpraHy-MilleHi; (i, — IIBHIKICTb
BitHOBIeH ST Oprany-Mimteni; e Dy, 62Dy, eDp, 2D, €2 Dy — koediuientu nudy-
31fiHOrO TIepepO3IIo/IiIy BiJIIOBI/IHO AHTUTEHIB B CEPEJOBUIIL OPraHi3My Ta B Me30-
[Opax YaCTHHOK aJCOPOEHTY, AHTHUTLI, IIa3MATHYHIX Ta ypaskKeHnx KiaiTul, 2 Djy,
— KOedIIeHT, MO XapaKTepu3y€e BIUINB AUQYIINHOTO MEePEepO3MOIiy AHTUTEHIB Y
MiKpoItopax YacTHHOK aJcopOeHTy Ha 1X Judy3ifiHnil 11epepos3no/iijii B CepeIOBUII
oprauiamy [5]; €, § — Maui mapamerpu, siki XapaKTepu3ylOTb Majuil BIIUB Judy-
3ifiHIX KOMIIOHGHT y HOpiBHsHHI 3 immmmu ckaamoBmmu mpomecy; C°(z), m°(z),
VO(x,t), FO(z,f) — obmesxeni nocrarnbo rmaaxi dyskii; I — onepaTop rpaHm<HIx
ymoB (I-ro, II-ro, au Ill-ro poxy); Q = (V,C,F,m). ®yuxuis {(m) upusHadeHa
JJIs1 ypaxyBaHHs eeKTy 3HMKeHHsI eDeKTUBHOCTI (DyHKI[IOHYBaHHS IMyHOJIOTiTHO-
ro Opragy Ipu HOro 3HaYHOMY ypaskeHHi, a byHKIl wyv (z,t), wr(x,t) — nus omnucy,
30KpeMa, 30Cepe/PKeHNX 3MiH KOHIEHTDAI#i aHTUreHIB Ta aHTUTLN [6).

[TokpokoBe HaOJMAKEHHST PO3B’SI3KY MOJEIBHOI CHHIYISAPHO 30ypeHol 3asiadi i3
3ani3HEeHHAM 3iCHIOETHCS MIJISIXOM 3aCTOCYBaHHS CIEI[iaJIbHOI 00YNCIIIOBAIBHOI Te-
XHOJIOTII, IO CHHTE30BaHa Ha OCHOBI IOKPOKOBOI IPOIEIAYPH, ACUMITOTHIHOIO Ta
YUCEIbHUX METOMIB.

Pesynbrarun KoM 'oTepHOTO MOJIETIOBAHHS LIIOCTPYIOTh €(DeKTUBHICTH 3aCTOCY-
BaHHS aJCOPOIiitHOT Tepamil [j1s JIIKyBaJIbHOTO BILIUBY HA PO3BUTOK 1HMEKIHITHOTO
3axBoproBaHHsA. [IpoieMOHCTPOBAHO, 1110 BBEJIEHHS B OPraHi3M aacopbeHTiB 3abe3rie-
qye JI0/JIaTKOBY HEUTpaJIi3alliio Ta BUBEJIEHHsI BipyCHUX €JIeMeHTIB 3 opraHizmy. Ta-
Ka sl MBUIIYE MPOTHO3HY e(PEKTUBHICTHh PI3HUX JIKYBAaJbHUX Tepariil, 30KpemMa,
iMyHOTeparii Ta cripuse OLIbIT MBUAKIN cTabimizarmil iHdeKIifHOro 3aXBOPIOBAHHS.
Takoxx mokaszamno, 1Mo e(eKTUBHICTH caMol aJICOpOIiiHOI Teparil, 3-ITOMiXK IHIIIOrO,
BU3HAYATUMETBCSI Il i 9acOM BBEJIEHHSI Bi/IMTOBIIHOTO Tpemapary. Y paxyBaHHsI Ta-
KX 0COOJIMBOCTEN BIUIMBY aICOPOEHTIB HA ANHAMIKY iHMEKIITHOrO 3aXBOPIOBAHHS €
JOCUTH BaXKJIMBUM ITPU PO3POOIII BiIIIOBIIHOT ITpOrpaMu 3aCTOCYBaHHS aJICOPOIIITHOT
Teparii.
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IlapaboJsiiuyHe piBHAHHA 3 BUNAJKOBUM 30ypPEHHSIM
Ta 3MiHHUM ITOKa3HMKOM HeJIiHilHOCTi

Byepit Oaez', Byepiii Hamanisa®, Jomancora Oaerat

oleh.buhrii@lnu.edu.ua, natalijia.v.buhrii@lpnu.ua,
olena.domanska@lnu.edu.ua
! Iveiecvruti nayionarvud yrieepcumem imens Isana Ppanxa,
2 Hayionanvnut yrisepcumem “/Iveiscoka nosimexnixa”

Hexait S — nisikoM perysisipHuil TOIOJIOTi9HAN IPOCTIP, F — ciM’sl MiIMHOXKUH S,
P : F — R - imosipuicaa mipa Pajnona, siki 3aJJ0BOJIbHSIOTH TPAJIUINNHI akciomu
imosipnicTHoro npocropy. Hexait n € N ta T' > 0 — geski ¢ikcoBani yucmia, €2 —
obmexkeHa obstacTh B R™ 3 mocuTh miajakow Mmexkero OS2,

QO’T =0 x (O,T)7 HOVT =0 x (O,T) X S.

HocnimkxyBaTrMeMo MillIaHy 3329y

n

ar ~ 2 (@ tue), + g(a,tu) = fat,w)+

3,j=1

+W7 (w,t,w) S HO,T, (1)
u=0 na 0Qx[0,T], (2)
u(z,0,w) =uo(z,w), zE€Q, weS, (3)

ne a;;(i,j =1,n), g, f,b,uo — mesiki dyukuil. Iloxizgai TyT posymitoThes B ceHcl y3a-
o . . . ab

rajgbHeHux (GYHKIH 3 BiMOBIIHUX TPOCTOPIB, IPUYOMY BHPA3 5, TPAKTYETbCH K

6ismit mym. Heiniftaicts DyHKIHT g 38 TpeThOIO 3MIHHOIO Ma€ 3MIHHUI CTeleHEBUi

XapakTep, 30kpemMa, mis (z,t) € Qo,r Ta & € R BUKOHYETLCs OIIHKA

90€]") < g(x,t,6)¢ < g°1€]9™,

1e 0 < go < g° < +o0. JloBenemo oano3Hauny po3s’a3uicTs minramnol 3azaui (1)-(3)
Ta BUMIpHICTB 11 pO3B’SI3Ky 3a mapaMeTpoM w € S, siKuii BBAYKAETHCS BUIIAIKOBOIO
3MinHow. OTpuMaHi BJIACTUBOCTI € NEPEHEeCEeHHsIM Ha BUIMAJIO0K NapaboJidHuX piB-
HsIHB 31 3MIHHMMU IIOKa3HMKaMU HeJiHIfHOCTI nesikux pesysbraris npani [1].

1. Coayla-Teran E.A., Ferreira J., Magalhaes P.M.D. Weak solutions for random
nonlinear parabolic equations of nonlocal type. Random Operators and Sto-
chastic Equations. 2008; 16: 213-222.
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CuHxpoHi3allis KaHaJIiB HA OCHOBiI MeTOny
rpadidHoOl OIiHKY Ta aHAJI3y HmporpamMm

Byunoscvruti Bikmop, Ilaciunux [aruna

pasichnyk.gs@gmail.com
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

ITixxim mo ympaiiHHsT Ha OCHOBI GizHec-mpoIeciB € e(peKTUBHUM IHCTPYMEHTOM
yIpaBIiHHSA CKIagHuMu cuctemamu. EdekTuBHiCTH X 6a3yeThbCs Ha 3aCTOCYBAHHL
Meperki B3a€MOIIOB’sI3aHUX Oi3HEC-TIPOIECiB, IO 30iJbIINY€E IIHHICTH pE3yJbTaTy, a
TakoXK Ha KepyBauHi nmporecamu. Maremarnananit anapar GERT (rpadivnoi oninkn
Ta aHaJi3y IPOrpaM) € OJHUM 3 IHCTPYMEHTIB JIOCJ/IJPKEHHsI CHCTEM DI3HUX BH/IIB
[1, 2].

Mozxmmsocti maremaruanoro anapary GERT-mepex 3HaxoquTh Mmupoke 3acTo-
CYBaHHsI B PI3HUX IMPUKJIAIHUX 3a/1a49aX: i1HPOPMAIiHHO-TeJIeKOMYHIKAIIHHIX CUCTEe-
MaX; CKJIaJIaHHI BUPOOHUYINX PO3KJIAIIB Ta PO3IOIiJI PecypciB; pecypCHO-IYaCOBOMY
aHaJii3i BUpoGHIUNX npomnecis tompo [3, 4, 5]. Bubip GERT-Mepex sik ocHOBH Jjist
PO3POOKH sIK OCHOBHU [IJIsI aHAJII3y BUPOOHUYUX IPOIECIB BUK/IMKAHA TUM, [0 BOHU
J03BOJIAIOTH BUKOPUCTOBYBaTH OAraTroKpaTHe iMiTaliiiHe MO/IeJIOBaHHSI BUPOOHUYINX
IIPOIIECIB, YaCOBI MapaMeTpH Ta iHII CTOXACTUYHI HapaMeTpH.

Mu posrisiaeMo SBPUCTUYHMAN AJTOPUTM IOKDPAIEHHST XapaKTEPUCTUK IIPOTO-
KoJIiB 1iepeiadi indopMmariil Ha OCHOBI BUSIBJIEHHS B HUX IIPUXOBAHOI [1apaJjieIbHOCTI,
3acrocoBytoun mozesb GERT. Bin mossirae B 3BeieHH] TOMIMOJATBHAX PO3IOIIIIB
J10 YHIMO/IAJIBHOT'O PO3IIO/IiJIy Ta YTOYHEHHI MOMEHTIB Yacy IOYaTKYy Iepejiadi make-
TiB 3a paxyHOK BHUSIBJICHHS 3allaciB 4acy Ilepefiadi 3 OJHOrO KiHIA B IHINWI CiTKH.
Peanizamniss anmapary GERT-citkoBoro Moze oBaHHs TO3BOJIIOE TMiABUIIATH edeK-
THUBHICTH Ta OOIPYHTYBATHU MPUAHATHICTD YIIPABIIHCHKAX PillleHb.

1. Pritsker, A. A. B. GERT: Graphical evaluation and review technique.
Memorandum RM-4973-NASA, 1966.

2. Phillips D., Garcia-Diaz A. Fundamentsls of Network analysis, Prentise — Hall,
1981.

3. Semenov S, Voloshyn D, Ahmed AN. Mathematical model of the implementati-
on process of flight task of unmanned aerial vehicle in the conditions of external
impact // International Journal of Advanced Trends in Computer Science and
Engineering. — 2019.— Vol. 8, Ne 1. — P. 7-13.

4. Barkalov S., Budkov O., Sidorenko Ye. Choice of Effective Organizational and
Technological Decisions under Reconstruction with Consideration for Ecological
Monitoring // Scientific Israel — Technological Advantages. — 2012. — Vol. 14,
Ne 2, 3. - P.21-29 .

5. Cemenosn C.I., I'aBpunenko C.1O., Xamide Kaccem GERT-mozmens mporaosysa-
HHsI T1apaMeTpiB QyHKI[IOHAJIBLHOI OE3MeKN TEXHIYHUX CUCTEMCUCTEMHU O0OPOOKH
indopmanii // Cucremu 06pobku indopmanii. — 2016. — Bum. 2 (139). — C. 50—
52.
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OauH KJjac BUPOJXKEHUX MapaboIiiYHUX CUCTEM
Bypmuax lean, Maruyvra [arnna

ivan.burtnyak@pnu.edu.ua
Ipurapnamcovkuti HayioHarvruth yrisepcumem imeni Bacuas Cmedanura

Mu [1oci1i/izKyeMO BAPOJIZKEH] TapaboJIitHi CHCTEMH, [0 MAIOTh TPU I'PyIU 3MiH-
HUX 3a SIKIMH € BUPOJI?KeHsI apaGoJiianocti [1].
4
Hexait n; € N,j = 1,4,n1 > n2 > ng > n4,y,n; = ng, * € R, z; €
=1
R", ¢ € R™, & € R0 <17 <t < T < 400, 3 = Tjt,.yTjn;, Tj =
Tjls s Tingas Tj = Tjlyees Tingyns Tj = Tjlyeeoy Tjnjog, 121, 7,&1) = |21 —
. T1—E 3
1 ’ N (T1—-&)(t—7) -5 [
51‘(t - T) 2, p2(t7x1,7',§1) - ‘mQ - 62 + 2 |(t - T) 2, T = (xlva)a

5 /

To—& —T T —: —T 2 -2 = =
pa(t, 7,60 = |y — & + T2=D) | =C0UoD) (4 1) =5 o7 = (31, T2, w3),
T T T )2 T T _T
p4(t I1,7'fm):‘l’3—§4+(3 53)(t )+(2 52)(t ) +( 1— 5112)ét )3 |(t—7’) 3,
p(t,,7,6) = Z p3.
j=1

Mu posrismaemo 3amaay Kormi:

Oru(t, ) Zx] i1 U(t, ) Z Ak(t7:c)D’;1u(t7:c), (1)
Ikl<2
u(t, ) li=r = 0(2). 2)

Bukonyrorbca ymoBu:
Dow(t,r) = > Ax(t,z)DE u(t, )-pisnomipro mapaGomiuna cucrema, (t,z) €
k<2
Oy, ={(t,z),z € R",0 <7 <t < T}, (21,2, x3)- mapameTpu.
1) Ax(t, ), DE, A(t,2),1 < D < 2b, nenepepsi i obmexxeni B Ijo 1), 32,10B0715-
HSIIOTH YMOBY I’em;;:gepa m z,0 < a < 1.
III) Z Ag(t,2)ot = Z Yi(t, x)ot Ag, Ao - crama marpuns, v (t, T)ot- ommo-
k=
PiZHI MHOTOYJIEHHU TIO 07 .

Teopema. Hezai suxonyromuvca ymosu I-I1I modi icnye mampuys I'pina G(t, z, T, )
3adai (1)-(2), icnye mampuys I'pina G*(t,x,7,§) cnpastcenoi cucmemu do (1) 3a

Jlazparotcom. Jaa norioHUT NPasusbHi OUTHKY
. (2i—1)n +|m|

-
1D Gt @, 7,8)| < C(t=7) 7= exp{—cop®(t,z,7,€)}, Cm > 0,|m| <

2,

B i (2_j—1)n,j+m;1
100, G(t, 2, 7,6)| < Cu(t —7) 7= " exp{—cop®(t,a, 7 )}, Cr > 0,1 =
2,4

1. Burtnyak I.V., Malyts’ka H.P. On the Fundamental Solution of the Cauchy
Problem for Kolmogorov Systems of the Second Order. Ukr. Math. J. 2019, 70
, 1275-1287. doi:10.1007/s11253-018-1568-y
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MeTtoauuni 0cobJIMBOCTI BUKOPUCTAaHHsI iHTEPAKTUBHUX METOJIIB
Ipu MPOBE/IeHH] YPOKiB Ta OIfiHIOBaHHI 3HaHb yYHIB 3 MaTeMaTUKU
B crapiuiii mkosai 33CO

Benepun IOain, Bodnapyx Cseimaana

venhryn.yuliia@chnu.edu.ua, s.bodnaruk@chnu.edu.ua
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

Y cyuacHOMY OCBITHBOMY KOHTEKCTI, JIe aKTUBHO 3POCTAE 3HAYECHHSI BUKOPUCTA~
HH¢ 1HHOBAIIMHMAX Mi/IXOJIB y HaBYaHHI, IHTEPAKTUBHI METOJM CTAIOTh KJIIOYOBUM
(HAKTOPOM y JIOCSITHEHHI SIKICHOTO Ta, IJIECIPSIMOBAHOTO HABYAHHST MATEMATHUKH.
MaremaTuka, sik pyHIaMEHTATbHA AUCIUILIIHA, BUMATAE HE JIUIIE MEXaHIIHOTO 3a-
CBO€HHA (DOPMYJ Ta NPAaBUJ, aje I IIMOOKOro PO3yMiHHS KOHIIENINH Ta IXHBOTO
MPAKTUYHOIO 3aCTOCYBAHHS y PealbHOMY YKUTTI.

InTepakTuBHI MeTOMM, TaKi K BHKOPHUCTAHHSI TOJIOBOJIOMOK, TPYIIOBOI POOOTH,
irop, B3aeMOJist 3 MyJIbTUMEIIHHUMU 3acO0aMU, CIIJIbHE MOJIETIOBAHHS CHUTYAIIiH,
JIO3BOJISIIOTH 3aJIyYUTH YYHIB JI0 aKTUBHOI Mi3HABAJIBHOI JIisIIBHOCT1, PO3BUBATH KPHU-
TUYIHE MUCJEHHsI, KOMYHIKATABHI HABHYKHU Ta CIPUSAIOTH iIXHBOMY 3aHYPEHHIO B Ma-
TemaTudHui cBiT. 11i MeTO U CrIpUSIOTH TAINOIIIOMY PO3YyMIHHIO MaTepiaJry, OCKIIbKU
BOHM CTHUMYJIIOIOTH YYHIB JIOC/III2KYBATH, AHAII3YBATH Ta MOSCHIOBATH KOHIIEMIIIT
onuH omHoMy. KpiMm Toro, iHTepakTWBHI MeTOIM HABYAHHSI MATEMATHKHA HABYAIOTD
YUHIB CHiBIPAIIOBATH, OOMIHIOBATUCS 1JIeSIMUA Ta PO3B’sI3yBAaTH 3aBJAaHHs B KOMAH/II,
110 BIJNOBIAE CydacHUM BEMOTaM JO COLjajIbHUX KOMIeTeHIH. [1]

Posriisinemo mpukiias 3acTOCyBaHHS iHTEPAKTHBHOTO METOY HA yPOI aaredbpu
y 10 kiaci 3 remu "Tpuronomerpuyni piBHsHHs":

CTBOpEHHSI TPUTOHOMETPUYHUX "TOJIOBOJIOMOK-3ara oK " BiI0yBaETbCsT 38, HACTY-
ITHOIO CXEMOIO.

1. ITligroroBka. Buurenap miaroTroB/oe KijgbKa TPUNOHOMETPUYHHUX PIBHSAHBL Pi-
3HUX TUIIB, siKi MTOTPiGHO Gyme po3B’sa3aTu. it KOXKHOTO PIBHSIHHSI BUMTEb TAKOXK
rOTYy€ 3arajiKy, siKa MiCTUTh HiJKA3Ky II0A0 TPABHUIBHOTO IMiIXOLY [0 PO3B’ SI3aHHS.

2. CTBOpEHHSI rOJIOBOJIOMOK-3arajioK. Bunresib po3ijise TpUroHoMeTpuYHi pis-
HAHHA Ha OKpeMmi kpoku. Hanpwkman, mua pisasuansa tumy sin(r) = 0.5, neprmit
KpOK Moxke 6yTu 3aragkoro "3SHaliu KyT, y sIKOro cuHyc gopisuioe 0.5".

3. Posmoginn 3aBianb. Y4UHI po3NOIISIOTHCS Ha napu abo HeBesuki rpynu. Ko-
2KHA [Tapa OTPUMYE OJIHE TPUTOHOMETPUYHE PIBHAHHS Ta BiIIOBITHY 3araJIKy-I1iJKa3Ky.

4. Po3p’sa3anus piBHSAHD Y UHI MAIOTh 3aBIAHHS PO3B’SI3aTH CBOE TPUTOHOMETPHU-
4He PIBHAHHS, BUKOPHCTOBYIOYHM Hi/IKa3Ky 31 CBOE1 3araJiku.

5. IIpesenTarisa pesyabraris. Koxkna napa rnpejcrasiise CBOE BUPIIIEHe PIBHIHHS
Ta PO3’dCHIOE, K caMe OyJI0 BUKOPUCTAHO MiAKA3KYy MJIsI 3HAXOMKEHHS PO3B’SI3KY.

6. O6roBopenHsi. Bunresib Ta iHII yYHI MOXKYTb KOMEHTYBATH DPillleHHsI, TIOPiB-
HIOBATH IXOIU Ta JIJIUTUCSH BPAXKEHHSIMU.

7. llinBenenus miacymkis. Buntenb pobuTh BUCHOBKY PO Te, sIKi METOIU Ta Mif-
xomu Oyu HaibiabI e(DeKTUBHUMU JJIsi PO3B’I3aHHS TPUTOHOMETPUYIHUX PIBHAHb.

[eit MeTo cripusie aKTUBHOMY Ta I[IKABOMY HABYAHHIO TPUTOHOMETPUIHUX PiB-
HSIHb, CTUMYJIIOE€ TBOPYUMA MiJIXiT 10 PO3B’I3aHHS Ta CIPHUSE INIUOIIOMY PO3YMiHHIO
MaTrepiaJy.

Ha ypori anrebpu y 10 kitaci mix gac Busuensst remu "lloxinna dyHrmil" MmoxkHA
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BUKOPHUCTATU IHTEPAKTUBHUI MeTo - posiboBa rpa: "Iudepennianbui gerekrusu".
VYuni po3nozninaorsca Ha rpynu. KoxkHa rpyna orpuMye KapTKy 3 iMeHeM JeTeKTH-
Ba Ta CIIICOK 3aBJIaHb, sIKi BOHM MTOBMHHI po3B’sizaTn. KoxkHa rpyma oTpuMye Crimcok
byHKUil, 1 gakux Tpeba 3HANTH HOXiAHY. 3aBIaHHS MOXKYTb OyTH Pi3HODIBHEBH-
MH, BiJ TpocTuX 110 Oinbin ckiaa auX. Hanpukiasm, 3HaiTH TOXigHY BiT mQ, sinx, ©,
Inz, % TOIIIO.

Koxxna rpymna rorye KOpOTKY IIPE3€HTallilo, B SKiff BOHH JEMOHCTPYIOTH CBOL
pe3yabTaTu. B pe3eHTAallil MOYKHA TOKA3aTH, SIK BOHU 3HANIILIN MOXiAHI Ta sSKi mpa-
KTUYHI 3aCTOCYBAHHS € JJIs IUX MOXiMHUX (Hanpukia, B dbiszuii, ekonoMmini, imxene-
pii). ITicsist npe3eHTALiil BUATENb MOXKE CTABUTH JIOAATKOBI IINTAHHS T4 KOMEHTYBATH
PO3B’SA3KH.

Il potboBa rpa momoMarae yuHsIM 3aCTOCOBYBATH 3HAHHSI [IPO MOXimAHI PyHKIIiH
Ha MPAKTHI[ Ta PO3BUBAE IX KOMYHIKATHBHI HABUYKH.

[Tix gac BuBueHHs Temu "3HaueHHSI CHHYyCa, KOCUHYCA, TAHT'€HCA Ta KOTAHTEHCA
s neskux KyTiB"y 10 kuraci, eram 3akpinjieHHsI BUBYEHOIO Ha YPOI IPOIIOHYE-
MO IIPOBECTH 3a Jroromoroo Meroay "Mikpodon". YaHsM NPOIOHYETHCS 3aII0BHUTH
TabJIUITIO 3HAYEHh TPUTOHOMETPUIHUX (DYHKIUHN JUTIsT JeTKIX KOHKPETHUX KyTiB, Ha-
npukmaz, 30°, 45°, 60°, 90°.

OrKe, BUKOPUCTAHHS IHTEPAKTUBHIX METO/IB HABYAHHS MATEMATUKN BiIIKPUBAE
HOBI MOKJIMBOCTI JIJISI CTBOPEHHSI MO3UTHUBHOTO Ta PE3YJIbTATUBHOI'O HABYAJIHLHOTO
CEepeIOBUINA, SKE CIIPUS€E AKICHOMY 3aCBOEHHIO MaTepiaJly Ta HiJrOTOBI YYHIB /10
BUKJIUKIB Cy9YaCHOCTI.

1. Buxopucranusa inrepakTtuBHux Gopm i wmeromiB maBuamas. URL:
http://surl.li/gwetz.
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IlapanenbHa peaJizailis CKiIH4YeHHO-€JIEMEHTHOI almpoOKCUMAIIil
KpaiioBol 3azaui qiust FADE

Bepbiuvkuii Bikmop, Maxcumos Apmyp, Yepromopeus Bepowira

v.verbitskyi@onu.edu.ua, a.maximov@onu.edu.ua,
veronika.chernomorets@stud.onu.edu.ua
Odecvrutl nayionasvrutl yrwisepcumem iment 1.1. Mewnuxosa

Hexait @ = (0,1),0< 8 <1, a=(2—-)/2, HF(Q) — upocrip Cobonesa. s
1100y 10BU CKIHYE€HHO-€JIEMEHTHOIO PO3B’ 513Ky 3] KpaitoBoi 3aiadi 1yist cTanioHapHOro
npobosoro pisaanHg agsekii-gucnepcii (FADE — Fractional Advection Dispersion
Equation) MaeM0 pO3IVIsHyTH HACTYIHy Bapiamiiiny samaay[l]. dus f € L*(Q) sna-
itti Take u € HE (), mo

/ a (pDO_ﬁ + qD;f) DuDv + b(z)Duv + c(z)uvdr = / fvdz Vv e HG(Q),
Q Q

ne D — npocroposa noxinua, Dy 5 y» Dy, ? — JIIBOCTOPOHHI Ta MPaBOCTOPOHHIH JIpo-
GoBwuit iHTerpas, BianosinHo, mopsaka B, 0 < p,g<lrtap+q=1.

JlJ1s1 BUBHAYEHHST €JIEMEHTIB MATPUIIl CKIHUEHHO-eJIEMEHTHO]I arpokcuMariii[3] kpa-
HoBol 3aa4i Tpeba obuuncaoBaTH IPobOBi iHTErpan DO_,gDSDj (z), D;ﬁDgoj (z) B pi-
3HUX TOYKaX HpoMixkKy Q. TyT ¢;(x) — 6a3ucHa GyHKIIA CKIHIEHHO-€JIEMEHTHOIO
npocropy, (zj—1,x;) C Q — mociit bynkmil ¢;(x). 3ayBakumo, mo D(IfDQOj(l’) #0
st ¢ > xj—1. AHasioriuHi 3ayBakKeHHsI MAIOTh MicCIle JIsi IIPABOCTOPOHHBOIO iH-
Terpany Dy f Dyj(x). Takum wuHOM, IpH NOOYIOBI MATPUIY CKIHUEHHO-EJIEMEHTHOL
aIpoOKCUMAaIlil 3HaYHA YaCTHHA OOUYUCTIOBAILHOI POOOTH MPUXOIUTHLCSA Ha OOIUCIICH-
Hsl IpOOOBUX IHTErpaJiiB y Pi3HUX TOUKAX NPOMIKKY 2. 3 iHmIoro 60Ky, o6uncieHHs
npobGosoro inTerpany Dy P Dy;(x) B pisnix TOUKAX MOYKHA IPOBOIUTH NAPAJIENHHO,
sHatoun 3HadeHHst Do;(x) B By3iax Jesikol ciTku npomizkka (z;-1,x;)[2].

Hamu 3ampomnonoBaHO mapaJiesibHUN aJropuTM OOYNC/IEHHS €JIEMEHTIB MaTpH-
i CKiHYEHHO-eJIEMEHTOI alpOKCHUMAaIlil, OCHOBOIO SIKOI'O € TapaJjiejibHe O0YMC/IeHHST
IpOoOOBUX IHTErPAJIIB.

1. Ervin V. J., Roop J. P. Variational formulation for the stationary fractional
advection dispersion equation // Numerical methods for partial differential
equations. — 2005. — Vol. 22. — Is. 3. — P. 558-578.

2. Li Ch., Zeng F. Numerical methods for fractional calculus. — CRC Press, 2015.
~ 294 p.

3. Szabd B., Babuska I. Finite element analysis. Method, verification and validati-
on. Second ed. — John Wiley & Sons, Inc., 2021. — 387 p.
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Orminka edekruBHocti SIRV mozesi ajis mociigzKenus emigemii B
koHTekcTti mangemii COVID-19 y PiBaencobkKiit obsacri

Taspusavuuk Jleowid

leonid.havrylchyk@oa.edu.ua
Hauvionanrvrut ynisepcumem “Ocmposvka axademisn”

ITocranoBka npobsemu. bazosa monens SIR, 3acHoBana Ha Teopil Kepmaxka-
MakKengpuka, € KJIIOYOBUM IHCTPYMEHTOM IS aHAJI3Y PO3MOBCIOMKEHHs iH]e-
KIiiHIX xBopo6. Ii Momudikaris, monens SIRV, 0cobanBo akTyaslbHa IJIsi BUBYE-
HHs BIWBY BakruHamil Ha auaamiky COVID-19. Jlocmimxkennsi curyamii B Pis-
HEHCBKIl 06J1aCTi JIOMTOMOYXKE BUSBUTH B3a€MO3B SI3KU MiXK (paKTOpaMu IMOITAPEHHST
Bipycy Ta epeKTHUBHICTIO BaKIIMHAIIHHUX 3aXO0/IiB, MAIOYH 3HAUYIIE HAYKOBE Ta IIpa-
KTUYHE 3HAYEHHSI.

Amwnanis ocranHix gociigzkens. Bueni sk M. O. Oke, O. M. Oryuawminopo, Y. T.
AxinBymi Ta P. A. Pajpki [2] spobunn 3naunmii Briaas y onruMizaniro SIRV momxesi
Ta BUBYEHHs BILIUBY BakmiumHaiil. Ocobsmso ciif Bimzaauntu pobory M. IcikaBm
[1]. B Vkpaiui guaamiky saxsoproBanocti na COVID-19 susyamm A. Hixirig, I.
Cawmoiiienko, 1. Hectepyk, a TakoxK y paMKaxX CIIBIpali 3 JUTOBCBKUME yYEHUMU
— €. Meiinyre-Kasassiyckere ta C. Bekeciene ([3], [4])

ITocranoBka 3aBAaHHsI. MeToO JOCIIIIXKEHHs € aHAJI3 eligeMiooriyHol cu-
ryanil mono COVID-19 B Ykpaiui, BpaxoBylo4u rnapaMeTrpu CMEPTHOCTI, rocriTaJii-
3anil Ta epeKTUBHICTD BakiuHallil. OCHOBHUM 3aBIaHHSIM € BUBYEHHS €(DEKTUBHOCTI
SIRV mogeni mist nepeadbadenns nepebiry masaeMil.

OcuoBHaa uyactuna. [lobyaysasmu SIRV mozesns:

N = S(t) + I(t) + R(t) + V(t) (1)
% + % + % n %‘: =0 (2)
W s ®)

% = BS()I(t) —~I(t) (4)
L i) )

% = uS(t) = V(1) (6)

nme N - me 3araiabHa KiTbKICTh HACEJEHHS, SKe MPUHMAETLCS 3a KOHCTAaHTYy; S(t) -
cupuitnsinBe Hacesenns; I (t) - indikoane nacenenns; R(t) -
"Buiryuene"HaceseHHs; V () - BAKIIMHOBaHE HACEJIEHHST; 3 - OCTiHA IIBUAKICTD
nepesiadi 3aXBOPIOBAHHS; Y - MIBUJKICTD OJIY2KAHHS; V - IIBUJKICTb BAKIIMHAIIT
CIIPUIHSATINBOIO HACEJIEHHSI.
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Ta MTPOAHAJI3YBAaBIIHY 11 PE3YIbTATH IIJIAXOM MOPIBHAHHS 1X 3 ICTOPUYHUMU JIAHU-
MH, siKi 6epyTh cBiif mouaTok Bix 27 Gepe3ns 2020 poky. Mu 3moxkemo BigHaINTH,
mro mik emigemil BinOyscst y ciumi 2021 poky, micist 90oro 3axBOPIOBaHICTb MOYAJIA
3HUKYBATHCs. AJie, IOPIBHIOIOYN IaHi MOZeI 3 ICTOPUYIHIMY TOKA3HUKAMU, MOYKHA
noMmiTuTH 3Ha4HI Biaxuaenus. Hespaxkaroun Ha crporenicts momesti SIRV, peansua
curyarist B Ykpaiui Oysa inakmoro. Jani BigminnocTi MoXKyTh OyTH 3yMOBJIEHI psi-
oM aKTOPiB: Mirpariiifai mporecu, ypsiJioBi pillieHHsI, & TAKOXK IT0siBa HOBUX IIITaMIB
Bipycy. Mozmens BimoOparkae peasbHICTh HANOIIBINT TOYHO HA KOPOTKWII MEpioj da-
cy. llpore, mpu aHasmi3i JOBroCTPOKOBUX JIAHUX, OCOOJIMBO CTOCOBHO BAKITMHOBAHOTO
HaceJIeHHs Ta "BUIIydYeHOro'"HacesIeHHsl, BIXMJIEHHSI CTAIOTh 3HATHVM.

BucnoBku. SIRV Mmozeinnb go3sossie agekBaTHO orrcaru nepedir emaemii COVID-
19 y 2020-2021 pokax, mpoTe MiCTUTH ME€BHI HMOXUOKU, 30KpeMa HE BPAXOBYIOTHCS
IIOBTOPHI 3apasKeHHs.

1. Ishikawa. (2012). Optimal Strategies for Vaccination using the Stochastic SI-
RV Model. Shisutemu Seigyo JoHo Gakkai Ronbunshi, 25(12), 343-348. URL:
https://doi.org/10.5687 /iscie.25.343

2. Oke, M. O., Ogunmiloro, O. M., Akinwumi, C. T., and Raji, R. (2019).
Mathematical Modeling and Stability Analysis of a SIRV Epidemic Model with
Non-linear Force of Infection and Treatment. Communications in Mathematics
and Applications, 10(4). URL: https://doi.org/10.26713/cma.v10i4.1172

3. Bekesiene, S., Samoilenko, I., Nikitin, A., and Meidute-Kavaliauskiene, I. (2022,
February 9). The Complex Systems for Conflict Interaction Modelling to Descri-
be a Non-Trivial Epidemiological Situation. Mathematics, 10(4), 537. URL:
https://doi.org/10.3390 /math10040537

4. Nesteruk, I., Rodionov, O., Nikitin, A., and Walczak, S. (2022, April 22).
Influences of seasonal and demographic factors on the COVID-19 pandemic

dynamics. EAI Endorsed Transactions on Bioengineering and Bioinformatics,
1(4), 172364. URL: https://doi.org/10.4108/eai.8-12-2021.172364
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BiraminbToHOBa CTPpYKTypa pallioHaJIbHO-(PaAKTOPU30BAHUX
norokiB Jlakca, oB’a3aHnx 3 anaredporo JIi npoboBmx
inTerpo-audepeHiagbHUX OMepaTopin

Tenwmow Oxcana’, Ipuxapnamcoruil Anamonit

ohen@ua.fm, pryk.anat@cybergal.com
! Incmumym npuxaadnuz npobrem MeTamiky i MAMEMAMUKY
im. A.C. ITidempueava HAH Yxpainu
! Kpaxiscorkuti ynisepcumem mexnono2it

Ha cupsizkernomy npocropi A}, no anrebpu JIi A, := Ao{{D*, D™*}} npoGoeux
iHTErpO-IndepPEeHIaAIBPHAX OMEPATOPIB y BUTILI] aq 1= Zj ez, @° DePa=) ¢ A,
ne aj € Ao, j € Zy, pa € Zi — MOPSIIOK OlEpaTOpa aq, Ag 1= A{{D,D"'}} -
airebpa JIi 3Buuaitaux inTerpo-mumdepeniaTbHIX OMEPATOPIB, €JIeMEHTAME SKOI €
dopmasibHi pstau Jlopana 3a onepaTopoM mpocToposol moxiguoi D : A — A 3 koedi-
nienTamu, mo HasexkaTh aarebpi dyukniit A := Ws° (R; C)NWE (R;C), DY : A — A
— omepaTop Apobosoi moxixmol Pimama-Jliysimnsa, o € C* := {z € C\ Z| Rez # 0},
BIJIHOCHO CKAJISIPHOTO JIO0YTKY

(aa,ba) = / resp (respe ((aa ©ba) 0 D”™%))dz, aa,ba € Aq, (1)
R

e respe nosHadae koedinient npu D~ % y po3BuHEHHI APOGOBOrO iHTErpo-mude-
PEHIIAILHOrO omeparopa, resp — Koedimnienr npu D! y possumenni 3smdaitnoro
iHTerpo-audepeHniaJbHOrO OIIepaTOPa, PO3IVISIAECTHCS IIapa I'aMiJIbTOHOBHX IIOTO-
KiB Jlakca

dlo/dtn = [(Vyn(la))+, lal, (2)

dlo/dtn = [(Vn(la))+, la]. (3)

TyT cumBos V nosHavae rpaiieHT riaaxoro 3a Opere dbyHKionasa Ha A}, BIIHOCHO
ckasistpHoro no6yTky (1), HeekHii ingekc "+" — mpoekiio 1po6oBoro iHTErpo-au-
depenmianbaoro oneparopa Ha miganre6py Ji Aq,+ C A, dopmanbHEX IONTIHOMIB
3a omepatopoM D% A, = Aa 4+ & Ay —, tn, n € N, — eBoumtoniitai napamerpu, a
la,la € A ~ Ay — poBoBi iHTErpo-IudepeHIiaIbHI OepaTOpH TOPSIKY Ma € N,
gaKi urst Oyap-sikoro n € N y [o4aTKOBHIT MOMEHT 4Yacy IIOB’si3aHi II€PEeTBOPEHHSIM
HOMIOHOCTI: R
la(0) = B. " (0)la(0) Ba(0),

B, (0) — nesikuit npo6Gosuii nudepeHnianbHuii oepaTop HOpsAAKY Sa € N, so < M,
KOeIIieHTH SKOTO He 3ajeXKaTh Bif t,, n € N.

VY koxHiit Touni lo € A}, ~ A, noroku (2) mOpoKy0ThC R-1ePOPMOBAHOIO
nyxkoto Jli-Ilyaccona {.,.}r:

{v, 1= (la) = (Vy(la), ©:Vu(la)),

ne v, i € D(AY) — rmanki 3a @pente dynknionaau na A}, oneparop Ilyaccona O :
T*(A}) — T(AY) nie 3a npasuiom 01 : Vy(la) = —[la, (Vy(la)) =]+ [la, VY(la)]<0
g 6yap-sikoro v € D(AL), T(AL), T*(A}) — moruaamii Ta KOMOTWIHMI IPOCTOPH
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no A}, ingexkc "—" mosHadae MpOEKLio APOOOBOro iHTErpo-audepeHIiaabLHOr0 Ole-

paTopa Ha miganarebpy JIi A, —, ingexc "< 0" — mpoexkiio Ha miganrebpy JIi Aq,— o

Mo f]R resp (I‘eSDo l((l’ﬂ-ﬁ-ma)/ma o

n+me

D® C A,, Ta imBapiantamu Kazumupa vy, (lo) =
D™ %)dz, n € Zy.

Jljist srajannx Buiie oneparopiB la,lo € A}, mopsaky m. € N Bcramosieno
icHyBaHHS JpobOBUX gudepeHniajabHuX onepaTopiB Aq, Bo € Ay, HOPAIKIB 1o =
Me + So 1 So BIAMOBIAHO, TAKUX IO

la = AaBL", .= B;'A.. (4)

Takoxk mokaszano, 1o oneparopu Aq, Ba € Ay  330BOJBHAIOTH CUCTEMH €BOJIIO-
HIHUX PIBHAHBb y BUTJISI:

dAa /dty = (Aa(Vn(la)) =)+ — (V3 (la))-Aa)+,
dBo/dty = (Ba(VAn(la) =)+ — (Viu(a))-Ba)s, neN.  (5)

Pisnocti (4) 3amators nepersopeHHst BekiyHa

P (Aa,Ba) € Aa X Aa = (o la) € AL ® AL (6)

Teopema. Jlas xootcrnozo n € N cucmema esonroyitinur pishans (5), sadana Ha
nionpocmopt Aq,+ X Aa,+ C Ay X Ay, € bizcaminvmonosoto sidnocro dyorcox Ilyac-
cona {.,.}c, i {., . }co, Wo surukaromv 6 pesyavmamsi pedykysanna na Aq + X Aq 4
dyorcow Iyaccona {.,.}z, i {.,.}z, 3 6idnosionumu onepamopamu ITyaccona Ly =
(P10, @ 61)(P™)™t i Lo = (P)"H(O2® O2)(P*), de onepamop Iyaccona
Oy : T*(A}) — T(A}), acouitiosanuts 3 dyorckoro [yaccona {.,.}rr, die 3a npasu-
aom Oz 2 Vy(la) = —[la, (Vy(la) + Vy(la)l) -] 4+ [la, Vy(la)] <0 + [las VY (la)] <0l
0as 6ydv-axozo v € D(AY), ©1,02 — onepamopu ITyaccona, aki nopodsicyromo dyotc-
wu ITyaccona {., }r i {., . }rr y mowuil € AL, P : T* (AL ®AL) = T (Ao X Ay) —
enpasicenuti onepamop do noxidnoi @pewe P’ : T(Aqy x Ay) — T(ALBAY) nepemso-
perna Bexaynda (6), (P™)™! — obeprenuti do 1020 onepamop, ma 2amisemoniaic

Hy € D(Aat+ X Aa,y) @ 3Hn1 € D(Aa,+ X A1) 6idnosiono, de

Ho(Aa; Ba) == lla)ly, _ s, p=t + el _p=1a,, 71 E Ly
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IleperBopennus Abens—Ilyaccona dopmasnbHux psaaiB Epmira ta
loro BJIACTUBOCTI

Topodeyvruti Bacuav, Mapmumniox Cepeit

v.gorodetskiy@chnu.edu.ua, s.martyniuk@chnu.edu.ua
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

ITpu mocmimkenni 6araTbox 3a7ad aHAJI3y Ta MATEMATUYHOI (DI3MKU BUKOPU-
CTOBYIOTHCSI (DYHKIIOHAJIBHI psifiv, MOOY/IOBaHI 3a OPTOHOPMOBAHUMHU CHUCTEMAMK
dyHKIiit y pizHEX TiabbepTOBHX HpocTOopax. Po3B’a3KM Taknx 3a/a4 300parkaro-
THCSA y BUIVISIZl TAKUX PsIIiB, MJICYMOBAHUX MEBHUMHY JIHIHHUME MeTomamu (Abets—
ITyaccona, Iaycca—Beitepmrpacca ta in.). Hanpukiaza, po3s’sa30k nepiognanol 3a-
naqi Kol y1st piBHsIHHSI TEILTIONPOBIIHOCTI 30iraeThcs 3 mepeTBopeHHsM [aycca—
Betieprrpacca TpUTOHOMETPUYIHOTO PsA/ly TTOYATKOBOT (DYHKIMI. 3 PO3BUHEHHSIM Te-
opil y3arajibHeHUX (DYHKIH Taki psiii CTAJIM OTOTOXKHIOBATHUCH 13 JIHIAHUMU Herre-
pepBHUME (DYHKITIOHAJIAMY, 38 JaHUMH Ha PISHUX IPOCTOPAX y3araJbHEHUX (DYyHKIL
(posnoninis HIsapua, yiasrpaposnoniais, rinepdyskuiit Toro [1]-[6]). Ile gozsosmio
3HAYHO PO3IMIUPUTHA 00JIACTH 3aCTOCYBAaHHS TAKUX PSIJIiB, 30KpeMa, Y Teopil MO3UTUB-
HUX Ta HETaTHUBHUX IMPOCTOPIB, fKi OY/IYIOTHCS 3a HEBL €MHUME CAMOCIPSI>KEHUMU
omepaTopaMu y TiIbOEPTOBUX MPOCTOPAX, CIEKTPH SIKUX CyTO mucKpeTHi. Jlo Takmx
psaAiB BimHOCATBHCS 1 popmasbhi psjau Epwmirta, 1mo OyayroTbes 3a OPTOHOPMOBAHOIO
y L2(R) cucremoro dyukuiit Epmira. Taki psam OTOTOXKHIOIOTHCS 3 HEIEPEPBHI-
MU QYHKIIOHATAMHA, 3aJaHIM Ha mpocropax tumy S. Oyuknil Epmita € BracauMm
dyHKIiAMI rapMOHIHHOIO OCHMIATOPA — HeBiJX'eMHOro camocupsizkeHoro B La(R)
orneparopa.

V uiit po6oTi JoCHiIKYIOThCS BiacTuBoCTI ieperBopenns Abena—Ilyaccona dop-
MasbHEX pazais Epmirta (30kpeMa, BiacTusicTh qudepeHIiHoBHOCTI 33 IapaMeTpoM,
IIeBHI I'paHWYHI BJIACTHBOCTI). 3HaliieHo sBHUi Burisig DyHKIIL, sIKa € S/[POM TAKOTo
TIepETBOPEHHSI, JOCJIiI2KEHI BJIACTUBOCTI ITi€l DYHKIIIT, Ja€ThCS 3aCTOCYBAHHS TAKOTO
MepeTBOPEHHsT IPU JOC/iIzKeHH] po3B’sa3HocTi 3aa4i Kol /11 meBHOTO piBHSHHS
3 YACTUHHUMM MOXITHUMU, 10 BUPOIKYETHCS.

1. Komatsu H. Hyperfunktions 1) Lect. Notes in Math. — 1973, V. 287. — P. 164.

2. Sato M. Theory of hyperfunktions. I // J. Fact. Univ. — Sect. I, 1959. — P. 133—
193.

3. Topomenpkuit B.B. IIpobiema nokamizarii Pimana : mesiki acmekT Ta 3acTOCy-
BanHsl. — UepwniBmi : Pyra, 1998. — 256 c.

4. Topomenpkuit B.B. MHOXWHH [OYaTKOBUX 3HAYEHb TJIQJKUX PO3B’SI3KiB
nudepeHIiaIbHO-0lIEPATOPHUX PiBHAHD HapaboJsitHoro tuiy. — YepHiBni : Py-
Ta, 1998. — 219 c.

5. loponenpkunit B.B. EBomomniiini piBHAHHSA B 3/IiM€HHO-HOPMOBAHUX ITPOCTOPAX
HecKiHdeHHO maudepennifiosanx byukiiit. — Yepnismi : Pyra, 2008. — 400 c.

6. Topomenpkuit B.B., Mapruniok O.B. ITapa6osiuni nceBmopudepenmiaibi pis-
HSIHHS 3 aHAJITUYIHUMEU CUMBOJIAMHU y IpocTopax tumy S : Monorpadis. — Yep-
miBmi : Texuonpyk, 2019. — 280 c.
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3uivenni kpusi Ileano
Topowxesun Cepeiti, Kapaosa Onena

o.karlova@chnu.edu.ua
Yepriseuvkuti HayionarvHull yHisepcumem imeni FOpis Dedvkosuua

HobGpe Bigomo, mo kBaapar [0, 1]2 € HemepepBHUM oOpa3oM Biapiska [0, 1], mo
6ys10 Binkpuro Ixysenne [Teano me y 1890 pomi [2]. MoTusarieo 10 nporo Biakpm-
11 most Ileano 6yB kiacuuHuii pesyisrar Ieopra Kanropa mpo Te, ImMo MHOMXKIHA,
TOYOK OJUHUYHOTO BiJIpi3Ka Ma€ TakKy K CaMy IMOTYKHICTb, SIK 1 MHOXXWHA TOYOK
OIWMHUYIHOTO KBaipaTy. [IpupomnHo posrisHy T momibHy 3a/1a9y A1 3J19eHHUX MHO-
KuH. A came, IOCJIINTH NUTAaHHS, YU € KBaJPAT MHOXKUHHU PAI[lOHAJIBHUX YHUCEJI
cBoepinnoio "kpusoio [leano”, To6To, HenepepBHUM 06pa30M paliOHAIBLHUX HCEJI!
Kpim Toro, um 6yayts "kpuBumu lleano” kBaapaTw iHIAX 3/TIYEHHUX IT1IMHOKUH
qncsI0BO1 npsaAMol? ki HeobximaHi i JocTaTHI YMOBY NOBUHHA 3aI0BOJILHATH 3JIi9EHHA
miMHEOKIHA X IHCI0BOT IPSIMOT, 17151 TOTO, 106 MHOXKIHa, X 2 6yia ii HermepepBHIM
obpazom? MeToro JIOMOBiAl € JaTh BiAMOBIAI Ha Il MTATAHHS.

Bynemo kazaru, 1o Tornosioriuauii mpoctip X mae saacmusicms Ileano, siKino
icHye Taxe HemepepsHe Bimobpaxkenns f : X — X2, mo X2 = f(X). Tonosoriunmit
npocrip X € 3aivenno komnaxmuum [1], aKmo KoxkHa HOro HeCKIHIEHHA MHOYKHHA
Ma€ IPAHUYHY TOUKY.

Teopema 1. Hexati X — 3aiuennud mempusosrut npocmip. Hacmynwi ymosu pis-
HOCUNDHIL:

(i) X me € 3A5enH0 KOMNAKMHUM;

(1) X mae eaacmusicms Ieano.

Hesiki TpoMiXKHI Pe3yIbTATH HA IO TEMY TAKOXK JIOMOBITAIICS TIEPITUM CITiBaB-
TOPOM Ha HAyKOBO-IPAKTUIHIN KoHMepeHHil [3].

1. Engelking R. General Topology, Warsaw, 1986.

2. Peano G. Sur une courbe, qui remplit toute une aire plane, Mathematische
Annale, 1890, 36 (1), 157-160.

3. Topomkesuu C. 3aiuenna kpuesi Ilearno, MizkHapoHa HayKOBO-IIPAKTUYHA KOH-
depenris "MoutonizkHa HayKa 3apajayu Mupy Ta po3BuTKy’, 9-11 simcromasa 2022
poky, Yepuisni, YHY.
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3acTocyBaHHS BOPKIIIOIIIB Ta METOY ITPOEKTIB MPU BUBYEHHI
indopmarniifHnx TexHOoJIOTiH

Tomunvan Temana

t.hotynchan@chnu.edu.ua
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

V mam gac 3HaHHS I HABUYKM HaOyBaIOTh yce OLIBbIIOI Baru, a TOMY METOMH Ha-
BYAHHSI [TOCTIHO PO3BUBAIOTHCA U YIOCKOHATIOIOTHCA. 1lin yac HABYAHHS ITHMPOKO
BUKOPUCTOBYETBCSI METO/T IIPOEKTIB ¥ OCBITi. {IKIIO HA MOJIONIINX Kypcax, 3a3BUYaii,
e iHMBiyaIbHI IPOEKTH, TO Ha CEPEJIHIX Ta CTapIIMX Kypcax — KoMaH/Hi. Buko-
pUCTaHHS KOMaHJIHUX IIPOEKTIB IiJ] Yac HABYAHHA y raJjy3i iHhopMaliifHuX TexXHO-
goriit (IT) Mae HU3KY BasKJIMBUX II€peBar i CTa€ KJIIOUOBUM €JIEMEHTOM YCIIIIHOL
mMAroToBKY (axiBIiB y Ii#f rajy3i, OCKiIbKM KOMAaH[IHI MMPOEKTH HE JIHUIIE J03BO-
JISTIOTH CTYJAEHTaM 3aCTOCOBYBaTH paHille HaOyTi TeOpeTHYHI 3HaHHS Ha IPAKTHII,
0 Ja€ IM NPaKTUYHU JOCBifd, a if HABYAIOTH CTYJIEHTIB CIIiBIPAIIOBATH, OONOBO-
proBaTHu inel, BupimryBatn KOHQUIIKTA Ta mpuiiMaru cruuibHi pimenas. ¥ [T cdepi
eeKTUBHA KOMYHIKAIlisl Ta 3/[aTHICTH MPAIIOBATH B KOMaH/Ii — 1€ >KUTTEBO BaXKJINBI
HaBUIKU. KOMaHIHI IPOEKTH TAKOXK JOTIOMOTAIOTh CTyAeHTaM 3po3yMiTu pi3Hi poi,
sKi BOHE MOXKyTb BuUKOHyBatu B IT-komanni. Boun Moyt BunpoOyBaTu cebe sK
PO3pPOOHUKH ITPOrPAMHOrO 3a0e3NevYeH s, TeCTYBAJIbHUKY, Oi3HEC-AHAJIITUKY, 1 T. 1.,
0 JIoTioMarae TM oOpaTy HAIPSIMOK JIJIsT TTO/IAJIBIIOTO PO3BUTKY.

IT-ttpoekTrt MOXKyTh OyTH TBOPYMMY 3aBIAHHSIMU, 10 CIIOHYKAE€ KOMAHIN IIIy-
KaT! HOBI Ta HECTAHJAPTHI MIJISIXU JJIs1 PO3B’sI3aHHS TEXHIYHMX 3aBJaHb. Lle cupuse
PO3BUTKY TBOPYOI'O MUCJIEHHSI Ta 3/IaTHOCTI [0JaTu TpyaHoii. KpiM Toro, Koman-
JHI TPOEKTHU MOXKYTh MepeadadaTu pobOTy 3 peaJbHUMU JAHUMH Ta 33Ia9aMU, 110
Bimobpaxkatorh cydacti Bukiuku B [T-cdepi. Orke, mpamionyn B KOMaHIAX HAJ,
peajbHUMU TPOEKTaMM, CTYJEHTH HaOYyBAIOThb JIOCBiJLy, SIKMIl JIOITOMOXKE IM JIErIe
BIIOPATHUCS 3 BUMOTAMHU PHHKY TIpani B MaiOyTHBOMY [1].

OpHiero 3 HabLIbII e(DeKTUBHUX CTPATEriil OCBITH € BUKOPUCTAHHS BOPKIIIOIIB y
HaBYaHHI, 0COGJMBO B KOHTEeKCTI KOMaHHOI poGoru. Bopkmon ("po6oua maiicrep-
ua") — me IHTEpAKTWBHUWIT HABYAIBHWI 3aXij, CIPSMOBAHUI HA JOCATHEHHS KOH-
KpeTHOI MeTH ab0 HABUYKHU Yepe3 NMPAaKTUYIHI BIpaBH, OOrOBOPEHHsI Ta CIIIBIIPAIIO.
Bopkronun MoxxyTh 6yTH BUKOpHCTaHi He Jnine y 6i3Heci, a i y OCBiTI AjIsi cripu-
sSIHHSI HABYAHHIO, PO3BUTKY HABUYOK Ta 3ay9YeHHS YIACHUKIB JO aKTUBHOI yIacCTi.
OcuoBHa Mera Bopkmioity npu BuB4eHnHi [T mossirae B Tomy, mo6 y9acHUKH OTPU-
MaJIu MIPAKTUYHI 3HAHHS | KOHKPETHI TeXHIYHI HABUYKH, & TAKOXK MaJid MOXKJIUBICTH
iX Bifipa3y BHKOPHCTOBYBATH. BOPKIIION MOYXKe CIPUSITH PO3B’sI3aHHIO TPOOJIEM, TijT-
BHIIEHHIO e(DEKTUBHOCTI KOMaH1 abo CTUMYJIIOBATU TBOpUMii mporec [2].

[ToenuanHst BOPKINOMY Ta KOMAHIHOI pobOoTH MoOxKe OyTH JIy:Ke eDEeKTUBHUM
CI10coboM HaBYAHHS, OCOOJMBO B Trasy3i iHGOpMAaIiiHUX TEXHOJIOTIi, g6 KOMaHIHA
CIIBIpAIlT Ma€ BaXKJIMBe 3HAYEHHS. Y YaCHHUKHU BYATHCSH CIIBIIPAIIOBATH, CIIyXaTH
OJIHE OJTHOTO Ta PO3POOJISITH PillleHHsI y IPyIax, 0 PO3BUBAE€ HABUYKHU KOMYHiKa-
mii Ta JizepcrBa. BoHUM BHUPOOISIOTH KPUTHYHE MUCTIEHHS Ta yMiHHS €(DEKTHUBHO
B3aEMOJISAAT Yy KOMAaH/Ii, IO € HAJ3BUYAlHO BaKJIMBHMHU SK B aKaJIEMiYHOMY, TaK
i B peaJlbHOMY KUTTi. EEeKTUBHUI BOPKIIOIN IIPU BUBYEHHI TEBHOTO MPEIMETY B
raimy3i IT Bumarae meranpHOro IIaHyBaHHS, aKTUBHOI ydacTi Ta B3aeMonil 3 yda-
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CHUKaMH, & TAKOK IIPAKTUYHOIO IIAXOAY /10 HaBYaHH:A. J[J1g 11bOr0 MOXKHA BUIIIUTH
JEeKITbKa 3aHSTh Miapsi abo 06’eIHATH B OJIMH JIeHb. | 0J10BHE, 1106 yYACHUKHA BOP-
KIIIOTy AKTHUBHO TOTYBAJKCH JO KOXKHOT'O HACTYITHOTO eTamy i crmiBmparoBanan. [1ig
Yac BOPKIIOIY MOXKHA 3aIIPOIIOHYBATU HABYAJIBHUAN MiHI-IIDOEKT, /le KOMaHIU Ma-
FOTHb BUPIIIUTYA KOHKPETHI 3aBIaHHs. 3aJI€XKHO BiJl POJIi yYACHUKM KOYKHOT KOMaH I
BUPIIIYIOTh CBOE 3aBAaHHsA. [Ipu mpoMy pekoMeHIyeThcss 0OroBoproBaTH pi3Hi Bapi-
aHTH PO3B’si3aHH« ITPoOJIeMHU abo 3aBIaHHs 1 Bubnparu Haiikparuii criocio mail. ITicos
3aBepIeHHsT KOMaHIHAX 3aBJaHb BOPKIIOIY ab0 HOro eTariB MpOBOASITH 0OTOBOpe-
HHs 1 aHaji3 pe3yibTaTiB. 3BOPOTHUN 3B’SI30K MO0 POOOTU KOMAH[ € JOCTATHHO
BasKJINBUM y HaBYaHHI, OCKIJIbKU JIOIIOMTIara€ 3pOo3yMiTH IHOMUJIKH i B ITOJAJIBIIOMY
IX yHUKaTH.

Hapuuku komangHOT pOOOTH, OTPUMAHI CTYIeHTAMU IPY BUKOHAHHI MiHI-IIDOEKTY
IIiJT 9ac BOPKINOIY IIiJi KEPYBAHHSAM BUKJIaJ[a4da JOIIOMOXKYTh IM OpraHizyBaTu it pea-
JII3yBaTH BJIACHI ITPOEKTU. Y MOJAJIBIIAX BOPKIIONAX MOXKHA 3a0XOUYBAaTH CTYICHTIB
MPAITIOBATH B KOMAaHAX YK€ HaJ BJACHUMU IPOEKTaMU, SKIIO CIIBIPAIlsd HAJATO-
mxera. IIpore ciin 3ayBarkuTH, 10 BiJi BUKJIa 1a49a TaKi BOPKIIOIN BUMAralOThb He-
abusikol meIaroriyHol MafiCTepHOCTI.

OmKe, BOPKIIIONY Ta KOMAHIHA POOOTA CTAIOTH HEOOXITHUMU IHCTPYMEHTAMHU JIJIst
JIOCSITHEHHsI BUCOKOI e(beKTHUBHOCTI Ta 30aradeHHs HaBYAJbHOrO Ipolecy. Bornu Ha-
JAIOTh HOBI MOKJIMBOCTi Y CHIPUNAHSATTI, 32CBOEHHI Ta PO3YMiHHI HABYAJIBLHOIO Ma-
Tepiajly, CIIOHYKAlOYH CTYJEHTIB aKTUBHO B3a€MO/IATH, CHIBIPAIIOBATHA Ta BJIOCKO-
HAJIIOBATU CBOI HABUYKHU, a TAKOXK BUPOOJISATHA IHHOBAIiiHI i€l Ta BUUTUCA OIUH Y
OJTHOTO.

1. Ilpakruka peasizarfil MemarorivyHuX IPOEKTIB: HABYAJbHO-METOIUYHUN I1OCI-
6HUK 10 Kypcy / aBT.-ymopsz. 1.B. €roposa. — IBano-Ppankisesk, 2021. — 112 c.

2. Hamusaiiko Ouekciit, pyranosa Ouena, Isamenko Jlromvuiaa. Buxopwucra-
HHg TexHoJioril "Bopkmon"y po6ori 31 cTyseHTaMu KJIACUYHUX YHIBEpCHU-
reris // THE PEDAGOGICAL PROCESS: THEORY AND PRACTICE
(SERIES: PEDAGOGY) - 2019. — Ne 3-4 (66-67). — C. 129-137. URL:
https://doi.org/10.28925/2078-1687.2019.3-4.129137
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Hocimigkenns guHaMiKM YMCEJIBHOCTI OKpeMOl MOITyJIsIil
B paMKax mozeJii ®epXroybcTa

I'pod Isan, I'pod Inna

igrodQukr.net
Teproniavcorutl HEUIOHAALHUT NedazozivHull YyHisepcumem, im. Boaodumupa
I'namioka

Bupuenns nunaMiku nmomysisiiii moB’ si3ane 3 TOOYIOBOIO PI3HUX MOJesell 9uceib-
HOCTI, Ii MOJIe/II 9acTO € eMIIpUIHUMH i BUMAaraloTh JI0JATKOBOIO OOIPYHTYBAHHSI
abo migbopy HeBimoMux mapameTpiB. He icHye »KOMHOT MOMyJIsIil, YNCETBHICTD SIKOT
He 3a3HaBaja 6 3miH. JIuCKpeTHi 3HAYEHHS 1€l BEJIMYUHU MOXKYTh OyTH OTpUMaHi
3 eKCIIEPUMEHTAJIbHUX JaHuX (1abopaTopHux abo mosiboBux). Ilpu mpomy 3aBraH-
Hsl ONKCY JTUHAMIKY TOIYJIAII] TPUBOJMTD 0 aHAJI3Y JUCKPETHOI cucTeMu (MOJIE/Th
Mausryca, monens Pepxrosbera, Mogenb Pikepa Tomo). Bigomo, mo Giosorivni na-
paMeTpH MOyl 3 IUIMHOM Yacy 3MIHIOIOTBCS IIiJ] BIJIMBOM KJIIMATUYHUX YMOB,
0OMEKEeHOCTI pecypciB XapduyBaHHS Ta iHMMX (GaKTOpiB M0BKiLIsS. Tomy B pobori
PO3IIISIIAETHCS JTOCTIIXKEHHsT JTUHAMIKI TTOIYJISIl 3 BUKOPUCTAHHSAM Mojesai Pep-
XIOJIBCTA.

Mertoro poboTH € JOCTiIXKEHHST TPOIECiB 3MIHN JUHAMIKA OKPEMOI TOIYJISIHl B
pamkax mogesi Depxiosibcra, a came — MOOYA0Ba MOJEi Ha OCHOBI PIBHSIHHS TIO-
MyJIAMHOT UHAMIKYA 3 BUKOPUCTAHHSM 3HAHBL PO €KOJIOTII0 BUJLY i PO3paxyHOK
MIPOTHO3Y PO3BHUTKY MOIMYJANil HA 7 POKIB (BpaxXOBYIOWH DiBEHb GPAKOHBEPCTBA 1
pi3HY OIHKY I'yCTHHH yTiIh).

Iness @epxrosibeTa noJisirajia B HAKJAaJaHHI HA SKCIIOHEHIAJIBHUAHN picT, KUl BU-
pakeHuit GopMyIIOI0, TeIKOro (PaKTOpY, IO XaPAKTEPU3y€e YIOBLIbHEHHS, 1 SKMit
301JIBITYEThCA 3 pocTOM TomyJidAiil. Haiitipocrime i3 MOXK/JIUBUX NPUITYIIEHD, [TOJIs-
ra€ B TOMY, IIIO CTEIiHb YIIOBIJIBHEHHS POCTY JJIsl OJHOI'O iHIWBiAyMy IIPONOPIHiiiHA
poO3Mipy momyJsAmnii, TOOTO 3araJqbHa MBHIKICTH pocty pisHa He T, a T(1"N/K), i
BU3HAYAE YIIOBIIbHEHHsT pocTy. B 1iboMy BHUNaIKy JioricTudHe audepeHItiaabHe piB-
HsIHHSI Habyjle TAKOro BUTJISIILY

AN rN? N
YN N (1- 2
a K ( K>’

ne K — koHCTaHTa, BEpXHsI aCUMITOTA Jjist S-oAiObHOT KpuBoi. Irepariiiiamit Kpok
Iytst po3paxyHKiB — 1 pik. @opmaibHO po3paxyHOK 1o mojeai Pepxrobera 3 ypa-
XyBaHHSIM ITPOCTOPOBOrO PO3IOIIIY BCiX IMapaMeTpiB BUIJISIAE TaK:

m

N(t+1) = 3N (@i« 1+ 3 r(t)i » (1_%> 7

e m — 3arajibHa KiJBKICTh MPOCTOPOBUX KOMIDOK, Ha sSIKi po30WTa ILIOIa JOCITi-
JekeHHst. ¥ GopMysi BUKOPHCTOBYIOThCs mapamerpu r(t) i K (t). Y 3araapuoMy Bu-
naJKy OyIeMo BBarkKaTH, IO IIi ITapaMeTPU He TiJIbKHU IIPOCTOPOBO PO3IOIiJIEH], aJe
€ QPYHKIISMH BiJl 9acy, TAKMM IIMHOM MHM Ma€EMO MOXKJIUBICTH 3aK/IaaTH 3MIHY ITUX
nmapaMeTpiB BHACJIIJIOK 3MIiHU IMapaMeTpiB cepeoBuina abo paKTOpiB CTOPOHHLOTO
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BIUIMBY Ha nomyssamnifo. Hanpukian, B mapamerpi K mepenbadaernbcsa BpaxoByBa-
™1 HaKTOpM CTOPOHHBOTO BILUIUBY (3MiHA CHTyallil 3 KOPMOBOIO 6a3010, 60poThOa 3
GpPaKOH‘€PCTBOM) NepeIOaIalOTh BPAXOBYBATH IIPU PO3PaxyHKax KoedimieaTy cMep-
THOCTI B momysaril. Ileit KoedirieHT MpOrHo30BaHOl CMEPTHOCTI Oy/ie KOJUBATUCT
B 3aJIE2KHOCTI BiJ piBHS OXOPOHH TOI 4M iHINOI TepHTOpil i 3MiHIOBATHCA 3 POKY B
pik, sAkmo Oyme BHOpaHUil CIieHApiil MOCHUIEHOI OXOPOHU. 3arajbHa (QOPMYJIa IS
PO3PaxyHKy OKPEMOI'O OCEPEJIKY I'Difla BHUIVIANAE TaK:

N(t+1)i = N(t); * {1 + 7 (t); * (1 - gégl) } .

3acrocyBaHHs MOZENl JJis PO3PAXyHKY JUHAMIKA YMCEIBLHOCTI TOIMYJISIil Ju-
KX KabaHiB jaj10 xopori pesysiabratu 3a mepion 3 2019 mo 2026 poku. OTpumani
B pe3yabTaTi 00YMC/IeHHsT 3HAYEeHHsT ab0 BiAMOBIIAIM JAHWM CIOCTEpeXKeHHs, abo
BiApi3HsInCA BiT HUX 3 HE3HAYHOIO MOXUOKOIO, (DIKCYI0UN 30iIbINEHHsT YUCETbHOCTL
3a 10 pokis npubsusso B 5 pa3. Kapruna sminusiacs 1jsi OCTAaHHBOIO II€Piofy CIio-
crepexkeHb. Mogeab jajga 4eprobe 301/IbIIIEHHsT YUCETBLHOCTI 38 7 POKiB B 4 pasw,
TOMI AK JaHi JOCTIMXKEHHsS MOKA3aJIM TEHIEHINIO 10 cTabimizanil dncebHOCTI mormy-
sisinii. OueBniHO, 1eit hbakT MOXKHA OSICHUTH TPUBAJIMM BUPYOyBaHHsM Jicy. [licos
2019 poky, 3rifHO MOAEJI, AEIKUA Jac IPOJOBXKYBABCS PICT YUCETHBHOCTI MOMYJIAIIL.
B 2023 pori pe3ysnbTaTin AOCTIIKEHHS Y3rOIKYIOTbCS 3 OCTAHHIMY JTaHUMA OOJIIKY.
ITicas 2025 poky uuceabHICTD MOMyJsIil KabaHa JUKOTO MaJia 6u 30LIbITyBaTHC 3
nofaJibIoo crabimizariero. /s Beix gicaunrs 11 «YoprkiBebKuit jicrocm» Kijib-
KicTh KabauiB B 2019 pori ckiramae 115 ocobuH, 1110 KiJIBKICTh MU MOYKEMO 3aKJIaCTH
B MOJZIJIb SIK IIOYATKOBY. 3a pe3yJIbTaTaMu poOOTH IIPOrpaMu, Yepe3 sIKY peaslizyeMo
MOJIeNTb, 6a9nMO, IO cTabiTi3alist KIIBKOCTI 0OCOOMH TOMyYJIsIi BigOymeTbest gepes 17
POKiB.

1. JlurBunoBa C.I. BukopucranHs cuUCTEM KOMIT'IOTEDHOTO MOJETIOBAHHS ISt
IPOEKTYBAaHHS JOC/IIHUIBKUX 3aBHanb // Pisuko-maremaTnana ocsira — 2018.
— 15, Ne 1. — C. 83-89.

2. Marenko B.I. Maremarudne MojieIioBaHHsI: HaBYaJIbHUHI 1T0CiOHMK. — UepHiBIIi:
YepHiBenbkuii HallioHaJIbHUM yHiBepcuTeT, 2014. —519 c.

3. Balyk N., Grod I., Vasylenko Y., Oleksiuk V., Rogovchenko Y. Project-based
learning in a computer modelling course// Journal of Physics: Conf. Ser. 2021.
Vol. 1840 €012032. URL: http://doi.org/10.1088/1742-6596,/1840/1,/012032/
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IIpoekTHa JisAJbHICTH HA YPOKAX MaTeMaTHKu y 6 kJjaci
I'pydeti Hna, Jlywxo Bikmopis

hrudei.yana@chnu.edu.ua, viktoria.luchko@chnu.edu.ua
Yepriseuvkuti HayionarvHull yHisepcumem imeni FOpis Dedvkosuua

Metom Tpo€KTIB y HaBYAJBHIH [isJIBHOCTI IO3BOJISIE 3AIIOBHUTH YACTUHY HEJOJi-
KiB TpaauriitHol mrkosn. Tak, BUKOPUCTAHHS ITbOTO METOY J03BOJISIE TIOBHOIO MipOIO
MIPOJIEMOHCTPYBATH MIiXKITPeJMETHI 3B’SI3KH MaTEMATHUKH, 110 CIPUSE PO3BUTKY iH-
Tepecy IO IpeIMeTa.

[Temgaror, BUKOPUCTOBYIOUN €JIEMEHTH MPOEKTHOI isIBHOCTI i Yac HABYAHHS,
HE TIJIbKU BYUTh, & CKOPIIIle JIONIOMAarae BYNTUCH, CHPSIMOBYE TI3HABAJIBHY JTisIIBHICTH
cBoro yuHsi. HaBuaibHMIT TPOEKT /103BOJIsIE (POPMYBATH METAIIPEIMETHI 3HAHHS, Y Mi-
HHsI, KOMIIETEHTHICTb. AKTHBHA [islJIbHICT YUYHIB y BUKOHAHHS IIPOEKTY 3abe3rnedye
JOCATHEHHSI PO3BUBAIOYHX IiJIell HABYAHHS: 3HAHHS J00YBAIOTbCS CAMUMH YIHSIMH,
a He MePeJAI0ThCH Bijf BUUTEIS Y TOTOBOMY BHIVIsLAL. Y X0/l cuijbHOI poboTH BUnTE-
JIsl Ta yIHIB BiIOYBa€ThCsI CTAHOBJIEHHSI CAMOCTINHOI TBOPYOI HABYIAJIBLHOL JisIbHOCTI
yuaHiB. Bupiniyodn peajbHi XKUTTEBI 3aB/laHHs, BOHU ONAHOBYIOTH IIKIJIbHI 3HAHHS
i HabyBaIOTh JIOCBiY BUpIIIEHHS IIPOOJIEM.

OCKiTbKY CTBOPEHHSI IPOEKTIB CTAJIO 0OOB’SI3KOBUM BUIOM JiSITBHOCTI YUIHIB, K1
HaB4YaloThcd 3a JlepkaBHNM cTanIapToM 0a30BO1 CEpeIHBOI OCBITH, 6AraTo CyJacHHX
[1eJIaroriB HaMaraloThCsl 3aIIPOBA/PKYBAaTH IIPOEKTHI (DOpMHU OopraHizamil HaBYaHHS.
IIpore BumTei 3IMITOBXYIOTHCA Y CBOI POOOTI 3 BEJIMKUMU TPYJHOINAMHA. AJI2Ke Op-
TraHi30BYBaTH HAaBYAHHS METOIOM IIPOEKTIB MOTPIOHO TWM, KOO HABYAJIHM Y TPaIU-
miitaii mkosti. Ha kanb, He icaye "yHiBepcaabaoro'"pernenty, sik e pooutu. Koxen
BUHUTEIb METOZOM CIPod i MOMMIJIOK HAOyBa€ CBOrO yHIKAJIBLHOIO JOCBiLy, IOIIOBHIOE
CBOIO CKQpPOHUYKY HOBHUMU I[iIKABIMU METOIUIHUMH PO3POOKAMU.

B pamkax cydacnHol ocBiTu Ha 6araTbox ypoKax, ¥ TOMY 9HCJI Ha MaTEeMaTHIL,
BaXKJIMBO HABYWTHU JiTEHl CAMOCTIHHO ITyKaTH iHMOOPMAIIiIO, BUCYBATH MPHUITYIIEHHS,
HaBOJUTU apryMeHTH Ta JoBejgeHHsi. OHe 3 NOJIOBHUX 3aBJIaHb Cy4YacCHOI IIKOJIM -
CTBOPEHHS MOBHOIIHHUX Ta HEOOXITHUX YMOB /it (POPMYBaHHS aKTUBHOI KUTTEBOT
JUTUHY, 11 0COOUCTICHOTO pOo3BUTKY. Jlep:KkaBHI cTaHmApPTH 3arajbHOI OCBITH HOBO-
ro IIOKOJIIHHA BHOCSATH 3HAYHI 3MIiHU SO CTPYKTYPH Ta 3MICTy, METH Ta 3aB/IaHHHA
OCBiTH, 3MINIYIOTh AKIEHTHU 3 OJHOI'O 3aBJIAHHS, HAJATH yIHEBI 3HAHHS, HA 1HIIE -
chOopMyBaATH y IUTHHU 3ara/IbHOHABYAJIBbHI BMiHHS Ta HABUYIKU sIK OCHOBY HABYAJIb-
HOl AistibHOCTI. [le ymMoXxKIuBITIOE TPOEKTHA, TislbHICTE. ToMy 1110 B 1porieci poboru
HaJI IPOEKTOM JIMTUHA 3MOKe OI[IHUTU HasBHI 3HAHHS, caMa MOYHE AKTUBHO JIifATH,
3aMOBHIOIOYM HECTAYY 3HAHD Ta IMiAKIIOYAI0YHN 0 IIHOTO MPOIECY BUUTEIS SIK OLIbIe
3HAIOYOT0 Ta JOCBIYEHOTO IapTHEPA.

ITocTynoso y4ni omaHOBYIOTH ClIOCOOH Ta IPUHOMHE, HEOOXITHI J1JIsT BEI€HHS IIPO-
€KTHOI JistIbHOCTI: TLUTaHyBaTH POOOTY, mependatiaTi Pe3yabTaT, BUKOPUCTOBYBATH
pizHi mxepesa indopmarnil (KkHury, diabMu, IHTEpHET TOMIO), CAMOCTIHHO Bigbuparn
Ta HAKONHMIYBATU MaTepiaJs, aHaJIi3yBaTH, apIyMEeHTYyBaTH IyMKY, CAMOCTIMHO IpU-
MaTH pillleHHsI, TPAMOTHO B3a€MOIATH OJUH 3 OJHUM - PO3IOMLIATA OOOB’SI3KH,
aJIeKBaTHO OIIIHIOBATH cebe Ta, IHINX.

PosriistHeMo nekinbka TPOEKTIB, STKI MOXKHA 3aCTOCYBATH HA YPOKaxX Ta PaKyJib-
TATUBHUX 3aHATTAX 3 MATEMATUKH )i YIHIB 6 KJtacy.
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Hanpukiazn, npu BuueHHi Temu "BigHolneHHst MOXKHa 3aIIPOIIOHYBAaTH yIHSIM
po3B’s3aTh Taky 3amady: OnuH 3 HafyIo0IeHIIMNX 3UMOBHUX CAJIATIB YKPATHIIB - I1e
BiHErpeT, pa30M i3 OYPSIKOBUM CAJIATOM Ta KBAIIIEHOIO KAITYCTO. SICKpaBuil, OKNUB-
HUil Ta IPOCTUI Yy HPUTOTYBaHHI, BIHEIDET CTaHe B HArOJl fAK JI0 3BUYAITHOI Bevepi,
Tak i 0 cBATKOBOro croiy. HaiicMadnimmil BiHerpeT BUXOQUTD, KIO B3ATH HACTY-
mHi iHrpegienTn: 5 Kapronau; 3 MOPKBH; 3 Oypsku; 1 uOyanHA; 2 COJIOHUX OTiPKa;
100 r kBamenol kamryctu; 100 r BapeHOI KBacoJIi; Cijib, IIepelb 38 CMAaKOM; 3 CTOJIO-
Bl JIOXKKW COHSIIIIHUKOBA OJIisl. SHAWTH BiJHOIIEHHS B SIKOMY ITOTPIOHO B3dATH OBOUI.
[To6ynyBaTn KpyroBy aiarpaMmy 3a OTPUMaHUMH JTaHUMU.

Taxkoxk npu BuBuenHi remu "KoopuHaTHa 1II0MMHA MOXKHA 3AIIPOIIOHYBATH Y IHSIM
BiITBOPUTH Bi3epyHOK BUINWBAHKY, SKUI IPUTAMAaHHUI caMe HAIIOMY PETiOHy, a Ta-
KOXK CTBODHUTH CBiif BJIaCHUI Bi3epyHOK 3a JOIIOMOTOI0 KOOPINHAT TOYOK HA TLIOIIHU-
Hi.

MozkHua mpoBecTr GiHApHE 3aHATTS 3 BUUTEIEM TPY/JIOBOIO HABUYAHHS, HA SIKOMY
Y4YHI MOXKYTh IPUTOTYBaTH BIHETPET 1 HABITH BUIIUTHU CBiif BJIACHUN Bi3epyHOK.

OT:ke, TPOEKTHA JislIbHICTD Ha ypokax mareMaruku B 33CO nae 3mory Haxko-
nuyanTH OisIbIe 3HAHB ¥ HOPIBHAHHI 31 CTAHIAPTHOIO OCBITOIO.

1. Bimuk T. C., Kazemipuyk H. C. OcobimBocTi opra#izariil mMpoeKTHOT TistIbHOCTL
Ha ypokax maremaruku // Haykosi samuckm. Cepis: [lemarorika i mecmxosoris
: 36. HayK. npanpb. -— Binauns: Tsopu, 2020. — Bumn. 61. — C. 18-23
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HeobximHa i gocTaTHSa O03HaKa iCHyBaHHSA BHYTPIiITHBOTO Yacy Ha
OpieHTOBaHiil MHOXKWHi

I'pywra Hpocras

grushka@imath.kiev.ua
Inemumym mamemamuru HAH Yrpainu

[TousitTst opieHTOBaHOT MHOXKWHE € 6a30BUM HalleJIleMEHTAPHIMINM TEeXHITHUM
TMOHSITTSM TeOpil MiHINBUX MHOXKWH, HEOOXITHUM [Jisi (DOPMYJIIOBAHHS 3arajibHOTO
O3HAYEHHs MIHJIMBOI MHOXKUHU.

OsHauennsi 1. Opienmo8aH00 MHOHCUHONW HAUBAEMBCA J0BIALHA PEAAUTTHA CU-
CMEMA 3 0OHUM PEPAEKCUBHUM OTHAPHUM SI0HOWEHHAM, MOOMO YNOPAJKOBAHA NAPA

sudy M = (%5(/\/1), <A—4), de /\<—/1 — peaexcusne Ginapre sionowenna Ha Bs(M).

VY sunadky, xoau eidomo, npo Axy opienmosany mruoxcuny M tide mosa, 6 no-
2 ) g
3HaMeHHT j\_/t cumgon M bydemo onyckamu, escusarowu nodnavenna ““—”. Mmnootcu-

ny Bs(M) 6ydemo nasusamu 6a306010, a60 MHOHCUHOIN 6CIT EAEMEHMAPHUT CTNANIE
opienmosanoi mrootcunu M, a eidnowennsa — bydemo HA3UBAMU HANDAMHUM Gi0-
HOWEHHAM 3MIH (Mmpancdopmayiti) M.

OpieHTOBaHI MHOYKHHHU MOXKHA TPAKTYBaTH SIK HafmpuMiTuBHIMI abcTpakTHI MO-
JIesl CyKyIHOCTEH MIHIMBHX 00’€KTIB, IO €BOJIONIOHYIOTh B paMKax ozmiel (dikco-
BaHOl) cucTeMH BiJIiKy. TakoK OpI€EHTOBAHI MHOXXWHY € HafIpOCTIMMNU MaTeMa-
TUYIHUME CTPYKTyPaMHd, Ha SIKUX MOXKHA BBECTHU IIOHSITTS Yacy.

Osuauenns 2. Hexai, M — opienmosana mnoorcuna 1 T = (T,<) — ainidino
ynopadxosara mrootcuna. Bidobpasicenns v : T — 225 yasusaemves wacom na
M, AKWO BUKOHYIOMbCA MAKE YMOGU:

1) Jan dosiavrozo eaemenmaprozo cmany x € Bs(M) icnye esemenm t € T
maxud, wo x € Y(t).

2) dxwo x1,x2 € Bs(M), T2 <1 i 1 # T2, Mo ichyroms esemenmu t1,tz € T
maxi, wo 1 € P (t1), T2 € P (t2) i t1 < t2 (Mobmo mae micye wacosa po3diavhicms
NOCAIO0BHUT HEOOHAKOBUT EACMERMAPHUTL CTNAHIS).

IIpu yvomy esemenmu t € T 6ydemo HaszusamMU MOMEHMAMU YACY, 4 NAPY
H = (T,v) = ((T,<),v) 6ydemo nazusamu cporoaozidayicio M.

Hacrynna mera — matu 03HaUEHHsT BHY TPIIITHBOTO YaCy HA OPI€HTOBAaHINT MHOXKU-
Hi, TOOTO 4Jacy, KUl MOXKHa (piKcyBaTu “3acobaMu’, MO 3HAXOIATHCS “BCepenHi’
OPIEHTOBAHOI MHOXKWHH.

ITo3uauenns 1. Ha noBinbHiit opienToBaniit MHOXKHHI M BBEIEMO JI0TATKOBO
HacTymHe 6inapue BigHomenHs. s nosinpaux x,y € Bs(M) bymemo rnmosHagaTn

+ ss s . .
Y </\_/1 T TOAL 1 TIIBKHU TOJl, KOJHA Y ./\<_A x ix4y. Y BUNaIKax, KOJIM He BUHUKAE HEIo-
M
. . + +
PO3yMiHDb 3aMiCTh [TO3HAYEHHS Y <— & OyJIeMO BUKOPUCTOBYBATU IIO3HAYUEHHS Y <— X.
M

Osuauenns 3. Hexaid M — opienmosana mnootcuna. 1) Bydemo 2osopumu, wo
muoorcuna B C Bs(M) monomornno nocaidosna mroocuni A C Bs(M) 6 opien-

o . . , . +
moeanit mHootcuni M, arxwo ichyroms maki eremenmu x € A iy € B, wo y</\—/lac‘

182



B yvomy eunadky 6ydemo 6ukopucmosysamu nosnawenns nognauenns B <—(+) A.
M

2) Hexat Q C 2% — deaxa cucmema nidmmoocun mmoscunu Bs(M). Bydemo
2060pumMU, W0 MHOdICUNG B € Q MpaH3umueno MOHOMOHHO NOCAIO08HA MHO-

Q
orcuni A € Q eidnocro Q (suropucmosyrovu nosnavenna B« (+) A), akwo icnye
M
maka nocaidosnicms muoorcun Co,Cr, -+ ,Cn € Q M eN), wo Co = A, C,, =B i
oas dosinvnozo k € 1,n mae micye cnissionowenna, Cr <—(+) Cr—_1.
M
V Buna Ky, KOJIM HAIIEpe.T BiIOMO, TIPO AKY OpIEHTOBaHy MHOXKHHY M iije MoBa

Q
B nosHaveHHsx <—(+) 1 «(+) cumBoa M GyneMo OIyCKaTH, BXKUBAIOYH, 3aMiCTh
M

o<

—

Hux nosHadeHus <—(+) i «(+) BignosinHo.

Oszuauenns 4. Hexal M — opienmosana muoorcuna, a1 @ T — 2B5M) _ wae ma
M (3adanuti na ainitino ynopadkosanit mroocuni T = (T, <)).

Bido6pasicenns h : T — 285M) 6ydemo Ha3u6aAMU TPOHOMEMPUYHUM NPO-
yecom (0asn wacy V), axwo:

1) h(t) C ¢ (t) dan dosiavrozo t € T.
2) Han dosinvnuz t, 7 € T ymosa t < T mac micue modi i miavky modi, KoAu
h(T)
h(7) «(+)h(t) i h(t) # h(7), de h(T) = {h(t) |t € T};
Yac 1 ma opienmosanit muootcuni M b6ydemo Ha3usamu BHYMPIUHIM, AKULO
0As UBO20 Hacy ICHYE TOY 00UH TPOHOMEMPUIHUT NPOUEC.

InryiTuBHUil 3MmicT TepMiny “BHyTpimHii dac” mossAra€ B TOMY, IO SIKINO Yac Ha
OpIEHTOBaHI MHOXKHHI € BHYTPIIIHIM, 1Or0 MOXKHA “moMipsaTn”’ B MeXKax IIi€l OpieH-
TOBAaHOI MHOXKMHU, BUKOPUCTOBYIOYN XPOHOMETPUYHUHN IIPOIEC B SIKOCTI “TOJMHHU-
Ka”, a CTaHU XPOHOMETPUIHOTO MPOIECY B SIKOCTI “iHAMKATOPIB MOMEHTIB Jacy”.

Busasnserscs, mo HafnpocTimie po3B’sa3yeThCs MTUTAHHS IPO iCHYBaHHS BHYTPIi-
IIHBOI'O Yacy Ha CTATUYHIM Opi€eHTOBaHI!l MHOXKWHI.

Oszuauennd 5. Opienmosany mruoocuny M 6ydemo Ha3u6aMU CMATMUYHON0, AKULO
oas dosinvhux T,y € Bs(M) ymosa y<—x mae micuye modi i Miavku modi, KoAu
x = y. Opienmosany muootcuny M 6ydemo Ha3UBAMU HECTNAMUYHOMN, AKUO 0N
HE € CMAMUYHOI0.

Hexait M — craTuvyHa OpieHTOBaHa MHOXKWHA. PO3r/IssHEMO MOBIIBHY OmHOEE-
MEHTHY JIiHI#HO ymopsiakoBany MmuoxkuHy (manpukaan T = {1} 3i crammapraum
MOPSIJIKOM Ha MHOXKHHI HATYypPaJbHUX YHUCEJI, AKUH B JIAHOMY BHUIQJIKY 3a/a€ThCs
equanm crissigaomenaam 1 < 1). TTokmagemo

st (t) == Bs(M) (t€T). (1)

Mozkna goBecTn, o Bigobpaxenns g : T — 22°M) ¢ puyrpimmiv wacom ma M
3 XPOHOMETPUIHHUM IIPOIECOM

he (t) = Bs(M) = () (t € T). 2)
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Yac 1)st, mobynosauuii B dopmyii (1) (Ha oxHOeseMeHTHIN JiHIAHO yHOpsaKOBaHii
MHOXKHHI) Oy/1eMO HA3UBATH MPUBIAALHO-CTNAMUYHUM YaCOM Ha OPIEHTOBaHIN
muOXkuHI M. Takum aurOM:

Teopema 1. B cmamuunit opienmosanil, MHodtcuni 3a624cou ichye (Mpusiasvho-
cmamusHul) eHympiwmHit wac.

Tako>K HEeCKJIaJHO MEPEKOHATHUCS, [0 B CTATUYHIA OPI€EHTOBAaHIM MHOXKHUHI MO-
2Ke ICHyBaTH JIUIe TPUBIAJTBHO-CTATUYHIN BHyTpimmHiit vac. OTke, HETpUBIATHLHUM
3aJIUIIAETHCS TUTAHHS PO iICHYBaHHS BHYTPIIIHBOIO YacCy B HECTATHYIHUX OPI€HTO-
BaHUX MHOXKHHAX. TeopeMa HUKYE Ja€ PO3B’sI30K IIHOTO MTUTAHHS, 8 TAKOXK TUTAHHS
PO iCHYBaHHS HEBNIWHHOHO BHYTPIMHBOTO dacy. s dopmysmoBanns 11iel TeopeMn
cHOPMYIIIOEMO CIIOYATKY O3HAYEHHS HEBIIMHHOIO Yacy.

Osnauenns 6. Yac 1 : T — 2P wq opienmosaniti mnoorcuni M (de (T, <) —
AIHIGHO YNopAJKOBAHA MHOHCUHG) GYOEMO HAZUBAMU HEBNUHHUM, AKWO HE ICHYE
momenmis wacy t1,te € T maxux, wo t1 < t2 i das dosiavhozo t € T makxozo, wo
t1 <t < t2 mae micuye pisnicmo Y(t) = P (t1).

Teopema 2. Jlaa dosiavroi necmamuwnol opienmosanoi muoorcurnu M nacmynmi
MEEPIHCEHHA DIBHOCUNDHI:

Itl Ha M icnye snympiwnit wac.

It2 Ha M icnye nesnunnuill 6Hympiuumit wac.

It3 Ichye xow odna napa eaemenmis x,y € Bs(M) mara, wo y sy

BayBaxeHHs ICHYIOTH IPHUK/IaJ¥, SKi IIOKa3yIOTh, IO AKIIO OPi€HTOBAHA MHO-
JKMHA 33JI0BOJIbHsIE€ yMOBY It3 Teopemm 2, TO HeBnMHHUI BHYTpiIIHIA Yac Ha HIil
BU3HAYAETHCS, B3arajli KaKydd, HEOJHO3HATHO.
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AxTuBizariga ni3HaBaJbHOI JisSIJIBHOCTI yYHIB IIPU BUBYEHHI
MaTeMAaTUKH 34 JIOMOMOTOI0 MOOiJIBHUX JIOATKIB

Lloseeti 2Kanna

zh.dovghey@chnu.edu.ua
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

Bueni mporuosytors, 1o 1€ CTOJITTS CTaHe CTOJITTIM TJI00aJBbHOI KOMIT I0Tepi-
3alil )KUTTs Ta BUPOOHUITBA. A B Cy9IacHOMY CBITI raJI2KeTH ByKe CTAJIM HEBiI'€MHOIO
YaCTUHOIO >KUTTS JIIOIUHU. Y 3B’A3KY i3 TUM, 1110 MOOIJIbHI TPUCTPOI Ta MJIAHIIIETH Ha
6a3i omeparlitHol CUCTEMHU TTOYAJIN IITTPOKO BUKOPUCTOBYBATHUCS B OCBITHHOMY TIPOITE-
ci, BUHMKJIO oHATTA "MOGULIbHOrO Hap4dauusa" (mobile learning) i BimHOCHTBHCA BOHO
AK JI0 BUKOPHUCTaHHSI MOOLJIBHUX, & TakoxK i mopratuBHux IT-mipucTpoiB, 30Kpema,
kumenbkosux komir'orepis PDA (Personal Digital Assistants), mobinbaux Temedo-
HiB Ta cMapTdOHiB, a TakoxK i miuanmeraux 1K, mo npalforoTs i yrnpaBaiHHIM
onepaniiinol cucremu (Hanpukaaz, i0S, Android, Windows Phone), Taxi mo mizg-
TPUMYIOTH pobOTY B MOOITBHUX Mepexkax 1 Texuosorito Wi-Fi. Ili mpuctpoi garotb
3MOT'Y CTBOPIOBATH Ta BiIKpUBATH MYJIbTUMEIiHH] daitn, TaKOXK 0OMIHIOBATHUCS iH-
dopmaliiero B OCBITHIX IJIsIX, Yepe3 MepexKy [HTepHeT, HaIal0Th JHOCTYI JIO aJ1aIlTo-
BaHUX HABYAJBHUX 1 JIOBITHUKOBUX PECYPCIB, CIEIIaJi30BAHUX CAWTIB, IO MiCTATbH,
SIK OHJIAMH-TECTH, TaK 1 TEOPETUIHUI MaTepial Ta NPAKTUIHI 3aBIaHHs.[1]

PosBuTok Ta mupoke Bukopucranus MobOinbHUX " neBaiiciB" Ipu3BOIUTH J0 CTBO-
PEHHsI, PO3BUTKY Ta BIOCKOHAJIEHHS MOOITBHMX mOmaTKiB. MoOLIBHUN TOMATOK —
e aBTOHOMHHI IPOrPAMHHI IPOIYKT, PO3POOJIEHHUI CIeIiaIbHO JJisi MOOITbHUX
MPUCTPOIB i3 METOI0 ONTHMI3yBaTH BUPIIIEHHs SIKOICH MpobjemMu abo 3aB/IaHHSI B
KUTTI KopuctyBada. MoOIIbHMI J0JATOK PO3POOIISETHCS CIEIaJbHO i 3aTaHy
nnardopmy (Android, Windows Phone a6o iOS), po3nOBCIOIKYETHCs Uepe3 CIIelTi-
anpHi Marasuan jgoxatkis (Apple App Store, Google Play, Windows Phone Store) i
BCTAHOBJIIOETHCS HA MPUCTPIi TAKOXK, FK I KOMIT'IOTEPHA Tporpama. [1]

[ikasuit momarok "KanbKynsaTop apobis i3 po3s’s3kaMu' MOXKe CcTATH HaIiiHAM
IMMOMIYHMKOM IIPY BUBYEHHI Ta 3alaM’siTOBYBaHHI Jiiii HaJ[ APOOOBUMU YHUCJIAMU, &
TAKOXK JIJISI TIOPIBHSIHHSI PI3HUX YMCJIOBUX BUPA3iB, MO MICTATH AK 3BUYAiHI, Tak 1
necaTkoBi apobu. Ileit momaTok miarpuMye YyKpalHCbKY MOBY Ta OKPIM pe3ysbTary
Oiit Haz JgpobamMy HaJa€ IpU MOTPebi MOKPOKOBHIT AJITOPUTM PO3B’SI3yBaHHS [IPHU-
KJIaTy Ta HABOJIUTH TonepenHi po3paxyHku. OKpiM BHUIE 3raIaHOTO KAJbKYISTOPY
€ BeJIUKHil BUOIp IHINMMX KaJbKYJIATOPIB, 30KpeMa, i3 MOXKJ/IUBICTIO 100y10BU TI'padi-
KiB dyHkuiit — Desmos Graphing Calculator.

Homarok "MartemaTnvHi XUTPOII IK 3a3HAYAIOTh KOPUCTYBadi, TPEHYE MO30K
Ta pobUTH HOro OLIBIN IJIACTHYHUM, O3BOJISIE MPOXOIUTH I'PY SK CAMOMY, TaK i
CIIIBHO 13 IHIMTUMM KOPUCTYBadaMM Ta CYyIIPOBOJZKYEThCsI HaraTbMa MaTeMaTUIHUMEA
3arajKaMm.

IIpm 3akpinuieHHi 3HaHb Ta HABUYOK, IOB’SI3aHUX 13 YMCJIAMU, MHOXKUHAMMU, CU-
CTeMaM¥ PiBHSIHb, KBAPATUIHUMU (PYHKI[SIMUA, MHOTOUJIEHAMHU, YUCTOBUMHU TTOCJIi-
JOBHOCTSIMHE, JIOTapUMaMU, TPUTOHOMETPUIHUMHU (DYHKITISIMUA, TPAHUNAMA (DyH-
KIIii, TOXiJHUMY, KOMOIHATOPHUMHU 3aJ[a9aMU, TEOPIi€l0 MMOBIPHOCTI, CTATUCTHUKOIO
Ta JIOTIKOIO JOINUIBHUM CTaHe BUKOPHCTaHHs noaarky "Maremaruka: [emeparop
3aB/laHb KUl 3reHepye Ha OOpaHy TeMy MPHUKJIAIN, MPOIEMOHCTPYE PE3YyIbTaT Ta
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pO3B’sI3aHHS, a TAKOXK HABEJIE TEOPETHYHUI MaTepiall CTOCOBHO KOHKDPETHOT'O IIPH-
KJIaTY.

OKpeMo X04eThCsl BUIIJINTHA HABYAJIBHI JOJATKY, M0 CJAYTYIOTh MOOLIBHUMHA 10~
BiIHUKaAMU 3 MaTeMaTuKu. 30Kpema, momarok "Ilidarop"micrurek 5 posmiiis: aj-
rebpa, TPUTOHOMETPis, MATEMaTUIHUI aHAaJi3, Teopiss WMOBIPHOCTI Ta AMCKpETHA
maremaruka Ta "MaremaTnka: (pOpMyJIH-+TECTH IO CKIAJAETHCA 13 4 po3aiIiB: aj-
rebpu, reoMeTpil, Teopil MHOKMH Ta KOMOIHATOPUKY Ta IMOYATKIB aHa i3y. A MOGiIb-
Huit nogarok "@opmysu" MicTuTh TpUGIM3HO 750 OCHOBHUX MATEMATUIHUX (POPMYJI.

€ nomarku, Taki, sk "Algebrator-step-by-stepsolver "Math "Mathway siki, 3a mo-
[IOMOI'OI0 KaMepu TesiebOHy 3YNUTYIOTH IIPUKJIAJ] HAIMCAHUI BiJ PYKH YU HAJAPYKO-
BaHWii, 1 HABOJSTH BCI €Tanu PO3B’sI3aHHs PIBHIHB ab60 mo0y 108U rpadikiB QyHKIILIHA.

Honarok "XSection sikuit HABUUTHL OyIyBaTu MHOIOIDAHHUKU Ta iX Hepepisu,
cTaHe HE3aMiHHUM IOMIYHUKOM IIPA BUBYEHHI cTe€peoMeTpil.

B [2] mocaigKeHHO 0COBIMBOCTI BUKOPUCTAHHS MOBLIBHOIO HABYAHHS y MiATO-
TOBIIl OakajiaBpiB MareMaTHKU. /[j1s BUBYEHHS BUINOI MATEMATUKH MOXKE IiIiATH,
Hanpukiaazd, "MathHelper". ®yukiionan gofgarka BKo4dae B cebe JiHilHY anredbpy
(il Ha MATPUISIME, PO3B’A3yBAHHS CHCTEM JIHIMHUX PIBHSHD), BEKTOPHY AJreOpy
(BekTOpH Ta dirypu), Teopito HMOBIpHOCTI, YKCIa TA MOCIIOBHOCTI.

1. Binoyc B. B. Mobinbai HaBYaabHi gqogaTku B cydacHiit ocsiti. OcBiTosoriummit
nuckypce. — 2018, — Ne 1-2 (20-21). — C. 353-362.
2. Cawmoitiienko O. M. OcobimBOCTI BUKOPHUCTaHHS MOOIIBHOTO HABYAHHS Y ITiJIr0-

ToBIi GakanaBpiB MareMaTHKU. BicHuk 2KHUTOMHPCHKOrO JepKaBHOrO yHiBEp-
curery imeni Isana ®@panka. — 2015. — Ne 3 (81). — C. 19-23.
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YcepenHeHHS OJI CTOXACTUYIHUX
audepeHniaTbHO-PYHKITIOHAJIBHUX PiBHAHB 3 BpaxXyBaHHAM
30BHINIHIX 30ypeHb TUIY BUIAJKOBUX BEJINYUH

Jlopowenxo Ipuna

i.doroshenko@chnu.edu.ua
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

B poborti orpumani mocrarai ymoBu ycepemuenust mius CHDP 3i ckimguennoro
MiCJISIIIET0 111 JII€I0 30BHINIHIX 30y peHb TUITY BUIAIKOBUX BeJUYWH. Pe3yibraTn HO-
CSITh TEOPETUIHUN XapaKTeP.

Hexait ma #imosipuicaomy 6asuci (Q, F,{F?,t > 0}, P) zamano CADPP npu Bu-
MaJIKOBUX 30BHINIHIX 30ypPEHHIX

dz(t,w) = € [p(w)a (t, z¢) dt + P(w)b (¢, z¢) dw(t, w)] (1)
3a TI0YATKOBOIO YMOBOIO
w(t+6) = B(6) li=o mpw 0 € [—r;0]. 2)

Tyr ¢ = {x(t + 0)} npu 0 € [—r;0]; a(-,-), b(-,-) — BumipHi BimoGpazkenuss R4 X
D — R", mo 3aJ10BUIbHSIOTH T100abHy MoaudikoBany ymMoBy Jlimmmuis ta yMOBY
piBHOMIpHOI 0OMexKeHOCTi. ByeMo BUKOPHUCTOBYBATH PIBHOMIpHY METPHUKY

lefl = sup |a(f)]. 3)
—r<6<0

st a € D([—r;0]) nosraunmo Ha dbyskuio & = «(0). & = z(t) aus Beix 6 € [—r; 0].
Iopsin 3 CIA®P (1) posrisiHeMO piBHAHHS

dy(t, w) = elp(w)alt, y(t, w)dt + (w)b(t, y(t, w)dw(t, w)] (4)

3a MOYATKOBUMHU yMoOBaMu (2).

Tyr a(t, y(t)) = a (t,§0); (6, y(6)) = b(t,0); 9(w), (w) — nomapro neaesxci
BUIIA/IKOBI BEJIMYMHU BiJ| BiHepeBchKoro npomnecy w(t,w) Ha t € [0, 00).
Hexait Bukonytorscst ymosu I-VII [3] ta icuye

s+T

lim / Kia(t, 2)dt = a(z). (5)

T— o0
IMopsin 3 CA®P (4) posryisiHEMO DIBHSAHHS yCEPEIHEHOTO PYXY

B9) — o)t w) (©)

abo

ne K1 = sup |p(w)].
weN
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Ileprn HiK OIIHUTH HOPMOBaHY Pi3HUIIIO

w0 = 22 [o (L0.0) e (to.a0)] ®)

JIOBEJIEMO JTOTIOMi>KHE TBEPJI2KEHHSI.

Teopema 1. fdxwo sukonyromves ymosu 2406a1v10i modudikosanot ymosu Ji-
NWUYA A YMOBY, PIEHOMIPHOT 0bmesicerocmi das Pyrkuit a(t, x), b(t, z), mo das
eciz € € (0,e0), a € D[—7;0], K1, K2 >0 ma T > 0, mo mae micue nepiericmo

E{ sup K~ |x(t,0,a)—y(t,0,a(0))|2} <g(eT,K)e (ol +58%), (9)

0<s<T

de g (e, T, K™) 3adosonvnae ymosy lim g (e,T/e, K*) = ¢(T) < 0.
E—>00

Teopema 2. Hezali sukonani ymosu meopemu 1 ma xpim moeo: A) eidobpasice-
nuna a(t, B) deiui nenepesno dudepenuitiosane 3a DPpewe 3a Ipy2um apeymenmom,
npuvomy opyea noxidna 3adososvrae ymosy Jlinwuus pienomipro no t

‘a%(t, Bi)  &a(t,f2)
PER B3

B) das dosinvrozo pose’asky (9) npu ecix t € [0,T] sukonyemocs cnissidnowse-
HHA
I 1 K [ (T 2 ) a(i( ))] 0
im — - - =0
Jim. \/g el Z 2 a(z(r ;

lim Kl/Va Z L 2(T )dT:/g(T)dT;
g—00 e’
T

lim [ K3 b(f a:T) bT §:T /f

0

< Lo ||B2 = Ball,

de g(t) ma f(t) — nenepesni mampuuni dywruii, a(t, z) = a(t, B) |3(0)=2-
Todi npu € — 0 HOpMmoBara PidHuUA crabo 36izaemvea 00 PO36°A3KY HEOOHODI-
01020 CTMOTACTNUNHO20 DIGHANNA

dn(t,w) = p(w)g(O)n(t, w) + (W) f(t)dw(t, w).

1. Kopomok B.C., Iapkos €.@., Scuncoknit B.K. Vmosipricrs, crarucTuka Ta
BUIaAKOBI nporecu. Teopist Ta Komir'torepHa mpakruka. B 3-x tomax. T.3 :
Bunazakosi mporiecu. Teopist Ta komm’oTepHa mpakTuka. — UepHiii : 30s10Ti
sutaspu, 2009. — 782 c.

2. Ckopoxoz A.B. AcuMmnrorudeckue MeTO/IBI TEOPUN CTOXACTHIECKUX nuddepen-
nuaJbHbIX ypaBHeHuit. — Kues : Hayk. gymka, 1987. — 328 c.

3. Yasinsky V.K., Doroshenko I.V. Asymptotics of solutions of diffusion stochastic
differential-functional systems with a small parameter under the action of

external random variables // Sworld Jornal, Issue Noll, Part 2, January, 2022.
- P. 62-71.
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IIpo kJjacuYHicTh y3arajibHEeHUX PO3B’sA3KiB HEOJHOPITHUX
KpaloBuX 3a7a4 OJisd MapaboiiuyHuX CUCTEM APYroro MmopsiaKy

Lavenro Oaercanop

ol_v_dyachenkoQukr.net
Hauionarvruti mexnivnul ynwisepcumem Yrpainu “Kuigcokuth nosimexrHivHul
inemumym, imens lTeopa Cikopcorozo”

3 nouarky 2010-x pokiB B Teopil mapaboivHuX 3aa4 MOYAJINA ICTOTHO BUKOPU-
CTOBYBATH y3arajbHeHi anisorpomnHi npocropu CobGosepa H*®/(2)i® [1, 2, 3]. Bounu
apaMeTpu3yIoThCa Mapoo JIHCHUX dmces s, s/(2b) Ta NOBIIBHO 3MIHHOIO Ha He-
ckinuennocti 3a Kapamara dyukuieio p. Ocranus J103B0Jisi€ H6LJIbIIT TOHKO XapaKTe-
pU3yBATH PEryJsipHICTb (DYHKIIN, HAJEKHUX MM [IPOCTOPaM, HiXK Ile MOXKHa pO-
ouTu B Mexkax KiracmgHux mpocropis Cobosesa. Tomy BUKOpUCTaHHST y3araJbHEHIX
npocropis CobosieBa j1a€ MOXKJIMBICTH OTPUMATH OLIBII TOHKI yMOBHM KJIACHIHOCTI
y3araJibHEHOI'0 PO3B’s3KYy IMapabosiivHol 3a/1adi MOPIBHSIHO i3 CODOJIEBCHKUMHU IIPO-
cropamu. Y JOMOBiII 06rOBOpMMO Taki yMoBH Jijisi mapabosiunol 3a [lerpoBchkum
crucremMu qudepeHIiagIbHIX PIBHIHD JIPYTOro MOPSAKY 3 HEOHOPITHUME TOYATKOBH-
MU Ta KpaiioBumu ymoBamu [3]. Bepciro 1poro pesysbrary st CKaIsipHOTO BUIIAIKY
HaBeJieHO B MoHorpadil [1, m.3.5].

Hexait Q := G x (0,7) — Bigkpurmii mamingp 8 R"T, S := T’ x (0,7) — iioro
6iuna nmosepxus. Tyt G — obmexkena obsiacts B R™ 3 HECKIHUEHHO IVIA/IKOI0 MEXKEIO
I' := 0G, niiicue uucnao 7 > 0. Y nmrinapi ) po3ryissHeMo 3a1a9y:

N
at’u]'($,t) + Z Z a?,k(xvt) Dguk(xvt) = fj(ZE,t)

k=1|a|<2 (1)

gt Beix  (z,0) € 1 je{l,...,N};

N
Z bik(xvt) Dguk(l‘vtﬂs :gj(l’,t)
k=1 |a|<l; (2)
st Beix  (z,t) €S 1 je{l,...,N};
Uj(m7t)’t:0:hj($) nsBcix ze€G 1 oje{l,...,N}. (3)

TyT marypamsae N > 2, Bci amcra l; € {0;1}; Bcl xoedimientn afy, i b5, € neckin-
YEHHO TJIQJIKUMU KOMIUIEKCHO3HAYHUMHU (DyHKIisMu. [Tokmasemo

Se :={z € Q:dist(z,S) <e}, Ge:={xeQ:dist(z,G) < e},

ne aucio € > 0. [osuaunmo lo := max{l1,...,In}, u:= (u1,...,un).
VsaranbHennii po3s’ss0K u 3 cobosescbKoro npocropy (H 2‘1(9))N sagaqi (1)—
(3) HasuBaeMO KaacuwHuM, SIKIO y3araJbHeH! JacTHHHI HOXiNHI BeKTOP-DYHKIHT
u = u(z,t) 3870BOJBHSIIOTH TAKI TPU yMOBH:
(a) Dgafu HenepepsHa Ha 2, axmo 0 < |a| + 28 < 2;
(b) Dgu menepepsHa Ha S. U S sy geskoro uncia € > 0, sxkmo 0 < || < lo;
)

(c

u HeniepepBHa Ha G U G i gesikoro gucia € > 0.
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Y 1boMy O3HaYEHHI HABEJIEHO MiHIMAJIBbHI YMOBH, 3a SIKUX JIBI YaCTUHU 33124l 00-
YHC/IIOIOTECA 32 JOIOMOI'OI0 HEIEPEPBHHUX KJIACHYHHUX IOXITHUX 1 CJIiZIiB BEKTOD-
byuknil u. O3navends QyHKIIOHAJBHUX [IPOCTOPIB, BUKOPUCTAHUX Yy (DOPMYIIIO-
BaHHI HACTYIHOI Teopemu, quB. [1, ¢.130] a6o [3, .3].

Teopema. [3, teopema 4| IIpunycmumo, wo u € (H2‘1(Q))N € Y3a42aNDHEHUM
po3e’askom napabosiunoi 3adawi (1)—(3), npasi wacmunu Kot 3a006804vHAOMB MAK]
YMOGU:

(f17 s fN) c (H1+n/2v 1/2+n/4§69(Q7 @))Nﬂ

loc

N (HloflJrn/?,l0/271/2+n/4;gp(s€ S))Nm (4)

loc

n (H71+n/2, 71/2+n/4;<p(G€ G))N

loc

N

(91, 9n) € @Hllc[)):n/27lj+l/2,l0/2+n/47lj/2+1/4;ga(57 ), (5)
j=1

(ha,...,hn) € (HMZ9 (@)Y (6)

3 deaxum PyrwruionasoHum napamempom ¢ € M, wo 3adosoavhse inmezpasvry

YMOBY
dr
1/ r o2 () < 00. (7)

Todi poss’asox u = u(x,t) Kaacuunud.

BingmiTuMmo, 11106 BHCHOBOK TEOPEMH 3aJIMIINBCH NPABWIBHUM Y BHIQJKY IIPO-
cropis Cobosesa ¢ = 1 (ymopa (7) He BUKOHyeThCs1), Tpeba y BrioueHHsX (4)—(6)
30UIBIIATHY YUCJIOBI MOKA3HUKU PErYJISTPHOCTI BCIX MIPOCTOPIB Ha Jedke duciao § > 0.
Ile pobuTh pesyabraT GiIbII IPYOUM.

1. Jlocs B. M., Muxaitnenp B. A., Mypaa O. O. [Tapaboniuni rpannusi 3amadi
Ta y3arajbHeni npocropu Cobonesa. — Kuis: Haykosa mymka, 2023. — 162 c.
(mpenpurT arXiv:2109.03566)

2. Diachenko O., Los V. Some problems for Petrovskii parabolic systems in
generalized Sobolev spaces // J. Elliptic Parabol. Equ. — 2022. — 8. — P. 313-329.

3. Diachenko O., Los V. Regular conditions for the solutions to some parabolic
systems // Ukrainian Math. Journal. - 2023. - 74, no. 8. - P. 1263-1274.
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AcuMnToTnYHA MOBEAiHKA PO3B’I3KiB OJHOTO KJIacy HEeJJIiHIHHUX
audepeHniaTbHUX PiBHAHb YE€TBEPTOTO MOPAAKY

€Eemyxros B’avecaas, Toaybes Cepeit

evmod@i.ua, sergii.golubev@stud.onu.edu.ua
Odecorutl Hayionarvhul yrwisepcumem imeni 1.1, Mewnuxosa

Posrisiiaerbest JBodieHe HEABTOHOMHE JudbepeHIiajbHe DIBHSHHSI YE€TBEPTOrO
TIOPSIJIKY BULY

y™@ = aopo(H)[1 +7(1)]e”” (0 # 0), (1)

ne ap € {—1,1}, po : [a,w[—]0, +o0[ — HenepepsHa, abo HenepepBHO audepeHIi-

foBHa dyHKuig, —00 < ¢ < w < 400, T : [a,w[—] — 1, +oo[-HenepepsHa byH-

KIS Taka, mo limer, 7(¢) = 0. HeBaxkko momituTH, mo B 1poMy piBHAHHI QyHKITIS

Y (0 #0) € mBuako 3MinHO©0 dyHKIiE n1pu y — Yo = Foo Ilpu npomy y sikocri
oKoJ1iB Ay, TOUOK Yy = £00 MOKeMO OOHPATH IIPOMIXKKH

10,400, sxmo Yy = +oo,

Avo = ] —00,0[, sikmo Yy= —o0,

IIpm mochimkeHnHi piBHAHB 3 €KCIIOHEHINAJJILHOIO HEJIHIAHICTIO, sIKi IIPOBOIMJIOCS B
poGorax €eryxosa B.M., pik H.I'[1], €sryxosa B.M., Illunkaperko B.M.[2], €B-
tyxoBa B.M., Xapekosa B.M.[3] 6yiu pospobieni MeTO[ AOCIIKEHHST ACUMIITO-
TUYIHOI MTOBEIIHKN KJIACY PO3B’A3KIB, sIKi BU3HAYAIOTHCS Y€pe3 eKCIOHEHINAIbHY He-
JIHIAHICTB, IO He 30BCiM € NnpupoaHuM. HalOljIbIll NPUPOTHUM IIPEJICTABIISIETHC
BCTAHOBJIEHHSI aCUMIITOTUYHUX BJIACTUBOCTEN THX PO3B’sI3KiB, AKi JOCIIIZKYBaJIACST
paHitie pu posrisal audepeHIiaabHUX PiBHSHD 3 MPABUIBHO 3MIHHUMM HEJTiHIN-
HOCTAMM, a caMme, Tak 3BaHuX, P, (Yo, \o)-po3s’saskis. TakuMm 9uHOM, /Il PIBHSIHHSI
(1) orpumyemo HacTylHe o3HaueHHs. Po3B’s130K y AudepeHniagbHoro pisasiHHs (1)
nasusaeTbcsa P, (Yo, Ao)-poss’saskoM, ge —oo < Ao < 400, AKIMIO BiH BU3HAUECHUN
Ha IPOMIXKKY [to,w[C [a,w[ 1 3a10BOIbHSIE HACTYIIHUM yMOBaM

y(t) € Ay, mpm tE€ [to,w], giTmy(t) =Yy = +o0,

_ AR
k=120 e~

B naniii pobori JOCHIIKYEThCSA BUIIAIOK, KOaH Ao € R\ {0, 35 % 1} (neocobn-
Buil Bunajok). s nporo ysememo /:Lo,/:LaTKOBl jonoMixkai nosHadenust K (Ag) =

(k) _ | abo 0,
%rgy (t) = abo =+ oo,

t t

Afj(gf(} Jo(t) :Afwf;( T)po(r) dr, Ji(t f P dr, Ji(t) :A[Ji,l(T)dT(i -
0 i

2,3), Y(t) = —2In(ao(—2)K(Ao)Jo(t)), q(t) = aj;gt&). e rpanuig interpysa-

HHA A; ILopiBH}oe abo w abo crauiil i BU3HAYAETHCA TAKMM YUHOM, 100 iHTErpas
npsimyBas abo 10 0 abo mo +oo. s pisasnas (1) cnpaBeIMBUMU € HACTYTIHI B
TeopeMu.

Teopema 1. Hezal Ao € R\ {0, 505 1} as icnysanna y dugepenyianvrozo
pisnanna (1) P, (Yo, Mo)-poss’askie neobxiono, wob suKOHYS8aAUCH HePisHOCTI

aoo (220 — 1)(BXo —2) > 0, a1 K(Ao)mw(t) >0, npu t€la,w| (2),
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1 HACMYNHL YMOBU

aooK(Ao)Jo(t) <0 npu t€la,wl, ltlTlg %(Jt(;(t) = +o0, (3)
CTe()Ji() 1 ; _
T wor aO@s! @

npuvoOMy KoocHul maxuli pods’aszox donyckae npu t T w HACMYNHI ACUMNMOMUNHI
300padHCEHHA

y(t) = —— I(ao(~ K (o) Jo(t)) + (1) mpu 171,

y P (1) = aodik (1 +0(1)], ttw, (k=1,2,3) (5)
Teopema 2. Hezati Ao € R\ {0, 3,2,1} i euronyromoca ymosu (2)-(5).
Hezxat, xpim mozo limgp, (1 — q(t))|Y(t)\% =0 4 apoc > 0 Todi dugppepen-
yiaavne pisHanua (1) mae dsonapamempuuny cimv’ro P, (Yo, Xo) pose’askis, wo
30006804vHAOMDb NPu t T W ACUMNMOMUYHT 300DAAHCEHHA

"

y(t) = Y(t)+o(1), ¢ (1) = aols(@®[I+Y ()] 1], ¢ (t) = aoJa()[1+]Y (8)] 2],

"

v () = a0k O+ [Y(®)] 5], npu, (k=1,2,3)

IMuranns npo icuysanus P, (Yo, Ao)-po3s’sa3kis audepennianbaoro pisasuus (1)
Y BUIIAQJIKY KO (oo < 0 3aJIUIIAE€THCS BIIIKPUTHUM.

1. Evtukhov V.M., Drik N.G. Asymptotic behavior of solutions of a second order
nonlinear differential equation// Georgian Math. J. — 1996. — V. 3, N 2. — P.
101 — 120.

2. Esryxos B.M., ITunkapenko B.H. AcuMmnrorudeckue npeicraBieHns: pemenuit
JBYYJIEHHBIX HEABTOHOMHBIX OOBIKHOBEHHBIX auddepeHnnaabHbIX ypaBHEHUH
N-ro MOpsiZiKa C IKCHOHEHIMAJILHON HeqmHelHocThio// Jluddepent. ypasme-
aus. - 2008. - 44, Ne 3 . - C. 308-322.

3. Esryxos B.M. Xapbkos B.M. Acumnrorndyeckue npejcTaBjIeHUs PEIIeHuii Cy-
[IECTBEHHO HEJMHEHHBIX AuddepeHIualbHbIX YPaBHEHUH BTOPOro nopsaaka//

Huddepenn. ypasuenns. 2007.T. 43, Ne9. C. 1311-1323.
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Amnaniz KkopekTHOCTi HeYiTKOI 6a3u MpaBuWJ B CUCTEMAX JIOTiYHOTO
BUBEIEHHS

Eeowxin Hanuno, I'yx Hamanis

KnightDanila@i.ua, NatalyGuk29@gmail.com
Jninposcoruti HayioHarvHutl yrisepcumem imeni Oaecs Tonuapa

Agpromarrune hpOpMyBaHHS MPOAYKIIHAHO! 643U MPABUJI B €KCIIEPTHUX CUCTEMAX
Ta JOBeeHHS 11 KOPEKTHOCTI € aKTyaJIbHUM 3aBIAHHSIM, OCKIJILKHU 103BOJIsIE 3a0e31e-
YHUTHU IPOCTOTY PO3POOKU €KCIIEPTHUX CUCTEM Ta JOCATATH BUCOKOI SKOCTI JIOTTYHOrO
BUCHOBKY. [Ij1s1 3abe3medenHs JOCTOBIPHOCTI JIOTIYHOTO BUCHOBKY Ha OCHOBI cop-
MyJIOBaHOI 06a3u 3HAHb HeOoOXimHO, MmOb6 6a3a 3HAHbL MaJia BJIACTHUBOCTI ITOBHOTH,
MiHIMaJIBHOCTI (He HaIMIPHOCTI), HECYIIEPEYHOCTI Ta 3B’S3aHOCTI.

Amnaji3 KOpeKTHOCTI 6a3u 3HAHD CUCTEMU HEYITKOTO JIOTIYHOTO BUCHOBKY JIOCJIi-
JIPKEHO y Hu3mi pobiT i3 3acTocyBaHHaM pisHux migxoxis. Tak, y po6ori [1] cucre-
Ma IpaBuIl 300parkyerbest Merarpadgom, y pobori [2] mus aromarnsanii nepesip-
KM KOPEKTHOCTI MPOYKINHHUX MTPaBU/I MTPOMOHYETHCST KBAHTOBA MOJIEh KOy BAHHS
cuMBoOJTiB Gararo3nadnoro ajidasity. Takox s 300pakeHHs 6a3u 3HAHDB IITUTPOKO
3aCTOCOBYIOThCS anuKIIivgHi rpadu. Y pobori [3] samis opranizanii Besukux HaGo-
PiB 3HAHB 3aCTOCOBYETHCS AJTOPUATM ITOOY/I0BU OPI€EHTOBAHOTO AIMKJ/IITHOrO rpada 3
OAJIBINOIO TPAHCIANIEIo rpada 3a monomoromo cuerjanizoanoi mosu TLC (Target
Language Compiler). Ha eramni Tpancianil 3aiiicHIOETbCs IepeBipKa KOPEKTHOCTI Ha-
3u 3HaHb. Y po6oTi [4] mns crBOpenHs 6asm mpasws Ty MaMIaHi TPOMOHYETHCS
BU3HAYEHHS ONTUMAJIbHUX KOHCEKBEHTIB HA OCHOBI BUKODUCTAHHS MYJIbTHATEHTHHX
OITHMI3aIifHIX aJITOPUTMIB.

VY miit poboTi 3IiCHIOETHCS ABTOMATUYIHA TeHeparlis 6a3u HEITKUX MPOJTYKITiH-
HUX IPAaBUJ HA OCHOBI JIHIBICTHYHUX 3MIHHUX Ta 1X TE€PM-MHOXKHUH i3 ITOJAJIBIIIOIO0
nepeBipKoro 11 KOPEKTHOCTI.

tst o0y 10BM aHTEIEIEHTIB TPABUJI BUKOPUCTAHO O3HAKM 00’€KTIB 31 CKiHYeHHOT
TEPM-MHOXKWHH, KOH IOHKIIisI ICTHHHUX 3HAYEHDb sIKUX BU3HAYAE YMOBH 3aCTOCY BAHHS
MpOAYKINil. AHTerneneHTn npaBuil (pOPMYIOTHCS 3 BUKOPUCTAHHSIM JIEKapTOBOIO JI0-
Oy TKY, [J/Is1 KOHCEKBEHTIB 3a3HAMAIOTHCS KJIACH 3 JEesSKOl CKindeHol MHOXKHHE KJIaciB
006’ekTiB. KoHCekBeHTH IMpaBuI 300ParKyIOThCsl Y BUTJISA BEKTOPY CTOBIIIS, 3HAYTE-
HHsI €JIEMEHTIB BEKTOpa 3aJIeXKWUTh BiJl MATPUI[l aHTENEJEeHTIB i 00’€KTIB HaBYAJIb-
Hol Bubipku. PopMyBaHHsI BEKTOPa KOHCEKBEHTIB 31 ICHIOETHCS i 9aC BUKOHAHHS
nporeaypu HaBYaHHsS 0a3u 3HaHb. KoykeH O0’€KT 3 HaBYaJBLHOI BHOIpKU
MIPOXOJIUTH MPOIEAYPY (a3udikarliii, mcjis 9Joro BEKTOP BU3HAYAETHCS HACTYITHUM
IUHOM:

XT'ruzn

[Train .
cp = Oy : max( caird (fuzz(z]™™) € ap,Cim)) (1)

ne card() — dOYHKIA TOTY?KHOCTI MHOXKHHH.

Bekrop noBunen mictutu B cobi Bei Kitacu Chy,, SIKIIO 1151 YMOBA HE BUKOHYETBHCS,
TO 3a3HAYAETHCH, [0 HA, BXiJ[ CUCTEMU IOJIAHO HEMOBHY HABYAJIbHY BUOIPKY i HEOO-
XiJIHO TTEPEHABYNTH CUCTEMY Ha iHmomy Habopi manmx. st mepeBipkm oTrpumanol
0a3u 3HaHb HAa KOPEKTHICTb, BUKOPUCTOBYIOThHCS KPUTEPIl MOBHOTH, MiHIMaJIbHOCTI,
3B’s13HOCTI Ta HecymepedHOoCTi. 11ii TOBHOTOM pPO3YMIETHCsI, IO OyIb-IKOMY IOEI-
HAHHIO 3HaYEeHb TEPMIB BXiTHUX JHHIBICTUYIHUX 3MIHHUX BiJIIOBi/Ia€ ITIEBHE TPABUIO
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B 6a3i mpasui. [lig miniMasbHOIO 623010 TTpaBUJI PO3yMi€ThCA 06a3a, 3 sIKOI HE MO-
JKHA BUJIAJIATH YKOJHOTO 3 MPOAYKINHHUX TPaBUJI, HE TOPYIUBIINA UM 11 TIOBHOTY.
Basa 3nanb € HeCynepewnBoio (y3rofKeHOI0), sIKIO BOHA HE MICTHTH HECYMICHHX
IpaBUJI, TOOTO IIPABUJI 3 OJHAKOBUMHU JIHIBICTUYHUMH yMOBAMH, ajl€ PI3HUMH JIO-
riYHUMU BUCHOBKaMmu. J[Jisi MOBeeHHST TTOBHOTU CHUCTEMH IPABUJI 3aCTOCOBYETHCS
sorika Xoapa, MeTOJT pe30JIIoIiit Ta mporpamuamit gomatok Simplify, 3a momomororo
SKOT'O 3/iICHIOETHCS aBTOMATHYHA II€PEBIPKA CUCTEMH Ha HECYIIEPEYHICTb.
Pospobiennit miaxin 3acTOCOBYEThCS I PO3B’sI3aHHS 3324l Kiaacudikail Bu-
JIOBOI TOMYJIANil ApKTUIHUX MIHTBIHIB [5], ominka sKOCTI OTpuMaHOl HEUITKOI 6as3u
[IPABUJI IIPOBOUTHCS 3a JOIIOMOIOI0 METPHUK accuracy, precision, recall, f1-score.

1. Tepnosoit M. FO., Ilrorpuna E. C. @opmanbHas cuenudukams cBOACTB 6a3
HeueTKUx 3HaHuit Mamganu Ha ocuoBe Mertarpada // Bicamk XHY imeni B.
H. Kapagina. Cepis: Maremaruune mogmentoBanns. [adopMartiiiii TeXHOIOTII.
Apromaru3zoBani cucremu yupasiinus, Bun. 27, — 2015. — C. 157-171.

2. Kpusyua I @, HIkuns A. C., Kyuepenko /1. E. Anaiaus KOppeKTHOCTH TIPOILY-
KI[MOHHBIX [IPABUJI B CHCTEMAX HEYETKOTO JIOTMIECKOTO BBIBOJIA C MCIOJIB30Ba-
HueM KBaHTOBBIX Mogesieit // ACY u npubopbl aBTOMATHKH: BCEYKD. MEXKBEI.
Hay4.-text. c6. — X.: Uzn-sBo XHYPD, Boem. 165, — 2013. — C. 42-53.

3. Darwiche A., Marquis P. A Knowledge Compilation Map // Journal of Artificial
Intelligence 17, —2002. — P. 229-264. doi: https://doi.org/10.1613/jair.989

4. Koungparenko FO. I1., Koznos A. B. Ienepariisi 6a3 npaBusi HEYITKUX CUCTEM HA
OCHOBI MOIM(DIKOBAHNX MypPAIIMHUX aJIropuT™MiB // MiKHapoaHU HAYK.-TEXH.
xyprai «IIpobiemu kepyBamHst Ta indopmarukus, Ne 2, —2019. — C. 59-79.

5. Gorman K.B., Williams T.D., Fraser W.R. Ecological sexual dimorphism
and environmental variability within a community of Antarctic pengui-
ns (genus Pygoscelis), PLoS ONE 9(3):e90081, —2014. — P. 1-14. doi:
https://doi.org/10.1371/journal.pone.0090081
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Cropireninr — edekTuUBHUI MeTO/] KOMYHIiKaIlil Ha ypoKax
MaTeMaTHUKWU B OCHOBHIl i crapmmiit mkosi
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Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

IleprroueproBuM i He3MiHHMM 3aBJAHHSAM II€arora y BCi Yacu € 3aI[iKaBJICHHS
V4HIB i MOTHBAIIia 1X 7O Al SK MIOJ0 IIEBHOTO IPEIMETa, TaK 1 IPU PO3IJIs i KOKHOL
OKPEMO B3STOI TEMU.

Hapuanns y<HiB OCHOBHOI i CTapIOl MIKOJIN MaTEMATHKH Oy/yeThCsl Ha OCHOBI
BiJITBOpEHHSI HASIBHUX HAOYHMX 0OPa3iB, MOHSATH I TBEP/XKEHb, IO 1X ITOB’SI3YIOTh.
Ha >xasb, 9acTo criocTepira€Tbcs xapakTepHuil peHOMeEH «3a3yOpIOBAHHS» HaBYAJIb-
HOro Marepiajxy Ta GpOpMyBaHHsI PO3PI3HEHUX YSBJIEHb PO Ti PaKTH JIHCHOCTI, 3
SKMMHU TOI, XTO HABYAETHCS, CTHKAETHCS BIIEPIe, ajle HMOBHHEH Oy/e BXKe sK I0-
HATTS BUKOPHCTOBYBaTU B MailOyTHROMY. Take HaBYaHHS BiJIIOBiZIa€ IPUMYCOBOMY
XapakKTepy HaOyTTsI HOBUX 3HaHb. |[puMmycoBuit XxapakTep OCBITHBOTO MPOIECY 3 Ma-
TeMaTUKA OOYMOBJIEHWII HE BiJICYTHICTIO HAYKOBMX Ta METOIMYHUX 3HAHb 33 CIIe-
[IaJIBHICTIO, & TPYAHOIIAMU Y 3iiCHEHHI KOMYHIKAIIil, CIpsIMOBAHOI Ha PO3yMiHHS
HaBYaJbHOI'O MaTepiaJry.

Bunukae mpobiiema momryKy Takux 3acobiB Ta (popM 3iCHEHHsT KOMYHIKAIIil, 3a
AKUX I YIHS TPOBIIHAM HAIPsIMOM II3HAHHS T, CIIIKYBaHHS HA HaBYAJIBLHUX 3a-
HATTSIX Oy/Ie IHTepec MO0 MOITYKY HOBOTO 3HAHHS Ta IIHHICHE CTaBJIEHHS 0 HBOTO,
3a AKUX 3IHCHIOBaJINCSA 6 B3a€EMOPO3yMiHHSI Ta B3a€MOBILIMB YYACHUKIB OCBITHBHOTO
nporiecy. [lizHaBaIbHA AKTUBHICTD YUHSI IIPU IIbOMY MA€ IPOABJIATUACS SIK BiIIKPUTTS
cebe B Mi3HABAJBLHOMY IPOIIECi Ta BIAKPUTTS Mi3HABAJIBHOTO MIPOIECY B COOI.

Y cydacHOMY OCBITHBOMY IIPOIIECi iHTerparist pi3sHUX TeXHOJIOTi# cTae nemasi Ba-
2KJIMBIIIOIO NIl BYUTEJIIB, SIKi IIparHyTh IIJBUIIUTH HABUYKM y4HIB. BKirrogaroun
METOJ[ CTOPITEJIIHTY Yy HaBYAJbHUN MIPOIEC, BUUTE MOXKYThH CTBOPIOBATHU 3aXOILIIO-
04l Ta IHTEepaKTHWBHI HABYAJbHI IIPOTPAMHU, IO CHPUSIOTH OBOJIOJIIHHIO MaTeMaTH-
qHOoI10 Komuereriieo. Oaak, 1mo6 epeKTUBHO peasli3yBaTy OTEHIaJl CTOPITeiHTY,
BUKJIAJa9aM HEOOXITHO peTeIbHO IPOyMaTH CBOIO BJIACHY OPTaHI30BaHY CTPYKTYPY
ISt 11 BUKOPUCTAHHS Ha 3aHATTIX.

Y ocHOBHI#l i cTapiiiit IIKOJI CTOPITETIHT JoTIOMArae IPU BUKJIA I CKJIaTHOI TEMU,
3aB/IAKM oMY yUHI 3amaM’iTOBYIOTh BayKJIMBi (hakTH, naru, GOPMYIH 91 TPABUIIA.
3 inmoro 60Ky, BUKOPUCTAHHS YYHSMU pi3HUX HOPM CTOpITETiHTy H00pe TpeHye ix
KOMYHIKATHBHI HABUYKH, JIONIOMATra€ BIIOPSIAKOBYBaTH MUCIeHHsI. CiryxXatodu icTopil,
y4HI HAOYBaIOTh HOBOTO JOCBi/y, BUATHCsI KOHTPOIIOBATH CBOI €MOIIil Ta Mi3HAIOTHCS
PO HOBi BapiaHTH BPEry/IOBaHHs KOHMJIKTY YU BUPIIIEHHS OY/1b-SIKOI ITPOOJIEMHU.

3amno3uyeHnit 3 aHVIIACHKOT TEPMIH «CTOPITEJIIHT» HEIIOJaBHO YBIHINOB y mpa-
KTUKY IEJIarOriB 1 O3HAYAE «PO3MOBiMAHHS ICTOpii». Y HAYKOBUX CTATTSIX CTOPi-
TEJIHI PO3IVISJIAETHCS K TeJaroriaia TEeXHOJIOTisl, Mo0y/0BaHa Ha BUKOPHCTAHHI
icTopiit 3 MEBHOIO CTPYKTYPOIO Ta MEPOEM U CIPAMOBAHA HA BUPIIIEHHS TI€Arori-
YHUX 337129 HaBYaHHs, PO3BUTKY Ta MOTHBAIll i BUKOHY€ Taki (OYHKII: HACTABHU-
[IbKY, MOTUBYIOYY, BUXOBHY, OCBITHIO, PO3BUBaIOYy. AJie, Ha ¥KaJlb, ChOIOJHI 1Ie MaJIO
HayKOBUX PO3BIJIOK IOJI0 BUKOPHUCTaHHs MeToay storytelling, ocobmmBo Ha yporax
MaTeMAaTUKH B OCHOBHIN 1 cTapImiil MIKOJII.
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Cropiteminr Mmoxke OyTn nacuBHUM i akTuBHUM. [Ipum macuBHOMY BapiaHTi 3a
CTBOpPeHHs icTopil Ta II PO3NOBiIE BiANOBiZa€e BYUTENb, & AaKTHUBHOMY — BUYHTEJIIO
JOToMaraioTh y4uHi. Bubip meBHOTO BapiaHTy 3aJI€’KUTDH BiJl YPOKY, TEMU 3aHITTS,
a TAKOX BiJi 0cobHCTUX 1MOOAXKAHDb BUNATEJIsA. 3ayBayKMMO, [0 MACUBHUIA CTOPITEJiHTD
ONITUMAJIFHO MiIXOIUTH MPU MMOYATKOBOMY BUBYEHHI HOBOI TeMmu, Je y dopmi pos-
MOBiIi MOXKHA TIOZATHA HOBI IpaBusa, Teopil, popMysu, 3aKOHA TOIO. AKTUBHUH 2K
CTOPITEeJIHT — JIUIst 3aKPINJIeHHs 3HAaHb, KOJIM Y4YHi caMi CTBOPIOIOTH iCTOPII, & BYUTETH
CIPSIMOBYE IX y moTpibue pycio.

Merton cropiteminry m03BoJisi€ peasi3yBaTH iHAWBiAyasbHI OCBITHI TpaekTOpil
II[0JI0 TIEBHOTO 3MICTOBOro OJIOKY yYPOKY MAaTeMaTHKH, IO HeOoOXimgHi Jjis pO3KpH-
TTe IHAWBIAyaJ BbHOCTI, TBOpYMX Hadas y4HiB. Ilin muM Mu maemo Ha yBa3i cucremy
3a/1a4, aJeKBaTHY IHIUBIIya bHUM 0cOBIUBOCTSAM OKpeMoro yuns. Cucrema 3amad
BiApi3HSAETHCA BiAKpUTICTIO DOPMYIIIOBAHHS 3aB/IaHH, HAIIPUKJIAJ: «3aIIPOIIOHYiiTe
CBiif BapiaHT icTOpIl IMIOM0 3aCTOCYBAHHST O3HAK PIBHOCTI 4M TOIIOHOCTI TPUKYTHU-
KiB», «CKJIaJIiTh PO3MOBIAL PO CBOI JOCATHEHHS IPU PO3B’si3yBaHHI 3aJad» TOIIO.
Peastizartisi MeTo 1y cTOpiTEsiHT JI71s1 CTBOPEHHSI KOMYHIKaIlil HA YypPOKax MaTeMaTHKU
nepeibavae JOTPUMAHHS TTEBHUX MTPABUII, IO SIKUX MOXKHA BiJIHECTH: pobOoTa HaT 3Mi-
cTOM icTopil; gu3aitn odopMIieHHs icTopil, momanHs iHdOpMallil; JoBipa; 3BOPOTHIH
3B’SI30K.

Poarisimemo kiibka NpuUKJ/IaiB peasizalii MeTOMLy CTOPITEJIHIY Ha YpOKaxX Ma-
TEMATHUKU SIK 3aCO0y 3A1fICHEHHS KOMYHIKAIli1, KO MIPOBiAHAM HAIIPSIMOM Ii3HAHHS
i crisIKyBaHHSI cTa€ iHTepec JO MOUIYKYy HOBOT'O 3HAHHS Ta I[iHHICHE CTaBJIEHHH IO
HBOTO, JOCATAETHCS B3a€EMOPO3YMiHHSI Ta B3a€MOBILIUB YYACHUKIB OCBITHBOTO IIPO-
1ecy.

1. Ha yporii reomerpii y 8 kiaci npu BuBuenHi temu «Teopema Ilidparopas yunis
MoxHa y dopmi cropiteninry (icTopii) mosmaitomuTn 3 Teopemoro Ilidbaropa, npa-
KTUYIHUM BUKOpucTaHHsIM Teopemu I[lidaropa B »kuTTi.

2. Ha ypori B 5 kJaci mpu BuBtueHHi TeMu « MHOXKEHHST Ta JIJIEHHsT HATYPAJIbHUX
YHCEeJT» 3AIPOIOHYBATHA CKJIACTU iCTOPIIO MPO Te, YOMY HE MOXKHA JIJIUTH Ha HYJIb.
VY4aHaM 1'ATOro KJIacy IIe CKJIa/IHO CKJIACTU iCTOPiIo MOBHICTIO CAMOCTiifHO, TOMY Ha
indopMariitHiit O MOXKHA, PO3TAIlyBATH HAOYHUN MaTepias i cTaBUTH HaBimHI
MUTAHHS.

3. Ha ypokax mozati HoBoro 3HaHHs 200 pedJreKcil MOKHa 3aIIPOITOHYBATH Y IHIM
nomipkyBaru Haj nuraHHAME: «IIpo mo Mpie cekrop?», «fkumu npegmeramMu Mo-
ru 6 6y Tpamernis, mipamina?y, «Homy sorapudm 3a 0CHOBOO 1 HEe BU3HAYAETHCSA !
«Yowmy crisenp Ha TPHOX Hi*KKaxX CTIRKIIMINIA, HizK HA YOTUPBOX ! », « HoMy Kimka, 100
3irpiTHUCs, 3ropTaEThbcst B KIyOOK?», «HoMy cup, 1mo mae ¢popmy KyJi, jJoBiie 36e-
piraerbes?s» tommo. Posmosinb icTopil, mo MicTHTh apryMeHTOBaHI MipKyBaHHsT ab0
rinoTe3u, CTBOPIOE CHPHUATINBY HABYAILHY aTMOCHEDPY, TO3BOJISE€ CKOHIIEHTPYBATH
3ycriiisl YIHIB IIepeJi HOBOIO MOPIEo IpeaMeTHOI iHdopMaril, Kpale 3amam’ sTaTn
KOHKPETHI TMPUKJIaIN, (DOPMYJIN Ta CIOCOOM PO3B’SI3yBaHHS 3a7a4. Y 9HI PO3YMIIOTH
Te, MO0 HayKa — OJuzKdYa, HixK 37a€ThCs. AJKe Tparlelisi, HallpuKJIa, acoIifoBaTHU-
MeTbhCsI 31 CTOJIOM 1 Ti€o icTOpi€lo, B siKiil BoHa (dirypyBaJia siK HEXKUBUI [I€PCOHAXK.

4. Ilpu BUBUYEHHI BJIACTHBOCTENl TeOMeTPUIHUX (DIiryp Ha ypoKax reomerpii Ha
eTalli CUCTEMAaTU3allll Ta y3arajbHEeHHsI 3HAHb MOYKHA 3aIIPOIIOHYBATU YYHSIM CKJla-
cTH po3uoBifp Ha TeMy «TpukyrHUK», «YoTMpUKyTHUK», «Kos0» TOIO, BUKOPU-
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CTOBYIOYM, HAIIPUKJIA, 15 Ji€c/iB Ta IPUKMETHUKIB. 3aBIAHHS CIIPUSIE STK CUCTEMa-
TH3aIil 3HaHb yYHIB [IPO BJIACTHUBOCTI reOMeTpUIHUX (Diryp, Tak i 3HAYHOIO MipoIo
CIIPUSIE€ PO3BUTKY CEMAHTUYHOI THYYKOCTI i aIalITUBHOCTI IX MAaTEMaTUIHOI MOBH.

5. Ha ypokax po3BHBaIOvI0OIo KOHTPOJIIO 3HAHb, YMiHb 1 CIIOCOOIB JiSIJIBHOCTI MO-
2KHA 3aIIPOIIOHYBATH YUHSIM HamucaTH icTopil Ha Temu: «Mos xBuinHa citaBuy, « Mot
JOCATHEHHST», «]’9Th mpUYrH BUBYNTH T€OMETPIIO Ta IT'SITh MPUYHH, YOMY BH I[HOTO
1e He 3pobusny Tomo. HaBuuka camornpeseHTarliil Ha ChOTOJIHINIHIM JIEHDb € HAMOLIbIIT
3arpebyBaHon0. BarkaHo orpuMaTH 3BOPOTHUIL 3B’s130K (BIArYK ciyxada): y Bamii
icTopil crrogobasocs . .., BOHa JOIOMAra€ mam’ siTaTd Ipo Te . . .

BukopucranHs MeTOHy CTODITEHIY 1a€ MOXKJIMBICTH YYHSIM OCHOBHOI i cTap-
mrol mKoJn OpaTh aKTUBHY yYacTb y CIIJIKYBaHHI Ta B3aeMo30aradeHHI 3HAHHAMU
3 OMHOITKAMHU 1 MeJAroroM, 3ade3lnedye PO3BUTOK YsBHU, BIIHHOTO, KPEATHBHOIO
MHUCJIEHHSI, CIIDUSE CTAHOBJIEHHIO I'PaMOTHOI MoBH. MeTosn cropireminry sk dpopmar
HaBYAHHS y OCHOBHIH 1 cTapImiii mMKOJi Ma€ BeJUYE3HY NPAKTUYHY KOPHUCTH: JIer-
K€ 3aCBOEHHS MaTepiasy, MOMOJAHHS CTpaxy MyOJiYHOrO BHUCTYILY, HAJATOIKEHHS
CTOCYHKIB 3 iHIIMMHU yYHSMH, CAMOIII3HAHHS.

1. Kosanmos M.I. Maremaruka i pomantuka. — Kuis: Buma mxkomna, 1990. — 41 c.

2. Jlamosa H.M. 3acrocyBannsi merony storytelling y naBuanni meronuku mare-
MaTUKK MaiibyTHix yunrenis// IIpodecionaniaM neparora: rTeopeTudHi it MeTo-
mmaHi acektu. — Bum. 14, Y. 1.— Caos’saebk, 2021. — C. 96—105.

3. Maymmnosckaa C.K. Storytelling// Business Education Review. — 2006. — Ne 2.
— C. 50--56.
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Kpurepiii KepoBaHOCTi KpailoBUX 33Jiad JIJisi OIIEPATOPHUX PiBHAHDL
y 6aHaX0BUX IpPOCTOpPaxX

2Kypasavos Basepiti

v£z2008Qukr .net
Honicoruti naytonarvrull yHisepcumem

Hexait 1o (Z,B1) — GanaxoBmii mpocTip 06MeKeHnX BeKTOp-byHKIH 2 (1), BA-
3HAYEHNX HA CKIHIYeHHOMY MPOMIXKKY Z 31 3HadeHHAMH y 6aHaxoBoMy mpoctopi By,
z(-) : T — B1 3 Hopmoro |||2]|| = supsez ||2(t)||By; loo(Z, B2) — Ganaxosuit mpocTip
obmerxennx BeKTop-dyHKIiil f(t), BUSHAYECHNX HA TOMY K IPOMIKKY Z 31 3HAYEHHS-
M y GamaxoBoMy 1pocropi Ba 3 Hopmoro ||| f||| = sup,cz || (#) B2, 1o (Z, B3) — Ga-
HAXOBHUIA IPOCTIP OOMEKEHNX BeKTOP-MYHKILH 4 (), BUSHAYEHUX Ha TOMY K IIPOMIXK-
Ky T 3i 3HadenHsMu y GanaxosomMy mpocTopi B 3 mopmoro |||ul|| = sup,c7 ||u(t)||B;,
B — 6anaxoBuit npocTip BEKTOPIB 31 CTAJIUMM KOMIIOHEHTAMH.

Pozrisinemo siniiiny KpaiioBy 3a/1ady 3 KepyBaHHIM

(Lz)(t) = f(t) + (Hu)(?), (1)
0z(-) = a + Gu(-), (2)

ne L :1e(Z,B1) = 1e(Z,B2) ta H : 16(Z,B3) — 1oo(Z,B2) — mniniitai obMexeni
oneparopy, £ : 1oo(Z,B1) — B 1a G : 10(Z,B3) — B — uiniiini o6MexkeHi BekTOp-
dbyuxnionasu.

Hexait oneparop L € GI(1(Z,B1),1s(Z, B2)) — y3aranabaeHo 060poTHuii. ¥Y3a-
rajibHeHa 0GOpOTHICTH oeparopa L o3Havae [1], 1o BiH HOpMaJbHO PO3B’sI3HUIA, a
toro mynb-tipoctip N (L) Ta sapo R(L) momoBHIOBaimbHI y GaHAXOBHX MPOCTOPAX
1(Z,B1) 1a 16(Z,B2), Bignosiguo. IIpu npomy icHyiors [2] o6MekeH] IpoeKTOpH
PN(L) : IOO(I,B1) — N(L), PYL : IOO(I, B2) — YL, e Y, = IOO(I, Bg) S] R(L) Ta
obMexKeHmit y3araJpHaHO obepHeHuit onmeparop L~ 1o omeparopa L.

Bigomo [3], mo HOpMasnbHO po3B’si3He omeparopHe pibHsHHS (1) Mae po3B’si3Ku
JUTSl THX 1 JIAINE TUX MPaBUX YaCTUH, sIKi 3a0BOJBHAIOTH YMOBY

Py, [f + Hu] =0. (3)
IMosuaunsmu B = Py, H 3 ymoBu (3) oTpuMaeMo onepaTopHe piBHAHHS
Bu = —Py, f (4)

BisHOCHO KepyBaHHs u. TakuM YMHOM BUKOHAHHS yMOBH (3) 3aJI€XKUTb BiJ po3’Bs-
3HOCTI piBHsIHHS (4).

Kepysanns u(t), siki € po3s’sskamu piBHsaHHA (4) Oy1eM0O HA3UBATU JOIYCTUME-
MM KepyBaHHsIME st piBHsHHs (1) y cenci [4].

Hexait B € GI(1(Z,B3),10(Z,B2)) — ysarambaeno o6OpOTHWUIA, a OTKE HOP-
MasTbHO po3B’a3uuii oneparop. Toxi icuyrors [2] obmezkeni mpoektopu P (p) : 1o (Z,B3) —
N(B), Pyg :100(Z,B2) = YB, ne Yp = 1(Z,B2) © R(B) Ta obMexenuii ysarab-

HaHO ObepHeHwit omepaTtop B~ .
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Teopema 1. Hexaii ainitini onepamopu L € GI(1e(Z,B1),10(Z,B2)) ma B €
GI(1«(Z,Bs3),1(Z,B2)), a onepamopne pisnanns (1) 6es xepysanwnsa (H = 0) wne
Mmae po3e’asky npu dosiavnux | € loo(Z, Ba).

Todi pienanna (1) 3 kepysannam poze’asne oaa mux i auwe oaa muz f(t) €
1 (Z,B2), axi 3adooavnaroms ymosy

PYBPYLf =0, (5)

nPU BUKOHAHHT AKOT BOHO MAE CiM 10 PO38°A3KI6

} + L Hf, (6)

S N

2= [Xl, Xg] {

de X1 = Pn(r), X2 =L HPnp), H = Lz, —HB Py, 2 € 1x(Z,B2),
U € 1o (Z,B3) — dosiavhi esemernmu.
IIpu yvomy 60HO Mae Cim’10 JONYCMUMUT KEPYSaHD

UI'PN(B)Q—B_PYLf. (7)

ITincraBumo 3aranbHuUil po3s’s30k (6) oneparopuoro pisasiaHs (1) Ta BiamosinHe
nponycrume kepyBanng (7) y kpaitoBy ymoBy (2). Orpumaemo

2

>

02() = [exl, zX2} { }—kZL*ﬁf:
a+G[Pymil) - B Py, f].
IToznaunsimm

Q1 =/(X;: IOO(I,Bl) — B7 QQ =/(Xs — GPN(B) : IOO(I, Bg) — B7

MiCJIs IEPETBOPEHb OTPUMAEMO

(<SR

[Ql, Qz] [ } —a—((L"H+GB Py,)[. (8)

Hexait oneparopu Q1 € GI(1(Z,B1),B) ta Q2 = Py, Q2 € GI(1w(Z, Bs), B)
— y3araJibHeHO OOOPOTHI, TOMI OmepaTopHa MaTpuilsd () = [Ql, QQ] TEXK y3arajib-

HeHO obopoTtHa [5, c. 545]. Orke onepaTopHe piBHsHHS (8) HOPMAJIBHO PO3B’sI3HE i,
K HACJIJIOK, iCHyI0Th o6MexkeHi mpoekTopn Py (@) : loo (Z, B1) X1 (Z, Bs) — N(Q),
Py, :+ B — Yg Ta obmexennit ysaranpHeno obepmenmit omepatop Q- @ B —
1(Z,B1) x 1oo(Z,B3) no oneparopa Q.

Hopwmasero poss’ssne pisasmust (8) Moxe 6yTH: OqHO3HAYHO po3B’sa3HuM (P (q) =
0), Bciogiu poss’sizuuM (Py,, = 0), HeonHosHauHO i He Beroau poss’ssuuM (P (p,) 7
0, Py, #0) [6].

PosrisiHeMo Hafi6lIbIn 3arajbHUi BUNAIOK, KOJU PIBHSIHHS (8) HEOJHO3HAYHO i
He BCIOMU Po3B’asne, T06T0 Pr (@) # 0, Py, # 0. Ockinbku onepaTtop () HOpMaIbHO
PO3B’sI3HMIA, TO BUKOPHUCTOBYIOUU TeopeMy 3 3 [5, ¢. 545] npo po3s’si3HicTh piBHSIHHS
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3 OIIEPATOPHOIO MATPUIIECI0 MAEMO, 110 PIBHAHHA (8) Mae PO3B’s30K TOI 1 Jiuie TOai
KOJIM BUKOHY€ETBCsI yMOBa [3]

PYQ{a - (EL_ET—FGB_PYL)JC} =0,

[P BUKOHAHHI KOI piBHAHHA (8) Mae ciM’10 pO3B’a3KiB

|: 2 ] = PN |: ’é :| —Qi{a— (€L7ﬁ+GB7PYL)f}, (9)
e 3
PYQ = PY©2 PYQ17 PN(Q) = [ PN(()QI) 7Q17)?Vz(§]\)7(©2) :| ) (10)
S| @ - Qs P, "
Q Qs P,y ] (11)

— y3araJbHEHO 00epHeHUi oneparop 10 oneparopa @, zZ € 1.(Z,B1), @ € 1(Z, Bs)
— JIOBLJIbHI €JIEMEHTH.
[To3HaYMBIIN J1/Is1 CKOPOYEHHS 3AIUCIB

Qr =Q1 — Qi QQ: Py, , Q3 =QrPy,,, (12)

po3B’st30K (9) 3amumieMo y BUIVIsii

|

IMincrasusmu (13) y (6), Gyaemo maTu

2= [Xl, Xg]{PN(Q) [ ] -

%3 } [a — (¢(L™H + GB*PYL)f] } +LHf.
2

Teopema 2. Hezali ainitingi onepamopu L € GI(1o(Z,B1),1(Z,B2)) ma B €
GI(1(Z,B3),1(Z,B2)) — y3aeasvrerno obopommi.

Todi, axwo onepamopu Q1 € GI(lw(Z,B1),B) ma @2 € GI(1-(Z,B3),B) —
y3azanvreno obopommi, mo kpatiosa 3adava 3 Kepysarnam (1), (2) poss’asua daa
mux i avwe das muz f(t) € lo(Z,B2) ma o € B, axi 3adososvraioms cucmemy
YMOo8

} = PN Q) { 2 ] - { g; } {a— (ZL‘fI—i—GB‘PYL)f}, (13)

[<SR 3

S

Pyy Py, [ =0,
N (14)
Pys, Pro, [a— (L7 H + GB™Py,)f] =0,
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NPU BUKOHAHHT AKUL BOHA MAE CIM 10 PO3B A3KIG
z ~_ ~_
2 =[x, %Py { ; ] + (X107 + X207 )t

YL Hf - (X@; + XQQ;) ((L~H + GB™ Py, ) f,

de z2 € 1o(Z,B3), @ € 1o (Z,B3) — dosiavni esemenmu.
IIpu yvomy 60Ha Mae cim’10 JONYCMUMUL KepYSaHsb

u = 'PN(B>'PN(@2)1_L + 'PN(B)Q;oc—

~Pn)Qz ((L"H +GB ™ Py,)f — B Py, f.

1. Toxb6epe U. I[., Kpynnux H. 5. BpejeHnue B T€OpHUIO OJITHOMEPHBIX CUHIYJISIP-
HBIX MHTErpaJIibHBIX onepaTropoB. — Kumunen: [Tuunana, 1973. — 426 c.

2. Ilonos M. M. JlonosHIOBaHI IpocTOpH i AesKi 3a7ad4i cydacHOl reoMerpil mpo-
cropiB Banaxa // Maremaruka ceoronui’07. — 2007. — B. 13. — C. 78 — 116.

3. bBoituyk A.A., 2Kypasnes B.®., Camoiinenko A.M. Hopmasvro paspewumvie
xpaesvie 3adavwu. — Kues: Hykosa nymka, 2019. — 628 c.

4. 3y6os B.N. Tlocrpoenne nporpaMMbIX JBUXKEHUIN B JIMHEHHBIX YIIPABJISIEMbIX
cucremax // Huddepenir. ypasuenns. — 1970. — 6, Ne 4. — C. 632 — 633.

5. Zhuravlev V. F., Fomin N. P.; Zabrodskiy P. N. Conditions of solvability and
representation of the solutions of equations with operator matrices// Ukr. Mat.
Journal. — 2019. — 71, Ne 4, P. 537 — 552.

6. Kpeun C. I. Jluneitanle ypaBHeHus: B 6aHaxoBoM mpoctpancTe. — M.: Hayka,
1971. — 104 c.
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IIoTo4uKOBi OIiHKM PO3B’I3KiB BAaroBOro rnapadoJiivyHOro piBHSHHSI
p-Jlamaca 3 BUKopuctaHHAM mnoTeHIiainiB Boabda

Bosyan Eezen

albelgen27@gmail.com
Jlonbacvka deporcasha mawunobydiena arxademis

Y3araJabHIOETbCsI TpejacTaBiieHHs llyaccoma Ha BUIIaQJIOK KBa3UIHIKHOrO
1apaboiTHOrO PIBHSIHHS JUBEPreHTHOTO THUITY

v () ue — div(w(z)|VulP >Vu) = f, p> 2 (1)

y obmacti Qr = Q x (0,T), 3 BaroBumu dyrkuismu v(z), w(z), mo Haje-
»Karh Kimacy MaxkenxaynTa ta mpasoio wactuuoio f € L'(Qr). Bpaxkaemo, mo
Q— obmexkena obsactb y R", n>2, 0 < T < +oo.

Binbm y3araJlbHEHO MM MAEMO COpaBy 3 NPOTOTHIOM piBHaHHA (1), TOOTO 3
KBa3lTiHIfHUM apaboivHUM PIBHSIHHSM JIMBEIPEHTHOIO THUILY

v(z)uy —div Az, t,u, Vu) = f(z,t) y Qr, (2)

1e BexTopHe moie A = (a1, asz, ..., an) : Q7 X R' x R™ — R™ ¢ BumipioBamnym 3a JIeGe-
rOM cTOCOBHO (7,t) € Q7 ms Beix (u, &) € R x R™, Ta HerepepsHUM 110710 (U, £) 115t
Mmaiibxke  BCix  (z,t) € Qp. Mwu  TaKo)K  IPHUIYCKAEMO, IO
HACTYIHI CTPYKTYPHI YMOBH 3a/I0BOJILHAIOTHCS JIEAKAME JOAATHAMH KOHCTAHTAMA
K1, Ko

A(QL', t,u, é)g > Klw(x)|§|p )

| A, t,u,€)| < Kaw(z)[€[", p>2

IIpunyckaemo masi, mo w HaJXeXKUTh 10 Kiaacy Makkenxaynra A, , 1 < p < oo,
TOOTO

(3)

p—1

/w*p%l(x) dx =Kpw < 400, w(B) = /wdw,

B B

B 1
supB)

1Bl \ 1B]

zie cynpeMyM 6eperbest 3a BeiMa Kynamu B C R™. Tyt mu rosopumo, o v(z) € Aso,
SIKIIO icHye po > 1 take, mo v(z) € Ap,.
BesnocepenniM HacaiIKOM 03Ha4YeHHS Kjaacy Ap €

w(B,s(y)) < Ky (B)np

it Beix Kynb Br(y) C Bo(y).
Binsme Toro (merasnbuime [4]), icayors koncrantn K3 >0, 0 < & <1, 0<
&2 < p 3aiexKHI TiNbKHA Big n, p, Kp . Taxi, mo

st Gyap-sikol Ky B, (y) Ta E C B,(y)
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Hauti 6y1eMo BBaXKaTH, 110

() < U < (2)” g
st ()" < Sy < () g

3  geakuMu gomarHumu  Ka, v, pi,v,p 10 g kyns Br(y)  C 0 Bo(y).
Hacrynne narre npumyiienHss - 1e cuiBBigHomenas Mixk v ta w. Pikcyemo y € €2 ta
R raxk, mo Bsr(y) C Q i nokinazemo

0B
Py (r) := w(B,(y))’ 0<r<R.

ITpunyckaemo, mo w¢y(r) spocrae musa r € (0,R] 1 ichyrors a8l jgomarhi

KOHCTaHTH «, K5 Taki, mo N
< (1) (©
Yy (p) P
Huist popMysTIOBaHHST HAIIMX PE3yJIbTATiB HAM TAKOXK MOTPIGHO O3HAYEHHS 3Ba-
2KeHOro mapabosianoro norenmiany Bosabda. Hexait (zo,t0) € Qr mna Gyap-axux
p,0 > 0 BusHauaemo Q,.0(zo,to) = Q;G(xo,to) U Q;G(mo,to), Q;a(xo,to) =
Bp(l‘o) X (t07t0 +4 9), Q;e(aio,to) = Bp(wo) X (to — a,to)

1 BCTAHOBHMO

L) — i —p=3
D(zo,t0;p) : ig% TP +v(Bp)

Qp,ﬂbmo (p) (=0:t0)

fdadt (7)

SayBakumMo, 1[I0 3a3HAYEHHUIl BHUIlEe MIHIMyM JIOCATA€TbCS HPH  JAEAKOMY
7 € (0, 00|, ockinbku byHkia miy iHdiMyMOM € HENEpepBHOIO IO T.

Tenep mexait, nua p > 0 Ta p; = BTR 7 = 0,1,2... Buznauaumo
mapabostiganit moren iagx GyHKil f Tak:
Pl (xo,to,p) :=Y  D(xo, to; p;) (8)
j=0

V Bunanky, gkmo f He 3aJI€2KNTh BiJ 9acy, 1JIs KOYKHOI KyJIi 3 EHTPOM y Xo, MiHIMYyM
y osraqenni D(zo,to; p) TOCATAETHCA IPH

p—1
C
n |\ | M
Bp(l'o)
Tomy
7T
P’ 7 f
(-T(L t07 ,0) ’w(Bp(ﬂ())) / ‘fldx ) v,w($07t07p) Ww,p(m0>p)7 (9)
Bp("‘f())



ne Wi (o, p) - 3Bakennit norennian Bosibda (neramprime [4]).

[Iepmm Hi>k dopMysTIOBaTH HAII OCHOBHHUI PE3yJIbTAT, BBEJAEMO O3HAYUEHHS CJIa0-
Koro po3s’s3ky (1).

CkazkeMo, 10 ¥ - Lie y3arajbHeHUil po3s’s30K piBHsHH:A (1) y Qr saxmo u €
C([T1, T>); L2(Q)) N LP([T1, T2); WHP(Q)) Ta misa Gymp-sxoro inrepsamy [t1,t2] C
[T, T»] iwmesin’emuoi recrosoi bymkmii ¢ € W2 ([t1, t2]; L2(Q))NLP([t1, t2]; Wy P (Q))

BUKOHYETLCA iHTErpajbHa TOTOXKHICTD
/ (2)updr| + // w(z)|VulP > VuVededt =
Qx[t1,t2]

// fedxdt + // x)uprdzdt

Qx[t1,t2] Qx[t1,t2]

t2

t1

Harmr ocHoBHUII pe3ynbraT GOPMYITIOETHCS HACTYITHUM YUHOM

Teopema. Hezatli u caabkutl pose’ssor pienanns (1) © p > 2. Todi dan

1
KOHCHO20 N € (0 mm{p TN

nux p, N,co,c1 i A, make, wo 0asn Kootcnoi mouxy Jebeza (y,s) € Qr dasa ur ma
0,0 >0 maxi, wo Qpo:={x: |z —y| <p}x[s—0,s+ 0] C Qr, suronyemoca

1 1
Py (R)\ P2 1 // (14+2) (p—1) THXE-1)
< -
) <[ (B52) 7+ [y [[ it T
Qp,0
1
1 (14+2) (p—1) T g
TATES P
+[wy(p>w<BP)Q//9 v + PLu(y,5.0)
.

Hosenennss Teopemn (upusenmene y [9]) rpyHTyeTbcs Ha  BiamosigHux
Mozudikanisx irepaniiinol Texuikum e Ixopmxki [2], Meroma BHyTpIIHBOrO
Mmacmrabysanss (intrinsic scaling) i Benenerro [3], micas amanranii Texnikn Kisn-
nemadinen - Mamu  [5], [4] 4o mapabosivyHux ~— piBHAHbL  CyMicHO 3
inesivu [7], [8].

) icnye v > 0, wo 3anesrcums misvku 610 da-

(11)

1. Adams A., Fournier J. J., Sobolev Spaces, Academic Press, 2003.

2. De Giorgi E., Sulla differenziabilita e ’analiticita delle estremali degli integrali
multipli regolary. Mem. Accad. Sci. Torino Cl. Sci. Fis. Mat. Natur., 1957, 3,
P. 25-43.

3. Di Benedetto E., Gianazza U., Vespri V., Harnack inequality for degenerate and
singular parabolic equations. Springer Monographs in Mathematics. Springer,
New York, 2012.

4. Heinonen J., Kilpeldinen T., Martio O., Nonlinear Potential Theory of
Degenerate Elliptic Equations, in: Oxford Matematical Monographs, The
Clarendon Press, Oxford University Press, New York, 1993. Oxford Science
Publications.
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Kilpeldinen T., Maly J., The Wiener test and potential estimates for quasilinear
elliptic equations, Acta Math., 1992, 172, P. 137-161.

Ladyzhenskaya O. A, Solonnikov V. A., Uraltceva N. N., Linear and quasilinear
equations of parabolic type. Amer. Math. Soc., 1968.

Liskevich V., Skrypnik I. 1., Harnack’s inequality and continuity of solutions
to quasi-linear degenerate parabolic equations with coefficients fron Kato-type
classes, J. Differential Equations, 2009, (10) 247, P. 2740-2777.

Liskevich V., Skrypnik I., Sobol Z., Potential estimates for quasi-linear parabolic
equations. Advanced Nonlinear Studies, 2011, 11 (4), 905-915.

Zozulia Y., Pointwise estimates of solutions to weighted parabolic p-Laplacian
equation via Wolff potential, ITpauni IITMM HAH VYkpaiuu, 2023, T. 36, Ne 2,
C. 72-90.
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IIpo BaacTtuBocTi oneparopiB I'piHa i cripsiz>KeHuX 3 HUMHU
oriepaTopiB, mopoKeHnx 3ajavero Korimi /s mapabosiyHnx 3a
EiigesbmanoM cucteM JIOBLJIBHOTO ITMOPSAKY

Isacrox Laauna, Ipoyaxr Hamanisn, @Ppamasuar Tons

h.ivasjuk@chnu.edu.ua, protsakhQukr.net t.fratavchan@chnu.edu.ua
Yepriseuvkuli HauioHaroHull yHisepcumem imeni FOpis @edvrosuna,
Hauionanrvrut aicomernivnutl yrisepcumem Yxpainu,
Hauvionanrvruti ynisepcumem "Jlvsiscora noaimexnixa”

Pozrnsmaersea 3amada Ko jjist cucremMu piBHSIHb 3 YACTUHHUMU ITOXITHUMH,
mapabostignol 3a Eifgespmanom BUTISIY

O  uk (¢, ) Z Z ad (t,2)0F yu;(t,x) = fi(t,z), (t,x) € Mz,

Jj=1 llall<2bny,

(Ot0<n_7‘)
O g (t, @) im0 = P (x), * €R", pe{1,...,nx}, (1)
nen, N, bi,..., by, ni,n2,...,ny — 3a0ani Harypaabui unciaa, k € {1,..., N}, b —
HaflMEHINe CIUIbHE KpaTHE 9uCe by, ..., bp; @ = (qo,01,...,0p) € erl; la| =

> mjag, mo = 2b, mj := b/b;, j € {1,...,n}; a = (a1...,an) € Z}; 97y =
5=0

0700, 08 = 99r ... 09, Uy = {(t,z) € R*"'|t € (0,T),z € R"}, T — zanane
JOaTHE THCJIO.

[Tpunyckaernbes, mo cucrema audepeHIiiaIbHIX PIBHIHDb € PiBHOMIpHO mapabo-
nivma 3a Efinemsmanom y mapi I, a xoedimientn cucremu samaqi (1) obmeskeni,
3aJ0BOJIBHSIIOTH PIBHOMIpHY yMOBy Tlenbiepa 3a x, HemepepBHi 3a t, IPU BOMY He-

epepBHICTb 3a ¢ koedimieHTiB ar 3 ||@|| = 2bn; piBrOMipHA mOmo x € R". Kpim
TOrO, BBax(ae"rbcs{ 10 KoednmeHTH CHCTEMU MalOTh HeIlepepBHI Ta 0OMeEXKeHi Imoxi-
JTHi 6t za , @]l < 2bny, {k,5} C {1,..., N}, ki 320BOIBbHSIOTH BiIOBIHY yMOBY

Fe.nL;Lepa 3a = piBHOMipHO OO t 3 TokazHUKoM A € (0,1) B 7.
Sk mokazano B [1], po3B’sa30K Takol 3amadi A JOBLIBHUX TiIAAKUX 1 diniTHIX
dyuxuiit fr Ta of, p € {1,...,nx}, k€ {1,..., N}, 300paxkaerbcs y BULIAAL

bt 2) = §=j (/dT/G (toaim, €)f5(r d5+Z/G§“(t,x;s)w5(£>df),

(t,z) € Ilr.
TyT G = (G()y Gh “eey GN)7 e GO = (Glgj)iv,j:h Gj = (Gfu)fg\lq{m:lv .7 € {17 cery N}a
— marpung I'pina sazadqi (1).
Oneparopamu I'pina samaqi Komi (1) HasuBarmmemo iHTerpasibHi omeparopu
BUIVIALY

GHf = /dr/G (o, ) f(r, E)dE, G = /G Wt )i (E)dE, (2)

0 R"
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{k7j}c{17"'7N}7 Me{l""’nk}’
Oneparopu

T

@g(ﬂ{) ::/dt/ng(t,m;T,{)’g(t,m)d:c, (r,&) € I,
RTL

T

T
/k:\* k / n
G g (¢) = / dt / G (¢, 2 €)' g(t, x)dz, € € R,
0 R

ne {k,j} C {1,...,N}, p € {1,...,nx}, ITPUX O3HAYAE TPAHCIOHYBAHHS, & PUCKA
— KOMIUIEKCHY CIIPSI?KEHICTh, HA3MBATUMEMO CIpPsiZKeHUME 10 (2) BianosinHo.
Yepes H*™ (s — mine momarme uancio, 0 < A < 1) mosmaummo mpoctip Tenbaepa

. .. i k(-.@
crierniajabHO maibpaHuX CIa HuX (PYHKIIHA, [0 BU3HAYAIOTHCS TAK CAMO K Hsfr )\a)
[2], B sixmx moTpi6HO 3aminuTh dyHKIH0O Y (t, ) HA

b(t,x) = exp{ —ey (T - t)l—qwzmj}, Ty > T, qj:=2b;/(2b; — 1).

j=1

o S+A
Yepes H*t* ta H HO3HAYMMO MHOXKHMHM GyHKIIHA u 3 H*T, s axux
o

O up(t, o) |t=o = 0 ma O tug(t, @) |i=r = 0, p € {0,...,ny — 1}, Bizmosimo.

Bceranosiena obMexkena nist omeparopis Gg’ 3 H s+A

B H?"e T2 (s — mine
/k'\ ° s—2bnj+§\ o s-‘,‘-))\
momatae 4mcao, 0 < A < 1) ra Gg’* 3 H B H (s > max(2bn;),
J

0<A<).

1. Eidelman S.D., Ivasyshen S.D., Kochubei A.N. Analytic methods in the theory
of differential and pseudo-differential equations of parabolic type. Birkh&user
Verlag. 2004. — 390 pp.

2. Imacumen C. 1., IBaciok I'. II. ITapabomniuni mouarkosi 3aga4i CoIOHHIKOBa-
Eitnensmana. Bicuuk JIbBiB. yu-Ty. Cepis mex.-mat. 74, 2011, 98-108.
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CxemMu armpokcuMailili audepeHIiaJbHO-Pi3HUIIEBUX PiBHAHL Ta 1X
3aCTOCYBaHHSH

Inixa Ceimaana, Mameiti Oaexcandp, I1iddybma Jlapuca

s.ilika@chnu.edu.ua, o.matvij@chnu.edu.ua, 1l.piddubna@chnu.edu.ua
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

MaremMaTu9HUMU MOJIEJIAMA OaraTboxX (PI3MYHUX 1 TEXHIYHUX MPOIECIB € Jaude-
peHrianabHO-pizHuEes] Ta qudepennianbao-dyHKIioHa bH] piBHsaHE [1, 2]. s mqu-
depeHntiaabHO-DYHKIIOHAJIBHAX PIBHAHb BajKJIMBOIO 33Ja49ei0 € Io0yIoBa Ta 00-
I'PYHTYBaHHSI METOJIB 3HAXOKEHHSI PO3B’SI3KIB MOYATKOBUX Ta KPAaOBUX 3aJad,
OCKIZIbKY HA JAHWI Yac HeMa€ YHIBEPCAJIbHUX METO/IB iX pO3B’saA3aHHA. Y JaHiit
POoOOTI PO3IVISIAIOTHCS CXEMH aIllpOKCUMAaIlil audepeHIiabHO-PI3HUIEBUX PiBHIHD
3 baraThbMa, 3alli3HEHHSIMU CITEIIaJbHIMHU CHCTEMAMU 3BUYAHUX AudepeHIiaIbHIX
PIBHSHB, sKi BUABUINCA ePEKTUBHUMH I Psijly NPHUKJIAIHAX 3aCTOCYBaHb [3, 4].

Pozrisnemo novarkoBy 3asady gms PP i3 bararbma 3anizuneHHIMI

dz(t)
dt

=ftz@),z(t—"11),...,x(t—1)), te]0,T], (1)

z(t) = ¢(t), te[-7,0], (2)
pel<n<...<mp=71,p=>1
SaMiHWBIH eleMeHTH 3armmisaeHns & (t — 7;), ¢ = 1, p JIAHIFOXKKAMU 11 anepioin-
YHUX JIAHOK, OTPUMAEMO 3ajady Ko s cucreMn 3BUYaiiHnX audepeHIiaabHIX
PpiBHSIHB

dzo(t) _[mT;
02 ,n{: (b20(t), 2y (02, () L= [T 5
ST - %), G=Tm, te0,T)

50 =¢(-2). i=om (1)

Teopema. [3] Hexatli z;(t), j = 0,m, — pose’azor zadawi Kowi (3)—(4), a x(t) -
pose’asox nowamkosot 3adawi (1)—(2). ITpunycmumo, wo dynryia f 3adososvhnse
ymosy Jlinwuya

p

|f (6 w0, ua, - up) = F (00,01, ,vp) < L luk —wi|, Li >0,
k=0
ug,vs €R, k=0,p.

To0i pose’asox 3adawi Kowi (3)—(4) anpoxcumye pose’azok nowamroesoi sadawi (1)—
(2) ¢ maromv micue cnissionowerHs

’m (t—%) —zj-(t)‘ <6(Z), i=0m te1), (5)

de B(8) — monomonno 3pocmarona Pynryia ma }il’% B(6) =0.
—
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[Tonganbie BuBYeHHS cxeM alpokcuMalil qudepeHniaabHO-Pi3HUIEBUX Ta nude-
PpeHIiaIbHO-PYHKIIIOHATLHAX PIBHSHB 3 IIHCHIOBAJIOCH JIJIsT HOBUX KJIACIB PIBHSIHB Ta
B pi3HUX DYHKIIOHATBHUX MTPOCTOPAX.

IloGymoBa Ta OOrpyHTYBAHHSI CXeM AIPOKCUMAIIi] JIHIHHUX Ta KBa3lIiHIiHUX qu-
depeHIiaTbHO-DYHKIIOHAIBHAX PIBHAHD [TOCJIIIOBHICTIO CHCTEM 3BHUYARHUX gude-
peHIjanabHuX piBHAHB gocaimpkeno B podori .M. Uepeska ta C.A. Lnikm [5]. Bu-
BYEHHsI 3B SI3KIB MiXK JTudepeHIiabHO-PI3HUIIEBUMU PIBHAHHSAMU 1 BiIOBiHUMUI
AIPOKCUMYIOUNMU CUCTEMAMU 3BUYIANHUX NrpepeHIliaIbHIX PIBHSIHD JO3BOJIAIN 3a-
IPOIIOHYBATH AJTOPUTMH PO3B’sI3aHHS HU3KU NPUKJIAJHUX 3a1a49. Y poborax [4]-[7]
3aITPOIIOHOBAHO CXEMU AIIPOKCHMAIlil HEACUMIITOTUYHNX KOPEHIB KBAa3iIIOJIIHOMIB JIi-
HIflHEX gudepeHIialbHO-PI3HULNIEBUX PIBHSHD Ta METOIUKA, JOCIIIXKEHHs CTIHKOCTI
po3B’sa3KiB Takux piBHAHL. KOHCTPpYKTHBHI ajmroputMu mobymnoBu ob1acTeit CTifKO-
cTi JiHIAHEX cucreM i3 GaraThMa 3ali3HEHHSIMU oziepKaHi B [6].

1. Schiesser W.E. Time delay ODE/PDE models. Applications in biomedical sci-
ence and engineering. — Boca Rona, 2019. — 250 p.

2. Corduneanu C., Li Y., Mahdavi M. Functional differential equations: advances
and applications. — John Wiley & Sons, 2016. — 368 p.

3. Iigny6una JILA., YepeBko I.M. Anpokcumariss cucreM gudepeHIjiaabHO-
pI3HUIEBUX DIBHAHD CHCTEMAaMU 3BHYAiHUX qudepennianbanx pisaanb // He-
JiHidHi KosmBanus. — 1999. — 2, No. 1. — C. 42-50.

4. Marsiit O.B., Yepesko .M. ITpo anpokcumariiio cucrem i3 3ami3HeHHsM Ta IX
crifikicts // Hemniniitni konusanusa. — 2004. — 7, Ne 2. — C. 208-216.

5. Imika C.A., YepeBko I[.M. Anpokcumarisi HeniHIHHMX audepeHIiaIbHO-
dyuxnionanpanx pisaaab // Mar. meromm Ta dis.-mex. moma. — 2012, — 55,
Ne 1. — C. 39-48.

6. Kiesuyk L.I., ITepnait C.A., Yepesko .M. Tlo6ymoBa obiacreii crifikocti ainiii-
Hux gudepeHnianbHo-pisaniesux pisaaub // Jonosini HAH Ykpainu. — 2012.
— N 7. - C. 28-34.

7. Cherevko L., Tuzyk I., Ilika S., Pertsov A. Approximation of Systems with Delay
and Algorithms for Modeling Their Stability // 11th Int. Conf. on Advanced

Computer Information Technologies ACIT’2021, Deggendorf, Germany, 15-17
September 2021. — P. 49-52.
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IIpo ymoBy JlonmaTuHcChbKOTO
Iavkie Boaodumup

ilkivvv@i.ua
Havyionanrvruti ynisepcumem ,JIvsiscvra noaimenika“

Y 1953 poui Ykpaiucekuil Mmaremaruarnii )kypaai (1. 5, Ne 2, ¢. 131-151) omy-
Os1ikyBaB BCECBITHBO BiJIOMY CHOTOJIHI CTATTIO BUJIATHOTO HAINOIO MaTeMaThkKa 1.
B. Jlonaruucbkoro ,,O6 ogHOM criocobe IPUBEIEHNSI MPAHUYIHBIX 38184 JJIs CUCTEM
mudePEHITHATBHBIX YPABHEHUN SJITUIITUYECKOTO THIA K PETYJISIPHBIM HHTErPAJIb-
HBIM ypaBHEHHSM, B fAKill dirypye posrisiiyBana yMOBa.

Bona orpumana 3romom Ha3By ymoBa JlomarmHChKOro, a Takoxk ymona Jloma-
tuacbKkoro—I1lamipo (omHowacHo i Hesanexxuo Bix Jlomatuachbkoro ymosa Illamipo
GyJ1a ONPUITIOAHEHA CTOCOBHO YACTHHHOTO BUIIAJKY 3371a4i). BUKOPHCTOBYIOTH mIe
Ha3BM yMOBa HAKPUTTS, YMOBA JOIOBHIOBAJIBHOCTI TOIIO.

BaxksuBicTb 11i€1 yMOBH mOJIsITa€ y TOMY, IO BOHA BU/IJISE EJINTAYHI 3aadi
cepejl 3araJibHUX JIHIHHIX KPAHOBUX 33184 JIJIsl eJIITUIHAX CUCTEM IU(DEPEeHITiATb-
HUX PiBHSIHb.

AmHaJjIoriuHi yMOBYM BUHUKAIOTH NIPU JOCJIIKEHH] mapabo/iaHux Ta IHIMuX 3a/at
JUTST BiATIOBITHUX KJIACIB PIBHAHbD.

DopmMmysioBaHHS YMOBH JIOIIAaTUHCHKOIO Ma€ JIeKiIbKa BapiaHTiB, 30KpeMa, ajire-
6puusni. Bix dopmymioBaHHS 3a/1€2KUTh CIIPOMOXKHICTD IT€PEBIPKY Ii€l yMOBH.

Icuyrors mpukiTaau 387184, O CIPABKYIOTH YMOBY JIOMATHHCHKOTO, 1 MpUKIa111
3a/a4, 110 11 He CIIPaBIXKYIOTh.

Kpaiiosa 3amaga B obmacti @ C R" 3 rpanuneo I’ fjis esinTudHOl cuCTEeMEU
nudepeHnianbauX PIBHAHD NOJATac y 3Haxomkenni yHkmii v = u(z), axa B
3aJ0BOJIHSIE CUCTEMY DiBHSIHDB

A(z, D) = f(x), (1)
ne D = (D1,...,D,)=(9/0x1,...,0/0zy), i Ha I" kpaiioBi ymoBH
B(z, D) = ¢(z), (2)

ne A = (Ajk)jk=1,..,m, B=(Bjk)j=1,..s, upuaomy Ajx, Bj; —mniniiiai gudepen-
k=1

s

miaJIbHI oreparopu 3i 3MiHHUMU KoedillieHTaMu.

I3 esinTranoCTi (32 ITerposcekuM, 32 Iyrnicom—Hipen6eprom) cucremu (1) Bu-
mmBae, mo ars crapmoi sactuan A(x, D) oneparopa A(z, D) BUKOHY€ETBCSL yMOBa
det A(a: &) # 0 mua ycix venynboBux £ € R™, me muorowien det A(ZE &) mae cre-
miHb 25 1 KopeHi 21, . . . , 2, MHOTOYIeHa det A(w, &', z) xpaTHOCTI q1, . . . , ¢ HAJIEIKATD
BepxHitt mismommHi, a £ = (£/,£,).

Hocaimxenns 3amaqi (1), (2) 3a momoMo0 BBeieHHS y JOBIIBHINA TOUI rpaHu-
mi ' JloKaJIbHOT cHCTEMHU KOOPJMHAT Ta 3aMOPOYKEHHsI KOeMIIli€HTIB 3BOIUTHCS IO
JOCJIJIKEHHS Y MBIIPOCTOPl Tpn > 0 337189

A(D)u(z) =0, B(D)u(z',0) = ()

Jyis eJIITHYHEX cucteM, jie T = (z/, Tn).

210



YnMmoBa JlonmaTuHCHKOTO TOJISIra€ B OAHO3HAYHIN PO3B’I3HOCTI 3adad4i
A(€, Dp)a(€,xn) =0,  B(i€', Dn)a(€',0) = ¢(a')

JJTsl CUCTEMU 3BUYANHUX JudepeHIiaJbHIX PIBHIHD 31 cTaanMu KoedillieHTaMu 1t
JoBiIBbHOrO HeHyIpoBoro & € R™™! e @i i ¢ — mepersopenus ®yp’e 3a 3MiHHOWL T’
BeKTOp PYHKIIN U 1 ¢, y Kiaci cTifikux po3s’a3KiB (IPAMYyIOTH J0 HyJIsA HA +00).
Hexait V(zn) = (vi(zn),...,vs(xn)), Toni ymosa JlomaruncbKoro HabyBae BH-
rosiy det B(D)u(i€', Dp)V (@) # 0 gst yeix € # 0, ge vy, . . . , vs — 6aza y mpocTopi
CTIHKHUX PO3B’sI3KiB.
AnreGpu9HOIO yMOBOO, sIKa HajidacTillie BUKOPUCTOBYEThCS, € YMOBa:

psku marputi B(i€’, 2)A(i€', z) — niniftno He3asIeKHi 110 MOJLYITIO MHOTO-
anena PT(2) = (z —21)% - (2 — 2p)9%,

ne A(i€’, 2) — Bzaemna marpung jyis marpuni A(i€', 2).
Bcranosneno noBy momudikario ymou JlomaruHChKOro, a came ajreOpudIHy

YMOBY:
(B(i€',iz)A(i¢' iz))* "V \ " P
MaTPHIs
z=z,/ r=1
poO3Mipy s X §m Mae€ paHr §, TOOTO JIHIHHO He3aJEXKHI PSIKH.

(a=1)!

a=1

JJ1s1 BUIIaIKy OZHOT'O PiBHSIHHS yMOBA CIIPOIIYETHCHA O HEPIBHOCTI

det(((é(iﬁ'viz))al)yr )p #0.
z=zp/ r=1

(a—1)!

a=1
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3agaya HikouserTi /151 6€3TUITHOTO piBHIHHSA
i3 YaCTHMHHUMU ITOXIiTHUMMU

Lnvkie Borodumup', Cumomiox Muzaiine®, Cronvoscokuti SIpocaas®

ilkivvvQukr.net, quaternion@ukr.net, yaroslav.o.slonovskyi@lpnu.ua
! Hawionasvrut yrisepcumem <«JIvsiecvka noaimexninas
2[IIIIMM im. . C. ITidempuzana HAH Yrpainu

Posriismaemo taky 3amady HikoserTi fj1s piBHAHHS 3 YaCTUHHUMH MTOX1THUMEI
Tuny Eitrepa

n—1

L(t0r, D)u= (t0)" u+ Y (td) An_j(D)u=0, (t,z) € Q%, (1)

§j=0
o ut,x)|,_, =¢i(x), j=1,....m 1<t <...<t, <T,z€Q’, (2
-

ne u = u(t,z), t € (0,7), z = (z1,...,2p) € QP, QP — p-Bumipnnit rop (R/27Z)P,
7 =(0,T)xQ", D= (9/0x1,...,0/0xp), Aj — MHOrOWIEH CTemens j, j = 1,...,n.
ITpunyckaemo, mo mus seix k = (ki,...,kp) € ZP muorowren L(\,ik) = A" +
n—1 .
> Ap_j(ik)N mae npocti koperi A1 (k), ..., (k).
3=0
BcranoBiieHo yMoBH KopeKTHOCTI 3amadi (1), (2), onucanux y Tepminax giodan-
TOBUX BJIACTHBOCTEIl TAKAX XapAKTEPUCTHYHUX BU3HAYHUKIB [1]:
A(k) = det ||y 5, 8|
€ yq J .

, keZ?, (3)

J,q=1

e yq(t, k) = th® g =1,... n. JoBeseHO TCOPEME METPUUYHOIO XapaKTepy IIpo
OIIHKM 3HU3Y JIsl MOCJIIOBHOCTEH BU3HAYHUKIB (3), HA MACTaBI AKUX OTPUMAHO
icuyBanHs po3B’a3Ky 3azaqi (1), (2) y signosimmomy dbysKnifinoMy mpocTopi auist
Maiizke Beix (crocosro mipu JleGera B R™) Bexropis £ € [1,T]", ckianenux i3 By3Jis
iHTEpHOAAIT 1, ..., n.

PosrisiHyTo 9acTKOBHi BUNIAJIOK 3ajadi, KOJU BY3JH t1,...,tn B ymMOBax (2) €
siorapudMivHO piBHOBIIaeHuMEu. OTpUMaHI pe3yIbTaTh € PO3BUTKOM JIOCTIIZKEHbD,
nposegenux y [1, 2].

1. ILnekis B. C., Cumotiok M. M., Cinonroechkuii 7. O. Merpuusni oninku xapa-
KTEPUCTUIHOTO BU3HAYHNKA HAraTOTOYKOBOI 3a/1a4i /I1s piBHAHHS THIY Eitaepa

// Mart. meronu ta dis.-mex. nosst. — 2022. — 65, Ne 1-2. — C. 65-79.

2. Marypin O. I1., Cumoriok M. M. OuiHku XapaKTepUCTUIHOIO BUSHATHUKA 33~
naqi Hikoserri gyis crporo rinep6ostiunoro pisusuus // Hayk. BicHuk Ykro-
pox. Hau. ye-Ty. — 2018. — 2, Bum. 2 (33). — C. 100-108.
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YMOBU KOPEKTHOI PO3B’SI3HOCTiI HEOTHOPiTHOT KpaiioBoi 3agadi
3 HeJIOKAJIBbHUMM yMOBaMU MJIs AU EPEHIiaJIbHOIO PiBHIHHSHA
3 OMepaTopoOM y3arajibHEHOTO AuepeHIiIOBaHHS

ILavkie Boaodumup, Cmpan Hamanisn, Boasncoxa Ipuna
ilkivvv@i.ua, n.strap@i.ua, i.volyanska@i.ua

Hauionarvruti ynisepcumem “JIvgiscoka noaimenira”

B obmacti D = [0,T] X S, ne S C C\ {0}, mocnimkeno ymoBu OTHOZHATHOL
PO3B’SI3HOCTI HEOHOPIIHOT KPaiioBOl 3a/a4i 3 HEJIOKAJbHUMU yMOBaMU JIjisl Jiude-
PeHIaIbHO-0MIepaTOPHOTO PIBHSIHHS 31 CTAJIUMU KoedillieHTaMu

S0
Li= Y ann B O = f,2),

otso
spts1<n
oMu 0"u
U - = = QPm, m=0,1,...,n—1,
ot |y O™ |y

ze asy,s, € C,pp € C\{0}, an,0 = 1, u = u(t, z) — myxana GyHKIsE, a Qo, P1, - . -, Pn—1

i f(t,z) —3anani dyuknii, B — onepaTop y3arajJbHEHOrO IudEPEHIIIOBAHHS.
KopekTHa po3s’s3nicTs niel 3ana4i nokasana y napi mxan {Hq(S)}qer i {Hy (D)}

ne H,(S) — rimsbeprosuii mpocTip dbymkmiit ommiel aminmoi ¢ = 1(z) = 3 rz” i3
ker
HOPMOIO

[llagcs) = D k2 wl?, k= V1+k2
kEZ

A" u(t,
a Hy (D), n € Z; — 6anaxis npocrip dbyskiii u(t, z) Takux, 1o noxigmi %,

t7 ™
% => u](c )(t)2*, s kozkmOTO £ €
kEZ
[0, T] manexkarsb no npocropis Hy—(S) 1 HenepepsHi 3a 3MIHHOIO ¢ y X IPOCTOPAX.
Hopwma [Jul| mp(p) ynkuii vy npocropi Hy (D) obuncioerses 3a hopMyIIO0

r=20,1,...,n, mo Bu3HaveHi GopMyJI00

2

n—1
. orut.)
Iy cor = 3 s [, oy

Omneparop y3arajgbHeHOro judepeHiioBanis B Jii€ y 3alpoBa/KEHUX [1POCTO-
pax 3a dopmysoro By = za.

Crereni B* oneparopa B BusnagaeMo crammaptao By = B(B*~'4) mpu s €
N\ {1}, ne B%) = +; npu upomy z" € Bacmoro dymkmieo omeparopa B, To6T0
B* (%) = k*2*, i B*¢ € Hy—(S) naa scix s € N, axmo ¢ € Hy(S).

Y 3araJpHOMY BHIIQJKy 0araTboX KOMILIEKCHUX IIPOCTOPOBUX 3MIHHHUX HOCJIi-
JKEHHSI TAaKUX HEJOKAJIBHUX 3aJ1a4 OB’ si3aHe 3 MPOOJIEMOI0 MaIUX 3HAMEHHUKIB.

IIs mpobstema mosisirae y TOMY, IO TOC/IIOBHICTH 3HAMEHHUKIB YJIEHIB DSy,
AKUI € PO3B’I3KOM HEJIOKAJILHOI 3aJ1ati, MICTUTh IIi/IIIOC/IiJOBHICTD, SIKa 30ira€ThCst
JI0 HyJIsl 3 JOBLIBHOIO IIBUJIKICTIO.
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OcobsmmBicTio a0l pobOTH € MOCTIIKEHHST HEJOKAJIbHOI KpaitoBol 3ajadi Jiis
HEOTHOPITHOTO MU(DEPEHITIATLHOTO PIBHSHHS 3 YACTUHHUMU MTOXITHUME 3 OIEepaTo-
poMm y3aragbHEHOTO audepennioBanasa B = 20/0z, akuii gie Ha GyHKIO OnHiel
CKaJISIPHOI KOMIIJIEKCHOI 3MIHHOI 2.

Posrisnyra 3a1a4a € HEKOPEKTHOIO 3a A 1TaMapoM, 10 BiJIpi3Hse BUMAIO0K OIHIET
mPOCTOPOBOI 3MIHHOI Bifl BUIAAKy OaraTbOX MPOCTOPOBHX 3MIHHUX, KOJIU 3aJadua
HEKOPEKTHA 3a A1aMapoM.

Ilokazano, 110 BiJIITOBiIHI 3HAMEHHUKHU BiJJIJICH] BiJl HyJ/Is, AKU HE € 1X TOYKOIO
CKYITY€HHS.

Bceranosiieno pocrarHi yMOBH icHyBaHHSI Ta HEOOXiTHI 1 JOCTATHI YMOBH €IMHOCTI
PpO3B’sI3Ky 3a/1a4i y BKa3aHUX MPOCTOPAaX, & TAKOXK MOOYIOBAHO Ieil PO3B’sI30K.
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CriiikicTp Big BXomay J0 CTaHy JIJisi aTPAKTOPIiB €BOJIIOMIITHUX
cucrem 0e3 €aMHOCTI

Kanycman Oaexciti, IOcunis Tapac

alexkap@univ.kiev.ua, yusypivt7@gmail.com
Kuiscoruti nauionasvrut ynisepcumem iment Tapaca Illesuenka

IougarTsa crifikocTi Bix Bxomy mo cranmy (Input-to-State Stability) mossosse Bu-
3HAYUTU BiIXUJIEHHS TPAEKTOPil 30ypeHol cucteMu audepeHIiaTbHuX PIBHIHD Bif
1I06aIBHO-ACUMIITOTHYHO CTifiKOro mostoxkenHst pisHosaru [1]. IIpu nepexoxi 1o nu-
CHUMIATUBHUX HECKIHYEHHOBUMIPHUX CHCTEM I[IKABUM € JOCJIiI2KEHHS TTOBEiHKA 30y-
peHol cucreMu B OKOJIi CTIMKOI PiBHOMIPpHO-TIPUTSATYIOYOI MHOXKHUHHM — TJI00AJIbHO-
ro arpakropa [2]. B maniii poGori ofiep:KaHO pe3yJbTaTd MI0A0 POOACTHOI CTiKO-
CTi aTPaKTOPIB JjIsi €BOJIIOIIHIX CUCTEM 3a YMOB, IO HE 3a0e3MeUyIOTh €IMHICTD
PO3B’I3KYy ITOYATKOBOI 3a/a4i.

Posrisinaerbesa 3amaga

L ut) = Ay(t) + F(y (1), 1)

ne y(t) € X, (X, -||x) — HeckinuenHOBuMIpHUIT dazosuit npoctip, A : D(A) — X
— nudepentianbauit oneparop, F': X +— X — westiniiine Bijmobpazkennsi. BBaxkaemo,
mo ymoBr Ha A i F 3abesnedyors riobanbay poss’ssmicTs (1) B X 1 Binnosigna
(MOK/IMBO, MHOTO3HAUHA) HAIIBrpymna So : Ry X X — 2% nopopKena po3B’s3KaMI
(1), mae robanbHuit arpakTop ©, To6TO icHye KOMnakTHa MHOXKuHA © C X Taka,
mo © = Sy(t,0) Vi > 0 i ayst Gyap-sx01 obmexkenol B C X

1S0(t, B)|lo := distx (So(t, B),©) — 0, t — oc.

Hexait (1) 3a3nae HeaBroHOMHuX 36ypens d € L°°(R,). B po6oti gociipryernest
NATAHHA OIJHOK BIJXMJIEHHSI TPAEKTOPiil Takol cucremu Bix muokuHU O. Hexaii
Sq: Ry x X — 2% - manisnporec, mopo/Kenuii 36ypeHO0 3a,1a4€I0.

PobacrricTs aTpakTopa © He3bypenol 3amaqi (1) mo Bigpomenuo m0 36ypeHb
BHU3HAYAETHCs HacTynHOW BiaactusicTio (ISS): icuyrors S € KL 1 v € K raxki, mo
Yyo € X, Vd, Vt >0

[1Sa(t; yo)lle < B(llvolle, ) +v([ldllo), (2)

ne K := {v : Ry — R|~ e crporo spocraiouoio,v(0) = 0}, KL := {8 : R —
Ry| B(-,t) € K,Vt > 0, 3(r, ) € HENEPEPBHOIO, CIIAIHOIO 1 tlim B(r,t) =0Vr > 0}.
— 00

JoBeieno, mo nprHARMHI JIOKAJILHO, BIACTUBICTD (2), a TakoxK Bractusicts AG:
lim sup ||Sa(t, yo)lle < ¥([ld]l) (3)
t—o0

CIpaBeUINBI U1 IMMUPOKUX KJIACIB napabosiaaux Ta rinepbosivHnx piBHAHD [3].
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Sontag E.D., Wang Y. On characterizations of the input-to-state stability
property // Systems and Control Letters — 1995. — 24, Ne5. — Pp. 351-359.
Dashkovskiy S., Kapustyan O. Robustness of global attractors: abstract
framework and application to dissipative wave equations // Evolution Equati-
ons and Control Theory — 2022. — 11, Ne5. — Pp. 1565-1577.

Kapustyan O.V., Sobchuk V.V., Yusypiv T.V., Pankov A.V. Robust stability
of global attractors for evolutionary systems without uniqueness // Journal of
optimization, differential equations and their applications (JODEA) — 2022. —
30, Ne2. — Pp. 49-61.
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AcuMOTOTUYHI BJIACTUBOCTI PO3B’A3KiB OTHOTO BU/IY
andepeHniaTbHUX PiBHAHBb N-TO MOPAAKY

Kapanempos Banrenwmun

valentyn.karapetrov@stud.onu.edu.ua
Odecorutl Hayionarvhul yrisepcumem imeni 1.1, Mewnuxosa

Posrisimaerbest qudepeniiianbie piBHIHHS
(r(t)u™)n=m = Zpku , n>2 (1)

A€ Pk ecloc([a;‘i'oo[) (k:(),...,m),

lim Po(t)
t—+oo q(t)

=0, o=sign(po(a)), (2)

r(t) Ta ¢(t) — nomarHi nBivi HenepepsHO judepeHIiioBHI Ha NpOMIKKY [a;+00]

dyuxuil, Cloc([a;+00[) — npoctip sokanabHO HenepepBHUX (GYHKIH HA MPOMIKKY

[a; +00[, L([a; +00[) — Banaxosuit npocrip inTerposanunx 3a JleGerom dyHKIiit.
Pisusians Bugy (1) npu m = 0 posmisiiasocs y po6ori[2]:

(r)u™) "™ L gy =0, n>2.

Pisustnng Bugy (1) upu s = 1 ta m = n — 1 posrasganocs y po6ori|3]:

(™ = Zpk ulF)

st Takux piBHSIHB y BiAmoBigHEUX poboTax OysI0 OTPUMAHO ACHMITOTHYHI 300pa-
JKEHHsI PO3B’A3KIB IPU HAKJIAJAHI PI3HUX yMOB Ha KoedirieHTu.

Hamu jyuist pieasiaEs (1) 3HalizieH] yMOBH iCHYBaHHS Ta aCUMITOTHYHI 306pake-
HHSI PO3B’sI3KiB MPU JIETKAX YMOBaX Ha MYHKINI pr Ta DYHKIHIO 7.

OTpuMaHO HACTYIIHY TEOPEMY.

Teopema. Hexatll das piehanns (1) suxonyemvesa ymosa (2), a makooc ymosu
g\ 2
(9)" ¢ Lilas+ooD,

T e nlarood. Lo () € Lila+oo)
q T

(5) () estweo () ()7 estoot
Pt (7 € pasrood (k=2 Z(’Z;;?t) ()" & tlosso0)
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Todi pienanms (1) mae gyndamenmanvny cucmemy pode’askie u; (j = 1,n), axi
dONYCKaIOmb ACUMNIMOMUYNHE 306PAANCEHHA

de )\? — KOpeHi PIHAHHA

Pesynbraru, orpumui mis BKasaHoro pisaannga (1), y meaxomy ceHci y3arajib-
HIOTH pe3yJ/ibTaTh, orpuMani B poborax Xintona Ta I. T. Kirypasnze. IIpu orpumanui
ACHMITOTUYHUX 300pa’keHb 3a JIOIOMOIOI0 3aMiH 3MHHOI piBHsiHHS (1) nepersopro-
€TBhCSI Y €KBIBAJIEHTHY CUCTEMY KBa3aJiHINHUX AudepeHIiaIbHnX PiBHAHD, TS SKOI
BHUKOHYIOTBbCA BimoMmi pesysnbraru Jleincona (mums., Hampukiaan y [1], npu mpomy
PiBHSIHHS (1) y JIesIKOMY CEHCi aCUMIITOTUYHO €KBiBaJIEHTHE JIO BiJIITOBIJTHOTO JIBO-
YJIEHHOTO JU(DEPEHITIATLHOTO PIBHAHHS N-TO MOPSIKY.

1. Coddington E. A. and Levinson N. (1955) Theory of Ordinary Differential
Equations (McGraw-Hill, New York—Toronto—London)

2. Hinton Don B. (1968) Asymptotic behavior of solutions of (ry™)*) 4+ ¢y = 0.
// Journal of Differential Equations, — Vol. 4, No. 5,— pp. 590-596

3. Kirypanzge 1. T. Jleski cunrynsapui kpaiioBi 3aBaaHHsa 3BUYAWHUX AudEpPEHIIi-
aJbHUX PiBHsAHB. — T6lmici: Bug-so T6inic. yu-Ty, 1975. — 352 c.
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OmnsaifH-cepBicu JJisi CTBOPEeHHS iHTEpPAKTUBHUX BIIPAB, TECTYBaHb
TAa ONUTYBaHb

Koanicrux Pycaana, Ycamior Inna

r.kolisnyk@chnu.edu.ua
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

Y cy4acHOMY CBITi TEXHOJIOTIYHUII PO3BUTOK Ta 3POCTAHHS BarKJIMUBOCTI ejre-
KTPOHHOTO HABYAHHS BiJIKPMBAIOTH HOBI MOKJIMBOCTI JIJISI TIOKPAIIEHHsI OCBITHHOTO
rporecy. 3anpoBa/KeHHs iHGOPMAIIiHIX Ta KOMYHIKAI[IHHIX TEXHOJIOriH y HaB4Ya-
HHsI BIIIKpUBa€ HOBI MOXKJIMBOCTI JJIsl ITiABUINEHHS] KOCTI Ta €(PEeKTUBHOCTI HaBYa-
uusd. OJUH i3 BaXKJIUBHUX ACHEKTIB TAKOTO PO3BUTKY — Il€ BUKOPHMCTAHHS OHJIAIH-
CEpBICIB [IJIsI CTBOPEHHsI iIHTEPAKTUBHUX BIIPaB, TECTYBaHb Ta onuTyBaHb. Lli cepsi-
CH J03BOJISIIOTH CTBOPIOBATH iHTEPAKTWBHI 3aB/IaHHsI, sIKi CIPUSIOTH OIIBIT aKTHUB-
HOMY 3aJIy4YEeHHIO YYHIB JI0 HABYAHHS, MiIBUIEHHIO TX MOTHUBAIII Ta 3aCBOEHHIO Ha-
BYAJIBHOTO MAaTepiayly Ta CyTTEBO BILJIMBAIOTH HA PO3BUTOK CYyYaCHUX II€JarOTiYHHX
meronauk. Ilepen BUUTEsIMM BiAKPUBAIOTHCS HOBI MOXKJIMBOCTI Jijis 3a0e3MedeHHsT
AKICHOTO Ta e(peKTUBHOI'O OCBITHHOT'O IIPOIIECY.

Cepe mutardopM /cepBiciB, fIKi HaKpallle miIX0IsITh JJisl CTBOPEHHS IHTEePAKTHB-
HUX HABYAJBHUX BIIPAB, TECTIB, ONMMUTYBAHb JIJIsI YPOKIB MATEMATUKN, BAPTO BUIIIU-
tu Hacrynui: Kahoot!, Quizizz, Bceocsita, OnlineTestPad, GoogleForms, Learni-
ngApps.

Y pobori BuBUeHO TMTAaHHS €(DeKTUBHOCTI BUKOPUCTAHHST BKa3aHUX CEPBICIB mpu
POBEJIEHHI YPOKIB MaTeMaTUKU.

e — g—— o
Puc 1. Tecr ornintoBanHsT TOCSATHEHD YYIHIB

3yNnrHUMOCH JIeTaJIbHINE HA MOYXKJIMUBOCTIAX BUKOpUCTaHHs muiatdopmu Quizizz
py [IPOBeJeHHI ypoKy mareMaTuku B 6 kuaci. Quizizz — ne onsaitH-miardopma
JJIs CTBOPEHHSI TECTIB Ta ONUTYBaHb, AKI MOXKYTb BUKOPHUCTOBYBATHUCS JJISI iHTe-
PaKTHBHOI IepeBipKM 3HAHb YYHIB HA ypOKax MaTeMaTuku. Hampukiiaa, ydauresab
miiroryBaB ypoK mMaremaruku y 6 kiaci Ha remy “Poss’sasyBanus piBHsHb. OCHOBHI
BJIACTUBOCTI piBHsHB . JIjIs1 OIHIOBAHHS JOCATHEHb y9YHIB cTBOpUB TecT (puc. 1) i3
3alUTaHHSIMHU [P0 Pi3HI BUIU PiBHAHD, IX BJIACTHUBOCTI Ta METOIU IX PO3B’I3yBaHHSI.

B knaci € MmysnbTubOpI, Ha SIKOMY BiZoOparKaroThCsl NMUTaHHsS TecTy 3 Quizizz.
VuHi BiANOBIAAIOTH HA TECTOBI 3amMTaHHS 3a JOIIOMOTOIO CBOIX cMapTQOHIB (pHC.
2) abo HOyTOYyKiB. Cucrema Quizizz BimoGparkae pe3ysbTaTH TECTYBaHb yYHIB Ha-
KUBO, & 3aBIsAKM JIJAEPChKii oM, y4uHi 6a4aThb, XTO 3 HUX HaOpaB HaiibiibIne
GaJtiB, 110 CTBOPIOE JIO/IATKOBUI iHTEpEC 10 3MaraHHsl Ta MOTUBYE /10 HaBdaHHs. [1i-
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CJIsl 3aBEPIIIEHHs] KO2KHOT'O 3aIlIUTAHHs, BUNTEJIb 0OrOBOPIOE IPABUJIbHI Ta IIOMUJIKOBI
BIJIIOBI/Il, TOSICHIOIOYN OCHOBHI MOMEHTH Ta TEXHIKH PO3B’SI3yBaHHSI.

Puc 2. Bik#o a5 BIANOBiAI Ha TECTOBI 3allUTaHHS

OT:ke, BUKOPHUCTAHHSI IHTEDAKTUBHUX BIIPAB Ta TECTIB Yepe3 OHJIANWH-CEPBI CHU-
cripusie OibII AKTUBHOMY 3aJIy9€HHIO YYHIB 70 HABYAHHHA. IrpoBmit XapakTep 3aB-
IaHb Ha miaTdopMmax, Takux sk Quizizz, Kahoot! Ta i, cTBoproe 3amikaBieHicTh
Ta KOHKYPEHTHY aTMocdepy Ha ypokax. Y4Hi 3 OGIIbIINM 33 J0BOJIEHHSIM B3a€MOJIi-
0Th 3 MATEMATUIHUM MATEPiaJiOM, BiAIOBIIAIOTh HA MHUTAHHS Ta JIOJIYYAIOTHCS IO
3MaraHb.

1. Buxopucranusa onnafiH-iiardopM Il CTBOPEHHA  TECTiB Ta  OIH-
ryBaHb  |EsexrponHmit  pecypc]. — URL: http://ict.ippo.edu.te.ua/
files/files /rekomendacii/vikoristannya-onlajn-platform-dlya-stvorennya-testiv-
ta-opituvan.pdf.

2. Meroamuni pexomennanii “Ilnardopma Quizizz ta mobinbuuit mogarox” [Ese-
krponHuii pecypc|. — URL: https://naurok.com.ua/metodichni-rekomendaci-
platforma-quizizz-ta-mobilniy-dodatok-111732.html.
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KepyBaHHs pyXoM MaTepiajIbHOI TOYKH 3 ypaxyBaHHAM
HEeBiTOMOro TepTs

Kopobos B., Pesina T.

valeriikorobov@gmail.com, t.revina@karazin.ua
Xapriscokuti Haytonarvrutl ynisepcumem imenws B. H. Kapasina

Posriiiremo 3amady cuHTe3y IJIg pyXy MaTepiajbHOI TOUKHU 3 ypaXyBaHHAM He-

BiZJOMOT'O TepTs:
T Zo
( T2 ) ( p(t, 1, 2)T2 + U ) (1)

Tyr t > 0, (z1,22) € R? - me cram; u - CKajsipHEe KepyBaHHsI, sIKE 3aI0BOJIBHSIE
obmexennio |u| < 1; momanok p(t, 1, X2)T2 - HOTYKHICTH TEPTHA, TPUIOMY HEJiHIfHE
B'a3ke tepra p(t, T1,T2) - Hesidoma DYHKIIs, KA 33J0BOJIBHIE OOMEXKEHHIO P1 <
p(t,z1,22) < p2, p1 < 0, p2 > 0. Bunagox p(t,x1,x2) = const < 0 BiamoBimae
B’SI3KOMY TEPTIO, sIK€ € IPOIOPIIHHNM TEPIIiil CTemeHi MBUIAKOCTI. 3aIPOIOHOBAHL
0OMeKEHHsI He BUKJIIOUAIOTh "Big'emuoro"reprs, Tobro p(t, r1,x2) > 0.

SaragpHUN TAXIT 70 PO3B’sI3Ky 3a7adi 6a3yeThcs Ha MeTOml (PYHKIII KepoBa-
Hocti, skuit 6yB 3anpononosanuii Kopo6osum B. 1. y 1979 poui [1]. I3 poGoru [2]
BUILIMBAE HACTYIIHUN DE3YJIbTAT.

Teopema 1. (Yoxe Pusepo, Kopobos, Ckopux) [2] Hexatl dynxuia weposanocmi
O = O(z1, z2) 6usnavena dan 6cix (T1,22) # 0 ax cdunutdl dodamniti Kopiry PieHA-
HHA

30" = 35027 + 14021220 + 352507, (2)
Todi xepysarhs
10z 32

C0%(z1,12)  O(z1,32) (3)

u(x1,2) =

P036°A3Y€E 30004y CUHMEIY OAL CUCTNEMU (il) = (22) . Tobmo mpaexmopin (t)
2

3AMKEHEHOT CUCTNEMU, AKA NOYUHAEMDBCA 3 J0BILALYHOT NOYAMKOBOT TNOWKU x(O) =x9 €
R, zakinuyemves y nowamey KoopouHam, 30 CKIHHYEHHUL “ac T(zo) (settling-time
function). Biavw moeo, wac pyxy T (xo) dopisnioe O(xo), mobmo Pynruii keposa-
HOCM, Ma Kepysarhs 3a0080avHAe obmescernnio |u(x1, z2)| < 1.

3aBIaHHA OAHHOTO AOCIiOXEHHS IOJISATAE Y HACTYITHOMY.
1. Yu MOKHA 3aCTOCOBYBATH KePYyBaHH:A (3) /Jist PO3B’A3KY 33J1a4l CUHTE3Y I CU-
cremu 3 TepraM (1)7
2. fdkmmo Tak, TO 3HAWTH OOMEXKEHHS HA TEPTS P1, P2.
3. BHaiiTun o6MeXKeHHs Ha Yac PyXy 3 JOBLIBLHOI IOYATKOBOI TOYKU Y IIOYATOK KOOP-
JIAHAT.

Teopema 2. Hexaii 0 < 1 < 1, 72 > 1, ¢ > 0 ma ¢ynruyia xeposarocmi © =
O(z1, x2) susnavena ax edunul dodammnit xKopins pienanns (2). Hexati Q = {(z1,x2) |

G(mh IQ) < 6}7

Py = max{(1 —v1)p1; (1 —v2)ps}, P9 = min{(1 —71)p%; (1 — 72)p3},
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74+ 2v15 —7+2V15

C &

Pl = P =

Todi ons eciz p1 < p(t, x1,22) < pa, makux, wo [p1;p2] C (pY;p3), mpackmopis
samrnenol cucmemu (1) 3 xepysannam (3), axa nowurnaemovca 3 006iavHOT NoYa-
mxo6ot mouku x(0) = xo € Q, 3aKIHYYEMBCA Y NOYAMKY KOOPOUHAM 30, CKiNenHUl
wac T = T(xo,p1,p2), Aull 3adosiavrae obmesrcenrro O(xzo)/v2 < T(zo,p1,p2) <

O(zo)/m-

BayBaxkuMmo, mo ckindeHHicTb gacy pyxy (settling-time function) sumiusae 3
HepiBHOCTI Ha noxuaHy dyHKIIl KepoBaHocTi B cuity 36ypeHol cucremu [3] —y2 <

(S S -1
s 3HAXOMKEHHsST TPAEKTOPIl, K& MOYMHAETHCA Yy 3aJlaHiii MOYATKOBIM TOYIl
xzo = (29,29) € Q, obupaemo p1 < p(t,x1,z2) < P2, HOTIM 3HAXOMUMO ETMHMI

nojarHiii kopinb pismsmus (2) Q¢ = O(xf,29). Hexait 0(t) = O(x(t)). Ilyxana
TPaEKTOPis € po3B’sa3koM 3asadi Korri

i‘l = T2,
10n 3m
02(t)  0(t)’
20 22 4 621 22 0+ 22 6% — p(t7x1,:r2)(2x1x292 + m%&g)
20 3 + 621 x2 0 + z3 62

z1(0) =29, x2(0) =29, 6(0) = Oo.

Zo = p(t, x1, T2)T2

6=

I

Po6ora Bukonana 3a migrpuMmku rpanty Bix donmy imeni H. I. Axiesepa.

1. Kopoboe B. . O6mmuit moaxon K peIIeHuio 3aJadid CUHTE3a OrPAHUYEHHBIX
yupasJeHnil B 3azade ynpasiasgemoctn //Maremarnaecknii c6opauk. — 1979.
— 109. — Ne. 4 (8). — C. 582-606.

2. Yoke Pusepo A. E., Kopo6os B. 1., Ckopuk B. A. ®yukuus yupasiisieMo-
cTu Kak BpeMms apmkeHus. 1 //2KypHan maremarmdeckoil hpu3nKM, aHAIN3A,

reomerpun. — 2004. — 11, Ne. 2. — C. 208-225.

3. Korobov V.I., Revina T.V. On perturbation range in the feedback
synthesis problem for a chain of integrators system// IMA J. Math.
Control and Information. — 2021. — 38, No. 1. — pp. 396-416,
https://doi.org/10.1093 /imamci/dnaa035
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IIpo BOopoBagkeHHs NpoekTy “OHoBJIeHa iHdoOpMaTHUKa —
IT-cTynii” y 3arajbHOOCBITHIX 3akJjaagax YKpaiHu

Kocosarn Bacunao

v.kosovan@chnu.edu.ua
Yepriseuvkull HauionasvHul yrisepcumem imeni FOpis @edvrosuya, Yrpaina

Hle y rpynui 2021 poky MinicrepcrBoM ocsiTy i Haykn Ta MiHicTepcTBOM 11~
dposoi Tpardopmariii 6ys10 3iHiiOBAHO OHOBJIEHHS IIKITBHOTO Kypcy 3 «ludopma-
THUKH» BIIIOBIIHO 70 KOHIENTyaJdbHUX 3acat Hosol ykpaiHcbKol mkosn (B Mexkax
pedopmu IT-ocsiTn B Ykpaini). Mera nporo npoekry (Hazsanoro crmodarky "Iu-
dopmaruka NewG") — oHOBUTH Ta OCy9IaCHUTH HABYAHHS IHPOPMATUKA B CEPEIHIN
IIKOJTi, MOJIepHi3yBaTu cucremu migrorosku [T-daxisuis "Bix mKkosm 10 acnipanTy-
pu 3abeneuntn IT-inaycrpio BucokoksasidikopanuMu crnenjasicramu [1].

Hampukinami tpasas 2022 poky JaHUil IPOEKT, KU BIPOBAIKYBABCA IPOrpa-
Moo EU4DigitalUA B Mexkax Apyroro KOMIOHEHTY <«IHCTHTyIiiiHe 3MillHEHHS Ta
possuTok norerniany» (FITAPP) ta dbinancysasca €C, Bigposuam — nposesn mo6ip
BYATEJIB IH(POPMATUKH Ta 3aKJa/iB OCBITH, sIKi BUCJIOBUIN DarKaHHS alrpoOOBYBaTH
HOBHIi BMicT Ta pecypen y 2022-2023 Ha4yasbHOMY poi[2].

Y minoti B3sim yaacts 50 ki, sikux Bigibpaanau 3 405 3asiBOK, CTBOPUIIN BaJTi-
IHY BUOIDKY 33 TAKMMH KPHUTEPisIMUA: MaKCHUMaJIbHE MOKPUTTS BCiX obacteil YKpa-
THU, PO3IOMIIJ 3aKJ/IA/IIB 38 KUIBKICTIO YJHIB, MICIIEM pPO3TalllyBaHHs, (POPMOIO BJia-
cHOCTi, mpodimizarieo Tomo. 3aragoM A0 MOTyBaHHs 3aiyumin Oiabmr sk 3000
VYHIB MiJ] KEPIBHUIITBOM 73 BYUTEJIB iH(DOPMATHKHA.

[TinoryBanus Kypcy oHOBJIeHOI iH(MOPMATHUKH TpuBaJjo 3 BepecHs 2022 1o uep-
Benb 2023 poky. Marepianu poswinrysasmcs, MogepyBasucs Ha miaardopmi "Bcee-
yKpaincbka mkosa onstaitn". Ii pecypcu jomomarasu, 30KpeMa, rOTYBATHCH BYH-
TEJII0 JI0 3aHSTh, YYHEB] XK HABYATHCS, OMPAIbOBYIOYM, MaTEPiaJl, sIKii BiH 3aTeH
ONIAHYBATHU SIK B CHHXPOHHOMY, TaK 1 B aCHHXPOHHOMY pexKuMi, B Kjaci, abo camo-
crittno. KijibKicTh TOMH Ha KOXKEH 3 MOJYJIIB 3MiCTOBOI JIiHII BU3HAYAB BUYUTEIb.
Bapro BigzHaunTm miigHy cmoiBopaio 3 XapkiBcbkuM, Omecbkum i JIbBiBCbKUM
IT-xmacTepaMu. IXHI MpeJCTABHUKH HAIABAIH 3BOPOTHHH 3B’S30K, TEXHIUHY eKC-
nepTu3y 3 OKPEMUX TE€M 1 CTBOPMJIM JI€KLIbKa HaBYAJIbHUX BiZleo, HaJaBaJIM BJIACHL
HaBYaJIbHI pecypcu.

OpHiero i3 OCHOBHEX ifeif Ipu MIOTYBaHHI OyJia penaJiisariisi aKkaaeMidHOl CBO-
0011 BUKJJIa/1a4a, a CaMe: MOXKJIUBICTD PerysIioBaTi KiIbKIiCTh HABYAJIbHUX TOJIVH,
BiJIBEJIEHUX Ha KOXKHE i3 3anponoHoBaHux B I'T-cTymisax 3aHAThH, He 3aJIe2KHO Bil Ha-
BYAJIHHOI TPOTpPaMu. ¥y PE3yJIbTaTi BUMTES OTPUMAJIN HE MATEPian i/ KOHKPETHY
HaBYaJIbHY IIporpamy, a yHi(pikoBaHI peKOMEHIAI] AjIsd HaBYaHHsI. ABTOPHU IPOEKTY
BUJIJTAJIN 11’ ITh HANIPSIMIB, 3a SIKUMHU CTPYKTYpyBaJsu pecypcu. lle anamorn po3maiiis
HaBYAJIbHOI IIPOTPaMU:

- "IIudposa rpamorHicTb";

- "MeniaTsopdicTh";

- "O6uucioBaIbHe MUCIECHHS Ta IpOrpaMyBaHHs";
- "Anauiz maHUX Ta MOIETIOBAHHA';

- "Iludpose rpomagsgHCcTBO"
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IIpu misoryBaHHI HPOEKTY OHOBJIEHO! iH(MOPMATHUKHU OYyJIO JOOIPAI[HOBAHO Ha-
BYAJbHY [POTrpaMy, 30KpeMa JOJAHO Oljiblie IHTEpaAKTUBHMX 1 DI3HOPIBHEBHX 3aB-
JaHb, BUIIJIEHO POJIb TEOPETUIHUX OOI'PYHTYBaHb IIPU MPOBEIEHHI TPAKTUIHUAX 0~
CJI/ZKEHB Ta HABYAJIBHUX IIPOEKTIB, IPe3eHTOBAHO HABYAJIbHI Bimeo. |3, 4].

Hapaai ocsiTHi pecypcu «Onosienoi indopmaruku — I'T-cTyaiiy po3mingyrorbes
Ha okpemomy Moy mmardopmu «ia.Ocsitar [5] Ta g0 kinma oceni 2023 mura-
HYIOThCSI OyTH BijMacIiTaboBaHi JIjIsi BCiX 3araJibHOOCBITHIX 3akKJjajiB Ykpainu. Ha
AYMKY IHIIIaTOpIiB 3aIlyCKy IpOrpaMu, Iie JOIOMOKe IMOKpamuTy (yHKIIOHAT, iH-
KJIIO3UBHICTH, HABIraIfiio pecypcaMy Ta iHTErpalilo Pi3HOPIBHEBUX 3aBJaHb.

1. MOH ta Miumudpun posmounHaioTh poboTy Ham pedopmyBanasM [T-
ocsitu. URL: https://mon.gov.ua/ua/news/mon-ta-mincifri-rozpochinayut-
robotu-nad-reformuvannyam-it-osviti.

2. Ilpo mijoryBaHHsI OHOBJIeHOrO 3Micrty iHdopMmarwynol ocsitu: Ha-
ka3 MinicrepcrBa ocBitm 1 mHaykm Ykpalum Bim 2.12.2022 Ne1089.
URL: https://mon.gov.ua/ua/npa/pro-pilotuvannya-onovlenogo-zmistu-
informatichnoyi-osviti.

3. Binbiue irop, intepaktuBy Ta pedirekcii. Illkospam moyasn BUKIAIATH OHOB-
seny «Iudopmarukys — gk Burisimae HoBuit kypc. DOU: CuinbHoTta mporpa-
uicris. URL: https://dou.ua/lenta/articles/updated-informatics-2023/.

4. IT-crynii Ha ypokax iH(pOpPMATHKA: SIK 3MIHUTHCS MIKIJIbHA iHGOpMaTKa 3 1 Be-
pecua? Ocsitopis. Mexia. URL: https://osvitoria.media/experience/it-studiyi-
na-urokah-informatyky-yak-zminytsya-shkilna-informatyka-z-1-veresnya/.

5. Mo rake onosiena indopmarunka? URL: https://osvita.diia.gov.ua/it-studios.
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MopentoBanusa SIR mozesieit /jisi MPpOrHO3yBaHHS MOIMUPEHHS
COVID-19

Kocosuw Teop, Hlyp Temana, Lyp Oaexcarndp

kosovych.ihor@chnu.edu.ua, lunyk.tetiana@chnu.edu.ua,
shchur.olexandr@chnu.edu.ua
Yepriseuvkuti wayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

[Ipu momemoBanni indekniiHUX 3aXBOPIOBaHbL HomyaapauMEu € Kiaacuaai SIR-
mozesi [1]. 3a ocranHil yac pospobiieHi HOBI crocobu iMiTaniffHOro MOZETIOBAHHS
iH(eKIIiN 3a JOMOMOTO0 METOy K/JIITHHHUX aBTOMATIB, Jie € Habip areHTiB, siKi MO-
JIEJTIOI0TH PyX IHAUBIIIB 110 MOXKYTb IepebyBaTh y pisHuxX cranax. IIpu Takomy mo-
JIEJIFOBAHH] BaXKJIMBUM € 3aCTOCYBaHHSI KOMIIEHCATOPDHOIO BUBYEHHs! [2] HOIIMpeHHs
Bipycy. Posrisimaerses meron "Multi-agent reinforcement learning” mjst monesosa-
HHS B3a€MO/Ii1 B JJMHAMIYHOMY CE€PEJIOBUIIILI.

Curves With Info State And Reward Function =

— Social Distance 25%
~—— Social Distance 30%

— Social Distance 40%

10000 - Social Distance 50%
- Social Distance 100%

o x Social Distance 0%

Puc. 1. Iunamika pisHUX 0OMEXKEeHb COIIAIbHOI JUCTAHIIT Ha Pi3HI KPUBi

Ha puc. 1 naBesmeno po3mistHyTi cTpaTerii Ha pi3HI KpUBI 3aXBOPIOBaHb, 100
mo6avYnTH, STIK BOHU BUPIBHIOIOTBCS 1 B SIKOMY ¢dopmari. be3 koaHux BUTpaT Ha
BIIPOBA/?KEHHS COIIAJLHOTO MUCTAHIIIOBAHHS HARKPAIIIM BapiaHTOM € BUKOHAHHS
100% comiaabHOrO AUCTaHIiIOBaHHA. IIpKM 3MEeHIIeHHi CoIliaabHOrO JUCTAHIIIIOBAHHS
1o 50% KpuBa He Ma€ BHCOKOTO MKy 1 € JOCHTBb 3TJIaJ?KeHOI0. JIJIsT MpaKTHIHOI
crparerii morpibuo posrasamatu 10%, 25% ta 30% comiaabHOTO JIUCTAHIIIOBAHHS.

MaremaTuyni Mojesi AMHAMIKY 1HEKIIHHIX XBOPOO JIeTAJILHO ITPOAHAJI30BaHI
B HayKoBUX gociijpkennsx [1]-[3]. fAx npaeuio, SIR momesni — cucremu gudepenig-
aJIbHUX PIBHSHD, IO OMUCYIOTH MOIIAPEHHsT 3aXBOPIOBAHHSI B IOITYJIsIl po3mipy N,
SKI MalOThb TPH BIAJIIM, KOXKEH 3 sKuX € dyHKuico dacy ¢: S(t) — KiibkicTb ocib,
ski me me indikosani, I(t) — kinbkicTs indikoBanux ocib, a R(t) — kinbkicTs 0cib,
AK1 Oy»KaJIu BiJl 3aXBOPIOBAHHs Ta MalOTh iMyHiTeT. BBarkaemo, mo xBopoba Mae
inkyOaritauit epiox Bipycy 71 > 0, a mepioj BijgHOBJIeHHS T2 > 0.

Junamika TaKOro IIPOLECY OMUCYETHCS CUCTEMOIO 13 3amisHeHHaM [4]:

ds
E:—bS(t—Tl)I(t—Tﬂ,
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g — ) I (t— 1) — g (t — 72) — al(t),

dt
% = g[ (t — T 2) .

Hab6umzkennit po3s’sizok posrisinyTol SIR Mozesi i3 3anizHeHHsIMY OflepKaHuit 3a
JOTIOMOTOIO MOTM(DIKOBAHOTO iTepariiiinoro Mmeroay Eitsrlepa 3 mo9aTKOBUMA yMOBAMUI
y1(0) =5, y2(0) = 1, y3(z) = 0 mpu ¢t > 0 ta napamerpamu h = 0.1, 71 = 1, 72 = 10.

I3 oTprMaHNX YNCIOBUX €KCIIEPUMEHTIB [5] MOkeMO 3po6UTH BUCHOBOK, 110 II€pi-
ommuni crasmaxu indekuii (mpu dikcoBanomy iHKybariinomy mepioni 71 = 1) BuHE-
KaloTh, SIKINO IMyHITET BTpadaeThcsd 3a 4ac 72 > 7. Enimemia crabinizyerbcs, axmo
T2 < 6. AHaJiz MaTeMaTUIHUX MOJIeJiel 6ioJiorii, eKoJIorii, MEJUIIMHNA TIOKA3aB, 110
BBEJICHHSI B HUX 3aIli3HEHHS JI03BOJISIE€ 3pOOUTH X aIeKBATHUMHU 0 PEAJTBHUX IPO-
IeciB.

1. N. Bacaér. McKendrick and Kermack on epidemic modelling (1926-1927) // A
Short History of Mathematical Population Dynamics. Springer, London, 2011.
— P. 89-96.

2. Gupta T., Sycara K. A brief survey of deep multi-agent reinforcement learning
// Proceedings of the 2nd International Conference on Intelligent Autonomous
Systems and Networks (IASN), 2020. - P. 1-6.

3. Fathalla A. Rihan. Delay Dierential Equations and Applications to Biology //
Springer, 2021. — 303 p.

4. Ebraheem H., Alkhateeb N., Badran H., Sultan E. Delayed Dynamics of SIR
Model for COVID-19 // Open Journal of Modelling and Simulation, 2021. —
No9. — P. 146-158.

5. LT. Kocosuu, T.B. Illyp, .M. Ueperko. Maremaruuse Ta imitariiiae MoeIi0-
BaHHs emifeMiosoriuaux nponecis // Maremarndne Ta KOMII'IOTEPHE MOJIEIIIO-
BauHs. Cepis: @Dizuko-maremarnyHi Hayku: 36. HAyKOBUX mpalp. Kam’sHernb-

Ilominbepkmit, 2022. — Bun. 23. — C. 49-57.
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IIpo oauH KpuTepiit piBHOMIpHOTO PO3MOIiJy MOCJiTOBHOCTE
3a/iaHnii B TepMiHax (Qs-mpeJ/icTaBJIeHHs OIACHUX YHCeJT
Kpusowus Pocmucaas
vikasvat20130@gmail.com

Kponustnuyovrutl 6ydisesvHuti garosuti kosedrc

IMocnigoBHIiCTD (T,) HABUBAETHCS PIBHOMIPHO PO3MOJIICHOO, SKINO JJIS JOBLIb-
Horo inrepsaiy (a;b) C [0; 1] BUKOHY€eTBCST yMOBa

Ny ((a;b
lim 7n(( ! )) =b—
n— 00 n
ne Nyn((a;b)) — xinbkicrs uucen cepexn {x1}, {z2},...,{zn}, axi HAME)KATH iHTED-
Basy (a;b).

Hexait (go;q1;..;gs—1) — CTOXaCTHYHMI BEKTOD 3 CTPOTO JOJATHUME KOODIU-
HaTamu. Bizomo (3], mo jyst mosinbHOrO AificHoro wmcna x € [0;1] icHye Heckin-
YEeHHUH BEeKTODP (Q1; Q2;...;Qn;. .. ) KOKHA KOODJIMHATA SIKOTO HAJEXKUTH MHOMKUHI
{0;1;...; s — 1} Takwuii, mo

T = 5041 + /Bazqoq + /8a3Qa2qu +...+ /Ban+1qanq&n—1 coGag F e, (1)

ne Bo=0,B61 =qo, ..., Bfs—1 =qo + ... + gs—2.
IIpencrasienns (1) Ha3UBAETHCS (s-IIPECTABICHHAM HUACIA T 1 Ma€ HACTYIIHE
300parKeHHsI:
2= A asasan.
Posragnemo HacTynHuii oneparop 3CyBy:

(A an.) = A

agaz...0p..."

ITozraunmo

Teopema 1. ITocaidosnicmv (Tn(x)) pisromipro posdnodisena modi i miavku modi,
xoau ichye cmana C maka, wo 0as Kootcnot inmeepoenoi 3a Pimarom pymnruyii f(t)
BUKOHYEMBCA YMOBA:

Hzflf <C’/f

n—-+oo

1. Typbun A. @., IIpanesursiiit H. B. ®pakranbHble MHOKECTBA, PYHKIUH, PAC-
npenenennd. — Kues: Hayk. nymxa, 1992. — 208 c.

2. Borel.E Les probabilies denombrables et leurs applications arithmetiques. —
Rend. Circ. Mat. Palermo. — 1909. — Ne28. — P. 247-271.
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3. De Bruijn N.G., Post K. A. A remark on uniformly distributet sequences and
Riemann integrability. — Indag.Math. — 1968. — Ne30. — P.149-150.

4. Weil.H. Uber die Gibbssche Erscheinung und verwandte
Konvergenzphanomene. — Rend. Circ. Math.Palermo. — 1910. — Ne30. —
P. 377-407.

5. Niven I., Zuckerman H.S. On the definition of normal numbers. — Pacific J.
Math.— 1951.— Nel.— P. 103-109.
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3agada 3 iHTErpaJIbHUMYU yMOBaMM [JJisl OJHOT'O y3arajJbHEHOI'O
piBuaaHa Tpikomi B cmysi

Kysv Anmon

kuz.anton870gmail.com
HIIIMM im. . C. ITidempuzava HAH Yrpainu

B ob6aacri
D :={(z,y):x € (-M,L),y €R}, M,L >0,

PO3IJISAIAEMO 33121y 3HAXOIKEHHS MaiiKe IePioMIHOro 3a 3MIHHOIO Y i3 3a/JaHUM
crekTpom M,

M= {pr € R+ dalk|™ < |pn| < dolk|”?, p—k = pn, k € Z}
po3B’sa3Ky U := u(Z,y) piBHAHHSA

9%u s n0%u

92 axayzz, a>0, né€Zy, (1)

3 iHTeI‘paJIbHI/IMI/I yMOBaMI/I 3a 3MiHHOIO X BI/IFJIH,ELy
L L
/ e y)de = o (1), / 2"z, y)de = pa(y), (2)
—M —M

ne ri,re € Zy, r2 > 11; OQYHKIUI @1, (2 — € MailizKe TepiogunIHuMu 3i ciekTopm M,

0i(y) =D eirexplipe,x), j=1,2.
keZ

B poGoTi BCTaHOBJIEHO yMOBH OfHO3Ha4YHOI po3B’si3HocTi 3aza4i (1), (2) y upo-
cropax tuiry CobosieBa Maiizke nepiouIHUX 3a 3MIHHOIO Y DYHKIi Ta mo6Gy10BaHO
PO3B’sI30K 3aja4l y BUNIAL psaxy. Buaineno Bunaaxu, Ko po3s’s3HicTs 3a1a4i (1),
(2) noB’s13aHa 3 IPOGIIEMOIO MAJINX 3HAMEHHUKIB [1].

1. Tramsux B.J., Inskis B.C., Kuirs .91, ITomimyk B.M. Hesokambai Kpaiiosi
3a/1a4di Jy1s piBHAHDB i3 wactuHHuMEU noxigaumu. — K.: Haykosa gymka, 2002. —
416 c.
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PerynapHictp JiHITHUX po3HIMpeHb AUHAMIYHUX CHUCTEM Ha TOpi 3
BHUPO/I2KEHOI MATPUIEIO

Kyaux Bixmop', Kyaux Tanna®, Cmenanenxo Hamania®

lyiktor. kulyk@polsl.pl, 2ganna_1953@ukr .net,
3naLtaLliya. stepanenko@l1l.kpi.ua
L Cinescoruti Texrwivnuti Yrisepcumem, Tnisive (IToavuya)
23 Haytonanvruti Texrnivnut Ywisepcumem Yrpainu «KIII> imeni I. Cikopcvrozo,
Kuis

IInranus peryasspHOCTI JIHIAHAX PO3MIUPEHb JUHAMIYHUX CUCTEM Ha TOPI € JIy-
2K€ BasKJIMBUM, OCKIJIbKU 3 JIOIIOMOTOI0 TAKMX CHCTEM ONHUCYIOThCSH 0AraTov4acTOTHL
HeJIiHIHI KOJIMBaHHS, AKI BUHUKAIOTH B 0araThox 3a/adaxX MaTeMaTUIHO! (Di3UKHU.

B zanpomonoBasiit gomosini OymeMo po3TiisiiaTh MUTAHHS ICHYBaHHS (DyHKITIT
I'pina-Camoiisienka cucreMu audepeniiajbHuX PiBHIHD

Y —a(p), % = A)a o)
3 TOTOXKHO BUPOKeHO Marpuneo A (). lle nnranHs nos’si3aHe 3 iCHYBaHHIM
€KCIIOHEHIIIAILHO JUXOTOMITHUX Ha BCiit oci R = (—00, +00) niHiiiHnx HECTAIIOHAD-
HUX cucTeM pdepenIianbuux piBHAHb % = A(t)x 3i sminnoo Marpuieo A (t)
HellepepBHOIO 1 obMmerkeHo0 Ha R Takomw, mo detA (t) =0 V¢ € R. OueBuano, npu
nocriiiniit marpuni A (t) = A, mia axoi detA = 0, cucrema fli—gt” = Az ue Gyze ekcro-
HEHIIaJbHO JUXOTOMIYHO0. IIpocTuM MpUKIIaJI0M eKCIOHEHIAJbHO JUXOTOMIYHOL
HECTAIlIOHAPHOI JIIHIHHOT CUCTEMU 3 BUPOJXKEHOIO MATPUIICIO MOXKE CJIY>KUTU HACTY-
IHa,

d Z1 — cos2t (sin?t N 1) e a peryJsipHuM JIHIAHAM po3-
at \ g, - (sin2t + 1) —cos2t x2 )’ Perytb P

x
mmpenHsM (1) 3 ToroxKHO BUpozKeHoIo MaTpureio A (¢) € HacTyIHe il—f =54 ( !

v\ g,
(3cos2¢p + 4sin2¢p) (—4cos2¢ + 3sin2¢ — 5) z1
{ (—4cos2p + 3sin2¢p + 5) (—3cos2¢p — 4sin2¢p) } ( T2
cremi (1) 6inbiry po3MipHICTb HiXK 2 HOPMAJIBHUX 3MIHHUX & , BUHMKAJIO IUTAHHS: 11
MOXKJMBHUi Bunagok, ko rangA () =1 1 upu upomy cucrema (1) € perynsipHoo?
Ha me nuranna MOXKHA JJATH MO3UTHUBHY BiIIOBI/Ib.
ITpuBeaeMO IIPUKJIAT.

¥ —a(0), & = (Lo IL 7 (p)] )

ne a(p) € Crip (Th), © € R?,
(14 V2cosyp) 2sinp (1= V2cosyp)

L(p) = 2sin —2v2cos¢p —2singp ,
(1 - ﬁcosgp) —2sinp (1 + \/ﬁcosgo)

<

Il
o O =
o O O
o O O
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Hoseneno, mo cucrema (2) mae exuny dyukuio 'pina-Camoiiienka npu KOXKHIi
dikcopaniit ckassipHiit dyHKUIl a (@), sika He IpuiiMae HyJIOBUX 3HAYEHb.

HocaimKyoun BIaCTUBICTh PETYJIsIPHOCTI HACTYIHOI cuCTeMU JudepeHITiaTbHIX
PiBHSHB

der _ o ( d
= a1 (pne2), de g JL € R 3
{ 2 — gy (g1, 0), dE [L (1, 02) (p1,02)] 2, @ (3

a;j (@1, 92) € CLip (T2) , J = diag {1,0,0,0} , L (@1, p2) = L1 (¢1) + L2 (p2) ,

cosp1 sinpi cosp1  sinei
I . sinp1  —Ccosp1 sinp1  —Ccosp1
! (901) - cosp1 sinp1 cosp1 SiNp1 ’
sitnp1  —cospr sinpr  —Ccosp1
cosp2 SiNY2 —cospa  —Sinps
I . Sinps  —CoSP2 —S81nP2 COSP2
2 ((,02) B —Cosp2  —SinYs OS2 812 ’
—sinpa  coSy2 Sinws —CoSp2

JOBEICHO HACTYIIHE TBEPJ/2KCHHSI.

Teopema. Hxwo 6 cucrnemi (3) ckanapri pynryii aj (p1,2) 3a00604vHAOMB 00HO-
a1 (p1,2) + az (p1,2) > 0,

a1 (¢1,p2) - a2 (1, p2) <0,
mume eduny pynryito I'pina-Camotinenra.

YACHO 0B0M HEPIBHOCTNAM mo cucmema (3) ma-

Baysaotcerns. Bmirnni mampuui L1 (1), Lo (p2) maxi, wo L1 (p1)- La (p2) =
Lo (@2)- L1 (p1) =0, (L1 (p1) + La (p2))* = 4diag {1,0,0,0, } i obeprena mampuus
sanucyemvca y sueandi L (p1,¢2) = 1L (¢1, p2).
Sk HaCTiIOK TpUBEIEHOI TeOpeMU TPUBEIEMO IPUKJIA Peryaspuol Ha R tiHii-
dx

Hoi cucremn G7 = A t)z,x € R*, Bci HeTpUBiaIbHI PO3B’SI3KH SIKOT EKCIIOHEHIIAIBHO

3aTyXalTh J0 Hy/Isl HA —00 1 3pocTaroTh Ha +00 1 npu npomy rang A (t) = 1.

X1 0'% 0102 g103 g104 X1

d To _ 0201 U% 0203 0204 T2

a I3 B 03071 0302 0’% 0304 T3 ’
X4 0401 0402 g403 O’Z X4

e mo3HAaYeHo 01 = cosmt + cosnt, o2 = sinmt — sinnt, 03 = cosmt — cosnt,
o4 = sinmt + sinnt, m,n — HATYPAJIbHI YHUCIa JJIs IKAX BUKOHYETHCS HEPIBHICTH
m—mn > 0.

1. Yu. A. Mitropolsky, A. M. Samoilenko, V. L. Kulyk Dichotomies and stability
in nonautonomous linear systems, Taylor & Francis Inc, London 2003

2. Kymuk B.JI., Kyauk I'"M., Crenarnenko H.B. Ilpo mesiki koHCTpYKIIil peryssip-
HUX JIHIAHUX PO3MUpPEHb MUHAMIYHUX cucTeM Ha Topi. // Hesinifini kosmBas-

He, 2023, 1.26. Nel. -C.77-94
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IIpo HeoOXxinHi yMOBU iCHyBaHHSA Ta aCMMIITOTUKY OJIHOTO KJIacy
PO3B’A3KiB JiessKoro agudepeHniaabHOrO PiBHAHHA APYTOro IIOPSAKY

Kycix JIrodmuara

1k09032017@gmail . com
Odecovkili HaUIOHAAYHUT MOPCORUT YHIBEPCUMEM,

Posrasmaemo nudepeniiajibie piBHIHHS
y' = f(t,y,y), (1)

zge f: [a,w[xAy, X Ay, — R € HenepepsHow }yHKIi€0, —00 < a < w < 400,
Ay, (i € {0,1}) - onzocroponsiit okin Y; 1Y; (i € {0,1}) e abo 0 ab6o too. Bymemo
BBAXKaTH, IO IHUCJIA, 3a1aH] (HPOPMYIIO0

1, axmpo Y; =400 abo Y; =0 i Ay, — mpasuit okix 0,
Hi = { —1, gaxmo Y; = —co abo Y; =0 1 Ay, — m;iBumii oxix 0,
3a/I0BOJILHSIIOTh HEPIBHOCTI
popr >0 mpu Yo=H4oco 1 pour <0 mpm Yy =0. (2)
PiBusinus (1) Gymemo mociiizKyBarn Ha OfHOMY Kiacl po3s’si3kis (qus. [1] ).

Osuauenns 1. Poss’asox y pienanna (1), wo eusnavenuti na npomisicky [to,w [C
[a,w [, nasusaemo P, (Yo, Y1, Ao)-poss’askom , de —0o < Ao < 400, AKWO SUKOHAHO
HACTYNHL YMOBU

y(i)(t) € Ay, npu t € [to,w[ , lim¢ 7 wy(i)(t) =Y, (:=0,1),

12
. t
lim 7[24 ( /),] = Xo.
tte y(t)y" (t)
B 3anexxHoCTi B Ao 11i po3B’a3KKM MalOTh pi3Hi Biaacrusocti. A came, B [1] BCTa-
HOBJIEHO, 110

o T (DY (1) Ao mo(t)y"(t) _ 1
ams Ao € R\ {1} leB v T &Trur} O h-T
- o T ()Y (1) _ o T Oy (1) _
st Ap =1 lzlgl y(t)/ = *o0, ltlTrB y/;(t) +o0,
- i Ty () _ i Fe®y" (1) _
s Ao = oo 1#5 mo =1 ltlTIE y/(t) =0,

e
t, AKINO W = +00,
w(t) =
oo (1) {t—w, AKIO w < +00.

ITpu neBHux ymoBax Ha dyHKUiO f piBHAHH: (1) Moxe 6yTH mojaHe GIN3BKUM
JI0 IBOIJIEHHOT'O.

Osnadennst 2. Mu zosopumo, wo Pynkyia f 3adososvnaec ymosy (FN1)x, Odas
Ao € R\ {0,1}, axwo icnye wucao ag € {—1,1}, nenepepena dymruia p : [a,w[—
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10, +o0[ @ dsiwi nenepepsro dupepenuyitiosana Pynryia @1 : Ay, —]0,+00[, wo 3a-
0060NBHAE YMOBU,

er(w) #0,  1lim ¢1(w) =1 € {0,400},  lim
w——Y7] w—

wEAY, “’EAYI

maxi, wo 0aa 006iavHuT Henepepero dugpepenyitiosnur Gynkuid z; : [a, w[— Ay, (i =
0,1), dasn axuzx
limz() =Y; (1=0,1),

. mw(®)zo(t) Ao Lome(t)z(t) 1
=00 -1 T 0 -1

Ma€e micue 300pasicerts

£t 20(8), 21(8) = aop()er (1 ()L +0(1)] npu ¢ 1 w.

B cuny (FN)x, 3Hak gpyroi noxiguoi 6yns-sikoro P, (Yo, Y1, Ag)-po3s’sizky (1)
y JesIKOMy OKOJll w cIiBIajae 3 ag. Tomy 3 ypaxysanusM (2) , MaeMo

aopr >0 mpu Yy =200 i aopu1 <0 mpum Y; =0, (3)

Kopucryrouucs Bracrusoctsivu Kiaca Iy, (Z1) (mus. [2]), TyT BCTaHOBIEHO He-
00ximHi yMOBH icHyBaHHs Ta acuMnToTnaHi 306pakenus P, (Yo, Y1, Ao)- po3s’askis
nudepennianbHoro pieugHHd (1) y BUIAIKy, KoM BUKOHAHO HepiBHOCTI (2), (3) Ta
dynkuis f 3amoBosnbHsie ymoBy (FN1)y, 11t Ao € R\ {0, 1}.

1. Esrtyxos B.M. AcuMmnrornyueckoe IOBEJEHHME PENIEHUN OJHOrO HEJMHEHHOro
mudEPEHITHATBLHOTO YPABHEHUsT BTOPOTO MOpPsiAKa Tuma IMiaeHa - Daymepa.:
muc. ... kagg. ¢ud. -mar. Hayk: 01.01.02. Ogmecca, 1980. — 154 c.

2. Yepnukosa A.I'. AcuMmnrorruna moBeiHKa PO3B’A3KIB 3BUUYANHMX AuEpeHIli-
aJIbHUX PIBHSHD 3 MIBUIKO 3MIHHUMA HEJIHIMHOCTSMMA.: JUC. ... KaHI. (hpus. -Mat.
nayk: 01.01.02. Opneca, 2019. — 156 c.
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OmnmaifH KajJdbKyJISITOP PO3PaXyHKY HeOOXiTHOT TOBIIIUHU TEMJI0BOT
ionamii nora 6yAiBeIbHUX KOHCTPYKILiii Ta TPyOOIIPOBO/IiB

Kywnipuyx Bacuav, Kywnipuyx Boaodumup

v.kushnirchuk@chnu.edu.ua, vovak@com.cv.ua
Yepriseuvkuti HayioHarvHull yHisepcumem imeni FOpia Dedvrosuua

Binburicts npakTHYHUX 33189 TPUAHSTTS ONTUMAJIBHUX PIllleHb € GaraToOKpuTe-
piampamMu. Takumu, 30KpeMa, € 3a/1a4i, SIKi ONICYI0Th EKOHOMIYHI, €KOJIOT0-eKOHOMITHi,
corniasibHi, MexaHiuHi nporecu. 1i 3a1a4i BUHUKAIOTH ¥ THX BUIAJIKAX, KOJIU HEOOXi-
JTHO OJHUM aKTOM IIPUAHSITTS PIillleHb JOMOTTUCS HAKPAIIOTO, ¥ TEBHOMY PO3yMiH-
Hi, BAKOHAHHS KIJIbKOX, MOXKJIMBO TAaKHUX, 1110 IPOTUPIYATh OJUH OJHOMY, KPUTEPIIB.
3 MaTeMaTHYHOI TOYKHU 30py 3a/da4i 6HaraToKpuTepiabHOl ONTUMI3aIlil € IPUPOTHUM
y3araJIbHEHHAIM 3BUYARHUX 3a/1a9 ONTUMIi3allil.

B nux 3a1a9ax po3B’sI30K BBAXKAETHCA onTuMasbauM (edexktusauMm au [Tapero-
OIITUMAJIBHAM ), SIKIIO Oy b-sIKUii 3 KPUTEPIiB MOXKHA IMOKPAIIUTH JIUIIE 38 PAXYHOK
HoriplieHHs 3HAUYeHb pelTH Kpurepiis [1, 3].

BisbImicrs BioMux miixoaiB 10 po3B’sa3yBaHH 3a/a49i 6araToKpuTepiaibHOI OIITH-
Mizawil 6a3yeTbest Ha 11 3BeJleHH] 10 3ajadi HesiHIHHOrO nporpamyBanHs. OmHuM 3
OCHOBHUX METO/IiB TAKOT'O TUILY € METOJI 3TOPTOK, B AIKOMY BCi KPUTEPil 3ropTaloThCs
B OJMH KpHUTepiii. BUKOPUCTOBYIOTHCSA TAKOXK MYJIbTUILIIKATHBHI 3TOPTKHU, METOIHN
MOCTYIIOK, IIJTLOBOIO MMPOrPAMYBAHHSI Ta IHII METOJIN.

[Iporec posw’si3anns 3aati, OYEBUIHO, 3AJEKATH BiJ KOHKPETU3AIlil THX (DOyH-
KIi#1, mo popMyIoTh 33/ady. Y MEeBHUX BUIAJKAX MOXKHA 3aCTOCYBATH METOJ Bi3y-
ajri3anil MHOKMHM JIOCSIPKHUX OI[HOK 1 BUJIIIEHHsI 1T MexXi, sika Oy/ie MiCTUTH MHO-
KUHY eDEeKTUBHUX OIHOK. Takwmit miaxin 6yB peasizoBaHuil mpu po3poOIli OHJIAINH
KaJIbKYJIATOPA PO3PaXyHKY HEOOXiTHOI TOBIIUHU TEILJIOBOI 1301411 It Oy 1iBeTbHUX
KOHCTPYKIIiii Ta TpyGoupoBois. Po3pobiennii kaubKyastop [4] obuncioe 3HaueHHs
HEeOOXIAHOI TOBIIUHM TEILJIOI30JISIIil:

e 151 OyIiBEILHUX KOHCTPYKIIiN — 3 ypaxyBaHHsIM TEMIIEPATYPU HABKOJIMIITHBOTO
CepeIOBUINA, HEOOXIMHOI TEeMIIEpATypu B MPUMIIIEHHI Ta XapaKTEPUCTHK KO-
2KHOT'O 31 CJIOIB CTiHH;

® 111 TPyOONPOBOIB — 3 ypaxyBaHHsIM TEMIIEPATYPH HA MOBEPXHI i3osisril, Tem-
IIepaTypu TEIJIOHOCISI B TPYOOIIPOBO/i, BHYTPIIIIHBOTO JiaMeTpy TPyOOIIPOBOLY,
a TAKOXK XapaKTEPUCTUK CTIHOK TPyGOIpOBOy (TOBIMHU Ta iX MaTepiary) Hal
Ta MiJl TEIIOI30AIIAHUM MaTEPIiaIOM.

1. Bomommu O.®., Mamenko C.O. Teopis npuiitnarTs pimens: HapuasbHuii moci-
oruk. — K.: BIIII “KwuiBcekuit yuisepcurer”’, 2010. — 336 c.

2. Kymmuipuyk B.B., Kymuipuyk B. 3acrocyBanHsi cydacHUX KOMIT'IOTEDHUX Te-
XHOJIOTI# 1pu miarorosni daxismni ekonoMivamx crenjanbrocreit // [lpani na-
ykoBoro toBapuctsa iMm.IlleBuenka. Tom II. Komir’torepro-opienToBani TexHO-
Jsioril. Marepiamm Kocisebkoro ocepenky HTII. — Kocis, 2005. — C. 39-40.

3. Uepsaxk F0.1I0. Onrumizanis. Hemokpanysauuit Bubip. — YKropom. YKropoj-
ceknit Hamionansauit yuisepcurer, 2002. — 312 c.

4. Pospaxynok Tosumnu temoizossmil. URL: https: //rotys.com/calculate-en.
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Po3pobka HaBYasbHOI OHJIANWH maaTdopMu Jjisi depHiBeIrbKoro
perioHaJIbHOTO LIEHTPY MiABUIIeHHs KBaJtidikaril

Kywnipuyx Boaodumup

vovak@com.cv.ua
Yepriseuvkuti HayioHarvHul yHisepcumem imeni FOpia Dedvrosuua

[Tpu BopoBamKeHHI KApAaHTUHHUX 3aXOJIiB, MOB’si3aHuX 3 mauaeMmiero Covid-19,
Yepuisenpkuii perionanpuuii neaTp migsumenns xsasidikamil (YPLITK) [1] si-
MITOBXHYBCS 3 HEOOXITHICTIO opraHisaliil mporecy JUCTAHI[IHHOIO HaBYaHHS Ta Te-
CTYBaHHSI CJIyXadiB KypCiB, 1[0 IPOIIOHYE IeHTp. Brpogosxk neskoro wacy YPIIITK
IIPOBOIUB IislJIbHICTh BUKOPUCTOBYIOYN 3arajbHonomupeni miardopmu. Ajte nizni-
11e BUHUKJIN JIeSIKi YHIKaJbHI BUMOTH, sIKi ab0 He BUPINIYBAJINCS 3a3HAYCHUMU 3a-
cobamu, abo MPOIEC 3BOJUBCS JI0 OJHOYACHOTO BUKOPUCTAHHS 0araThboxX IIaTdoOpM,
KOXKHA 3 KUX BUPIIIyBaJja MEeBHUI CEeKTOp 3aBaaHb. Aje Tx aaMmiHiCTpyBaHHS 1 Ke-
pyBaHHSI BUMAaraJjio 3Ha4YHUX TPYIOBUTDAT.

Jl1s momosnaHmus mux IpobsieM aBTOPOM OyB IPOBEAEHUN aHAII3IIOTOYHOrO IIPO-
1eCy HaBYaHHS Ta 3aIPOIIOHOBAHO PO3POOKY BJIACHOI HABYAJILHOI OHJIANH IIaTdOP-
vu gy YPHITK. B pospobieniit mpomo3uiiii Ta MpoeKTi TEXHIYHOIO 3aB/IaHHS Ha
PO3pOOKyY IIPOrPaMHOTO IPOAYKTY OyJI0 MOKAa3aHO ONTUMAJILHICTE 3aIIPOIIOHOBAHOTO
BapiaHTy pO3pOOKH HOBOT'O IIPOIPAMHOIO ITPOJIYKTY, 10 BUPIIIKB 61 OCHOBHI pobJie-
MHU IEHTPY, 3POOUB OOC/IyrOBYBaHHsI KOMILIEKCY IEHTPAJII30BAHUM Ta IIBUIKUAM, &
B IEPCIEKTUBI HaJlaB 6M MOXKJIMBICTH PO3MIUPEHHST €KCILTyaTAIIITHUX MOYKJIMBOCTEH
KOMILJIEKCY.

B pesynbrati 6yso pospobieHo cucremy [2], sKAaMICTHTB TaKi OCHOBHI YaCTHHHU:

1. BirasbpHa dacTuHA — roJIOBHA CTOPIHKA Ta CTOPIHKHU 3 IIPE3eHTalligMU KypPCiB i

MOKJIMBICTIO 1X ajMiHicTpyBaHHst (puc. 1).

2. AnMiHicTpaTuBHA YACTHHA BKJIIOYAE:

(a) KepyBauus rpynaMu KOPUCTYBA9iB Ta IX KOPUCTYBAYAMH - JIO3BOJISAE IIPO-
BOJUTH PeJAryBaHHs II€PCOHAJBHUX JAaHUX, IPU3HAYEHHS KYDPCIiB JJIA Ha-
BYAHHSI, TOIIIO.

(b) Kepysanus kypcamu (aCHHXPOHHE, OHJIAHH Ta od-JIailH HABYAHH:) HAJAE
MOXKJIUBICTh THYYKOT'O YIIPABJIIHHST KOHTEHTOM KYPCiB -CTBOPEHHST HABIAJTb-
HUX MaTepiajiB Ta iX BMICTY PI3HUX THUIIIB:

e (opmaToBaHMII TEKCT;

e rpukpineni daitnm;

e iHTerparlis BiJle0 HABYAHb;

® TeCTyBaHHS PI3HUX THIIB i XapakTepucTuk (puc.5), 3 MOKJIMBICTIO Pi3HOT
asropurMizanii (Hasiramis o MaTepiajax Ta IPHUCBOEHHS HaBYAJIbHUX
6aJTiB) MpW BIpHUX/HEBIPHUX BIMOBIIAX HA TECTYBAHHST;

® IIPAKTHUYHI 3aBJAaHHS 3 IEPEBIPKOIO aJMiHicTpaTopoM (31 CHOBIIEHHAMY
JIUIST OCTAHHBOTO) Ta AHAJOTTIHOIO AJTOPUTMI3AIEI0,

IIpU3HAYEHHS CJIyXadiB KypCiB Ta KaJIeHITAPHUX OOMeKeHb Ha IIPOBEJEHHS

HaBYAHHS, TOIIIO.

(¢) Kepysanus ceprudixkaramu — pyHKIioHAI reHepanii ceprudikaris 11st Ko-
PHUCTYBaUiB, sIKi YCIINIHO 3aBEPIININ HABYAHHSI.
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(d) ITomyxkosi cucremu Ta onTHMizaris Hapiranil o Kypcax Ta KOPUCTyBadaX.

(e) AmasiTmuna cucreMa — JIO3BOJISIE B JIETAJAX BiJCIIAKOBYBATH MOBEIIHKY
KOXKHOI'O CJIyXada [IPU IIPOXOJKEeHH] Kypcey (JiaTa, J4ac Ta TPUBAJICTb O3Ha-
HOMJIEHHS 3 MaTepiasaMu ab0 NPOXO/PKEHHsI TECTIB/IPAKTUYHUX 3aBJAHD,
HaJlaHl BiANOBIA] Ta IHIIA IOBHA JETAI3aIlsd).

3. KopucrysarpKka 9acTUHa — JIO3BOJISE aBTOPU30BAHIM KOPUCTYBadaM IIPOXOIU-
TH IpU3HAYEH] aJIMiHICTPATOPOM KYPCH 3TiJHO OIMKUCAHOIO BUIIE AJTOPUTMY Ta
OTPUMYBATHU €JIeKTPOHHI cepTudiKaTh Mpo MPOXOAKEHHS HABIYAHHS.

Pozpobiena naBuaabHa oHJIalH m1aTdopma Oyia repejana B eKcrryaraio JP-
IIIK Ta akTHBHO BUKOPHCTOBYETbHCS JIjIsI OpraHizallil HaBYaJbHOTO IIPOIECY Ta Cy-
myTHiX morpeb llenTpy. 3aiiicHIOETHCS TTOCTINHA, T ATPUMEKA MO0 PO3IIUPEHHS MO-
2KJIMBOCTEN POrPaMHOTO KOMILIEKCY Ta (POPMYIOTHCS MTOMAJIBI IJIAHU 3 PO3BUTKY

I13.

Bucuopok: cydacHi 3acobu T03BOJISIOTH SIKICHO MTPOEKTYBaTH, aJlOPUTMI3yBaTH
Ta BUPINIyBaTH aKTyaJIbHI 3aB/IaHHsI, 3 BpaxXyBaHHAM BUKJINKIB choroienss. ['ososae
— JI0 Tpoliecy MOTPiGHO MiIXOAUTH 3 IHIIIATUBOKO Ta TBOPYO, MOBHICTIO Bi/iaBaTuCs
IIBOMY TIPOIIECY, IO 3a0€3MEYNTh PE3Y/IHTATH, SIKi BUPINIYIOTH TOCTAB/ICH] 3aBIaHHST
Ta podeciitny HACOI0/Ly PO3POOHUKY Ta 3PYUHICTH KOPUCTYBaUAM.

TR T SR
Knanigexnizin

Gl W

Puc. 1. BiTaTeEa 9acTHHA

Puc. 4. AamiTHeHA
CHCTEMA

1. YepniBenbkuit
http://cppk.cv.ua/.

perioHaJIbHUHI

Tt

Prc. 2. TIpHiHaueHHT
EVpCiE KOPHCTYEAYAM

Puc. 5. Kepveassa
TECTYEAHHAME

TEHTP

i IBUIIEHHA

Puc. 3. ARTOpH3AIIiA B CHCTEMI

Puc. 6. Kepyearna
MaTepiaTane

kBautridikamii. URL:

2. YepuiBerpKuil perioHaJbHUI EHTP ITiBUINEeHHs KBaJidikarii. Hapuaabua oH-
aaiia wardopma. URL: https://study.cppk.cv.ua/.
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3agava oNTUMAJILHOIO KEPYBaHHS JJISI CUCTEM
iHTerpo-audepeHniadbHNX PiBHAHL

Jlaxea Poxcorana, Xareuvra 30a

roksolanalakhva@knu.ua, khaletskazoya@gmail.com
Kuiscokuti nayionasvhut yrnisepcumem imeni Tapaca Ilesvenxa,
Lenmpanvroyxkpaincorut deporcashutl yHisepcumem imens Boaodumupa
Bunnuvenxa

Posrysiiaerbest 3a/1aa ONTUMAIBLHOTO KEPYBAHHS CHCTEMOIO 1HTErPO-IH-
depeHItiaIbHIX PIBHIHD
t

fi(t,x) + fot, z)ult) + [ f3(t, s, z)u(s)ds,
0 (1)
x(0) = xo,

3 KPUTEPIEM FKOCTI

T

J(u) = /L(t,m(t),u(t))dt — inf, (2)
0

Ha Bipizky [0, 7], ne xo € D - dikcoBanuit BekTop, = € D - dhazosuit BeKTOD,

D - nesika obnacts B RY, D - mexxa D, D = D UJD, 7 = 7(u) - MOMeHT

LepIIoro BUXOLY Po3B’s3Ky, x(t) = x(t,u) na 9D, uw € U C R™ - BekTOp Kepy-

Banns, U - onykia, 3amkHena mMuokrHa B R™ 1 0 € U. Hexait BUKOHYIOTHCs

HaCTYIIHI yMOBHU:

A) Bexrop-dbynuxmis fi(t,x) : [0,T)x D — R% marpums fo(t, x) : [0, T]x D —
R? x R™ i marpuna f3(t, s, z) : [0,T] x [0,T] x D — R% x R™ - menepepsmi
3a CYKYIHICTIO 3MiHHUX.

B) okpim Toro, y Bunajky neobmexkeHol obsiacti D BUKOHYIOTBCH Iie i Ha-
crynHi ymosu st dbyskuiit fi(t, x), f2(t, x), f3(t, s, z), a came C' > 0 Take,
o st nosinbaux t, s € [0, 7],z € D:

[fi(t,2)] < C(1+ |z]), (3)
[fo(t, )| < C(1 + [x)), (4)
1£3(t, s, )| < C(1 + [z]). ()

Oyukuil L(t, z,u), Ly (t, z,u) 1 L,(t, x,u) € HellepepBHUMH 38 CYKYIIHICTIO
smimnmx s Gymp-axux t € [0,7],2 € D,u € U i 3a0BOIBHAIOT HACTYTIHI
YMOBH:

1) icuytors Taki k > 0,p > 1, 1[0 BUKOHYETHCsI HEPIBHICTH

L(t,z,u) > klul?, (6)
st € [0,T),z € D,u € Uj;
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2) icmyrors Taki K > 0 Ta a > 0, 1o
|La(t, 2, u)| + | Ly (t, 2, u)| < K1+ [uP~! 4 |2]®), (7)

st € [0,T),z € D,ucU.
3) L(t,r,u) ouykia 1o u ais 6yap-akux dikcopanux t € [0,7],x € D.

KepysanHst 4(t) BBAXKAIOTH JIOIYCTUMUM, SKIIO:

al) u(t) € Ly([0, 1), [u()llp = (({Tu(t)|pdt);7
a2) u(t) e U, upu t € [0,T].

MHO)KI/IHy JOIIYyCTUMUX KEePpYyBaHb IIO3HAYATUMEMO 9€pe3 V.

Teopema. Hexat das cucmemu (1) 3 xpumepiem axocmi (2) 6ukonyromves
ymosu A) y eunadky obmescenocmi obaacmi D, a maxoore B) y sunadky neo-
bmedrcenol obaacmi, a maxoosc ymosu 1)-3). Todi sadaqa (1), (2) mae posé’s-
30% 6 KAGCT JONYCTMUMUL Kepysarsb V , mobmo icHye onmuMaibHe KePpySara
u*(t), wo minimisye kpumepit axocmi (2).

OrKe, OCHOBHUM Pe3yJIbTATOM POOOTHU € OTPUMAHHSI JJOCTATHIX YMOB OIITHU-
MaJIbHOCTI y TepMiHaX MpaBUX YacTUH cucTteMu Ta GyHKIl L i3 Kpurepis
skocti. ITpu 11poMy MOMEHT 3akiHueHHs Ipolecy (MOMEHT BUXOY PO3B’SA3KY
Ha MeXKy 00J1acTi) TAKOXK 3aJIeXKUTh Bijl KEPYBaHH:, 1[0 CYTTEBO YCKJIAHIOE
JTOCJIi T>KEeHHSI.

Tnes noBeIeHHS iICHYBaHHS ONTUMAJILHOrO KepyBaHHs y 3aad4i (1)-(2) 6iib-
MEHIII CTaHIaPTHA 1 CKIATAETHCS 13 TPHOX €TAlIiB:
1) Buuinenus ciaabko 361:KHOT MIHIMI3YI09OT MOC/IIIOBHOCTI JOIMYCTUMUAX Ke-
pYBaHb;
2) JOBeleHHs KOMIAKTHOCTI MHOYKMHU BiZIIOBITHUX TPAEKTOPI;
3) O6rpyHTyBaHHSI FPAHIYHOIO II€PEXOIY B DIBHSIHHSA 1 (DYHKIIOHAII SIKOCTI.
OpHak, Ha BijMiHY Bij 3a7a4 i3 piKCOBAHUM MOMEHTOM 3aKiHUYEHHSI IIPO-
niecy T TyT BUHUKAE MPUHIIAIIOBA CKJIAIHICTD: 3a/1a4a PO3IVISIIAETHCI JI0 MO-
MEHTY BUXOJly T PO3B’SI3Ky Ha MeXKy pO3IJisiayBaHol obsacti. Ilpu mipomy ma-
HUIT MOMEHT BUXOJY 3aJexKuTh Bin kepyBanug 7 = 7(u). Tomy, dakruano
PO3B’sI3KOM 3aJ1a4i € Tpifika (u*,z*, 7*) - onTuMasbHe KepyBaHHs, OITUMAJIb-
HA TPAEKTOPisl Ta ONTUMAJIBHUN MOMEHT BUXO/LY. 3a3HAYUMO, M0 YaCTHHHUM
BUMAIKOM JIAHOI 3aJ1a4i € 3aJ1a9a HAUIIBUIIIIONO BUXO/IY PO3B’SI3KY HA MEXKY
obnacri 7 — inf (skmo L = 1).
OckinbKu MOMEHT BUXOLy T = T(u) 3aJI€2KUTh Bl KepyBaHHs, TO JJIsl JIOBE-
JeHHs ICHYBaHHS ONTHUMAJIBHOIO KEPYBAHHS JOBOIUTHCS IIIe POOUTH 1 rpaHu-
YHUN TIepexijJl y MOMEHTI BUXOJLy T = T(u(”)), M0 € HETPUBIAJIBHOIO 33/1a4€I0.
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OnTuMajibHe KeEpyBaHHsI €BOJIIOMIAHUMU
dyuknionansHO-AMdepeHIiaTbHIMY PiBHIHHAMYI Ha IiBOCi

Jlamuw Andpiti, Kiumapenxo Oavea

andrii.latysh@gmail.com, olga.kichmarenko@gmail.com
Odecoruti nayionarvruld ynisepcumem imeni 1.1, Meunuxosa

PosristHemo 3a1a1y onTuMaIbHOTO KEPYBaHHsI €BOJIIOIIHHIM (DYHKITIOHAb-
HO-IudEepeHIiaIbHIM PIBHIHHEM B 0AHAXOBOMY IIPOCTOPI HA MiBOCI:

du = Au+ fi (t,ug) + fa (t,m¢) 2 (),

dt M
u(t) = go (1)t € (~h,0]

i3 KpuTepieM AKOCTI

Ju] = /OT (e77'G (t,ur) + B(t,2(t))) dt — inf (2)

J [u] = /OT (e79G (t,ug) + ||2(t)]|%dt) — inf (3)

3asiada pO3IVISAIAETHC 0 MOMEHTY BUXOIY PO3B’#A3KY i3 Jesdkol obsacTi
b6anaxoBoro npocropy. Tyt h > 0 — inrepBan 3amizuenns, t > 0, A — mi-
Hifinuii HeobMerkenuil omeparop B Gamaxosomy npocropi X(A : X — X)
3 HopMOWO || - ||, ur = u(t +0), 6 € [—h,0] i Bci t > 0, u; HaKEKTH TPO-
cropy C = C([—h,0],X) HenepepBHux (yHKIIH i3 CTAHIAPTHOW HOPMOIO
lelle = max ge—ng)llw (0) ||, D - nesxa obmacts B [~h,o00] x C, OD - mexa
uiei obsacri i D = D UOD. T - MOMEHT 1IePUIOro BUXOILY PO3B’a30K (t,u;) Ha
0D. Binobpaxenus f1 1 fo Busnavueni B Di f1: D — X, fo: D — L(X, X),
ne L(X, X) — npocrip miHifiHEX 06MeKeHNX OomepaTopis, siki mioTh i3 X B X,
3 HOPMOIO || : ||L7 Z(t) € X — mapameTp KepyBaHHsI.

Poss’a30k nogaTkoBoi 3aa4i (1) GyemMo po3yMiTu B ceHCI M’ KO0 po3B’a3-
KY.

Hoseneno icnyBannst onruMasabaol mapu s 3a1a4 (1),(2) 1 (1),(3). Hdo-
CTaTHI YMOBH HOCATH KOEIIIEHTHUI XapaKTep, IO POOUTH 1X 3PYIHUMU JJIsT
IIePEeBIPKH.

B po6ori [2] posrusiianacst aHaIoOridHa 3a/1a4a HA CKIHUEHHOMY iHTepBaJI.

Bceranosieno Bapiamiiini coiBBigHOINEHHS, a came, JOBeJieHa ciaabKa 30i-
KHICTH ONTUMAJIBHIX KEPYBAaHb, CHIbHA 301KHICTD ONITUMAILHIX TPAEKTOPIiA,
301KHICTh KPUTEPITB AKOCTI 38/1a17 Ha CKIHUYEHHUX iIHTepBaJIaxX 0 BiIMOBITHUX
ONTUMAaJIbHUX KEPYBaHb, ONTUMAJIbHUX TPAEKTOPIN Ta KpUTEPis SIKOCTI 3a/1a-
qi Ha MiBOCI pu 30iJIbIIEHH] JOBKUHU IHTEPBAJIa, HA STKOMY PO3IJISIAETHCS
3a/1a49a.
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Po3B’sa3yBaHHA 33424 MaTeMaTUYHOI (pi3sMKU MeTOo/I0M TridopuaHoro
inTerpanpHoro nepersopenns Eitnepa-®yp’e-Eitnepa Ha cermenti

Jewox One2', Hikimina Oavea®, Hlunkapur Mukoaa®

0.Lenyuk@chnu.edu.ua, o.nikitina.chv@gmail.com,
shynkaryk_mQukr.net
L Yepriseyvkuti nayionarvrul yrwisepcumem imeni FOpis Dedvkosuya
2 Yepniseyvruti aiueti N1 mamemamuunozo ma exoHoMiuno20 npodingie
3 Baxionoykpaincoruti HayionabHull Yrisepcumen

Ha cygacnomy erarri HayKOBO-TEXHITHOTO IIPOTPECY, OCOOIUBO ¥ 3B SA3KY 3
MIUPOKUM BUKOPUCTAHHSIM KOMITO3UTHUX MAaTepiasiB, iCHye HarajabHa morpeba
Y BUBYEHHI (DI3UKO-TEXHITHIX XaPAKTEPUCTUK TAKIX MATEPIAJIiB, 10 3HAXOJI5-
ThCS B PI3HUX yMOBaX €KCILIyATAIlil, [0 MATEMATHIHO TPU3BOIUTD J0 3aati
pPO3B’A3yBaHHs CenapaTHOl cUCTeMHU AuEPEeHIiaIbHIX PIBHIHB APYTOro I0-
PAJIKYy Ha KyCKOBO-OJIHODPITHOMY iHTePBaJl 3 BIJIMOBIIHUME ITOYATKOBUMHU Ta
KpaloBUMU yMOBaMHU.

OauM i3 epeKTUBHUX METO/IIB TOOYI0BY IHTErpaJbHUX 300parkeHb aHaJIi-
TUYHUX PO3B’SI3KiB aJIFOPUTMIYHOTO XapakKTepy 3aad MaTeMaTudIHOl (bpizuku
HEOTHOPITHUX CEePEJIOBHUIIL € METOJ MOPUIHUX IHTErpabHUX [epeTBOpeHsb [1].

Posraremo 3agaty mobymoBu 0O6MeKEHOTO B 001aCTi

Dy = {(t,?") t> 0,’/’ S IQ}, Iy = (O,Rl) U (Rl;RQ) U (RQ;Rg)

PO3B’S3Ky cenapaTHOl CUCTEMU TPHOX JU(EPEHIlabHIX PIBHIHb 3 YACTUH-
HUMU TOXiTHUMU

Lt[ul] + ")’121111 - GEB;I[UI] = fl(t7T)a re (07R1)7

d2
Lius] + vaus — agﬁ[uz} = fo(t,7), 7 € (R1; R2), (1)

Lifug] + v3us — a3 By, [ug] = f3(t,7), 7 € (Ra; R3),

3 BiIIOBINHMME TOYATKOBUMH YMOBaMHU, KPafOBUMH yMOBaMHU Ta yMOBaMU
crpsizkeHHst [2-3].

Tyr 6epyTh yuyacTh audepeHIiiajibpHi onepaTopu Apyroro mopsiaky Pyp’e
% Eiinepa B [1-3].

Axmo L; = %,

L= %, TO MaEMO 3a/1a1y JTUHAMIKH.

Vci napaMerpn Ta ornepaTopH, siki 6epyTh y4acTh Y MOCTAHOBIL KPaoOBOT
3ajadi s cucremu (1), onmcani y npargx [1-3].

VY crarTi [2] nobGymosani npsime ta obepHeHe ribpuiHi iHTErpasbHi mepe-
TBOpenns Eitmepa-Dyp’e-Eitnepa, moposekeni na Muoxkuui Io riopuanum am-

TO MU MaEMO 3a/1a9y TEIIONMPOBITHOCTI abo audy3il, aKImo
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depeHITtiaIbHIM OITepaTOpOM

2

Moy = 0(r)0(Ry —r)a%BZl +60(r—R1)0(Ra—r) +9(T—R2)9(R3—r)a§B*

CL% ﬁ asg?
JIOBEJIEHA TeopeMa PO OCHOBHY TOTOXKHICTB I[bOTO OIEPATOPA.

[Tpsime ribpuane inTerpanbie nepersopenns Eitnepa-®yp’e-Eitnepa mHa Tpu-
CKJIAJIOBOMY CEI'MEHTI 3 JBOMA TOYKAME CHPS2KEHHS 3aIMCYETHCS y BUIVISI
OIepaTOPHOl MaTPUIi-PsijiKa. BuxigHa cucreMa Ta MOYATKOBI YMOBH 3aIUCYy-
OThCS B MATPUYHIl GopMmi, i MU 3aCTOCOBYEMO OIEPATOPHY MAaTPHUIIO-PSIIOK
0 3a/1aH01 33/1a4i 3a MPABUJIOM MHOXKEHHSI MAaTpHUIlh. [Ipn mpoMy BUKOPUCTO-
BYEMO KPailOBi yMOBHU Ta YMOBU CIIPS2KEHHS.

B pesynbraTi orpumyemo 3amaqy Korri 1t 3Buvaitnoro audepeniaabHo-
ro piBHsiHH# Teproro (st 3agadi audysii) abo apyroro (s 3amadi jauHa-
Mikn) nopsaiky. Po3s’s30k Takol 3aa4i OyayeThesi CTaHIAPTHAM YUHOM.

O6eprere ribpugae inTerpanbae neperBoperts Eitnepa-Dyp’e-Eitrepa 3a-
MICYETHCS y BUTVISAL OMEPATOPHOI MATPHITI-CTOBIIIS, I MU 3aCTOCOBYEMO HOTO
10 obymoBamoro po3B’a3ky 3agatdi Korri. Ilicis 3aificHenns meBHUX e1eMeH-
TapHUX [IEPETBOPEHb MU OTPUMYEMO €JIMHUN PO3B’A30K BUXIJIHOI 3a/1a4i.

[TobymoBani po3B’sI3KM KpailoBUX 3a1a1 MAaKOTh AJITOPUTMIYHHI XapaKTep,
0 JTO3BOJISIE BUKOPUCTOBYBATH 1X SIK Y TEOPETHUIHUX JIOCJI/2KEHHSIX, TaK 1 B
9UCIOBUX PO3PAXyHKAX.

VY mpani [2] mobymoBano po3B’azok 3amadi audysili Ha TPUCKIATOBOMY Ce-
rvenTi [0; R3] 3 IBOMa TOUKAMU CIIPSIZKEHHSI METOJIOM TiGPHIHOTO iHTerpasib-
noro neperBopenns Eitnepa-®yp’e-Eitnepa.

VY npar [3] o6y qoBaHO PO3B’SI30K 33184l IUHAMIKH HA TPHUCKJIAI0BOMY Ce-
rmenti [0; R3] 3 BOMa TOYKAMU CIIPSIZKEHHSI METOJIOM IiOPUIHOIO IHTerpaJib-
Horo neperBopenns Eitnepa-Pyp’e-Eitnepa.

1. Jlemrox M.IIL., IIuakapuk M.I. TiGpuani imrerpanbni mepersopenns (Pyp’e,
Beccens, Jlexannpa). Hacruna 1. Tepronine: Exonom. Tymka, 2004. 368 c.

2. Hikirina O.M. Inrerpanbae neperBopenHsi, mopozkene Ha cermenti [0; Rs] ri-
OpunauM audepeHIiaabHUM oneparopoM Eitnepa-®yp’e-Eittepa. Kpaitosi 3a-
nadi st qudpepeHIiaabHIX PiBHAHB: 30. HayK. mp. Yepwismi: [IpyT, 2012. Bum.
21. C. 233-239.

3. Jlentok O.M., Hikirina O.M., [lluakapuk M.I. MogemoBannst quHaMivaHUX IPO-
11eciB MeTO/IOM TiOPHUIHOrO iHTerpajbHOrO IlepeTBopeHHs Tully Eitepa- Pyp’e-
Eitnepa Ha cermenti // IlpukiajHi nuTaHHS MATEMATHIHOTO MOJEJIIOBAHHSL.
T.5, Ne 2. — Xepcon: XHTY, 2022. — C. 27-32.

242



O6’emunii morenmiag 3aga4vi Kori ajist mapabosivHmux piBHSIHBL 3
Biax’eMHUM pojioMm i 3MiHHMMU KoedillieHTaMu

Jlimosuenxo Baaducaras, Xapuna Jlernuc

v.litovchenko@chnu.edu.ua, KhD01214Qoutlook.com
Yepniseyvrut Hauionasoruld ynisepcumem imeni FOpis Dedvrosuva

Posrasinemo judepeHiagbae piBHAHHS 3 YACTHHHUME HOX1THIMN
Opu(t;x) = {Ao(t;10,) + Ar(t, x310,) fu(t;x), (G 2) € gy, (1)

B sIKOMy u — HeBimoma dyukuia, IIg = {(t;z): t € Q, z € R"}, a

Ao(t;i0,) = Y aor(®)i0k, Ayt 25i0:) = Y ayk(t; )il¥10k

|kI<p |k|<p1

— nudepeHIia bl BUpa3u MOPsAKiB BiAmoBiaHo p i py. Ilpu nbomy BBazKaTH-
MEMO, IO PiBHAHHS

Owu(t;x) = Ao(t;i0z )u(t; ), (t;x) € Iy, (2)

— napabosivne 3a Hlnnosum na muozxui [y, 7 3 mokasHIKOM mapabosiaHOCTi
h,0 < h <p,iponom i < 0, a HOPAIOK p; TPYIN MOJIOIIINX UJIEHIB PIBHAHHSI
(1) menmmii 3a h: 0 < p; < h.

Kpim mporo, npuiyckaTuMeMo, mo Koedimientn ag ;(t) 1 a1 5 (t; x) piBaaH-
ug (1) na MHOXKUHI o, HenepepBHi 3a 3MIHHOIO ¢, HECKIHYEHHO JubepeHILi-
OBHI 33 3MIHHOIO T 1 0OMeKeHi pa30M 31 CBOIMU ITOXITHUMI KOMILIEKCHO3HATHI
dyHKITII.

Harasaemo, 1o pisusums (2) na muoxumi Iljg,p) HasuBaeTbes mapabosi-
qruM 3a [[Iunosum, a6o {p, h}-napabosiuauM, sKIIO

30 > 030 > 0 V(t;€) € Hpqy : ReAo(t;€) < —doll€]|" + 6.

Dyukuiero 'pina 3axaqi Kot nyist {p, h}-napabosignoro pisugnus (2) mo-
3nagnmo depe3 G:

G(t,m2) = FHOL(O))(t, 75 ),
ne L) = exp{ [ Ao(B; €)dB}.

Baactusocti dyukuii G gociimzkeni B [3], 30kpema tam 06rpyHTOBAHO Ipa-
BUJIBHICTH HACTYIIHOIO TBEPKEHHs: das {p, h}-napabosiunozo pienarns (2)
3 podom 1 < 0 icnyromo dodammi cmani ¢, B i § maxi, wo daa eciz k € 77,
zeR", 7€[0;T) it e (1;T] sukonyemoes oyinka

A
n+|k| _5 |z|

OEG(t,72)] < cBMEH (1 — 1)~ 0 e 0w (3)
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—
(mym |z| = |z|* + ...+ |z}, A= 17111/h iy = ).
Posrigremo o6’emumit moreHIian

Wt z:7.€) = /dﬁ/G (t, Bs 5 — 1)B(B, y; 7, €)dy,

T

3 TYCTHHOIO
O(t,x;7,8) = ZKltx7'§

zie
= A1 (t,2;10,)G(t, T30 — &),

Ki(t,xz;7,§) = /dﬁ/Klth, YEKi_1(B,y;7,8)dy, 1> 1.

.
[mankicts Ta O6Me)KeH1CTb koedirientis pisasuus (1) pazom 3 oriHkamu
(3) zabesneuytors Ha mMuoxuui 112 = {(t,2;7,€)] 0 < 7 < t < T, {x,&} C
R"™} neckinuenny paudepeHIiiioBHICTD 38 IPOCTOPOBUMHU 3MIHHUMU IOBTOPHUX
simep K Ta X eKCIIOHeHIiaJIbHe CIAJaHHs HA HECKIHIEeHHOCTI (meTardi mus. y
[2]). Leit dakT mo3BOJISIE OOIPYHTYBATH IPABIJIBHICTH TAKOTO TBEP/2KEHHS.

Teopema. Ha mnoowcuni 1% dynxuia W (t,z;7,£) neckinuernno dugdepenyi-
TOBHA 3G KOAHCHON NPOCTMOPOBOI0 SMIHHOW T i &, NPUHOMY

36>0 Y{r,g} CZ? 3Jc>0 V(t,z;7,§) €}

A
ntlrdaql _gslz—€] 1
e S 70:21—%>0.

Is pynruyia maxoorc dudeperyitiosha 3a 3minHot t i € makxo, wo

|OfOFW (¢, x5 7, €)| < e(t — 1)~

QW (t,:7,€) = D(t, 27, €) + / 48 / .Gt B — y)B(B, y: 7, £)dy

T

[Toui6ui pesynabraru ajist piBHgAHb (1) 3 HoHaATHEM POJOM 44 OJepXKaHO B [3].

1. Litovchenko V.A. Peculiarities of the Fundamental Solution of Parabolic
Systems with a Negative Genus: Chapter of the monograph // Advances in
the Solution of Nonlinear Differential Equations: IntelOpen-London, 2021.

2. Jlirosuenko B.A., Xapuna [I./1. Tlosropui aapa dyukiii I'pina napabosmiaanx
piasnb Tuny Ilwiosa 31 3minnuMmm KoedinienTamMn Ta Bix'eMHUM pogoMm //
Byk. mar. xxypH. - 2022. — 10, Ne 1. — C. 71-84.

3. Jlitosuenko B.A. Cucremu Illunosa y npocropax Tunu S i S’: Monorpadis. —
Yepuisui: YHY, 2019. — 280 c.
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ObGepHeHa 3a/1ava Ipo BU3HAYEeHHS 0araTboxX HeBiJJoMUX i3
posnoxinis Tumy IIIBapia

Jonywancoxa Lasuna, M’ayc Oavea, Hacivnux Oaena

lhp@ukr.net, myausolya2016@gmail.com,
olena.pasichnyk@lnu.edu.ua
Jlveiecorutl nayionarorul yrisepcumem iment leana Ppanka, Jlveis,
Vrpaina,
Hauionarvruti ynisepcumem "Jlvsiscora noaimezxnixa”, Jlveis, Yrpaina

Hexait @ = R™ x (0,T], S(R™) — upocrip mBHAKO cnagaodnx Ha Ge3me-
JKHOCTI HecKinueHHO [udepenmniiioBanx dynkiit, v > 0, S, (R™) € mpocTopom
tumy S(R™):

S,(R") = {v € S(R") : |D%(z)| < Coae™ " | Y2z € R", Va}
3i crammvm Cy = Co(v) > 0, a = a(v) > 0, S4(R") = Us>085,,a) (R"), 1e

1
Sy (aR") ={ve SR") : [D(z)] < Cose” @117 o 2 e R § > 0}

3i crammvu Co5 = Cos5(v) > 0, a makox S, ()(R") = {v € C®[R") :

1
[ollky = sup  e*A=Bl7 Dy (2)| < +oo Wk € Nk >2}, S, (0)(Q) =
|| <k,z€R"
{v € C0,T] : v)y=r =0, v(-,t) € S,y (R"™) Vt € [0,T7]}.
Yepes F' nosnadaeMo mpocTip JIHIAHUX HenepepBHUX (YHKIIOHAIIE Ha
E, a uepes (f,¢) — 3Hauenss posnominy f € E’ ua ocHoBHiil dbyskuii ¢ € F,

S (@.c(@) ={f €8] )(Q) : (f(=,"),0(x)) € C[0,T] Vo € Sy, () (R™)},

0L )
Jxg — sroprxa by f i g, fa(t) = { T  ae
f1+)\(t)a )\ S O

I'(\) — rama-

byuxuis, 6(t) — dbyukuis Xesicaiina.
Hoxinuy Pivana-Jliysins v(%) (t) mopsaxy § > 0 BuszagaoTs hopMmyno0

o (1) = f_a(t) * 0(t),

a noximay /xxpbamsua-Hepcecsua-KaryTo 1poboBoro mopsijiky mopsiiaky 5 €
(0,1) sx

1 t 3 dv
7“1_5)/0(75—7') B! (1)dr, Dlvza.

Hexait A(x, D) — ninifinuii exinruanuit qudepenniaapHuii Bupas3 Apyroro
MIOPSJIKY, 1 TaJ1i BBAzKAEMO, M0 010 KoediIieHTn € MyJIbTHILIIKATOPAMHA Y IIPO-
cropi S, (q)(R™) (moGyTku ix i Beix ixmix moximpux i3 dynxniamu 3 .S, () (R™)

~

DPy(t) =

Hasexkarh Sy, (q)(R")), A(z, D) dbopmambio cnpsukenuit jio A(x, D) onepatop,
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C24(Q) = {v e C(Q) : Av, D]v e C(Q)}.

ITpu S € (0, 1] BuBUaeMo oGepHEHY 3aady

DPu— A(z, D)u = ZRl )+ F(x,t), (x,t)€Q, (1)
u(x,0) = Fi(x), = €R", (2)
%/0 u(z, ) (t)dt = @i(x), z€R”, 1e{1,...,m} (3)

npo BusHaueHHsT HAGopy byHKMii (u, Ry, ..., Ry), ne g, @1, m (1 € {1,...,m}),
F, Fy — 3amani dyskiil.

T
_ _ 1 d
[osnauaemo ki ; = ki ;(T) = & bfgl(s)nj(s)ds, ki’; — anrebpuune Jo10B-
HEeHHsA JI0 esieMenTa ky j Marpuiti (K )i je{1,... .m}-
BukopucroByemo BracTHBOCTI KOMIIOHEHT BeKTOpP-byHKIIl ['pina 3amaqi

2
. . . — — — —3)2-p8
Kormi [1], 30kpema, ominku, mo mictsars muoxmmkn e~ ¢(2—vl(t=7)"2)

1
8\ 25
HapuKIaI, ¢ < (2 — ) (%) r y BUIQJIKY omeparopa Jlamaca.

y 1€,

Hpunywenmns (A)
v>1,0<al? <e, FeS @), 1,240 e 8 (R,
g; € C[0,T), n; € CH0,T], j € {1,...,m},

d(T) = det(ki )1 jeq1,....my 7 0s

m

dyukis %IZ max |g;(7)] |kf| r%u% [n;(s)| obmexxena MOHOTOHHO

spocratouoro bynxniero D(T) ma [0, Ty] npu aesxomy Ty < (£ )27”
Teopema. 3a npunywenns (A) icnye maxe wucao Ty € [0, Ty], npu sxo-
my obeprena 3adana (1)-(3) odnosnauno poss’asna y npocmopi Sw (@),C (Q) X

(S (@) R

7¥(a)

3ajiada 3BOUTHCS JI0 PO3B’si3yBaHHS JIHIHONO ONEpPaTOPHOIO PiBHSIHHS
JPYTOro POy CTOCOBHO HEBIJOMOT'O POIIOIITY U € Sv (a),C (Q) i yrinitHOT He-
OHOPiTHOT aareOpUIHOl CUCTEMU PIBHSHbB I 3HAXO/2KEHHS BUPA3iB HEBiI0-

mnx posnoainis R; € 87 (R"), j € {1,...,m} uepes uporo.

1. Eidelman S.D., Ivasyshen S.D., Kochubei A.N. Analytic methods in the theory
of differential and pseudo-differential equations of parabolic type. — Basel-
Boston-Berlin: Birkhauser Verlag, 2004.

246



IIpo 3aragapui mimani 3azia4i aj1sa mapabostivamx 3a IleTpoBcbkuM
cucTeM B y3arajibHeHux mpocropax CoGosieBa

Jlocv Banepidi

v_los@yahoo.com
Hauionasvruti mexniunut ynisepcumem Yxpainu “Kuiscoxuil
noaimexwivHutl themumym imens Teops Cikopcokozo”

OcranHiMI pOKaMu aKTUBHO JOCTIKYIOThCs Tapabostivai Kpaiiosi 3amaqi
B y3araJbHEHHX aHi3oTpomanx mpocropax Cobomena H ¥/ (20)i¢ Perymapnicrs
PO3IOJILIB, HAJEXKHUX ITUM IIPOCTPaM, 33JIa€ThCd TAapOoI0 JIHCHUX YuCcesa S,
s/(2b) Ta GyHKIIOHAIBLHIM TAPAMETPOM (@, SIKHi OBLIBHO 3MIHIOETHCS Ha, He-
ckingennocti 3a Kapamara. OTpuMano Teopemu mpo i3oMop@iszmMu Ta riaobab-
Hy 1 JIOKaJIbHY DEryJspHICTb y3arajbHEHHX PO3B’s3KiB 3ajad. Pesynpraru y
BHUIAIKY KPAoBOI 3a/1a4i /1t OTHOTO TapabOo/IiTHOrO PIBHAHHS OILyO/IIKOBAHO
B MoHOrpadil [1]. Bumanok napabosmiuamx cucrem mudepeHniaabHIX PIBHAHB
JIPyToro mopsiiky posrasiayTo B [2, 3|. KpaitoBy 3amady juist 3arajqpbHuX na-
paboIiYHAX CHCTEM 3 OJJHODIIHUMU II0YATOBMMH YMOBaMHU JIOCJIZKEHO B [4].
JomoBipk npucBsiaeHo Teopemi mpo izomopdizmu s napabomivaux 3a Ile-
TPOBCHKUM CHCTEM JIOBIIBHOTO MOPSIIKY 3 JOBUIBHUMHU KPAOBUME yMOBaMU
Ta HeoxHopinnmu nmodarkopumnu ganumu Korri. Il Teopema mae MOXKINBICTD
JIOCJTITUTA BJIACTUBOCTI TJIODAIBHOI Ta JIOKAJHLHOI PEryJIIPHOCTi, BCTAHOBTH-
TH HOBI YMOBH KJIACUYHOCTI y3arajbHeHOro poss’sizky 3agadi (1)—(3). Taki
BJIACTUBOCTI PO3B’SI3KIB CHCTEM PIBHSIHB JPYrOro MOPsIKY OTPHMAHO B [3].

B muiaapi  := G x (0,7) (7 > 0) 3 ocroBoto G C R™ ta 6ivHOIO MOBEpX-
uewo S =T x (0,7) (' := 0G) po3risiHEMO OYATKOBO—KPaiioBy Hapabosidny
3a IlerpoBchbkuM 3amady misa cucremu N mudepeHIlialbHIX PiBHIHD:

N
Z Z a?,’kﬁ(l',t) Dg‘@tﬂ ’U,k(.’L',t) = fj(l',t)

k=1 |a|+2bB<2bscy, (1)
B Q auascix je{l,...,N},

N

Z Z b;f(xvt) Doy Uk(x,t)}s = gj(z, 1)

k=1 |a|+2b8<l;+2bs, @)
lj+2b3, 20

mpu z €I, 0<t<7 pguascix j€e{l,...,m},

3truk(m,t)|t:0 =hrp(z) mpn ze€dG

3
aist Beix ke {l,...,N}, re{0,... s — 1} ®)

B miit 3aja4ui Mu JIOBUIBHUM YMHOM BUOpaJ/u HaTypaJbHi umciaa N > 2, b i
H, ..., %N, HOKIAIM M = b(s; + -+ + 3N ) 1 BUOpam e m UUImMX 9uces
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li,...,lm UII/ICJIO 2b Ha3I/IBa€TbC$I mapaboIitHOIO Baroo AaHol 3amadi. Bei ko-
(e}

edimienTn a’ i k Ta, b ’k JudepeHIiaJbHIX BUPA3iB € HECKIHYEHHO IJIaJKUMU

KOMHJIeKCHO3Ha‘IHI/IMI/I dyHKI M.

Mokmagemo w := (ug,...,un), f:=(f1,- -, InN), 9:= (g1, Gm),
h = (h(),l,.. .,h%N_LN), gg = max{(),ll + 1, .. .7lm + 1} Hexait s > oo i

s¢ E={2l+1)b+1;+1/2:51€Z,1<j<m,1>0}N(0g,00).

Yepes G*/(2)i% no3maunmo migmpoctip rias6eproBoro mpocTopy

(H&S/(?b);W(Q))N ® @Hsflj*1/2,(875-*1/2)/(217);@0(5)@
j=1
N ¢ —1

@@ @ Hs+2b%k 2br— bap(G)

k=1 r=0

enementiB (f,g,h), 9Ki 3a70BOJILHSIOTh IPUPOJIHI YMOBH Y3TOJKEHHS IIPa-
Bux wactun 3aja4i (1)-(3). dkmo s € E, npocrip G55/ (22):% ozmaqaernes 3a
JIOTIOMOT'OI0 1HTEPITOJIATIIl.

Teopema. /Jlaa doginvhux s > og i @ 6idobpasicerts

(C=@)Y 2 ur (f,9,h),

de f, g ma h susnaveni pishocmamu (1)—(3), npodosorcyemocs edunum wu-
Hom (3a menepepericmio) 0o i30mopdhiamy

N
@HS+2b%ka(5+2b%k)/(2b)?§0(Q) o gss/(@b)e
k=1

1. Jlocs B. M., Muxaiinenp B. A., Mypaua O. O. ITapaGosiuni rpanuysi 3amadqi
Ta y3arasnbueHi npocropu CoboseBa. — Knis: Haykosa nymka, 2023. — 162 c.
(npenpuuT arXiv:2109.03566)

2. Diachenko O., Los V. Some problems for Petrovskii parabolic systems in
generalized Sobolev spaces // J. Elliptic Parabol. Equ. —2022. — 8. — P. 313-329.

3. Diachenko O., Los V. Regular conditions for the solutions to some parabolic
systems // Ukrainian Math. Journal. - 2023. - 74, no. 8. - P. 1263-1274.

4. Los V. Systems parabolic in Petrovskii’s sense in Hérmander Spaces // Ukrai-
nian Math. Journal. - 2017. - 69, no. 3. - P. 426-443.
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MeTtoauuni pekomMeHaIil MO BUKOPUCTAHHIO MJIaTdOPM IIpU
3MillIaHOMY Ta JMUCTAHIIMTHOMY HaBYaHHI

JIyuxo Boaodumup, Bootcazopa Isanna, Konosanox Mapuna

v.luchko@chnu.edu.ua, bozhahora@gmail.com,
marinaconl126@gmail.com
Yepriseuyvkutl HauioHarvhul yHisepcumem imeni FOpia Dedvrosuwa

CycIiibcTBO BCTYIHUJIO y mepion BcecBiTHBOI indopmarnzarii. [louamocs
MacOBe BUKOPUCTAHHS PI3HUX €JIeKTPOHHUX O0YUCIIOBAIBLHUAX MAIAH y cdepi
6e3mocepeIHLOr0 BUPOOHUIITBA. JjIs BUPINIEHHST CKIAQIHUX SIK TEOPETUIHUX,
TaK 1 TPAKTUYHUX 33/1a4, SKi BUHUKAIOTH IPH JISJIbHOCTI JIIOJUHA y PI3HUX
raJry3siX HayKW, TEXHIKUA Ta BUPOOHUIITBA CTABJISTH 38 METY 3BLIbHEHHS JIIO-
JWHY BiJl HAJIMIPHOTO HABAHTAYKEHHS A€ BEJUKUI e(DEKT BUKOPUCTAHHS 00-
9UCJIIOBAJILHOI TEXHIKU 338 YMOBH JIOCTATHBOI'O MIPOTPAMHOIO 3abe3medents i
1oro ebeKTUBHOTO BHKOPUCTAHHSA. Y YHI Ta CTYJEHTH BCE JaCTiIlle KOPUCTY-
IOTBCS y IIOBCAKJEHHOMY KUTTI MOOiIbHUME TesiedbOHAMU, IJIAHIIETAMU Ta
IHIMIMU TaJI2KeTaMU, TOJIOBHE NIPU3HAYEHHS SIKUX Ha CHOTOIHINIHIN JIEHD JJIst
HEUX TOJIITA€ y po3Barax Ta irpax, MpUYIOMY MOXKJUBOCTI y BUKOPHUCTAHHI ITUX
ra/KeTiB HabaraTo mupIm. ToMmy mepe KOXKHIM II€IaroroM 3arajbHOl cepe-
JIHBOI Ta BUILOI OCBITH IIOCTAE 3aBJAHHA 3a0€3IeUYUTU HaBYAJIbHO-BUXOBHUN
IIPOIIeC SKICHUMU €JIeKTPOHHUME 3acobaMi HABYaHHS, He JIUIIE fAKi MOXKHA
BUKOPHUCTOBYBATHU Ha KOMIT' IOTEpax, & i JjIsl BCIX IHIMUX CyYacHUX IIPUCTPOIB,
sIKi MOYKHA OyJI0 O BUKOPUCTOBYBATH JIJIsi HABYAJIHLHOTO MIPOIIECY SIK Y 3arajib-
HOOCBITHIX Ta BUIIAX HABYAJIHHUX 3aKJIa/IaX, He 3aJI€KHO B IKOMY MICITi, Y1 B
IPOMaJICBKOMY UM BIioMa mepebyBae yIaCHUK OCBITHBOrO mporiecy. Och qomy
OJIHUM i3 aKTYAJIbHUX [UTAHD 3AJIUIIAETHCH e(PEKTHBHE BUKOPUCTAHHS PECYP-
ciB Mepexi InTeprer y HapwasbHOMYy nporeci. HoBiTHiI Texnosoril, Taki sk
BipTyaJibHi, BeO, XMapHi JOIIOMAralOTh 3MIHUTH X1 10 BUOOPY HABYAJIBHO-
IO CepelIOBUINA, & TAKOXK 3POOUTH OCBITY (9 TO BHUILY, YM TO 3arajbHy cepe-
nH10) Glibin mocrynHoo. st 6yab-g9Koro HaBYaHHs KOMYHIKAIlisl € HEeBi €M-
HUM CKJIQIHIKOM I€JIaTOTiIHOro mporiecy. Bin piBHS KoMmyHIKaIl 3a/1eKUTh
11 e(peKTUBHICTD, & JUCTAHIiHE HABYaHHS TYyT He BUHATOK. OYEBHUIHOIO I10-
TpebOo MUCTAHIIIHONO HaBYaHHS Ta POOOTH CTAJIO MPOBEIEHHS CUHXPOHHUX
ceciit Bimeos3s’sizky. IcHye GaraTo TexHOOrIH i TporpaM, sKi MOYKHA BUKOPH-
CTOBYBATHU Jjis MPOBEIEHHS OHJIANH - 3ycTpideil i BigmameHoi poboru uepes
Iarepmer.

AxTryasibHiCTH OOpPaHOI TEMHU IIOJISATAE B TOMY, 110 BHACJI 10K manaemii COVID-
19 baraTo HaBYAJIBHUX 3aKJIJIB Oy/IM 3MYIIEHI MEPEeUTH Ha JTUCTAHITNHE Ha-
BYAHHsI, 110 BUKJIMKAE 3HAYHI BUKJIMKU Ta TPYIHOIN y 3abe3ledeHH] SKOCTI
ocBiTu. 3MilaHe HABYAHHS MOXKE€ OyTH OJHUM 3i CIIOCODIB PO3B’s3aHHS IIi-
€l mpobJreMu, OCKIJIbKH BOHO IOETHYE B CODI €JIEeMEHTH TPAJUINITHOrO Ta Jin-
craumiitnoro napdanis. OIHAK, [JIs JOCITHEHHS] MAKCUMAJIBHOT e(DeKTHBHOCTI
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3MIITAHOTO Ta JUCTAHIINHOTO HABYAHHS, HEOOXITHO MPABUILHO BUKOPUCTOBY-
BATH Pi3Hi MJIAT(MOPME Ta iIHCTPYMEHTH, IKi MOXKYThH 3a0€3ME€UNTHN AKICHU Ta
edeKTUBHIY HaBYaJIbHUIL IIporiec. ToMy po3poOKa METOINYHUX BKA3IBOK JIJIsl
BUKOPHUCTAHHS PI3HUX TIAT(HOPM IPU 3MIMMTAHOMY Ta JIUCTAHIIITHOMY HABYAH-
Hi € BayKJINBOIO 3aJ[a9€l0 [ 3a0e3MeUeHHs sIKOCTI HABYAHHS Ta 30€PeKeHHsT
HaBYAJILHOTO TIpotiecy. O6’cxm docaidotcerms - TPOIEC 3MIMMAHOTO Ta, TUCTAH-
[IHOTO HABYAHHS B OCBITHHOMY IIPOIIEC] 3 BUKOPUCTAHHSIM Pi3HUX MJIAT(HOPM.
IIpedmem docaidotcensa TaHol pobOTH € METOANYHI BKa3iBKH JIJIsI BUKOPUCTA-
HHS Pi3HUX IIATGOPM IPHU 3MIMAHOMY Ta JUCTaHIiiHOMY HaBuauHi. OCHOBHA
Mema docAidHCeN A TIONIATAE Y PO3POOI Ta OMUCI ONTUMAIBHUX IMiIXOIIB 10
BUKOPUCTAHHS TJIATGOPM JJIs1 3a0e3mevdeHtst e(peKTUBHOCTI 3MIMaHoro Ta, In-
CTaHIIIITHOTO HAaBYaHHsI. MeTa poOOTH MOJITae y po3poOdIli METOIUIHNX BKa3i-
BOK JIJIsT BAKOPUCTAHHS PI3HUX IJIATMOPM IIPU 3MIMMAHOMY Ta JUCTAHITIHHOMY
HaBuaHHi. ['imoTe3010 MOC/TiIKeHHsT MOXKe OyTH MPUITYIIEHHS PO Te, IO BU-
KOPUCTaHHS Pi3HUX TIaT(OPM JTst 3IiHCHEHHS 3MIIIIAHOTO Ta JUCTAHIIHHOTO
HaBYAHHA € e(DeKTUBHUM 3aC000M 3abe3edeHns IKiCHOI OCBITH Ta 30eperKe-
HHl HaBYAJIHLHOI'O IIPOIECY. T€OPEeTHYHOI0 OCHOBOIO JOCJI/IZKEHHS € CydYacHi
Teopil Ta MiIX0N 0 3MIIAHOTO Ta JUCTAHITIITHOTO HABYAHHS, a TAKOXK Teopil
Ta, METOIMKM BUKOPHUCTaHHSI Pi3HUX ILIaT(OpPM Jjisi HaBYaHHs. HayKoBowo HO-
BU3HOK Ta TEOPETUYIHOI 3HAUYIIICTIO JOCTIKEHHST € PO3POOKa METOIMIHUAX
BKAa31BOK [1JIs1 BUKOPUCTAHHS PI3HUX IIAT(MOPM IPHU 3MINTAHOMY Ta JUCTAHIIIN-
HOMY HaBUIaHHI, IKi 6a3yI0THCsT HA CyIACHUX TEOPisTX Ta MiAX0aax 10 HABIAHHS
Ta BUKOpUCTaHHS udPoBUX TexHooriil. 11i BKa3iBKu JOIMOMOXKYTH BUUTEIISIM
Ta BUKJIAJAYaM 3 MiJITOTOBKU Ta MPOBEJICHHS e(DEKTUBHUX 3aHITH 3 BUKOPU-
CTAaHHSAM PI3HUX MIATGOPM, 3a0e3MMeUy0Un SIKiCHe HABYaHHS Ta 30epesKeHHs
MOTHUBAINT YYHIB ITiJ] YaC 3MINTaHOTO Ta JIUCTAHIIHOIO HABYAHHS.

1. Meroxn HapuanHs Ta ix kiacudikanis [Enekrponnnit pecypc|. URL:
https://osvita.ua/school/method/780/

2. Pexomenpamii mo0 BUPOBA/KEHHsT 3MIIIAHOTO HABYAHHA y 3aKjaamax ¢a-
xoBol mepensuioi Ta Bumol ocsiru.URL: https://mon.gov.ua/storage/app
/media/vishcha-osvita/2020/zmyshene

3. 4dx mpamoBaTu it moBojauTHC B Zoom: mopajau jjs yuHiB Ta BuntesiB.URL:

https://osvita.ua/school/method /85398 /
4. Google Meet. URL: https://workspace.google.com /products/meet/
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InrerpoBani 3aBmaHHs 3 MaTeMaTUKU Ta iHPoOpMaTUKN —
edekTuBHMI 3acib HAaBYaHHA MaTeMaTUKU y CTApIHiil NIkoJi

Jlyuxo Bixmopis, Jlyuko Boaodumup

viktoria.luchko@chnu.edu.ua, v.luchko@chnu.edu.ua
Yepniseyvrutl nauionasvrul ynisepcumem imeni FOpis Dedvrosuva

OpHiero 3 HABaXKJ/IMBINIIX YMOB MOJIEPHI3aIll CyYacHOI OCBITH € Te, 1106
PO3KPUTH MOTEHIHI MOXKJIMBOCTI KOXKHOTO Y9HS, JJIsi JOCATHEHHS STKUX 3a-
CTOCOBYETHCS TTPUHITAIT MIXKITPEIMETHIX 3B’ A3KiB a00 2K mporiec inTerpariii Ha-
BUYAJTBHUX IIPEIMETIB, OCHOBOIO KOTPUX € iHTerpoBani 3aBmaHus. Ha ypokax
MaTeMaTUKU Ta 1H(MOPMATHKM 3JiiCHIOIOTHCS MIiXKIIPEIMETHI 3B’sI3KU MaTe-
MarTuky - iHdopmaruku. OCHOBHUM 3aBJIAHHSIM I1€JIar0ra Ha, TAKUX YPOKaX €
dopmyBaHHS B yUHIB iH(OPMAIIHOT KOMIIETEHTHOCTI Ta BMIiHHS II€PETBOPIO-
BATU Ha MPAKTUIN MaTeMaTHIHI 00’€KTH 3a JOTOMOroi0 3acobiB iHdopMarriii-
HUX TEXHOJIOTIH.

[Ipakruka poborun Hamu B 33CO moka3ye, 1110 B y4HIB, siKi J00pe 3HAIOTH
MaTeMaTUIHUN MaTepiasl i MeToJyu pO3B’si3yBaHHsI, BUHUKAIOTH TPYIHOII Yy
mo0OyI0BI CaMOro XO/y PO3B’s3aHHs, Y BUPOOJIEHHI ajroOpuTMy pPO3B’si3aHHS
KOHKPeTHOI 3a7a4i. [ndopmarnka, 30KkpeMa mporpaMmyBaHHs, 3ACHOBAHA, BJIa-
cHe Ha ToOymoBi ajropurmy. A ToMy Maremaruka Ta iH(MOPMATHKA € TUMU
BasKJIMBUMU IIPEJIMETAMU, YCHIINTHICTh 3aCBOEHHS SKUX YaCTO 3aJIEXKUTH Bif
PiBHSI PO3BUTKY aJTOPUTMIYHOIO MUCJIEHHS.

TaTerparnis indopmaruku Ta iHGOPMAIIHHAX TEXHOJIOTIH 3 MaTEMAaTUKOO
€ BaXKJIMBOIO TIPAKTUIHOK HeoOXigHicTI0. MareMaTnka IpOIoHye yIHIM HI3-
Ky MaTEMATHIHUX METOIB, IO JIO3BOJIAIOTH HE JIMIIEe OTPUMATH IUCJIOBI Xa-
PaKTEPUCTUKU JOCJI/IKYBAHOIO O0’€KTa, a 1 3MOJIEIIOBATH HOT0 IOBEIIHKY
miJT BIVIMBOM pi3HEMX dakTopis. IHbopmaTrka XK Hajae iHCTpyMeHTapil, SKMit
JI03BOJISIE TMIIBUNIUTH TOYHICTH T CKOPOTUTH TPYJAOMICTKICTh CKJIAIHUX ITPO-
neciB, ski He € gocTymHUME Jis "pyaHOol" TeXHIKH.

VY crapimiit mKoJii BUBYEHHS YIHSAMU [IUTAHB, [IOB’A3aHAX 3 IIOXiTHO, BU-
KJIMKA€E TIeBHI TPY/IHOII, OJIHI€IO 3 HUX € Ta, IO YYHI TOBUHHI 3aCBOITH JIOCUTH
abcTpaKkTHUN MaTepiasl 3a He3HAYHY KiTbKicTh rojaun. Kpim Toro, 3amam’sra-
T yci pOpMyJIH Ta MpaBUJIA 3HAXO/KEHHSI [TOXITHUX, 3HAXOIUTH €KCTPEMYMUI
GbyHKIIIN, HEe CIUPAIOYNCH HA MMEBHUII HAOYHUI MaTepiasl, CKIAJIHO. ¥ IIbOMY
BHUIAJIKY MOYXKYTb JIOIIOMOI'TH iHTE€IPOBAHI 3aBIaHHS, BBEIEHHS SKUX HA yPO-
KaX MaTeMaTUKH CIIPHUSE CTUMYIIOBAHHIO aHAJITHKO-CHHTETUYHOL JislJIbHOCTI
VUHIB, PO3BUTKY MOTPeON y CUCTEMHOMY IIiIXO/i J0 00’€KTa Mi3HAHHS, (POp-
MyBaHHIO BMiHHsI aHAJII3yBaTH Ta MIOPIBHIOBATU CKJIAJIHI IIPOIIECU Ta SIBUIIA.

Hampukman, npu posrisai Temu "3acTocyBaHHsI TOXIHOI IpU BUBYEHHI
BJIaCTUBOCTEN (DYHKINA"yIHAM MOXKHA 3AIPONOHYBATH BUKOHATU TaKe 3aB-
manasa: mobyayBatu B Excel rpadikm dyHKIN, 3amannx GopMyIaMu y =
22 4+22 -1,y = —22 4+ 22+ 2, npu x € [-3;3], a Takoxk rpadikm moXi-
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JHUX JaHnX PYHKINH Ta 3pOOUTH BiAIIOBIIHI BUCHOBKH.

BukopucroByioun HaouHe MpEICTaBICHHS, TaTH BiJNOBIIbL Ha TakKi 3amu-
TaHHS:

1. dk moB’si3ani KOOpPAWHATH BEPIIUH mapabos 3 rpadikaMu MOXiTHUX 3a-
JaHnX QYHKITH?

2. ZIki 3HaYeHHs NPUAMATUMYTH HOXiHI BDYHKIN 1pu 3pocTanHi (crnaIan-
Hi) rpadikis dbyHKIil, y Toukax ix ekcTpemyMiB dyHKIIiH?

3ayBaxkKuMO, IO OJIHUM 3 BaXKJIMBUX eJIeMeHTIB 1mobyoBu rpadikis dyH-
KIiiit € BuOip Jiama3oHy 3MiHH HE3aJI€KHOI 3MIHHOT, 00 Oys10 6 706pe BUIHO
ekcTpeMyMn (PYHKITI Ta 3MiHy 3HaYeHDb ITOXITHOT.

3a3HaunMO, 10 BUKOPUCTAHHS IHTErPDOBAHUX 3aBJAHD JJIsi PO3BUTKY AJi-
TOPUTMIYHOTO MUCJIEHHS HMiITBEP/KYETHCS TUM, IO IPOIEC PO3B’sI3aHHA JI0-
BLJIBHOI MaTEMaTUIHOI 381241 € IIEBHOO IOCJIiIOBHICTIO J1iil, TOOTO JIesIKUM aJl-
TOPUTMOM, ITPOTPAMYBAHHSIM, a IIe TAKOXK JeTaJsli3allist Jiil o0 PO3B’ I3aHHs,
BJIACHE CKJIafaHHs aaropurmy. OTke, iHTerpoBaHi 3aBIaHHS 3 MATEMATHKH Ta
indopmaTnkn eHEKTUBHO BIIUBATUMYTH Ha PO3BUTOK AJTOPUTMIYHOIO MU-
CJIEHHS YYHIB CTapIIOl ITKOJIN.

1. Buainosa T.JI., Beamarepuux €.B. Peasizaria MmixknpeameTHux 38’s3KiB y 1Ipo-
neci Hapuanus Marematuku B 10-11 kjacax ¢izuko-MaTeMaTHIHOrO MIPOMiJis
// Maremaruka B mkoui. — 2016.— Ne 7.— C. 28-35.

2. Pakos C.A. ITaker DG Ta goc/tigHUIBbKHI TAXIT y Kypci ajarebpu Ta moJaTKiB
anasizy // Komm'torep B mkoui ta cim'i. — 2005. — Ne 4.— C. 29.

3. Cepanosa H.C. IurerparnBHO-KOMIIETEHTICHUN IiAXiJd 10 BUKJIAJAHHS MaTe-
MATHKHU B OCHOBHIi#l Ta crapiriii mkosi. Meroaudauuii mociOHUK JIjIsi BUUTEIB
MaTeMaTHKHU MK, riMHa3ii, Jjineis. — Bamara, 2020. — 50 c.
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AcuMmnroTuvuHa moBejiiHka neperBopeHHsa Pyp’e-CrinbThbeca
oxHoro posnoairy tuny /I>kKeccena-BinTaepa

Maxapuyx Oaee', Xareuvruti Bozdan?

makolpet@gmail.com, aumykun@gmail.com
L Inemumym mamemamuru HAH Yrpainu
2 [lenmpasvhoykpaincoruti deporcasruti yrisepcumem imeni Borodumupa
Bunnuvenxa

Hexaii F'(xz) — dbyukuisa posnominy. s nepersopenns Pyp’e-Crinrbeca
dbyukuil F(x)

+oo
£(t) = / ¢ 4P (z)

—00

PO3IVIAHEMO BEJIUINHY

L(F)=1lim sup |f(t)|

[t]—=+o0

Axmo F(x) € dysknieo cTpubkis, To Bigomo [3], mo L(F) = 1, amxe
f(t) e maibke-niepionuunoro dyukiieo. dxmo F(x) abcopoTHO HelepeBHA,
o L(F) = 0. dxmo dbyukuis F(x) € cunryaspuoro, To L(F) moxe HabyBaTn
JIOBLIbHOTO 3HaveHHs 3 Biapisky [0;1].

Mpuksay cunryaspuol Gyuknil G(z) mia skoi L(G) = 0 6yB nasejenuii B
pobori [5]. [Tpuksiaau cunrynspuux dyukuiit G(z) rakux, mo L(G) = 1 6ynn
HaBeJeHl B pobotax [4] Ta [7]. B po6oti [6] mis koxkHOro 33nanoro a € [0;1]
6ys10 obyzoBano cuHryiapay ¢yukuio G(x) raky, mo L(G) = a.

Hexait s — marypaJibHe 9uCI0 OiIbIe OJUHUIIL, (wk) — IIOCJIIIOBHICTDH He-
3aJI€2KHUX BUIAKOBUX BEJIUYMH, sKi HAOyBaioTh 3uadenn 0,1,...,s — 1 3 fimo-
BIDHOCTSIMUA Dok, P1ks -+y P(s—1)k BIATOBIIHO. PO3TIsIHEMO BUIANKOBY BEIUTUHY

b= tpsh
k=1

3a TeopeMmoro JIxkecceHa-BiHTHEpPa PO3IIOALI 1) € YMCTHUM.
Heobxigni Ta mocrarui ymosu toro, mo L(Fy) = 0 6yiau sunaiigeni B po6o-
rax [1] 1 [2] mas Bunankis s = 2, s = 3 BiANOBIIHO.

Teopema 1. Pisnicmv L(Fy) = 0 suxonyemvea modi i miavky modi, Koau

das xooienoeo j € {0;1;...;8 — 1} sukonyemoves ymosa:
li !
im pj, =—
n~>+oop]n S
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CrifikicTp iHBapianTHOTrO TOpa
O/THOTO KJIACY IMILyJIbCHUX CHCTEM

Mamca Kamepuna, Iepecmiox Muxona

Ekaterinamamsa@gmail.com, perestyuk@gmail.com
KIIT imeni Teops Cixopcorozo, Kuis, Ykpaina
KHY imeni Tapaca Illesuenxa, Kuis, Yxpaina

Posrnsnaerses cucrema audepeHIia bHuX PiBHSIHD

do dx "
E - a(@)v E - P(QD)Z', pe Tm7 r€ER ) (1)

AprEI‘ = B(@)ﬂapel“a

B sIKiit BekTOpHa byHKIist a(p) Ta marpuuni bysxuii P(¢) i B(p) Bu3Haveni
I Beix ¢ € T, HenepepBHi 1 27-mepiogutHi Mo KOXKHi#t 3MinHil ¢,. [Tlomo
B(p), To mocraTHbO, M6 BOHA OyJia BU3HAYEHA Ha MHOXKHUHI .

[MTomo muoxkunm I' BBaXkaeMo, 10 BOHA € ITiAMHOXKIHOIO Topa 1, i 3a1ae-
ThCSA PIBHAHHAM

D) =0, (2)

ne P(¢) - crasapHa, HenepepBHO audepeHnifioBHa 27T-11eploInIHa 110 KOXKHIMH
3MiHHIIi ¢, v = 1, m, QyHKiisa. Braxkarumemo Takoxk, 1Mo KOXKHA 3 TPAE-
KTOpiii cucremu ¢ = a(y) nepernnae Muokuny I' rpancsepcainbao. s nboro
JIoCTaTHBO BHKOHAHHS yMOBH (grad®(p), a(p)) # 0, ¢ € I'. Ilosnaanmo de-
pe3 G C T, MHOXKUHY TOYOK BCIX TPaEKTOPIii, IO IOYUHAIOTHCS B [

G={peTn:9=upp), o el, t € R}, (3)

ne R - pgiiicia 4umciioBa BiCh.
[Mosuaunmo vepes t = t;(y) po3B’a3ku piBHsiHHS (2) JJId AKUX PIBHOMIDHO
mot € R: e T, icuye
. it t+T)

i S =, @
ne i(t, t+T) - xinpkicTs po3s’s3Kis piBHsHHS (3) t = T;(), 1O 3HAXOAATHCA
Mmiktit+T.

Taka rpanunns icHye, Ko nociifioBrictb {7, 41(p) — 7:(p)}, 1€ Z, ¢ €
T, € mepiognaHoo ab0 MaiizKe TMePioIIIHOIO.

YmoBa icnyBauHs rpanuii (4) piBHOCHIIbHA Takiil: MOXKHA BKa3aTW Taki
uncsia gozaTHe | 1 HATYpasbHe ¢, Mo Oyab-siKni TpOMIXKOK noBKuHw [ [t, t+]
MicTuTh He Glblie, HiXK ¢ WieHiB nocigosroCcTi {t; ()}
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Teopema. Hexaii 6 cucmemi pisuans (1) mampuyi P(p) i B(p) maxki, wo
oan deswux (o), a(p) @ € R"

<P((p)$, x> < '7(90) <x’ .Z'), ¢ € Ty, )
5
((E+ B (p)(E+ B(p))z, ) < a*(p) (z, z), el

Hrxuo
Yo + YIlnag < 0, (6)

de vo = max Y(p), ap = max a(p), mo mpusiarvHul MoOp cucmemu Pi6HAHD
P€Tm pe

(1) acumnmomuuno cmitikud.

1. Samoilenko A.M., Perestyuk N.A. Impulsive Differential equations — Singapore:
World Scientific, 1995. — 462 p.

2. Kamnycrau O.B., [lepectiok F0.M. fxicna nosedirnka mpaeckmopiti po3apushux ou-
namivnuz cucmem — mounorpadis — K. BIII "Kwuiscekuii yuiBepcurer'"2021. —
182 c.
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Bukopucranaa T-kputepito BijikokcoHa /jist OIIHKYU AKiCHUX 3MiH
BUKOHAHHS KOMaHAHUX il HA OCHOBiI MaTeMaTUYHOl MOJeJri

Mapmumiox Cepeiti, Lypxan Bavecaas

s.martyniuk@chnu.edu.ua, vi.tsurkan@gmail.com
Yepniseyvrut Hauionasoruld ynisepcumem imeni FOpis Dedvrosuva

YV poboTi JTOC/TIIKYETbCS MATEMATUIHA MOJIE/Ih KOMAHIHOI DU, sIKa OXO-
ILTIOE BCi irpoBi ail Komanau. BigbImicTs MeTOAIiB 0OpOOKU CTATUCTUIHUX A~
HUX 0a3yI0TbCs HA TOMY, IO MPOJAYKTHBHICTH I'DH HAIPIMY 3AJIEKUATH Bif
pe3yabTaTiB irpoBUX KOMAHIHUX Jiit. Pe3ynbraru it MOKHa po3paxyBaTH i
OIIHATH MUISIXOM aHaisy [1], mo6ymoBaHOl MaTeMATHIHOI MOJIEJTi TPH.

Bubip TpenyBasibHUX BIpaB, X KOMOIHyBaHHs BiJI0yBa€ThCs MOCTIHO i
HEOOXITHO MaTh 4iTKy OIIHKY SIKICHHX 3MiH pe3yJsbTaTiB TPEHyBaHb IPH BU-
KOHAHHI KOYKHOI irpoBoi il Ta mepioanvHOCTi iX BUKOpHCTaHHSA. T-KpuTepiit
Binkokcona mpu anaJi3i MaTeMaTUIHOI MO/IE/Ti KOMAaHIHOI TPHU /1a€ 3MOTY TiI-
TBEP/IUTH, IU 3aIllePEUYUTHU Till0Te3y PO IIOKPAIEHHs], YU IOripIIeHHs IKOCTi
BUKOHAaHH# irpoBoi mii. /Ijs 360py JaHUX BUKOPUCTOBYBAJIUCS JIAHI BOJIEH-
0OJIBHOI CTATUCTUKHU MPOBEJIEHUX OMIMIITHIX MATYIB YKIHOYMX BOJIEHDOIBHUAX
romam maitctpiB Ileprmol girn Ykpaiau.

B International Journal of Performance Analysis in Sport omy6mikoBani
Pe3YJIbTATUIOCTI/ZKEHD [2], MeTOI fKUX GyJI0 TpencTaBUTH irpOBi XapakTe-
PUCTUKM KOMAH/U Ta BU3HAYMUTH, SKi 3 IUX XaPAKTEPUCTUK MPU3BEJIU JIO IIe-
peMoru Ta JIo MOKpAaIleHHs MiCyMKOBOro peitunry kKoMmauau. Lli pe3ynbratn
MOKa3aJIM, 0 OJHa IHANBIIyaJ bHa i i 0Ha KOMAHIHA [T € TOJTOBHUME (a-
KTOpaMH, SKi BIUIMBAIOTH HA BUTPAII, YU IPOTPAII KOMaHau. ToMy TpeHepu
IIOBUHHI BUKOPHUCTOBYBATH Pi3HOMAaHITHI iHIUBIIya/IbHI Ta KOMAH/IHI KOMILIE-
KCHI BIIPABH, $IKI MOJIEJFOIOTh MOXKJIUBI THIOBI Ta 3MarajbHi curyarii [3].

Y noctijizKeHHI Ha OCHOBI IOOYI0BaHOI MaTeMaTHIHOI MOJEi I'PU PO3TJIsi-
HyTi 3MiHM gKOCTi moma4i y nBox Typax Yemmionary Ykpainm. [list Bubipkn
OpaBcsI BiICOTOK MOMMJIOK IPH IOJAAYTi Ta BiICOTOK MOAAY Ha BUJIT 1 JOCTi-
JKyBaJacsd TiloTe3a, MO TPEHYBAJbHUI MPOIEC BIUIMHYB HA 3MiHY SKICHHX
MMOKA3HUKIB 3ificHeHnx mojad. Bubupasucs irpu 3 piBHO3ZHAMHUME CYTIEPHU-
KaMU B PI3HUX Typax, a JaHl BUGIpKu popMyBaJIKCs 38 TPHOMa MATIaAMU TYPY.

1. Eom H. J. Computer-aided recording and mathematical analysis of team
performancein volleyball. Un published masters’ thesis, University of British
Columbia, Vancouver, B. C., Canada. (1989).

2. Eleni Zetou, Nikolaos Tsigilis. Playing characteristics of men’s Olympic
Volleyball teams in complex II. International Journal of Performance Analysis
in Sport 6(1). (2006).

3. Eom H. J., Schutz R. W. Statistical Analyses of Volleyball Team Performance.
Research Quarterly for Exerciseand Sport, 1992. Vol. 63, N1, 11-18.
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Hociigkennsa HecralioHapHoi 3aga4i ¢diabTpariii Ta
TEMJIONIEPEHOCY B OCECUMETPUYHI MOCTAHOBIII B HEOAHOPIAHUX 32
CTPYKTYPOIO CEPEI0OBUIIAX

Mapuenrxo Oavea, Camotinenko Temsana

march64@ukr.net, tsamoil@i.ua
Incmumym xibepuemuxu im. B. M. Iaywrosa HAH Yxpainu,
Hauionarvruti mexnivnutl ynisepcumem Yxpainu "Kuiscokut
noaimexnivnut imemumym imeni lzopa Cixopcorozo”

[IpornonyeThCst AATOPUTM PO3PAXYHKY AMHAMIKH HEI30TEPMiTHOTO MIPOIECy
dinpTparil B oceCUMETPUYHIN TTOCTAHOBIN, sIKA € CYTTEBOIO TPU JTOCIiIZKEH-
Hi CTaHy BOJOHACUYEHUX I'PYHTIB HABKOJIO BEPTUKAJHLHUX JPEH, CBEP/JIOBHH,
majb i T.7. B pobori chopMysibOBaHO TOYATKOBO-KPANOBY 3aJ1ady JJIsi CUCTEe-
MU HECTAI[IOHAPDHUX PIBHAHBb (BiIbTpamil Ta TEeIuIonepeHocy i i30TPOITHOTO
CepeJIOBUINA B IUJIIHAPUYHIN cUCTEM] KOOPJAWHAT 3 HEOJTHOPITHUMU 3MIMTaHu-
MM KpaffOBUMHU YMOBAMH, B TOMY YHCJI 3 YMOBAMHE TEILJIOOOMIHY 3 30BHIIITHIM
CepeJIOBUINEM, & TAKOXK 3a HasBHOCTI TOHKUX CJIADOIMPOHUKHUX BKJIIOYEHb. B
KOXKHif 3 migobmacreit 1, 2y obmacti Q = Q1 U Qs (1 N Qs = 0) posrsma-
€ThCsl IOYATKOBO-KpaiioBa 3aja4a Jijid CACTeMU DIiBHAHD [1]:

~ 0Oh 0 oh 0 oh

or 0 - OT 0 [~ 0T
cT TE ~ 5 (7" )\ia — rcw,ivrT> — ra ()\iaz — cwyiva> =0, (1)

,ue(r,z,t)EQi’T:Qix(O,T},i:l,?; O0<rg<r<r <o, 0<z<z2<
21 < 00; h(r, z,t) — m'esomerpuanmit namip, T (r, z,t) — remneparypa, K;(T) —
KoedimienT diabrparii, A\; — KOediIieHT TemIoMpPOBIIHOCTI, Uy, U, — MPOEKITIT
MIBHIKOCTI BimbTparlil Ha oci or i 02 BiAMOBIAHO, [i; — BOJTOTOEMHICTD, CT i, Cy,;
— 00’eMHI TEIJI0EMHOCTI TPYHTY 1 piuHN B TTOpax.

VMOBH crpsizkeHHst Ha jingni Koutakty v (v = Q1 N Qy, v = {(r,2) : r =
ro,ro <To < 11,20 < 2z < z1}):

g =0 L2 =i,
[Xig:: — cw,iurT] =0, {&g{ — cw,iUTT}i = Ro(2)[T],

ne (r,z,t) € v = v % (O,T], n — 30BHIIHS HOpMaJb 70 O Ha 7; [] —

crpubok dyukuil, R; (z) > 0, i« = 1,2; upunyckaemo, mo 3ajani OyHKIGET!
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JOCTaTHBO IVIaJIKI Ha QM:,Z‘ = 1,2, obmexeni, K;(T),i = 1,2 3a10BOJIbHSIOTH
yMoBi Jlinmmurg.
KpaiioBi ymoBu — HEoaHOPIIHI 3MimTaHi:

%:0, %:o, (r,z,t)e(rlurg)x(o,ﬂ,
%:o, (r,z,t)e(rzum)x(o,ﬂ,
;\ig—f =—a;(T(r,z,t) = T¢p), (r,z,t) €Ty x (O,f] ,
)\aa—f—() (r,2,t) €F4><( ]
e O\ vy =T UTUT3UTy, Ty = {(r,2) : r =ro,20 < 2 < 2}, =

{(r,z) :ro <r <r,z=unhTs={rz):r=r,20<z<z}Ty=
{(r,z) 170 <7 <711,2 = 2}, T¢p — TeMIepaTypa 30BHIIIHBOIO CEPEIOBUIIA,
o; = const > 0, i=1,2.

[TogaTkOBI yMOBHM — HEOTHOPITHI.

V3aranbHeHnM po3B’s3koM [agpopKiHa MOYaTKOBO-KpaiioBol 3amadi J1is
cucremu (1) € Bekrop-dbyukis w (r, z,t) = (h(r, z,t) 7T(r,z,t))T € 7, axa
3aJ10BOJIbHSIE TOJOBHUM KpPaflOBUM yMOBaM Ta, iHTErpaJbLHUM CIiBBiIHOIIEH-
HaMm [2]

ow -
m (m,v) +a(w;w,v) = (F,v) Vt e <O,T} ,

(w(-,-,0),v) = (wg,v) Vv € Zy, (2)
)« Jf (s e )
m{ 5] = AT ULt erT oo v ,
w0 v) = Ohov  Ohdvi | 5 (0T 0v  OT dvy
a(w,w,v)-//r(K(T)(ar o o2 8z)+>\<8r or oz az>+
Q

avg) dQ) + /TaTv2dF2+
0z

e

61}1
' ——
Hewt or

+ CpVs

Iz

+rs / (Ra (=) 1] [or] + Ra (2) [T] [0a]) d,

~

(F,v) = /rozTcpvng‘g,
>
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BexTop-pynkuis v (r,z) = (v1 (1, 2),v2 (r, 2))" 3a10B0IbHSE OAHOPIAHAM TO-
JIOBHUM Kpaifosum ymosam; Z, Zg — npocropu Metoxay lanbopkina; fi = fis,
cr = ey, A= N, K(T) = Ki(T), ¢y = cw,i @ = o Ha KOXKHIl 3 obacreit
Q7,0 =1,2; wo = (ho, Tp)" — BeKTOP-DYHKIIA MOIATKOBIX YMOB.
Habsmxennit y3araibaernit po3s’s130K Janoi 3aa49i Ko mrykaemo B cKil-
wyennosuMiproMy mimmpocropi ZV € Z MCE y nacTymHoMy BHTIIsII:

wN(r, z,t) = Z a;(t)®;(r, 2),

ne «;(t),i = 1,2N — dbyukuil, iHTerpoBHi pa3om 3 Apyrow moxigHon Ha [0, TL

i 0 . —=
(1)2:<% );@N+i:<¢i);zzlaN,

— Gasmc npocropy Z;{¥, axmit orpumyethea 3 ZY dikcysanmam Vi € [071~“]7
{pi(r,2)}, i =1, N — cyxynnicTs miniitHo Hezase:KHuX GyHKIIi, 1O BignoBi-
naioTh ByaaosuM Toukam MCE, siki mo6yioBaHi Ha HOBHHEX IOJIIHOMAX CTEIleHst
k(k = 1,2,3), mo J0IycKaoTh PO3PUB IIEPIIOrO POy Ha 7 Ta MAalOTh B {)
OOMeKeHU HOCHIA.

Teopema. Hexal xaacuunuti po3e’a3ox
w(r, z,t) = (h(r, z,t), T(r, 2, )T = (wi(r, 2,t), wa(r, 2, 1))

CPopMYAL08aHOT NOUAMK060-KPatiosoi 3adayi das cucmemu (1) mae obmeorice-
. . . . . akJrlw.’ . s _ T
i HENEPEPEHT “ACUNNE NOTIONT 55 g-vas; (V1 + Vo = k+1) na QLT, 1=1,2.

Todi dns HabAuICEHO20 Y3a2aNbHEHO20 PO36 A3KY 3adayi (2)

wN(r,z,t) = (w{v(r,z,t), wév(r,z,t))T e zN

icnye koncmanwma C > 0 maka, wo mae micue oyinka

[Jw — wN||€V2)1xL2 + [|wa — wéVHQLg(Fg)XLg < COs™,

de s — MaKCUMaLLHA JOBHCUHA CMOPIH mpukymrukie, k = 1,2,3 — cmenino
MHO20UAEHIE MEMOJY CKIHYEHUT ENEMEHTIE.

st OIiHKKM IMIBHAKOCTI 3012KHOCTI JMCKPETHOTO 34 YacoM HaOJIMXKEHO-
ro y3arajibHEHOI'O PO3B’si3Ky Ta HOro pO3paxyHKY BUKOPUCTOBYETHCS CXEMa
Kpanka-Hikomcon [2].
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Prokzauyna kpunrocucremMa Tta ii moaudikairii
Mapuyx Kamepuna

marchuk@stud.onu.edu.ua

OHY im. I.I. Mewnuxosa

OyiHUM 3 piZHOBUIOM KpUNTOrpadil € KPUITOCUCTEMHU 3 BIIKPUTUM KJIFO-
4yeM, sKi BUKOPHCTOBYIOTH JIBa PIi3HMX KJioda (BiAKpuTwil i 3akpuTuii) sjist
mudpyBanus 1 gemudpyBanus gaaux. ¥ 1978 pomi Pansd Mepkie i Map-
Tia XesiMaH po3po0uin OHY 3 HAUMEPIITHX KPUITOCUCTEM TAKOTO BULY, SKa
oTpuMaJja Ha3By prok3atdna Kpunrocucrema Mepkire-Xemmana. Boma 3acHo-
BaHa, Ha 3aCTOCYBAaHHI TPOOJIEMH CYMU I IMHOXKHUHU, JIe JJIsI TIOIIYKY PO3B’s13-
Ky HeOoOXiTHUiT TeBHMIT Yac Jjist O0UNCIIEHHSI, OCKLIIbKYU BiH HAJIEXKUTD JI0 KJIACY
ckyatHOCTI NP.

[TepeBaroro 1i€i KPUIITOCUCTEMH € CKJIAIHICTD MPOIECY TeHeparlil Biakpu-
TUX 1 3aKPUTHUX KJIIOYIB, aJI2Ke BiH BUMAarae HasBHOCTI Ha/[3POCTAIOYOI ITOCJTi-
JIOBHOCTI, SIKy BaKKO BiITBOPUTH a00O BrajaTu 0e3 3HaHHs MPABUILHOI CyMU
miaMHOKIHU. KO2XKHE TTOBiIOMICHHS Ma€ CBilf BUMMAJIKOBUN 3aKPUTUHA KJIIOY,
0 I0A€ 3aXUCTY, OCKLIBKH 3aI100ira€ BUKOPUCTAHHIO aTaK BIIKPUTOIO TEKC-
Ty.

[Ipote, omgamm 3i c1abKUX MICITh KPUIITOCUCTEMH € Te, 0 BU3HATEHHS i 1-
MHOXKWHHU TIOCJIIJIOBHOCTI, K& BUKOPHUCTOBYEThCH JJIsi T€HEpAIlil BiJIKPUTOTO
KJIOYa, HAJA€ ILIAX JJIs 3JI0My cuctemu mudpyBatts. OKpiM [bOTO, CUCTe-
Ma BpasJiMBa JI0 IeBHUX TUMiB aTak. Tak, y 1982 pori Axi [lamip pozpobus
MIBUJAKWI aaropuT™ s 3jomy. 1liznime 3’sacyBasiu, Mo cTaHAAPTHY PIOK3a-
9HY KPUIITOCUCTEMY MOKHA JIETKO 3JIaMaTH 3a JormoMoroo ajgroputmy LLL,
TSI SIKOTO JTOCTATHBO 3HATHU JIUINE BiIKPUTI KJIIOUi Ta 3ammdpoBaHnii TEKCT
[2].

JlJisi yCyHeHHsT Bpa3JIMBOCTEN 1 cJIaDKuX CTOpiH OyJI0 MPOBEIEHO IHMMAJIO
JOCTIPKeHb 3 METOI0 BIOCKOHAJieHHsi cucteMu. OpHa 3 TaKuX BIIOCKOHAJIE-
HUX BepCiil 3aCHOBaHa Ha MOETHAHHI CTAHIAPTHOI PIOK3aYHOI KPUIITOCUCTEMU
3 cumBoJiom Jlexkamapa. Ockiabku cumBoa Jlexkanapa moxe 6yt 1 abo -1, To
JIJIs TeHepallil KJIO4YiB BUKOPUCTOBYETHCS JIBa IIPOIECH 3aMiCTh OJHOro. AJi-
roputM LLL He Moxke OyTH 3aCTOCOBAHUMN, a/2Ke IIi IIPOIECH BUKOPUCTOBYIOTh
OBl pizai magzpocraroui nociaigosnocti. Araka IllaMipa He cTaHOBUTDL 3arpo3u
7SI TAKOI CUCTEMH, OCKITTHbKN BUKOPUCTOBYETHCA JIBA PI3HI BIAKPUTI KJTIOMI.

1. A. Menezes, P. van Oorschot, and S. Vanstone, "Handbook of Applied
Cryptography CRC Press, 1996.

2. Hamgza B. Habib, Wadhah Abdulelah Hussein, Diana Saleh Mahd, "Improving
the security of the Knapsack Cryptosystem by using Legendre Symbol Turkish
Journal of Computer and Mathematics Education, 2021.

3. Ming Kin Lai, “Knapsack Cryptosystems: The Past and the Future”, 2001.
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Amnaniz auckpetrHux mMojesieii fMHaMiKu TonyJdiii 3i 36opom
YyPpO2Kato

Mauenxo Bacuav

v.matsenko@chnu.edu.ua
Yepniseyvrutl nauionasvrul ynisepcumem imeni FOpis Dedvrosuva

CydacHi JOCATHEHHsI B €KOJIOTIl CTaJIu MOXKJIMBUMU 3aBJIsIKU BUKOPUCTAH-
HIO MaTeMaTUIHUX MeTOHiB. Hailblibin mimpoKo MeTon MaTeMaTHIHOTO MO-
JIETIOBAHHS MTPOHUKJIM B JOCJIIIXKEHHS JUHAMIKA O10JIOTITHIX CHCTEM.

3HadHa YACTUHA MATEMATHIHUX MOJIEJIEHl eKOJOTTIHAX CUCTEM (POPMYITIO-
€ThCsl Y BUIJISII PI3HUIEBUX PiBHsIHb. BOHU J03BOJISIIOTH BUBYATH JTUHAMIKY
YUCEJIbHOCTI TIOMYJISIIil 3 HEllepepBHUMU TOKOJIIHHSIMUA Y PEXKUMI PeajibHOIO
qacy.

Taxi mozmesi oB’da3y10Th YncesbHiCTh Nyt ¥y MOMeHT dacy t + 1 i3 9m-
CeJIHHICTIO B TIOTIEPEIHI MOMEHTH Yacy. B mpocTinmomMy BUMIAIKY 1€ pi3HUTIEBI
PIBHSIHHSI BUIJISIILY

Niy1 = F(Vy), t=0,1,2,...,N; € [0,00), (1)

ne F' — rnajka jificaa GyHKIHs JTICHOTO apryMeHTy.

B ananituanomy Buriisizi 3Haiitu po3s’a3ok Ny pisuanus (1) e Braerbes,
MOZKHa JIUIIIEe YHCEIbHO IIJISIXOM iTepyBaHHS BU3HAYATH KiTbKOCTI HACTYITHUX
MMOKOJTIHB TP 3a1aHux Ny.

AHaMTHYIHO MOXKHA 3HAXOIUTH CTAIIOHAPHI Ta MePIOANYHI PO3B’I3KH 1 J10-
CJIJIZKYBATHU 1X HA CTIHKICTD.

B nmaniit mpami po3riasaaThesa MoIesi 300py BPOKAIO Y MOMYJISISTX, OCKIIb-
KU B CBOI#l JIISIJIBHOCTI JIIOJIMHA BUKOPUCTOBYE Pi3HI IIPUPOJIHI pecypcH i mpu
IIHOMY BasKJIMBO HE 3HUMIUTU OGIOTOTIUHY MOIYJISIHIO.

K10 3 JesTKOl MOIyJIAIl BiJJIOBIIOETHCS ITEBHA KiMbKICTH OCOOWH, TO PiB-
uanag (1) 3 ypaxyBaHHSM IPOIECiB 360py BpOKaio HAOYBa€ BUTJISILY

Nt+1 = F(Nt) — C(Nt70[), (2)

ne C'(Ny, o) — IHTeHCUBHICTD BIIJIOBY OCOBUH, (v — HTADAMETD, IO XaPAKTEPU3YE
IIf0 iHTeHCUBHICTD.

Cepen piBHSIHB (2) POBIVISIHEMO JIMCKPETHY JIOTICTHYIHY MOJIENb, MOJEJ
Pikepa Ta Cxkeyutama. Came i AUHAMIYHI CHCTEMHU HafdacTille BUKOPHUCTO-
BYIOTbCSl Ha IPAKTHUIN. BoHN 1eMOHCTPYIOTH CKJIATHY AWHAMIKY YHCEIBHOCTI
MIOYJISATI 1 T03BOJIAIOTE J0OPe ommucyBarn i1 Jyis 6ararbox 6i0JOriaHUX TPO-
I1eCiB.

Binbm meranbHO TpoaHasizyeMo TUIBKA JIUCKPETHY JIOTICTUIHY MOJEND 3i
360poM ypoxiro. Bona mae Burisiy [1]

Nt-‘,—l = ’I"Nt(l — Nt) —C, r > 0, (3)
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Jie ¢ — TOCTiliHa IHTEeHCUBHICTH 300pPy BPOXKAIO.

PieusinEs (3) Mae Bl TOuKM piBHOBaru Nio > 0 npu ymosi, mo r >
1ic < (r—1)%/4r. Omna 3 Hux Hectifika, Apyra cTilika TIpU yMOBi, 10
r? —2r — 4rc < 3.

[Ipu r < 1 gomaTHUX CTAIiOHAPHUX CTAHIB He icHYE 1 pu OyIb-4Kiil iIHTeH-
CHBHOCTI BiJIJTOBY TIOIYJISIIiS BUMpE 3a CKIHYEeHHUH dac.

ITpu 3pocranni r, a came, mpu r > 1 + 2¢ 4+ /(1 + 2¢)? + 3 cramionapsi
cranu Ny, > 0 cTaloTh HECTIHKUMHU i 3’ABJIAIOTHC NEPIOJMIHI PO3B’A3KN 3
nepiogiom T = 2, siki € crilikumu ipu ymMoBi |4 + 2r + 4re — r?| < 1.

IcnyBanng nepioguunux po3s’si3kiB 3 nepiogom T = 3 piBugung (3) Buae-
ThCs BCTAHOBUTH JIUIIIE B PE3YJIBTATI KOMII IOTEPHUX OOUUCIIEHD.

Y npomy Bunaiky 3a reopemoio IITapkoBcbKOro BUIINBaE icCHYBaHH mepi-
OJIMYHIX PO3B’SI3KIB OyIIb-5IKOTO TIepioy, a 3a TeopeMoio Vopk JIi — icHyBamHs
Xa0TUYHUX PO3B’si3KiB [2, 3].

Amnajioriuno nposeneni mocstimKenns Moues Pikepa Burismy

N,
Niy1 = Nyexp <1" (1};)) —¢c, 1,k>0

Ta Mozesneit Ckesnrama

alN; alN; aNt2

— —C, N :7—, N = 7b>0.
1+oN, O T rgpNz o “

N, =
t+l 1+bNZ’

[TpoBemeni KoMIT’TOTEpHI €CIEPUMEHTH MHiATBEPKYIOTH OIeprKamHi Teope-
TUYHI PE3yJIbTATH Ta JEMOHCTPYIOTH Pi3HI MOBEIIHKU PO3B I3KiB.

1. Mamnenko B. I MogentoBanus mporteciB 360py BpOXKAIO MJIsI MOMYJISINN 3 He-
[IepEeKPUBHUMU ITOKOJIIHHAMY // BykoBuHchkuii Mat. xypuasu. — 2022. — T. 10,
Ne 2. — C. 165-175.

2. IMTapkoscekuit A. H., Maiictperko FO. H., Pomanenko E. FO. PaznocTtablie ypas-
HeHus u ux npumenenns. — Kues : Hayk. gymxka, 1986. — 280 c.

3. Li T., Yorke I. Period three implies chaos // The American Mathematical
Monthly. — 1975. — Vol. 82, N 10. — Pp. 985-992.
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IIpo BaacTuBOCTi pO3B’I3KiB OAHOTO PiBHSIHHSI
tuny Kosimoroposa, KoedinieHTn akoro
B IPYII MOJIOAIINX YJIEHIB € 3pocTalodyumMu PyHKIisTMU

Meduncoxut Teop', Haciunux Tasuna®

ihor.p.medynskyi@lpnu.ua, pasichnyk.gs@gmail.com
! Haygonarvruti ynisepcumem “JIveiecvra nosimexmira”
2 Yepuiseuvkul nayionarvrul yrnisepcumem imeni FOpis @edvrosuma

Koudepemnriis npucssuena 55 piunuii dpakyaIbTeTy MaTeMaTuKu Ta iHdOop-
MaTuku YepHiBeIBKOrO yHiBepCUTETY, BUIYCKHUKOM 1959 poky sikoro, a mo-
TiM IIPOMIIIOBIIY IILJIAX BiJl aCHCTEHTA JI0 3aBilyBada Kadeapu audepeHiiaib-
Hux piBHsHB (1964-1969), opranizaTopoM Ta mepriuM 3aBigyBadeM Kadeapu
MaremaTaHOro MogesoBanasa (1988-2003) 6ys mpodecop C.JI. Isacuien.
Hocuimxenns pisasgap Tumy Kosamoroposa po3modaioch aBTOpaMu CIILHO 3
C./I. Isacumenum.

JonoBiab mpucBstuena, T0CTiIKEHHIO pO3B’ i3HHOCT 3a1axi Kot jiist oiHo-
ro KJjacy piBHsaHB THILy KosMoroposa, KoedilieHTH sIKOro IIPU MOJIOIIIHA 10-
XiIHil € 3POCTAIYUMU 38 IIPOCTOPOBOIO 3MiHHOIO.

B mapi (g7 := (0,7] x R" cximgennoi Topmumn 7' > 0 posriamaemo
PiBHSHHS
n2 n3 ni ni
(at - Z&L‘Uamzj — ngj(?gCS] - Z ajsOr,,; 0z, — waljﬁzU)u(tJ) =
j=1 j=1 js=1 =
= f(t,x), (t,x)€ H(O,T]v (1)

Iie ajs 1 b — mificni crami, mpuaoMy ajs = asj, {j, s} C {1,...,n1}, i BuKonyeTnhCs
yMOBa mapabosiaHOCTI

niy
36 >0 Vop:= (011,...,0'1n1) e R™ : Z Ajs01j01s > (5‘0’1|2.
J,s=1

Tyt n1 > no > ng — 3aJaHi HATYPAJIbHI YHCTa, N = N1 + No + ng — 1X
cyMa; IpocTOpoBa 3MiHHA T € R™ cKIIagaeThCs 3 TPHOX IPYI 3MIHHUX X =
(11, .. xm,) € R™ 1€ {1,2,3}, tTak mo z := (21, T2, 23).

Maiouu indopmanio npu dyngamenTanbauii po3s’a3ok 3aga4i Komi [1]
nist pisastEEs (1), Mu peasizosyemo minxin Eftnensmana—Isacumena [2, 5], no-
BIBIIIM TEOPEMU IIPO iHTErpajibHe 300parKeHHsI PO3B’sI3KiB Ta KOPEKTHY PO3B’si-
3HicTh 3ajaui Komii B Kiacax mBHAKO 3pocrtarounx yHKIii. [Ipu mpomy
PO3B’s130K € cymoro inrerpamis Ilyaccona [3, 4, 5] BianosiaHo nmoyarkosol dbyH-
KIIii ¢ Ta y3araJbHEHOI Mipu y i 00’€MHOTO MOTEHITATY, TOPOIKeHNX (DyHIa~
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MEeHTaJIbHUMU PO3B’sa3kaMu 3aa4i Ko G,

u(t,m)z/G(t,a:;O,g) d§+/dT/th‘ 7,€8) f(7,8) dE,

R» Rn
(t,x) € o1,

Ta

u(t, x) /GtxO{d,u /dT/Gthff(Tf)dg,

(t, I) € H(O,T] .

[TouarkoBa (DYHKIIiS ¢ HAJEKUTH JI0 CIENIAJIBHOIO IPOCTOPY Lp, pE[l,00],1
p € M?, dbyuxmis f HerepepBHa i € reJbIepPOBOIO 3a IIPOCTOPOBUMHE 3MIHHIMI

. E(r,a@ .

B IIEBHOMY CEHCI Ta HAJIE’KUTH J0 IPOCTOPY Lp(T’a). PosrisuyTi po3s’sizku, sik
dbyHKIil , 1pyu IbOMY MOXKYTb HEOOMEKEHO 3POCTaTH IIPHU |T| — 00.

s xkmaciB oomerkennx GyHKIIHB anagorivmi pe3ynbraTt Oyim aHOHCO-

BaHi B [6].

1. Isacumen C.., [Taciunuk I.C. @ynmamenranbunii po3s’s30k 3aa4ai Ko s
OJIHOTO TIApPabOJIITHOrO PIBHSHHSA 31 3pOCTAOYUMU KOeDIIi€EHTAMU TPy MO-
sgonmux 4neHis // 36. npaup Iu-ty maremarnku HAH VYkpaiuun. — 2014. —
T.11, Ne 2. — C. 126—153.

2. Eidelman S.D., Ivasyshen S.D., Kochubei A.N. Analytic methods in the theory
of differential and pseudo-differential equations of parabolic type // Operator
Theory: Adv. and Appl. — 2004. — 152. — 390 p.

3. Imacumen C., Ilaciunuk I'. Bamada Komri my1st ogHoro mapaboiyHOrO piBHSIHHS
3i 3pocrarounmu KoedimienTaMmu B rpymi Mosoamux d4iaeHiB.— Mar. Bica. Hayk.

ToB. im. T. Illesuenka. — 2014. — T. 11 — C. 73-87.

4. Isacuwen C./., Iaciunux I.C. Inrerpasbue 300pakeHHsi PO3B’SI3KIiB OJHOIO
napaboiTHOro PIBHSHHSA 31 3POCTAIOYNMU KOeMiI[ieHTaMU B I'PYIi MOJIOJIINX
wnenis // 36. mpanp Iu-ty maremarukn HAH Ykpainm. — 2015. — T.12, Ne 2. —
C. 205-229.

5. Isacumen C./I., Ilaciuauk I".C. [Ipo xapakrepusariito po3B’sa3KiB OJHOrO mapa-
0O/IITHOrO PiBHSIHHSA 31 3pocTalouInMu KoedirieHTaMu B IPyIIi MOJIOIINX YJIeHIB
// BykoBuncbkuii Mar. xypH. — 2015. — T.3, Ne 3—4. — C. 87-91.

6. Memuncekuit ., IMaciunuk I'. IIpo BmacTmBOCTI 06’€MHOTO MOTEHIATY JJIsT
OIHOTO TapaboIiTHOTO PIBHAHHS 31 3pocTaounmmu KoedillieHTaMu B TPy MO-
sgogmux unenis. // 36. Hayk. mparp. — IH-T OpuKLIpobsI. Mex. i Marema-
tukn iMm A.C.lligcrpurasa HAH Vkpaian. — 2023.- C. 349-350. — URL:
http://iapmm.lviv.ua/mpmm2023 /materials /proceedings. mpmm?2023.pdf.
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TexwoJsiorii Ta nmpuiioMmn HaBYaHHs ITPOrPaAMyBaHHsI y CEepeIOBUIITL
Ckpery maiibyTHiIX BunTeiB iHdpopMaTuku

Menvruwyx Jlinia

1.melnuchuk@chnu.edu.ua
Yepniseyvrutl nauionasvrul ynisepcumem imeni FOpis Dedvrosuva

3rigno 3 Kourerniieio HoBol yKpalHChKOT MKOJIN, OJTHIEI0 3 KJIFOUOBUX KOM-
MEeTEeHTHOCTEH yIHIB € iH(opMaIlifHo-ImdpoBa KOMIIETEHTHICTD, KA CEpe
imImoro mepenbavae 3HAHHS OCHOB IPOTPDAMYBAHHS Ta PO3BUTOK AJTOPUTMI-
9HOrO MUC/JEHHA. TOMY pPO3ijn, TPUCBAYEH] aJrOPUTMI3aIll Ta MpPOrpamMy-
BAHHIO, € B KOXKHIf HaBYAIbHIiH porpami 3 indopMaTukn y BCix Kaacax, i Ha
IX BUBYEHHSI BUJILISETHCS TOJEKyu Oibire 20 BiJICOTKIB HABYAJIBHOIO YaCy.

MeTonucTa peKOMEHAYIOTh BUBYEHHS IIpOrpaMyBaHHA y 2-6 Ki1acax 3m4if-
cuioBatu y cepemopuini CKpeTd, sike Ma€ AUHAMIYHAN, TPUBAOJIUBHUI Ta IPO-
cruit rpadiunmit inTepdetic, 103BOISAE BUKO-HYBATH aHIMAIIIIO, iTPH, IiaIoTH,
CUMYJISIT, pI3HOMAaHITHI Jiil Ta iHTepAKTUBHI KOMIKCH YH iHIII IpOrpaMu, SKi
YaCTO € PEe3yAbTaTOM BJIACHOI TBOPYOCTI yUHs, 1 HUMU MOXKHA TOJIJIUTUCS 3
IHIIIMUA.

Tomy maiitbyTHI BunTesni iHGOPMATHKY MOBUHHI JTOCKOHAJIO 3HA-THU IE€ Ce-
PEIOBUIIE Ta BIIPABHO BOJIOIITH METOIAMHU IPOI'PAMYBAHHS y HbOMY Ta METO-
KO0 HaBuyaHH« JjiiTeil y Ckperdi. Came Tomy crymentu YHY crnenjanbHOCTI
"Cepenns ocsita (indopmaTrka)"Ha mepiiomMy Kypei BUBYaIOTh OG0B sI3KOBY
npuctuiuiiny "TaTepnperosa-na Bizyasabha Mosa nporpamysanus" ("IJIIBMIT"),
Je 3100yBalOTh 3a3HAYEHI BMIHHA.

Cuig BijgaadnTy, mo y 3apy0iKHIX KpalHaX MPOrpaMyBaHHS y CEpeIOBH-
mi CKperd MoImpeHe He JIMIE y MIKOJAX 9 KOJIeJKaxX. Jacto i y BUIIHMX
HABYAJIBHUX 3aKJIaJax [M0YaTKOBI KypCcu Iporpamy-BaHHs BuB4uaioTh y CKpe-
Tui [1]. Baxkaerbcs, 110 nporpaMyBaHHs y OJI0YHUX CEpeIOBUINAX € Hafipo-
cTimmM ¢crocoboM BUBYEHHSI CKJIAJ-HUX KOHIIEHIIN IporpaMyBanis (BUKOPU-
CTaHHS 3MIHHUX, YMOB, IIUKJIB TOIIO) Ta II€PEBEJIEHHs IICJsd HHOro BJIOKIB y
PSKU KOy Ha MOBAX BHUIIOIO PiBHHA.

V pesysbrari BuBuenHsi juctuiniing "IJIBMII"cryneHT moBuHeH 3HATH:
inTepdeiic cepemoBuiia CKpeTd; KOMaHIHI OJIOKU; MPUHIWIIN ITPOTrPAMYBAH-
Hs Ha MOBI CKperd; MerToiu peasizamil JIHITHUX, IUKIIYHIX aJrOPUTMIB Ta
AJITOPUTMIB PO3TAJIYKEHHS; METOIM POOOTH i3 3MIHHUMHU Ta CIUCKaMu; BOY-
JoBaHWil rpadivHUit pegakTop; METOAM CTBOPEHHsI 00’€KTiB Ta opramisarrii
1X PyXy; OCHOBHI PUIIOMU CTBOPEHHs aHIMaIlil, 3BYKY; IpUIOMH OpTaHi3allil
B3aeMo/Iil crpaiitie; Mmomudikamii Scratch.

3wmicT gucnuiutig BimoOpazkeHuil y cuiabyci Ha caiiti Kadeapu gudepen-
miagpaux piBHgEs, UHY. Po3pobieno temaruky i 3aBmaHHs Ja00PATOPHUX
poOiT, BUKOHAHHS SKUX JO3BOJIUTD CTYIE€HTAM HABYUTHUCS BIIEBHEHO IIPOrPa-
MyBaTH, BpaxoByBaTu baraTo npuitomis ta moxkausocreit Ckperay. Kype je-

267



KIiff Ta 3aBHAHHS MICTUTH BUJaHWI HaBuaibHUiT nocibauk [1]. Ocobmusocti
nucraHIiiHoro pusuennss Ckperdy omucai B [3].

[Ipu wHapuanHi nporpamysanHio y CKpeTdi BUKOPUCTOBYIOTHCsI Pi3HiI Tpa-
JUIiiiHI Ta iHHOBAIIWHI TEXHOJIOTII: MOsICHIOBAJILHO-1JTFOCTPATUBHOTO HaBYaH-
Hg (1pe3eHTAIlil HA JIEKIISX, BAKOPUCTAHHS CEPEIOBUINA JJisl LI0CTpalil Ipu-
ifoMiB), IpoGIEMHOrO HaBYaHHs (CAMOCTiliHe BUBYEHHS IHCTPYMEHTIB Pi3HUX
Bepciit un iHIUX GJIOMHUX CepeJIOBUIN, (POPMYIIOBAHHS 3aBIaHb JIaOOPATOP-
HUX POOGIT), TEXHOJIOTisS 0COOUCTO OPIEHTOBAHOTO HaBYaHHs (IHAMBiLyadbHE
BUKOHAHHS 3aBJaHb y BJIACHOMY TEMII), KOJEKTUBHO-I'PYIIOBOTO HABYAHHS
(upmwrronHuil 3aXUCT POOIT 13 CHUILHUM BUIDPABJICHHSM IIOMUJIOK ), TE€XHOJIO-
Iisl pO3BUBAJILHOIO HaBUaHHs (TBOpYE 3aCTOCYBAHHSI 3HAHb B HECTAHJIAPTHUX
YMOBaX, CTBOPEHHsI MOJIeJIeli 38,14 ), TEXHOJIOT sl PO3BUTKY Ii3HABAJILHOIO iH-
Tepecy CTyJeHTIB (pO3IVisi/i IPAKTUIHUX 3339 Ta 3a7a9 31 mKUIbHOT iHbOp-
MaTuKm), HGOpMyBaHHS TBOPUOI ocobucTocTi (HOIIyK peasizalil aJropurMis,
Bubip i crBOpenHs rpadivHux 06’€KTIB, IONIYK IKABUX 3aa4), J0C/IIHUIbK]
TeXHOJIOTII (camMocTiiiHe MOC/IKEHHST CePeIOBUIIA, HOIIYK ONTUMAJILHAX aJl-
rOPUTMIB), TEXHOJIOTIsI IIPOEKTHOIO HaBuaHHs (KoxkHa 3aja4a y Ckperdi - mos-
HOIIIHHUH TIPOEKT ), TEXHOJIOTisI TPEHIHTiB (CTBOpEH] TeCTOBI 3aBIaHHST JJIsl TIe-
PeBIpKH 3HaHb), MepeKeBi TexHoJIoriT (pofoTa y OHJIAHH-CePEeJIOBUII, YIACTh
y Ckperd-crisbHOTI).

OKpeMo 3ayBaskUMO, IO CTYAEHTH BYATHCS PEaTi30ByBaTH IHTErpariiauit
migxig y mMaiibyTHi mpodeciitniit gisiibHOCTi, po3B’s3ytoun 3acobamu Ckpe-
TYy MaTeMATUYHI Ta €eKOHOMiYHI 3a/1a4i.

Takum unaoM, BuBdenHs: [JIBMII cupusie mpodeciitHoMy 3pOCTaHHIO CTY-
JIEHTIB K MeJaroriB Ta K MPOrpaMicTiB.

1. Cadardenas-Cobo, J.; Puris, A.; Novoa-Herndndez, P.; Parra-Jimenez, A.;
Moreno-Ledn, J.; Benavides, D. Using Scratch to Improve Learning Programmi-
ng in College Students: A Positive Experience from a Non-WEIRD Country.
Electronics 2021, 10, 1180. URL: https://doi.org/10.3390/ electronics10101180

2. Menbaunuyk JI.M. InrepriperoBana aumHaMivHa Bi3yasjbHa MOBa IPOrpaMyBaH-
ust (Scratch): maga. noci6uuk,/ JI.M. Mensuuuayk, B.M. Jlyako, I'"M. Ilepys. -
Yepuisui: Yepwniser. narn,. yu-t im. FO. @enprosuua, 2021. - 128 c.

3. Mempauuyk JI.M. Mertomuani 0ocobamBOCTI AMCTAHIIWHOTO HABYAHHS U
BUBYEHHI cepenoBuina uporpamysanus Ckperd // MixuaponHa HayKoBa
KOH(epeHIIisl, pUCBsIIeHa 75-piudro Kadenapu mudepeHIiaJbHNX piBHIHDb Ta
85-piuwuro Bix qusa napokenust Muxaitina [lasmosuaa Jlenroka, 28 - 30 »koBTHS
2021 p., Yepnisni: marepianu kordepentil. - Yepwisni, 2021. - C. 116-117. URL:
https://drive.google.com/file/d/1zBh4tgaRH82fZmygefKaF 7T9RnLhqrd4X /view
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BnopoBagxkeHHsl iHTerpaTUBHOTO ITiAXO/Iy /10 HaBYaHHS iHAHCOBOT
IPaMOTHOCTiI Ha ypoKax iHdopMaTUK! B OCHOBHIil IITKOJTi

Menvruwyk Jlinia, Tonenvxud Iars

1.melnuchuk@chnu.edu.ua, tonenkyi.illia@chnu.edu.ua
Yepniseyvrutl nauionasorul ynisepcumem imeni FOpis Dedvrosuva

Croroani B YKpaili 0CoOJIUBO MOCTPO MOCTAE MpobJIeMa HErOTOBHOCTI Ha-
CeJIeHHS 710 KOMIIETEHTHOI'O BUPIIIEHHS CyJYacHUX (biHAHCOBUX 3aBIaHb. 10-
My TUTaHHsS (PiHAHCOBOI IPAMOTHOCTI MOJIOJAOTO TOKOJIHHS BHU3HAHE OIHIM
i3 KJIIOYOBUX KUTTEBUX KOMIIETEHTHOCTEH, 1 floro po3B’sa3aHns 3HAMIIIO Bi-
obpazkenns: B Konrenrii HYIII. B ocsiTHhOMYy miporieci 3 iHdopMaTuKu y Cy-
qacHiil mKkoJii popMyBaHHSI Ta POZBUTOK (PiHAHCOBOI I'PAMOTHOCTI YUYHIB BIIPO-
BaJPKEHO Jepe3 peaJiizartito Hackpizuoi Jjiuil "[linnpuemiusicts Ta dinancoBa
rPaMOTHICTB KOTPA CIIPSIMOBAHA Ha 3a0€3MeYeHHS YMOB JIJIs PO3YMIHHS yIHs-
MU aCIeKTiB (hiHAHCOBUX MTUTAHD.

7151 eKOHOMIYHOTO BUXOBaHHS yYHIB BaKJIMBO BUKOPUCTOBYBATU MOYKJIU-
BOCTi PI3HUX OCBITHIX rayiy3eif - MaTeMaTHIHOI, iICTOPUYHOI, COIiaJIbHOI, iH-
dopmaTuuHOl Ta IHIMAX, & HAWKpaIle BUKOPUCTOBYBATU IHTErPATUBHUI il
Xim Ta MIXKIpeIMeTHI 3B’S3KM €KOHOMIKM, MATEMATHKH, iHMOPMATUKHA JIJIst
peasizarii 3maHb Ta BMiHb 3 ekomomiunmx Hayk 3acobamu IKT. Tax, T.M.
Bacekinowo B MoHorpadii [1] Ha 3acazax IHTErpaTUBHOTO MAXOLY PO3POGIIe-
HO KOHIIENIIIIO HABYaHHA IPUPOAHUYINX HpeaMeTiB. OCHOBOIO 1€l KOHIIEIIIT €
MPOEKTYBAHHS IHTErPOBAHUX PE3y/IbTATIB HABYAHHS YUHIB, peaJsli3allis MixK-
MIpeMEeTHOI, MiXKTraJIy3€BOl Ta BHYTPITHbOIPEIMETHOI iHTerparii y HaBuaHHi
OKpEMUX TPUPOTHUYINX IIPEIMETIB Ta iHTerpoBannx Kypcis. [lutammusam Teopil
inrerpanil B oceiri 3alimasmcs G6araro iHmmx Haykosuis-nienaroris (C. Kie-
ko, I. Kosmnosceka, B. Inbuenko, O. ynka Ta iH.).

Metroro jaHOl pobOTH € BUBYEHHsI IHTErparlili eKOHOMIKH, MaTeMaTUKU Ta
IHHOBAITITHIX TEXHOJIOTI# Ha ypoKax iHdopMmaTuku y 5-9 K1acax, a caMe BIIPO-
Ba/PKEHHS y HABYAJbHUN IPOIEC BUBYEHHSI €KOHOMIYHUX MOHSTH Ta 3a/ad.
3oKpeMa, TeperyIsiHyTO HaBYAIbHI TporpaMu 3 iHGOpMaTHKU 3 METOIO BUBYe-
HHSI MOXKJINBOCTeHl pO3B’sS3aHHs €KOHOMIYHUX 3aJ1a9 3acobaM¥ MKIJIbHOI iH-
dopMaTUKU; BUIIJIEHO TUIN 3aBIaHb €eKOHOMIYHOTO 3MICTY, SIKi MOXKHa BUKO-
HyBaTH [IPU BUBYEHHI KOXKHOI TEMU y [IEBHOMY KJIaCl; CKJIaeHO OAHK 3aBJIaHb;
OOI'PYHTOBAHO 3aCTOCYBAHHsI IPOTPAMHUX 3aCO0IB /i BUKOHAHHS BKA3AHUX
3aB/aHb; BU3HAYEHO e(DEeKTUBHI TEXHOJIOTII HABUAHHS JJIs 3aCBOEHHS HOBUX
3HAHb.

AHajii3 HaBYaJIBHUX I[IPOrPpaM Ta METOJIUYHOrO 3a0e3IeYeHHsI CePeIHBOT
IIIKOJTY TIPUBOJIUTDH JO BUCHOBKY, IO 33JIa9i €KOHOMIYHOI'O 3MICTYy Ha YPOKaX
iHdopMaTUKI OCODJIMBO JIOMIIFHO PO3B’sidyBaTu npu BuBdeHHI TeM "Mome-
ai. MogemoBanas "Asropurmu Ta iporpamu'y Beix kiacax, "OmnparoBaH-
ug tabiauunnx ganux'y 6 (HYIID), 7, 9 kiacax, a exementamu (inancoBol
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rPaMOTHOCTI MOXKHA LIIOCTpyBaTu Oyab-sikuit po3ain irdopmaruku. Takoxk
3aBJIaHHS 3 €KOHOMIYHMM 3MiCTOM JIOIIJIBHO JIaBaTH y PAMKaX iHTErPOBAHUX
MPOEKTiB y H-9 kiacax.

Ak nmpukitaz, HABEIEMO 3aBIAHHS JIJTsI D KJIACY, SKi 3a0€31e9y0Th peaJrisa-
1it0 KoMreTeHTHOCTI (hiHancoBol rpaMoTHOCTL: 1) cTBOpeHHSs KapT (hiHAHCOBUX
3HaHb; 2) BUKOHAHH: HPOEKTIB IIPO €KOHOMIUHI IIOHSATTs, IPUHIANNA POOOTH
dinancoBux ycraHoB Toino npu BuBdeHHi TeM "Ilomyk B iHTepHeri "Pobora
y TekcroBoMy penakTopi "Pofora y pemakropi npesenraniit"; 3) crBopeHHs
6JI0K-CXeM eKOHOMIYHHUX 3aa4 y rpadidHoMy abo y TEKCTOBOMY peIaKTopi
gy Ha narepi; 4) LIIOCTPYBaHH: yMOBH Ta PO3B’s3aHHS 3aJadl y TEKCTOBO-
MY PeIaKTOpi 9M peJaKkTopi Mpe3eHTalliif 3 BUKOPUCTAHHAM T'padidtaux 06’e-
KTiB, Tabiaunp Ta aHiMalil; 5) po3s’s3aHHS 33189 3 eKOHOMIYHMM 3MIiCTOM Ta
CTBOpPEHHsI aHIMAIHUX iCTOPiil PO PO3B’sI3aHHs KX 33824 Y IIPOIPAMHOMY
CEpPeJIOBHIII.

Buiisiero taki Tunm 3a/1a9 3 eKOHOMIYHAM 3MicToM Jyist 5 Kiacy: 1) 3amaqi
PO BapTicTh TOBapy, 2) 3a1a4i Ha poboTy, 3) 3a1adi, noB’g3aHi 3 GIOIKETOM
ciM'l, MOXKJIMBOCTI 31ificHeHHs MacIITabHUX [OKYIIOK, 4) 3a/@adi Ha [OJATKH,
poboty 6aHKiB, BefeHHs (hepMEPCHKOTO TOCIIOAAPCTBA, BUKOPUCTAHHSI TPUPO-
JHUX PECYPCiB PiIHOrO Kpaio TOIIIO.

Taxe K JOC/IIZKEHHs IPOBeIeHO 1 fyisa 6-9 kimacis. ¥ mybGuikamil [2] nase-
JIIEHO PO3B’s3aHHS 3a/adi PO OJIEPXKAHHS ILIAHOBOrO HPHUOYTKY Bij OaHKIB-
CBKOTO BKJIaJy 3acobamu tabiamanoro mporecopa Microsoft Office Excel y 9
KJIACI.

1. Bacekina T.M. Inrerpamisi B mKinbHi# npupogaudiii ocBiTi: Teopis i mpakTuka:
monorpadis. - Kuis: Ilex. mymka, 2020. - 400 c.

2. Touenpkunuit I. MonesoBanHsI €KOHOMIYHUX 3371849 Ha YpOKax iH(MOpPMaTUKH ce-
penubol mkosm // Marepiamu crya. sayk. koud. YHY imeni FOpia @eapropuua
(25-27 xBitHa 2023 poky). Pakynbrer MaTeMaTuku Ta indopmaruku. - C. 107-
108.
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Enementu opurametpii Ha paKyJIbTATUBHUX 3aHIATTAX 3
maremaruku y 33CO

Muponux Badum, Muponsax Oxcana

v.myronyk@chnu.edu.ua, myroniak.oksana@chnu.edu.ua
Yepniseyvrutl nauionasvrul ynisepcumem imeni FOpis Dedvrosuva

V cepemuni XIX ct. HiMenbkuii egaror @. @pebesib 3apOITOHYBaB BBECTH
opurami K HaBYAJIbHUN mpeaMeT y mkoJii. Hanpukiias, ocnoBr reoMerpii Bin
[IPONIOHYBaB BUBYATH HE 34 JIOIOMOTOIO IUPKYJIA, JIHIHKN Ta JeIKUX HOHITh,
a Ha mpukJ/Iaa Giryp, mo ckiIaaaoTbed 3 namnepy. et npeaver 3100yB HA3BY
«OpHUTaMeTpist».

YV 1992 pomni anorCchKMit MaTeMaTHK XyMiaHi Xy3iTa Ha CIyXaHHSX ITepIIol
mizkuapojHol kKoudepenril Origami Science and Technology 3anpononysas 7
aKcioM, siKi CTa/IM IePIUM KPOKOM JI0 MATEMATHIHOTO OOIPYHTYBAHHS 1IO0Y-
JI0B, BUKOHAHUX IIJISIXOM 3TUHY apKyIlla Ianepy.

Axcioma 1. IcHye €nuHMit 3ruH, 10 IPOXOAUTh Y€pe3 JIBi JaHi TOYKU.
Axcioma 2. IcHye enuHWMIT 3ruH, 0 CYyMIIIae Bl 1aHi TOYKH.

Axcioma 3. Icaye 3run, mo cymimae aBi JaHi TpsiMi.

Axcioma 4. Icaye equunii 3ruH, M0 TPOXOIUTH Yepe3 JaHy TOYKY i mepreH-
JUKYJISAPHUN JI0 JTAHOT TIPSIMOI.

Axcioma 5. IcHye equHuil 3ruH, 1m0 MPOXOAUThH Yepe3 JaHy TOYKY i mepemi-
[I[y€ iHIIY TOYKY Ha JAHY IIPSIMY.

Axcioma 6. IcHye €nuHuMit 3ruH, M0 MEpEMIITye KOXKHY 3 JIBOX JTaHUX TOUOK
Ha OJIHY i3 JIBOX JAHUX MPSAMHUX, IO IEPETUHAIOTHCS.

Axcioma 7. Iy ABOX JAHUX TMPSAMUX 1 TOYKM iCHY€ JIiHisI 3TUHY, IO MepIeH-
JUKYJISIpHA MEPIiil IpAMiil 1 IIOMIAE JIaHy TOYKY Ha JPYTY IpAMY.

IIs1 cucrema axciom € He3aJ€KHOIO, CyMicHOIO i moBHOW. /lama cucrema
aKCiOM eKBiBaJIEHTHA CUCTEMi aKCiOM KOHCTPYKTHUBHOI TeOMeTPil, Jie siK OCHOB-
HUIT IHCTPYMEHT BUKOPUCTOBYIOTh KPECISIPCHKUI TPUKYTHUK.

Hagememo mpukiiagym mpakTUIHOTO 3aCTOCYBAHHS OpUraMi IIPW HABYAHHI
reomMeTpii, 30KpemMa, TIpu JTOBEICHHI TEOPEM Ta PO3B’sI3yBaHHI 3a/1a.

Teopema 1. Buympiwmi pidHoCmopoHHs KYmu npu NAPAAEANOHUT NPAMUL,
NePeEMHYMUT CI4HOMN, PIBHT.

s moBesieHHsT JaHOI TEOpEMU BUKOPHCTOBYEMO 3arOTOBKY Ialepy y BU-
ISl IPSIMOKYTHHKA. VIOTO CTOPOHH BHKOHYBATHMYTH JIEMOHCTDAILIIO Iapa-
JIeJIbHUX TpsiMuX. [lepernHaeMo nNpssMOKYTHUK 110 ciuniit. CKITaBIM BiJIIIOBI -
HUM 9UHOM, ITOKA3yEMO, 10 Pi3HOCTOPOHHI KyTu piBHI. Teopemy moBejieHO.

Dopmynu mioiti. [Trouwa pomba. TlouatkoBa dirypa — IpaMOKYTHHK.
Pobumo mepernnu depes cepeanHn MpOTUIEKHUX cTOpiH. Bigpizaemo i orpu-
Myemo pom6. Cywmimmaemo BepiuHu poMba J10 IeHTPY (irypu, To6TO J10 TO‘{I;I/I

1

IEepeTuHy /JlarOHaJICu. OTpI/Il\la.HI/I JABa P1BHI1 IPAMOKYTHUKHU 31 CTOPOHaAMU 5
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Ta

%2. Maewmo, 110

_ o dr dy 1
Sp—2Sn—2 D) D) = 2d1d2.

3asmada mpo TPHMCEKIiI0 KyTa, sdKa He PO3B’SA3YETHCH B KJIACHIHOMY

PO3yMiHHI 3a JOIMOMOIO0 IUPKYJIS 1 JIHINKKA PO3B’SI3y€ThCsI CIIOCOOOM OpHUrami
3a HACTYIHOIO CXEMOIO.

Bepewmo apkyin nanepy xksajparaol ¢popmu i mozaagaemo ioro sk ABCD.
Ha cropouni AD nosunagaemo j1oBiabHY TOUKy P i mpoBoauMo Bijpizok BP.
ITorpibuo pozaisuru kyr PBC na Tpu piBHi KyTH.

Ha croponax AB i DC nosunagaemo Touku F, F' tak, mob jinis EF Gyna
napaJiebaoio 10 AD. E, F no3Ha4aeMo 3a J0IOMOIOI0 IIEPErHHY.

Hauti cymimaemo cropony BC' 3 minieto EF' . Jlinio, oTpuMany B pe3yiib-
TaTi nmepernny, nmosnadaemo G H.

Pobumo Takwmit mepernn, mobd Touka E motukasacs jgo Jinil BP i Touka
B norukasnace 1o minii GH.

Ilepernmaemo apKymr mepreHanKyasspHo 10 Jinil BE | M0 TPOXOauTh te-
pe3 Touky G . Ha croponi AD mnosHayaeMo TOUKY J.

Cropony BC cywmimnaemo 3 minieio BJ.

Takum anaom jinil BJ i BK autsats kyr PBC Ha Tpu piBHI YacTHHHU.

Saxapiitauenko FO. O. 3acTocyBaHHST STTOHCHKOTO MUCTEITBA «Opiramis» mig gac
nagyanus reomerpii / FO. O. Baxapiituenko, O. M. Jlosunceka // ITocrmero-
muka. — 2021. — Ne 1. — C. 32-36.

T'eomerpis Ta MUCTEITBO ITanepoIIacTUKH. URL:
https:/ /naurok.com.ua/prezentaciya-geometriya-ta-mistectvo-paperoplastiki-
99551.html.
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IIpo dpearosbmoBi ynciia HEOAHOPIAHUX KpPAaiOBUX 337a4 B
Apo6oBux npocropax CiaoboaensKoro

Muzatireuv Boaodumup'?, Amaaciox Onena' %3, Macmox Tarna®

mikhailets@math.cas.cz, atlasiuk®@math.cas.cz,
masliuk.hanna@lll.kpi.ua
Incmumym mamemamuxu ecoroi axademii nayx',
I Haus i demii Yrpainu?, HTY
nemumym mamemamury Hayionaavroi akademii nwayx Yxpainu,

Yrpainu “Kuiscoruti noaimernivnud snemumym imeni Teopsa Cixopcvrozo™

Hexait 3amano Bimpisox [a,b] C R Ta umcnosi napamerpn
{m7r7q} CN7 SE (]‘7%)\N7 pe [17%)-

Posrnsiemo Ha Binpisky [a,b] miHifiHy KpailoBy 3a7ady IJisi CHCTEMH M
JuepeHIiaJIbHIX PiBHIHD MOPSIIKY T

(Ly)(t) ==y (1) + ZAr—j(t)y(“j)(t) =f(t), telab], (1)

By =c, (2)
ne marpuni-pynknil A, ;(-) manexars npocropy (W, ~")™*™, BekTop-dyHk-
nist f(-) — mpocropy (W;~")™, Bexrop ¢ — mpocropy C, a B e minifiaum
HelepepBHUM OTIEPATOPOM

B: (W)™ — CX.

Kpaiioa ymoBa (2) 3a/1a€ ¢ CKaJIsipHIX KPAfiOBUX YMOB JIJIsl CUCTEMU 11 [~
depenmiaabHuX PiBHAHD HOPSAKY 7. BekTopn i BeKTOP-DyHKIIIT 3a0UCYI0THCS
y BHUIVIsiZIl CTOBIIB. Y BHIAIKY ¢ > m Kpaiiosa 3anaua (1), (2) nepesusnaue-
HOt0, & IpH ¢ < M — nedosusnaveroro. ITix poss’si3koM kpaitosol 3amaqi (1),
(2) posymiemo BexTop-dymkmito y(-) € (W)™, aKa 3a0BOJIbHSAE DiBHAHH
(1) mpu s > r + 1/p ckpisb, a npu s < r + 1/p — maiizke cKpisb Ha [a, b], Ta
piBHicTb (2), fKa 3a/18€ ¢ CKAJIPHUX KPaiOBUX YMOB.

Poss’sz0k pisagnng (1) sanosmioe mpoctip (W)™, axmo itoro npasa a-
cruna f(-) nepebirae npoctip (W;~")™. Tomy rpammuna ymosa (2) € naii-
OiNIbINT 3araJiIbHOIO YMOBOIO JIjIsI IILOTO PiBHsAHH:A. BOHA BKJIIOYAE BCi Bigowmi
TUNM KJIACHYHUX I'paHndHuX yMoB (a came 3amady Ko, nso- Ta GaraToro-
49KOBI 3a/1a4i, iHTerpaabHi Ta Mimani 3a7a4i), a TAKOXK YUCACHHI HEKJIACUYHI
sagadi. Ocranuiil Kjaac 3a1a4 MOXKe MICTUTH IOXiHI Iij0ro abo ApobOBOro
nopsiaky [ mykasol BekTop-dyHKIL, 1e § € [0; s — %)

Mera manoi poboru — BcraHoBUTH (PPEArOIBLMOBICTD KpaiioBol 3ana4i (1),
(2) muist cucremu m gudepeHiadbHIX PIBHIAHD HOPSIKY 7y upocropax Cio-
JTHOT KpaitoBol 3a/1ati Yepe3 aHaJIOTivHI BJIACTUBOCTI CIIeIiaIbHOT TPIMOKYTHOT
YHCJ0BOI MATPHIT.
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SayBaxKuMo, 110 BUIIAJO0K ApoboBux npocropis CoboseBa mjis cucTeMu m
nudepeHIiaNbHIX PIBHSIHD TIEPITOro TOPSIKY OyJI0 JOCTiKeHo B poboTi [1].

Banumemo HeogHOPiAHY KpaiioBy 3agaqy (1), (2) y Burisai sinifinoro ome-
paropuoro pisaguus (L, B)y = (f,¢), ne (L, B) — niniitauii oneparop y napi
6aHaXOBUX MMPOCTOPIB

(L, B): (W)™ = (W)™ x €. (3)

Haramaemo, mo mimitinuit senepepsuuit omepatop 7: X — Y, 7e X i Y —
06aHaxoBi MPOCTOPU, HA3MBAIOTH (PPEArOILMOBUM, SKIMO itoro syapo kerT i
kosiyipo Y/T'(X) e ckinuennouMmipHi. Ko neit oneparop GppearoabMoBuii,
To Horo obsiacTh 3HaueHb T(X) 3aMKHeHa B Y, a iHJIEKC € CKIHYeHHUM

indT := dimker T — dim(Y/T(X)) € Z.
Teopema 1. Jlinitinut onepamop (3) € obmeorcernum i Ppedeosvbmosum 3 ih-
dexcom mr — q.

IMosHaunmo uepe3 Yy (-) exuHuit po3s’si30K KOXKHOI i3 MATPUUHUX 38189
Komi, ze k,7 € {1, ..., r}:

YO0+ A0V () = 0, tefabl, YOV (a) = 0yl
j=1

OsHavyeHHdA. B.iouna npamMokymma 4ucio8a Mampus,
M(L,B) := ([BY],...,[BY,_1]) € C™"*1 (4)

€ TAPAKMEPUCTNUHHON MAMPULLIO OAA HEOOHODIONOT Kpatiosol saadawi (1), (2).
Bowna ymeopena 3 r npamoxymuux 6aoxie cmosnuyis [BYy] € C™*4. Ii -
U cmosnyuk € peaysvmamom 0it onepamopa B ma j- cmosnyuk mampuii-
byrmuii Yi(-).

Ty mr — kinbkicrsb ckangpaux gudepeHniaabHux piBHgaHb cucremu (1),
q — KIJbKICTbH CKaJISIpHUX KPallOBUX YMOB.

Teopema 2. Bumiprocmi adpa i kosdpa onepamopa (3) dopierioroms eiono-
61010 sumipHoCIAM A0PG | KoAdpa Tapaxmepucmuunol mampuyi (4)

dimker(L, B) = dimker (M (L, B)),
dim coker(L, B) = dim coker (M (L, B)).

Hacuinok. [Kpumepit obopommnocmi onepamopa (3)]. Onepamop (L, B)
€ obopomuum modi i misvku modi, xoau ¢ = mr i mampuus M(L,B) € ne-
8upodrcenono.

1. Mikhailets V. A., Atlasiuk O. M., Skorobohach T. B. On the Solvability of
Fredholm Boundary-Value Problems in Fractional Sobolev Spaces // Ukrainian
Math. — 2023. — V. 75, Ne 1. — P. 107 - 117.
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Hesiki incTpyMmenTu BizyaJtizariii i aHa/1i3y cKJIagHUX MepeK Ta
rpadis
Mizanescvruti Bimanait

cezar_mvQukr.net
XMEADHUUDKUT HAUTOHANOHUT YHIsEpCUumMem,

Posrnsnaerses ouH 3 HaIPSAMKIB aHATI3Y CKIAJHUX MepeX — iX Bizyasi-
3aIlisi, sika JT03BOJIsIE OTPUMATH BaXKJIUBY 1H(MOPMAINIO IIPO CTPYKTYPY 1 Biia-
CTUBOCTI MepexKi 6e3 TouHuX po3paxyHKiB. OCHOBHI iHCTpyMeHTH Bi3yastizariil,
y TepeBazKHi#l OiMbIIOCTI, BITHHO MOITUPIOBaHI, OE3KOIITOBHI ITPOTrpaMu.

Just aHamisy Mepexi B IIJIOMY BHKOPUCTOBYIOTH Taki mapamerp, sik [2]:
a) KLIbKicTh By3:1iB; 6) KibKicTh pebep; B) cepe/iHst BijcTaHb MiXK By3J1aMu; I')
MIJIBHICTE — BiHOIIIEHHS KLIBKOCTI pebep B MEPEXKi 0 MOXKJIMBOI MaKCAMAJIb-
HOI KisbkocTi pebep n(n — 1)/2 upu ganiit KiabKocTi By3iiiB n; 1) KUIbKICTH
CHMETPUYHUX, TPAH3UTUBHUX 1 IUKJIYHUX Tpiaj; €) aiaMeTp Mepexki — Haii-
OinbIma reoie3utna, BijicTaub y Mepexi i T.71.

Bazk/inBoI0O XapaKTepUCTHKOI Mepexki € (DYHKINiS PO3IOILTY CTEIEeHIB By-
anis P(k), ska BU3HAYAETHCS K HMOBIPHICTDH TOrO, IO JOBLILHUE BY30J1 Me-
pexi i mae creminb k; = k. Mepexi, ski xapakrepusyiorbes pisaumu P(k),
JIeMOHCTDPYIOTh Dizny nosexinky. P(k) B medxkux Bunajkax Moxe 6yTu pos-
nomisom Ilyaccoma (P(k) = e~™mF/k!, ne m — mMaremarnune cromisanmns),
ekcrionenriamsanm (P(k) = e */™) a6o cremenesum (P(k) ~ 1/kY, k # 0,
v > 0).

Bincranp Mix By3jaMu BH3HAYAETbCS K KiIbKICTh pebep, depes3 siki MO-
JKHa JoOpaTucs Bif ofHoro By3ma so immoro. HaftkopoTmmm mursaxoM d;; MizK
BY3JIaMH % Ta j HA3WBAETHCs HafiMeHIIa BigcTanb Mik Humu. J1s yciel mepexi
MOXKHA, BBECTH IOHSITTSI CEPEIHBOIO ILISAXY, sIK CEPEIHBOrO 10 YCiX mapax By-
m Z dij, ne n — KiIbKicTb

i2]
BYy3J1iB, d;; — HAKOPOTIIA Bi/ICTAHb MiXK BY3JIaMH ¢ Ta j. YTOPCHKUMH MaTe-
marukamu I1. Epgermem i A. Penbl Oys10 mokasaHo, 10 cepeHs BiacTaHb MizK
JIBOMa BepUIMHAMU y BulajkoBoMy rpadosi (mogesns Epnema—Pensi) pocre
siK JtorapudM Bl uncsa fioro Byaumis [2, 3.

Mepexka MO¥Ke BUSIBUTHCST HE3B SI3HOIO, TOOTO 3HANIYThCs BY3JId, BiJICTaHb
MiXK JKHMHU BUABHATHCS HECKIHYeHHOIO. BimmosimHo, cepemniil muisx, 3riIHO
npuBesieHol Buiie hopMysin, Oy/e TAKOXK HecKindeHHUM. [Ij1s BpaxyBaHHS Ta-
KHX BHUIIQJIKIB BBOJUTHCH IIOHATTS CEPEIHBOIO iIHBEPCHOTO IIISAXY MiXK BY3J1a-
Mu (HOTO Iie Ha3MBalOTh TyI06AIbHOI0 eDEeKTUBHICTIO Mepexki”), o po3paxo-
By€ThCs 3a GopmMyIiow [2, 3]:

3J1iB HAWKOPOTIOL BifcTani mMix Humn: | =



o Toro xk, moTpibHO aHAI3yBaTU Pi3HI MepexKeBi mapameTpu, TaKi SK Koe-
dinienT kmacreprocri [1], MmoxynspricTs [3] Ta iHmmi.

Jlisi aHAI3Y CKJIAJIHUX MepeXk BUHHMKAE HEOOXIJIHICTh BUKOPUCTAHHS iH-
CTPYMEHTIB Bi3yaJii3arlil, y mepeBarkHiii 6iIbI10CTi, BUIBHO HOMTUPIOBAHNX, 663~
komrroBHux nporpam |1, 3]. Jya upakrudasol poboru 3 rpadoBUMU CTPYKTY-
paMu KOpUCTyBady He 0OOB’I3KOBO TMOTPIOHO BCTAHOBJIIOBATHU MPOTPAMHE 3a-
GesrieueHHst Ha cBoeMy Komir'torepi. Cepejr 6ararbox MEpPEXKeBUX CEPBICIB BU-
nineno GraphOnline (https://graphonline.en) — npocruit i dyHKIiOHATBHMIA
IHCTPYMEHT JIJIsi CTBOPEHHSI, JIOCJIIIKEHHST 1 BidyaJi3allil HeBeJmKuX rpadis B
pexumi omsaita. 3abesnedye ekcropT daitais B dopmatu GraphM L, CSV,
BUBIi indopMarIlil y BATJIsIII MAaTpPUIlh, BUSHAYEHHs PI3HUX MTapaMeTpiB rpa-
dy, a TAaKOXK peasTi3alliio TaKIuX aJroOpUTMIB, sIK TIOITYK HANKOPOTIIIOTO IIIIXY,
KOMITOHEHT 3B’SI3HOCTI, jJiamMeTpy rpady i T.II.

Cepes, HUHINTHIX TTpOrpaM BisyaJiizariil i aHaji3y mMepexK Ta rpadiB BHII-
neHo Gephi (https: //gephi.org/) [1, 3|, sika 3abe31edye MBHKY KOMIOHOB-
Ky, edeKTuBHY (DIIbTPAIo Ta IHTePAKTUBHE JTOCJIiI2KEHHS TAHIX, & TAKOXK €
OHUM 3 KPAIUX BapiaHTIB s BidyaJsti3allil BeJTumKoMacIiTabHux Mepesx. [1po-
rpama BKJIIOYa€ B cefe MHOXKWMHY DI3HUX AJITOPUTMIB KOMIIOHYBaHHsS (yKJa-
Janag rpadiB Ha IJIOMUHI) 1 J03B0JIE HAJAITOBYBATH KOJLOPH, PO3MIpH 1
MiTKu B rpadax. 3BUYAHO, TPABUIbHA IapaMeTpPHU3allisi OYIb-gIKOTO aJiro-
pUTMy KOMIIOHOBKH MOXK€ BILJIMBATH #K HA 4ac POOOTH, TaK i Ha pPe3yJIbTaT
BigyaJtizarrii.

OTKe, CydyacHe JOCJIJIZKEHHSI MEPEXK 3MIHUJIOCS BiJl aHaJIi3y HEBEJIMKIX
rpadiB Ta BJIACTUBOCTEHl OKpEeMHUX BEPIIUH 1 pebep 10 PO3IJISLy CTaTUCTU-
qHKX BjacTuUBOCTE rpadis (Mepexk). Y MOBEIIHIN CyIaCHUX MePEK IIPOBIIHY
pOJIb Biflirpa€ TOMOJIOTisA, & Taki 00’€KTH 9acTO HA3MBAIOTH CKJIAHUME Me-
pexkamu (complex networks). 3a3Buvail 1i Mepexi He craTH4Hi, a Taki, MO
PO3BUBAIOTHCS, 1 JJTsT PO3YMIHHS IXHBOI CTPYKTYPHU HEOOXiTHO 3HATHU ITPUHITH-
U X eBOJIIOIIII.

1. Amaniz coujanbhmx Mepex |Esexkrponnmit pecypc|. — Pexum gocrymy
http://www.lib.mdpu.org.ua/e-book/analiz_soc/official /index.htm

2. 3y6ok B.}O. Oruisizi BAKOPUCTAHHS MATEMATUIHUX [TAPDAMETPIB CKJIaHOT Mepe-
k1 st arastisy romogtorii Inrepuer / B.FO. 3y6ok, O.T. Tapmoxsasn // 36ipauk
HayKOBUX Tpalp [HcTuTyTy 1pobsieM MojestoBanns B eHepreruni im. €. Ily-
xoBa HAH Vkpaiau. — K. : IIIME im. I.€. IIyxosa HAH Vkpaiuu, 2010. — Bum.
55. — C. 19-29.

3. Jlamgme J.B. Bisyamizanisa Ta aHajii3 MepekKeBUX CTPYKTYD : HaBYAJIbHUI ITOCI-
6uuk / J.B. Jlanme, L.YO. Cy6aq; IC331 KIII im. Iropa Cikopcbkoro. — K. :
KIII im. Iropst Cikopcbkoro, Bug-so "TTomirexnika”’, 2021. — 80 c.
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Matpuuni kpaiioBi 3agadi Aaa 3BUYaitHUX
audepeHniaTbHNX piBHAHB 3 p-Jlangacianom

Hecmenosa Oavea

star-oQukr.net
Incmumym npukaadnoi mamemamuxuy i mexanivu HAH Yxpainu

Hocuispkeno 3a1a1y npo no0y/0By po3s’sizkis [1, 2, 3]
Z(t) € Cixﬁ[a,b] := C?%[a, b] Q@ RY*P
JiHifHOT cucTeMu audepeHItiaIbHIX PIBHIHD
PZ(t) = A(t)Z(t) + F(t) (1)
M ATOPSIIKOBAHUX KPAMoOBiil yMOBi
LZ()=A, AR (2)

3 MaTpuyHuM P - Jlannacianom

Ty

R(t) € (ngxa[a,b] = C?[a, b @ RY**,

S(t) € C3ysla, b] := C?[a,b] @ R,
F(t) € C,xsla,b] := C'a,b] @ RY*?,

LZ(-) — niniitauit oOMexkeHuit MaTpudHuil QyHKIIOHAI:
LZ(-): C*a;b] — RMH,

Bsarasi kaxky4u, npuiryckaemMo « # 8 # v # 0 # A # u — JOBiIbHI HaTY-
paJibHi Yuca.

Kpaiiosi 3amaqdi mis 3Bmgaitnux audepeHiajgbaux piBHanb 3 p-Jlamra-
cilaHOM BUHWKAIOTH MPU BUBUEHHI PaiaJbHUX PO3B’SI3KiB HeaiHIfHUX mude-
pPeHIia/IbHUX PIBHSHb y YaCTUHHUX HOXigHuX. OCOBJMBICTIO Pi3HOMaHITHUX
KpaiftoBUX 3aJ1a4 JjIsi 3BUYARHUX JUdEPEHIiaIbHuX Ta PISHUIEBUX PiBHIHD
3 p-Jlamacianom € BiICYTHICTD €MHOrO PO3B’sI3Ky. AKTYaJIbHICTH BUBYCHHS
KpaifloBUX 3aJ1a4 /st 3BUIAHUX MU epPEHITiaJbHIX PIBHSHB 3 p-Jlamiacianom
[OB’si3aHa 3 YUCACHHUMHI 3aCTOCYBAHHAMM TOIIOHUX 3a/a9 y Teopil ejactu-
THOCTI, Teopil mrasmu ta acrpodizumi [4].

3asaua Mpo 3HAXOJPKEHHsT PO3B’si3KiB piBHsAHHS (1) mpuBoAUTH 110 3aa4i
PO 3HAXOJPKEHHSI PO3B’SI3KIB TPAIUIIIHHOIO audepeHiiaabHo-aJIredbpaiaHoro
piBaanng [1, 2, 3, 5, 6].
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Hawmu mobymoBano BIocKoHaAEHY KIacuiKaIio JiHITHIX MAaTPUIHIX Kpa-
HoBUX 3aj@4 JjIsl 3BUYAWHUX Ju(epeHIliaJlbHuX piBHSIHL 3 p-Jlamracianom.
3HaliIeHO KOHCTPYKTHUBHI YMOBHU PO3B’SI3HOCTI Ta CXeMy IOOYI0BH PO3B’sI3KiB
MaTPpUYHUX KPAWoOBUX 3aJad JJId 3BUYAHUX JudepeHIiabHuX PIBHIHD 3 P-
Jlamnacianom [7].

3arnponoHoBaHa CXeMa JIOCTIPKeHHST MATPUIHAX KPAOBUX 3819 JIJTsI 3BH-
Jaiiaux audepeHniasbHUX piBHsHB 3 p-Jlamracianom (1), (2) moxke GyTu me-
peHeceHa Ha HeJIHIHI MaTpUYHI KpaiioBi 3a7a4i 11 3BUYaiiHuX JndepeHIli-
aJIbHUX piBHsAHB 3 p-Jlansacianowm [7, 8].

1. Campbell S.L. Singular Systems of differential equations. — San Francisco
— London — Melbourne: Pitman Advanced Publishing Program. — 1980. —
178 p.

2. Camoitrenxo A.M., Ikins M.I., dkosens B.II. Jliniiini cucremn nudepenti-
aJbHUX PiBHsAHB 3 BupokenasM. — K.: Buma mkosa, 2000. — 296 c.

3. ChuikoS.M. A generalized matrix differential-algebraic equation // Journal
of Mathematical Sciences (N.Y.). — 2015. — 210, Nel. — P. 9 — 21.

4. LiC., Ge W. Existence of positive solutions for p-Laplacian singular boundary
value problems // Indian J. pure and appl. Math. — 2003. — 34, Nel. — P.
187 — 203.

5. Boituyk A.A., ITokyrubrit A.A., Hucrakos B.®. O npumenenun reopuu Bo3My-
HIEHUI K MCCJIeI0BAHNUIO Pa3pemuMocTy uddepeHInalIbHO-aIredpandecKnx
ypasaernii // 2K ypHas BEIMACIATETBHON MATEMATHKA W MATEMATHIECKON hu-
3uku. — 2013. — 53, Ne 6. — C. 958 — 969.

6. Chuiko S.M. On a reduction of the order in a differential-algebraic system //
Journal of Mathematical Sciences. — 2018. — 235, Nel. — P. 2 — 14.

7. ecmesioBa O.B. Marpuunbie KpaeBble 3a/1a91 J1jisi OObIKHOBEHHBIX Jud depeH-
[MAJBHBIX ypaBHeHui ¢ p- Jlammacuanom // YKpailHChbKU# MaTeMaTudHuil Bi-

cumk. — T. 17, Nel. — C. 49 — 65.

8. Chuiko S.M., Starkova O.V. Autonomous Noether boundary-value problems
not solved with respect to the derivative // Journal of Mathematical Sciences.
— 2018. — 230. — Ne5. — P. 799 — 803.
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YcepeaHeHHs B 6araTo4acTOTHUX CHUCTEMAaX MEPIIIOro HAOJIU>KEeHHS
i3 3amisHEeHHSM Ta 3AJIE2KHICTIO YacCTOT BiJ HOBLIBHUX 3MiHHUX

Ilacmyaa Muzaiino

pastula.mykhailo@chnu.edu.ua
Yepniseyvrutl nauionasvrul ynisepcumem imeni FOpis Dedvrosuva

Metozm ycepeiHeHHst Jijist 6araro4acTOTHAX JudepeHIiaJbHUX PiBHAHD 00-
rpyaroBano B npangx B.M. Cawmoitnenka i P.I. Ierpumuna [1] Ta immmx
BueHNX. bararo4acToTHi cucTeMu i3 3ali3HEHHAM apryMeHTy METOIOM yCe-
penHenHst nociKyBasucs B nparax .M. Biryma, I.B. Kpacrokyrcskoi, 1.71.
Ckyraps B nparsx [2], [3] Ta in.

V nasiit poboTi MeTO, ycepeHeHHsT OOI' DYHTOBAHU Jjist 6araToIacToOTHOL
CUCTEMU TEPIIOrO HADIMAKEHHST

d
T = Xo(r,a) + £ X1(7,a,9),
(1)
dp _ w(r,a)
L S RV AT Ve
dT c + 1(7-7(17()0)7

ne 7 > 0, Bekrop—dynkuii Xo, X1,Y] 1 w Busnaveni upu 7 € [0,L], a € D -
obmezxena obsacts B R™, o € T™, 0 < € < g9 < 1. lna po3B’si3Ky cuCTEMU
PIBHSAHB 33JIaHI KpailoBl yMOBHU

aval _o+aaal _, =di, Bop|,_+ Bl _p = da, (2)
ne «;, B; - 3amani uncaa, d; € R, dy € R™.

Binuosigua (1) ycepensena cucrema piBHSIHD 3a NIBUIKUMEI 3MIHHUMH Q1 ...

HabyBa€e BUTJISLY

E = Xo(T,a) + EXlo(T,a),

i3 KpaiioBumm ymoBaMu BUMJILY (2).
3ayBakumo, 10 ycepenHena 3a1a4a 3HaqHo npocrime, Hix (1), (2), ockian-
KU TIOBLTbHI 3MiHHI @ BU3HAYAIOTHCSA HE3aJEKHO BiJ MBUIKUX 3MIHHAX P.
CxutaiHicTIo 00T PYHTYBAHHS METOJLY YCEPETHEHHS € HASBHICTH PE30HAHCIB,
YMOBa SIKUX

da dp w(r,a _
B0 verm,  ®

kiwi(r,a) + -+ + kmwm(7,0) 20, k1] + ... + |km| # 0. (4)

Sk i B [1], ymoBY Buxoy i3 MaJIOl PE30HAHCHOT 30HU 3AIUIIEMO Y BUIJISI
W(r,a) #0, (5)

. . . , )
quist Beix 7 € [0,L] i a € D, — p-oKis po3B’si3Ky cHCTEMH DiBHSIHD
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X = Xo(r.a) 6)

i3 KpailoBOIO YMOBOIO

Oé()(~1|7_:0+011&|7_:L :dl. (7)

Tyt W(7,a) — Busnaunuk BpoHCcbKOro 3a cucteMoo OYHKIHH Wy, ..., Wy, -
OCHOBHUM PE3yJIGTATOM POOOTH € TEopeMa,

Teopema. Hexatl suxonylomovca ymosu

1) sexmop—gynxuii Xo, X1,Y1 eusnaueni i nenepepeni pasom i3 4acmui-
HuMU noxidHumu do nopadky m + 1 6 obaacmi [0, L] x D x T™

2) eekmop—ynKyis w GUIHAYEHA T HENEPEPEHA DAZOM 13 YACTNUHHUMU
noxionumu 6 obaacmi [0, L] x D do nopadky m

3) icnye edunui pose’szox sadaui (6),(7), axud aescumov e D pasom i3
P-0KOAOM

4) Buxonyemuoca ymosa (5)

5) Mampuuya Q(g) = aol + oy neesupodscena 1 By + B # 0.

Todi das documv manozo € > 0 ZCHy6 edunull po3s’a30K ycepedrenoi 3a-
dai das 6ydv-axoeo T € (0, L] i e € (0,e*], e* < eg, @ odeporcyemves oyirka

la(r;7 + w0 + C,e) —a(r; 7, e)|| < e/, (8)

de ¢ > 0 1 ne sanesrcumsv 6i0 €.

da(L Y)

BayBaxkeHHsI. Y makul okce cnocib, ax 0aa ymos (2), 6CmManosA0emMbCA
ouINKa 0 6a2amomowKosuUT YMoe

ZO‘V@L:TV = d17 ZBH@’TZTV = d27 (9)
v=1 v=1

de0< T <m<..<7 <L.

Ha moBi JavaScript ctBopeHo mporpamy 9uc/ioBOro MOJETIOBAHHST CHCTEMU
(1) 3 ymoBamu (9).

1. Samoilenko A., Petryshyn R. Multifrequency Oscillations of Nonlinear Systems.
Dordrecht: Boston/London: Kluwer Academic Publishers, 2004. 317 p.

2. Biryn 4. 1., Cxyrap I. JI. Ycepepuenns: B 6araTodyacTOTHEX CHCTEMAX i3 3a-
MI3HEHHSM Ta JIOKAJbHO-IHTEIpaJbHUMUA yMOBaMU. ByKOBUHCHKUI MaTeMaTu-
aamit xkKyprasa. 2020. T. 8, Ne 2. C. 14-23.

3. Bihun Yaroslav, Petryshyn Roman, Inessa. Averaging method in multifrequency
systems with linearly transformed arguments and with point and integral condi-
tions. Acta et Commentationes, Exact and Natural Sciences, 2018, Nr. 2(6). P.
20-27.

280



ocimigkeHHs moBeJiHKU PO3B’A3KiB CUCTEMU JIBOX CITPSIXKEHUX
CTOXaCTUYHUX OCIUJIATOPIB

IHepezyda Oaee, Acpopos Dapxod
perol@ukr.net, farQukr.net

Kuiscokut navyionaronuti ynisepcumem imeni Tapaca Illesuenka

Posrsimaernes cucreMa JIBOX TApMOHIYHUX OCIUJIATOPIB 3 TEPTAM, IO
OIHUCYETHCSI CUCTEMOIO JIBOX JHHIHUX MU epPEeHIaJIbHIX PIBHIHHD JIPYTOro
TIOPSIKY

’i),g(t) + 2h2’112(t) + k%UQ(t) = 07

u1(0) = 19,01 (0) = 10,

u2(0) = 29, u2(0) = 120

JIe Ug;, Ug; — TTOYIATKOBI ITOJIOXKEHHS 1 IIBUJIKOCTI OCITUJISITOPIB (“120 + ufo > O);
ki > 0, h; — koediuienru Tepra ocuuIATOPIB; U; (), U; (1) — MOIOKEHHS 1 IIBUI-
KIiCTh OCITUJIATOPIB B MOMEHT dacy ¢t > 0; ¢ =1,2.

Yepes w(t), k = 1,2 nosHaunmo He3asexKHi 0HOBUMIPHI BiHEpIBCHKI IIPO-
IlecH, 10 BU3HAUEHI Ha fiMoBipHicTHOMY tpoctopi (2, F, P).

[Ipu BumagKOBOMY 30ypEHHI BiHEPIBCHKMMM IIPOIECAME B3JI0BXK BEKTODA
$da30B01 MIBUIKOCTI

(I'Q(t), —k%xl(t) — 2h1.’L‘2(t), x4(t), —k%.%'g(t) — 2h2$4(t))

nouarkoBa cucreMa (1) MepeTBOPIOETHCS y CHCTEMY CTOXACTHYHHUX DIBHSHb
Iro.

[Ipu 3amannx BUMAIKOBUX 30ypPEHHAX PO3IVIAIAETHCS 3araJbHa CHCTEMA,
PIBHSIHb BULJISLY:

i(t) = Ba(t)(t) (2)

Je

0 1 0 0
|-k -2 0 0
B=10o o o0 1
0 0 —kZ —2h

9i(t) — meBunaakosi dyHKil, §l(t) - "moxigua"Bix BiHEpiBCHKOIO 1pole-
cy ( "6immit mym"y dopmi I1o), KpiM TOro, BBOAUTHCS I0AATKOBO Kepyroduii
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BEKTOD [1E€PEHOCY, IPH AKOMY (a30Bi TpaekTopil piBusuus (1) 6yayTs inBapi-
AHTHUMHI MHOYKHHaMU 30ypeHol cucremu (2).
Hanauti 6ymemMo mpuTpuMyBaTrUCsl HACTYITHUX [TO3HAYEHD:

1= Vhi® —k?, pe = Vhe® — ko”,

)\11 = —h1 +H1, A2 = _hl fir, )\21 = —hg + pi2, a2 = —ha — 2,
a; (t fo gi1(8)ds, ag;(t fo g3;(s)ds, i =1,2.

Mae Mlcue HaCTYITHA TeopeMa

Teopema. Hexali x(t)— poss’asox pishsanns (2), modi 3 timosipricrmio 1 das
ecix t > 0 maromob micue pieHocCmi:

z1(t) = Ai()V2Zeos(dr(t) + ),
wo(t) = A1(t)(AF) + ATy) sin(u () + ),
w3(t) = Az(t)v2cos(da(t) + §),

4(t) = A2(t)(A3; + A3,)(sin @ (t) +72).

1 5 1
S t) — 2 (1)), As(t) = —————
)\11 _ )\12 (yll( ) le( ))7 2( ) )\21 _ A22

A2
Yij (t) = i (0) eXP{*fazz'(t) + i€},
y11(0) = —A12u10 + 10, ¥12(0) = —A11u10 + w10,
21(0) = —Ag2u20 + 20, y22(0) = —A21u20 + U20,
0
190 (1) = y”EO) exp{ -2 lazi(t) + €],

)
_ y21(0)

tgy = =3, tgye = =32, i =1,2j = 1,2,.

st oTpuMaHuX PO3B’I3KiB CTOXACTUIHOI CUCTEMU PIiBHAHDL ITO ITpoBeIeHo
AKICHUI aHaJji3 MOBeIiHKN aMILIITYan Ta (pa3u po3B’sI3KiB.

[ToGymoBani Ta mocimKeni pi3Hi MOAE 3racalounx CTOXaCTUIHUX alepi-
OJIUIHUX OCIIUJIATOPIB B 3aJI62KHOCTI BiJl KOediIlieHTIB cucTeMu.

Ar(t) = (3, (t) — y3(1)),

exp{—2pualhoc;(t) + £(t)]},

1. Kymniniu I'.JI., Ileperyna O.B. dkicuuit anaai3 cucreM cTOXacTUIHUX AU(pEpPEH-
nianbauX piBHAHB ITO // YKp. Mar. xkKypa. — 2000. — 52, Ne 9. — C. 1251-1256.

2. Tuxman U.U., Cxopoxox A.B. Croxacruuneckue quddepeHnuaibabe ypaBHe-
aus. — K.: HaykoBa mgymka, 1968. — 354 c.
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CsoBo npo Bumrens (cBitaiii mam’ari A.M. Camoiinenka)
Ilepecmiox Muxona, Ilempuwur Poman

perestyukna@gmail.com, r.petryshyn@chnu.edu.ua
Kuiscoruti nayionarvrut yrnisepcumem iment Tapaca Ilesuenka
Yepniseyvrut Hauionasvruld ynisepcumem imeni FOpis Dedvrosuva

Hapomauses Anarosniit Muxaitiosua Camoiisrenko 2 ciuas 1938 poky y ceti
[ToriiBka na 2Kuromupmuni. 1liciia 3akingenns cepeIHBOI KON B M. Masma
BiH BCTymmB Ha reosioridamii ¢paxyabrer KuiBCHKOTO JE€pKaBHOTO YHIBEPCH-
ety im. T.I.IlleBuenka, aje depe3 maJKe 3aXOIJIECHHST MaTEMATUKOIO ITPOIOB-
JKUB HaBYaHHS HA MEXaHIKO-MATEMATUIHOMY (haKyjIbTeTi, sIKUil 3 BiJI3BHAKOIO
zakiguwB y 1960 pori i Ha 3ampomrenHs akajgemika FOpis MuTpomnosbcbKoro
BCTynwB J0 acmipanTypu lacruryry matemarunkn AH YPCP. Venimmo 3axu-
CTHUBIIH KaHJIUIATCHKY JACEPTAIIO “3acTOCYBAHHS ACHMITOTHIHAX METOJIB
TS MOCJTiTPKEeHHST HeMHITHNX audepeHItiaabHuX piBHAHD i3 “HEperyIsapHoi”’
npasoto dactuaor” A.M.Camoiisienko mporsiroM 11 pokiB Imic/st 3aKiHYeHHSsT
acripanTypu npampoBaB B [HcruryTi maremaruku AH YPCP. ¥V 1967 porti
BiH 3aXHMCTHUB JOKTOPCHKY aucepTarito “/leski muranust Teopil nmepionuaamux i
KBa3imepiognIHuX CUCTEM’, CTABIINA HANMOJIOAIMIAM B Y KpalHi JOKTOPOM Ha-
yK. ¥ nepion 3 1974 o 1987 pik Anarouiiit MuxaiioBud odosmoBas Kadenapy
inTerpaJpbHUX Ta audepeHiaabHuX piBHIHbL KHiBCHKOTO /1ep:KABHOTO YHIBED-
curery im. T.T". I[lleBuenka. 3 iforo npuxojoM Ha Kadeapi iCTOTHO aKTUBI3yBa-
Jlacst HayKOBO-J0C i aHa pobora. ¥ 1978 pori Anarostist MuxaitmoBuda o6paJin
ayreroM-kopectonenrom AH YPCP. Hesnossi niciist noBepuennst B 1987 porti
g0 Iucruryry maremarnku AH YPCP A .M. Camoitnenko ctaB #0ro JupekTo-
pom Ta Bipojosx 30 pokiB ovosioBas inctuTyT. 3a 1eil dac 3a ininiatusu Ana-
ToJiist MuxaitsioBuda 0yJ10 IIPOBEIEHO BEJIUKY KLJIBKICTh ABTOPUTETHUX MiXKHa-
POIHMX KOH(EPEHIIiH, y TOMY YUCJI Ba ¥ KPATHCBKUX MaTeMaTUIHUX KOHI'Pe-
cu (2001, 2009). Maremaruunuii TaganT i HeabUsIKi OpranizaTopChKi 31i6HOCT
Amnaronig MuxaitnoBuua 3abe3nednsiu oMy 3ac/iyKeHnil aBTOPUTET 1 IoBary
HayKoBoi crisbHoTH. [loro obpano akanemixom HAH Vpainn (1995), aiiic-
HUM 4jleHOM €Bporeiicbkol akajemil Hayk (2002), 41eHOM-KOPECIIOHIEHTOM
Accademia Peloritana dei Pericolanti (Meccina, Curnmis, 2006), inozemHuM
wrenoM AH Pecuny6uikn Tajprukncran (2011). 3 2006 poky 10 OCTaHHBOIO
nonuxy (4 rpyaus 2020 poxky) A.M. Camoiisienko obifiMa nocaiy akajeMika-
cexkperaps Bimginenns maremarnku HAH Vkpainn.

Hayxkosi mocsirnennst Anarostisi MuxaiijoBuda MUPOKO BifoMi creriaJic-
TaM y rajy3si audepeHniajbHux PiBHAHL, MaTeMaTHIHOI (hi3uku, Teopil Hei-
HIWHUX KOJIUBaHb. BiH 110 TpaBy BBaXKaE€ThCsl OCHOBOIIOJIOXKHUKOM IILIOTO Py
BaXKJIMBUX HAIPSAMIB JOCTIKEHb y MUX Taay3dax. Tak, y 1965 p. Bim 3ampo-
[IOHYBAB 1 OOI'PYHTYBAB HOBUI eDEKTUBHUI METO BiAIIYKAHHA MEPIOINIHAX
PO3B’SI3KiB CyTTEBO HEMHITHUX AudepeHIiaaTbHuX PiBHIHD, SKUit CbOTO/TIHI Bi-
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noMuit 9K “aucenbHo-aHagiTHunnii Meron Camoiyienka’. Baxkause Micie B
HaykoBux norrykax A.M. Camoitsenka 3aiiMayn TuTaHHs Teopil iHBapiaHTHIX
TOPOIIAILHIX MHOTOBI/[IB HeJIHIHNX AMHAMIYHIX crcreM. VIOMYy HAJICKHTH
pO3pobiieHHsT e(DEKTUBHOTO METO/TY JIOC/IPKEHHS 3aati PO 30epeKeHHs 1H-
BapiaHTHUX TOPiB npu 30ypenHsix. B ocHoBy cBoro migxomy Awmarosmiit Mu-
XaJIOBUY TOKJAB BBEJEHE HUM XK€ MOHATTA (yukiil ['pira siniftHOro pos-
IIUPEeHHs AUHAMIvIHOI cucTeMu Ha Topi (y cydacHiit maTemaTwaHiil siTeparypi
1ie ToHATTs Bisome sik dynkiist ['pina-Camoitnenka). e ojuH 3arajibHOBU-
3HAHUH HAIpsSM J0CHiIKeHb, AHarosis MuxaijoBuda II0B 93aHui 3 TEOPIEIo
cucreM 3 iMITysIbcHOIO aieto. TamanT i mocsin Anarosia MuxaioBuda K yde-
HOTO ¥ opraHizaTopa HayKH, JIijiepa KUIBCbKOI MaTeMaTHYIHOI TITKOJIU SICKPaBO
MIPOSIBUBCSI y HOT0 BMiHHI KEPYBATHU JOCIITHUITLKOIO POOOTOIO BiIpa3y B Kilb-
KOX HaIlpsiMax. Tak, pa3oM 3 yIHAMHI OYJI0 PO3POOIEHO TEOPiI0 3HAKO3MIHHUX
dyukiit JIsmyHOBa 17151 BUBYEHHST IUXOTOMIT, TJI00AIEHO OOMEXKEHUX PO3B’si3-
KiB Ta iHBapiaHTHUX MHOTOBU/IIB JIHIMHUX PO3IMHUPEHb NUHAMIYHAX CHCTEM
Ha TOpPi, PO3BUHYTO TEOPiI0 HETEPOBUX KPAHOBUX 3a/ad IS CHCTEM i3 3a-
M3HEHHSM, PiBHAHB 3 IMIY/JILCHOIO JI€I0, CUHTYAIpHO 30ypenux cucteM. Ille
oJiH HalpsiM Jtociaipkerb A. M. CamoiijieHKa CTOCYBaBCs BUBYEHHST PE3OHAH-
CHUX BUIN y 0Aararo4aCTOTHUX CHCTEMAaX, BKJIIOYAIUN CUCTEMU 3 IMTOBLIBHO
aminanME napamerpamu. Haykosi nocsiraennst Anarosis Muxaiiiopuda crain
dbyHIaMEHTAILHIM BKJIAJIOM y MaTeMaTuky. Bim — aBrop monax 600 Hayko-
BUX TIPAIlb, Y TOMY YHUC/ TPHOX JIECATKIB MOHOTpadiil, OimbIne 1BOX JECATKIB
[Py YHUKIB 1 HaBYaJbHUX OCIOHUKIB. Biibmricrs pobit A.M. Camoiiienka
ITepeKJIa/IeHO Ta BUJAHO 32 KOPJOHOM.

Amnarouniit MuxaitJloBud mpuaiisB BEJUKY yBary IMiJTOTOBII BHCOKOKBAJIi-
dikoBannx HaykoBux kaapis. Ceper #ioro yuuiB — 36 mokTopiB Ta 89 Kan MIa-
TiB (hi3UKO-MaTEMATHIHUX HAYK, K1 YCIIITHO MPAIiOI0Th y Hararbox MaTeMa-
THUYHUX [EHTPaxX paay Kpaid. Ha ocobmuBy yBary Takoxk 3acIyroBye€ IeJarori-
4yHa JisiIbHiCTh podecopa A.M. Camoitsienka B KuiBcbkoMy HalliOHAJIBHOMY
yuiBepcuteti imeni Tapaca IlleBuenka, HamionambHoMy TexXHIYHOMY YHIBEp-
cureri Ykpaiuu “KIII imeni [rops Cikopchkoro” Ta iHIMIX BUIIX HABIAJIBHUIX
3aK/Ia7ax, 30KkpemMa i depHiBenbkomy yHiBepcuTeTi. SlcKpaBuil JIEKTOPCHKU
TajaHT AHarosris MuxaitjgoBuda, ioro BMiHHS 9iTKO, SICHO Ta eMOIITHO BUKJIa-
JaTH MaTepiaJ Ha OCHOBI PO3POOJIEHNX HUM OPUTiHAJIBHUX JIEKIIHHUX KYPCiB
3aBXK/U CIIPABJ/ISB He3abyTHE BparkKeHHs Ha CiIyxadiB. BararopiuHy HayKoOBY,
nejaroriany i rpomajicbky misuibaicrs A.M. Camoiisienka Bii3ZHAYEHO HU3KOIO
BHCOKHUX HArOPOJl i 3BaHb, ajie KOJIHA Bi/3HAKA He MOXKe OyTH Ba’KJIUBIIIOIO
3a cBiTimit, n06puit ciomuu npo Anarosist Muxaitmosuaa — HAYKOBIIS,
BUUTEJIA, JJIOAVHU.
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IcuyBanHg po3B’sa3ky 3amadi Korii jist cToXacTUYHOTO piBHAHHSA 3
YaCTUHHHUMM IOXiAHUMHU Ta BiHepoBUMMU 30y pPEHHIMU

Hepyn Tanuna', Acuncorut Boaodumup?

g.perun@chnu.edu.ua, vkyasynskyyQukr.net
Y Yepniseyvruts nayionasvnut yrwisepcumem imeni FOpis @edvkosuma
2 Kanada

Hexaii na fimosipuicaomy 6asuci (Q, F, {F;,t > 0}, P) 3amano 1norik He-
cuaguux o - anredp {Fy,t > 0}, F, C F, F;, C F}, upu t; < to. Bunaakosa
byuxmia u(t,r,w), (t,r) € II, I = R' x R, w € ) Bumipra cTOCOBHO O -
asarebpu F} i3 imoBipricTio 1 € po3s’a3kom 3ajati Korrri mrs miniitroro aude-
PEHIAJIbHOTO PiBHSHHS CIEIiaJbHOT KOHCTPYKITIT

0 o 0 0 0

&[Q(‘LL &a %)u(t,x,wﬂ + [Q(Bv a’ %)u(tvxﬂ*})] =
0 0
=1[Q(C, o %)u(t,x,w)}dw(t,w), (1)
QUA, 51 2 Yult 2,0 o= [Qulo @)

Tyr w(t,w) — crapgapruuii ckausapruii Binepis nporec. Ilin po3s’a3kom
zagadi (1), (2) posymiemo dyukmio u(t,x,w), gka 3 iMmosipaicTio 1 1pu KO-
KHOMY (t, ) 3a/10BOJIbHSIE PIBHSAHHSI

0 0

Q(A7 §7 %)U(

¢ 0 0
t,z,w) = [Qu]o —|—/0 Q(B, 55’ %)u(s,x,w)ds%-

t 0 0
+/0 Q(C, s’ %)u(s,x,w)dw(s,W) (3)

IMuranus icayBanust po3s’s3ky 3amadi (1), (2) BuB4aTEMeMo y mpocTopi
my PYHKIIH 31 CKIHIEHHOIO HOPMOTO

Jute.. ) = | B ( / :O |u<t,x,w>|2dx)

ne F - omepalliss MAaTeMaTUIHOTO CITOIiBAHHSI.

3ajiauy po3B’si3yBATHMEMO METOJIOM IHTErPaJIbHOIO 1eperBopeHtss Oyp’e.
IIpu npomMy ckopucTaemMoch

Jlema. TleperBopenns Pyp’e 3a sminuow = s Gyukoil u(t, x, w)

2

T
ar= [l )

T
v(t,o,w) = \/%/0 e Ty (t, x, w)de (5)
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He BUBOJUTH 11 38 MeXKi IPOCTOPY M7 MPHU AOBLILHOMY CKiHdeHHOMY 7.
Ha ocnoBi niboro chopmynroemMo Teopemy.

Teopema 1. Hexali 8ukoHY1OMbCA YMOBU:
a) Kopeni mrozounena P(X,io) = AQ(A, \,i0)+Q(B, A, io) npu ecix o # 0
3a0060ADHANOMD HEPIBHICMY

ReX < (o) <0, ¢(0) =0;

6) sadaua Kowi das pisnsanns (1) 3a ymosu, wo C = 0 mae po3s’asku
npu xoorcromy t € [0,T] 6 Lo g.
Todi ichye 3 imosipricmio 1 poss’asok 3adawi (1), (2) 6 npocmopi mr.

JloBeieHHS TBEP/I?KEHHS IPYHTYEThHCS Ha IIPUITYIIEHH] IIPO icHYBaHHA QyH-

JIAMEHTAJILHOIO PO3B’si3KY [1]

/\td)\
\/7 P( )\ 10)

BIZIIIOBITHOTO e TEPMIHOBAHOTO PiBHSIHHS, ke OTpuMaHe B obpazax Pyp’e miist
piBasansg (1) ta Teopemi ITnanmepes. Tyr I' — kouTyp, mo oxomwmoe HyJi
muorouwnena P (), io).

H(t,o) (6)

1. IlaprrkoB E.®., dcunckuit B.K. KBsazuiuueiitnble  CTOXaCTUIHCKUE
muddepennpanbHO-GYyHKIMOHAIbHBIE ypaBHeHus. — Pura: Opuentup. 1992. —
301 c.
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MetoauyHi acmieKTu po3B’dA3yBaHHSA 3a/1a4 HA reOMeTPUYHi
epeTBOPEHHs /I MaiiOyTHIX ydYuTeJiB MaTeMaTuKu

IIpasiuyrxa Hamania

n.pravitska@chnu.edu.ua
Yepniseyvrutl nauionasvrul ynisepcumem imeni FOpis Dedvrosuva

Posp’s13yBanHs 38121 Ha T€OMETPUYHI IEPETBOPEHHSI € BAXKJIMBOIO CKJIAI0-
BOIO MATEMATUIHOI OCBITH MaitOyTHIX yInuTe/ B MaTeMaTuKu. BMiHHST BUKOpU-
CTOBYBATH Pi3HI METOMWYHI MiAXOMN TIPW PO3B’sI3yBaHHI 3a/1a9 3 BUKOPHUCTa-
HHSM T'€OMETPUYHHUX IE€PETBOPEHb, OOI'DYHTOBYBATU IEIArOTiYHI HPUHIUIN,
PpO3pOOJIATH Ta BIIPOBA/IKYBATH HOBI METO/IM HABYIAHHS Ta (pOpMU OpraHizariii
OCBITHBOT'O TIPOIIECY y 3aKJIa/ Il 3arajbHOI CepeIHbOI OCBITH CBIIIUTH PO BO-
JIOIHHS METOJIMIHOI0 KOMIEeTeHTHICTI0. OCHOBHUMU METOIUIHUMU ACIEKTa~
MU PO3B’SI3yBaHHS 3aBJaHb HAa T€OMETPHUYHI [I€PETBOPEHHS I YIUTEIB Ma-
TEeMATHUKH i/ Jac 1X MpodeciifHoro CTaHOBIEHHS € TEOPEeTHIHA IIiIN0TOBKA,
Bi3yaJrizallis, NpaKTUYHI BIPAaBH, JIOCJITHANBKUN ITiIXi/l, TPAKTUYHE 3aCTO-
CyBaHHSI, 3BOPOTHMII 3B’sI30K 1 OOrOBOpEHHSI, 3aCTOCYBAHHS 1HTEPAKTUBHUX
3ac00iB, pobOTa 3 KOJIEKTHBAMMY, OIIHKA Ta MiACYMKOBI pobOTH. 3yIUHUMOCS
Ha KOXKHOMY 3 HUX.

1. TeopeTnuna miaroToBKA.

Ma#ibyTHiM yaIuTeIsIM MATEMATUKN CJIiJ] BUBYUTH TEOPETUIHHUI MaTepias
3 FeOMETPUYHUX MEPETBOPEHDb, BKJIIOYAIOYN OCOOJIMBOCTI KOXKHOT'O BUJLY II€-
PETBOpEHH:, Ta TpaBWIa 1X 3acTOCyBaHHs. Po3rysmaTu OCHOBHI TeopeMu i
BJIACTUBOCTI T€OMETPUIHUX [EPETBOPEHb.

2. Bisyausmizartis.

BukopucroByBaru rpadidni 3acobu, Taki AK JOMIKHA I MAJIOBAHHS, €0~
MeTpu4Hi nporpamu abo guHamiuHi reomerpuuni cepenosuia (DG, GeoGebra,
GRAN), mo6 BisyasisyBaTu reoMeTpuyHi epETBOPEHHSI.

BukopucranHst 1bOro THILY IporpaM JI03BOJIsIE€ PO3B’S3yBaTH MEBHI 3a1adi,
He 3HAKYN BiIMOBIIHAX aHAJITHIHUX IHCTPYMEHTIB, METO/IB i hOpPMyJI, IIpa-
BIWI. 3aBJAKNA MOXKJIMBOCTI rpadidHOr0 CyImpPOBO/ILY KOMIT IOTEPHOTO PO3B’SI3y-
BAHHsA 33129, MOXKJINBO YiTKO i JIETKO PO3B’sI3yBATH JOCUTH CKJIAJIHI 3a/1adi,
BIIEBHEHO BOJIOJITU BiJITOBIIHUMU MTOHSTTSIMHU 1 CUCTEMAMU IIPABUII.

[TokazyBaTu, ik BHUIVISJAOTh M€OMETPUYHI O0’€KTH IiC/Isi 3aCTOCYBAHHS
PI3HUX MIEPETBOPEHD.

3. IlIpakTu4ni Bupasu.

HamaBatn MOXKIUBICTDL BUPINTyBaTH MPAKTUYIHI 3aBIaHHS HA T€OMETPUIHI
IIepEeTBOPEHHS, BKJIIOYAIOUN 3aB/IaHHs PI3HOT CKJIAIHOCTI.

Poburu akienTn Ha po3B’si3aHHI 3aBJIaHb 33 JOTIOMOTOK JIOTTIHUX PO3MIp-
KOBYBaHb 1 aHAJITUYHUX HABUYOK.

4. HocaimuumbKuii i xis.

CroHyKaTH JI0 IIPOBEIEHHS JOCII?KEeHb Ta, JOC/IiIiB 3 BUKOPUCTAHHSIM I'€0-
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METPUYHUX IIEPETBOPEHb. JIeMOHCTPYBATH II€pEBArH [I€PEBATY TOI'O YU IHIIOTO
METO/LY.

5. IlpakTuane 3acTOCyBaHHSI.

[TogcHioBaTH TpakTUYHE 3aCTOCYBAHHS T€OMETPUYHUX ITEPETBOPEHD Y pe-
AJIBHOMY 2KHUTTi, HANPUKIIAI, y rpadiii, KOMI'IOTEPHOMY MOJEJIOBAHHI 91
apXiTEeKTYPHOMY JIM3aIiHi.

6. 3BOPOTHMII 3B’s130K i OOrOBOPEHHSI.

[TocriftHo criiKyBaTHCS, JOITOMAaraTH BUPINTyBaTH TPY/IHOII Ta HAJIABATU
3BOPOTHUI 3B’SI30K II0/I0 PO3BUTKY HABUYOK PO3B’si3yBAaHHS 3aBIAHbD.

7. 3acTocyBaHHS IHTEDAKTUBHUX 3aCO0IB.

BukopucroByBaTu inTepakTHBHI BIpaBu, BeO-CaiiTH Ta MpOrpaMu IJjis Ha-
BYAHHS T'€OMETPUYHUM [IEPETBOPEHHSIM.

8. Pobora 3 KojeKTUBAMU.

3a0X041yBaTH CILILHY pOOOTY y TPyIax, /e MOXKHa OOMIHIOBATHCS 1/1esiMU
Ta PO3B’sI3yBATHU 3aBJIAHHS PA3OM.

9. Orminka Ta miacyMKOBI pobOTH.

[IpoBomuTu cucremMaTwyvHy OIIHKY HABYAJIbHUAX JIOCATHEHb [P BUBYEHHI
TeOMETPUIHUX TIePETBOPEHb 1 HaJIaBATU 3BOPOTHUI 3B SI30K JIJIsT TTO/IAJIBLIIIONO
PO3BUTKY.

BpaxyBanHs X acrekTiB HAJIA€ MOYKJIUBICTH PO3pOOUTH BiAOBiIHY ede-
KTUBHY CHUCTEMY METOIB, MPUUAOMIB, 3acO0iB HABYAHHS. 3arajioM, HABYAHHS
VUHIB TEOMETPUYHHUX IEPETBOPEHD V¥ MAWOYTHIX yUIUTEIIB MATEMATHKI BIMa-
ra€ IO€HAHHS TEOPETUIHUX 3HAHD, IPAKTUYHAX BMiHb 1 II€JarorivyHux MeTo-
JiB JJTsI 3a0e311eueHHsI e(DeKTUBHOIO PO3BUTKY IXHIX HABUYOK Ta KOMIIETEHITi i
y 1iit obsacti.

11 cygacHOl me1arorivHol HayKu aKTyaJbHOIO € IpobJieMa po3podKH BIO-
CKOHAaJIEHOI METOJINKHN HABYAHHS T€OMETPUIHUX IIEPETBOPEHD IIKOJISPIB 1 Maii-
OyTHIX BUNTEIB MATEMATUKHA HA OCHOBI CHCTEMATHUYIHOTO 30arateHHst 3MicTy
JTUCITUILIH 38 PaxXyHOK HOBUX JIOCATHEHb MATEMATUYHOI HAYKHU, OHOBJIEHHS
NpakTUIHOI 623K 3aB/IaHb PI3ZHOTO PiBHS CKJIAHOCTI JIjIsl YYHIB 3 PI3HUM CTU-
JIeM MUCJIEHHSI, 8 TAaKOXK e(pEeKTUBHOTO BUKOPHUCTaHHs cydacHnx 3acobiB TKT,
fKi He JINIE MOJIETTIYIOTh CIPUIIMAHHS MIKOJISPAMI [€OMETPUIHIX 00’€KTiB
(30Kpema, IPOCTOPOBUX), ajle i CUPUSIOTH PO3BUTKY CAMOCTIHOIO reoMeTpH-
YHOI'O MUCJIEHHA quiB.

1. Ipanposuruii M.B. o xounenuii possurky mMaremarudsol ocsitu // CydacHa
MaTeMaTHKa i MareMarudHa ocBiTa. Marepianu Micsunuka IHcTuTyTy MaTema-
tukn HAH VYxpaiau 8 HITY imeni M.II. JIparomanosa (1 Gepesnst - 2 KBiTHA
2004 p.). — K.: Bug-Bo HITY imeni M.II. Iparomanosa, 2007. — C. 116 - 121.

2. IlpanpoButuit M.B. 'eomerpuuni rnieperBopenHsi. TeopeTUKO-IPyIOBUIA TTOTIST,
Ha reomerpiro. — K.: HITY imeni M.II. Iparomanosa, 2007. — 18 c.
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3acTocyBaHHA Yy METpHUUHill Teopil yuces, dpakTaIbHOMY aHaJi3i
Ta Teopil po3moAIiB BUIMTAIKOBUX BEJIMYUH B-300pakeHHS duceJt

Ipaywvosumuti Muxona, Bondapenkxo Onvea,
Tonwaperxo Anina, JTucenxo Ipuna

prats4444@gmail.com, o.i.bondarenko@udu.edu.ua,
goncharenko.ya.v@gmail.com, i.m.lysenko@npu.edu.ua
Vrpaincorutll deporcasnuti ynisepcumem imeni Muzxatnsa pazomarosa,
Inemumym mamemamuxy HAH Yxpainu

Hexait A = Z ={0,+1,+2,...} — andasir (aabip mudp), L =A x A x ...
— mpocrTip mocaioBHOCTel etemenTiB andasiry; (0,,) — JA0BlUIBHA MOCTiT0B-
HIiCTB JONATHUX JificHux uuces (n € Z) taka, Mo

oo +oo
O<Z@_n5u<l,O<ZEU<1,U—|—U=1.
n=1 n=0

ITpukJa oM Takol OCIiIOBHOCTI € JIBOCTOPOHHS IOCIIOBHICTD (©),,): O =
11:3:7 ©_, = 0, = a", ne napaMerp a 3aJ0BOJibHs€ HepiBHOCTI 0 < a < %7

n € N, 30Kpema a = @
Cdopmyemo iHILy JBOCTOPOHHIO HOCJIAOBHICTE (by, ), BUBHAYEHY HOCJII0B-
Hictio (©,,), a came:

n

-1
bn @7, = bn—l + @n—l-

Teopema 1. Jlaa 6ydv-sxoeo wucaa x € (0;1) ichye edunuli ckinuennud
Ha6ip yiauz wuces (g, g, ..., Q) b0 eduna nocaidosnicms () € L maxi,
WO BUKOHYEMDBCA 00Ha 3 pisrocmel

m k—1

L= thl + Zbak H @011 = Aglazu.am(@)’ (1)
k=2 =1
0o k—1

T = b()q + Z bak H @ai = Aflag...ak...' (2)
k=2 1=1

CunmBoutiuni 3anmcn x pisroctsivu (1) abo (2) HasuBaTumemo B-3o6pasicernam
[[BOI'0 YUCJIA, & Ay = iy, () — 1-010 jioro mudporo. 13-3a exunocrti B-306pakeHHst
qncna, oy, () € KOPEKTHO O3HAUEHOK (DYHKIEI YUCa .

Yucuta, Jyisi SKUX BUKOHYEThCs piBHiCTD (1), HazuBaoThest B-cKinuenHuMmu,

a Ti, JUIsl IKUX BUKOHYEThCS PIBHICTD (2), — B-Heckinuennumu.

Teopema 2. Mnootcuna wuces inmepeary [0;1], yudpu B-3o6pasicenra axol
€ obmedicenuMu, Mae HYavosy mipy Jlebeaa.
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Hexait v, () — gacrora mudpu n € Z y B-306paxkenti ucia x € (0;1).

Teopema 3. /[as matioice scix (y posyminmi mipu Jlebeea) wucen inmepsany
(0;1) wacmoma dosiavnoi yudpu i € Z aagasimy dopienioe ©;.

Yuca, /U181 AKX BUKOHYIOTBCSl YMOBU TEOPEMU 3, HA3UBAIOTHCH B-HOpMaJIbHUMH,
a pemra yuceja — B-HeHOPMaJbHUMU.

Hacaimok. Mnootwcuna B-HEHOPMAADHUT wucen € cynepdhparmanbHoro MHO-
AHCUHOM0 HYALOBOT Mipu Jlebeza.

Teopema 4. Axwo HE — wmipa Taycdoppa mroorcurnu E C (0;1), wo epyn-
MYemMovea 1a nokpummaxr mmuoscunu FE B-uyuaindpamu, a H — xaiacuywma

a-mipa Taycdopgpa, mo H(E) < HY(E) < 6H*(E).

Hacainok. Ilpu obuucaernni posmipnocmi Taycdopga-Besurosuna 006iabvHoT
muoorcuny E C (0;1) wmoorcna obmesicysamucs nokpummasamu B-yuaindpamu.

Teopema 5. Muoowcuna wucen C[B; V] = {z : an(z) € X} mae posmipricmo
Taycdopda-Besurosuua, wo € po3e’askom piensanusa »_ 07 = 1.

i€V
Teopema 6. Mruoocuna M = M[B,p| = {z : x € [0;1],v;(z) = p;,i € Z}
e 1) winvnoro e [0;1]; 2) ectodu po3pusnoro; 3) MHOHCUHOI, POZMIPHICTID
T'aycdopgpa-Besurosuua AKxoi 064UCAI0OEMBCA 30 HOPMYA0I0

InT] pfi
) = i€z
In ] 9?7

i€Z

OZ()(M

4) N -camonodibroro mroscuroo 3 camonodibnoo poamipricmio 1.

Teopema 7. Posnodis sunadkosoi sesuvunu & = Ag&_“gn_“, de (&,) — no-
CAL00BHICL HE3ANLHCHUT 8UNAIKOBUT Seaunur makuz, wo P{&, = i} =
Din > 0 mae wucmuti aebeziscvrud mun (duckpemmul, abcoiommo nenepeps-

Hull 460 CuHYAAPHUL).

Y nomoBiai OyayTh BUCBITIIEHHI KpUTEPil HAJIEIKHOCT] PO3IIOILITY KOKHOMY
3 YUCTUX TUMIB. ¥ BUANAJKY CHHTYISPHOCTI PO3MOALILY Oy/ie JeTai30BaHo Horo
dpaKTaIbHi BJIACTHBOCTI.

1. Pratsovytyi M. V., Baranovskyi O. M., Bondarenko O.I., Ratushniak S.P.
One class of continuous locally complicated functions related to infinite-
symbol ®-representation of numbers. Matematychni Studii, 59(2), 123-131.
https://doi.org/10.30970/ms.59.2.123-131
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3aga4ya 3 iMIIyJbCHUM BILIMBOM JIJIsI TTIApa0OJIivHOTO PiBHAHHA 3
BUPOI2KEHHSIM

Hyxanrvevxut Iean, Hwan Bozdan

i.pukalsky@chnu.edu.ua, b.yashan@chnu.edu.ua
Yepniseyvrutl nauionasvrul ynisepcumem imeni FOpis Dedvrosuva

Hexait n,tg,t1,...,tN+1 — dikcoBani uncia, 0 < tp < t1 < ... < tn41,
n € (to,tns1), N £ tx, A € {1,..., N}, Q — neaka obmexkena obsactb dimf) <
n—1, D ={(t,x)|t € [to,tnt+1),x € Q} U{(t,z)|t =n,z € R™}.

Posrasiremo B obmacti IT = [tg, ty41) X R™ 3amaqy 3HaxomKkenHs QyHKIGT
u(t, x), sika 3am0BosbHsie ipu (t,2) € 1\ D, t # t, piBHAHHS

0= 3 b= Y o)t = fte) (1)

IKe|=2b p|<2b—1
i yMOBH 3a 3MiHHOIO t:
u(to +0,2) = po(z), =€ R"\Q, (2)

u(ty+0,2) —u(ty —0,2) = ba(z)u(tr—0,z) +pr(z),z € (II\D)N(t = ty)),

(3)

Cremneresi ocobsmBocti Koedinientis piasians (1) y Touri P(t, x) € II\ D

XapaKTepU3yBaTUMYTh (PYHKILT sl(ﬁgl), t)1i 32(51(2)7 x): 81(52(1)’ t)y=1|t—mn B
)

mpu [t —n| <1, s1(807,6) = 1mpu [t —n| > 1; 52(8),2) = p(a)®" npn

plx) <1, 32(62-(2),@ =1uopu p(z) > 1, p(z) = inf |z — 2|, i € {1,...,n},
z€Q

B € (=00,00), v € {1,2}, B = (B",..., BY), B = {BD, P}
HO3Han/I1\10 qepeS HT‘ = [t'r‘atr—‘rl) X Rn’ r e {0,1,...7N}7 q(V), Py(V)7
v) ()

Up, s pho ~ — AlficHi mesim'emui wmcna, [l — mina wactuma umcaa [, [ > 0,
(=11, Po¢t®, M), Py(t® 2MW), H;(tV) 23) — nopinbui Toukn i3
I, 2z = (a:(ll), . ,xg)), z? = (acgl), . ,x§£)1,$£2), J:l(i)l, . ,xg)), Q, — no-

Bi/ibHa 3aMKHeHa obsacTb, @, C I1,.

O3HAYMMO TPOCTOPH, B AKX BUBYaeThca 3amada (1) — (3). Cl(y; B;¢; ) —
muozkuna, pyskiii v : (t,z) € II, axi maioTs Henepepsni acTunHi OXiTHI B
obmacti Q,\D surasmy 07 0%u, 2b5 + |k| < [I], s axkux cKindenna HopMa

lu; v; B; ;T =sup Y [sug S(q;81;82;2bj+Ik\;t,x)lafafu(P)\}Jr
" 2pj+k|<[l] PEQr

wsup{ S0 [D s (St it Bsi (60— 5), 1)
2bj+|k|=[1] =1 (P1,Hi)€Q,

xss ({1} = 82, 8)[alV) - 2l | oku(Py) — 0f oku(H,)] )+
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+ s (S s s s e @)sy (0D, 105 ({11, 20
(P1,P2)€Q,

><|t(1) _ t(2)|*{2l7}|8ga§U(Pl) - 8t]a];U(P2))] }

Tyt nosmaueno: s1(a,t) = min{s;(a,t™), s1(a,t?)},
s2(a, ) = min{sz(a, m(l)), s2(a, x(2))},

S(qs1,s2: [l t,2) = s1(¢™ + [yD, £)52(¢@ + [1]4?, 2) %
x [Ty 81(*’%551)7 t)Sz(*kiﬂ§2)7 ).

Moo 3ama4i (1)-(3), BBarKa€MO BUKOHAHUMHI YMOBH:
n

a) koedimientn pisasuaus (1) ag (¢, ) Hsl(kiﬁi(l),t)sQ(kiB?),x) €
i=1

€ Ca(’%ﬁao H) ap t 1' Hsl Pzﬂp)v )32(171#,(3)’53) € Ca(’}/;ﬁ;o;n)a

i=1
1 S |p‘ S 2b— 1a ao(t,l‘)Sl(/J/él),t) SQ(M(() ) ) S Ca(77ﬂ70 H) ao(t,l‘) S K <
00 1 BUKOHYETBCsI YMOBa, PIBHOMIPHOI TapabOJIiaHOCTI J1ist PIBHAHHS

Y ak<t,x>f[sl(kiﬁf”,t)sz<kiﬁ§2%x>6§]u<t,x) = f(t,),
=1

|k|=2b

_0) bynxnii f(t,x) € C*(v; 55207 11), o € O™ (5; 3:0; R™), 5 = (0,7),
B =(0,83), by € CHTIIN (t = ta)), pr € CPH(H ;011N {t = ta}),

(v) (v) (v)
AW = max{maxﬁi(y),m XM’ 20 we{1,2}).
i Pi Ip| 2b

[IpaBuibHa Taka TeopeMa.

Teopema 1. Hexzatl das 3adawi (1)—(3) eukonani ymosu a), 6). Todi icnye
edunuti pose’asox sadavi (1)~(3) is npocmopy C?*+<(v; B;0;11) i cnpasdoicy-
EMBCA HEPIBHICTND

N N
35 83 05 W < e 32 [TT O + ballemvsaquingieny) X

r=1 A=r
X (I1f57: B 267 Tt [lo + llor—13%; 65 0; TT N {t = tr—1}||2b+a):|+
£ B: 207 v [|o + llon: 4 B3 0 TN {t = tN}||2b+o¢} (4)

JlJ1si TOBeIeHHST TEOPEMU BCTAHOBJTIOETHCS PO3B’I3HICTD JTOMOMIXKHUX KPa-
WOBHX 33J1a4 3 MVIAJIKUMH KoedirienramMu. 3 MHOKUHU OJIEP:KAHUX PO3B A3KiB
BUJILIAETBCS 3012KHA ITOCITOBHICTD, TPAHUYHE 3HAYEHHSI SIKOI € PO3B’sI3KOM
sazaai (1)—(3).
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HenepepBHa Hife He MOHOTOHHA (PYHKIIiSI, O3HAUEHA B TepMiHax
JIAHIIOTOBOTO 300pa>kKeHHsT YMCeJI

Pamywmrsar Cogia, Ipayvosumuti Mukoaa

ratush4040gmail.com, prats4444Qgmail.com
Inemumym mamemamuru HAH Yrpainu,
Vrpaincvrutl deporcasnuti ynisepcumem imeni Muzxaisa Jpazomarosa

Hexait A = {0;1} — andasir, L = A x A X ... — npocrip nocsinoBHocreit
esieMeHTiB ajdasity (Hy/aiB Ta oquHUID); Ay = {%, 1}, Lo=As x Ay x ...
Bigowmo [1], mo quist 6yap-stkoro uucia x € [%, 1] icaye (ag) € Lo Taka, mo
1 p—
1':71:[0;@1,@2,...,ak,...]. (1)
a + ———
az + ...
Jlarmorosuit 1pi6 (1) HASUBAETHCS HECKIHYEHHUM AGHUI0208UM Ag-0pobom,
a fioro cuMposiuanit 3amuc [0;aq, ag, ..., g, ...] — Az-300parkeHHsIM IHCIIA T,
[IpU I[HOMY YHCJIO G HA3WBAETHCHA k-010 1udpOoro mporo 300paxkenHsi. Heckin-
JeHHUI JIAHIIOroBuH Ao-7pib € 301:KHUM, & HOTO 3HAYEHHS HAJIEXKUThH [%, 1].
Icnytorp umcia, mo Maorh jgBa Ag-306paxkents: [0;aq, az, ..., G, %, (%, 1] =
[0;a1, a2, ..., am, 1, (1, %)] Bonu nazuparorbes As-Ginaprumu. MHoxkuna Ta-
KUX 4YHUCeJl € 3JIYEHHOIO0 1 BCIOJM IIUIBHOI Y BiJIPI3KY [%, 1]. Pemrra uucen
BizIpizka [%, 1] MatoTh euHe Ag-300parkeHHsi | HA3UBAIOTHCST Ag-yHapHUMU.
Ao-300parkeHHsT YUCeJT JIEFKO MEePEKOJIOBYEThCs 3acobamu ajidasity A, a
e — [0 — AA _
came: ¥ = [0;a1,a2,...,ax,...] =AY 0, ap..» A€ = 2a — 1,k € N. Octan-
HE HA3UBAETHCA A-300pasicennam wucaa x.
Hexait (eq, e1, e2) — dikcoBana ynopsiikoBaHa Tpilika ejeMeHTIB andasiTy
A. Osnaunmo dyuKIio f piBHOCTSIME
A _AA
f(Aalag...ag ) - Able...bn...a Ae

.-

€0 upu (a1;a2) = (61362)7

by =
1—eg 1pu (ar,az) # (e1,ez),

ze €g, e1,e2 € A, (2)
bk pH (Agk41, G2k+2) 7 (G2k—1, A2k),

bey1 = (3)

1—by  upu (ask+1,az2kt2) = (a2k—1, azk).

Osnauenus dysknil piBocTsMu (2) 1 (3) € KopekTHEM, gKIO (€1, e2) = (1,0).

Teopema 1. Qynkuyia [, osnavena pisnocmamu (2) i (3), npu (e1,e2) =
(1,0) e nenepeperoro, Hide HE MOHOMOHHOW | MAE HEOOMEHCERY BAPIALTO.

1. Dmytrenko S. O., Kyurchev D. V., Prats’ovytyi M. V. As-continued fraction
representation of real numbers and its geometry // Ukrainian Mathematical
Journal. — 2009. — Ne4. — P. 541-555.
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Ilo6ynoBa obJjacteii cTifiKOCTi /1JisT KEpOBAHUX CUCTEM 3
HEBU3HAYEHOCTSIMU

Casparicora Arna

savranskaya-alla@ukr.net
Havionanrvrutd ynisepcumem “3anopisvka nosimexnixa”

B Ginbmocti cucreM KepyBaHHsS O] 3 "HOBUILHUMEA® (IIPOrPAMHUMU)
pyxamu npucytHi, Tak 3Bani "mBuaki” pyxu ("napasurni” munamiku). Taki
CHCTEMH MAIOTh HA3BY CHHTYJISIDHO 30ypeHuX cucreM JandepeHIiagbHux PiB-
HAHB. [CHYIOUI MeToau Teopil CHUHTYAIpHUX 30ypeHb JT03BOJSIOTH 3TiCHUTH
JIEKOMITO3UIIIIO Ha JIBi miicucTemi 6111 Hu3bKoro nopsaky. Ile, B cBoio gepry,
JIO3BOJISIE PO3JIJIUTH CUHTE3 TIOBHOI CUCTEMU KEPYBaHHS HA JIBI YACTUHU.

[Ipu BuBYeHHI IOBEIIHKN PO3B’sI3KIB CUCTEM KepyBaHHS BarXKJIMBO HE TiJib-
KN JOCJTIIATH CTIWKICTh IMX PO3B’#A3KiB, ajie i OmiHuTH po3Mipu obsacreit
ix Tsokinns. [loOymoBa obmacTeit CTIIKOCTI ToMATaE y 3HAXOMKEHHI BEPXHBOI
IPAHMI MaJIOrO MapaMeTpy, TAaKOl IO /I BCiX 3HAYEHb I[bOTO IIapaMerpy,
MEHINNX Hi’K OTPUMaHa OIiHKa, He30ypeHUil pPO3B’SI30K CHUHIYJISPHO 30ype-
HOI cucTemMu JudepPeHIiaJIbHIX PIBHIHDb € aCUMIITOTHYHO cTiiikuM. 1ls1 3amaqa
pPO3B’3y€ThCsT 3a JOMOMOrO0 BeKTOpHuX dyHKii JIsmyHosa. loBoguTbest
TeopeMa, B AKi#t chOopMyabOBaHi JOCTATHI YMOBU PiBHOMIPHOI aCUMIITOTHIHOL
crifikocTi po3B’sa3KiB Takol cuctemu. JlaeThes OIiHKA BEPXHBOI TPAHUII MAJIO-
ro mapaMerpy.

[IpakTryHa IHHICTL TOJATAE Yy TOMY, IO PO3IIUPIOETHCI KJIAC CUCTEM,
AKI MOXKHA JOCTIIKYBATHA Ha CTIfKICTh. 3p0obaeH0 HeOOXIMHI JOCTIIKEHHST Ta,
OTPUMAHO (POPMYJIH, IO JO3BOJAIOTH aHAII3YBATH CTIHKICTH CHCTEM HABITH
3a yMOB HemoBHOI indopMariiit mpo 30ypeHHs, Mo Ti0Th Ha HUX.

Posriisiremo cucremy mudepeHIiiHUX PiBHSIHD

&= f(z,2,t) + efi(x, z,t),
ez =g(x,z,t)+eg(x,zt),

(1)

ne f ra fi — n-BumipHi BeKTOP-DYHKIII, g Ta g1 — M-BUMIpHI BEKTOP-(DYHKIIIT,
€ — Maqnii mapamerp, € > 0, f; Ta g1 HeBiAOMI Ta 3aI0BOJILHSIIOTH JIUIIE JI6-
SAKUM 0OMezKeHHsIM, IIPO K Oye ckazano nukye. Yienu € f1(z, z,t) iegr (z, 2, t)
CKJIAJIAIOTH NAPAMEMPUIHY HEGUIHAYEHICTG CUCTEMU, JIPYTe PIBHIHHS CUCTE-
mu (1) MicTUTB Masuii TapaMeTp Py HOXiIHIN BUSHAUAE JUHAMINHY HEGUSHA-
YeHICTND.

3a1a€M0 TTOYATKOBI YMOBH:

2(0,e) = 2°, (2

-~ —

z(0,¢) = °. (3

Hocnimumo poss’szok (x(t,€), z(t, €)) 3amadi (1)—(3) na inrepsasi 0 < ¢ <
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T. Ioknasmu B (1) € = 0, oTpUMaEMo 8upodotcery CUCTEMY
i = f(a®,2%1), (4)

0=g(z°2°1). (5)

Hast cucremu (4)—(5) 3a7a€ThCst MEHINA KITBKICTh TOYATKOBUX YMOB
2%(0) = 2°. (6)
Poss’sixkemo piBusanus (5) BigaocHo z°(t), AKIIO Taka OIEPAIis MOXKJINBA

2= (2%,1). (7)

B cuny weminifinocri dyskuii g (z°, 2%, ), 14 oneparnisi HeOJHO3HAUHA Ta
[IOCTAE MUTAHHS PO BUOIP PO3B’SI3KY.
[Mincranoeka (7) B (3) nae

= f (xsa(p(xs7t) 7t)7 (8)

2%(0) = °, 9)

(
2% = ¢ (2°,t), B 3araJbHOMY BHIAJIKY HE 3a/I0BOJIbHsIE MOYATKOBIH yMOBi (2)
sz, Tobro z°(0) # 20, i ToMmy B messKoMy OKoJi MOYAaTKOBOT TOWKHM t = ()
po3B’s130K 2°(t) BUpOKeHOI cucremMu He Oyie GJU3bKUM 110 PO3B’a3Ky z(x, )
Buxizguol cucremu (1).
Bsenemo moBy 3minny
WZZ—SD(xat)- (10)

Hexait BUKOHYIOTBCS HACTYIIHI yMOBH:

a) Oyukuil f(z, z,t) Ta g(x, z,t) HenepepBHi Ta 3aJ0BOJIbHAIOTH YMOBI JIi-
[INUIE 110 & Ta 2 B JiedKiit obuacti G upocropy 3minnux (z, z,t), To6TO IJIst
nesskux gogataux N1, No, N3, Ny BUKOHYIOTHCS HEPiBHOCTI

”f :E,Z,t) - f(jazvt)” < Nlei‘i”a

x,z,t) - f(x727t)|| < N2||Z_ 2”7
:L',Z,t) 79(1'723”” < N3||$ 7i’||7

ne |yl = Vv +y3+ -+ y2 — esxiinoBa HOpMa. o
6) Poss’azok (7) mae B meskiii 3aMkHyTiii ob1acti D Taki BJaCTUBOCTI:
1. ¢ (2*,t) — menepepsHa dbynkmia B D.
2. (2%, (2°,t),t) € G nna Beix (z°,t) € D.
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3. Kopiub 2° = ¢ (2°,1) € i3oapoBanum B D, T106TO icHye Take 1 > 0, mo
g (x°,2°,t) # 0 upn

”25790(5837”” <, (msat) GD'

B) Cucrema (8), (9) mae equuuit pos3s’s30K z°(t) Ha inTeppami 0 <t < T,
JIO TOTO 2K Y IIbOMY iHTepBaJi TOUKN (xg, t) € D, ne D — MHOKWHA BHYTPINTHIX
touok D. Kpim Toro, npunycrumo, mo f (2%, ¢ (2°,t),t) 3a10B0/1bHSE yMOBI
Jlinmuns opu z° € D.

Tobro icaye Taka crama L > 0, mo mis Oyab-siKkux y1 1 Y2, BUKOHYETHCSH
HEPIBHICTD

1f (@ y1,t) — f (@92, )| < Llyr — w2 -

Bsenemo Terep npuemHaHy cuCTEMY

2D (15)
B fKift ¥° 1 ¢ PO3MIAAIOThCS FK MapaMeTpu, T = £ 't (posTaruyTuit yac).

Ouesnao, mo 7 > 0. 3riguo 3 ymoBoro 6) 3, Z2(7) = ¢ (2*, t) € i301p0BaHOIO
TouKoto criokoio cuctemu (15) mpu (z°,t) € D.

Kpim Toro, nexait

r) Touka cnokoro Z(7) = ¢ (2°,t) cucremu (15) € aCHMITOTHIHO CTIHKOIO
3a JlanyHosum pisHOMipHO Bigmocuo (7°,t) € D. Ile oznauae, mo Yy > 0 3
§(p) > 0 (sarampme mis Beix (x°,t) € D), Take MmO A7 BCiX po3s’a3kiB Z(T)
piBHstHHSA (15), 1uIst SKUX

12(1) — @ (z°, )| <p, (2°,t) €D

upu 7> 01 Z(1) = ¢ (2°,t) upu 7 — 0.
Posriisemo nipuenany cucremy (15) mpu 2° = 29, ¢ = 0:

dz o -
%:g(m ,z7t) (16)
3 IOIaTKOBOIO YMOBOIO

2(0) = 2°. (17)

OCKITbKY TOYATKOBE 3HAYCHHS ZO, B 3arajibHOMYy BHUIIa/KY, HE € OJTM3BKIM

10 Toukn cnokoio ¢ (2°,0), To poss’ssok Z(7) samadi (16), (17) moxe He
upsivysati 710 ¢ (2°,0) npu 7 — co.
Hexaix
1) Posp’siz0k Z(7) 3amadi (16) 3 mogarkoBumu ymoBamu (17) 3a/10BOJIbHSE
yMOBaM
3 0
1. nll)rréoz(T) ¢ (2°,0),

2. rouxn (2°,%(7),t) € G, npu 7 > 0.
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e) Oyukuil fi(z,2,t), g1(x, z,t) HenepepBHi Ta 330BOJIBHAIOTH yMOBI JIi-
HINWIA 38 3MIHHUME 2 1 2, Ta icHytoTh cymoBani dyHkuil M (t) Ta Ma(t) 3i
cragumu M- 10 Ta MS Taki, 1o B obsacti (G MaroTh Miclie HEPIBHOCTI

[f1(z, 2, ) < My, lg1(z, 2, 1) ]| < Ma, (18)

/M1 < MOT /M2 < MOT. (19)

Teopema. Hexall 6uxoHyI0OMBCA HACTMYNHT NPUNYULLHHSA:

a) [aa cucmem (4) ma (16) ichyromo dodamnvo susnavens Gyrxyil Ja-
nynosa V(xz,t) ma W(x, z,t) 6id0nosidno, wo 3a0068040HA0OMYb OUIHKAM, AKE €
BAGCTNUBUMY ONA KEAOPATNUNHUL HOPM, MAKT U0

O+ I @0 (2, 0),8) < (o), (20)
aa—ng(x,i,t) < _04202(77)7 (21)

de (x) ma 6(n) — Pynruit, axi dopisnioroms nyao 6 mowui 0 i 6idminmi 6id
HYAA OASA THWUT 3HAYEHD AP2YMEHMIE.
6) Ymosu 63aemose’ssry V. ma W 3a00604bHAI0OMG HEPIGHOCTNAM

O+ O fw1) < b)), (22

O (F(r2t) — £ (0 (a,1),1)) < BY()0), (23)
O (9w, 2,1) ~ (2, 2,0)) < k(@) (29

o w2 t) < (@), (25)

3—f1<x, 1) < 102(0), (26)

o+ %ng(x 20) < ()0, (1)

de ¢, B,k,v1,72,Y3 — NO3uMuUeHi cmant.
Todi das b6ydv-axozo 0 < d < 1 ainitdna KombinayLa

U(z,z,t) = (1 —d)V(z,t) +dW(z, z,t) (28)
e pynruyiero Jlanynosa cucmemu (1) ma icnye
e*(d) = - . (29)

d ((1=d)B+d(ct+k+73))*
Mt it 4d(1—ii)a2 =

make, wo Oasn ycixz € < £*(d) pose’asox x = x°(t), n = 0 cucmemu (1) ¢
cmitikum do 306yperd, uo di0ms NOCMITHO.
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IIpo ckiHYeHHY JIMMIUIEBICTh PO3B’I3KiB HEJIIHINTHOTO PiBHSIHHSI
BensTpami
Canimos Pycaan, Cmeganvyrx Mapis

ruslan.salimovl@gmail.com, stefanmv43@gmail.com
Inemumym mamemamuruy HAH Yxpainu

Hexait D — obstactb y komiutekcHiit miomnuai C, To6TO 3B’s13Ha Ta BigkpuTa
migmuoxknaa C, 1 mexait p : D — C — sBumipna dyukiis 3 [u(z)| < 1 m.c.
(maitke ckpisb) B D. Pignannsm Beavmpami HA3UBAETHCS PIBHAHHS BULJISIILY

fz = w(2) fz, (1)

ne fz= (fatify)/2, f- = (fa—ify)/2, 2 = x+1y, f i fy — d9acTunni HOXinHi
BijoOpazkenHs f 1o x Ta y, BianosigHo. OyHKINA (1 HA3UBAETHCS KOMNAEKCHUM
Koepiuienmonm, a

Ku(z) = L Z)I

1—|p(z)
duaamayitinum cniesidnowennam pisasaus (1). Pipasaas Beaprpami (1) Ha-
BUBAETHCST BUPOOIAHCEHUM, AKIINO esssup K, (z) = oo.

Hexait 0: D — C — Bumipna ¢dynkiisa ta m > 0. Posrisaemo nacrymae
PiBHsHHSI, 3alUcane y IoJsapHuX Koopaunarax (r,6), z = zp + re, zo € D :

fr=o(re) | fol™ fo, (2)

ne fr 1 fo — vacrunani noxigHi BimoOpaxkenus f mo r i 6, BianosinHo. Buko-
PHUCTOBYIOUHM CITiBBiTHOITEHHS MiXK ITUMU TTOXITHUMHU Ta, (pOPMaIbHI MOXiTHi

rfr - (Z - ZO)fz + (Z - ZO)f?a fé‘ - Z((Z - ZO)fz - (Z - ZO)fE) 5

piBHaHHS (2) MOXKHA 3allUCATH Y KOMILIEKCHIHA dhopmi:

= ( z— 20 )2 0(2) N (fy2,20) — 1
= Uz — 2| 0(2)Nm(f, 2,20) + 1

[z 3)

ae Ni(f, 2, 20) = i]z — 20| |(z — 20) f2 — (2 — 20) f=[™"
ITpu m = 0 piBusiang (3) 3B0AUTLCA J10 3BUYaiiHOro piBHsHHS Bebrpami
(1) 3 KoMIUTEKCHIM KOedinieHTOM

u<z):(z—20> io(z) |z = z0| =1

|z — 20|l ) i0(2)]z — 20| +1

Mokmasum m = 010 = —i/|z — 20| ¥y (3), MEH IPUXOJUMO JI0 KJIACHIHOT
cucremu Kormmi-Pimana. Berogu masti 6yaemo BBazkaTu, 1mo m > 0.
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Teopema 1. Hexati f: D — C — peeyasaprutll 2omeomopdruii po3e’s30k He-

o . 1,1
nnitinozo pisnanna (3) kaacy Cobonesa W), . Hrwo

dm(z)

1
m—+1
Bine) 12— 2l (o ())

. 1
oo = limsup —

2 < 00,
e—0 TE

£ (2) = f(20)l e

< Voog ™

lim sup
zZ—20 |Z - Z(]‘

de vy — dodamma cmaaa, Wo 3GAEAHCUMD MINGKY 610 ™.
Hacaimok 1. fAxwo o9 >0 i@

1 / |dz|
— —— < ogr
27r ( .

m1
|z—z0|=r Ima(z))

Oan m.6. (matioice sciz) r € (0,79), 1o € (0,dp), do = dist(zg,dD), mo

£ (2) = £(0)| e

< VOJO " )

lim sup
Z—2Q |Z - ZO‘

de vy — dodamma cmana, wWo 3aAEHCUMD MINKY 610 M.

Hacaimok 2. Axwo kg > 0 4

ko
Imo(z) > PR

oan m.6. z € B(zp,10), 1o € (0,dp), do = dist(z,9D), mo

o sup ) = £l

1
< VOk() ",
Z—2Q |Z - ZO‘

de vy — dodamma cmana, wWo 3aAEHCUMD MINKY 610 M.

1. R. Salimov, M. Stefanchuk. Finite Lipschitzness of regular solutions to nonlinear
Beltrami equation // Complex Variables and Elliptic Equations. — Published
online 12.01.2023. — DOI: 10.1080/17476933.2023.2166498

299



ITob6ynoBa acMMIITOTUYHUX PO3B’A3KiB KpalioBUX 3aJia4 s
CUHTYJIIPHO 30ypeHux audepeHIiajbHo-aJredpaldyaHux CUcTeM

Camycenxo Ilempo

psamusenkoQukr.net
Havionarvrud mexnivnud ynisepcumem Yxpainu "KIII imeni Teops
Cixopcvrozo”

YV poboTi po3TIIsIaeThCsA JBOTOIKOBA KpaiioBa 3a1a4a

d*x
62A(t,5)W = f(z,t,¢), t € [0;T], (1)
z(0,¢e) = mo, z(T,e) = x, (2)

ne x(t,e) — mykanuit n-BuMipauii Bekrop, A(t, €) — KBajparHa MaTPHIE 1-I'0
nopsaky, f(x,t,€), g, Tr — N-BUMIPHI BEKTOPH, KOMIIOHEHTAMU SIKHUX € JIACH]
ab0 KOMILJIEKCHO3Ha4HI DYHKIII, € — MaJuil mapamerp.

DopmasbHuil po3s’s30K 3azadi (1), (2) mykaerbest y BUDIIsI

a(t,e) = T(t, e) + (7, e) + Qu (&, €), (3)
ne T(t,e) = Y. e°T4(t) — peryuasipHa dacTwHa acuMOToTwKH, 1z (T,e) =
s=0

= S e Ma(r), T = £ Qu(€.e) = 3 e°Qua(€), € = =L, — cunrymap-

s=0

fa STACTHHA ACHMIITOTIKIL.

DOyukuil Z(t, ), [z(r,e), Qz (€, &) 3HaX0AATHC CTAHAAPTHUMU YUHOM, a
came: mifcrasisieMo (3) y cucremy (1) i 3piBHIOEMO HJIeHH, IO 3aJI€KAThH BiJ|
t, T Ta &.

[Tpu 11pOMY WIEHU peryJsipHOI YACTUHYM ACUMITOTUKY BU3HAUAIOTHCS 3 AJl-
rebpaldHuX CHCTEM, & UIEHU CUHTYJISIPHOT YaCTHHU — 3 BiNOBIIHUX aBTOHOM-
HUX JudepeHITiaTbHO-AIreOpaTIHIX CUCTEM 31 CTAJI00 MATPHUIIEIO TIPHU ITOXi -
HUX.

Hoseneno acumnrornyuuii xapakrep dhopMaabHOro po3s’sa3ky (3) Kpaiio-
Bol 3azadi (1), (2).

1. Chang K.W., Howes F.A. Nonlinear singular perturbation problems: theory and
applications. — New York: Springer-Verlag, 1984. — 180 p.

2. A. B. Vasil’eva. Two-point boundary value problem for a singularly perturbed
equation with a reduced equation having multiple roots // Computational
Mathematics and Mathematical Physics. — 2009. — 49, Ne 6. — P. 1021-1032.

3. Samusenko P.; Vira M. Asymptotic Solutions of Boundary Value Problem for
Singularly Perturbed System of Differential-Algebraic Equations // Carpathian
Math. Publ. — 2022. — 14 Ne 1. — P. 49-60.
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Jliniifina mBUJAKIiCTh 30i>KHOCTI aJIrOpUTMIB eKCTpPamoJIsIiii 3
MMHYJIOTO Ta ONEepaTOPHOI eKCTPanoJIdAllil ajIsa BapiamifiHmx
HepiBHOCTEM

Cemenos Boaodumup, Xapvros Oaee

semenov.volodya@gmail.com, olehharek@gmail.com
Kuiscokut navyionaronuti ynisepcumem iment Tapaca Illesuenka

Hexait H — gificaunii riinbeproBuii mpoctip 3 ckajagpHuM g00yTKoM (-, +) Ta
HOPOJIZKEHOI0 HOPMOIO ||-||. Posruissnemo Bapiamniitny HepiBHIiCTB:

guaditu x € C: (Az,y—xz) >0 VYyeC, (1)

e C — HeNOpOXKHs OIYKJIa Ta 3aMKHEHa IiJIMHOXKuHa 1pocropy H, A — one-
parop, mio jie 3 npocropy H B H. Bymemo BBaxkaTu, mo omeparop A e -
mmunesuM Ha Muoxkuui C' (3 koncranrowo L > 0), To6T0

[Az — Ay < Lz -yl Va,yeC.

Sagaua (1) — 3pyuna 3arajbpHa QOpMa 3alUCy PI3HUX 3aJad, 10 BUHU-
KaloTh B MaTeMAaTHIHIN (Di3uIli, MOCTiIKEHH] orepariiii Ta MAITMHHOMY Ha-
puanHi [1, 2. TlonmyasipHIMEI METOAMNI aPOKCUMAIIil PO3B’sI3KiB BapialiiHux
HepiBHOCTelt (1) € anropur™m ekcrpanonsnii 3 munysoro [1, 2| ta anropurm
OIIePaTOPHOI eKeTpanosarii 3, 4].

Mera moBimOMIIEHHSA — O3HAHOMUTH 3 PE3yJIbTATAMH IIPO JHHIAHY IMBUI-
KicTh 30i2KHOCT] aJITOPUTMIB JJTsT 3308 3 OIEpaTOPaMH, IO 33 I0BOJIbLHAIOTH
YMOBY THILy y3araJbHEHO! CHJIbHOI MOHOTOHHOCTI. Jljis CMJIBHO MOHOTOHHUX
Ta, JINIIAIEBUX ONEePATOPIB MOAIGH] pe3ysbraT OTPUMAHO B [2, 5.

[Mpumycrumo, mo icuye eaunnii po3s’a30k z € C' Bapianinoi nepisnocti (1),
a omeparop A 3aJI0BOJIbHSIE YMOBY

(Az,x —2) > pllz — 2||> Ve el (2)

A8 gestkoro p > 0.
YmoBa (2) BUmIInBaE 3 CUIIBHOT MOHOTOHHOCTI A. AJie iCHYIOTH HEMOHOTOH-
Hi oneparopu 3 (2). Hanpukia,

Az =(2—|jz|)z, zeC={zecly: |z <3}.

Posrnsremo Takwmit BapianT ajaroputmy ekcrpamosrnii 3 mMuHysaoro. Jis
1 = 1yo € C TeHepUPYEMO TIOCIIOBHICTD €JIEMEHTIB Ty, Y

{ Yn = PC (xn - ﬁAyn—l) ) (3)
Tny1 = Po (mn - ﬁAyn) )

ne Po — omepartop Mmerpuanoro npoekrysanus Ha C'.
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Mae micne

Teopema 1. Hexati C' — nenopooicha onyxaa 3aMEHENG NIOMHONCUHG 21105~
b6epmosozo npocmopy H, A : H — H — L-pinwuyesuti na muoocuni C' one-
pamop, ichye edurud poss’sasox z € C sapiauinoi nepishocmi (1) ma sukony-
emwvea ymosa (2). Todi das nopodocenux arzopummom (3) nocaidosnocmeds
(zn), (yn) suKonyemves ouinka

2 2 BT 2
l@nsr =217 + £ g =2l < (1= 22) o =27, n21

Posriisiremo Terep BapiaHT aJIrOpuTMy ONEpaTopHOl ekcTpanosrdarii. Jlms
x1 = xg € C' reHepUPYEMO MOCIIiIOBHICTH €JIEMEHTIB T, :

Tny1 = Po (Jcn — iAa:n 2(L+,u) (Azx, — Axn,l)) ) (4)

Teopema 2. Hexali C — HENOPOHCHA ONYKAG 3AMEHEHA NIOMHONCURA 21A-
bepmosozo npocmopy H, A : H — H — L-sinwuyesuts na muoorcuni C' one-
pamop, icrye edunud poss’azok z € C sadaui (1) ma suxonyemocs (2). Todi
das nopodoicenoi arzopummom (4) nocaidosrnocmi (T,) GUKOHYEMBCA OUTHKA

fow —al* < (1= 72 ) 2o = 2P nz

BayBazkumo, IO I 3318491 TIONTYKy HyJIsl fi~-CHJIBHO MOHOTOHHOTO Ta L-
Jinmmiesoro oneparopa A B [5] nuis asropurmy

1 1
T+l = Tn — ﬁAxn -y (A.I‘" - Axn—l)

OTpHUMAaHAa OIIHKA

L2
ngt — 2| < (1 - %) e A2 n>1.

1. Cewmenos B. B. Bapiamiitai HepiBHOCTI: Teopis Ta anropurmu. — Kuis: BIIIL «Ku-
IBChbKUiI yHiBepcuTeT», 2021. — 167 c.
2. Gidel G., Berard H., Vincent P., Lacoste-Julien S. A Variational Inequali-

ty Perspective on Generative Adversarial Networks. arXiv preprint
arXiv:1802.10551. 2018.

3. Malitsky Y., Tam M. K. A Forward-Backward Splitting Method for Monotone
Inclusions Without Cocoercivity. STAM J. on Optim. 2020. Vol. 30. P. 1451-1472.

4. Semenov V. V., Denisov S. V., Sandrakov G. V., Kharkov O. S. Convergence
of the Operator Extrapolation Method for Variational Inequalities in Banach
Spaces. Cybernetics and Systems Analysis. 2022. Vol. 58. Issue 6. P. 740-753.

5. Mokhtari A., Ozdaglar A., Pattathil S. A unified analysis of extra-gradient and
optimistic gradient methods for saddle point problems: proximal point approach.
arXiv preprint arXiv:1901.08511. 2019.
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Habnm>xeHHsT iHTEPIIONAIIHUMY TPUTOHOMETPUYHUMHA
moJIiHOMaMM Ha KJjacax audepenniliobanx y cernci Beitna-Hana
dbyHKI1iii 3 BUCOKHNM ITOKA3HUKOM IJIaKOCTi

Cepadiox. Anamoniti, Coxonenxo ITzop

serdyuk@imath.kiev.ua, sokol@imath.kiev.ua
Inemumym mamemamuru HAH Yxpainu, Kuis, Ykpaina

Hexait C'i Ly, 1 < p < oo, — mpocropnu 27-nepionndanx QyHKIii 3i
crangaprauvu Hopmamn || - [lo i [ - [|p. Hexait, mami, Wi ,r > 0,8 € R,
1 < p < o0, — Kiacu 27-nepioguyHuxX QYHKIGH f, 10 300paKyrThCs Y

BI/IFJIH,ZLi 3IrOopTKHU

™
ao

f@ =2+ 1 [ el - 0B, aeR )

3 aapamu Beitna-Haga B, g(t) = Z k™" cos ( —ﬂ—”) , 7>0, BER, bynkiit

¢, 0 38,10BOILHSIOTH YMOBY ¢ € Bl = {h €L,:|hll, <1, [ h(t)dt= 0}.

Knacu Wj |, nasusarors kinacamu Beftna-Hans, a dynknito ¢ B 306pazen-
ui (1) nosnauaiors wepes fj i masusatots (r, 8)-moxinmnoo B cenci BettaHaya
dyHKIIT f.

HpI/I mosimbaux 1 < p < oo, r > 1/p, f € R MaoTh Micle BKIIaJIeHHS

» CC.

HKL[LO re€Nif=r, to qyuknil B, g(t) € Bimomumu anpamu Bepmyui, a
BiJIIIOBITHI K1acu W’” B.p 30IrafoThCs 3 BiIOMUME KJTacaMu W’“ 27-NePioTNIHUX
dyukmiit f, aki MaoTh a6COJIIOTHO HeIlepepBHi MOXi Hi 10 (r — 1)-ro nopsiaky
prmouno i taki, mo ||, < 1. Ilpu mpoMy Maiizke CKpi3h BHKOHYETHCS
pisicts f(7)(-) = T5(0).

Hexait f € C. Yepes S,_1(f;2) NO3HAYATHMEMO TPHIOHOMETPHYHUH
noJiHOM Hopsiziky 1 — 1, 1o inrepnomoe f(x) y piBHOMIPHO PO3LOAITEHUX

1
BY3J1aX x]gn ) = 22“_”1,

Sur(fizl ) = f@™Y), kez

Posrnsinaerbest 3amada mpo JIOCiIPKEHHS TIOBEIIHKYA BEJIMIUH

En(Wh i )= sup f(@) = Spa(fi2)|,

k € Z, Tobro Taxwuit, 1o

s poeibHux ¢ € Ry 1 < p < oo, f € R, 1upu BHCOKHX IOKA3HUKAX
kiaaocri r (r —1 > /n).
Mae micrie Take TBEp/I2KEHHSI.
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Teopema 1. Hexatixz € R, 1 <p <oo, B €R in e N\ {1}. Todi dan scix
r € R maxuz, wo
r—1 Z \/ﬁ7

npu p = 1 mae micue gopmyaa

~ ooy | @Cn=1x| 2
En(Wp i) = s L N D) +O0(L)brn |,
anpul <p<oo — dopmyaa
. 2n—-1Dz| _,
En (W5 piw) = sin ————|n
2|| costl 2 L1
SO por (2 L g e=2/m) £ O(1)8 4= =1
X( . 979" + ()7“7”’ p+p/ ’
de F(a,b;c;z) — zinepeeomempuuna dynryis Laycea:
F(a,b;c; ) _1+Z ’C“k T @k= et D@+ (e + k- 1),
- 1<r<n+1
et Vn+l1<r<n+1,
57",71: %e_r/", n+1§r§n2,
n
e~ r/mn r>n2.

a O(1) — seaunuru, pieHoMipHo 0bmediceni 610HOCHO BCIT PO32AAYSAHUT NG~
pamempie.

Teopema 1 € inTepnonsmiitanm aramorom teopemu 1 3 [1] Ta Teopem 11 2
3 [2] nst HaGnmkennst cymamu Pyp’e dbyHKIH 3 Kuacis W , B piBHOMIpHIii
METPHII].

Bukonano 3a wacmxosot pinancosoi niompumku 3a npoexkmamu H2020-MSCA-
RISE-2019, project number 873071 (SOMPATY:: Spectral Optimization: From Mathe-
matics to Physics and Advanced Technology) ma VolkswagenStiftung project "From
Modeling and Analysis to Approximation”.

1. Serdyuk A.S., Sokolenko I.V., Approximation by Fourier sums in classes of di-
fferentiable functions with high exponents of smoothness // Methods of Functi-
onal Analysis and Topology. — 2019. — Vol. 25, Ne4. — P. 381-387.

2. Cepmiok A.C., Coxonenko 1.B. Habmmxkenusa cymamu Pyp’e Ha kiacax mude-
penniioBHux y cenci Beitis—Hams dyHKI i3 BUCOKMM MOKA3HUKOM TJIAJIKO-
cti // Ykpaincekuit MaremaTuanmii xKypaast. — 2022. — T. 74, Ne 5. — C. 685-700.
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OnepaTopHe piBHAHHS 3 JBO/iarOHAJIBHUMU OIlEpATOpPaMu y
IIPOCTOPAaX IIOCJIiJOBHOCTEN KOMIIJIEKCHUX YHCEeJI

Cumomiox Muzaiino

mykhailo.m.symotiuk@gmail.com
Incmumym npurAGOHUT NPOdAEM METAHIKY T MATMEMAMUKY
im. 5. C. ITidempuzavwa HAH Yxpainu

Hexait (ng)52, C N - mecnaama mociinosricts, (V)32 — Taxka IOCIIOB-
HicTb, o Ni :=n1 + ... +ng, kK € N. Hepez (N x)52,=1,...,p, p > 2,
IIO3HAYUMO TaKi ITOCJIJIOBHOCTI KOMIIJIEKCHUX YUCEJI, IO BUKOHYIOTHCS OIIHKU

Clkw S |)\j,k:| S C2kw7 .] = la 4 ke N7 (1)

ne C1,Co,w — nojarHi craji, mo He 3ajexkarh Big k. Hexait I’ — npoctip yce-
MOZKJTHBHX TIOCTIIOBHOCTEH U = (Ug, ... k,) C C, 3aHyMepoBaHUX p HATYpPaJIb-
HEMU iHgekcaMu ki, ..., ky. Jya koxxuoro j = 1,...,p depe3 A; HO3HAIUMO
mimitanit omepatop A, : ' — I/, axuit nie Ha v € !’ 3a j-KOMIIOHEHTOIO i Iis
Jlisi BUBHAYAETHCS PIBHOCTIMU

g (k) Wk kg ok T Wk k1,0 K s
= SIKIIO Nm(k]-)fl < kj < Nm(kj)a
Ajm(k;) Wk kg yoskps  AKIO Ky = N,

AjUky .k

ne m(k;) € N — enune uncyio taxe, mo kj € (Npy(k,)—15 Nm(k;)] (tyT No := 1).
JonoBi/Ib MPUCBAYEHO BUKJIALY PE3YJIHTATIB, OTPUMAHUX IIPH JTOCIIiI2KeHH]
PO3B’I3HOCT] PIBHSAHHS

L(Ay,...,A)u= Y a A Au=f+ed(u), (2)

[s|<n

ysakomy a; € C, s = (s1,...,8p) € ZE | |s| =s1+.. 4s, <n, fel,0:I' =T
— JlesiKe HesTiHifiHe BitoOpaskeHHs, € — TOCUTH MaJjie ancyao. Ha migcrasi mpun-
ULy CTUCKYIOUNX BiIOOpazkeHb [1] BCTAHOBIIEHO iICHY BaHHsI PO3B’sI3KY DiBHsIH-
ua (2), gakuo weiniiiauit oneparop P € oOMekeHUM, Mae 0OMEXKEHyY MOXiIIHY;
icaytors cram Cs > 0,7 > 0 Taki, mo n, < C3k™ manga Beix k € N; Moyt
BU3HAYHUKIB MATPUIlh, TTOPOXKEHUX TEH30PHUMU JOOYTKAMU CTEIEHIB YKOP-
JAHOBUX KJNTOK J(Ajk,,Nk;) HOPAAKY Ng;,j = 1,...,p, Ta JiBOIO 4aCTHHOIO
piBHAHHS (2), JHOIYCKAIOTH CTeneHeBy (cTocoBHO ki + ...+ kp) OLIHKY 3HH3Y;
BUKOHYIOTLCsI OLHKHY (1); € — ZOCUTH MaJjie IHCIIO.

1. Ilrammuuk B. 1. HekoppekTHble rpaHnvHbIe 3339 s A dDEePEeHITHATBHBIX
ypaBHeHn# ¢ dacTHbIMEU mpousdBoaubiMu. — K.: Hayk. nymka, 1984. — 264 c.
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Meroauka HaBYaHHSI PO3B’I3yBaHHSA CUCTEM ippamioHAJIbHUX
piBHsiHD Ha dakyabTaTUBHUX 3aHATTIX B 33CO

Cixopa Bipa, 3o0syssx Ipuna

v.sikora@chnu.edu.ua
Yepniseyvrut Hauionasoruld ynisepcumem imeni FOpis Dedvrosuva

Busuenns ipparionagsaocteit B 33CO posnouynHaeThcst y 8 Kjaci micis
BBEJICHHSI MTOHSTTS KBaIPATHOTO KOpeHsI Ta MponoBxkyeTrhesd B 10-11 kmacax
11 yac BUBYEHHS IppanioHAIbHUX PIBHAHD, HepiBHOCTEl Ta iX cucreMm [1], [2].
[Ipote 15 Tema HACTIIBKE BEJINKA, IO i YaC YPOKIB BUUTEIIO MATEMATUKHI
B 33CO 3 akajeMiYHUM piBHEM BUBYEHHSI MaTeMaTUKU HE 3aBXKJIU BUCTAYAE
qacy pPO3IVISHYTH BCI MOXKJIMBI BHUJIM TaKUX PIBHSIHB Ta, CIIOCOOU IX PO3B’sI3y-
BaHHs. JacTo 1poro il He MOTPIOHO — OCHOBHA YACTHUHA YUHIB TAKOrO KJIacy
3aCBOIOE 3HAHHA Ha 0azoBoMmy piBHi. [Ipore 3 yunsMu, KOTPi IIKABIATHCA Ma-
TEMATUKOIO Ta MAIOTh JIOCTATHIA Ta BUCOKHI PiBHI HABYAJBHUX JIOCSTHEHD,
BapTO 3aIIPOIOHYBaTH OibII rJINOOKe BUBYEHHS JaHOI TeMU i 4ac aKyib-
TATUBHUX 3aHATH 3 MareMaruku B 10 uu 11 xjaci. Hacammepes, Ha HaI 1mo-
IJIsia, 16 BapTo poburH, ockiabku B Tecrax 3HO Ta HMT ocrammix pokis €
JOCUTH 0AaraTo 3aBIaHb, OB T3aHUX 3 IPPAIIOHATPHUMA DIBHSIHHSIMHI 91 He-
piBoocTamu. IIpu 1MbOMy BOHM ©acTO 3yCTPidalOThCs B TPETiil Ta weTBepTiit
(Tobro maiicknaaaimux) gactuaax 3HO ta HMT ocrannix pokis [3].

[Ipu mizroToBIi MOJIOAOTO BUUTENS JO TAKUX 3aHATDL PAJIUMO KOPUCTYBa-
THUCsI HACTYTHUMHU METOAUYHUMU nopamamu. Hacamiepe s HOIIbHO 000B s13-
KOBO HAaraJlaTW yJIHSIM BU3HAYEHHS ipPAIliOHAJIBHOTO YHUCJIA Ta ippalioHaIb-
HOTO BHPAa3y, PO3B’sI3aTH KiJbKa IIPUKJIAIIB HA OOYUCIEHHS Ta IePETBOPEHHS
ippaltioHAIbHUX BUPAa3iB, 3BEPHYTH yBary Ha OCOOJIMBOCTI POOOTH 3 HUMM.
Jasti nepexouMo 10 PO3IVIsLYy HANIPOCTIMUX ippallioHaIbHUX PIBHAHB Ta iX
cucreM. /lo mpukiay,

VvV +y = 2023,
2x — \/y = 2024.

[Ipu mpoMy 0OOB’SI3KOBO 3BEPTAEMO yBary Ha pi3HI METOAU PO3B’I3yBAHHS
ipparfioHasbHUX PIBHSAHB Ta 1X cucTeM (MeTO 3aMiHM 3MIHHOI, METOJ IIijHe-
CeHHsI JI0 KBaJjipaTa, MeTOJI JIiJIEHHS, METOJI BU/IIJIEHHSI MHOYKHUKIB, BUKOPH-
CTaHHS BJIACTUBOCTEH (DYHKIIIH, sIKi TPUCYTHI ¥ PIBHAHHAX, Ipadidauilt MeToT
TOIIO), NPAKTUKYIOUM MOCTYIIOBE yCKJIQIHEHHs 3aBJaHb: IOCTYIIOBO PO3IJIf-
JIAEMO CKJTQJIHIII 3aBJIaHHS — CUCTEMHU ippallioHaJIbHUX PiBHSIHB HE TIJIBKH BiJT
OJIHI€T, aste i Bij AeKiTbKOX 3MIHHIX; 3 TPhOMA Ta OibIne ippaIioHaIbHOCTS-
MU PI3HOI'O CTEIeHs; PIBHAHHS Ta 1X CUCTEMHU, Y AKUX HPUCYTHI HE TiJIbKU
paJiuKaJu, aJje i iHII TpaHCIeHIeHTHI BUpa3u.

Hanpukia, 1mikaBoio Ta JOCATH CKJITHOIO 3 IEPINOro MOy JIJIsd VIHIB
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MO2K€ BUABUTUCA CUCTEMa 3 IIapaMeTPpOM

vV +y+y+z=1968,
VY +z++z2+x=2023,
vVz+x++/r+y=>55+a,

JI0 $IKOI TIOCTaBJICHE 3aB/IaHHS 3HAWTH HAMEHIIE IiJle 3HAYEHHs ImapaMerpa
a, KOJIM TaKa CHCTeMa MaThuMe po3s’s3ku. IIpore 3amina 3minnux /= + y = u,
VY + 2z =,z + & = w 103B0JIUTH 3BECTH 10 CHCTEMY JI0 JIHIAHOI BiJl TPHOX
3MIHHUX. AHAJII3YI0UYN 3 YYHSIMUA OTPUMAaHI Pe3yJIbTaTH, OJEePKYEMO OTPiOHE
3HaveHHd napamerpa a = 0.

HesBakaroun Ha Te, 1m0 (HaKy/JIbTATUBHI 3aHITTS HE IepeIdadaloTh J10-
MAITHBOTO 3aBIAHHS, MU IIPAKTUKYEMO 3aBIAHHS JJIsi CAMOCTIHHOTO OIIPAITIO-
BaHHs BJIOMA /I TUX, XTO 3aIliKABUBCHA BKA3aHOIO TeMAaTHKOI. lIpm mpomy
JIOCBiJI IOKA3Yye€, M0 331241 3 PEAJHLHOIO KUTTS, IKi BUMATal0oTh PO3B’I3yBaH-
Hs ippaIlioOHaJILHOTO PIBHAHHS UM CHCTEMH, 3AIKABIIOIOTH YUHIB, CIPUSIIOTH
PO3BUTKY X MUCJIEHHS Ta, YIOCKOHAJIOIOTH HABUIKYU POOOTH 3 TIOIOHNME 3aB-
JTAHHSIMA.

HocuTh 1acTo, Ipu HASBHOCTI JTOCTATHBOI KLIBKOCTI YUHIB, SIKi BiBiIyIOTDH
dakyIbTaTUBH] 3aHATTS, 3PYYHAM € PO3IOJJI YYHIB HA IPYIH Ta HAJIAHHSI
iM croiibHOTO 3aBranHs. [le cupuse cmiBmpari Ta oOMiHY ifgesMmu, BUUTDH iX
JIOCJIYXaTHUCS JIO 1HIIOI TOYKH 30DPY, 3HAXOIUTH MPABUILHI aJITOPUTMU.

[likaBuM Ha HAII TOIVISA, € BAKOPUCTAHHS PI3HUX MATEMATHIHUX IIPOrDAM
(nanpukian, MATLAB, Wolfram Mathematica, onsaiin-KaJabKyaIaTOpH) Jist
PO3B’sI3yBaHHS CKJIQJIHUX CUCTEM ippalfioHaJbHUX PiBHSHD.

Takoxk cJ1i/1 TepioIU<THO TPOBOAUTH TECTU ab0 JIaBATH OIiHIOBAJIbHI 3aB1a~
HHSI JIJIsl IEPEBIPKU PiBHS 3aCBOEHHS MaTepiasly yIHIMHU, & IiCJIs 3aBEPIICHHS
BUBYEHHS IIEBHOT'O METO/Iy OOTOBOPUTH BCi BAXKJIMBI MOMEHTH, 3BEPHYTH yBary
VUHIB HA JOIYINEH] MOMUJIKH. 3arajioM, ippaIlioHaIbHI PIBHIHHS Ta iX cHCTe-
MM — IIe JIOCUTb 00’€MHa, IIiKaBa 1 BaxK/mBa TeMa B Kypci maremaruku 33CO.
Koxken By Takux piBHAHD YU IX CHCTEM MOYXKHA PO3B’A3yBaTHU 3a JOIIOMOIOIO0
BUKOPUCTAHHSI Ta MOETHAHHS PI3HUX METO/IIB.

1. Mepszask A.I'. Anrebpa: miapyasuk as 8-ro kiaacy 3H3 3 moryimbienumM BuBye-
vusm marematuku / A.I. Mepansik, B.B. Ionouncekuit, M.C. fkip. — Xapkis:
limuazis, 2021. — 384 c. — URL: https://cutt.ly/18CX1za

2. Icrep O.C. Anrebpa i mouarku amamisy: (mpodin. piBens): migpy4d. mua 10-ro
k1. 3akJL. 3ar. cepex. ocsitu / O.C. Icrep, O.B. €prina. — Kuis: T'enesa, 2018.
— 448 ¢. — URL: https://cutt.ly/c8BSyzl

3. Odimiitni 3BiT / YKpaiHcbKuil IeHTp omiHioBaHHs skocti ocsiru. — URL:
https://testportal.gov.ua/ofzvit/
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IIpo oany cuHTyagpHY (DYHKIIIO 3 CKJIAAHOIO JIOKAJIBHOIO OY/I0BOIO
Craxyn JAmumpo
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Vrpaincvrutl deporcasnutl ynisepcumem imeni Muzxatna pazomarosa

Hexait s — naTypaJjbHe qncJio 6iJibIe OIuHuUII, ({n) — IIOCJIITOBHICTH He3a~
JIEKHUX JINCKPETHO PO3IOLIEHNX BUIIAIKOBUX BEJUUNH, siKi HAOYBaIOTh 3HaA-
wenb 0,1,...,5 — 1 3 IMOBIDHOCTAME Pon, Pins s P(s—1)n BIATOBITHO, () —
CIIa/IHA IOCJIIOBHICTh JOJATHUX YHCEJ Taka, 1o lim, a2:1 =q < 1.

Posrisinemo BumakoBy Bejimunny £ = Z:ﬁ &nay. 3a Teopemoro JIxkeccena-
BiaTaepa [2] pozuomin £ € uuctum, T06TO JUCKPETHUM a0 aOCOIIOTHO HEIle-
pepBHUM ab0 CHHIYJpHUM. 3a Teopemoro Jlesi [3] posuomin £ € auckpernum
TOZI 1 TIILKK TOMI, KOJII

“+o0
H max{pomplm "'7p(sfl)n} > 0.

n=1

Teopema 1. Jas dogiavhoi nocaidosnocmi (ayn,), wo 3ado6oabHse sulie 6Ka-
3aHT YMOSU ICHYE NOCAIDOEHICTIL CIOTACTIUMHUL 6EKMOPIS (Do, Pins -+ s P(s—1)n)
maxka, wo Pyrryia Fe(x) € cuneysapnoto ma cmpozo 3pocmar oo na 6i0pis-

wy [0 3025 an).

Ao a, = A" 1715 KOXKHOTO HATYPAJIBHOIO 1, IIPUIOMY A < %, TO 700pe
Biztomo [1], 1o posnoxin € € abo aucKpeTHUM abo CHHIYJISPHAM PO3IOJIIOM
KaHTOPIBCKOTO THUILY.

Teopema 2. SAkwo a, = —L 0AA KOJHCHOZO HAMYPAALHOZO TV, MPUHOMY T >
s,m € N, mo icnye nocaidosHicms CMoTacmusHuT 6eKmopic (Pon, Pins -+ P(s—1)n)
maxa, wo Pynkyia Fe(x) e abcomomno nenepeperorn ma cmpoeo 3pocmaio-
wor0 na eidpizky [0; Y25 an).

1. Typbun A. @., [Ipanesursiit H. B. ®pakranbubie MHOXKECTBa, (DYHKIUU, Pac-
npenenennsi. — Kues: Hayk. nymka, 1992. — 208 c.

2. Jessen B., Wintner A. Distribution function and Riemann Zeta-function.
Trans.Amer.Math.Soc. — 1935. — Ne38. — P.48-88.

3. Levy P. Sur les sries don’t les termes sont des variables independantes // Studia
math. — 1931. — Ne3. — P.119-155.

4. Peres Y., Schlag W., Solomyak B. Sixty years of Bernoulli convolutions. Fractal
Geometry and Stochastics II. Progress in Probability. — 2000. — Ne46. — P.39-65.
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STEM-ocBiTa: npodeciiiHuii po3BUTOK Iiegarora
Croponimnsa Anina
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Ilepexin m0 IHHOBAIIHOT OCBITH €BPOIEICHLKOrO PiBHS Iepeadadac Imiiaro-
TOBKY IIeJIarora HOBOI iHTerpairlii, 3/IaTHOrO JO CYYaCHUX YMOB OpraHizariiil
HaBYAJILHO-BUXOBHOI'O IIPOIECY, COIAJIBHOI MODLIBHOCTI, BUKOPDUCTAHHS CYy-
YACHUX IHHOBAIIHUX TexHOJoriil HaBdauHs. CyCHiIbCTBO COMIaJbHO 3aMOB-
JIsI€ BUIYCKHUKIB, fKi 00epyTh mpodecii IT-daxisiis, mporpamicTis, inxke-
HepiB. Boru, B MafitbyTHbOMY, MAaIOTh CTATU MpodecioHasaMu BUCOKO TEXHO-
JIOTTYHUX BUPOOHUIITB, (baxiBigMu HaHoTexHoJoriii. e nokymkana 3podbuTn
STEM-ocBiTa, To/I0BHA MeTa KOl MOJIATAE B PEAI3aIllil JIepyKaBHOI MO THKHI
3 ypaxyBaHHsIM HOBUX BUMOT 3akoHy Ykpaluu "IIpo ocsiry"mono mocunennst
PO3BUTKY HAayKOBO-TEXHIYHOI'O HAIIPSIMY B HABYAJIHLHO-METOUYHIHN JTiAIHbHOCTI
Ha BCiX OCBITHIX PiBHSX.

STEM-ocBiTa - KaTreropis, sika BU3HAYA€ BiANOBIIHWIA HeJaroriyumii mpo-
tec (Texnos0rin) GopMyBaHHs I PO3BUTKY PO3YyMOBO-II3HABAILHAX 1 TBOPIUX
AKOcTelr MaffiOyTHIX (PaxiBIliB, pIBEHb SIKUX BU3HAYAE KOHKYPEHTHY CIIPSMO-
BaHICTb HA CyYaCHOMY PHUHKY IIPaIli.

STEM-nap4anHs peajizyerbces nuisixom STEM-koMmerenTHOCTEl. Y KOH-
TekcTi miaroroBku MaiibyTHix memaroris STEM-koMmiieTeHTHOCTI pO3IIIsiia-
FOTh sIK JIMHAMIYHY CHCTEMY 3HAHb, IIHHOCTEH Ta OCODMCTICHUX SIKOCTEH, siKi
BU3HAYAIOTDH 3JaTHICTD 0 iHHOBAIIHHOI AistIbHOCTI. [0TOBHICTE 10 pO3B’sI3aH-
HSI KOMIIJIEKCHUX 3aBJIaHb, KpUTUIHE MUCJIEHHsI, KPEATUBHICTD, OpTaHi3aIiiini
3/I0HOCTI, yMiHHS IIPAIIOBATH B KOMaHJi, eMOUiiHuii inTesekT. OuiHOBaHHS
i IpUAHATTA pilleHb, 3aTHICTD 10 eeKTUBHOI B3a€MOJIil, YMIHHS JOMOBJIS-
THUCsI, KOTHITUBHA THYYKicTb [1].

HoctizreHHs TuTalb TPOdeciitHol KOMIETEHTHOCTI BUUTEIS HE € HOBUM Yy
HayKOBO-METO/INYHIi JiiTepaTypi. 3arajbpHi acekTn JaHol mpoOeMu PO3IIIs-
namu B. Amonsd, B. Bennit, 1. 3umus, B. Kpemens, H. Kysbmina, B. Carok,
A. IllykanoBa Ta iH.

3aBaHHSIM BUNATE/IS BUCTYIAOTH B3a€MOJII 3a JIHISIMU: YIUTEh - YIECHb
(cuiBuparg BuuTes i yuHIB Ha ypOIl Ta B MO3aypOUHUil 4Yac); yIUTENb -
aJMiHicTpalisd HABYAJIBHOIO 3aKJIAJLY; yIATeb - 6aTbKu (BKJIIOUEHHS DATHKIB
y mo3aypouHi dbopMu pobOTH 3 yUIHAMHU, 30KPEMa CIIOCTEPEXKEHHS 33 TPY-
JIOBOIO Jis/TbHICTIO 6ATHKIB, COIIOJIOTIUHI JTOCTIIKEHHST POIMHU AK Cy0 €KTa
PUHKOBOI €KOHOMIKH, JOMOMOra y BUKOHAHHI JOMAINHIX 3aBaadb Tomo). He-
BiJI'€MHOIO CKJIAJIOBOIO MPOQECIfHOT KOMITIETEHTHOCTI € B3aE€MOJIisl BUNTEIB-
npenmernukis (dizuka, maremaruka, indopmaruka, ximis, 6iosorig ToIo)
4yepe3 MoOyI0BY MIXKIIPEJIMETHUX 3B’s3KiB [2].

Cepej1, pi3HEX BUJIB KOMIIETEHII, SIKUMU IIOBUHHI BOJIOJITU BYUTEJ MO-
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2KHA BUJIJIMTH caMe Ti, 10 XapaKTePU3YIOTh 1X TOTOBHICTH JI0 IHHOBAIIITHUAX
IIepeTBOPEHB: BMiHHSI BUKOPHUCTOBYBATH HOBI iJ1el Ta iHHOBAIIil TS JIOCATHEH-
Hsl METH; 3HAHHSI I1[0/I0 BUKOPUCTAHHSI BCbOI'O HOBOIO (HAIIPUKJIAL, CYyYACHUX
3aco0iB 1 obsa/HAHHS); YIEBHEHICTh Y IIO3UTHBHOMY CTABJIEHHI CYCILIHCTBA
10 HOBOBBEJ/IEHD; HAIIOJIEIVINBICTD; IHIMIATUBHICTG Y TPUUHATTI pillleHb; Iep-
COHAJTbHA, BiIMOBIMAJBHICTE; 3ATHICT 0 KOMAHTHOI pOOOTH; CIIPOMOXKHICTH
ATH Ha KOMIIPOMIC Ta JI0 PO3B’sI3aHHs KOHMIIKTIB.

Orxke, mpodeciiina KoOMIIeTEeHTHICTD BUnTe st y cucremi Hapdanus STEM e
SIKICTIO OCOOMCTOCTI, siKa XapaKTepu3ye piBeHb HOTo iHTerparil y iHHOBaIliline
HayKOBO-TEXHIUHE CEPEIOBUIIE; TIepeadbatae MeBHU BiAXiA Bix TpaauIiitHoro
mporiecy (popMyBaHHS BY3bKOT'O CIIEIIaJiCTa Ta BU3HATAETHCA HEOOXITHICTIO
po3BuTKY OaratonpodiabHoro daxisig. TakuM IHHOM, B YMOBaX BIIPOBaIZKe-
uHst STEM - ocBiTu B YKpaini Bce Oijiblie 3pocTae morpeda y IMmiroToOBI BUCO-
KOKBaJTI(PIKOBAHOT'0, KPEATUBHOTO, TBOPYOr0 BUMTEJIsI, KOTPUIl BOJIOIIE CBOIM
[IpeIMETOM, TOTOBUH MiBUIIYBATU PIBEHBb CBOIX MpodeciiiHnX 3HaHb, 00i3HA~
HUl 3 TUTaHb (DYHKIIOHYBAHHSA I[IE€ArOrivHOI CHCTEMH 3araJibHOOCBITHBOTO
HABYAJILHOTO 3aKJ/a/y, MOYKe 3a0€3MeUNTH YMOBH JIJIs iHTErpariii mepeaoBux
iyte#t Ta IHHOBAIIHUX TEXHOJIOTIT; OpraHizyBaTu HAYKOBOJIOCJIITHY JSIbHICTD
VUHIB, ILJISIXOM CTBOPEHHSI JIMHAMIYHOI CUCTEMU B3a€MO3B SI3KIB 3 OTOUYIOUNM
CEPEeJIOBHUIIEM, IO CIPUSIE TOTINOIEHHIO 3HAHD, (PDOPMYBAHHIO COIIAIBHOTO 10~

inTepeciB Ta TBOpUMX 3IOHOCTEIA.

1. Tomuaposa H.O. IIpodeciiiia KOMIIETEHTHICTb y4YUTEsT B CUCTEMI HABYAHHS
STEM // Haykosi 3a-nucku Masioi akagemil Hayk YKpainu: 36. HayK Ipalb.
— K. : Incturyr obmaposanol nuruan HAITH VYkpainum, 2015. — Bun. 7. — C.
141-148.

2. IIykanoBa A.A. @yHKuioHaJIbHA CTPYKTYpPa MPodeciiiHol KOMIETEHTHOCTI BUH-
Tens reorpadili B cucremi Hemepepsuol ocitu // IIpoGsemu cygacHoro mii-
pyuHuka: 36. Hayk. npanb. — K.: Ilemaroriuna nymka, 2011. — Bun. 11. — C.
740-746.
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InHoBaIiiiHA KOMIIETEHTHICTh SIK ITpodeciifHO BaXKJiMBa puca
Cyd4aCHOI'0 BUUTEJSI MAaTE€MaTUKU
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skorolitnia.alina@chnu.edu.ua, 1.tymchuk@chnu.edu.ua
Yepniseyvrutl nauionasvrul ynisepcumem imeni FOpis Dedvrosuva

B ymoBax mozepHizaliii yKpaiHChKOI OCBITH JIisSIBHICTD CYyYacHOTO BUHUTE-
JIsl TOCTITHO 3MIHIOETHCS Ta HAITIOBHIOETHCS HOBUM 3MicToM. Pedopmu B ocBiTi
CTaBJISITH TEPEJT BUNTESIMA HOBI BUMOTH - €(DEKTUBHO BUKOHYBATH IPOdeciii-
Hi pyHKIIT B yMOBax iHHOBAIIHHOTO pexKuMy. KOMIIETEHTHICTD € pe3yIbTaTOM
OCBITH, CAaMOOCBITH i CAMOPO3BUTKY Iiejiarora. Bona BU3HAYAETHCA JTOCBiIOM
Ta, IHIUBIIYAJIbHOKO 3JIATHICTIO JIFOAWHM, 11 IIPArHEeHHsSIM J0 Oe3IepepBHOI ca-
MOOCBITH # CAMOBIIOCKOHAJIEHHSI, TBOPYUM CTABJIEHHSIM JIO TIPAIIL.

Maremaruka i MaTeMaTUYIHa OCBITa B CyYacHHX yMOBaX BiirparoTh OCO-
6By posib v (opMyBaHHI KOMIIETEHTHOI OCOOMCTOCTI, 3MaTHOI 0 CAMOBIO-
CKOHAJIEHHSI Ta CaMOOCBiTH IpOTAroM Kurtd. PopMmyBaTn Taky 0COOMCTICTH
MOYK€ JIUIIIe KOMIETEHTHUN yINTETb MaTEeMATUKU.

Binbmiicts mpobisieM, 1o MOCTAIOTH Iepel BUYUTEISIMU, siKi MPAIfOIOTh B
iHHOBAIIHOMY peXKWMi, TOB’d3aHi 3 HU3BKOIO IHHOBAINIHOIO KOMIIETE€HTHi-
crio. YK onuH i3 BaXXIMBUX KOMIIOHEHTIB TpOMeciiiiol TOTOBHOCTI, IHHOBa-
iffHa KOMITIETEHTHICTD € MePeIyMOBOI0 e(DEeKTUBHOI isIIbHOCTI BUUTEJIST, Ma~
KCHMAaJIbHOI floT0 peaJiizaliil Ta pO3KPUTTs TBOPYOr'O IOTEHITIAJLY.

[TousTrst "iHHOBAIIIHA KOMIIETEHTHICTD" TPAKTYEThCS KPi3b CHCTEMY MO-
TUBIB, 3HaHDb, YMiHb, HABHYIOK, OCOOMCTICHUX SKOCTe# memarora, Imo 3abesre-
qye 3MiICHEeHHsT HUM YCiX eTamiB iHHOBAIiitHOI mpodeciitHol MisgTbHOCTI: BifT
MO/IEJTIOBAHHSI 1 ITPOrHO3YBAaHHS JI0 BIIPOBAJI>KEHHST HOBOBBEIEHHS. AHAJI3 Cy-
THOCTI I[bOTO TOHATTS Mepe0avae HAABHICTh iIHHOBAIIMHOTO CIIPUIHSTTS CY-
0’eKkTa: COpUIHSATTS BJIACHUX IHHOBAINN 1 B3araji HoBalliii abo BiIKPHUTTIB,
3/IATHICTh TODAYUTH €JIEMEHTH HOBOI'O Y BIHOCHO CTAJIOMY Ta 3aIPOIIOHY-
BATH IPUHIIUIIOBO HOBE BHUimIeHHs mpobsieMu. [HHOBaIiiTHA KOMIETEHTHICTH
[elarora CTPYKTYPHO [IOBUHHA OXOILIIOBATH 30BHIIIHI (MeTa, 3acobu, 00’eKT,
cy6’ekT, pesyabrar) i BHyTpimHl (MOTHBaIs, 3MiCT, oneparil) KOMIOHEHTH
3/1ifiCHeHHsT IHHOBAIIHHOT JIiSITbHOCTI.

C. PakoB yBiB MOHSATTSI MATEMATUIHOI KOMIIETEHTHOCTI BUUTEJISI MaTeMa~
TUKA gK "yMiHHS GAYUTH Ta 3aCTOCOBYBATH MATEMATHKY B PEATHLHOMY YKHUT-
Ti, pO3yMiTH 3MiCT i METOJI MATEMATHIHOTO MOIEIIOBAHHSA, BMIHHS Oy/IyBaTn
MaTEMATUYHY MOJIENb, JIOCJIPKYBATH 11 METO/IAMU MAaTEMATUKU, iIHTEPIIPETY-
BaTH OTPUMaHI pe3yJIbTaTh, OLIHIOBATH [TOXUOKY O0OYMC/IeHb" .

O. Iporerko ta C. KOpouko BUOKpeMuIu HAMOLIBIN XapaKTepHI O3HAKHY 1H-
HOBAINTHOI KOMIIETEHTHOCTI TIeJarora, 0 siKux, Ha JIyMKY aBTOPiB, HAJIEXKATh:
1) ocobucricHa cupsiMoBaHiCTh (haxiBIld Ha OCBOEHHsS HOBOTO, TOTOBHICTB JI0
3MiH B crocobax mpodeciitnol fisuibHOCT; 2) cy6’eKTHICTD HiIENOKIIAIAHHS,
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isesniificHenus i camopeadizanil; 3) wirkicrs npodeciiinol mozuiil, ycsimom-
JIEHHSI COIliaJIbHOI 3HAYMMOCT] iHHOBAIIi{l, BKJIIOUEHHSI Y COIiaJIbHY TBOPYICTb;
4) BIANOBIAHICTH CKJIQJy KOMIETEHTHOCTI CTPYKTYpPl IHHOBaIifHO! AisijIbHO-
cri; 5) edekTUBHICTH crIocObIB peastizaliil cucTeMu 3HAHD, YMIHb, HABUYIOK Ha
BCiX eTanax iHHOBaIiiiHOrO 1pornecy; 6) 31aTHICTD 10 TBOPYOrO X0y Y BH-
pimenni npodeciiinux 3ana4; 7) uigicHicTh BCi€l CyKYIHOCTI KOMIIETEHIH y
CKJIai IHHOBAITIHHOT KOMIIETEHTHOCTI (baxiBIlsl SIK CHCTEMHOrO yTBODEHHsI; 8)
BHUCOKHH piBeHBb mpodecionanizmy daxiBiig, MO I'PYHTYETbCS Ha OCMUCICHHI
Ta, caMOBJIOCKOHAJIeHH] foro mpodeciiinoro moceixy [4].

Takum anHOM IHHOBAIIITHA KOMIIETEHTHICTH BUUTEJIS TPOSIBIAETHCA B OHOB-
JIeHuX, Oi1bI epekTUBHEX (bopMax, crmocobax, MEeTOAax i, BiAMOBIAHO, IKICHO
HOBUX pe3y/IbTaTaX HaBYAJIbHO-BUXOBHOI JIISIJIBHOCTI, IKi OTPUMAaHi BHACJIJIOK
peaJiizaliil iIHHOBAITIiA.

Hocuiexyoun npupony hopMyBaHHSI IHHOBAIITHOT KOMIIETEHTHOCTI Cyda-
CHOTO BYUTEJIS MATEMATHKW, MOYKHA AT 70 BHUCHOBKY, IO 10 UYNHHUKIB
Takoro (opMyBaHHS HAJIEXKATH: FOTOBHICTH BUMTEJS O IHHOBAIl, KPUTU-
YHICTh MUCJIEHHsI, HasIBHICTH PECypCIB I peaJii3allil HOBOBBEJIEHb, TBOpYa
yeBa, 37JATHICTb 70 pedJieKcil Ta MOTHBAIIHHO-I[IHHICHE CTaBJIEHHS JO IIPO-
deciitHol AisIbHOCTI.

1. Bennera H.O., Kapanerposa O.B. IHHOBamiiiHa KOMIIETEHTHICTH SIK CKJIAI0Ba
npodeciiiHol AislIbHOCTI Cy4YacHOro nejarora. Bicuuk yniBepcurery imeni Ajib-
dpena Hobess. Cepis "Ileparorika i ncuxosorisa". negaroriuni naykm. 2022. Ne
1 (23).

2. Ijinan, T. C. (2016). IIpodeciitia KOMIETEHTHICTH Cy9IaCHOrO BUNTEs. IHHOBA-
TUKa y BUXOBaHHI, 3, 174-184.

3. zrobenko 0. JI. [nHOBaIiiiHA KOMIIETEHTHICTD YUUTEJIA SIK CKJIA0Ba, HOT0 IIpOo-
deciitnol kommerenTrocti// MomepHizanis ynpasiiHHA B KOHTEKCTI BUMOT 3a-
kony Ykpaiuu "IIpo oceity": marepiasmu Bceykp. Hayk.-ipakT. oHsaiiH-koud.,
Xapkis, 20 tpas. 2020 p. — Xapkis : XHITY, 2020. - 4. 1. — C. 110-114.

4. Tlpouenxko O., FOpouko C. IHHOBaIliliHa KOMIIETEHTHICTH TIeJarora: 3MiCT i cTpy-
kTypa. Mosnons i purok. 2015. Ne 5 (124). C. 51-55.

5. B. B. Auxan. [unoBamniiiia KoMImeTeHTHICTH yunTens maremaruku// Ilemarori-
4HI HAyKU: Teopid, icropis, innoBamiini Texuosorii — Cymu : Bug-so Cym/IITY
imeni A. C. Makapenka, 2014. - Ne 5 (39). - C.199-207.
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Hexait E — nosinbunii 6anaxosuii upocrip i L(E, E) — 6anaxosuii npocrip
JIHITHAX HENEPEPBHUX OIMEpPaTOPiB, MO MIIOTH y MPOoCcTopi F.
OpiHi€I0 3 OCHOBHUX 331249 TeOpil OMepaTOpHUX PsiB € 3aada Ipo 301xkK-
HICTH PsJIIB BUIJISILY
o0
> Ay, (1)
n=1

ne A, € L(E,E), n € N.

it 3amaqi npuaineHo ysary B MoHorpadiax [1], [2], crartax [3]-[9] Ta
IHITUX TTpaIsdX.

HagiTs 3’sicyBanms yMOB 30i’KHOCTI TTPOCTUX OMEPATOPHUX PsIJTiB

o0
A" i E n=4,
1

n=1

o0

n=

A€ L(E,FE) (i pamu 36iratorbes e y sunagrax r(A) < 1io(A) C {A €
C : Re X > 1} Bimnosiguo, ge r(A) i 0(A) — crekrpanabHuii pajiyc i crekTp
oneparopa A), He € TpuBlaNbHOW© 3ag89€10 [2].

MHuozknHa BCiX JIIHINHAX HEIEePEPBHUX OIIEPATOPIiB HEMAa€E IIPUPOIHOI BIIO-
PSIIKOBAHOCTI, K MHOXKWHA JIACHUX 4uces. ToMy JjIsl OIEPATOPHUX PsJIB
BiJICYyTHI O3HAKW, AHAJIOTIYHI O3HAKAM ITOPIBHSHHS, IO CYTTEBO YCKJIATHIOE
JOCJTITXKeHHsT 301?KHOCTI MUX PAMiB i BUMarae po3poOKM TaKUX METOIIB J0-
CJTITKeHHsT 30i’KHOCTI Ps/IiB, AKX HEMAE B TEOPil UNCTIOBUX PSIIiB.

st mocuizkenns: onepatopuux psiais B [1]-[9] 3acrocoByrorbest meTonn
GYHKIIOHAJILHOIO aHAJII3y Ta Teopil CTIiKOCTI po3B’s3KiB PI3HUIIEBUX PiBHSIHD
y 6aHaXOBOMY IIPOCTOPI.

HagiTh oTpumanHs onepaTopHUX aHAJIOTIB 03HaK 1’ Aambepa i Ko € me-
TpHUBiaJbHOIO 3a1a9ei0. He BUKOPUCTOBYIOUH OCHOBHI MMOHATTS 1 METOIN TEOPil
JHHITHUX omepaTopiB Ta Teopil CTIMKOCTI PO3B’SI3KiB €BOJIIOIIHAX PIBHIHD,
HeMOXKJIMBO chOPMYITIOBATH 1Ii aHaJsoru it o6rpyarysaru ix [3], [4]. ITobyrosa
1ux aHaJsoris Jyuisi (1) y Bunajxy HecKiHUeHHOBUMIDHUX GaHAXOBUX IIPOCTODIB
CYIIPOBO/IKYEThCS OTPUMAHHSM HOBUX PE3YJIbTATIB, SKUX HEMAE Y BUIIAIKY
qucaoBux psajis [2]-[4]. Criaanine oTpuMyIOTbCH OLIEePATOPHI AHAJIOTU O3HAK
Paabe, Beprpana [5|, AGensa ta Hipixie [6].

BincyrricTs y 6aHaxXoBOMY MPOCTOPi B 3araJbHOMY BHUIAJIKY BJIACTUBOCTI
BIOPSIIKOBAHOT MHOXKWHU HE JJO3BOJISIE BUKOPUCTOBYBAaTH YMOBY MOHOTOHHOC-
T dyHKiil, mo B o3Hakax AbGesns ta Jlipixje € cyTTeBO0. 3aMiCTh TaKHX
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bYHKITIT MOXKHA BUKOPUCTOBYBATH (DYHKINI 3 0OMEKEHOIO 3MIiHOIO, IO pO3-
[IMPIOE MHOYKUHY 3aCTOCOBHOCTI TBEP/KEHB TUIily TeopeMm Abess ta ipixite
[6].

Barome wmicre B [2| 3aiiMaloTh 3arajgbHa iHTerpaJsbHa O3HaKa 3013KHOCTI
YUCJIOBUX PSJIIB, WIEHU SIKUX MOXKYTh OyTH KOMILIEKCHIME, BEKTOPHUX PSI/IB
i, 30KpemMa, OTmepaTOpPHUX PSIiB, IO 3aCTOCOBHA M0 JOCTIIKEHHST Ha 301kK-
HicTh MOBIIBHUX psiziB [7], [8], a Takoxk mudepenniansbHa o3HAKA 361KHOCTI
onepaTopHux psie [9], mo B 6araThoX BHIAJKAX IIPOCTIIIE 3aCTOCOBYETHCS
JI0 PAJIB, HIK 1HIT O3HAKH.

Hagemeno 3acTocyBaHHST OIEpATOPHUX PSIIIB 10 PO3B’SI3aHHS 33,04, TTOB’sI-
3aHUX i3 BCTAHOBJIEHHSIM 3arajbHOI TEOPEMHU IIPO IUXOTOMIIO PO3B’I3KIB JIiHii-
HUX Pi3HUIEBUX PiBHAHD [10], i3 3HAXOIPKEHHSM 3araIbHOTO BUTJISLY JIHIHIX
C-HEIIePEPBHUX DPI3HUIEBUX OIEPATOPIB Ta 300parkKeHHsI OOMEKEHUX PO3B’sI3-
KiB BiAnoBiHUX JsiHiftHNX piBHsHB [11] Ta mMoGym0BOK ONHOIO Kiacy KBasi-
HIJIBIIOTEHTHUX onepaTopis [12].

1. Cmrocapuyk B.FO. 3arasbhai Teopemu mpo 306i2KHICTh YUCIOBUX psifiB. — PiBHe:
PiBuencokuit nepxk. Texu. yu-t, 2001. — 240 c.

2. Cuocapuayk B.}O. OneparopHi psigu. — PiBue: Bun-Bo Harr. yu-Ty Boz. rocu-Ba
Ta npuponoxkopucryBanus, 2023. — 229 c.

3. Cmocapuyk B. E. Oneparopnbrit ananor npusnaka x Amambepa // MaremaTn-
ka crorogui '09. — Kuis: Buu-so ,,Ocsira Ykpaiau“, 2009. — C. 101-115.

4. Cumocapuyk B. FO. Oneparopuuit anasor osnaku Komi // Maremarudsi cry-
ait. — 2010. — 33, Ne 1. — C. 97-100.

5. Cunocapuyk B. FO. Oneparopuuii anasor osnaku Beprpana // Maremarudsi
cryaii. — 2011. — 35, Ne 2. — C. 181-195.

6. Cumocapuyk B. 0. VzaranbrenHs osnak AGesst ta [ipixse // YKp. marem.
KypH. — 2020. — 72, Ne 4. — C. 527-539.

7. Cmocapuayk B. FO. Hosa inTerpanbna o3naka 36ikuocti pamais // Maremarmani
crymii. — 2014. — 41, Ne 2. — C. 198-200.

8. Cmocapuyk B. FO. InTerpanbni o3naku 36izxu0cTi psaais // BykoBuHCcbKHit Ma-
TeM. XKypH. — 2014. — 2, Ne 2-3. — C. 208-213.

9. Cmocapuyk B. 0. Jdudepennianbai o3uaku 3612KHOCTI ONEpaTOPHUX HEBJIAC-
HUX iHTerpaJis Ta psajgiB // YKp. mareM. )KypH. — 2021. — 73, Ne 9. — C. 1245—
1259.

10. Curocapuyk B. E. O6 3KCIOHEHIMAIBHON JUXOTOMUU PENIeHUH JUCKPETHBIX
cucrem // Ykp. marem. xKypH. — 1983. — 35, Ne 1. — C. 109-115.

11. Cuocapuyk B. E. O nmpencraBiennn OrpaHMYeHHBIX PEIIEHUN JTUHEHHBIX M-
CKpeTHBIX cucTeM // YKp. MareM. )KypH. — 1987. — 39, Ne 2. — C. 210-215.

12. Curocapuyk B. E. Oamo cBoiicTBO abCOIIOTHO CXOMSIIUXCS YNCIOBUX PsIOB
// Maremaruka cporonui ’97, Hayuno-meron. c¢6. — Kues: Haywnoe usn-so
» TBIMC“, 1997. — C. 28-42.

314



Ocob6MBOCTi CTPYKTYpPHU PO3B’SI3KY CHUCTEMHU CHUHTYJISIDHO 30ypeHuX
andepeHniaTbHNX PiBHAHB AJII TOOYZmOBU piBHOMipHOT
aCUMOTOTUKU

Cobuyx Basenwmun, 3esencora Ipuna

Kopchuk@gmail.com
Kuiscokut navyionaronut ynisepcumem iment Tapaca Illesuenka

PiBusaus tuny Oppa-3oMmmepdennbia BiirpaioTs BayKJIUBY POJIb y PI3HUX
obacTax ismku, XiMil Ta MATEMATUKHU, CHPUSIOYN PO3BUTKY TEOPETHIHUX
Mojlesiefl Ta PO3YMIHHIO BJIACTUBOCTEH (DIZUIHUX CHUCTEM y KBaHTOBIl mexa-
Hilll, KBAHTOBIi# Ximil, rizipoguHAMIIl IpY BUBYEHHI OCOOJIUBOCTI JaMiHAPHUX
Tediil pinuH TOmO. AHAI3 CydacHOI HAyKOBOI JITEPATYPH, [IPUCBSIIEHOL J0-
CJIJIPKEHHSIM CHCTEM CHUHTYJISIDHO 30ypeHuX IudepeHIliaJIbHuX PIBHIHD 3 U-
depeniianbroio TOUKOIO 3B0pOTY [1] BKa3ye Ha Te, mo dyHIaMeHTaIbHI pe-
3y/IBTATHA y TOOYI0BI PIBHOMIPHOT aCUMITOTUKNA PO3B’SI3KY JI/IsT 38189 TAKOTO
THUILy Hapa3l He OTPUMAHI.

ITocranoBka 3amaui

it cucreMu CHHTYJISIPHO 30ypeHuX JudepeHIliaJIbHuX PIBHIHD

eY'(z,e) — A(x,e)Y (z,e) = H(z), (1)
ne A(z,e) Mae Taky CIPyKTypY
A(z,e) = Ao(z) + €Ay,

a Ag(z) 1 Ay Marpuni BursLy

0 0 0 010
Ap(z) = 0 0 11, 4=(0 0 0],
—b(z) —a(z) O 0 00

MEeTOJIOM icTOTHO ocobumBux dyHKIIH [2] moBypyeMo PIBHOMIDHY aCHMIIOTUKY
po3B’sa3Ky Ha Biapisky [0, (], Briouaouu i Touky 3Bopory = = 0.

Cunrysspno 30ypena 3aja4a (1) 10ciiKyBagach 3a TaKUX YMOB:

C 1. Ap(z), H(z) € C*[0,1].

C 2. a(z) = za(z), alx) #0, b(z) #O0.

JloctiizKeHHsT TOKa3aJIH, 1110 CTPYKTYpa pO3B 3Ky IIpHU 0Oy I0B1 piBHOMIpP-
HOI aCUMIITOTHKH iCTOTHO 3aJI€?KUTh BiJ 3HAKIB KoedimnienTiB. Tomy HeoOXimHO
pO3pisHATH 4 BUMNAAKKN PO3TAIIYBAHHS 3HAKIB IUX (DYHKIIIH:

a(xz) >0, bzx) <0, xz€0,1].
a(x) >0, b(z)>0, xze0,1].
a(x) <0, b(x)>0, xze0,1].
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a(z) <0, bx) <0, xze0,1]).
3riiHO MeTO/y iICTOTHO OCOBJIMBUX (PYHKIIINA, HEOOXITHO YMOBOK PO3IIIH-
PeHHsI 33J1a49i € CIIpPaBeJIUBICTD CITiBBIIHONITEHHST

Yk(mvtagﬂt:e*pwp(x) = Yk(l',&). (2)

Buginumo Taky mMHOXKMHY (DYHKIH, B gKiil posmupena 3amada (2) Gyue
peryssipHo 30ypeHOI0 BiTHOCHO MAaJoro mapamerpa. s mboro po3rysiHeMo
MHOXKUHN (Tignpocropn) dyHKIiH

Y (x,t,e) = ZDik($7ta5) + fr(z,e)Y(t) + 7 gi(z, €)Y’ (t) + wi(x,€)

i=1

2 aﬂ(x,&?) 61’1(55;5)
Z Dik(x,t,e) = | apa(z,e) | Up(t) +&" | Bia(z,e) | Ui (%)
i=1 a3(x,€) Biz(z,¢€)

U'(t) £tU(t) =0, ") +tw(t) =

Dopmanbauil po3s’s30k cucremu (1) Mae BUMIIsI
Yi(z,t,8) = Yiom (2, t,8) + YP " (¢, £), (3)

Je Yiom. (T, 1, €) — posB’s30K oiHOpiHOT cucTemu, a Y P (. ¢, £) — vacTunumit
PO3B’sI30K, BiJIIOBiIHO, HEOAHOPIAHOI cucTeMU, TOOTO

(z,t,¢) ia HZQ: [azkr Ui(t) + €% Birr(z )U/(t)]

i=1

+wkr () |+ (4)

3 )0 + 0] +ZE e

r=—2

zie ¢(t) = ¢(t) y Bunaznky a(z) > 0.

1. Bobouko B.M., M.O. Ilepectriok M.O. Acumnrornyse iHTerpyBaHHsI PiBHSIHHS
JliyBistst 3 Toukamu 3Bopoty. — K.: Haykosa mgymka, 2002. — 310 c.

2. Valentyn Sobchuk V., Laptiev O., Zelenska I. Algorithm for solution of systems
of singularly perturbed differential equations with a differential turning point
// Bulletin of the Polish Academy of Sciences: Technical Sciences. — 2023 — 71,
Ne3. — P. Article number: €145682 DOI: 10.24425 /bpasts.2023.145682
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IIpo ominku moxmOKM ampokcuMaliili po3B’sa3KiB
O/THOBUMipHUX KpailoBUX 33129 IIUPOKOTO KJacy

Coadamos Bimanit

soldatovvoQukr.net, soldatov@imath.kiev.ua
Inemumym mamemamuru HAH Yxpainu

JonoBiab mpucBsueHa OIiHKaM IMOXMOOK, sIKi BUHHKAIOTH IIPU allpPOKCHMa-
il po3B’sI3KiB KpailoBOl 3a7a4i BUTIIALY

Ly(t) =y () + > A () y" () = f(t) ana e, € [ab], (1)
=1

By =q. (2)

Tyt nosineHO BubGpano umcina r,m € N, a,b € R, ne a < b, npasi gacru-
uu A,_; € (Ly)™*™, f € (L1)™, ¢ € C™ i niniiiuuil HenepepBHUil orepa-
top B: (C"=D)™ — C™. Po3p’s130K Yy PO3IISAMAETHCS AK BEKTODP-(bYHKIIist
3 npocropy CoGosepa (W7 )™. Taky KpaiioBy 3a/ady HA3UBAEMO 3arajbHOI0
3 OIVIfAy Ha IMMPOKE BUKOPHCTAHHS ITHOTO TEpMiHy y BHHAAKy r = 1. Yci
dyHKIiOHATIBHI TPOCTOPU € KOMILIEKCHUMU 1 3a7aHuMu Ha [a, b).

[Tpumnyckaemo, mo Kpaiiosa 3agada (1), (2) mae equauil po3s’30K y Kiacy
(W)™ nnst Gynp-axux f € (L1)™1q e C™.

Pozruisinemo mocstiIoBHICTh 3arajbHAX KPAoOBUX 3a/ad BULJISLY

Leyr@®) =y ) + > Ariu(®) yy V() = £(t) answm. t € [a,0], (3)
=1

B yr = g, (4)

zasnexnux Bix k € N i rakux, mo g goBlibHux npasux dacrud f € (Lq)™ i
g € C™ koxHa 3a/a9a Ma€ €IuHuil Po3B’s30K Yy € (W)™, npuuomy yr — y
B (W)™ npn k — oo. Orke, Tyt yci A, € (L1)™ ™, a koxkue By €
JHIHIM HellepepBHIM OmepaTopoM Ha mapi mpoctopis (C=1)™ i C™™,

ABHuit npukia Takol HOCIIIOBHOCT] y Kjaci 6araroToYKOBUX KpailoBUX
3as1a9 1100yoBano B [1, Teopema 1].

Hexaii npasi yacrunu kpaiioBux 3ajga4 (3), (4) 3amexars Big napamerpa
k, TobTO

Ly {Ek(t) = fk(t) I M.B. t € [a, bL Bz = 4k, (5)

ne fr € ()™, @ € C™, a x;, € (W{)™. JaMo OIHKM TIOXUOKU Zp — Y
anpokcuMarii po3p’s3Ky crapToBol Kpaiiosoi samadi (1), (2) y HOpMOBaHHX
npocropax (W)™ i (Cr=1)m,
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Teopema 1. Hezxati e > 0 i o € N. IIpunycmumo, wo npasi wacmuny Kpa-
106ux 30004 300080NOHAIOMD YMOBU,

Ifi = f, (L) <& i |lap —q,C™[| <& npu k =p. (6)
Todi ichyroms wucaa s > 0 i 0 > 0 maxi, wo
lex —y, W)™ < e npu k> o.

Juceno » mootcha subpamu Hezarexchum €, 0, f, q, [k, 1 qx, @ wucio 9 — 6id
fre and qi.

IMosuaunmo uepes F i F, nepsicui dynkmiit f i fi Ha Biapisky [a, b], nix-
nopsiakosani ymosam F'(a) = 01 Fy(a) = 0.

Teopema 2. Hexatie >0 i p € N. IIpunycmumo, wo
1Fx = F(COY™M| <& i |lgr —q,C™|| <& npu k>3 (7)
Kpim mozo, npunycmumo, uo
o := sup{||By: (cr=hym . crmy|: k> 0} < 0.
Todi ichyroms wucaa » > 0 i 0 > 0 maxi, wo
2 =y, (CT™)™|| < sc0e npu k> o. (8)

Yucao » moorcha subpamu resanedxcrum 6id €, 0, o, f, q, i kpatiosur 3aday
(5) (mobmo » sanescums misvku 6id L i B), a o — 6id fr ma qx.

BayBazkimo, 1o ymosa (7) caabma, mix (6), a mopma B C"~1) crabura 3a
HOpMYy B W7
Yucso s B (8) MoxkHA mofaTH sABHO. fKINO 7 = 1, TO MOXKHA B3ATH

o= (61 +CQ)/\+6182—|—1, (9)
e

=1+ ||y, (COymm| | [BY]~!,Cm*m,
cg 1= 24 ||, (COY™ ™| [y =2 (CO)ymm|| || A, (Ly)™ ™|,
A= ||B: (CO)y™ - ™|~

Tyr Y nosnadae MaTpunadT audepeHIiajibHOl CHCTeMEI

Ly(t) = y'(t) + A(t)y(t) = f(1),
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BinHEeceHmit 710 Toukm ¢ = a, a [BY] — kBajpaTHa MATpWIS TOPSIKY M,

KOYKHUIl CTOBIIEIb SKOI € pe3ysbTari Jil oneparopa B Ha CTOBIEIb MaTPHIL

Y 3 tum ke HOMepoMm. [Ipu 1iboMy HOpME BEKTOP-(PYHKIIN JOPIBHIOIOTH CyMi

HOPM TX KOMITOHEHTIB, & HOpMH MaTPUIHUX (DYHKINH — CyMi HOPM iX CTOBIIIIIB.
ko r > 2, To YuciIo 3 MOKHa 03HaUUTH 33 dhopmysion (9), ae

1= L [V, (COYmrm By e
cy =2+ H‘/v (C(O))rmxrm” . ”V'—l7 (C(O))rmxrm”X
X(0—a+ [[Ar—1, (L)™™]),

A= ||B:(Cr=Dym 7t

Tyr, V nozuagae marpunant cucremu (1), 3BeJeHOI JO MEPIIOTO MOPSIKY,
BigHecenuit no Touku t = a. Kpim toro, V° — marpurns-dyHKIis po3MipHOCTI
m X rm, yrBopeHa nepruuMu m psakamu V', a [BV°] 03Ha4a€ThCs aHAJIOITIHO
[BY].

Juist Buma Ky, Koam KoxKHa 3aja9a (5) € 6araToTouKOBO0, Il TEOPEMHU JI0-
BeseHo B [1].

Jlytst HITOTO KJ1acy OTHOBAMIPDHUX KPAWOBUX 3389, PO3B’sI3HUX Y ITPOCTOPL
(CM™Y™ orinkn noxuGKM anpokcuMartii po3s’s3kis orpumari B [2].

1. Murach A.A., Pelekhata O.B., Soldatov V.O. Approximation properties of
solutions to multipoint boundary-value problems // Ukrainian Math. J. —
2021. — V. 73, no. 3. — P. 399-413. (arXiv:2012.15604)

2. Masliuk H., Pelekhata O., Soldatov V. Approximation properties of multipoint
boundary-value problems // Methods Funct. Anal. Topology — 2020. — V. 26,
no. 2. — P. 119—125.
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CrBopennst GUI ajyst Biacaoi .NET-moBu niporpamyBanHst Vlang
Conpomox. Temana, Ipobom Andpit
t.sopronyuk@chnu.edu.ua, drobot.andrii@chnu.edu.ua

Yepniseyvruth nauionasoruld ynisepcumem immi I0pis @edvrosuua

YV naniit poboTi PO3IIISIAETHCSA TPOIEC CTBOPEHHHSI MOBHOTO IIPOIECOPA
ta, GUI g BimacHOl MoBu mporpamyBanHs Vlang. B xomi pospobku namu
Oy/10 BUKOPUCTAHO HACTYIIHI IHCTPYMEHTH: T€HEPATOD CUHKTAKCUIHUX AHAJI-
3aTopiB - Antlr Ta IpoTOKOJI B3aeMOIil peJaKTOpiB BUXIAHOrO KOIY 1 cepBepin
mosHOro anaisy - LSP (Language Server Protocol).

-.y,_.colde.v{am

\
L‘tokens @

VlanParser.cs / Vlom.sﬂ
(A }ast
VlanVisitor.cs

*ILQNQ

ilasm.exe l;ﬂ
-«/__coole.e)(e @

Puc 1. IIporpamna Mozess MOBHOTO aHAJI3aTOPY

[Tpukian komy Mmoot Vlang s obuncsennns duces Pibonaqddi:

print "BBemiTp kimpkicTh umcem: ";

scl count;

read count;

vec result {count + 2};

result:0 = 0;

result:1 = 1;

scl i;

i=2;

loop (count) {
result:i = (result:(i-1)) + (result:(i-2));
i=1i+1;

}

print "PesympTaT:", result;
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V cepenopuii Antlr HaMu CTBOpPEHO IpaMaTHKY, siKa OIKUCYE CUHTAKCUC MoBu Vlang:

grammar Vlan;

program: codeblock EOF;

codeblock: statementx*;

statement: declaration | assignment | if_block |
loop_block | print_statement | read_statement;

declaration: scalar_dec SCOL | vector_dec SCOL;
scalar_dec: SCALAR_TYPE ID;
vector_dec: VECTOR_TYPE ID LCBRACKET expression RCBRACKET;

assignment: (vector_element | ID) ASSIGN expression SCOL;

expression: ID | digit | vector | STRING
| LBRACE expression RBRACE
| vector_element
| vector_product
| expression (MULT | DIV ) expression
| expression (PLUS | MINUS) expression;

vector: ID | LSBRACKET digit (COMMA digit)* RSBRACKET;
vector_element: vector COL expression;
vector_product: vector DOT expression;

if_block: IF LBRACE DENIAL? expression RBRACE LCBRACKET statement* RCBRACKET;
loop_block: LOOP expression LCBRACKET statement* RCBRACKET;

print_statement : PRINT expression (COMMA expression)* SCOL;
read_statement: READ ID SCOL;

digit: MINUS? POSITIVE_DIGIT | ZERO;

SCALAR_TYPE: ’scl’; LCBRACKET: ’{’;
VECTOR_TYPE: ’vec’; RCBRACKET: °}’;
IF: ’if?; LSBRACKET: ’[’;
LOOP: ’loop’; RSBRACKET: ’]7;
PRINT: ’print’; LBRACE: ’(’;
READ: ’read’; RBRACE: ’)’;
POSITIVE_DIGIT: [1-9][0-9]%*; SCOL: ’;7;

ID: [a-zA-Z]+[0-9]*; ZERO: °07;

DOT: .7 COMMA: °,”;
COL: ’:?; MINUS: °-7;
PLUS: ’+7; MULT: ’%7;

DIV: °/’; ASSIGN: °=?;
DOUBLEQUQOTE: °"’; DENIAL: >!?;

SPACE: [ \t\r\n] -> skip;
COMMENT: °//° ~[\r\nl* -> skip;

Antlr BUKOPUCTOBY€eTBCsI Ha JBOX eTalaxX KOMIISNil IporpaMu: JeKCHYHMN aHali3 i
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cUHTaKCHYHUH aHaui3 [1]. BixmoBigHo mjisi KOXKHOTO 3 HUX eTamiB Oysio 3aisHO OKpeMi
kisacu VlangLexer ta VlanParser. /lani kiacu renepyroorbcs 3acobavu Antlr Ha ocHOBI Bu-
IEONICAaHOI I'PAMaTUKH.

Ha eramni jileKCHYHOrO aHaJIi3y T€HEPYETHCs IOCIIAOBHICTD JjiekceM - TokeHiB [2]. Token
- HaliMeHIIa 3MiCTOBaHAa OJUHUIISA.

Ipukiia JesdKux JeKceM 3aJaHuX g MoBH Vlang: kio4osi ciosa (scl, vec, loop), uu-
cnosi onepaii (+, -, *), dirypsui Ta kpyrui gykxu. Kpim posnisHaBaHHS JIEKCEM, 3aBIAHHIM
kiacy VlangLexer € mOIIyK JIEKCHYHHX ITOMHJIOK, HAIIPUKJIA, HEJIOIyCTHMUX CUMBOJIIB.

PesynbraTom poboru kiacy VlangParser € cunrakcuune i abcTpakTHe gepeBa po36opy
(Puc. 2). Korcrpykrop Kiacy npuiiMae Hablp TOKEHIB, 3reHEpOBAaHUX 3a JJOMOMOIOIO KJIacy
VlangParser.

Amnajsoriuno kiacy VlangLexer, o6os’siakom kiacy VlangParser € BuBsiBjeHHSI cHHTa-
KCHUYHUX ITIOMMWIOK. IIpukianomM Takol MOMHIKH MOXKe OyTH HENpPaBUJIbHUI THI 3MiHHOI.

program
codeblock <EOF>
statement: 1 s(aler‘nem 4
declaration:2 loop_block
vector dec SCOL:; LOOP expression:digitExpression LCBRACKET:{ stater‘nenm RCBRACKET:}

VECTOR_TYPE:vec ID:vl LCBRACKET:{ POSITIVE_DIGIT:3 RCBRACKET:} digit:1 assignment

POSITIVE_DIGIT:3 ID:i ASSIGN:= expression:plusOrMinusExpression SCOL:;

expression: tifierExpression  PLUS:+ exp m.r..L pression
ID:i digit:1

POSITIVE_DIGIT:1

Puc 2. Cunrakcuune sepeBo po3bopy

OTpuMaHUil CIMCOK JIEKCEM IIporpaM Ta abCcTpacTHe 1epeBo po36opy Ha IMOMPEIHIX eTa-
max obpobuistiorbest LSP cepBepoM, 3a HOMOMOror HBOI'O 3/iMCHIOETHCS MiJCBITKa CHHTa-
KCHCY, aBTOJOIOBHEHHsI Ta Basinarmis. B sxocri kiaienrtis LSP cepsepy Buctynators IDE,
o miarpumyiors LSP nporokos, taki sk: Visual Studio, VS Code, IDEA, Sublime, Atom
(Puc. 3).

/v VS Code Client

Comfalet?om «

Hover

—— Visual Studio Client.
@ —*| Defintion

Vlan Language Server — 9
Fomat‘ting

IDEA client

-H

Sublime Client

Puc 3. Bzaemogiss LSP cepsepy Ta Kiti€eHTIB
3a ponomoror LSP pemakropu koay ta IDE MoxyTh B3aeMozisiTu 3 pi3HUMH MOBaMu
nporpaMyBaHHsI Ta OTPUMYyBaTH pi3Hi OYHKIH] Ta mociayru 6e3 HeoOXiTHOCTI CTBOPIOBATH
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OKpeMi Itarinm s KoxkHol MoBu. lle mostermrye poboTy po3poOHHKIB Ta 3abe3ledye €1u-
HOCTi iHTepdelicy KopucTyBaJa Jijis pOOOTH 3 PI3HUMHU MOBaMHU IIPOrPDAMYBAHHSI.

Bzaemomist Mizk KJIi€eHTOM 1 cepBepOM BiIOYBaEThCS Yepe3 TEKCTOBUN IPOTOKOJI Ha OCHO-
Bl JSON-RPC (JavaScript Object Notation Remote Procedure Call)[3|. IIpukiaz samury
KJIIEHTa JO cepBepa:

{
"jsonrpc": "2.0",
n id" . 1 ,
"method": "textDocument/definition",
"params": {
"textDocument": {
"uri": "file:///p/mseng/VSCode/Playgrounds/my_code.vlan"
},
"position": {
"line": 3,
"character": 12
}
}
}

Orxke, y po6oTi Hamu GyJIO ONMKUCAHO MPOIEC BUKOPUCTAHHSI MOBHOIO aHaJjiizaTopy Antlr
Ta npoTokos B3aeMonil LSP s pospobku GUI g Biacuol MoBu mporpamyBans Vlang.
AHaJIOTIYHUM YUHOM MOXKHA PO3POOUTH KOPUCTYBaIbKUi iHTEpdEic mist Oyab-aK0l MOBI
BHUCOKOI'O DiBHSI.

1. Conpontok T.M., Ipo6or A. B. IacTpyMenTr po3po6Ku MOB IIPOrpaMyBaHHS JIJIst
mwiardopmu .NET // Marepiann MizkHapoaHOl HaykoBol KoHdepeHnril «IIpukia-
JTHA MaTeMaTUKa Ta iH(OpMaIliitHi TexHoJIoril», mpucsuenol 60-piadro kadeapu
MIPUKJIAIHOT MATEMATUKN Ta iHMOPMAIIHHAX TeXHOJIOriH, 22-24 BepecHs 2022 p.
— Yepwnipni: YepHiBerpkuii Hat,. yH-T, - C.273 -276

2. Comnponwok T.M. Cucremue nporpamysannsi. Jactuna II. Enementn Teopii Kom-
miiani’: HasuaapHamit mocibuuk y asox yactuHax. — Yepwismi: YHY, 2008. — 84
C.

3. Understanding the Language Server Protocol - URL:
https://medium.com/@malinthal996 /understanding-the-language-server-
protocol-5cOba3ac83d2
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Cumetpil JIi Ta pyHmamMeHTa bHI pO3Bsi’3KHU JiHITHUX DPiBHIHDb
I[iHOyTBOpPEHHH a3ilicbKNX OMIIiOHIiB
Cnivarx Cmanicaasl, Cmoeniti Banepit2, Konacv Inna?

stas.mathOgmail.com, stogniyvaleriy@gmail.com, innak@net.ua
L Inemumym mamemamuru HAH Yxpainu
2 Haujonanorut mexnivnut ynisepcumem Yxpainu “Kuiscorutl nosimernivnut
iwemumym imeni Teopa Cixopcvrkozo”

V po6orti [1] po3rusiHyTO piBHSAHHS, sIKE ONUCY€E I[IHOYTBOPEHHs a3ifiCHKOro ONIIOHY B
HenepepsHoMy Haci T € [0; T:
6V+1 2528 +rsa—+f( )——rv_o (1)
or 052 oS
ne T — repMin gii xorrpakry; V = V(7,5,A) — dbyrruia saprocti onmiony; S — Bap-
TicTh 6a30BOro akTUBY; A — ycepejHEHe 3HAYEHHs BCIX HAasgBHUX I[iH 6A30BUX aKTUBIB S
[0 MOMEHTY 4acy T; ' Ta 0 — CTaJl, [0 OINUCYIOTh OE3PU3UKOBY IIPOLEHTHY CTaBKY i BO-
JIATUJIbHICTD aKIlil BiJIIIOBIHO;
f(S) # const € mOBUIBLHOIO IIAAKOIO QYHKIEIO.

Pigusinng (1) micTurh HM3KY BijoMux piBHsIHB asificbkux onmionis. Tak, y pobGoti [1]
posrnsgaeTses piBHAHEA 3 f(S) = S Ta f(S) =1n S, y pobori [2] — pisasnEa 3 f(S) = 3

[Tupoke 3acrocyBanHs piHsiHHs (1) B 3amadax ¢piHaHCOBOI MATEMATUKN BUKJIUKAE 6e3-
3anepevHuii iHTepec 10 OTpUMaHHA Horo dyHIaMeHTaIbHUX PO3B’a3KiB. Y pobori (3] 3ua-
#/ICHO 3 TOYHICTIO JIO TIEPETBOPEHD €KBiBaJIeHTHOCTI yci crnermudikanii dyakuii f(.5), 3a skoro
piBusHHs (1) momyckae anre6py iHBapiaHTHOCTI BHINOT PO3MIPHOCTI HIXK IIpO OCHOBHHX aJI-
re6p imBapianTHOCTI piBHAHD Kiacy (1).

OHuM i3 3acTOCYBaHb CUMETPIHHUX BJIACTUBOCTEH JIHIAHUX aAudepeHiialbHUX PIBHAHD
3 YaCTUHHUMMY MOXIJTHUMU € II00Y/I0Ba B SBHOMY BUIVISl (DyHIAMEHTAIbHUX PO3B’SI3KiB.

DyHIaAMEHTAIBHIM PO3B’S3KOM piBHsHHA (1) HasuBaIOTH y3arajbHeHy QyHKI0 V =
V(r, S, A, 10,50, A0), 9Ka 3ayeKuTh BiJ T0, So, Ap AK Bij napamerpis i 3aJ10BOJIbHSIE PiB-
HSTHHS

v, 1 2528V+ Sa—v f(s )——eré(T—To,S—SO,A—AQ), (2)
ar 052 aS
e 6 — beHKHiSI Hipaxa.

Bigomo, mo dyHmamenTanbHi po3B’a3KH 3a3BUYail € iHBaApiaHTHUMHM BiJITHOCHO II€PETBO-
PeHb, fKi IOIIyCKae BUXigHE PIBHAHHS. 30KpeMa, 3a3HaEHy BIACTHBICTD MAIOTh (QyHIAMEH-
TaJIbHI PO3B’SI3KU TaKUX KJIACUYHUX PIBHSIHb MaTeMaTUdHO! (bi3ukM, K piBHsiHHA Jlamia-
ca, PIBHSIHHS TEIJIONPOBINHOCTI, XBUIboBe piBHsAHHsA. OT2Ke, SIKIIO PIBHSIHHS Ma€ HETPUBI-
aJIbHI BJIACTHBOCTI, TO JJjIs OOYI0BH DYHIAMEHTAJILHOIO PO3B’SI3KY MOXKHA BHKOPHUCTATH
TEOPETUKO-IPYyHoBi MeToau. KOHCTPYKTUBHUI MeTO/| 3HAXOIKEHHS CUMETPill JiHIMHUX /11-
depeHiaIbHUX PIBHSHD 3 YaCTUHHUMH MOXITHUMH i3 §-dyHKIi€o y npasiit gacTusi 6yi10
3aIIPOIIOHOBAHO y pobori [4], B skiil Gyno HaBegeHO i anropuT™M NOOYHOBH iHBapiaHTHUX
dyHIAMEHTAIBHAX PO3B’A3KiB.

Hna peskux dyskuiii f(S), aki maoors anrebpy iHBapiaHTHOCTI BHINOI PO3MipHOCTI
HI>K SIPO OCHOBHUX ayrebp iHBapiaHTHOCTI, 3riAHO 3 UM METOIOM 3HAaieHO aarebpy in-
BapianTHOCTI piBHsIHHA (2), sika € nigasnrebporo anreGpu iHBapianTHOCTI piBHsAHH:A (1), a
BUKOPHUCTOBYIOYH IO Iigayirebpy, MOXKHa 1100y lyBaTu (pyHIaMEHTAJIbHII PO3B’SI30K.
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IIpo inBapiaHTHi TOpM Ta KOJIMBHI PO3B’SI3KM
audepeHniaTbHO-PI3HUIEBUX PiBHAHB B IPOCTOPi 0OMe>KeHuX
YHCJIOBUX IOCJIiIOBHOCTEM
Tennincoruti FOpiti
teplinsky.yuriy@gmail.com
Kam’saneup-TTodiavcoruti Hayionarohutl yrisepcumem iment Ieana Ozienka

Posrnsauemo cucreMy piBHSHB 3araJibHOrO BHAY 3 27-IIE€PIiOAUYHAME BiZHOCHO KyTOBUX
3MiHHEX ¢ KoedirieHTamMu

dp(t
20 — o), 20, )
dx(t
M) Plp(0) 2(0), 200+ Q)alt) + F(u(p, 1) 2(0), 2( 4 O)alt + ) +elp,0). ()
Tyr ¢ = {p1,92,... } Taxz = {z1,22,... } HAIE)KATH IPOCTOPY OOMEKEHHUX MTOCJIITOBHO-
creit m JifcHIX qucet; a(p, ) = {a1(p,x),a2(p, z),...};
Ple,x) = [plew 0], | 1 Flv,2,x) = i, 0], — neckinenni warpu-

mi; v = (v1,v2,...), e vi(P) = vi(PY1,P2,...): T = R (¢; € Too,i € N), Too —
HECKIHYEeHHOBUMIDHHUIA TOP, & depe3 v(p, 1) Mo3Ha4IeHO PYyHKILIO
{”1(1/’1(%1‘/)71/’2(90’1‘/)7 e )7 02(1111 (507 t)v 1112(90: t)v s )» s }7

ae pi(p,t) = (wme“ () #2010, () ) ¢t () — TpaexTopia Ha Too, P0(p) = ¢ € Too;
C(So’t) = {01(21(@,t),,22(<,0,t),.4.),62(21(@,t)722(g0,t),...),4..}, Zi(@zt) =
(Prera, (092008, (), )5 alt + 8) = (@1t + Ar),@2(t + Aa),...), alt + ©) =
(1t + ©1),m2(t + ©2),...) Ta z(t + Q) = (z1(t + Q1),z2(t + Q2),...). Ilpu upomy
V{i,j} C N Ayj, A, ©45, ©; i Q; — noBinbHi JiiicHi uncia, 10 BU3HAYAIOTE YaCOBI Bigxu-
JICHHSI.

Orke, cucrema piBHsAHB (1), (2) € cyTTEBO HeJIHIAHOW BiAHOCHO 3MIHHUX X Ta ¢ 1 Mi-
CTHUTDb HECKIHUEHHY KiIbKIiCTb Binxuiens. [Ipu npoMy y BUaaKy HassBHOCTI JOJATHUX Biaxu-
JIEHB JIpyTe PIBHSIHHS CTa€ PIBHSAHHSM i3 BUIIEPEPKEHHSIM 1 3a/ja4a 3HaXOIKEHHsT PO3B’sI3KiB
i€l cucTeMu MOTpAIISE JO KJIaCy HEKOPEKTHUX 3a/1a4.

Harazgaemo, mo inBapiaHTHEM TOpoOM cucreMu piBHsiHB (1), (2) Ha3MBaIOTH MHOXKHUHY
TOYOK = € m, nopomkeny dbyukuico z = u(p)=(ui(p),u2(p),...), ¢ € Too, AKIO BOHA
27m-ntepioauuma BimHocHO @;(i = 1,2,3,...), obmexena 3a HopmoOIO i Vo € Too,t € R!
3aJI0BOJIbHSIE PiBHICTH

HUEE)  plorlip), ulpe(o)),ulipst + Qulor () +

+F(v((107 t)’ u(@t(ﬂa))v u(@v L+ @))u(cp, t+ A) + C(SO? t)v

ne  ¢pi(p) — pos3B'sE30k  piBHSHHS diet(e) =

’LL(Lp,t + A) = (ul (‘Pt-‘y—Al ((70))7 U'Q(SOt-'rAz (50))7 s )
Hobpe Bigomo, 110 icHyBaHHS iHBapiaHTHOrO TOPY BKa3aHOI BUIIE CHCTEMU PIBHSHD TiCHO
noB’si3aHe 3 ICHYBaHHSIM y Hel KOJIMBHUX DO3B’S3KiB y BHIAJKY, sAKIO piBHsaHHsA (1) Mae

BUTJISAT
dep(t)
dt
Jle w — CTaJuil BEKTOP HECYMipHUX YaCTOT.

Y miit qonoBigi HABOAATHCHA JIOCTATHI YMOBH iCHYBaHHs HEIIEDEPBHUX iHBapiaHTHUX TO-
piB y mesikmx wacTKOBHX BuIankax cucreM suay (1), (2) ta (1), (3) mpmaomy mocmis:keHO
BUNAJO0K, KOJIM iHBapiaHTHHUN TOP OCTAaHHBOI CUCTEMHU PiBHSAHbL BKPUTHUI TpaekTopisiMu i1
MalKe-IepioInIHUX PO3B’sSI3KiB.

a(pe(p), ulpe(p))) i

= w, (3)
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OxpeMo 3ailicHeHo TTOOY0BY 1HBapiaHTHOrO TOPY JIHIAHOI CUCTEMU METOJOM yKOpOYe-
HHA 1T 3a KyTOoBOIO 3MiHHO0. Po3risuyTo piBuanHA

dx(t
") P(ou(@)a(t) + B, 1a(t+ A) + (6,1, @
ne enementu by (y1(9,t), y2(P,t), ... ) meckinuennoi marpuni B(¢, t) Ta koopaunaru ¢;(¢,t) =
ci(z1(¢p,t), z2(¢p,t),...) BekTOopHOI byHKIUII ¢(p,t) Bu3HaUaOTHCA piBHOCTAMU Y;(P,t) =
¢it+l“i (¢) Ta zi(¢,t) = ¢it+5~ (¢) Bignosinno, I'; Ta §; — noBinbHI dikcoBani aiicHi uncia;

¢ € Too, {i,7} C N. Ilpu neBHuX yMOBax KOXKHE YyKOPOU€He DIBHSAHHS Ma€ iHBapiaHTHHI
TOP, BKPUTUI TPAEKTOPIsIMU HOro KBasinepiognyuux po3s’sizkis. IlociigoBHIicTh 1ux TOPiB
(Tobro, mopopKyounx ix dyHKIii) 36iracThca 32 HOPMOIO 110 iHBapianTHOrO TOPY (TOGTO,
MOpoRKyToUol #oro dbynkmnil) piBasuaa (4). Ileit Top BKpuTHil TpaeKTOpisiMu Horo Maiixke-
nepiogudHux po3s’a3kiB. [le jlae MOXKJIMBICTH OOIPYHTYBATH BiJJOMUIl TIpOIieC JiHeapu3aliil
g o6y 08U iHBapianTHOrO TOpy cucremu Buay (1), (2).

TIpo icHyBaHHSI KOJIMBHUX PO3B’SI3KiB 3JIIYEHHUX CHCTEM 0€3 BiJIXWJIEHHS ApTyMEHTY
MOXKHa [OYMUTATH B cTaTTsX [1-3].

1. Temniucekwuit FO. B. IIpo HabinkeHHsT Maiiyke-epioUIHAX PO3B’I3KIiB HEJTIHIH-
HOI 371iueHHO] cucTemu audepeHIiiaJbHuX PiBHAHD KBa3inepiouaHnMu po3B’sa3-
KaMMU JiesKol Jiiniitnol cucremu // Bykosuucbkuit Maremaruanmii 2Kypras. —
2021. 9, Ne 2, C. 111-123.

2. Temmincekuit 0. B. Habmmxkenuwit meronm moOymoBu MaiizKe-mepioguaHUX
PO3B’sI3KiB JIHITHUX cucTeM audepeHIliaJIbHUX DPiBHSAHDb, BU3HAYEHNX HA He-
CKIHYeHHOBUMIpHUX Topax // MaremaTudne Ta KOMII'IOTEDHE MOJIEIIOBAHHSI.
Cepisi: Dizuko-mareMaTndHi Hayku: 30. HayK. mnpaib. [HCTUTYT KibepHETHKN
imeni B. M. Tnymkosa HAH Vkpaiuu, Kam’sunens-ITominbebkuii HarioHa bHu
yuiBepcurer imeni IBana Orienka. Kam'sinenp-ITominbepkmit. — 2020. Bum. 21,

C. 137-144.

3. Temnincbkwii FO. B. Ilpo inBapianTHi TOpY KBa3iaiHIHHUX 3/I9€HHAX CUCTEM ¥~
depenniaIbHIX PiBHIHD, BU3HAYCHUX HA HECKIHYeHHOBUMipHUX Topax // He-
miniftai kKomuBamua. — 2020. 23, Ne 4, c. 253-264.
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IlobynoBa ssBHUX pO3B’A3KiB JIBOBUMipHUX 3a/1a4 TEMJIOIIPOBiTHOCTI
JJis baraTomiapoBuX KijJbIleBUX odJacTeit

Toxosuti FOpiti

tokovyyQ@iapmm.lviv.ua
Inemumym npukaadnuz npobaem mexaniku i mamemamury im. H. C. Ilidempuzava
HAH Yxpainu

3aIpoIoOHOBAHO MiAXi 10 TOOYIOBY SIBHUX aHAJITUYHUX PO3B’A3KIB JBOBUMIPDHUX 3389
TEIJIONPOBIAHOCTI JIJIsT KiJIbIIEeBOI 06J1aCTi, CKJIa/IeHO] 3 KOHIEHTPUYHUX KiJlellb 3 JIOBIJIbHOIO
pafiagbpHOO 3MiHOIO BiacTuBOCTeit MaTepiasy. Iligxim rpyHTyeTbCsI Ha BHUKOPUCTAHHI KOH-
nenuii «exuuoro Tinay (single-solid approach), B paMkax sIKOro BIIaCTHBOCTI YCbOTO CKJIAIE-
HOT'O KiJIBIfSI IONAIOTHCS ¥ BUIVISA]I KYyCKOBO-3MIiHHUX (PYHKIIIN, Ta METOLY 6e3I0CepesHboro
iHTerpyBaHHsI KJIIOUOBHX DiBHsIHb TepMmoMexaniku [2|. IIpu 1pomy iHTerpyBaHHs piBHsSIH-
HsI TEIJIONPOBITHOCTI 3AiHCHIOETHCA IPU (DOPMYJIIOBAHH] y TepMiHAX TEIJIOBOI'O IOTOKY, IO
Jla€ 3MOT'y YHUKHYTH 3aCTOCYBaHHS allapaTy y3araJbHEHOro IudepEeHIIIOBAHHS 3 OIVISLY Ha
YMOBH i/1€aJIbHOT'O TEIJIOBOIO KOHTAKTY InapiB Kinbis. 11106 BigokpeMuTn 3MiHHI y KIIIO49O-
BOMY DIiBHSIHHI BUKOPHCTAHO pO3BHUHEHHS y psanu Pyp’e BiIHOCHO KOJIOBOI KOOPAMHATH, IO
IHUBIIyaJ1i3y€e BUMAI0K OJHOPIIHUX I'PAHUYHUX yMOB, Ta THUX, IO BiJIMNOBIIAIOTH 3a 3MiHYy
TEIJIOBUX HABAHTAXKEHb 33 KOJIOBOIO KOOPAMHATOK. Jlj1si OCTaHHIX BUKOPUCTAHHSI METOIY
6e31ocepeIHLOr0O IHTErpyBaHHsI 10 PIBHAHHS TEIJIONPOBIIHOCTI J1ajl0 3MOT'Y BUBECTH iHTE-
rpaJibHe PiBHSIHHSI JIPYTOr0O POy, fIK€ PO3B’si3aHO B IBHOMY BUIVISIZI 3a JIOIIOMOI'OI0 METOLY
PE30JIbBEHTHOrO SIApa JIs JOBIIBHUX PaJiajbHIX 3aJI€XKHOCTEH KoedillieHTa TeIyIonpoBii-
HOCTI BiZi pajiabHOI 3MIHHOI B MeXKaX KOXKHOI'O IIapy Ta Pi3HUX NeOMETPUYHUX IlapaMe-
TpiB mapiB. Pe3osmbBenTHE AP0 MOOYIOBAHO ¥ BUIVISIAI HECKIHYEHHOIO PSIAY IOBTOPIOBA-
HUX sIJep, KWW JJIs TPAaKTHIHUX OOYMCJIEHb MOXKHA 3aMIiHUTH CKiHYEHHOIO IOYaTKOBOIO
CYMOIO BHACJ/IOK HYJILOBOI ACHMITOTHKY IIOBTOPHUX sAep 31 36inbmrenusam momepa. Ciifn
3a3HA4YUTH, 110 3aMiHa TOYHOI'O BUPAa3y JJIs PE30JIbBEHTHOIO si/ipa HaOJIMKEHUM IIPU3BO-
JUTH J0 TOrO, II0 PO3B’sI30K TOYHO 3a/I0BOJILHSIE TPAHUYHI YMOBH, a iHTEerpaJibHE PDiBHAHHS
3a/I0BOJILHSIETHCS 3 HEOOXimHO0 TouHicTiO. Ile poburhk mobymoBaHUil PO3B’SI30K BUIIIHUM
3acoboM i noOYZI0BU PO3B’A3KIB 0GEPHEHUX 3a/a4 TeIIoNnpoBigHocTi [1].

3 BHKOPHCTAaHHAM IIO0Y/JOBAHOIO DPO3B’sI3Ky BHKOHAHO UHCEJIbHI PO3PaXyHKH TeMIIe-
paTypHUX IMOJIB y OararomapoBux KijbleBux obsacTtax. [IpoanasizoBano edeKTUBHICTH
PO3B’I3Ky Ta BIUIUB KIJIBKOCTI IIapiB, 1X (Pi3sMYHUX i reoOMeTpUYHUX BJIACTHBOCTEH, a Ta-
KOXK paJiajbHOl 3MiHU KoedillieHTa TEeIIONPOBIIHOCTI Ha 3aCTOCOBHICTH PO3B’sA3KYy. 3’s1CO-
BaHO MOXKJIUBICTh KEPYBAaHHS TEIJIOBUM CTAHOM 0AaraToIIapOBOrO0 HEOJHOPIJHOTO IUJIIHIAPA
3a paxyHOK BIJIIIOBIJHOIO MOEAHAHHS IIapiB 3 pi3HOIO TeronposiguicTio. s onrumizaril
BUOOPY BJIACTUBOCTEHN LIAPy 3PYYHO BUKOPHUCTATUA OTPUMAaHUN ¥y POOOTI iBHUN aHAIITHIHUMA
PO3B’SI30K JIBOBUMIPHOI 3a/1a4i TEMJIONPOBIAHOCTI 11s1 6araTomapoBoro MOpOXKHICTOrO Iy~
JiHApa. 3aBASKH 3aCTOCOBHOCTI 3aIIPOIIOHOBAHOTO PO3B’SA3KY MUl PI3HOMAHITHUX TOBIIUH
mapiB i mpodisiB X HEOHOPIAHOCTI, BOHO € BUIiAHUM Jijisi BepudikaIliil Mo/iesieii ycepeHe-
HHSI BJIACTUBOCTEN MaTepiay pOo3IVISHYyTHX cTpaThdiKOBaHUX KiJIbIeBUX 0OJacTeil.
Pobomy sukonaro 3a 4acmro8oi GiHanco80i NIOMPUMEKY CNIADHO20 CAO0BAUDBKO-YKPATHCHKO-
20 HaYK080-00CAIOH020 npoekmy "Bnaus Hano-, Mikpo-, ma me30-weodropionocmet Ha Ma-
KPOTAPAKMEPUCTNUKY MEPMOMETLAHIYHOT NOBEITHKU KOMNOZUMHUL EAEMEHMIE KOHCMPY-
xuiG" (Me d.p. 0123U103235)

1. Tokovyy Y., Ma C.C. The direct integration method for elastic analysis of
nonhomogeneous solids. — Newcastle: Cambridge Scholars Publ., 2021. — 342 p.

2. Kushnir R.M., Yasinskyy A.V., Tokovyy Y.V. Effect of material properties
in the direct and inverse thermomechanical analyses of multilayer functionally
graded solids // Advanced Engineering Materials. — 2022. — 24, No. 5. — 2100875.
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BukopucraHHS HITyYHOTO iHTEJEKTY Yy BUBYEHHi iHdopMariiiHux
TEeXHOJIOTiil cTyJaeHTaMu

Vwueypan Laruna

g.unhurian@chnu.edu.ua
Yepriseyvkull Hauionasvhul ynisepcumem imeni IOpis @edvrosuna

BuBuenns indopmariiiHux TeXHOJIOrl HEPO3PUBHO IOB’si3aHe 3 SAKICHOIO OCBITOIO y Cy-
“aCHOMY CBiTi, a/J2Ke CKJIAJHO YSIBUTH, IO B MalOyTHHOMY OyIb-siKuil crerjasict He Oyme
BUKOPHCTOBYBaBaTH KOMII'IOTEDHY I'DAMOTHICTB y cBOIil npodecii. Iudopmarniitai Texunoso-
ril po3BMBAIOTh KPUTHYHE MUCJIEHHS CTYJEHTIB, OCKIJIbKM BOHU HABYAIOTBHCS AHAJII3yBaTH,
OLIIHIOBATHU Ta OOMPaTU HANKpAaIll MeTOU PO3B’I3aHHs IIPOOJIEM 3 BUKOPUCTAHHAM HAOYyTHUX
3HAHB.

OcobiuBy poJib y BUBYEHHI iH(MOpMaIiiHUX TEXHOJIOTIN Biirpae mTyYHuil IHTEJIEKT, 110
3 KO2KHUM JHEM Habupae Bce 61/IbIIOT OMYJISPHOCT], HallsiCKpaBiliM HOT0O IIPeICTaBHUKOM,
Ha JaHWil MOMeHT €, 3pn4aiino, ChatGPT [1].

Posrisinemo neski nepesaru Bukopucranss 1 (mry4vHoro iHTesekTy) y HaBYaHHI CTY-
JIeHTIB, a caMe - Ile IPAKTUYHO MUTTEBHUI JOCTYII JI0 BEJIMKOI KiJIbKOCTI iHdoOpMaIil Ta Ha-
BYaJbHUX MaTepiajiB, 3aBAAKN YOMY, CTYAEHTH JIETKO 3HAXOAATH BiJIIOBi/i Ha 3alUTaHHS,
JIOCJIIZKYTOTh HOBI i/1e], aBTOMATU30BYIOTh 3aBJaHHsl, AKi HOTpebyIoTh GaraTo dacy (06pob-
Ka JIaHuX, aHaJi3 iHdopmallil, CTBOpEeHHs 3BiTiB, a HaBiTh B yCyHEeHHI mpobjeM 3 mporpa-
MyBaHHSM Ta y IOULYKY PO3B’S3aHHS 3324l IPYU BUBYCHHI TEXHIYHUX HayK). BaxKiusuM y
JOCTIiIPKEHH] Ta HAIMCaHHI HayKOBUX POOIT € Te, mo 1111 06pobiisie BesuKy KinbKicTs iHdOP-
Mallil, BUsABJIsi€ 3aKOHOMIpHOCTI Ta 3asiexkHocTi. II1] Moxke nporioHyBaTu KOPUCHI J12Kepesia,
KHHUTH, KyPCH, & TAKOXK CTBOPIOBATH IUTAHHS Ta TECTH 3 PI3HUX IIPEAMETIB, IO JO3BOJIAIOTH
CTYyJIeHTaM IePEBIPUTH Ta IOIVIMOUTHU CBOI 3HAHHSA B OyIb-sKiil raysi.

Beszanepeunoio mepesaroo € Te, IO IPHU CILIKyBaHHI 3 POOOTOM, CTYZEHT 3aJa€ BCE
OlyIbllle TUTAaHb Yepe3 3al[iKaBJIEHICTh MaTEPiaJioM, TAKUM YUHOM, ITOIVIMO/IIOI0YM CBOI 3HA-
HHS Ta HOKpalyodn camoocsity. IlepeBaroro Bukopucranus IIII € maBiTh i Te, mo Heil-
pomeperka IOMUJISIETHCsA, OCKIJIBKH, KOPUCTYBadi HE MOKJIAIAI0ThCs TiJIbKKA Ha BiAIOBii
pobota, ase i 3Mmyeni mepesipatu indopmarnio. Icaye Tak 3Banuit edexkr "rasonunyBa-
HH:""MoesIell, KOJIM MOJEIb T'eHepPy€ BiAMOBiAi, 1[0 MOXKYTb 3JaBaTHCS MAPHUMH Ta KOpPe-
KTHHUMHU, ajle HAclIpaB/li BOHU BUTalaHi abo He CIupaloThCs Ha peasbHi dakTu. Lle BindyBa-
€TBCsI Uepe3 BJIACTUBOCTI HaBYAHHS MOZEJI, KOJU MOJE/Ib HAMaracThbCsl 3HAUTH HaWKpAILy
MOXKJIUBY BiJIOBiib Ha OCHOBI MAaBJIOHIB, BUSBJIEHHX y HABYAJIbHUX JAHUX [2].

IITomo poboru BukIagadis, To 3a gomomororo 11 moxkua dpopMyBaTH 3anuTH SIK JOHECTH
CKJIaJHy iH(OpMAIIo IpU IBOMY, (POPMYJIIOIOYN 3AlIUT TaK, IN0 HefpoMeperka JeTaJIbLHO
po3Mucye CKIagHi JaHi, po30uBat0Yu X Ha OLIBII IPOCTI YaCTUHU.

III spaTHui aHai3yBaTH BeJUKi OOCATM JAHUX 1 3aCHOBYBATH HA HUX DIIlIeHHs, aJjie
BiH OOMeXXeHUil y KpeaTHUBHHUX acClleKTax HaB4YaHHs, a caMe CTUMYJIIOBAaHHI JI0 JOCJIiKe-
HHsI, CTBOPDEHHI HOBHX i/lefi Ta PO3B’si3aHHI HETHIIOBUX 3a/1a4, 1[0 CIPUSIE PUSUKY BILIUBY
aJIrOPUTMIB MOJEJIi Ha IepeKpyYeHHsI BMICTy Ta Je3indopMarriio.

Cuaing mam’sitatu, mo npu Bukopuctandi 1111 Bu MoxkeTe CTUKHYTHCH 3 IpOGIEMaMu IIO-
PYIUIEHHsI aBTOPCHKUX IpaB i KoHdigeHniitnocri. He morpibHo HamaBaTu »KOAHUX MApOJIiB,
kmogiB API um noai6uol BaxkimBol indopmartii, oCKinbKY 11 1aHi He MOXKYTb OyTH 3arajib-
HOJOCTYITHUMU.

Omzxke, Bukopucranusa 1] € BaxkIMBOIO CKIIAZOBOIO MOJAJBIIOTO HABYAHHS CTYJEHTIB,
0co0JIMBO TIpY BUBYEHHI 1HMOPMAIIHNX TEXHOJIOTIH i IIHHUM JOIIOBHEHHSIM JIJIsI TIOKpAIIe-
HHS epEeKTUBHOCTI Ta JOCTYIIHOCTI HaBYaHHsS, aje CJiJ He 3a0yBaTH, IO MOJEJb HE MO-
2Ke 3aMiHUTH JIIOJACbKE MUCJICHHS, IPUIMATH PIllleHHs 3aMiCTh CTYAEHTIB , BOHa € TLIbKHA
HEBiJI'€MHOIO CKJIQJIOBOIO IIOJIAJIbIIION0 HAaBYaHHS, IO 3 KOXKHHUM HACTYIIHUM DOKOM Oyje
YKOPIHIOBATHCH y ITOBCAKICHHI.
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Posrnsinaerbest HaniBiiHiliHA 3ama9a

ou
— = Au+ f(u) + h(z), t>0, z€Q,
o 1w + h(a) o
ulaq = 0,
ne u = u(t,x) - meBimoma dyuxuisa, Q C RN, N € N obmerxeHa 06/1aCTh 3 ZOCTATHBO
TJIaJKOI0 TpaHuiero OS2, i

a=y (a5t FE 0@ o)
u = — | a; () =— i(2) — + c(x)u.

. Oz “J ox; — oz,

1,j=1 i=1

Jlasi npunyckaeTbest, 110

(A1) —A - crporo einTUYHHMN CAMOCHIPSXKEHUH onepaTrop 3 obMexkeHuME KoedirieH-
Tamu a;,b;, i=1,...,N,ic.

(A2) f : R — R e HenepepsHOIO (ajle He OGOB’sI3KOBO JIOKaJbHO JIiMIIunesomwo)

dyukuieo, f(0) =0, i gasa e € (0,),C > 0 BUKOHY€TBCA HEPIBHICTD

Vse€R f(s)-s<e-s2+C, (2)
e A > 0 1ogaTHsA KOHCTaHTa sAKa, 3aJIeKUTh Big A.
Hexait
he X =Co(Q) = {veC)|v=0mnaoQ}. 3)

IIpocrip X mae HOPMY ||v]| x = supgeq |v(2)] i € dbaszoBuM IpocTOpPOM AJIst HAIIOL 3a1a4i.
B po6oTi BuBuaeThCs sAKicHa MOBeiHKa M’ AKUX PO3B’s3KiB 3a1au4i (1) B dazosomy mpocTopi
X.

Osnauennsi 1. Qynxuyia u € C([0,T],X) e m’axum poss’askom (1) 3 nowamrosumu
danumu u(0) = ug € X, arxwo Vt € [0,T]

t t
w(t) = T(t)uo +/O T(t — s)F(u(s))ds + /0 T(t - s)hds,

neF: X — X, F(u)(z) = f(u(z)),1T(t) e Co—HaniBrpynoo nopoKeHO0 OIIepATOPOM
A B mpocropi X.

B pob6orti moseneno, 1mo Yug € X icHye npuHaiiMi oguH ry1o6ajgbHUN M KU PO3B 30K
3 u(0) = ug. Takox moBeseHo, mo Bigo6paxkenns G : Ry x X — 2% gxe BU3HAYAETHCA AK

G(t,uo) = {u(t)|u(-) M’axwuit poss’sizok (1) ze u(0) = uo}
€ 6araTo3HAYMHOIO HAIIBIPYIOIO (M-HAIIBIOTOKOM,) sIKa MAa€ IVIOGAIbHUN aTpakTop.
Osnauenns: 2. Henopooicna womnaxmua mmodicuna © C X Hadueaemves 2a00aroHuM

ampaxmopom m-nanienomoxy G axwo 1. © = G(t,0) Vt > 0;
2.V obmeorcenoi B C X
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sup distx (G(t,uo),®) — 0,t — oo,
ug€EB

de

distx (A, B) = sup inf |lu—v||x.
ucAVEB

Teopema 1. IIpunycmumo, wo suxonyromoca (Al), (A2). Todi sci m’axi pose’ssru (1)
6 mpocmopi X 2n06a.4bMi.

Teopema 2. I[Ipunycmumo, wo eukonyromuvea (Al), (A2). Todi m-nanienomix G mae
2206aAbHUT aMPAKmMOop.

1. J. M. Ball, John M. Global attractors for damped semilinear wave equations.
Discrete & Continuous Dynamical Systems, 10(1&2):31, 2004.

2. A.V. Kapustyan, V. S. Melnik and J. Valero, Attractors of multivalued dynami-
cal processes generated by phase-field equations. International Journal of Bi-
furcation and Chaos, 13(07):1969-1983, 2003.

3. P. Kalita and G. Lukaszewicz. Global attractors for multivalued semiflows with
weak continuity properties. Nonlinear Analysis: Theory, Methods & Applicati-
ons. Elsevier. 101:124-143, 2014.
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IIpo 3aza4y 3 iHTerpasbHUMH KPailOBUMH yMOBAaMU JJIl CHCTEMU
audepeHiaTbHIX PiBHAHB i3 OararbMa IlepeTBOPEHUMHU
aprymeHTaMu

Dininuyx Muxona, Piainuyx Oavea

m.filipchuk@chnu.edu.ua
Yepriseyvkuli HauioHarvhutll yrisepcumem iment FOpis Pedvrosuua

Posrnanaersca kpaiioBa 3amada 3 iHTerpaJbHUMU KPAMOBUMH yMOBAMH [JIsl CHCTEMH
nudepeHIiagbHuX PIBHSHD 13 CKIHIEHHOIO KIJIBKICTIO IE€PETBOPEHUX apryMEeHTIB BUIISLY

.Z‘(t) = f(tvx(t)vx(kl(t))v"'vx(Ak(t)))v (1)

T
/z(t)dt =d, (2)
0

net €[0,T], T = const > 0; x, f €R™; \; : [0,T] = [0,T] (i =1, k) — noBinbHI HemepepsHi
BimoGpaskeHHsI; d — CTaJIuil N-BUMIPDHHI BEKTOD.

IInranus nociijykeHHs icHyBaHHsI Ta HabOJIMKeHOI ITOOYIO0BU PO3B’a3KY Ii€l 3ajad4i 3a
JIOIIOMOTOIO YHceIbHO-aHaiTnaHoro Meroxy A.M. Camoiinenka (1] panime Busuamnucs B [2].

BusiBisierses, s kpaiiosol 3azadi (1), (2) 1oAaTKOBO MOXKHA 3aIIPOIOHYBATH MOZH-
dikoBaHy cxeMy YHCEIbHO-aHAJITHIHONO METOMY, Je B3araji He BUHUKATHME TaK 3BAHE
BU3HAYAJbHE PIBHSHHSI, TOOTO METOM MaTHUMe JIUIIE aHAJIITHIHY CKJIAI0BY.

Ak 1 panime, dynkuio f(t,z,y1,...,Yk) BBAXKAEMO BH3HAYEHOIO Ta HEIIEPEPBHOIO B
obmacti (¢, z,y1,-..,yx) € [0,T] X DFE+1 e D — 3amkuena obmexxena obmactsb B R™, o6Me-
»xeHoro Bekropom M € R™, M; > 0 (i =1,n), i 3agoBonbHs09010 yMoBy Jlimmina mo
Z,Y1,-..,Yk 3 Marpuneio K = {k;; > 0; 4,5 =1,n}:

Ift oz g1,y < M,

k

i=1

Tyr ‘f(t,fl?7y1, cee 7yk)| = (‘fl(thvlylv s 7yk)‘7 EERR If’ﬂ(t7$7y17 s 7yk)|) 1 HepiBHICTH MiX
BEKTOpaMu pOSyMieTbCﬂ IIOKOMIIOHEHTHO.

HocraTHi yMOBH po3B’s3HOCTI Kpaiiosoi 3ama4i (1), (2) nae HACTYIHE TBEpAZKEHHS.
Teopema. Hexati 8uKOHYOMbBCA YMOBU:

1 3
1) eexmop wo = ?d aearcumsd 8 obaacmi D pasom 3i ceoim B = —T M-oxonrom;

3(k+1
2) natibiavwe eaacke 3HAUEHHA MAMPUYT Q = %TK HE NePesuUYE 0OUHUYL:

Amaz(Q) < 1.
Todi xpatiosa 3adaua (1), (2) mae 8 obaacmi D eduruti poss’ssok x*(t), axul e pis-
HOMIPHOIO 2DAHUYEI0 NOCAIOOBHUT HABAUINCENHD

wo(t) = wo,

t
Tm (t) = wo + / F(s,2m—1(8), 2m—1(A1(8)), .-, Tm-1(Ak(s)))ds—
0

Si=

T ¢t
//f(s,xm_1(s),a:m_1()\1(s)),...,xm_l()\k(s)))dsdt, m=1,2,...,
00
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npuMoMy
|2*(t) —zm ()] <Q™(E—Q)™'8
das ecizm=1,2,...ite[0,T].

Haseneny momudikoBany cxeMy UHCEIbHO-AHAIITHYHOIO METOLY IIPOLIIOCTPOBAHO HA
MOJIEJIBHUX NPUKJIATAX.

Ha saBepmieHHs Takoxk 3ayBaxkumo, mo npu k = 1 (y Bumazky HasIBHOCTI B cuCTeMi
JIUIIe OJTHOTO TIEPETBOPEHOrO apryMeHTY) BCi HaBe/leHi pe3ysIbTaTH CIBIaJaloTh 3 Pe3yJib-
TaTaMu, paHime oTpuMaHuMH B |3, 4].

1. Samoilenko A.M., Ronto M. Numerical-Analytic Methods in the Theory of
Boundary-Value Problems. — World Scientific, 2000. — 468 p.

2. @imimuyk M.II. 3amada 3 iHTEerpaJbHIMU KPaflOBUMH yMOBAaMU JJIsI CUCTEMH 3
GaraTbMa IepeTBOpeHnME aprymenTamu // Marepiasn Mi>KHAPOIHOI HAYKOBOI
KOHepeHTIIil, TpucBsadeHol 75-piudo kadeapu judepeHIiaibHuX PIBHAHL Ta
85-piuuto Bix aust Hapomkenus M.II. Jlemtoka. — Yepnismi, 2021. — C. 161.

3. Oimimuyk M.II. Meros ycepenneHHsI B KpafloBUX 3aadax JJjisl AudepeHIiaIb-
HUX DiBHSHB 3 BigxwuiaeHnM aprymentom: Jluc. ... kanm. ¢is.-mar. Hayk. — Uep-
HiBmi, 1999. — 142 c.

4. Qiminmuyk M.II. Bazaua 3 iHTerpajbHUMHM KPAWOBAMU YyMOBAMU JIJIsi CUCTEMU
nudepeHniaabHUX PIBHAHL i3 HeperBOopeHHM aprymentoM // Kpaiiosi 3amadi
It audpepeHIiaapbanx piBHsHb. — Yepwismi: [IpyT, 2001. — Bum. 7. — C. 243-
250.
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Amnaniz meroauku BuBdeHHda Temu ‘Kommn’rorepHa rpadika.
BexkTopHuii rpadiuanii pemakTop”’ Ha ypoKax iHdopMaTuku
Dpanwyx Hamanin, Pparwyx Poxcorara

n.p.franchuk@npu.edu.ua, 20fi.r.v.franchuk@std.npu.edu.ua
Vipaincorud depotcasnuti ynisepcumem imeni Muzatina JIpazomarosa

Y cy4acHOMY CBiTi BUKOPHCTaHHSI KOMII'IOTEPHOI Ipadiky € OIHIEI0 3 KIIOYOBUX HABU-
YOK, HEOOXIJHUX JJIsI PO3BUTKY 1H(OpMaliifHOro cycmijbcTBa. BoHa cTae Bce GiyIbII BasKJIH-
BOIO B Di3HUX cdepax, BKIIOYAIOYN JU3aiH, peKIaMy, BeOPO3poOKy Ta irpoBy iHaycCTpiio.
Tomy BuBUeHHSsST KOMI'TOTepHOI rpadiku Ta BEKTOPHUX rpadivdHUX PeJaKTOPIiB Ha ypOKax
indopMaTHKU Ma€ BeJIMKe 3HaYEHHs JJIsl IiJITOTOBKH MOJIOJOTO IIOKOJIIHHS JI0 Cy4acHOI pe-
anpHOCTi. MeTonuka napuyanus Temu “Komm’iorepna rpadika. Bekropuuit rpadiunuit pe-
JakTop”’ Ha ypokax iH(pOPMATUKM BHMAra€ HAJIEXKHOIO IMiJIXO/y, 100 3abe3nednTtu ede-
KTHUBHE 3aCBOEHHSI MaTepiajly YYHSIMU Ta PO3BUHYTH IXHI HABHYKU Y TaJLy3i KOMII IOT€PHOL
rpadiku [1]. Ha ne BoimBaroTh JesKi aceKTH, 30KpeMa:

— Jlobip HasuasvHuUT mamepiansie € OIHUM i3 KJIIOYOBUX €TalliB MeTOAuKH. lle MOXKyTh
OyTH IigpyYIHUKY, €JIEeKTPOHHI TOCIOHUKY, Bieoypoku abo oHaiiH-pecypcu. Baxkauso, mob
MaTepianan Oy/u 3pO3yMUIMMH ISl YYHIB Ta MaJIM YiTKY CTPYKTYPY, IO JO3BOJIUTDH HOCJIi-
JIOBHO O3HaflOMUTH 1X 3 OCHOBaMH KOMII'IOTePHOI rpadiku Ta BEKTOPHUMHU pejakropamu. A
IIe CBOEIO 4€Prolo 3abe3NeYnTh JOTPUMAHHS IPUHIUIIIB HaBYaHHS, TAKUX SK: IPUHIUAI HAy-
KOBOCTI; IIPUHIUI ITOCUJIBHOI CKJIAJHOCTI; IPUHIHII JOCTYIIHOCTI; IIPUHIUAI ITOCJIiIOBHOCTI i
CHCTEMAaTHUYHOCTI HaBYaHHs; IPUHIMI HAOYHOCTI 3MIiCTy i JisIIbHOCTI; IPUHIUI AKTUBHOCTI
#1 cCaMOCTIHOCTI; TPUHIIUIT CBIJIOMOCTI; TPUHITAI MIiITHOCTI 1 CUCTEMHOCTI 3HAHb.

— IIpaxmuwni 3aedannsa ma npoekmu. 11106 3abe3nmednTy IpaKTHYIHE 3aCTOCYBAHHS
3HaHb YYHAMU, METO/MKA TIOBUHHA BKJIIOYATH IPAKTUYHI 3aBJaHHS Ta IIPOEKTH 3 000B’I3KO-
BUM BpaxyBaHHAM gudepeHIitoBanoro miaxony. Ilpakruani 3aBgaHHs CTUMYIIIOIOTE TBOPYE
MHCJIEHHS y9HIB Ta JIOIIOMAaralTh 3aKpinuTU HaOyTi HABUYKH.

— Bsaemodisa miotc euumenem ma yuwHAmu. MeToauka OBUHHA CHIPUSITH AKTUBHIN B3ae-
Mol MizK BUMTEIEM Ta yIHAMHU. JleMOHCTpallisi eKpaHa, 'PyIoOBi MIPOEKTH abo O6rOBOPEHHST
pe3yabTariB poboTH, JOIOMAraloTh CTBOPUTH CIPUATIUBY HaB4YalbHy aTMmocdepy. B3aaemo-
is 3 BUATEJIEM Ta ONHOKJIACHUKAMI CIpUsi€ OOMIHY 3HAHHSIMH, CIIIBHOMY PO3B’sI3yBaHHIO
mpobjieM Ta B3a€MHIN IMiITPUMIILI.

— BukxopucmarHa peasvrur npukaadie ma dacmocysarta. 11106 migkpecanTn mpaxkTu-
YHe 3HAYEeHHsI TEMH, METO/MKA IIOBHHHA BKJIIOYATH PeaJibHi IPUKJIAA 3aCTOCYBAHHS IIHX
HaBHUYOK y Pi3HEX cdepax, TAKUX SK AU3aifH, peKiama, BeOpo3pobka TOLI0. 3aCTOCY BAHHS
peaIbHUAX HNPUKJIAAIB JOIOMAra€ y4HsaM 3PO3YMITH, K KOMIT'IOTepHa rpadika BHKOPUCTO-
BYETbCH y PEAJILHOMY KUTTI Ta SK 11 BUKOPUCTAHHSI MOXKe BIUIMHYTU Ha TXHE MaliOyTHE.

— ITiompumxra suumensn ma iHousidyasbHUl Nidxid. YauTeIro cJiij 3abe3rnedyBaTu aKTUB-
Hy HaB4YaJbHY HiATPUMKY Y4YHIB y Ipoleci HaBYaHHs. ¥YYnTesi MOBUHHI OyTH HiAroToBieHi
Ta Opi€HTOBaHI Ha IHJAWBIAyaJbHI OTPEOH YUYHIB, HAJABATU JOJATKOBY JOIOMOTIY, SIKIIO Iie
HeOOXiJHO, i CTBOPIOBATU CHPUATIUBY aTMocdepy sl HaBYaHHs Ta TBOPYOI'O PO3BUTKY.

Omke, anasiz meronuku BuBueHHs Temu “Komm’rorepra rpadika. Bekropruii rpadi-
YHMI peJakTop”’ Ha ypoKax iH(OPMATHKY [TOKa3aB, IO s TEMa Ma€ BEJIUKe 3HAYEHHS I
PO3BUTKY HaBHYOK y cdepi komm’torepHol rpadiku. Bubip Ha/eKHUX HaBYAJIbHUX MaTe-
piajiB, BKJIIOUYEHHS NMPAaKTUYHUX 3aBIaHb, aKTUBHA B3AE€MOJIsl MiXK BUHTEJIEM Ta yIHSIMH,
3aCTOCYBaHHS PeaJIbHUX IIPUKJIAJIB Ta HiITPUMKA BYUTEJIS CHPUSIOTH €EeKTUBHOMY 3aCBO-
€HHIO MaTepiaJjiB Ta PO3BUTKY TBOPYOI'O MUCJIEHHS y4HIB. JJoOTpUMaHHS TOJIOBHUX aCHEKTiB
TaKOI METOJUKHU FOTY€E MOJIOZE MOKOJIIHHS JI0 BUMOT Cy4aCHOr0 iH(bOpMaIiiftHOr'0O CyCIiJIbCTBA
Ta BigkpuBae IM MOXKJIMBOCTI AJIsI IOAAJIBIIONO PO3BUTKY Yy rajly3i KoMmir'torepHol rpadiku.

Ha Busuenns remu “Komm’rorepna rpadika. BekropHuuii rpadivnuii pegakrop”’ B 3aKJia-
Jax 3arajbHOI cepeIHBOI OCBITH Ha ypokax indopmaruku BigBonuThes 6 rogum. Posrisana-
oTh 1T B 9 Kiaci B Apyromy ceMmectpi, 3a HaBdasbHOIO nporpamoro 2017 poxy [2]|. HoGip
IIEBHOI'O BEKTOPHOI'O PEIAKTOPa 3aJIeXKUTh BiJ HOCBiy Ta norped BYUTEJIS.
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Opranizariiss BiIKpuTOro Bebopi€eHTOBAaHOTO OCBiTHBOTO
cepeoBUIIIA IIiATOTOBKY MaiidyTHiX BumTesiB iHdopMaTuku ta
daxisiis 3 indopmanilinux TexHoJOTiNi
Pparnvyk Bacuav

vifranchukQudu.edu.ua
Vipaincoruti depotcasnuti ynisepcumem imeni Muzaiina Jpazomarosa

CrpiMKHil PO3BUTOK CYCHIIbCTBA B PI3HUX FaJly3sX CTABUTH HOBI 3aBIJAHHS IIEPEJ] CUCTe-
MO0 BHINOI OCBiTH. BusiBiisieTbCst HelOCTATHIM JaTh IeBHY 0a3y 3HaHb, M0 MOXKHA CXapa-
KTEPU3yBaTH B OCBITHIX CTaHIapTax, HABYAJBbHHUX ITOCIOHMUKAX TOIIO. 3a JOMOMOroio BeGo-
Pi€EHTOBaHUX CHCTEM MOXKHA OPraHi3yBaTH JUCTaHLilHe, MOOLIbHE Ta 3MilaHe HABUAHHHA, ¥
3B’sI3Ky 3 YMM B 3aKJIaJaX BUIIOI OCBITH CTBOPIOIOTHCS BiAIOBI/IHI HABYAJIBHI CEPEIOBUIIA,
4Jepes siKi Cilyxadi OTPUMYIOTH JOCTYI JO HaBYAJbHUX MaTepiaJiB y OyIb-sKH{l 4Yac Ta B
Oyb-sIKOMY MiCIii, [0 POOUTDH IPOIEC HABYAHHS IPUBAOIUBININM, MPOLYKTUBHIIINM, KOM-
dopTHIMM, a TAKOXK CTUMYJIIOE 3700yBadiB OCBiTH O CaMOOCBITH Ta HaB4YaHHS. Biakpu-
TiCTb, PO3MINPIOBAHICTH Ta MIBUAKHUI PO3BUTOK BEOOPIEHTOBAHUX CHCTEM HABYAHHS CIIPHUSIE
IX IMUPOKOMY 3aCTOCYBAHHIO Yy PI3HMX BHJAX HaBYaJbHOI MiSVIBHOCTI fIK BHKJIAJAdiB, Tak
i cTymeHTiB, Uepe3 o 3a0e3IeTyeThCs THYUKICTh 1 3aJ0BOJICHHS IIMPOKOrO KOJIa OCBITHIX
norpeb, 30KpeMa IIiJ1 Yac MiroToBKM MaibyTHIX BunTesiB iHpopMaTuku Ta (axiBiis 3 iH-
dopmaniitnux Texuosoriit [1]. Oxaum i3 Takux 3aco6iB popMyBaHHS BEGOPIEHTOBAHOIO Bifl-
KpuToro ocsiraroro cepenosuina € cucrema MOODLE, na ocHoBi Yoro 3a6e3nedyeTbest BCiM
y9IaCHUKAM OCBITHBOIO HpoIecy (BHKJIaZadaM, 3700yBadaM OCBITH) JOCTYII 1O HABYAJIbHUX
KypciB. 3a JONOMOrom Ii€l CHCTEeMH, BUKOPUCTOBYIOYN CTaHJIAPTHI MOMysl (miarinm), Mo-
JKHa HaJIAIITOBYBAaTH PI3HOMAHITHI pecypcu BeOOPIEHTOBAHOI'O HABYAJLHOIO KYPCY.

OcobiuBicTIO BEOOPIEHTOBAHOIO HABYAIBLHOIO KypCy AJIs HiATPUMKH OCBITHBOIO IIPO-
necy Ha Bcix dopmax (crarjoHapHa, 3a04Ha, JUCTAHIiiHA, 3MilIaHa) HABYAHHS € Te, IO
TaKWil HaBYaJIbHUHN 3aci0 IpU3HAYEHUI J1J1s OIIAHOBYBaHHS HAaBYAJIbHUM MaTepiajoM mif Ke-
PIBHHIITBOM BHKJIaja4a. BUKIIaIad Mae 3MOry caMocTiiiHo (a6o 3a JONOMOrOI METOIUCTA,
MOJIepaTopa) BHOCUTH HABYAJIbHI MaTepiay 10 HaBYaJIbHOIO KypPCy, HAICHIIATH TI0BI1oMIIe-
HHSI CTYAEHTaM, PO3MOAIIATH, 30MPATH Ta MEPEBIPATH 3aBIAHHS, IPOBOAUTH aHKETYBAHHS
Ta TECTYBaHHsI, BECTH €JIEKTPOHHI >KypHaJii OOJIIKY OIIIHOK Ta BiJBiJyBaHHs:, HaJIAIITOBY-
BaTH pi3HOMaHITHI pecypcu, 610Ku Kypcy, 3okpema nigkiaodarn 610k OpenAl Chat 3 este-
MEHTaMU IMITY9IHOro iHTesiekTy, Tomo [2|. JocTyn no pecypciB HaB4aJIbHOTO KypcCy — II€p-
conicikoBannii. Jloria Ta maposib LOCTYILy OTPUMYETHCS 38 JOIOMOTOIO OOJIIKOBOIO 3aIHCY
€JIEKTPOHHOI IOIITH, SIKUH BUKOPHCTOBYETHCS, sIK €JIEMEHT TeXHOJIOrI] equnoro Bxoxy (SSO,
anrit. Single Sign-On). Kozken kopucTyBad Mae JOCTYII JIALIE JI0 TUX €JIEKTPOHHUX HABYAIIb-
HHUX KyPCiB, Ha SIKHX BIH 3apeEeCTPOBaHMIl [Is1 y4acTi y HaBIaJIbHOMY Ipoueci. PeecTpamis
KopHCTyBadiB (CTy/eHTIB) BiOyBaeTbcsl uepe3 OOJIKOBHH 3aluc, a 3allucC Ha BiAMOBIIHMIA
KyPC 31HCHIOETHCS BUKJIaJa9eM (METOAMCTOM ab0 MOJIEPATOPOM CHCTEMH).

TakuM YUHOM, BUKOPHUCTAHHS BIJIKPHUTOI'O OCBITHBOI'O CEPEIOBHUIIA JIAa€ 3MOT'Y IHTErpyBa-
TH Cy<acHi OCBiTHI pecypcu, HaBYaIbHI Iporpamu, iHdopmaniino-KkoMyHiKaIiifHi Texnomoril
B €IMHY CHUCTEMY Ta aBTOMATHU3yBaTHU YIPAaBJIHHS OCBITHIM IIPOIlECOM HiJITOTOBKH MaiOy-
THIX BUUTENIB iHopMmaTuku Ta (axiBiiB 3 iH(GOpPMAIINHAX TEXHOJIOTIH.

1. Ceprienko B.II. Bigkpure ocBiTHE cepemoBuie sik 3acib MomepHizalil cucre-
MU TiBUIeHHs KBaJsidikarlil Ha 3acajax KOHIEIIil HOBOI yKPaiHChKOI IITKOJIHU.
Csirosi ocsitHi Tpenu: crBopenHs TBopdoro cepejosuma STEAM-naguanns:
Marepiasu MixKHAp. HayK.-mp. online-koud. Kuis, 2021. C. 103-107.

2. @®panuyk B.M. Meroanka HaBuaHHs 1H(MOPMATHIHUX IUCIUILIIH B I€Arori-
YHUX YHIBEPCUTETAX 3 BUKOPUCTAHHSM BeO-OPI€EHTOBAHUX CHCTEM: MOHOTpadisi.

Kuis: HITY imeni M.II. JIparomanosa, 2020. 434 c.
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VYMoBU icHyBaHHsI 0OME>KeHOT0 PO3B’I3KY JAUHAMIYHOTO PiBHSAHHSI
Ha YacOBHUX MIKAJIAaX

Llanwv Bixmopia, Ilepecmrox FOpidi

viktoriia.tsan@knu.ua, perestyuk@gmail.com
Kuiscorut nayionarorutl ynisepcumem imeni Tapaca Illesuenxa

Hocnimpkenns audepeHianbanX (IMHAMIYHIX) PIBHAHL Ha YaCOBHX IIKAJIAaX OTPUMa-
JIU 3HAYHUI PO3BUTOK BHACJIIOK mpamni [1], me Buepme Gyso BBeZeHO NOHATTS A-IOXITHOIL.
Ils inHOBamiiiHa KOHIlENIlisT MOXKe OyTH 3aCTOCOBaHa SIK Ha 4YHUCJIOBIN oci, Tak i Ha pi3HUX
3aMKHEHIX MiaMHOXKuHax R1, BKIIOUaroum MICKpeTHI MHOMXKIHHI, Taki SK Z, eiIepoBi MHO-
sxunu kh, h > 0, maoxxuau Kanropa ta kanropsasu |2]. Takuit mizxizn [o3Bosisie po3riaiaTu
HeIlepepPBHY Ta JUCKPETHY JWHAMIKY 3 €IMHOI TOYKH 30DY, IO CIPUSJIO PO3BUTKY JIUHAMI-
YHUX PIBHSIHb Ha YACOBUX LIKasax [3].
Pozrissnemo cucremy nudepeHIiaIbHIX PIBHSAHD BUIVISLY
) M
dt
ne x € D, D - obsacte B npocropi R™, i BianoBigny it cucreMy JuHaMi9HUX PIiBHSIHb Ha
MHOXKMHI 9acoBux mkaj Ty

o = X(t,x)) (2
met €Ty, zy:Th — R zf (t) — menpra-noxigua dyskuil ) (t) na Ty. Ipumycrumo, o
infTy = —o0,supTy =00, A € A CR, i\ =0 rpanuuna ToYKa MHOXKUHU A\, IpUUOMY IJIsd

BCix A € A Touka t = 0 Hanexuts T . Takox npumycrumo, mo dyuknis X (¢, £) HenepepBHO
nudepeHiiioBHa 1 oOMeXKeHa pa30oM 31 CBOIMU YaCTUHHUMM ToxigauMu, To6To 3C > 0 Take,
o
00X (t,x) OX (t,x)
ot + H oz
90X

npu t € Ty, x € D, ne %~ sianosigna mMarpuisa $1xo6i.

Busmasunmo, mo py 1= supser, pA(t), me pux(t) : Tx — [0,00) - dbyHKIis 3epHUCTOCTI.
IIpuyomy, sikito puy — 0 npu A — 0, To T 36iraerbcs 3 HellepepBHOIO IIKaJIOK Yacy To = R,
a cucrema (2) nepexonuth B cucremy (1). Tomy NpHpOAHO CHOAIBATHCH, IO 3 HEBHUX yMOB
icHyBaHHs OGMe’KeHOro Ha oci po3B’si3Ky piBHsAHH:A (1) BUIUIMBa€ iCHyBaHHSI OOMEXKEHOIrO
pO3B’A3Ky y piBHaAHHA (2) Ha uyacosiil mkasmi T.

| X (¢, )| + ‘

]sc 3)

OsznavenHsi. Poss’asox x)(t) cucmemu (2), susnauenuts na Ty, 6ydemo naszusamu exno-
HEHUIANLHO CMATKUM PIBHOMIPHO 3a to, axwo ichyroms 6 >0, N >0 i a > 0 maxi, wo
Oas 6ydv-axozo pose’asky yYx(t) cucmemu (2) maxozo, wo |xx(to) —yx(to)| < §, nput > to
MAE MICUE MEPIBHICMD

lza () — ya(t)| < Nem@(710) |z (1) — ya(to)]
de cmani §, N i a He 3anescams 610 tg.

Hamu Busnaveni HacTymHi yMoBH icHyBaHHs oOMerkeHoro Ha T) PpO3B’sI3Ky cucTeMu
AuHAMIYHIX piBHAHB (2).

Teopema 1. Hezat suxonyromves HACMYnNHL YMOGU:
1) X(t,z) eusnauena i 3a0o60avnac ymosy (3) ma menepepeno-oupepenuyitiosana npu
tER, z € D, de D-o6aacmn 3 npocmopy R®.
2) Icnye maxe po > 0, wo cucmema (2) mae obmeorcenutds na Ty, pieromipro 3a to
eKCNOHEHYITHO cMItKUT Po368°A30K Txg (t), wo nesrcums 6 obaacmi D pasom 3 dearum
€c680IM p—O0KONOM.
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To0di AKWO BUKOHYIOMBCA HEPIBHOCTNI

C(aN 40 41) c (IMN 6
wo | e o C+ S§7 (4)
C(po+1) C2 P

uo (e +3C ) < 5 (5)

3N
— 6
5 <P (6)

p

< — 7
Ko < 5 (7)

de cmani 6, N i o susnauens 6 oanavernns ma C 6usHawena 6 ymosi (3), mo npu KoscHomy
B maxomy, wo px < po, cucmema (2) mae obmesicenutdi na Ty pose’azox.

Takozk cripaBe//INBI HACTYIIHI yMOBHU iCHYBaHHSI 0OMexkeHoro Ha 1) pO3B’s3Ky cuUCTeMU
(2) npu HasiBHOCTI Takoro po3s’sE3Ky y Biamosimmol cucremu (1) Ta IxHBOI GIM3bKOCTI IpH
px — 0.

Teopema 2. Hexatli 6UKOHYIOMBCA HACTRYNHE YMOEU:
1) ¢ynwuis X (t,z) eusnavena i nenepepsro-dugeperyitiosna nput € R, x € D, de D —
obaracmv 6 R, ma sadosonvrae ymosy (3).
2) cucmema (1) mae obmeorcenuti na R, pisnomipro no tg € R excnonenuyitino cmitixud
poss’azok x(t), axul aeocumov 6 D paszom 3 desxum p—oKoiOM.
Todi, axwo eukonyromves wepienocmi (4-7) , de C susnauena 6 ymost (3), mo npu Ko-
HCHOMY L) MaAKOMY, Wo [y < Ho, cucmema (2) mae obmeorceruti na Ty poss’asox xy(t).
IIpu yvomy cnpasedause 8i0HOWEHHA

sup |zx(t) —z(t)] = 0, px —0. ®)
tETy

Binbiie Toro, 3sBopoTHuil 3B’5130K TAKOXK Ma€ MicIie.

Teopema 3. Hexali 6UKOHYIOMBCA HACMYNHE YMOBU:
1) gynwxyia X (¢, ) sadososvhae ymosu 1) meopemu 1;
2) icnye po > 0, wo cucmema (2) 3 nowamrosumy daHumu 8 mowus to = 0 mae obmeorce-
nutdi na Ty, pienomipno sa to excnonenyiaavro cmitikut pos3e’azox, Axul aedcums
6 obaacmi D pazom 3 deakum c80iM P-0KONOM.
To0i, axwo sukonyromuves nepienocmi (4-7), mo cucmema (1) mae obmesicenud na R
P038°A30K.

OT2Ke, HAaMU BCTAHOBJIEHO YMOBM ICHYBaHHsI OOMEXKEHOTO PO3B’SI3KY CHUCTEMH JIUHAMI-
YHUX DIBHSHb HA YaCOBHUX IIKaJaX, BU3HAYEHO YMOBH, 3a SKHX ICHYBaHHS OOMEXKEHOT'O
PO3B’sI3Ky cucTeMu auepeHIiiaibHUX PIBHSIHb BUILJINBAE 3 ICHYBaHHsI OOMEXKEHOTO PO3B’si3-
Ky BiJIIOBiHOT CHCTeMH NMHAMIiYHUX DIBHSHb Ha YaCOBUX INKajaX Ta HaBIIAKH, & TaKOXK,
IIPOBEJIEHO aHAJI3 IXHBOI B3a€MHOI OJIM3BKOCTI.

1. Hilger S., Ein Masskettenkalkul mit Anwendung auf Zentrumsmannigfaltigkei-
ten. PhD, Universitat Wurzburg, Wurzburg, Germany, 1988.

2. Pratsiovytyi M.V., Ratuhniak S.P. Properties and distributions of values of
fractal functions related to Q2-representations of real numbers // Probability
theory and mathematical statistics, 2018; 99 (2), 187-202.

3. Bohner M, Peterson A. Dynamical equations on time scales. An introduction
with applications. Boston, MA, USA: Birkha"user, 2001.
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Acumnroruyani 306paxkenus P, (Y, Y1, £00)-po3B’sa3kiB
IudepeHniaJIbHOro piBHAHHS APYTOro NOPAAKY 3i MIBUIKO
3MiHHOIO HeJtiHiliHicTIO Big moxigHol HeBigomol dyHKIHT
Yenokx Oavea

olachepokQukr.net
eporcasruti 3axaad «Iliedennoyxkpaincorutll Hayionarbrull nedaz2o2iviull yHisepcumem
imeni K. JI. Ywuncorozo»

Posrnsimaersca qudepenniaabue piBHIHHS

y" = aop(t)eo(y)e1(v), (1)
e ap € {—1;1},p : [a,w[—]0,+00[ (—00 < a < w < +00), @; : Ay, —]0, 400 (i € {0,1})
¢ menepepsauME dyukiiamu, Y; € {0,+o0}, Ay, — mesxuil oguoGiunmil okin Touk: Y;.

Kpim Toro, Gymemo BBaxkaru, mo dbynxmig ¢1: Ay, —]0, +00[ € npaBuIbHO 3MIHHOIO (IUB.
[1]., c. 17) mopsaxy o1 npu npsmysaxsi aprymenty 1o Yp, a dyskuisz ¢o: Ay, —]0, +oof
nBivi HenmepepsHO Audepenmiiiosna Ha Ay, Ta Taka, 1o,

12
lim o(y) € {0,400}, why) A0 mpry€ Ay, lim LW
o S (W)
yE Ay, Y€ Ay,

3 ymoB (2) Bumiusae, mo GyHKIA ¢o Ta 1T IOXiAHA IEPIIOro MOPAAKY € IIBUIKO 3MiH-
HUMH IIpY OpsiMyBaHHI aprymernty go Y7 (mums. [6], C. 91-92).

V cuy Bnacrusocreit dyHKuil ¢o Ta Teopemu 3.10.8 3 poGoru [1] dyukuiz ¢o Ta it
moxifHa MEPIIOro MOPSAAKY HajleXkaTh Kiaacy dysknii I' skuit 6ys BBenmenuit JI. Xanom
(muB., manpukmnan, [1], C. 75), a rakox kmacy I'y, (Zo), sikuit 6yB BBemenuii y poboTi [3] sik
y3araJjibHeHHs KJacy 1.

Jnst piBHsiab THIy (1) pO3IVISIHEMO HACTYIIHHI KJIAC POB’SI3KIB.

Posp’sizok y piBusuuasa (1), Busnavenuii Ha [to, w[C [a,w[, HasuBaerbca P, (Yo, Y1, Ao)-
posp’sizkoM ([5]) (—oo < Ag < +00), AKIIO CIPAaBEIIMBAMA € HACTYIHI TBEPIKEHH

. . i t 2
y : [to, w[— Ay, m;ﬁ” () =Yi (1=0,1), lim % = Xo.

3a momnepenHiMu pesyiabraTamu, y pobori [2] Gysi0 BCTAHOBJIEHO yMOBH ICHYBaHHS y
pisrsiEs (1) P, (Yo, Y1, Ao)-pose’siskis y Bumanxy Ao € R\{0,1}.

Y pmaniii pobori 6ys10 BCTAHOBJIEHO HEODOXiHI 1 HOCTATHI yMOBM iCHYBaHHS Y PIBHAHHS
(1) P., (Yo, Y1,+00)-po3B’a3KiB, a TaKOXK aCHMITOTHIHHX 300parkeHb npw ¢ T w JUisd mmx
PO3B’A3KIB Ta 1X MOXIJIHUX MEPIIOro MOPSIKY.

SayBaxkumo, 1o y pobori [5] BcTaHOBJIEHO HACTYTHI apiOpHI ACHMITOTUYHI CIIBBLAHO-
menns P, (Yo, Y1, Ao)-po3B’s3KiB, 10 PO3IIISIAI0THCS:

y(®) V()

t, AKIIO w = 400,

= [1+o(1)], =o(1) mpu t7Tw,

e

L (t) =
t—w, KMo w < 400.

st popMysIOBaHHS OCHOBHUX PE3YJIbTATiB HABEIEMO HACTYITHE O3HAYEHHSI.

Hexait Y € {0,00}, Ay — neakuit oguobiunuii okin Y. [oBopsATs, 1110 NOBIILHO 3MiHHA
mpry = Y (y € Ay) dbysxuis 0 : Ay —]0; +oo[ 3anoBinpHse yMOBY S npHn npsMyBaHHL
aprymenty A0 Y (quB., Hanpukiaaj, y [5]), axmo mis 6yab-sKoi HOpMaJsi30BaHO! MOBIIBHO
amiEnOl npr y — Y (y € Ay) dbyskuil L : Ay —]0;4o00[ ([6], ¢.2-3) mae micne cuissin-
HOIIIEHHS

B(yL() = 0(y)(1+0(1) mpuy—Y (yeAy).
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OTpuMaHO HACTYIIHI TEOPEMH.

Teopema 1. Hexatl o1 # 1, ¢dynxuia ©1(y')|y'|~71 sadosoavrae ymosy S npu y' —
Y1 (¥ € Ay,). Todi, wooicern P, (Yp,Y1,+00) — pose’asor dupepenuyiantrozo pienarma
(1) wmoorce 6ymu npedcmassenuti y 6u2asdi

y(t) = 7w () L(1), ®3)
de L : [to,w[— R — dsiui nenepepsro dugeperyitiosra Gyrnruyia mara, uyo
Ymw(t)L(t) >0, L'(t)#0 npu t€ [t1,w] (to <t1 <w), (4)
. . . T ()L (t)
lim L(¢ 0; o0}, L t)L(t) = Yy, lim ————= =0. 5
lim L,(t) € {0; 00}, limm, (H)L(1) = Yo, lim 70 (%)
IIpu yvomy, Yy 6unadry iCHYBAHHA CRIHYEHHOT D0 HECKIHUEHHOT 2PAHULL
t)L" (¢
im 7TUJ( ) ( )7 (6)
tTw L’ (t)
MaA0OMb Micye HACMYNHI CNIBEI0HOWEHHA
o ()L (1) /
tTIBL’i(t):_L aol’(t) >0 npu t€ [t1,w[(to <t <w), (7)

aoL/(t)
w ()L’ (t
I (L) 01 (m (1)) - o (L(2) [1+ Z2HE O]
Bynemo rosopuTu, 0 BUKOHYETHCSI yMoBa N, SIKINO IJIs JEesSIKOI HEIIEPEPBHO gudepeH-

uiitosrol dyukuii L(t) : [to,w[—> R(to € [a,w]), sika 3anoBousnsie ymosu (3) -(7) Ta (8) ,
Mae Micre 306parkeHHst

1+4+o0(1)] npu ttw. (8)

p(t) =

OzoL/(t)
I (L7101 (7 (1)) - 0o (L(1) [1+ 2B

ne r(t) : [to,w[—] — 1; +00[ — HenepepsHa yHKIisA, AKa IpAMYE 40 Hyss upu t T w.
Jlna dpopMyIoBaHHS HACYTITHOI T€OEPMU BBEJEMO MTO3HAMEHHS

p(t) = [L+7r(®)]

po =signpn(y’), 61(y) =1yl ™%, X(t) = L(t) - ei(t),

’

- _Logee o (G)
T (t) L (H)po (X (1) (i‘;ﬁiﬁ)? y—(E)
el(t) =1 + Ww(t)L/(t) 82( ) — 2+ ( 3 ”(t).

L(t) L'(t)
Jnst unx yHKI, y cuty (2) BUKOHYIOTBCSI HACTYIIHI TBEPI?KEHHSI:

1.
Lim ei(t) = Jim e2(t) =1 im H(t) = Foo, lim gy (t) =0,

2. SKINO iCHye rpaHuIlst
L(t) H’(t)

tlTruI} L’(t) |H(t )‘
TOTL
Ly
o L'(t) | H(t)|3
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CHpaBeﬂJIHBO}O € HaCTyIIHa TeopeMa

Teopema 2. Hexati o1 # 1, ¢pynruia 01 3adosoavHae ymosy S, surxonyemuvces ymosa N

ma ,
;g@%%@mmﬁ:%,o<w<m
Todi 3a ymosu
aopoyo > 0
Jugpepenyianvre pishanns (1) mae odnonapamempuuny cim’o P, (Yo, Y1, £00)-poss’asxis,
ONA KOIHCHOZ0 3 AKUT MAIOMD MICUE HACTYNHI ACUMNMOMUYHE 306pasicerns npu t T w:

y(t) = 7o (t) - L(H)(1 + o(1)), (9)

Y () = X(8) + 2 H(t)]3 - o(1). (10)
®o )

ITin wac noBejeHHs pe3ysbrariB piBHsHHs (1) HUISIXOM CHEIIaJbHOIO IE€PETBOPEHHS
3BOAUTHCA JI0 €KBIBAJIEHTHOI CHCTEMM KBa3UIHINHUX AudepeHIliaJbHuX PiBHsAHL. | paHu-
gyHa MaTpulls KoedilieHTiB i€l cucreMu Mae JiMCHI BJIACHI 3HAYeHHsI PI3HUX 3HAKIB, a
OTKe, JUIS i€l cucTeMu U epeHIiaJbHUX PIBHAHb BUKOHYIOTHCS BCi yMOBH TeopeMu 2.2
3 [4]. BrigHo Hi€l Teopemu BiAmOBimHA cECTEMa Mae OLHONAPAMETPHUHY CIM'I0 PO3B’SI3KiB
{vi}?zl s [t*, +oo[—> R2 (L > t1), AKi npsaMyroTh 10 Hy/Is npu t T w. [luM poss’askam Bij-
OBiZAIOTH PO3B’sI3KU Y : [t*, +oo[— R (¢* > ¢1) piBmsanua (1), mo gomyckaroTs npu t T w
acumnroTuuHi 306paxkenus (9)-(10). B cuuy Buiy mux 306pakeHb Ma€MoO, 1[0 OTPHMaHI
poss’asku € P, (Yo, Y1, +00)-poss’askamu pisusuns (1).

1. Bingham N.H., Goldie C.M., Teugels J.L. Regular variation. Encyclopedia of
mathematics and its applications. // Cambridge university press. Cambridge.
— 1987.— 494 p.

2. Chepok, O. (2023). Asymptotic Representations of Regularly Varying
P, (Yo, Y1, Ao)-Solutions of a Differential Equation of the Second Order Contai-
ning the Product of Different Types of Nonlinearities of the Unknown Function
and its Derivative // Journal of Mathematical Sciences. 1-14. 10.1007/s10958-
023-06576-x.

3. Evtukhov, V., Chernikova, A. (2019). Asymptotic Behavior of Slowly Varyi-
ng Solutions of Second-Order Ordinary Binomial Differential Equations wi-
th Rapidly Varying Nonlinearity.// Journal of Mathematical Sciences.— 236.
10.1007/s10958-018-4111-7.

4. Evtukhov, V. Samoilenko, A. (2010). Conditions for the existence of solutions
of real nonautonomous systems of quasilinear differential equations vanishing
at a singular point.// Ukrainian Mathematical Journal - UKR MATH J. — 62.
P. 56-86.

5. Evtukhov, V.,Samoilenko, A. (2011). Asymptotic Representations of Soluti-
ons of Nonautonomous Ordinary Differential Equations with Regularly Varying
Nonlinearities // Differential Equations, Vol. 47, No. 5, pp. 627-649.

6. Maric V. Regular Variation and differential equations // Springer (Lecture
notes in mathematics, 1726). — 2000. — 127p.
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IlosoKeHHsT piBHOBaru HeJHITHUX TTepioAMYIHIX
iHTerpasgpHO-IUdEPEHITiadbHIX KPAlOBUX 33134, HE PO3B’a3aHUX
BigHOCHO moximHOT

Yytirxo Cepeziti, Kysomina Baada
chujko-slavQukr.net
Jlonbacvruti depotcasruli nedazo2ivnull YHIGEPCUMEM,
HocnimpKkyemo 3anady npo nodynoy 1’ — nepioguyasoro poss’sizky [1, 2, 3|
2(t) € D?[a;b], Z'(t) € L%[a;b]

HeJIHIWHOT iHTerpaJbHO-audepeHIialbHOl CUCTEMI

T
A(t)2(t) = B(t)z(t) + ‘P(t)/o F(2(s),2'(s), ) ds + (1), (1)

He PO3B’sI3aHOI BIJTHOCHO TOXinHOI. Po3B 130K nepiogu4nol 3aaadi gy pisasauHa (1) myka-
eMo B okouti T’ — nepioinaHOro po3B’s3Ky

20(t) € D2[a;b], 2§(t) € L%[a;b]

[IOPOJZKY 04Ol CUCTEMH
z(t) = A(t)zo(t) + f (1)
Tyt

A(t), B(t) € L2 . [a;b] := L%[a; )] @ R™*" | &(t) € ]Lfnxq[a; b], f(t) € L%[a;b].

Marpumio A(t) npumyckaeMo IpPsMOKYTHOIO, abo K KBaJPaTHOIO, ajie BUpojkeHoo. He-
ainifiny dyskuio Z(z,z’,t) BBaskaeMo ABivi HenepepBHO-IUMEPEHIIHOBHOIO 1O 2 Ta 2 Y
neskiit obnacri @ C R™ i HenepepsHowo 10 t € [a,b], a TAKOXK HEIEPEPBHOIO 3a TPETIM
apryMenToM Ha Binpisky [0; 7.

HasuBaTnMeMo ITOJIO’KEHHSIM PiBHOBAru HEJIHIHHOI iHTErpaabHO-IudEPEHIHaIbHOI Ch-
cremu (1) BekTOp-dyHKIIIO, sIKa 3a10BOJIBHIAE ABOM yMoBaM [3]:

T
A2 (t) =0, B(t)z(t) + f(t) + ®(t) /0 F(z(s),72'(s),s)ds = 0. (2)

V mafimpocTimomy BETAJIKY, 32 yMOBH
Bt)=B, fit)=f, ®@)=®—const, F(z,2,t)=2Z(z2)

oJIOXKeHHs piBHOBaru z(t) = z — const HesiHIAHOI iHTErpasbHO- UM EPEHIIAIBHOI CUCTEMEI
(1) BusHavae piBHAHHSA

w(2):=Bz+f+T®F(z,2')=0. 3)
Oyukuia ¢(z) asiui HenepepsHO-mUbepennifiosHa o z B obmacri Q. g nobymosu ite-
pamuiiinol cxemu {zj}, 361>KHOI 10 PO3B’A3Ky piBHAHHS (3) BUKOPHCTOBYEMO y3arajbHEHUI
meron Herorona [3].

Jlema. IIpunycmumo, wo 0an pienanna (3) 6UKOHANT HACTRYNHI YMOBU
1. Heatnitina sexmop-gpynxuia o(z) : R — R™, deiui nenepepero-dugepenyitiosna 6
0KONT TROWKY 20, MAE KOPiHL z* € R™.

2.V 3adanomy oKoai HYALOB020 HABAUNCEHHA 20 MAOMB MICUE HEPIBHOCTN

g d*o(&r ;2" — z1)

< Ul(k)”

‘s@(k)ww —all (4)
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3. Icnye xoncmanma

kEN 2

6 := sup {01 (k)2 (k) }

Tooi 3a ymos
Pre =0, Jp:=¢'(2) ER™™ (5)

012" —20] <1 (6)

O 3HATOOHCEHHA DPO3E A3KY 2* pienanna (3) mooice 6YMU BUKOPUCTMANA TMEPAUTTHA CTe-
Ma

Zog1 = 2k — I @(2x), (M)
npu yvomy weudkicmo 36ioicnocmi nocaidosnocmi {z} 0o pose’asky z* pisnanna (3)
rxeadpamuvra. Bexmop-dpynruia z* 3a ymosu

B(t)=B, f(t)=f ®t)=®—const, F(z,2,t)=2Z(z72)
€ NOAOIHCEHHAM PIBHOBARU HEAMHITHOT THMmezparvho-dudepenyiarvrol cucmemu (1). Tym

— opmonpoexmop mampuyi Jp; € R™*™,

1. Boichuk A.A., Samoilenko A.M. Generalized inverse operators and Fredholm
boundary-value problems.— Utrecht; Boston: VSP, 2004. — XIV + 317 pp.

2. Samoilenko A.M., Boichuk A.A.| KrivosheyaS.A. Boundary value problems for
systems of integro-differential equations with Degenerate Kernel // Ukrainian
Mathematical Journal. — 1996. — 48. — Ne11. — P. 1785 — 1789.

3. ChuikoS.M., Chuiko O.V., Kuzmina V.0O. Nonlinear integrodifferential
boundary-value problems unsolvable with respect to the derivative // Journal
of Mathematical Sciences. — 2023. — 270. — Ne2. — P. 385 — 395.
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Mertoa nekommo3wuiiii AgoMsaiHa y Teopil HesTiHifTHUX
KpaiioBUX 3aJa4 i3 3aIli3HEeHHAM
Yytixo Cepeiti, I[lonos Mukxuma

chujko-slavQukr.net
Lonbacvruti depotcasnuti nedazozivnull yHisepcumem,
In-m npukxa. mamemamuxu i mexaniku HAH Yxpainu

JocminzkeHo 3ama4dy Tpo MoOya0By HAaOJMXKEHb 10 T — MepioiuaHOro po3B’si3Ky
z(t,e) : z(-,e) € CL0,T], z(t,-) € C[0,e0]
cucreMu qudepeHIianbHIX PIBHIHD 3 30CEPe?KEHNM 3alisHeHHAM [1]
2 (te) = A(t)2(t,e) + B(t)z(t — A,e) + f(t) + e Z(2(t,e), 2(t — A, ), t, ). (1)

Posp’s130k mepiogmaHol 3ana4i qys piBHaHHA (1) mykaemo B Masomy okosi T’ — mepionn-
“HOT'O PO3B’A3KY
20(t) € C1[0,T]

MOPO/IZKYIOYOl CUCTEMU
dzo/dt = A(t)zo(t) + B(t)zo(t — A) + f(t), A €RL (2)
Tyt A(t), B(t) — venepepsui T'— nepioguani (n X n) — Bumipui maTpui, f(t) — HenepepBHa
T — nepioguuna Bekrop-byukuis, Z(z(t,€),z(t — A, €),t,€) — Heninilina BekTOp-dyHKIIis,
aHAJITHYHA B MAJIOMy OKOJII PO3B’s3Ky IOPOJXKyIo4ol 3amadi (2), HenepepsHa Ta T — mepi-
OJMYHA TI0 ¢, a TAKOXK aHAJITHYIHA 10 MAJOMy IapaMeTpy € Ha Biapisky [0, eo]. dx Bimomo,
y KPUTHYHOMY BUNIQJKY [2, c. 33|, a came, 3a HasgBHOCTI T — NepioMYHUX PO3B’A3KIB
zo(t,er) = Xr(t)er, ¢ €RT

OJTHOPiZTHOT YacCTUHU

dzo(t)/dt = A(t)zo(t) + B(t)zo(t — A) 3)
cucremu (2), a y Bumasaky cragux marpunp A(t) = A ta B(t) = B, 3a HasBHOCTI CyTO
YAABHHUX KOPEHIB

)\j ::tiij, i=+v-1, j€N

XapaKTEPUCTUIHOTO PIBHIHHS MOPORKYIOUa IepioanyHa 3ajada it piBHAHHS (2) po3B’s-
3Ha He AJIs ycix BekTOop-dyHKUil f(t). Y KpuTHIHOMY BHIAIKY CHpsizkeHa cucrema (2, ¢. 30]

dy(t)/dt = —A"(t)y(t) — B*(t)y(t + A)
Mae cim’'1o T’ — nepioguaHuX po3B’sI3KiB BULISITY

y(tvc’l‘) = H’r(t)c'ry Ccr € R".

INepionnuna 3amada qys pisasHHES (2) po3B’a3Ha 3a ymMoBH |2, c. 33|

T
[ ) 65) ds=o. (4)

Tyr Hr(t) — (n X r) — BuUMipHa MaTpHLsl, yTBOpeHa 3 r— JiiHilHO-He3aIeKHUX T — 1epi-
OJIMYHUX PO3B’A3KIB cHpsikeHOl cucremu. Ilpunycrumo ymoBy (4) BUKOHAHOIO; IPH IBOMY
3araJIbHU PO3B’sI30K MOPORKYI0Uol T’ — mepioguyHol 3amad4i st piBHsAHHS (2) Ma€ BUIVISLT
20(t, er) = Xr(t)er + G[f(s)](t), cr €RT,
e G[f(s)](t) — mesikmit wacTHHHKI PO3B’sI30K MOpoKytoduol T — nepiogudaHOl 3amadi s
piBusnng (2), X,(t) — (n X r) — BuMipHa MaTpuIs, yTBOpEHa 3 r— JIMHIHHO-HE3AJIEXKHUX
T — nepioguaaux po3s’s3KiB cucremu (2). s nobynosun wacturHOrO poss’ssky G[f(s)](t)
nopozpKytouol T' — nepiojgudanol 3ama4i ayis piBHaHHA (2) 3a yMoBH 11 PO3B’sI3HOCTI 3aCTO-
coBHUiT MeTon aekommosunii Amovsna [3].
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Jlema. IIpunycmumo, wo 0as nopodscyronoi nepioduwnot 3adaua s pienanna (2) mae
Micye KpumusHul, 6unadok i GUKOHYEMBCA YMOBA PO3E AZHOCTE (4), Npu Ybomy nepiodu-
wha 3adava 0an pienanna (2) mae cimro T — nepiodunnur po3s’askie euzandy zo(t,cr).
Ipunycmumo makootc, wo T — nepiodunwna 3adana das pisnanna (1) mae T — nepioduwnud
pose’asok, axul npu € = 0 nepemsoproemovcea wa nopodotcyrowut z(t,0) = zo(t, cl). Ba yux
ymos sexmop ¢ € R" 3a0068040HAE PIBHAHHIO ONA MOPOOHCYIOUUT AMNATMYO

T
F(cy) = /0 H(s)Z(z0(s,cy),2z0(s — A, c}),s,e)ds = 0. (5)

Piusinng (5) HA3MBAIOTH PIBHIHHAM JJIsl TIOPOJKYIOYHX aMILTITY, ] HeJHIHHOI nepiofm-
49HOI KpaifoBol 3aja4i Ay piBusuHs (1).

1. Boichuk A.A., Samoilenko A.M. Generalized inverse operators and Fredholm
boundary-value problems.— Utrecht; Boston: VSP, 2004. — XIV + 317 pp.

2. Murponosbekuii FO.A., Mapreiaiok 1.1, Jlekinuun o Teopun kosebanwmii cu-
creM c 3anasgpiBanuem. — K.: zn-Bo Kues. yu-Ta, 1969. — 309 c.

3. UYyiiko C.M., Yyiiko O.C., I[TortoB M.B. Meron gekommosutiii Amomsina y Teopil
HeJiHIflHUX nepioguunux Kpaiiosux 3aaa4 // Heniniiini konusanus. — 2022, —

25. — Ne4. — C. 413 — 425.
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Meton Hpiorona — KantopoBuda y Teopil
HeJIIHITHNX MaTPUYHUX PiBHAHD

Yytxo Cepeiti, [llesyosa Kamepuna

chujko-slav@ukr.net, shevtsoval9931993@gmail.com
Jonbacvruti depotcasruti nedazozivnull yHisepcumem,
Inemumym npukaadnol mamemamuru i mexanwivy HAH Ykpainu

BupueHHs1 HesiHIHNX MaTpUYHUX piBHAHB 1], 30KpeMa, MaTpHYHOrO anreGpaldHOroO
piBusinHsa PikkaTi, moB’si3aHe 3 4UCIEHHUMH 3aCTOCYBaHHSIMHM TaKUX DIBHSAHB IIPU PO3B’si-
3aHHI MaTpumaHOrO AudepeHnianbHOro pipHsiHHA Pikkati [2], Teopil meniniiiHuX KonMUBaHb,
y MexaHini, 6iosoril, pajiiorexHiri, Teopil KepyBaHHs Ta CTiKOCTI pyxy. s 3HAXOKEHHT
HabOJIMKEHDb [0 PO3B’a3KiB HEJMIHIMHWX MATPHYHHUX PIBHSHL y BHIAJKY HEBigoMol KBaIgpa-
THOI MaTpuIli 3acTocoBHUil MeTos Hbrorona. st 3HAXO0zKEHHSI HAOJIUKEHD 10 PO3B’A3KiB
HEJIHIRHUX MaTPUYHUX PIBHSAHB y BUMAJAKY HEBiIOMOI IMPSAMOKYTHOI MATPHIl HAMU BHUKO-
pucroByeTbes Meroy Hprorona — Kanroposuua [3]. Hamm fociinzkeHo 3amady Ipo 3HaXo-
JPKEHHSI PO3B’SI3KY

ZeRYP a#p

HEJIIHIHHOTO PiBHSIHHSI

F(Z)=0. (1)
Marpuuny ¢dyuknio F(Z) npumyckaeMo BU3HAYEHOO y Biakputiit obmacti D C RoXB §
nBiui HenepepsHo nudepenniiiosnowo 1o Z na Muoxuni  C D C RYX5, Bukopucrosyerncs
omeparop M[A] : R™*" — R™"™ gk Takuii, IO CTABUTH y BigmosigHicTe marpuni A €
R™X*" gekrop B := M[A] € R™", yrBopenuii 3 n cToBuiB MaTpuri A, a TakoxK o6epHEeHHH
omeparop [4, 5]

Mfl[B} . RM ]anxn7

KUl CTaBUTH y BiAnoBiguicTs BekTOpy B € R™'™ Mmarpuimo A € R™X"™,

AKTyaJbHICTB JOCIIPKEHHS 3a4a4i IPO 3HAXOMKEHHSI PO3B’s3KYy HEJIHINHOTO MaTpu-
4yHoro piBHsaHHA (1) noB’sa3aHa 3 THM GAKTOM, IO IEPEBarXKHA GLIBIIICTD JTOCIIIZKEHb yMOB
po3B’si3HOCTI 1BOro piBHsHHA (2], nepenbadae pisicTe @@ = B = v = §. s 3HAXOHKEHHS
HAOJINKEHD JI0 PO3B’sI3KiB HEJIHIMHUX MATPUYHUX PiBHSIHD y BUMAIKY HEBIIOMOI KBaIpaTHOL
Marpuni 3acrocoBamit Metoy; Heorona [3]. s 3HaxOmKeHHS HAOIMKEHBb 10 PO3B’sI3KiB
HEJIHINHUX MATPUYHUX PIBHAHBb Y BHUIIQJKY HEBIIOMOI MPSMOKYTHOI MaTpPHII HaAMHU 3aCTO-
cosano meroz, Herorona — Kanroposuua [5].

1. Boichuk A.A. Criterion of the solvability of matrix equations of the Lyapunov
type // Ukrainian Mathematical Journal. — 1998. — 50. — Ne 8. — P. 1162 —
1169.

2. Boichuk A.A. A Critical Periodic Boundary Value Problem for a Matrix Ri-
ccati Equations // Differential Equations. — 2001. — T. 37, — Ne 4. — P. 464 —
471.

3. Chuiko S.M. To the generalization of the Newton-Kantorovich theorem // Vi-
snyk of V.N. Karazin Kharkiv National University. Ser. mathematics, applied
mathematics and mechanics. — 2017. — 85. — Nel. — P. 62 — 68.

4. Magnus J.R., Neudecker H. Matrix Differential Calculus with Applications in
Statistics and Econometrics, 2nd Edition. — Wiley. — 1999. — 424 pp.

5. Uyiiko C.M. O pemennn MaTpuvHbIX ypaBaenuii JIsmynosa // Becrauk Xapb-
KOBCKOrO HaruoHasibHoro yausepcurera iMm. B.H. Kapasina. Cepus: Marema-

TUKA, TPUKJIATHAT MaTeMaTUKa U Mexanuka. — Ne 1120. — 2014. — C. 85 —
94.
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AcuMnToTuka OJHOTO KJIacy PO3B’fA3KiB HEaBTOHOMHOI'O
audepeHiaIbHOTO PiBHAHHS TPETHOTO MOPAIKY
Hapati Hamanis®, IHunkaperko Boaodumup?

rusnat360gmail.com, shinkarenko.v.n@gmail.com
L Odecvruti navionaavruti ynisepcumem imeni 1.1 Mewnuxosa
2 Odecvruti HAUIOHANLHUT eKOHOMIYHUT YHIBeEpCUmem

Posrnsnemo nudepenniaabae piBHAHHS

y"" = aop(t)y|In|yl|7, (1)

ne ap € {—1,1}, 0 €R, p: [a,w[—>]0, +o0] - HEmepepBHa pyHKHiA, —00 < a < w < +00.
Posp’st30k y piBusinus (1), sikuil 3azasuil 1 BigMiHHUE Bix Hyss Ha DIPOMIKKY [ty,w[C

[a, w[, Bymemo masmBatm P, (Ag)— pPO3B’SI3KOM, SIKINO BiH 3a/{0BOJIBHSIE HACTYIHAM YMOBAM:

- a6 0, o (0
£1Tr£}1y< )(t):{ P (k=0,1,2), }Sy\fgm:)\o- (2)

B po6orax [1 — 3| gy piesiHEs (1) Gysno BecTaHOBJIEHO yMOBH icHyBaHHSS P, (Ao)-
PO3B’A3KIB y BUIAJAKY, AKIIO Ao € R\ {0, %}, a TakKoyK OyJIO O/Iep>KaHO aCHUMIITOTHUYHI 30-
OparkeHHs JIUIsl TAKUX PO3B’S3KiB Ta IX MOXiJHUX 10 APYroro MopsiaKy BKIOYHO. [Ipu npomy
JIOBEJIEHO TEOPEMU IPO KIIbKICTb PO3B’SI3KIB i3 3HANIEHUMU aCUMITOTHYHUMU 3pOOpake-
HHSMU.

MeTor0 JaHOTO JOCJIIIPKEHHST € BCTAHOBJIEHHST HEOOXITHUX Ta JIOCTATHIX YMOB iCHyBaHHS
y nudepennianbuoro piBaauus (1) P, (0)— po3s’3kiB, a TaKoXK aCUMITOTUIHOTO 300parke-
HHs Tpu ¢ T w JJIst BCIX TaKUX PO3B’3KiB Ta 1X MOXiAHUX JO JPYTOro MOPSIAKY BKJIFOYHO.

Beenemo dyukiio

_ t, AKIIO W = +00,
o (t) = { t—w, gKkmo w < +oo.

3 nemm 10.6., sixy HaBemeno y potori [4] (P.3,§10, pp. 143-144), 6e3nocepeiHBO BUILIUBAE
HACTYIIHE TBEPJZKEeHHS

Jlema. Jlaa xoorcnozo Py, (0)— poss’asky dupepenyianvrozo pishanns (1) maromo micye
npu t T w Hacmynti aCUMNMOMUYHE CNIBEI0HOWEHHA

y(t) ~ ma (Y1), 4" (1) = o (:;((%) ' ;

. PR )y (¢ . . . . .
a Yy 8uNadKy ICHYSAHHA 2PAHULT hTm %?t)() (cxinvennol abo pienoi £00), mae micuye
tTw

17
cnissionowenna y'’ (t) ~ —fr 8 npu t 1T w.

t
51 popMysIOBaHHS OCHOBHOIO pe3yJIbTaTy BBeaeMo gonoMizkui dynkuii P (t) = [ p(r)dr,

1
t

¢

J Pr(r)dr, Ja(t) = [ mu(r)p(T) [In|me(1)]|7dr,

Ag A
t

I(t) = [ Ja(7)dr, ne rpaununi interpysanus A, A1, As € {a,w} obupaiorscs B 3a1esKHOCTI
a

BiJ1 36i2kHOCTI iHTErpaJIiB.

Teopema 1. ITpunycmumo,wo ichye (ckinuenna abo pieha +00) eparuys

NEROIAC
tTw Ja (t)
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Todi dugepenyianvre pisuannsa (1) mae P, (0)-pose’asku modi i miavku modi, Koau 6u-
KOHYIOMBCA YMOGU

mo®Ja® 3 1) = 400, (5)

li w(t)Ja(t) =0,
fim e, (6) Ja (1) m =20 lim

de Kootcer 3 MaKux po3e’3ki6 dONYCKAE HACMYNHL ACUMNMOMUYHE 300pastcerta nput T w :

y(t)

OR mu ()1 + o(1)], (6)
In |y’ (¢)] = a0l (t)[1 + o(1)] (7
y' @) _

ol a0 Ja(t)[1 + o(1)]. (8)

Biavw mozo, axwo ymosu (5) euxonani, moodi dugpepenyiarvre pienanna (1) mae deo-
NApPaMeEmMpPuUIHY cim’10 po36’aA3Kie, Axa Mmae acumnmomuyuni sobpasicenns (6) — (8) npu
tTw y sunadkar w = 400, ma w < +00.

1. N. V. Sharai and V. N. Shinkarenko, Asymptotic representations for the soluti-
ons of third order nonlinear differential equations. J. Math. Sci. (N.Y.) 215
(2016), no. 3, 408-420.

2. N. V. Sharai, Asymptotic behavior of solutions of ordinary differential equati-
ons of third order.(Russian) Visnyk Odesk. Nath. University, Mat. i Mech. 15
(2010), no. 18, 88-101.

3. N. V. Sharai and V. N. Shinkarenko, Asymptotic behavior of solutions for
one class of third order nonlinear differential equations. Abstracts of the
International Workshop on the Qualitative Theory of Differential Equations
— QUALITDE-2018, Thilisi, Georgia, December 1-3, pp. 165-169.

4. V. M. Evtukhov, Asymptotic representations of solutions of non-autonomous
ordinary differential equations. Diss. D-ra Fiz.-Mat.Nauk, Kiev, Ukraine, 1998.
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3ama4ui MmogesoBaHHA POPM CTIiKMX TOHKHUX OCECUMETPUYHUX
MOPO>KHWH Yy BaroMiii piguni
ITenemiox Bozdan!, Hecmepyx ITzop?

shepetyukb@gmail.com, nesteruk@yahoo.com
L Ypniseuvruti nayionaavrut yrisepcumem imeni IOpia @edvrosumna
2 Inemumym zidpomexanivu HAH Yxpainu

Omnip BHCOKOHMIBHAKICHMX MiIBOZHUX TPAHCIOPTHUX 3acO0iB MoXke OyTHw 3MEHIIeHHUI
HUISIXOM 3MEHIIIEHHs IUIOIi, siIKa 3MOYYEThCS BOJOIO, TOOTO 3a JOIOMOI'OI0 BUKODPHCTAH-
He cymepkasitamii [1, 2, 3|. [ orpuMaHHS MajIMX 3HAYEHb 9UUC/Ia KaBiramil Ipw Masmx
MIBUJIKOCTSIX ab0 Ha BEJIMKUX IVIMOMHAX DPYXY, BUKOPHUCTOBYETHCH IIJJIyB KaBEPHU Ia30M
[4]. Benrmsanis TakoXK Zyrke BaXK/JInBa B €KCIEPUMEHTAX, OCKLIBKU IMIBHIKOCTI B €KCIIEPHU-
MEHTAJbHUX yCTAHOBKAaX, sIK IIPAaBHUJIO, HAH6AraTo MEHII, HiXK JIJIsl peajlbHUX TPAHCIOPTHHUX
3acobiB. ObMexkeHi MBUAKOCTI KaBiTaiftHUX TPYO CyTTEBO 36i/IBINYIOTH BIIUB I'paBiTaril Ha
dopmu i posmipu kaBepau. TeopeTndHi Ta YUCEIbHI JOCTIZKEHHST BEHTUJILOBAHUX KABEPH
BesibMu obMexkeHi. HaBiTh B TOMy BHIAJKY, KOJIX BIJIUB IIOTOKY ra3y ycepeauHi KaBepHHU i
rpasirTaril He3HaYH], HeMae MOBHOI Teopil 1yist hopMU KaBEPHH B 3AJIE?KHOCTI BiJ IMIBUIKOCTI
nojadi ragdy, 4ucsa KasiTarlil i popMu Tijla, pO3TAIIOBAHOTO YCEPEIUHI KABEPHU.

Aximo ra3 pyxaeTbcs y By3bKOMY KaHAJII MiXK IIOBEPXHEIO KaBEPHU 1 KOPILyCOM TPAaHC-
IIOPTHOTO 3acoby, TO THCK Ha IOBEPXHI KaBepHU He € MOCTiHUM 1 3MiHIOe 11 popMy B
HOpiBHsAHI 3 BUIAJAKOM IapoBol Kasirtamil. lle ckiiajHe siBHINE IOCIIIIKYBAJIOCh YUCEIBHO
3 BUKOPHCTAHHSIM DIiBHsIHb B’s13KOI pizuHu [5]. Bukopncranas mozesni ineasbHOI piauHu i
TEeOpil TOHKOI'O Tijla JHO3BOJIE OTPUMATH IPOCTI PIBHAHHA i (POPMU OCECUMETPUUTHUX
BEHTHUJIBOBAHUX CYIEPKABEPH, SIKIIO IOTIK ra3y MiXK MMOBEPXHEI0 KaBEPHHU 1 Tija obepTaHHS
€ OJHOBUMIpDHUM, HeB’siI3KMM 1 HecTucauBuM. Psij pesynbrariB O6ynu orpumani B poborax
[6, 7, 8] mnst cramiomapHOro moToKy pinmHm Ge3 rpasitaniiiemx edextis. B poGoti [9] pe-
3yJIbTaTH IUX POOIT y3arajbHEHi JJIs HECTAIIOHAPHUX BEPTHKAJIBHUX IIOTOKIB B IIOJII CHJIA
TsKiHHA. 30KpeMa, OyJI0 3aIpOITOHOBAHO PIBHAHHS MIE€PINOTro HabIMKEeHHsT 1 pajiyca R(x)
CcTaIioHapHOI OCECUMETPUYHOI BEHTUIBOBAHOI KABEPHU

d?>R? _ 00 2kx (1)
dz?2  lne Fr2lne
1
A T 59 oo b
T Eeme

e Bei poBxKuHM € 6e3posmipaumu (BigHeceni 1o paaiycy kasepuu B 1T mouarky Rp), k =1
BiIIIOBiZla€ BHUIAJKY, KOJIM HAIPSIMK{ I[TOTOKY BOJAM Ha HECKIHYEHHOCTI i rpasiTariiitHoro
IPUCKOPeHHs 30iratoTbest; k = —1 Binnosiae BUNAAKY, KO HAIIPSIMKHA IUX BEKTOPIB IPO-
TuIeXKHi. 3HaYEeHHs mapaMeTpis o, F'r, A i a BU3HAYAIOTECA (HPOPMYTIaMuU:

oo = 2(poo — Do *pO) Fr — U
pU? ’ VgRo’
-2
A:_ingQ , a= 1_R7130 ,
m2RipU?Ine RZ

ne p rycruHa Bomm; U crajia MIBUJAKICTH IOTOKY BOJM HA HECKIHYEHHOCTi; PV -THUCK BO-
JSTHOT Mapy IPU TEeMIEPATypPi HABKOJIMUIIHBOIO CEPEIIOBUINA; Poo I PO TUCKHU, BUMIPSHI B
IOIIEPEYHOMY IIepepi3i KaBepHHU JaJieKO B IIOTOIl BOJAM i rasi Ha HOYAaTKy KaBepH BiJIo-
BiZHO; pg HOCTifiHA rycTHHA rady;; () 06’eMHe BUTpauaHHs rasy; Ry, Rpo pajiycu Kopiycy
B Toukax « i ¢ = 0; € Masuil mapamerp, BiJHOIIEHHS MaKCHUMAaJIbHOI'O paJiiyca CHUCTEMU
KaBepHa-KaBiTaTOp JI0 Oro JOBXKUHM.

B po6ori [10] pospaxosani dopmu HhOpMH TOHKHX CTAIiOHAPHUX OCECUMETPUIHUX BEH-
THUJIBOBAHUX KaBEPH JJIsl BUCXIJHOTO Ta HU3XIJHOIO IIOTOKIB BOAU JJIsl PI3HUX 3HAYEHD M-
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cna @Ppyna i pajiyciB po3TallloBaHUX B KaBepHi muwiiHapuydHux KopryciB. Ilokaszano, mo
BEHTHUJIALsA 361/IbIIye po3Mipu KaBepH 32 KOHIYHUM KaBiTATOPOM 1 3MEHIIIy€ JOBXKUHY JTOH-
HUX KaBepH. Koyin HampsiMOK IOTOKY BOJM HA HECKIHYEHHOCTI € IMPOTUJIEKHUM O CHJIN
TSXKIHHS, IHT€HCUBHICTD HiJIyBY HEe MOXK€ IIE€PEBUIIYBATHU JesKe KPUTHYHE 3HAYUECHHS JJIsd
KOHIYHUX KaBITATOPIB i HE MOXKe OYTH MEHIIOK JIeSIKOTO 3HAYEHHsI JJIsl JOHHUX KaBEPH.

B po6ori [11] 6yso 3anpornonosano anamiTu4aai popMysIn i OIIHKA CTIHKOCTI TOHKHX
OCECUMETPUYHUX BEHTUILOBAHUX KAaBEPH, sIKi JO3BOJISIIOTh PO3PAaXyBaTH 3aJIE2KHOCTI IHCTIa
KPUTUYHOI KaBiTallil Bij| Yncja KaBiTallil mapu sK JiJjisl JJUCKa, TaK 1 JJIsi TOHKUX KaBITaTOPiB.

B mamomy mocaimxenni ni dopmynu Oyau BUKOPHCTAHI [jIisi PO3PAXyHKY KPUBUX CTif-
KOCTI JIJIs1 Pi3HUX Pa/iiyCiB KOHIYHUX KOPILYCiB, PO3TAIlIOBAHUX BCEPEIUHI KaBEPHH, PIZHUX
dopmM kaBitaTopa, yncia Ppyga Ta HAIPIMKIB HABKOJIMIITHBOIO OTOKY. [lokazaHo, o pa-
JiyC NMTHIPUYIHOTO KOPITYCY Ta CUJIU Ts>KiHHSI MOYKE CYTTEBO BIUIMHYTH Ha CTIMKICTH BEH-
TUIBOBAHUX KaBepH. Bimmosigui 3asexHocTi pisHi miia pisaux ¢opm kasitaTropa. [Tokaza-
HO, O 0 (Cr)-TeOpeTHIHE NOCTATHBO MAaJIO BiAPI3HAETHCA Bl 0 (Cr)-eKCIIepIMEHTAIBHOTO,
OJIEP?KAHOTO IIPH JIOCJIiPKEHH] y3araJbHEHOIO PiBHSIHHS KaBEPHU.
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1.(2). — Pp. 233-244.https://doi.org/10.15407/1ha.2018.02.233.

11. Liu Pingana, Bogdan Shepetyuk, Igor Nesteruk. Stability of slender axi-
symmetric ventilated cavities closing on cylindrical hulls // Chinese Journal of
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3acTocyBaHHs cepBiciB miTyuyHoro intesgekty Adobe Sensei guasa
3a71a4 eJIEKTPOHHOI KOMePIIil

Hxinvrrox JImumpo

dimonshk@gmail.com
Yepriseyvkull Hauionasvhull ynisepcumem imeni IOpis @edvrosuna

EstekTponna Komepiiisi, abo e-commerce, npejcTaBisie cob60I0 CIriocib 3iiiCHeHHsT TOPro-
BeJIbHUX ollepalliil yepe3 InTeprer. BoHa oxomTroe mpogak ToBapiB i MOCIIYT, €JIEKTPOHHUMA
6i3Hec, OHJIAH-TOPTIBIIO, IU(POBUIl MAPKETHHT 1 iHIII aCIeKTH, IIOB’s3aH] 3 €JIEKTPOHHHU-
MH TpaHCaKIisiMu. 3a OCTaHHI POKH €JIeKTPOHHA KOMEpIis 36iIbmIniia 3pOCTaHHS 0OCAriB
Ta PO3IINPEHHS aCOPTUMEHTY. BinmnoBijiHe 3pocTaHHs 0OCATIB, CIIOHYKAa€ 0 3aCTOCYBaHHS
CepBICiB IITYyYHOrO iHTEJIEKTY, IJjis BUPIIIEHHHA 33/a4 II€PCOHAII30BAHOI'0 MAapPKETHUHTY.

IepconasnizoBanuit MapkeTHHr [1| — I1e IpaKTHKA BUKOPHUCTAHHS JAHUX 3 METOIO CTBO-
PeHHs IHAUBiAyaJbHOTO MOCBiZy [JIs HasBHUX KJIE€HTIB 4M 1iypoBol aymuropil. IIryuynwmit
IHTeJIeKT Ta aHAJITHKA JOIIOMAraloTh €JIEKTPOHHUM Mara3uHaM CTBOPIOBATH II€PCOHAJIIZ0-
BaHi mpomno3umil Aj1s KJIE€HTIB, MMiABUNILYIOYN 3aJIy4eHICTh i KoHBepcito. Bonu nomomararoTs
nepebatuTH IOKYIIKOBI MOBEAIHKY 1 pEKOMEHIYBATH TOBapH.

PosrastneMo npoaykTH, siki 3abesnedye kommnaniss Adobe mjist 3acTocyBaHHSI CepBiciB
IITYYHOIO iHTE/NIeKTYy B rasysi eaexrponnoi komeprii, a came Adobe Commerce i Adobe
Sensei.

Adobe Commerce [2] — ne muardopma st CTBOPEHHsS 1 yHIpaBJIiHHS €JEKTPOHHUMUI
KoOMepuiffHUMHu caiitamu, sika Gasyerbca Ha Magento CMS. Adobe Sensei [3] — me Habip
iHTeJIeKTyaJIbHUX CEPBICiB Ta TeXHOJIOri# mTy4YHoro inresnekry. s naardopma BUKOpUCTO-
BYETBCH [IJIsT PO3B’sI3aHHS PI3HUX 3aBAAaHb y cdepax rpadiku, Mesia, eJIeKTPOHHOI KOMEPITil,
MapKETUHTy Ta iHmux objacrax, B akux Adobe mae npoaykTu ta nmociayru. Adobe Sensei
BKJIFOYAE B cebe Pi3Hi TeXHOJIOrT i MOXKJIMBOCTI, TaKi SIK MaIllMHHE HABYAaHHS, aHAJI3 TaHUX,
00pobKa MPUPOIHOT MOBHU Ta 6araTo iHIIUX.

Adobe Sensei 3acrocoByerncst B Adobe Commerce jist onTumizanil Ta MOJIIIIIEHHS Pi-
3HUX aCIIeKTIB eJIEKTPOHHOI KoMepIiil. A came:

— Ilepconaunisaniss Kourenty: Adobe Sensei Moxke aHa/Ii3yBaTH JaHi IPO KOPUCTY-
BadiB, IXHI HOKYIIKH, Iepervisay i moBeniHky Ha caiiti. Ha ocHoBi nmux mammx miaardopma
MOZK€ CTBOPIOBATH II€PCOHAJII30BaHI PEKOMEH/IAIIi] JJIsi KO?KHOI'0 KOPUCTYBa4a, 110 i/ IBUIILYE
KOHBEPCIiIo 1 36is1bIIye 06Csaru mpomarkis.

— AnajsiitTuka i nporHosyBanHsa: Adobe Sensei Moxke aHajizyBaTh BeJude3Hi o6CAru
JAHAX MPO NPOAAaKi, 3alacy, 3aMOBJIEHHsI Ta iHIII mapameTpu eleKTpoHHOI Komepril. Ile
103BOJIsI€ TLIAT(OPMI HaJJaBaTH KOPUCTYyBadaM I[iHHY iH(MOPMAIiIO 040 TeHIEHIIH B TXHIX
Oi3Hecax i HaBiTH MPOrHO3yBaTH MaiOyTHI IOIUTH HA TOBAPH.

— OnruwMmizaniss nponecy odopmienHsa 3aMmonieHHs: Adobe Sensei momomarae
BJIOCKOHAJIUTH IIPOLeC OOPMIIEHHS 3aMOBJIEHHS IIJIIXOM aHaJIi3y IMOBEJiHKA KOPUCTYBadiB
mig gac opOpMIIEHHS MOKYIOK. BiH MOXe peKOMEHAYBaTH ONTHMAJIbHI KDOKH Ta IPOIOHY-
BaTU ONTHUMI30BaHi ITaOJIOHU JJIsl HOJIETTIIEHHS IPOIeCy OOPMIIEHHS 3aMOBJIEHHSI.

— VopasJaiuusa 3anacamm i gocraBkoro: Adobe Sensei gomomarae onTumisyBaTm
YIIPaBJIiHHSA 3allacaMy, IPOrHO3YBAaTH ITOTPeOU y TOBapax Ta IJIAHYBaTH JNOCTaBKY. Lle mo-
oMara€ yHUKHYTH BTPAT depe3 HejmocTrady abo HajaMmip 3amacis.

3arajom, Adobe Sensei BUKOpUCTOBY€ETBCS JIJIsI PI3HUX 3aB/IaHb 1 JOTIOMAra€ I ABUIIUTHA
IIPOJLYKTUBHICTB, SIKICTh Ta KOHKYPEHTOCIPOMOXKHICTh Oi3HECY B PI3HUX rajiy3siX.

1. https://apix-drive.com/ua/blog/marketing/sho-take-personalizovanij-
marketing-top-5-trendiv-ta-prikladiv

https://business.adobe.com /solutions/commerce.html

https://www.adobe.com/sensei.html
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BinokpemJieHHss 3MiHHUX B KJIIOUOBUX iHTerpo-amndepeHmiaTbHuX
PiIBHAHHAX 3a/1a9 Teopii IPYy>KHOCTi Ta TepMONPY>KHOCTi 1
obJjiacreii 3 KyTOBUMEU TOYKaAMU

FO36’ax Muxona, Toxosuti FOpiti
o

yuzvyakyQukr.net, tokovyy@iapmm.lviv.ua
Trnemumym npukaadHuT npobiem meranixy i mamemamury im. 5. C. ITidcmpuzaua
HAH Yxpainu

CyuacHi TeH/eHIIT PO3BUTKY TEXHIKM Ta TEXHOJIOriH, 30Kpema, II0J0 MiHiaToopusaril
TEXHIYHUX Ta €JIEKTPOHHUX IIPUCTPOIB i MOTped AKICHOI OIiHKYU TX MIiI[HICHUX BJIACTUBOCTEN,
CIIPUSIIOTH BiJHOBJIEHHIO IHTEpeCy J0 KJIACUYHUX 3a/a9d MEXaHIKM, [TIOCTAHOBKA Ta METO-
I PO3B’sI3yBaHHS SKIX [IEPEOCMUCIIOIOTHCI 3 ypaxyBaHHAM cydacHux morpeb. OcobsuBy
yBary IpUBEPTAOTH 3aJad4i JJjisi TiJl 3 KOHIIEHTPATOpaMU HAIIPY2KEeHb, HASBHICTb AKUX 3Y-
MOBJIeHa, JedpeKTaMu CTPYKTYpH MaTepiaay abo K ocobauBocTsiMu reomerpil Tisi. o Takoro
KJlacy HaJIeXKaTh 3aJia4di Teopil IPy>KHOCTI Ta TEPMOIPYKHOCTI JJisi OOMEXKEHUX Tl 3 Ky-
TOBHMH TOUKAMHM, HAUIIPOCTIIINMY 3 IKAX € IPU3MaTHYIHI Tija, HAIPUKJIIAL, IPSMOKYTHOIO
IIOIIEPEYHOr0 IIepepi3y, KOHYCO- Ta KJIMHOIOAIOHI eneMenTn Toimo. Ilonpu mosrorpusasty
icTopito po3pobIeHHSI METOAIB aHAJII3y TAKUX 3aad, 0araTo 3 HUX 3aJIAIIAIOTHLCS HEPO3B s-
3aHMMH, 200 K [T00Y/T0OBaHI PO3B’A3KH € HEJIOCTATHHO €(PEKTUBHUMU JIJIsI CyIaCHUX TEOPETH-
YHUX Ta IPUKJIJTHUX 3acTOCyBaHb. OCHOBHA CKJIAHICTH IPU MOOYAOBI TOYHUX aHAJTITUYHUX
PO3B’aI3KiB TaKUX 3a/1a4 [IOJISATA€ B OJHOYACHOMY 3a/I0BOJICHHI BUXITHUX PiBHAHD Ta IIOBHOI'O
HabOPy MEKOBHUX yMOB, 3aJ[aHUX HA BCIX MPaHAX JAOCIiIzKyBaHoro tisa. Ocranns obcraBu-
Ha CYyTTEBO OOMEXKY€E MOXKJIMBOCTI TOOYIOBU CUCTEM BJIACHUX (DYHKIN JJIsi BiJJOKpPEMJIEHHS
3MIHHUX y KJIIOUOBHX DIBHSIHHSAX, COOPMY/IBOBAHUX JJisl BU3HAUAJIbHUX QYHKIH (dacTo y
il IKOCTI BUKOPHCTOBYIOTH IapMOHI4HI um Girapmoniuai norennjanpai dynknii). Ile 06-
YMOBJIIOE, 30KpeMa, HECTIHKICTb MO0y I0BaHUX PO3B’SA3KIB y KyTOBUX TOYKaX MexKi Ta iHIIi
YCKJIJHEHHS TEOPETHIHOIO Ta OGUICIIIOBAILHOro Xapakrepy. Henapma cdopmynsoamy I
Jlssme 3amady mpo mpy»kKHY piBHOBary Kyba Ipy JOBUIHLHOMY HOPMAaJIBHOMY CHJIOBOMY Ha-
BaHTaXKEHHI rpaHeii (IJIOCKUM aHAJIOrOM sKOI € 3aa4a JJIs IPsAMOKYTHOI 06J1acTi y 3piBHO-
BasKeHOMY IIOJIi CHJI) TIOPIBHSIHO 3a CKJIQIHICTIO 31 3HAMEHUTOIO 3aa9€0 TPhOX Til HeGecHOT
MeXaHIKHM 1 J1I0ci He pO3B’S3aHO B sIBHOMY BUIJISiI.

fkio aHa/i3 HANPY?KEHOrO CTaHy He € KIHIEBOIO METOIO JIOCJI/KEeHb, & PO3B’sSI3aHHS
3aj1a9 3/1ICHIOEThCS 3 METOIO OTPUMATH SIBHI 3aJI€?KHOCTI KOMIIOHEHT T€H30pa HAIPY?KeHb
9 BEKTOPa MEPEMIIEHb BiJ CHIOBHX UM TEIJIOBHX (DAKTOPIB HABAHTAXKEHHS MeXKi Tina
ISl TIOJAJIBIIONO BUKOPHUCTAHHS, HAIPHUKJIAJ JJIS BiITBOPEHHSI NIEBHUX YMHHUKIB HaBaH-
TaXXeHb YM ONTUMAJIBHOI'O KePyBaHHsI KOMIIOHEHTAMH HAIPY>KEHOT'O CTaHY, BUKOPUCTAHHS
MeTOxy Ge3II0CepeqHBOrO IHTerpy BaHHs, 3alponoHoBaHoro npod. B. M. Birakou [1], 3a6es-
me4ye IeBHI nepeBaru. 3acTOCyBaHHS I[LOTO METOJY I'PYHTYETHCSA HA BUKOPUCTAHHI DIBHIHD
piBHOBaru B HAIPY>KEHHAX MJIs [IOAAHHS BCIX KOMIIOHEHT TEH30pa HAIPYXKEHb Uepe3 BU-
3HaYaJIbHI PYHKIN], 32 Kl BUOpPAHO MEBHI HAIIPYKEHHsI 4M 1X JIHIAHI KOMOiHaIil. ¥ Takuii
crnocib BIaeThCs YHUKHYTH (DI3UYHO HEOOIDYHTOBAHOIO IiJIBUINEHHS MOPSJIKY KJIIOYOBHX
PiBHSIHB JJIsl BU3HAYaJbHUX (DyHKIiH. EdekTuBHicTh YncaoBol peasizallil TaKoro Iijaxomry
3aJIe?KUTh BiJl BUOOPY BU3HAYAJIBHUX (DYHKIIIH, 110 0OYMOBJIIOE aKTYaJJbHICTh 1aHOI POOOTH.

Y pobGori BukopucTaHO 6a30Bi CHIBBIIHOIIEHHS JIHIHHOI Teopil mpy>KHOCTI # TepMO-
NPY>KHOCTI Ta 3acaJHU4y KOHIEINII0 MeToay Ge3mnocepenuboro imrerpysanug [1, 2]. Husa
no6y0BH PO3B’SI3KIB OTPHUMAHHUX KJIIOUYOBUX IHTErpo-AudepeHIiaJbHAX PIBHAHL 3aCTOCO-
BaHO AHAJITUYHO-YUCJIOBUM IiJIXiJl, OCHOBOIO SIKOT'O € METOJ BiJIOKpDEMJIEHHSI 3MiHHHX Ta
PO3BUHEHHSI 3aJaHUX 1 IIyKaHuxX (QYHKIHH y BignosigHi psau 3a moOygoBaHWME ITOBHUMU
OPTOrOHAJILHUMHU CHCTEMaMU BJIACHUX Ta IPUETHAHUX (DYHKILi.

st peasizanil MeTOy 3aIllPOIIOHOBAHO CIIOCOOM BUPArKEHHsI IIIyKaHUX KOMIIOHEHT TEH-
30pa HaIpy»KeHb 4Yepe3 yBejleHl Bu3HadasbHi dyHKHIT Biraka (onHy y BUNaIKy IBOBUMIp-
HUX (HOPMYJIIOBaHb, TPU — Yy IIPOCTOPOBOMY BHUIaKy). OTpuMano inrerpo-audepenmianbui

352



PiBHSHHSI CyLiJIBHOCTI Jj1s1 BU3Ha4YaJ bHUX (byHKIii Biraka Ta BigmoBiaHi iHTerpasbHi ymo-
BU, €KBIBaJICHTHI BUXiJHUM ME>KOBHM YMOBaM I PI3HUX KOMIIOHEHT TE€H30Da HAIIPY?KEeHb.
BcranoBneHo iHTerpasjbHI yMOBHM piBHOBarm sl CHJIOBUX HABAHTa>KeHb Ta YMOBH IIOrO-
JIPKEHHSI MEXKOBHMX yMOB y KYyTOBHX TOYKaxX i Ha I'DAHSAX PO3IVIAHYTUX TiJI, HEOOXimHi mjis
KOPEKTHOCT] pO3B’sI3KiB c(pOpPMyYIbOBAHUX 33a49 y TepMiHaX HAIPyKeHb. JlociiqKkeHo moirs
HAIpy2KeHb y TiJlaX 3 KyTOBHMHU TOYKAMU Ta BUABJICHO II€BHI 3aKOHOMipHOCTI Ix posmonity B
OKOJIaX IIUX TOYOK, BIUINBY XapaKTEPHUCTUK MaTepiajly Ta IPOMOPIii Mi>k HABaHTAYKEHUMU
CTOpOHAMU i 'paHAMHU.

Pobomy sukonaro 3a 4acmrosoi Ginancosot nidmpumru cnisbvHo20 NoAbCOKO-YKPATHCHKO20
HAYK0B0-00CAT0H020 npoekmy "Idenmudirauii MepMOMETAHIMHUT NAPAMEMPIE HEOOHODIO-
HUT KOMNOSUMMNUT MAMEPLaie ma saxuchur nokpummis”(Ne d.p. 0123U103240)

1. Kamuusak B.M., Tokoswuit FO.B., dcincekuit A.B. [Ipsimi Ta obepHeHi 3a1ati Tep-
MOMEXaHIKM CTOCOBHO ONTHMI3aIil Ta imenTidikaril TepMOHAIPYKEHOTO CTAHY
nedopmiBaux TBepaux Tin // Mar. meromm Ta dis.-mex. moss. — 2016. — 59,
Ne 3. — C. 28—42.

2. Tokovyy Y., Ma C.C. The direct integration method for elastic analysis of
nonhomogeneous solids. — Newcastle: Cambridge Scholars Publ., 2021. — 342 p.
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BebaoctynHicTh Ta i1 poJib B OCBiTi
IOpitvwyx Anacmacis

a.yuriychuk@chnu.edu.ua
Yepriseyvkuli Hayionarvrul ynisepcumem iment fOpia Pedvkosuva

Y cydacHOMy OCBITHBOMY KOHTEKCTI TeMaTuka BebmocTymHocTi HabyBa€e 0COOIUBOI Ba-
2KJIMBOCTI. |HKJIIO3MBHA OCBiTa, sIKa CIPSMOBaHA Ha CTBOPEHHS PIBHUX MOXKJIMBOCTEH IS
BCIX CTyZEHTIB, He3aJIe?KHO Bij IXHIX moTpeb Ta OOMEXKEHb, CTAa€ HEBiJI'€MHOIO YaCTUHOIO
cy9acHOI OCBiTHBOI napagurmu. ToMy 3abe3medeHHsT TOCTYIIHOCTI OCBITHIX iH(OpMamiitHux
pecypciB, €JIeKTPOHHHUX MiJIPYYHHUKIB Ta MYJIBTUMEIIMHUX HaBYaJbHHUX MaTepiajiB depe3
BeOIOCTYIHICTD Bifirpa€ KJII0O90BY POJIb.

OcraHHi JOCITiIXKEHHS M ATBEPIKYIOTh 3POCTAHHS 3al[iKaBJIEHOCTI J0 pobyemMu BeOI0-
CTymHOCTI B 3akjamax ocBitu. Ils Tema mocmimKyeTbest 3 pi3HUX MEPCHEKTUB Ta HAIPSAMIB.
TIpoGiieMu JOCTYITHOCTI aKTUBHO BUBYAIOTHCsI Takow opranizamniero, sk [IPOOH, a Ttakox
Buennmu ['. TaBuzgenko, I. Bopoakinoro, I. I'eBko, FO. Hocerko Ta in.. 3apy6ixkui mocigam-
Ku, Taki sk O. Sawetrattanasatian, A. Parker , C. Velasco, Takox 3pobuiin CBiii BHECOK y
PO3BHUTOK JaHol TeMu. Bci 1i BUeHi pobiidTh aKIEHT Ha BayKJIUBOCTI PO3POOKU Ta BIPOBa-
JPKEHHsT BEOJOCTYIHOCTI AJIsI 3a0€3MeUeHHs PIBHUX MOXKJIMBOCTEH HABYAHHS Ta PO3BUTKY
JJIsl BCIX CTY/IEHTIB.

BebnocrynnicTs BKiItOuae B cebe pi3HI acleKTu Ta MPAKTUKH, CIPSIMOBaHI Ha 3abe3re-
YeHHsI TOro, 11006 BebcaiiTu Ta BeOpecypcu OyJsiM JOCTYITHHMU Ta BUKOPUCTOBYBAJINCh PI3HU-
MH KOPHUCTYBa<IaMH, BK/IIOYAIOYHN THUX, Yy KOro € ¢iswuni, ceHcopHi, KormiTusHi, ayaiaabmi
gy iHIi o6MexxkeHHsi. BoHa 6a3yeThcsl Ha TEXHOJOTIYHUX CTAHIAPTAX Ta PEKOMEHJAIifAX,
pospobiennx Mixknaponuoio opranizaniero World Wide Web Consortium (W3C). Onun 3
HaWBaXKJIMBIIIUX JIOKYMEHTIB, ITOB’s13aHuX i3 BeGmocrynHicTio, 11e “Web Content Accessibili-
ty Guidelines” (WCAG) - KepiBrunrso 3 gocrynnocri Bebkonrenty. WCAG micrurs Habip
pexoMeHpariit i KpuTepilB ycmixy, fIKi OMHCYIOTH, SIK 3a0€3IeYnTH JOCTYIHICTL BebCaiTiB 1
BEOIOJATKIB JIJIsl PISHUX KATeropiii KOpucTyBadiB. 3rilHO MM CTAHIAPTaM, BeGJOCTYIIHICTh
BKJIIOYA€ YOTUPH OCHOBHI IIPUHIMIIN: CIPUHAMaHHSA, KEPOBAHICTH, 3PO3yMIiIiCTh i CyMicHICTB
(1]

20 Jirororo 2023 poky omyOJiiKOBaHM HEPHINil aBTOPU30BAHUI IIEPEKJIa]] yKPATHCHKOIO
moBoro Mixkaaponuux HactaHos WCAG 2.1 [2].

Brpoa/ixenHst BeOJOCTYIIHOCTI B OCBITHIX 3aKJja/Jax Ma€ YHCJIEHHI IepeBaru, siKi 1mo-
3UTHBHO BIUIMBAIOTH Ha HaBYAJIBHUN IPOIEC Ta yCix Horo y<uacHukiB. OCHOBHI 3 HUX BKJIIO-
4aloTh:

1. IligBumena edexTuBHicT, HaBuYaHHs. JJocTyn mo BisyasabHEX, aynio Ta IHIMUX BHAIB
MaTepiajiB pidHux ¢opmarTiB JO3BOJISIE CTY/IeHTaM BHOMpATH TOH, AKUN HaAibiIbIIe Bigmo-
Bijlae TXHPOMY CIIOCOOY HABYAaHHS.

2. IligTpuMKa cTymeHTIB 3 ocobiauBuMM HoTpebamu. BeGrocTynHIiCcTh JonomMarae cry-
JeHTaM 3 OOMEXKEHUMM MOXKJIMBOCTSIMU aKTUBHO OpaTu yd4acTb y HaBYaJIbHOMY IIPOIIECi,
3abe3nedyroun IM HeOOXiIHI alalTUBHI IHCTPpYMEHTH.

3. BignosinnicTs 3akoHOZAaBCTBY. BaraTro KpaiH MarlTh 3aKOHO/IABCTBO, siKe 3000B’s13y€
ocBiTHI 3aK/agu 3a0e3MeYnTH JOCTYNHICTH HABYAJILHAX MaTepiasiB mjsi BCIX CTymEHTIB.
JlorpuMansst BE6IOCTYITHOCTI JIOIIOMAra€ BiIIIOBIIATHA IIUM BUMOI'aM.

4. ITokpamena pemyTariis 3aki1aLy. BopoBaizkeHHs Be6LOCTYIHOCTI CBiAINTE IPO comi-
aJIbHY BiJIIIOBIIAIBHICTD 3aKJIa/1y OCBITH Ta HOro 30008’ s3aHHs 3a0€3[1eYnTH PIBHUHA JOCTYII
JI0 OCBITH.

5. SumxkenHs 6ap’epiB. BebgocrynuicTs gomoMarae 3HU3UTH 6ap’epH, SKI MOXKYTb BU-
HUKHYTH 4Yepe3 TexXHi4HI oOMerkeHHs1 ab0 BiJICYTHICTH a/allTUBHUX 3aCOOIB.

Bcei ni mepeBaru pobsisiTh BEOIOCTYIHICTH HEOOXIHOKO CKJIAIOBOIO JJIsl MOKPAIIEHHS
SIKOCT1 HaBYaHHS Ta 3a0e3[eYeHHs] PIBHUX MOXKJIMBOCTEH I BCix cryieHTiB. CTaHoM Ha
2021 pik Hu3Ka yKPalHCbKUX YyHIBEPCUTETIB 3allpOIOHYBAJIU IPOTPaMH Ta iHiniaTwsuy, sKi
BTLIIOIOTH 1 poBy iHKIIIO310 [3].
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Y cykymHOCTi, BEGIOCTYIHICTDL € (pyHIaMEHTAJILHOIO CKJIAIOBOIO CyYaCHOIO OCBITHBO-
ro ta 1udpPOBOroO cepeoBuUIla. Bona minkpeciioe 3HadeHHsI BpaxyBaHHS PI3HOMAaHITHOCTI
KOPHCTYBa4iB y IIpoIieci po3pobKu Ta nu3aiiny BebpecypciB. 3abe3nedeHHsT BeHIOCTYIIHOCTI
BIIMBA€ HA 3aJIyYE€HICTh YCiX B OCBiTHIiil Ipolec, rapaHTye€ PiBHI MOXKJIMBOCTI, CIPHUSIOYUN
PO3BHUTKY iHKJ/IIO3UBHOI OCBITH Ta CYCIiJILCTBA 3araJiOM.

3abe3neuenns BeGIOCTYIIHOCTI B 3aKJ/IaJ[aX OCBITH BHMAra€ KOMILJIEKCHOI'O IIJIXOy Ta
peTeJIbHOI OopraHizalil, BpaXOBYIOYN Pi3HI aClHeKTH TEXHIYHUX, OpraHi3alliifHuX Ta Iegaro-
rigyHuX 3MiH.

1. Casinpkuit P.C. Besbap’epricrb BeOIOPTAIIB OCBITHIX HABYAJIBLHUX 3aKJIAJIIB
VYkpaiun. Texniuna imxkenepis. 2023. Ne 1 (91). C. 172-177.

2. Web Content Accessibility Guidelines (WCAG) 2.1. AsropusoBanuii nepek-
Jan ykpaiacekoro mosoro. URL: https://www.w3.org/Translations/ WCAG21-
ua/ (mara 3BepHeHHsi: 19.08.2023).

3. Haeumenko [I. Iludposa iHKIIO3isT Ta JOCTYNHICTH: COIiaAJIbHA  JTi-
mxuTamizamnis: Monorpadis. Bimmunng: TBOPU, 2023. 240 c¢. URL:
https://doi.org/10.58521/978-617-552-348-3-2023-236
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BuaacTtuBocTi po3B’a3KiB cTOXaCTUYHUX PIiBHAHb y YaCTUHHUX
NOXiAHMX 3 MAPKOBCBKHMM IIapaMeTpaMu

Opuenxo Izop, Hcuncoruti Boaodumup

i.yurchenko@chnu.edu.ua, v.yasynskyy@chnu.edu.ua
Yepriseyvkull Hauionasvhull ynisepcumem imeni IOpis @edvrosuna

ITicnst BBeieHHS HOHSATTS CTOXACTUYHOTO AudepeHIiiaa Ta iIHTerpaJa, BUSHAYEHHS CHJIb-
HOT'O pO3B’sI3Ky CTOXaCTHYHOTO qudepeHI[ialbHOrO piBHAHHSA y Bigommux MoHOorpadisx [1, 2]
Ta IX IMOJAJIbIIIe PO3IIOBCIOPKEHH Ha KJIACU CTOXaCTUYHUX JudepeHiaibHO-DyHKIIIOHAIbHUX
pieEsiEb [3] (nue. 6i6miorpadiio B mux po6oTax) CTAJIO MOMKJIUBAM JOCIIKEHHS ACHMIITO-
THUYHO CHJIBHOT'O PO3B’SI3KY JIJIsl CTOXaCTUYHOIO JudepeHIiaIbHOr0 PiBHAHHS 3 YACTUHHUMU
noxigauvu (CIPYII) 3 ypaxysanusaM Bunankosux napamerpis (qus. [4], [5], [6] Ta im.).

PosrisineMo cToxacTHYHUI eKCIIepUMEHT 3 6a30BUM iMOBipHicHuM pocropom (2, F, F, P) |
F = {F:,t > 0} - dinsrpanis, E{-} — maTemaruune cnogisanus, T C [0, c0). [IpocTip dyn-
kniit v (¢, z,w) : [0, 7] X R! x Q — R!, BumipHux 3a t Ta 3 IMOBIPHICTIO OMHNUIS BiTHOCHO
o-anrebpu Gopesnesux MHOXKuH azosoro npocropy B([0, 17, R! ), L5 IKUX iCHY€ HEeBJIACHUIT

—+ o0
interpan [ E{|u(t,z, w)|?}dz < oo, mosmaumMo M7 i BBEAEMO AT HHOTO BiANOBiAH] HOP-

— 00
mu. [Tozrauunmo wepes

QAMaP) = 3 3 aig(LEDI Y, Q(B(a,p) = 3 3 by (€ p,
k=1j=1 k=1j=1

Q(C() qp) = anﬁl _727131 ek (8, €(8)a"p7, ne A(), B(-), C(-) — marpuni posmipuocti n X m,
==

mo micraTh Bignosigui 6eposi dyHKuil, Akl 3anexars Big t. Posrugnaemo Ha (Q, F, F,P)
sagaqy Komi miss CAPYIIL Burmsiy

o e (atew) 5. 5 ) uttow)| = raen @ (Beso) 5 5 ) ¢
e+ 2 [0 (€000 2 L) at] 28],

@ (A€, o5 ) u(t,x,m' = (@ul,

f() — Geposa dyskmis 3 obmacrio 3Hauens R, B (w) — BumaaKoBa BeHMUMHA, 3a]aHA
mineHicTio pg (x) (abo dymkuieo posmominy), (1) = &(t,w) € Y mns mosineHOro t >
to, w € ) — CcTOXaCTUYHO HelepepBHUIl (heslIepiB MAPKOBCHKUII IIPOIEC 3 HEIlePEPBHUMU
cnpaBa peaJizanisiMu Ha KOMIIAKTHOMY ¢asosoMmy mpocropi Y, w (t,w) — omHOBUMIpHHMI
CTaHJIapTHUI BiHEPIB mporiec.

OrpumaHni pe3yJIbTaTh MO0 MOBEIiHKH B CEPEIHBOMY KBaJAPATHIHOMY CUIIBHOTO PO3B’ sI3-
Ky JaHoro piBusuus (ams. [7] — [11]).

1. T'mxman N.U., Cxopoxon A.B. Croxactuuyeckue auddepeHImaibHble ypaBHe-
HUA 1 ux npuMmeHeHue. — Knis: Hayk. gymka, 1980. — 612 c.

2. T'mxman N.U., Cxkopoxox A.B. Croxactuueckue muddepeHuaibHbe ypaBHe-
HUsl ¢ 9aCTHBIMY Tpou3BoaubiMu. — Kuis: In-T maremaruku AH YPCP. — 1981.

— C.25-59.

3. lLlapekos E.®., Hcunckuit B.K. Ksasunuueiinble croxactudeckue
muddepennpanbHo-QyHKIMOHAIbHBIE ypaBHeHus. — Pura: Opuentup, 1992. —
301 c.
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10.

11.

Ilepyn I'M., fAcuncokuit B.K. Hocmimxkenns 3amadi Ko fjst croxacTudaHmnx
PIBHSIHDL y 9aCTUHHUX MOXigawmx // YKp. mar. xkypH. — 1993. — T.45, Ne 9. —
C.1773 - 1781.

Koroliuk V.S.; Yurchenko I.V., Yasynskyy V.K. Asymptotics of the State Vector
of Delayed Impulsive Diffusion Systems with Markov Parameters // Cyberneti-
cs and Systems Analysis. — 2011. — Vol.47, Ne4. — P.571-585.

Yasinsky V.K. Stability in the First Approximation of Random-Structure Di-
ffusion Systems with Aftereffect and External Markov Switchings // Cyberneti-
cs and Systems Analysis. — 2014. — Vol.50, Ne2. — P.248-259.

Koroliuk V.S., Yurchenko I.V., Yasynskyy V.K. Behavior of the Second Moment
of the Solution to the Autonomous Stochastic Linear Partial Differential Equati-
on with Random Parameters in the Right-Hand Side // Cybernetics and
Systems Analysis. — 2015. — Vol.51, Nel. — P.56-63.

Yurchenko I.V., Yasynskyy V.K. Existence of Lyapunov-Krasovskii Functi-
onals for Stochastic Functional Differential Ito—Skorokhod Equations under
the Condition of Solutions’ Stability on Probability with Finite Aftereffect //
Cybernetics and Systems Analysis. — 2018. — Vol.54, Ne6. — P.957-970.

Lukashiv T.O., Yurchenko I.V., Yasynskyy V.K. Necessary and Sufficient
Conditions of Stability in the Quadratic Mean of Linear Stochastic Partial
Differential-Difference Equations Subject to External Perturbations of the Type
of Random Variables // Cybernetics and Systems Analysis. — 2020. — Vol.56,
Ne2. — P.303-311.

Yasynskyy V.K., Yurchenko I.V. Existence of the Solution to the Cauchy
Problem for Nonlinear Stochastic Partial Differential-Difference Equations of
Neutral Type // Cybernetics and Systems Analysis. — 2021. — Vol.57, Ne5. —
P.764-774.

Yasynskyy V.K., Yurchenko I.V. Mean-Square Stability and Instability Cri-
teria for the Gikhman—Ito Stochastic Diffusion Functional Differential Systems
Subject to External Disturbances of the Type of Random Variables //
Cybernetics and Systems Analysis. — 2023. — Vol.59, Ne2. — P.283-295.
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IInaTdopmu 1Jjist BUBUEHHSI POOOTOTEXHIKHM B CyYacHiil IIKOJIi
Hwan Bozdan

b.yashan@chnu.edu.ua
Yepriseyvkuli Hayionarvrul ynisepcumem iment fOpia Pedvkosuva

CpOrofieHHSI JUKTY€E CBITOBY €IOXy po30ymoBH iHdOpMAIfHOrO CyCIiIbCTBA, PO3SBUTOK
I'T-rasysi, HAaHOTEXHOJIOTI, B SIKOMY I'OJIOBHIM PECYPCOM €KOHOMIKH CTAIOTh 3HAHHS, a OCBi-
Ta CTa€ He JIMIIlEe TOJIOBHOIO YMOBOIO caMopeaJiizalii Ta caMoakTyaJizaril ocobucrocri, aje i
BasKJIMBUM (PaKTOPOM COIaJIbHO-€KOHOMIYHOIO Ta JIYXOBHOIO IIiTHECEHHSI JEepP:KaBU Ta 3a-
Oe3reuye 11 KOHKYPEHTOCIIPOMOXKHICTH Ha CBiTOBi#l apeni. Takum 4YmHOM, cucTeMa OCBiTH
Ma€ 3a0e3MEeYNTH XOPOIINMU YMOBAMH JKUTTEMISIBHICTD IPOMAaJsIH Ta BHXOBATH IHTeJe-
KTyaJbHy enirTy Hanil. Ha cydacHomy erami possutky B CIITA Ta eBporeiicbKux KpalHax
BUXOBAHHSI IHTEJIEKTYaJIbHO 3i0HUX Ta 00JapOBaHUX JITeil Ta MOJIOAI BBAXKAETHCSI OJHUM
i3 HaBaKJIMBIIINX HAIPSAMIB JE€PXKABHOI MTOJIITHKU.

STEM-ocsira (anriiiicekoro - Science, Technology, Engineering, Math, mo B nepexsai
O3HAYA€ HAyKa, TEXHOJIOrIs, IHKeHepisl Ta MaTeMATHKA) - [ie HU3Ka YU [IOCJIII0BHICTb KypCiB
abo mporpaM HaBYaHHs, siKa 'OTY€E YYHIB IO yCHIIITHOIO IPAIEB/IANITYBaAHHS, IO OCBITH HiCJIs
IIKOJIM, BUMAra€ pi3Hux i OlibIn TeXHIYHO CK/IaJHUX HABHYOK, 30KPEMa i3 3aCTOCYBaHHIM
MaTeMaTHYHUX 3HAHb | HAYKOBUX IOHATH [1].

OpuuM i3 HanpsiMkis Buposapkeras STEM-ocsitu € pobororexuika. Boma gossosisie
BUKOPHUCTOBYBATH MOJEJ, siKi MU 3yCTpida€eMO B peaJlbHOMY CBiTi, Ta CTBOPIOBATH irpoBe
CepesIOBUIIE JJIsi HABYaHHS Ta PO3BUTKY JiTel 3aBIsSKN BUKOPUCTAHHIO KOHCTPYKTOPIB.

Cporosiai HaibGIIBII TOIYJISIDHUMU HaOOpaMu [IJIs BUBYEHHsI POOOTOTEXHIKU € ILIaTa
micro:bit Ta koncrpykTop Lego Mindstorms Education EV3.

Mikpo6it (BBC micro bit a6o micro:bit) - KoMIakTHHUII KOMII'IOTEp Ha OCHOBI OIHIEL
wiatu, po3pobienuit 3 ininiatusu BBC coinbHO 3 BeJMKHMM TEXHOJIOTIYHUMU KOMIIAHis-
MH Ta HaBIAJIbHUMU OpraHi3alisiMu [JjIsl CTUMYJIIOBAHHSI IIporpecy y cdepi indopmaniitnnx
TEXHOJIOTIH Ta pobororexHiku. 3a monomoroo Micro Bit MoxkHa BUBYaATH Pi3HI MOBH IIpO-
rpaMyBaHHsI, 8 TaKOXK CTBOpIOBaTH poborm3oBani mpucTtpol Ta mpumagu Smart House. Lle
3pydYHa iHTEpaKTHBHA IljIaTa, sTKa Ma€ 0e3J1i4 MOXKJIMBOCTEH JJIsi BUKOPUCTAHHSA Ta PO3IIIH-
PEHHS KPYTro30py, ¥ TOMY YHCJI ¥ JJis HaBYaHHS JiTei.

Koucrpykrop Lego Mindstorms Education EV3 ne ocnoBa mist moyarky KOHCTPYIOBa-
HHS Ta IporpamyBaHHs poboriB Ha EV3. Micturh Bce HeoOXimHe njst moby1oBu 6a30BHX
MogesIeil MOMyIApHUX Mojeseil poboTis. Morke BUKOPHCTOBYBATHUCS HE3AIEXKHO Ta IOETHY-
BaTucs 3 iHmmMu Habopamu cepii LEGO MINDSTORMS Education.

Hani Bugu poboToTeXHIYHIX HAGOPIB HOIOMOXKYTH YUHSM PO3BHHYTH 3410HOCTI 10 mO-
CJIHUIBKOL, aHAJTITUYHOI pOOOTH, €KCIIEpUMEHTYBaHHs, KPDUTUYHOIO MUCJIEHHS, & TaKOXK
PO3BHHE B yUHIB BiJIIOBiTAJIbHICTD, TEPIIiHHA, OPraHi3oBaHiCTh, MOCHIIOYICTh Ta iHII 11O3U-
THUBHI SIKOCTI 0COGHCTOCTI.

Opnak me koxken 33CO m03Bo/MTH COBI MOKYNKY AaHuX poboroTexHivynnx Habopis. To-
My Ii KoMIaHil BpaxyBaJIH IIeifi MOMEHT Ta CTBOPUJIM OHJIAMH CEPEJOBUINA JJIsl IPOrpaMyBa-
HH$ Ta BIATBOpeHH: Jiii pyXy poboTis 6e3 Bukopucranus nabopis. Caiit https://makecode.
microbit.org/ [2] micTuTe mrardopMy, fKa DO3BOJISE yIHIO HAIIMCATH KOJ IPOIDAMU IJIS
miaTu micro:bit, He Marouu 1T B HAsIBHOCTI Ta 1obGavYUTH CUMYJIAIi0 maru. Ha 3amnporono-
BaHill mraTrdopMi mepegdbadeno mucaTu Kof mporpamu 6sokamu, MoBoo Python ta mosoro
JavaScript. Caiit https://makecode.mindstorms.com/ [3] micTuTe miardopmy, sKa J03BO-
Jisie TporpamyBaTu poboru Ha 0a3i koncTrpykTopa Lego Mindstorms Education EV3 Ta
3aBaHTayKyBaTH KOJ Ha IIaTy ab0o Tako)K MODAYUTH CHMYJIANi0, He Maiouu IaTu. llpn
poboTi Ha nmardopmi cailTy reperdadeHO BUKOPUCTaHHS OJIOYHOI MOBU IIPOIDaMyBaHHS Ta
moBy JavaScript.

Taxkum YMHOM, 3aIPOIIOHOBAHI CEPBICU JIO3BOJISTH BUBYATH POOOTOTEXHIKY BCIM yYUHSIM
Pi3HUX BIKOBHX KaTeropiil, ik 3a HasBHOCTI IJIaTU Tak i 3a i1 BigCyTHOCTI.
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36ipHUK Te3 3a Marepiajamu BceyKpalHChKOI HayKOBO-IIPAKTUYHOI KOH]e-
penmii. MeroanvyHa crucTeMa HaBYaHHS OCHOBaM TEXHOJIOTII Ta POOOTOTEXHi-
Ku gk ckiaagoBoi STEM-ocsiTu: 36ipuuk Te3 3a marepiamamu Bceeykpalncbkol
HayKOBO-IIPAKTUYHOI KoHepeHiil, 25 smcromnana 2021 p. — Yepuismi, 2021. -
149 c.

Odiniitanit caitr Micro:Bit - URL: https://makecode.microbit.org/

Odiniiiamit  caiir  Lego  Mindstorms  Education EV3 -  URL:
https://makecode.mindstorms.com/
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